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SECTION B 
SUPPLIES OR SERVICES AND PRICES/COSTS 

OESCR I PTI ON 

The contractor shall provide research 
entitled "BodyLAN: A Wireless, Body 
Local Area Network" 

COST: $634,557 
FEE: 50,524 
CPFF: 685,081 

Data in accordance with DO Form 1423, 
Contract Data Requirments List, and DO 
Form 1556, Data Item Description, 
identified as Exhibit A 

CDRL AOO 1 : NSP 
CDRL A002: NSP 

QUANTITY !:!fl! 

JB 

LT 

END OF SECTION B 
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U/P AMOUNT 

685081.000000 685081.00 

0 .000000 0.00 



G. 1 

G. 2 

SECTION G 
CONTRACT ADMINISTRATION DATA 

CONTRACT CLAUSE AND SOLICITATION PROVISION NUMBERING FORMAT 
(Fort Huachuca Local Clause 52.000·4001) 

The following applies to numbering in all sections of this 
solici tation/contract. 

Thi s document is computer generated by the Standard Army Automated 
Contracting System (SAACONS). The numbering system used by the 
computer for contract clauses and so l ications provisions differs 
slightly from the procurement regulations . It is similar and easily 
recognizable. The Federal Acqui s ition Regulation (FAR) numbering 
format for contract clauses and solicitation provisions is 52.2XX· X, 
with the specific FAR provision or clause number being a sequence 
number assigned within each section or subpart 52.2. SAACONS always 
uses a 9 digit number (e . g. 52 . 2XX·XXXX) . 

FAR contract clauses and solicitation provisions are recognized by a 
"0" in the 6th digit of the SAACONS number. Department of Defense Federal 
Acqui si tion Regulat ion Supplement (DFARS) contract clauses and solicitation 
provisions are recognized by a "7" in the 6th digit of the SAACONS number. 
Army Federa l Acquisiti on regulation supplement (AFARS) contract clauses and 
sol ic itat ion provisions are recognized by a 11911 i n the 6th digit of the 
SAACONS number. Loca l clauses created for use ONLY in Fort Huachuca 
So l icitations/Contracts are des ignated by a "4" in the sixth posi t ion. 

Examples of the di fference in the numbering are provided below: 

STANDARD NUMBERING SYSTEM: 

FAR 52.227·1 
DFARS 52.243· 7000 
AFARS 52.237·9030 
LOCAL 52.200·4001 

(End of c lause ) 

SUBMITTAL OF REQUESTS FOR CONTRACT FINANC ING PAYMENTS 
(For t Huachuca Local Clause 52.200· 4007 ALT XX) 

SAACONS: 

52 .227·0001 
52.243·7000 
52.237·9030 
52.200·4001 

a. All requests f or contract financ ing payments shall be 
submitted in accordance with FAR c lause 52.232·25, PROMPT PAYMENT, 
and will i nclude, as am ini mum, the information specified in thi s 
clause . 

b. All request shall be submitted on Standard Form 1034, 

OABT63· 94·C·0017 G·1 
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G.4 
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PUBLIC VOUCHER FOR PURCHASES AND SERVICES OTHER THAN PERSONAL. To 
avoid delay in payment, vouchers shall be submitted to the 
addresses and in m.uber of copies specified below (if prepared by 
copying process , one copy shall be marked "original"). 

(1) For reimbursement of allowable costs, the contractor 
shall submit five copies of each request for contract 
f inanci ng payment to the cognizant Defense Contract Audit 
Agency, with one copy each to the COR and the Contracting 
Officer. DCAA will forward provisionally approved 
contract financing payment to the designated payment office. 

(2) For payment of fee, the contractor shall submit the 
or iginal and one copy to the Contracting Officer, with 
one copy to the COR. The Contracting Officer will 
f orward the approved voucher to the desinated payment 
office. 

(3) Des ignated Payment Office Address: 
Finance and Account ing Officer, Drawer P, Commercial Accounts, Fort 

Huachuca, AZ 85613 

CONTRACT ADMINISTRATION DATA 
(Fort Huachuca Local 52.200·4015) 

Bidder ' s/offeror• s office which will receive payment, supervise and 
administer resulting contract: 

BBN Systems and Technologies, A Division of Bolt Beranek and Newman, P.o. 
Box 4340, Boston, MA 02210 _______________ _ 

(Insert address, city and state and zip code) 

Name and address of owner and operator: 

(I nsert address, city and state and zip code) 

NOTICE OF INCORPORATION OF SECTION K 
(Fort Huachuca Local Clause 52.200·4016 ALT I) 

The f ollowing sections of the solicitation will not be 
distributed with the cont ract; however, they are incorporated in 
and form a part of the resultant contract as though furnished in 

G·Z 
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P00001 

full text therewith: 

SECTION TITLE 

REPRESENTATIONS, CERTIFICATIONS AND OTHER 
STATEMENTS OF IIDOERS/OFFERORS/QUOTERS 

GOVERNMENT CONTRACT ADMINISTRATOR 
(Fort Huachuca Local Clause 52.200·4020) 

Adllinistration of this contract shall be perfortled by: 

Directorate of Contracting 
ATTN: ATZS ·DKO·I 
Post Office Box 748 
Fort Huachuca, Arizona 85613·0748 

Point of Contact: Barbar·a VanDoren 
Telephone NU!t)er: (602) 538-0412 · 

ACCOUNTING CLASSIFICATION 
(Fort Huachuca Local 52.200·4083 ALT II) 

CLIN ACCOUNTING CLASSIFICATION AMCUIT 

0001 & 0002 97404001301 0005005P4 T 1 OA&41 04Z594000000HJ 1 50040060552JWC90000 

2086 IN THE AMCUIT OF $4!3,684. CLINS 0001 & 0002; 97504001301000 
500505Tl0A84 114258 1000000HJ150043480535JWBLOOS02086 in the 
amount of $ 201,397 .00 It is anticipated that the funds 
currently a llotted to the contract will cover the work t o be 
performed through 30 October 1995. 

SF ·294 AND SF·Z95 REPORTING REQUIREMENTS 
(FAR 19.704(A)(5) AND 52.219·9)(d)(10)) 
(Fort Huachuca Local 52·200.4347) 

a. SF·Z94, Subcontracting Report for Individual Contracts, shall 
be submitted sen~i · amually by all except s.ll businesses within 30 
calendar days after the end of the reporting period to the following 
addressees: 

(1) u.s. Army Intelligence Center and Fort Huachuca, ATTN: 
ATZS ·OKO· I Post Office Box 748, Fort Huachuca, AZ 85613· 0748 

(2) U.S. Army Intelligence Center and Fort Huachuca, 

G·3 
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full text therewith : 

SECTION TITLE 

K REPRESENTATIONS, CERTIFICATIONS AND OTHER 
STATEMENTS OF BIDDERS/OFFERORS/QUOTERS 

GOVERNMENT CONTRACT ADMINISTRATOR 
(Fort Huachuca Local Clause 52.200·4020) 

Administ ra ti on of this contract shall be performed by: 

Directorat e of Contracting 
ATTN: ATZS·DKO·I 
Post Office Box 748 

/ 
Fort Huachuca, Arizona 5613·0748 

Point of Contact: Gloria Bickler 
Telephone Number:/c602> 533 · 1342 

I 

(Fort ocal 52.200·4083 ALT II) 

CLI N ACCOUNTING CLASSIFICATION AMOUNT 

0001 974040013010005005P4T10A841042594000000HJ150040060552JWC90000 
2086 THE AMOUNT OF $483,684. It is anticipated that the funds current ly 
allotted t o the contract will cover the work t o be performed through 31 
March, 1995 . 

I , 
SF·294 AND SF·295 REPORTING REQUIREMENTS 
(FAR 19.704(A)(5) AND 52 . 219·9)(d)(1 0)) 
( Fort Huachuca Local 52·200.4347) 

a . SF-294 , Subcontracting Report for Individua l Contracts, shall 
be submitted semi·annual ly by al l except small businesses within 30 
calendar days aft er the end of the reporting per iod to the fo llowing 
addressees: 

(1) U.S. Army Intelligence Center and Fort Huachuca, ATTN: 
ATZS·DK0-1 Post Office Box 748, Fort Huachuca, AZ 85613-0748 

(2) U.S. Army Intelligence Center and For t Huachuca, 

G·3 



DABT63·94·C·0017 

ATTN : ATZS · DKB (SADBUS), Post Office Box 748, Fort Huachuca, AZ 85613 · 0748 

(3) U.S. Army Training and Doctrine Command, ATTN: ATCS·B (SADBU), 
fort Monroe , VA 23651·5000 

b. Sf-295, Summary Subcontract Report, shall be submitted quarterly 
by al l except small bus inesses within 30 calendar days after the end of 
each quarter t o the following addressees : 

(1) Office of the Deputy Secretary of Defense, ATTN: Director of 
Small and Disadvantaged Business Utilization, The Pentagon, Washingt on, 
D.C. 20301·3061. 

(2) Director of Sma ll and Disadvantaged Business Utilization, 
Office of the Secretary of the Army, Washington, D.C. 20310·0106 

(3) U.S. Army Inte lligence Center and fort Huachuca , ATTN: 
ATZS ·DKO· I Post Office Box 748, fort Huachuca, AZ 85613·0748 

(4) U.S. Army Inte l ligence Center and fort Huachuca, ATTN : 
ATZS·DK·SDB (SADBUS), P. 0. Box 748, Fort Huachuca, AZ 85613· 0748 

(5) U.S. Army Training and Doct r ine Command, ATTN: AT CS· B 
(SADBU), Fort Monroe, VA 23651·5000 

END OF SECTION G 
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AMENDMENT OF SOLICI ION/MODIFICATION OF CONTRAC 
1. CONTRACT ID CODE I PAGE OF(J'AGE 

u 1 1 2 

2. AMENDMENT /MODIFICATION NO. 3. EFFECTIVE DATE 4. REQUISITION/PURCHASE REO. NO. Is. PROJECT NO. (If applicabl~) 

POOOOl 95 JAN 11 HJlS00-4348-0535 DAR4 A841/14 

G. ISSUED BY CODE DKO-I 7. ADMINISTERED BY (lj other than lt~m 6) CODE I C22 

DIRECTORATE OF CONTRACTING BARBARA VANDOREN 

ATTN: ATZS-DKO-I (703) 538-0412 
POST OFFICE BOX 748 
FORT HUACHUCA, AZ 85613-0748 
BARBARA C. VANDOREN (602)538-0412 

8. NAME AND ADDRESS OF CONTRACTOR (No., strut, county. Statt alld ZIP Code) J!L 9A. AMENDMENT OF SOLICITATION NO. 

BOLT, BERANEK & NEWMAN, INC. 
ATTN: MS DIBLASIO iB. OA TED (SEE. rr£M II) 

10 MOULTON STREET 

CAMBRIDGE, MA 02138 ( J l : ... 1 OA. MODI FICA I ION OF CONTRACT /ORDER 
NO. 

X DABT63-94-C-0017 

"'1"08:'l>ATED (SEE lTE.M IJ) 

CODE 269700 FACILITY CODE 94 APR OS 

11. THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS 

0 The above numbered solicitation Is amended as set forth In Item 14. The hour and date specified for receipt of Offers 0 Is extended, D Is note 
tended. 

Offers must acknowledge receipt of this amendment prior to the hour and date specified In the solicitation or as amended, by one of the following methods: 

(a) By completing Items 8 and 15, and returning ___ copies of the amendment; (b) By acknowledging receipt of this amendment on each copy of the offe 
submitted; or (c) By separate letter or telegram which Includes a reference to the solicitation and amendment nurmera. FAILURE OF YOUR ACKNOWLEDGE 
MENT TO BE RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIAED MAY RESUL1 
IN REJECTION OF YOUR OFFER. If by virtue of this amendment you desire to change an offer already submitted, such change may be made by telegram o 
letter, provided each telegram or letter makes reference to the solicitation and this amendment. and is received prior to the opening hour and date specified. 

12. ACCOUNTING AND APPROPRlA TION DATA (If required) 

SEE SECTION G NET INCREASE: $201,397.00 

13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS, 
IT MODIFIES THE CONTRACT/ORDER NO. AS DESCRIBED IN ITEM 14. 

({) A. THIS CHANGE ORDER IS ISSUED PURSUANT TO: (Specify authority) THE CHANGES SET FORTH IN ITEM 14 ARE MADE IN THE CON· 
....:...:.... TRACT ORDER NO. IN ITEM 10A. 

B. THE ABOVE NUMBERED CONTRACT/ORDER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (such as changes ill payillg office, 
appropriation date, etc.) SET FORTH IN ITEM 14, PURSUANT TO THE AUTHORITY OF FAR 43.103(b). 

C. THIS SUPPLEMENTAL AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY OF: 

D. OTHER (Specify type of modification alld authority) 

X UNILATERAL - FAR 52.232-0022 LIMITATION OF FUNDS 

E. IMPORTANT: Contractor [!] is not, 0 Is required to sign this document and return copies to the Issuing office. 

14. DESCRIPTION OF AMENDMENT/MODIFICATION (Organized by UCF section headings, includillg solicitatiofV'colltract subject matur wlure feasibu.) 

a. The purpose of this modification is to provide incremental funding, as 

follows: 

1) PR&C HJ1500-4348-0535, provides funds for obligation in the amount 

of $201,397.00. The total amount of funds obligated on contract CLIN 0001 

is increased by $201,397.00 from $483,684.00 to the full contract value 

of $685,081.00. 

2) It is anticipated that funds presently allotted to the contract will 

cover performance through the completion date of 30 October 1995. 

Except a5 provided herein. all 1erms and condi1ion6 of 1he documen1 referenced in 11em 9A or 10A. as heretofore changed. remains unchanged and In full force 
and effect . . 
15A. NAME AND TITLE OF SIGNER (Type or print) 16A. NAME AND TITLE OF CONTRACTING OFFICER (Type or prillt 

!CIA WOZNICK 

CON RACTING OFFICE 
1SB. CONTRACTOR /OFFEROR 15C. DATE SIGNED 16C. DATE SIGNED 

(Stgnatur~ of person authorized to sign) 

NSN 7540·0 1·152·8070 
PREVIOUS EDITION UNUSABLE 

STANDARD FORM 30 (Rev. 10·83 
PreSGribed bv GSA 
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full text therewith: 

SECT I ON TITLE 

REPaESEIITATIONS, CERTIFICATIONS AND OTHER 
STATEMENTS Of IIDOERS/OFFERORS/QUOTERS 

GOVERNMENT CONTRACT ADMINISTRATOR 
(Fort Huachuca Local Clause SZ. Z00·4020> 

AO.inhtration of thfs contract shall be perforlled by: 

Directorate of Cont racting 
ATTII: ATZS · Ok:O·I 
Post Office Box 748 
Fort Huachuca, Arizona 85613· 0748 

Point of Contact: ·Barbara VanDoren 
Telephone NlJIIber: (602) 538-0412 · 

ACCOUNTING Cl.ASSIFICATION 
(Fort Huachuca Local 52.Z00 ·4083 ALT II) 

CLIN ACCOUIITIIIG CLASSIFICATION NOJNT 

0001 lr 0002 • 974040013010005005P4T10A&41042594000000MJ150040060552JWC90000 

2086 Ill THE AMOIJIIT OF $4!3,684. CLINS 0001 & 0002; 97504001301000 
500505Tl0A84114258 1000000HJ150043480535JWBLOOS02086 in the 
amount of$ 201, 397 . 00 It is anticipated that the funds 
currently allotted to the contract will cover the work to be 
performed through 30 Oc tober 1995 . 

SF·294 AND SF·295 REPORTING REQUIREMENTS 
(FAR 19.704(A)(5) AND 5Z.219·9)(d)(10)) 
(Fort Huachuca Local 52 ·200.4347) 

a. SF·294, Subcontracting Report for Individual Contracts, shell 
be submitted semi·amually by all except SMll businesses wfthfn 30 
ca lendar days after the end of the reporting period to the following 
addressees: 

(1) U.S . Army Intelligence Center and Fort Huachuca, ATTII: 
ATZS·OKO· I Post Off ice Box 748, Fort Huachuca, AZ 85613 · 0748 

(2) U.S. Army Intelligence Center and Fort Huachuca, 

G·3 
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12/02/98 
11 : 59 : 14 

LXG - NSFOP - CLARA BILLOCK 

FY APC DOCUMENT OBLIG ACCRUAL 
EOE ODC DF 0- DATE D- DATE NAME 

5 JWBL HJ150043480535 $201 , 397 . 00 $182 , 676.74 
2581 2 97069 96253 4C0017 

TOTAL FY 5 

* $201 , 397.00 * $182 , 676 . 74 

-------------------------------- MORE 
<PF1> HELP <PF2> RETURN 
<PF5> NO TOTALS <PF6> STATS 
<PF9> GRAPH <PFlO> SEND 

<PF3> TOTALS ONLY 
<PF7> BACKWARD 
<PF11> LEFT 

* 

PAGE 1 
DETAIL 

DISB 

$182,676 . 74 

$182 , 676.74 

<PF4> DETAIL 
<PF8> FORWARD 
<PF12> RIGHT 



12/02/1998 ATLAS Page # 1 
11:07:05 
ATLAS - DFAS-IN CASSANDRA COOPER 

DOC_NO FAPC EOE TA AMOUNT ODC BLK JULIAN DOV 
--- ----

HJ150043480535 5JWBL 2581 23 0.00 2 WWB 7069 4C0017 

23 0.00 

23: Count = 1 

HJ150043480535 5JWBL 2581 32 1084 . 05 2 X50 6150 
HJ150043480535 5JWBL 2581 32 438.18 2 X53 6253 
HJ150043480535 5JWBL 2581 32 147.65 2 X48 6248 

32 1669.88 

32: Count = 3 

HJ150043480535 5JWBL 2581 40 1084.05 2 X50 6150 219022 
HJ150043480535 5JWBL 2581 40 438.18 2 X53 6253 205459 
HJ150043480535 5JWBL 2581 40 147.65 2 X48 6248 205185 

40 1669.88 

40: Count = 3 

Total records printed: 7 

Accounting Transaction Ledger Archival System Version 1996b 

• 
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AMENDMENr O~"SOLICIT~g/MODIFICATION OF CONTRACT 
ONTRACT ID CODE 

u 
2. AMENDMENT/MODIFICATION NO. 

P00001 
G. ISSUED BY CODE 

DIRECTORATE OF CONTRACTING 
ATTN: ATZS-DKO-I 
POST OFFICE BOX 748 
FORT HUACHUCA, AZ 85613-0748 

3. EFFECTIVE DATE 

95 JAN 11 

DKO-I 

BARBARA C. VANDOREN (602)538-0412 
8. NAME AND ADDRESS OF CONTRACTOR (No., strut. coumy, State and ZIP odt) 

BOLT, BERANEK & NEWMAN, INC. 
ATTN: MS DIBLASIO 
10 MOULTON STREET 
CAMBRIDGE, MA 02138 

BARBARA VANDOREN 
(703) 538-0412 

9B. DATED (S££ ITEM 11) 

X DABT63-94-C-0017 

10B. DATED (SEE ITEM 13) 

CODE 269700 FACILITY CODE 94 APR 05 

11. THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS 

D The above numbered solicitation is amended as set forth in Item 14. The hour and date specified for receipt of Offers D is extended, D is not ex
tended. 

Offers must acknowledge receipt of this amendment prior to the hour and date specified in the solicitation or as amended, by one of the following methods: 

(a) By completing Items 8 and 15, and returning ___ copies of the amendment; (b) By acknowledging receipt of this amendment on each copy of the offer 
submitted; or (c) By separate letter or telegram which includes a reference to the solicitation and amendment numbers. FAILURE OF YOUR ACKNOWLEDGE· 
MENT TO BE: RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIFIED MAY RESULT 
IN REJECTION OF YOUR OFFER. If by virtue of this amendment you desire to change an offer already submitted, such change may be made by telegram or 
letter, provided each telegram or letter makes reference to the solicitation and this amendment, and is received prior to the opening hour and date specified. 

12. ACCOUNTING AND APPROPRIATION DATA (i/rtquirtd) 

SEE SECTION G NET INCREASE: $201,397.00 

13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS, 
IT MODIFIES THE CONTRACT /ORDER NO. AS DESCRIBED IN ITEM 14. 

({) A. THIS CHANGE ORDER IS ISSUED PURSUANT TO: (Specify authority) THE CHANGES SET FORTH IN ITEM 14 ARE t.:4ADE IN THE CON
TRACT ORDER NO. IN ITEM10A. 

B. THE ABOVE NUMBERED CONTRACT /ORDER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (such as changes in paying office, 
appropriation date, ttc.) SET FORTH IN ITEM14, PURSUANT TO THE AUTHORITY OF FAR 43.103(b). 

C. THIS SUPPLEMENTAL AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY OF: 

D. OTHER (Specify type of modification and authority) 

X UNILATERAL - FAR 52.232-0022 LIMITATION OF FUNDS 

E. IMPORT ANT: Contractor @ Is not, D Is required to sign this document and return copies to the issuing office. 

14. DESCRIPTION OF AMENDMENT / MODIFICATION (Organized by UCF section htadings, including so/icitation,lconrract subjtCI marur whtrt ftasibk.) 

a. The purpose of this modification is to provide incremental funding, as 

follows: 

1) PR&C HJ1500-4348-0535, provides funds for obligation in the amount 

of $201,397.00 . The total amo unt o f funds obligated on contract CLIN 0001 

is increased by $201,397.00 from $483,684 .00 to the full contract value 

of $685,081.00. 

2) It is anticipated that funds presently allotted to the contract will 

cover performance through the completion date of 30 October 1995. 

Excep1 as provided herein, all terms and conditions of the document referenced in Item 9A or 10A. as heretofore changed, remains unchanged and in full force 
and effect. 
1SA. NAME AND TITLE OF SIGNER ('fypt or print) 16A. NAME AND TITLE OF CONTRACTING OFFICER (Typt or print) 

15B. CONTRACTOR /OFFEROR 

(SigMtur~ of pa son authorized to sign) 

NSN 7540·01·152·8070 
PREVIOUS EDITION UNUSABLE 

15C. DATE SIGNED 

ICIA WOZNICK 
/ CON RACTING OFFICE 

16C. DATE SIGNED 

STANDARD FORM 30 (Rev. 10-83) 
Prescribed by GSA 
F'AR 148 CF'Rl 53 :>.-3 



, 

b. Remove page G-3 and insert revised page G-3 in lieu thereof . Changes are deno ted 
by a verticle line in the left margin of the revised page. 

c. This contract is fully funded and the contract value remains at $685 , 081 . 00 . 

NOTE: Funds Status 
Obligated 

Unfunded 

TOTAL 

FROM 
$483,684.00 
201,397.00 

$685,081.00 

DABT63-94-C-0017, Modification POOOOl 

BY 
$201,397 . 00 

201,397.00 

-2-

TO 
$685 ,081 .00 

-0-

$685,081 . 00 



, 

MEMORANDUM FOR RECORD 11 Jan 95 

SUBJECT: Contract DABT63-94-C-0017, Modification P00001, BBN 

1. Procurement History: 

This contract was awarded on 05 Apr 94 as a Cost Plus Fixed 
Fee with an estimated value of $685,081 .00. This R&D action provided 
an effort for~BodyLAN: A Wireless, Body Local Area NetworK1 as a 
result of a Broad Agency Announcement from ARPA. 

2. Procurement Background: 

At the time of award, the contract was incrementally funded 
in the amount of $483,684.00 to cover performance through 31 March 
95. This action will prcVne additional funding. 

3. Funding: 
00 

, PR&C HJ15.f4348-0535, dated 16 Dec 94, received 9 Jan 95_, provides . . ~ 
additional funds in the amount of $201,397 . 00. 'U'>3$,C?f.,Cf.aD ~1/~r/l.,i;btL. f'M' . 
4. Procurement Situat i on: 

The funds provided will cover performance through 30 October 
1995 (contract expiration) . The ad~tional funds will fully fund 
this contract in the amount of $685,081.00. 

5. Procurement Action: 

Mod'ification POOOOl will be issued unilaterally under FAR 52.232-
0022J, ' Limita tion of Funds: to increase the obliga ted funds to $685,081. 00 
and cover performance through contract completion, 30 October 1995. 

Special ist 



AMENDMENT OF SOUCITATION/MODIFICATION OF CONTRACT 
,1. CONT~ACT ID CODE I PAGE OF PAGES 

1 I 2 
2. AMENDMENT/MODIFICATION NO. 3. EFFECTIVE DATE 4. REQUISITION/PURCHASE REO. NO. ,5. PROJECT NO. (If applicable) 

P00002 10/31/95 HJ1500·&~'B~~05,3t> DAR4 A841/14 

B. ISSUED BY CODE DK0-1 7. ADMINISTERED BY(If other than Item 8) CODE l EMPTY 

DIRECTORATE OF CONTRACTING 

ATTN: ATZS- DK0-1 

POST OFFICE BOX 12748 

FORT HUACHUCA AZ 85670- 2748 

BARBARA VANDOREN C22( 520) 533-1549 

8. NAME AND ADDRESS OF CONTRACTOR (No. , street. county, State and ZIP Code) Vendor ID : 00017737 ()() 9A. AMENDMENT OF SOLICITATION NO. 

1 
BOLT BERANEK & NE~AN INC 

9B. DATED (SEE ITEM 11) 
MARGUERITE DIBLASI O 

10 MOULTON STREET 
tOA. MODIFICATION OF CONTRACT/ORDER NO. 

CAMBRIDGE MA 02138 

X 
DABT63- 94 - C- 0017 

10B. DATED(SE E ITEM 13) 

CODE 26970 I FACILI1Y CODE 94 APR OS 
11. THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS 

0 The above numbered solicitation Is amended as set forth In Item 14. The hour and date speCified for receipt of OHers O is extended, 0 is not extended. 
OHers must acknowledge receipt of this amendment prior to the hour and date specified in the solicitation or as amended, by one of the fo llowing methods: 
(a) By completing Items 8 and 15 , and returning copies of the amendment; (b) By acknowledging receipt of this amendment on each copy of the oHer 
submitted; or (c) By separate letter or telegram wliTCii'Tncludes a reference to the solicitation and amendment numbers. FAILURE OF YOUR ACKNOWLEDG
MENT TO BE RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIFIED MAY RESULT 
IN REJECTION OF YOUR OFFER. If by virtue of this amendment you desire to change an oHer already submitted, such change may be made by telegram or 
letter, provided each telegram or letter makes reference to the solicitation and this amendment, and is received prior to the opening hour and date specified. 
12. ACCOUNTING AND APPROPRIATION DATA (If required) Mod Obl igated Amount US $0 . 00 

See Section G THI S I S NOT AN OBLIGATION OF FUNDS 

13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS, 
IT MODIFIES THE CONTRACT/ORDER NO. AS DESCRIBED IN ITEM 14. 

(X) A. THIS CHANGE ORDER IS ISSUED PURSUANT TO: (Specify authority) THE CHANGES SET FORTH IN ITEM 14 AR E MADE IN THE CONTRACT ORDER NO. IN ITEM tOA. 

B. TH E ABOVE NUMBERED CO"'TRACT/OROER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (such as changes In paying off ice, appropriation date, etc.) 
SET FORTH IN ITEM 14, PURSUANT TO THE AUTHORITY OF FAR 43.103 (b). 

C. THIS SUPPL EMENTAL AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY OF: 

0. OTHER (Specify type of modification and authority) 
X UNILATERAL • F.4, Cont r act Period o f Perf ormance . 

E. IMPORTANT: Contractor !&J is not, 0 is required to sign this document and return - --- copies to the issuing office. 

14. DESCRIPTION OF AMENDMENT/MODIFICATION (Organized by UCF section headings, including so lici tation/contract su bJeCt matter where feasible.) 

a. The pur pose of th is modi f icati on to ex t end the t erm o f the 

contract, as f ol l ows: 

1> The expiration date of the contract is extended, at no 

addi tional cost t o the Gover nment : 

FROM: 31 Oc t ober 1995 

TO: 31 July 1996 

E)Ccept as prov•ded herein, &II terms and yonditions of the document re ferenced in Item 9A or 10A, as heretofore changed, remains unchanged and in f ull force and effect. 

15A. NAME AND TITLE OF SIGNER (Type or print) 16A. NAME AND TITLE OF CONTRACTI NG OFFICER (Type or print) 
TONI L. DAVI ES C18 

158. CONTRACTOR/OFFEROR 1SC. DATE SIGNED 

(Signature of p1uon 1ut horiZ1 d to 1ign) 

18C. DATE SIGNED 

NSN 7540-01-152-8070 
PREVIOUS EDITION UNUSABLE 

STANDARD FORM 30 (REV. 10-83} 
Prescribed by GSA 
FAR (48 CFR) 53.243 30-105 
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2) Remove page F-1 and substitute the attached page F-1 in 
lieu thereof. Changes are denoted by a vertical l ine in the left 

margin. 

b. All other terms and conditions remain unchanged. 

OABT63 ·94· C·001 7 Mod. P00002 2 



F. 1 52.212·0013 

F.2 52.247-0034 

F.3 

F.4 

SECTION F 
DELI VERIES OR PERFORMANCE 

STOP·WORK ORDER (AUG 1989)··ALTERNATE I (APR 1984) 
(Reference 12.505( b)(2) 
F. O.B. DESTINAT ION (NOV 1991) 
<Reference 47.303-6( c)) 
DELIVERY OF DATA 
(Fort Huachuca Local 52.200·4051) 

The data to be deli ve red in accordance with Contract Data 
Requirements List , DO Form 1423 , (Exhi bit A) , sha ll be delivered in 
accordance with the instruct ions on t he fo rm. Data fu rnished t o the 
Government, under this contract, shall be transmitted by letter to the 
address conta ined in Block 14 of the Contract Data Requirement s List. A 
copy of t he transmittal letter forwarding t he da ta to the d istr ibut ion 
address, shal l be furnished to the Cont racting Offi cer referenced in SECTION 
G., clause entitled GOVERNMENT CONTRACT ADMIN ISTRATOR. 

CONTRACT PER IOD OF PERFORMANCE 

I t is est imated tha t the period of performance will extend from date of 
contract award th rough Jl Jul 96 both dates inc l usive , unless sooner 
te rmina t ed under t he ?revisions of the contract. If a t a later date it 
becomes necessary to extend the period of performance due to uncertaint ies 
associ ated with perf orming R&D requirements, !A~ DFARS 35 .002, the 
performance per iod wi ll not extend beyond 10 years . 

END OF SECT! ON F 

DABT63 ·94·C·0017 ·, Modifjcat i on P00002 F • 1 



---------------Cl~~---------------~~~~----~~--~NTRAC':' iO COOt JA~U 0' I'AO!~ 
AM!NOMENT OF SOLICITATION/M~. _.r:1CATION OF CONTRACT u , z 

Co E 

~~~fCTORATE OF CONT~ACl JNQ 

4TT~: ~TZS-OK0-1 

POST OFFICi lOX 1Z74t 

l . : :1/ ! OATI 

03/14/~ 

OIC0-1 

FQRr "U~C~UCA •z 1)670-27~8 

t••tA~A VANOO.IN C22C5ZQ) 533-1549 

fOlT BfRAWEK & NfUHA~ INC 
~A~GVfRtT£ O!BLaSIO 
10 MOULTOH STREE~ 
tA~IRIOGl MA OZ136 

~'"CILITY :OOE 

t9. ~AUO CSU ITIM I') 

1GA. WOOII'ICATI~N O' CONTIUC:T/O.-Of~ ~0. 

)( 
OAIT6S•94·C·0017 

94 APR O.S 
1 ~ . ;'HIS l'riM ONLY .t.PPU!S ro AME."''DMENTS OF SOLICITATIONS 

0 "'• ·.r, ai)()Vt n!rnlb!:rc!:l sc:, ~ll;lliCn r:. ll1nlr1oeo :t! S«: 10.,11 !0 lt~m 1.0. Th• hO\Ir 11'\d dltQ sp~·ileo lor receipt o: orr.n 0 Jl eldeodid, 0 ,, not ex:ena~a. 
o •:tr$ ~~~~~ ~c;l< r\Owlacsee r~ccipt of t:1is emv.,cmlll\t J'I'!Or 10 tnt nou~ '"<' dltt cpdied tn the sollc:ltatlon ":r 11 tmens.d, by one of the klllowlng m41\t':oe•: 
i•l Bv ;,n,pto6ng l!Q!TS a and 1~ . and r•turn!ng eopr" of the •mendmtrn: (b) Bv aeknOwltdglng rtc~PI ollt\!1 tn':emjmf!lnt em each COj;Y ot tne ener 
$Ub~'~'·r.ce : or(.!) ay ::~eparete t; :tt r or· ttteQrilm wlirc:t1 onc:ludu • re!erence to tn• &ottettatlon and amendrner.t numb4r,. FAILURE OF YOU~ AOl<NOW~iOO
M!T-;'T' TO eE R~CEIVF.O 1-i '!Me =>~AC:! 'OESIGIIIATEO FORTH! ~!CEIPT OF OFFfRS PFUOR TO 'TH£ I-IOU"' ANO OATE SPECIFliO MAY ~lSVLT 
IN Cl!!: .;~CTION OF YOt.l~ o~;lR. II oy vinuG c! ~his •rnendment y<~ll cseeire to change an ottar alreaoy sc..brT'Jnee. :rucn chango mcy ~made hy 1elegrtrn or 
te!:i:. ~rovided Cl~ 10119• ar.1 ~r lenqr ITloll<os: r qr~;~ r,,oe to ~ soirc!1atton .,d this emendm•nt. end is rec::e~ved pnor to the oMI'II n~ 1\0Ur and oate :;pect~~. 

' '· , c:-:•.•or :J~ ~,; .\ b.li!tiiw:.c :- : <. T~< i" ·~~ - ··cf l ltod Obl igeud Amount us \ 0.00 

!HIS !.5 NOT Atf O!LlGATIOlr'~or· "ttJ~ 
13. THIS ITEM AP~WES ONLV TO MOO!FtCATIONS OF CONTAAC'TS/ORDERS, 

IT MOO!FI!S THE CONTAACT/OROER NO. AS CESCRIBEC IN ITEM 14. 

(:(l ! >. • "'~ : .. ~, 0:,( cr:o:',: I') •<~ . .;E: "'· ~S J&"f ~ ' : !S,tt•' ~ a• •••·• ~Yl T"l \:1-.'IIGU $(T FOA~ .. IN 'T'tM "1.111 11'60, :N !'W' e;,.,TfiiACT OIIC'll'! NC.IN 'HM • O& -, 
!! T,.t 4tQV£ NV•·' e ~ •< c:; ~C\ 7 ~ACT :OII;!r ~ i$ fo.I (;Qrtr(O t~ 1'\t • ·. [eT fo4 r t :j>..r ·N ·S~ JV,T,\'E 'HA'II~CI ;1,:• U ~"•"CI"'" ~y AQolll, o, tellriP'. l iiCft •to , e r:.l 

~ ! ! !t:O.I ~T~f"\\ ! T::r .• : 1( " .. ' .- ~· l't{; '!"Q f'llll! ~ '.,; ':"rt01•' Y C:JI.;14 ~,1:'~(:~ 

'I~.~ ~~ '"~~. i ·.• tit~:. _ Q::OF-H"i: '' ' •! !"Tta<o NT' '"'UJA~o • !'t:.ai.'!'~OII•-vo, , 
10 USC ZJOL I c ~ '"·t • :&u'' 'r 'W'' ·~ ·-,_ . ., ....... ~."~' '"tvl 

I 

i . IMI'ORTANT: Corltroe~r J i: net. 

•· Thor p:.;roon r;,f t'li~ I:\Od i f;r.~ti~" is to acknowl•dgt the trt,lihr ~~ 

e~u·~~n~ . ~~ fol\ow4 : 

1) o~ (1) ceyo, arc, 11 1~1. $W ; 817'0742 i$ ~creby tr•nsfrrrtd 
frOff' t~• cor'l!~•c.: eBed '"' Slock lOA to eontra~t DAaT63-95-C•0013. 



~ 0 () 
- .CONTRACT ID CODE I PAGE OF PAGES 

AMENDMENT OF SOLICITATION/MOutfiCATION OF CONTRACT I u 1 I 2 

2. AMENDMENT/MODIFICATION NO. 3. EFFECTIVE DATE 4. REQUISITION/PURCHASE REO. NO. I s. PROJECT NO. (If applicable) 

P00003 03/14/96 HJ1500 4348-0535 DAR6 A841/14 

6. 1SSUED BY CODE DK0-1 7. ADMINISTERED BY(If other than Item 6) CODE I EMPTY 

DIRECTORATE OF CONTRACTING 

ATTN: ATZS-DK0-1 

POST OFFICE BOX 12748 

FORT HUACHUCA AZ 85670-2748 

BARBARA VANDOREN C22(520) 533-1549 

5. NAME AND ADDRESS OF CONTRACTOR (No., street, county, State and ZIP Co de) Vendor ID : 00017737 lXl 9A. AMENDMENT OF SOLICITATION NO. 

BOL T BERANEK & NE~HAN INC 
9B. DATED(SEE ITEM 11) 

MARGUERITE DIBLASIO 

10 HOULTON STREET 
lOA. MODIFICATION OF CONTRACT/ORDER NO. 

CAMBRIDGE HA 02138 
DABT63·94·C·0017 

X 
A 

lOB. DATED (SEE ITEM 13) 

,._ ·;~ 

CODE 26970 I FACILITY CODE 94 APR 05 

11. THIS ITEM O NLY APPLIES TO AMENDMENTS OF SOLICITATIONS 
0 The above numbered solicitation is amended as set fonh in Item 14 . The hour and date specified for receipt o f Offers 0 is extended, 0 is not extended. 

Offers must acknowledge receipt of this amendment prior to the hour and date specified in the solicitation or as amended, by one of the following methods: 

(a) By completing Items a and 15, and returning copies of the amendment; (b) By acknowledging receipt of this amendment on each copy of the offer 
submined; or (c) By separate lener or telegram wh1ch1ncludes a reference to the solicitation and amendment numbers. FAILURE OF YOUR ACKNOWLEDG
M ENT TO BE RECEIVED AT THE PLACE DESIGNATED FO R THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIFIED MAY RESULT 
IN REJECTION OF YOUR OFFER. If by vinue of this amendment you desire to change an offer already submitted, such change may be made by telegram o r 
lener, provided each telegram or letter m akes reference to the solicitatio n and this amendment, and is received prior to the opening hour and date specified. 

1:?. ACCO UNTING AND APPROPRIATION DATA (If required) Hod Obligated Amount US $0.00 

THIS IS NOT ANr· oBLIGATION:.~OF-='Flnfu1; 
13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS, 

IT MODIFIES THE CONTRACT/ORDER NO. AS DESCRIBED IN ITEM 14. 
(X) A. TH IS CHANGE ORDeR IS ISSUED PURSUANT TO: (Speci fy authority) THE CHANGES SET FORTH IN ITEM 14 ARE MADE IN THE CONTRACT ORDER NO. IN ITEM lOA, 

-
B. THE ABOVE NUMBERED CONTRACT/ORDER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (such as changes in paying office, appropriation date, etc.) 

SET FORTH IN ITEM 14, PURSUANT TO THE AUTHORITY OF FAR 43.103 (b). 

C. THIS SUPPLEMENTAL AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY OF: 
X 10 USC 2304 

D. OTH E A (Specify type of modification and authority) 

E. IMPORTANT: Contractor 0 is no t, [&) is required to sign this document and return ____ copies to the issuing office. 

1.:. DE SCRIPTION OF AMENDMENT/MODIFICATION (Organized by UCF section headings, including solicitation/contract subject matter where feasible.) 

a. The purpose of t'his modification is to acknowledge the transfer of 

equipment, as follows: 

1) One ( 1) Keyboard , #10 1, SN: 8 1740742 is hereby transferred 

from the contract cited in Bl ock 10A to contrac t DABT63-95-C-0013. 

2) The contractor may utilize the equipment under the contract 

Except as provided herein, all terms and conditions of the document referenced in Item 9A or t OA, as heretofore changed, remains unchanged and in full force and effect. 
15A. NAME AND TITLE OF SIGNER (Type or pront) 16A. NAME AND TITLE OF CONTRACTING OFFICER (Type or print) 

TON I L. DAVIES C18 

158. CONTRACTOR/OFFEROR 1SC. DATE SIGNE D 16B. UNITED STATES OF AMERICA 

BY 
(Signa1ure of person authorized to sign) (Signature of Cont,..cting Officer) 

16C. DATE SIGNED 

NSN 7540-01 - 152· 8070 
PREVIOUS EDITION UNUSABLE 

30-105 

STANDARD FORM 30 (REV.10-83) 
Prescribed by GSA 
FAR (48 CFR) 53.243 
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cited in Block 10A until such use is no longer required. 

b. All other terms and conditions remain unchanged. 

DABT63·94 · C· 0017 Mod . P00003 2 



FEB-17- 2000 14=27 

AMENDMENT OF SOLJCITAT 

2. AMENDMENT/MODIFICATION NO. 

POOOOS 

DOC ATZS- DK0-1 

/MODIFICATION OF CONTRACT 
ONTRACT 10 CODE 

u 
3 EFFECTIVE OA TE 

Sl!e Block 16c 
4. REQUISITION/PURCHASE REO. NO. 

HJ 1500-4348-0535 
6 ISSUED SY CODE .__D_A_B_T_6_3 ____ -i7. ADMINISTERED BY 1/J ocher thCII lctm 6) 

Directorate of Contracting 
ATTN: ATZS-DKO-I 
P.O. Box 12748 
Fort Huachuca. AZ 85670-2748 
Liz Amarulli (520 533-8948 
S. NAME ANO ADDRESS OF CONTRACTOR (1\!o. , SITU:. cour.ty. Sta:t or.d ZJP Ccxflo1 

Bolt, Beranek, and Newman. Inc. 
A TIN: Margut:rite D~Blasio 
10 Moulton Street 

(./) 9A AMENDMENT OF SOLICITATION NO . 

9 6. OA TED IS££ fTE.M 1/J 

Cambridge, MA 02138 1 OA, MODIFICATION OF CONTRACTS/ORDER 
NO. 

DABT63-94-C-0017 
xl---------- -, OB. OA TED fSE£ fTEM I )) 

CODE 26970 FACILITY CODE 5 April 1994 
11. THIS ITEM ONLY APPLI ES TO AMENDMENTS OF SOLICITATIONS 

0 Th~ at>.)vo numbered solicitJtio'n is smendod a.~ Sf:! forth on Item 14 , fhe hour snd date ~Ot'I CifiM for receipt of Olfers D IS O)Ctended, D is not e•· 
tended. 

Offer~ mu5: acknowle<lge re<:e1pt of th1s ~rMntlment pcior to the Mur and date spe~i !icd '" the solicitation or ss smanded, bv onr: ol the followmo methods 

(J) Bv comolc•rinQ I ten\$ 8 and 15 and returnong ___ ~opies ol tna am.,ndmcnt: lbl Ely acknowlt!deing rocoipt of thi~ 3mendmont on e~ch copy of tho of1cr 
~ut:or.'Httad : o' \ C) Bv <O~Jr~:~ IP.tter or telo~Jram Vvh•Cn tncludas ;,a reference to tho sohci:~ion ~nd amendment number!. FAILURE 0~ YOUR ACKNOWLEDG· 
M!:NT TO BE RECEIVED AT THE PLACE DESIGN A TED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPE'CIFIED MAY RESULT 
IN REJECTION OF YOUR OFFER. If by virtue o! tl'u~ ~mendm&m you Oo~·ra to '=hange ;~n olfer 3lreadv subm•tted. such change may he m! de by telegr~m or 
lct:cr, ~·o .. idod e:>ch telegram or len~r rn.1kes referO!\r.Q t O tM ~ol i c 1 ta:ion and II\• ~ ~mendment, and is rftcelved prior to :he opening hour ~nd d3tC ~pecil1ad . 

1/.. ACC:OUN TIIIG AND APPROPRIA TION DATA 11/rrqllirt.d) 

9750400!3010RPAICFP5TIOA84ll42581000000HJ150043480535JWBLOOS02086 DECREASE $9,889.28 

13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS, 
IT MODIFIES THE CONTRACT/ORDER NO. AS DESCRIBED IN ITEM 14. 

T.-l iS CHANGE ORDER IS ISSUED PURSUANT TO· (Sprci[y nurhnn'ry) THE CHANGES SET FORTH IN i'TEM 1 4 ARE MADE IN THE CO!~· 
TRACT ORDER NO. IN ITEM lOA. 

THE ABOVE NUMBERED CONTRACT/ORDER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHAI~GES (such as r/I(Jngf.I m paymz ojfiu. 
flf'f''O,~nCJion date, tiC'. ) SET FORTH IN ITEM 14 PuRSUANT TO THE AUTHORITY Or FAA 43.1 031bl. 

I C. THIS SUPPLEM ENTAL AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY OF: 

X 0 OTHER (Sprcify Tj;>t of nV>d:fica/lon ur.l! CMilOrrry) lAW 10 U.S.C. 2304(c) UNILATERAL 

E. IMPORTANT: Contractor [gj is not. 0 is required to sign this document and return ____ copies to the issuing off:ce. 

14. DESCRIPTION OF AMENOM~NT/MODIFICATION (Orgn,·J~ctl by UCF stcrtcn luarlin~.<, i'ldudmg sobritO:oOIIIconl,acr subjtct tr'.liltrr whertftosible.) 

a. The purpose of this moditication is to deobligate excess funding and close subject contract. The estimated value and the obligation 
amounts an:: both decreased by $9,889.28 from $685,08l to $675, 191.72. The accounting and appropriation data are at Block 12 above. 

b. This action doses this contract. 

E<cept 3<. provided herein, 311 terms snd conditions of tne document referenr.~<! in Item 9A or 1 OA. as heretofore ch;)(lged, rom31ns unchanged and on full 1crce 
;\n\1 P.!f~ t. 1 . 

I 5,\. t1M..1E AND TITLE OF SIGNER (l'ype or prinJJ 

15S. CONTRACTOR/OFFEROR 

(5/qnsrvre of porson " vchorrlM to s~qn/ 

N3N 7540·01·152-2070 
?REVIO'J$ EDITION UNUSABLE 

1 SC. D.t.. TE SIGNED 

1 SA. NAME AND TITLE OF CONTRACTING OFFICER (l)'P• or print) 

BARBARA C. VANDOREN 

1 SC. DATE SIGNED 

SY 

30· I 05·02 I.!SA"PC V2.00 

TOTAL P . 0,~ 



... -
BAA9327- P-016 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newma1 nc. ;-~ hi,.b l7Cfi@ 7~ 

. _.../ 

BB~ Propo~~l No. P94-LABS-C-002 
ARPA Absrract Control# BAA9327-A-89 

BodyL1\NTtvr: A Wireless Body Local Area 
Network 

VVirekss~ Adaptive and ~Iohile Information Systems (vV AIVIIS) 
An~a l: VV!reless Computing Systems 

Volu1ne I. Technical and ~1anagernent Proposal 

Sub~itt~~d to: ARPA/ESTO in Response to BAA 93-27 

Submitted by: BBN Systems <md TechTlologies 
A Division of Bolt Beranek and Newman Inc. 
10 Moulton Street 
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Section I. Administrative 

See Cover Page. 

Section II. Summary of BodyLAN1 Proposal 

This section provides an overview of the proposed work, as well as an introduction to the 
associated technical and management issues. This summary plan is described and 
discussed in more detail in Section III, Detailed Proposal Information. 

BBN proposes to develop the means for very low power wireless communications over a 
human body area. This development will comprise: the theoretical basis for the 
communications protocol, interface standards between body computer and modem, 
interface standards between sensor/transducer and modem, a prototype system 
demonstrating. the technology, and a performance evaluation. Preliminary work done by 
BBN over the last two years suggests that by using spread specoum techniques and a 
communications protocol especially suited for low power implementation, wireless 
modems can be consoucted occupying a few hundred cubic millimeters and consuming a 
few hundred microwatts. 

The key technical issues we will address in this development are: 

• Wireless operation in compliance with license-free FCC Pan 15 Regulations. 

• Operation at rnicrowatt power levels. 

• Immunity to interference from similar and dissimilar systems 

• Submicrosecond synchronization of all devices. 

Motivation for this development is easy to find in both military and commercial 
applications, e.g. health sensors, special mission accessories, and training aids. 
Numerous sources have forecast that hip-worn computers, integrated with wired and 
wireless broadband networks, will fundamentally change the way people interact with 
their environment. Individuals will wear computers like clothing and jewelry. This 
evolution is. not ten years out but is currently underway. Recently a "wearable 
computing" f!iShion show was presented in New York. 

Apple Computer has named these computing devices Personal Digital Assistants (PDAs) 
and has introduced an initial implementation called Newton. Another company is already 
offering a hip-worn computer for general sale. As technology evolves, there will be a 
steady evolution to smaller, lighter, and cheaper PDAs having more powerful processors, 
more storage, and seamless communication with the information infrastructure. The 
technology being proposed here may enhance this evolution. BBN Systems and 
Technology has trademarked this technology as "BodyLA.N'fM". 

We envision an environment in which a PDA would be worn on a person's hip. This 
PDA would not be used directly as are today's laptop computers; rather it would 
communicate with ultra-lightweight devices called Personal Electronic Accessories 
(PEAs). Routine interactions with one's PDA would be accomplished exclusively via 

1 BodyLAN™ is a trademark ci Bolt Beranek and Newman, Inc. 
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these sensors/transducer PEAs. A PEA display device could be created today small 
enough to be worn like a wrist watch. Another PEA could include a gravitational and 
magnetic field sensor crafted to look like finger rings. These devices could be used to 
allow sign-language-like direct communications to the PDA. A PEA worn in the ear 
could give auditory feedback from the PDA. Low power health applications are too 
numerous to list. 

Open standards for communication between PDAs and PEAs (possibly from different 
vendors) are central to the success of this vision. Our proposed work is: 

• Formalize the Body LAN corrununications architecture and develop a theoretical 
framework for its expected error rate under conditions of multiple near-field 
BodyLANs, narrow band interferers, and component aging. 

• Produce a specification document describing the conceptual and hardware interface to 
the PEA modem, the interface to the PDA modem, and parameter initialization 
protocols. 

• Build a digital PEA having a pseudo random sequence generator/checker, a 
microprocessor-driven PDA modem, and an interface to one of the existing PDAs. All 
hardware will utilize existing RF, field programmable logic devices, and 
microprocessor components. 

• Evaluate the robustnes~. ease-of-use, and performance of the prototype systems. 

Even though Body LAN is about wireless communication, transmitting and receiving an 
RF signal over a distance of a few meters is not the hard part. Since all PEAs must be 
battery powered and very small, the challenges arise mostly from power consumption 
concerns. Basically, BodyLAN is concerned with converting electrical signals into 
radiated power at acceptable efficiencies. Since the FCC limits the radiated power to 
under 12 nanowatts, even a 12 microwatt power budget represents an efficiency of only 
0.1 %. While this efficiency appears incredibly small, to our knowledge, no one has ever 
constructed an RF modem and controller at these low power levels. Our preliminary 
work has shown just the local oscillator would consume tens of microwatts using the 
most efficient oscillator currently known. 

Improving our understanding of "where the power goes" will be one of the con~butions 
of the BodyLAN's research. It has been painfully clear in the last two years of work on 
Body LAN that this understanding will be evolutionary and will no doubt involve many 
researchers over an extended period of time. The technological problems to be solved 
are hard problems. Like IC process technology where the question is "what are the limits 
of integration?", clever scientists and engineers have kept pushing the limits in an 
evolutionary manner. Body LAN provides an excellent application for low-power 
research as it involves a complex interaction between protocol, circuit design, and IC 
processes with potentially a huge payoff. 

BBN has structured the proposed research to focus on creating and evaluating a prototype 
system which examines the protocol issues of one Body LAN architecture. Since the 
prototype will be constructed with no custom components other than Field Programmable 
Logic Devices, no power-consumption optimization will be possible other than what is 
achievable through protocol enhancements. We plan however on using SPICE 
simulations to gain a better understanding of power consumption of individual circuit 
sections to better drive the protocol decisions. 
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II. A. Innovative Claims for the Proposed Research 

The prL11cipal innovative idea is that wireless BodyLAN can be done at all. Since the 
Body LAN architecture was designed from the ground up to minimize power 
consumption, have ultra small size and weight, and require no user intervention, many 
innovative ideas were integrated into the architecture. They include: 

• PEAs contain a crystal oscillator synchronized to the hub within a temporal uncertainty 
of a few tens of nanoseconds. This allows the full range of time multiplexing and 
spread spectrum techniques to be applied to solve problems of bandwidth allocation, 
spatial reuse by multiple BodyLANs, and robustness against narrow band intetferers. 

• A procedure and protocol for parameterizing PEAs to an individual hub such that they 
may regain $ynchronization after sleeping even in the near-field presence of other 
active PDAs. 

• The use of Optical Orthogonal Codes (described in II. D. below) to reduce power 
consumption by almost an order of magnitude and still achieve spatial reuse. 

• New analog and RF circuits which have very fast power-down and power-up times. 

• Adaptive power transmission protocols which cause the PEAs and PDA modem to 
minimize transmitted RF power. 

• Support for both analog and digital communications using the same protocol. 

• A protocol which allows non-licensed use of any frequency bands below 1 GHz in 
which the FCC allows intentional transmitters. By employing temporarily randomized 
RF pulses, the average radiated power of a PEA or hub modem can be brought under 
the maximum radiated power allowed and still allow communication over short 
distances. 

• Adaptive circuit techniques which bias the RF circuits at less current than normal 
worst case design techniques. These technique typically reduce power consumption by 
a factor of three over conventional worst case designs. 

• Interrace standards which are vendor and device independent (an open architecture). 

• A new synchronization protocol which allows collisions of synchronization beacons 
between multiple BodyLANs. 

This development will provide an advanced capability in persmal communications. 
BodyLAN is one part of the triad of PEAs, PDA, and application programs which will 
fundamentally change the way people interact with computers and the infonnation 
infrastructure. A whole new industry may emerge from ARP A's success in this program. 

Use c:c disclosure ci data contained oo this sheet is subject to the restriction oo the t.itle page of this 
prq>~al. 
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II. B. Deliverables 
We will provide an analysis, develop a prototype, and evaluate a new wireless body local 
area network. Deliverables are: 

• A documen-t describing in detail the BodyLANTM architecture, its limitations, and the 
FCC restrictions (if any). 

• A specification describing in terracing to the PEA modem, the PDA modem, and the 
PDA of choice. 

• A mathematical analysis of the Optically Orthogonal Codes used for the main data 
transfer link and different synchronization protocols. This analysis will explore the 
effects of various parameters such as narrowband interlerence power, multiple 
BodyLAN space sharing, and modulation diversity on error rates, synchronization 
acquisition probability, and power consumption. 

• A set of eight PEA modems, three PDA modem cards, and a data pattern generator and 
checker PEA. These prototypes will be constructed using only existing RF and 
telecommunications chips, field programmable logic devices, and surface mounted 
discrete components on small PC boards. These prototypes will not attain the potential 
small size and low power consumption but will demonstrate the architecture and 
operation. 

• Software on the PDA interlace needed to compare the hardware perlonnance with 
theoretical models. 

• An evaluation of the architecture to verify its robustness and its theoretical 
perfonnance. 

With ARP A's concurrence, we will present these fmdings at appropriate wireless 
technology symposia, and publish our technical results in the appropriate 
communications journals. 

The BodyLAN architecture was developed under BBN IR&D, and we are currently 
seeking a patent for this technology. However, we will grant a no cost license to the 
Government for applications of this technology. 
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II. C. Cost, Schedule and Milestones 

The cost for this program is $724 K. 

We anticipate that this contract will be awarded on October l. 1993. with a period of 
performance of 18 months, as shown in Figure 1. 

Activities GFY 1994 GFY 1995 

1 2 3 4 1 2 3 4 

Produce Architecture documentation, interface 
standards specification. v 
Conduct Mathematical analysis of protocols 
and alternatives, publish results. " 
Develop Prototype, demonstrate it 

" 
Develop PDA software, test it. 

~ 

Figure 1: Schedule With Major Milestone Completion Dates 
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II. D. Technical Rationale, Technical Approach, and 
Constructive Plan 

This section provides a summary of our plans for accomplishing the goals of this project. 
Section III C and D provide complete details of our plan. 

Technical Rationale 

Figure 2 illustrates the BooyLAN system. The architecture assumes transducer functions 
are handled in Personal Electronic Accessories (PEAs) controlled by application c<Xle 
executed on the PDA. A PCMCIA card implementing the BodyLAN hub modem plugs 
into the users PDA. Control of the B<XlyLAN communications activities are 
implemented in a low-power processor residing on this card. 

~ Sensor 

~-------------------, c PEA Modem 
#0 

PDA 
Modem ~ Sensor 

Personal 
Digital Body LAN c PEA Modem 

Assistant Controller #1 

• • • 
PCMCIA Card 

-------------------- ~ Actuator 
RF Links 

c PEA Modem 
#N 

Figure 2: BodyLAN System 

BodyLAN has a star topology where PEA modems communicate only with the PDA 
modem. PEAs operate as half duplex devices. Further, they do not receive 
simultaneously on the outbound channel and the synchronization channel. The PDA 
operates as a full duplex device, except that it does not transmit or receive application 
data when sending the synchronization beacons. This simplifies reception at the PEAs 
and is not an obstacle since no PEA should transmit or receive while its PDA is 
transmitting a synchronization beacon. 

We have examined high frequency acoustic, infrared, and electromagnetic propagation 
between the hub and PEAs and have chosen electromagnetic propagation. Even with its 
crowded spectrum and FCC regulatory problems, RF signaling has many advantages over 
the alternatives. 
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The radio frequency spectrum is crowded and highly regulated. More than 30,000 
channels are licensed by the FCC just in the Northeastern part of the United States (under 
lOOO MHz.). For Body LAN, we need to flnd a way to coexist with these licensed 
channels in such a way that the FCC will accept BodyLAN emitters and existing 
licensees will not object. Pan 15 specifies 15 bands under 1000 MHz in which emission 
can be intentional but of limited field strengths. Typical field strengths correspond to a 
radiated power of 12 nanowatts. 

While at fmt this power level appears incredibly small, thereby denying us the 
advantages of using RF communications, it turns out that generating and receiving such a 
signal at short distances is surprisingly easy. With a 400 Nlliz carrier, a receiver dipole 
of length 20 millimeters generates a voltage 10.5 microvolts at the maximum field 
strength allowed by the FCC. This signal level is 30 times the sensitivity of a 
conventional FM receiver. 

An emitter having a maximum field emission of 20,000 microvolts per meter pulsed one 
microsecond on and 99 microseconds off has an average field strength of 200 microvolts 
per meter. If a wide band receiver is synchronized to the transminer and only samples the 
received signal when the transminer is sending, then it 11Sees" a 20,000 microvolts per 
meter field, not the 200 microvolts per meter average. 

An important advantages of short distance communications is the comparative ease of 
synchronization. Maximum PEAIPDA separation distance is expected to be less than 1.4 
meters (55 inches) for a hip-worn PDA. This corresponds to less than 10 nsec of 
temporal uncertainty for a PEA anywhere within the 2.8 meter diameter sphere 
surrounding the PDA. 

Pulsed operation is desirable from a power conservation standpoint because transistors 
need large bias currents to obtain high gain and high frequency operation. By employing 
fast startup linear circuits operating at low duty cycles, low power consumption is 
obtained. 

Synchronization between PEAs and the PDA is clearly the key to the entire BodyLAN 
concept It is also the most challenging protocol problem to be solved. Principal 
requirements of a synchronization protocol are low power consumption, low complexity, 
and the ability to quickly reacquire synchronization after losing synchronization without 
disturbing other PENPDA communications. 

We envision using a separate frequency band exclusively for the broadcast of 
synchronizatio~ signals called beacons. Since this synchronization band is shared, 
beacons from adjacent BodyLANs will interfere with one another. A PEA in one 
Body LAN can actually receive a beacon from another FDA having a signal strength 
greater than from its own PDA. Signal strength alone is insufficient to detennine the 
home PDA. One of the main problems in creating a synchronizaticn protocol is that 
PDAs cannot detect a beacon collision at all the PEA sites. A PEA must therefore must 

· be able to acquire synchronization in the presence of collisions from adjacent PDA. 

In use, PEAs of one Body LAN must share the same physical volume of adjacent 
BodyLANs. We require that adjacent B<XiyLANs not interfere with one another 
catastrophically but will allow some increase in error rate. In nonnal operation, the PDA 
will monitor the received power level and error rates. It adjusts the transmitted power 

Use or disclosure of data contained on this sheet is subject to the restrictim on the title page c:i this 
pr~al. 
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levels of itself and the PEAs to achieve the desired error rate. Thus PEAs close to the 
FDA would transmit at lower power levels than PEAs further away from the PDA. This 
power management tends to limit the effect of one Body LAN on another. Moreover, the 
''FM Capture Effect" causes a receiver to completely "capture" the stronger of two FM 

signal having the same earner frequency. 

Technical Approach 

The Body LAN architecture calls for three frequency bands. Two bands, at 346.03 N1Hz 
and 387.97 MHz are used for application data and we label them the inbound channel and 
outbound channel respectively. The FDA transmits in the outbound channel and receives 
from the inbound channel. The situation reverses for PEAs. The third band at 367.0 is 
the synchronization channel and is used exclusively by the PDA to transmit a 
synchronization beacon to its PEAs together with some control data. 

BodyLAN must operate within range of other BodyLANs. Our design uses spread 
spectrum transmissions to provide near-orthogonality among signals from adjacent 
BodyLANs. We have chosen a form of pulse position spread spectrum signal known as 
Optical Orthogonal Codes (OOCs). In this signaling scheme, each bit is transmitted as 
64-chips. For each chip, the transmitter either sends no power (the most probable case) 
or transmits an RF burst above or below the carrier frequency. The locations at which 
power is transmitted are a codeword. 

BodyLAN errors occur because two or more Body LAN transmitters are using the same 
codeword and have pulses which overlap by more than 50% or when three or more 
transmitters using different codewords share more than a majority of pulses which 
overlap. For a (63, 3, 1)2 code, the fl.rst error term dominates because there are few 
codewords. For example, the probability that two independent BcxiyLANs will not be 
sending the same data, will be synchronized within one chip time, and will be using the 
same codeword is about 0.1 %. When more than two BodyLANs are considered, the error 
rate increases to about 1%. 

Synchronization of PEAs to the FDA is accomplished by the PDA broadcasting beacons 
on a separate frequency band. Six beacons are transmitted in each 768-slot superframe, 
one in each frame but normally in different positions within each of the six successive 
frames. Each beacon is a 64-chip sequence using Frequency Shift Keying (FSK). 

Each PEA contains an oscillator based on an a common watch crystal oscillating at 
32,768 Hz. This oscillator is phase locked to beacons not suffering from collisions. The 
oscillator is sufficiently stable that once a PEA has phase locked its oscillator to the 
PDA's oscillator, it is very tolerant to missing beacon reception errors. 

Each PEA has three major modes of operation: comatose, sleeping, and active. A PEA is 
dead, such as after a battery replacement, when its internal control parameters are 
uninitialized. When comatose, the PEA is also unsynchronized with the PDA. Our 
current plan calls for requiring that the PEA be physically moved close to the PDA such 
that the field strength emitted by the PDA is larger than a threshold. Note that this 
procedure is required only when the PEA's power source is disconnected 

Constructive Plan 

We will conduct this research by carrying out the following tasks: 

2 This notation signifies (number <:i chips, number of pulses, maximum crosscorrelation) 
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• Document the architecture and network protocols and develop the specification for 
interfacing to both the PEA modem and the PDA modem. 

• Explore different synchronization protocols, error rates under narrowband interference 
and multiple BodyLANs, frequency diversity benefits and complexity issues, and 
circuit design for the various low power circuits. 

• Develop the PEA modems, PDA modems, an interface to some PDA, and a data 
pattern generator/checker using existing RF chips, Field Programmable Logic Devices, 
and a low power microprocessor in the PDA interface. 

• Develop the PDA interface software needed to evaluate the hardware perfonnance 
versus theoretical models with respect to error rate, robustness to narrowband 
interference, etc. 

We propose to work with some university and/or other organization (with ARPA's 
concurrence) on the low power circuit design issues and on the problems of integrating 
sensors and transducers to a PEA modem. 
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II. E. Comparison with Other Ongoing Research 

Commercial Off-the-Shelf (COTS) Products 

A number of companies have announced Personal Digital Assistants (PDAs), hand held 
computers. Apple Computer has announced its Newton PDA, in three models which 
range from $699 to $1250. The top two models will have a PCMCIA compatible radio 
modem to provide access to a nearby AppleLink port. Hewlett Packard has released its 
OmniBook 300 with an infrared communications link for $2000. This is a 2.2 pound 
PDA with a full-sized keyboard. AT&T has announced its Personal communicator, 
which functions as a computer, phone, and fax. This is a pen and notepad unit based on 
the AT&T Hobbit chip. 

The Personal Computer Memory Card International Association (PCMCIA) has 
established standard specifications for credit-card-sized microcomputer add-on memories 
and peripherals. The cards are 54 mm wide by 85.6 mm long (2.1 by 3.4 inches) and 
have a 68 pin interface. Type I, Type II, and Type III cards are 3.3 mrn thick, 5 mrn 
thick, and 10.5 mm thick respectively. 

This represents the current state of the art in microcomputer miniaturization, and many 
mainstreanl; PCMCIA products (faxes, disks, RF mcxiems, Ethernet adapters, static 
RAM, and flash memory) are now entering the market Most notebook prcxiucts now 
have one or more PCMCIA slots. 

A number of vendors are offering license-free wireless LAN products which comply with 
FCC Part 15 regulations for unlicensed operation given in the Code of Federal 
Regulations Title 47 Part 15.247. These regulations for wireless LANs require the use of 
subwatt power and spread spectrum signaling within the three Industrial, Scientific and 
Medical (ISM) bands to minimize co-channel interference. Many of these products are 
packaged as PCMCIA cards which are radio modems capable of providing a wireless link 
at distances up to 50 meters. Examples include Toshiba's Wireless Portable Work group 
product and Spectrix Corp's S~trixLite LAN product, with a $350 serial port and a $3K 
ISA network card. IBM Network Systems division offers its Wireless RF LAN card for 
$800. 

Relationship to Body LAN 

BcxiyLAN is complementary to all the COTS technologies above, and in fact is highly 
synergistic to most of them. For example, we will use a COTS PDA as the central 
component of the body constellation of personal electronic accessories (PEAs). We will 
use a standard PCMCIA interface card to interface the BodyLAN to the FDA. 

The COTS wireless LAN products provide connectivity from a person to his local 
communications infrastructure, using credit-card sized mcxiems and subwatt power to 
reach over tens of meters in compliance with FCC Regulations Section 15 247. In 
contrast, the BcxiyLAN will eventually be implemented as fingernail-sized modems 
operating at microwatt power level to provide connectivity over a meter of personal body 
size, and operating under FCC Regulatioos Section 15.209. 

The Body LAN will serve as a seamless extension of the wireless LAN, providing 
connectivity from a person's PEAs (e.g., health monitors) to the global communications 
infrastructure. 
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ll. F. Key Personnel and Effort 

Key Personnel 

Principal investigator for the Body LAN project will be Philip Carvey. 

Phil Carvey rejoined BBN in 1985 to work on the Monarch multiprocessor project. His 
responsibilities covered all aspects of the architecture, modeling, verification, and chip 
development. Prior to rejoining BBN, Mr. Carvey was V .P. of Research at Ztel Inc., 
where he developed research programs for a voiceidata PBX. Mr. Carvey joined BBN 
originally in 1979 as the principal designer of the Butterfly multiprocessor. In 1969, he 
was one of very early employees of Applicon, Inc and served as chief hardware 
architect/designer. 

Dr. Julio Escobar will serve as chief protocol analyst 

Julio is a senior scientist and member of the Advance Networks Deparnnent. At BEN 
since 1988, he has been a designer and analyst of communication protocols. He 
designed and developed channel access protocols for packet radio networks under the 
Survivable Adaptive Networks project (DARPA), and was co-developer of a congestion 
control algorithm for this network architecture. He was a co-designer of an adaptation 
layer protocol for ATM networks and is currently in charge of testing a protocol of his 
design for synchronization of multimedia flows. Julio also is an editor of the Journal of 
Fiber and Integrated Optics and has accepted an invitation to join the editorial board of 
the IEEE Networks magazine. 

Dr. Lawrence Sher will lead the standards and Body LAN evaluation efforts. 

Larry is a division scientist at BBN and been with the company since 1971. He recently 
has been working on the Pathf'mder project, a project involving integrating sensors and 
transducers to a lap-top computer using a wired LAN. Previously he was responsible for 
the conception, development, and application of the SpaceGraph Display. Dr. Sher has 
created videotape courses which teach the use of RS/1 and has taught many 
courses for BBN clients and BBN staff. Prior to joining BBN, he worked in developing 
medical electronic equipment. Dr. Sher has published 29 papers and holds a US patent 

. on the SpaceOraph. 

Effort Required 

The effort proposed here will take 35 person months. Twenty-six of those person months will be 
spent in GFY 94, and the remaining 9 in GFY 95. 
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Section III: Detailed Proposal Information 

This section provides the derailed discussion of our proposed work, discusses technical 
and managemem issues. and identifies the risks and payoff of the proposed work. This is 
a more detailed plan that enhances the discussion presented in Section 11. 

In this section, we discuss: 

• the overall scientific and technical merit of this approach (Section ill. B. and E.) 

• its potential contribution and relevance to ARPA's mission (Section ill B. and C.) 

• our plans and capability to accomplish this technology transition (Section ill. A. and D.) 

• BBN's capabilities and related experience (Section III. F, G, and H.) 

• the basis of our costing (Section rn. I.). 

III. A. Statement of Work 

Scope of the Effort 

Our proposed effort is shown in the work breakdown structure of Figure 3. 

Document & 
Specify 

Document 
Architecture 
& Prot<?Cols 

Specify PEA 
Interface 

Specify PDA 
Interface 

Explore Sync 
Error Rates, 
Low Power 

Explore 
Sync 
Protocols 

Investigate 
Error Rates 

Explore 
Low Power 
Circuits 

Investigate 
frequency 
diversity, 
complexity 

Develop 
Prototypes 

PEA modem 

PDAmodem 

Interface to 
PDA 

Data Pattern 
Tester 

Figure 3: Work Breakdown Structure 
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Specific Tasks to be Performed 

The ultimate goal for Body LAN is to produce an MCM (multi-chip module) containing 
the PEA modem chip and a few discrete components together with the PCMCIA card 
which plugs into the PDA bus. This proposed effon is the first phase to reach this goal, 
namely to construct a prototype Body LAN and to test it against the theoretical models 
developed as pan of this project. As a subsequent phase, ARPA can issue an RFP to the 
semiconductor industry to fabricate the fully miniaturized chip version for mass 
production. At that point, we will have eliminated the significant technical risks and 
proven the feasibility of the Body LAN architecture. 

We have panitioned our work into four major areas: specification, protocol, prototype 
development, and evaluation. The sub-tasks within each area are explained below. 

Specification Area 

Document Architecture- We will create a formal description of Body LAN suitable for 
other ARPA researchers to use in applying Body LAN to their needs. The document will 
include a detailed architecture specification, specification of the Body LAN network 
protocols, and description of the network protocol interactions and network operations. 
We will also repon the results of our performance evaluation, a detailed theory of 
operation of the prototype components, and SPICE simulation results of low-power 
alternative circuits to be used in single chip i.nlplementations. 

Document PEA Interface - A detailed description of the PEA modem interface will be 
provided together with a Verilog behavioral level model of the interface. This 
documentation will allow researchers to attach new transducers to the PEA modem. 

Document PCMCIA Card - A detailed description of the PCMCIA card will be generated 
together with user interface code for one PDA. This documentation package will allow 
researchers to modify an existing software package to create a new application. 

Protocol Area 

Optical Orthogonal Code Study- We will explore various non-minimal OOCs for use in 
the inboun<,i and outbound channels. We must generate these codes, and simulate their 
auto and cross correlation properties in a multiple BodyLAN environment 

Synchronization Code Study- We will study random assignment of BodyLAN 
identification codes versus codes that are more like OOCs in their cross correlation 
properties. 

Beacon Chip Sequence Study- We will examine various beacon chip sequences for 
maximum tolerance to collision and ease of PEA oscillator phase locking. The benefits 
of different BooyLAN ID and control channel codes for the high error rate 
synchronization will also be examined 

Channel Modulation Study - The current plan has all RF pulses in a slot frequency 
modulated above or below the carrier frequency. This study explores alternative 
techniques such as modulating each pulse according to some coding paradigm with a goal 
to reduce the effect of narrow-band interferers and/or adjacent BodyLANs. 
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Synchronization Protocol Study- We know of several alternative synchronization 
procedures. These alternatives will be explored and compared to the proposed scheme. 

Error Rate Analysis - We must develop channel error models when narrow band 
interferers and other Body LAN s are present to test our models against the prototype 
systems. 

PrOtotype Area 

Reference Oscillator- We must develop a phase lockable 32,768 Hz oscillator which has 
good short term stability in the absence of phase lock update signals. This oscillator must 
be capable of phase locking to the beacon frequency transitions which could be up to 30 
ppm from the reference oscillator's center frequency. A low-power sine-wave-to-logic 
convener must be developed to create the 32,768 Hz clock needed to drive the modem 
controllers. 

Local Oscillator- We must develop a local oscillator capable of switching between the 
inbound, outbound, and synchronization frequencies quickly. The LO must be phase 
locked to the 32,768 Hz timing reference. 

Chip Oscillator - We must develop a fairly stable chip clock oscillator which is triggered 
off the rising edge of the 32,768 Hz clock. This oscillator must generate a logic-
compatible clock signal and also be phase lockable to the reference clock. · 

Modem Receiver - We must develop a receiver section prototype composed of a low 
noise amplifier (LNA), mixer, BP filters, limiter and received signal strength indicator 
(RSSD. frequency discriminator, threshold generator, and comparators for the RSSI and 
frequency discriminator outputs. 

Modem Transmitter - We must develop a transmitter section composed of frequency and 
amplitude modulators, loop antenna driver, and D/A transmit power selector. We will 
explore different circuits for fast power-up, power-down effectiveness using SPICE 
simulations. 

PEA/PDA Controllers- We must develop a field programmable gate array (FPGA) 
version of the PEA and PDA modem controllers which will operate at 3 volts. 

PCMCIA Card- We will develop the card incorporating the PDA modem, Body LAN 
processor and its memory, and an interface to the PCMCIA bus. 

Body LAN Processor Firmware - We will develop the firmware executing on the 
Body LAN processor to manage all initialization, channel communication, and 
synchronization activities. 

Power-Saving Study- We will explore different circuits for fast power-up and power
down of the various Body LAN components using SPICE simulations and models of a 
typical one micron BiCMOS process. 

Evaluation Area 

PDA Interface Software- We will develop the objects needed in the PDA to allow 
application development on the PDA. The first application will be the software needed 
for initialization and to test error rates over extended periods of time. 

14 



Sensor!fransducer Simulator- We will develop an EPLD which generates and sinks 
pseuc;io-random data sequences and interfaces to the PEA modem controller to test error 
rates. 

Performance Evaluation Study- We will compare the theoretical and measured error 
rates under various conditions of narrow-band interferers and adjacent BodyLANs. 

Power Consumption Study- We will verify that the modems can be implemented as a 
single BiCMOS chip and that the power consumption goals have some possibility of 
succeeding. 

We propose to work with some university and/or other organization (with ARP A's 
concurrence) on the low power circuit design issues and on the problems of integrating 
transducers to a PEA modem. A companion research project (not included here) to create 
one or more of the transducer subsystems which would couple to the PEA modem would 
also make sense. A sensor subsystem to measure the earth's gravitational and magnetic 
fields to allow orientation input to the PDA has many promising applications. 

Contractor Requirements 

We would like the Government to furnish us with information about the bandwidth 
requirements of personal sensors (e.g., Corbino magnetic field sensors) being developed 
under other ARPA programs, so that we can investigate theii compatibility with the 
BodyLAN architecture. 
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IIi. B. Results, Products, Transferable Technology, arid 
Expected Technology Transfer Path 

Body LAN is an enabling technology that will open up many new application 
opponunities when it is coupled with various transducers, a wearable computer, and 
innovative software. The motivation to develop Body LAN is thus primarily to enable 
creation of new and wonderlul products. In this section, we discuss some preliminary 
ideas on BodyLAN usage. 

Apple Computer's John Sculley has been promoting Apple's new computer, Newton. as 
the fli'St of its kind of "personal digital assistant". Sculley heralds Newton as the start of 
the convergence of all information industries and asserts that this mega-industry will 
generate $3.5 trillion of sales in a decade. At that time, computer experts expect these 
personal digital assistants, or PDAs, to be as ubiquitous as wallets. They will integrate 
many of the services provided currently by telephones, radios, computers, faxes, and 
television and open up new applications for users in business, home, recreation, and 
education activities. 

Initial PDA offerings from Sony, Apple, Sharp, IBM, and HP are relatively simple 
machines only loosely coupled to an embryonic information infrastructure. SRI 
International estimates that 2 million such devices were sold in 1991. Sales are expected 
to explode to 18 million by 1995. Experts suggest that the PDA promises to 
fundamentally change the way people interact with computers. PDAs potentially can 
sweep computers, consumer electronics, telecommunications, entertainment, publishing, 
and recreation into one industry that captures, processes, stores, displays, and transmits 
digital info~tion. 

While many people have computers, they are not ubiquitous. Computational and 
information retrieval resources are not available to us when we go for a walk. attend 
church, or even drive a car. Even with today's most advanced pen basedPDAs, the user 
is confronted with the requirements of finding a place to work, physically opening and 
starting it, and then using a pen in an unfamiliar manner on an undersized display surface. 
One could not expect to interact with the information infrastructure while on the golf 
course, or at a party, or around the lunch table with fellow workers, or during daily 
household ac~vities. The problem is that the user interacts with the current generation of 
small personnel computers unnaturally. PEAs could be the key to the solution. 

We envision an environment whereby every person has a wide variety of ultra 
lightweight battery powered I/0 devices worn on the body like jewelry, communicating 
to a PDA via wireless communications. The PDA would be carried in the pocket or purse 
or worn on the belt like today's pocket pagers. For services which could not be handled 
locally, the PDA would in turn communicate to the infonnation infrastructure. The 
initial set of Body LAN devices would be fmger rings which sense earth's magnetic and 
gravitational ijeld together with a sensor to detect acoustic pulses, wrist worn liquid
crystal displays, miniature digitizing microphones, and ear pieces for auditory feedback 
from the PDA. Sensors and output devices would be worn where it makes the most 
sense. Small, lightweight devices could be worn continuously much like today's rings 
and watches. Health sensors could be quickly attached to the body using Velcro straps 
and integrated into the body's local information infrastructure. Because the 
communications between sensor and PDA is wireless, these devices could be worn 
where needed, thereby not impairing freedom of motion. 
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This wireless capability would·be useful to people who would like to interact with the 
infonnation infrastructure without being tied to a keyboard/display or pen screen type 
device. The wireless intercommunications between ultra-small sensors and PDA will 
also open up brand new applications. Finger rings can be consm.Icted to sense the earth's 
magnetic and gravitational fields and thus infonn the PDA of the orientation of each 
finger. Pattern recognition software could then create a virtual keyboard or decode totally 
personalized sign language. These devices could also be used in conjunction with 
auditory feedback devices to form training aids in sports activities such as golf, tennis, 
and baseball. Medical applications include wireless sensors which monitor heart rate, 
blood pressure, respiration rate, body temperature, or alpha brain waves. All data would 
be captured and processed in real time and could be reported when patterns suggest 
medical anen tion is required. In the commercial world, this technology could be used to 
read, authenticate, and modify data contained in active identity badges or smart cards 
without the need to physically retrieve the card out of the person's wallet or purse. 

Output devices include BodyLAN ear pieces for auditory feedback. Many people 
already wear ultra-low power display devices on their wrist, the common watch. Larger 
liquid crystal dot-matrix displays could be worn on the wrist to augment normal watch 
functions and the main PDA display for visual feedback such as telephone numbers, 
appointment information, account information, etc. When larger amounts of information 
are required and a work surface is available, the PDA itself could be brought out. 

In the immediate future, we think that the wireless Body LAN can become an important 
component of the Pathfinder system being developed at BBN under ARPA sponsorship. 
Pathfmder is a prototype personal communications system designed for military and 
police raiding applications. It is capable of accommodating a wide variety of specialized 
sensing equipment (audio, GPS receivers, health sensors, etc.). Pathfmder connects these 
sensors together using a wire-based communication system. The wireless Body LAN 
proposed here could be used to replace this wire-based system. 

Results 

BodyLANs key innovative results will include: 

• Synchronization of PEAs to the hub within a temporal uncertainty of a few tens of 
nanoseconqs. This allows the full range of time multiplexing and spread spectrum 
techniqu~s to be applied to solve problems of bandwidth allocation, spatial reuse by 
multiple BodyLANs, and robustness against narrow band interferers. 

• A procedure and protocol for parameterizing PEAs to an individual hub such that they 
may regain synchronization after sleeping even in the near-field presence of other 
active PDAs. 

• The use of Optical Orthogonal Codes to reduce power consumption by almost an order 
of magnitude and still achieve spatial reuse. 

• New analog and RF circuit designs which have very fast power-down and power-up 
times. New low-power oscillator and phase-locked-loop circuits. 

• Adaptive power transrnissicn protocols which cause the PEAs and PDA modem to 
minimize transmitted RF power. 

• Support for both analog and digital communications using the same protocol. 
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• Randomization as a means of increasing temporal diversity and reducing worst case 
error probability. 

• A protocol which allows non-licensed use of any frequency bands below 1 GHz in 
which the FCC allows intentional transmitters. By employing temporarily randomized 
RF pulses, the average radiated power of a PEA or hub modem can be brought under 
the maximum radiated power allowed and still allow communication over short 
distances. 

• Adaptive circuit techniques which bias the RF circuits at less current than normal 
worst-case design techniques. These technique typically reduce power consumption 
by a factor of three over conventional worst-case designs. 

• Interface standards which are vendor and device independent (an open architecrure). 

• A new synchronization protocol based on a derivative of Optically Orthogonal Codes 
which allows collisions of synchronization beacons between multiple BodyLANs but 
minimizes .their probability. 

These developments will provide a new capability. While the Body LAN technology 
itself will not fundamentally change the way people interact with computers and the 
infonnation infrastructure, Body LAN is one part of the triad of PEAs, PDA, and 
application programs which will. If successful, a whole new industry may emerge. 
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Products and Transferable Technology 

We will provide an analysis, develop a prototype, and evaluate a new wireless body local 
area network. Our products and transferable technology include: 

• A document describing in detail the Body LAN™ architecture, its limitations, and the 
FCC restrictions (if any). 

• A specification describing interfacing to the PEA modem, the PDA modem, and the 
PDA of choice. 

• A mathematical analysis of the Optically Orthogcnal Codes used for the main data 
transfer link and different synchronization protocols. This analysis will explore the 
effects of various parameters such as narrowband interference power, multiple 
BodyLAN space sharing, and mcxiulation diversity on error rates, synchronization 
acquisition probability, and power consumption. 

• A set of eight PEA mcxiems, three PDA modems, an interface to some PDA, and a 
data pattern generator/checker. These prototypes will be constructed using only 
existing RF and telecommunications chips, field programmable logic devices, and 
surface mounted discrete components on small PC boards. These prototypes will not 
attain the potential small size and low power consumption, but will demonstrate the 
Body LAN architecture and concept of operation. 

• Software on the PDA interface needed to compare the hardware perfonnance with 
theoretical models. 

• An evaluation of the architecture to verify the robustness of the architecture and its 
theoretical performance. 

Expected Technology Transfer Path 

We intend to influence the Personal Digital Assistants (PDA) industry by encouraging 
vendors to adopt the Body LAN architecture and by helping to develop significant 
applications of the technology. We will proceed by presenting papers and joining 
recently fonned industry groups. Key industry groups that we expect to influence and 
get direction from are the PCMCIA (Personal Computer Memory Card Industry 
Association) and the newly formed company, General Magic Inc., backed by Motorola, 
Sony, and Apple. 

We also intend to further the development of the BodyLAN hardware after this proof of 
concept. We hope to enlist the aid of an ARP A-approved source for the fmal 
miniaturization, or to interest an industry leader with the means to provide the resources 
for the fmal miniaturization. 

Both of these efforts are out of scope of this proposal, and BBN intends to pursue these 
issues with internal funding in the interest of spreading the technology and creating new 
business for BBN. 
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III. C. Detailed Technical Rationale 

This section provides a more detailed discussion of the technical rationale behind our 
proposed effort, enhancing the discussion in Section ll.D. 

Technical Rationale 

To any engineer who has experience in RF designs, sending a signal a few meters is fairly 
straightforward A 1-turn coil, 15 millimeters in diameter, having a 400 MHz 20 
milliampere sinusoidal current, generates an electric field of 2500 microvolts per meter 
at three meters distance. A receiver dipole of length 20 millimeters generates a voltage of 
132 microvolts at that field strength, or 435 times that required by a low cost receiver. 
When antenna sizes are very small, higher frequency is a big win because of the cubic 
dependency of signal strength on frequency. At 1200 MHz, the same configuration 
would result in a signal 27 times as large. The question is, "if it's so easy, why hasn't 
someone already done it?". 

The answer to this question is that technology heretofore did not provide the motivation 
to do this engineering. With the emergence of wearable computers, wireless 
communications, and low cost, high frequency, high density semiconductor chips, we 
now can investigate the practicality of a very-local-area, wireless network, the BodyLAN. 

The radio frequency spectrum is crowded and highly regulated. More than 30,000 
channels are l,icensed by the FCC just in the Northeastern part of the United States (under 
1000 MHz). With the exception of the television bands, all these channels are narrow 
band FM. While the number of channels is very large, they are infrequently used. Only 
the FM radio, TV, and cellular radio bands are in constant use. Forty percent of the 
spectrum under 1000 MHz is dedicated to television. Of the 67 TV bands, only about 16-
18 are typically occupied Fire, police, amateur radio, and other bands are even less 
frequently utilized. One of the widest bands, the military aircraft bands (2~400 MHz) 
is also the least utilized. This is not surprising given the paucity of military flights over 
urban areas. 

For Body LAN, we need to fmd a way to crexist with these licensed channels in such a 
way that the FCC will accept unlicensed Body LAN emitters and existing licensees will 
not object. FCC Regulations Part 15.209 specifies 15 bands under 1000 MHz in which 
unlicensed emission can be intentional but of limited field strengths. Typical field 
strength maximums are 100 to 200 microvolts per meter at three meters. For the 
remaining bands (all the television bands for example), the FCC prohibits intentional 
emissions. 

For long distance transmissions, narrowband FM benefits both receiver and transmitter -
hence its popularity. The receiver benefits from the narrow band because it receives less 
noise from natural and man-made noise sources and only the licensee is allowed to 
transmit power in that band. Since a transmitter's cost is nonnally highly dependent on 
its peak power, sending continuously (i.e. narrow band) maximizes the energy per unit of 
infonnation transmitted. Narrow band transmission incidentally maximizes the.number 
of channels. This maximization of precious radio spectrum is one of the most important 
benefits of narrow band transmission. 
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For short distance transmissions, as in Body LAN, the benefits of narrow band FM 
disappear. In any narrow band, the receiver may find interfering signals from narrow
band transmitters and from other BodyLANs. A BodyLAN transmitter receives no cost 
reduction benefits from narrow-band operation because of the severe FCC limits on 
transmitted power. Accordingly, a new mode of operation now becomes desirable: 
pulsed operation (i.e. wideband), and, as described below, using a combination of AM 
andFM. 

An emitter having a maximum field emission of 20,000 microvolts per meter pulsed one 
microsecond on and 99 microseconds off has an average field strength of 200 microvolts 
per meter. If a wide band receiver is synchronized to the transmitter and only samples the 
received signal when the transmitter is sending, then it "sees" a 20,000 microvolts per 
meter field, not the 200 microvolts per meter average. A narrowband interferer ten 
kilometers away would need to radiate 1.3 kilowatts to equal this signal strength. 

If two adjacent BodyLANs each employ the same pulsed transmission scheme, normal 
operation will result in periods where both are exactly synchronized and thus give 
unacceptable error rates. This occurs because the two BodyLANs are not perfectly 
synchronized Pulses from the two BodyLANs will eventually collide with one another 
even with only slight frequency differences. These pulse collisions, would give rise to an 
error behavior where the errors are all grouped together and could persist for long periods 
of time. Even worse, for lower duty cycles and/or more BodyLANs, the error probability 
and the. persistence of error groups will increase. This unacceptable operation is 
mitigated by the "FM capture effect". In this effect, a receiver totally "captures" the 
transmitter which is sending out maximum field strength. 

Thus simply periodically sending pulses from each BodyLAN has significant drawbacks: 
1) the inability to control the error rate, 2) the possibility of long periods of high error 
rate, 3) the poor performance in crowded (many BodyLANs) conditions, and 4) the 
possibility of a receiver capturing another BodyLANs private infonnation. Pulsed 
operation combined with temporal diversity potentially solves this problem at the expense 
of higher complexity. 

An important advantage of short distance communications is comparative ease of 
synchronization. Maximum PENPDA separation distance is expected to be less than 1.4 
meters (55 inches) for a hip-worn PDA. This corresponds to less than 10 nsec of 
temporal uncertainty for a PEA anywhere within the 2.8 meter diameter sphere 
surrounding the PDA. If the RF pulses are on the order of 500 nanoseconds, none of the 
complexity associated with ranging must be implemented. In long distance 
communications, say 10 kilometers, the temporal uncertainty is 7,000 times larger. This 
requires either the data rates be kept unacceptably low or ranging compensation be 
incorporated. 

Pulsed operation is desirable from a power conservation standpoint because transistors 
need large bias currents to obtain high gain and high frequency operation. By employing 
fast startup linear circuits operating at low duty cycles, low power consumption is 
obtained. For example, a CMOS state-of-the-art 1000 MHz divide by 128 prescaler 
consumes 900 microwatts continuously but would consume only 9 microwatts when used 
at a 1% duty cycle. · 
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Power consumption is an issue critical to the su~cess of BodyLAN applications. A non
rechargeable battery suitably small to be useful, also has low energy storage. For 
example, a standard lithium-manganese three volt battery has an energy storage of 
approximately 50 milliamp hours. If a PEA consumes 100 microamps (i.e. 300 
microwatts), its battery will last only 20 days. Contrast this to a watch which has an 
expected battery life of more than five years. Although they have lower energy storage. 
rechargeable batteries are potentially an answer. A comparable rechargeable lithium
hydride battery can provide 20 milliamp hours. Assuming a 18 hours of use per day (6 
hours for charging) allows a power budget of 3,300 microwatts. 

Synchronization between PEAs and the PDA is clearly the key to the entire BodyLAN 
concept. It is also the most challenging protocol problem to be solved. Principal 
requirements of a synchronization protocol are low power consumption, low complexity. 
the ability to quickly reacquire synchronization after losing synchronization without 
disturbing other PENPDA communications, and single receiver design in the PEA 
modem. From a power consumption standpoint, the PDA can expend only a small 
amount of its power consumption and transmitted power budget on synchronization. This 
suggests that the PDA broadcast a low duty cycle beacon at a rate just sufficient to keep 
the PEA's local oscillator in synchronization. 

With synchronization such an important part of Body LAN, we envision using a separate 
frequency band exclusively for the broadcast of synchronization beacons. Since this 
synchronization band is shared, beacons from adjacent BodyLANs will interfere with one 
another. A PEA in one Body LAN can actually receive a beacon from another FDA 
having a signal strength greater than from its own FDA, so signal strength alone is 
insufficient to determine the home PDA. Also, PDAs cannot detect a beacon collision at 
all the PEA sites. A PEA must therefore must be able to acquire synchronization in the 
presence of collisions from on adjacent PDA Moreover, it must acquire synchronization 
even when the beacons from foreign PDAs have larger signal strength than those from its 
home FDA. This rules out collision avoidance protocols which require collision 
detection. 

There are several operational constraints in the use of PEAs which critically affect the 
architecture and protocols. The first and foremost is that PEAs employing BodyLAN 
modems be autonomous. A PEA owner must only be aware of two constraints: frrst, 
PEA batteries become discharged and must be replaced or recharged, and second, PEAs 
must be in r~asonable proximity to the home PDA. All other aspects such as . 
synchronization, power management, initialization, error reporting, synchronization 
sequence changeover, etc;, must be handled by the Finite State Machines in the PEAs and 
PDA. Since PEAs are intended to be very small, they do not have a keyboard, 
connectors, nor any other mechanism for conveying information to the PEA other than 
through BodyLAN. We assume even the initialization procedure which sets the PEA's 
personalization perameters is handled via the Body LAN. 
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PEAs have three operating states: dead, sleep, and active. In its dead state, a PEA's 
internal control registers contain uninitialized data. This will be the normal state 
following a change of batteries if no electrically erasable ROM is provided. The PEA 
must be able to transition from the dead to active state with the smallest amount of user 
help. In this case, the user will only need to bring the dead PEA close to the PDA and 
start the PDA's initialization sequence. No further user intervention .~Q.trl.d be required. 
In its sleep state, a PEA's internal control registers have been loaded-'but it is 
unsynchronized with the PDA This will be the normal state following~rning the PDA 
off for the night or for PDA recharging. We expect no user interventioo for a sleeping 
PEA to transition to its active state. Because of severe interference, a ~EA could also 
inadvertently transition from active to sleep by losing synchronization; We expect the 
PEA to automatically reacquire synchronization and to do so within a few seconds. 

In use, PEAs of one Body LAN must share the same physical volume of adjacent 
BodyLANs. We require that adjacent BcxiyLANs not interfere with one another 
catastrophically but will allow some increase in error rate. In normal operation, the PDA 
will monitor the received power level and error rates. It adjusts the transmitted power 
levels of itself and the PEAs to achieve the desired error rate. Thus PEAs close to the 
PDA would transmit at lower power levels than PEAs further away from the PDA. This 
power management tends to limit the effect of one Body LAN on another. Moreover, the 
''FM Capture Effect" causes a receiver to completely "capture" the stronger of two FM 
signal having the same carrier frequency. This effect will also reduce the interference of 
adjacent BcxiyLANs. 

Since the PDA broadcasts synchronization beacons to all its PEAs, it must transmit them 
at a large enough power to guarantee that the farthest PEA has sufficient signal to noise 
ratio to achieve synchronization. If the PDA only transmits beacons at the minimum 
power to achieve synchronization a potential problem occurs. Assume a PDA only 
transmits beacons at the minimum power needed to keep its farthest PEA in the active 
mode. Assume now a sleeping PEA is physically brought close to the PDA but is kept 
farther away than the farthest J.ctive PEA. The sleeping PEA never becomes active. We 
require the synchronization protocol to be robust to these types of power management 
probl~ms. · 

Far field strength drops off only inversely proportional to the PEAJPDA separation 
distance. Thus with power management, a PEA at its maximum distance from its home 
PDA (thus transmitting maximum power) also creates maximum interference with 
adjacent BcxiyLANs. Consider the case of two students in a 20' x 20' classroom. Student 
A in the center of the room raises his hand on which he has ring fmger PEA(A). PEA( A) 
to PDA(A) separation distance is about 1.4 meters. Student B is seated just 10 feet away. 
PEA(A) to PDA(B) separation distance is about 3.3 meters. The received signal at 
PDA(B) from'PEA(A) is just 58% smaller than that received from PEA(B). In a 
classroom, party, or meeting environment, a target PDA could be receiving pulses from 
10-20 foreign PEAs which are of comparable power to that sourced by-its own PEAs. 
The FM Capture Effect will reduce the interference somewhat, but multi-path fading, 
non-isotropic antenna radiation patterns, and power measurement uncertainty will still 
result in 10 or so foreign PEAs being captured by a target PDA. · '. 

For some geometries, the FM Capture Effect will work against us. Consider the case of 
Body LAN equipped persons A and B shaking hands with one another. If persoo A has a 
fmger-ring PEA( A) on his outstretched hand, it would probably be closer to PDA(B) than 
say person B's PEA(B) ear microphone. This requires that the transmissioo protocol 
must allow a relatively large number of interfering BodyLANs and stillmaintain a 
prescribed error rate. 
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Payoff of the Proposed Work 

The BodyLAN architecture can integrate the results of multiple ARPA projects which are 
developing electronic subsystems having low power, small size and light weight. The 
result will be a personal infonnation system which ushers in a new era of constant 
personal interaction with resources worldwide. 
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III. D. Detailed Technical Approach 

This section provides a more detailed discussion of our technical approach . enhancing 
the discussion in Section 2.D. 

Figure 2 illustrates the Body LAN system. The architecture relegates transducer functions 
to PEAs and processing functions to the PDA. A PCMOA card implementing the 
BodyLAN hub modem plugs into the users PDA. Control of the Body LAN is 
implemented in a low-power processor residing on this PCMCIA card. Applications 
interacting with the ensemble of PEAs are executed on the PDA 

The Body LAN architecture calls for three frequency bands. Two bands, at 346.03 MHz 
and 387.97 MHz are used for application data and we label them the inbound channel 
and outbound channel respectively. The PDA transmits in the outbound channel and 
receives from the inbound channel. The third band at 367.0 MHz is the synchronization 
channel and is used exclusively by the PDA to transmit a synchronization beacon to its 
PEAs together with some control data. These bands were chosen to comply with the 
FCC regulations. 

BodyLAN has a star topology where PEA modems communicate only with the PDA 
modem. PEAs operate as half duplex devices. Further, they do not receive 
simultaneously on the outbound channel and the synchronization channel. The PDA 
operates as a full duplex device, except that it does not transmit or receive application 
data when sending the synchronization beacons. This simplifies reception at the PEAs 
and is not an obstacle since no PEA should transmit or receive while its FDA is 
transmitting a synchronization beacon. 

Multiuser interference among adjacent BodyLANs and narrow-band interferers are 
expected to be the main source of channel errors. Naturally occurring noise from the 
environment (i.e. from auto ignitions, electric motors, transmission lines, etc.) and 
thermally generated noise acting alone are expected to be insignificant sources of channel 
errors. Our design uses spread spectrum communication with 64 chips per bit and . 
Optically Orthogonal Codes (OOC) to combat these error sources. The combination of 
spread spectrum and OOCs not only reduces the error rate but also make it easy for us to 
meet FCC regulations and reduce power consumption. 

Standardization 

As illustrated in Figure 2, BodyLAN is composed of a PCMCIA card on which the 
Body LAN control processor and the FDA modem are mounted. and several PEA 
modems integrated with their sensor/actuators. Firmware in the control processor will 
control all Bodyl..AN communication activities such as power management, 
initialization, error detection, and synchronization. Application code exclusively 
executes on the FDA's processor. 

We envision the PDA component of Body LAN as a generic component implemented on 
a FCMOA Cafd. This card would plug in to a PDA of the users choosing. It contains 
the FDA modem, a control processor with memory, and an interrace to the PCMCIA bus. 
Processing power of the control processor is sized only to execute the communications 
activities of BodyLAN. It will process the data input from all PEAs, plus any external or 
application data fed to the PDA but not any transducer-specific functionality. Thus 
standardization of the PDA component appears achievable. The diversity of PEA fonn 
factors and transducers will make standardization of the PEA component more difficult. 
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For the PEA component, we envision standardizing only the PEA modem portion of the 
PEA. To achieve some measure of standardization we propose the interface between 
PEA modem and transducer as a full duplex serial communication with clock and a frame 
pulse sourced by the PEA modem. In addition, a low-data-rate, full-duplex overhead 
channel will also be provided to provide a communication path with the FDA processor. 

Communication Channels 

The choice of specoum window must take into account naturally occurring noise, man
made noise, and FCC regulations. The 335 MHz to 400 MHz band, among others, is 
assigned to milita.Iy aircraft. Other transmissions in this band are allowed as long as they 
do not exceed 200 microvolts per meter at a distance of three meters, as measured by a 
quasi-peak detector. Since this detector has low pass fllter properties (contrary to what its 
name implies), our spread spectrum signals make it easy to meet FCC regulations. 
Aircraft transmissions, when they occur, are narrow band interferers. 

We expect the two major sources of channel errors to be multiuser interference among 
adjacent BodyLANs and narrow-band interferers. For multiuser interference, we have 
chosen spread spectrum signals known as Optical Orthogonal Codes. To reduce the 
effect of narrow band jamming, the RF pulses are transmitted at either of two frequency 
tones. The tones are one MHz above and below the center frequency of the band. Thus, 
the combined spread spectrum signal with a two MHz chip rate occupies approximately 4 
MHz of specoum. 
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BodyLANs hierarchy of signals is shown in Figure 4. The figure shows the TDMA 
format with 6 frames per superframe, 128 slots per frame, one bit per slot, and 64 spread 
spectrum chips per bit Six synchronization beacons are positioned among 768 slots 
repeated each superframe. The locations of these six beacons within a superframe form a 
codeword unique to each BodyLAN. Slots zero thtough five are dedicated to overhead 
channels between PDA and PEA modems. Power is transmitted in less than 10% of the 
chip periods. The locations in which power is transmitted form an Optically Orthogonal 
Code. 

Spatial Coexistence Among Adjacent BoclyLANs 
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BodyLAN must operate within range of other BodyLANs. Our design uses spread 
spectrum transmissions to provide near-orthogonality among signals from adjacent 
BodyLANs. We have chosen a form of pulse position spread spectrum signal known as 
Optical Orthogonal Codes (OOCs). OOCs are pulse patterns designed to have low cross
correlation among themselves (i.e. few pulse positions overlap for any shift of the 
codewords). Hence they are unipolar signals, i.e. mostly zeros with a few ones. and use a 
sparse number of pulses in their spread spectrum chip sequence. Nonnally, OOCs are 
detected using energy detection. 

Because energy detection has numerous problems in an RF transmission environment, we 
have modified· the application of OOCs in two ways. First, positions corresponding to a 
one in the code transmit energy regardless of whether a one or zero is to be sent Second, 
the infonnation is sent using frequency shift keying. If the frequency is above the center 
frequency for the majority of the pulses, it assumed that a one was transmitted, and if the 
frequency is below the center frequency for the majority of the pulses, a zero was 
transmitted. By encoding the information in the zero crossings of the RF energy, a much 
simpler, wide-bandwidth receiver can be designed. This new application of Optically 
Orthogonal Codes neatly fits within the constraints imposed by available receiver chip 
technology. 

Choosing an OOC for Body LAN is still an open issue. One problem with optimum 
OOCs is that they yield a high error rate due to too few codewords. Ideally, we would 
like to assign a unique code word to each Body LAN. Unfortunately, the number of 
codewords in an optimum Optically Orthogonal Codes is typically very small. In the 
optimum (63, 3, 1) code, there are only 10 out of 1.84e19 possible codewords. An 
optimum (63, 5, 1) code has even fewer codewords. Increasing the correlation factor to 
two (i.e. any two code words can have two coincident pulses for an arbitrary shift) greatly 
increases the number of codewords but still results in far fewer codewords than possible 
users. Thus it 'will not be possible to assign each Body LAN a unique codeword 

Given the small number of codewords, it is possible for two Body LAN to be in exact 
synchronization. If they both used the same codeword and the effects of FM capture 
effect are neglected, an unacceptable error rate results. What is required is more diversity 
in the selection of codewords. One alternative has each modem choose one codeword 
and a phase within the slot of each frame based on 9-bits from a pseudo-random sequence 
generator. Now if two BodyLANs are exactly synchronized during one frame, their 
probability of .being exactly synchronized in the next frame is 0.002 and their probability 
of being exactly synchronized in the next frame after that is 3.81E-6. 

Multiple Body LAN errors occur because two or more Body LAN transmitters are using 
the same codeword and have pulses which overlap by more than 50% or when three or 
more transmitters using different codewords share more than a majority of pulses which 
overlap. For an optimum code, the first error tenn dominates because there are few 
codewords. For example, the probability that two independent BodyLANs will not be 
sending the same data, will be synchronized within one chip time, and will be using the 
same codewOJ:d is about 0.1 %. When ten BodyLANs are considered, the error rate 
increases to about 1%. 

For higher order OOCs such as a (63, 7, 3), the number of codewords grows 
dramatically, thereby lowering the probability of overlapped same codeword usage, but 
now the second error term increases because of the increased number of pulses. OOCs 
such as a (63, 9, 3) have an even larger number of codewords and require at least two 
overlapping pulses from other adjacent BodyLANs to produce an error. These codes 
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potentially offer even lower error rates. One of the first research tasks will be to explore 
various OOCs to minimize error probability for a given number of adjacent BodyLANs. 

S vnchronization 

Synchronizing PEAs to the PDA is accomplished by the PDA broadcasting beacons on a 
separate frequency band Six beacons are transmitted in each 768-slot superframe, one 
in each frame but normally in different positions within each of the six successive frames. 
Each beacon is a 64-chip sequence using Frequency Sltift Keying (FSK). Thus unlike the 
inbound and outbound signals which are FSK bursts one chip in duration, beacons are 
FSK bursts of 64-chip duration. The relatively long length of the beacons allows the 
receiver to use its low-bandwidth Received Signal Strength Indication (RSSI) output to 
determine if RF energy is present or not. Each beacon will be composed of a chip 
sequence which is common to all beacons to assist in phase locking, a sequence which is 
unique to the particular BodyLAN, and a control channel. Since beacon collisions with 
adjacent BodyLANs are considered to be frequent, the control channel error rate is 
assumed to be high. Accordingly a high error rate code is employed in the control 
channel. 

Each PEA contains an oscillator based on an a common watch crystal oscillating at 
32,768 Hz. A non-premium watch crystal typically has a relatively poor +/-30 ppm initial 
frequency tolerance. Over a few seconds.oftime period however, oscillators 
constructed from these watch crystals have remarkable stability. We e"pect the stability 
to be better than +/-3E-7 over a time period of a few seconds. We therefor e"pect a 
PEA to not gain or lose more than 25% of a chip time in 400 milliseconds (i.e. 100 
frames). Thus, once a PEA has phase locked its oscillator to the FDA's oscillator, it is 
very tolerant to missing beacon reception errors. The challenge is to establish 
synchronization in the presence of noise, jamming, and especially other BodyLANs. 

Each BodyLAN receiver is assumed to have a relatively high frequency FSK detector and 
an RSSI output having a bandwidth about 0.05-0.1 that of the frequency discriminator. 
Beacons thus appear as six or more blips on the RSSI signal repeated each superframe. 
When adjacent BodyLANs are present, the RSSI signal could have 100-200 blips each 
superframe. 

The first synchronization task is to establish the base RSSI signal caused by narrow-band 
interferers. RSSI signal levels above this base are assumed to be sourced from either the 
home PDA.or adjacent Body LAN PDAs. A search procedure is then initiated by 
assuming the first beacon is the fl!St superframe beacon from the home PDA Each 
Body LAN is assigned a unique set of six beacon positions within the superframe. These 
positions form a high correlation (767, 6, 4) OOC. If five subsequent beacons occur in 
the correct positions relative to the assumed fl.rst superframe beacon, the beacon set is 
assumed to be a candidate for fme synchronization. Coarse synchronization typically 
only takes the duration of one superframe (i.e. 23.4 milliseconds) since a PEA can 
process all six combinations in parallel. 

After coarse synchronization, the PEA locks onto the fl.rst part of the beacon which is 
common to all beacons. This chip pattern consists of 16-chips above the center frequency 
followed by 16-chips below the center frequency. The frequency transition marks 
beginning of a chip period. If more than one frequency transition occurs between the 
fourth and 28th chip periods, the beacon is assumed to have collided with a foreign 
beacon and the transition is ignored If it is the only transition, the transition is used to 
phase lock the 32,768 Hz oscillator. 
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Once fine-level synchronization is established, the PEA examines the remaining chip 
positions to determine if the beacons are being sourced from the home PDA or from a 
foreign PDA. If the beacon identification code does not match that of the home PDA, the 
PEA repeats the entire process starting its coarse synchronization from the first beacon 
after the beacon which started the last coarse synchronization. If coarse synchronization 
does not occur after searching through at least two frames, the PEA enters a sleep phase 
for 2 to 4 seconds and repeats the synchronization process. With sparse synchronization 
codes, the probability of generating a false coarse synchronization is very small. 

To simplify the PEA design, we require that no inbound nor outbound channel 
information be transmitted during the slots in which the beacon is transmitted. To 
remove any loss of channel bandwidth, slot two is assigned as the beacon alternative slot. 
Thus if a PEA has been assigned to receive a bit during slot N for a particular frame and a 
beacon is also to be received in slot N, the bit is instead transmitted and received in slot 
two. To reduce the problem of local oscillator frequency switch over, we will likely 
assign two contiguous slots for the beacon, thereby allowing 16 microseconds for the 
local oscillator frequency switch on either side of the beacon. 

Analysis of Alternative Approaches 

We have examined short range communications using acoustic, infrared, and RF. 
Acoustic communications have the problem of very low bandwidth except when a higher 
frequency carrier is employed. While it is fairly easy to generate a multi-megahertz 
acoustic wave, its very short wavelength of about 100-200 microns causes many 
problems including very high absorption by clothing. Infrared signaling has high 
bandwidth but requires either line of sight or external surfaces to reflect the energy. RF 
signaling has to comply with FCC regulations but is otherwise a well matched to a single 
low cost silicqn implementation with very few additional components. 

We plan on transmitting RF bursts rather than use standard coherent spread spectrum 
signals for three main reasons: it simplilles the receiver design, it substantially reduces 
power consumption, and its performance is less sensitive to transmitter-receiver distance. 
Although the choice of a codeword set for the inbound and outbound channels is still 
open, the limited code size will continue to be problem. Another alternative being 
considered is to is to change codeword and codeword phase only in resprnse to a high 
error rate. Here, the PDA informs each PEA of the codeword to be used. The codeword 
is then used typically for a significant period of time before a collision with another 
Body LAN assigned the same codeword occurs. When the collision increases the error 
rate, a random hop to another code word would take place either by one or by both 
BodyLANs. 

We have also explored several alternative synchronization schemes. There are so many 
alternatives, one must set up an alternative tree to keep them all straight One alternative 
synchronization scheme worth mentioning uses an OOCs for the beacon positions within 
the superframe having only a small number of codewords. In this scheme, when another 
Body LAN, using the same code, drifts into exact alignment, each BodyLAN will jump to 
a new codeword. We can easily give a unique sequence of codewords to each BodyLAN. 
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III. E. Other Developments in This Area 

Commercial Off-the-Shelf (COTS) Products 

Personal Digital Assistants (PDAs) 

Apple Computer has announced its Newton PDA, in three models which range from $699 
to $1250. The top two mcx:lels will have a PCMCIA compatible radio modem to provide 
access to a nearby AppleLink port. 

Hewlett Packard has announced its OmniBook 300 with an infrared communications link 
for $2000. This is a 2.2 pound PDA with a full-sized keyboard 

AT&T has announced its Personal communicator, which functions as a computer, phone, 
and fax. This is a pen and notepad unit based on the AT&T Hobbit chip. 

General Magic Inc. is a spin-off of Apple Computer with investment from AT&T, 
Motorola, Philips, Sony, and Matsushita. They are producing an operating system for 
PDAs called Magic Cap, which provides a highly intuitive graphical user intuitive 
graphical user interface. 

The PCMOA Standard Interface 

The Personal Computer Memory Card International Association (PCMCIA) has 
established ~tandard specifications for credit-card-sized microcomputer add-on memories 
and peripherals. The cards are 54 mm wide by 85.6 rom long (2.1 by 3.4 inches) and 
have a 68 pin interlace. Type I, Type II, and Type ill cards are 3.3 mm thick, 5 mm 
thick, and 10.5 mm thick respectively. 

This represents the current state of the art in microcomputer minia~tion, and many 
mainstream PCMCIA products (faxes, discs, RF modems, Ethernet adapters, static 
RAM, and flash memory) are now entering the market Most notebook products now 
have one or more PCMCIA slots. 

License-free Wireless Networks Compliant with FCC Regulations Part 15.247 

A number of vendors are offering wireless LAN products which comply with FCC Part 
15 regulations for unlicensed operation given in the Code of Federal Regulations Title 47 
Part 15.247. These regulations for wireless LANs require the use of subwatt power and 
spread spectrum signaling within the three Industrial, Scientific and Medical (ISM) bands 
to minimize co-channel interference. 

Motorola has unveiled Mobile Networks Integration technology, software that unites 
disparate wired and wireless networks. The technology, previously code-named Monet, 
will let users send messages from anywhere in the nation, regardless of which network 
they are connected to. 

PCMCIA cards for wireless communications 

A number of vendors are providing PCMCIA cards which are radio modems capable of 
providing a wireless link at distances up to 50 meters. Examples include Toshiba's 
Wireless Portable Work group product and Spectrix Corp's SpectrixLite LAN product, 
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with a $350 serial port and a $3K ISA network care!. IBM Network Systems division 
offers its Wireless RF LAN card for $800. IBM Canada has its Infrared Personal Area 
Network (PAN) adapter card for $300, which supports communications within a 10 meter 
square room. Both the Wireless RF LAN and ihe Infrared PAN operate at speeds up to 1 
Mbitlsec. 

Relationship to Body LAN 

Body LAN is complementary to all the COTS technologies above, and in fact is highly 
synergistic to most of them. For example, we will use a COTS PDA as the central 
component of the body constellation of personal electronic accessories (PEAs). We will 
use a standard PCMCIA interface card to interface the Body LAN to the PDA. 

The COTS wireless LAN products provide connectivity from a person to his local 
communications infrastructure, using credit-card sized modems and subwatt power to 
reach over tens of meters in compliance with FCC Regulations Section 15.247. In 
contrast, the Body LAN will eventually be implemented as fmgemail-sized modems 
operating at microwatt power level to provide connectivity over a meter of personal body 
size, and operating under FCC Regulations Section 15.209. 

The Body LAN will serve as a seamless extension of the wireless LAN, providing 
connectivity from a person's PEAs (e.g., health monitors) to the global communications 
infrastructure. 

Advantages and Disadvantages of this Approach 

The advantages of this approach include: 

• Interface standards which are vendor and device independent (an open architecture). 

• Minimal power consumption, ultra small size and weight, and no requirements for 
user intervention. 

• A protocol which allows non-licensed use of any frequency bands below 1 GHz in 
which the FCC allows intentional transmitters. By employing temporarily randomized 
RF pulses, the average radiated power of a PEA <X hub modem can be brought under 
the maximum radiated power allowed and still allow communication over short 
distances. 

• Synchronization to the hub within a few tens of nanoseconds, supporting the full range 
of time multiplexing and spread spectrum techniques. These techniques solve the 
problems of bandwidth allocation, spatial reuse by multiple BodyLANs, and 
robustness against narrow band interferers. 

• The use ofOptical Orthogonal Codes to reduce power consumption by almost an order 
of magnitude and still achieve spatial reuse. 

• Adaptive power transmission protocols which cause the PEAs and PDA modem to 
minimize transmitted RF power. 

• Randomization as a means of increasing temporal diversity and reducing worst case 
error probability. 
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The disadvantage of this approach is that it is an innovative and advanced approach to 
solving these communications problems, and it requires a phase of research and 
development to prove the concept and demonstrate a working prototype BodyLAN. Of 
course, ARP A's charter is to conduct this kind of high leverage, high payoff R&D that 
can lead to the creation of new national indusoies. 
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III. F. BBN' s Previous Accomplishments in this 
Research Area 

BBN's BodyLAN™ ffi&D Project 

The concepts included in this proposal abstract have resulted from internally funded 
BBN research. A small IR&D project was initiated in 1991 which focused on basic 
requirements for BodyLAN, problems to be solved, and architecrural aspects of short 
range wireless communications. Communication data rates needed and obtainable, error 
rates, multiple Body LAN issues and the selection of acoustic, optical or electromagnetic 
radiation as the carrier of choice were examined. 

A follow-on project was initiated in 1992 to concentrate on the practical issues, 
especially the synchronization problem. This work is not yet completed. Work so far 
has progressed on RF circuits for the transmitter, receiver, local oscillator. and phase 
locked loop and a synchronization protocol. A consistent Body LAN architecture has 
been developed, although only the high level details have been described here. An 
internal BBN report describing the BodyLAN IR&D research effort will be available in 
July 1993. 

We consider the proposed work to be exploratory development. Synchronization 
between PEA and PDA is clearly the key problem to be solved. We have a plan for 
synchronization (explained briefly here) which shows promise of working but has not 
been demonstrated. Alternative synchronization schemes have been proposed but not 
examined in detail because of limited funding resources. All the synchronization 
aspects of Body LAN must be considered to be in the research arena. To our knowledge, 
continuous operation versions of the circuits which will be needed in Body LAN have 
been public knowledge for decades. If power consumption were not a goal, creating a 
Body LAN prototype would be considered pure development Creating equivalent 
functionality circuits for pulsed operation will require invention. Since one of our goals 
is to demonstrate the feasibility of Body LAN power reduction techniques, some circuit 
design research will be required. 

BBN has also had extensive experience developing network protocols to carry real-time 
traffic such as voice, video or distributed interactive simulation. BBN has been a leading 
participant in the groups that have specified these real-time networking protocols, (e.g., 
Internet Stream Protocol ST-2), and has developed implementations of these real-time 
protocols in several networks such as the Wideband Satellite Network, the Defense 
Simulation Internet, and DAR1NET. 

Hardware Design, Development and Integration 

BBN Systems and Technologies has a long history of developing hardware systems, 
ranging from the early Pluribus and ARPANET IMP's to next generation communication 
processors and sophisticated data acquisition gear. Recent projects include the following 
systems: 

• T/20, a highly integrated communications processor 
• Emerald, BBN CD's next generation ~ TM cell switch 
• KG interfaces to the T/20 communication processor 
• A VR, a data acquisition and control system 
• High speed, SONET OC-3 long link emulator. 
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• NUWC Torpedo emulator 
• VME-based Hydrophone Sampling Unit (analog data acquisition) 
• VME-based speech vocoder 
• Digital tenninal for NASA ACTS Gigabit Satellite Network supporting OC-3 and OC-

12 SONEf. 

Our staff of ten designers has experience in board level digital design using TTL, CMOS, 
and ECL technologies. Our group has designed many ASICs ranging in complexity from 
PALs to field programmable gate arrays to hard gate arrays to full custom VLSI. We 
own CAD tools to support board level design, PAL development, and the design of 
FPGAs. The design group is augmented with a complete printed circuit CAD group as 
well as mechanical design services. 

Pathfmder Project 

BBN is developing a personal communications system architecture based upon emerging 
technology in microsystems, radio networks, and packaging. The system, called 
Pathfmder, enhances communications, coordination, and navigation of military and 
police raiding teams. 

During a mission, each team member will carry a compact, modular, low-power 
computer system with a small visual display and a variety of mission-specific sensors and 
actuators interlinked by a self-configuring, wired, local-area network called BodyLAN. 
A typical mission system might be composed of a computer, a Global Positioning System 
(GPS) receiver, and a packet radio. The radio will not only provide team 
communications, but will link each member to command posts remote from the mission 
site. 

This system provides many capabilities for members of the raiding team. While preparing 
for a mission, the team leader can monitor the positions of his team members on a 
mapping display. The leader then will know when his team is in position without having 
to check in audibly with each member. During the mission itself, command and medical 
personnel can monitor the positions and health of each team member and can send help to 
those in trouble. During rendezvous and withdrawal from the target, the positions and 
status of the team can be monitored and decisions can be made according to their 
progress without distracting the team members from their mission. 

The Pathfmder system uses an open architecture to implement the hardware and software 
protocols. By adopting a modular approach to the mission system hardware and 
software, we can include or exclude capabilities according to the mission. For example, 
by combining just the computer, packet radio, and microphone units, we can create a 
small listening device that can be dropped anywhere in the target area and monitored by 
the team. Similarly, we can build a small tracking system by combining just the 
computer, packet radio, and GPS modules. We can also add totally new devices to the 
network because the network protocol is similarly open and modular. For example, 
compressed-video surveillance devices could be added to the net as video compressioo 
technology improves in terms of power consumption and bandwidth. 

The Pathfmder system significantly increases the amount and timeliness of mission
relevant information available both to individual team members and to team leaders. 
This capability may redefme command organization and information flow. and may result 
in entirely new requirements for operational planning and execution procedures. 
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Semi - Custom VLSI Development 

BBN's Emerald A 1M cell switch project is developing four large CMOS gate arrays 
using state-of-the-art tools and methodologies. Each of the arrays is approximately 
70,000 gates in size, and includes embedded RAMs, embedded controllers, complex 
state machines, and external memory interfaces. The arrays are being implemented 
using logic synthesis (S ynopsys) and are currently being functionally verified using full 
chip and system-level simulation (Verilog). 

Software project techniques are being employed to ensure the integrity of the verification 
effort. These include a revision control system and an automated regression framework. 

Previous to the Emerald project, BBN successfully developed a 20,000-gate CMOS 
device as well as several semi -custom ECL devices. 

BBN Protocol Standards Activities 

BBN Systems and Technologies assisted the NIST Institute for Computer Sciences and 
Technology (I CST) in the development of protocol standards for most of the layers of the 
Reference Model (Network, Transpon, Session, Presentation, File Transfer Access and 
Management (FfAM), Virtual Terminal, and Computer-Based Message Systems). To 
this end, BBN participated in the key committees of the American National Standards 
Institute (ANSI), ISO, and International Telephone & Telegraph Consultative Committee 
(CCITT) concerned with the development of national and international networking 
protocol standards. During the course of this work, BBN representatives were appointed 
to key positions, including chairmanships and editorships, within the committees. BBN 
also produced complete standards documents, including formal descriptions, as well as 
prototype implementations, for many of the protocols being standardized 

As part of the support provided to NIST, BBN developed formal languages for specifying 
protocols and tools for automatic generation of significant portions of protocol 
implementations, and for verification, testing, and evaluation of prototype implementa
tions. Some of BBN's work on computer-based message systems resulted in the 
publication of a FIPS, and our work on transport protocol became a FIPS. 

ARPA Internet Protocols 

BBN has played a central role in the development of many of the protocols in use today 
in the ARPA Internet, including Internet Protocol, Transmission Control Protocol, File 
Transfer Protocol, and TELNET. We have been involved in the specification and 
implementation of these protocols on a wide variety of computer systems. When BBN 
has not been directly involved in the original specification work for internet protocols 
(such as Stream Protocol and Network Voice Protocol), we have had much experience in 
their implementation on modem computing equipment 
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III. G. Facilities to be Used 

Corporate Facilities 

Founded in 1948 as an acoustic consulting partnership, Bolt Beranek and Newman Inc. 
has grown into a diversified high-technology company. The company has earned an 
international reputation for innovative services and products related to acoustics and 
environmental technologies, information sciences, and computer and communications 
tee hnologies. 

BBN, which has its headquarters in Cambridge, Massachusetts, employs approximately 
2000 people. More than 1000 are scientists and engineers, a large number of whom hold 
advanced degrees. The company is organized into three major divisions: BBN 
Communications Division, BBN Software Products Division, and BBN Systems and 
Technologies Division (from which the Communications and Software Products divisions 
evolved). · 

BBN Systems and Technologies performs the major research and development activities 
of the corporation and engages in technology transfer and systems development Areas of 
specialization include architectural acoustics and environmental technologies; physical 
sciences; computer, communications, and information sciences; and graphics technology. 

BBN Systems and Technologies' principal offices are located in Cambridge, 
Massachusetts. Other offices are located in New London, Connecticut; Newpon, Rhcx:le 
Island; San Diego and Canoga Park, California and Arlington, Virginia. 

Computer Aided Design 

BBN has heavily invested in CAD over the last decade in CAD software, workstations, 
engineer training, and design methodology. Multi-hundred chip boards are routinely 
designed and fully simulated using behavioral level mcxiels for the board environment. 
This design methcxiology has resulted in most prototype boards designed in the last few 
years being completely functional. BBN personnel have extensive experience 
developing the highest complexity Field Programmable Logic Arrays now available from 
Actel, Xyl,inx, and Altera. 

Designs are captured in schematic form using Valid, in behavioral form using Synopsis, 
and in Finite State Machine form using Maxplus2. Behavioral and gate level simulations 
are performed using VerilogXL and analog sections are simulated using HPSPICE. 
Logic Automation models are utilized when available. Behavioral level models are 
created for non-library components. PC boards are designed using Valid to Allegro using 
components from over 200 project libraries. Timing analysis is performed using many 
device specific timing analyzers when available together with BBN developed analyzers. 
Documentation standards, flle system structures, and revision control procedures provide 
a means for managing the thousands of files typically created for each project Design 
guidelines for synchronization, clocking, timing margins, and parts usage provide further 
process control. 
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Computational Facilities 

As a leading research and development organization in the computer, information, and 
physical sciences, BBN has highly developed and extensive computational, experimental, 
and software facilities. Our computer facilities range from numerous personal computers 
for our scientists, engineers and secretaries to large mainframe computers and parallel 
processors. Our computers are networked, allowing easy access to any system; and all of 
our systems are well supported by a variety of peripherals. 

Workstations and Personal Computers 

BBN utilizes a large number of personal workstations. In addition, BBN Systems and 
Technologies' staff currently have seven MASSCOMP and over 500 Sun workstations 
available for general use. A high percentage of our staff have a readily available or a 
dedicated Macintosh, IBM PC, PC/XT orPOAT. Macintosh computers are the 
predominate PCs at BBN, and we have about 2000 of them in use throughout the 
corporation. 

Shared Server Systems 

BBN Systems and Technologies supports time shared general scientific computing with a 
variety of DEC and Sun systems, ranging from large mainframe to supermini computers. 
These include: 

• Two VAX 8600 VMS systems with 3.6 gigabytes of storage; 
• A MicroV AX 3600/V AXstation 3200 VMS cluster with 4.0 gigabytes of storage; 
• A Micro VAX 3600 UL TRIX system with 1.5 gigabytes of storage; 

Over two dozen Sun 3 and Sun 4 UNIX compute and f.tle servers with over 10 
gigabytes of aggregate storage; 

• A VAX 11fi80 VMS system with an FPS AP-120 array processor and 4.0 gigabytes 
of storage; and 

• Six large parallel processors. 

Over 1000 PC and terminal users may access these systems through the networks 
described below. 

Computer Networks 

BBN has been working in network development and distributed· processing·since the 
1960s when we developed the original 4-node ARP ANEf. Our networks include: 

• BENNET,· an internal BBN packet-switching network consisting of more than a 
dozen BEN-designed packet switches and fifty host computers in Cambridge and 
Arlington, VA. 

• Fiber Net, an internal fiber-optics local area network supporting connections of 
hundreds of terminals, workstations, output devices and computeiS. 

• Multiple Local Area Ether Networks, each supporting connection of a number of 
terminals, workstations, and computeiS. 
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Approximately a dozen gateways connecting various BBN internal networks to each 
other and, in appropriate cases, to Mll..NET, CSNET, and NEARNet, ARPA's 
Defense Simulation Internet (also developed by BBN under contract to ARPA). 

All BBN Systems and Technologies' offices are connected to these networks allowing 
any single user access to numerous computing systems. These systems are also available 
to non-BEN personnel, allowing clients access to powerful, global networks. 

BBN operates and manages NEARNet, an Internet regional network. This provides high 
speed interconnect ( 10 Mbit/sec) in the Boston area and lower speeds throughout New 
England. 

We are also developing the ground station for high bandwidth digital communications 
through the NASA ACTS (Advanced Communications Technology Satellite.) 
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III. H. Qualifications of Key Personnel, and other 
sources of support 

Philip P. Carvey, Division Engineer 

Education: BSEE, illinois Institute of Technology, 1965; EE, Massachusetts Institute of 
Technology, 1967; MSEE, Massachusetts Institute of Technology, 1967 

Professional Positions and Responsibilities 

Mr. Carvey rejoined BEN in 1985 to work on the Monarch multiprocessor project. His 
responsibilities include contributing to all aspects of the architecture, m<Xleling, 
verification, and chip development. The Monarch projects goal was to demonstrate the 
innovative use of VLSI technology in a fine grained shared memory multiprocessor. 
Four full custom CMOS chips were in partial phases of development before project 
termination. 

Mr. Carvey was the principal designer of Butterfly multiprocessor. This machine 
interconnects up to 256-fully autonomous processors together through a Banyan style 
interconnect network. Mr. Carvey started custom chip designing in 1982 with an NMOS 
implementation of the entire Butterfly switch board. 

Mr. Carvey was one of the originalS employees to start Applicon Inc in 1969. Applicon 
introduced the flrst computer aided workstations for layout of integrated circuits. Mr. 
Carvey was the chief hardware architect/designer at Applicon. His designs often 
constituted 3/4 of Applicon yearly shipments. He generated hardware designs for a wide 
variety of projects including, a 32-bit processor, two 16-bit processors, three 
workstations, a math coprocessor, 6-10 Unibus interface boards, a family of digitizers, 
and a disk controller. He also developed the architecture, algorithms, and data structures 
for the circa 1978 state-of-the-art VLSI design workstation and wrote all drawing 
assembly code. Mr. Carvey also created CAEE programs for analysis and optimization 
of microwave. networks available on time sharing machines prior to focusing on hardware 
development activities. 

Publications 

''The Monarch Parallel Processor Design," submitted to JEEE Computer Magazine. 

Dr. Julio Escobar, Scientist 

Education: Ph.D. (Electrical Engineering & Computer Science) Ml.T. (1988) 
E.E.(Electrical Engineering & Computer Science) M.I.T .. (1985) SM. (Electrical 
Engineering & Computer Science) M.I.T.- (1985) B.Sc.(Electronics) U.M.I.S.T.
England (1982) 

Professional Positions: 

BBN Systems and Technologies Corporation, Cambridge, MA, 06/1988-present; lliM T. 
J. Watson Research Center, Yorktown Heights, NY, 09/1983-06/1984. 

Professional Responsibilities and Projects: 
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Dr. Escobar has been involved in the development of computer network communication 
systems for local, wide, and nationwide data networks. He has experience in protocol 
design and system analysis. His expertise includes optical-based networks and radio
based networks. 

Dr.Escobar is currently a member of the Gigabits Project at BBN Science and 
Technology Division. He is designing a multi-stream synchronization protocol for 
distributed computing applications such as multimedia applications and distributed 
processing. He is also in charge of planning networking experiments to test the 
synchronization protocol. His previous work in the Gigabits Project includes the design 
of a Segmentation and Reassembly protocol for cell-based networks and the theoretical 
analysis of buffer utilization in high-bandwidth, high-delay networks. 

During his first 18 months at BBN Science and Technology Division, Dr. Escobar 
participated in the Survivable Adaptive Packet Radio Network Project. He designed the 
radio link Control algorithm for the Packet Radio Network protocol suite and developed 
the mathematical model for performance analysis. He was also a main designer and 
analyst of the Congestion Control algorithm in the protocol suite. He supervised 
simulation work to benchmark both algorithms. He also helped in the design of the 
Channel Access Protocols for the Packet Radio Units. 

His Doctoral research, under Prof. Pierre Humblet, investigated optimal detection 
methods for Spread Spectrum Optical signals. The results included formulating a 
Probabilistic Model for analysis of the problem and identifying a simple detector 
architecture for implementation. He participated, with the rest of the group, in the 
inception of an experimental laboratory for optical communications sponsored by 
NYNEX of New England. 

Dr. Escobar's field of Minor Studies for his Doctoral degree was in the area of 
Electromagnetic Theory, with advanced graduate courses in Electromagnetic Theory, 
Non-linear Optics and Receivers, Antennas and Signals. 

Publications: 

J. Escobar, G. Lauer, M. Steenstrup, "A Congestion-Control Algorithm for Receiver
Directed Packet-Radio Networks," Proc. of the Tactical Communications Conference, 
Fort Wayne., Indiana, April1990. 

J. Escobar, ''Radio-Parameter Selection Algorithm for Receiver-Directed Packet-Radio 
networks (SRNTN-73)," Technical Report, No. 7172, BBN, Cambridge, Massachusetts, 
December 1989. 

"Maximum Likelihood Detection for Probabilistic Models of Optical Code Division 
Multiple Access Charme1s," LIDS Technical Report 1782, LIDS, MIT, July 1988. 

Dr. Lawrence D. Sher, Division Scientist 

Education: B.S. (Physics), Drel'el University, 1956; Graduate Study (Physics), 
Princeton University, 1956-1958; Ph.D. (Biomedical Engineering), University of 
Pennsylvania, 1963. 

Professional Positions: 
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Assistant Professor, The Moore School of Electrical Engineering, University of 
Pennsylvania, 1964-1971; Bolt Beranek and Newman Inc. (BBN), 1971-present 

Professional Responsibilities and PrQjects: 

Dr. Sher has been responsible for the conception, development, and application of the 
SpaceGraph Display, a new generic display technology capable of interactive 
computer graphics in true 3-0. 

He is currently working on Pathfmder, a project that is exploring technologies for 
equipping special forces with various navigation, infonnation, and communication tools. 

Dr. Sher's academic experience has been valuable in creating a nine-hour video tape 
course which teaches the use ofRS/1, a software prcx:iuct sold by BBN Software Products 
Corp. He teaches courses on RS/1 for BBN clients and for BBN staff members. 

Selected Publications: 

''The Oscillating-Mirror Technique for Realizing True 3-D," L. D. Sher, Chap. 13 in 
Stereo Computer Graphics and Other True 3D Technologies, Editor: D. F. McAllister, 
Princeton Univ. Press, in print (July, 1993) 

''The Use of an Oscillating Mirror for Three-Dimensional Display, .. L. D. Sher and C.D. 
Barry, Chapter 6 in New Methcx:iologies in Studies of Protein Configuration, Editor: 
T. T. Wu. Publisher: Van Nostrand Reinhold, NY. (1985) 

''Near-to-farfield transition of a scalar-wave pencil beam" (with M . Lassoeur and H. 
Kritikos) , J. Acoustical Society, 48, 414 (1970). 

110n the possibility of non-thermal biological effects of pulsed electromagnetic fields" 
(with E. Kresch and H.P. s·chwan), Biophysical Journal, 10, 970 (1970). 

Patents: 

''Three-dimensional Display," U.S. Patent No. 4,130,832 (Dec. 19, 1978). 

Other Sources of Support 

· Mr. Carvey is also working part-time on the NASA ACTS Digital Terminal. Dr. Sher is 
also working part time on the ARPA Pathfmder project. Dr. Escobar is working on the 
ARPA Gigabits Networking Architecture Project. 
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III. I. Cost Breakdown by Major Task 

Produce Documentation & Specifications for the Architecture-$ 62K 

This will req~ire us to: 

• Document the BodyLAN architecture and network protocols. 

• Develop specifications for interfacing to the PEA modem. 

• Develop specifications for interfacing to the PDA modem. 

Explore Synchronization, Error rates, & Low Power Circuits - $ 242K 

This will require us to: 

• Explore different synchronization protocols. 

• Investigate error rates under narrowband interference and multiple BodyLANs . 

• Carry out circuit design for the various low power circuits. 

• Investigate frequency diversity benefits and complexity issues. 

Develop Prototypes - $ 305K 

Titis will require us to: 

• Develop the PEA modems. 

• Develop the. PDA mcxiems. 

• Interface the modems to some PDA. 

• Develop data pattern generators/checkers using existing RF chips, Field Programmable 
Logic Devices, and a low power microprocessor in the PDA interface. 

Test With PDA- $ 115K 

Titis will require us to: 

. • Develop the PDA interface software needed to evaluate the Body LAN hardware performance. 

• Carry out error rate tests. 

• Carry out Body LAN interference and narrowband interference tests. 

• Compare test results with theoretical models and reconcile them. 
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Section IV. Bibliography of Relevant Technical Papers 

''Maximum Likelihood Detection for Probabilistic Models of Optical Code Division 
Multiple Access Channels," LIDS Technical Repon 1782, LIDS, MIT, July 1988. 

The Code of Federal Regulations Title 47, Telecommunications, Pan 15, Radio 
Frequency Devices, Subpart C, Intentional Radiators, Section 15.209, Radiated Emission 
Limits; General Requirements. 

The International Special Committee on Radio Interference (CISPR) Publication 16. 
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BBN SYSTEMS AND TECHNOLOGIES 

17 February 1994 

Directorate of Contracts 
P.O. Box 748 
Building No. 22208 
Ft. Huachuca, AZ 85613 

Attention: ATZS-DKM 
Gloria B ickier 
Contracting Officer 
(602) 533-1338 

Subject: Wireless Adaptive and Mobile Information Systems (W AMIS) 
BBN Proposal No. P94-LABS-C-002A 

Dear Ms. Bickler: 

BBN Systems and Technologies, a Division of Bolt Beranek and Newman Inc. ("BBN"), is 
pleased to submit its revised Proposal No. P94-LABS-C-002A entitled "Wireless Adaptive 
and Mobile Information Systems (W AMIS)". 

Our revised proposal assumes the award of a cost plus fixed fee type contract incorporating 
mutually acceptable terms and conditions. The cost estimate is based on a commencement 
date of April1, 1994 with an eighteen (18) month period of performance. This proposal 
will remain valid for a period of sixty (60) days from the date of this letter. 

Our revised proposal consists of the following: 
1. This Cover Letter (Original plus four copies) 
2. Volume II - Cost Proposal 

a. SF1411 
b. Supporting Schedules 
c. DD 1861 
d. Subcontracting Plan 

This revised proposal has been prepared in accordance with BEN's standard procedures for 
pricing Government proposals. 

BBN is a large business with revenue of approximately $233 million in 1993. 

If you have any questions, or require any additional information, please do not hesitate to 
contact Mark J. Sherman, Senior Contracts Manager, at (617) 873-4296 or the undersigned 
at (617) 873-3153. 

Sincerely, 
BBN SYSTEMS AND TECHNOLOGIES 

rrn~~AIIH 11+.~.& ~ 
M~';~asio 
Senior Contract Administrator 

cc: K. Gabriel, ARPA w/Enclosure 
Effie Luzatis, DCAA w/Enclosure 
F. Heart, BBN, w/o Enclosure 
T. Blackadar, w/Enclosure 

A Division of Bolt Beranek and cwman Inc. 

I 0 Mllulton Slrccl Camhridgc. Massachusclls 021 3H Trlcphone: b 17-H73- 3000 



0 BBN Proposal No. P94-LAB S-C-002A 
1. SOLICITATION/CONTRACT/MODIFICATION FORM APPROVED 

CONTRACT PRICING PROPOSAL COVER SHEET BAA -93-27 CMlNO. 
3090-0116 

NOTE: This form is used in contract actions if submission of cost or pricing data is required (See FAR 15.804-6(b)) 
2. NAME AND ADDRESS OF OFFEROR (Include ZIP Code) 

BBN SYSTEMS AND TECHNOLOGIES, 
A Division Bolt Beranek and Newman Inc. 
10 MOULTON STREET 
CAMBRIDGE, MA 02138 

TELEPHONE NO. (617)873-3153 
FACSIMILE (617)873-3776 

5. TYPE OF CONTRACT (Check) 
0 FFP [K]CPFF OcPIF O cPAF 

0FPI OoTHER 

7. PLACE(S) AND PERIOD(S) OF PERFORMANCE 
Cambridge, Massachusetts 02138 18 Months 

3A. NAME AND TITLE OF OFFEROR'S POINT 38. TELEPHONE NO. 
OF CONTACT 

Marguerite I. DIBlasio 
Senior Contract Administrator (617) 873-3153 

4. TYPE OF CONTRACT ACTION (Check) 
X A. NEW CONTRACT D. LETTER CONTRACT 

a CI-WIGE ORDER E. UNPRICED ORDER 

C. PRICE REVISION/REDETERMINATION F. OTHER (Specify) 

6. PROPOSED COST CA+B=Cl 
A. COST B. PROFIT/FEE C. TOTAL 

$652, 786 $64,967 $717,753 

8. list and reference the identification, quantity and total price proposed for each contract line item. A line item cost breakdown supporting this recap is 
reoulred unless otherwise specified by the Contractlno Officer. (Continue on reverse, and then on plain paper, if neccessarv. Use same headinos.) 

A. LINE ITEM NO. B. IDENTIFICATION C. QUANTITY D. TOTAL PRICE E. REF. 

1 LOT $717 ,753 A 
Wireless Adaptive Mobile Information Systems (WAMIS) 

9. PROVIDE NAME, ADDRESS, AND TELEPHONE NUMBER FOR THE FOLLOWING (If available) 
A. CONTRACT ADMINISTRATION OFFICE B. AUDIT OFFICE 

OCMAO, Boston OCAA 
495 Summer Street Waltham Branch Office 
Boston, MA 02210 424 Trapelo Road, Bldg. 137 
Ms. A. Fleming (617) 451-4158 Waltham MA 02154-6397 (617) 565-7340 

10.Will YOU REQUIRE THE USE OF ANY GOVERNMENT PROPERTY 11A.DO YOU REQUIRE GOVERNMENT CONTRACT 11 B. TYPE OF FINANCING (X one) 
IN THE PERFORMANCE OF THIS WORK? (If "Yes," identify) FINANCING TO PERFORM THIS PROPOSED 

PADVANCE CONTRACT? (If "YES," complete Item 11 B) 0PFOGAESS 
PAYMENTS PAYMENTS 

[K]ves Or--o Dves ITJr-.o ~GUARANTEED LOANS 

12.HAVE YOU BEEN AWARDED ANY CONTRACTS OR SUBCONTRACT 13.1S THIS PROPOSAL CONSISTENT WITH YOUR ESTABLISHED ESTIMATING 
FOR THE SAME OR SIMILAR ITEMS WITHIN THE PAST 3 YEARS? AND ACCOUNTING PRACTICES AND PROCEDURES AND FAR PART 31 COST 
(II "Yes,' identify item(s), customer(s) and contract number(s)) PRINCIPLES? (If "No,' explain) 

Dves ITJr-.o [K]ves Or--o 

14. COST ACCOUNTING STANDARDS BOARD (CASB) DATA (Public law 91-379 as amended and FAR PART 30) 
A. WILL THIS CONTRACT ACTION BE SUBJECT TO CASB REGULA TIC B.HAVE YOU SUBMIITEDA CASB DISCLOSURE STATEMENT 
(If "No,· explain in proposal) (CASB DS-1 or 2)? (II "Yes," specify In proposal the office 

to which submitted and if determined to be adequate) 

[]]ves Or--o []]ves Or--o See Exhibit A 

C.HAVE YOU BEEN NOTIFIED THAT YOU ARE OR MAY BE IN NON- D.IS ANY ASPECT OF THIS PROPOSAL INCONSISTENT WITH YOUR 
COMPLIANCE WITH YOUR DISCLOSURE STATEMENT OR COST DISCLOSED PRACTICES OR APPLICABLE COST ACCOUNTING 
ACCOUNTING STANDARDS? (II "Yes," explain in proposal) STANDARDS? (If "Yes,' explain in proposal) 

Oves [K]r-.o DYES [K]r-.o 

This proposal is submitted in response to the RFP. contract. modification, etc. in item 1 and reflects our best estimates and/or actual costs as of this date 
15. NAME AND TITLE (Type) 16. NAME OF FIRM 

Marguerite I. DIBlasio BBN SYSTEMS AND TECHNOLOGIES, 
Senior Contract Administrator A Division of Bolt Beranek and Newman Inc. 

H. ~GNATIJ~ ...0 ' 18. DATE OF SUBMISSION 

&~ 0211 5/94 

NSN 7540-01-142·9841i/ 1411-102 STANDARD FORM 1411 (REV. 7-87) 
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Propos ,94-LAB S-C-002A 

EXHIBIT A 

The Company's disclosure statement, dated July 1, 1992 was filed with DCMAO, 
Boston, and was determined to be adequate. The Company has filed a revised Disclosure 
Statement with DCMAO, Boston, dated July 1, 1993 and has not yet been notified of a 
determination of adequacy. 
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TOTAL GFY'S 
PERIOD OF PERFORMANCE 

04/01/94 09130195 
TOTAL MOS. 18 Ooc:ume-ntiSpecific•tions 

REFERENCE A 

Synchronization/Error Develop Prototypes TutWIPOA TOTAL GFY'S 

DIRECT LABOR 
CLASSIFICATIONS LEVEL HOURS AMOUNT HOURS AMOUNT HOURS ~ HOURS ~ HOURS AMOUNT 

LeadEnginaor 24 160 7,998 160 8,170 480 24,510 480 24.510 1,280 65.1e7 
SoniorScie~st 23 80 3.246 960 39,795 640 26,530 200 e.291 1.e80 77,863 
Scientist/Engineer 21 120 3.e84 160 5.277 960 31.743 eo 2.645 1.320 43,549 
SlaM Sci/Eng t9 o o o o 1eo 4,771 eo 2.121 260 6,e92 
Prog Admin!Tech 16 0 0 0 0 400 e.675 0 0 400 8,675 
Syslem Admin 13 o o o o 160 2,729 o o 160 2,n9 
Sonior Socrelal'f 10 200 2,e53 0 0 0 0 0 0 200 2,e53 

TOTAL DIRECT LABOR....................................................................................... 560 17,982 1,280 53,242 2,820 98,959 840 37,566 5,500 207,74Q 

TOTAL OVERHEAD .......................................................................................... . 

TRAVEL 
Bos/Washington. D.C. 
SlbsiSionce • Wuhington. D.C. 
Bosllos Angelos 
SlbsiSience ·Los Angelos 
AIAo Renul 
TOTAL TRAVEL.. ............................................................................................... . 

DIRECT MA TERIALJSUBCONTRACTSICONSULT ANTS 
Gateway 4DX2~V 
COW Elhernet Card 3C503 
Data 110 PCMCIA CARDPR02·EXT 
Tape Backup 250 DJ·20 
Tape Cartridges Jumbo DT·250 
Power Supply Smart UPS 600 
Norton Uti~ies 5136 
Norton Uti~ies Laplink V 
Bolland c .. 
Netwoll< Software FTP PCITCP TCPnP 
Personal Diglal Assistant 486DX2-40 
Spare Ni MH Battorios 
Advanoo Photographic Anworlt 
PDA Mo<Hm on PCMCIA Card 
PDA Mo<Hm WA>auern Generator/Chock 
PEA Modem W/Pattern Generator/Chock 
Lab Equipment Rental 
Miscelaneous Harc!waro 
RF Expeni .. Consulting 
TOTAL DIRECT MATERIALJSUBCONTRACTS/CONSULTANTS ...................... . 

DIRECT MATERIAL HANDLING ........................................................................ .. 

OTHER DIRECT COSTS 
Labs Computer Center 
Labs Computer Center 

TOTAL OTHER DIRECT COSTS ........................................................................ . 

SUBTOTAL ........................................................................................................... . 

GENERAL&. ADMINISTRATIVE.. ...................................................................... .. 

ESTIMATED COST WITHOUT COST OF CAPITAL ............................................ . 

t 7.9e2 21 ,902 

TRIPS/DAYS 
0 
0 
1 
3 
3 

0 

0 
2.395 

423 
136 

2,953 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

UNITS 
0 0 
0 0 
0 0 

0 

42,837 

42,e37 10,281 

53.111 

53,242 63,113 

TRIPS/DAYS 

UNITS 

2 2.022 
6 903 
0 0 
0 0 
3 137 

1 

6 

1 
2 
2 

24 
2 
5 

16 

3,062 

2.795 
160 
389 
174 
13e 
329 
116 
100 
315 
319 

3.990 
17e 
900 

1.000 
1,250 
4,000 
3.000 
1,000 

41 6 24.960 
45,113 

45,113 2,256 

11 ,429 20,001 
0 0 
0 0 

20,001 

186,786 

141.674 33,442 

220,221 

COST OF CAPITAL BASE BASE 

98,959 117,266 

TRIPS/DAYS 
0 0 
0 0 
0 0 
0 0 
0 0 

0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 

0 0 

UNITS 
0 0 
0 0 
0 0 

0 

216,225 

216,225 51 ,02Q 

267,254 

BASE 

37,566 44,516 

TRIPS/DAYS 
0 
0 
2 
e 

0 
0 

4,841 
1,139 

183 
6,163 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 

0 0 

UNITS 
0 0 
0 0 
0 0 

0 

11,244 

ee.246 20,126 

10Q,072 

207.749 244,7Q7 

TRIPS/DAYS 

UNITS 

2 2,022 
6 903 
3 7.236 

11 1,562 
10 456 

1 
6 

1 
2 
2 

24 
2 
5 

16 

12,179 

2,795 
160 
389 
114 
13e 
329 
116 
100 
315 
319 

3.990 
17e 
900 

1,000 
1.250 
4,000 
3,000 
1,000 

41 6 24,960 

45.1 13 

11 ,429 
0 
0 

45,113 

2,256 

20,001 
0 
0 

20,001 

534,094 

488,9e1 115,571 

540,672 

BASE BASE 
Direct Labor 17,9e2 te7 53.242 553 9e,959 1,02e 37,566 390 207,749 2,159 

577 
379 

G & A 42,e37 51 141,674 167 216,225 255 8e.246 104 48e,9et 

3,114 
Labs Computer Center 0 0 20.001 
TOTAL COST OF CAPITAL................................................................................ 237 

-----:-:3::7=-9 0 
1,09Q 

---..,..,.,~0 0 0 20,001 
1,213 4Q4 

TOTAL ESTIMATED COST WITH COST OF CAPITAL...................................... 53,355 221,327 268,537 10Q,566 652,716 
FIXED FEE....................................................................................................... 53,1 18 5 312 220.22e 22,023 267.254 25,725 109,072 10 go7 649,6n u H7 
TOTAL ESTIMATED COST AND FIXED FEE ................................................... _. 51,561 243,350 2Q5,262 120,473 717,753 

Baal• of Eatlmato 
A PC Magazine 
B PC Magazine 
C Quotation 
D PC Catalogue 
E PC Catalogue 
F PC Catalogue 
G PC Magazine 
H PC Magazine 
I PC Catalogue (Typo) 
J PC Catalogue 
K PC Magazine 
L PC Magazine 
M BBN Bulk Quotet£ng Est 
N Engineering Estimate 
0 Engineering Estimate 
P Engineering Estimale 
Q Engineering Estimate 
A Engineering Estimate 
S Quote 
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GFY 84 
PERIOD OF PERFORMANCE 

04/01194 
TOTAL MOS. 

06130/94 
LEVEL APR- 5.000"1. 

01.1>6/94 MONTHS FROM 
0/LAVG. MBREP TO 
0111>1/94 START • 1.5 

RATE MEMO 

Document/Specifications Synchronization/Error Develop Prototypes Test W/PDA TOTAL GFY 94 

DIRECT LABOR 
CLASSIFICATIONS LEVEL 194.03 ESC. • 1 01.250"/o HOURS AMOUNT HOURS AMOUNT HOURS AMOUNT HOURS AMOUNT HOURS AMOUNT 

Lead Engineer 
Senior Scientist 

24 
23 

49.37 
40.08 

49.99 
40.58 

160 7.998 0 0 0 160 7,998 
80 3,246 0 0 0 80 3,246 

SeientisVEnginoer 21 31.97 32.37 120 3,884 20 647 o 0 140 4,532 
Staff SeVEng 19 25.63 25.95 0 0 0 0 0 0 
Prog Admin!Tech 16 20.97 21.23 0 0 0 0 0 0 
System Admin 13 16.49 16.70 o 0 0 0 0 0 
Senior S4cretary 10 14.09 14.27 200 2,853 0 0 0 200 2,853 

TOTAL DIRECT LABOR........................................................................................ 560 17,g82 20 647 0 0 0 0 580 18,6U 

TOTAL OVERHEAD ................................ .. 121.80% X OIL BASE OF ......... 17,982 21,902 

TRAVEL 02.1>1/94 o.;.G RATE+ ESC. • 100.625% TRIPS/DAYS 
8os/Washington, D.C. 994.00 1,00021 
S<.bsislence • Washinglon. D.C. 148.00 148.93 
Bosllos Angeles 2,380.00 2.394.88 
Subsislence • Los Angeles 140.00 140.88 
Auto Rental 45.00 45.28 
TOTAL TRAVEL ................................................................................................... .. 

DIRECT MA TERIALJSUBCDNTRACTSICONSULTANTS 
Gateway 4DX2-MV 2. 795.00 /Each 
Crt-N Ethernet Card 3CS03 159.84/Each 
Data 1/0 PCMCIA CARDPR02·EXT 389.00 /Each 
Tape Back~.p 250 DJ-20 174.00 /Each 
Tape Cartridges Jumbo DT-250 23.00 /Each 
Power S~.pply Smart UPS 600 329.00 /Each 
Norton Utilios 5138 115.95 /Each 
Norton Ut~ities La plink V 99.95 /Each 
Bortand C.+ 315.00 /Each 
Network Software FTP PCITCP TCPnP 319.00 /Each 
Personal Digital Assistant 4860X2·40 t ,995.00 /Each 
Spare NiMH Batteries 89.00 /Each 
Advanoo Photographic Artwork 37.50 /Each 
PDA Modem on PCMCIA Card 500.00 /Each 
PDA Modem W/Panern Generator/Check 250.00 /Each 
PEA Modem W/Panern Gonorotor/Check 250.00 /Each 
Lab Equipment Rental 3,000.00 /Each 
Miscelanoous Hardware 1,000.00 /Each 
RF Expertise Consuking 60.00 /Holl' 
TOTAL DIRECT MATERIAL/SUBCONTRACTS/CONSULTANTS ..................... .. 

DIRECT MATERIAL HANDLING ............. . 

OTHER DIRECT COSTS 
Labs Computer Center 
Labs Computer Center 

5.00% X BASE OF ............... .. 

1.75/CRU 
0.00 /Sq Ft Mo 
o.oo /Hour 

TOTAL OTHER DIRECT COSTS .......................................................................... . 

SUBTOTAL. .......................................................................................................... . 

GENERAL & ADMINISTRATIVE ............. . 24.00V. X BASE OF ............... .. 

ESTIMATED COST WITHOUT COST OF CAPITAL ............................................ . 

COST OF CAPITAL 
Direct Labor 
G &A 

.Ot039 

.00118 
Labs Computer Corur .01893 
TOTAL COST OF CAPITAl.. ............................................................................... . 

TOTAL ESTIMATED COST WITH COST OF CAPITAL.. .................................... . 
FIXED FEE................................................ .. ...................... . 
TOTAL ESTIMATED COST AND AXED FEE ..... ................................................ .. 

UNITS 

0 
0 

t 2,395 
3 423 
3 t38 

0 

42,837 

2,953 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

42,137 

10,211 

53,118 

BASE 
17,982 187 
42,837 51 

0 0 
237 

53,356 
53,t18 5312 

51,661 

647 789 

TRIPS/DAYS 

UNITS 

BASE 

1 

1 
6 

4,835 

1,678 

647 

0 
0 
0 
0 
0 

0 

2.795 
160 
389 
174 
138 
329 
116 
100 
315 
319 

0 
0 
0 
0 
0 
0 
0 
0 
0 

4,835 

242 

0 
0 
0 
0 

6,512 

403 

6,815 

7 
1,678 2 

0 0 
8 

6,824 
6,915 682 

7 ,615 

0 0 

TRIPS/DAYS 

UNITS 

BASE 

0 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

0 

0 

0 0 
0 0 
0 0 

0 

0 
0 0 

0 

0 0 

TRIPS/DAYS 

UNITS 

BASE 

0 

0 

0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

0 

0 0 
0 0 
0 0 

0 0 

18,629 22,691 

TRIPS/DAYS 

UNITS 

0 0 
0 0 
1 2,395 
3 423 
3 136 

4,835 

2,953 

2,795 
160 
389 
174 
138 
329 
116 
tOO 
315 
319 

0 
0 
0 
0 
0 
0 
0 
0 
0 

4,135 

242 

0 0 
0 0 
0 0 

0 

49,350 

44,515 10,614 

60,033 

BASE 
18,629 19. 
44,515 53 

0 0 
241 

60,210 
60,033 • 003 

66,213 

Basis of Estimate 
A PC Magazine 
B PC Magazine 
C Quotation 
D PC Catalogue 
E PC Catalogue 
F PC Catalogue 
G PC Magazine 
H PC Magazine 
I PC Catalogue (Typo) 
J PC Catalogue 
K PC Magazine 
L PC Magazine 
M BBN Bulk Quote/Eng Est 
N Engineering Estimate 
0 Engineering Estimate 
P Engineering Estimate 
Q Engineering Estimate 
R Engineering Estimate 
S Quote 
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GFY M-~5 
PERIOD OF PERFORMANCE 

07/01/9~ 09/30195 
TOTAL MOS. 15 

APR· 3.~00 "/. 

MONTHS FROM 
ESCALATED MBREP TO 

RATE START • 4.5 
FROM 

OocumenVSpecrtications Synchronization/Error Develop Prototypes Test WJPDA TOTAL GFY ~4-95 

DIRECT LABOR 
CLASSIFICATIONS LEVEL GFY94 ESC. • 102.150% HOURS ~ HOURS AMOUNT HOURS ~ HOURS AMOUNT HOURS ~ 

Load Engineer 
Soniof Scio ,.;51 

2~ 

23 
~9.99 

~0.58 

51.06 
41 .~5 

0 160 8.170 ~80 2~.510 ~80 2~.51 0 1.120 57,189 
0 960 39.795 640 26,530 200 8,291 1,800 7~.616 

Scientist/Engineer 21 32.37 33.07 0 140 4.629 960 31.743 80 2.6~5 1.180 39.017 
Staff Sci/Eng 19 25.95 26.51 0 o 180 4.771 80 2.121 260 6.892 
Prog Admin/Tech 16 21.23 21.69 0 0 ~00 8.675 0 ~00 8,675 
System Admin 13 16.70 17.06 0 0 160 2,729 0 160 2,729 
Sonior SoCI"etary 10 14.27 14.57 0 0 0 0 0 0 

TOTAL DIRECT LABOR......... ........................................ ..................................... o o 1,260 52,594 2,820 98,95~ 840 37,566 4,920 189,119 

TOTAL OVERHEAD •••••.•• •........•••••.•.• 111.50% X OIL BASE OF ••...•• 0 0 52.594 62,32~ 98,959 117,266 37,566 44,516 189,119 224,106 

TRAVEL GFY 94 ESC. • 101.075% TRIPS/DAYS TRIPS/DAYS TRIPS/DAYS TRIPS/DAYS TRIPS/DAYS 
BosiWashington, D.C. 1,000.21 1,010.96 
Stbsistenc:e · Washington, D.C. 1~8.93 150.53 
Bos/Los Angelos 2.39~.88 2,420.62 
Slbsistenc:e ·Los Angelos 140.86 142.39 
Auto Rental ~5.28 45. n 
TOTAL TRAVEL •.••••••••.•.••.•..••..•.........•.•.....•.•••••.•••.•....••....•.•••.••.•••••••••..... 

DIRECT MA TERIALJSUBCONTRACTS/CONSULTANTS 
Gatoway ~OX2-66V 2. 795.00 /Each 
COW Ethornet Card 3CS03 159.8~ /Each 
Data 1.0 PCMCIA CAROPA02·EXT 389.00 /Each 
Tapo Back14> 250 OJ·20 11~.00 /Each 
Tapo Cartridges Jumbo DT·250 23.00 /Each 
Power S'4'Piy Smart UPS 600 329.00 /Each 
Norton Uti iios 5136 115.95 /Each 
Norton Ut~iios Laplink V 99.95 /Each 
Borland c.. 315.00 lEach 
Netwo<k Software FTP PCITCP TCPnP 319.00 /Each 
Personal Digital Assistant ~86DX2-~0 1.1195.00 /Each 
Sparo NiMH Batteries 89.00 /Each 
Advanoo Photographic Artwor1< 37.50 /Each 
PDA Modem on PCMCIA Card 500.00 /Each 
PDA Modem WiPattorn Generator/Chock 250.00 /Each 
PEA Modem WJPanorn Generator/Chock 250.00 /Each 
Lab Equipmont Rental 3,000.00 /Each 
Miscolanoous Hardware 1,000.00 /Each 
RF Exporliso Consulting 60.00 tHo .. 
TOTAL DIRECT MATERIALJSUBCONTRACTS/CONSULTANTS .••.•.•.•••••••••••. 

DIRECT MATERIAL HANDLING ••••••••.•..• 

OTHER DIRECT COSTS 
Labs Computer Centor 
Labs Computer Center 

5.00% X BASE OF .........••••.• 

1.75 /CRU 
0.00 /Sq Ft Mo 
0.00 tHo .. 

TOTAL OTHER DIRECT COSTS ..•••.•.....•.••....•.••.•.••••••••••• ••••••• ••• • ••...........•.• 

SUBTOTAL .. ................................................. ........ ............................... . 

GENERAL£ ADMINISTRATIVE ........... . 23.60% X BASE OF .............. . 

ESTIMATED COST WITHOUT COST OF CAPITAL... ..................................... . 

COST OF CAPITAL 
Direct Labor 
G &A 

.01039 

.00118 
Labs Computer Contor .01893 
TOTAL COST OF CAPITAL ••.••••.•....• .•.•..•.•.•...••.•..•......•••.•••••••••.•••••• •••.• •• • 

TOTAL ESTIMATED COST WITH COST OF CAPITAL ......•...............•••.•..•.••..•.•• 
FIXED FEE.... .......... ............................. • ...................... . 

UNITS 

BASE 

TOTAL ESTIMATED COST AND FIXED FEE ............................ ........................ . 

0 

0 

0 2 2,022 
0 6 903 
0 0 
0 0 
0 3 137 

---~0 3,062 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 

0 

0 

2 
2 

24 
2 
5 

16 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.990 
178 
900 

1.000 
1,250 
~ .000 

3,000 
1,000 

416 24,960 

40.278 

UNITS 
11,429 

139,996 

BASE 

40,278 

2,014 

20,00t 
0 
0 

20,001 

180,274 

33,03~ 

213,313 

0 0 52,594 
139,996 

20,001 

546 
165 
379 

0 0 
0 0 

1,090 

0 214,403 
0 0 213.313 21 331 

0 235,73~ 

0 
0 

0 2 2,022 
0 6 903 

0 2 4 . 8~1 2 ~ .84t 

0 8 1,139 8 1,139 

0 

UNITS 

216,225 

BASE 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

216,225 

51,029 

267,254 

98,959 1 ,028 
216,225 255 

0 0 
1,283 

268,537 
267,254 26 725 

~5,262 

__ ...,...;1C::83"- 7 320 
6,163 9,226 

0 

UNITS 

88,246 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

11,246 

20,126 

10~,072 

BASE 
37,566 390 
88.246 104 

0 0 
4114 

10~ ,666 

109.072 10 ~07 
120,473 

40,278 

UNITS 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3,990 
178 
900 

1,000 
1,250 
4,000 
3,000 
1,000 
2~.960 

40,271 

2,014 

11 .~29 20,001 
0 0 
0 0 

.. ~ .~68 

BASE 
189,119 
~~~.468 

20,001 

20,001 

484,744 

104,1114 

58Q,631 

1,965 
524 
379 

2,1U 

592,506 
569,638 61 ~64 

651,470 

Baoio of Eotlmate 
A PC Magazine 
B PC Magazine 
C Quotation 
D PC Catalogue 
E PC Catalogue 
F PC Catalogue 
G PC Magazine 
H PC Magazino 
I PC Catalogue (Typo) 
J PC Catalogue 
K PC Magazine 
L PC Magazine 
M BBN Bulk Quota/Eng Est 
N Engineering Estimate 
0 Engin .. ring Estimato 
P Engineering Estimate 
0 Engineering Estimate 
R Engineering Estimato 
S Quote 



INTEGRATED & VESA SYSTEMS----------------~--

.JSX-33/.JD.'<-33 .. 
I Intei33MHz 486SX or DX CPU 
I 4MB RAM 
I 212MB 13ms IDE Hard Drive 
I Local Bus Graphics with 512KB 
I 3.5" Diskette Drive 
I 14" Color Crysta!Scan• 1024NI 
I Mini Desktop Case 
I 5 16-Bit !SA Slots 
I 101-Key Keyboard & MS Mouse 
I MS-DOS•6.2 & WFWTM 3.11 
I MS Works for WindowsN 
I EPA Energy Star Compliant 

4SX-33- $1295 
4DX-33- $1495 

.JDX-33VI.JDX2-50V 
I Intel33MHz 486DX or 50MHz 

DX2CPU 
I 8MB RAM, 128KB Cache 
I 424MB 13ms IDE Hard Drive 
I VLB Graphics with 1MB 
I Local Bus IDE Interface 
I 5.25" & 3.5" Combo Drive 
I 14" Color Crystal Scan I 024Nl 
I Baby AT Case 
I 5 !SA & 2 VESNISA Slots 
I AnyKey Keyboard & MS Mouse 
I MS-DOS 6.2 & WFW 3.11 
I Choice of Application Software 
I EPA Energy Star Compliant 

4DX-33V- $1975 
4DX2-50~- $1995 

.JDX2-50/.JDX2-66 ,. 
I Intel 50 or 66MHz 486DX2 CPU 
I 4MB RAM, 128KB Cache 
I 424MB 13ms IDE Hard Drive 
I Local Bus Graphics with 1MB 
I 3.5" Diskette Drive 
I 14" Color Crysta!Scan 1024NI 
I Mini Desktop Case 
I 5 16-Bit !SA Slots 
I Any Kef Keyboard & MS Mouse 
I MS-DOS 6.2 & WFW 3.11 
I Choice of Application Software 
I EPA Energy Star Compliant 

4DX2-50 - $1795 
4DX2-66- $1995 

.JDX2-66V BEST BUY 
I lntel66MHz 486DX2 CPU 
I 8MB RAM, 128KB Cache 
I 424MB 13ms IDE Hard Drive 
I VLB Graphics with 1MB 
I Double-Speed CD-ROM 
I Local Bus IDE Interface 
I 3.5" Diskette Drive 
I 15" Color CrystalScan 1572FS 
I Baby AT Case 
I 5 !SA & 2 VESNISA Slots 
I AnyKey Keyboard & MS Mouse 
I MS-DOS 6.2 & WFW 3.11. · 
I Choice of Application Software 
I EPA Energy Star Compliant 

$2295 

...... '· ·.Jsx.:11v· · · 
I Intel• 33MHz 486SX CPU 
I 4MB RAM 
I 212MB 13ms IDE Hard Drive 
I VLBN Graphics with 1MB 
I Local Bus IDE Interface 
I 515" & 3.5" Combo Drive 
I 14" ColorCrysta!Scan•to24NI 
I Baby AT Case 
I 5 !SA & 2 VESA •liSA Slots 
I Any Kef Keyboard & MS Mouse 
I MS-DOS• 6.2 & ~ 3. 11 
I Choice of Application Software 
I EPA Energy Star Compliant 

$1495 

I Intel66MHz 486DX2 CPU 
I 8MB RAM, 256KB Cache 
I 424MB 13ms IDE Hard 
I PC! Local Bus Graphics 
I Double-Speed CD-ROM 
I 3.5" Diskette Drive 
I 15" Color Crysta!Scan 
I Baby AT Case 
I 4 !SA, 2 PC! & I PCIIISA 
I Any Key Keyboard & MS 
I MS-DOS 6.2 & WFW 3.1 
I Choice of Application 

$2495 

:IDxi-50 FA,li/LY PC 
I Intel50MHz 486DX2 CPU 
I 8MB RAM, 128KB Cache 
I 212MB 13ms IDE Hard Drive 
I Local Bus Graphics with 1MB 
I Double-Speed CD-ROM, 16-Bit 

Sound Card & Speakers 
I 2400/9600 Data/Fax Modem 
I 3.5" Diskette Drive 
I 14" Color Crysta!Scan 1024NI 
I Mini Desktop Case 
I 5 16-Bit !SA Slots 
I 101-Key Keyboard, MS Mouse & 

Joystick 
I Choice of Family PC Software 
I EPA Star Compliant 

4DXl-66V 
I Intel66MHz 486DX2 CPU 
I 16MB RAM, 128KB Cache 
I 424MB 13ms IDE Hard Drive 
I VLB Graphics with 2MB 
I Double-Speed CD-ROM 
I Local Bus IDE Interface 
I 3.5" Diskette Drive 
I 15" Color CrystaiScao 1572FS 
I Baby AT Case 
I 5 ISA & 2 VESAIISA Slots 
I Any Key Keyboard & MS Mouse 
I MS-DOS 6.2 & WFW 3.11 
I Choice of Application Software 
I EPA Energy ~tar Compliant 

$2795 

PENTIUMS~TEMS ________________________________ _ 

PS-60 
I lntel60MHz Pentium"' CPU 
I 8MB RAM, 256KB Cache 
I 424MB 13ms IDE Hard Drive 
I PC! Local Bus Graphics with 2MB 
I 3.5" Diskette Drive 
I 14" Color Crysta!Scao 1024NI 
I Baby AT Case 
I 4 !SA, 2 PC! & I PCIIISA Slots 
I AnyKey Keyboard & MS Mouse 
I MS-DOS 6.2 & WFW 3.11 
I MS Works for Windows 

$2495 

PS-60 BEST BUY 
I Intel 60MHz Pentium CPU 
I 8MB RAM, 256KB Cache 
I 424MB 13ms IDE Hard Drive 
I PC! Local Bus Graphics with 2MB 
I Double-Speed CD-ROM 
I 3.5" Diskette Drive 
I 15" Color CrystaiScao 1572FS 
I Baby AT Case 
I 4 !SA, 2 PC! & I PCI/ISA Slots 
I AnyKey Keyboard ~ MS Mouse 
I MS-DOS 6.2 & WFW 3.11 
I Choice of Application Software 

$2795 

PS-60 
I Intel 60MHz Pentium CPU 
I 16MB RAM, 256KB Cache 
I 540MB 13ms IDE Hard Drive 
I PC! Local Bus Graphics with 2MB 
I Double-Speed CD-ROM 
I 3.5" Diskette Drive 
I 15" Color CrystaiScan 1572FS 
I Baby AT Case 
I 4 !SA, 2 PC! & I PCIIISA Slots 
I AnyKey Keyboard & MS Mouse 
I MS-DOS 6.2 & WFW 3.1 I 
I Choice of Application Software 

$3295 

PS-66 
I lntel 66MHz Pentium CPU 
I 16MB RAM, 256KB Cache 
I 540MB 13ms IDE Hard Drive 
I PC! Local Bus Graphics with 2MB 
I Double-Speed CD-ROM 
I 16-Bit Sound Card & Speakers 
I 3.5" Diskette Drive 
I I 7" Color Crystal Scan 1776LE 
I Tower Case, 300W Power Supply 
I 4 !SA, 2 PC! & I PCIIISA Slots 
I AoyKey Keyboard & MS Mouse 
I MS-DOS 6.2 & WFW 3.11 
I Choice of Application Software 

$3995 

j 

' 

..... - -· . 

. 8 4 6 . 2 0 6 3 
11:&;11 Phone 605-232-2000 • TDD 800-846-1778 • Fax 605-232-2023 • FaxBack 605-232-2561 • Add-On Sales 800-846-2080 
~ Toll free from Canada and Puerto Rico 800-846-3609 • Sales Hours: 7am-10pm Weekdays, 9am-4pm Saturdays(CSD 

I ··~ \ ;.~ ... I• 
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FROM DATA !•0 CORP 

~~~~ ...... ~,~~. ~~'(~~l ',.!j'~ ~ 
FGdtrel T6~ 10 .r Q 1•0flfl4 17.'1 
10$2$ WoiiO'N• Ro>c! N.!?:., ~.0. ?ov, ~70411 
A9o'"')"o', >V .. ~i"~to" 9 301 3- Q 7 ~ ~ 
(2:>6)881-(1444 Tc!lt>t IS·~IGT FAX12~S)8S2- 1043 

Tot 
Pvrchoelns O&partmont 

BSII 
70 Fe~eet t Street 

Cembridse, HA 021~t 

617/673·3426 

T•rmo: 30 Doyo Net - No c~sn c!i<cOu•1:. !'.0 9. !)r~1~ 

1.24.1994 9:22 

Quotatio 

O~llcf"'(jifj'9t. ~~,n~~$ 

Y~ur Relcr;;r.ee 

Esli'ia:v~ ~·p•nt.:nt O~te ~rom F.O.B D(;ult .\.;::!.0. 
1111e 

I 

P. 

0..1)181/t..VI ~~VI'\b4r 

SEB940124 126 

. . ' . ·.·.·_-:·': .. ! '7:-fl:.\ ·. . !:. .• 

C:A.RDPJt02·cXT Cerdpro 2, external model 38?.00 309.00 

Detr !/O corporetlon'e 
UN-.s & Cor.d! tlons .-.pply 

Acceptance will oe "~ :re oas:s o' Da~a 110 co·por :Hion's 
T~rrnlj i:Ulel Co,,di:ion:; a::-:>~arin~ on l"'\'? o<lck ''ereof. 

F'tiCe$ Quoted are net o! 3\0!e o:~rd local !axe$. If !a:>~-excmot. 
otease orovide a CO:-l't of your tax ex::rrc::or. cartdicate with 
your orcgr, 

1\ulhc:m.:.u<.! 5"'(;1\;,t..;ro 
Susan Sancroft 

N,n., 

I 
Seles En~ineer 

Ill 

. .. ------•----------' 
Ploa~e 4dd r~'t 6tl tvrt"'•' eorroapondonco diroct'y to~ 

Date l/0 Corporet!on 

23e Littl eton Road 

~estford, HA 01866 

C•ly 
~arc!a CavanPugh 

508/392·0400 Fa:>\ 506/392·1110 

Pl'lonc:- 1'olox 

I I IL ('" ·-- ~ (' .. ·-('--
\ -~~ ... 1 IU \..IVw~ ... .:..;J . - .. ·- .. _.....,, ....... 

''""""'I •• V I ...,_,• ,_ 



800-336~ 1166 

Jcom 
Ethert.lnk n s-8i1 ........................................ 1.5lls. $184 

E/fleiUnk1116Cou ................................. t.5lls. $154 
Elll<tf..rJ<111611' ..................................... 1.5lls. $164 
Elltoti.Hc •..................•....................•...•••...... CII can 
EIJtttt.d.IIJC .... ................... ..•.•............•.. t.5lls. $264 

UnkBuilder 12TP ......•..............•.....•.•..•..... 5.0lls. $379 

Adaptec 
Disk Contrnner Kit ............. .......•...•.•••.••.......... CII can 

Advanced Digital Systems 
VGA TV El~e ..................................•................. Cal $259 

American Power Conversion 
Back-UPS 250 ...................................• ...• 15.5/!Js. $98 

&lck·l.f'S400 ....................................... 1l.5 lls. $155 
&lck·l.f'S 450 .•...•.•.•.••..••.........•..•.....•.•. 16.5/!Js. $188 
&lck-I.PS 600 .....................................• 16.5... $257 
&lck-I.PS900 ....................................... 52.0lls. $359 
&lck·l.f'S 1250 ..................................... 60.0lls. $479 
SmM! I.f'S400 ............•..•••.•.•••.••..••.•..•.. 21.5lls. $279 
SmM!I.f'S600 ................................... 31.0lls. $329 
SmM!I.f'S900 .........•.......................•.•.. 48.5lls. $529 

Surge Arrest P1us ...........•...................... 2.5 lis. S29 
Wllmcu>r ...•...•.••..•.•••.•••.•.•.•••••••.•••••• •...• 1.5 lis. $20 
WIIIJ T,_,_ & 3 Oudtts. •••••...•.......•.•.•• I.51!Js. $34 
~ T,_,_& TOudtts. •.•...... .•.•.••• 2.5lls. $49 

AJI·In·One ........................................................ CII can 
Ethernet Adapter ....................................•..... CII can 

ARnSOFT 
AE-2/T Ethernet Adapter ................... ..•. 1.5 lis. $179 
AE·3 Ethernet Adapter ...........................•. 1.5lls. S2t8 
Artisan Central Station !.4Nilslle .•••.•.••..• ..l.5 lis. S309 

No!Wwe •.••.••..•..••.•••.•....••..•.....•............•.. B.Olls. S3n 
CMIITii SlaOM I I.ANiastic •.•. ...•••...•.•.•••.•.• l .5 lis. $379 
c.t>nl SlaOM I NolW¥1 •...•..•.•...•.....•.•. .1.5 lis. $379 

Asante 
Ethernet cards lor Macintosh .............•........ C.I can 

Boca Research 

CDS~ Internal 600MB CD· ROM Drive 6.0 lis. 
OIIIM CO·/lOI.I H¥dwlfi ..•.......•....•.•.....•••••.••. CII 

Colorado Memory Systems 
Jumbo Tape Drives ZSODJ·ZO TIIJ00rrvt .4.0lls. 

T,_IZOM811dw ............................ 5.0lls. 
T,_l50MBI!dw ............................ 9.0lls. 

FC·IO TIPt """"*"········-····-········ ..... I.Olls. 
.NmetJOT·250~ .......................... 0.5lls. 

PowerTape ..................................................... .~:~~ can 
ZG8tiiOINiwiSCSI~ ..........•...•• .7.0lls. $948 
2G8 r- .............................................. 1.0 ..._ S45 
4GB &rOINI wl SCSI CiiMoller .............. 15.0 lis. $1585 
4GB-..scst~ ................. .l.OI!Js. $1479 

Disc<Jvery 16-b~ CD-ROM iniiJO<ibll Soeod ...• CII $429 
&rtrroi CklJble Soeod .... ..•............•.•............. CJI $495 

OmniCO ............. ............................................ C.I can 

INTERNATIO N AL 216-494-8715 

Sound Blaster~ ................................. 2.0 lis. $72 
16ASP .................................................... 4.0lls. $218 
For~ .............•......•...................... CII can 

Sound Blaster Multimedia Upgd &1 ...... 13.511>1 $579 
tnll!mll .................................................. l4.0lls. S509 

Sound8lasterProt!dne ........•................. 3.5lls. S1t9 
For~ ........................................... CII can 

Video Blaster ........•.............•...................... 3.5/!Js. $324 

VIdeo Spigot For - .....•............•........ 4.5/!Js. S325 

CTX 
CTX Mon~cn 5439A 14' S'IG4 39mm ..•... 31.0111s. S218 

54684 14' S'IG4 28mm .••..•.••••.••.•..•••.... 30.0 Ills. $259 
5468UI ,.. S'IG4 Z9mm ..... .................. 32.0 lis. $289 
546/JM 14'S'IG428mm ..... .••...•.•....•..... 31.0/b$. $288 
5468NR 14" S'IG4 28mm .......•.•..... ...•... 32.01!Js. S299 
CPS 1461Ul WMulli$ati2Bmm .......... 31.0/b$. S339 
CPS 1560 15'Mu/tiS<:aii2Bmm .............. 35.0/!Js. $418 
CPS 1561Ul15'Mulli$atl28mm .......... 32.0/b$. $409 

Diamond Computer Systems 
SPEEOSTAR VIDEO CARD 24X IM8 .. .......•• t.OIIls. $11 5 
Slealth Pro IM811.8 ................................... 1.5101 $257 

1MB SIG4 ... ............................................ 1.5101 $249 
ZM85\.I:iA ...•••.•.••.•..••.•.•••.•.••.•.•••..•.••..•...• 2.0lls. $339 

Viper VlB 2MB SVGA 1280XI024NI .•.•...••. .2.0 101 $409 

Digital Vision 
Compute!fyes/\.PT COlor lflSC ...............• 2.01!Js. $299 

1'11 ........................................................... 2.0/!Js. S299 
ComputorEyes/1'111 C<>b' •.••....••.•.••.•••••.•••••• I.S/01 $209 

C<>b' Pli... ............................................... I .51!Js. S2 t 9 
C<>b' lor tiCacntl5il .................................. 1.5 lb$. S2S9 
C<>b'Plllor~ ......... .................... I.5 1!Js. $279 
BIM;Ic & ltPWIForAiaci>IOSII .•..••••••••.••••.••• Z.OIIls. $169 

Computerfyesi!IT .................................... 1.5/b$. S299 
- .•.•........................................ 15/b$. $209 
1'11... •.....•....•.......••.......................•....••.... . 15/b$. $289 

TelevEyes VGA·to-TVConverter ............. 3.011>1 $208 
h/ .................................. ......................... 3.0/lls. $215 

......... , ........ 4.0/tls. $569 

DSG Communications 
CAU. Unk tor caneno .............................. 1.5/llS. $184 

Equinox 
MegaPiex Kit 24 Port ATIEIS4 .................... .l.5 /llf $1379 

RSiJOO() .•••••.•.•.•••.•.•••••.••.•.•••••••.••. ••.•••••.•• 6 5 /llf. $1549 

® 
'I 

iJ99 
)509 

;&39 
;689 
)199 

·--. '(' -
.... _L.-h ........ I~ '"-V..J\ 

Hayes Microcomputer Products 
Accuralla!n91ilt!lll f v .......................... 2.51!Js. $198 

ACan t44w!FvV.42Crsinlom.l ... .... ..... 2.5/b$. $195 
Acan t44 w!FvV.42/id&romot ........... S.O/IIs. $219 

OPTIMA OPTIMA24•FIU96 ....................... 6.01!Js. $116 
OPTIMA 91i V.32/42bis Motlem ....•.......•.... 3.51!Js. $329 
OPTIMA 144/SC V.42bis Motlem ..••....•...... 3.51!Js. $359 
OPTIMA 144+ fV 144/SC£1 ..•.•......••.•• 4.0 /b$. $378 

Hewlett-Packard 
Jet Direct card For NolWift ....................... 2.0 101 S37S 

IBM Corporation 
Tape Backup PS/2 tl/omot ....................... ...... CII S77 
Token Ring 1M/ 16/4 AT NJit)(er ......•.••.••..••... CII S608 

OUII16/4 PS/2 Nll()(er ........................... I.SI!Js. $497 
8226~/lOI'IAa:euKil .................... B.Olls. $429 
PC-COIJII·BR ......•......•..•.•..•••••. I.0/01 $23 
v.HS!Qloa1Sollwn .•••..•.••.••..•............. 2.0101 $47 

lntefz 
EISA Token EJ<press 1614 card ............... 1.5101 S675 

Integrated Information Technology 
lrT Math CoProcessors 2C871ZMN .•..•••.• 0.5101 S50 

ZCBT 16Mirl .•....•...•..•..•................•......•... 0.511ls. $52 
ZC87 ZOMI>l .•.. .•...•.........••.•...............•..•.• 0.5101 $57 
3C8l 16M/rl ................................................. c.l $54 

3C8l ZOMIIJ ................................................. C.I $54 
3C8l 25MIIJ ...... .......... ................................. c.l $54 
3CBT 33Mnz .•.. ....................••....•....•.•.....• o.s Ills. $59 
3C8l 4ll'.llll .............. .......... .................... O.SI!Js. 562 
3CBTSX 20MII/ .....••...•......... .•.............•.... O.SIIIs. $54 

3CBTSX 25MII/ .•.••••.•.••••.•.•..•••...•..••...••...• 0.5101 $55 
3CBTSX 33Mil ............... ......................... 0.5101 $59 
JCBTSX 4ll'.llll ........................................ 0.5101 $59 

InterActi ve Inc. • 
Multimedia Business Comm Pack ....... 11.0 101 $484 

SoundXchange MocJfl A .................................. CII S95 
Mot1118 •.••.•.••.••••••••..••••.••.•.••....•••••.•.••.•••••••••. c.r $185 

IOMEGA 
90 MB cartridge Tripak 51'11 ..................... 1.5101 $282 
Add!Uocw IOMEGA Products ........................ c.l can 

Kensington Microware 
Ell pert Mouse a.. ..................................... 2.5/b$. $1 13 

S.tll/.. ...................................... _ ...... .. 2.5101 $97 

Lasersland -··················-·-·········-···-··-'9.5101 SlOB 
MasterPiece .............................................. 8.0 IllS. S83 
Master512nd ............................................. 8.5101 S54 
MlcroSaver Soa.fii)'S)stfm ........................ I.0 /01 S45 
Nolebool< Ktypad ..................................... 1.0 lis. $98 

Turbo Moose-MAC ................................... Z.Olls. S10S 

LaserMaster 
WinJe! Upgradel.llgr.lQI 300 .. . ..... .... . 2.5/lls. S187 

1100... ........ ............ ..... .......... . . ..... 3 Sills. $459 

INTERNATIONAL RESTRICTIONS (sup• rscrlpted numb• u following monufact\.lrer I'Uime) 

1 A\'01Hlble ~U.S. cuilomerJ onJy. ¢ 2 Available to U.S. and Conodion cu ilomen only. ¢ l Not ovoiloble to cullomers in Europe. ¢ 4 Specific counrrie' are re,rricred, or re srricrioM ..,0 ry by product 



USA &CANADA 800-336-1166 

3com 
Ethert.inkiiB·&l.. ....................................... I.Sills. $184 

Ett>Mini<III6Coa.r ................................. l.5 ills. $154 
Elhott.inl<l/16 TP ..................................... I.Sills. $164 
Elt>Minl< /1/ .................................................... c.• ca11 
E~ ........................................... I.Sills. $264 

UnkBuilder 12TP ........... ................. ........ 5.0/lls. $379 

Adapl;;·c 
Disk cOntroller Kit ......... ............................... C.I call 

Advanced Digital Systems 
VGA TV Elite .................................................... C.N $259 

American Power Conversion 
Bacl<·UPS250 ........................................ 15.5/lls. S98 

Bad<·I.P$400 ....................................... 17.5/Ils. $155 
Bad<.J.PS450 ....................................... 26.5ills. $188 
Bad<·I.PS 600 .............. ......................... 26.5 ills. $257 
Bad<·I.PS 900 ....................................... 52.0 Jbs. $359 
Bad<·I.PS 1250 ..................................... 60.0/lls. 5479 
Smai11.PS400 ........................... ........... 21.511ls. $279 
Smaiii.PS600 ...................................... 31.011ls. $329 
Smai!I.PS 900 .............. .......... ............. 48.511ls. $529 

Surge Arrest Plus ..................................... 2.511ls. $29 

Wa""""-"1 .................... .......................... I .Sills. $20 
Wil11 fel<p/lont & 3 Oul~/$ ....................... 1.5 ills. $34 
Willi Tel<p/lont & 7 Oullt/S... .. .. 2.5 Ills. 549 

All·ln·One ............................................... ....... CaN call 
Ethernet Adapter ............................................ Cal call 

ARnSOFT 
AE·2/T Ethernet Adapter ......................... 1.5 ills. $179 
AE-3 Ethernet Adapter ............................. 1.5 ills. $218 
Artlsott Central Station I.AMaslic .............. l.S ill< S309 

NetWaro ............................................ ...... 8.0 ills. $372 
Centra/Station i i.ANtaslic ....................... .l.S ills. $379 
Cenrral Station 1 NetWate ....................... ..1.5/tls. $379 

Asante 
Ethernet cards for Macintosh ...................... Cal can 

Colorado Memory Systems 
Jumbo Tape Drives 250 DJ·20 Taoe Onvt.4.01bs. 

Tral<l<er 120MB 8ackvo ............................ 5.0 Ills. 
Trai<Jcer 250MB 8ackvo ............................ 9.011Js. 
FC-10 Ti~JJ<Cu>flrl/l<f ...... ........................ I .Oitls . 
.A1mb0 OT·250 Camtlpo .......................... 0.5/0S. 

PowerTape .... .................................................. Cal 
2G81nlemol w1 SCSI Cu>lro/1« ............... ..7.0 IDS. 
2GB fiJJ)0$ ................ ............................... 1.011ls. 
4GB &lerna/ wl SCSI Cu>lr<!llef .............. 15.0 Ills. 

wiSCSI Cu>ITOIJer .................. 7.0 

Creative Labs 
Discovery 16-bit CO-ROM tnr OwbJeSoeer! .... C.M 5429 

&1"""" OoutJk! Speed .................................... Cal 5495 
OrnniCD .................. .. ..................... . CaN can 

IN TERNATION AL 216-494-8715 

E'therlink Ill Family 

Starting at 

$119 
Sound Blaster Oelwt• .. ............................... 2.0 ills. $72 

16ASP .................................................... 4.01bs. $218 
F«MicrrJr:llanntl .......................................... ca• ca11 

Sound Blaster Multimedia Upgd &! ... ... 13.5/0S. $579 
lntem.Ji ........................... ....................... l4.0ills. $509 

Sound Blaster Pro Oelwto ........ .................. 3.5 ills. $119 
F«MictrJr:llai>MI ......... .................................. w ca11 

Video Blaster .............. ...... ......................... 3.5 ills. $324 
Video Spigot F« WTI>'*»>< .......................... .4.51lls. S325 

CTX 
C'TX Monnors S439A ,.. S1.CA 39mm ...... 31.0II>s. S218 

546/lA ,.. $1.CA 28mm ......................... 30.0 ills. $259 
546/IIJl ,.. $1.CA 29mm ....................... 32.0 Ills. $289 
5468N 14' S1.CA 2/Jmm ........................ 31.0 Ills. S288 
5468NR W S1.CA 28mm ...................... 32.0 lOs. $299 
CPS 1461LR WMiiliscan28mm .......... 31.0/bs. $339 
CPS 1560 IS"Miiliscatt2/Jmm .............. 35.01bs. 541B 
CPS 1561LR 15"Mulliscan28mm .......... 32.0/bs. 5409 

Diamond Computer Systems 
SPEEDSTAA VIDEO CARD 24X 1MB ........... I.Oills. 5115 
Stealth Pro IMBI-!.8 ...... ..... ........................ 1.5 ills. $257 

IM8$1.CA ............................................... I .SII>s. $249 
2M8Sl-CA ............................................... 2.0ills. $339 

Viper VLB 2MB SVGA 1280XI024M ........... 2.0 ills. 5409 

Digit31 Vision 
ComputerEyesll.PT Color lfTSC ................ 2.0 ills. $299 

Pa/ ........................................................... 2.0 ills. $299 
ComputerEyes/Pro Color ............ ................ r.s ills. S209 

CWPII ..................... ............................. I.SII>s. $219 
Color kT Macnrosii .................................. I.Sitls. $269 
CWPllkTMadlllosh ............................. I.Sibs. $279 
8Jack & ~;,. F« Macnrosll ..................... 2.0 ill$. $169 

ComputerEyes/AT .................................... I.Sills. $299 
~ ............................................ 1.5/bs. $209 
Pal ........................................................... 1.5 ills. S2B9 

TelevEyes VGA·IO· TV Converter ............. 3.0 lOs. $208 
Pal........................... . ............. 3.0 ills. $215 

.... . , ........ 4.01/Js. $569 

lev Eyes/Pro 

..._._ ... , ..... S_ ~.sg 
DSG Communications 
CAll. Unk for cauertD ............................. 1.5/0s. $1 84 

Equinox 
MegaPiex Kit 24 Pon ATiflSA .................. ..7.5 ills. $1379 

RS6000 ........................................ ........ 6.5 ills. $1549 

1399 
l509 
>639 
l689 
)799 

GalaenBoard .... : ... · ... : .... ;. ,;.:_;_~;7, .. ;_~~;,;~i,GT 
:GalactiBox _ ........ ~.:.,; .. , ... ,.,.,., .. ~.,,-.Jp.o cs. s_1S99 

Hayes Microcomputer Products 
Accura -.. 96 Willi Fax .......................... 2.51Js. $198 

A<Xtn r 44 w!Fax V.42tlis lnrema1 ............ 2.51Js. $195 
N:ctn IUw/FaxV.42tlis&lema1 ........... 5.01Js. $219 

OPTIMA OPniM 24 + Fax96 ........ ............... 6.0CS. $116 
OPTIMA 96 V.32/42bis Modem ................. 3.51Js. $329 

OPTIMA 144/SC V.42tlis Modem ............... 3.511Js. $359 
OPTIMA 144+Faxi44/SCEZ .............. 4.01Js. $378 

Hewlett-Packard 
Jet Direct C3rd F« NetWat• ..................... 2.0 ltJs. $375 

IBM Corporation 
Tape Backup PS/2/nlemai ............................. Cal Sn 
Token Ring Dual 16/4 AT /Wtller. .. ..... CJ/1 S60B 

Dual 1614 PS/2 Mapter ............................ /.5 ills. 5497 
8228 Mli/ISiation Accoss Ki/ .................... 8.0 ills. 5429 
PCNerwotf<Cablo · BFt.. ......................... I .O/IJs. S23 
f.)N Suopal So/IWare ...... ........................ 2.0 ills. 547 

lntefz 
EISA Token Express 16/4 card ............... 1.5 fils. $675 

Integrated Information Technology 
lrT Math CoProcessors 2C87 12Mitl ......... o.scs. sso 

2C87 16MI>l ............................................ 0.51Js. $52 
2C8720MIIl........... .. .. ... 0.5 ills. $57 
3C87 16Mhl ................................................ . Cal $54 
3C87 20M/Il ................................ ................. C..I $54 
3C8725MIIl ..... .. ............................... Cal $54 
3C87 33Mitl...... .. ............... 0.5 ills. $59 
3C87 JllMI!l ............................................ o.scs. S62 
3C87SX lOMIIZ ................. 0.5 ills. $54 
3C87SX 25Mitl ........................................ 0.510s. $55 
3C87SX 33Mitl ........................................ o.s ills. SS9 
3C87SX <OMI!l ........................................ O.SIIls. $59 

InterActive Inc. • 
Multimedia Business Comm Pack ....... II .Oills. S484 

SoundXchange ModeiA ................................... C..I S95 
ModelS.................. .. ....................... Cal $185 

IOMEGA 
90 MB cartridge Tripak SYR ........ 1.5 ills. $282 
Additional IOMEGA Products ....... .... ........... C..I can 

Kensington Microware 
ExpertMouseBus ...................................... 2.511ls. $113 

Serla/ ....................................................... 2.5 ills. S97 
userStand .............................................. 19.51lls. $108 
MasterPiece .......................... .......... .......... 8.0 Ills. $83 

MasterStand .................... .. ..................... 8.5 ills. $54 
MicroSaverS«!nlyS)$/em ........................ I.OIIls. 545 

Notebook Keypad .......... .... ....................... 1.0 IJs. S98 
Turt>o Mouse·MAC ................................... 2.0 1:1s. $105 

userMaster 
WlnJet UP9rade (.llgrode 300 ...... ... ......... 2.5/lls. $187 

8011...................... .. ......... 3.51Js. $459 

INTERNATIONAL RESTRICTIONS (tuperscripted numb•rs following manufac:turer name) 

1 Available to U.S. ctn tome rs on~. ¢ 2 Available to U.S. end Canadian cu$1omtrt only. cj ~Not ovoiloble to cv~tomers in Europe. ¢ • Specific countries o re r4utricted, or restrictioru ._-0 ry by p roduct. 



3com 
Elllerl.ink 11 8-Bit... .. I.SIIls. $184 

Ell>6tf.ink lllt6Coox ................................. l.5o!Js. S154 
Ell>6tf..rlk /VI6 rP ..................................... I.Solls. $164 
El/>oft.a 111 .................................................... w ca11 
Elhettklk/MC ........................................... 1.5 Ills $264 

UnkBuilder 12TP ................... .................. S.OIIls 

All· ln·One ........................................................ C.I can 
Ethernet Adapter .. .......................................... C.I can 

ARTIS OFT 
AE·2fT Ethernet Adapter ......................... 1.5 11ls. $1 79 
AE·3 Ethernet Adapter ............................. I.SIIls $218 
Artlsoft Central Station I.ANtastic ............ ..l.SIIls. $309 

NeiW¥ 0 .......................................... ........ 8.0 Ills. $372 
Clnlnll Slall(J(l l 1»/tastic ....................... .l.SIIls $379 
Clntral Sta00t1 1 NeiWate ....................... ..l.SIIls. $379 

Asante 
Ethernet cards lor Macintosh ...................... Cal can 

Boca Research 
Boca Modems lnremaf 14. <00 Baud V32 .... 2.0 /IJ$. $168 

fxtemaii4,400 1JaudV42 ......... ............ . A 5 olls. $1 49 
Ott>KilociiMortems ....................................... c.• can 

BocaBoard 16-Porllntenigent .. ........... ... S.OIIls. $389 

Chinon America 
CDS-435 Internal 600MB CD-ROM Drive 6.011ls. $314 

OtlltrCO·ROMiidrUwate ........ ...... .................. CJI can 

C<Jiorado Memory Systems 
Jumbo Tape Drives 2500J·20 Taoe0rivo.4.011>s. $174 

' Ttakktt 120M8 8ackup ............................ 5 01bs. $287 
Ttakktt 2SOM8 8ackvp ............................ 9.0 Ills. $344 
FC·IOT•poCcnlfO/IIf ............... : .............. I .OIIls. S02 
.NmiJo OT-250 Caroidge .......................... O.SIIls. $23 

PowerTape ...................................................... C.I call 
2G81ntemal wl SCSI Ccntrol/tf ................ .l.O Ills. $948 
2G8Topos ............................................... I .O/bs. $45 
4GB Exremai wl SCSI Ccntral/tf .............. I 5.0 Ills. $1585 
4G81nttmalwiSCS/Cctllf!lllt:r .................. l.Oitl< $1479 

COMPUTERWISE . 
BARCODE READERS Wed)o ....................... 2.011l< $219 

Slrill ....................................................... 2.511ls. $219 

Creative Labs 
Discovery 16-bit CO· ROM 1111 DocJIJie Speod .... CJI 5429 

&remat DocJIJie Speod .......... .......................... C.I 5495 · 
OmniCD ............. ............................... .. ........... C.I Call 

USA &CANAOA 800- 336·1166 INTE R N ATIONAL 216-494-8715 

Sound 81aster Deluxe ............... ...... ............ 2.0 Ills. S72 
t6 ASP .................................................... 4.011ls. $218 
For Microchanner .. ......................................... Cal cau 

Sound Blaster Mu~imedla Upgd Ext ...... 13.5 II>S. SS79 
Internal .................................................. 14.0 Ills. SS09 

Sound Blaster Pnl £Hivxo ...... .............. ...... 3.51bs. $1 19 
ForM/t:rocllaiiMI ........................................... c.n cau 

Video Blaster ............................................. 3.5 II>S. $324 
VIdeo Spigot For w.-.......................... .4.5 /bs. $325 

CTX 
CTX Monitors 543S4 14"S\.G43Smm ...... 31.011ls $218 

5468A I4"S\.G4281M1 ....... .................. 3i1.0 11ls. S259 
546/JUI 14" S'\IG.l29mm ....................... 32.01bs. $289 
5468111 W S\.G428mm ........................ 31.011ls. $268 
5468NR ,.. S'\IG.l28mm ...................... 32.0 11ls. S299 
CPS 1461UI 14"Wiiscan28mm .......... 31.01ll$. $339 
CPS I SOO 15"Wiiscan28mm .............. 35.011ls. 5418 
CPS 1561UI 15" Mulliscan28mm .......... 32.01bs. $409 

Diamond Computer Systems 
SPEEDSTARVIDEO CARD 24X tMB ... ....... . I.Oill$. $1 15 
Stea~ Pro IMB\1.8 ...... ............................. 1.5 111$. $257 

IM8S\.G4 ................................. .............. 1.511ls. $249 
2MB S'\IG.l ............ ........ ........................... 2.0 Ills. $339 

Viper VLB 2MB SVGA 1280XI024111 ........... 2.011ls. $409 

Digital Vision 
ComputerEyesiU'T Color 1/TSC ................ 2.0 Ills. 

Pat ....................................... .................... 2.01llS. 
ComputerEyes/Pro Cclot ........ ...... .............. I.SIIls. 

Cc1ot Pat ......... ......................................... t.SIIls 
Cclot for Madnrosh ................................. . 1.5/lls. 
Cclot Par for Maclt>IDS/J ............................. 1. 5 lOs. 
8tack d W?lite For 14dnlrJSII ..................... 2.0 Ills. 

ComputerEyes/RT ........ ............................ 1.5/0s. 
- ............................................ 1.5/lls. 
P•l... .................................... . ................. 1.5/bs. 

TelevEyes YGA-to-TV Converter ............. 3.0 Ills. 
Pa/ ............................... ............................ 3.0/bs. 

T elevEyes/Pro ......... . , ........ 4.0 /0s. 

DSG Communications 

$299 
$299 
$209 
$219 
$269 
$279 
$169 
S299 
$209 
$289 
$208 
$215 
$569 

CALl. Unk tor callertD ............................. 1.5/IJs. S184 

Equinox 
MegaPtex1<n 24'Pon AT/EISA ................. ..l.511ls. S1379 

: v RSoaJ0: .. :~. ':: ............... ::-. .. .................. . ! .•• 6.5lJs. $1549 

i399 
;sag 
;639 
;689 

1799 

........................................ 3.0/IJ$. $549 

Hayes Microcomputer Products 
Accura Acan 96 WimFu .......................... 2.5/bs. St98 

Acan 144 w!Fv: V.42bls lnlema/ ............ 2.5/bs. $195 
Acan 144w!FvV.421Jis&tema1 ........... 5.0 11ls. $219 

Of'TlMA OP111M24 • FIIX96 ....................... 6.010S. $116 
OPnMA 96 V.32/421Jis Modem ................. 3.51bs. $329 
OP111M 144/SC V.421Jis Modem ............... 3.51Cs. $359 
OP17/M 144•Fv 144/SCE1 ................ 4.01bs. $378 

Hewlett-Packard 
Jet Olrect card For NeiW•re .. . .................. 2.0 Ills. SJ75 

IBM Corporation 
Tape Backup PS/2 tnremal ......... .................... CJI S77 
Token Ring Oul/ 1614 AT '""Pitt ......... ............ CJI S608 

Ow/1614 PSI2 Ailapltr ............................ I.SIIls. $497 
8228 WIIS!afiOfl Ace/ISS Kir .................... 8.0 1/JS. 5429 
PC!Ier>Mxi<CJIJ/e·8Ft ........................... I.OIIls. $23 

t»>$uwx1So/r.vall .............................. 2.011ls $47 

lntelz 
EISA Token Express tS/4 card ...... ....... 1.511ls S075 

Integrated Information Technology 
1fT Math CoPnlcessors 2C87 12Mhz ......... 0.51tl< SSO 

2C87 16Mhl......... .. ...... . O.SIIls. 552 
2C8120Mhl ............................................ 0.511ls. $57 
3C87 I 6Mhl ................................................. Cal $54 
3C8l 20Mhl .......................... ....................... CJI $54 
3C87 25Mitz .. ............................................... C.I $54 
3C87 33Mitz. .. .............. ............... O.SIIls 559 
3C87 400/ll ............................................ O. S/bs. S02 
3C8TSX 20MIIL ........................................ 0.511ls. 554 
3C8TSX 25MI>l ........................................ 0.511ls 555 
3C8TSX 33Mitz ........................................ 0.511Js. $59 
3C8TSX 40M/V.................................. .. .. 0.5111$. 559 

InterActive Inc. 4 

Multimedia Business Comm Pack ....... 1 1.0 Ills. ~ 
SoundXchange Motkl A ................................... C.I S95 

MotkiB............... .. ........................... C.I 5185 

IOMEGA 
90MB Cartridge Tripak sm ......... .......... 1.5 Ill$. S282 
Additional IOMEGA Products ............... ....... C.I cau 

Kensington Microware 
Expert Mouse s...s ...................................... 2.5 11ls. S1 t3 

s.ria/... .................................................... 2.5 /ll$. $97 

La.serStand .............................................. 19.511Js. S108 
MasterPiece .............................................. 8.0 Ills. S83 
MasterSI3/Id ... ..... ..................................... 85 Ills. S54 
MlcroSaver S<cuity S)ostem ........................ 1.0 Ills. $45 
Notebook Keypad ..................................... 1.0/bs. S98 
Turbo Moose-MAC .............................. ..... 2.0/bs. $105 

l.aserMaster 
Win.Jet UpgradeiW:JdO J()() ................... 2 Sibs. St87 

800" .............. =.~;·~:·,~···; 3 .. ~-c::·.:,;·r fbs. $459 

1 A ... o iloble to U.S. cvstomen on~ . ¢ '2 Available to U.S. and Conodion cvstomen only. 0 J Not oYoiloble to cu1tomers in Europe. ¢ 4 Specific coun tries ore rt$tricted. or reslric.tions "O"'f by prod uct. 



2682' . 
w....a~·~ns by Guy Urson :·· 
ano illimation sequences plu$- a complm 
schedule plmner ............................. S39. 
9853 Opus '• 'Bill Scr«• Savu-/1. hilari· 
ow way to prottet your screen ......... 29. 

Oelrlna 
9853 Opus 'n Bill Screen Siver ................ S29. 

Hewleh·Pachrd 
8731 Oash~rd 2.0 lor WindOW$ ......... 46.95 

MBS Technologies 
12B12 File Runner W1n. 1.4 (J'A' only) ..... 46.95 

Mlcnoson 
10154 Visual BasiC 3.0 Win. Sid: Ed•non 129 95 
10437 VISual &sic 3.0 Win. Pro. Edihon 319.95 
11444 V1sua1 c .. Sid. Ed. (J'A' only) .... 125.95 

Paclllc Mlcrooleclronlcs 
130B9 Mac·ln·OOS lor WindoW$ ............ 109.95 

PC·Kwlk 
8004 Power Pak 3.1 w/Power 01sk ........ 45.95 

Oual ll;:.a:.:•~.-::::==.,-.--
- I, (3'A' only) ............. .. 

. ...- Ouanerdock 
217 OEMM 7.02 (3221 5'/.") .............•. 63.95 

Slac Eleclronics 
1409 Siacker3.1.. ................................ .. 95.95 

Symanlec 
2360 Nonon Oesk1op Win. (2359 5'/.') 115.95 

~ 5136 The Nonon Uhl. 7.0 (31'~ SW). 115.95 
8535 peAHYWHERE OOS..................... 119.95 

11303 pcANYWHERE Winoows ... ........... 129.95 
6250 Speednve 4.0 (3'A' only) ............... 65.95 

TouchS1one Sonware 
11665 C~ll Pro: St1 {VOis. / & II md.) 79.95 

3 Com ... 111ellme (condlllonal) 
3453 Elhtrlink IV16 159.95 3469 TP 169.95 

-"anl6 Technologies ... 5 ynrs 
2775 B Pon Hub .•................................ 249.95 
2772 12 Pon Hub ................................ 499.95 

Arllson · 
2234 Lancashc AE·2 Sian. Kit OOS 5.0 459.95 
2452 AE·2 EtherNet Adapler Cird ........ 199.95 

BOCA Research .•• 5 yurs 
8397 M14.401 fuMooem ..................... 119.95 
8398 M14.40EfuModem ...............•.... 149.95 

Coacllu Compullno 
14025 Connect. DOS & Win. 1.0 (J'A/ .. 134.95 
1184 CoaCIM Connee101 Mac ............... 29.95 

14028 Scaner Pack 1.0 (J'A'onty) ......... 189.95 
Oala Storm 

4798 PROCOMM PLUS 2.01 .................. 69.95 
200li PROCOMM PLUS 2.01 W•ndOW$ ... 95.95 

6123 PraaiCARD 14J .................... 289.95 

OalaViz. Inc. 
650B Conv Plus lor W1t1. 1.0 (3'A' only} 589.95 

DCA/trosslalk 
56n Crosm lk 2.0 lor W1n0ows ......... 119.95 

Oelrlna Technology 
2446 Winfox PRO 3.0 ....•....................... 79.95 
5974 OOSfu PRO ................................. 49.95 

Hayes ... 2 years 
11396 ACCURA 144•FAX1 44 (IXIttNII 229.95 
11397 ACCURA 144•FAX144 (intemat) . 199 95 
7395 OPTIMA 144•fAX144 ................. 389.95 
8167 OPTIMA 144,fAX144 PCMCIA .... 309.95 

Nortoo·Lamhert 
2754 Oost ·Up ;.o Host & Rtmott- T~i<.e 

control of PG miles away by mode::t & 
ru.-. both Windows 81 DOS applicaoons. 
For :emo1e access to PCs & nerwori<.s, file 
l:lnsfcr, remote support?.: gcr.eral 
comr.1unications ...............•....... S 119.95 

Procllcal Peripherols ... lllellme 
10570 PM1.4400FX MT ........................ $215.95 
9234 PM14400FXPPM Pock. Fu/Moo. 359.95 
2425 PM14400FX SA ...•.................•..... 399.95 
6123 Pr<1chCARO 144 (PCMCIA card) . 289.95 

Shin 
Nc!Mod.IE W~t~. lor Worl<gros. u . 1439.95 
Solectek 

13083 A~rliln Bndge ............................ 3449.95 
Slilt:erKil (/SA orMCol) ...•. ••· 1369.95 
Su pr<lajFJ.I.I'"'omsc-:::",-,rrn..--

44lC ... 149.95 11441 144e .... 209. 
Hilgr<levt Technology Concepts ..• 2 years 

12081 HypAcc. Win. 109.95 8204 ODS 59. 6315 Fu une Manager 203 .•.......•....... 124.95 
IBM Tro1veling Sonware 

13207 Int. FuModem (PIN M00531) ...... 4 9~ 4i07 LapLtnk V .................................... .. 99.95 
Intel .•• 3 ynrs U.S. Robotics 
ElhE.<press 16 or 3021 16 TP t l ... 99. 11923 Soortsrer 14.4FaxModem Int. .... 159.95 
FuMooem 14.4114.4 (inr.) ..•...... 159.95 1:924 Soonster 14.4 fuMooem EXI ••..• 184.95 
FuModem 14.4/14.4 (ext.) .......... 179.95 WortoPor11 4.4 PMCIA FuMod .. 319.95 

59 4 SilisFAXtion Modem/400 ........... 285.95 11922 n 14.4 Peckel fuMed. . 5 
1293 14.4 PCMCIA faxModem ............ 299.95 Zoom Telep nrs 
890 2400 bps Wireless Modem ......... 649.95 3386 FaxModem AFC 24/96148 (inr.) ..... 49.95 

Megaherll ... 5 yurt 951 9 faxModem VFP 24K (inllrnal) ..•. 175.95 
105 C5144 14.4 fuModem (Compao)419 95 14763 FuModem VFP 2B.8K (inrtrnat) . 299.95 
12" 3 XJ1144 14400 fuMod. (PCMCIA) 319.95 13172 14 4 FxM w/CoSesston Rem. (inl.) 134.95 

Microcom 13171 14.4 FxM w/CoS<sslon Rem. (tXI.} 169.95 
6234 CarbonCopy Plus 6.1 .................. 129.95 
4410 CarbonCopy Plus W1n0ows ......... 129.95 

Microsoft 
Si 43 Windows tor WorkgroupS 3.11... 144.95 

· 6172 Windows lor Wor1Cgrouos (smgll) 4i.95 
Hor1on·lambert 

2754 Close·UP Hosl & Remote 5.0 ...... 119 95 
Houll 

12058 Nt1W<1re 4.01 (10 ustr) ............ 1899.95 
12056 Ne!Wilte 4.01 (25 Ultr) ............ 2799.95 

VIDEO & SOUND 

Adobe Sysloms ... 120 day MBG 
12891 Prem1ere 1.0 lor w.o (J;r only} 179.95 

Adunctd Olgilal SySiems 
13985 VGA TV·t:lile ···········-·-··············· 249.95 

Allee LilnSinQ 
12924 ACS50 Computer Speakers .....•..... 69.95 
12920 ACS300 Computer Spca.ers ....... 279.95 

PC Connection® 
800-800-0004 294PCM 

·.~ 

-.. :~ -· .. · 
Zoom T elepbonics · ~. 7 yean 
14763 Zoom FruModtm VFP 2.!.8K-Dar. 
throughput at 28,800 bps uncompr=cd 
(yes 28.81C) wing chi oew V.Fm Om 
sundard. V.32bu compatible with SIR fax 
at 14.4 Kbps (inttmal} ••• -.-·- ····· 5299.95 

. : ·~ -:, .. ·~ ~::~~-·:~ ; ·:·'": : .. :~;:::: fi. ~~;·-·: ··-~::·.~ .• : 
Supra Corporation :.. 5 yean ·: · · 
5252 SupraFAXModtmf44LC- 14,400 bps 
fax/dar. speeds with maximum 57,600 
bps throughout Simple ilD lightS track 
modem activi[)' ........................ _ S149.95 
11.1.41 SupraFAXMoJtmf44c ......... 209.95 

AtiSioson. Inc. 
6780 Wireo lor Sound Pro 2.0 ..... ........ S39.95 

Al l Tochnologiu ..• 5 ynrs 
12720 VGA Wonder GT ........................ - . 174.95 
3886 GriOII. U11.•2 M8 249.95 3871 Pro 369.95 

11022 Gr<loniCS UIU'I Pro EISA (wfZ MB). 399.95 
Claris Clnr Choice 

13907 From Allee to Ocean (Book & CO). 46.95 
Creative L<~bs ... 1 ynr 

5770 Sound Blaster 16 MCAASP ........ 209 95 
Diamond Computer ... 5 yurs 

1569 Sleal1h 24 VL8 ............................. 159.95 
585 Viper VLS .................................... 399.95 

Hauppauge 
W1r/TV wtMicroson Video Win ... 419.95 
IBM 
16 bil AudiO C<~rd (PIN AC 523) .. 169.95 
Intel .•. 3 yurt 

o87 Smart Video Recorder ................. 499.95 
KOSS Corporation .•. lllellme 

11 323 HO·• spuket1 w/AC aoaoter ........ 54.95 
11700 H0·6 speakert w/AC adilpler ........ 79.95 

loollech ... 2 ynrs 
11462 SoundMan Super Pilk ................. 139.95 

Media Vision ... 3 ynrs 
5637 ProAudto Spectl\lm 16 ................ 169.95 

12028 ProAudto Studio 16 ..•................. 219.95 
NEC MuiiiSync Monilors .•• 2 yurs 

11949 3FGE .... 629.95 1194B 4FGE ..... 749.95 
Sony •.. 1 ynt 

6801 COU·7811 01!1. Speed CQ.ROM .. 459.95 
10530 CP0·1430 14' Muft•scan TM1Uon 629.95 

INPUT/OUTPUT 

Cure .•. 1 yur 
4277 Omn~Scan (w/OmniP19t Olftet) . 2B9.95 

Cilnon 8ubbleJel Prin ters ..• 1 yur 
7809 BJ-200 315.95 9614 BJ-600 Color 599.95 

CoStar ... 1 ynr 
1814 l..lbeiWriter II Plus ···-················· 239.95 

Epson .•. 2 yur> 
11800 LOS70. (80 col .• 269 cps) •.••.•...• 269.95 
10784 Action user 1500 (2 MB) ...... _ ..• 699.95 
I J 110 Acuon Scannino System···········- 8-19.95 

Howlen·Packatd ·,~. · l'Ynr' ·:·, 1. 
6J42 LaserJel 4 (with toner)! ••. '::.:1:::.~ u-79.95 

6 Mill Street, M~dow • .Nr.L03:45.6.·. _., . .. 
. 12212 LaferJJ14L 699.95 1~682 4P 1059.95 

· - - · '·-7620 O'esk:Jt15SOC'.: .. ::-.:::: .. ::: .............. 629.95 
SALES 603·446·0004 FAX 603·446·7791 

• <. .. . , 
~. 



BayFront Technologies 
Bay Front Cape Tools ...................................... CII S529 

For-................................................. Cal S529 
For I,HX .................................... ................... cal S815 

BayWare 
Powe< Jopanese .................................... .ZO.Itls. S219 

Image SDK Plus 
for Windows 

$234 
Beacon Hill Software 
10 Pack 1:>'- ................. ................ 1 Otls. $40 
SnapShol3 1:>' - ............................. / 0 tls S50 

Beame & Whiteside Software 
BW·NFS For 005 ......................................... 4.0 Ill$. $289 

10 ~ .................................... ............. 30 tls. $1899 
BW·NFS For ()IN WcnPtocl ......................... 1.511n. $189 
BW·TCP For DOS ......................................... 3.5lbs. S199 

Berkeley Systems 
After Dark ................................................. I 0 Ills. 529 

Fo-w..-....................... ................ I 0 tls. S27 
10-~ .................... ............... 10/bS. S27 

More After Dark Fo- - .. ............ 0 Sibs. $23 

Bimillennium Corp 
HiO For .Woc»tCl$11 ..... 

For SW SPNICSaiJOfl ........ 

BitWise Solutions 

60ltls. 5899 
..6010<. $2199 

AutoBasiC Professional ...... ................... 3.5lbs. 

Black Belt Systems 

Block Island Technolagies 
INTERWORK .......................... .................... 3.5 tls. $199 

Willi c Socltl ClliJe ................................. 3.5/bS. 51599 
Fo-~or Xl!flUI 386 ...... ........................ 4 0 tls. $269 
Fo-~Of Xl!flUI 386 W"" Socltl .......... A Olbs. S1699 
Fo- X.U 286 .......................................... 3 Sibs. S194 
Fo- Xl!flUI 211611111> .S:CU.:. ........................ lS ltls. $1589 

INTERWORK Pro/rsslotvl ..... . ..... .......... S.Otls. SS39 

Blue Sky Software \ 
Magic Fields .............................................. 1.0 Ills. S309 
OuickMENU ............................................... Z.OIIls. S95 
RoboHELP ..................................... ............. 1.0 t>s. $437 
WindowsMaker Prolessx>naJ ............................ CII can 
WindowsMaker Pr~ 32·1>11 ............ 4.0 rc.. 5849 

BlueRithm Software 
AerisFo-DOSor-31 ...................... 9.5/bS. $105 

Bluestone Consulting 
BlueS1one MWM ..................................... 1.0 Ills. S92 
UIMIX ...................................................... t.O tls. 54399 
UIM/Xtend Ecillng ....................................... 1.0 tls. S225 
UIM/Xtend Widpfll$ .................................... / 0 lb$. $449 

BonAmi Software 
CPU MonitOI' Plus Fo-CSI2 ............ .......... I 0/lls. $114 

Borland International ' 
Beyond the World of C++ l'fdeo ............... 3.0 tls. 

Paradox SOL Unk Nttrwaro .......... ............... /.5 t 
For 082 ..................................... ....... ....... 20 I 
For lnll!fo.!U .................................................. c 
For OtocJI SIMr .......................................... c 
Fotlolic:msa/tiS~- ........................... c 

POf1doX Workgroup Editioo Fo--.701 
Soeoal (.l>grac1t ....................................... 1.0' 

Ouattro Pro ............. ................................ • 5 Ills. ""' 
Ouanro Pro s.o For- Video ..... ....... t o t>s S27 
Ouanro Pro Fo- - ................... ......... ! 0 1bs $42 

()INLatJ$1 .......................... ................ .. 1 Ollls. 5191 
Worl<G/ow Edi1JOfl .................. ................. l.Oib<. $222 
Worl<G/ow Edi1JOfl t.»gr.u» ...................... 4.0 lb$. 587 

Superpack 2.0 For Wilxbws ..... .................. 2.0 rc.. $155 
TurbO Assembler .......................................... CaM Call 
TurbO C++ 3.0 .................................... ... 4.0/bS. S64 
Tul'bOC++I!swiE6tic:VIFo--........ .70tls. $73 
TurbO Pascal 7.0 ...................................... 6.HlS. $98 
TurbO Pascal Fo- - .......................... iO tls. $97 
Wor1d Of C++ l!drto .................................... 2.0 Ills. $94 

Wortd of Database Management Video. .. 0.5 tls S16 
Wor1d Of Objects Video .............................. 0.5tls. $17 
Wor1d of ObjecMsion Video ...................... 15 tls. S36 
World of ObjectWindows c- Video ......... 2.5 tls. 589 
WO<Id of ObjectWindows rfJ/oo Pas Video 2.51b<. 589 

Boston Business Computing 
EDT+ 6.0 .................................................. 1.5tls. 5229 

()INCor>t.paiJOfiS ..................... ............ ........ CJI Call 

Brightwork Development 
t.JJI Automatic Inventory IOOUW ........... t51bs. $319 

250 ~ ................................................. 1.5/bS. $499 
Fot-100~ ............................. 1.5/bS. $329 
Fo--250~ ............................. 15tls. $499 

NET remote+ DOS& lt!r! tOO User ...... ........ 2.0tls. S314 
oos & - 250 User ........................ 2.5/0s. S824 

PS·Prlnt tOO User ........................................ 1.5/lls. $249 
SlteLock 100 ~ ....................................... r.o ros. $314 
SiteMeter Fo-- 100 uw. ......... ..... t.511ls. $329 

250 Uslts.............. .. .. ..... I 5 tls. S859 

;79 
)65 

195 

Call 
IOU.... ................................. ... .................. Cal call 
zs uw ....................... ... ..... .. ............... Cal ca11 

C- Graph Software 
c_psFonUnfo .............................. t.Oibs $139 
c_pslib .. ........................... .............. ...... . t.orc.. S135 

C::napse 
OBX ......................................................... / Otls. S149 

1\!II>Soo.tt:eCDIJe ......... ........ ............ t.Oils. 5259 

CAD KEY 
CAOKEY !J9111 .............................................. 3.01ls. S77 

CADSoft Computer• 
Eagle PCB Software iiiJlO/Iovttt- .......... Cal call 

ScnemaiJC Ab1M ......................................... Cal Call 
l.a)'O<II Editor t6·/llt ....................................... Cal ca11 

CAERE 
OmniPage 386 Fo- - ........................ 2.5 res. 5419 

ProltSSiotiJII ............................................. 3511ls. S5B5 
-lorl.ldantosh .............................. Cal Call 

OmniPage Oirec1 E.r1!tN1 1:>'-....... 1.0 Ills. $184 

•Wr~rn~;~,n Plus 2.0 
New Version! 

·'$389 
Wlnlmaqes:Morph Fo- - ................. / 511~-eerla dS: : &Apptw.· ·rfc:;crmw<kc ..... f 'h . i:159-

8o<land C++ 4.0 ..................... ..................... Cdl ~S"llt'l~l ::~'J.: f,O Calera Recognition Systems 
Black Ice Software 
Colorfu For...,,...,, ................................... .p.o• .res. 
Image SOK Plus Fo- - .... .. 
TIFF SDK For-.................... .......... . 

Blast Inc 
BLAST PC ................................... ......... . 

ProllssmM ........... ................................. lOibs. 
ProlessaW For~ .... ........................... 3.0 lOs. 

$79 
$234 
$249 

Pro/ossalal s.-................................... 3.0 Ills. S314 
AoOIJOfta/Cor>ligcntions ................................ CII Call 

Bllnkz 
BUNKER 3.0 .............................................. 3.0 Ills. S209 
NOVUB ...... ............................................... 30.rcs. $199 

USA Be CAN ADA 800- 336- 1166 

c..no.cti\'&'V......, (.l>grac1t ....................... cal $175 
Botland C++ Fo-CSI2 ............................... 8.5 t>s. S315 
Bor1and Clieni/Serve< Pack ................... 15.0 /ll$. $649 
8or1and lnler8ast Fo-~ ............................. Ca/1 caJt 

21.1sm. ........................ ................................ Cdl Call 
tO Uslts ........................................................ Cll Call 

Bor1and Office Fo-- ..... .............. 22.011>s. 
Bor1and Pascal lll11>~ ..................... 15.51l1S. 

SOL Link Fo-lnllfOISf .................. t. S48 

~~s.-;;;;:;;;;:;:;:~~ S92 Fo .t.Oibs. S92 
Bor1and Visual Solutions Pack ..................... cal S95 
BRIEF Fo- DOS & CSi2 ................................. 3.0 tls. 587 
dBASE Compiler Fo- DOS .......................... 50 t>s. $179 
dBASE Ill Plus .............................. ........ .! o IllS. S434 
dBASE IV ..................................... ............. 9.0 res. $495 

LAN Lc,.,.. .......................................... 2.0 res. S273 
OIJJMM (.l>grac1t ..................................... 9.0 Ill$. 589 
Fo-IJ<//X ..................... ............................ 9.5 Ills. S639 

Learn Progf1mmlng rutt>o f'oSQ/ Video ..... 2.0 11Js. $45 
ObjecMsion .............................................. 3.0 res. S93 

Fo- 0517 ................................................. .2.5 Ills. $155 
ObjecMsion PRO ..................................... 12.0/lls. S314 
Paf1dox 4.5 .............. ................................ 9.5 ills. S489 

()IN"'"- ............................................ . . 0 tls. $27( 
Scealit.l>grac1t ..... ............... ............. IO.Oltls. $135 

Paf1dox Development Edition Fo-- ... cal Call 
~Kii ....................................... 0.5ltls. Call 

Paf1dox Oev Tools Fo-- ................ 6.5tls. $165 
Paf1!dox Engine & O.fill>IS4 F'-*' .... 30 .1t1s. s 195 
Paf1dOX Fo-- ................................ 10.0 Ill$. $132 

For W-lor -~ ................ .... ....... CJI S324 
l.~ens4PJCk ............................................. Cll S279 

Paf1dOX Runt.,., lor WII100ws .. ....................... Cal Call 

INTERNATIONAL 216-'494-8715 

Developer's 
Kit/3D 

_$829 
Building Block Software 
CAD/CAM Develope(s Kil/20 Persorta/ ..... 3.0 Ills. S334 

PflfJOMI Will> 5crJfCI ............................... 3 5 tls. $669 
Prolt$sional ............................................. 3.0 tls. $669 
Prolf#OfVIIIIII>Sol.tt:e ................... ...... 30t>s. S1289 

CAD/CAM Oevelope(s Kil/30 Persona/ ..... 5.01/IS. 5829 
Ptrsonal Wtfll Soo.tt:e ............................... 5.o.rcs. S1594 
Pro/rsslotvl ............................................ 5orc.. S1445 
Pro/rsslotv/11111> Sorxr:o .......................... 5.0 Ills. $2849 

CAD/CAM Develope(s Kii/OXF PrrsrNI .. 3 0 tls. $389 
PrrsrNII\!11> 5crJfCI ............................... 3 0 Ill<. $789 
Pro/-................................ ............. 2.0 res. $789 
Pro/- Will> Sout<• .......................... 3.0 ll$. $1545 

Burton Systems Software 
rue v.....,Cor>llriS)st"'" .......................... t.5rc.. S99 

DOS. CSi2& W'-NT ........................ 1.51bs. $128 
5 SU1JOfii»/ ........................................... Z.Otls. S299 
5 SQIJOfll»/ DOS. CSi2. & NT ................ I 5 tls. $404 

BUZZWORDS INTERNAnONAL 
ciAIIALYST GOLD SP!CW. .......................... t.Otls. S89 
WlnGEN Fo--................................... 1 OilS. $129 

Fct- NT ....................................... t.O IllS. S209 
For CSI2.................... ........ ... " " 1.0 lOS. $129 
Md·On Eng"" Suoport ...... ...... ........... .... 0.5 Ills. 589 

WordScan For w..-. ............................... 1.5 tls. S169 
PftJS Fo- - ............. ....................... 2.0 Ills. $369 

Cambridge Scientific Computing 
esc Chem3D Fo- ,....,tas/1 ...................... ls"" S395 

Plus Fct Alocrws/1 ................................... 3.5 Ills. S829 
esc ChemOraw Fo-l.ldatttos/l .................. lOibs. S395 

Plus Fo- Maoi!IOSII ................................... 3.0bs. S829 
esc Chemfinder For!.laoi!IOS/I .................. 3.0ills. S395 

PftJS Fo- Maoi!IOS/I .. ...... ........................... J.O Ills. S829 
esc ChemOffice Fo- l.ldantosh ...... ............ • o Ills. $779 

Plus Fo- Maoi!IOS/I " ................ ............ ..4.0 tls. $1249 

Catenary Systems 
V'octor ~~tb;aty .................... 2.0t>s. S137 

Fo- DOS & - ............................... • 0 1Cs $269 
ltfii!I'Jt1lM.S:CU.:.CDIJe ....................... ZOIIls. $199 
lti'UI """"""5crJfCI ClliJe ..................... 2.5 Ills. $339 

Fo- - ........................................... 1.5 tls. $199 
ZIP Colorkit .......................................... .... O.S IllS. S85 

COP Consultants 
Index Manager .......................................... I.Otls. $79 

For'"-""""" ............................................ I 0 Ills. $199 

Celect Software 
Ovt or Controls .......................................... / ores. s 129 

- .s:cxn. CDIJe .... ,_,_,_, ___ ...... 1.0 Ills. $269 

Central Point Software 
Central P<>int An ti-Virus ..... ..................... 1.5 Ills. 585 

PC Tools vers.oo s ....................................... J o ibs. S89 
For w..-........................................... 3.5/lls. 584 

INTERNATIONAL RESTRICT IONS (superscripot• d numb•rs fol&~....,;~·~~nvlo~~~;,:"'-1) 
I Avodable IO U.S. Cui iOtnets Otlly. c:> 1 Avoiloble 10 U.S. ond Conodfon (U)Iom•r' only. ¢ J Not ovoiklbleto g,u.tomau; n .Eu.rop.. _¢ .~pec•Hc*counlri.eJ..o~.,."'(tcl•d . .or ,._,.,~a.o , kry by ptodud· ... 



E- WARE 
eNOTE ....................................................... Call can 

Mtli~011il CMRgutiUOIIS ... ................... .... C..H C..ll 

Eclipse Systems . 
Eclipse FAA tor Windows ... ................... 1.5 bs. S63 

Ecosoft 
Micrnstat-U ......... ..................................... 1.5111s. S249 -.•Fcr-................................ ca.r cau 

EditPro 
Ed~ProF<Jr- ................................... 3.0111$. S2t9 

Enable Software 
Enable .......... .............................. ............. 12.0bs. S449 

-Etlricn ........................................ CIJI can 
Enable_r_F<Jr-....... 3.0111$. S45 

Envisions Solutions Technology 
ENVISION IT! ............................. ......... 2.0111$. S129 

~Ill f}/V64 Scml<r ................................ 8.0 bs. $259 

Escha/on Development 
EOI - Threads ... ......................................... 0.5 bs. S135 

w .... Sollu ................................. ......... 0.5 bs. $439 

':.<': •· .. · --
' 
' 

~NOTE·,., .. .. ~ 
• .. - .1~ 

ESIX Systems 
ESIX 4.0.4 GUI IJ'I/Id UWI/unlimo CO·ROJ.UO.O bs. $429 

I.WimltodUwRun/Jml . r.., ................ JO.O IIll. S499 
ESIX 4.0.4 Wort<Sin Runtime 2/JstaJfl(}l.t .... Calt S749 

ZUW TIPf ................................................... Ca/1 $839 

ESIX 4.0.4 RunTime Sys w/Net IJ'IIIrJUw ..... Calt $879 
~t.lslr·CO·ROM ....................... 40.0bs $749 
l)!limlf<ll.lw · r.., ............................... 2.5111s. S839 

3.2 Upgrade to 4.0.4 ...................................... ca.r can 

ESOFT .. 
TBBS B8S wriliN ZLns ..... - ................... 4.5 bs. S209 

B8S MuMnl 16 L)!es .............................. 4.5 bs. S629 
B8S Atllliw 32 L)!es ................................... . CII S999 

TOSS 2 ()!es ·-·-----........................... 4 0 bs. S289 
16 ()!es .................................................. 4.0 bs. S689 

ETC BIN SYSTEMS 
EBS-IDE ...... ............................................... 2.0 bs. $549 
RTFS ...... ................................................... 2.0111s $1649 

USA &CA NAD A 800-336- 1166 

Evergreen CASE Tools 
EasyCASE Pro/oSSICflll ................................ 4.0bs. SS14 

Fer-.......... ...... ........................ 4.0 bs. SS79 
ltltffNrtJt1aiCustomm .................................. ~ can 

EasyCASE Syst"" Ofsivnli ......................... 4.5111s. sn9 
Fcr-........................................... 4511>1. $829 
ltltffNIIOfliiOJstomm .................................. cal can 

Exceller Software 
3-D Keyboard Mapper For- .......... 0.5bs. SS9 

ExperVision 
TypeReader For - ............................ 4.5 bs. $499 

FairCom 
c-lree Plus Data Manager DOS or Mdc ..... 4.51b$. S495 
Falrtom Toolbox Professional ............... 9.5 bs. S1019 
r-tree Report Generator For DOS or Mdc ... 2.0 Ills. S235 

Fairhaven Software 
Contact Manager .... .. ............................ 1.0 lls. S36 
NuUhe11 ............... ....... ............................... 1.0 bs. S 143 
NuUhell Plus II ............................................... cal S228 
unra-Plus .................................................. 2.0 bs. $265 

FcrLAN .............. ..................................... 9.0bs. SS99 
Prolt$$1C1111 ............................................. 3.0bs. $449 

Windows Extension Disk ............................... ca.r SS8 

Far Bit Research 
DXF SUbr0111lne Ubrary ........................... ! Obs. $137 

FarPoint Technologies 
Grid/VBX ........................... ........................ 3.0 bs. S89 
Prolessional Toolbox For Wil1dows ............ 2.0 bs. S309 

'Hill! Soc#tt CiXIf .................................... 2.0111$. $1259 
Spread/VBX ............................................... 2.0111$. S219 

Si>'tldMJX•· forC• • .......................... 3.0bs. $219 

FastTrax lntematlonal 
FastTrax 4.0 ............................................. ! o bs. S45 

FFE Software 
Fir$!SOL C ................................................ 1.0111$. 

No-* ............................... .................... 1.0111$. 
l.tlitmlld RIJniJtN ................. ....... ............ 1.0 bs. 
ROIJMS .................................................... 3.0bs. 
R08MS No-* ....................................... 3.0111$. 

FlashTek 
Flash Graphics ....................... ................. .. 1. /b$. $169 
Flash'Jlew ................. .............................. 5 bs. S179 
X-32VM 32·/JIIOOSbt,.,.,_Mtm .. 5bs. $189 

Fleet & Partners 
$359 

FLEMING SOFTWARE 
GRAF/DRIVE PlUS OM/r:Qt!S fdirlcn ......... 1. 10s. 

Por$1N/E6Iin ....................................... 1.0 
GRAF/DRM PlUS OnJrtcp PtdWig On>f<I.O 

FM Labs 
Technical Analysis C Toolk~ .... ............... J.Obs. 

FtJresight Resources 
Drah CAD Ultra ................. ....................... 3.0 bs. $227 

IN TERNATIONAL 216-494·8715 

WOQN Pnco 

Oraftx Windows c.>D ................................ 6 o bs. S249 
I Nct!I ...... .............................. ................ I.O bs. $189 
5Nodo .................................................... l Obs. $849 

Planix ......................................................... 2.5 bs. S79 
Homl .......... .............................. ...... ......... 2.5 /IJ$. sso 

FortuNet 
NSure OMNtiM.M ........ ............................. 1511ls. S124 

10 PKJ< ...................... : .................. ; ....... ·-·-

Orwlltl ................ .............................. 1.5bs. $109 
Por$1N/ ........... , ...................................... 1.5 bs. S36 
AU.Iill ...... ................. ............................ 1.511ls. SS39 

Galacticomm 
Tlle Major BBS .. ...... ................................ ..5.0 lls. $149 

OSIZClilnl ..................... ............. ......... 1.5/Ds. S124 The Major BBS Add-Ons Uw Sit·P:Iclc ..... 1.0bs. S187 
AlMradLAN~ ............................... I.Obs. SSS9 

Foundation Microsystems z 
Schedule Express ........................... ......... 1 0 bs. S89 

Fiii/Onlir>IMd·on()rMlc>I .. ....................... I .Oils. $189 
Mlpr Gll....,.,ttmtr Md-cn ODI>on ...... t.Obs. $149 
Rh:np Md·On Q>ricn ..... ...................... 1.0 bs. S213 

Fourth Wave Technologies 
WlnBeep .................................................... 1 5 bs. $99 

11.25 Software 0o11011 .... ..... .......... .......... ... 1.0 bs. S809 
lliJ6tiot>ll4rki·Ons .............. .......................... car can 

5 Worfcstai.OI(/r:IW0 .............................. 1.5bs. $499 
tOWorfcsrzi.OIL.at~U ............................ 1.5bs. S649 

Fractal Design 
Fract31 Design Painter For - .......... 2 0 Ills S2S4 • 

Frame Technology 
FrameMaker F<Jr-............................... ca.r SSS9 
~ ...................................................... CII Call 

Franz Inc 
Allegro CLIPC ............................................ 8 0 bs. $1149 

Frontier Technologies 
Supor TCP For-.............................. 2.0 bs. S299 
~ Toolloi ........ ............................ I.O/b$. SS29 
~TCP/NFSb'- ..................... 1.5 /Ds. S375 

Frontline Test Equipment 
SeriaiTeS1 ........................................................ Calt Call 
SerialTeS1 ASI'1C ................... ....... ............. .. 2.5bs S239 

Gazelle Systems 
a-Dos 3 ..................................................... 1.51ls. S4S 

5 Ustr ........................................................... ~ S1S4 
IOI..Istf ...................................................... . ~ S264 

GENESOFT 
PC-Punch Gold .............................. .......... 0.51ls. S149 

GENISYS Comm 
GCP++ So11ware OowlopmetJt KL . ........... 1.0 bs. S879 
GCP++ - 81s1r: Custom CM/n>U ............ I .0 bs. S 179 

t:ustom.. ~us & caru .............. r o .,._ S274 
GCP++ IW.ISOCICS011... ........ ...................... 1.0bs. S3S4 

t:ustom.. ~us & can.dl .............. 1 0 bs. SSJ9 

Genus Microprogramming 
GIF Develope~s Pak ................................. 7.011>1. S879 

'Hill> SocJn:t COOt ..................................... 1.0 bs. s 1934 
GIF~Iol>tr'sPzk/16... ........................ l .Obs.S1074 
GJF~shklt6 ... mStutt ......... l .Oils.S2164 

GIF Toolkh ........ ........... .............................. 3.5bs. $184 
'NitnSoc#toCcdl .. .................................. 4.0bs. S429 
GIF Toolal/16 ......................................... 4 0 Ill. $214 
G1F TOOII<JI/16 Willi Sourte ........................ 4.0 bs. S464 

Frye Computer Systems 
Frye U111ities ()II orectlry .......................... 3.5 .cs. S339 
-- 100 Ucensts .... ........................ 0.5/Ds. S249 

GX Etfects .................................................. 2.0!1><. S1S4 
IVim Sourte Ccdf ..................................... l O bs. S279 
Iii' Elfecrstt6 .............. ............... ..... ......... 3.0 bs. S169 

Elfocrstl6 ~.S.U.. ............ _ ......... 4.0bs. $319 
tsF<Jr-. .............................. 4.01ls. $185 

FTP Software• w.rn .......... ................................... 4·0 "'· 5435 

Appllcalion Develope~s Pl<g ................. 2!1.0 bs. s~: ~~~~hi .... ::::: :::::::::::::::::::::::::::::::::::::::::~~: s~~ 

~~~~~~~~~:TI§~~~:~ ···~~~~~~!~ ~ 
""-"'Kit/or DOS or as-z 75 ""- S399 GX Printer .... ......... ................................... 3.0 bs. $274 

~=~~-~~:::::::::::::::!~: ~!! :~ ~~::::::::::: :::::::::: ::::::::::::::;~: ~ 
LANWatch .................................................. l5 Ills. S869 Iii' l'rrl '116 "'"' Scutcl ......................... •.o .,._ SS49 

GXText ...................... .. _ ............ _ ........ 2.511>1. S112 

Funk Software ~ Ccdf ..................... --.. --.. lO lls. $243 
Ttxll16 ................................. .............. l01ls. $150 

Iii' Tafll6 oiiii.S.U.. ... _ ...... - ............. 4.0111$. $299 

reS oft PCX Develo()er's Pak ............................. ..1.5 bs. S874 
ltlUI Sam COO. ................................... ..l.0/0$. $1929 

./>CX~'sPat:t/16~ .. -----~ ....... CJ!., Caj1 
PCX OMI<w's P>cJ</16 'Hill! Sotite . ... ,.ljO:!>S,~~ J 1 

()ynaeooi 
OynaComm/DponCoonect 00250 ........... 5.0 bs. $279 

TN3270 ... o ................. ; ............................ 5.0 illS. $279 
..... ···- ................ ·. '·-- .... . r.:~ . ............. ~ 

INT ERN ATIONAL RESTRICTIONS (•up• rurip,..d numb• r• following manufacturer nome) 

1 Avo•loble to U.S. cuPomen Oftfy. ¢ 1 Avo1lo~e ro U.S. and Canadian cuUOmers only. cj l Not avoiloble to cuitomer\ ill Europe. ¢ 4 Specific countriei ore re\fficted, or re$1rkboni vary by ptoduct. 



I Weight: 2.94 Lbs. 
I Dimensions: 9.75" x 5.9" x 1.6" 
I SL Enhanced Intel' 486 

Processor 
I 4MB RAM (e;r;pands to 8MB or 

20MB) 
I 80 to 130MB IDE Hard D . e 
I 7.9" Backlit VGA Displ 
I NiMH Banery & AC P ck 
I Suspend/Resume F ea e 
I I PCMCIA Type II Sl 
I EZ Point'" Integrated Po· ter 
I 78-Key Keyboard 
I Parallel, Serial & PS/2 Ports 
I MS-DOS~ Windows'" & 

Serial Transfer Cable 

HANDBOOK 486SX-25 
With 25MHz 486SX CPU and 
80M!i.Hai<I-Bri-vr--

1495 
HANDBOOK 486DX2-40 
With 40MHz 486DX2 CPU and 
130MB Hard Drive 

$1995 

·. -· · .. - · · rnrolnn00'""r· · · ·'· ' · ·· · ·-.. . ·: .. ·. : :~ · ... ,.·""uL. n.o 11...- . : ...... ~ ... , '·· · :; ~'~ 

I Weight: Under 5.7 Lbs. 
I Dimensions: 11.7" ;r; 8.5" ;r; 1.77" 
I SL Enhanced lntel486 

Processor 
I 4MB RAM (e;r;pands to 8, 12 or 

20MB) 
I 3.5" l.44MB~i kette Drive 
I Removable 80 250MB IDE 

Drive 
I 9.4" VGA Dual-Scan STN 

Color Display 
I NiMH Banery & AC Pack 
I Suspend/Resume Fearure 
I 2 PCMCIA Type II Slots 
I Integrated Trackball (2 bunons) 
I 85-Key Keyboard 
I Parallel, Serial & PS/2* Ports 
I External VGA Port 
I MS Works for Windows"' 
I MS-DOS and Windows 

Here's everything you need to add 
multimedia to any Gateway desktop 
PC. You won't find a bener holid~y 
price anywhere! 
I Gateway 2000 16-Bit Sound 

Card, Sound Blaster-'"Compatible 
I Double-Speed CD-ROM 
I 2 Labteca Speakers 
I Microsoft Encarta & Corel Photo 

CD Software 
I Gateway System CD 

$299 <> . ;J 
·! .- For system configurations that 

· .::- "'; ·.·-' · ·. ·, include a CD-ROM drive: Sl32 -· .· ., '. ·· .··~-·;.;,_:;;.::l •·. ·. · · ' · Only with system purchase. 
:·~- .~. :·· 

Gol"""'11(}()()iJ• --"' G~ML 
~UJ\r 

COLORBOOK 486SX-25 
With 25MHz 486SX CPU and 
80MB Hard Drive 

$1995 

COLORBOOK 486SX-33 
With 33MHz 486SX CPU and 
170MB Hard Drive 

$2395 

COLORBOOK 486DX-33 
With 33MHz 486DX CPU and 
250MB Hard Drive 

$2795 

If a system comes with "choice of 
application software," choose one 
of the following packages: 
I Microsoft Excel for Windows"' 
I Microsoft Word for Windows"' 
I Microsoft Word and Bookshelf 

'92~ CD-ROM Edition 
I Microsoft PowerPoint for 

Windows"' 
I Microsoft Project for Windows"' 
I The Entrepreneur Pack (Works,"' 

Publisher,"' Money'" & games) 
I Borland Parado;r;• database and 

QuanroaPro for Windows 
spreadsheet 

I Microsoft Access"' for Windows 

COLORBOOKPACKS 
Traveler's Packs: 
• Case, extra banery & PCMCIA 

96Qon400 fax/modem. $329 
I Case, e;r;tra banery & PCMCIA 

TelePath fax/modem. $449 

PORTABLE OPTIONS 

. ·NOMAD450DXC.:. 
I Weight: 6.2 Lbs. 
I Dimensions: 8.5" x II" x 2.2" 
I 50MHz lntei486DX2 CPU 
I 8MB RA.l'vl 
I 3.5" 1.44MB Diskette Drive 
I 200MB fOE Hard Drive 
I 8.4" Color Active Matrix Screen 
I NiMH Battery & AC Pack 
I Simultaneous Video with I MB 
I 79-Key Keyboard & Mouse 
I 960012400 Fax/Modem 
I I Parallel, I Serial Port 
I MS-DOS, Windows & Works 

$3995 

-~ . SERVICE. ___ :_._. 
With desktop and selected portables Every Gateway system is backed by: 
you also get the following software I 30-Day Money-Back Guarantee 
and extras at no additional charge: I One-'(ear Limited Warranty 
I MS-DOS 6.2 & Windows for I Lifetime Toll-Free Technical 

Workgroups 3.1 I Support 
I CoSession"' Host Remote I On-Site Service Available To 

Diagnostics (with all moderris) Most Locations 
I Kiplinger's'" CA-Simply"' I Lifetime BBS Membership 

Money I FaxBack Automated Fax Service 
I QAPlus Diagnostics 
I Gateway Computer Glossary 
I Gateway Mouse Pad 
Systems with CDs also include: 
I Gateway System CD with 

Microsoft Multimedia Pack" 
I Multimedia On-Line User's 

Guide 
I Gateway Mall On-Line Catalog 

Our money-back guarantee does not 
include shipping. On-site service is 
provided at no charge during 
warranry if our rechnicians 
determine it is necessary. If you'd 
like to read our 
warranty and 
guarantee 
policies, 
please call 
fora free 
copy. 



P94-LABS-C-002A 

Basis of Estimate 

M: Quote from a firm with whom BBN gets a bulk rate for photo artwork. 
Quantity 24 arises from the expectation of doing two layouts for each of the 
three boards (items N, 0 , and P), using 4 film plots per (half are copies). 

N, 0 , P: Based on a prior project: It is the central thrust of this project to develop the 
enabling technology for radio modems that operate at microwatt power levels. 

The three boards (items N, 0, and P) are all instances of such radio modems. 
In item N, the modem takes the form of a PCMCIA card that can be plugged 
into a PDA (or a laptop computer acting as a surrogate for a PDA). In items 0 
and P, the modems are primarily for laboratory experiments, although, once 
working, they can be used for demonstration purposes also. 

Since the components are not known at this time but are likely to be small 
quantities of commercially standard components, we can only give 
engineering estimates of the modest costs of these boards based on having 
previously created small boards ("PSIO boards") at a similar level of 
complexity. Item N is slightly more expensive, since it is based on a premade 
PCMCIA board. 

Q: Engineering Estimates 

'Since this is still early in the evaluation phase, we are anticipating that we may 
not have some sensitive test equipment that may be needed to perform some 
of the tests. 

R: Engineering Estimates 

Due to the nature of this program, we may not have foreseen all of the design 
issues we may come across. Therefore , some miscellaneous hardware may 
'need to be purchased. 

. ...... \,. -
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Pa thfinder PSIO Ports Quotation Surnrnory 

BBN Pa r i Nam e Par i Description Manulacturor Quuntlty 

Par t Numb ur ~cr Unit 

4013930: 02 0054 . ALB SEII<O 1 

45XXXXX .01 CS02C52 PLCC 16M_HZ, PLCC,PE HARRIS ·· 1 

5322522-01 CAPACITOR 0.22UF,50V,SMT 15 

530000-180 CAPACITOR 1 OPF,SOV,SMT 2 

522 1427-01 CAPACITOR 22UF ,20V, TANT,SMT 1 

522 14 26-0 1 CAPACITOR 4 7UF, 10V,TANT,SMT 2 

65XXXXX-01 CRYSTAL (SERIES) 7.3728MHZ,HC49S FOX S/073 1 

5821411 -0 1 DIODE SCI-IOTTI<Y IN5010 2 

42XXXXX-01 DS2401 SILICON SERIAL NO. DALLAS SEMI 1 

7160014 -01 CONN4 lv!OLEX _M_ RA CGRtO,MALE.nA 70553-0003 IYOLEX I 
4013925-0 1 LM34DZ TEivf'. SENSOR NATIONAL 2 
4013963-0 1 LM385BYZ 2.5V VOLTAGE REFERENCE NATIONAL 1. 

4021306-01 LT1111 SO OCIDC CONV. UNEARTECH. 1 

4 1XXXXX-01 LTC491CS SO,PE UNEARTECH. 1 
41 XXXXX-01 MAX222CWN SOL,PE MAXIM 1 

4521396 -01 PSIO 60HC11 60HC011 E2 MJTOROLA 1 

4 420747·01 ·ps10 GLUE PAL16V8 Clv!OS AT MEL 1 

310251-101 RESISTOR 100, 1/4W,SMT 2 

300241 · 104 RESISTOR 1 OOK,1/8W,SMT 4 

300241·103 RESISTOR IOK,116W,SMT 4 

300241- 106 RESISTOR 1OM, 1/0W,SMT 1 

30024 1- t 02 RESISTOR 1 K,IIOW,SMT 3 

3002 4 1 - ~3 RESISTOR 20K,1t8W,SMT 3 

300241 ·393 RESISTOR 39K,1t6W,S MT . 2 

3002 41·472 RESISTOR 4.7K, 1/0W,SMT 1 

5005796 -0 1 RES_ SIP _BUS_IO_PIN 22K 4310R· 101 -223 3 

6421418 ·0 1 TRANSFORMER CTX50-1,SMT COIL TRONICS 1 

1 123004-01 PSIO BARE BOARD 1.6"x3.0" PCO w/broak tabs 1 
1 12300 4·01 PSIO BARE BOARD CONFOnMAL COAT (SILICONE) 1 

1123004 ·0 1 PSIO BARE BOARD NRE 1 

1 123064-01 PSIO BARE BOARD TEST I 

Tolal Parts Cost por Unit: 

Total Parts Cost plus PCB NRE & Test: 

E. Brian Kallta, 10/20/93 c;!t tofJfftJ . 

Extended Cost per Unit at Quantlly: Min imum 
1 8 ' . 50 120 ' 1 0 0 Or der Oty. 

$0.59 $0.59 $0.59 $0.59 

- $20.95 $23.05 - $21.65 $21 .65 

$13.33 $4.00 $2.00 $1.33 3000 @0.00 
$0.72 $0.26 $0.22 $0.22 100 @0.13 

$13.33 $4.00 $2.00 $1.33 500 @0.40 

$13.33 $4.00 $2.00 $1.33 500 @040 

$0.33 $3.00 $1 .50 $ 1.50 100@ 1.50 

$0.46 $0.46 $0.42 $0.42 

$1 .75 $1.40 $1.20 $1 .20 
$0.75 $0.75 $0.75 $0.75 

$2.02 $ 1.90 $1 .90 $1 .98 
$12.60 $4.50 $2.25 $2.25 too @2.25 

$2.65 $2.65 $2.65 $2.65 
$19.06 $7.15 . $3.25 $3.25 110 @3.25 

$2.45 $2.45 $2.45 $2.45 
$13.51 $13.51 ' $ 13.51 $13.51 

$4.00 $3.60 $3.15 $2.90 
$12.50 $4.50 $1 .06 $1 .25 5000 @0.045 

$0.56 $0.20 $0.12 $0. 12 200 @0.05 
$0.56 $0.20 $0.12 $0. 12 200 @0.05 
$0.56 $0.20 $0.06 $0.06 200 @0.05 
$0.56 $0.20 $0 .. 15 $0.09 200 @o.o5· 

$0.56 $0.20 $0.15 $0.09 200 @0.05 
$0.56 $0.20 $0.10 $0.10 200 @0.05 
$0.56 $0.20 $0.08 $0.06 200 @0.05 
$2.00 $1.44 $0.90 $0.81 
$6.68 $4.40 $3.70 $3.78 

$44 .00 $27.00 $10.00 $16.00 
$2.59 $1.69 $1.20 $1.24 

$525.00 $525.00 $525.00 $525.00 

$450.00 $450.00 $450.00 $450.00 

$210.21 $120 90 $00.22 $03.03 

$4,750.73 $7,024.10 J11,560.0G $15,920.16 



DIGit 
ARTS 
GROUP 

Charlie Reeves 

BBN, Incorporated 
70 Fawcett Street 
Cambridge, MA 02138 

Dear Mr . Reeves , 

® 

January 25, 1994 

Digital Arts Group is pleased to present a pr i ce quote for 
a Senior RF Engineer. The price range would be $45 . 00 / hr -
$60.00 /hr. 

If we can be of further assistance please call me, 

Sincerely, 

iK~?!iL 
Vic e- President 

HIA/wd 

; - ·-

· ~ . - - "":' .... - : ... " .... 



DO 1861 

Form Approved 
CONTRACT FACIL I TIES CAPITAL C O ST O F MONEY OMB No. 0704-0267 

Expires Oct 31 1989 
1. CONTRACTOR NAME 2. CONTRACTOR ADDRESS 

BBN Systems and Technoloqies a Division of BBN 10 Moulton Street 
3. BUSINESS UNIT Cambridge, Ma 02138 

Laboratories 
4. RFP/CONTRACT PIIN NUMBER 5. PERFORMANCE PERIOD 

BAA 93-27 04/01/94 - 09 / 30/ 95 

6. DISTRIBUTION OF FACILITIES CAPITAL COST OF MONEY 

FACILITIES CAPITAL COST OF MONEY 

RXl.. ALLOCATION BASE F/>CTOR AMOUNT 

Direct Labor 207 749 .01039 2,159 

G &A 488 981 .00118 577 

Labs Computer Center 20 001 .01893 379 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

.00000 0 

TOTAL 3 114 

TREASURY RATE 5.500% 

FACILITIES CAPITAL EMPLOYED (TOTAL DIVIDED BY TREASURY RATE) 56 620 

7. DISTRIBUTION OF FACILITIES CAPITAL EMPLOYED 
............................................................. ................................................................... .......... PEFCENTAGE AMOUNT ................................................................................................................................ .......... 

LAND 25.5% 14 438 

BUILDINGS 21 .3% 12,060 

EQUIPMENT 53.2% 30 122 

FACILITIES CAPITAL EMPLOYED 100.0% 56 620 

DO FORM 1861, Aug 87 Supersedes all previous editions of DO Forms 1861-1 and 1861-2 which are obsolete 



SUBCONTRACTING PLAN GOALS SUBMITTED UNDER 
BOLT BERANEK AND NEWMAN, INC. 

SUBCONTRACTING MASTER PLAN 
IN ACCORDANCE WITH PUBLIC LAW 95-507 

1. BBN Proposal No.: P94 -LABS -C- 002A 

2 . Contractor Name: Bolt Beranek and Newman Inc. 

3 . Name of individual completing plan : John Forcucci 

4. 

Small 

Total Estimated Cost 
of Prime Contract 

$717,753 over 18 months 

Percentage Goals 
of Prime Contract 

Business $4 7, 6 56 

Small 
Disadvan 
Business $8 ,017 

6.7% 

1.1% 

(617) 873-3365 

Total Estimated Cost 
of Subcontracts 

$111 ,111 

Percentage Goals 
of Total Subcontracts 

$47,656 

$8,017 

42 .9% 

7.2% 

· 5 . The above goals, submitted in accordance with BBN's Annual Small Business and Small 
Disadvantaged Business Subcontracting Master Plan, include both Direct Goals and 
Indirect Goals. 

Bolt Beranek and Newman, Inc. 

~~ John Forcucci 
Small Busmess L1a1son Off1cer 

Date: 

_.I • 0 • - o I o ·~ o o ·-- .,. I I I " ..... I , 0 _,I .., -f ·-



BBN SYSTEMS AND TECHNOLOGIES 

February 2, 1995 

Advanced Research Projects Agency, ESTO 
3701 N. Fairfax, Drive 
Arlington, VA 22203-1714 

Attention: Dr. Kaigharn Gabriel 
(703) 696-2252 

Subject: BodyLAN Technical Report 
Contract No. DABT63-94-C-0017 
BBN Reference No. 11592 - BodyLan -

Dear Dr. Gabriel: 

Enclosed is the BodyLAN Technical Report covering the period July 2 through January 
31st, 199 5 on the subject contract. 

If you have any questions, or require any additional information, please do not hesitate to 
contact the undersigned at (617) 873-4579. 

Since~:ly, r_.' G 
cdctu1-/kokv 1 

j 
Dr. Julio Escobar 
Senior Scientist 

cc: ARP AIESTO/CSTO/SSTO/ ASTO 
ARPA/S&IO 

JE/ro 

ARP A/Technical Library 
B. Bolling 
T. B lackadar 
M. DiBlasio 

A Division of Boll Beranek and Newman Inc. 

I 0 :\lou Iron Stn·ct Camhridgc , Massachusetts 02 13H Telephone: oi7-H73-3000 



7 February t 996 

Directorate uf Contracting 
Post Office Box 748 
Fort Huachuca, AZ 85613·0748 

Attention: ATZS-DKO-I 
Ms. Barbara Van Doren 
(602) 538-0412 

Subject: Transfer of Government-owned Equipment 

(1) Contract No. DABT63-94-C-0017 
BodyLAN: A Wireless, Body Local Area Network 
BBN Reference Nu. 11592 

(2) Contract No. DABT63-9S-C·0013 
TIA Voice Map 
BBN Reference No. 11683 

Dear Ms Van Doren: 

BBN Systems and Technologies ("BBN'') requests authorization to transfer the equipment identified below 
from reference (I) to Fort Huachuca Contract reference (2). 

Asset No. Descriptiqn Serial No. 

DABT63-0017·002B 1 01 -Keyboard 81740742 

This equipment was originally purchased by the Government for use on the refere.nced ( l) Contract. Its use 
is no longer required. 

Port Huachuca referenced (2) Contract has a need for the above equipment and by transferring this 
equipment. we can fulfill that need at no additional cost to the Government. 

Therefore, in addition to requesting the above Utlnsfer, BBN also requests tl Rent-Free Blanket Right of Use 
Agreement covering the interim period until the transfer ha.s been completed. 

The Contracting Officer for Contract Reference (2) is William DiGiovanni. Should you need to spea.lc with 
him, he can be reached at (602) 533-1347. 

Should you require further mfonnation or if you have any questions, please contact Kristin Ross, Property 
Administrator at (617) 873-2656. 

Sincerely 
BBN SYSTEMS AND TECHNOLOGIES 

~~\l>. i1"~ 
Senior Representative, Contract Relations 

cc: W. DiGiovanni, Ft. Huachuca 
C. Shlne, ACO 
B. Kalita 
L. Sher 
C. O'Connor 
K. Ross 

BBN Systems 6r Tecbbologlu 10 Mouilon Stree! Cambridge, Ma$sachus(tts 02 138 Ttl : 617-81)-3000 



DEPARTMENT OF TI-fE AR 
UNITED STATES ARMY INTEllJGENCE CENTER AND FORT HUAOiUCA 

FORT HUAOiUCA. ARIZONA 85613-6000 

AEPLYTO 
ATTENTION OF 

April 8, 1996 

Directorate of Cont:ra.cting 
Operations Division-Intel 

BBN Systems and Technologies 
Attn: Marguerite DiBlasio 
10 Moulton Street 
Cambridge, Massachusetts 0213 8 

Dear Ms DiBlasio: 

The Pathfmder Medical program has deliverables which are to be transferred from the Pathfmder 
contract to the U.S. Army Institute of Environmental Medicine, (USARlEM) 
Natick, MA 01760. 

As design and test is completed, each deliverable will be fully transferred to USARlEM and will 
be removed from the Pathfinder contract. · 

This letter authorizes delivery of such equipment. 
.. 

Delivery of equipment will be the responsibility of BBN and all costs related to the delivery of 
the equipment shall be at no cost to the Government. 

~~ 
TONI L. DAVIES 
Contracting Officer 



.. .. 

ATZS-DKO-I (715h) 
AUG -8 1994 

MEMORANDUM FOR Mel Chernow, U.S Army Intelligence Center, ATTN: 
ATZS-CDT-T, Fort Huachuca, AZ 85613-6000 

SUBJECT: Designation of Contracting Officer's Representative 
(COR) for Advanced Research Projects Agency Contracts 

1. Pursuant to the authority vested in me by AFARS 42.9001, I 
hereby designate you COR for the contracts highlighted at enclosure 
1. You shall exercise strict adherence to the instructions set 
forth herein. All personnel engaged in contracting and related 
activities must conduct business dealings in a manner above 
reproach and shall protect. the U.S. Governments interest and 
maintain its reputation for fair dealings with contractors. While 
the Contract Officer has the legal responsibility for contract 
administration, certain portions of this authority may be delegated 
to a COR. The COR is responsible to the contracting Officer and 
close communication should be maintained. 

2 . The limitations and scope of your authority are contained in 
AFARS subpart 42.9002 and TRADOC Pamphlet (encl 2) entitled "Guide 
for Contracting Officer's Representatives." Further information 
on COR responsibilit~esjduties can be obtained in the DOD 5500.7-
R Joint Ethics Regulation, August 1993 and AFARS 3 .101. A 
checklist on your specific COR responsibilities/duties is provided 
in this letter ( encl 3) . 

3. Signing the COR letter constitutes certification 
regulations stated above have been read and understood. 
files must be kept current. A copy of this letter shall 
in said file. 

that the 
Your· COR 

be placed 

4. You shall thoroughly familiarize yourself with the terms and 
conditions of the contract. 

5. A Contractor's Quarterly Progress Report (see Appendix c, encl 
2) shall be prepared a;nd submitted to this office within 10 
calendar days following the end of the reporting quarter. 
Deficiencies, delinquencies, or problems noted should be identified 
(contractor must be immediately advised of these problems) and all 
related correspondence summarized and referenced therein. Upon 
completion of the contract or termination of your appointment, 
whichever occurs first, you shall prepare and forward to this 
office, one copy of the Contractor's Performance Evaluation Form 
40-R (encl ~). 



ATZS-DKO-I 
SUBJECT: Designation of Contracting Officer's Representative 
(COR) for Advanced Research Projects Agency Co~tracts 

6. Your instructions and directions to the contractor shall be 
thoroughly documented. Verbal instructions and directions shall 
immediately be reduced to writing and placed in your files. Copies 
of all correspondence with the contractor shall be furnished to the 
undersigned with the Contractor's Quarterly Progress Report. Each 
communication to the contractor shall contain the following 
statement: "This instruction/direction/clarification shall in no 
way affect the price, delivery, quantity, or quality under the 
terms of the contract." Each file referred to herein is a part of 
the contract administration files. These files shall contain only 
one copy of each document. Your file shall bear the legend and 
disposition instruction as follows: 715K Contract Actions 
(FORWARD TO CONTRACTING OFFICER UPON C9MPLETION). 

7. The instructions, directions, and contract clarifications given 
to the contractor shall not be: 

a. contrary to the contract, statutory or regulatory 
authority or, 

b. in conflict with command policies and guidance. 

8. As an agent to the Government, you should be aware that the 
authority delegated herein shall not be redelegated. If you depart 
from your authority, you may become personally liable for any 
additional costs incurred by Government. 

9. Government property in the possession or control of the 
contractor or subcontractor (consisting of Government furnished 
property (GFP) andjor contractor acquired property (CAP) vests with 
the Government) is the total responsibility of the contractor. It 
is a contractor's responsibility to maintain the official 
Government contract records of such property (unless an exception 
has been authorized due to special circumstances) in accordance 
with provisions of the GFP clause of the contract and subpart 45.5 
of the AFARS. You may be assigned additional responsibilities by 
the Contracting Officer. If no duties are assigned, you shall have 
direct responsibility to report promptly to me any loss, damage, 
destruction, or abuse of contract Government property which comes 
to your attention. 

10. If the contract contains DO Form 254, Contract Security 
Classification Specification, and requires access to Sensitive 
Compartmented Information (SCI) then S~cure Environment Contracting 
(SEC) procedures apply to the contract. As COR, you are 
responsible for ensuring classified deliverables are IAW the 
contract ·SOW and terms and conditions. As part of your required 
COR reports, you will specifically certify acceptance of classified 
deliverables with a statement as follows: "Deliverables are in 



ATZS-DKO-I 
SUBJECT: Designation of Contracting Officer's Representative 
(COR) for Advanced Research Projects Agency Contracts 
accordance with the technical requirements of the contract." 

11. Should you receive directions or orders from chiefs of staff 
sections, commanders, or any person not in the contract adminis
tration chain of command, which you consider to be contrary to 
these instructions, · you sha ll notify the undersigned immediately. 

12. Termination of the above designation, without prejudice to 
any action taken thereto, shall be effective upon satisfactory 
completion of the above referenced contract unless terminated 
sooner in writing . 

13. All corre spondence or r e ports conc erning this contract will 
be addressed to the undersigned at: Directorate of Contracting, 
ATTN: ATZS-DKO-I, P.O. Box ·748, Fort Huachuca, AZ 85613-0748. 

14. If there are any questions or doubts concerning your authority 
in any particular area, please contact the undersigned at (602) 
533-1398. This will obviate the possibility of exceeding your 
authority and preclude any embarrassing situation which may result 
therefrom.· 

15 . In accordance with AFARS 42.9004(a), r e quest you acknowledge 
r eceipt of this d esigna tion l e tte r, a nd return the original to the 
Contracting Officer. 

If Encls 

RECEIPT AND ACKNOWLEDGEMENT 

I he r eby acknowle dge r e c e ipt of my letter of appointment and fully 
unde rstand my responsibilities as COR. 

Da te Contrac ing Officer's 
Repr sentative 



REQUEST/CHECKLIST FOR COR DESIGNATION CONTRACT NO. 

See £11J ./_ 
THRU: 

VICE 
TELEPHONE: 

RECOMMENDED DUTIES (SCOPE): 

[a 
~ 
0 

1. Issue written interpretations of the technical requirements of 
Government drawings, designs, specifications or statements of work. 

2. Review the contractor's efforts to ensure the contractor is 
meeting the technical requirements and intent of the contract. 

3. Ensure that the contractor is not arbitrarily enlarging the 
scope of the contract/delivery schedules, thereby obligating the 
Government to defray unanticipated costs · (cost-type contracts). 

4. Review contractor's proposals and advise the Contracting 
Officer of their technical adequacy, correctness, and reasonable
ness of work estimates and costs, and assure there is no 
duplication of work or cost. 0 

D 
D 6. 

5. Review the contractor's make-or-buy program to determine 
technical necessity for subcontracts and reasonableness to work 
estimates and costs. 

Certify as to contractor's progress. 

0 
~ 

7. Notify the Contracting Officer in writing of deficiencies 
observed during surveillance of the contractor's performance and 
direct appropriate action to effect correction. Record and report 
to the Contracting Officer any incidents of faulty work performed 
by the contractor. 

8. Furnish technical advice to the Contracting Officer for the 
purpose of establishing a basis for certifying payment of 
allowable costs under cost reimbursement contracts. 

~ 9. Assist designated Government inspectors or the Contracting 
~ Officer in the test, evaluation, inspection of items, programs, 

or systems to include final acceptance of deliverables. 
(Continued on Reverse) 

CONTRACTING OFFICER APPROVAL: 



10. Contact the source of supply for Government-furnished property 
and ensure that such property is available when required. 

11. Monitor property and security matters as requested by the 
appointed property administrators, security officers, or the 
Contracting Officer. 

12. Monitor quality control and report discrepancies to the 
Contracting Officer. 

13. Certify that selected material, supplies, and services are 
necessary and of the quality contemplated by the contract. 

14. Review tasking for the contractor to ensure that the 
requirement is within the existing scope of work and coordinate 
with the contractor accordingly. 

15. Certify receipt/acceptance of equipment or services received 
from third party contractors. Such certification shall be effected 
by completion of DD Form 250, DD Form 1155, or other appropriate 
document. 

~ 16. Other duties: 

a. Serves as proponent point of contact for all users of this 
contract. 

b. Reviews and monitors any classified deliverables for 
compliance with terms and conditions of the contract and 
compliance with any security issues. 

Statement of Qualifications. Cite those which substantiate the 
qualifications to perform as a COR such as: 

1. COR course attendance (TRADOC COR Guide, para 2-4) 

2. Previous experience as a COR. 

3. Knowledge of the product or services under contract. 

SEE ATTACHED 



~ ~ONTRACTOR'S PERFORMANCE 
(CCAI 715-1) 

~UATION 

CONTRACTOR. ___ B_o_l_t~, __ B_e_r_a_n_e_k __ a_n_d __ N_e_wm __ a_n __ (~B_B_N~)---------------------------------------

CONTRACT ~ER DABT63-94-C-0017 -------------------------------------------------------------------
CONTRACT~NG OFFICER'S REPRESENTAT~VE Dana E. Beach 

NOTE: This evaluation serves as a historical record or 1the contractoris 
overall perrormance and may have a bearing on award or ruture 
contracts to the r1rm. Cite any signiricant ractors, both 
positive and negative, which you reel should be brought to the 
attention of the Contracting Officer. 

DESCRIPTION OF CONTRACT REQUIREMENT 

Develop and demonstrate a micropower , wireless Body-area LAN . 

DELIVERY ANALYS~S 

Quarterly R&D Status reports submitted per contract. 

GOVERNMENT-FURNISHED EQU~PMENT (DELIVERY AND CONDITION) 

N/A 

CONTRACTOR'S QUALITY CONTROL PROGRAM 

N/A 

FORM 40-R 
1 JUL 81 1 

ED~T~ON OF 1 APR 74 IS. OBSOLETE . 



J PERFORMANCE OF CONTRA~,R'S PERSONNEL ASSIGNED TJ:JdE CONTRACT 

Principal Investigator - Philip Carvey: Excellent 

CONTRACTOR'S PERPORMANCE OP TEST AND EVALUATION PROGRAM 

N/A 

CONTRACTOR'S ABILITY TO UNDERSTAND SCOPE OP THE TECHNICAL REQUIREMENTS 

Excellent . Low power r e quirements reflected t hroughout project . 

FORM 40-R 
l JUL 81 2 . 



ANALYSIS OF CONTRAC 'S VALUE ENGINEERING PRO 

N/A 

OVERALL PERFORMANCE APPRAISAL (IP OUTSTANDING OR UNSATISPACTORY, 
FURNISH DETAILS) 

Excellent. 

RECOMMENDATIONS {SHOULD CONTRACTOR BE CONSIDERED FOR FUTURE AWARDS) 

Contractor should be considered for future awards. 

FORM 40-R 
1 JUL 81 3 

DATE 



ATZS-CDS 24 October 1994 

MEMORANDUM FOR Chief, Science and Technology Office 

SUBJECT: COR Visit to BBN, Contract #DABT63-94-C-0017, 
Cambridge, MA, Wireless Body-area Lan 

1. Purpose: The purpose of this visit was to receive a briefing 
on the status of the research outlined in the proposal and 
contract. 

2. Attendees: The meeting at BBN was scheduled for 19 October, 
and was a one-on-one session with the Principal Investigator, 
Philip Carvey. Mr. Carvey had presented a status report at the 
July WAMIS PI meeting in Virginia, and I introduced myself as the 
COR at that time. 

3. Objective: The goal of BBN, under this contract, is to 
develop and demonstrate a micropower, wireless Body-area Lan 
allowing communications between multiple "Personal Electronic 
Accessories'' (PEAs) and a "Personal Digital Assistant" (PDA). 
Preliminary PEAs include: health sensors; ring sensors (magnetic 
and gravitational fields, acoustic rangefinder); sports training 
aids; wristwatch display; microphone; ear speakers. 

4. Summary: 

a. Characteristics of BodyLan: short-range wireless 
communications; ultra low power consumption; spatial reuse; 
unobtrusive; compliance with FCC part 15; small lightweight; 
reasonable cost; flexible bandwidth assignment; autonomous 
operation. 

b. When Mr. Carvey gave his presentation in July, the 
project was still primarily conceptual. During the past 
three and a half months BBN has made considerable progress 
in the hardware designs and coding, and it is apparent that 
the low power requirement for BodyLan is reflected 
throughout. 

5. Action Items: None. 

6. POC for this action is the 

cc: 
ATZS-DKO-I 

na E. Beach, COR 
Science & Technology 

Office 



ATZS-DKO-I (715h) AUG - 8 1991\ 

MEMORANDUM FOR Dana Beach, U.S Army Intelligence Center, ATTN: 
ATZS-CDT-T, Fort Huachuca, AZ 85613-6000 

SUBJECT: Designation of Contracting Officer's Representative 
(COR) for Advanced Research Projects Agency Contracts 

1. Pursuant to the authority vested in me by AFARS 42.9001, I 
hereby designate you COR for the contracts highlighted at enclosure 
1. You shall exercise strict adherence to the instructions set 
forth herein. All personnel engaged in contracting and related 
activities must conduct business dealings in a manner above 
reproach and shall protect the U.S. Governments interest and 
maintain its reputation for fair dealings with contractors. While 
the Contract Officer has the legal responsibility for contract 
administration, certain portions of this authority may be delegated 
to a COR. The COR is responsible to the Contracting Officer and 
close communication should be maintained. 

2. The limitations and scope of your authority are contained in 
AFARS subpart 42.9002 and TRADOC Pamphlet (encl 2) entitled "Guide 
for Contracting Officer's Representatives." Further information 
on COR responsibilities/ duties can be obtained in the DOD 5500.7-
R Joint Ethics Regulation, August 1993 and AFARS 3 .101. A 
checklist on your specific COR responsibilities/duties is provided 
in this letter ( encl 3) . 

3. Signing the COR letter constitutes certification 
regulations stated above have been read and understood. 
files must be kept current. A copy of this letter shall 
in said file. 

that . the 
Your COR 

be placed 

4. You shall thoroughly familiarize yourself with the terms and 
conditions of the contract. 

5. A Con~ractor's Quarterly Progress Report (see Appendix C, encl 
2) shall · be prepared and submitted to this office within 10 
calendar days following the end of the reporting quarter. 
Deficiencies, delinquencies, or problems noted should be identified 
(contractor must be immediately advised of these problems) and all 
related correspondence summarized and referenced therein. Upon 
completion of the contract or termination of your appointment, 
whichever occurs first, you shall prepare and forward to this 
office, one copy of the Contractor's Performance Evaluation Form 
40-R (encl '1>. 



ATZS-DKO-I 
SUBJECT: Designation of Contracting Officer's Representative 
(COR} for Advanced Research Projects Agency Contracts 

6. Your instructions and directions to the contractor shall be 
thoroughly documented. Verbal instructions and directions shall 
immediately be reduced to writing and placed in your files. Copies 
of all correspondence with the contractor shall be furnished to the 
undersigned with the Contractor's Quarterly Progress Report. Each 
communication to the contractor shall contain the following 
statement: "This instruction/direction/clarification shall in no 
way affect the price, delivery, quantity, or quality under the 
terms of the contract." Each file referred to herein is a part of 
the contract administration files. These files shall contain only 
one copy of each document. Your file shall bear the legend and 
disposition instruction as follows: 715K Contract Actions 
(FORWARD TO CONTRACTING OFFICER UPON COMPLETION}. 

7. The instructions, directions, and contract clarifications given 
to the contractor shall not be: 

a. contrary to the contract, statutory or regulatory 
authority or, 

b. in conflict with command policies and guidance. 

8. As an agent to the Government, you should be aware that the 
authority delegated herein shall not be redelegated. If you depart 
from your authority, you may become personally liable for any 
additional costs incurred by Government. 

9. Government property in the possession or control of the 
contractor or subcontractor (consisting of Government furnished 
property (GFP} and/or contractor acquired property (CAP} vests with 
the Government) is the total responsibility of the contractor . It 
is a contractor's responsibility to maintain the official 
Government contract records of such property (unless an exception 
has been authorized due to special circumstances) in accordance 
with provisions of the GFP clause of the contract and subpart 45.5 
of the AFARS. You may be assigned additional responsibilitie~ by 
the contracting Officer. If no duties are assigned, you shall have 
direct responsibility to report promptly to me any loss, damage, 
destruction, or abuse of contract Government property which comes 
to your attention. 

10. If the contract contains DD Form: .. 254, Contract Security 
Classification Specification, and requires access to Sensitive 
Compartmented Information (SCI) then Secure Environment Contracting 
(SEC) procedures apply to the contract. As COR, you are 
responsible for ensuring c lassified deliverables are IAW the 
contract SOW and terms and conditions. As part of your required 
COR reports, you will specifically certify acceptance of classified 
deliverabl'es with a statement as follows: 11Deliverables are in 
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ATZS-DKO-I 
SUBJECT: Designation of Contracting Officer•s Representative 
(COR) tor Advanced Research Projects Agency contracts 
accordance with the technical requirements of the contract." 0 

11. Should you receive directions or orders from chiefs of staff 
sections, commanders, or any person not in the contract adminis
tration chain of command, which you consider to be contrary to 
these instructions, you shall notify the undersigned immediately. 

12. Termination of the above designation, without prejudice to 
any action . taken thereto, shall be effective upon satisfactory 
completion of the above referenced contract unless terminated 
sooner in writing. 

13 . All correspondence or reports concerning this contract wil l 
be addressed to the undersigned at: Directorate of Contracting, 
ATTN: ATZS-DKO-I, P.O. Box 748, Fort Huachuca, AZ 85613-0748. 

14. If there are any questions or doubts concerning your authority 
in any particular area, please contact the undersigned at (602) 
533-1398. This will obviate the possibility of exceeding your 
authority and preclude any embarrassing situation which may result 
therefrom. 

15. In accordance with AFARS 42.9004(a), request you acknowledge 
receipt of this designation letter, and return the original to the 
contracting Officer. -

'1 Encls p~lli~l!d 
Contracting Officer 

RECEIPT AND ACKNOWLEDGEMENT 

I hereby a~knowledge receipt of my letter of appointment and fully 
understand my responsibilities as COR. 

fl¥c::n~ 
· Representative 

....3 
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CONTRACT NO. 
9?F EI'V'C/ 

DATE 

?/TU-c; 91 
REQUEST/CHECKLIST FOR COR DESIGNATION 

I 
, 

ZC1 (CONTRACTING OFFICER) . 
v -;4--,-.-e_ /a ;,4- w() 2L.J1//c_i· 

THRU: 

NOMINEE/ADORES$. j}!fi# af!o ~Q ~ 
TELEPHONE: ~r ¢[ _ d. .3 7 ~ 

VICE 
TELEPHONE: 

RECOMMENDED DUTIES (SCOPE): 

w 
[] 
~ 

1. Issue written interpretations of the technical requirements of 
Government drawings, designs, specifications or statements of work. 

2. Review the contractor's efforts to ensure the contractor is 
meeting the technical requirements and intent of the contract. 

3. Ensure that the contractor is not arbitrarily enlarging the 
scope of the contract/delivery schedules, thereby obligating the 
Government to defray unanticipated costs (cost-type contracts). 

4. Review contractor's proposals and advise the Contracting 
Officer of their technical adequacy, correctness, and reasonable
ness of work estimates and costs, and assure there is no 
duplication of work or cost. ~ 

D 
D 6. 

5. Review the contractor's make-or-buy program to determine 
technical necessity for subcontracts and reasonableness to work 
estimates and costs. 

Certify as to contractor's progress. 

~ 
G 

7. Notify the Contracting Officer in writing of deficiencies 
observed during surveillance of the contractor's performance and 
direct appropriate action to effect correction. Record and report 
to the Contracting Officer any incidents of faulty work performed 
by the contractor. 

8. Furnish technical advice to the Contracting Officer for the 
purpose of establishing a basis for certifying payment of 
allowable costs under cost reimbursement contracts . 

.. .. 

9. Assist designated Government inspectors or the Contracting 
Officer in the test,. evaluation, inspection of items, programs, 
or systems to include final acceptance of deliverables. 

(Continued on Reverse) 

CONTRACTING OFFICER APPROVAL: 
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10. Contact the source of supply for Government-furnished property 
and ensure that such property is available when required. 

11. Monitor property and security matters as requested by the 
appointed property administrators, security officers, or the 
Contracting Officer. 

12. Monitor quality control and report discrepancies to the 
Contracting Officer. 

13. Certify that selected material, supplies, and services are 
necessary and of the quality contemplated by the contract. 

14. Review tasking for the contractor to ensure that the 
requirement is within the existing scope of work and coordinate 
with the. contractor accordingly. 

15. Certify receipt/acceptance of equipment or services received 
from third party contractors. Such certification shall be effected 
by completion of DO Form 250, DO Form 1155, or other appropriate 
document. 

~ 16. Other duties: 

a. Serves as proponent point of contact for all users of this 
contrict. 

b. Reviews and monitors any classified deliverables for 
compliance with terms and conditions of the contract and 
compliance with any security issues. 

Statement of Qualifications. Cite those which substantiate the 
qualifications to perform as a COR such as: 

1. COR course attendance (TRADOC COR Guide, para 2-4) 

2. Previous experience as a COR. 

3 . Knowledge of the product or services under contract. 

SEE ATTACHED 
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.. MAR-24-1999 15:54 

BBN Technologies 
Contract Closeouts 
87 Fawcett street 
Cambridge. MA 

BBN CORPORATION 

FAX COVER SHEET 

TO: Francie Mills, Fort Huachuca 
Phone: (520) 533-0932 

Fax: (520) 533·1 195 

FROM: Pot Murphy, BBN Technologies 
Phone: (617) 873-3056 

Fax: (617) 873-4857 

RE: Contract# DABT63-91-C-0038 BBN Ref# 11404/2731 
Contract# DABT63-94-C-C>Ol 7 6BN Ref# 11 592 

Number of pages. inc luding cover sheet: 2 

Dear Francie, 

617 873 4857 P.01 

24 Mar99 

As you requested, attached is a copy of the letter I sent to Uz Amatulli a week ago. 

If you have a ny additional questions or concerns, p lease contact me at the number noted above. 

c 



. , MAR-24-1999 15 :55 BBN CORPORATIOI't 617 873 4857 P.02 

March 17, '1999 

Attention: Ms. Liz Amatulli 
Procurement Technician 
Department of the Army 
United States Army Intelligence Center 
Fort Huachuca. Arizona 85613-6000 

Subject: Contract# DABT63-91-C-0038 
BBNRef# 11404/2731 
Contract # DABT63--94-C-0017 
BBNRef#l1592 . 

Reference: Fax received March 11, 1999 containing copy of letter dated August 22, 1996 

Dear Ms. Amatulli: 

This is to confirm your request concerning close out of the above referenced contracts. The most 
recent year for which we have final negotiated overhead rates is fiscal year 1995. The 
performance period of the referenced contracts include costs through fiscal year 1997. 

BBN has elected not to close out any contracts on a basis other than rates agreed to with DCAA. 
When such rates are settled, final vouchers will be issued. However, since we do not anticipate 
having final rates for fiscal years 1996 & 1997 in the immediate future, you may choose to have 
your contract closed out using our submitted rates (quick closeout). If this is what you wish to 
have done, please forward a written request for quick closeout of both of these contracts to my 
attention. 

Should you have any further questions, please feel free to call me at (617) 873-3056. 

Sincerely,yours, 

Patricia F. Murphy 
BBN Technologies 
Contract Closeouts Supervisor 

cc: file 

PO~f C . . ... • --- ~- ,.. 1 

TOTAL P.02 
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DEPARTMENT OF THE ARMY 
UNITED STATES ARMY INTEUJGENCE CENTER AND FORT HUACHUCA 

FORT HUACHUCA ARIZONA 85613·6000 

Directorate of Contracting 
Operations Division - Intel 

SUBJECT: Request For Final Audit 

Defense Contract Audit Agency 
10 Causeway Street, Room 253 
Thomas O'Neal Federal Building 
Boston, Massachusetts 02222-1033 

Dear Sir/Madam: 

August 22, 1996 

This office hereby requests that a final audit be started on Contract DABT63-94-C-0017 
with Bolt, Beranek, and Newman, 10 Moulton Street, Cambridge, MA 02138. The contract was 
completed on 31 July 1996. 

Point of contact is the undersigned if further information is required. Telephone is 
(520) 533-1398'/Facsimile 538-0415. 

Sincerely, 
) 

' .; /"" 

~3-{th, J~ 
Liz Amatulli , 
Procurement Technician 
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02/24/00 
09:29:08 

LXG NSFOP - CLARA BILLOCK PAGE 
DETAIL 

1A 

FY APC DOCUMENT 

5 JWBL HJ150042480535 
JWBL HJ150043480535 

TOTAL FY 5 

* GRAND TOTAL 

* 

* 

OBLIG 

$9,889 . 28-
$201,397.00 

$191,507 . 72 * 

$191,507 . 72 * 

ACCRUAL 

$0.00 
$191,507.72 

$191,507 . 72 * 

$191,507 . 72 * 

DISB 

$0 . 00 
$191, 507.72 

$191,507 . 72 

$191,507.72 

------ - ------------------------- LAST PAGE ---------------------------- ----- => 
<PF1> HELP <PF2> RETURN <PF3> TOTALS ONLY <PF4> DETAIL 
<PF5> NO TOTALS <PF6> STATS <PF7> BACKWARD <PF8> FORWARD 
<PF9> GRAPH <PF10> SEND <PF11> LEFT <PF12> RIGHT 



PCN 1\VK-087 GENERA!.. FUND ANA!..YSIS AS OF 17 FEB 00 REPORT PAGE 140 
EXCEPTION OR INQUIRY REPORT U/0 REC KEY PAGE 

F BASIC p R 1\l..l..OT PROG/ STA OB!..IG 
DOCUMENT NUMBER D y SYMBOL LIMIT Y 011 D SERIAl.. PROJ EOE NU /\PC D/\T/1 NAME 

IIJ150042480535 97 5 0400 1301 0 RP 0 1\ICF 5000 2581 002086 J WB!.. 2 

lf 3/f()~ q_:, CONDITIONS CAUSING REPORT 

ACCRUAL GREATER THAN OBLIGATION 
DISBURSEMENT GREATER THAN OB!..IGATION AND/OR ACCRUAL 
NEGATIVE OBLIGATION RECORDED 

SOURCE BLK DO OBLIGATION ACCRUAL DISBURSEMENT OBLIG ACCRU DISB ACR DSB L !..ED STAT 
FILl:: TAll NUM VOUCHR AMOUNT /\MOUNT AMOUNT DATE DATE DATE F'IIC FNL FNL CODE FLAG 

U/0 9,889.28- 0048 0000 0000 K 25 

TODAY Db"!' 231 wwc 9,889.28 - 0048 0000 0000 K 25 
TOTAL 9,889.28- 0000 0000 0000 

END OF DATil FOR U/0 REC KEY HJ15004248053597 50 40013010RPOAICF50002581002086JWBL2 



•' I. 
=> 

03/09/00 NXG -- CURRENT MONTH HISTORY CLARA BILLOCK PAGE 1A 
14:20:05 DETAIL 

FY EOE APC ODC DOC-NO DOV AMOUNT BLK DATE 
--------- ----- ------ ---------------- -----

5 2581 JWBL 2 HJ150042480535 $9,889.28- CEM 00055 

TOTAL TA 21 
* $9,889 . 28-

5 2581 JWBL 2 HJ150042480535 $9,889 . 28- wwc 00048 
5 2581 JWBL 2 HJ150042480535 P0005 $9,889 . 28 WW7 00055 
5 2581 JWBL 2 HJ150042480535 $9,889.28 CEM 00055 
5 2581 JWBL 2 HJ150043480535 P0005 $9,889 . 28- WW7 00055 

TOTAL TA 23 
* $0.00 

-------------------------------- MORE --------------------------------- => 
<PF1> HELP <PF2> RETURN <PF3> TOTALS ONLY <PF4> DETAIL 
<PF5> NO TOTALS <PF6> STATS <PF7> BACKWARD <PF8> FORWARD 
<PF9> GRAPH <PF10> SEND <PF11> LEFT <PF12> RIGHT 



=> 

03/09/00 
14:20:05 

NXG -- CURRENT MONTH HISTORY CLARA BILLOCK PAGE 
DETAIL 

FY EOE APC ODC DOC-NO 

5 
5 

2581 JWBL 2 
2581 JWBL 2 

TOTAL TA 32 

HJ150042480535 
HJ150043480535 

DOV AMOUNT BLK DATE 

$9,889.28 
$8,830.98 

* $18,720.26 

LRK 00060 
X47 00047 

5 2581 JWBL 2 HJ150 043480535 264250 $8,830 . 98 X47 00047 

TOTAL TA 40 
* $8,830.98 

* GRAND TOTAL 
* $17,661.96 

-------------------------------- LAST PAGE ----------- ----------- -----------
<PFl> HELP <PF2> RETURN <PF3> TOTALS ONLY <PF4> DETAIL 
<PF5> NO TOTALS <PF6> STATS <PF7> BACKWARD <PF8> FORWARD 
<PF9> GRAPH <PF10> SEND <PFll> LEFT <PF12> RIGHT 

2A 

=> 
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03!09!2000 
12:05:14 
ATLAS - GMAO-CLARA BILLOCK 

DOC_NO FAPC EOE TA F AMOUNT T LIC ODC BLK JULIAN DOV 

ATLAS Page # 1 

MNHRS AFCR FAC LC DEPT BSN LIMIT PY OA RD ASN PE FSN PFC ORG FILDATE S DR MARKERS 
------ - ------- ------------------ --------

1-Grand Total 
2-Grand MnHrs 
3-SubTot Obl 

_4-SubTot Ace 
_5-SubTot Exp 
_6-SubTot Disb 
note: AllRecs 

_: Count= 7 

HJ150043480535 5JWBL 2581 23 
7-SubTot TA23 ......... 23 -

23: Count = 2 

HJ150043480535 5JWBL 2581 32 
HJ150043480535 5JWBL 2581 32 
HJ150043480535 5JWBL 2581 32 
7-SubTot TA32 ......... 32 -

32: Count = 4 

HJ150043480535 5JWBL 2581 40 
HJ150043480535 5JWBL 2581 40 
HJ150043480535 5JWBL 2581 40 

·-7-SubTot TA40 . .... . ... 40 

40: Count = 4 

Total records printed: 17 

3339.76 
0.00 
0.00 

1669.88 
1669. 88 
1669.88 

0.00 

o_oo 
0.00 

1084.05 
438 . 18 
147.65 

1669.88 

1084 . 05 
438. 18 
14 7.65 

1669.88 

Account:ng Transact i on Ledger Archival System 

2 WWB 7069 4C0017 

2 X50 6150 
2 X53 6253 
2 X48 6248 

2 X50 6150 219022 
2 X53 6253 205459 
2 X48 6248 205185 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

0 1 

0 1 

0 

0 1 

0 1 

0 1 

0 

3 25 97 0400 1301 0 00 0 5005 5T10 002086 SAD E3 Mar97 

3 25 97 0400 1301 0 00 0 5005 5T10 002086 S1D E3 May96 
3 25 97 0400 1301 0 00 0 5005 5T10 002086 S1D E3 Sep96 
3 25 97 0400 1301 0 00 0 5005 5T10 002086 S1D E3 Sep96 

3 25 97 0400 1301 0 00 0 5005 5T10 002086 D1D E3 May96 
3 25 97 0400 1301 0 00 0 5005 5T10 002086 D1D E3 Sep96 
3 25 97 0400 1301 0 00 0 5005 5T10 002086 D1D E3 Sep96 

Vers ion 1996b 

Q: 

Q: 

Q: 

Q: 

Q: 

Q: 

Q: 



ATZS-CDT-STO 4 February 1994 

MEMORANDUM FOR Director of Contracting, ATZS-DKO-I, (Gloria 
Bickler), US Army Intelligence Center and 
Fort Huachuca, AZ 85613-6000 

SUBJECT: Acceptance of Proposal 

1. The following listed Proposals are accepted in behalf of the 
Advanced Research Projects Agency: 

TRW, Inc., Wireless, Adaptive and Mobile Information Systems 
Low Bandwidth Distributed Systems, dated July 9, 1993. 

BBN, Body Lan, A Wireless Body Local Area Network, undated, 
(for accounting purposes this office has given the document a 
date of 4 February 1994). 

2. Point of contact is the undersigned at 8-7500, FAX 8-7692. 

BERT D. BOLLING 
COR 
Director, Science and Technology 

Office 
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Body LAN 

A Wireless, Body-Local Area Network 

Prepared For: 

Principal Investigator: 
Philip P. Carvey 

Co-Principal Investigator: 
Julio Escobar 

Technical Report April15 - July 1, 1994 

Ad~anced Research Projects Agency 
'Electronic Systems Technology Office 
Contract No. DABT63-94-C-OO 17 

TECHNICAL POINT OF CONTACT: ADMINISTRATIVE POINT OF CONTACT: 

Philip P. Carvey 
Bolt Beranek and Newman Inc. 
10 Moulton Street 
Cambridge, MA 02138 
tel : (617) 873-3208 
fax : (617) 873-3776 
email: pcarvey@bbn.com 

Marguerite DiBlasio 
Bolt Beranek and Newman Inc · 
10 Moulton Street 
Cambridge, MA 02138 
tel: (617) 873-3153 
fax: (617) 873-3776 
email: mdiblasio@bbn.com 
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I. Project Description 

The overall goal of this research project is to develop the means for very-low-power wireless 
communications over a human body area. This development will comprise: the theoretical basis for 
the communications protocol, interface standards between body computer and modem, interface 
standards between sensor/transducer and modem, a prototype system demonstrating the technology, 
and a performance evaluation. Preliminary work done by BBN suggests that by using spread 
spectrum techniques and a communications protocol especially suited for low power· 
implementation, wireless modems can be constructed occupying less than a 1000 cubic millimeters 
and consuming less than a hundred microwatts . 

The key technical issues addressed in this project are: 

- Operation at. microwatt power consumption levels. 
- Immunity to interference from similar and dissimilar wireless systems. 
- Sub microsecond synchronization of all Body LAN devices. 
- Wireless operation in compliance with FCC Part 15 Regulations . 

Motivation for this development is easy to find in both military and commercial applications, e.g. 
health sensors, special mission accessories, and training aids. Numerous sources have forecast that 
hip-worn computers, integrated with wired and wireless broadband networks, will fundamentally 
chang·e the way people interact with their environment. Individuals will wear computers like 
clothing and jewelry. This evolution is not ten years out but is currently underway. Recently a 
"wearable computing" fashion show was presented in New York. 

Apple Computer has named these computing devices, .Personal Digital Assistants (PDAs) and has 
introduced an initial implementation called Newton. As technology evolves, there will be a steady 
evolution to smaller, lighter, and cheaper PDAs having more powerful processors, more storage, and 
seamless communication with the information fnfrastnicture. The technology being proposed here 
may enhance this evolution. Bolt Beranek !ind Newman· Inc. has trademarked this technology as 
"Body LAN™". 

We envision an environment in which a PDA would be worn on a soldier's hip or carried in a 
person's pocket. This PDA would not be used directly as are today's laptop computers; rather it 
would communicate with ultra-lightweight devices called Personal Electronic Accessories (PEAs). 
Routine interactions with one's PDA would be accomplished exclusively via these sensors/transducer 
PEAs. A PEA display device can be created today small enough to be worn like a wrist watch. 
Another PEA could include a gravitational and magnetic field sensor crafted to look like finger rings. 
These devices could be used to allow sign-language-like direct communications to the PDA. .A 
PEA worn in the ear could give auditory feedback from the PDA. Low power health applications are 
too numerous to list. · 

Open standards for communication between PDA and PEAs (possibly from different vendors) are 
central to the success of this vision. Part of the proposed work is to: 

• Formalize the BodyLAN communications architecture and develop a theoretical framework for 
its expected error rate under conditions of multiple near-field BodyLANs, narrow band jammers, 
and component aging. 

• Produce a specification document describing the systems and hardware interface to the PEA 
modem, the interface to the PDA modem, and parameter initialization protocols. 
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1.1 

Build a digital PEA plus a pseudo random sequence generator/checker, a microprocessor-driven 
PDA modem, and an interface to one of the existing PDAs. All hardware will utilize existing 
RF, field programmable logic devices, and r.ticroprocessor components. 

Evaluate the robustness , ease-of-use, and performance of the prototype systems . 

Develop a plan for-integrating the PEA and PDA modem functionality into a single IC . 

· Summary of Project 

To any engineer who has struggled to comply with the Part 15 FCC specification limiting radiated 
emissions, sending a signal a few meters might seem trivially easy. For example, a 1-tum coil , 15 
millimeters in diameter, having a 400 MHz, 20 milliampere sinusoidal current, generates an electric 
field of 2500 microvolts per meter at three meters distance. This signal is 19 times greater than the 
radiation allowed by the Part 15 specification. A receiver dipole of length 20 millimeters generates a 
voltage of 32 microvolts at that field strength, or 100 times that required by a low cost receiver. 
When antenna sizes are very small, higher frequency is a big win because of the cubic dependency 
of efficiency on frequency; the same example at 1200 MHz would result in· a signal 27 times as 
large. The question is, "if it's so easy, why hasn't someone already done it?'_' . 

The answer to this question is that tech.nology heretofore did not provide the motivation to look. 
With the emergence of wearable computers, wireless communications,· and low cost, high frequency , 
high density semiconductor chips, we now can look into the practicality of a very-local-area, 
wireless network, the BodyLAN. 

The radio frequency ~pectrum is. crowded and highly regulated. More than 30,000 channels are 
licensed by the FCC just in the Northeastern part of the United States (under 1000 MHz). With the 
exception of the television bands, all these channels are narrow band FM. While the number of 
channels is very large, they are infrequently used. Only the FM radio, TV, and cellular radio bands 
are in constant use. Forty percent of the spectrum under 1000 MHz is dedicated to television. Of the 
67 TV bands, only about 16-18 are typically occupied. Fire, police, amateur radio, and other bands 
are even less utilized. 

For BodyLAN, we need to find a way to coexist with these licensed channels in such a way that the 
FCC will accept BodyLAN emitters and existing licensees will not object. Part 15 specifies bands 
under 1000 MHz in which emission can be intentional but of limited field strengths. Typical field 
strength maximums are 100 to 200 microvolts per meter at three meters. For the remaining bands 
(all the television bands for example), the FCC allows zero intentional emissions. 

For long distance transmissions, narrow band FM benefits both receiver and transmitter--hence· its 
popularity. The receiver benefits from the narrow band because it receives less noise from natural 
and man-made noise sources and only the licensee is allowed to transmit power in that band. Since a 
transmitter's cost is normally highly dependent on its peak power, sending continuously (i.e. narrow 
band) maximizes the energy per unit of information transmitted. Narrow band transmission 
incidentally maximizes the number of dedicated channels. This maximization of precious radio 
spectrum is one of the most important benefits of narrow band transmission. 

For short distance unlicensed transmissions, as in BodyLAN, the benefits of narrow band FM 
disappear. In any narrow band, the receiver may find interfering signals from narrow-band 
transmitters (which we shall call jammers) and from other BodyLANs. A BodyLAN transmitter 
receives no cost reduction benefits from narrow-band operation because of the severe FCC limits on 
transmitted power. Accordingly, a new mode of operation now becomes desirable: pulsed operation 
(i.e. wideband), and, as described below, using a combination of AM and FM. 
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An emitter having a maximum fie ld emission of 20,000 microvolts per meter pulsed one 
microsecond on and 99 microseconds off has an average field strength of 200 microvolts per meter. 
If a wideband receiver is synchronized to the transP."'jtter and only samples the received signal when 
the transmitter is sending, then it "sees" a 20,000 microvolts per meter field, not the 200 microvolts 
per meter average. 

An important advantage of short distance communications is the comparative ease of 
synchronization. Maximum PEA/PDA separation distance is expected to be less than 1.4 meters (55 
inches) for a hip-worn PDA. This corresponds to less than 10 nsec of temporal uncertainty for a 
PEA anywhere within the 2.8 meter diameter sphere surrounding the PDA. If the RF pulses are on 
the order of 500 nanoseconds, none of the complexity associated with ranging must be implemented. 
In long distance communications, say 10 kilometers, the temporal uncertainty is 7,000 times larger. 
This requires either the data rates be kept unacceptably low or ranging compensation be 
incorporated. · 

Pulsed operation is desirable from a power conservation standpoint because transistors need large 
bias currents to obtain low noise, high gain, and high frequency operation. By employing fast 
startup linear circuits operating at low duty cycles, low power consumption is obtained. 

Synchronization between PEAs and the PDA is the key to the entire BodyLAN concept. It is also 
the most challenging .protocol problem to be solved. Principal requirements of a synchronization 
protocol are low power consumption, low complexity, the ability to quickly reacquire 
synchronization after losing synchronization, without disturbing other PEA/PDA communications, 
and sharing with data the single receiver in the PEA modem. From a power consumption standpoint, 
the PDA can expend only a small amount of its power consumption and transmitted power budget on 
synchronization. 

There are several operational constraints in the use of PEAs which critically affect the architecture·· 
and protocols. The first and foremost is that PEAs employing BodyLAN modems be autonomous. 
A PEA owner must only be aware of two constraints: first PEA batteries become discharged and 
must be replaced or recharged, or the PEA be disposable, and second, PEAs must be in reasonable 
proximity to the home PDA. All other aspects such as synchronization, power management, 
initialization, error reporting, synchronization sequence changeover, etc, must be handled by the 
Finite State Machines in the PEAs and PDA. Since PEAs are intended to be very small, they do not 
have a keyboard, connectors, nor any other mechanism for conveying information to the PEA other 
than through BodyLAN. We assume even the initialization procedure which sets the PEA's 
personalization perameters is handled via the BodyLAN. 

In use, PEAs of one BodyLAN must share the same physical volume of adjacent BodyLANs. We 
require that adjacent BodyLANs not interfere with one another catastrophically but will allow some 
increase in error rate. In normal operation, the PDA will monitor the received power level and error 
rates. It adjusts the transmitted power levels of itself·and the PEAs to achieve the desired error rate. 
Thus PEAs close to the PDA would transmit at lower power levels than PEAs further away from the 
PDA. This power management tends to limit the effect of one BodyLAN on another. Moreover, the 
"FM Capture Effect" causes a receiver to completely "capture" the stronger of two FM signal having 
the same carrier frequency. This effect will also reduce the interference of adjacent BodyLANs. 

j 

For some geometries, the FM Capture Effect will work against us. Consider the case of BodyLAN
equipped persons A and B shaking hands with one another. If person A has a finger-ring PEA(A) 
on his outstretched hand, it would probably be closer to PDA(B) than say person B's PEA(B) ear 
microphone. This requires that the transmission protocol must allow a few relatively strong 
interfering BodyLANs and still maintain a prescribed error rate. 

Figure 1 illustrates the BodyLAN system. The architecture relegates sensor and actuator functions 
to PEAs and processing functions to one PDA. This helps minimize the size and weight of the PEAs 
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which are typically worn on a non-load bearing part of the body (such as the fingers or in the ear). 
PCMCIA card implementing the BodyLAN hub modem plugs into the user's PDA. Control of tl 
BodyLAN is implemented in a low-power processor residing on this PCMCIA card. Applicati01 
interacting with the ensemble of PEAs are e.hecuted on the PDA. 

Personal 
Digital 

Assltant 

PCMCIA Card 
------------~ 

Figure 1 BodyLAN System 

• • • 
Actuator 

BodyLAN has a star topology where PEA modems can only communicate with the PDA modem 
not with each other. The current architecture supports full duplex communications at 32 Kb/s i1 
each direction using Time Division Multiplexing Access (TDMA). Each 23 millisecond TDMl 
"superframe" is composed Qf 768 bits. Each bit can be allocated to a PEA in two arbitrary lengtl 
groups. Each group can be assigned to PEA->PDA or PDA->PEA communications. Thus eacl 
PEA can receive data from the PDA in increments of 42 bits per second and can send data to th 
PDA in increments of 42 bits per second. To reduce power consumption and simplify the PEl 
modem ·design, we require that a "PEA" not send and receive simultaneously. Thus the maximun 
aggregate bandwidth of any one PEA is 30Kb/s while that of the PDA modem is 64 Kb/s. 

While a PEA modem supports both PDA->PEA and PEA->PDA communications capability, mos 
PEA applications are either one or the other. One exception is the ear PEA which, like a hearing aid 
"plugs" into the ear. It would have an antenna which slips around the ear and could also have a1 
integrated microphone. Others, like finger ring PEAs which measure the arrival time of acousti1 
bursts or the rings' orientations relative to the earth's gravitational and magnetic fields would use 3 
4% of the PEA->PDA aggregate bandwidth. A 256 X 128 display device could be complete!; 
repainted in about two seconds using one-half the PDA->PEA bandwidth. 

The BodyLAN architecture utilizes a 2.5 MHz-wide Pea->Hub sub-band in the 320-360 MHz ban< 
and a 2.5 MHz-wide Hub->PEA sub-band in the 360-400 MHz band. A BodyLAN system ca1 
dynamically select one of five sub-bands in each band to minimize interference. Synchronizati01 
beacons and Hub->PEA user data share the same sub-band. 

Naturally occurring noise from the environment (i.e. from auto ignitions, electric motors 
transmission lines, etc.) and thermally generated noise acting alone should give us virtually error free 
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channels and still comply with FCC maximum-power transmiSSIOn requirements. Multiuser 
interference among adjacent BodyLANs and narrow-band jammers are expected to be the main 
source of channel errors. Our design uses spread spectrum communication with 64 chips per bit and 
Optically Orthogonal Codes (OOC) to combat these error sources. The combination of spread 
spectrum and OOCs not only reduces the error rate but also make it possible for us to meet FCC 
regulations and reduce power consumption. 

1.2 Standardization 

As illustrated in Figure 1, Body LAN is composed of a PCMCIA card on which the Body LAN 
control processor and the PDA modem are mounted, and several PEA modems integrated with their 
sensor/actuators. Firmware irt the control processor will _control all BodyLAN communication 
activities such as power management, initialization, error detection, and synchronization. We 
envision application code exclusively executing on the PDA's processor. 

We envision the PDA component of BodyLAN as a generic component implemented on a 
PCMCIA card. This card would plug into a PDA of the user's choosing. It contains the PDA 
modem, a control processor with memory, and an interface to the PCMCIA bus. Processing power 
of the control processor is budgeted only to execute the communications activities of Body LAN. It 
will process the data input from all PEAs, plus any external or application data fed to the PDA but 
not any transducer specific functionality . Thus standardization of the PDA component appears 
achievable. The diversity of PEA form factors and transducers will make standardization of the PEA 
component more difficult. 

For the PEA component, we envision standardizing only the ·PEA modem portion of the PEA. To 
achieve some measure of standardization. we propose the interface between PEA modem and 

· transducer as a full duplex serial communication with clock and a frame pulse sourced by the PEA 
modem. In addition, a low data rate full duplex overhead channel will also be provided to provide a 
communication path with the PDA processor. 

We envision that the commercial version of the BodyLAN will require a single chip 
implementations of the PEA and PDA modems, tci reduce size, weight, and power consumption. We 
propose however only to implement a multi-chip implementation of the modems using off-the-shelf 
chips to demonstrate feasibility of the BodyLAN concept and characterize the channel and 
operational properties. 
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1.3 Communication Channels 

The choice of spectrum window must take into account naturally occurring noise, man-made noise, 
.and FCC regulations. The 320 MHz to 400 MHz band, among others, is assigned to military aircraft. 
Other transmissions in this band are allowed as long as they do not exceed 200 microvolts per meter 
field strength at a distance of three meters, as measured by a quasi-peak detector. Since this detector 
has low pass filter properties (contrary to what its name implies), BodyLAN's spread spectrum 
signals make it possible to satisfy FCC regulations. 

Channel errors will affect the quality or accuracy of the transducer connections. We expect the two 
major sources of channel errors to be multiuser interference among adjacent BodyLANs and 
narrow-band jammers. For multiuser interference, we have chosen spread spectrum signals known as 
Optical Orthogonal Codes. To reduce the effect of narrow band jamming, the RF pulses are 
transmitted at either of two frequency tones. The tones are 1.25 MHz above and below the center 
frequency of the band. Thus, the combined spread spectrum signal with a two MHz chip rate 
occupies approximately 2.5 MHz of spectrum. 

BodyLAN's hierarchy of signals is shown in Figure 2. The figure shows the TDMA format with 6 
frames per superframe, 128 slots per frame, one bit per slot, and 64 spread spectrum chips per bit. 
Six synchronization beacons are spred amongst 768 slots and repeated each superframe. The 
locations of these six beacons within a superframe form a codeword unique to each BodyLAN. 

Super Frame = 6 Sub Frames 
0 23.4m 

t- •I• •I• I 

-Frame = 128 Bits 
..-

....... User Data Beacon ' If I I I I I I I I I I;J !\1 I I I I ! I I I I I I I I I I I I I I I !;J I I I r I I ~ I I I 'f'l 
0 1 2 / . 127 . 

. // \ / \ . 
/ \ / 

Bit =))(Chips. 
/ 

\ 
\ / . 

Beacon = 512 Chips 
/ \ 

'~ 

Figure 2 Body LAN Superframe Format 

1.4 Spatial Coexistence Among Adjacent BodyLANs 

\ 

\ 

BodyLAN must operate within range of other BodyLANs. It uses spread spectrum transmissions to 
provide near-orthogonality among signals from adjacent BodyLANs. We have chosen a form of 
pulse-position spread spectrum signal known as Optical Orthogonal Codes (OOCs). OOCs are pulse 
patterns designed to have low cross-correlation among themselves (i.e. few pulse positions overlap 
for any shift of the codewords). Hence they are unipolar signals, i.e. symbols do not cancel out each 
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other in any sense, and use a sparse number of pulses in their spread spectrum chip sequence. When 
an RF pulse is transmitted, its "value" is either a one if the frequency is 1.25 MHz above the carrier 
or a zero if the frequency is 1.25 MHz below the carrier. 

Choosing the OOC for BodyLAN is still ongoing. One problem with optimum OOCs is that they 
yield a high error rate when too few code words are available . Ideally, we would like to assign a 
unique code word to each BodyLAN. Unfortunately, the number of codewords in a maximum size 
Optically Orthogonal Code is typically very small. In the (63,3,1) code, there are only 10 (module 

· cyclic shifts) out of 1.84e 19 possible codewords. An optimum (63,5, 1) code has even fewer 
codewords. Increasing the correlation factor to two (i.e. any two code words can have two 
coincident pulse for an arbitrary shift) greatly increases the number of codewords (over 100) but still 
results in far fewer codewords than possible users. Cyclic shifts of the codewords, however, satisfy 
the same low cross correlation properties and hence can be used to our advantage (see Section 4.8). 

1.5 Synchronization 

Synchronization of PEAs to the PDA is accomplished by the PDA periodically broadcasting beacons 
on the Hub->PEA frequency band. Six beacons are transmitted in each 768-slot superframe, one in 
each frame but starting at bit positions which are quasi-unique to each BodyLAN. Each beacon is a 
512-chip OOC having 38 separate RF bursts and one double chip RF burst near the end of the 
sequence which has a 0-> 1 FSK transition for fine grained synchronization. The Beacon code is 
designed to have low autocorrelation with itself and with the OOC words used for normal data 
transmission. 

All BodyLANs use the same beacon chip sequence. They differ from one another in the position of 
the sequence of 6 beacons per superframe and in the sequence of ones and zero FSK Tones of the 
beacon .chips. There are more than lQA20 different combinations of beacon position and beacon 
code to ·provide adequate diversity (though 'some are simple shifts of others) . Coarse 
synchronization is accomplished by tu'rning on the receiver continuously and oversampling the FSK 
signal output. The FSK output is then .passed through a digital matched filter. The output of the 
matched filter gives the number of one/zero FSK Tone matches out of 38. A match greater than 34 
for example, allows three errors to occur and still retain a match. Coarse synchronization can thus 
occur very rapidly, (typically in less than one superframe) regardless of the starting point of the 
crystal oscillator frequency. After the PEA has adjusted its frequency to lock onto the coarse 
synchronization,· it ~ses the. Beacon's 0-> 1 transition to achieve phase locking. 

1.6 Modes of Operation 

Each PEA has three major modes of operation: dead, sleeping, and active. A PEA is dead, such as 
after a battery replacement, when its internal control parameters are uninitialized. When sleeping, 
the PEA is also unsynchronized with the PDA. Our current plan calls for requiring that the PEA be 
physically moved close to the PDA such that the field strength emitted by the PDA is larger than a 
threshold. Note that this procedure is required only when the PEA's power source is disconnected 
(i.e. dead mode). 

The user then activates the PDA initialization procedure. This procedure causes beacons to be 
transmitted at prior known positions within each frame. The PEA can then synchronize to the PDA 
without having to know the BodyLAN identification code. Only when the signal strength exceeds 
the threshold will the PEA accept the initialization sequence. The PDA then repeatedly sends out a 
programming sequence to initialize the PEA. When the PEA finally has been programmed, it then 
acknowledges that it has been programmed by transmitting on the PEA->PDA control channel, that 
the initialization was completed, and enters the sleep state. 
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In its sleep state, the PEA has been initialized but it is not synchronized to the PDA. This state can 
be entered by the PEA when the PDA is shut down for battery charging or the synchronization 
channel error rate is sufficiently high that the PEA's synchronization is suspect. We expect a 
transition from sleep to active to be autonomous. Thus by simply turning on the PDA in the 
morning, the PEAs will wake from their sleep and become active. This sleep to active transition 
after a lengthy period of sleep can be slow. While in a deep sleep, a PEA will listen very 
infrequently for the synchronization beacon. Our current plan calls for a beacon scan once every 
four seconds. 
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II. Accomplishments in the Last 10 Weeks 

2.1 Summary 

During the first 10-weeks we have concentrated on "visiting" each major component of the 
BodyLAN to ensure there are no major flaws in the architecture and to come to a better 
understanding of the relationship between error rate, 'power consumption, and code diversity. We 
have concentrated on the transmitter and receiver RF design, the various oscillators and their phase 
locked loops, the design for Hub/PEA synchronization, and bit error .analysis. We also successfully 
hired an MIT graduate student to work on simulations, OOC ge~eration, and system simulation. 

2.2. Hard ware Design 

The game plan in this initial phase is to visit each section of the mod~m. create a preliminary design, 
"spice" simulate that design to allow estimation of power consumption, noise, and parameter 
sensitivity using a BiCMOS process as if we were going to create a chip. This allows us to make a 
determination of where the power dissipation goes and what are the major problems to solve . 

. Hopefully this procedure will also establish some measure of credibility on overall potential power . 
consumption and the feasibility of a single chip solution. It also· allows us to better understand how 
to choose the off-the-shelf devices which will be used in the prototype construction. 

Specifically, we have examined architectural and implementation issues including: 

1) Choice of Pea processor . 
2) Transmitter circuit and spice sensitivity study 
3) Transmitter Frequency modulating. circuit and spice simulation 
4) Transmitter frequency locking model 
5) Design and simulation of negative voltage charge pump for frequency adjustment with hyper 

abrupt tuning diodes 
6) Receiver low noise amplifier 
7) Receiver local oscillator design and simulation 
8) Receiver mixer Design and simulation of receiver 
1 0) Rece.iver third order maximally-flat filter using design 
11) FSK demodulator simulation . 
12) Review of about 40 papers relevant to receiver implementations 
13) Study of standard products which may be used for the implementation chosen 

At this time, we have examined enough of the receiver and transmitter to judge that the hard part is 
going to be the generation of stable transmit and receive side oscillators. On the positive side, the 
literature study has paid off handsomely by giving starting circuit topologies for virtually every part 
of the receiver design. The I & Q channel processing technique with direCt demodulation (borrowed 
from a paper on pager design) appears to give the lowest power consumption. In addition, the 
section power consumption estimates suggest a substantially lower power consumption than was 
originally estimated. 

2.3 Analysis 

We have probabilistic models of OOC codes and a study of alternative signaling schemes, in 
particular a "symmetric" scheme where bit 1 and bit 0 both use "pulse codewords" and an 
"asymmetric scheme" where bit 0 uses a "no pulse codeword." If the demodulator/detector circuit 
can distinguish noise from pulses, the asymmetric wins out by a good margin . 
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We are coming to understand the FM quadrature demodulator with limiters. Detecting the FM tones 
is equivalent to determining the rotation of a vector whose components are the in-phase and 
quadrature demodulator arms. This can be done in one quarter of a period. When interference is 
present, the vector length changes with time and its trajectory is more like an ellipse. The direction 
of rotation seems to be given by the strongest signal (capture effect) . Detecting the sense of rotation 
in the presence of interfering BodyLANs will require l/2 wavelength. 

When Jack of chip synchronization among of interferes is taken into account, deteCtion of the 
rotation over several FM periods (at the expense of high power consumption) appears to improve bit 
error performance. We now have models for performance in the face of asynchronous interference 
both for asymmetric schemes with detectors able to distinguish noise from pulses, and for symmetric 
schemes. 

2.4 Prototype 

We have contacted various vendors about getting PCMCIA slots for our desktop computers and have 
tentatively chosen a PC development system for purchase. Several vendors have expressed an 

•interest in helping develop the PCMCIA interface card and in establishing its compliance. We have 
hadestablished discussions with Palmtree, Globe Mfg Sales, Databook, S-MOS systems, Centennial 
and IBM about possibly partnering in the prototype development. 
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III. Milestones for Next 12 Months 
- Receiver circuit design 

Optical Orthogonal Codes (OOC) 
- Power budget analysis 
- Simulation and tests of transmitter and receiver stages 

BodyLAN system SPECIFICATION (VERSION 0) 

End ofSEP 94 

- BodyLAN: performance simulations 
- ANALYSIS AND DESIGN REPORT 

Transmitter and receiver circuit specifications 
- Begin software writing 

End of DEC 94 

- PCMCIA software driver 
- Tester software (e.g., bit error rate, synchronization) 
- HARDWARE SENT TO FABRICATION 
- PDA software 

End of MAR 95 

- Test transceiver prototype 
- BodyLAN prototype beta software ready 
- BodyLAN BETA PROTOTYPE 
- Begin performance testing 

End of JUN 95 

OOC and Synchronization performance characterization 
- Single and multiu~er performance characterization 
- Body LAN DEMONSTRATION 
- FINAL REPORT 

End of SEP 95 
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IV. Detailed Progress Report 

4.1 BodyLAN Hardware 

BodyLAN hardware components consists of a Hub modem interfaced to a Personnel Digital 
Assistant (PDA) and one or more Personal Electronic Accessory (PEA) Modems. The current plan 
calls for the Hub modem to be implemented on a PCMCIA card. This card would be generic to all 
BodyLAN systems regardless of which PEAs are chosen. We. envision that in later revisions, the 
Hub modem function will be built into the PDA to reduce cost' and free the PCMCIA card for other 
functions. Any applications would typically couple a transducer to PEA modem. 

Many of the sections comprising the Hub and PEA modems are identical. The main difference 
between Hub and PEA modems is that the Hub is required to both transmits and receiv.es 
simultaneously while that the PEA modem never transmit and receive simultaneously. This reduces 
power consumption in the PEA modem because of the very limited battery size. 

Common modem components consist of a timing generator, receiver, transmitter, and 
microprocessor controller as shown in Figure 1. There are three separate time multiplexed channels 
for transmitting user, control, and synchronization information.from Hub to Pea. All three channels 
are broadcast by the Hub on one 2.5MHz frequency band. The receiver converts the FM modulated 
RF bursts within this band into a logic level data sequence and then into a byte stream suitable for 
input to the microprocessor. Similarly, there are two separate time multiplexed channels for 
transmitting user and control information from Pea to Hub. Both these channels are broadcast by the 
Pea on one 2.5MHz frequency band widely separated from the receive-side band. The transmitter 
converts a byte stream sourced by the microprocessor into a sequence of equal duration FM 
modulated RF bursts at time positions signaled by the timing generator. All user interface, 
synchronization control, and modem tuning is handled by the microprocessor. · 

In the PEA modem, additional circuitry is added to allow receipt of beacon information broadcast by 
the Hub to affect synchronization even when the PEA modem is totally unsynchronized with the 
Hub. In addition, the PEA has alarm clock circuitry which allows the PEA to wake up after entering 
ultra low power modes to sense whether to become active. A user interface is implemented in part 
with special circuitry to minimize the amount of time that the microprocessor must be in its high 
power active mode. On the Hub side, a PCMCIA interface provides a high speed interface between 
the Hub modem and the PDA. Unlike the PEA side, this interface is powered whenever the PDA 
processor is executing. 

We are designing the modems using Spice parameters from a 0.8 micron BiCMOS process described 
in ISSC Vol 29 #3, March 94. This design process is intended to give some credibility to the power 
estimates achievable if the modem were to be implemented using a single BiCMOS chip. The 
prototype will be constructed using-off-the shelf components based on the design. 

Both Hub and PEA modems share many components including the· transm'itter, receiver, reference 
voltage-controlled crystal oscillator, sub-bit and chip clock generators, component adjustment 
circuits, interface to the modem microprocessor, power converters and bias generators. The 
following sections describe at least one embodiment of several of these sections with and estimate of 
power consumption based on a PEA->Hub user channel bandwidth of 2K bps. 

4.2 Transmitter Design 

The transmitter circuit attempts to create a sine wave oscillatory signal in the loop antenna at the 
carrier frequency +1- 1.25 mhz in response to a pulse enable signal from the controller. Ideally, we 
would like the sinusoidal current to smoothly increase to its maximum value in a small fraction of 
the chip period and collapse after the enable signal is negated in a small fraction of the chip period. 
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We would like to be able to digitally select the maximum value of the antenna current. Other 
transmitter specifications are: 

• 
• 
• 
• 
• 
• 
• 
• 

5k microvolts/meter (RMS) at 1.4 meters 320-360 MHz 
2.4 volt battery operation 
power selectivity 16 dB in 4 increments 
carrier frequency control +1- 8% 
FSK +1- 1.2 MHz digitally controlled 
frequency stability +1- 100KHz 
synchronization to 131072 Hz reference oscillator 
Tx harmonics less than 375 microvolts/meter at 2nd, 3rd, higher 

• · full power turn on time 7 5-l 00 nsec 
• 
• 
• 
• 

antenna coil inductance 50-70 nh 
antenna Q > 400 . 
power consumption less· than lO nJoules/bit 
few external components 
all components except the antenna to be small 

BodyLAN antennas occupy less than .0006 radiansphere in space (a radiansphere has a 
radius=wavelength/2*pi and is the space occupied by the stored electric or magnetic field). Thus 
Body LAN antennas are essentially an electric dipole C or a magnetic dipole L or a combination of · 
both. The radiation power factor (PF) is ratio of the radiated power to the reactive power stored in 
the radiansphere. For any shape of small electric or magnetic dipole, the radiation PF at one 
frequency is proportional to the volume. Moreover it is nearly equal for the two kinds of dipoles if 
they occupy the same volume. 

Both electric and magnetic dipoles radiate by. driving a current into the input terminals of the 
antenna. For a small loop antenna, the current at its terminals is essentially uniform around its 
circumference whereas for a small electric dipole, the current tapers linearly to zero. Both antenna 
types exhibit ohmic losses due to skin effect crowding. These ohmic losses are typically much larger 
than power radiated so that the Q of the antenna is virtually the same as a non-radiating antenna. For 
both electric and magnetic dipoles the Q is very high (typically in the several hundreds). 

The large Q associated with very small antennas has both positive and negative aspects. For the 
transmitter antenna, the very narrow bandwidth associated with a large Q means unwanted 
harmonics will be severely attenuated. On the negative side, the very narrow bandwidth means that 
the bandwidth of the driven signal must also must be very small. In Body LAN, we exploit the high 
Q of the transmitter antenna by making the TX antenna part of a resonant circuit and dynamically 
changing the resonating capacitance to modulate the frequency. Using this approach, the antenna is 
always operating near its maximum radiation power factor. 

From a theoretical standpoint, the radiation emitted from an equal volume magnetic and electric 
dipoles are essentially equal. From a practical standpoint, this theoretical equality is difficult to 
achieve. An electric dipole equivalent to 0.02 meters long has a radiation resistance more than 14 
time that of a single loop antenna 0.02 meters in diameter. Thus for the same approximate size, the 
electric dipole is much more efficient than the loop. A two tum loop can reduce this ratio by a factor 
of four but typically has a self resonant frequency only slightly above the transmission band. This 
would suggest using a dipole over a loop for the TX antenna. 

The impedance looking into the terminals of a dipole is more than 10 times that of a loop. Thus, for 
the same driving voltage, the loop radiates over seven times the power that the dipole radiates. To 
match the high impedance of the dipole to the low impedance of a typical driver requires series 
resonating inductance with a very large Q and high self resonating frequency. This inductance is 
very difficult to create and physically would be very large to achieve a high Q. 
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Our current plan is to utilize a hybrid antenna combining a half-dipole and loop. This hybrid will be 
constructed to be self resonating somewhat above the transmission frequency band. Experimentation 
is required to achieve the best matching between half-dipole and loop. For the purposes of Spice 
simulations we have been assuming a transmit antenna of a single loop having an inductance of 60 
nanohenrys and Q of 150. 

131072H z 

Figure 3 Body LAN Transmitter 

A modified Colpitt's circuit is used as the transmitter antenna driver. This circuit (shown in Figure 
3) has shown the best stability, conversion efficiency, and power-up performance of any of the 
circuits examined. 

To FM-modulate the . carrier, transistors M2 and M3 are both turned on or both turned off. When 
M2/M3 are both on, the capacitors C3/C4 are added in parallel to C2 and thus the frequency is lower 
than the carrier. When M2/M3 are both off, the capacitors C3/C4 are placed in series with the drain 
overlap capacitance of transistors M2/M3. This increases the frequency of oscillation. 

We currently plan to enable the transmitter for about 125% of a chip period to allow for some timing 
uncertainty between PEA and Hub modems. Assuming 5 chips per bit, and 2000 b/s data rate 
implies a transmitter duty cycle of 0.006. A bias current of 200uAmps is sufficient to generate the 
5000 microvolt/meter radiation at 1.4 meters. This implies a power consumption of just 4.5 uWatts. 

When bias current is applied· to the transmitter transistor, os.cillatory buildup occurs at exponential 
rate. These oscillatory buildup times do not satisfy our 75-100 nsec tum-on time. To improve this 
time we need to increase the transistors bias current. The basic idea is to increase the bias current to 
4*1bias at the tum on time and have it exponentially decay to lbias. 

A similar problem occurs when the bias current is removed due to the high Q of the antenna. Here 
the antenna rings with a time constant proportional to its Q. Since the antenna radiates duri 'le 
time that it rings, we would like to dampen the ringing. By connecting the drain of a dam;?emng 
transistor to the antenna, and on immediately after removing the bias current, the antenna can be 
dampened. 
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Figure ~ shows .the antenna c~rre~t without oscillatory build-up enhancement and dampening and 
after usmg an lbtas(O) = 4* lbms wtth an 16 nsec exponential decay. 

Figure 4 Transmitter Antenna Current With & Without Pulse Shape Enhancements . 

While the protocol is relatively insensitive to carrier offset, the carrier frequency must be controlled 
quite tightly . The +1- 100KHz carrier frequency specification represents +1- 310 PPM tolerance. 
While compared to narrow band channels , this frequency tolerance is very coarse, it is by far the 
most challenging aspect of the transmitter design. ·. 

Tuning the transmitter involves turning transistors M2 on and M3 off and adjusting the varacter 
voltage Vtx (see Figure 3). The first problem is that when we enable the transmitter during the 
frequency adjustment procedure, we must do so for a relatively long period of time to allow phase 
locking the transmitter to the 131072 Hz reference oscillator. Even more troublesome is the fact that 
during the transmitter frequency adjustment procedure, power is being radiated by the antenna. 

From .. the Spice simulations, non-linearities in the varacters cause about 500 KHz variation in the 
resonant frequency as the power level is increased from minimum to maximum. Thus the simple 
approach of biasing the transmitter at its lowest power setting for tuning and counting on frequency 
stability for full power output is not an option. 

Another concern is providing a constant resonant frequency over the duration of the RF pulse. Spice 
simulations have shown that during the transition time between power-off and power-on, the 
frequency will vary by as much as 200 KHz depending on the varacter control voltage. When the 
bias current is turned off, the high Q antenna will ring at a resonant frequency about 1.5 MHz higher 
(due to reduced collector capacitance). This is well outside of the 200Khz specifications. Adding 
dampening will reduce the amount of time in this off->on transition. 

4.3 Receiver Design 

The function of the receiver in Body LAN is to convert the microvolt signals sourced by the receiver 
antenna into logic signals which are further processed by the digital hardware. With an antenna 
height of approximately 0.01 meter and a minimum field strength of 5k microvolts/meter at 1.5 
meters distance, we expect the minimum voltage generated by the antenna to be about 50 microvolts 
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RMS. When the receiver is brought in near proximity to the transmitter, the received voltage 
increases dramatically. At 0.05 meters distance, the expected voltage will increase to about 2000 
microvolts RMS. 

The expected input referred noise of the receiver must be fairly low to achieve a reasonable error rate 
at the minimum field strength. At this time we do not know the relationship between error rate and 
signal to noise ratio. For non-coherent binary FSK modulation, a lQA-4 error rate requires a 12.5 dB 
signal to noise ratio. In the BodyLAN system, we are always sending multiple chips for each bit of 
information. For fairly low noise induced error rates, (i.e. lQA-4), the probability that a sufficient 
number of chips get error hits to cause the entire bit to get an error hit is much less than the expected 
non-coherent FSK binary error rate. We may reasonably expect to get by with an SIN ratio of 
approximately 6-9 dB. Neglecting the redundant coding of each data bit, a 12.5 dB SIN ratio requires 
the receiver to have an input referred noise voltage of less than 11 .8 microvolts RMS. 

We employ a single stage direct conversion approach to minimize power consumption. In direct 
conve'rsion, the antenna voltage is first amplified by a low noise amplifier before being fed to an VQ 
mixer stage. The I and Q mixer outputs are then each separately filtered by a low pass filter to 
remove any non-BodyLAN signals received off the antenna. The I and Q channel filter outputs are 
then further processed. While direct conversion requires twice the power consumption to process the 
I and Q channels, the processing is done at the lowest possible frequency. Only three blocks, the 
local oscillator, the LNA and the mixer, must process information at the carrier frequency. We 
expect this approach to yield the lowest power consumption. 

There is a problem with direct conversion due to parasitic coupling between the local oscillator and 
the receiver input. This coupling can occur directly between the external passive devices which 
control the local oscillators resonant frequency, or indirectly through parasitic capacitive coupling i.n 
the receiver itself. To address this problem we plan on both injecting a compensating local oscillator 
signal into the mixer and including a transmission zero at DC in all I and Q processing stages. This 
has the advantage of making the receiver insensitive to spurious radiation at the carrier frequency 
caused by the transmitter tuning its TX antenna. 

Because the antennas are easily implemented and very small, we plan on having a receive antenna 
different from the transmit antenna. For the 0.02 meter size envisioned for BodyLAN antennas, a 
simple dipole antenna generates a significantly larger voltage than a single turn loop antenna. At this 
time it is unclear whether a dipole or loop antenna will be utilized for the receiver. Most pagers 
utilize small loop antennas thus suggesting that the reduced antenna voltage can be overcome by 
tuning the loop to the carrier frequency. Since we plan on adopting some form of frequency hopping 
to avoid a heavily congested band, tuning the loop would require yet another tuning mechanism, this 
time for the input antenna. In theory, a loop antenna can generate a very large voltage into a high 
impedance load by resonating the loop with a corresponding high Q capacitance. The Q of such an 
antenna could be on the order of 50-100 thereby generating a voltage to the receiver of 
Q*Effective_Height*Efield_Strength. The choice of receiver antenna is thus still open. 

A block diagram of the receiver is shown in Fgure 5. It consists of a local oscillator with frequency 
locking, local oscillator phase shifter and amplitude adjustment, a low-noise amplifier, VQ channel 
mixers, low pass filters , and I/Q channel processing. 
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Figure 5 BodyLAN Receiver Block Diagram 

S is greater than zero for frequencies above the local oscillator frequency arid less than zero for 
frequencies below the local oscillator frequency . S is totally insensitive to phase differences 
between the I and Q channel mixer inputs as well as differences between the I and Q channel mixer 
amplitudes. Unfortunately S throws away phase information about the phase relationship oetween 
the I and Q channels. We hope to be able to use the this zero crossing information from the I and Q 
channel limiters to detect collisions between RF pulses transmitted by two different BodyLANs 

4.4 Low Noise Amplifier 

BodyLAN employs a low noise amplifier (LNA) serving three functions . First it adapts the high 
impedance capacitive antenna source to the mixer. Secondly it provides low noise amplification. 
Finally, it provides variable attenuation to allow high E fields from saturating the receiver's 
downstream processing. All these function must be accomplished using only a fraction of the 
allocated power consumption and function over the complete range of process, temperature, and 
voltage tolerances. 

The transimpedance amplifier is a commonly used topology to couple an electrically small antenna 
to the mixer stage in high performance receivers. One implementation of the amplifier is shown in 
Figure 6 . The amplifier has relatively low input impedance and flat gain characteristics because of 
the capacitive feedback. Important specifications for these amplifiers include equivalent noise 
voltage, overload level, bandwidth, power dissipation, and power-supply rejection. 
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Figure 6 Body LAN Low Noise Amplifier 

For Ib=200 uAmps, the gain of the LNA is about 14.5 dB with an input referred noise of 2.65 
nano Volts per root hertz. For a 2.5 megahertz passband bandwidth, the noise voltage is 4.2 
microvolts RMS. Thus to achieve a 12 dB SINAD, the minimum antenna voltage must be greater 
than 16.2 microvolts. Because subsequent noise terms are reduced by the LNA gain (i.e. 5.3 in its 
maximum gain mode), the LNA will dominate the overall receiver noise. We expect the overall 
receiver noise to be about 6 microvolts thus leading to a 23 microvolts minimum input signal needed 
to achieve 12 dB SIN AD. This corresponds to a received field strength of 2300 microvolts per meter 
at the 0.01 meter effective height of the receiver antenna. 

By simultaneously decreasing Rb, increasing Ra, and turning on mosfet M1 , the gain can be reduced 
from 14.5 dB to -21 dB, a reduction of 35 db, and the maximum input signal can be increased to 580 
millivolts RMS. This corresponds to an input field strength of 58 volts/meter (i.e. radiated power of 
a one killowatt source at 3 meters). For operation in an environment with this large of a field 
strength, the filtering would have to attenuate the unwanted, very high field-strength signal by 95 
dB. For the moment, we intend to implement an LNA with gain control to limit the output voltage 
excursion, but not the Cgr input capacitance needed to allow very high field strengths. This will 
limit field strengths to about 4 volts/meter. 

4.4.1 Mixer 

The proposed receiver mixer is a conventional balanced design with variable emitter degeneration 
shown in Fgure 7. Transistors q3/q4 form a differential pair with emitter degeneration Rea/Reb. 
Rea/Reb can range in value from about 10 ohms to lk and serve to both linearize the voltage to 
current conversion and to allow reduction of the mixer gain. 
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Figure 7 BodyLAN Mixer & 1/Q Channel Filters 

With all Pfets sized at 200/.8 and Nfets at 50/.8, a tail current of 400 microamps, and Rex= 10 ohms, 
the differential mixer transconductance is .0026. At maximum Rex=lk, the gairi is reduced by a 
factor of 6.8 and allows linear operation with LNA output up to 80 millivolts RMS. Thus the LNA 
and mixer become saturated at about the same an.tenna voltage. A larger dynamic range of the mixer 
requires higher tail currents and thus higher power consumption. The input referred noise of the 
mixer at maximum gain is 6 nanovolts per root hertz. This noise component is reduced by the LNA 
gain on an input referred basis and contributes only about 0.5 dB more noise at the input. 

4.4.2 I and Q Channel Filters 

The output of the balanced mixer contains a DC component caused by LO coupling with the RX 
antenna, a LO frequency components due to leakage of the large LO signals through the mixer 
quads, a very large component at twice the LO frequency, many spurious signals from non
BodyLAN and other BodyLAN transmitters and other in addition to the desired BodyLAN signal. 
The I and Q channel filters must pass through the desired signals and attenuate all other signals. 

If we require that the unwanted signals be at least 20 dB less than the desired signal, the stopband 
attenuation must be significantly larger than 20 dB. For example, the twice LO frequency mixer 
byproduct signal is on the order 100 uAmps. With a minimum BodyLAN signal of 0.05 uAmps, the 
filter must provide 85 dB of rejection of the 2X LO signal. 

There are ·many different types of passband attenuation profiles. For Body LAN, we believe that a 
filter having 0 dB attenuation in the passband and infinite attenuation in the stopband with zero 
transition between passband and stopband is not ideal. This is because the delay as a function of 
frequency of such a "brick wall" filter will approach infinity near the transition frequency. In 
Body LAN, we want the delay of the demodulated RF burst to be constant regardless of small 
variations in either the transmit frequency or the receiver local oscillator frequency. The nominal 
FSK frequency offset is 1.25 MHz. Including tolerances in both the transmit and receiver oscillators 
implies that the FSK frequency offset will be 1.25 MHz +1- 0.2 MHz. Since fine scale 
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synchronization is derived from the transition between carrier frequency minus the FSK offset to the 
carrier frequency plus the FSK offset, we would like the delay through filters to be constant. A 
constant delay suggests a linear phase or maximally flat filter. 

Our current plan utilizes a cascade of two on-chip filters of increasing complexity. Each stage 
reduces the level of interfering signals to within the dynamic range of the following filter. The first 
filter is a passive RC network at the mixer output to remove the large 2X LO frequency components. 
These RC filters have good dynamic range but their 3 dB frequency is dependent upon on-chip 
capacitors and resistors. The cutoff fniquency is thus expected to thus have +/- 15-20% tolerance. If 
we adopt a cutoff frequency of about 9_ MHz, the 2X .LO frequency is attenuated by a factor of 8000 
and only 15 degrees of phase shift is introduced. 

The next stage is a fourth order, linear phase filter (0.5 degree p·assband ripple), fully differential 
filter with a 3dB frequency at 1.25 MHz. The attenuation versus frequency of this filter is: 

frequency 
MHz 
1.25 
2.5 
3.75 
5.0 
7.5 
12.5 

attenuation 
dB 
6 
26 
42 
53 
63 
80 

We expect BodyLAN sub-bands to be separated by about 8.4 MHz. Thus adjacent BodyLAN bands 
will be attenuated by.about 70 dB. · · 

Designing on-chip I and Q channel ·filters is straightforward as illustrated by many articles on 
continuous time filters . · The major design issue in BodyLAN is power consumption. Power 
consumption is proportional to the number of poles, edge frequency, dynamic range. The number of 
poles and edge frequency is fixed by the signaling architecture whereas the dynamic range is an free 
parameter. 

On-chip filters are constructed from integrators whose unity frequency is proportional to the 
transconductance and inversely proportional to the capacitance. For the BodyLAN filters, a 
capacitance of 2-3 pf would be the minimum allowed capacitance to achieve reasonable tracking. 
This requires a transconductance on the order of 15 microamps/volt. A 12.8/3.2 Nfet biased at a 0.5 
microamps has a transconductance of about 20 microamps/volt. If a typical balanced integrator 
requires about four transistors of comparable transconductance thus giving an overall minimum 
power consumption of about 2 microamps per pole. We would thus expect a minimum power 
consumption for both I and Q channel filters of about 16 microamps. 

The problem with a realization employing such low bias currents is its very small dynamic range. If 
the mixer output current is .05 microamps, a current mode integrator realization would provide a 
dynamic range of 10 to one. While the signal to noise ratio is still adequate, the filters will quickly 
saturate for any but the smallest input signals. Increasing the bias currents of a· current mode 
integrator by a factor of 20 would increase the dynamic range to equal the 200 to one range in 
BodyLAN signals. There would be no headroom however for preventing saturation from higher 
signal strength out of band signals however. 

The channel filters can also be implemented in the voltage domain. For a mixer gain of 12 dB, the 
minimum output signal is about 1250 microvolts RMS. Typically, a voltage mode integrator will 
provide about 600 millivolts of linear range at Body LAN supply voltages. Thus implies a 170 to one 
dynamic range which is almost enough to satisfy the 200 to one dynamic range of Body LAN signals. 
This rough estimate does not include the effect of Q multiplication where internal integrator nodes 
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~ave higher RM~ voltages than the ~ilter input. In ~ddition, the 600 millivolt limit cannot be easily 
mcreased where m a current mode filter a Simple bias voltage change can double the bias currents. 
We have thus tentatively elected to implement the channel filters using current mode integrators. 

·4.5 Bit Error Rate Analysis 

We have made significant progress in analyzing the bit error rate for the BodyLAN channel. This 
includes stochastic models and bit error analysis under alternative design assumptions. This section 
describes the spread spectrum signals, the dynamics of detecting the pulses within the spread 
spectrum signal, and the probability of error analysis given alternative detection rules for the spread 
spectrum signals. Work is still in progress. 

We choose Code Division 'Multiple Access (CDMA) for data transmission "within" a Body LAN to 
simplify coexistence with nearby BodyLANs. CDMA is based on spread spectrum signals of low 
mutual cross correlation. Transmissions in one BodyLAN are nearly transparent to those of another 
nearby BodyLAN. For spread spectrum we chose Optical Orth9gonal Codes [Chung89]: a family of 
codewords consisting of a sparse set of short pulses over the bit period. This means that the duty 
cycle of the transceivers over· a bit period is low (e.g. 3 pulses out of 64 possible pulse positions), 
which contributes to low power. Optical Orthogonal Codes (OOC) are robust again "near-far" 
situations because their information is .encoded in the pulse "positions." Their spread spectrum 
nature also facilitates meeting FCC power-constraint regulations. 

An exact characterization of CDMA bi1 error rate for Optical Orthogonal Codes falls in the ·domain 
of simulation and experimentation. At this stage of the project we consider it sufficient to model the 
interfering OOC signals as a stochastic process describing the presence of interfering pulses on the 
channel. The models facilitate signal design and bit error analysis. A particularly simple and useful 
model treats interfering pulses ·as Bernoulli tria1s with a low probability of pulse presence 
[Escobar88]. A more accurate but less tracta~le model considers a fixed number of pulses per signal, 
with pulse positions assigned as a uniform random variable over the possible positions in the signal. 
Here we report primarily results obtained from the Bernoulli approach. 

The first part of the bit error analysis consists of a characterizat~o'n of the pulse detection circuitry at 
the receiver. BodyLAN uses Frequency Shift Keying and FM quadrature demodulation. The pulses 
in the OOC are transmitted one of two possible frequency bands. (The system can extend to M 
bands.) The pulse detection circuit exhibits a capture effect: when sev~ral pulses are received at the 
same time, detection tends to favor the strongest signal present. We have explored this process under 
several circuit design assumptions and taken into acc_()unt the lack · of synchronization between 
signals from different BodyLANs. For this report we ·concentrate on one simple circuit. The end 
product is the probability of correctly determining the FM tone for a pulse of interest in the presence 
of interference. We will also survey possible improvements from possible design alternatives. 

Given this pulse detection probability we can compute the probability that a specific pattern of 
pulses is being received in the presence of interference. This gives the bit error probability. For the 
simple model, the bit error probability presented is an upperbound, as will be discussed. However, it 
serves to analyze alternative circuit designs and potential improvements. Thus, one issue we are 
exploring is the appropriate trade-off between circuit complexity and bit error rate. 

4.6 Optical Orthogonal Codes 

BodyLAN signals a bit" zero" or bit "one" using sparse patterns of pulses similar to pulse position 
modulation systems. The same pattern is used for both bits, but each pulse is a Frequency Shift 
Keying signal produced by FM modulation. The frequency pattern of the pulses for bit zero are the 
opposite than the pattern for bit one. The frequency pattern for each bit is "balanced," in the sense 
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~hat both .FM f~equencies are used a~pr?ximately equally often. Desirable CDMA signals mw 
mterfere httle With each other, so the bit signals are designed as "Optical Orthogonal Codes." 

Optical Orthogonals Codes [Wei] are a family of codes with low cross correlation properties and lo' 
o.ff-peak autocorrelation properties. Each codeword in the code corresponds to a spread-spectrur 
signal. A codeword of length n corresponds to a spread-spectrum signal of n chips (i.e., spreadin 
factor = n) . Pulses are transmitted at selected chip positions, while the remaining chip position 
remain empty (silent). The code design consists of selecting an appropriate set of pulse positions i 
the codewords such that the correlation properties are desirable . 

Figure 8 shows two sample codewords from a code of length n=7, numb~r of pulses w=2 an 
maximum cross-correlation o.f l. Such code is denoted as (7,2, 1). Any relative "cyclic" shift o 
these codewords results in at most one pulse overlap among them. Any .relative cyclic shift of one c 
these codewords relative to itself also results in at most one pulse overlap. · 

0 1 2 3 4 5 6 

Pulse 

Figure 8 Two sample codewords from a (7,2,1) OOC 

There are several methods to generate (n,w,a) OOCs, including computer searches and an algebrai· 
· mechanism based on Projective Geometry. We favor the latter because the properties of the code w 
explicitly controllable by the algebraic Galois Field structure in which they are based, and becaus· 
there are results in the literature regarding how to obtain the largest number of distinct codeword 
(module cyclic shifts) when an (n,w,l) code is desired. 

As a start, we are considering a ·(63,3,1) code with 10 codewords, the maximum number o 
codewords (module cyclic shifts) possible given the code parameters. Table 1 shows the codeword 
expressed as a set of pulse positions. We would trivially extend it to 64 chip positions. As we refin 
the design and performance of BodyLAN we expect that we will have to try codes with differen 
characteristics. We are also planning to use an OOC structure to prevent collisions among "timing 
signals ("beacons") from different BodyLAN PDAs. These beacon signals are emitted often enougl 
for the PEA peripheral devices of each BodyLAN to maintain chip synchronization to within 10 n 
or so. Chip timing is the finest grained level of a BodyLAN's TDMA architecture. 

{0, 1, 21} 
{0, 6, 18} 

{0, 2, 16} 
{0, 7,28} 

{0,3,27} 
{0, 8, 19} 

{0, 4,17} 
{0, 9,29} 

{0, 5,31} 
{0, 10,251 

Table 1 Example of largest codeword set for (63,4, 1) OOC. 
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Because each BodyLAN utilizes a TDMA structure, only one PEA device from each BodyLAN is 
active at any given time (transmission from the PDA to PEAs takes place in a separate band). Thus 
10 codewords would correspond to 10 different BodyLANs. All devices in the BodyLAN use the 
same codeword. However, if we now consider all possible cyclic shifts of each codeword, the total 
number of possible patterns over one bit period becomes 10 x 64 = 640. Thus, Body LAN can use a 
pseudo-random sequence of cyclic shifts and codewords with a different choice at every bit, to 
reduce the probability that two BodyLANs using the same codeword will choose the identical cyclic 
shift for a given bit. We are exploring the changes in cross correlation properties induced by this 
approach. The method allow& much more than 640 BodyLANs since the number of possible pseudo 
random sequences is much higher . 

. We can also observe that on average two transmitters following the pseudo-random sequence 
method above will choose the same codeword and cyclic shift once every 640 bits. This limits the 
bit error probability that can be obtained. However, several further mechanisms limit the 
interference probability among BodyLANs. BodyLAN pulses will use one of two (orpossibly M) 
different frequency bands, in a balanced fashion. This is an FSK system designed to improve the 
diversity among codewords. The BodyLAN receiver looks for the p'attern of pulses and the cor~ect 
sequence of frequency tones. Because of the capture effect, pulses from nearby transmitters will 
tend to win out since their signal will be strongest. Also, the lack of synchronization between 
transmitters will further reduce this probability. Finally, the duty cycle (active time) per device is 
typically a small fraction (e.g. 10%) which reduces the collision probability by approximately one 
order of magnitude. 

Notice that if all pulses were transmitted at the same FM frequency, BodyLAN would be vulnerable 
to narrowband jamming. (For this discussion, jamming refers to a non-Body LAN transmission.) A 
Continuous Wave transmitter at the pulse frequency would deny Body LAN the .ability to determine 
the presence of a pulse pattern. The use of 2 or m frequencies for the pulses is equivalent to 
frequency hopping, which gives better jamiiring rejection.. . . 

4. 7 Pulse Detection 

Because receivers and transmitters within a BodyLAN are synchronized by beacon signals, the 
receiver knows when to expect a pulse. The pulse detection circuitry must then determine the FSK 
frequency of the pulse. For FSK ·we favor an FM modulator and demodulator. The current 
demodulator under consideration exhibits .capture of the strongest signal and an error will be made at 
the chip level if the interference present is equivalent to a signal of the opposite tone and stronger 
than the desired pulse. Typically the power difference will be sufficiently large that partial overlap 
of an interfering pulse with the desired pulse is still sufficient to cause an error if the interference is 
strong enough. Figure 9 illustrates this situation of partial overlap. 
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Figure 9 Partial Interference Overlap Leading to Error. 

From Figure 9 .we can .state the "chip detection error" probability in the presence of one interfering 
user of strongest signal. This probabilrty refers. to deciding for the wrong pulse frequency over the 
desired chip. interv~l. In the typical case two c.hip positions of the interfering user overlap the desired 
chip position. We can refer to the interfering chip that overlaps the leading edge of our desired pulse 
as the "leading" interference chip. Similarly, we can define the "trailing" interference chip as the 
subsequent chip in time. The probability of error can be found from the probability that an 
interfering pulse is present in the leading interference chip, plus the probability that this does not 
occur but that a pulse is present in. the trailing interference chip. 

Using a model of independent Bernoulli trials for the presence of a pulse in an interfering chip and 
assuming that the interfering pulse frequencies are also balanced, the chip detection error probability 
above becomes q + ( 1-q) q, where q is the probability that an interfering chip leads to an error. In 
other words q= pf/2, where p is the Bernoulli probability that the pulse is present, and l/2 is the 
probability that its frequency is the opposite of the desired pulse and f reflects the fact that a partial 
pulse overlap leads to a lower interference probability. This statement assumes that the interfering 
signal is stronger than the desired pulse, since if the interfering signal is weaker it will not lead to 
errors. The Factor f is a parameter modeling user behaviour. It summarizes the proximity of 
BodyLANs, the fact that the smaller the overlap between pulses the larger the interference needed 
for an error. It also reflects the fact that PEAs are not active 100% of the time. 

Since OOC codewords consists of a sparse pattern of pulses, signals seldom have two consecutive 
pulses and the error model above can be concatenated over the successive detection of pulses from a 
codeword. In other words, the two chip intervals from an interfering signal that overlap a chip 
posi~ion under detection are disjoint from the interfering intervals for the next chip position of 
interest, as illustrated in Figure 10. The net effect is that the chip detection error probability above 
can be treated as independent and with identical probability distribution function over the chip 
positions where we expect pulses from the desired transmitter. 
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Figure 10 Independence in Asynchronous Situation for 
Bernoulli Interference 

Before proceeding to evaluate the bit error probability based on these observations, we can disq.1ss 
two alternative detection circuits. One alternative detects interference by detecting the change of 
frequency from the overlap region to the non-overlap region of the chip interval. This has the 
potential to improve performance since it would not be fooled by a situation like the one illustrated 
in Figure 9. It can be implemented based on an FM quadrature demodulator since this demodulators 
can essentially detect the received frequency at every FM signal period, and a chip period will · 
correspond to many FM periods. The circuit however becomes more complicated since a finer grain 
of frequency detection is involved than before. 

Another alternative worth exploring is the ability to detect that no pulse is present over a chip 
interval (silence detection). The current version of chip detector we are considering always decides 
for one frequency or the other. The ability to detect "silence" opens the possibility of using no 
transmission for bit zero and using a (pulsed) OOC codeword for bit one, or vice versa, or in 
alternating fashion over the bit intervals. A detector would look for the OOC pulse pattern, and 
decide if the signal received looks like silence or like the OOC codeword pattern. 

The advantage of using silence detection is not so much that the average transmit power is halved, 
but that the number of interference pulses in the channel is halved. Since the chip detection error 
probability can be concatenated over the w desired pulses under detection, the bit error probability is 
a polynomial function of w degree in the probability p that an interfering pulse is present. Halving 
this probability has a significant effect in decreasing the overall bit error rate. At the moment we are 
exploring the extra complexity required to detect silence using an FM quadrature demodulator and 
the implications in term of signal design and bit error rate. 

4.8 Bit Detection 

The chip detection error probability is the basis for the bit error probability analysis. · In the current 
BodyLAN design bit zero and bit one shared one OOC codeword but use opposite FSK frequencies, 
in a balanced manner. The detection process consists of determining the sequence of frequency 
tones received over the OOC-codeword pulse positions of the transmitter. A Hamming distance 
calculation between the received signal and the two possible transmitted bit signals identifies t~e 
"closest" bit signal; in the Hamming sense, and hence the most likely bit sent (under reasonable 
assumptions [Gallager68]). An example is illustrated in Figure 11. 
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Figure 11 Example of Bit Decoding Based on Shortest Hamming Distance 

The bit error probability obtained through the Bernoulli-trials model of interference can 
considered an upperbound for the bit error probability obtained from OOC codewords. The prima 
reason is that while OOCs are designed for minimum interference, the Bernoulli model is only 
approximation. For example, the model allows an interfering codeword to have a pulse in every d 
position! Another considerations is that in extending the expression q + ( 1-q)q above to the case 
multiple interferers, we choose to neglect the possibility that one interferer could "cancel" the en 
produced by another. We neglect it because the probability of multiple inteifering pulses is lo'Y' 
than that of a single interfering pulse and the approximation serves as a more tractable upperbom 
In spite of being an upperbound, the model is very useful as a tool to analyze design trade-offs due 
its analytical simplicity. We are also using more accurate models, which as a consequence are 1< 
tractable. 

Here we consider a Bernoulli model for each interfering signal and a Poisson distribution for 1 

number of interfering users whose signal is stronger than the signal received from the desi1 
transmitter. With this model we can extend the earlier calculation of chip detection error to the c; 
of several interfering transmitters whose signal is stronger than that of a desired transmitter. 1 
number of such transmitters is given by the Poisson distribution (under independence assumptio 
and the bit error rate can be calculated from the Binomial distribution of the number of (independe 
chip detection errors made over the w pulse positions of interest. 

Figure 12 shows parametric plots of the bit error bounds obtained this way for signals with spread 
factor of 64 chips and w pulses per signal on average (horizontal axis). The plots assumo 
maximum of 5 users in the immediate vicinity and are parametrized by the value f average num 
of interferers whose signal is strongest than the desired signal times their expected duty cycle. 1 

any given plot, the bit error probability initially decreases with the number of pulses because m 
pulse overlaps are required for an error. The probability soon begins to increase with the numbe1 
pulses because the load on the channel (more pulses) rapidly becomes the dominant effect. The p' 
are also strongly dependent on f, which can be interpreted as a strong dependence on the behavi< 
patterns of Body LAN users, with close crowding tending to poor performance due to the load on 
channel. We expect a representative value off to be consistent with bit error rates better than 10-
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Figure 12: Bound on Bit Error Probability Based on Bernoulli Model of Interfering Pulses. 
The Several Plots Correspond to Varying the Average Number 

of Interferers Closer Than the Desired Transmitter/ Parameter g summarizes interference 
strenght and duty cycle, hence it determines the probability f f?r interference. 

More accurate models that limit the number of pulses per interferer lead to lower bit error probability 
[Escobar88]. In fact, that the Bernoulli model is a slack upperbound can be seen from the 
observation that with (64,3, 1) and each user using a different codeword, it would take at least two 
interferers to produce any error, since each of them would be able to interfere in at most one pulse 
position, and it takes at least two pulse errors· for the Hamming distance calculation to lead to the 
wrong bit decision. It is worth noting here that bounds for OOC bit errors can be found in 
[Chung89] for the chip asynchronous case. Again the accuracy comes together with analytical 
complexity. 

We have also investigated the potential improvement that results from a detector capable of detecting 
silence. Figure 13 shows a comparison of two systems: one like the one discussed so far and one 
capable of silence detection. Without loss of generality in the comparison, the plots in Figure 13 
assumed a different distribution than Figure 13 for the occurrence of interfering pulses stronger than 
the desired signal and also assumed chip synchronization among BodyLANs. It is shown only for 
the purpose of comparison. · 

The system discussed this far is termed the "symmetric scheme," since the same OOC codeword is 
used for both bits. It shows the highest bit error probability in Figure 13, for any given number of 
pulses per codeword. The other system is termed "asymmetric and, in fact, ignores the FSK 
frequency of received pulses. It exhibits the lowest bit error probability. It could be further 
improved if it used a Hamming distance threshold to declare bit one even if all desired pulse 
positions are present. 

Given the low-power and low-complexity goals of the BodyLAN hardware, it is not evident at this 
moment that there is an implementation of silence detection circuitry with a similar level of 
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simplicity than the current design under consideration. We are also exploring the performance of a 
receiver capable of detecting partial overlap from interfering pulses, as discussed above. For the 
symmetric system, it is typically best to ignore chip positions over which interference is detected. 
The Hamming distance is computed only over chip positions considered interference free. 

o~~~~~~~~~~~~~~~~~~ 
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Figure 13 Comparison of-Bit Error Probability Between Symmetric and Asymmetric 
Schemes. Asymemtric Scheme Shows Lower Bit Error Probability 

Because of Lower Channel Load 
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1. PROJECT PROGRESS 

1.1 OVERVIEW 

Status 

We have completed draft designs of transmitter, receivers, spread spectrum codes and 
channel access protocols, including transmitter-receiver signal synchronization. Work on 
bootstrap algorithms early next quarter will complete the first BodyLan specifications. 

Analysis and simulations to date indicate appropriate BodyLan bit error rates, e.g., 10"-3 
BER for interference 10 times the transmitter power. Before committing to our current 
spread spectrum codes we need to explore a few remaining performance issues. 

We have begun setting up the BodyLan prototype development process. We acquired most of 
the development environment, excluding the Personal Digital Assistant for demo use. 

At the request of ARPA, we slowed down our spending over this quarter to maintain 
contingency development funds for future quarters. This is reflected in the spreadsheets sent 
separately to K. Gabriel (ARPA) at his request (per our June review meeting in Washington). 
We achieved the slow-down by limiting the scope of several tasks, primarily in system and 
hardware analysis. 

Plans for Next Quarter 

In the coming quarter we plan to achieve the following milestones: 

- Bootstrap algorithms 
- Circuit specifications 
- BodyLan specifications (version 0) and interim research report 

1.2 A:ARDWAREPROGRESS 

The primary accomplishment was to finalize an overall hardware architecture for both the 
Personal Electronic Accessory (PEA) modem and Personal Digital Assistant (PDA or hub) 
modem. This accomplishment now allows us to apply development parallelism using a 
combination of inside and outside development resources. 

Particular BodyLan implementation activities accomplished during the quarter include: 

1) Function description and detailed block diagrams of both the Hub and PEA modem 
electronics. 

2) Design and layout of a prototype transmitter. 
3) Specification document of the PCMCIA card interface to the PDA host. 
4) Choosing the microcontroller to be used in both the Hub and PEA modems: the 

Phillips 80ClA 10. This micro controller implements the 80C51 instruction set and has 
an industry-standard IIC intra chip LAN interface. The IIC LAN can interface to about 
80 existing low-power chips used in hand-held equipment and will simplify 
dev~lopment of prototypes. 
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5) We have purchased all the discrete devices needed to construct prototype modems 
including capacitors, inductors, resistors, varactors, trim-caps, transistors, mixers, and 
filter components. 

6) Further simulations of the Tx section, including pin parasitic capacitances and varactor 
non-linearities. 

7) Spice simulations on two approaches to the LNA/Mixer receiver front ends, including 
package parasitic capacitances and bonding inductances. 

8) Discrete LC-filter design and simulation for the IF filters 

1.3 ANALYSIS 

Generation of Optical Orthogonal Codes 

Over the past quarter, MIT graduate student Thucydides Xanthopoulos (EECS department) 
joined the project to tackle Optical Orthogonal Code (OOC) design. He has now returned 
full time to MIT and we are exploring ways in which he can continue collaborating with the 
project. Over the coming quarter, John Zao will join the project to help in the final bit error 
characterization and link level performance of the system. 

We have explored two ways of generating OOCs. The first method relied on Galois Field 
theory and Finite Geometries. Given an extended Galois Field (a mathematical construct) 
we can generate an optical orthogonal code (a family of spread-spectrum signals) with a 
spreading factor of n (i.e. , n possible pulse positions), a weight of w (w pulses, w << n) and 
discrete-time cross-correlation among codewords no greater than 1. The values n and w are 
given by the prime number and its exponent used to generate the Galois Field. 

The code is obtained by generating a geometrical space with a finite number of points, based 
on the Galois Field. The lines in this finite "projective geometry" represent codewords, and 
the coordinates of the points in the lines represent the pulse positions in the OOC. Since 
lines intersect in at most one point, cross correlation of two codewords is never greater than 
one. It can be proved that this method generates optimal codes (the number of codewords 
calculated is maximum.) We have developed software to automate this method. 

The appeal of this method is its ability to generate the maximum number of codewords 
possible given the parameters n, w, and cross correlation of 1. Large codeword diversity 
helps reduce bit error probability. However we do not favor this approach any longer for the 
following reasons: 

1. We do not have direct control on then and w parameters of the code, because they depend 
on the Galois Field parameters, which are themselves restricted. 

2. For cross-correlation values greater than 1, we have reached the conclusion that this 
approach does not generate optimal codes (maximum number of codewords). Since cross
correlations greater than one allow a greater number of codewords, the inability to generate 
optimal codes eliminates one of the leading advantages of the method. 

The second method we explored relies on a greedy search algorithm. We have software that 
when given any spreading n, weight w, and desired cross-correlation lambda, it can search 
for codewords in a randomized and greedy fashion. In many cases, the code sizes generated 
by this program approach the theoretical upper bound, especially for low values of cross 
correlation. We are currently revising this software to include the ability to generate 

2. 



codewords that have the appropriate cross correlation with a synchronization beacon too. 
This is the method that we are currently using to generate OOCs. 

Code Performance Simulations 

In our first quarter we had obtained analytical characterizations of the OOC bit error rate 
performance, which pointed to promising avenues of design. In the last quarter (2nd quarter) 
we have been breaking through some of the limitations of theoretical analysis by simulating 
code performance and exploring issues that are hard to analyze. 

OOCs are constructed with an assumption of synchronous behavior, i.e., chip-aligned rise 
times. When they are used, however, no such synchronous behavior can be assumed. To test 
the goodness, or orthogonality, of OOCs under these asynchronous conditions, we created a 
simulation of overlapping asynchronous OOCs in order to measure the expected bit-error 
rates. · 

The simulation determined the expected bit-error rate when one "desired" code was subject to 
superimposition by an "interferer" code. Several factors were allowed to vary: 

- Several OOC code sets were explored. 

- The power ratio of the two codes was varied from 0.1 to 1 0.0. 

- The asynchronous overlap of the two codes was varied in units of 0.1 chip over the 
entirety of possible overlap conditions. 

- Frequency alternation of successive OOC pulses within one codeword was varied over 
both possible cases (e.g., for a 3-chip code, the possible frequency alternations are f1 f2 
fl and f2 f1 f2). 

The simulation was done computationally, allowing each code to be the "desired" code and 
for each such case, all codes would take turns as the "interferer." A chip was said to be 
correct when there was more energy at the expected frequency than at the interfering 
frequency. In cases of a tie, a random choice decided. A bit was said to be correct when a 
majority of its chips were correct. For 4-chip codes, ties were resolved by a random choice. 

General results: 

- Frequency alternation of successive chips is a major advantage. 

- Code diversity (i.e., more codes) reduces bit error rates. 

- Theoretically poor codes (e.g., { 64,4,2}) may be desirable, since the gains from 
frequency alternation and code diversity are greater than the loses from the 
autocorrelation of 2. 

- Even with the power of the interferer being 10 times the power of the desired signal, and 
with a { 64,4,2} code, bit-error rates were only of the order of 1 in 200. 

We expec~ bit-error rates of 1 in 1000 are achievable under realistic conditions. 
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1.4 PROTOTYPE DEVELOPMENT 

We have initiated the acquisition process and fabrication arrangements for prototype 
development so that development can begin in a timely manner. We have acquired or 
ordered the following 

- IBM compatible PC equipment to serve as development environment 
- Development software 
- Discrete components for RF circuits 

The prototype BodyLan PDA (hub) will be based on a PCMCIA card developed on a PC 
environment and then ported to an identical PDA environment. 

We have assigned Steve Oliver to supervise the hardware fabrication process. He has 
assisted several previous hardware projects in this capacity. 

1.5 MILESTONES FOR NEXT QUARTER 

In the coming quarter we will overlap the start of prototype development and the final stages 
of design. We plan to achieve the following milestones: 

- Bootstrap algorithms 
- Circuit specifications 
- BodyLan specifications (version 0) and interim research report 

The bootstrap algorithm is the last significant area of design that remains to be addressed. It 
will enable the Personal Electronic Accessories to attach themselves to a BodyLan PDA and 
establish a data channel. 

We will finalize circuit layouts to provide the detailed specifications needed for fabrication. 
Similarly, we will specify all the BodyLan parameters required to start prototype 
development. 
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2. SPECIAL PROGRAMS DEVELOPED OR 
MAJOR EQUIPMENT PURCHASED 

Gateway PS-60 Computer System (personal computer for prototype development, cost with 
handling- $2,393.00) 

3. CHANGES IN KEY PERSONNEL 

None 

4. MEETING AND VISIT HIGHLIGHTS 

Phil Carvey presented a detailed BodyLan technical report at the July ARPA ESTO PI 
meeting. He also attended a one week course (BBN funded) on "RF IC Design for Wireless 
Communication Systems." This course has provided many valuable insights into the 
problems encountered in the integration of a modem into a chip. 

We have b.een discussing collaboration with Michael Hawley, MIT Media Lab, on the 
development of BodyLan applications and PCMCIA development. Such collaboration can 
enhance the demonstration of BodyLan technology without requiring extra project funds . It 
could also serve as a seed vehicle to popularize BodyLan applications and speed their 
transition to the military or marketplace. 

We are also exploring the use of existing PCMCIA vendors as consultants or data bus design 
engineers for the PCMCIA interface. We are looking at vendors who may have an interest in 
developing their own application and in marketing the resulting board. 

We are exploring collaboration with Prof. Anantha Chandrakasan and Tom Knight of MIT 
EE. They and graduate students would undertake development of CMOS chips to implement 
BodyLan modems. Anantha specializes on ultra low-power IC design and could bring 
valuable insights into BodyLan development. 

5. PROBLEMS OR CONCERNS WHERE 
ASSISTANCE OR GUIDANCE REQUIRED 

It seems clear now that custom VLSI implementation will be a more effective approach to RF 
hardware than the Electrically Programmable Logic Array approach we originally favored. 
We will address this as a potential change in statement of work, though we do not think there 
is any cost impact. 
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6. FISCAL STATUS 
See Attached 

7. ACCOMPLISHMENTS 
During this past quarter we achieved the following milestones 

- Transmitter-receiver synchronization protocol 
- Transmitter and receiver design, including PCMCIA interface specs 
- Optical Orthogonal Code design and performance (Spread Spectrum) 
- Begun equipment acquisition for prototype development 
- Explored subcontractors for prototype work · 

The synchronization protocol uses an OOC pattern for coarse synchronization and an FM 
frequency transition for 10 ns synchronization, sufficient to establish OOC chip boundaries. 

OOC design focused on a trade-off between codeword diversity and low cross-correlation. 
Both of them affect bit error rate. Simulations appear to confirm acceptable bit error rates for 
candidate OOC codes. 

We have discussed collaboration with outside parties for the potential VLSI work (MIT EE), 
BodyLan applications (MIT Media Lab), and PCMCIA development (Centennial 
Technologies, IBM Charlotte) and we also plan to contact SystemSoft for PCMCIA 
collaboration. 
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What is BodyLAN? 
• Augmentation of "Personal Digital Assistant" (PDA) 

=f • BodyLAN is the enabling technology to allow wireless communications between 
multiple "Personal Electronic Accessories" (PEAs) and a PDA 

• BodyLAN physically consists of a PDA interface and one or more PEAs employing 
BodyLAN technology- sell interface and license technology 

• Preliminary list of PEAs: 

- health sensors 
- ring sensors (magnetic &gravitational 

fields, acoustic rangefinder) 
- sports trainlrJQ aids 
- wristwatch display 
- microphone 
- ear speakers) 

• Characteristics: 

- short-range wireless cqmmunications 
- ultra low power consumption {20-100l!Watts) 
- spatial reuse 
- unobtrusive 
- compliance with FCC part 15 

- small, lightweight (i.e. 1 Os of cubic mm) 
- reasonable cost 
- flexi~le bandwidth assignment 
- autonomous operation 

• Currently no established technology. to link accessories to processing/data storage 
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Why Do BodyLAN? 

• Provide enabling technology by which new applications (i.e. PDA code & application 
specific PEAs) can be developed - mimics Workstation/LAN evolution 

• Excellent application to drive ultra small size and low power technology 

• Dual use technology- e.g. 21st Century Land Warrier program and commercial PDA 
augmentation 

• A need exists to couple human activities and environment to information infrastructure. 
Multiple sensor finger rings for pointing, virtual key boards, hand signals, 30 form shaping 
~ ~-z<-- ....A< t ,, " "-:::. 

• Communications & control of PEAs so small or in locations (body cavity) where it is 
difficult to control 

• Locate sensor or transducer in physically optimal location e.g. head of golf club, ear 
canal, body cavity 

• Provide new capability for human interaction with computers- hand gestures, toe taps, 
eye blinks 

• It is technicall very interesting & quite challenging 

=-=- = - = ------ ------- -=-=-=== 



Body Electronics Model 
. - -

Ruggedized 
Hermetically Sealed PDA 

Bo 

A Possibly 2,3 or 4 processors, cache coherent 
I 8-16 Mbytes 
e 400 Mbytes PCMCIA II Size 

• Low BW Radio 
• Heads up display (slow motion) 
• Image input 
• GPS 
• Head orientation, direction, 

inclination 
• Health monitors 
• Speech input/output 
• Wrist, forearm displays 
• Body part tracking, virtual key 

board 
• Wireless conventional laptop 

components, mouse, keyboard 
display, disk, printer, scanner, etc. 

{ 

• Heads up display (full motion video) 
• Video input 
• High BW radio 
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High & Low BW BodyLAN 
Low BW BodyLAN 

• 30-50 Kb/s aggregate BW to/from PDA 
• Small size (300mm3) 
• Light weight 
• Small antenna size (0.01 A - 0.03A) 
• Wide diversity of PEA BWs 
• Desire non-rechargeable operation 

High BW BodyLAN 

• 2.4 Mb/s aggregate BW to/from PDA - full motion MPEG II 
compressed video 

• Moderate size 125K mm3 

• Moderate antenna size (0.1 A - 0.2A) 
• Small number of high BW PEAs 
• Recahrgeable operation OK 
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BodyLAN Components 

PCMCIACard 

. /HUB Modem 

I .. .. 

PDA 

Hub ..... PEA Bands 360- 400 Mhz 
PEA ~ Hub Bands 320- 360 Mhz 
Conforms to FCC Part 15 Efield Spec 

1.5 Meters 

30 Kbps Hub .... PEA & 30 Kbps PEA _..Hub BW 
BW Dynamically assignable 
128 PEAS/BodyLAN 
Up to 6 Users share a frequency band 
Targeting 50 nwattslbps 
Totally autonomous operation 
Each BodyLAN has unique transmission codes 
Operation modes: unprogrammed, asleep active 

PEA Modem 

Transducer 

/ 

PEA #1 

PEA#2 

PEA#N 
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. Body LAN Goals 

• Demonstrate Technology and Integration 

• Feasibility of Low Power, Low Weight, Low Cost Operation 

• Coexistence Among Nearby Body LANs-(OOC spread 
spectrum) 

• Open and Modular Architecture 

• We Will Not Make Sensors/Actuators in This Proposal 

---------------------------------------------------~~~~~~ ~ 
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FCC Part 15 Specification 

• Places limits on radiated power in certain freq. bonds based on 
Quasi-Peak detector (i.e. low pass filter with 1 rnsec rise-timei 
500 msec fall-time). 

• Example @ 400mhz Emax = 200 1-L VI meter @ 3 meters. 

• For Body Lan m ax distance is ssn = 1.~ m eters => max field 
strength of 3.0/1.4 x 200 = 428).-iv/n"'efA--r-

• Exploit Quasi-Peak detection technique by pulsing@ low duty 
cycles. Eg.I for n = 1 %I max field strength= 43 rnv /meter. 

Band Field Strength Distance Bandwidth Power 
(Mhz) ( uvolts/meter) (meters) (Mhz) ( nanowatts) 

2.2-8.3 30 30 6.1 27 
8.4-13.3 30 30 4.9 27 
13.5-25.5 30 30 12.0 27 
25.7-30.0 30 30 4.3 27 
30.0-37.5 100 3 7.5 3 
38.3-54.0 100 3 15.7 3 
88.0-108.0 150 3 20.0 7 
138.0-149.9 150 3 11 .9 7 
150.1 -156.7 150 3 6.6 7 
156.9-162.0 150 3 5.1 7 
216.0-240.0· 150 3 24.0 7 
285.0-322.0 200 3 37.0 12 
335.4-399.9 200 3 64.5 12 
410.0-470.0 200 3 60.0 12 
806.0-960.0 200 3 154.0 12 

-· 
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BodyLAN Solution 

BodyLAN Solution 

• Exploit close separation of hub & PEAs 
• Comply with FCC Field Strength limit opening up 

large BW < 1 ghz 
• Exploit low utilization of military aircraft bands in 

urban areas 
• Design entire wireless protocol for low-power 

consumption 
• Architect signaling protocols for simplicity of 

implementation 
• Trade spectrum usage efficiency for simplicity and 

low power consumption 
• Micro cell architecture like cellular networks but 

that can move 

§~§§ ~ § - - -



Limited Radiated Field 
Strength Implications 

• FCC limits radiated field strength to 400 J.lV/m @ 1.5 meter 

- Constant envelope modulation => 12 nwatts radiated power 
- Even at 12o/o TX efficiency, TX power 100 nwatts 
- TX power consumption is less than watch 

• Receivers today consume best case 1 0-20mw for constant 
envelope modulation 

- Rx power consumption 200,000 times FCG limited TX power 
consumption 

• Implications 

- Must drastically reduce receiver power consumption 

§~§~~~ 



BodyLAN Coexistence With 
Licensed Transceiver Implications 

• Four noise sources for BodyLAN receivers 

- Galactic & man-made noise 
- Thermal noise in receiver & antenna 
- Transmissions from users licensed to bands occupied 

by BodyLAN receivers 
- Other BodyLANs 

• Modem receiver sensitivity of -1 J..lV for 60khz BW, 10 db Sinad 
and receiver noise figure, =>thermal noise not the problem 

• Transmissions from users licensed to use bands typically 20-30 
db above thermal & galactic noise floor 

• Implications: 

- BodyLAN must use pulsed TX operation to overpower 
licensed transmitters 

- At 20 to 1 duty cycle, TX power dissipation only 50J..LW 

- - -
~§§§~§ - - -
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Mobile Micro Cell Implications 
• BodyLAN really a microcellular architecture having a 3 meter 

diameter spherical cell 
• Different BodyLANs are autonomous cells not having 

centralized control as cellular networks do 
• 4-6 BodyLANs can be in close enough proximity to one another 

to strongly radiate in each other's frequency band 
• A PEA in one BodyLAN can be closer to a foreign hub than its 

home hub (e.g., shake hands, pat on back) 
• BodyLAN interactions are dynamic with little ability to forecast 

future BodyLAN interactions 

• Implications: 

- Can't control foreign BodyLANs frequency band use nor 
transmission intervals => can't use conventional protocols 

- Can't control which BodyLANs will interact nor the 
strength of that interaction _ §1"' ~,. ~ 



BodyLAN Architecture 
Assumptions 

• Employ slow frequency hopping to avoid bands having high 
power narrow band transmissions 

• Assume dominant noise source is low-power narrow band 
transmissions and other BodyLANs 

• Graceful degradation to 1 e-3 acceptible for worst case scenario 
• Cannot control or interact dynamically with other BodyLANs 

for a coordinated spectrum usage - BodyLANs are autonomous 
• Target linear relationship of PEA power consumption with data 

rate @ 3-4 n joules per bit 

- - -
~~§E~E - - -



BodyLAN Foundations 
• PEAs synchronize to beacons transmitted by hub modem 

- synchronize to +1- 50 nsec 
- allows efficient TDMA BW sharing scheme 

• Employ low duty cycle pulse transmission 

- dramatically reduce power consumption 
- allows power consumption proportional to BW 

• Employ simple FSK modulation to simplify RX & TX 

- trade off between BW utlization & simplicity 

• Employ simple error correcting codes to correct high symbol 
error rate for strongly interacting BodyLANs 

• Employ optical orthogonal code derivatives to obtain low 
symbol error rates uses for strongly interacting BodyLANs 

• Employ signaling schemes having very high diversity 

- - -
8§ §§~ § - - -



PEA Modem Block Diagram 
200 instruction ~-tJoule 

• Vcxo on continuously @ 2.097 MHz 
frequency locked to Hub 

• 200 instructions/microjoule ~ 
PEA Controller executes low level 
functions 

• J..LProcessor handles control of: 

- synchronization acquisition 
- tuning (gain control, filter cut-off) 
- monitoring 
- parameter storage 
- initialization procedure 
- error rate analysis 
- sleep mode control 

- - -- - ------------------------ -- - - -- - -



BodyLAN Symbols 
• Symbols are FSK modulated RF bursts 

- --700 nsec duration with 100 nsec guard intervals at 
front and back 

- FSK tones at carrier +1- 1.25 Mhz 
- Symbol duration 476.8 nsec 

• Employ direct conversion (i.e. f0 ~DC) 

- 1 OOo/o tolerant to I & Q channel phase & amplitude errors 
- lowest IF frequency (i.e. DC)=> use 1/2 #poles in IF 

filter at lowest possible power consumption 
- allows simple high BW power detection 

(a sin wt)
2 

+ (a' cos wt) 2 

~~ 
I ch Q ch 

- Provides mechanism for 0, 1, or X detection • ~"' ~"' ~ 



BodyLAN Transmitter 
~ _I_ 

2.097 MHz 

J. Vtx I Discret~ ;{ 
W Pll'. : 

~ a -1so- Joo 

Vb--u CI~2J fp fp 
C3 _C 4 

• 5K J.lVOits/meter@ 1.5m 320-360 mhz 
• FSK + 1.25 Mhz 
• Resonant frequency stability + 100 khz 
• Tx harmonics < 350 J.lVOits/meter . 
• Full power turn on/off <1 00 nsec 
• Power selectability 16 db in 4 steps 
• Power consumotion < 4 nwatts/bos - - -------=== === - ---- -- -



Intelligent Protocols for TX 
& RX Symbols · 

• Send few symbols as possible because RX power directly 
proportional to # symbols received per second 

- Block code symbols to allow error connection 

bo b1 b2 ... br .... {so s1 s2@" s r+j .... bo b1 b2 ... br 
e e e ... e 

0 1 2 r+n 

- choose block coding for high symbol error rate channel 

• Position symbols in TDMA frame to have low cross 
correlation with symbols from another BodyLAN 

~ § §§ ~§ - - -



Block Coding 
• Simplest scheme, 3 symbols -> 1 bit 11 = 0.333 

- no interference detection 

oox,oxo,xoo -> 0 
11 x, 1 x1 , x11 -> 1 

.......___ ___..., 
-.....,.,-

correct single bit error 

• 4 symbols -> 1 bit 11 = 0.25 

- no interference detection, 
correct all single bit errors, 
correct half of all double bit 
errors 

• Larger block codes 

Block Lenoth 
5 
6 
7 

Payload 
2 
3 
4 

n 
0.4 
0.5 
0.57 

- with interference detection 

001, 010, 100 -> 0 
111, 111 , 111 -> 1 
011, 010, 100 -> 0 
111, 111, 111 -> 1 
Ill -> Coin Toss 

- with interference detection, 
correct all single, double, triple bit 
errors, half of all quadruple bit 
errors 

Symbols Corrected 

1 ~ 
all half 
all half 
all half 

• Now exploring error correction block codes with interference detection -- -------.. ---------------------------- - -
- - - -
§§~§~~~ 



Optional Orthogonal Codes 
• OOC (n, w, A-a, A-c) code length 11, weight w 

Auto correlation 

Cross correlation 

L xi x-i+'t < A-a 

L xi v i+'t < 11 c 

0 < -c < 11 , all X in code 

0 < 't < 11, all X -:1- Y in code 

• Have 2 mechanisms for generating OCCs based on " greedy" 
algorithm & projective geometry 

- Projective geometry generates 
all possible code words but is 
limited (i.e. not all n, w .. ) 

- Greedy algorthm generates about 
70o/o of complex codes (based 
on Johnson bound) 

• Example 11 = 19, w = 3 A, = 1 optimal codes 

J o 1 I lsl o, 1, s 

JOLJ2l lsl 0, 2, 8 

JOl (31 1101 0, 3, 1 0 

~§§§~§ - - -





BodyLAN Interference Model 
Simulatio-n 

• Assume (63, 3, 1) OCC, block size = 3, 11 = 0.333 & additive channel 

Home -----.. 
Symbol 

amplitude of A times Foreign 
home symbol & o~ Symbol 
arbitrary phase 

• Descrete model 

- when same tone => 0 error rate 
- when different tone => errors occur only when A > 1 because 

of FM capture effect 

• Analog model home tone 
foreign tone 

_ __.I u -n-1..__ 
I 't I 

~!I I Symbol error 
when -r • A > 0.5 

filter output __/""a........ · a 1 
- - -- = - =-= ------====== - - -



One OOC Code Set of type {63,3,1} 

(0 16 

( 0 13 35) - -

(0 11 25)~ 

(0 8 48) 

(0 7 26) 

(0 4 24) 

(0 3 32) • 

(0 2 12) 

t 
(0 1 6)+-i-1 1 1 1 I-I I I I I 1-1-1 I I I I I I I I I I I I I I I I I I I I I I I 1-+--t~ I I I I I I 1--t---+---l~ I I 1---i-t---t-1-t---1-

o 5 10 15 20 25 30 35 40 45 50 55 60 



EXPECTED BIT ERROR RATES 
Modeled: one code being interfered with by one other 

Codes: {63 , 3 , 1} padded to 64 with a trailing zero 
The 1st-listed code is the desired signal, the 2nd- listed is the interferer . 

The power r atio, interferer/desired, is shown in row 0. 

Code 0 . 10000 0 . 21544 0.46416 1. 00000 2.15 4 43 4.64159 10 
pair 
-----------------------------------------------------------------------
1 - 2 0 . 00000 0 . 000 0 0 0.00 000 0.00000 0.00078 0.0039 1 0.00547 
1 - 3 0.00000 . 0 .0000 0 0. 0 0000 0.00000 0 . 00000 0.00000 0.00000 
1-4 0 . 00000 0.00000 0.00000 0 . 00000 0.00078 0.00391 0 . 00547 
1-5 0 . 00000 0 . 00000 0 . 00000 0.00000 0.00000 0.00000 0.00000 
1 - 6 0 . 00000 0 . 00000 0.00000 0 . 00000 0 . 00000 0 . 00000 0.00000 
1-7 0 . 00000 0 . 00000 0.00000 0.00000 0.00000 0.00000 0 . 00000 
1-8 0.00000 0 . 00000 0.00000 0 . 00000 0.00000 0.00000 0.00000 
1-9 0 . 00000 0.00000 0.00000 0 . 00000 0.00000 0.00000 0.00000 
1 - 10 0.00000 0 . 00000 0.00000 0 . 00000 0 . 00000 0 . 00000 0.00000 
2- 1 0.00000 0.00000 0.00000 0.00000 0.00078 0.00391 0 . 00547 
2- 3 0 . 00000 . . 0.00000 0.00000 0.00000 0.00078 0.00391 0 . 00547 
2-4 0.00000 0.00000 0.00000 0 . 00000 0 . 00000 0.00000 0.00000 
2-5 0 . 00000 0.00000 0.00000 0.00000 0 .0 0000 0 . 00000 0.00000 
2- 6 0 .0 0000 0.00000 0.0000 0 0.00000 0 . 00000 0.00000 0.00000 
2- 7 0 .0 0000 0.0000 0 0.0000 0 0.00000 0. 0 0078 0 . 00391 0.00547 
2- 8 0 .0 0000 0 . 0000 0 0 . 00000 0. 00000 0 .0 00 78 0. 0 0391 0. 00547 
2- 9 0.00000 0 . 0000 0 0 . 00 000 0.00000 0 .0 00 0 0 0. 0 00 00 0 .00000 
2- 10 0 . 00000 0 . 0000 0 0. 00 000 0.00000 0.000 0 0 0.0000 0 0. 00000 
3-1 0 . 00000 0.0000 0 0. 00 000 0 . 00000 0 . 000 0 0 0 .00000 0 . 00000 
3- 2 0 . 00000 0.00000 0.0 0 000 0.00000 0.00078 0.00391 0.0054 7 
3- 4 0.00000 0.0 0 000 0.00000 0.00000 0.00078 0.00391 0 . 00547 
3-5 0 . 00000 0 . 00000 0.00000 0.00000 0.00000 0.00000 0.00000 
3-6 0.00000 0.00000 0 . 00000 0.00000 0.00000 0.00000 0.00000 
3-7 0 . 00000 0.00000 0.00000 0 . 00000 0 . 00000 0.00000 0 . 00000 
3-8 0 . 00000 0.00000 0.00000 0 . 00000 0 . 00000 0.00000 0.00000 
3-9 0.00000 0 . 00000 0.00000 0 . 00000 0 . 00859 0 . 01172 0.0 1328 
3- 10 0.00000 0 . 00000 0.00000 0 . 00000 0 . 000 78 0.00391 0.00547 
4-1 0. 00000 0 . 00000 0.00000 0.00000 0.000 7 8 0 . 00391 0 . 00547 
4- 2 0.00000 0. 00 0 00 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
4- 3 0.00000 . 0.00000 0 . 00000 0 . 00000 0.000 78 0 . 00391 0 . 00547 
4- 5 0.00000 0.00000 0 . 00000 0 . 00000 0 .00078 0.00391 0 . 0054 7 
4- 6 0.00000 0 .00000 0 . 00000 0 . 00000 0 . 008 59 0 . 011 72 0 . 01328 
4- 7 0.00000 0 . 00000 0 . 00000 0.00000 0.00078 0.00391 0 . 00547 
4- 8 0.00000 0.00000 0.00000 0.00000 0.00078 0.00391 0. 00547 
4-9 0.00000 0 . 00000 0.00000 0.00000 0 . 00000 0 . 00000 0.00000 
4- 10 0. 00000 0.00000 0.00000 0.00000 0.00000 0 . 00000 0.00000 
5-1 0 . 00000 0 . 00000 0 . 00000 0.00000 0 . 00000 0.00000 0 . 00000 
5-2 0 . 00000 0 . 00000 0.00000 0 . 00000 0 . 00000 0.00000 0 . 00000 
5- 3 0. 00000 . 0.00000 0.00000 0.00000 0 . 00000 0.00000 0.00000 
5- 4 0 . 00000 0 . 000 0 0 0.00000 0 . 00000 0.00078 0.00391 0.00547 
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Bit Error Rates 
ooc Code {63,3,1} 

Power ratio (interferer/desired) = 10.0 

0 Code 1 2 3 4 5 6 7 8 9 10 11 MEAN 
B.E.R. 

-------------------------------------------------------------------------------------------------------
1 (0 1 6) 0.0135 0.0056 0.0000 0.0056 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0025 
2 (0 2 12) 0.0056 0.0135 0.0056 0.0000 0.0000 0.0000 0.0056 a·. oo56 0.0000 0.0000 0.0036 
3 (0 3 32) 0.0000 0.0056 0.0135 0.0056 0.0000 0.0000 0.0000 0.0000 0.0056 0.0111 0.0041 
4 (0 4 24) 0.0056 0.0000 0.0056 0.0135 0.0056 0.0056 0 . 0000 0.0056 0.0000 0.0000 0.0041 
5 (0 7 26) 0.0000 0.0000 0.0000 0.0056 0.0135 0.0056 0.0111 0.0056 0.0000 0.0000 0.0041 
6 (0 8 48) 0.0000 0.0000 0.0000 0.0056 0.0056 0.0135 0.0056 0.0056 0.0000 0.0056 0.0041 
7 (0 9 45) 0.0000 0 . 0056 0 . 0000 0.0000 0 . 0111 0.0056 0.0135 0.0000 0.0000 0.0056 0.0041 
8 (0 11 25) 0.0000 0.0056 0 . 0000 0.0056 0.0056 0.0056 0.0000 0.0135 0.0056 0.0000 0.0041 
9 (0 13 35) 0.0000 0.0000 0.0056 0.0000 0.0000 0.0000 0.0000 0.0056 0.0135 0.0000 0.0025 

10 (0 16 33) 0.0000 0.0000 0 . 0111 0.0000 0.0000 0.0056 0.0056 0.0000 0.0000 0.0246 0.0047 

CODES 63 3 1 lOR X lOC - -- 13-0CT-94 15:44 Page 1 

OOC Code {63,3 , 1} 
ROW R COL C shows the inner product of the vectors in ROW R and ROW C 

0 Code 1 Vector 2 3 4 5 6 7 8 9 10 

-----------------------------------------------------------------
1 0 1 6 1, 1, 0, 1 1 1 1 1 1 1 1 1 
2 0 2 1 2 1 , 0. 1 , ... 1 1 1 1 1 1 1 1 
3 0 3 32 1 , 0, 0, ... . .. 1 1 1 1 1 1 1 
4 0 4 24 1, 0, 0, . . . . . . ... 1 1 1 1 1 1 
5 0 7 26 1, 0, 0, ... . .. . .. . .. 1 1 1 1 1 
6 0 8 48 1, 0, 0, - .. ... . . . - .. . .. 1 1 1 1 
7 0 9 45 1, 0, 0, ... ... . .. . .. . . - . .. 1 1 1 
8 0 11 25 1, 0, 0, . . . . .. . . . . .. ... . .. . .. 1 1 
9 0 13 35 1, 0, 0, ... . .. . . . . .. . . . . .. . .. . .. 1 

10 0 16 33 1, 0, 0, 



Interference of Two BodyLANs 
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F 1 + weak F 0 F 1 + strong F 0 

With no interference 
symbol time ~ 0.3 A 

With interference 
symbol time ~ 0.6 A 

Lower ~F -> 
- less noise 
- lower power 
- tighter Rx & Tx 

freq control 
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Protocol Enhancements 

Tx using original OOC proposal 

- Tx RF bursts only for ones, nothing for zeros 
- 1/2 transmit power 
- Fewer interfering bursts -> lower error rate 
- Requires detection of no power transmitted in 

presence of noise 

Sense pulse interference 

- For each chip sense 0, 1, or I 
For (64, w,.1) code get large reduction in error rate, 
can sustain interference in all but one of W chips 

- Matched filter for synchronization uses less power 
- Requires detection of interference -> more complexity 

......... ----------------------------------- ~ ;; ~ ;; L~~ ~ --



Frame Form.at 
Super Frame= 6 Sub Frames 
o 23.4m 

t- I • I. _.....1 •t::: • I. I 120A5=2.5E10 
8o 81 82 _..... ....- 8 3 '- 84 85 Beacon Position Codes 

...... ' ...... ' ...... 
...... ' ..... 

Frame = 128 Bits ' ' ...... ' 
~ ~121 1 1 1 1 11 I I~ I I I II I I I I I I I !_,~1 I 11'1 

/ / 
/ / \ 

/ 
/ 

Bit =,-64 Chips / / 
/ 

• Bursts within bit form 
(64,W,1) OOC 

• Choose 1 of U Code 
words with 0-63 bit 
cycle rotation every bit 
period based on PAN 
·seeded @ start of frame 

Burst @ fo± M 

/ 
/ \ 

Beacon Position & Uses 
Data Within Subframe 
Programmable 

• 40 Bursts/Beacon 
• First 38 Bursts 

transmitted with 
BodyLANID 

• 2 II. 38 = 2.7E11 IDs 
• Last 2 Bursts for Fine 

Synchronization 

Burst @ fo-M @ fo+M = = = = 
' ~§~ §~~~ 



Rx 
Antenna 

BodyLAN Receiver RF 

Offset , 
Cancellation 

-Adjust 

s 

- - ---- - --------====== - ---



Rx 
Antenna 

Vo1-

Cgr -=7 

LNA With Gain Control 

30K 

32ff 

• With lb = 200 Jla, Rb = 180 D. 

- Gain = 14.5 dB 
- en= 2.5 nVolt per root hertz 

1 , • LNA • Gain control 22 dB 
Out 

• At max gain 

- dynamic range 58 dB @ 12 dB Sinad 
- 4 volts meter max E field 

• At min gain 

- dynamic range 80 dB @ 12dB Sinad 
- 50 volts/meter max E Field 

~~§~§~ - ---- - -
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Receiver Local Oscillator 
Vccl 

• 
I& • ~ } Tuning Varactors 

} I Phase Shifter 

} Q Phase Shifter 

} Prescaler 

En~l;'t'J) 100 11a 
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Beacon Digital Matched Filter 
-

Jd==t =-= 
ck II 1 

490 chips >- I 

s I. I ' ; 

:E ~ 38 - # allowed errors =) match 
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HUB INTERFACE SPECIFICATI ON 

1. Introduction 

The PCMCIA card Hub Interface (HI ) provides synch ronous communicat ions channel s 
between the HI and one or more Personnel Electron ic Assesoriry (PEA) Modems. 
In addition to this basic communication capability, the HI provides ancillary 
command an d con trol mechan isms need ed for HI and PEA con figuration, PEA 
discover y, and monitoring. The hub interface specification was developed in 
cooperation with BBN Systems and Technologies to satisfy the following primary 
objecti ves: 

* Provide s implex or f ull-duplex s ynchronous commun icat i on s between t h e hub 
and PEA mod ems at baud r ates f r om 32 b/s to 28.672 Kb/s in increments o f 
32 b/s. 

* Allow TDMA configuring of up to 63 PEAs to share the separate Tx and Rx 
frequen cy band in any bit rate combination up to the maximum . 

* Provide mechanisms for personalizing each BodyLan such that different 
BodyLans may share the same physical domain. 

* Provid e mech ani sms for rapid changin g the bandwi dth assignments. 

BodyLan communication protocols are based on a TDMA frame of 31. 25 
miliseconds partitioned into 1024 bit transmission inter vals in both the 
Tx and Rx channels. Of these 1024 bits per frame, 64 are exclusively used 
by the hub t o b r oadca st synchron izati on b eacons to a ll PEAs. I n addi tion, 64 
are used by both t h e HI and PEA modems for out-of -band control signaling. 
Since PEAs a r e not allowed to both transmi t and receive simultaneously, the 
2048 b /s commun i cation capability from PEA to hub du rin g synch roni zation beacon 
broadcast and for the 1024 b/s b idirection a l comma n d a n d control c h a nnel 
is not availabl e for u ser communication . 

Beacons received by the PEAs are u sed to establish synchronization between the 
all PEAs in one BodyLan and its HI. This allows TDMA data communication 
between PEA modem and hub modem thus enabling almost total power-down operation 
between chi p transmi ssion/reception. For a PEA having a 2048 b/s unidiretional 
communication ·channel t o the HI for example, this results i n about a 450 
to one power consumption reduction. 

A single bi-directional command and control channel is shared between 
the hub and al l PEAs. This channel provides a means for the hub to solicit 
out-of-band information from any one particular PEA using a simple 
request/reply protocol . This channel is used exclusively by the hub 
modem for a multiplic i ty of f unct i ons inc l uding, error r ate monitoring, 
confi guration, b andwid th assignment, an d power level t ransmission 
adjustment. 

The BodyLan protocol employs slow frequency hopping to avoid frequency 
bands wh ich have high power jamming transmitters. It i s highly probable that 
we wi ll employ techniques similiar to those used by cellular telephone networks 
which employ slow frequency hopping. The protocol for shifting from one frequenc) 
band to anoth er has not yet been resolved other t han to suggest that fast 
frequen cy hopping (i.e. symbol by symbol , bit by bit, or even frame 
by frame) will not be employed. 

2 . Hub Interface Channels 

Each PEA can have a t o t al o f four sub-ch annels i n any combi nation of 
hub->PEA or PEA->hu b . With a maximum of 64 PEAs, each BodyLan accomodates 
a total of 252 sub- channels. Each chann el can be a multiple of 
32 b/s. Thus for example, PEA(42) could be assigned two hub- >PEA 



. . 
sub-cahnnels of 1024 b/s and one PEA->hub sub-channel of 512 b / s with the 
last sub-channel unused. 

Because BodyLan utilizes a totally synchronous TDMA communication protocol, 
the interface between Host processor and the PCMCIA card HI is simplified. 
The interface is based on a ping/pong dual port buffer, called the Data Buffer, 
with an interrupt to the host processor at the frame rate. 

In response to the frame interrupt, the host processor is required to 
store into the Data Buffer the data that will be transmitted by 
the hub modem ' to the PEAs in the next frame interrupt period and read 
from the Data Buffer the data that was received by the hub 
modem in the last frame interrupt period. After each frame interval 
interrupt, the meaning of the ping/pong buffers is swapped . 

Data is organized in the Data Buffer for both Rx and Tx directions 
as lists of bytes. The longest list is 84 bytes and occurs for a 
sub-channel consuming 100% of the maximum available bandwidth (i.e. 
28,672 b/s). For lower bandwidth sub-channels, the list associated with 
each sub-channel is shorter and usually will not consists of an integral 
number of bytes. 

Data is sent serially and assembled little-endian. Thus a sub-channel of 
the minimum data rate results in a one byte list with only bit 0 of the 
byte used. For a sub-channel of 544 b/s (i.e. 17 bits per frame), its 
list consists of three bytes, the first two bytes are totally filled, and the 
third byte has only bit 0 filled. The maximum size of one side of the 
Data Buffer thus occurs when 251 sub-channels have minimum bandwidth 
and the 252th ' sub-channel uses all the remaining bandwidth. The largest 
size needed for either the ping or pong sides of the Data Buffer is thus 
304 bytes. 

2.1 Hub Interface Channel Configuration 

There are several tables used to configure the sub-channels in the Hub Interface. 
The first table, called the Sub-Channel List Pointer SLP table, contains 256 
9-bit addresses which point to the particular sub-channel list within the 
data buffer. 

For example, SLP(INDX)=245 indicates that the list associated the particular 
sub-channel starts at byte location 245 in both the ping and pong Data Buffers. 
INDX is computed by taking the channel number times four added to sub-channel 
number for the particular. 

The second table consists of 1024 entry memories called TxPlan which assigns each 
bit within the frame to a sub-channel for the hub->PEA path. A corresponding 
table, called RxPlan, assigns each bit wihin the frame to a sub-channel for the 
PEA->hub direction. Note that unlike the PEA which can never send and receive 
simultaneously, the hub is required to both send and receive simultaneously . 
The third table, called the Sub-Channel List Pointer SLP table, contains 256 
9-bit addresses which point to the particular sub-channel list within the 
data buffer. 

To reduce the number of TxPlan and RxPlan accesses per frame (each access 
consumes power) the XxPlan entries are encoded as follows: 

XxPlan entry comments 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
c4 c3 c2 c1 cO s7 s6 s5 s4 s3 s2 s1 sO b2 b1 bO c<4 .. 0>!=0 



0 0 0 0 0 
0 0 0 0 0 

0 b9 b8 b7 b6 b5 b4 b3 b2 b1 bO 
0 0 0 0 0 0 0 0 0 0 0 skip to next frame 

Where c<4 . . 0>!=0 i s the number of bits user data associat ed with sub-channel 
s<7 .. 0> to transmit or receive and b<10 . . 0> is the number of bits to skip 
at the end of sending or receiving user data . When c<4 . . 0>=0, no user data is 
to be transmitted or received and the low 10-bits indicati ng the number 
of bits to skip. An all zeros entry skips to the beginning of the next frame . 
Sub-channels 0-251 reference a particular user sub-channel 
while 252 - 255 are reserved for the hub modem functions as follows: 

s<7 .. 0> 
252 
253 
254 
255 

Modem Fun ction 
Synchronization beacon star t 
tuning and bookkeeping intervals 
broadcast command/control channel 
polling command/control channel 

Since eight 8-bit duration beacon patterns are transmitted during each frame at 
bit position s wh ich are quasi - unique to each BodyLan, there will be at least 8 
entries in the TxPlan buffer corresponding to each transmitted beacon. As an 
example plan, assume that the beacons are transmitted at bit locations 
(rel ative to the frame start) {0, 100, 200, 300, 400, 500, 600, 700}. Further 
assume t hat 2038 b/s are to be transmi t ted to PEA 4 sub-channel 2 at 8 evenly 
spaced intervals ac r oss the frame (i.e. eight 8-bit groups). Assume that the 
Data Buffer l ist associated with sub-channel 18 (i.e . 4 X 4 + 2) starts at byte 
Db[102]. 

TxPlan Entry 
8,252,0 
8,18,0 
0,84 
8,252,0 
0,8 
8,18,0 
0,64 
8,252,0 
0,48 
8,18,0 
0,36 
8,252,0 

Comment 
Tx 8-bit Beacon starting in bit location 0 
Tx Db[102] starting in bit location 8 
skip 84 bits 
Tx 8-bit Beacon starting in bit location 100 
ski p 8 bits 
Tx Db[103 ] starting in bit location 128 
ski p 64 bits 
Tx 8-bit Beacon startin g in bit location 200 
skip 48 bits 
Tx Db[104] starting in bit location 256 
skip 64 bits 
Tx 8-bit Beacon starting in bit location 300 
and so on 

Both the TxPlan and the RxPlan are double buffered to allow the host processor 
to be constru cting one TDMA plan while utilizing the other. When the TDMA 
plans for the hub modems and all PEAs which must have their TDMA plans changed 
is compl eted, a command is broadcast on the command & control channel to cause 
all TDMA engines to switch to the alternate XxPlan. 

3.0 Control Registers 

The Host Interface also implements control registers to provide configure the 
hub modem and for monitoring and control. These registers can classified into 
two groups . The first group sources information needed to configure the 
BodyLan . These register are in effect wr ite-only and would normally be 
implemen ted using EEPROM to insure their content over power cycling. The 
second group includes all other control registers . 

3.1 Beacon Identification Code Registers 

Eight beacon sequences are transmitted by the hub during each frame at bit 
locations specified in the TxPlan table. Every frame starts with a beacon . 



The positions of the other five beacons form a Optically Orthogonal 
Code word of the form {0, p1, p2, p3, p4, p5, p6, p7} where pj represents 
the bit position in the 1024-bit frame . These beacon position code words 
are designed to have low crosscorrel ation with code words of other BodyLans. 

Each beacon consists of 48 symbols during which energy is transmitted spread 
over 512 possible positions. The last two symbols are adjacent to one another 
but the remaining 46 chips are spread over the 512 positions in such a way to 
minimize their crosscorrelation with used data symbol words. The positions of 48 
symbols within the 512 chip sequence is identical for all BodyLans. 

The positions of the beacons within the 1024-bi t frame are quasi-unique for 
each BodyLan. It is estimated that there are more than 1E16 different 
combinations of beacon positions within a frame. Thus the likelyhood of two 
users coming into proximity of one another and interfering is negligible . 
To gain further diversity and to allow simply detection of beacons transmitted 
by the home BodyLan hub modem, the symbols within a beacon are FSK modulated 
using a pattern which is quasi-unique to each BodyLan. With more than 7E13 
different beacon symbol sequences to choose from, it is easy to distinguish 
beacons transmitted by the home hub with a simple matched filter . 

The six byte wide Beacon Identification Code registers, Bic[5 .. 0]<7 .. 0> are loadec 
by the host to specify the symbol sequence. Bit positions are little-endian 
first meaning that Bic[O]O is transmitted in the first beacon symbol position 
and Bic[1)1 is transmitted in the second symbol position and so on. To allow 
fine grained synchronization between the PEA modems and the hub modem, it is 
required that the last two beacon symbols be compliments of one another. Thus 
Bic[5] =10xxxxxx. 

3.2 Pseudo-Random Number Generator Seed Registers 

User data is transmitted using Optical Orthogonal Codes which have low 
correlation cross correlation even when rotated an arbitrary number of chip 
positions within a codeword. To gain diversity, the BodyLan protocol calls for 
selecting one of t h e codewords randomly and also selecting a codeword rotation 
randomly for each bi t position. This means that the coding diversity is 
related to the product of number of codewords times the number of possible cyclic 
shifts times two. The larger the diversity the lower the error probability . 

To achieve this pseudo-random codeword and cyclic shift selection, both the hub 
and PEA modems employ a 23-bit pseudo-random number generator whose low-order 
bits select the codeword and the cyclic shift for each new bit position . The 
pseudo-random· number generator is seeded at the start of each new frame 
interval with the content of the 23-bit Pseudo-Random Number Generator Seed 
(PrngS) register . 

The three byte wide Pseudo-Random Number Generator Seed registers, 
PrngS[2 .. 0]<7 .. 0> are loaded by the host to specify the seed. The 
Pseudo-Random Number Generator empl oys the tri-nomial x~23+x~5+1 as a 
generator polynomial with PrngS(O]O loaded into bit 0 of the shift register, 
PrngS[0]1 loaded i nto bit 1 of the s h ift register and so on. Bits in the shift 
register are ·shifted up with the low order bit position loaded with 
Prn23 EXNOR Prn5 at the beginning of each new bit postion with a frame. 

3 . 3 Status Register 

It is expected that the host will interogate the 16-bit control register 
during each frame interrupt service routine. This register contains both 
read-only and read-write bits which allow the host fine grained control of 
the hub modem. The current bit assignments are as follows. 



Bit 
7 
6 
5 
1 
0 

status register usage 
frame interrupt enable 
modem controller interrupt enable 
modem controller command completion 
receive enable 
transmit enable 

3.4 Modem Controller Mailbox 

An 8-bit microcontroller (tentatively a Phillips 80CL410) is embedded on 
the PCMCIA card to offload complex activites from the host processor . 
To reduce power consumption, this microcontroller is powered off except 
during those periods when it must execute a strip of instructions. There 
is no notion of an idle process consuming power without executing any 
meaningful activity. Rather the clock input to the microcontroller 
is normally disabled . It is enabled when hub modem housekeeping funcions 
are required or when the host processor loads the Modem Controller Mailbox 
register. After completing the code strip associated with the service 
request, the microcontroller disables its clock and enters into the 
low-power mode. 

A packet of information is passed from the host processor to the 
microcontroller in part from the Modem Controller Mailbox register and in 
part because the microcontroller can access the Data Buffer . Thus, 
the host can pass a 128-bit control packet to the hub microcontroller 
by first loading the 112-bit body into the Data Buffer and then loading 
the 16-bit packet header into the Modem Controller register. Similiarly, 
the microcontroller can pass a packet of information to the host 
processor by storing the packet of information in the Data Buffer. 

When the hub modem microcontroller completes the code strip associated with 
activation event, it can set bit 5 of the Status register. If enabled, 
an interrupt will be posted to the host operating system. 

4.0 Command & Control Channels 

The Command & Control Channel provides for bidirectional packet type 
communication between the hub modem and all the PEA modems. The protocol 
is based on a simple master / slave polling. Functions provided are: 

1) The hub modem broadcasts a packet of information t o a l l PEAs . 
2) The hub modem transmits a packet of information to one specific PEA. 
3) The hub modem transmits a packet request to a specific PEA which is then 

expected to return information via the PEA- >hub command and cont rol 
channel. 

The command and control channels provides a maximum of 2048 b / s link between 
the hub modem and all PEAs and a 2048 b/s link between one or more PEAs and the 
hub modem. Since this aggregate rate is in many cases comperable to or even 
much greater than the total data rate of the PEA device, more complex 
signaling protocols are utilized to reduce the amou nt of time that the PEA must 
receive data on the command and control channel. 

For example, we would expect a PEA modem connected to a keyboard to produce a 
data rate of no greater than 96 b/s, thus requiring only three bits every frame 
period. A keyboard microcontroller would be expected to consume in the order 
of 10-20 microwatts running the keyboard with the PEA modem consuming another 5 
microwatts. If the PEA modem were required to receive the entire command and 
control channel bandwidth, its power consumption would increase by a factor of 
twenty. Thus special protocols are required to communicate with very low-power 
PEAs. 



We expect all command and control communications to be initiated by the hub 
rnicrocontroller. Most of this communications will be periodic monitoring of 
status, received power levels, error rates. Other command and control traffic 
will include discovery and PEA configuration functions. 

The architectural modern that can be u sed is that the hub modern rnicrocontroller 
is the host to each PEA modern. Since each PEA modern has an integral 
microcontroller, fairly complex hub<->PEA protocols can be established to 
minimize power consumption and ensure robustness. 

5.0 Discovery 

PEAs can be in one of three mode of operation, unconfigured, standby, and 
active. In the active mode, the PEA modem is synchronized with hub modem via 
receipt of the beacons and can both participate in the command 
and control channel protocol and can transmit and/or receive used channel 
information as controlled by a particularized for the particular PEA. 
In its standby mode, it is fully configured by not synchronized with the hub 
modem. This state could occur for example during PDA battery charging or when 
the PEA is physically moved away from the radio-sphere of beacons transmitted 
by its home hub modern. In the unconfigured state, the PEA cannot participate 
in any of the horne BodyLan protocols because it does not have a TDMA plan nor 
does it "know" the other configuration constants (i.e . the Bic and PrsgS 
parameters) which identify the home PEA. 

The protocols which are used to configure the PEAs are described in a companion 
document on PEA Reconfiguration. 
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1. PROJECT PROGRESS 

1.1 OVERVIEW 

Status 

During the first three months we concentrated on transmitter design, receiver design, 
transmitter-receiver synchronization, detector analysis, bit error analysis, prototype and 
vendor survey. 

We looked at transmitter and receiver circuitry. We concentrated on modulation and 
demodulation circuit design. We assessed performance, ease of implementation, and did 
computer simulations. Transmitter design is almost complete. We also begun design of 
transmitter-receiver synchronization signals and protocol. In the corning months we will 
concentrate on synchronization signals and completing receiver circuit design. 

We created models of receiver detection and bit error probabilities to analyze design 
alternatives. The models include characterization of demodulation and detector output 
waveforms (including interference conditions), characterization of alternative spread 
spectrum signal schemes, and channel capacity analysis. In the coming months we will 
concentrate on jamming considerations, synchronization protocol, and spread spectrum signal 
design. · 

We interviewed a representative of PCMCIA product vendors (PCMCIA is a PC and laptop 
110 bus interface card called for in our protptype) and surveyed some of the literature 
available. We found potential candidates for PDA vendors and for subcontracting PCMCIA 
work. 

Plans for Next Quarter 

In the corning months we plan to create a prototype-equipment part list and vendor list, 
together with a procurement schedule. 

1.2 HARDWARE PROGRESS 

We have examined architectural and implementation issues including: 

1) Choice of Pea processor 
2) Transmitter circuit and spice sensitivity study 
3) Transmitter Frequency modulating circuit and spice simulation 
4) Transn'litter frequency locking model 
5) Design and simulation of negative voltage charge pump for frequency adjustment with 

hyperabrupt tuning diodes 
5) Receiver local oscillator design and simulation 
6) Receiver mixer Design and simulation of receiver 
7) Receiver limiter design and simulation 
8) Receiver filter study 
9) I & Q channel modeling with Mathematica 
10) Review of about 40 papers relevant to receiver implementations 
11) Study bf standard products which may be used to implement the implementation chosen 

1. 



The game plan in this early phase is to visit each section of the modern, create a preliminary 
design, spice. simulate that design to allow estimation of power consumption, noise, and 
parameter sensitivity using a BiCrnos process as if we were going to create a chip. This 
allows us to make a determination of where the power dissipation goes and what are the 
major problems to solve. 

At this time, we have examined enough of the receiver to judge that the hard part is going to 
be to control the delay variation between different receivers to allow synchronization to 
within a few hundreds of nanoseconds. This suggests we shou,ld study the use of larger 
prefix and postfix chip margins. 

On the positive side, the literature study has paid off handsomely by giving starting circuit 
topologies for virtually every part of the receiver design. The I & Q channel processing 
technique with direct demodulation (borrowed from a paper on pager design) appears to give 
the lowest power consumption. 

We also begun designing signals and protocol for transmitter-receiver synchronization. We 
expect to use signals similar to Optical Orthogonal Codes to minimize their interference with 
data signals in other BodyLANs, since synchronization and data signals will share the same 
band. We are exploring a "chime" signal which consists of an FM frequency transition as a 
means of providing pulse boundary synchronization to transceivers involved. 

1.3 ANALYSIS 

We have probabilistic models of OOC codes and a study of alternative signaling schemes, in 
particular a "symmetric" scheme where bit 1 and bit 0 both use "pulse codewords" and an 
"asymmetric scheme" where bit 0 uses a "no pulse codeword." If the demodulator/detector 
circuit can distinguish noise from pulses, the asymmetric wins out by a good margin. 

We are corning to understand the FM quadrature demodulator with limiters. Detecting the 
FM tones is equivalent to determining the rotation of a vector whose components are the in 
phase and quadrature demodulator arms. This can be done in one quarter of an FM signal 
period. When interference is present, the vector length changes with time and its trajectory is 
more like an ellipse. The direction of rotation seems to be given by the strongest signal 
(capture effect). Detecting the sense of rotation now require up to 1/2 period. When only 
noise is present, it seems like the output is like a degenerate elliptical "footprint," very 
narrow and inclined at 45 degree angle due to the strong correlation between modulator 
output arms. This may give a simple way to distinguish noise from FM tones. 

When asynchronisrn of interferers is taken into account, detection of the sense of rotation 
over several FM periods appears to improve bit error performance. We have models for 
performance in the face of asynchronous interference both for asymmetric schemes with 
detectors able to distinguish noise from pulses, and for symmetric schemes. We are in the 
process of evaluating performance. 

2. 



·1.4 PROTOTYPE DEVELOPMENT 

4/14/94 
Arranged for a visit from Greg Brasso from Palmtree Products to talk about getting PCMCIA 
slots for our desktops, about getting technical help in the design of PCMCIA cards, and about 
manufacturing these cards. 

Brought in Palmtree for PCMCIA help on 4/29/94 

Read background literature 

4/29/94 
Contacted Centennial re their helping us with PCMCIA mfg. They are expecting us to call to 
arrange a visit. 

5/13/94 
Contacted Globe Mfg Sales, INC. because they make a "One piece PCMCIA kit" WCB 800 
227 3258 or 908 232 7301. Spoke with George Noll. He will send us a sample and a print. 
Should have by 5118. 

Called Jack Bayer, Databook, 716 292 5722 
He will send us some info about an upcoming IC Card Expo in Santa Clara July 25-27, some 
info about PCMCIA organization, and maybe some other pointers. He sounds happy to help 
us. Suggests that we certainly want to use his card-eval board for big PC. 

Requested literature from S-MOS Systems 800-228-3964 on the S-MOS CARDI0-386 ("a 
full-function 386AT" apparently the size of a PCMCIA card) 

Talked with IBM about getting preliminary 'information on their POWERPC PDA and about 
their PCMCIA design and manufacturing Process. 

1.5 MILESTONES FOR NEXT QUARTER 

Next Quarter's hardware activities will focus on completing the design and simulation of the 
receiver, work on the ancillary logic to create the chip patterns, and the master timing 
oscillator design. 

For the next Quarter period we will integrate the performance models, compare performance 
among the different signal design alternatives in the presence of asynchronous interference 
and jamming, look into synchronization beacon protocols, and look into OOC (code) design. 

3. 



2. SPECIAL PROGRAMS DEVELOPED OR 
MAJOR EQUIPMENT PURCHASED 

---NONE---

3. CHANGES IN KEY PERSONNEL 

---NONE---

4. MEETING AND VISIT HIGHLIGHTS 

4/14/94 
Arranged for a visit from Greg Brasso from Palmtree Products to talk about getting 
PCMCIA slots for our desktops, about getting technical help in the design of PCMCIA cards, 
and about manufacturing these cards. 

Talked with IBM about getting preliminary information on their POWERPC PDA and about 
their PCMCIA design and manufacturing Process. We will be following up on both topics in 
June. 

5. PROBLEMS OR CONCERNS WHERE 
ASSISTANCE OR GUIDANCE REQUIRED 

PEA device suggestions. Suggestions for collaborators (hardware, RF, BodyLAN 
applications). 

Please verify planned budget profile. [This was accomplished by K. Gabriel during our June 
visit to ARPA.] 

4. 



6. FISCAL STATUS 
See Attached 

7. ACCOMPLISHMENTS 
We have starting circuit topologies for virtually every part of the receiver design. The FM 
quadrature demodulator channel processing technique with direct demodulation (borrowed 
from a paper on pager design) appears to give the lowest power consumption. We have 
candidate signals for transmitter-receiver synchronization. 

We have probabilistic models of OOC codes and a study of alternative spread spectrum 
signaling. We have suggestions for substantial improvement in bit error rate performance, 
which depend on the capabilities we can build into the demodulator/detector circuit. 

We made contact with Centennial Technologies Inc., who appears willing to collaborate in 
the production of a PCMCIA card Body LAN prototype. 

5. 
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1 . Project Progress 

1.1 Overview 

1.1.1 Progress Summary 

• 

• 

• 

• 

• 

• 

We have finished the design of the RF integrated transceiver, and submitted it for fabrication in late 
March. The circuit provides only a half-duplex radio link and will be used in both the Hub and the 
PEA (Personal Electronic Accessory). In doing so, we have greatly reduce the development cost of 
Hub and PEA hardware. 

We have designed, fabricated and tested the second RF transmitter prototype, which included both 
the modulator and the frequency controlling circuits. The antenna circuit and the voltage controlled 
oscillator were functioning properly. The modulator and the varactor charge pump did not perforin 
due to incorrect implementation and biasing. However we believe we have understood the problem 
well enough to proceed directly into building the integrated transceiver based on the lessons 
learned. 

We have completed the architectural design of the Hub PCMCIA card, and produced a draft of its 
hardware specification. A high-performance common processor MC68356 (or MC68PC302 if 
available) will be used as the embedded controller. This will allow us to develop our resident 
software in C or C++ and greatly simplify the Hub development. 

We have produced design notes specifying the link protocol and the Hub device driver. The 
documents were also revised to accommodate hardware modifications. The final specifications will 
be written in parallel with software development as the documentation of actual implementation. 

We have received the first PCMIA interface prototype from Centennial Technology Inc. The 
prototype will be used to enable software development in parallel with the hardware work. 

We have taken actions to simplify both hardware and software design of the prototypes and to 
eliminate the non-essential steps in the development process. These actions were taken in order to 
preserve the proposed budget without affecting the system functions. 

1.1. 2 Plan for Next Quarter 

We will focus on the goal of constructing a pair of working Hub and PEA prototypes for the first 
point-to-point communication test. The effort will include the programming of the micro code for 
PCMCIA card and the device driver residing in the PDA (Personal Digital Assistant, i.e. the host). 

1.2 Hardware Design 

The main accomplishments were made in the development of receiver prototype and Hub digital logic. 

1.2.1 Second Transmitter Prototype 

We designed and fabricated the second transmitter prototype in January, and tested it in February 
1995. Its implementation proved more challenging and time consuming than we anticipated. 

In addition to the antenna driver existing in the first prototype, the second prototype contained the 
varactor-controlled phase locked loop and the frequency modulator of the transmitter as well as the 
oscillator circuit of the receiver. It also included a digital code generator for producing test patterns for 
the modulator. 

1 
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Our tests showed that both the antenna circuit and the voltage controlled oscillator have been 
functioning properly. The frequency modulator and the varactor charge pump suffered from 
implementation problems. As a result, the transmitter did not perform according to specifications in 
terms of clock output levels and frequency stability. The problem also affected the receiver oscillator. 

In spite of this we identified the problems, which were caused mainly by incorrect biasing and device 
implementation, and we have decided to proceed directly onto the development of integrated 
transceiver based on the lessons learned. 

1.2.2 Third Transmitter and First Receiver Prototype 

We finished the design of the RF circuit of the transceiver for both the Hub and the PEA and submitted 
it for fabrication at the end of March. The fabricated module will return by mid-April. The module · 
contained RF circuits of the entire radio transceiver, which includes the voltage controlled oscillator 
and the frequency modulator of the transmitter as well as the phase locked loop, the demodulator, the 
IF amplifier and the frequency discriminator of the receiver. 

By using a common frequency half-duplex channel for the two-way communication, we were able to 
combine parts of transmitter and receiver circuitry and simplify the design. The half-duplex design also 
allows us to use the module in both the Hub and the PEAs and thus reduce the development time. 

After this RF module prototype, we plan to move directly onto the final implementation of the radio 
transceiver. 

1.2.3 Hub Digital Circuit 

We started the hardware design of the Hub PCMCIA card in mid-March. Since then, we have 
completed the architectural design of the card (including processor choice, memory map and interrupt 
structure) and produced a draft of the hardware specification. 

We chose to use Motorola MC68356 (or MC68PC302 if available) as the embedded Hub 
microprocessor, and populate the card with a 512KB flash memory and a 512KB static RAM in 
addition to the digital interface to the radio transceiver. All the digital parts are connected by a 8-bit 
MC68K bus. The card will interact with the hosrPDA through a standard PCMCIA interface and an 
interrupt signal .. Both MC68356 and MC68PC302 are low-power microprocessors specialized in 
communication applications; they are equipped with a MC68K core, a four-channel communication 
processor with DMA and a build-in PCMCIA interface. The availability of a multi-protocol 
communication processor and the PCMCIA interface has simplified our hardware design while the 
existence of the MC68K core greatly reduces our software development efforts. 

2 
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1.2.4 Development Strategy 

As a development strategy, we have been simplifying the hardware development in order to preserve 
the budget and meet our deliverables. This came as a result of reassessing the development effort 
required to implement all the originally intended functionalities. While we have produced design notes 
explaining the set of desirable functions, we will only implement those necessary to demonstrate the 
project goals. The actions taken are: 

1. We simplified both the Hub and the PEA hardware by implementing only half-duplex 
communication. By using a single carrier frequency and removing the full-duplex capability from 
the Hub, we can combine several parts of transmitter and receiver circuitry, and use the same 
circuitry in both the Hub and the PEAs. This simplification will enable savings in both the design 
and fabrication processes. 

2. We will reduce the number of prototypes fabricated within the development cycles. We will make 
one complete RF prototype- the one just submitted- and possibly one prototype of Hub digital 
logic before the final implementation. 

1.3 Software Design 

1.3.1 Link Protocol Specification 

We produced the design notes on link protocols and device drivers at the end of February. Since then, 
we have revised the design notes in order to accommodate the hardware modifications. 

We specified, in the design notes, a light-weight link protocol which supports a memory-mapped 
device abstraction of the attached PEAs and a wireless bus model of the radio link between the Hub 
and the PEAs. As the bus master, the Hub can initiate movement of data blocks of specific length or 
continuous data stream by using either the block or the stream transfer modes. The transfers are not 
error free, and the transactions are not acknowledged. An acknowledged version of the protocol has 
been designed and could be used as an extension of the existing protocol. 

We are holding back the protocol implementation pending for the outcome of the receiver and hub 
hardware layout This will make for more efficient software implementation at the expense of some 
development delay. 

1.3.2 Hub Software Development 

Along with the choice of a high-performance embedded processor, we decided to write the Hub 
controller code in a high level language (either Cor C++) in order to reduce the programming effort. 
We also decided to develop a library of simple PEA communication and control functions instead of 
writing a full-scale device driver for the Hub applications. 
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1.3.3 Development Strategy 

As in hardware development, we tried to simplify the software development task and have taken the 
following actions: 

1. We have simplified the task of Hub programming by using the MC68356 processor and the 
programming language C or C++. The programming of the PEAs, which is simpler than the 
programming of the Hub, however will still be done in assembly language. 

2. We will develop a library of PEA communication and control functions, instead of a full-scale 
device driver. 

3. We have withheld the writing of formal software specifications and converted it into the 
documentation of actual implementation. 

1.4 Analysis 

We modified the spread spectrum signal to one that consists of three four-symbol bursts with inter
burst intervals obeying the (64,3, 1) optical orthogonal coding scheme. This new signal design will 
enhance the radio transceiver efficiency by reducing the circuit on/off overhead and by simplifying the 
implementation of the spread spectrum signal. While this is expected to raise the bit error rate above 
the estimated value of 10·3 due to the increased probability of successive symbol corruptions, the 
amount of redundancy will restore the target bit error rate at the expense of bandwidth. 

Once we are confident with this implementation, we plan to make tests on the OOC approach. In order 
to limit project spending, we decided not to conduct any simulation on the new signal scheme; instead, 
we will observe the transceiver performance during prototype testing, and take corrective adjustments 
if necessary. 

1.5 Prototype Development 

We received the· first PCMCIA card prototype from Centennial Technologies Inc. at the end of March. 
The prototype contains a standard PCMCIA interface with resident static RAM and an interrupt signal. 
Its availability enables us to proceed in developing device drivers in parallel with hardware design. 

1.6 Plan for Next Quarter 

We will focus on the goal of constructing a pair of working Hub and PEA prototypes for the first 
point-to-point communication test. The breakdown of tasks includes the following: 

• Fabrication and testing of the RF transceiver module (used in both the Hub and the PEA), 
• Implementation and testing of the Hub PCMCIA digital logic, 
• Implementation and testing of the PEA modem controller logic, 
• Development and debugging of basic link protocol in the Hub and the PEA for command and 

data block transfers, 
• Development and debugging of the Hub library for PEA communication and control, 
• Writing of simple test application program for the Hub. 
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2. Program Development and Equipment Purchase 
-NONE-

3. Personnel Changes 
There has been no change in the key personnel of the project. 

Junio~ softw~re e~gineer, Trevor M~ndez, and hardware e_ngine_er, Nuriel Lapidot, left the project after 
fulfilling the1r duties. Trevor has wntten a draft of the device dnver specification and Nuriel has 
completed the layout and testing of the second transmitter prototype. 

Senior hardware engineer, Ronald Pettyjohn, joined the project in February. He is responsible for the 
design, layout and testing of the Hub PCMCIA logic circuits. 

4 . Meetings and Visits 
-NONE-

5. Problems and Concerns 

The layout and implementation of the transmitter as well as the specification of wireless channel 
protocols both consumed more time and effort than anticipated. In contrast, the subsequent layout for 
the receiver circuit was achieved in approximately half the time of the transmitter. Similarly, the hub 
layout has proceeded at rapid pace and is essentially ready for fabrication. 

Moreover, we have delayed the protocol implementation until the hub hardware has been tested, so that 
software development need not make any development assumptions about the hardware. While this 
causes a one to two month delay in this hardware task, it will make development more efficient. By 
applying parallel software development to the Hub micro-code and the application program, we expect 
to remain within the project schedule. 

The actions taken to preserve the budget of Hub micro-code and application program are mentioned in 
Sections 1.2.4 and 1.3.3. A summary of these actions is listed below: 

• Both the Hub and the PEA implement only a half-duplex radio link using the same carrier 
frequency 375MHz for both inbound and outbound communication. 

• The Body LAN network employs an unacknowledged link-layer protocol to support both 
stream and block data transfers. This is consistent with expected applications. 

• The resident software on the Hub PCMCIA card will be written in C or C++ and running on a 
MC68356 or a MC68PC302 high-performance communication processor. 

• A library of PEA communication and control functions will be developed to replace a full-scale 
device driver in supporting the application programs in both testing and final demonstration. 

• Fewer transceiver prototypes will be made, combining all the lessons learned from previous 
prototypes. 

• The final protocol specification will be produced together with the documentation of the actual 
software implementation. 

We believe that the above changes will substantially reduce budget risks while preserving the goals of 
the project. 
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6. Fiscal Status 
-SEE ATTACHMENT-

7. Accomplishments 
In the past quarter, we have reached the following milestones: 

• design, fabrication and testing of second RF transmitter prototype, 
• design and fabrication of first integrated RF transceiver, 
• preliminary and revised specifications of link protocol and Hub device driver, 
• architectural design of Hub PCMCIA card. 
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1. Project Progress 

1.1 Overview 

1.1.1 Progress Summary 

The following list summarizes the main tasks accomplished in the areas of hardware development, 
software design and signaling scheme between the months of April and June 1995. 

Hardware 
• Design of PEA digital controller modules 
• Circuit simulation of Hub and PEA digital controller modules 

Software 
• Specification of block and stream data transfer mechanisms 

Signaling Scheme 
• Specification of TDMA signaling micro-codes 

1. 1. 2 Future Milestones 

We had delayed software development milestones until the hardware design changes explained in 
the previous report were achieved. the milestones below reflect these changes. 

• Hub/PEA link test 

• PDA software test 
• BodyLAN Prototype 

----------------- End of September--------------------------------------------------

• Performance benchmarking 

• BodyLAN demonstration 
• Final report 

-----------------End of December---------------------------------------------------
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1.2 Hardware Design 

The main accomplishments were made in the development of receiver prototype and Hub digital 
logic. 

1. 2. 1 Second Transmitter Prototype 

A simulated design has been completed for both the HUB modem (implemented on a PCMCIA 
card) and Personal Electronic Accessory (PEA) modem. These designs include digital control 
chips, Transmitter/Receiver RF sections, and all ancillary circuits such as VCXO, power supplies, 
and frequency measurement circuits. All non-digital modem sections have been implemented in a 
prototype card and have been partially tested. 

Due to component count and board space considerations, both the Hub and PEA modems are 
implemented as two board sets. Each set consists of a mother board (unique for the Hub and PEA) 
and a common daughter board. The Hub modem will conform to the PCMCIA Type III 
mechanical specification. 

The Transducer Controller Module (TCM), introduced in the last Technical Report as a mechanism 
for separating ·the evaluation testing and early ·application demos from the PEA modem 
development has been abandoned. The plan called for contracting the TCM development to an 
outside consultant. Only one bid was submitted. It was judged too costly compared with expected 
project benefits. Accordingly, the plan has been changed to integrate the testing functionality into 
the PEA microprocessor. 

A programming reference manual was also produced during the reporting period for both the Hub 
and PEA modems. 

Since only off-the-shelf components are employed in the prototype PEA modem, and we want to 
have some commonality with the Hub modem, we have partitioned the PEA modem design into a 
mother/daughter board pair. The daughter board design, containing all receiver components, is 
also used in the Hub modem. The mother board contains all other non-receiver components 
including the digital control chips. One of the primary design goals were to make the transition to 
final product straightforward. In our model, the final PEA modem design would include a single 
CMOS chip integrating all digital, analog and RF sections together with a handful of discrete 
components (e.g., crystal, inductors, bypass capacitors). 

While in principle the processor of the PDA might control the Hub directly, it was decided to use 
an on-board processor because the interrupt latency of the PDA is unknown and encapsulating the 
functions will allow easier porting of the Hub to various PDAs. The Motorola MC68PM302 is 
utilized as the Hub processor. It implements the PCMCIA interface, its inexpensive, has a very 
small BGA footprint, and meets the design constraints of "thin & 3v" 

A 512K byte flash memory is .used for: 

* the PCMCIA-required Card Information Structure, used for host-system configuration using 
template host drivers, 
*on-board processor code 
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A 256K byte SRAM is used for: 

* general purpose on-board processor read/write memory 
* buffers for message/data transceived between the Hub and PEAs 
* "instructions" for the hardware controller EPLD 

An Actel 1280XL FPLD interfaces the processor to the analog and RF sections and implements all 
lower level digital functions. Its primary task is to execute instruction contained in the IDMA 
plan. Most instructions are associated with a triplet of RF bursts. The instruction indicates when 
each of the three bursts is to occur relative to the start of a 32 millisecond frame, the direction of 
transfer (i.e . Hub->PEA or PEA->Hub) and an associated SRAM location. 

Transfers across the RF channel are in units of nibbles or bytes. Nibbles will be redundantly 
encoded by replicating the nibble three times. Bytes will be encoded with a four bit error 
correcting code. For byte errors with single-bit errors, the data will be corrected and an error is 
logged. For 2-bit errors, an error is logged. 

The controller is implemented in an Actel Al280XL-TQC (8000 equivalent gates) in a 176-pin 
TQFP package. This device was chosen because of our experience using Actel arrays in other 
projects but primarily because it generates CMOS output levels , works at 3.3 volts, and comes in a 
"thin" package. 

1. 2. 2 PEA Conroller Chip Design 

While the power consumption of the analog and RF sections is much higher than could be achieved 
in a single chip implementation, measured power consumption is within a factor of four of our 
targets. Power consumption of the digital sections is off by a factor of 2000. 

Since demonstrating feasibility of the Body LAN concept hinges on an overall power budget 
consistent with small size battery operation, we have contracted with an MIT graduate student to 
design a low power version of the controller chip. Under the supervision of Prof. Anantha 
Chandrakasan, the student is changing the logic and architecture of the FPGA version of the 
controller chip and constructing a layout utilizing the MOSIS one micron CMOS foundry design 
rules. 

1.3 Software 

1.3.1 Physical Layer Device Abstraction 

The RF and digital circuits in PEA and Hub were designed to provide six IDMA channels through 
the wireless link: 

• one command and control channel 

• one device state reporting channel 

• two processor data channels 

• two device data channels 

With respect to PDA system software, the BodyLAN operates as a wireless bus which can 
accommodate a total of 56 PEA devices. The PEA devices are mapped onto PDA memory through 
the PCMCIA interface. 
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1. 3. 2 Device Register Block 

Two techniques were employed to manage the image of PEA registers in the Hub: ( 1) the use of a 
hashed value to summarize the device state for comparison and (2) the use of a block transfer to 
communicate the entire state of a PEA device. 

The device register block of each PEA consists of three kinds of registers: 

• control and status registers, which; their contents constitute the software observable state of the 
device; 

• data pointer:s, which specify the address of data to be transferred via different channels, and 

• a device state-summary register, which contains a hashed value of the current state of the PEA, 
i.e. the content of control and status registers of the device. Currently, CRC- 16 is chosen to be 
the hashing function. 

1. 3. 3 Information Transfer 

All digital communication through BodyLAN (including command and control communications) 
are performed in one of three transfer modes: 

I . the automatic or event-triggered transfer mode, 
2. the block transfer mode, and 
3. the stream transfer mode. 

The automatic transfer is used by the HUB to issue commands to the PEAs and to acquire their state 
summary. The stream and block transfers provide the two basic data link services of BodyLAN 
imitating the connection-oriented circuits and the connectionless datagrams supported by most data 
networks. The block transfer is also used to exchange control and status information such as the 
device paramet~rs, the TDMA plan and the register contents over the wireless network. 

All transfers except command dispatches are performed without explicit acknowledgment nor link
layer re-transmission. Command dispatches, however, can be conducted with or without 
acknowledgment by design, but the first prototype only implements the simple protocol without 
acknowledgment. · 

1. 4 Prototype Development 

We have tested the RF transnmitter board and have fabricated the receiver board. We have sent the 
Hub digital controller to fabrication and are about to lay out the PEA digital controller board. 

1.5 Plan for Next Quarter 

• Hub/PEA link test 
• PDA software test' 

• BodyLAN Prototype 

----------------- End of September--------------------------------------------------
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2. Program Development and Equipment Purchase 
-NONE-

3. Personnel Changes 
There has been no change in the key personnel of the project. 

4. Meetings and Visits 
-NONE-

5. Fiscal Status 
- SEE A IT ACHMENT-

6. Accomplishments 
In the past quarter, we have reached the following milestones: 

Hardware 
• Design of PEA digital controller modules 

• Circuit simulation of PEA digital controller modules 

• Revision of PEA interface specification 

• Production of PEA programming specification 

Software 
• Specification of block and stream data transfer mechanisms 

• Revision of PEA device abstraction 

• Revision of PEA modem interface 

Signaling Scheme 
• Revision of TDMA signal format 

• Specification of TDMA signaling micro-codes 
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1. Project Progress 

1.1 Overview 

1.1.1 Technology Insertion 

We have actively explored inserting the Body LAN technology in a number of 
application areas including non-invasive patient monitoring, personal inertial 
navigation, medical monitoring, and sports training. We have spoken with 
seven organizations including BBN. BBN management has expressed sufficient 
interest in pursuing Body LAN applications that BodyLAN was highlighted in 
its premier.Web page. 

1.1.2 Progress Summary 

The following list summa.rizes the main tasks accomplished in the areas of 
hardware development, software design and signaling scheme between the months 
of July through September 1995. 

Hardware 
-transmitter section tested and fully characterized. 
- 4 MHz crystal oscillator fully characterized. 
- full custom CMOS chip implementing PEA controller, VCXO, and SRAM completed. 
-receiver partially characterized 

Software 
- development tools for Microchip processor purchased and integrated into 

BodyLAN PC system. 

Signaling 
-New Ordered Optically Orthogonal Codes developed 
- New Linear Orthogonal Codes developed 

1.1.3 Future Milestones 

The only milestone remaining is the final report. We have requested a no-cost time 
extension. Milestones are as follows: 

-Test of the receiver 
- Hub/PEA link test 
- Digital/RF integration demonstration 
- final report 
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1.2 Hardware Design 

Work during this period focused on evaluation of the 3" x 4" test board 
fabricated during the previous reporting period and the development of 
the custom CMOS PEA controller chip. 

The evaluation board contains the power supplies, voltage controlled crystal 
oscillator, transmitter, receiver, duration controller, frequency measurement 
circuits, and control FPGA. Understanding the discrepancies between Spice 
simulations and the prototype was the primary goal. Of special interest was 
operation during the transition region between power-off and power-on. 

Significant simulation discrepancies were discovered in the evaluation board. 
These differences were due in part to incorrect modeling of both board parasitic 
devices used and coupling between the digital and RF sections of the prototype. 

A simulated layout of the custom CMOS PEA controller chip has been completed. 
While much of the chip is a direct conversion of the FPGA developed for the PEA 
prototype, both the 4 MHz crystal interface, matched filter, and clock 
distribution schemes are new. New approaches were required because the 
discrete implementations used in the prototype have very large power 
consumptions not sufficiently reducible by a direct conversion to silicon. 

1.2.1 Prototype Evaluation 

The 4 :rvn-Iz VCXO has been fully characterized. With a control voltage 
variation from 0.5 to -6 volts, oscillation frequency changes by 154 Hz 
(i.e. +/- 19 ppm). This is facror of two smaller than expected and is caused 
by parasitic capacitance one the oscillator nodes. Extinction current 
of the oscillator was 1.35 uamps. At its nominal 2 uamp operating current, 
loaded output voltage was 260 millivolts peak-to-peak. Losses in the 
oscillator are an order of magnitude larger than expected. The tuned 
output amplifier, consisting of Ql, Ll, and Cl with a bias current of 
15 uamps was able to drive the Actel A1240A FPGA with a 3500 millivolt 
peak-to-peak clock sine wave clock. Parasitic loading on the clock line 
was estimated at 26 pfd. 

The Duration Comparison (DC) circuit has been fully characterized. It . 
is used to determine which of two pulses is of longer duration. Frequency 
lock is established when the two pulses are equal. The degree to which DC 
is able to determine equality determines the frequency accuracy. DC uses 
a single current source inserting about 700 uamps into node Ns. Measured 
sensitivity of the new circuits is beuer than 2 nsec. 

The prototype transmitter section has been fully characterized. The design 
integrates the function of oscillator, amplifier, tuning, and modulator. 
The new design reflects minor changes introduced during this reporting period. 
This includes a Tx Antenna tuning capacitor, charge pump referenced to Vdd 
instead of ground, a resistor inserted on the prescaler input, and change of 
the output transistor to a BFP405. 
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With a 900 uamp bias current, the measured antenna voltage is 5700 millivolts 
peak-to-peak. This generated a -27.5 dBm signal using a 9 inch antenna into 
the spectrum analyzer at one meter. This signal about 18 dB larger than 
expected with petfect antenna matching. While we are not unhappy with 
such a large radiated signal, it suggests that components in addition to 
the Tx Antenna are radiating. We have not isolated the source of this 
excess radiation. 

With all digital circuits inhibited, the -28 dB bandwidth is 9KHz band. The 
-28 dB bandwidth increases to 220KHz when the digital circuits are enabled. 
Studies have shown that better supply decoupling reduce this digital!RF 
coupling. It is clearly caused by power supply modulation. We believe a 
balanced transmitter circuit will have less power supply sensitivity. 

The transmitter is modulated by switching in varactor diodes. Modulation 
causes less than one dB change in radiated power. Modulation between 
tones is limited by the rise and fall times of the Actel 12040A controller 
chip to under 15 nsec. 

When frequency locking is enabled in a continuous mode of operation, the 
frequency js not stable. Rather, it drifts over a 350 KHz band offset from 320 
MHz. Both the size of the drift and size of the spread are of unknown cause. · 
The drift is about a factor of 3.5 larger than expected. While this spread 
is still small compared to the 3000 Khz between tones, it was suprisingly 
large. We have plans to test out a balanced version of the transmitter to 
examine whether its reduced power supply sensitivity improves the frequency 
stability. 

Measured Transmitter turn on time was under 120 nsec. With the continuous mode 
frequency jnstability, we have not seen cause to explore stability under burst 
conditions. 

The prescaler used was a Motorola MC12052A. When first powered on, the chip's 
output corresponded to a 1700 MHz input, regardless of input, i.e. the chip 
was internally oscillating. After many blind alleys, the insertion of a 50-70 
ohm resistor in series with the prescaler input close to the chip provided 
sufficient dampening to prevent oscillation. 

A simple mechanism f.or testing the I & Q baseband circuits has been developed. 
It consists of injecting one wne into the I channel and another tone into the 
Q channel. Since the discriminator is incentive to amplitude errors, the 
output waveform should be a limited version of a sine wave whose frequency is 
the difference of the two tones. Offset voltage sensitivity, frequency cutoff 
points, and saturation effects can easily be studies with two signal 
generators. 
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1.2.2 PEA..,. C Chip Design 

We have subcontracted the design of a custom CMOS chip to a master's student of 
Anantha Chandrak:asan at MIT. This chip replaces the functionality of the VCXO, 
program SRAM, and FPGA PEA controller chip. We have named this design the 
PEA_C chip. While demonstrating microwatt power consumption of the RF sections 
using low duty cycle transmit and receive appears to be successful, the FPGA 
prototype showed power consumptions in the 20-40 milliwatt range. 

The basic Body LAN concept traded off power consumption in the RF sections with 
increased complexity in the digital control sections. Since the digital 
section must be 'on' all the time, feasibility of a micropower system is 
crucially dependent on whether the power consumption of the digital section 
can reduced by more than three orders of magnitude. 

It is important to put the 20 microwatt target power consumption in perspective. 
With a 3 volt supply voltage and 4 w-Iz clock, charging and discharging a 0.55 
pF capacitor will dissipate 20 microwatts. Since a typical one micron CMOS 
process FF has about 10-15 fF of gate capacitance, this limits one to about 
35-50 FFs toggling at 4 MHz. The question is, "is it possible to design a 
chip to execute the desired functionality with this low a power consumption". 
Simulation results suggest that it is possible. 

While a full discussion of the techniques used and the simulated power 
consumption achieved will be included in the final report, the preliminary 
results suggest a 20-30 microwatt power consumption with a 2 K b/s channel data 
rate. 

1.3 Software 

A protocol functional specification of the PC residing software was completed 
in the last reporting period. Due to funding exhaustion, no software 
implementation work was done in this reporting period. 

An abbreviated firmware functional specification for the HUB and PEA 
microprocessors has been completed. Firmware for the MC68356 HUB 
microproce.ssor, because it is based on a Motorola 68000 compatible code, can 
be developed on BEN's ubiquitous SUN workstation platforms. Since there are 
no SUN platform environments for finn ware development of the Microchip 
PIC16C64 PEA microprocessor, BBN has purchased the appropriate PC based 
development system on RBN's captial funds. We now have development environments for 
both Body LAN microprocessors. 
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1.4 Spread Spectrum Signals 

We have described in previous technical reports , the design and performance of 
a TDMA signaling scheme based on Optical Orthogonal Codes (OOC). These codes 
are optimal for certain conditions. However, prior to this reporting period, 
our use of these codes in the Body LAN application to avoid interference 
between multiple interacting BodyLANs did not conform to the optimum 
conditions. Recently, we have discovered a means for using OOCs and other 
similar cod,es which results in optimum performance in the BodyLAN application 
domain. We have called this scheme Ordered Optically Orthogonal Coding (OOOC). 

We have also discovered a new class of codes which gives optimum performance 
in the BodyLAN application. Preliminary analysis suggest these codes to 
perform about as well as OOOC. 

Funding exhaustion has caused all project work to be concentrated on the 
prototype hardware evaluation. BBN has accordingly sponsored all signal 
spectrum v.:-ork off project. 

1.5 Plans for Next Quarter 

- Test of the receiver 
- Hub/PEA link test 
- Digital!RF integration demonstration 
- final report 

2. Program Development and Equipment Purchase 

Current plans are to focus on showing a reduced functionality prototype. 

During the quarter, BBN has purchased a. Microchip development system with its capitol 
funding (off project funding) to allow microcode development of the PEA's microprocessor 
code. 

3. Personnel Changes 

At this rime the only people working on the parogram will be mr. Carvey and his supoort 
staff. Due to a death in his fa.t!lily Dr. Escobar has taken a 9 month leave of absence. Mr. 
carvey will continue as PI. 

4. Meetings and Visits 

Mr. Carvey went to the joint ESTO/CSTO summer meeting in Fort Lauderdale. 
A Body LAN poster was presented during the meeting. All meeting costs were born 
byBBN. 
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5. Fiscal Status 

see attachment 

6. Accomplishments 

In the past quarter, we have reached the following milestones: 

Hardware 
- Transmitter, VCXO, and Duration Comparitor fully characterized 
- Custom CMOS chip implementing PEA controller, SRAM, and VCXO completed 

Software 
- Development environment for Microchip processor integrated with Body LAN PC. 

Signaling Scheme 
- New Ordered Optically Orthogonal Codes scheme invented 
- New class of codes called Linear Orthogonal Codes invented 
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1. PROJECT PROGRESS 

1.1 OVERVIEW 

Status 

We identified several possible demos and we are evaluating their impact to the project goals and 
resources. They include an "engineering" demo designed to illustrate BodyLAN operation and 
application demos based on the wired-BodyLAN of the ARPA Pathfinder project at BBN (e.g., 
pulse-oximeter, Twiddler keyboard.) We are also evaluating the potential for collaboration with 
Interrnedix, a cardiac-monitor manufacturer that has expressed interest in Body LAN. 

We are planning the software architecture for Body LAN. The software will be developed in a 
DOS environment and the main question remaining is the singletasking vs. multitasking 
version of the DOS environment (Multitasking can be achieved through COTS add-on 
software). 

We have begun the hardware development process. We prototyped the radio section of the 
Body LAN modem transmitter and verified center frequency operation. This also served to 
calibrate our hardware circuit simulator. We plan a process of five or six hardware subsystem 
prototypes before we generate the first complete BodyLAN Hub and Pea (Personal Electronic 
Accessory) prototype. The process is designed to simplify problem identification and solving. 

We generated draft specifications that include modem hardware specifications, TDMA 
hierarchy. modem functional specifications, Hub device driver specifications, and bootstrap 
algorithms. They are undergoing revisions to insure they are properly integrated. This 
process will conclude with the interim research report. 

Our plans call for parallelizing the development effort into three main sections: RF subsystems, 
microprocessor subsystem, device driver. 

We have obtained the collaboration of a student at MIT, Torn Barker, under the supervision of 
Prof. Anantha, to do part of the hardware VLSI design. This has the strategic advantage of 
making available to our project the state-of-the-art VLSI tools and personnel at MIT. In return 
we plan to fund $11,000 of Body LAN summer work for the student. 

Plans for Next Quarter 

In the coming quarter we plan to achieve the following milestones: 

• Transmitter prototype including frequency control section 
• Receiver prototype layout 
• Software specifications and start of device driver development 
• Demonstration development plan 

1.2 HARDWARE PROGRESS 

We generated specifications for the Body LAN modern hardware. These are found in four draft 
documents: 

1. Hub Interface Specifications 
2. Pea Interface Specifications 
3. Pea Hardware Specifications 
4. Transducer Controller Module Specifications 
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The low level Pea hardware specification is common to the Hub. The Transducer controller 
will serve as a stand in for a Body LAN sensor (Pea) in the experiments and benchmarks. 

The specifications detail the signal acquisition and synchronization process, the initial Pea 
discovery process, synchronization tracking, and hardware data transfer process. 

Signal acquisition is achieved through overs amp ling the channel at twice the chip rate of the 
spread spectrum signal and using a matched filter to scan for an "attachment beacon" signal 
from the Hub. The attachment beacon itself is used to transfer information at low rate to 
configure the Pea with the Body LAN Hub identification parameters. This allows the Pea to scan 
for a synchronization beacon, by reprogramming the matched filter, and begin the process of 
frame and chip level synchronization. A cascade counter is used to monitor the interval 
between synchronization beacons and a voltage controlled crystal oscillator is used to readjust 
the timing until chip level synchronization is complete. 

The hardware includes several modes of error control redundancy for the data transfer. These 
can be applied at the spread spectrum signal detection level and at the data bit level. The 
TDMA allocation is programmable and operates on 32 millisecond frames. Transmission and 
reception frames are transferred from and to ping pong buffers for parsing by the digital logic. 

We planned and specified a Transducer Controller Module to serve as a (Pea) sensor emulator. 
This module will interface with the Pea modem and serve as a source and sink of data, as well 
as help monitor bit error rate and hardware state through a Liquid Crystal Display. The 
transducer also has several serial interfaces (e.g., RS232) so that we can monitor Pea modem 
operation by connecting the transducer to a PC or laptop. 

We prototyped the RF stage of the transmitter section of the Pea specifications. The RF 
oscillation frequency of the prototype matched hardware simulations. We are laying out a 
second transmitter prototype that will be used to test hardware control of transmitter frequency 
to the appr~priate initial range that the receiver expects. 

1.3 ANALYSIS 

We created a simulator of the spread spectrum pulse detection circuitry and coupled it into the 
bit error rate simulator. This gives the most realistic bit error rate simulations to date because it 
takes into account the effect of signal power levels on the detection circuitry, and not just the 
spread spectrum signal design. The results confirm a bit error rate slightly above IOA-3, which 
is our design target. · 

With these simulations we have concluded for the moment the simulation benchmark of a 
candidate for spread spectrum signal. It is an Optical Orthogonal Code of 64 chip positions 
(spreading factor), three pulses, and maximum cross-correlation or off-peak autocorrelation of 1. 

We explored several other promising choices of spread spectrum signals, including a set. of 
signals whose pulses are always placed in a block (i.e., adjacent to each other). This method 
makes the power consumption more efficient since it comes closer to continuous operation, but 
does so at the expense of some performance. We will revisit the issue of signal design later in 
the project if necessary. 
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1.4 PROTOTYPE DEVELOPMENT 

Prototype development has progressed in three areas: specifications of the Hub device driver, 
description of potential Body LAN demonstrations, and investigation of software architecture 
issues. 

The device driver will provide an Applications Program Interface (API) that application 
software will use to operate BodyLAN. The primary services offered by the device driver are 
stream and block data transfer functions, dynamic TDMA plan computation, and the low-level 
interface with the BodyLAN Hub card (designed as a PCMCIA card). 

We have specified the functions and interfaces for the device driver. A PCMCIA card with 
Body LAN interrupt handling capability has been ordered from Centennial Technologies Inc. 
and will be used to enabled device driver development in parallel with Body LAN Hub 
development. 

We have been evaluating several BodyLAN demonstrations. An engineering demonstration 
will use the Transducer Controller Modu.Ie to illustrate in real time how Body LAN Pea devices 
attach themselves to a Body LAN hub and establish communications. It will also serve to 
benchmark bit error rate and multi-user channel performance. 

We also described a demonstration based on a "pulse-oximeter," a device that measures heart 
rate and blood oxygen content. This device is part of the suite of devices available for 
demonstration in the wired-BodyLAN vest for the ARPA Pathfinder project at BBN. Similarly 
we have acquired device specifications for the "Twiddler" one-hand keyboard. This could serve 
as a demonstration for kinematic sensors as well as virtual reality keyboard, since it contains 
accelerometers that provide mouse control from hand motions and keys that provide keyboard 
input. As far as possible we would like to reuse Pathfinder systems to minimize the expense in 
development resources. 

In software architecture, the main issue we have been evaluating is that of multitasked 
applications. Ideally, we envision application software modules that are independently 
developed and coded based on the device driver API specifications. This would require a 
multitasking environment capable of switching control from one application module to another 
as needed. On the other hand, DOS appears to be the best supported environment for Personal 
Digital Assistants (PDAs) and PDAs are our current choice of host environment for a Body LAN 
system. Our concern is that DOS provides a singletasking environment. However, it appears 
that several commercial utility programs exist to emulate a multitasking environment on DOS. 
We will be exploring this situation early in the corning quarter. 

1.5 MILESTONES FOR NEXT QUARTER 

In the coming quarter we plan to achieve the following milestones: 

- Transmitter prototype including frequency control section 
- Receive.r prototype layout 
- Software specifications and start of device driver development 
- Demonstration development plan 
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2. SPECIAL PROGRAMS DEVELOPED OR 
MAJOR EQllPMENT PURCHASED 

A requisition is in process to provide subcontract work, from Centennial Technologies. The 
work will consist of Design and Prototype Build for a Body LAN PCMCIA interface 
emulator to permit developmnet of the Body LAN hub device driver in parallel with the hub 
PCMCIA hardware development. Cost not to exceed $3,800. 

We cancelled the Gateway P5-60 Computer System, reported on Quarterly Status Report #2 due 
to late delivery. We replaced this order with a Micron Computer System P90PCI. Cost with 
handling is $3520. 

3. CHANGES IN KEY PERSONNEL 

There have been no changes in Key personnel. 

Larry Dennison, hardware manager of the Hardware Development and Manufacturing 
Department has joined the project to help plan and monitor the hardware development process. 

John Zao has joined the project and is in charge of the link protocol specifications and channel 
performance analysis. He joined BBN last fall and is nearing completion of his Ph.D. 
dissertation in Computer Science at Harvard University. 

Trevor Mendez, a junior software engineer at BBN's Advanced Networking Department, joined 
the project for the fall quarter to produce the device driver specifications for Body LAN. 

4. MEETING AND VISIT HIGHLIGHTS 

--NONE--

5. PROBLEMS OR CONCERNS WHERE 
ASSISTANCE OR GUIDANCE REQUIRED 

--NONE--
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6. FISCAL STATUS 

Fiscal Status: October 1, 1994 - December 31, 1994: Report #3 

Cost Funds currently authorized $483,684 

Total Estimated Cost $685,081 

Expenditures & commitments as $263,583 
of Dec. 31 1 1994 

Estimated cost funds for $421,498 
Completion 

Estimated Date of Completion 10/31/95 

7. ACCOMPLISHMENTS 
During this past quarter we achieved the following milestones 

- Hardware and functional specifications for Hub and Pea 
- Specifications· of Transducer Controller Module 
- RF transmitter prototype 
- Device Driver and preliminary link protocol specifications 
- Draft description of pulse oximeter demonstration 
- Simulation benchmarking of bit error rate performance with detector model 
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1. Introduction 

1.1 Overview 

BodyLAN is a wireless local area network whose range is the size of a human body. It 
connects miniature peripheral devices worn in the body like jewelry to a processing hub that 
can be worn on the belt or any other appropriate area. The peripheral devices, or Personal 
Electronic Accessories (PEAs), enhance human sensorial perception and body functions 
thanks to miniature electronics, e.g., magnetic and gravity sensors. The hub can be 
implemented with miniature computers, e.g., Personal Digital Assistants (PDAs). 

The Body LAN project is a proof of concept effort that includes hardware, software, and 
system design and development. We have prototyped and tested the transmitter RF stage and 
are in the process of prototyping the full transmitter unit. We have specified the transceiver 
hardware, PEA emulator, hob i/o control, device driver, and potential test applications. We 
have characterized bit detection through the hardware and simulated bit error rates. 

The BodyLAN project is also identifying potential BodyLAN users and component 
manufacturers. BodyLAN has an open architecture and seeks to define standard interfaces so 
that multiple companies can find their niche within the Body LAN architecture and yet 
interoperate with other components to create an effective Body LAN. 

BodyLAN communicate with the hub through a Time Division Multiple Access scheme to 
minimize stand-by power consumption of receivers, since they are only used when reception 
is expected. BodyLAN uses pulse-based spread spectrum transmissions to permit 
coexistence among nearby BodyLANs and minimize consumed and radiated average power. 
Devices in a The hub wireless interface is currently designed for a PCMCIA card. This card 
can be attached to a PDA which acts as the computer "host" running the BodyLAN 
applications. 

This report includes a detailed overview of the development progress at all levels of the 
system. It discusses critical issues and design considerations that result from our work. The 
previous report (April 15 -July 1, 1994) described the project goals and considerations in 
detail. 

1.2 System Architecture 

The BodyLAN hub consists of a host and attached PCMCIA card. The host runs the 
applications and the Body LAN device driver that controls the PCMCIA card interface. The 
PCMCIA cards implements the wireless i/o transfer. The hub can communicate with several 
PEAs at the same time and, depending on operating system, can run several BodyLAN 
applications at the same time. 

Body LAN has been design to minimize complexity of the PEAs, so that power saving and 
miniaturization can be pushed to the limits. The hub provides the brains of the system, 
thereby relieving the PEAs of many processing functions. Body LAN can be thought of as a 
host (the PDA) with attached peripheral devices (the PEAs). This is a simple model for 
protocol and application development, yet does not preclude migration to peer-to-peer 
applications where a PEA may have as much intelligence as the hub and want to run a full 
network protocol through BodyLAN. 

Body LAN hardware is designed to minimize power consumption. Process ing and transceiver 
functions are suspended until required. The timing mechanism is the only one that needs to 
remain on continuously. Since processing is minimized and transceiver use is based on 
scheduled r~quests, the power savings are significant. The hub hardware and PEA hardware 
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execute the . attachment process by which PEAs join a hub. The PEA "modem" interfaces 
with the PEA data unit (e.g. , sensor or actuator) in a serial fashion. The Hub "modem" 
interfaces with the device driver in the host through the PCMCIA card interface. 

The Hub and PEA modems run link protocols that define the exchange of data and control 
information, as well as initialization procedures and management of the Body LAN wireless 
channel. The device driver treats BodyLAN as a wireless bus with read and write operations 
to data and control registers of the PEAs. In fact, the device driver operates with local 
images that mirror the data contents of the actual PEAs across the wireless channel. The 
device driver and link protocols support a stream and a block transfer mode of operations. 
Streams are used for continuous transfer of data. Blocks are used for infrequent transfer of a 
small data set. 

The device driver provides an Application Program Interface (API) to applications. In our 
preferred design, application programs are self-contained programs that can be developed 
independently based on the device driver API specifications. One company could develop a 
medical application that works with medical sensors while another could develop virtual 
reality applications that work with kinematic PEAs. Both could be running at the same time. 
For the Body LAN prototype, we need to check if the development environments appropriate 
for PDAs are also appropriate for the application "multitasking" environment described 
above. It is clear that this is the direction in which operating systems are developing. 

1.3 Description 

Since the hub is the brain of Body LAN, we can start by describing the hub hardware. The 
hub modem in the PCMCIA card consists of a microprocessor, RAM, an EPLD, and a 
transceiver unit. A sample block diagram is shown in Figure 1. 

Figure 1: 
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The transceiver has a crystal oscillator that drives a cascade counter to keep track of the 
occurrence of events. The events include radio channel sampling instants, spread spectrum 
chip timing and TDMA framing. The transceiver has a transmitter circuit that is frequency 
stabilized from the oscillator. The receiver circuitry implements and FM quadrature 
demodulator operating as an FSK receiver. 

Data transmission and reception takes place by loading ping pong buffers in RAM. Every 32 
ms a TDMA frame is retrieved from this memory and the active part transmitted to the 
channel. Similarly, the active part of reception is loaded into ping pong buffers. The 
Programmable Logic implements this operation and alerts the microprocessor to the 
availability of data. It essentially re-enables microprocessor operation and points to the code 
that must be executed. The microprocessor implements fragmentation or reassembly of 
TDMA frame bits into data units and returns control to the Programmable Logic finite state 
machine. It also alerts the device driver when sufficient data is available in RAM for the host 
to take it. 

As part of its transmissions, the hub modem inserts in every frame a "synchronization 
beacon" signal. This is a sparse pattern of pulses and the FSK tones of the pulses form a 
unique signature for each Body LAN. A PEA will use a matched filter to detect the arrival of 
the synchronization beacon and use this event to maintain frequency and chip timing 
synchronization with the hub, using a phase locked loop mechanism. Similarly, when an 
"unattached" PEA is within range of the Body LAN hub, the hub can send an "attachment 
beacon," which is ignored by already programmed PEAs but is used by the unattached PEA 
as a command to attached itself to the hub. 

The attachment beacon is common to all BodyLANs and only used occasionally. A PEA 
will attached itself to the first Body LAN to send it an attachment beacon. The beacon is 
detected by a matched filter fed by a detector circuit that is oversampling the channel at twice 
the spread spectrum chip rate. The attachment beacon FSK sequence and its complement 
sequence are used as a low rate bit serial HDLC channel to download to the PEA the 
parameters that identify the BodyLAN. These include synchronization beacon specification, 
spread spectrum sequence specification, and the assigned PEA identification number. 

A PEA attaches itself and scans for its synchronization beacon, which also establishes 
TDMA frame synchronization. Then it looks in a fixed part of the frame for a command and 
control channel, receives the TDMA plan currently in use and its allocation within it, and is 
ready for data transfer. 

Link protocol define the set of command primitives to achieve data transfer and manage the 
BodyLAN wireless interface. Two data transfer modes are possible: continuous stream and 
discrete block. These are possible from PEA to hub and hub to PEA, and mostly initiated by 
the hub. To preserve bandwidth, reduce interference and power consumption, transmissions 
are kept to a minimum. 

On the PEA side, a PEA modem implements transfer through the wireless link and also has 
four serial interfaces to a PEA device (sensor or actuator). The PEA modem clocks data 
from or to the PEA device to implement the data transfer mode and direction. We have 
defined a Transducer Controller Module (TCM) that emulates a PEA device for the purpose 
of testing. This module has an LCD and can also interface serially with a host for flexibility 
of testing. 

The commands on the wireless channel and the responses by hub and PEA are governed by 
the BodyLAN link protocol. It specifies initialization actions and messages, data transfer 
actions and commands, and BodyLAN management commands and actions. Its style is one 
of register addressing and it resides as a collection of finite state machine code segments in 
the hub modem and PEA modem. The device driver in the hub host treats the hub modem as 
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a computer bus, with register read and write commands. The application at the host uses the 
device driver through a "socket" interface. 

The device driver acts as a dock between applications and PEAs. When PEAs attach 
themselves and become available, the device driver makes them visible to any present or 
future application that may request them. When an application becomes active, the device 
driver connects it to the appropriate PEAs requested, if available. 
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2.0 Progress Report 

2.1 Summary 

Since the July 94 Technical report we have made significant progress in all areas of 
BodyLAN development. We have specifications for the main components of the BodyLAN 
system, including hardware, interfaces, protocols and drivers. We completed spread 
spectrum code analysis and bit error performance simulations. We designed and simulated 
transceivers using SPICE. We fabricated one transmitter stage prototype and tested it in the 
lab. We are about to fabricate a second prototype with the which includes the digital section. 

The issue of PEA synchronization to the hub was a significant risk area and we now have a 
full design of the synchronization acquisition and tracking hardware and process. Low power 
design needed verification and we did this through SPICE simulations as well as checking 
power consumption of the lab prototype. 

2.2 Hardware 

Receiver circuit design, including synchronization system 
Simulation of transmitter and receiver stages, including demodulators and detectors 
Fabricatjon and testing of Transmitter RF stage 
Hub Interface Specification 
PEA Interface Specification 
PEA Hardware Specification 
Transducer Controller Module Specification 

This work fulfills the hardware milestones targeted up to December 94 and includes a 
milestone targeted for the quarter ending in March 95 (start of prototype fabrication) . We are 
about to produce a new transmitter prototype that includes the digital section. 

We have also received subcontractor bids on implementing our designs. We are studying 
them to decide the most cost effective manner to proceed. 

2.3 Spread Spectrum 

- Optical Orthogonal Code (Spread Spectrum) design tools 
-Selection of Optical Orthogonal Code and analysis of alternatives 
- Selection of FSK sequence allocation 
-Simulation of cross correlation properties 
- Simulation of chip pulse detector 
- Simulation of Bit Error Rate 

This work fulfills the analysis milestones targeted up to December 94 with the exception of 
the Analysis and Design Report. To preserve project funds , we are using the specifications 
as the design reports and technical memoranda as the analysis report. 

2.4 Protocols and Software 

Specification of data transfer and TDMA allocation 
Specification of wireless channel management 
Specification of PEA and Body LAN initialization procedure. 
Specification of hub modem interface 
Specification of hub modem Device Driver 
Design of testing and engineering demonstration 
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Draft description of "pulse oximeter" demonstration. 

This fulfills the milestones targeted up to December 1994 with the exception of the start of 
software coding. We delayed that milestone because we are reviewing the specifications and 
the approach to application development in the development environment. 

We have also begun exploring in detail possible demonstrations for the BodyLAN system. 
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3.0 Future Milestones 

Begin software writing 
Hub and Pea microcode 
Receiver prototype 

End of MAR 95 

PCMCIA Device Driver 
BodyLAN test application 
PDA software test 
Hub and PEA prototype 
first performance tests 

End of ruN 95 

BodyLAN prototype 
Performance benchmarking 
BodyLAN demonstration 
Final Report 

End 6f SEP 95 
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4.0 Detailed Progress Report 

4.1 Hardware Introduction 

Three major BodyLAN components have been identified and specified. The HUB modem 
(implemented on a PCMCIA card), the Personal Electronic Accessory (PEA) modem, and the 
Transducer Controller Module (TCM). A BodyLAN prototype system employing these three 
components and their interconnection to the Personnel Digital Assistant (PDA) is shown in 
Figure 2. 
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Figure 2: BodyLAN Hardware Architecture 

PEA I 
Modem o 

• . . 

UART 

A db 

PC db 

UART 

A db 

PC db 

The TCM (not discussed in the last Technical Report) has been introduced to allow 
separation of the engineering evaluation testing and early application demos from the PEA 
development. It will incorporate a small 2" x 3" dot matrix display and four serial 
communications channels in addition to the PEA modem interface. Its primary role is in 
testing and demonstrating the PEA/HUB communication channel operation. It will 
demonstrate all major BodyLAN modes or operation (i.e. Attachment, Discovery, 
Synchronization, Acquisition, and Communication) as well as source and sink both stream 
and packet data, measure error rates, and show bandwidth sharing. 

Significant simplifying and unifying changes have taken place in the hardware architecture 
since the July 95 Technical Report. These changes have been motivated in part by the desire 
to reduce h.ardware complexity and to implement new link protocol concepts on bandwidth 
sharing. The new architecture is entirely table driven with much more emphasis on 
fl exibility and the use of microprocessor control. Unlike the state of the BodyLAN in the last 
technical report, we now have an architecture coupling between all levels of the software and 
hardware with specifications for each major seam. 

Significant implementation progress has been made in all areas of the HUB and PEA 
hardware design. Functional Definition documents have been created for the HUB, PEA, and 
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TCM. Detailed hardware specifications have been developed for the PEA including PEA 
microprocessor task definitions. Algorithms have been developed for all BodyLAN 
functionality which implement the BodyLAN link protocols. 

We elected to concentrate development effort on the PEA Modem because it is the more 
challenging of the two major design tasks . It is more difficult than the HUB because of a 
much lower power consumption requirement, its synchronization requirement, and its smaller 
antennas. The implementation effort has been in three major areas, prototyping key RF 
sections, designing both the analog and digital PEA modem circuits, and partitioning the 
functional specifications between microprocessor and hardware implemented tasks. 

Hardware prototypes of the transmitter and reference clock circuits have been constructed 
and tested. These prototypes show excellent agreement with the Spice simulations. 
Preliminary schematics of the Pea modem including both digital and analog section have 
been completed. About 60% of the schematics for the PEA's one major Field Programmable 
Logic Device (FPLD) have been completed including a complete implementation of the 
digital mat<;hed filter. A PEA control microprocessor has been chosen (MicroChip 
PIC 16C64) and clocking, interrupt, and interface mechanisms defined for interfacing the 
microprocessor to the FPLD. 

4.1.1 Transducer Controller Module 

A functional specification has been developed for a new component to allow testing and 
early BodyLAN insertion into new applications. This component is called the Transducer 
Controller Module (TCM). Its major components are a relatively small dot matrix display 
and four serial interfaces. Its 2" x 3" size matches the size of the prototype PEA and thus 
will allow demonstration of a pocket pager "size PEA/TCM plug together showing full 
functionality. 

It will incorporate serial communication links for the Apple desktop bus, the IBM desktop 
bus, and UART in addition to a conventional I2C serial bus. These links will allow 
attachment of a wide assortment of existing transducer devices (e.g. Blood Oximeter, 
FluxGate monitor, Instromedix ECG monitor, Apple keyboard and mouse, Twiddler 
Keyboard) if funding is available to develop the controlling microcode. 

The primary role of the TCM is not to serve as a means for Body LAN application demos but 
rather to serve as a mechanism for the engineering evaluation of Body LAN. The TCM 
specification calls for the ability to display the state of the PEA microprocessor via the 
receipt of I2C messages from the PEA microprocessor. This will allow us to demonstrate 
and monitor all major functionali ty. One of its main benefits is that it will provide a normal 
microprocessor environment. We expect, for example, that the TCM's processor clock to be 
constantly enabled. This is in contrast to the PEA microprocessor environment where the 
clock is inhibited for 98% of the time. 

In addition 'to the display of PEA microprocessor state, the initial TCM functionality calls for 
the sourcing of a repeatable arbitrary block of data on one or more of the user data channels, 
the sinking of data from the HUB, and loopback of data received from the Hub back to the 
Hub. Data received from the Hub will be checked and simple error rate computations made. 
The number of errors in a given time interval will also be fed back to the HUB via I2C 
packets fed to the PEA microprocessor and delivered via the Command and Control Channel. · 

In the current plan, the TCM will be implemented by an outside company to BBN supplied 
specifications. A statement of work has been developed and bids are being solicited. 

9. 



4.1.2 Architecture 

The PEA modem has two fundamental modes of operation: non-table driven and table 
driven. In the non-table mode, PEA operations are activated by matched filter detection 
events. In this mode, the PEA Data Path (PDP) chip performs 128 million additions per 
second matching oversampled received data with 32-bit Attachment or Synchronization 
Beacons patterns. In table driven mode, all PEA operations and and their occurrence relative 
to a repetitive 32 Hz frame are controlled by entries in an SRAM. The frame period is 
frequency and phase locked to the HUB. Since this mode consumes several orders of 
magnitude Jess power, one goal of the architecture is to spent as little time as possible in the 
non-table mode of operation. 

There are five primary PEA processes: Attachment, Discovery, Synchronization, Acquisition, 
and Run. Each process is implemented through close interaction of PEA microprocessor 
instruction execution and PDP chip hardware primitive activities. To reduce complexity, our 
design philosophy has been to migrate as much functionality as possible into the 
microprocessor. The role of the PDP chip is to implement those functions which cannot be 
practically implemented in the microprocessor such as the Matched Filter, charge pump, 
phase detector, etc. Through the course of the microprocessor code development, several of 
the microprocessor functions may be moved into the PDP chip when microprocessor 
implementation warrants a simplification. 

The Attachment Process is initiated immediately following the release of Reset or after the 
microprocessor has received a Command and Control Channel (CCC) packet indicating PEA 
Reset. While in Attachment, the PEA has none of the parameters which are needed to 
Discover af1d Synchronize with its home HUB . A PEA would be in this state when 
purchased. While in this state the PEA periodically searches a particular spectrum band for a 
sequence of spread spectrum coded signals which we call Attachment Beacons. These 
Attachment Beacons have the same burst distributions as the Synchronization Beacons 
normally transmitted by the HUB and can be detected by the PEA matched filter preset to a 
predefined code. The sequence of Attachment Beacons forms a 256 bps asynchronous 
channel. Over this channel, a single packet is repetitively transmitted by the HUB with a 
conventional HDLC inter packet separation byte and bit stuffing protocol. This packet, 
called the Attachment Packet contains all the information needed by the PEA to Discover and 
Synchroniz~ itself with the home HUB. While power consumption during Attachment is 
quite high (estimate 8- 10 milliwatt) , the power on/off duty cycle of 111300 results in 
acceptable power consumption. 

In Discovery, the PEA periodically monitors the HUB->PEA frequency bands for 
Synchronization Beacons (SBs). SBs are similar to Attachment Beacons. Currently an SB is 
made up of 8 RF bursts each of which is composed of four FM modulated symbols above or 
below the carrier frequency. The 8 4-tuples which make up the SB are quasi unique to each 
HUB. These eight 2 microsecond RF bursts are spread out in time over a 260 microsecond 
interval to give about the same RF density as used in normal data transmissions. The first 
four 4-tuples are limited to 0011 or 1100 to simplify phase locking the PEA to the HUB. 
This provides a code diversity of only 20-bit. Since the matched filter matches with up to 
two errors, the probability of detecting an SB from a foreign HUB is only about 112500. To 
reduce the probability of locking onto a foreign HUB, eight SBs are transmitted per frame at 
locations within the frame unique to each HUB. This increases the diversity by about 16 
orders of magnitude and makes the probability of locking onto a foreign HUB vanishingly 
small. At the end of the Discovery process the PEA has established that the SB being 
received are originating from its home HUB and an approximate idea of HUB framing. 

After Discovery, the PEA begins the Synchronization process. In this state, the PEA varies 
its VCXO frequency to lock onto the arrival of the SBs. Since the PEA knows the 
approximate temporal locations of the SBs, a 15 to one power consumption reduction is 
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possible by enabling the detection of SBs for only short periods of time. After the frequency 
locking part of Synchronization has occurred a table is created by the PEA microprocessor 
and the table driven mode of operation is entered. The Pea then achieves phase 
synchronization by locking onto only the 0-> 1 and 1->0 frequency transitions in four of the 
SB bursts. Power consumption in this mode is dramatically reduced because here a much 
simpler matched filter is used and power on/off duty cycle has been reduced to 11500. Note 
the phase synchronization continues throughout the entire Acquisition and Run states until 
SBs are no longer received by the PEA. 

The Acquisition process is entered following Synchronization. In this process the PEA and 
HUB microprocessors exchange packets over a relatively low bandwidth channel (defined in 
the Attachment Packet) which we call the Command and Control Channel (CCC). After 
Acquisition, the PEA has a TDMA plan in its SRAM which corresponds to that of the HUB 
and the application code appropriate to service the particular Pea is ready for use by the 
Hub's host processor. The Pea then begins transferring user data. During this phase, which 
we call Run mode, the PEA continues to send periodic status nibbles to HUB and will 
respond to commands over the CCC. What operations and when they will be performed is 
controlled by a table contained in SRAM which we call the Event Table. Each entry in this 
table contains a 14-bit quantity which indicates when the event is to be initiated, a 6-bit Event 
Op code, and two 6-bit event parameters. While all table entries are accessed once per frame, 
some entries do not cause any activity because they were not enabled by received data earlier 
in the frame .. Some events conditionally cause the PEA microprocessor to be awaken to 
participate in the operation. This simple event scheduling scheme unifies the implementation 
of all known Body LAN functionality while still preserving low power consumption and 
flexibility. 

4.1.4 Voltage Controlled Oscillator 

Central to PEA functionality in both table and non-table modes of operation is the Voltage 
Controlled Crystal Oscillator (VCXO). The underlying assumption in the entire BodyLAN 
architecture is that a low power PEA oscillator can be constructed which can be phase locked 
to the HUB with only occasional voltage updates. It must have sufficient stability to have 
low drift rates between updates. The VCXO and a companion 25-bit counter are never 
powered down as they supply all circuitry with the capability of powering down. From a 
power consumption standpoint, it is desirable to have a low VCXO oscillator which must be 
phase locked to a lower frequency VCXO on demand adds considerable complexity and 
introduces a significant noise source for the RF oscillators. 

The VCXO design to be used in the PEA prototypes is based on an ISCC journal article 
design for a CMOS chip implementation and has been modified to use bipolar transistors. 
The VCXO, varactor charge pump, and output amplifier is shown in Figure 3. A 3 volt peak 
to peak output drives one PDP chip input. Power consumption of the VCXO and charge 
pump is well under one microwatt while power consumption of the output amplifier is about 
40 microwatts. In a CMOS implementation, the ISCC journal article showed power 
dissipation for the CXO and 3 stages of counters under 1 microwatt. 
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Figure 3: Voltage Controlled Oscillator 

The VCXO frequency selected is 4 MHz with the ability to vary the frequency by+/- 50 parts 
per million. We have built and begun testing a breadboard of the VCXO part of the circuit to 
verify its power consumption, tuneability, and supply voltage sensitivity. The circuit has 
demonstrated correct operation and tuneability but has somewhat higher power consumption 
than estimated. We are currently in the process of incorporating higher Ft NPN transistors to 
see if the beta dependence on frequency is the reason for the higher power consumption. Note 
that a CMOS implementation would not have this problem. 

4.1.5 Transmitter Breadboard 

The PEA transmitter minus the frequency modulation and frequency locking subsection was 
breadboarded during the last period. This circuit was the first BodyLAN circuit to be 
fabricated and served to introduce the design engineers into the 'art' of RF design. The 
breadboard is a two layer, 1" x 2" PC board having 20 discrete components in addition to the 
Tx antenna,. The antenna was a single loop, two centimeters in diameter. 

While the breadboard began transmitting immediately upon battery insertion, the stories 
about the nasty surprises encountered by RF circuit designers in their breadboards are clearly 
true. While Body LAN plans to utilize a relatively low RF frequency (300-400 MHz), 
substantial consideration must be paid to reducing parasitic capacitances, especially at the 
high impedance levels planned for BodyLAN circuits. In addition, while oscilloscopes have 
the bandwidths to view the RF waveforms at these low frequencies, we found that special 
care must be given to scope grounding (i.e. less than 0.2" wire is OK), and that the large 
probe capa~itance (l.Sp) has an effect on the circuits. 

Measurements were taken using a one-quarter wavelength antenna into a spectrum analyzer. 
While we have not yet established a calibration of the antennas Db to field strength, it is clear 
that the transmitter's radiated signal is more that large enough to receive and is 25 Db greater 
than any other signal over the 100-1000 MHz range even at the maximum 1.5 meter 
antenna/transmitter separation distance. 

Power consumption was disappointing with a five volt peak-to-peak antenna voltage 
occurring at 800 microamps. Spice simulations predicted only 200 microamps would be 
needed. The problem was the low antenna Q. Implementing an antenna using a 2.5 mm 
copper foil antenna instead of the PC board etch antenna reduced the current needed for 
maximum output to 450 microamps. The measured Q of both the PC board etch and copper 
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foil antenna are about a factor of three less than predicted by rough skin effect loss 
calculations. While this power consumption is higher that expected, it is not a major concern 
since transmit power is only a small fraction of receive power consumption. 

4.1.6 Hardware Design 

Our design philosophy in the BodyLAN hardware development has been to first put in place 
a preliminary design of every single section. We then iterate the design as new ideas are 
discovered and/or the breadboards uncover problems in the design. We have now made 
multiple passes over all the RF and analog sections and are nearing completion of a design of 
the digital sections. This has resulted in the creation of hardware Functional Specification 
documents for the HUB, PEA, and TCM together. Detailed descriptions of the PEA 
hardware and a PEA microprocessor programming manual have also been generated as a 
byproduct of creating the full set of PEA schematics. We have also generated schematics for 
the two versions of transmitter breadboard, the VCXO breadboard, and the first receiver 
breadboard. Approximately 60% of the PDP chip schematics have been generated to examine 
whether all the functionality can be incorporated into a single FPLD or a second chip will be 
required. No activity in the HUB design has been started other than to acquire a full set of 
PCMCIA specifications. 

We have elected to defer the slow frequency hopping feature of Body LAN until the end of 
the project. . This reduces the complexity of the LNA since with a fixed Rx frequency, no 
dynamic tuning of the antenna matching nor cascade load circuits need be implemented. We 
can simply use trimmer capacitors and manually trim to the 384 MHz HUB->PEA carrier. 
This also means that the Rx and Tx oscillators need only sufficient dynamic tuning to 
compensate for voltage, temperature, and component variations. 

4.1.7 Low Noise Amplifier 

A more conventional low noise amplifier has been adopted rather than the transconductance 
amplifier p~eviously suggested. Simulations show excellent noise numbers with a much 
higher probability of a successful LNA breadboard when PC board parasitic capacitances are 
taken into account. The high Q dipole antenna will be matched to the low noise BJT using a 
resonant circuit manually trimmed to 384 MHz. A simple cascode circuit is employed in the 
first stage having a simple tank load. This allows us to easily compensate for the PC board 
trace capacitance and still achieve good front end gains. 

Circuit simulations show more than 30 Db of gain at better noise figures than were 
achievable with the transconductance amplifier. Interestingly, the antenna matching 
inductance ~quivalent resistance was a major noise contributor at 200 micro amp transistor 
currents. 

4.1.8 Discriminator 

The receiver detects that the incoming signal is above or below the carrier frequency by 
limiting the signal formed by the product of the I and derivative of Q minus the product of Q 
and the derivative of I. This little used discrimination is popular in direct conversion 
demodulators but suffers from several problems. 

The first problem is that it is difficult to develop di(t)/dt and dQ(t)/dt without amplifying 
noise. Limiting the bandwidth of the differentiators introduces phase errors at IF. We have 
solved this problem by noting that the frequency discrimination function works just as well if 
instead of X we use X phase shifted by N degrees and instead of using dX(t)/dt we use X 
phase shifted by N-90 degrees. Simulations have shown this to give identical waveforms as 
using X and dX(t)/dt. Standard 90 degree phase shifter networks can now be used with this 
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observation. This not only remove the active dX()/dt stage but removes any phase shift 
anomally. 

The second problem is dynamic range. If the I and Q signal are to have a 200 to one dynamic 
range as PEAs are brought in from their maximum range, the product terms of the 
discriminator output (e.g. l(t)*dQ(t)/dt) have a 40,000 to one range and therefore become 
very sensitive to DC offset voltages. We have discovered that by employing dX(t)/dt on one 
side of the multiplication and Lim[X(t)] on the other side of the multiplication that the 
discriminator works almost as well. The negative is that the locations of the actual versus the 
discriminator zero crossings now suffers an ambiguity of about +1- 40 nanoseconds. This 
ambiguity goes to near zero for low level inputs and is maximum for the largest input. This 
of course is just what is desired as at high input levels, noise is not a problem. 

The benefits of this limiter scheme is that now the dynamic range has been reduced from 
40,000. to one to about 300 to one. If the system has a maximum final limiter input of 1000 
mv peak-to-peak, the 300 to one range now reduces the minimum limiter input to 3.3 mv. 
Thus the minimum limiter input is much greater than the offset voltage of final limiter. 

4.1.9 Frequency Control 

The PEA contains three subsystems needing frequency control: the receiver local oscillator, 
the transmitter oscillator/modulator, and the VCXO. Since measuring the frequency of these 
oscillators necessitates significant power consumption, BodyLAN employs a non
conventional sampling approach. Here a frequency is measured quasi periodically and then 
for only a very short period of time. One of the ancillary benefits of this approach is that it 
allows us to time share much of the logic. 

Oscillator frequency stability over multiple power up/down cycles is central to the success of 
this scheme. In normal operation, for example, the RXLO may be powered up for 2 
microsecond periods f50 times over an interval of four milliseconds before a frequency 
adjustment cycle is initiated. Fortunately, the +1- 150ppm frequency stability requirements of 
Body LAN are about two orders of magnitude less severe than in conventional narrow band 
wireless modems. 

BodyLAN unifies all frequency control by mapping the measurement into the comparison of 
two intervals each of which has the start or stop referenced to the reference and the stop or 
start referenced to the frequency under test. For example, in measurement of the RXLO 
frequency, start time of the two intervals is referenced to the VCXO while the stop time of 
the two intervals is referenced to the RXLO prescaler output. A Duration Interval Comparitor 
circuit (shown below) provides an indication of which interval is longer and when the 
intervals are approximately equal. Approximate equality is detected when the comparitor 
inputs are sufficiently close to one another that the output is neither a logic one nor a logic 
zero. This equality measurement capability has been found to improve frequency lock 
stability and reduce the maximum deviation. 

14. 



C-OUT 

C-NOTLO 

C-HI 

Figure 4: Duration Comparitor Circuits Here 

Between frequency measurements, matched JFETs M 1 & M2 are biased on thereby shorting 
capacitance C. Shortly before the first interval comparison, programmable current source I is 
enabled with transistor Q3 biased on. This diverts the current to the supply rail. During the 
first interval, current source is routed to the positive side of the capacitor and the current 
source turned off. The process is repeated for the second interval this time routing the 
current to the negative side of the capacitor. Since the programmable current source can be 
different between the two measurements, we can compare non-equal durations. 

4.2 Protocols 

The basic BodyLAN protocols were designed to be lightweight as well as bandwidth and 
power efficient so that they can be implemented on simple PEA devices without requiring 
too much power or circuit complexity. 

As shown in Fig. 5, the protocols provide a logical connection between the low-level 
communication interfaces on the Hub and individual PEA. On the Hub, the interface assumes 
the form of device abstraction. To the system software of PDA, every PEA appears as an I/0 
mapped device. The Device Driver may read/write the data buffers, access the control and 
status registers, and receive interrupts from these I/0 mapped devices. At the PEA, the 
interface appears as four unidirectional modem channels, to which the User Devices are 
attached. Data flow through these channels according to programmed modes. The protocols 
support timely update of PEA device abstraction and evocation of communication action. 
Nonetheless, it is rudimentary in its data communication functions . Currently, we decide not 
to support error detection and packet retransmission for data transfer. 
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Fig. 5: BodyLAN Protocol Stack 

In the remaining of this section, we will describe briefly the device abstraction, the TDMA 
assignment; and the packet formats used by the protocols. This description reflects the 
current design of link protocols. They are undergoing review from and system perspective. 

4.2.1 Device Abstraction 

The Body LAN is designed to be a wireless bus which can accommodate a total of 56 PEA 
devices. Each PEA occupies an image block in the PDA's 1/0 map [Fig: 6]. The block is 
addressed by a six bit PEA ID assigned to the PEA during its attachment to the BodyLAN. 
Each PEA image block consists of a data buffer, which contains the incoming or outgoing 
data, and 16 registers, which are further divided into five register files: one for the device and 
one for each of its four Data Channels. The contents and the use of the registers are described 
below. 

PEA 0 Reg Block Data Buffer 

PEA i Deu Reqs Data Buffer 
Ch0 Reqs 
Chl Reqs 
Ch2 Regs 
Ch3 Reqs 

PEA 56 Reg Block Data Buffer 

Fig. 6: Hub Device Abstraction 
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Device Registers 

Each PEA has four device registers: the Control Register, the Status Register, the TDMA 
Plan Storage, and the PEA Parameter Storage. 

The Control Register specifies the operational parameters of the radio transceiver. 
Parameters under consideration are: 

Inbound Frequency 

Outbound Frequency 

Transmitter Power Level 

Receiver Power Gain 

frequency band used for PEA to Hub communica
tion in a slow hopping system 
frequency band used for Hub to PEA communica
tion in a slow hopping system 
preset levels of transmitter power to compensate 
the diminishing signal power due to Hub-PEA 
distance 
preset levels of receiver gain to compensate the 
diminishing signal power due to Hub-PEA 
distance 

and the Status Register contains the fields that reflects the current state of the PEA device: 

Device State 

Battery Level 
Bit Error Count 

Overrun I Underrun 
Error Count 

Inactive or Active 
Low Battery Flag 
High Error Flag 
threshold indicator of PEA battery level 
scaled count of bit encoding errors; a high error count 
indicates the existence of high interference 
scaled count of overrun/underrun data blocks; a non
zero value implies insufficient throughput 

The TDMA Plan Storage maintains a specification of blocks in a TDMA frame that are 
assigned to the PEA for command and control and data exchange. The PEA Parameter 
Storage will be programmed by the PEA manufacturers to specify the type and the 
communication requirements of the device. Hence, the PDA software can program and 
monitor the operation of a PEA by accessing its Control and Status Registers, learn its 
configuration by reading the PEA Parameters, and assign TDMA blocks by writing the 
TDMA Storage. 

Channel Registers 

The operation of each Data Channel of a PEA is controlled and monitored through a pair of 
Control and Status Registers. 

The Control Registers consist of fields that specify the following communication parameters 
for each channel: 

Channel Direction 

Stream I Block Transfer 

Poll I Automatic Trigger 

Inbound: from PEA to Hub 
Outbound: from Hub to PEA 
This specifies whether the data will be transferred 
as a continuous stream or in distinct blocks. 
This specifies whether the data transfers will be 
initiated by the Hub through explicit pollings or 
by the PEA when data are available. 
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Bit Coding Scheme 

Error Checking Scheme 

Packet Byte Count 

This selects an encoding scheme for carrying the 
data bits over the modulating symbols. 
This selects a checksum-based error detection 
scheme for the data packets. 
This specifies the size of data packets used in the 
block transfer 

Similar to the status registers of microprocessor-based I/0 devices, the PEA Status Registers 
contain fields that show if the transceiver buffers are ready for data and if errors have 
occurred in the previous data transfer. 

4.2.2 TDMA Architecture 

Three kinds of communication channels run between the Hub and an attached PEA. First, 
there are two command and control (CC) channels, known as the Basic and the Extended CC 
Channels; one BCC Channel and a maximum of eight pairs (inbound and outbound) of ECC 
Channels exist within each BodyLAN. In addition to the CC channels, there are four Data 
Channels for every PEA. Each supports a unidirectional communication between the PEA 
and the Hub. 

The basic concept underlying the TDMA architecture is bandwidth sharing -- several 
channels of different PEAs may use the same blocks in the TDMA frame as long as no 
contention will occur. The BCC is shared by all attached PEAs; each pair of ECC can be 
shared by a group of seven PEAs; finally, the Data Channels of any number of PEAs may 
share a TDMA block if they use Block Communication Mode and are in the same direction. 
Data Channels in Stream Communication Modes, however, must use dedicated TDMA 
blocks in order to avoid indefinite wait. The reason to support bandwidth sharing is to enable 
more efficient use of the bandwidth. By sharing the TDMA blocks among a number of 
channels with statistically low data throughput, we can assign the TDMA blocks according to 
the peak bandwidth of the data channels (and thus achieve low communication latency) while 
maintain a high utilization of the blocks. 

The use of the two types of Command and Control Channels may require further comment. 
The single BCC Channel is shared by all 56 PEAs to report their status and to listen to broad
casting commands. The channel is also used to evoke special actions such as reset of 
individual PEA. The eight pairs of ECC Channels, on the other hand, are used for down
loading TDMA assignment to individual PEA, accessing device registers on the PEAs, and 
initiating data transfers. The outbound channels are used to send commands and the inbound 
channels to ~eceive corresponding replies. The ECC Channels are assigned to individual 
PEAs based on a grouping of the devices according to the six-bit PEA ID. The 56 PEAs are 
divided into eight groups with either the upper or the lower three bits of the PEA ID as their 
Group Numbers and the other three bits as their IDs in the group (Group IDs). Each group of 
seven PEAs are assigned with a dedicated pair of ECC Channels. Individual PEAs are 
identified when using the ECCs by their three-bit Group ID, which will be the first field in 
the command packets. 

Currently, eight bits per frame is assigned to each inbound and outbound ECC channel. The 
bandwidth is sufficient to send a read register command (16 bits) in two frames, a write 
register command (28 bits) in four frames and receive a reply to either (9 or 13 bits) in two 
frames. The band-width is also sufficient to download a UDIB-level TDMA block 
assignment (40 bits) to a PEA in five frames or a symbol-level TDMA block assignment (48 
bits) in six frames. These communication rates allow a Hub-PEA exchange in 118 second and 
the download of one TDMA entry in 1/5 second. 
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4.2.3 Packet Formats 

Among the three kinds of channels travel two types of packets: (1) command and reply 
packets, and (2) data packets. The command and reply packets travel only in BCC or ECC 
Channels while the data packets always go in the Data Channels. Consequently, they are 
completely separated in their paths and have different formats. The command packets can be 
further categorized into Network Management and Device Control Commands. 

4.2.3.1 Network Management Commands 

These commands, traveling only in the BCC Channel, are used to monitor the status of the 
PEAs attached to the BodyLAN and initiate network-wide actions. The command set consists 
of the following five commands and their continuation: (1) Status Polling from all PEAs, (2) 
ACK Polling from all PEAs, (3) Command Broadcasting to all PEAs, (4) Command Sending 
to Individual PEA, and (5) Reply Receiving from Individual PEA. 

The continuation op-codes are needed to allow the commands or their replies to be extended 
beyond the frame boundaries. For example, in order to poll the status of all 56 PEAs, the Hub 
must issue a status polling start command in the first frame and a status polling continue 
command in each of the next seven frames in order to read in the device status in groups of 
seven. The acknowledgment from all PEAs can also be polled in a similar fashion. The 
continuation of commands however simply allow the commands to extend across the frame 
boundary. The acknowledgment from individual PEA does not need a continuation as it is 
short enough to be contained in a single frame. 

Since the first block of a frame in the BCC Channel is always filled with one of the op-codes, 
the channel is always busy. The default activity is status polling, which has the lowest 
priority. The broadcasting command has the highest priority and the command to individual 
PEA follows. Acknowledge must takes place following a command to the PEAs; hence, they 
assume the highest priority after the issuing of a command. 

4.2.3.2 Device Control Commands 

The Device Control Commands are used for two major functions: ( 1) to monitor and control 
the operation of individual PEAs and their data channels, and (2) to initiate data transfers. 
Since the PEAs are modeled as blocks of registers, their monitoring and control can all be 
done by accessing the registers. Hence, the command set is further divided into Register 
Access and Data Transfer Commands. 

Register Access 

Every Register Access Command demands a reply. The command and reply packets have 
different formats, but are both delimited by the synch marks appearing after the frame 
boundaries·. 

In a command, immediately following the synch mark is the PEA's Group ID, which is the 
ID of the PEA in its assigned group. By examining the Group ID, a PEA can determine 
whether it should further listen to the command. If not, the PEA turns off its receiver. After 
receiving the comhland, the addressed PEA examines the checksum. If the command is 
received without error, the PEA obeys the command and returns a reply to the Hub with an 
ACK and possible data. Both replies contain checksums for error detection. When the Hub 
receives a NAK or an invalid reply, it will issue the command again and the PEA will 
respond accordingly. 
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Data Transfers 

The Data Transfer Commands are used to initiate block or stream communication between 
the Hub and the selected PEA. Unlike the Register Access Commands, Data Transfer 
Commands do not require replies through the ECC Channels. Instead, they trigger data 
transfers through the specified data channel. The reception of an End Command before a 
Start Command will cause an Overrun/Underrun Error. The reception of an End Command 
after a Start Command but before the actual data movement will cancel the data movement 
and also cause an Overrun/Underrun Error. 

All data movements through the data channels begin after a frame boundary and are marked 
by a frame synch mark. Opposite synch marks are sent in all other frame boundaries. It is 
decided that retransmission will not be supported in either data transfer modes; however, it is 
still undecided if the stream transfers should be packetized and if checksum should be 
included in the block transfers. 

4.3 Device Driver and 1/0 Control 

BodyLAN' s system architecture is based on a model which represents PEAs as simple, bus
attached devices. BodyLAN's communications sub-system is regarded as a distributed, 
wireless transaction bus (called WBus). WBus is implemented by embedded hub software. 
In addition to managing the hub hardware, the Body LAN device driver uses the WBus 
communications sub-system to manage PEA devices. The structure of this software was 
strongly influenced by two design goals: to minimize the software complexity; and to 
minimize power consumption, particularly in PEAs. We will present an overview of each of 
the main software components. 

4.3.1 Body LAN 110 Control 

The embedded hub software runs on the hub's microprocessor and implements the BodyLAN 
WBus, the communications sub-system that allows a personal computer or PDA to access 
PEAs. Its primary functions include interfacing with the RF modem's controller hardware to 
execute frame 1/0, implementing the WBus engine, and providing a convenient management 
interface for use by the device driver. The organization of the embedded hub software is 
further illustrated in Figure 7 below. 

The "WBus SAR" performs "Segmentation And Reassembly" of bus messages, a function 
that is required because communication channels do not typically have sufficient assigned 
bandwidth to allow transmission of an entire message within a single frame. The WBus SAR 
interfaces with the modem controller, accessing its Data Buffer -- a ping/pong dual port 
frame buffer -- 32 times each second to perform frame 1/0 operations. The allocation of data 
bits in incoming and outgoing frames is specified by the RxPlan and TxPlan respectively, 
allowing the WBus SAR to perform input or output for each communications channel using a 
virtual synchronous bit-stream. 
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The WBus SAR uses the following input processing procedure. There is a reassembly buffer 
for each possible data or control input channel. Each reassembly buffer is tagged with state 
information describing the input process for the associated virtual channel -- whether the 
channel is active, the type of information being received, the amount of bits already 
reassembled, etc. The WBus SAR must be able to detect the beginning of message on any 
channel with incoming bandwidth. The modem controller may provide auxiliary signaling 
information along with incoming frames in order to simplify that task. The expected length 
of a control message is determined from the message type. For data messages, the expected 
length is determined by interrogating the appropriate PEA control registers. Reassembled 
messages are delivered to either the bus driver or bus master modules for processing, along 
with tags identifying the input channels from which they were received. 
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The WBus SAR uses the following output processing procedure. Outgoing messages 
accepted from the bus master or bus driver are tagged and stored in an array which has an 
element for each possible outgoing channel. The WBus SAR must be able to queue outgoing 
multiple messages for individual channels. Exception handling procedures must be defined 
for handling "channel congestion". The message segmentation procedure that is used to 
generate output frames is described by the following pseudo code: 

The "WBus Master" performs data transfer transactions. Write requests effect data transfers 
from the hub to PEAs; and read requests effect data transfers from PEAs to the hub. The bus 
master writes/reads control data directly to/from hub memory, but interacts with the "System 
110 Module" for exchanging user data. The WBus supports the following data transfer 
transactions: 

* Block read from/write to an addressable register area or a data area. 
* Stream read from/write to a data area. 
* Auto block read from a data area -- PEA forwards the next data block once accumulated. 
* Isochronously auto block read from a data area -- PEA isochronously forwards data 

blocks as they accumulate. 

The details of the data transfer (and all other bus) transactions have been defined in the 
specification of the communications protocol for the bus (Section 4.2). which is also referred 
to as the Body LAN Link Layer Protocol. 

The "WBus Driver" performs bus monitoring and management functions. It is responsible 
for all bus operations and events that are not associated with data transfer transactions. These 
include initiating device probe/attachment procedures, periodic status polling of attached 
devices, and managing bandwidth allocations for example. 

The hub software's device driver interface is defined collectively by the "Control Module", 
the "Interrupt Module" and the "System 110 Module". The Control Module has a group of 
hub control registers that provide the primary method by which the device driver can control 
the operation of Body LAN. The register group includes a command register, a command 
argument register, and a command status register. The Control Module also includes 
"shadows" of the control registers on each of the PEAs participating in the BodyLAN. The 
PEA registers have been defined but will not be discussed in detail. Writing to the PEA 
register shadow area will cause the Control Module to send an update to the appropriate PEA. 
The Interrupt Module generates maskable hub interrupts when the hub needs to deliver data 
to the kernel, and when an exception has occurred. The System 110 Module manages ring 
buffers for each possible communications channel, and carries out DMA transfers between 
system memory and hub memory. 
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4.3.2 BodyLAN Device Driver 

The device driver interfaces the kernel with the BodyLAN hub. It will map the hub memory 
into the kernel's address space so that hub memory is addressable by the kernel. It will 
interact with the hub's Control Module to carry out configuration and/or initialization 
procedures that are required to activate a BodyLAN, and will handle interrupts generated by 
the hub's Interrupt Module. 

The device driver's application interface will allow applications to perform PEA 110 
operations using existing facilities for file manipulation. Applications will be permitted to 
directly access the PEA control registers stored in hub memory in order discover the nature 
and state of PEAs that are participating in a Body LAN. Applications will be able to 
"connect" to PEAs' data sub-channels, and to perform 1/0 and bandwidth management 
operations for such connections. The device driver will not perform data replication if 
multiple applications attempt to access a single PEA sub-channel. 

4.4 Spread Spectrum 

The data protocol for Body LAN uses Optically Orthogonal Codes (OOCs) as one of several 
methods to withstand the interference of multiple, adjacent BodyLANs. We tested that 
design idea through computer simulations. The simulations attempted to reveal the 
circumstances that would favor signal integrity and the expected bit error rates under various 
forms and power levels of interference. 

Each OOC code is characterized by one or more sets of code words consisting of a sparse 
pattern of pulses. Only one such set must be selected for use. Pulse signaling is done by an 
FSK method within each pulse. When received, each code word ultimately is interpreted as 
one bit. 

The OOCs that were explored for use with the Body LAN were { 63,3, 1} , { 64,3, 1}, { 64,4,2}, 
{ 128,3,1} and { 256,3,1}. The intent of the simulation was to explore all possible 
interference possibilities with their expected chip error rates and, from those rates, using a 
simple "majority voting" scheme, the expected bit error rates. The simulation included the 
following realistic factors : 

1. Asynchronous behavior of the interfering signal with the desired signal , so that partial 
overlaps of the chips were possible 

2. Various power ratios of signal to interferer 
3. All possible combinations of interfering code word pairs 
4. All possible signal code words 

Since the problem is combinatorially explosive, a simplifying stratagem was used: 
interferences were categorized by type and were logged as such. Then, having essentially 
created a histogram showing the absolute number of interferences of each type, a detector 
model was i'ntroduced to reveal the chip error rates, and from that, the bit error rates. 

The simulation was done computationally, allowing each code to be the "desired" code. For 
each such case, all code pairs would take turns as the "interferer." A chip was said to be 
correct when there was more energy at the expected frequency than at the interfering 
frequency. In cases of a tie, a random choice decided. A bit was said to be correct when a 
majority of its chips were correct. For 4-chip codes, ties were resolved by a random choice. 
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General results: 

Code words with adjacent active chips had strikingly poor performance. The cause for 
this peculiar behavior was found to be generic and uncorrectable. As a result, such code 
words were excluded from further consideration in transmitting data. (They still could be 
used for transmitting the less frequent beacons.) 

Frequency alternation of successive chips is a major advantage. 

Code diversity (i.e., more codes) reduces bit error rates. 

Theoretically poor codes (e.g., { 64,4,2}) might be desirable, since the gains from 
frequency alternation and code diversity are greater than the loses from the 
autocorrelation of 2. 

Even with the power of the interferer being, unrealistically, 1 Ox the power of the desired 
signal, and with a { 64,4,2} code, bit-error rates were only of the order of 1 in 200. 

Work on simulation of interference between the OOCs of two BodyLANs was greatly 
advanced by arrival of the project's 90MHz Pentium PC. The complete interference analysis 
is combinatorially explosive, since all codes can be interfered with by all other asynchronous 
overlays of all code combinations, and at various power levels. For such complete analyses, 
we speeded ~p the computation by breaking it into two parts: 

1. Creating a histogram for the kinds of possible interference events 

2. Simulating the detector circuit's response to each kind of interference event only once and 
then multiplying by that event's frequency of occurrence 

For part 1, the first complete calculation covered an OOC with ten codes (n= 1 0), each 64 
chips wide (w=64). It is easily shown that the calculation time varies as (n"3)(w"3) or 
2.6x 1 0"8, and each such calculation requires a 64*64 dot product. The compute time was 66 
hours. Based on insights from this simulation, a second major calculation was done with 8 of 
the 10 code words from a different code set derived from the same OOC, { 64,3, 1}. 

For part 2, discussed elsewhere in this report, the calculation is not at all tedious. 

The results of these partial and complete simulations can be summarized as follows: 

1. The goal of a bit error rate of 0.001 is achievable unless the power level of the interferer 
greatly e.xceeds that of the desired signal. 

2. The OOC { 64,4,2} has the advantage of more code words in each code set (than 
{ 64,3, 1} ). This code word diversity (typically 1 00+ code words in each code set) is 
inherently advantageous, since it dilutes the greater interference made possible by the 
greater cross-correlation (2 rather than 1). However, the dilution was not sufficient, with 
a worse final bit-error rate. 

3. Without doing a simulation, we could not make a convincing theoretical case that code 
words longer than 64 chips were a net gain. (There is a bandwidth penalty.) Since the 
complete simulation was infeasible (without further simplifying insights), we saw no 
point in pursuing this line of investigation, however interesting. 

4. We found two rules for weeding out interference-prone code words: 

a. Code words using adjacent chips were strikingly vulnerable. 
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b. Code words using the greatest fraction of the total width of 64 were the most 
vulnerable to interference. 

Neither of these rules was foreseen. Both were validated from theory after they were 
discovered. 

The net results of the interference simulations was that it was possible to choose an OOC of 
{ 64,3,1 }, a most favorable code set of 10 code words from this OOC, and a most favorable 
subset of 8 of the 10. The final bit error rate calculations, including the power ratio of 
interfering signal to desired signal, can be seen from the following graph: 

4.5 Engineering Demonstrations 

We have been exploring several possible demonstrations for BodyLAN. One demonstration 
which will make use of our test software and systems is an Engineering Demo designed to 
show the basic operation and performance of Body LAN. A medical demonstration that we 
have been exploring, if funds permit, is a wireless Pulse Oximeter. This section summarizes 
them. We have also been exploring other demos and applications. 

4.5.1 Engineering Demo 

The goal is to demonstrate BodyLAN operation and benchmark performance. It will 
demonstrate attachment/detachment process, reassignment of TDMA allocation, single 
channel bit error rate, multi-user bit error rate, read and write operations, command and 
control. 

The engineering demo system will be planned as an extension of benchmarking and 
diagnostic tools produced in the project. 

The measurement consists of two test Body LAN hubs, two test PEAs, and two interfering 
PEA transmitters. Test PEAs have display capability. Test hubs and test PEA will show 
successful attachment, detachment by displaying their state. For TDMA plan we will give 
full bandwidth to one test PEA, then bring other test PEA nearby and observe resharing of 
bandwidth, as displayed by test Hub. Single channel error rate will be computed and 
displayed for both directions. For multi-user bit error rate interfering PEA transmitters will 
be used to provide background interference. Test Hub and PEA will display bit error rates or 
any problems in the channel. 

While the hub has a PC or PDA at its disposal to run diagnostic software, the PEA does not. 
We will use the transducer controller module for this demo. This will serve to run 
diagnostics microcode in a simple fashion. The transducer will also have outputs, so it could 
be attached to a PDA or PC. To the extent that diagnostic code for PEA and Hub are similar, 
loading Hub diagnostic code on a PDA attached to the PEA is a possible extension of the 
PEA diagnostic system. 

4.5.2 Pulse Oximeter Demo 

The goal is to demonstrate medical sensor. Will demonstrate stream read operation from 
hand held medical PEA (Pulse Oximeter). This is one of the possible medical demos we are 
considering. We will eventually choose the most cost effective demo. This demo is included 
here to illustrate a possible BodyLAN application. 

The demo would consist of connecting a Pulse Oximeter to a person and displaying the 
measurements being taken. The sensor monitors pulse rate and oxygen content. We will 
pass the data stream to a computer or to a printer for display. This demo can run for a few 
minutes. 
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The Pulse Oximeter is a two part device that monitors pulse rate and blood oxygen level. A 
small device (in finger or ear) periodically reads pulse rate or oxygen level and sends through 
a wire to an Oximeter unit. The unit can display rate and oxygen content on its LED 
displays. It also accumulates several bytes of information from the sensor, appends a header 
and timestamp and can print this block out to a printer. The sensor is very lightweight and 
the Oximeter is a hand held, 10 oz device that can be connected to a printer. 

We plan to send the Oximeter output to a PDA for display. The output is ASCII 9600 baud 
data of known format. The PDA (or PC) will print the data on its screen. The approach 
proposed is essentially that of Pathfinder and hence we expect code and design reuse. 

The Oximeter unit has all the buttons necessary to tum it on, off, print out or any other 
function. The application software developed must enable the stream read mode from the 
PEA (Oximeter) and be able to parse the Oximeter data. The PDA itself does no sensor data 
processing. All sensor data processing is contained within the Oximeter unit. 

Using Body LAN to send data from the sensor to the Oximeter is more in keeping with the 
spirit of Body LAN. However, this approach for the prototype is unappealing because we 
would need to attach the hub to the Oximeter, which is not a generic computing device, and 
because (at this moment) we do not know the nature of the Sensor to Oximeter signals. Such 
issues would increase risk and development time. 
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1. PROJECT0VERVIEW 

In the past six months, the BodyLAN project team has made considerable progress in both 
hardware prototype development and link-layer protocol design. We have also simplified the 
hardware and the signaling architecture of the network to make it more power efficient and 
easy to implement. 

1.1 Technical Progress 

1.1.1 Hardware Prototypes 
• The most important hardware decision was to use a set of three mini-circuit boards to 

implement both the Hub and individual PEAs. Due to high component count, limited 
board space and short development time, we implemented both the Hub and each PEA as 
two-board modules using a common radio transceiver board and a distinct digital 
controller board. 

• We also used MC68356, a low-power I high-MIP I PCMCIA-compatible microprocessor, 
as the Hub controller. This choice greatly simplifies software development efforts on the 
Hub and enhances its performance. The built-in PCMCIA interface and versatile 
communication processor reduced the need of on-board logic . 

• A Microchip PIC16C64 micro-controller was used on the PEA controller board to give us 
lowest energy consumption per instruction . 

• Following our original plan, we started a collaboration with MIT to develop a low-power 
VLSI implementation of PEA circuitry, especially the receiver and the associated logic. A 
power consumption level of 10 - 12 micro-watt was extrapolated based on the conceived 
design. · 

1.1.2 Link-Layer Protocol 

In software development, we have focused our efforts on the design of the link-layer 
protocol. We continue to support memory-mapped PEA abstraction on the Hub, and both 
block and stream data transfers without re-transmission over the wireless network. 
Furthermore, in order to ensure the protocol to be implementable on PEAs with limited 
computing power and brief active periods, we built the Hub-PEA communication upon three 
simple mechanisms: a two-way block transfer mechanism, a PEA state reporting method and a 
Hub command dispatching scheme. 

• Block data transfer mechanism. A block transfer of preset length i~ the basic data transfer 
over the Body LAN. It can be· used in both the user and the· processor channels to move 
application data, device memory I register contents and control information . Both the 
PEA abstraction and the application data datagram service are supported using this 
mechanism. A stream transfer mechanism is also implemented in the user channels to 
provide virtual circuit service. 

• Hashed state reporting. In order to maintain close match between the PEA abstraction on 
the Hub and the actual device state, we send periodically to the Hub a hashed value of all 
software accessible registers of each PEA. This "state summary" will then be compared 
with a similar hashed value of the PEA abstraction. Any mismatch between the two state 
summaries indicates that one copy of device state is out of date, and thus a state update 
must be initiated. 

• Hub initiated command dispatch. All commands of BodyLAN are issued by the Hub, 
which functions as the network master. The commands are sent with address first over a 
sr,ecial command and control channel similar to the commands on a serial bus such as 
I C. The command dispatch can be acknowledged or unacknowledged. In the 
unacknowledged case, the network relies on the PEA state reporting method to maintain 
state consistency, and regards the data channels as lossy. 
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unacknow ledged case, the network relies on the PEA state reporting method to maintain 
state consistency, and regards the data channels as lossy. 

1.1.3 Network Architecture 

In order to simplify hardware design and network operation, we have made the following 
changes to the basic design of BodyLAN: 

• Common up/down frequency and half duplex channels. In order to use the same radio 
transceiver circuit on both Hub and PEAs, we decided to use the same carrier frequency 
for both up and down links and symmetric half-duplex communication between the Hub 
and the PEAs. This, however, will cut the data throughout of the Hub by half comparing 
with the original design. 

• Multi-symbol TDMA pulse. In order to reduce the power overhead in switching the 
transceiver on and off between TDMA pulses, we decided to use four-symbol pulses on 
the TDMA channel. This new signaling format however may slightly increase average bit 
error rate under peer network interference. 

• Nibble-based data format. Along with the use of four-symbol TDMA signals, we decided 
to use four-bit nibbles as the basic data transfer unit. This will decrease the data clock rate 
by four and further reduce power consumption. 

• User and processor data channels. In order to build both network control and 
commun.ication service upon the same data transfer mechanism, we incorporated a pair of 
processor data channels and a pair of user data channels in each PEA. The user data 
channels supports communication between user application and PEA modem ports while 
the processor data channels allows data movements between any part of PEA processor 
memory and the Hub device abstraction. Hence, the processor data channels provide the 
communication medium for device monitoring and control. 

1. 2 Progress Summary 

The following lists summarize the tasks accomplished in the areas of hardware development, 
software design and signaling scheme between the months of January and June 1995. 

Hardware 
• Fabrication of integrated radio transceiver module 
• Test of transmitter circuit 
• Design of Hub and PEA digital controller modules 
• Circuit simulation of Hub and PEA digital controller modules 
• Revision of PEA interface specification 
• Production of PEA programming specification 

Software 
• Specification of block and stream data transfer mechanisms 
• Revision of PEA device abstraction 
• Rev ision of PEA modem interface 

Spread Spectrum Signal 
• Revision of TDMA signal format 
• Specification of TDMA signaling micro-codes 
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1.3 Future Milestones 

We have delayed software development until the simplification design changes described are 
implemented. The proposal revised Milestone schedule reflects this approach. 

• PDA software test 
• Hub/PEA link test 
• BodyLAN Prototype 

---------------~--End of September-------------------------------~-------------------

• Performance benchmarking 
• BodyLAN demonstration 
• Final report 

------------------End of December---------------------------------------------------
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2. HARDWARE 

A simulated design has been completed for both the HUB modem (implemented on a 
PCMCIA card) and Personal Electronic Accessory (PEA) modem. These designs include 
digital control chips, Transmitter/Receiver RF sections, and all ancillary circuits such as 
VCXO, power supplies, and frequency measurement circuits. All non-digital modem sections 
have been implemented in a prototype card and have been partially tested . The planned 
Transducer Controller Module development has been dropped. 

Due to component count and board space considerations, both the Hub and PEA modems are 
implemented as two board sets. Each set consists of a mother board (unique for the Hub and 
PEA) and a common daughter board. All three boards will be described in detail in the 
following sections. The Hub modem will conform to the PCMCIA Type III mechanical 
specification. 

The Transducer Controller Module (TCM), · introduced in the last Technical Report as a 
mechanism for separating the evaluation testing and early application demos from the PEA 
modem development has been abandoned. The plan called for contracting the TCM 
development 'to an outside consultant. Only one bid was submitted. It was judged too costly 
compared with projected project benefits . Accordingly, the plan has been changed to 
integrate the testing functionality into the PEA microprocessor. 

A 3" x 4" board, containing all non-digital modem sections, was fabricated and tested during 
the reporting period. This board contains the power supplies, voltage controller crystal 
oscillator, varector, capacitor charge pumps, transmitter and receiver section, duration 
controller, and frequency measurement circuits. A single control EPLD was also 
incorporated to activate and test the various RF and analog sections. Understanding the 
discrepancies. between simulations and prototypes was the primary goal. Of special interest 
was operation during the transition region between power-off and power on. There were 
significant discrepancies between measured and simulated operation. These discrepancies are 
discussed in subsequent sections. To summarize, parasitic board capacitance was much larger 
than expected, power losses were about a factor of two higher than anticipated, and behavior 
of several new low power off-the-shelf components was different than expected. 

While the measured power consumption of the analog and RF circuits was higher than 
expected, it does demonstrate nano-joule per bit operation. Power consumption of the digital 
sections, however, was a factor of 2000 larger than acceptable using the Field Programmable 
Logic Devices (FPLD). To determine the feasibility of designing the digital sections at power 
consumption 2000 times l~ss than state-of-the-art FPLD, we have contracted a CMOS chip 
development study at MIT. The chip replaces the FPLD and SRAM chips in the PEA 
modem. This development is being supervised by Anantha Chandrakasan, a leading expert 
on low-power IC design. Several novel techniques had to be developed to reduce power 
consumption in very low duty cycle synchronous FSMs 
employing high frequency clocks. 

A programming reference manual was also produced during the reporting period for both 
the Hub and PEA modems. These documents, together with the detailed functional 
specifications completed in the last reporting period, will form the detailed information 
structure needed to program the microprocessors on each modem. 

2.1 PEA Device 

A block diagram of the PEA Modem is shown in figure 2.la The PEA modem has the 
following components: 
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* a Microchip PIC16C64 8-bit microprocessor 
* 64KB SRAM memory of which only 2KB are used 
* a PEA controller implemented with an Actel 1280XL EPLD 
* transmitter and receiver 
* voltage controlled crystal oscillator 
* duration controller 
* power supplies 

~ 
~ 

Pea 
Controller 

Chip 

Processor 
PIC 16C64 

Figure 2.la Block diagram of PEA modem 

"-TXAntenna 

Since only off-the-shelf components are employed in the prototype PEA modem, and we 
want to have some commonality with the Hub modem, we have partitioned the PEA modem 
design into a mother/daughter board pair. The daughter board design, containing all receiver 
components, is also used in the Hub modem. The mother board contains all other non
receiver components including the digital control chips. One of the primary design goals 
were to make the transition to final product straightforward. In our model, the final PEA 
modem design would include a single CMOS chip integrating all digital, analog and RF 
sections together with a handful of discrete components (e.g., crystal, inductors, bypass 
capacitors). 

2 .1.1 Digital Section 

Except for the power supply, all PEA modem sections are controlled by the micro
processor/controller chip combination in two major modes of operation. In the pre
synchronized mode of operation, the PEA periodically (i.e. once every eight seconds) enables 
its receiver and searches for a particular sequence of FM modulated RF bursts called Beacons. 
These beacon have inter-burst intervals common to all BodyLANs but an FM modulation 
sequence quasi-unique to each BodyLAN. A sequence of eight Beacons, having inter-beacon 
intervals unique to each BodyLAN, is repeated once each 32 msec frame. If the correct 
sequence of · beacons is found, the PEA adjusts its VCXO to frequency lock to the 
synchronization beacons. After synchronization, the PEA then enters the synchronized mode 
of operation whereby it executes a sequence of instructions corresponding to a TDMA plan 
unique to the particular BodyLAN. 

In the pre-synchronized mode, the micro-processor is the master. That is, it issues commands 
to the controller chip to execute low level functions (e.g., activate a Rx local oscillator 
varector charge pump cycle). After a process is completed, the micro-processor shuts down 
its clock to conserve power and selects a group of events to cause a later wake-up. In the 
synchronized mode, the controller is the master. It executes instructions (stored in the 
SRAM) at specified times within the TDMA frame. For most instructions, the controller 
wakes up the processor and causes it to execute some function. For example, after 
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assembling a nibble of Command and Control Channel data, the controller wakes up the 
micro-processor and indicates that it is to process the data. 

A block diagram of the FPLD controller chip is shown in figure 2.l.la. Major sections 
include: 

* clock distribution 
* frame counter 
* micro-processor interface 
* digital matched filter to detect beacons 
* SRAM interface 
* RF interface 
* charge pump controller 
* micro-processor wake-up FSM 
* TDMA instruction execution FSM 

~ 
L:_j 

MProcessor 
Interface 

FSM 

Charge 
Pump 
FSM 

Ref 
Clk MProcessor 

PortD 
Interface 

Duration 
Controller 

FSM 

MProcessor 
Port B 
Decode 

Instruction 
Execute 

FSM 

SRAM 
Interface 

·---------------- --- -- - --------------~ 

Matched Filter 

Figure 2.1.1a : Block diagram of PEA Controller 

Beacon 
Detection 

A 4.0000 MHz 800mv sine wave, sourced from the VCXO, drives 16 finite state machines 
plus several ripple counters. There are 48 equivalent un-gated clock loads and over 200 
gated clock loads. Power consumption in the clock distribution network and just the un
gated clock is 15 milli-watts. Total power consumption of the controller chip is estimated at 
20 milli-watts. 

In the digital matched filter, received data is over-sampled and stored in the SRAM. Matched 
filter processing occurs a nibble at a time by transferring eight sets of 7 samples into 56-bit 
holding registers. There are two holding registers one for each of the over-sampled sets. 
Matching occurs by selecting successive 32-bit subsets of the holding register and counting 
the number 'of comparisons with the beacon code word. The output is a number ranging 
from 0-31. We currently allow three bit errors in a beacon match. Thus 0-3 is decoded as a 
beacon match "zero" while 28-31 is decoded as a beacon match "one". 
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2.1.2 Voltage Controlled Oscillator 

PEA functionality is center around the Voltage Controlled Crystal Oscillator (VCXO). The 
entire BodyLAN architecture hinges on the feasibility of constructing a low power oscillator 
which can be phase and frequency locked to the Hub with only occasional voltage updates. 
The VCXO design consists of a varector adjusted crystal oscillator, output amplifier, and 
varector capacitor charge pump shown below. 

Xl 
xo 

Charge 
Pump 

1-----i D 

T 
Figure 2.1.2a : Voltage Controller Oscillator 

T 
7 

Charge is pumped onto the control capacitor by pulsing xcl and then xcO. With a three volt 
supply voltage, the charge pump can vary the control voltage over an eight volt range. This 
corresponds to a 50 ppm frequency difference. The advantage of the charge pump scheme 
over conventional linear amplifier approach is power consumption. Once the target voltage is 
reached, only an occasional pumping cycle is needed to replace the charge lost due to 
leakage current. 

A tuned amplifier is used to both amplify the 250 milli-volt crystal oscillator output up to 
1500 milli-volts and to provide a DC signal value of 1.4 volt's (i.e. the TTL threshold). The 
tuned circuits provides a low power mechanism to drive the 16 pfd reference clock load. 

2.1.3 Transmitter Section 

A single transistor transmitter design integrates the function of oscillator, amplifier, tuning, 
and modulator as shown below. 
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Vb 

TX 
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Cl 
Dl 

CHARGE 
PUMP 

TxCI II ~~0 
D2 cl CDl I /TA.Jv-
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Tx Pre 
PwrOn 

TxCO 

Figure 2.1.3a : Block diagram of Transmitter 

Txl 
TxO 

The antenna is a 22 millimeter diameter loop constructed out a 0 .127 x 6 x 62 millimeter 
piece of Brazaid strap. This material is a Ag alloy (50% Ag, 15.5% Cu, 15.5% Zn, 16% Cd, 
& 3% Ni), exhibits good stiffness and has reasonable RF losses. Achieving a high Q at 320 
MHz is important for two reasons. First, since the majority of power dissipation in the 
transmitter occurs as skin effect losses in the antenna, increasing Q reduces overall power 
consumption. Second, a high Q reduces unwanted radiated harmonics. Measurement of the 
antenna gives an inductance of 38.5 nano-henry with a Q=26.5. While this Q is sufficient to 
achieve low power operation, we would like to see another factor to two to reduce unwanted 
radiated harmonics. 

Varector D 1 is used to adjust the transmitter's center frequency. A charge pump circuit 
identical to that used in the VCXO is used to adjust the varector control voltage. A 0-8 volt 
control capacitor swing yields a 45 MHz frequency change. This is sufficient to compensate 
for manufacturing tolerances but not enough to allow using the entire military aircraft band 
as originally planned. 

Frequency modulation is implemented via varector diodes DO & D1 and capacitors CDO & 
CDl. When control voltages TxO & Tx l are both low, diodes DO and D l are forward biased. 
This adds CDO and CD 1 to shunt capacitance C2 during the positive swings of the emitter 
voltage. When control voltages TxO & Tx 1 are both high, diodes DO and D 1 are reverse 
biased thereby increasing C2 by a small amount. This circuit has demonstrated the smallest 
power consu~ption of any of the modtllators explored. 

During the tuning procedure, TxO! =Tx 1. A capacitor divider feeds a small fraction of the 
emitter voltage to pre-scaler Pl. A Motorola MC1 2052A pre-scaler is used to both amplify 
and reduce the RF signal to a frequency which can be handled by the FPGA. A compariter 
converts the pre-scaler's ECL output swing signals to TTL signal levels. Both the pre-scaler 
and compariter are completely switched off except during the 16 microsecond frequency 
adjustment period. Measured turn-on times are less than 500 nanoseconds. 

9 



With a Peak power consumption of 2.4 milli-watts (i.e. 800 micro-amps at 3 volts), the 
transmitter develops a 65 milli-amp Peak-to-Peak antenna current. Antenna power 
consumption is estimated at 40% of power consumption. The transmitter has a conversion 
efficiency of 1.5 nano-joules per bit transmitted. 

2.2 Receiver Board 

A direct conversion receiver is implemented on a separate 1.8" x 2.4" board. This receiver 
board is used in both the Hub and PEA modems. In direct conversion, the RF is converted 
directly down to baseband without any IF. This demodulation technique reduces the number 
of processing stages, results in filters having the lowest pole frequencies and pole Qs, and 
reduces the post mixer processing stages cutoff frequency to the lowest possible, thereby 
reducing power consumption. The receiver block diagram is shown in figure 
2.3. Major sections are: 

* Local 320 MHz RF oscillator with +1- 45 degree phase shifters 
* low noise amplifier 
* I & Q mixers 
* linear phase low pass filters 
* Baseband amplifier and +/-45 degree phase shifters 
* frequency discriminator and compariter 

Figure 4.3 : Block diagram of Receiver 

RxO 

The receiver was designed to make the conversion to a CMOS chip implementation 
straightforward. We expect that all receiver sections except the antenna, input matching 
network, varector control capacitance, low noise input transistor, and local oscillator 
transformer will be integrated. Since we expect the receiver to have a lower conversion 
efficiency than the transmitter and it is typically turned on for longer periods of time, power 
consumption reduction is an important goal. 

2.2.1 Receiver Local Oscillator 

A local oscillator has been designed to source two balanced quadrature signal pairs at -2 dBm 
with 2.4 milli-watts power consumption and a power-up time less than 500 nanoseconds. A 
half circuit of the oscillator is shown in figure 4.3.1a. Low power consumption is achieved 
by utilizing a high Q transformer, removing the need for precise amplitude equality and 90 
degree phase. separation between the I & Q outputs, and employing a capacitive transformer 
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to directly driving the mixer inputs. The balanced I & Q LO outputs are derived from 
conventional +1- 45 degree all-pass RC phase shifters. 

I Mixer 

QMixer 

L---JVV"--......._____. ~ 

sr1-e-.....--i t--....__-P_r--te~~~-a-le_r___._-f: 1---r---i 

Figure 4.3.1a : Receiver Local Oscillator 

The four turn transformer is realized as four 1.6 millimeter octagonal loGps of 0.5 millimeter 
etch on the four layer PC board. Measured inductance is 40 nano-henrys with a Q of 32. 

2. 2. 2 Frequency Discriminator 

The overall purpose of the receiver is to detect if received RF power in the carrier frequency 
+1-1.6 MHz band is above the carrier or below the carrier. A detection scheme based on 
limiting I*dQ-Q*di has excellent properties. For example, the discrimination is invariant to 
both amplitude and phase errors in the I & Q local oscillator signals. Simulations show 
invariant output with 20 to one amplitude ratios between I & Q LO mixer inputs and phase 
errors up to +/-85 degrees. While practical circuits will not exhibit this wide a tolerance, the 
contrast with conventional approaches needing +1-5% amplitude tolerances and +/-3 degrees 
of phase errors is apparent. 

While it is easy to form I*dQ-Q*di with ideal components, in practice, forming the derivative 
of I & Q is not straightforward unless a wide bandwidth differentiator is employed. A wide 
bandwidth differentiator consumes a comparatively large amount of power and has a small 
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output signal. Moreover, practical circuits delay the differentiated output causing errors in 
the I*dQ-Q*di computation. To solve these problems, the proposed discriminator limits (I 
shifted by M degrees times Q shifted by M-90 degrees minus Q shifted by M degrees times I 
shifted by M-90 degrees). All pass RC circuits allow 
generation of the components. 

A block diagram of the discriminator is shown below. The balanced I & Q mixer outputs are 
first passed through an 16 dB buffered output gain block. This block also blocks out any 
DC. 3 dB frequencies are at 90 Khz and 1.6 Mhz. The gain block then drives an all-pass RC 
network generating the I & Q components shifted by 90 degrees. The shifted I & Q outputs 
then feed a pair of balanced Gilbert multipliers whose output currents are summed 
appropriately. The multipliers then feed a current mode compariter to limit the result and 
convert it to a single ended TTL compatible. 

1' 
RxD 

Figure 4.3.2 Block diagram of Discriminator 

2.3 Hub Modem 

A block diagram of the Hub Modem is shown in figure 4.4a. The modem is a PCMCIA card 
which plugs into a host (e.g. a personal digital assistant). It has the following components: 

* a Motorola MC68PM302 processor with built-in PCMCIA interface 
* 512KB flash and 256KB SRAM memory 
* a Hub controller implemented with an Actel 1280XL EPLD 
* transmitter and receiver 
* Crystal oscillator 
* Duration controller 
* power supplies 
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Figure 4.4a : Block diagram of Hub modem 
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The analog and RF sections of the Hub modem are identical to that of the PEA modern 
except for two differences. First, the Crystal oscillator varector, varector capacitor and charge 
pump have been replaced with a fixed capacitor. Secondly, to conserve board real estate, the 
discrete pre-scaler cornpariter has been replaced with two Maxim 941 cornpariters at a power 
penalty of 700 micro-watts. 

Since only off-the-shelf components are employed in the prototype, component area 
precluded a single board implementation fitting in the PCMCIA form factor card. We have 
thus partitioned the design into a mother/daughter board pair with the daughter board 
containing all receiver components. A 10-pin connector interconnects the two boards. The 
Tx antenna loop is implemented in etch on the mother board while the Rx dipole in 
implemented in etch on the daughter card. A mechanical blowup of the ensemble is shown in 
figure 4.4B. It has been designed to fit within the Type III PCMCIA form factor 
specification. A 25 millimeter extension of the board beyond the rear edge of the PCMCIA 
package allows the Tx and Rx antennas to be outside the host package the PCMCIA assembly 
is inserted. 

Figure 4.4b Mechanical Blowup of Hub Modem 
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The Hub Digital Section design was made under the following constraints: 

* Components must be Jess than 2m thick in order to be able to design a type II package in 
the future with no change to the processor and controller parts 

* Components should work at 3.3 volts in order to minimize power consumption. Not all 
parts in the prototype are actually 3-volt parts but all parts do have a manufacturer's 
commitment to supply such parts in the near future. 

While in principle the processor of the PDA might control the Hub directly, it was decided to 
use an on-board processor because the interrupt latency of the PDA is unknown and 
encapsulating the functions will allow easier porting of the Hub to various PDAs. The 
Motorola MC68PM302 is utilized as the Hub processor. It implements the PCMCIA 
interface, it inexpensive, has a very small BGA footprint, and meets the design constraints of 
"thin & 3v" 

The 512K byte flash memory is used for: 

* the PCMCIA-required Card Information Structure, used for host-system configuration 
using template host drivers, 
* on-board processor code 
* possibly "execute-in-place" code for the host driver 
* possibly non-volatile data logging 
* board revision information, serial numbers, BodyLAN codes 

The 256K byte SRAM (clearly much larger than needed) is used for: 

* general pUrpose on-board processor read/write memory 
* buffers for message/data transceived between the Hub and PEAs 
* "instructions" for the hardware controller EPLD 

An Actel 1280XL FPLD interfaces the processor to the analog and RF sections and 
implements all lower level digital functions. Its primary task is to execute instruction 
contained in the TDMA plan. Most instructions are associated with a triplet of RF bursts. 
The instruction indicates when each of the three bursts is to occur relative to the start of a 3 2 
millisecond frame, the direction of transfer (i.e. Hub->PEA or PEA->Hub) and an associated 
SRAM location. 

Transfers across the RF channel are in units of nibbles or bytes. Nibbles are redundantly 
encoded by replicating the nibble three times. Bytes are encoded with a four bit error 
correcting code. For byte errors with single-bit errors, the data is corrected and an error is 
logged. For 2-bit errors, an· error ~s logged. 

The controller is implemented in an Actel A 1280XL-TQC (8000 equivalent gates) in a 176-
pin TQFP package. This device was chosen because of our experience using Actel arrays in 
other projects but primarily because it generates CMOS output levels, works at 3.3 volts, and 
comes in a ".thin" package. Using a synthesis tool, three FPLD families that were eligible 
under the design guidelines were considered. The design was specified in Verilog and 
simulated both prior to place-and-route and after (with post-annotated time delays). Some 
consideration to a low-power goal was given in the design . For example, clocks are gated to a 
section of the design only when that section is active and ripple counters are used. 
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2.4 PEA Controller Chip Design 

While the power consumption of the analog and RF sections is much higher than could be 
achieved in a single chip implementation, measured power consumption is within a factor of 
four of our targets. Power consumption of the digital sections is off by a factor of 2000. 

Since demonstrating feasibility of the BodyLAN concept hinges on an overall power budget 
consistent with small size battery operation, we have contracted with an MIT graduate student 
to design a low power version of the controller chip. Under the supervision of Anantha 
Chandrakasan, the student is changing the logic and architecture of the FPGA version of the 
controller chip and constructing a layout utilizing the MOSIS one micron CMOS foundry 
design rules. It is thus possible to estimate power consumption from the duty cycle, layout 
extracted node capacitance and clock rates. We expect to operate the 44 I/0 pins at full 
supply voltage swings while the logic in the core circuits will run at 1.2 volts via a down 
converter. A preliminary layout of the 3.2 x 3.2 millimeter chip is shown in figure l-4a. The 
two large components are the matched filter and SRAM. 
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Tabie''~Comparison of Switched Capacitance 

Operation Design1 Design2 Power Reduction 

up read 6.77 pF 5.28 pF 22% 

· up write 14.49 pF 10.38 pF 28% 

TDMA 12.02 pF 11.29 pF 6% 
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3. SOFTWARE 

The basic BodyLAN protocols were designed to be lightweight as well as bandwidth and 
power efficient so that it can be implemented on simple PEA devices without requiring too 
much power or circuit complexity. 

As shown in Figure 3a, the protocols provides a logical connection between the low-level 
communication interfaces on the Hub and individual PEA. On the Hub, the interface 
assumes the form of device abstraction. To the system software of PDA, every PEA 
appears as an I/0 mapped device. The Device Driver may read/write the data buffers, 
access the control and status registers, and receive interrupts from these I/0 mapped 
devices. At the PEA, the interface appears as four unidirectional modem channels, to which 
the User Devices are attached. Data flow through these channels according to programmed 
modes. The protocols support timely update of PEA device abstraction and evocation of 
communication action. Nonetheless, it is rudimentary in its data communication functions. 
Currently, we decide not to support error detection and packet re-transmission within the 
protocols. 

Hub 

Applicati on 

PEA 

Coding c- Signaling Wireless link Coding E- Signaling 

Figure 3a. BodyLAN Protocol Stack 

To supplement the last report, we will focus this section on the device abstraction and the 
different transfer modes supported by the link layer protocol. 

3.1 Device Abstraction 

3.1.1 Physical Layer Device Abstraction 
The RF and.digital circuits in PEA and Hub were designed to provide six IDMA channels 
through the wireless link: 

• one command and control channel - for the Hub to dispatch commands to individual 
PEAs and receive corresponding acknowledgments, 
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• one device state reporting channel - for the PEAs to send a summary of device state to 
the Hub for the detection of state change, 

• two processor data channels - for the Hub to transfer blocks of data to or from the 
micro-controller memory of individual PEA, 

• two device data channels - for the Hub to transfer discrete blocks or continuous 
streams of data to and from the I/0 ports on individual PEA. 

The communication through the channels are restricted by the hardware into the following 
modes: 

Channel Types Directions Transfer Modes Dedicated I Shared 

Command & Control dual block shared 

State Report inbound block shared 

Processor Data fixed single block dedicated 

User Data fixed single block shared 

stream dedicated 

Each channel consists of multiple UDIBs in every TDMA frame, and the number of UDIBs 
in the four data channels are programmable. Each UDIB carries four bits of data, and is 
specified by one of thirteen TDMA opcodes. The interpretation of UDIB contents
including the decoding of PEA ID - are performed by software. 

The communication hardware of each channel contains double four-bit buffers. They will 
send data bits through the UDIBs once the buffers are filled and the corresponding channel 
is enabled. Among the six channels, the device state reporting channel and the processor 
data channelS are always enabled once the PEA is attached to a Body LAN. 

3.1.2 Link Layer Device Abstraction 

With respect to PDA system software, the Body LAN operates as a wireless bus which can 
accommodate a total of 56 PEA devices. The PEA devices are mapped onto PDA memory 
through the PCMCIA interface. 

As shown in Figure3~ each PEA occupies a device register block and a device storage 
block; it further consumes a number of data buffer blocks with each of the user and 
processor data channels. The blocks are indexed by a six bit PEA ID, which is ·assigned to 
the PEA during its attachment to the BodyLAN. 

3 . 1. 2.1 Device S torage Block 

The device storage block contains the operation parameters and the TDMA plan of each 
attached PEA. The operation parameters are uploaded to the Hub during the device 
attachment process while the TDMA plan is prepared by the network manager in the Hub 
and then downloaded to the PEA shortly after its attachment and whenever a new plan for 
the device is prepared. Both transfers are conducted through the processor data channels. 
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Figure 3.1.2a. Link Layer Abstraction of a PEA Device 

3.1. 2. 2 Device Register Block 
Two techniques were employed to manage the image of PEA registers in the Hub: ( 1) the 
use of a hashed value to summarize the device state for comparison and (2) the use of a 
block transfer to communicate the entire state of a PEA device. 

The device r~gister block of each PEA consists of three kinds of registers: 

• control and status registers, which controls and monitors the operation of four data 
channels (two user and two processor) and the PEA device; their contents constitute the 
software observable state of the device; 

• data pointers, which specify the address of data to be transferred via different channels, 
and 

• a device state-summary register, which contains a hashed value of the current state of 
the PEA; i.e. the content of control and status registers of the device. Currently, CRC-
16 is chosen to be the hashing function. 

The control and status registers are also known as the image registers for they mirror the 
content of actual PEA registers. The data pointers and their associated status flags are called 
the interface registers as they are used to manage the device interface at the Hub and do not 
have counterparts in the PEA. 

In order to provide a correct device abstraction of individual PEA at the Hub, it is important 
to maintain a consistency between the contents of PEA registers and their images within the 
Hub. The presence of device state summary provides a succinct way to detect any 
difference between these two pieces of information. In the order of their device IDs, every 
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PEA computes the hashed value of its current state and uploads it via the status reporting 
channel. Upon receiving the PEA's state summary, the Hub then computes the 
corresponding hashed value from the memory image of the PEA and compares it with the 
received value. Any mismatch between the two values indicates a difference between the 
states of the actual PEA and its image. Hence, an update of the device image is scheduled. 

An update of the PEA image registers in the Hub is done by a single block transfer via the 
command and control channel. If the old and the new contents are different then an 
interrupt is generated and a record of the differences will be passed to the PDA. 

3.1.3 Communication Buffers 

Every processor and user data channel is associated with one or more data buffers; the user 
data channels are linked with user buffers while the processor data channels are linked with 
processor buffers. The processor data channels are also linked with the device storage and 
registers so that the channels can be used to transfer their contents. The organization of 
buffers is dictated by the modes of data transfer. 

The data buffer for block transfer consists of a single data block, referred to directly by a 
pointer and a length register. In addition, there are channel REQ and RDY flags for 
conducting the necessary handshake to access the data buffer: PDA software shall set the 
REQ flag to initiate a block transfer, and may access the data buffer when the RDY flag is set. 

The data buffer for stream transfer consists of a cyclic queue of eight data buffers. The first 
buffer is pointed by a pointer register while the insertion and removal points of the queue 
are indexed by queue counters. The state of the queue is further indicated by FULL and 
EMPTY flags. 

3.2 Information Transfer 

All digital communication through BodyLAN (including command and control 
communications) are performed in one of three transfer modes: 

I. the automatic or event-triggered tramfer mode, 
2. the block transfer mode, and 
3. the stream transfer mode. 

The automatic transfer is used by the HUB to issue commands to the PEAs and to acquire 
their state summary. The stream and block transfers provide the two basic data link services 
of BodyLAN imitating the connection-oriented circuits and the connectionless datagrams 
supported by most data networks. The block transfer is also used to exchange control and 
status information such as the device parameters, the TDMA plan and the register contents 
over the wireless network. 

All transfers except command dispatches are performed without explicit acknowledgment 
nor link-layer re-transmission. Command dispatches, however, can be conducted with or 
without acknowledgment by design. A simple acknowledgment and re-transmission 
protocol has. been devised to enhance the robustness and responsiveness of the network 
although the first prototype only implements the simple protocol without acknowledgment. 
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3.2.1 Automatic Transfers 
The automatic or event-triggered transfers move fixed-length packets through the command 
and state-return channels to perform the following two functions: 

• to upload current state summary of every attached PEA to the Hub in regular 
intervals, 

• to dispatch commands to individual PEA as needs arise. 

3. 2.1.1 PEA State Summary Upload 
A PEA attached to a BodyLAN with the identifier PEA1D must transmit its PEAID and the 
CRC-16 checksum of its control and status register content - i.e. its state summary -
through the state-reporting UDIBs when the frame number (FRAMENUM) of current frame 
matches with PEAID according to the following formula: 

PEAID == FRAMENUM mod 56. 

The simple communication sequence is shown in 
Figure 3.2.1.la . 

The transfer serves two purposes: (1) detecting recent 
changes of the PEA state and (2) signaling the presence 
of the PEA devices. When received the PEA's state 
summary, the Hub will compute the CRC-16 checksum 
of the PEA's image registers in the Hub and compares it 
with the received value. Any mismatch between the two 
values indicates a difference between the states of the 
actual PEA and its image, and hence, a reloading of the 
device image will be scheduled. The reception of the 
state-summary packets also provides the necessary 
"keep-alive" signals for the HUB to know that the PEA 

Cmd Ch 

Frame(n) 

StateR pt 

I CRC-16 I 
PEA [n};e 

Figure 3.2.1.1a. Communication 
sequence for uploading the state 
summary of PEA(n). 

still remains within the radio range of the BodyLAN. The Hub will stop all data 
communication with the PEA and relieve the TDMA bandwidth of the PEA if it fails to 
receive the packets consecutively over a preset period of time. 

3.2. 1.2 Hub Command Dispatch 
All commands issued by the HUB are dispatched through the command and control channel 
(CMDCH). Only one command can be sent in a frame, and the dispatch can be conducted 
with or without acknowledgment. 

3.2.1.2.1 Acknowledged Dispatch 
An acknowledged command dispatch begins with the transmission of a command (CMD) 
packet (by the HUB) starting at the first uom of the CMDCH, and ends with the reception of 
an acknowledgment (AcK) packet (from the addressed PEA) before the end of the frame. 
The CMD and the AcK packets are separated by a preset acknowledgment delay, and the 
TDMA band~idth of CMDCH lies within the delay is unused. This scheme requires both the 
1 !UB and the PEAs to change their communication directions between UDIBs. 

Both the CMD packet format and the operation sequence are designed to save power during 
command reception at the PEAs. The acknowledgment (ACK) packet, on the other hand, is 
designed to conserve TDMA bandwidth and be robust against communication errors. No 
NAK packet is used in the communication: A PEA returns an ACK when it has received and 
decoded a CMD packet correctly; and simply refrains from replying in an erroneous case. 
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The HUB regards only the reception of an AcK as the confirmation of a successful dispatch. 
Reception of any other code is treated as an indication of an unsuccessful attempt. The 
dispatching operation also does not permit 
outstanding commands. Any command which is 
unsuccessfully dispatched will be re-transmitted 
in the subsequent frame. The HUB will repeat the 
re-transmission process if necessary up to three 
times. After that, the HUB will dispatch an ABORT 
command to the addressed PEA in the next frame 
and cancel the dispatch. 

The ABORT command is used to ensure that the 
addressed PEA is properly informed of HUB's 
action. After receiving a valid command packet 
and acknowledged the reception, a PEA will 
regard the dispatch of any command (valid or 
not) to it in subsequ·ent frames as an instruction 
to abort the command previously received. The 
successful reception of a valid command during 
the operation of a previous command also aborts 
the operation and further initiates a new 
operation. 

3. 2. 1. 2. 2 Unacknowledged Dispatch 

Frame 

Cmd Ack 

Cmd Ch I D 

Figure 3.2.1.2.1a. Communication 
sequence of an acknowledged dispatch of 
a Hub command 

An unacknowledged command dispatch is conducted in a way similar to an acknowledged 
dispatch. The main difference is that an unacknowledged dispatch stops after the 
transmission of the command packet; no reception of acknowledgment nor transmission of 
ABORT command will ever take place. The HUB assumes that the dispatched commands are 
always received successfully. The PEAs, however, ignore all the command packets that fail 
to pass the checksum· test. Consequently, the HUB and the PEAs may disagree on command 
reception, and undertake different actions. 

The correction of action is only partial and comes indirectly. The HUB, as the network 
master, may discover the effect of wrong device control commands by examining the state 
of PEA devi9es. On the other hand, the block transfers missed and the stream transfer data 
loss due to unsuccessful reception of data transfer commands can be counted as packet 
loss. Hence, the erroneous commands result in degradation of network throughput. 

3.2.2 Block Transfer 

The block transfer mode enables the HUB to send and receive a binary packet to and from an 
addressed PEA through processor or user data channels. The transfer is used to provide a 
connectionless datagram service and to exchange control and status information (including 
device parameters, TDMA plan and register contents) between the HUB and the PEAs. As 
such, it is the basic transfer mode of Body LAN. 

The transfer moves a packet of preset length, which may span across multiple frames. The 
transfer can only proceed in the fixed directions restricted by the hardware configuration of 
data channels. Duplex communication, however, can be carried out through pairwise use of 
the data channels. 

Although the command dispatch may be acknowledged, the data transfer is always 
unacknowledged and hence, no link-layer re-transmission is performed. However, error 
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detection is implemented by including checksum fields in the data packets so that data 
corruption can nonetheless be detected and dealt with at a higher level. 

jemd 

I 
Ack 

CJ 
;oata cs 

Figure 3.2.2a: Communication sequence of a block transfer 

The communication sequence of a block transfer is depicted in Figure 3.2.2a. A block 
transfer can be considered to be made up of two transfers: a command dispatch and the 
actual data transfer. The data transfer proceed only after a successful command dispatch 
(while the dispatch is always successful in the unacknowledged case). Depending on the 
command and the data channel chosen, the data may be transferred from the HUB to the 
PEA(s) or from a PEA to the HUB emulating the block read and write operations. 
Furthermore, in order to allow complete freedom to TDMA bandwidth allocation, the transfer 
of data is required to occur in a separate frame after the command dispatch. The number of 
frames between the two transfers is currently set to be 1 frame. 

3.2.3 Stream Transfer 

The stream transfer mode enables the HUB to send and receive a continuous bit stream to 
and from a PEA, and is only supported by the two user data channels. The transfer 
establishes a data circuit between the Hub and an addressed PEA. The bit stream is not 
packetized; hence, the transfer does not support re-transmission. No error detection is 
incorporated, but certain stream error correction scheme may be implemented as an option. 
Furthermore, in order to maintain steady throughput, the transfer is conducted through 
dedicated TDMA bandwidth not shared by other channels. · 

!Cmd 
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:cmd 
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Ack 
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Figure 3.2.3a. Communication sequence of a stream transfer 

The communication sequence of the transfer is depicted in Figure 3.2.3a. The transfer is 
delimited by a pair of START and STOP commands issued by the HUB: it begins in the frame 
after the successful reception of the START command, and ends in the frame with the 
successful reception of the END command. The transfer always begins and ends at frame 
boundaries and consumes all the TDMA blocks assigned to the channel within these frames. 
Due to possible faulty reception of commands, the timing of actual transfer may jitters. This 
may cause the fluctuation of transfer latency and more severely data loss at the two ends of 
the transfer. 
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4. SPREAD SPECTRUM SIGNALS 

We have described in our last technical report [blan-tech-rprt-2], the design and 
performance of a TDMA signaling scheme based on Optical Orthogonal Codes (OOC). In 
this section, we will only supply the final conclusion of our analysis aided with graphs, 
and discuss the differences between the original design and the actual implementation. 

4.1 Simulation Results 

From the simulation of single source interference, we found three rules that summarize the 
effects of OOC design on the received bit error rate (BER). 

1. The bit error rate increases with the rise of interfering signal power as expected; 
however, under moderate level of interference (with interference/signal power ratio 
< 3), the average BER can be maintained below . 

2. The code words with adjacent active chips have notably higher"BER especially 
under strong interference. Since the cause is generic and incorrectable, such code 
words should be excluded from use in the radio transmission. 

3. The use of code words with shorter chip-span - i.e. spacing between first and 
last active chips - further lower the average BER of the signal. Hence, we also 
suggest to exclude the code with longest chip-span from the selected code set. 

The following graphs of simulation results show the manifestation of the three rules. Fig. 
~clearly shows the increase of BER with the interference power while both Fig. l.sand Fig. 

Code number Power ratio 

Figure 4.1-a : BER vs interferring signal power 
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Hl show the poor performance of the code word with adjacent active chips. Fig.tb also 
shows the slow increase of code word BERs due to len thenin of their chi -s ans. 
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Figure 4.1-b : BER vs OOC chip spans 

With knowledge of the three rules, we initiated a search for the best codes among the five 
ten-member (64,3, 1) OOC sets we obtained from the first 100 runs of the greedy code 
generation algorithm. Code set 56 (as compared below with the original code set 20) 
contains the codes with shortest code-spans after removing the ones with adjacent active 
chips and longest code-span. Those eight codes are most suitable for data encoding while 
the code with adjacent chips can be used in synchronization beacons to provide timing of 
the chip boundary. The average BER of the eight selected codes from set 56 was plotted 
against that of the ten codes from set 20. The slower increase of BER of set 56 shows its 
superiority. 
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Figure 4.1-c : BER of OOC-20 and OOC-56 under different interference 
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# 

Code Set 20 
0 11 14 
0 5 7 
0 13 33 
0 15 25 
0 22 23 
0 4 28 
0 2 1 27 
0 8 17 
0 16 35 
0 18 30 

Code Set 56 
0 10 27 
0 19 28 
0 2 13 
0 4 20 
0 5 26 
0 24 25 
0 30 33 
0 8 23 
0 12 18 
0 7 29 

TABLE 4.1a. Members of two contending OOC code sets 

4.2 Implementation Decisions 

We adopted a somewhat different signal design in the actual implementation of PEA and 
Hub hardware. Instead of sending individual data bits using the eight selected (64,3, 1) 
OOC codes, we decided to transmit four data bits as a nipple in an multi-symbol (64,3,1) 
OOC format. In a multi-symbol OOC code, each chip (or symbol burst) contains four 
symbols corresponding to the four data bits to be sent. The chips of the code are identical, 
and the duplication of the symbols among the chips form a simple majority encoding of the 
data bits. The hardware design also allows both the starting position of the code, as well as 
the intervals between adjacent chips, to be programmable. 

Besides the flexibility in programming the inter-chip intervals and the position of each code 
in a IDMA frame, this new design has two more advantages in term of hardware 
implementation and operation. 

1. Data communication using multi-symbol codes are more energy efficient for the 
transceiver on/off time is then shared among four data symbols, and the data are 
transferred in nipples in a rate four times slower than the bit rate. 

2. In the new design, the position, the inter-chip intervals, and the FSK symbol 
used to transmit the data nibbles are completely programmed by TDMA micro
codes. This greatly simplified the data encoding hardware; in particular, it 
eliminated the need of a random sequence generator. The compensating cost is a 
bigger IDMA code memory arid a more sophisticated IDMA management 
software. Both are less costly than the design of dedicated hardware. 

Nevertheless, this new signal design may cause an increase in bit error rates mainly 
because the interference between consecutive symbols may cause multi-symbol errors 
which is significant deducing from the lower performance of OOC codes with adjacent 
chips [Fig. kt,l [Fig. tb ]. Furthermore, the repetition of chips or symbol bursts also reduces 
the randomness of the symbol stream and thus increases the chance of interference of 
successive symbols. We will perform performance analysis on the actual transceiver in 
order to determine the effect of the new signal design. If the performance degradation is 
significant, we can revert back to the original OOC signaling scheme by forcing the data 
bits within each nipple to be the same and thus effectively communicating at a quarter of the 
normal data rate. 
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1.0 Project Overview 
In the past three months, the BodyLAN project team has progressed in 
technology insertion, hardware prototype development, and coding protocols. 
We have contacted business, university, and government users who have 
indicated that the BodyLAN technology may allow lower risk and standardization 
to wireless transducer/processor interconnection. All sections of the hardware 
prototype have been examined except the a section of the receiver with 
excellent correlation with the simulations. Although uncompleted, this 
prototype clearly demonstrates the feasibility of low power consumption via 
low-duty cycle power enabling. Error performance improvements in the multi 
BodyLAN shared space situation were also developed. 

1.1 Technology Insertion 

We have actively explored inserting the Body LAN technology in a number of 
application areas including non-invasive patient monitoring, personal inertial 
navigation, medical monitoring, sports training, baggage matching, proximity 
detection, and item tracking. We have spoken with: Organization Application ORNL 
coupling medical monitoring sensors such as a blood oximeter to a soldier's wearable 
computer USARIEM Real-time soldier effort sensors; Analog- devices Integrating a low 
power three axis accelerometer magnetomer for personal intertial navigation; Kent Display 
Integrating a wireless linkage to ultra low power displays, MIT Medical monitoring 
applications, Analogic Medical monitoring applications, BBN Personal inertial navigation 
and sports training. BBN management has expressed sufficient interest in persuing 
Body LAN applications that Body LAN was highlighted in its premier Web page (Appendix 
A). BBN is currently engaged in developing a business plan for inserting BodyLAN 
technology in government programs and soliciting third party relationships for product 
exploitation. 

1.2 Hardware Prototypes 

The BodyLAN hardware component has exclusively focused on testing the prototype 
design developed during earlier periods. No attempt has been made to improve 
the design. Redesigns have occurred only in those area which did not match the 
simulations. Hardware achievements during this period include: 
-The transmitter section of the prototype has been fully tested. This 

includes frequency locking, FM modulation, and power enabling. Significant 
effort was applied in redesigning the power supplies to reduce digital!RF 
coupling. 

- Numerous antenna materials and geometric designs were examined. 
-The 4 MHz oscillator was redesigned and tested as a VCXO with a charge pump 

control. Frequency adjustment was 30 PPM, only 60% of the expected range. 
Power consumption of the prototype was 30 microwatts driving the 26 pFd 
of parasi tic clock load. 

-A new duration comparitor circuit was designed and tested giving a 4 nsec 
sensitivity. 

-The MIT collaboration has been completed. A full custom CMOS chip 
layout was completed and is ready for fabrication. The 20 square mm 
chip was designed wi th one micron design rules for the MOSIS fab line. 
This semester, the student performing the work is completing the write-up 
for his MS thesis . An invited paper covering this thesis work will 
appear in the IEEE Circuits and Devices magazine. 
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1.3 Network Architecture 

Network architecture activities have been limited during this reporting period 
due in part funding exhaustion. None of the network architecture work was 
project funded. Network architecture and software achievements include: 
- A MicroChip PC based development system was purchased by BBN capitol funds for 
firmware development of the PEA microprocessor chip. Familiarization of the included tools 
has progressed. Some code has been generated. 
- A new code sequence scheme was developed which reduces systematic errors 

induced by·multiple BodyLANs sharing the same physical volume and frequency band. 
- A new set of orthogonal codes have been developed which are more optimal. 

Performance of the optimal codes and the Optically Orthogonal Codes (with the 
new code sequencing scheme) appear similar. 

1.4 Progress Summary 

The following lists summarize the tasks accomplished in the areas of hardware 
development, and signaling scheme between the months of July and October 1995. 

Hardware 
- power supply redesign 
- 4 MHz oscillator PLL completion 
- PEA Transmitter section completion 
-PEA Receiver partial completion 
-Development of a receiver test board design 
- Simulatio~ and layout of a custom CMOS PEA controller chip 

Software 
- Purchase and setup of MicroChip development system 

Spread Spectrum Signaling 
- Modified encoding scheme to reduce error rate 
- Development of a new class of low interference codes 

1.5 Future. Milestones 

Since this is the last quarterly report in the original contract, the only 
milestone remaining is the final report. We have asked for a no-cost extension, 
so work can continue on remaining funds. Assuming an extension, milestones are as follows: 

- Test of the receiver 
- Hub/PEA link test 
- Digital!RF integration demonstration 
- final report 
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2.0 Hardware 

Work during this period focused on evaluation of the 3" x 4" test board 
fabricated during the previous reporting period and the development of 
the custom CMOS PEA controller chip. 

The evaluation board contains the power supplies, voltage controlled crystal 
oscillator, transmitter, receiver, duration controller, frequency measurement 
circuits, and control FPGA. Understanding the discrepancies between Spice 
simulations and the prototype was the primary goal. Of special interest was 
operation during the transition region between power-off and power-on. 

Significant simulation discrepancies were discovered in the evaluation board. 
These differ~nces were due in part to incorrect modeling of both board parasitic 
devices used and coupling between the digital and RF sections of the prototype. 

A simulated layout of the custom CMOS PEA controller chip has been completed. 
While much of the chip is a direct conversion of the FPGA developed for the PEA 
prototype, both the 4 MHz crystal interface, matched filter, and clock 
distribution schemes are new. New approaches were required because the 
discrete implementations used in the prototype have very large power 
consumptions not sufficiently reducible by a direct conversion to silicon. 

2.1 Voltage Controlled Oscillator 

The 4 MHz VCXO (shown in figure 2.1) has been fully characterized. With a 
control voltage variation from 0.5 to -6 volts, oscillation frequency changes 
by 154Hz (i.e.+/- 19 ppm). This is factor of two smaller tl)an expected and 
is caused by parasitic capacitance on the oscillator nodes. Extinction current 
of the oscillator was 1.35 uamps. At its nominal 2 uamp operating current, 
loaded output voltage was 260 millivolts peak-to-peak. Losses in the oscillator 
are an order of magnitude larger than expected. The tuned output amplifier, 
consisting of Q 1, L1, and C1 with a bias current of 15 uamps was able to drive 
the Actel A1240A FPGA with a 3500 millivolt peak-to-peak clock sine wave clock. 
Parasitic loading on the clock line was estimated at 26 pfd. 
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Figure 2.1 Voltage Controlled Crystal Oscillator. 
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Varactor control voltage V c had a measured leakage current of 9 namps. This 
leakage is the sum of the leakages of DO, D 1, C2 and the board. Solder flux on 
the initial assembly was shown to have a leakage of about 135 namps. With 
a control capacitance C2=20nf, over a four millisecond period, voltage drift 
is 2 millivolts. This corresponds to a typical frequency drift of 4 psec 
per millisecond. Oscillator stability at constant varactor control voltage 
was better than 0. 1 Hz over a 100 second measurement period. 

Varactor voltage control is affected by repetitively pulsing Xc 1 & XcO. When 
only a single pulse pair is issued, there 'is sufficient leakage in the diode 
chain to discharge intermediate nodes. This results in no charge being pumped 
to C2. Three Xc 1/XcO pulse sequences over 32 msec was found sufficient to 
drive the varactor control voltage to its most negative voltage of -6 volts. 

Many of the problems encountered in the protoype unit are expected to disappear 
in a chip implementation because of a reduction in parasitic capacitances and 
leakage capacitance. For example, extracted models of diodes used in a typical 
foundary worst case leakages of 0.5 namps. 
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2.2 Duration Comparison 

The Duration Comparison (DC) circuit is used to determine which of two pulses, 
Pon and Mon is of longer duration. These pulses vary in duration from 83 nsec 
to 250 nsec. Frequency lock is established when the two pulses are equal. The 
degree to which DC is able to determine equality determines the frequency 
accuracy. For example, if DC is sensitive to duration differences of 1% (i.e. 
2.5 nsec worst case), then the frequency can be established to one part in 
6400. This would result in a worst case frequency uncertainty of +/-25 KHz. 
DC is enabled twice per frame, once to measure the transmitter oscillation 
frequency and once to measure the receiver's local oscillator frequency. 

Numerous attmepts to make the prototype board circuit work were unsuccessful. 
Circuit failure was attributed to parasitic diodes in the quad FET pack used. 
A new DC Circuit was created (shown in figure 2.2). 

Figure 2.2 Duration Comparitor 
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When the frequency measurement cycle is not active, CLR is asserted with both 
Pon and Mon negated. Nodes Vm and Vp are thus shorted to ground. In a 
measurement cycle, two pulses are generated. One is created from an integer 
number of 4 MHz clock cycles while the second is created from an integer number 
of Rx or Tx oscillator cycles. The second pulse is delayed from the first by 
an interval which varies between 83 and 250 nsec. Pon is asserted while the 
first pulse is asserted and the second is not. Mon is asserted while the first 
pulse is negated and the second pulse is asserted. When the durations of Pan 
and Mon are equal, the two pulses are equal. This implies that the two 
frequecies are interrelated as the duration count ratio times 4 MHz. 
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DC uses a single current source inserting about 700 uamps into node Ns. This 
current is steared either into ground, into node Vm or into node Vp. If 
capacitors Cl & C2 are equal and Pon & Mon are of equal duration, voltages Vm 
and Vp will be equal. With Cl=C2, the MAX941's one millivolt offset voltage 
limits resolution to +1- 170 psec. Thus the main error contributer is the 
differences in between capacitors C 1 & C2. To offset any differences, we 
adjusted variable capacitro C2' until equal Pon & Mon pulses produced a 
metastable comparitor output. Sensitivity of the circuit after trim is 
estimated at better than 2 nsec. 

2.3 Transmitter 

The prototype transmitter section has been fully charactrized. The design 
integrates the funciton of oscillator, amplifier, tuning, and modulator as 
shown below. 

Figure 2.3 Transmitter Section 
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The new design reflects minor changes introduced during this reporting period. 
This includes a Tx Antenna tuning capacitor, charge pump referenced to Vdd 
instead of ground, a resistor inserted on the prescaler input, and change of 
the output transistor to a BFP405. 

To reduce second and third order transmitted harmonics caused by the varactor, 
the tuning range has been reduced to 5%. With the frequency locking circut 
inhibited, trimmer capacitor Cl is used to trim the oscillation frequency 
to 312 MHz. The frequency locking process will then pump charge from node 
Vc (making it more negative) to tune the oscillation frequency to 320 MHz 
+1- 100KHz. With this change, the transmitted second and third order 
harmonics ar~ down 38 dB and 26 dB respectively. 
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With a 900 uamp bias current, the measured antenna voltage is 5700 millivolts 
peak-to-peak. This generated a -27.5 dBm signal using a 9 inch antenna into 
the spectrum analyzer at one meter. This signal about 18 dB larger than expected. 
with perfect antenna matching. While we are not unhapply with such a large 
radiated signal , it suggests that components in addition to the Tx Antenna 
are radiating. We have not isolated the source of this excess radiation. 

Other shapes for antennas have been explored. Aside from adding a 
dipole to the loop, no shape changes of the loop at constant crossection 
appear to change coupled power by more than a few dB. Thus the 3 mm wide, 22 
mm diameter loop will continue to be our 'standard' antenna. Adding a 22 mm 
dipole appears to add a few dB to the coupled signal. 

Leakage at node Vc was measured at 8.5 namp. With a varactor control 
capacitoro C2=20 nf, V c decays at 1.25 Khz per msec. With an average interval 
between charge pumping of 4 msec, we would expect Vc decay to contribute no 
more than 5-7 KHz of frequency spread. 

With all digital circuity inhibited, the -28 dB bandwidth is 9KHz band. The 
-28 dB bandwidth increases to 220KHz when the digital circuts are enabled. 
Studies have shown that better supply decoupling reduce this digital/RF 
coupling. It is clearly caused by power supply modulation. We believe a 
balanced transmitter circuit will have less power supply sensitivity. 

The transmitter is modulated by switching in varactor diodes Dl and D2. To 
transmit a low tone, TxC[l..O]=OO. to transmit a high tone, TxC[l..O]=ll. 
Capacitors CdO and Cd l were selected to achieve a+/- 1.5 MHz modulation. 
Modulation causes less less than one dB change in radiated power. Modulation 
between tones is limited by the rise and fall times of the Actel 12040A 
controller chip to under 15 nsec. 

When frequency locking was enabled in a continuous mode of operation, the 
frequency is not stable. Rather, it drifts over a 350KHz band offset from 320 
MHz. Both the size of the drift and size of the spread are of unknown cause. 
The drift is about a factor of 3.5 larger than expected. While this spread 
is still small compared to the 3000Khz between tones, it was suprisingly 
large. We have plans to test out a balanced version of the transmitter to 
examine whether its reduced power supply sensitivity improves the frequency 
stability. 

Measured Transmitter turn on time was under 120 nsec. With the continuous mode 
frequency instability, we have not seen cause to explore stabity under burst 
conditions. · 

The prescaler used was a Motorola MC1 2052A. When first powered on, the chip's · 
output corresponded to a 1700 MHz input, reguardless of input, i.e. the chip 
was internally oscillating. After many blind alleys, the insertion of a 50-70 
ohm resistor in series with the prescaler input close to the chip provided 
sufficient dampening to prevent oscillation. 
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2.4 Receiver 

The balanced receiver local oscillator was partially characterized. Due to 
incorrect sizing of the transformer turn diameter, measured equivalent 
inductance of the four turn transformer was 120 nH. We shorted out two of 
turns to produce an equivalent 40 nH coil but with a much lower self resonant 
frequency. 

With a 500 uamp bias current, a 1.250 volt differential signal was produced. 
turn of time of the oscillator was under 160 nsec. With all digital chips 
inactive, the -20 dB bandwdith was 4Khz. Activating frequency locking and 
charge pumping increased the -20 dB bandwdith to 120KHz. While this is still 
about a factor of four improvement over the transmitter, it is still much 
larger than expected. 

A simple mechanism for testing the I & Q baseband circuits has been developed. 
It consists of injecting one tone into the I channel and another tone into the 
Q channel. Since the discriminator is insentive to amplitude errors, the 
output waveform should be a limited version of a sine wave whose frequency is 
the difference of the two tonse. Offset voltage sensitivity, frequency cutoff 
points, and saturation effects can easily be studies with two signal 
generators. 

2.5 PEA Controller Chip 

We have subcontracted the design of a custom CMOS chip to a master's student of 
Anantha Chandrakasan at MIT. This chip replaces the functionality of the VCXO, 
program SRAM, and FPGA PEA controller chip. We have named this design the 
PEA_C chip. While demonstrating microwatt power consumption of the RF sections 
using low duty cycle transmit and receive appears to be successful, the FPGA 
prototype sho.wed power consumptions in the 20-40 milliwatt range. 

The basic Body LAN concept traded off power consumption in the RF sections with 
increased complexity in the digital control sections. Since the digital section 
must be 'on' all the time, feasibility of a micropower system is crucially 
dependent on whether the power consumption of the digital section can reduced 
by more than three orders of magnitude. 

It is important to put the 20 microwatt target power consumption in perspective. 
With a 3 volt supply voltage and 4 MHz clock, charging and discharging a 0.55 
pF capacitor will discipate 20 microwatts. Since a typical one micron CMOS 
process FF has about 10-15 fF of gate capacitance, this limits one to about 
35-50 FFs toggling at 4 MHz. The question is, "is it possible to design aDate: 
chip to execute the desired functionality with this low a power consumption". 
Simulation results suggest that it is possible. 

Whle a full discussion of the techniques used to achieve low power consumption 
will be included in the final report, we can report on some of the more 
successful tricks. 
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2.5.1 PEA_ C Architecture 

Except for the power supply, all PEA modem sections are controlled by the 
microprocessor/PEA_C chip combination in two major modes of operation. In the 
presynchronized mode of operation, the PEA periodically searches the RF 
spectrum for a particular sequecne of FM modulated RF bursts called Beacons. 
Once found, the PEA frequency locks its VCXO to the Beacons and enters the 
synchronized mode of operation. When synchronized, all PEA activities are 
scheduled by instructuions contained in the internal SRAM. These instructuion 
indicate when frequency locking, synchronization, receiving and transmitting 
take place. They also make it possible to time share the microprocessor for 
control an external sensor/transducer. 

A block diagram of the PEA_C chip is shown in figure 2.5. Major sections 
include: 
* crystal interface 
* clock distribution 
*frame counter 
* microprocessor interface 
* matched filter 
*SRAM 
* RF interface 
* charge pump interface 
* microprocessor wake-up FSM 
* TDMA instruction exection FSM 

Figure 2.4 Block Diagram of PEA_ C Chip 
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2.5.2 Power Consumption Reduction Techniques 

There are four major components of power consumption in CMOS digital circuits 
switching, short-circuit, leakage, and static. Switching power is the energy used 
to charge and discharge the capacitances associated with FETs, during transistions. 
Short-circuit power is also dissipated during switching. During a transistion 
both the p-network and the n-network on for a short while. The energy lost due to 
current flowing directly between supply and ground during a transistion is the 
short circuit component of power consumption. Leakage power consumption arises from 
the fact that FETs are not ideal switches and therefore some current will flow even 
when the devices are off. Lastly, there is static power dissipation. Static 
power is lost due to current flow between supply and ground while a logic circuit 
is not switching. It is one of the dominant components in PEA_ C because of the need 
to sustain regulated voltages, and linear amplication. 

There are three major principles used in low-power design: voltage scaling, minimizing 
switched capacitance, and minimizing the effective clock frequency. Voltage scaling 
involves examining the delay in the critical path and lowering the supply voltage until 
the delay in that path matches the period of the clock. Minimizing switched capacitance 
involves lowering the amount of capacitance switched per cycle. Lowering the effective 
clock frequency is designing circuits so they can be clocked as slowly and as 
infrequently as possible and still maintain functionality. All three 
techniques have been applied in the PEA_ C design. 

Voltage scaling is the most effective method of power reduct"ion in CMOS digital 
circuits. Switching power, which is the major component of power dissipation in CMOS 
digital circuits, is proportional to the square of supply voltage·. Short circuit 
power consumption, which is the second largest component of power dissipation, is 
proportional to the cube of supply voltage, since Isc is proportional to the square 
of supply voltage. Effective switched capacitance and clock frequency are only 
linear functions of switching power consumption. Therefore, reducing the supply 
voltage as much as possible must be the primary goal in low-power digital design. 

Minimizing the delay in the critical path involves using the minimum number of 
logic levels necessary and possible pipelining. By using the minimum number of logic 
levels necessary, even at the expense of using more hardware, the number of gate 
delays between input and output is reduced leading to a faster critical path. 

Minimizing the average amount of capacitance that is switched each cycle, the 
effective switched capacitance, is the next method of reducing power comsumption in 
CMOS logic circuits. The switching power dissipated by a CMOS circuit depends linearly 
on the amount of effective capacitance switched per cycle. The effective switched 
capacitance can be reduced by the choice of algorithm and architecture, logic 
design style,' layout style, and duty ratio control. 

Proper choice of algorithm and architecture are essential in low-power design. 
Choosing a proper algorithm involves examining methods of computation and using the 
method that requires the least number of operations to complete the computation, since 
this will lead to a minimum amount of switching. While it is easy to say that the 
architecture in low-power digital systems must be designed to minimize the possibility 
of wasting power through unnecessary or glitching, transistions, the issue is 
"can an architecture be found"?. 
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The final approach to low-power digital design is to lower the clock frequency as 
much as possible. The switching and the short circuH components of power are both 
linearly related to the frequency of operation. The primary method of reducing 
the effective frequency at which a circuit is clocked is through increased parallelism. 

2.5.3 Low Power Finite State Machine Design 

Low-power finite state machine (FSM) design is important since the PEA_C is 
essentially a conglomeration of FSMs. In the PEA_C desing, approximately 25 
FSMs were employed. We have developed four design styles for subroutine based 
FSMs. A subroutine based FSM is defined as a finite state machine that only 
executes a single sequence based on parameters that are passed to the FSM. 
The four FSMs styles are delay-line, asynchronous, synchronous, and psuedo-grey. 

All the FSMs investigated here have the same basic architecture. There is an 
activation signal and a counter/decoder. The decoder produces the completion signal. 
The activation signal is produced by an outside source. Once the activation 
signal is given, the FSM will be active until it's self-generated completion 
signal. Each of the FSM styles uses a different type of counter. The decoding 
hardware is responsible for combining the counter output and the input parameters 
to produce the necessary outputs at the correct time. 

The primary goal of low-power FSM design is to reduce the effective switched 
capacitance (ESC) per cycle. In the PEA_C, with its very small duty cycles, 
the ESC can be dominated by the capacitance switched while the circuit is inactive. 
Therefore, the capacitance switched while inactive needs to be minimized. An 
architecture that has only two gates capacitances switching every cycle, the 
minimum using standard CMOS design, is thus used in these FSMs. 

The delay-line FSM is based on a using a tapped delay line to produce the correct 
output at the correct time. The advantages of using a tapped delay line are the 
easy of design, a simple shift register will suffice, and the ease of decoding, just 
connect the outputs that are needed. The disadvantage of using a tapped delay 
line is the amount of hardware that is necessary to impliment the counter, 2N 
register cells for an N-bit counter. 

The asynchronous FSM style is based on an asynchronous or "ripple" counter. 
Its advantage is the fact the counter uses a minimum amount of hardware to complete 
the task of counting. The delay in the switching times of the counter bits is the 
main disadvantage of using an asynchronous counter. These delays make designing a 
decoder without spurrious, glitching, transistions difficult. These glitching 
transistions can cause the circuit to malfunction and will increase the activity 
factor of the circuit. 

The synchrounous style uses the following counter cell to implement a synchronous 
counter. Since the counter is synchronous, designing a glitch free decoder is 
easier. However, the power consummed by the extra hardware necessary for the 
synchronous counter can be more costly than the glitching transistions. 

The pseudo-grey style FSM style is based on pairwise grey code counter. Pairwise 
grey code counts as follows. The advantage of using pseudo-grey code is the reduced 
activity factor of the counter, without increased counter cell complexity. The 
activity factor for a synchronous counter is 2. 
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If the power consumption were based strictly on the style of counter, The asynchronous 
design style would be prefered since the synchronous counter consummes the least 
amount of power, in most cases. However, in the low duty cycle situations 
encountered in the Body LAN application, the power comsummed by a FSM machine in 
these styles depends not only on the counter, but on the decoding of the signals. 

The method of decoding chosen will be a large factor in determining which finite-
state machine uses the least amount of power. Two styles of decoding the signals were 
investigated, one uses demultiplexers and the other uses an AND-gate configuration. 
The power consummed by these two decoding styles increases drastically as the number 
of bits is increased However, over this range of values, the demultiplexer style 
of decoding has the lowest power consumption. However, this data only represents 
the case where the FSM must produce a different output every cycle (ie each counter 
output must produce a different signal). In the Body LAN application, the FSM needs 
to produce a ·signal every two or more cycles. The power dissipated in the decoder 
decreases dependent on the number of signals necessary. 

2.5.4 Matched Filter 

The PEA has three major modes of operation: attachment, pre-synchronized, and 
synchronized. In the attachment mode, all parameters unique to a particular 
Body LAN are not present. Attachment is the process by which the HUB transmits 
these parameters to a PEA. After attachment, the parameters which allow a PEA 
to synchronize itself to the HUB and communicate over the Command and Control 
Channel have been loaded into the PEA_C SRAM. 

In both the attachment and pre-synchronized modes, the PEA searches the RF 
spectrum for Beacons. There are two flavors of Beacons which we call 
Attachment and Synchronization Beacons. When the PEA is in the attachement 
mode, it searches for Attachment Beacons while in the pre-synchronization mode 
it searches for Synchronization Beacons. Both Beacon flavors consist of 8 FM 
modulated RF bursts. These burst are separated by gaps which are fixed and 
built into the ·hardware. Each burst contains four bits. Bits of the 
Attachment Beacon are built into the hardware. Thus on power-up a PEA is able 
to search for Attachement Beacons because it 'knows' where the bursts are 
located relative to one another and the modulation bit sequence. 

Searching for Beacons involves turning on the receiver continuously 
(i.e. 4-6 milliwatts of power consumption). We have thus been motivated to 
include hardware to minimize the search time. Accordingly, we have incorporated 
a digital matched filter. This filter generates a match when the last 520 bits 
matches that of a template. To match a Beacon, 488 of the 520 bits are 'don't 
cares'. Of the remaining 32 bits, we say that a match has occurs if any 29 
out of the 32 bits matches that of an internally microprocessor register. 

Complicating the process is the need to oversample the receiver output stream 
because bit level synchronization has not been established. In the current 
plan, we oversample only by a factor of two to one rather than the normal three 
to one or even four to one. Since each oversample needs its own state, a two 
to one oversample then requires 1040 bits of state and a detector for each 
state. 
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The matched filter section consists of two full matched filters, working on opposite 
clock phases. Each matched filter consists of a tapped delay line, a comparison 
circuit, an adder and another pair of comparison circuits. The tapped delay line 
produces the necessary bits from an input string. The first comparison circuit takes 
the 32 bits from the delay line and bitwise compares them to the code. The 32 
bit output of the first comparison circuit is then summed to determine the total 
number of bits which matched. This 6 bit output of the adder is then compared 
against two thresholds using the second two comparison circuits to determine if 
the output is a hit. 

The tapped delay line will consume the maximum amount of power, since the 
tapped delay line has the most hardware, 520 register cells, switching at the 
highest frequency, the symbol rate. Therefore, minimizing the power comsumrned 
by the tapped delay line is a must. This power was reduced using two methods. 
The first method consisted of designing low-power register cells to use in the 
delay line and the second consisted of using parallelism to further reduce 
power consumption. 

Four low-power shift register cells were designed and analysed, a C2MOS register, 
a true single-phase clock register (TSPCR), a low-power frequency divider, and another 
register with low clock load. Each register was designed using minimum sized transistors 
whenever possible. Using minimum size transistors in almost all cases means that the 
n and p networks for most of the registers are not balanced. Therefore, the rise 
and fall times of the registers will not be equal. While this is not ideal, it 
poses no real problems aas long as both the rise time and fall time meet the 
delay constrait. 

The C2MOS register consists of two tri-state buffers connected in series and 
activited using clocks with appositive phase. The minimum number of transistors 
are used in this design, eight, which limits gate capacitance, there are only 
two paths between source and ground, where the current needs to flow through 
four transistors, which will limite short circuit current. Unfortunately, this 
register require both clock phases for each register cell. 

The true single-phase clock register is taken from the Berkeley Low-Power Cell 
Library. The advantage of using a TSPCR is the use of only one clock phase, 
which eliminates a large amount of routing capacitance. The disadvantages of 
using the TSPCR is the number of transistors, eleven, and the fact not all of the transistorscan 
be minimum sized, some must be larger to insure proper circuit operation. 

The low-power frequency divider, is basically a standard CMOS register with a number 
of redundant transistors removed. The register consists of two D-latches clocked on 
opposite phase. Each register has the following form: The problem with this register 
is the number of transistors that are needed, sixteen, and the fact that both input 
and it's complement are needed as well as both clock phases, which leads to a lot of 
excess routing capacitance. The one small advantage is the fact both Q and Q 
are produced. · 

The final register design was developed from aD-latch in (Weste). Only four 
transistors are connected to the clock in this design and all of the transistors 
in the design are minimum sized. Also, all the p networks consist of one transitor 
and all the n networks consist of two transistors in series, the rise and fall times 
should be about equal. Unfortunately, this design uses twelve transistors and 
both clock phases. 
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Each of the registers was 1ayed out in Magic and extracted to Hspice for simula-
tion. The average switched capacitances for a rising (Data =1 ) and falling (Data= 0) 
transitions, driving another register of the same type, were then measured for a range of 
supply voltages. The results show the C2MOS register comsumes the least power. 

The outputs of the delay-line are then compared to the code and summed. The 
code comparison is done using simple xor gates, which will give a one if the bits 
match and a zero if they do not match. The 32-bit comparitor outputs are then summed, 
first by compressing the 32 bits into eight 3-bit sums, then using a three structure 
to add the bits as shown This addition compris_es the single largest path in the 
entire circuit. 

2.5.5 Charge Pump 

The microprocessor and a series of charge pumps act as the digital filter. The 
purpose of the digital filter is to change the frequency of the local oscillator 
by increasing the voltage across a varactor. This voltage is increased by adding 
charge to a capacitor connected to the varactor. The microprocessor processes the 
information provided by PEA_ C and computes the degree of correction necessary. The 
degree of correction is translated to the number of times a charge pump needs to 
be triggered to make that correction. The number of times the charge pump needs to 
be triggered is transmitted to PEA_C, which gates a clock to· the charge pump. 
The charge pump the adds the necessary charge to the capacitor to make the correction. 

2.5.6 Duration Controller 

The duration controller's primary function is to control the analog Duration 
Comparitor circuit. It secondary function is to provide the interface between the 
oscillator, receiving and transmitting, hardware. The duration controller has been 
broken down into four simpler components: digital counters, control output decoding, 
output decoding, and the central controller. The digital counters are used to 
produce time intervals that are oscillator dependant. The control signal decoder 
produces the control signals for the analog phase detector, the receiver oscillator 
hardware and the transmitter oscillator hardware. The output decoder pre-processes 
the information from the analog phase detector for the microprocessor. The controller 
provides timing information for the other components. 

The charge pump control circuit takes a five-bit input from t~e microprocessor and 
produces a series of pulses for a specificed charge pump. The two most significant bits of the 
input determine which charge pump .the pulses are directed to the 
VCXO, the receiver's LO, or the transmitter oscillator. 

2.5.7 Power. Consumption Results 

Since the PEA_C has not been fabricated, physical measurement of the power dissipation 
is not possible. Therefore, extensive simulation was used to approximate the average 
capacitance switched per cycle. Switched capacitance is a good metric for computing 
power consumption since it is easily combined with the frequency and the supply 
voltage, both of which are known, to give an estimate of average power 
consumed. 

Three different methods of determining the average switched capacitance of a circuit 
were employed. The first method uses irsim-cap, which is a switch level simulator 
that has extensions for computing switched capacitance. The second method uses 
hspice to measure the amount of current drawn from the supply. The final method 
is estimating the switched capacitance by hand calculation. 
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Irsim-cap is a modified version of the irsim-9.0 program developed by Stanford 
University. The modifications, performed by Paul Landman at UC Berkeley, include com
mands to measure only the capacitance switched vs. irsim-9.0 measurement of the total 
capacitance in the circuit. To measure the switched capacitance for a given simulation, 
irsim-cap records the number of times each node transistions and the capacitance of 
each node. 

Estimating the switched capacitance using Hspice involves measuring the total 
power dissipated during a simulation and comparing that with the energy need to 
charge a capacitor. Since the supply voltage is constant, the effective switched 
capacitance is equal the to integral of the supply current divided by the supply 
voltage. 

The final method of power estimation used was hand calculations. To estimate 
the power consumed using hand-calculations the capacitance of the cells must 
first be determined. Since the purpose of the hand-calculation method is to 
provide a quick estimate of the power consummed all cells were characterized by 
only the input and output capacitances ignoring any internal capacitances. The 
reasons for this is simple, first of all the activity factors for the inputs and 
outputs are generally easily derived, however, the activity factors for internal 
nodes are generally much more complex. Secondly, the number of input and output 
nodes for a cell is generally small, while the number of internal nodes can be 
very high. 

To determine the input and output capacitances the capacitance per unit area for 
gate, p-diffusion, and n-diffusion were calculated from Spice parameters provided by 
Mosis. The total gate, p-diffusion, and n-diffusion area were determined by examining 
each cell. The capacitances per unit area and area measurements were then combined 
to produce an equivalent capacitance at each input and output nodes . The activity fac
tors (a) for each input and output node were then determined. These activity factors 
multiplied by the capacitances produced an estimate of switched capacitance. 

Each method of power estimation has it's advantages and disadvantages. Hspice 
is the most accurate of the power estimation techniques since it accounts for 
all the current drawn from all the sources, including short circuit, subthreshold, 
and leakage currents. However, simulating large designs in hspice is not feasable 
because the run time of an hspice simulation is so long. Therefore, hspice simulation 
should be restricted to those sections that require precision power estimation. 

Irsim-cap is the second most accurate power estimation technique since it takes 
into account the internal capacitances as well as the external (input/output) 
capacitances. The main advantage to irsim-cap is the simulation speed. Since 
irsim-cap is a switch level simulator on average, it will run much faster than 
hspice, with results that are relatively accurate. The major disadvantage in using 
irsim-cap is the fact a circuit layout must be produced before the simulator can 
be used. Therefore, irsim-cap is ideal for power consumption estimation of large 
systems from layout. 

Hand-calculations tend to be the least accurate of the power estimation tech-
niques, since it does not account for any internal capacitance switching. Since not 
of the internal nodes are accounted for hand-calculated power estimates are 
increasingly low as circuit complexity increases. The advantage of hand-calculations 
is that sections do not need to be layed out. A power estimate, within an order 
of magnitude, can be achieved with only a paper design and logic cell characterizations. 
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All three power estimation methods were used on a set of circuits which exhibited 
increasing complexity. The circuit set included, in order of increasing complexity: a 
single inverter, a chain of five inverters, a four bit AND-AND array, a five-bit 
shift register, and a five bit full adder. For circuits with low complexity, all 
three of the power estimation techniques give values that are similar. As the systems 
become increasingly complex, the power estimate using hand analysis is increasingly 
low, which the analysis using irsim-cap is still approximately equal to the Hspice 
analysis. While hand analysis can be used to give a rough estimate of power 
consumption, within an order of magnitude, it is not reliable for complex circuits. 
However, irsim-cap power estimations are valid at high levels of complexity. 

While the current talley has not been completed, the current estimate of PEA_ C 
power consumption in the synchronized mode of operation supporting a 2K b/s 
channel is around 20 microwatts. An extensive description of PEA_C and its power 
consumption estimates on a section by section basis will be included in the final report. 

3.0 Software 

A protocol functional specification of the PC residing software was completed in the 
last reporting period. Due to funding exhaustion, no software implementation work 
was done in this reporting period. 

An abbreviated firmware functional specification for the HUB and PEA microprocessors 
has been completed. Firmware for the MC68356 HUB microprocessor, because it is 
based on a Motorola 68000 compatible code, can be developed on BBN's ubiquitous SUN 
workstation platforms. Since there are no SUN platform environments for firmware 
development of the Microchip PIC16C64 PEA microprocessor, BBN has internally 
purchased the appropriate PC based development system. We now have development 
environments for both Body LAN microprocessors. 

4.0 Spread Spectrum Signals 

We have described in previous technical reports, the design and performance of 
a TDMA signaling scheme based on Optical Orthogonal Codes (OOC). These codes 
are optimal for certain coditions. However, prior to this reporting period, 
our use of these codes in the Body LAN application to avoid interference 
between multiple interacting BodyLANs did not conform to the optimum conditions. 
This has been an ongoing problem for several years. Recently, we have 
discovered a means for using OOCs and other similiar codes which results 
in optimum performance in the BodyLAN application domain. We have called 
this scheme Ordered Optically Orthogonal Coding (OOOC). 

A new class of codes has been discovered which gives optimum performance in 
the Body LAN application. Preliminary analysis suggest these codes to perform 
about as well as OOOC. 

Funding exhaustion has caused all project work to be concentrated on the 
prototype hardware evaluation. BBN has accordingly sponsored all signal 
spectrum work off project. 
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4.1 Ordered Optically Orthogonal Coding 

The signaling scheme previously proposed partitioned a 32.768 millisecond 
frame into 256 slots. One of the ten OOCs was selected, rotated by 
0<=N<64 shift positions. During each of the three 'one' bit instances 
of the rotated codeword, a burst of four user data bits were transmitted 
or received. Thus during each slot, 12 data bits are transmitted. The 
current hardware supports both majority encoding, netting three error 
corrected bits per slot, or single bit error correction, netting eight 
corrected bits per slot. Error correction can be selected on a slot by slot basis. 

Our previous plan was to setup a TDMA plan by choosing an OOC and a 
rotation value for each slot in which data by random selection. When 
two BodyLANs are precisely synchronized so that their slots coincide · 
with one another, errors are possible because the two BodyLAN use 
exactly the same codeword and rotation values. Because the code 
diversity (Diversity= number of codewords times the number of 
rotations) is small, the error rate under under this idea situation 
is 0.78e-3. 

When the slots of two BodyLANs are not synchronized, the error rate 
caused by burst collisions, increases because OOCs are not orthogonal 
crossing slots. This is easily visualized by examining the simplified 
burst sequence of two interfering BodyLANs shown below. 

aO al a2 
bO bl I b2 b3 

a3 a4 
b4 I 

a5 
b5 

Here a[0:3], a[3:5] and b[2:4] are each rotated codewords. If the slots of the 
two BodyLANs were precisely aligned with one another, we would be guaranteed 
that at only one of the bursts in each BodyLAN's codewords would collide. 
In the normal case, the slots are not aligned. this leads to the situation 
where the first and last burst of a codeword in one Body LAN (e.g. b2 & b4) 
collide with the last and first burst of successive slots of the other 
BodyLAN (e.g. bursts a2 & b2 collide and burst a3 & b4 collide). This 
situation creates errors even when majority error correction is employed. 
In the example, b2 and b4 can both be simultaneously corrupted by collisions 
with a2 and a3. 

In the new scheme, which we call Ordered Optically Orthogonal Coding 
(OOOC), the HUB software simply disallows selection of a shifted codeword 
which results in this type of collision. In the example above, the a[3:5] 
shifted codeword could not be selected because there exists a code word 
having the the same span as a2 to a3. Thus for the expected two BodyLAN 
case, the use of OOOC implies that a codeword can have at most zero or 
three collisions with the other BodyLAN. 

With majority error coding, all single collision cases are corrected 100%. 
Only triple collisions can result in errors and then only when the received 
power level of the interfering Body LAN is greater. The problem is that 
while the diversity of the (64,3,1) OOCs is relatively large (i.e. 640), the 
number of codewords is small. For the selected (64,3,1) OOC, there are only 
ten codewords. Thus as two non-synchronized BodyLANs frame systems slowly 
slide by one another, the probability that any given slot has a triple 
collision case is about 0.05. 
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We can reduce this problem by judiciously selecting a shift/codeword sequence 
for a given Body LAN. Let us assume that the OOOC code diversity is larger 
than the number of codewords. We name the shift/codeword combinations 
a, b, c ... y, z, a' ... z', a" ... Let us further assume that the shift/codeword 
sequence is generated with the rule that no shift/codeword is ever selected twice. 

When two Body LAN frames slowly side by one another, the probability of two 
code words suffering triple collisions is essentially unity. The probability 
of two and three codewords suffer triple collisions drops rapidly to 
1/(D-1) and 1/[(D-1)(D-2)] respectively. If we were to incorporate one or two 
flo~ting slots in each BodyLAN frame which could temporarily replace the one or 
two slots suffering triple collisions, the error rate could again be reduced 
to zero with majority encoding. We will be examining this mechanism of 
collision avoidance during the next reporting period. 

4.2 Linear Orthogonal Codes 

A problem in using OOCs in the Body LAN application is that they were designed 
assuming the transmitting agent would send either a codeword or nothing at 
all and all users were slot aligned. In the original application, a zero could . 
go to a one, but a one could never go to a zero. This provides several advantages 
over the scheme employed in BodyLAN. Nevertheless, OOCs have been employed to 
achieve acceptible results. We have recently created new codes specifically 
taylored for the Body LAN application. A preliminary analysis suggests results 
comperable to OOOCs. We call these codes Linear Orthogonal Codes (LOC). 

Each codeword of an LOC is composed of three bursts separated by intervals La & 
Lb. Each codeword is generated by constructing a table of unallowed intervals. 
La[i] of each codeword equals its index i. Thus intervals 1, 2, 3, ... N are 
unallowed. Lb[i] is determined by finding the smallest unused interval and 
then unallowing Lb[i] and La[i]+Lb[i] . Codesets having 6, 7, 8, 9, and 10 
codewords are shown below: 
Number Average Maximum 
Code words. Length Span Nu 

6 {0,1,8}, {0,2,11}, {0,3, 13}, {0,4,16}, {0,5,19}, 15.7 22 3 
{0,6,21} 

7 {0,1,9}, {0,2,12}, {0,3,14}, {0,4,17}, {0,5,20}, 18.1 26 4 
{0,6,22}, {0,7,25} 

8 {0,1,10}, {0,2,13}, {0,3,15}, {0,4,18}, {0,5,21}, 20.3 29 4 
{0,6,23}, {0,7,26}, {0,8,28}, 

9 {0,1,q}, {0,2,14}, {0,3,16}, {0,4,19}, {0,5,22}, 22.6 33 5 
{0,6,24}, {0,7,27}, {0,8,29}, {0,9,32}, 

10 {0,1,12}, {0,2,15}, {0,3,17}, {0,4,20}, {0,5,23}, 24.9 37 6 
{0,6,25}, {0,7,28}, {0,8,30}, {0,9,33}, {0,10,36}, 

The first N-1 of each LOC[N] are one unit longer than the. first N-1 codewords 
of LOC[N-1] . Thus the average length of LOC[N] is about 2.3 units longer than 
the average length of LOC[N-1]. Each LOC[N] also has a number of intervals 
smaller than the maximum span which are allowed spaces between subsequent 
code words. 
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Each codeword of a set has the orthogonal property that C[i] intersects CUJ in 
at most one position when shifted left or right an arbitrary number of 
positions. If we choose the space between codewords to be greater than the 
maximum span or equal to one of the Nu unused intervals less than the maximum 
span, then two code sequences formed from LOC[N] are orthogonal to one another; 
By this is meant that two codewords in one sequence can have either one or 
three burst collisions when one sequence is shifted left or right relative to 
the other sequence an arbitrary interval. 

With majority coding, we can correct all one burst collisions. Thus a metric 
of a code's 'goodness', is the probability of triple burst collisions, i.e. 
where the same codeword in each sequence is aligned. If each of the two 
sequences used different codewords, then the probability of triple collisions 
would be zero. When only two BodyLANs are interfering with one another, .. _ 
selecting different codewords would result in zero uncorrectible errors. 
Unfortunately, if we were to assign each Body LAN a random codeword, the 
probability of two BodyLANs meeting using the same code is 1/N. Since there 
are only a small number of codewords in LOC[N], 1/N is prohibitively large. 
Schemes to dynamically change codeword when interference is detected have 
been explored, but all involve complex protocols and substantial error 
degradation during the transition between one codeword and another. 

As was done with OOOCs, we can partially solve this problem by constructing 
codeword/space symbols and using the symbols only once during each frame. 
Because two BodyLANs clocks are never frequency locked. there will always 
be a time when codewords in each BodyLAN exactly overlap. This will create a 
triple burst collision and probably cause an error even with majority · 
encoding. The probability that two successive codewords exactly overlap 
is proportional to 1/(D-1), where D=number of symbols. A 'good' code is 
then one which has a large value of D. 

For an LOC, the number of symbols equals the number of code words (Nc) times the 
number of interval alternatives (Ns) between codwords. By increasing Ns, the 
number of symbols (Nsym=Nc*Ns) can be increased indefinitely. Increasing Ns, 
however, causes the average symbol length to increase. Thus a better measure 
of a code's 'goodness' is which code yields the largest number of symbols for a 
specified average symbol length. For example, for an average symbol length of 
64 units, LOC[6] is the optimum, yielding a total of 348 symbols. Doubling 
the average length typically quadruples the number of symbols because both Nc 
and Ns both double. For an average length of 128 units, LOC[12] is the optimum, 
yielding a 1536 symbols, a 4X improvement. 

For LOC[12], a typical code sequence will have a codeword whose average length 

• 

is 29.5 units followed by an interval with no bursts. This interval will average 98.5 units and 
range from as little as 36 to a maximum of 164. For the 92 symbols having spaces greater 
than 72, we can insert another codeword into the space interval. Thus the symbol set consists 
of a few symbols having a single codeword and a far larger number containing two symbols. 
The average length of the symbol set has decreased because most symbols have two 
codewords but the number of symbols has dramatically increased. This same concept can be 
applied over longer intervals. It thus appears possible to create a symbol set having an 
arbitrarily large number of symbols. 

Note that the BodyLAN hardware allows arbitrary positioning of a codeword's 
first burst within a frame and specification of interburst gaps up to 64 units. 
This will allow use of all LOC codes for N<32 if we should so choose. 
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Attention: FMD Fax No. (703) 696-2200 
37.01 North Fairfax Drive 
Arlington, VA 22203-1714 

(Page 3) 
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This Order provides FY _1.!._ funding for 12 months of a total 18 month effort. If outyear funding is provided, 
it is subject to thy availability of funds; therefore, a "Limitation of Funds" clause should be included in the contract. 
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5. ARPA lnstruclion No. 21 entiLied "ARPNAgent General RequiremenLS" is incorporaled herein by reference. 

6. PoinLS of Contact N ame/Office(T elephone/Fax/E-Mail 

Agent Technical: Robert D. Bolling ; ATZS-CDA AIC 602- 538- 2319 

Fax: 602-538-7692 

ARPA Technical: Ken Gabriel ESTO (703) 696-2252 

Fax: (703) 696-2203 kgabriel@area.mil 

ARPA Business: Robert Glaze ESTO (70 3) 696-2212 

Fax: (703) 696-2203 rglaze@darea.mil 

7. A. Purpose Of Aclion: New Contract 

B. Source Of Selection: BAA Number:93-27 

c. FFRDC Ceiling: N I A 

D. Tech Reporl Requirements: Quarterly , Final 

E. SIRMR Approval: N I A 

F. Securily Classificalion: Unclassified 

G. CAAS CaLegory: NI A Objecl Class: N I A 

H. Pre-cont.racl CosLS: NI A 

8. Remarks: 
Non-CAAS -- ARPA has revie wed the work t o be performed under this ARPA Orde r Amendme nt 
a nd determined that it d oes NOT fall under the definition of "Contracted Advisory and 
Ass i s tance Services " a s identified under DoD Directive 4205 . 2 . 

ARPA26A (Page 2) 
Revis ion 1.2 
10 September 1993 



.-.RPA Order/Amendment: A841 I 4 
, 

Distribution fQr Financial Reporting and Billing Instructions 

In accordance with DoD Directive 7200.1, the Status of Allotments (Financial Report) 
and budget execution reports ID..Y..S..t be forwarded to: 

DFAS DAO-DE AFDW/FW 
Room 3B287, The Pentagon 
Washington, D.C. 20301-1155 

Copies of all obligation documents and modifications~ be sent to: 

Advanced Research Projects Agency 
Comptroller 
Attention: FMD Fax No. (703) 696-2200 
3701 North Fairfax Drive 
Arlington, VA 22203-1714 

(Page 3) 



Ufi~JIUU ££•~f ''~ 

DEFENSE ADVANCED RESEARCH PROJECTs AGENCY 
3701 NORTH FAIRFAX DRIVE 
ARLINGTON, VA ZZ203-1714 

PROCUREMENT GUIDANCE 
Pl>ndlna provided via PBAS Trama:rloo Nwnber __ -'NO:DL~PBiiljASIW.... _______ _ 

l'llis dacur~~Cnt prowtdea oft'lclal pd~ penatntns to AlU'A Or4er~_..cl\.2:81J.Jlu./_..3..,_2 ___ . 
Petfbtftler: Bolt. !It n nsl! ' JltWI! an. Inc, Concr.ct No.: __ ...IPu.l\~:I!""T.£63L:-:..;9u4~-.\oC;:.- lUR Q'-"1'"'7 ___ _ 

AGENI' \.o( Aa.IIo.loC..__ __ ...J 

N&lllei"'tti~; MI . Clan !1 .Bi lloc:Js 
PhoJK: !520 I 533 - UOJ 
Pu: !S2Pl 533-1195 
em1it: 

'I'F.CffliiCAL POINTS QE CONTACT 
DARPA 

N~~t~e.t'Oft'lcx: JSelly Arc hu/COMf 

Phont: !7031 6!!6- 0242 
Fu: !7031 06- 2200 
Eroa.il: ltarchtr!du:pa .mil 

SPECIAL INSTRUCTIONS 

D~A Comptroller Office : Eeth Carrn~n (703) 696-2416 

Page B8Z 

This document provides guidance for FY 1995 for 1 month(s) of ~ total 1 month effort. 

DARPA has determined that work being funded by ~his documen~ is not classified as 
Advisory 'Assistance Services as defined in DoD Directive 4205.2. 

FFRDC : N/ A 
Security! Unclassified 
This amendment withdra~s $9,889 . 28 of unobligated FY9S funda or~ginally provided under ARPA Order 
AS~ l-H , Line 1. 

I certify that these fund~ are availa~le !or withdrawal and will n ot cau~e an overobligation . 

Provided 
py~ 

Signature 

Amount: S·9 SS9.21 

-~-=~~---. 
Por Ctrol I . K.I'IJUar (DARPA Busi ness POC} 

( otfi"' D trecror) 

COtupcrollu 

DAIU' A hnoo 49, J- t'7 

FIJNDrNG J!iOFU.E 
Planfl(d/ 
R.e\'i, cd 
PY __ 

0111212 em 
(D&It) 

(Dt.ll:) 

07f lln000 

(Dill:) 

QOJ) ~-2274 

(Phone) 

(Phone! 

Planfl(d/ 
R.evbcd 
PY __ 

ck:nmetOd!rpa.raiJ 

(Brllai\) 

(am./ I) 

Plan~dl 
Revbed 
f"( __ 
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PUBLIC VOUCHER FOR PURCHASES AND SERVICES OTHER THAN PERSONAL 

US DEPARTMENT, BUREAU~ OR 
ESTABLI SHMENT AND LOCATI ON 
DEFENSE ACCOUNT ING OFFI CE 
BLDG 41 408 BOYD STREET 
ATTN: DFAS - I N/EM- TPD 

DTE VOU PREP SCHEDULE NUM VOUCHER NUM 
96/05 / 2 9 

CONTRACT NO AND DATE 
DABT68-94 C00 17 

219022 
P~ I D BY 
DAN BL 1ZNI K 
FORT HUACHUCA,AZ 

FT HUACHUCA, AZ 8 5 635-6 0 00 REQUISI TION NO & DATE 96/05/29 

PAYEE ' S 
NAME 
AND 

ADDRESS 

BBN SYSTEMS & TECHNOLOG I ES 
DI V BOLT BERANEK & NEWMAN I 
P. O. BOX 4340 
BOSTON MA 02 211 

I NVO I CE NO INTI<DI S C> AMT 

20C 

NUM & 
DT ORO 

0 0000 1 

o. oo 

ART I CLES OR SERVICES 

961500S2 614CAPS 

6 4 2 4 

DI SCOUNT TERMS 

LATE / TERMS RATE 

0 0 . 0000% 

QTY UNIT 
I SS PR1 CE 

1 .00 LO 1084 . 0500 

TOTAL 

PAYMEN~ APPROVED BY 
PROVI SI ONAL 

EXCHANGE RATE DI FF 
=$1 . 0 0 

_ COMPLETE 
X PARTIAL BY 

F INAL 
PROGRESS TITLE 
ADVANCE AMT VER 

AMOUNT 

1084. 05 

1084 . 05 

S IGNATURE OR I NI TI ALS c VE: 76 PMT NO: 025 CORRECT 108 4.05 

AUT- CER : TACKETT PPA : 76 

I CERTI FY TH I S VOUCHER CORRECT AND PROPER FOR CHECK PAYMENT 
96/05/29 DAN B~I ZN IK FORT HUACHUCA Di FENSE ACCOUNT! 

NG OFFI CER 
DATE AUTHORIZED CERT I FYING OFFI CER T I TLE 

CHECK NUMBER 0 2597 358 

SF 1034 



SF 1034 <CONT INUED > VOUCHER NUMBER= 219022 PAGE: 

ACCOUNTING CLASSIFICATION 

9750400 .1301 00-6005 P5T10A8 2581 002086 US JWBLOO OOJ W8L HJ 150043480535 
ACCOUNTING AMOUNT: 1084.05 

c 
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. , 

OTE \tOt.J F'HEF' :;CHEDUI...E 

CONTRACT NO AND DATE t·~ .. l D 13 r 
·: f. I\! I:.: 1... r l.t\i t }.~ 

US DEPARTMENT, pUREAU , OR 
ESTABLISHMENT A~D LOCATION 
DEFENSE ACCOUNTING OFFICE 
BLDG 41408 BOYD STREET 
ATTN: DFAS-tN/EM-TPD -~ uF: r HUACHUCA~ .~z 

FT HUACHUCA, AZ 8 5635 -6000 REQUISITIO~ NO ~ DATE 

F'AYEt'S 
NAr1C 
AND 

~\DDF'..;ESS 

BB~ SYSTEMS ~ TECHNOLOGIES 
DIV BOLT BERANEK 8 NEWMAN l 
P.O . BOX 4:::::40 
BOSTON MA 02:,-:;. i i 

INVO ICE NO INT /tD ISU AI"'T 

20C 

NUM g, 
Dr OF\D 

OOOCH) 1 

(l • (l(l 

ARTICLES OR SERVICES 

LATE 1 TERf'IS 

(t 

UNIT 
I S:3 

l • O(l l.. .. Ct 

RATE 

TO'iAL 

PAYMENT ~PPROVED BY 
PROVISIONAL 

·- COMPLETE 
X PARTI AL BY 

FINAL 
PROGRESS TI TLE 
ADVANCE 

EXCHANGE RATE DI FF 
:::::$ 1..00 

AMT \.·ER 

... 

1084 '(l!;;:: 

SI GNATURE OR INITIALS: VE : 76 PMT NO: 025 CORHf:C.'f 1 (l;:;:.t. OF.i 

AUT-CER: TACKETJ 

I CERTIFY THIS VOUCHER CORRECT AND PROPER FOR CHECK PAY!~fNT 

''''~·/ 05/29 DAN BLI ZNH( FORT HUACHt.LA DE:t"EI\1::-".:E' ~~CC:OUNT E 
NG I)FFI CER 

DATE AUTHORIZED CERTIFYiNG OFFICER T£TL[ 

CHECK NUMBER 02597358 



SF 1034 !CONT INUED) VOUCHER NUMBE~: 2190:l 

t:..CCOUNT I N6 C.Lt'\~;:; IF I CAT I CrN 

·;.) 750400, l :.::0 l 00-5(10!5 P5T 1 Of,,:; 25:3 j, <)~X~0:3r.::. US J t-JBLOO O(l.J \1L 1. H.J t ~)00434::.:0~-:iY:S 

ACCOUNT I NG AMOUNT: 1084.00 

• 

• ...... . .. t.l· .. 

0 
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' -
PUBLIC VOUCHER FOR PURCHASES AND SERVICES OTHER THAN PERSONAL 

US DEPARTMENT, BUREAU , OR 
ESTABLISHMENT AND LOCATION 
DEFENSE ACCOUNTING OFFICE 
DFAS-I N/EM-TP 

DTE VOU PREP SCHEDULE NUM VOUCHER NUM 
22192:0 

CONTRACT NO AND DATE PAID BY 
DABT6~:-94C001 7 

FORT HUACHUCA, AZ 
M.E . BELZA, MAJ,FC 
FORT HUACHUCA 

PAYEE'S 
NAME 
AND 

ADDRESS 

INVOICE NO 

REQUISITION NO & DATE 

BBN SYSTEMS & TECHNOLOGIES 
DIV BOLT BERANEK & NEWMAN I 
P . Cl . E:OX 4:340 
BOSTON MA 022 11 

INTI <DISC> AMT 

DISCOUNT TERMS 

LATE/TERMS RATE 

12:C (l. (H) 0 0.0000/. 

NUM f.<: ARTICLES OR SERVICES 
IH. ORD 

(H)(H)(l1 

'?5160082410CAPS 

PAYMENT APPROVED BY 
PROVISIONAL 
COMPLETE -

X PARTIAL BY 
FINAL 
PROGRESS 
ADVANCE 

TITLE 

GITY UNIT 
ISS PF\:ICE 

1 . (l(l :3:32::3:~: . 5:~:c)(J 

TOTAL 

EXCHANGE RATE DIFF 
=$1.00 

SIGNATURE OR INITIALS: VE : 73 PMT NO : 016 
AMT VER 

CORRECT 

AUT-CER : PALMER 

I CERTIFY THIS VOUCHER CORRECT AND PROPER FOR CHECK PAYMENT 

PPA : 

AMOUNT 

38283 

7 ·-:· 
~~ 

95/06/09 M. E. BELZA DEFENSE ACCOUNTING OFFICER 

DATE AUTHORIZED CERTIFYING OFFICER TIT,LE 
.. 

CHECK NUMBER 02521758 

SF 10:~:4 



SF 1034 <CONTINUED) VOUCHER NUMBER : 221920 PAGE : 

ACCOUNTING CLASSIFICATION 

9740400 . 1301 00-5005 P4T10A8 2594 002086 US JWC900 OOJWC9 HJ150040060552 
ACCOUNTING AMOUNT : 38283 . 53 

' 
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SF 1034-EDP PUBLIC VOU R FOR ?URCHAS~S AND SERV I - S OTHER THAN PERSONAL 
~----------------------
DEPARTMENT OF THE ARMY 
DRAWER P 
FT HUACHUCA~ AZ 85613-6000 

CONTRACT NO./DATE DABT63-94-C-0017 

TAX ID 
PAYEE'S BBN SYSTEMS & TECHNOLOGIES 
NAME DIV OF BOLT BERANEK & NEWMAN 
ADORES~ P.O BX 4340 

BOSTON MA 02211 

DATE INVOICE RECV'D 05/15/95 

04/05/94 

FOB: 

VOUCHER NO. 

DATE PREPARED 06/08 /95 

P A I D B Y 
Account of: 

DSSN 6424 

FT HUACHUCA, AZ 85613-6000 

DISCOUNT TERMS NET 25 DAYS DEST 

NO./DATE 
OF ORDER 

12C 

DATE OF PERFORMANCE 
INV DATE INVRCV 'D MDSE DEL MDSE ACPT 

04/10/95 05/15/95 05/01/95 05/01/95 

FREIGHT MERCHANDISE 

0.00 38283. 

TOTAL: MDSE+ 38283. 

AMOUNT VERIFIED CORRECT FOR $$ 38283. 
SIGNATURE OR INITIALS: 73/ 

PAYMENT: 16PARTIAL 06/09/95 

PURSUANT TO THE AUTHORITY VESTED IN ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
AND PROPER FOR PAYMENT. 

AUTHORIZED CERTIFY I NG OFFICER DATE: 06/08/9 5 
FOR: Fo r M.E.BELZA~ MAJOR 

DEFENSE ACCOUNTING OFFICER 
Finance and Accounting Officer 

-------------------------------------------------------------------------------
ACCOUNTING CLASSIFICATIONS 
974040013010005005F'4T10A64104 2594 . 502086 US JWC900 OOJWC9 HJ150040060552 38283. 

------------------------------------------------------------------------------
PAYEE: BBN SYSTEMS & TECHNOLOG IES 

DIV BOLT BERANEK & NEWMAN I NC 
P.O. BOX 4340 
BOSTON MA 0221 1 

CHECK NO.: ON US TREASURY 

CHECK AMT $$ 

DATE: 

38283. 

r 
\ 



"' s-..l ..... ?.l:l• ,.., 
VOUCHER NO. a, .... ...d J~ 19'80 

' ,LIC VOUCHER FOR PURCHASES ~ 
~olrfwf,lt'Owry 

I TFIM 4-2000 SERVICES OTHER THAN 'PERSONAL 12C 10J .... 110 

U.S. DEPARTMENT, SUaEAU. OR ESTABUSHMENT AND LOCATION DATE VOUCHEl PREPARED SCHEDULE NO. 

D.C.A.A. 1 o April 1995 951529 
WALTHAM BRANCH CONTRACT NUMBER AND DATE PAID BY 
424 TRAPELLO AD DABT63·94·C-0017 
WALTHAM, MA 02154-6397 aEOUISITION NUMBER AND DATE 

r BBN SYSTEMS ANO TECHNOLOGIES ..., 

I'AYEFS 
A Division of Bolt Beranek & Newman, Inc. 

NAME P.O. BOX 4340 DATE INVOICE RECEIVED 
AND 

BOSTON, MA 02211 ADD lESS 
DISCOUNT TERMS 

L Point of contact : John Freyermuth @ (61 7) 8(~3716 
PAYEE'S ACCOUNT NUMBER 

. . 11592 1.1/10186 . . . 
SHIPPED fROM TO WEIGHT GOVERNMENT 8/l NUMBER 

NUMBER DATE OF ARTICLES OR SERVICES 
OUAN- UNIT PRICE . AMOUNT 

DELIVERY (£nttr dtscriptioll. ittm numbtr of (Ontra(t or Ftdtral supply .. 
AND DATE 

TITY OF O RDER OR SERVICE sclttdult . and otlrtr information dttm~ nt(tS$01')1) COST PER 11) 

··. . .. 
01 Apr For detail , see SF 1035 ' " 

.. , 
thru continuation sheet. Total amount , . $38,283.53 < . . . . . 

30 Apr claimed transferred from Page 2, ' .. < 

,. .. ,~ 1 995 SF 1035 0 . . 
~~ . . ·-. .. COST REIMBURSABLE PROVISIONAL < . . ; 

•c~ • 
PAYMENT . 

• 4.' •• • • . 
' . 

(Usc <onhnuorinn 'h~th) if n.e<:Enory) ( Payee muat NOT uae the space below) TOTAL 
PAY MEN~, .. APPROVED FOR Provisional J. EXCHfGE RATE DiffERENCES 0 PIOVI:!':OMAl < 

Payment= ~ublect to L er/ A dlt = $1 .00 
0 COMPLETE 

BY 1 

(Jhi!J 0 PARTIAl 
John F.Gay 

0 FINAl Amo...nt ·~f"ifi~: Con"c<l tor 

0 PROGRESS TITLE ~rae! A~dit Agency 
fSignaturr or iniuo/s) .. 

" 0 ADVANCE Auditor, Defense 

Pursuant to outhotiry veste-d in me, I certify that this voucn1/ is corre<l and ;>roper lor payment. 

!Dau/ fAutlror~:td Ctnifying Oflicul' fTitltl 

ACCOUNTING CLASSIFICATION 

-
CHECK NUMBER ON ACCOUNT OF u.S. TREASURY CHECK NUMBER ON /Nam~ of bank/ 

)-
Ill 

c 
~ CASH DATE PAYEE > .. 

s 
1 When ~raled 1n foragn currency. inscn n~mc o( currency. PER 
'If I he abilily 10 ccn1fy and authority to approve arc combined in one penon. one signalurc only is n«css.ary: 

othcl""o'< lhe aprroving officer w ill sign in lhc space pro,.,dcd. over h1s official title. 
'When a voucher IS re<:clptcd 1n 1hc name o f a company or corporauon. I he name o f the person w riling the compan y TITlE 
or corpor>le name. u well as lhe capaci1y in wh1ch he signs. mus1 appear. For example: "John Doe Company. per 
John Smith. Secretary", or "Treasurer". as lhe cue may be. ' • 

. . 
• U.S.GPO: 1987 -0·181·24 7/4D205 

. I'IIVACY ACT STATEMENT PK 
The information requeste-d on this fonn is require-d unde< the provisions of 3 1 U. S.C. 82b ond 82c, lor the purpose of 
disbuning Fe-de.ol money. The information requested is to identify the particular cre-di tor and the omount1 to be paid. Foilute 
to lumish this infonnorion will hind~ discharge of the payme<~t obligation. 

$38.283.53 
'. 



StondorO forM I OlA VOUCHER NO. 
... t-d JO/'Wit#OI"'f 1980 PUBLIC VOUCHER fOR PURCHASES A.~o 
0~ o4 ,.,. T'f'O""'l' 
I TFRM 4-2'000 SERVICES OTHER THAN PERSONAL 12C IOJ-<- 120 

U.S. DEPARTMENT. BUREAU. OR ESTABliSHMEN T AND lOCATION DATE VOUCHER PREPARED SCHEDULE NO. 

D.C.A.A. 10 April 1995 951529 
WALTHAM BRANCH CONTRACT NUM 8ER AND DATE PAID BY 
424 TRAPELLO RD DABT63-94-C-0017 
WALTHAM, MA 02154-6397 ~EOUISITION NUMSER AND DATE 

r .BBN SYSTEMS AND TECHNOLOGIES I 

I'AYEFS 
A Division of Bolt Beranek & Newman, Inc. 

NAME P.O. BOX 4340 DATE INVOICE RECEIVED 
AND 

BOSTON,MA 02211 ADDIESS -
DISCOUNT TERMS 

L Point of contact: John Freyermuth @ (617) 87~3716 
PAYEE'S ACCOUNT NUMBU 

11592 1.1110186 
SHIPPED fROM TO WEIGHT GOVERNMENT B/ l NUMSU 

NUMBER DATE O F ARTICLES O R SERVICES 
QUA N· UNIT PRICE 

AN D DA TE DELIVERY (Enur dt scn.DIII>n. iu m num~r cf contract or Ftdu a/ supply 
TITY 

O F ORDER O R SERVICE schtdult. and othtr mfonnation dttmtd ntctssary) COST PER 

01 Apr For detail, see SF 1035 

'. thru continuation sheet. Total amount 
I ' 
I I'· ' 30 Apr claimed transferred from Page 2, 

I 4 ! ( 

SF 1035 ' 1995 
'' 

... ( 

o I 

COST REIMBURSABLE PROVISIONAL I 

''' ' 
I PAYrv'ENT 

'' •. I j 

' 

(U'e connnuot:on ,M-crt' ) if n.-ceuory) (Pay- must NOT use the space below) TOTAL . 
APPROVED FOR Provisional ~J EXCHANG E RA TE PAYMENT·. ' DiffERENCES 0 PROVISIONAl ' 

Payment= t ublect to Later A dl t = $1 .00 
0 COMPLETE 

BY ' 
0 PARTIAl 

John 0 FINAl 
F .Gay 

Amovnt •eriftt.d: CCHTKt tor 

0 PROGRESS TITlE (Sigffal urr or mi11alsl 

0 ADVANCE Auditor , Defense Contract Audit Agency 

Pvnuonr ro authority vesr~ i n me, I certify rhat thi s voucher is corre<t and ;oro~r for payment. 

!Do ttl (Autltomtd Cunfying Offictrl' ITitlt/ 

ACCOUN TIN G CLASSIFICATIO N 

CHECK NUMBER O N ACCOUNT OF U.S. TREASURY CHECK N UMBER ON l fllamt of bonk! 
)oo 

• 
Q 

::( CASH DATE PAYEE > ... 
s 

1 When ~aaced tn fnrctgn currency. ins.:n n~mc of currency. 
1 I f lhe abihty 10 certify and au1hor11 y to approve ue combined in one person. one sogn.ature only tS nc:c~ry; 

PER 

o1he""1~ the approv1ng o ffic er w 1ll sogn m the space prov1ded. over h1s official tllle. 
1 When a vnuchcr IS rc:ce1pted 1n the name of a company or corporauon. the name of I he person w r iting the company 
or corpnn1e name. as well as the capac11y 1n w h1ch he signs. must appear. For e:umple: ··John Doe Com~y. per 
John Sm11h. Secretary". or '"Treasurer''. as the c ase may be. 

TITLE 

• U.S.GPO: 1987.0·181·24 7140205 

l'tiV ACY ACT ST A TUUNT PK 
The informarion request~ on thi s form i s required unde< the provisions o f 31 U.S.C. 82b and 82c, for the purpose of 
disb..ning F~erol m~y. The information requested is to identify rhe particular cr~itor and the amounts to b.e poid. Failure 
lo lvmish this information w ill hinder diKhorge of rhe poymet'lt obligation. 

AMOUNT 

11 ) 

.. 

$38,283.53 

$38 ::>83 53 

-

J 

' 



.. 

~· 

FORM 1035 

CONTRACT NO. # DABT63-94-C-0017 

BBN Systems and Technologies 

A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 

Boston, MA 02211 

BBN REF.# 11592 1.1 

BBN INVOICE# 951529 

SHEET NO. # 2 OF 3 
VOUCHER #12C 

TargeUEstimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing' Office: Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

I ' 

' ' ' I { ( ( 

, ~Y:'rt~holding Clause: 

esN Withh.olding: 
.. 

( f' t 

Analysis of Current and Cumulative Costs and Fee Earned: 
, ( f I I 

' ' 

' ,. 

Major Cost Elements: 

Direct Labor 
Overhead 
Travel 
Material 
Procurement Charge 
EquipmenUSoftware Rental 
Computer Services 
Books & Subscriptions 
Subcontractors - Company 
Postage & Express Mail 
Training Conference 
General Administration 

Total Cost 
CAS414 

TOTAL 

Amount for Current 

Period Billed 

$11,108.72 
12,808.33 

(150.00) 
1,544.08 

267.36 
0.00 

2,067.45 
0.00 

3,803.10 
19.25 
0.00 

6,629.89 

$38,098.18 
185.35 

$38,283.53 

$634,557.00 
50,524.00 

$685,081 .00 

$42,945.40 

Cumulative Amounts 
From Inception to 

Date of This Billing 

$159,084.52 
184,425.01 

1,375.60 
10,688.00 

746.47 
704.50 

24,928.66 
30.00 

3,863.10 
37.85 

150.00 
93,638.98 

$479,672.69 
2,562.05 

$482,234.74 



'· .!: 

,, 

Continuation Sheet • Page # 3 
BBN Reference # 115921 .1 
VOUCHER #12C 
BBN INVOICE# 951529 

Direct Labor: 

FY Pool Hours 

95 10.0 255.5 

Other Direct Costs: 

Value Added Costs: 

FY Pool 

' ' It t:l 

. ,.% 0 . ; 

' ' 

. ' . ; 
l 

Direct 
Labor 

$11 ,108.72 

Direct 
Costs 

$2,184.81 

' . Non Value Added Costs: 
''. 

FY Direct Costs 

95 $5,366.43 

Overhead G&A 
Overhead Rate G&A Rate 

$12,808.33 • 115.3% $6,074.95 25.4% 

554.94 25.4% 

Total G&A $6,629.89 

l 



DTE ','(IIJ F'REf::• SCHE:DUU-: NUi~i 

95/0f/1 7 
CONTRACT NO AND DATE F'r\ID B"r' 

lIS DEPARTI'IEi'IT , PUI-"-: f:::.6,U, OR 
::-:ST .O,BL I :~HMEi\!"1' AND I.OCA T I ON 
DEFENSE ACCOUNTING OFFICE 
DFAS- IN /EM- n=· 
FORT HUACHUCA, AZ 

DAB T6:3 - 9·1 COO l7 M.E. BELZA, MAJ1FC 
FORT HUACHUCA 

REOU r:-::; IT I 01·1 NO :·::, l.•ATE 

e AYEE'S 
i'IAME 
AND 

ADDRESS 

BBN S Y STE!v:S :~:, TE CI-!NOLOG 1 ES 
DIV 30LT BERANEK ~ NEWMAN I 
P .O. BOX 4340 
BO~~T • .. il'l 1·1A 02211 

INVOICE NO INT /WISC) AMT 

1:3(: 
13F 

NUM 8: 
DT ORD 

(>00001 

2:1.46 
0 .00 

ARTICLES OR SERVICES 

9519810462-H.~APS 

L.t\ rr::/ TERI'"!S 

UNIT 

1 . 00 

PAYMENT 
PROVIS I ONAL 

APF'RiJVED BY EXCH ANGE RATE 
=!~ 1 . 00 

COMPLETE -
X PARTIAL BY 

FINAL 
PROGRESS TITLE 

·;· .. c;/o "T /1 ·r 
,::_ . .-~::4 

R?\!E 

0 . 0000/. 

PR ':Ci:: 

TOTAL 

D I F r-· 

ADVANCE 
SIGNATURE OR :1 i' l IT I ,q_s: VE : ::::4 :=·1-•H WJ : G 17 

AMT I.,'ER 
CORR;:;.CT 

AUT-CER: KNIEFEL 

I CERTIFY THIS VOUCHER COF\REC T Al\fD PI~'OF'~R :=ot=;: CHt::C:I< :-·!.), Y ! ·n:: ~n 

95/07/17 M. E. BELZA DEFENSE ACC~UNT ING OFFICER 

DATE TT.TLE 

CHECK NUMBER 02530282 

SF 10:34 

2:1. · !t.. 



~F 1034 CC6~7INUED> 

-:/~~ - -. . . -----,. - -,.. 

,'\C:COU~H -~ i\iG CI..A:3S IF I C1\ T I ON 

?740400.1301 00-5005 P4f10A8 2594 01)2086 US JWC900 OOJWC9 HJ150040060552 
ACCOUNTING AMOUNT : 43620 . 04 

97X4930.5L40 00-0000 POOOOOO 43AG 0:33181 US 14TTOO 0014TT 4C0017DFASDAO 
1'\CCOIJNT I NG f.1 MOUNT : 21 . 4 1s 

·;· 



8F :031-EDP PUBLIC 'v'OUC FOR F'UF:CHASES AND SE,R\1 IC ~THER THAN PERSONAL 
- - ------------------------- ·--~-------~-::--l-----------

D!::FENSE: FINANCE AND ACCOUNT I NJi- . - .-_- ·._- ·l( . VOUCHER NO . 
DRAl~ER P v ·r 1. 
FT ~UACHUCA ~ AZ-85613-6000 DATE PREPARED 07/15/95 

CONTRACT NO . /DATE DABT63-94-C-0017 

TAX ID 
PAYEE ' S BBN SYSTEMS & TECHNOLOGIES 

04/05/94 F' A I D B Y 
AccoLln t of : 

DSSN 6424 

NAME DIV OF BOLT BERANEK & NEWMAN FT HUACHUCA, AZ 85613-6000 
ADDRESS P . O BX 4340 

BOSTON MA 02211 

DATE INVOICE RECV'D 06/ 14/95 FOB : 
DISCOUNT TERMS NET 30 DAYS DEST 

DATE OF PERFORMANCE NJ./DATE 
OF ORDER INV DATE INVRCV'D MDSE DEL MDSE ACPT 

13C 
13F 

06/09/95 06/ 14/95 06/14/95 06/14/95 
06/09/95 06/ 19/95 06/19/95 06/19/95 

TOTAL: 

FREIGHT 

MDSE+ 

INT+ . 

0 . 00 
0 . 00 

MERCHANDISE 

40403 . 11 
3216 . 93 

43620 . 04 

21.46 

AMOUNT VERIFIED CORRECT FOR $$ 43641 . 50 
/ S I GNATURE OR INITIALS : 84/ 

PAYMENT : 17PARTIAL 07/14/95 

PURSUANT TO THE AUTHOR I TY VESTED I N ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
AND PROPER FOR PAYMENT . 

AUTHOR I ZED CERTI FYI NG OFFICERQ DATE : 07/15/95 
FOR : Fo~ M.E. BELZA, MAJOR 

DEFENSE ACCOUNTING OFFICER 
DEFENSE ACCOUNT ING OFFICER 

-----------------~--------------------------------~--------------------------~~-
ACCOUNTING CLASSIFICAT IONS 
9740400 13010005005P4T 10A64104 2594 502086 US J WC900 OOJ WC9 HJ150040060552 
97X4930 . 5L4000000000000000000 43AG 83318 1 US 14TTOO 0014TT 4C0017DFASDAO 

PAYEE: BBN SYSTEMS & TECHNOLOGIES 
DIV BOLT BERANEK & NEWMAN INC 
F'. 0 . BOX 4~540 

BOSTON MA 0221 1 
CHECk: NO .: ON US TREASURY 

CHECK AMT $$ 

DATE : 

43620 . 0< 
21.41 

43641 . 5< 



0 : w 
StOf"'IooO"dfOI'ff' IO.lA VOUCHER NO. 
' • '"....O JO'\OroOOI"f' lttO PUBLt ... VO~CHE~ FOR PURCHASES AND 
O~t ol ""'- ft t"OWtY 

I HI "" ~l'CX)() SERVICES OTHER THAN PERSONAL 13C 
10J4-Il0 

U . ~. OEPAU MENT. !URE,<.U, 0~ ESTABLISHMEN T AND LOCATION D,<.TE VOUCHE R P~EPARED SCHEDULE NO. 

D.C.A.A. 09 June 1995 951688 
WALTHAM BRANCH CONUACT NUMBER ,<.NO DA TE PAID BY 

424 TRAPELLO RD DABT63-94-C-0017 

WALTHAM, MA 02154-6397 REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES -, 
PAYEFS 

A Division of Bolt Beranek & Newman, Inc. 
NAME P .0. BOX 4340 DATE INVOICE RECEIVED 
AND 

BOSTON,MA 02211 ADD lESS 
DISCOUNT TERMS 

L Point of contact: John Freyermuth @ (617) 87~3716 
PAYEE'S ACCOUNT NUMBER 

- 11592 .1.1/10186 
SHIPPED HOM TO '· WEIGHT GOVERNMENT 8/L NUMBER .. 

NUMBER DA TE OF ARTICLES OR SE~VICES 
OUAN· UNIT PRICE AM OUNT 

AND DATE DELIVER Y (Entu d=ription. it<m num/xr of contract or Ftdual supply 

OF O RDER OR SERVICE sdt<dul~. ond otlru information dttm~d nrassary) TITY COST PH 

01 May For detail, see SF 1035 

thru co ntinu ation shee t. Total amount $40 ,403.11 

31 May claimed transfe rred from Page 2 , 

1995 SF 1035 

COST REIMBURSABLE PROVISIONAL 

PAYMENT 

IU~e continuation ,n~erh) if n...ceuary) ( Payee must NOT use the space below) TOTAL $40 403.11 
PAYM ENT, A PPROVED FOR Provisional J EXCHANGE RATE DIFFERENCES 
0 PROVI)IC'IAL 

PavmenF§ubiect to Later ALdl t = Sl .OO 
"·' 1.. 0 COMPLETE 

BY 1 I 
0 PARTIAl 

·John F.Gay ~~~ 0 FINAL 
J.. I AtnO\Int .,mficd: cont:<t t()f' 

0 P~OCRE'S 
TITLE (\.. (Signaturr or ;nitia/s) 

0 ADVANCE Audito r, Defen se Contract Audit Agency 
.... .. -

Pun<>Ont tc. outh<..riry vesred in me. ) certify that this voucher is corre<:t and ;>r oper for pa ymen t. 

---,-v;t;/ -- IAuthon:~d Ctflifying 0/ficuJ' I Titi~J 

ACCOUNTIN G CLASSIFICATION 

CHECK N UMBER O N ACCOUN T O F U.S. TR EASURY CHECK NUMBER ON I .'lam~ of bank) 
>-• 
0 
:( CASH DATE PA YEE 1 

L 

s 
1 When '"'ed in rorc1gn currency. 1nscn name o( currency. PER 
'If lhe 3bili1y to cen ofy and au1hori t y 10 approve are combined in one penon. one signature only is nc<::ess.oary: 
otherw o~ the 3pprovong officer w oll sogn in the space prov1ded. over hos official IItle. 

1 When • voucher os receopted on 1he name of a company o r corporatton. I he rume of the person wriring !he company TITLE 
or corpora1e name. u well as 1he C>pacuy on whoch he signs. mus1 >ppear. For example: .. John Doc Com pany. per 
John Sm11h. Sccrerary ... or .. Treuurer". as the case may be. 

•U.S.GPO:lll874181·'47140205 

,IIVACY ACT STATEMENT PK The informo l ion requested on this form is required under the provi sions of 3 1 U.S.(. 82b and 8 2 c, fo r lhe purpose of 
disb uning f ederal money. The information reque>ted is to identify the porrieulo r credito r and the amount> to be paid . Failure 
to furnish this infonnction .,.;n hinder discho'9C of lhc payment obligation. 

II) 



--------~--~()~ CJ ----~--~1~-/--~ 
I ::::~~~~ ~ -dliC VOUCHER FOR PURCHASES A • . J VOUCHER NO. 
~ • .,~..,.r,..,......, 13F 
1m ... 4-2000 SERVICES OTHER THAN PERSONAL 
1034-120 

.U.S. DEPARTMENT, BUREAU, O R ESTAiliSHMENT AND lOCATION 

Defense Finance & Accounting SVC 

Defense Accounting Office 

Drawer P 

~""ort Huachuca, AZ. 85613-6000 

DATE 'vouCHER PREPARED 

09 June 1995 

CONUACT NUMIU AND DATE 

DABT63-94-C-0017 
U QUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES I 

A Division of Bolt Beranek & Newman, Inc. 

SCHEDUlE NO. 

951688 

-rAYEFS 
NAME 
AND 

ADD lESS 

p .0. BOX 4340 DATE INVOICE RECEIVED 

L 

SHIPPED FROM 

BOSTON, MA 02211 

Point of contact: John Freyermuth @ (617) 873:j716 

. . ' 
WEIGHT 

·I ·:··· ~ 

DISCOUNT TERMS 

11592 1.1 /10186 

PAYEE'S ACCOUNT NUMBER 

GOVUtoiMENT B/ l NUMBER 

NUMBER 
AND DATE 
OF ORDER 

DATE OF . '• ~RTIClES O R SERVICES · 
DEliVERY . . , . ' (Enur ddt:riptiO'I. ium tium~r of contract or Fultral supply ... 

OR SERVICE : 11 ·: schtdult. arui othtr information dttm~ n«tssary) · '. 
OUAN· r---U_N_I_T,P_~_IC_E~i-- --· ~·~··~·~,.-·~· ~-A __ M_O_U~.~-T~.,~--- ----~ 

TITY COST PU, . ' " :. ,.,. II) 

• . ·· l ... •·• ...... ... ~, .... .... . ·. "" •.• . ~··-~ ... •·. 

PAYMENT: 
0 PtOVISIONAl 

0 COMPlETE 

0 PARTIAl 

0 FINAl 

0 PROGRESS 

0 ADVANCE 

01 May 

thru 

31 May 

1995 

APPROVED FOR 

Total Fee for 01 May thru 31 May, 19~5 
Based on 82% completion .x $50,~24. ( 0 

Less Total Fee invoiced to date 

Total Amount Due Th is Invoice 

) ~ : ii; ~ ·, 

\ '. ····· ., 

$41,612.90 

38,395 .97 

$3,216.93 

AP>ROVEDFORPA rMENJ': ;? ;)./(, ·. 93 
!- .... ., .. / ........ ~ ........... __.., .. . ., .... . 

COST REIMBURSABLE PROVISIONAL 

PA'&ENT I :ertify cceptuc~ . oc: I t~e ;.. Su'ppties'" or 
(Payee mu1t NOT u1e the space " !h. TOTAL.,., ... _ ,... .. ,.-.. _, , 

BY 2 r-ayrnt~rll .:>UUJtK.:I lU Liiltll .1\UUil ,., lno rifr:,... I ' .. YJ • · ., '• 

... ·.· - . . . :.I'•. V.·:~.: . .. ;~ . · ... ~- .. 
. i·.·, i. A.rnount v.nfied; ('Of'f'9Ct tot • 

/Signatu!Y or initials/ TITlE : 
I• ! ' . ' .... , .. ..... ,;; "''·· 

Pur>~nt to outho.ity v~st..d in m~. ! certify thot mis vovch~r is cOOTect ond p<opet for poym~nt. ... . ·.·--·· .. _,.,., ·•. ...... . . · ... . ~ . 
' 

6;''' 
'1 ~. ~ I 1 

---:-::::--:-----
. , • /Dcrtl /Authoriud Cutofying OfficuJ' /TitltJ 

ACCOUNTING ClASSIFICATIO N 
----·----------~------------------~~~--~~~~~-------------------------------------i 

{ ... ~.· 

>-
CHECKJ"'UMSER 

·l· 
.. • ' ,. 

O N //'lam< of />Qnkl ON ACCOUNT OF U.S. TREASURY CHECK NUMBER 

c 
~ CASH DATE PAYEE' .. 

s 
1 When '-Cacc-d 1n fore1gn currency. insert n.3me of currency. PER 
'If the abiht y to cerufy and authority to approv" are combin<:<l in on" P"r>On. one \ igruturc only is nec~:S.Sa,.Y ; 
othcrwo:~e the apprnvong officer will sogn on the space provod<:<l. over hos ofrtcoalutle. 

'When a voucher IS rc-cetpt<'<l' tn the name of a company or corporouon. the name of th" P"r>On writing th" company TITLE 
nr COI'fiOr>tc name. u well :as the capacity in which he signs. must appear. For cumple: "John Doe Compan y. P"' 
John Smuh. &cretuy", or " Trca.surer", u the case may be. 

PK 

•U.S.GPO:t~7-Qot81 ·247140205 NSN 7~4-4206 

--------------------------~ niVACY ACT STAT!.MENT 
The information r"'!uested on this form is r~quired unde< 1M proviiions of 3 I U.S.C. 82b ond 82e, fO< th~ purpos~ of 
disbuning F~rol money. The inf<><motion requested is to id~ntify the po<riculor cr~itOt end the omounts to be poid. Failure 
lo fumish this infonnorion wiU hind~r dische<Ve of tile poyment obrf90hon. 
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FORM 1035 

CONTRACT NO. I DABT63-94..C-Q017 

BBN Systems and Technologies 
A Division of. Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

BBN REF.# 115921.1 
BBN INVOICE# 951688 
SHEET NO. # 2 of 2 
VOUCHER #13F 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing' Office: Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ. 85613-6000 

Fixed Fee: 

Fixed Fee Due (82% X $50,524.00) 

Less Fixed Fee Billed 

Fixed Fee To Be Billed 

$41,612.90 

38,395.97 

$3,216.93 

$634,557.00 
50,524.00 

$685,081 .00 

$42,945.40 



PUBLIC VOUCHER FOR F'URC:HASES ,6,1'JD SERV I C:ES OTHEF=~ THAN PE F: SOf\IAL 

US DEPARTMENT , BUREAU, OR 
ESTABLISHMENT AND LOCATION 
DEFENSE ACCOUNTING OFFICE 
DFAS-IN/EM-TP 

DTE VOU PREP SCHEDULE NUM VCliJCHER NUM 
2288tS8 

CONTRACT NO AND DATE PAID EY 
DABTrS:3 -94C001 7 

FORT HUACHUCA, AZ 
t'l. E . E:ELZA, l·i A.J , FC. 
FORT HUACHUCA 

REQUISITION NO & DATE 

PAYEE'S 

/>,ND 
ADDt-=~ESS 

BBN SYSTEMS & TECHNOLOGIES 
DIV BOLT BERANEK ~ NEWMAN I 
P . O. BOX 4:340 
BOSTON MP1 02211 

I NVOICE NO INTI <D I SC) AMT 

i4C 

NUl"l ;?, 
DT ORD 

t)O(H)() i 

0.00 

ARTICLES OR SERVICES 

DISCOUNT TE F:MS 

LATE / TERMS RATE 

(l (l. (H)(l(l~~ 

OTY UNIT 
PI=': ICE 

i . (H) 3:::.!i 06. 1 :_:.()(_) 

F'AYI'1ENT APPROVED E:Y EXC:HANGE RATE. DIFi=" 
PROVISIONAL 

_ COf"IPLETE 
X PARTIAL BY 

FINAL 
PROGRESS 
ADVANCE 

TITLE 
.6,MT '-' EF: 

SIGNATURE OR INITI ALS : VE : 73 PMT NO : 018 CORRECT 

AUT-CEF: : PALMER 

I CERTIFY THIS VOUCHER CORRECT AND PROPER FOR CHECK PAYMENT 

AlvtO UNT 

95/08/23 M. E. BELZA DEFENSE ACCOUNTING J FF!CER 

DATE AUTHORIZED CERTIFYING OFFICER TITLE 

CHECK NUMBER 02539689 

SF 10:34 



SF 1034 <CO~T I NUED> VOUCHER NUMBER : 228868 PAGE: 

ACCOUNTING CLASSIFICATION 

Q740400.!301 00-5005 ?4T10A8 25~4 0 02086 US JWC900 OOJWC9 HJi500400~0552 
ACCOuNT I i'IG Ai'ICtUNT : :~:8406. 1 '~· 



. 
sr 1034-EDP PUB~IC V ·~R FOR PURCHASES AND SE ~S OTHER THAN PERSONAL 

DEFENSE FINANCE AND ACCOUNTING 
DRf-;WE~: F' 
FT HUACHUCA~ AZ 85613-6000 

CONTRACT NO./DATE DABT63-94-C-0017 

TAX ID 
PAYEE'S BBN SYSTEMS & TECHNOLOGIES 
NAME DIV OF BOLT BERANEK & NEWMAN 
ADDRESS P.O BX 4340 

BOSTON t1A 02211 

DATE INVOICE RECV'D 07/30/95 

04/05/94 

FOB: 

VOUCHER NO. 

DATE PREPAR~D 08/22/95 

F' A I D B Y 
Account of : 

DSSN 6424 

FT HUACHUCA~ AZ 85613-6000 

DISCOUNT TERMS NET 30 DAYS DEST 

NO . /DATC: DATE OF PERFORMANCE 
OF ORDER INV DATE INVRCV'D MDSE DEL MDSE ACPT FREIGHT HERCHANDI: 

14C 07/25/95 07/30/95 07/30/95 07/30/95 0 . 00 3840. 

TOTAL: MDSE+ 3840· 

AMOUNT VERIFIED CORRECT FOR $$ 38406 
SIGNATURE OR INITIALS : 73/ 

PAYMENT : 18PARTIAL 08/29/95 

PURSUANT TO THE AUTHORITY VESTED IN ME~ I CERTIFY ·THAT THIS VOUCHER IS CORREC 
AND PROPER FOR PAYMENT . 

AUTHORIZED CERTI FYI NG OFFICER DATE: 08/22/95 
FOR: For M. E . BELZA 

MAJ~ FC 
DEFENSE ACCOUNTING OFFICER 

ACCOUNTING CLASSIF I CATIONS 
97404001301000500 5P4T10A64104 2594 502086 US JWC900 OOJWC9 HJ150040060552 

PAYEE : BBN SYSTEMS & TECHNOLOGIES 
DIV BOLT BERANEK & NEWMAN INC 
F' . 0 . BO:< 4340 
BOSTON MA 02211 

CHECK NCJ. : ON US TREASURY 

CHEC~:: AMT ~;$ 

DATE : 

38406 



I 

I 

. 
' ' 

/ ·0 
~1-lo::J~ p\lr ..: VOUCHER FOR PURC,HASES A 

VOUCHER NO . 
t.- ...4 )~ 1980 

' O~tofr+.cTreoo..., 

1 rn M "'-2'CX)O SERVICES OTHER THAN PERSONAL 14C 
10l4.17() 

U.S. DEPAHMENT. 8U~EAU, OR ESTABLISHMENT AND lOCATION DATE VOUCHU PREPARED SCHEDUlE NO. 

D.C.A.A. 25 July 1995 960088 
WALTHAM BRANCH CONTRACT NUM8ER AND DATE PAID BY 

424 TRAPELLO AD DABT63-94-C-0017 

WALTHAM, MA 02154-6397 ~EOUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES -, 

I"AYEFS 
A Division of Bolt Beranek & Newman, Inc. 

NAME P .0. BOX 4340 DA TE INVOICE RECEIVED 
AND 

BOSTON,MA 02211 ADDRESS 
DISCOUNT TERMS 

L Point of contact: John Freyermuth @ (617) 87~371 6 
PAYEE' S ACCOUNT NUMBER 

" " ·~ . . 11592 1.1/10186 
SHIPPED fROM 

... 
TO , : .. r:: ;, WEICHT GOVERNMENT 8/ l NUMBER .. .. '• ' ... . ,· :: ~ .. :- i ' ... 

: 
~ . .: :. .. • < 

NUMBER DATE OF ARTICLES OR SERVICES 
OUAN· UNIT PRICE. AMOUNT 

AND DATE DELIVERY · (Enur descriptiOfl. ium num/Hr of contract or Ftdua/ supply 
TITY 

O F ORDER OR SERVICE schtdult. and othu tnformation dttmtd nocasary) COST PER 11 ) 

01 Jun For detail, see SF 1035 : 
• •.1' 

thru continuation sheet Tot~ amount 
I ... $38,406.16 

30 Jun claimed transferre·d from Page 2 , 

1995 SF 1035 

COST REIMBURSABLE PROVISIONAL 

PAY!v1ENT 
-

(U'e conttnuoti<Of" ~oh<t-eth) if necauory) (Payee must NOT use the space below) TOTAL 538 406.16 
PAYMENT: APPROVED FOR Provisional JEXCHAN7E RATE DiffERENCES 0 PROVISIONAl 

Pavmerif ~ublect to L-aler lA dlt /; . = $1.00 
0 COMPlETE 

BY 2 

(J(Jnjf/Jv 0 PARTIAl 
John F.Gay . 'b FINAL Am04.1nt ·~nfied: COtTe<t t~ 

.s:J PROCRE SS TITLE 
Auditor, Def~~ Contract Audf Agency · 

(Signot~rr or initials} . ' . O ' ;i.DVANCE 

'Purs~nl to authority v<!sted in me, I certify that thi• voucher i • correct end ;>roper for payment . . .. " " . . . . . . .. 
! \ . IDat<l (Authonztd Cut1fying OfficuJ' !Titltl . ACCOUNTING CLASSIFICATION ... . . . .. . 

CHECK NUMBER ON ACCOUNT OF U.S. TREASURY 
>-

CHECK NUMBER O N /Namt of bonk! 

• 
Q 
:;( CASH OATE PAYEE' .. 

$ 
1 When \fated in (orclgn currency. in.s.en name of currency. PER 
' If the oboli1y to cen1fy and oulhority 10 approve arc combined in one person. one signa1ure only is nec~ry: 
olhcrw•.., the opprovong officer w1ll sign in 1he space prov1ded. over hos o fficial IItie. 

1 When o voucher is reccopted on the name of a company or corporat ion. the name of the person wri1 ing the company TITLE 
or corporote name, u well u lhe capocity in which he s1gns. m~t appear. for eumple: "John Doc Company, per 
John Smuh. Secretary", or MTrc:uurer". u the cue may be . 

. . 
1t U.S.GPO: 1987.0.181 ·24 71• 0205 

l"l!V ACY ACT ST A TtMEHT PK The information r~ue>ted on this form i• required under the p rovision• o f 31 U.S.C. 82b and 82c, for the purpo•e of 
disbuning F..O...ol money. The information r~uested is to identify lhe particular creditor and the amounts to be paid. Foilute 
Ia furnish this information w ill hinder d i scharge of the payment obligation, 
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FORM 1035 

CONTRACT NO. # DABT63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 

P.O. Box 4340 
Boston, MA 02211 

BBN REF.# 115921.1 

BBN INVOICE# 960088 
SHEET:_NO. # 2 OF 3 
VOUCHER #14C 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 

Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

Withholding Clause: 

BBN Withholding: 

Analysis of Current and Cumulative Costs and Fee Earned: 

Amount for Current 

Period Billed 
Major Cost Elements: 

Direct Labor $13,265.52 
Overhead 20,960.85 
Travel 0.00 
Material 214.14 
Procurement Charge 8.56 
EquipmenUSoftware Rental 0.00 
Computer Services 2,144.21 
Books & Subscriptions 0.00 
Subcontractors - Company 0.00 
Material W/0 Procurement 25.00 
Postage & Express Mail 9.00 
Training Conference 0.00 
General Administration 1,557.50 

Total Cost $38,184.78 
CAS414 221.38 

TOTAL $38,406.16 

$634,557.00 
50,524.00 

$685,081 .00 

$42,945.40 

Cumulative Amounts 
From Inception to 

Date of This Billing 

$187,082.28 
222,372.12 

1,375.60 
11,047.26 

625.75 
704.50 

27,429.87 
30.00 

3,863.10 
25.00 
46.85 

150.00 
103,310.79 

$558,063.12 
2,980.89 

$561 ,044.01 



'•· ' 

I 

' f ·• 

'I 

Continuation Sheet - Page # 3 
BBN Reference # 115921 .1 
VOUCHER #14C 
BBN INVOICE# 960088 

Direct Labor: 

FY Pool Hours 

95 10 320.5 

Other Direct Costs: 

Value Added Costs: 

FY Pool 

95 0 

Direct 
Labor 

$13,265.52 
0.00 

$13,265.52 

Direct 
Costs 

$2,152.77 

Non Value Added Costs : 

FY Direct Costs 

95 $248.14 

Overhead G&A 
Overhead Rate G&A Rate 

$15,732.91 118.6% $6,814.63 23.5% 
5,227.94. {5,252.04) • 

$20,960.85 

($51 0.99) • 
505.90 23.5% -----

Total G&A $1,557.50 

*Retroactive Rate Adjust'ment 
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PUBLIC VOUCHER FOR PURCHASES AND SERVICES OTHER THAN PERSONAL 

DTE VOU PREP SCHEDULE NUM VOUCHER NUM US DEPARTMENT, BUREAU, OR 
ESTABLISHMENT AND LOCATION 
DEFENSE ACCOUNTING OFFICE 
BLDG 41408 BOYD STREET 
ATTN: DFAS-IN/EM - TPD 

96/1)4 / 01 2: 13428 
CONTRACT NO AND DATE 

DABT63-94C0017 
PA I D BV 
DAN BLIZNIK 
FORT HUACHUCA,AZ 

FT HUACHUCA, AZ 85636- 6000 REQUISIT ION NO & DATE '::>6/04 /0 1 

PAYEE'S 
NAME 
AND . 

ADDRESS 

BBN SYSTEMS & TECHNOLOGIES 
DI V BOLT BERANEK & NEWMAN I 
P.O. BOX 4340 
BOSTON MA 02211 

INVOICE NO INTI <DISC> AMT 

19 C 

NUM c~ 
DT ORO 

000001 . 

000002: 

0.00 

ARTICLES OR SERVICES 

96067083251CAPS 

6 42:4 

D I SC:OUNT TE F'<l"IS 

LATE / TERMS RATE 

0 0. 0000/. 

OTY UNIT 
PRICE 

1. 0 0 440::::. zrsoo 

1 .oo 6 683 . s·roo 

TOTAL 

PAYMENT APPROVED BY 
PROV I SlONAL 

EXCHANGE RATE DI FF 
=$1. 00 

_ COMPLETE 
X PARTIAL BY 

FINAL 
PROGRESS 
ADVANCE 

TITLE 
AMT VER 

AMOUNT 

4403 . ;2:5 

6683. 8 "1 

11087 .1 2 

SIGNATURE 0~ I NITI ALS : VE: 95 PMT NO: 024 CORRECT ' 11087. 12 

AUT·-CER : KN I EFEL PF'A: 9 5 

I CERT I FY THIS VOUCHER CORRECT AND PROPER FOR CHECK PAYMENT 
96/04/01 DAN BLIZNII< FORT HUACHUCA DEFENSE ACCOUNT! 

NG OFFICER 
DATE AUTHORIZED CERTIFYI NG OFFICER TITLE 

CHECK NUMBER 02579036 

SF 10 84 



SF 1034 <CONTINUED> VOUCHER NUMBER: 213428 PAGE: 2 

ACCOUNTING CLASSIFICATION 

9740400.1301 00-5005 P4T10A8 2594 002086 US JWC900 OOJWC9 HJ150040060552 
ACCOUNTING AMOUNT: 4403.25 

9 750400.1301 00-5005 P5T1 0A8 2581 002086 US JWBLOO OOJWBL HJ150043480535 
ACCOUNTING AMOUNT: 6683.87 

0 



. 
~U8L 1~ VUULH~R ~UK ~U~Lh ~~~ ANU S~~Vl C~~ Ulh~~ lHA ~~~~GNAL 

- US DEP_ARTMENT, E:UREAU , i. DTE VOU PREP SCHEDL 
95/05/22 

NUM VOUCHER NUM 
ESTABLISHMENT AND LOCATION 
DEFENSE ACCOUNTING OFFICE 
DFAS- IN/ EM-TP 

220112: 
t=·AID BY 

FORT HUACHUCA, AZ 

CONTRA~T ~O'AND DATE 
DABT6:;:.:.94C0017 

REQUISITION NO & DATE 

M.E. BELZA, MAJ,FC 
FORT HUACHUCA 
95/05/22 

PAYEE'S 
NAME 
AND 

ADDRESS 

BBN SYSTEMS & TECHNOLOGIES 
DIV OF BOLT BERANEK & NEWMA 
P . 0 BX 4:340 
BOSTON MA 02211 

INVOICE NO INT I <DISC) AMT 

11C 
11F 
5C 

NUM & 
DT ORD 

000001 

000002 

0.00 
0.00 
0.00 

ARTICLES OR SERVICES 

95142083924CAPS 
,l. • 

6424 

DISCOUNT TEF:MS 

LATE/TERI"1S RATE 

0 
0 
0 

0.0000/. 
0 .0000/. 
0 . 0000/. 

OTY UNIT 
ISS PRICE 

1 • (H) 103 152. 6300 

1.00 13818. 9200 

TOTAL 

PAYMENT ' APPROVED BY 
PROVISIONAL 

EXCHANGE RATE DIFF 
=$1 . 00 

COMPLETE -X PARTIAL BY 
FINAL 
PROGRESS TITLE 
ADVANCE AMT VER 

AMOUNT 

10~:152 . 6:3 

-13818.92 

89333 . 71 

SIGNATURE OR INITIALS : VE : 91 PMT NO: 0 14 CORRECT 89333.71 

AUT-CER: PALMER PPA : 91 

I CERTIFY THI S VOUCHER CORRECT AND PROPER FOR CHECK PAYMENT 
95/05/22 M.E. BELZA DEFENSE ACCOUNTING OFFICER ~ 

.~ 
DATE AUTHORIZED CERTIFYING OFFICER TITLE 

CHECK NUMBER 02517461 

3 F 1034 



ACCOUNTING CLASSIFICATI , 

9740400.1301 00-5005 P4T10A8 2594 002086 US JWC900 OOJWC9 HJ 150040060552 
ACCOUNTING AMOUNT : 103152 . 63 

9750400 . 1301 00-5005 P5T10A8 2581 002086 US JWBLOO OOJW8L HJ150043480535 
ACCOUNTING AMOUNT : -13818 . 92 

' . ..:·· 



SF 1034-EDP PUBLIC VOUCH ~OR PURCHASES AND SERVICE THER THAN PERSONAL 

DEPARTMEN~ OF ~HE ARMY 
DRAWER P 

~~UCHER NO. 

=T HUACHUCA~ AZ 85613-6000 DATE PREPARED 05/19/95 

CONTRACT NO./DATE DABT63-94-C-0017 04/05/94 P A I D 8 Y 
Account of: 

TAX ID DSSN 6424 
PAYEE'S BBN SYSTEMS & TECHNOLOGIES 
NAME DIV OF BOLT BERANEK & NEWMAN FT HUACHUCA, AZ 85613-6000 
ADDRESS P.O BX 4340 

BOSTON MA 02211 

DATE INVOICE RECV ' D 04/20/95 FOB: 
DISCOUNT TERMS NET 30 DAYS DEST 
--~~~~--------------------------------------------------~-------~----------------- ~ 
NO./DATE 
OF ORDER 

11C 
11F 
5C 

DATE OF PERFORMANCE 
INV DATE INVRCV'D MDSE DEL MDSE ACPT 

04/10/95 04/20/95 03/31/95 04/10/95 
04/10/95 04/20/95 03/31/95 04/25/95 
09/14/94 11/14/94 08/31/94 09/19/94 

FREIGHT 

0.00 
0.00 
0.00 

DEDUCTION TAKEN FOR DUPLICATED PAYMENTS AGAINST YOUR 
INVOICE NO 5C - DOV 205017 chk 02482350 dtd 12 Dec 94 9P 
and DOV 201241 chk 02470552 dtd 13 Oct 94 5P 

TOTAL: MDSE+ 

MERCHANDISE 

95545.24 
7607.39 

-13818.92 

89333.71 

AMOUNT VERIFIED CORRECT FOR$$ 89333.71 
SIGNATURE OR INITIALS: 91/ 

PAYMENT: 14PARTIAL 05/22/95 

PURSUANT TO THE AUtHORITY VESTED IN ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
AND PROPER FOR PAYMENT. 

AUTHORIZED CERTIFYING OFFICER DATE: 05/19/95 
FOR: For M.E.BELZA, MAJOR 

DEFENSE ACCOUNTING OFFICER 
Finance and Accounting Officer 

ACCOUNTING CLASSIFICATIONS 
974040013010005005P4T10A64104 2594 502086 US JWC900 OOJ~C9 HJ150040060552 
975040013010005005T10A8411400 2581 S02086 US JWBLOO OOJWBL HJ150043480535 

103152.63 
-13818.92 



l 
( 

0 0 
S'~ fOfWI 103 .. 
•• ~ .... ~ 1980 I , 

~to#fhrtTr"...,.,. 
1 Tfi M 4-2000 

.-\JBLIC VOUCHER FOR PURCHASES ~-.. .• 0 
SERVICES OTHER THAN PERSONAL 

lOJ.o-120 

U.S. DEPARTMENT, &UUAU, OR ESTA&liSHMENT AND lOCATION 

Defense Finance & Accounting SVC 
DA Tf VOUCHEt PREPARED 

10 April 1995 

Defense Accounting Office CONTRACT NUMIER AND DATE 

Drawer P DABT63·94·C-0017 
Fort Huachuca, AZ 85613·6000 REQUISITION NUM&ER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES ..., 

I'AYEFS 
HAM£ 
AND 

.ADD.USS 

A Division of Bolt Beranek & Newman, Inc. 

' ' ' 

P.O. BOX 4340 
BOSTON, MA 02211 

( ("( ( 

c •• (., L Point of contact: John Freyermuth @ (617) 87j-3716 
r ' r (' ( 

SHIPPED f20M , . . ( . ( . 
.It ~. ', •, ( .1 ( ,f ( o •• to 

0
' 

<' I.; i : .. ro._, . I I i ·, • I I ( 
·, C i :• \, I •! 

·'' .. 

WEIGHT 

VOUCHER NO. 

11 F 

SCHEDUlE NO. 

951339 

DATE INVOICE RECEIVED 

I DISCOUNT TERMS 

11592 1.1 /10 186 

PAYEE'S ACCOUNT NUMIER 

' GOVERNMENT I ll NUMIER 

NVMBFR , DATE OF 
··~· AND~0.6,1C.' • t.' ·:oelivERY _' , 

· ARTIClES OR SERVICES · 
(Ent;r dt:seripti<Ji.. it~m numbu of contract or F~ual supply 

' · sch~ult. and athtr information dttm~d n«usary) 
QUAN. ~~-----r~~~ ................................ _, 

TITY 

UNIT PRICE . AMOUNT 

COST PER OF O~OER . OR SERVICE 

! rj '( • 

•".·1·:!-

.. ...... .. 

16 Feb 

thru 

31 Mar .. ~ ... .. . . . 
1995 

! 
Total Fee for 16 February thru 31 Mcrch, 1 9~p 

' I 
" ' I• ... 

Based on 70% completion X $50,524 00 .I $35,347.79 ' 
Less Total Fee in-voiced to date 

I 

27,740.40 

Total Amount Due This Invoice ·.· --·····-tf--4'i"'l'~'-,-4v-~~;:;~:.. . .q,o_,P 

COST REIMBURSABLE PROVISIONAL APP ~OVEDI ~RPAY ~r:NT: s•t:====r= 
PAYMENT I o rtify 11!ceptaa~ of · th Suppli,es or 

tu~ .~C?"t:W-'"'" •heeli•l if -=•uaryl (Payee must NOT use the spa~ ne.RID TOTAL 

11) 

' 

PAYMENT: APPROVED FOR I EXCHANGE RATE "lt. . ~ _ ~s • ...,....;..... /"I 

= $ '~ .. A'~ . ' · "" 
0 

PIOVISIONAl ~::-;----------p'tt'fnTe,;~P:ro;vf:Si~on;aJ~te'rJ:rdtt"""-""""-........ ~~=~:~~·~ t """~~"~Ll~A...L..~~~~~~==~ .:~~~~.L~[L~f'ZA~'~ 'J.._::~ 
0 COMPlET£ BY t "1 "'' ' "'"'"'J"'-' '" '"""'"' ' "'""" ·-· VU.~J Ulle 
0 PAITIAl 

d :F;N~ · ·: · : · .. 

0 PIOGRESS 

0 AO.;~;.;CE 
Pursuant .IC) ~thority -.ested in me, I certify that this vo....:Mr is corr..:t ond proper for payment. 

IDa ttl 

ACCOUNTING ClASSIFICAnON 

ITitltl 

>• 
CHECK N UMBER ON ACCOUNT OF U.S. TREASURY CHECK NUMBER ON (Namt of btlnicl 

0~~~-----------------------~~---------------------------+------~-------------------------------------------------------------~ :( CASH DATE PAYEE ' 
a. ' s 
'When \latcd on fornsn currency. insen name of curnncy. PER 
'If the ability 10 cenify and authority to approve are combined in one person. one \igna1ure only is necessary; 

01hcr-ose the approv1ng oiT.cer '""" sign in th" space provided. over hi$ offic~l IItie. 
'When a voucher IS recetptcd rn the name of a company or corporauon. I he name of the penon wri11ng the company TITLE 
or corporatc name. :as. well fS 1he capacity 1n wh1cb he signs. must appear. For eumple: • John Dcx Company. per 
John Smnh. Secretary", or · Trasurcr", as the c&K may be. 

PK 

•U.S.GP0:1Q87.0.181 ·247/40205 NSN 7~4--'206 __ ............................................................ ~ 
l'tJV ACY ACT ST ATIMINT 

The infOmtOtion req~Hsted Oft this fomo is req..-..d undc< me pro..;sions of 31 U.S.C. 82b ond 82c, IO< 1M purpose :.4 
disbursing F.a.ral money. The iniOmtOtion reque1ted iJ to identify 11>e porriculor cteditot ond t!>e o,_.,n to be paid . FoiUe 
lo fvnlisll tnis inionnalion wiW hind.< diKharge of lhe pay,..,t obli9oli0ft. 
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FORM 1035 

CONTRACT NO. # DBAT63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 

, .. ~.0. Box ·4340 
, r • Soston, MA 02211 

( ' f (( 

' ' t" I I, 

' .. ' 

'' 
' ' 

BBN REF.# 115921.1 
BBN INVOICE # 951169 
SHEET NO. # 2 of 2 
VOUCHER #11F 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

" ~ ·utsbursing Office: , ,t"'t.. Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613·6000 

Axed Fee: 

Fixed Fee Due (70% X $50,524.00} 
Less Fixed Fee Billed 

Fixed Fee To Be Billed 

$35,347.79 
27.740.40 

$7.607.39 

$634,557.00 
50,524.00 

$685.081 .00 

$42,945.40 



$rondonl '-" tCXI• 
PUBLIC VOUCHER ~Oil. .PURCHASES AND 

VOUCHU NO. 
l ..;wd~ 1980 
~· ol rtw lt.owry 

SERVICES OTHER THAN PERSONAL 11 c l TIIM "-2000 
103"-170 

U.S. DEPARTMENT. SUREAU. OR ESTABLISHMENT ANO LOCATION OATE VOUCHER PREPAHD SCHEDULE NO. 

D.C.A.A. 10 April 1995 95 1339 
WALTHAM BRANCH CONTRACT NUMIER AND DATE PAID IY 

424 TRAPELLO AD DABT63-94·C-0017 
WALTHAM, MA 02154-6397 REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES I 
A Division of Bolt Beranek & Newman, Inc. 

I'AYEFS 
P.O. BOX 4340 ~ OATE INVOICE H CEIVED 

ANO oOSICN,MA "'"""'-'~ I 
ADD lESS V441 I 

DISCOUNT TUMS 

L Point of contact: John Freyermuth @ (617) 87~3716 
PAYfE"S ACCOUNT NUMBER 

.. _ ... : ···- ' ...... ..... ..,, ... ~ .. .,.~ ~ .. ' • ,(o• ~ ..... ~ , ' · ""' . . ~ . · ···- ·~ ...... - ... ~ .. -· .... ...... .. .. .. . ... .. . . .,- . ,.~ .•. 11592., 1.1/1 0186 
SH!~~.ED . ~ROM, r • . j ~~ 'i) J '·· ~c:.~ ~~: ··,~r ! ::::f !: ~. ! ~: . ·~· .,.: ... =.t i"" d I WEIGHT GOVUNMENT B/ L NUMBER 

' .. , ~ . 
I ' : ~' : ..... - .; ... ... , ',~ .. 

./ 1·"'' !":)"' ,, -4 -..:!·: · '; :~ . t . •. : r! .':·• ·· : : 
. NUMBER DATE OF ARTICLES OR SERVICES 

OUAN- UNIT PRICE ; . . . AMOUNT 
''"''AND DATE,:~.~ : 

.. 
·~· (E111~r descripu'o!L ii~m ·num~iof conuaci'or F~dual supply •.: 

DELIVERY . : TITY 
O F O RDER OR SERVICE · : ' · sch~dul~. and othu Information dum~d ntetSStJry) · · COST PER .... 

: : 

16 Feb For detail, see SF 1035 ' : .. . .. .. 

thru continuation sheet. Total amount ,, 
J · - - · -

31 Mar claimed transferred from Page 2, 
' .... ' " " '" 1995 SF 1035 .. .. . .. : 

' 

COST REIMBURSABLE PROVISIONAL : 

! • , ' PAYMENT 
~ .. ; ' •• I ; 

. 

lU,oc c~~rion .ne.tlsl if ne<ouory) (Payee must NOT use the space below) TOTAL 
PAYMENT: APPROVED FOR Provisional LEXCHANGE RATE DIFFERENCES 
0 PROVISIONAL · Paymenf t ubject to Later A dlt = $1.00 
0 COM~tE7E ) ' 

·' BY t 

~/ 
' ·~ J J 

D . PARTIA~ J J J 

' .. John .... I • •• • 'J ' ''• .J ' F;~~y /~ 0 fiNAtu J .. "'-' -"lied:~ lor 

0 PROGRESS TITLE 
Deflnse c ·6ntrad ·A0dit 'Agency 

. ·.· 
fSiznaturr o, init~ .. .. . . •) . · Auditor, 0 ADV J.NC£> ·> . 

,, 
.) •) •) ...... , . 

Pur1uont to autit)~ty :r~ted in me, I certify thof this vouch~r is con'KI and ;>roper f~ payment. 
~~~~~ ~ . ' . 

" ~ 

,, 
IDatr] . . (Autlronud Cutifying Of/ictTJ' fTiti~J . . 

ACCOUNTING CLASSIFICAnON 

CHECX NUMBER ON ACCOUNT OF U.S. TREA SURY CHECK NUMBER 0~ (Nam~ of bad.J 
>-• . 
0 
::( CASH DATE PAYEE ) ... · .. . .. .. .. .. .. 

s ' .. .• ., 

' When "->ted in forC'1gn currency. inscn rume of currency. PER 
'If the abili1y 10 cenify and authori1y 10 approve arc combined in one penon. one SISJUiurc only is n«cssary; 

orherw""' the appr<Nrng ollker will sogn '" 1h< space provrded. o...,- hrs o fficial t itle. 
'When • voucher is r~e~pted on 1h< ru- of a company or corporauon. !he name or lhe penon wri1ing !he company Tim 
or COI'J'>Oralc 1\Jme. u well a.s lhe a pac11y '" whtcb he SJgns. musl appear. For example: -John Doe Company. per 
John Smrlh. Secretary". or - Trc:a:surer-. u 1h< c:a.se may be. 

p ,.... 0.11 f'Qii hOI'I "'tobl.t 
9 U.S.GPO: 1 1187.0.1 81 ·2 47/-o205 

PK l'lrYACY ACT STAT!MEHT 
Th~ informer;., requeste-d on this form is ~uir.d unc:ier riw: p<ovi.iOtU of J 1 U.S.C. 82!;) and 3'2c. for th~ pr.r.>01e of 
d i sbur-sing F.O..ol mo~y. Th~ inf ormation re<~ue.ted i s to idenhfy the particuior cre<iitor and riw: a""""'ts to i>e poie. : , aure 

• ··• '-" .J • ~: . ... ~--- -' .... """""'".w'\' oOiiocnon. 

,,, 

$95,545.24 

S95 545.24 

... 

N $N 7~4-4206 



FORM 1035 

CONTRACT NO. # DABT63-94-C-0017 

BBN Systems and Technologies 

A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 

Boston, MA C2211 

BBN REF.# 115921.1 

BBN INVOICE# 951339 

SHEET NO.# 2 OF 3 

VOUCHER #11 C 

Target}Estrnatoo. Cost 
TargeUFixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 

Defense Accounting Office 

Drawer P 
Fort Huachuca, AZ 85613-6000 

Withholding Clause: 

BBN Withholding: 

Analysis of Current and Cumulative Costs and Fee Earned: 

'' 
f.1ajor Cost Elements: 

.. 
Dire:t Labor 
Over·head 
Travel 

~ ~.1 'lterial 
Procurement Charge 
EquipmenUSoftware Rental 
Computer Services 
Books & Subscriptions 
Subcontractors - Company 
Postage & Express Mail 
Training Conference 
General Administration 

Total Cost 
CAS414 

TOTAL 

Amount for Current 

Period Billed 

$28,944.36 
33,372.78 

0.00 
2,108.39 

105.42 
0.00 

11 ,596.24 
0.00 
0.00 
9.60 
0.00 

18,800.81 

$94,937.60 

607.64 

$95,545.24 

$634,557.00 
50,524.00 

$685,081 .00 

$42,945.40 

Cumulative Amounts 

From Inception to 

Date of This Billing 

$147,975.80 
171,616.68 

1,525.60 
9,143.92 

479.11 
704.50 

22,861 .21 
30.00 
60.00 
18.60 

150.00 
87,009.09 

$441,574.51 

2,376.70 

$443,951.21 



• SF 1034-EOP PUBLIC VOUC, FOR PURCHASES AND SERVIC 

DEPARTMENT OF THE ARMY 
DRAV.JER P 
FT HUACHUCA~ AZ 85613-6000 

CONTRACT NO./DATE DABT63-94-C-0017 04/05/94 

OTHER THAN PERSONAL 

VOUCHER NO. 

DATE PREPARED 05/19/95 

F'AID BY 
Account of: 

~AMEID DIV OF BOLT BERANEK & NEWMAN 
~SJEESS 88~ SXS'E~S & TECHNOLOGIES 

BOSTON MA 02211 

FT HUACHUCA~ AZ 956~3~~090 

DATE INVOICE RECV'D 05/16/95 FOB: 
DISCOUNT TERMS NET 30 DAYS DEST 

DATE OF PERFOR~ANCE NO . /DATE 
OF ORDER INV DATE INVRCV'D MDSE DEL MDSE ACPT 

12F 05/10/95 05/ 16/95 04/30/95 05/16/95 

FREIGHT MERCHANDISE 

0.00 3048.18 

TOTAL: MDSE+ 3048.18 

AMOUNT VERIFIED CORRECT FOR $S 3048. 18 
SIGNATURE OR INITIALS : 91/ 

PAYMENT : 15PARTIAL 06/ 15/7'5 

PURSUANT TO THE AUTHORITY VESTED IN ME~ I CERTIFY THAT THIS VOUCHER IS CORRECT 
AND PROPER FOR PAYMENT. 

AUTHORIZ ED CERTIFYING OFFICER DATE : 05 / 19/95 
FOR : For M.E . BELZA, MAJOR 

DEFENSE ACCOUNTING OFFICER 
Finance and Accounting Officer 

ACCOUNTING CLASSIFICATIONS 
97404001301000 5005P4T10A64104 2594 802086 US JWC900 OOJWC9 HJ1 50 ~40060552 

PAYEE: BBN SYSTEMS & TECHNOLOGIES 
DIV BOLT BERANEK & NEWMAN INC 
F' • 0 • 80 X 4 3 4 0 
BOSTON MA · oz21J.: ' 

CHEO:: NO.: IJN US TREASUF\Y 

CHEC~:: AMT $$ 

DATE : 

3048 . 1t 

3048 .1 E 

-



SF 1034 <CONTINUED> VOUCHER NUMBER : 222039 PAGE: 

ACCOUNTING CLASSIFICATION 

9740400.1301 00~5005 P4T10A8 2594 002086 US JWC900 OOJ WC9 HJ150040060552 
ACCOUNTING AMOUNT: 3048 .1 8 

.... 

... , .... .. .,.. ... c 



. 
SF 1034-EDP PUBLIC VOUC~ FOR PURCHASES AND SERVICI THER THAN PERSONAL 
---~----------------------------------------------------------------------------
JEPARTMENT OF THE ARMY 
DRAWER P 
~T HUACHUCA, AZ 85613-6000 

CONTRACT NO./DATE DABT63-94-C- 0017 

TAX ID 
PAYEE'S 
NAME 
ADDRESS 

BBN SYSTEMS & TECHNOLOGIES 
DIV OF BOLT BERANEK & NEWMAN 
P.O BX 4340 
BOSTON MA 02211 

DATE INVOICE RECV'D 05/15/95 

04/05/94 

FOB: 

VOUCHER NO. 

DATE PREPARED 06/08/95 

P A I D B Y 
Account of: 

DSSN 6424 

FT HUACHUCA, AZ 85613-6000 

DISCOUNT TERMS NET 25 DAYS DEST 

NO./DATE 
OF ORDER 

12C 

DATE OF PERFORMANCE 
INV DATE INVRCV'D MDSE DEL MDSE ACPT 

04/10/95 05/15/95 05/01/95 05/01/95 

·.-

FREIGHT MERCHANDISE 

0.00 38283.53 

TOTAL: MDSE+ 38283.53 

AMOUNT VERIFIED CORRECT FOR $$ 38283.53 
SIGNATURE OR INITIALS: 73/ 

PAYMENT: 16PARTIAL 06/09/95 

PURSUANT TO THE AUTHORITY VESTED IN ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
AND PROPER FOR PAYMENT. 

AUTHORIZED CERTIFYING OFFICER DATE: 06/08/95 
FOR: For M.E.BELZA~ MAJOR 

DEFENSE ACCOUNTING OFFICER 
Finance and Accounting Officer 

ACCOUNTING CLASSIFICATIONS 
974040013010005005P4T10A64104 2594 502086 US JWC900 OOJWC9 HJ150040060552 

PAYEE: BBN SYSTEMS & TECHNOLOGIES 
DIV BOLT BERANEK & NEWMAN INC 
P.O. BOX 4340 
BOSTON MA 02211 

CHECK NO.: ON US TREASURY 

CHECK AMT $$ 

DATE: 

/ 
... ) 7 7 s J!;vt (J 

38283. 5~ 

38283. 5~ 



, 

liS DE:.PAF"<TMENT, hUREAU, OFt: 

.... .. 

DTE VYU PREF SCHEDULE 
9 5/ 0.;:;./09 ESTABLISHMENT AND LOCA TION 

DEFENSE ACCOJNTING OFFICE 
~FA3- ft>~/E:I'1- rP 
FORT HUACHUCA, AZ 

CONTRACT NO AND ~ATC 
Dt"'8163-<..i4COO t 7 •'I C. b'·:_ZA, l<lAJ ,FC 

f=-•::r-n HUl\CHUC:/.1 
REOU !S ITION NO & ~ATE ?--511)1~. / r \'~j 

f\4YEE Is 
Nl\I"IE 
AND 

r\DDRESS 

BBN SYSTEMS 8 T~CHNOLOG I ES 
DIV BOLT BERANEK & NEWMAN I 
F'. 0. BOX 4340 
BOSTON I"IA 022.1 1 

'[ NVt:H CE NO · IN1.' <D:LSC) AM f 

NUI1. & 

DT OF:D 

\)OOUO 1 

0 .0(1 

ARTICLES OR SERVICES 

;,•·i ;:: 4 

LAfE. / TERhS 

0 

GtT·t UI·H T 
IS£; Pr'\!(1:: 

i . 00 

PAYMENT APPROVED BY 
PRO\/ l S :t tJN,,\L . 

EX CH AN GE RATE DI F~ 

'='$1 "0() 

.. COMPLETE 
X PARTIAL BY 

FINAL 
PROGRESS 
AD\JANC:E 

TITLE 

SIGNATURE OR INITIALS: VE: 73 PMT Nn~ 016 

r!·UT-CER: PALMER 

AMT •IF.?.r:. 
CORRECT 

1 CERTIFY 1HI~5 VOUCHER ( ·(rF\Rt::Cr AND PROF'E..R f'CJF CHEL:~~ r)AY·1ENT 

PPA: 73 

95/ 06/0'/ M. C::. BE.LJ. A DEFENSE f1C:COUJ'-lT H .!G OFF 1 CE:R 

Dt>TE AUTHORI ZED CERTtFYlNG OFFI CE~ TI1LE 

rHECK NUMBER 02521768 

SF 1084 



i 

SF 1034 <CONT!NUEC l VOUCHER NUMBER: 221010 

,·;C:C:OUN T I NG C:l_ASS T F I GAT I ('tN 

C\7 404<XJ • 1301 0 0.-· 50u'3 P4 T i O.r-'1::: 2594 0 <)2.(11;: ~. U:.; .J WC~·OO ( h) .I ~ : ·? HJ 11"5( \..l ~J.O(l(,(l552 
ACCOUNTIN6 AMOUNT: 38282.5 ~ 

.. 

• I 

c 



~P~RTMENT OF l~E A~MY 
:;;~~WEf.( p 
r ~IUf'lCI· !!.JCf'1. f~?. 8~·61::3···6000 

,;x ID 
'AYF.::L:.:: 'S DBN SYSTE::I'IS & TECHt·lOLOGIES 

DATE PREPARED 02/1~/95 

F' A 1 D fl Y 
Account of: 

DSSN 6424 

lt-,l'1l:: DtV OF BOLT BERN-lEK ~~ I•IEWMAI-1 FT HUACHUCA~ AZ 85613-6000 
t.ODF\ES~3 P .D BX 4340 

~:~OGTDI'-1 t•IA 02~'?.U. 
,. --·· ·--- ..... _ , _ _ , .. ,,._ .,.,, ,_, ,,,, ,,_ .. ,. 00 o OO •O ---- ... ,. oooo - --·- - · - - ---•- ""'•--•-•• ,. .. ,._ .,u .. - • ooo ,..., ,..., ._ .... .._ · - • - ,.,, ,.._ ~-- --· .. •- ... -. - .,..., ___ ,,., ..... -· o- ·-• owo " "" ..,.. .. ,, • -• , ,., ,..,, •- ,.,,, ,. •-··-•- ..... 

)nf~ INVOICE RECV'D 01/24/95 
,)I f)CDl.lt-n 1 E.HI'I~-> H£:.l :30 DAYS 

FOB:~ 
DEE:;T 

,_,, .. .... , - .,., __ .. _, ,..._,,_,,..-. __ ,_,_, ____ ,_, _____ -·--·-_,,.,.._,._, _, _,_,_. __ , ... ,.,, ____ , ,.. .. _,_, __ , __ ._.,.,.,,.., ,, __ ,,_,_,_,_ - ·•- -• ... _,.,. ... , - ·- ·•oo .... ,,. ._,_, , _, __ , __ ,..,_,_,.. ,. _, 

NG.IDATE 
OF DfWF. R 

9C 
~·F 

DATE OF PERFORMANCE 
INV DATE I NVRCV'D MDSE DEL MDSE ACPT 

01 / 19/95 01/24/95 12/31/94 01/24/~5 

01/19/95 01/25/95 01/25/ 95 01/25/95 

FREIGHT 

0 . 00 
0.00 

MERCHtii"DISE 

69633 . 03 
5878.99 

..... . .. . .. -· ... - •• · · - · · -· · · ·--·-·- · - · · - ·: ... . ___ .... .... , _, ___ , . .... _ .... - · - · -·-·-· · - · - · - .... ______ . ... 4 ............ . . ................... . _ . . ... _ .. , ... . ______ _ , .... - ·- ·· · -·-··-· · - ..... ..... ..... . .... . ................ - ... ·-·--

TOTAL: f'HISE+ 75512 . 07 

S IGNATURl OR INITIALS ~ 7~/ 

F~ur.:~3U~,t{'f TO 1 HE .. ~UTHG!::.: :r TY VI::~3Tt::D It··l f'li::: .• :C CERTIFY . TH~tT n-ru; \JOUCHEt;: l S CORf~E C'J ' 
.-;,i•IO eF.;tJ:::·u::: FCJF: r' (.lYI'iEl-lT ~ 

~UlHORl 2~D CERllFYING OFFJC£R 
F o t" 1'1 .• E ~ flt:I...D\, i'1?h.l0f( 
!Jf.:.r: I: : I, I !:~L f.":oet·;oUHT 1 1-·IG fW F" IC:EF': 
F .i. n ::u·l ·~ ~) .:tn 1.:1 ~~~~:: c:otJ.n t :i. n \~ CJ't' ·f i c :·:) r 

I 
l 
I 
I ~~C CI.lUt~ f' HiG CL.~t'3':HF- l C1~d IOi,IS 

97~04001301 000500~05Tl0A8~1L~ 2581 80~086 U3 JWBLOO OO~! WBL 75512. 0 

I 
I 
II . I 
I 
I 
I 

~I 

!-.<I ltl ~:>Y:::rr::rl~; !:!! TECllt·H)! .. t)G it:::~ 

.'.HV t"JF DOL. T r~F..r~:r.'d· :c-: t< ·'Y. I' !LWf'!:·t!-.1 



.. ·· ... . 

I 'UBI . [ C VOUCHl: R Fot~ PURCH,'\SE"~-; Al\lD SERV 1 CEG tYn !Ef"< !HAN F'r: I-.:'·_,UI\lf\1 _ 

i IS DEPI\R.I MENT, t-:lii~EAU, Oh: 
:.STAHL I SHMEI\rl' ANn I OCAT I r.tl\l 
llEFE.NSE ACCOUNT l NC• OI·T l Cl-: 
l)FAS - IN/ 1-J"I-11--' 

Dl E vttU F-·RO· SCtl~- DULl· Nltr 
9!5/0:~' / 17 2J lH lO 

p,\ i )J ~-: ·, 

:_.ORT HUACHUCA, AI. 

CONTnAcl· NO AND DAlE 
l >ABl (.:::: ·· ·;>,i CO(l J "l H [ • Hf . . Zt\, l"'lt\J ,FC 

r- 1. :r(l HUt~CHUC1~ 

,··AVEC Is 
NAME 
AND 

ADDRf::.SS 

INVOICE 1\10 

·~c 
91:-

BBN SVS TEI"IS & "iECI tNOLtXi rES 
D IV Uf- BOLT 13E:RAND< 8: NI:WM/\ 
P.O E:X 4340 
BOS fiJI\! 11A 022: :l:L 

INl I O>!!?X') Al"l'l" 

o.oo 
(1.00 

L 1\ Tr·flTmt ~·; 

(.l 

() 

·,1 ' . • 1o:? / ·1 t 
f.,! :>! 

F<t\ r 1-: 

() "(11 l(l(l/. 

f) • ()(l(l(l'l. 

NUM f:. 
llT Oh:D 

ARTlCLES OR SERVlCES t.,ti Y UNl "t 

000001 

9!::i048l 00;2'1 :?CAl-'S 

!·'AYMENT 
PRCN I :3 :r ON AI _ 

. COMPLETE 

AI·'Pl \OVE.lJ lW 

X PAI·niP,I. BY 
FINAL 
PRCJGREHS 
ADVANCE 

1.l. li..E 

l~Uf-C:ER: KNIL::FEL. 

:i • (l(l 

E.XCHANOE r~P."I'E 

=$1.00 

VF" : ·r 6 r·rfT NU : 0 .1 2 

1-·nj c::. 

TO· Pol 

n r r: 

Af'-IT 'l[ l·~ 
C:(.IF(k~<..l 

) CERTIFY TII XS VCtLJCHER CCJRkECT AND i-'1\m-'ER :-·o:-< C.II:··C:< I··'AY!'I: Nl 

Al'tttUN1 

7 !. ;rs 1 2 • !.l t 

'l5/0~U :1. 7 M .1.::. [·:t::.L I A DEF'· r-:l\l!:iE ACU lliNl J NC, llFF· ]( .Eh: 

DAfE /-\UTHOR ( Z CD Ct.::HT I r Y [ NG (lf-:1· I u:r.: r ( n .c 

( 'HECI< NUMBEr~ 02'IJ.'i1{.0(>2 

sr..:· 1 (r14 



• 

!-.F 10:34 <CONTINUFD) VOl JCHEF..: NUMBEH ~ ·? J l :3 · l 
.... 

ACCCtiJI\IT ( 1'1l<=i CLI'\:3~-; [ F T CATiON 

•:.•7 50·1-00. 1 ::;;o j 00 · ·!5005 P5T 1 OA::~ ;;~t • l? j (H):20E:~:. liS J WBI 00 OO.J t·lt :I.. I 1,1 1! ;rJ043"1 : ·:O!.i:3!j 
1·\C:C:OUNT I I\IG AI'"IUUNI : f5t..~ l ;:.-, .. 0 ;' 

.. l·i 

.. • ,. "' 't. ,/" 

0 
..r· , ... • , 

,/ I 

/ 
l 

'-' 
!' / 

r 



US DEPARTME~T, BUREAU, OR DTE VOU FREP SCHEDUL~ NUH 
·::5/ ')4/ 0:3 

...... .. --_. ,-, I C:: ?.-:..: :) r:: :' 
ESTABLISHMENT AND LOCATION 
~E~~NSE ACCOUNTI NG OFF~ CE 

DF AS- I i'~/ E:-1- i- r:· 
C.:::;NT.:::;;CT N': : AND 

DABI,.:.3 - ·;:·4c:oo1 7 E:ELZA ~ i''i.~J ~ FC 
FORT HUACHUCA , AZ 

RE QUI SITI ON NO ~ DATE 

f=' AYE~ I '3 
N AME 
;>.ND 

,;DOt;:E3S 

BBN S~ STEMS & IECHNOL03I ES 
D I V IJF BCL T EE:.:r."IEL:' .;, r·lE 1,.i!'1ri 

I N'v'O ICE NO IrH/ mrsc; AHT 

10C 
10F 

0 .00 
1) . 00 

NUM & 
DT ORD 

ARTICLES OR SERVICES 

000001 

-. 

'?60:3:3072151 CAPS 

PAYMENT APPRO VED BY 
PROVISIONAL 

_ COMPLETE 
X PARTIAL BY 

FI NAL 
PROGRESS 
ADVANCE 

TIT:_=: 

Lr~ TE / TERMS 

0 
0 

GITY UNIT 

(: . 0000% 
0. OOOOi~ 

ISS PR : CE 

1. 00 11 <:>.:.29. 8400 

T07AL 

EXCHA NGE RATE DIFF 
= ·~1 . 00 

SIGNATURE OR I NiTIALS: VE: 76 PMT NO: 013 
AMT VER 

CORRECT 

AMCIU~E 

112629 . 84 

112629. 84 

112629. :34 

AUT-CER: PALMER PPA: 76 

t CERTIFY THIS 'vOL.:C-JE;::: CORRECT MJD -=-r.:.:OF~R FOR ·:.1-i EC~: i='A. YMENI 
:,5/04/ 03 M .E ·. 13E~Z A 

'I •• •• - . .. :. 



;:-,.:,GE: ... 
'-

)75t)·1~)o ~ 1 :3() 1 c)t) - =5(;(:5 r-:·5T 1 ~)A:::: z:s:3 1 : :H);Zt)8 .~· :_:s J =~...;;.::L~)<) !)~~-J :.~r::L .. 
ACCOUNTING AMOUNT: 1126~9.84 



........ ·- ....... . ............... .......... ·-· ·- .... -· ·-·-· -··-· -· - · -· -----· -· -· -·· ••. ·-· ·-· ........ ·-· ·-· -- - · ........ -· .... -· -· .... .... ·-· ·-··-·-· .... -· ·-· .... -· -· .... -· .... -· . ...................... .... ·- ··- ·- ........ ........................... .... ... . 

()f.J. /0 5/91~ t='t·,.[:O Y.::Y 
,~ L~ count •Y"i' ;: 

T. \ < lD 
r:· ;:'! vF~E 'S :::t:.:l'l sy~::rn::ivi~J & TEC:··!i··IUI ... !JC·! J ES 
i···i.~' .. 'II::: DIV OF BOLT BERANEK & NEWMAN FT HUACHUCA. AZ 856l3-6000 

0~fC INVOICE RECV 'D 03/07/95 
r· :.:·.:;c::•t..: i··IT Tr..::f-(:'1~3 i'IET ~) C• [l,~~y~-:;; 

D~TE OF PE~FORMA~CE 

FOE~:: 

:OE~)T 

i-·~ .... :,;,TE 
u.·· UF'DE? il,lV .DH TE !~· ;;;F:CV 'D i'iDSE DE!... !'! D ~:.c: t-iCF'T 

10C 02/2:3/'7'5 0.3/07/9 '5 1:12/23/95 02128/0:' 5 
1 iJr- ·12/ 28/9:1 1):/ 12l?S •J2/ 13/? ~. 03 t 13: '?5 

J~E~:C Hi·)i,~ D I SE 

0 . 00 l )432::: .. 41. 
0 . 00 83•)6 . ·~:.; 

TOTAL : MD SE+ 112629 . 84 

/ 
AMOUNT VERIFIED CORRECT FOR $$ 112629.84 

SIGNATURE OR INITIALS: 76/ 

04/ 06/95 

r·::'· \SUt-,f'IT TO THE AUTHORITY 'JESTED IN ME~ I CERTIFY THAT THIS VOUCHER IS CORRECT 
.· ... ~ f>I;:OF'ER F OF\ PAYMENT . 

~:fHORIZED CERTIFYING OFFICER DATE : 03/28/95 
FOR: For M . E .BELZA~ MAJOR 

DEFENSE ACCOUNTING OFFICER 
Finan ce and Accounting Officer 

:· .. :OUt-l TING CLPtSS IFICPtTIONS 
~·· .04001301000500505T10A84112 2581 S02086 US JWPLOO OOJWBL HJ150043430535 

EE~ 3~N S~STEMS & TECHNOLOGIES 
I:~: V CF BCL T F:ERAI·IE :-'. :~( ;·:Eidi'1Al··f 

CHEC !< ,.:.rr;r ;!:. ·~ 

112629. 34 



.. ----------- - ··- ---- ---- --·-

I 
Stondofd fonft 1034 

f--..dLIC VOUCHER FOR PURCHASES A11u 
VOUCHER NO. 

.... l,.d JOI'NOry 1980 
0'"'90tt~f'f of th• f r.awr, 

SERVICES OTHER THAN PERSONAL 10F I HRM •-2000 
10)4 .. 120 

U.S. DEPU TM ENT. BUREAU. OR ESTABliSHMENT AND lOCATION DATE VOUCHER PREPARED SCHEDUlE NO. 

Defense Finance & Accounting SVC ?A F'f'lhrtt::ITV 1QQ!'; 9S1169 

Defense Accounting Office 
CON TRACT NUMBER AND DATE PAID aY 

Drawef P n.II.QT~'LOA.f'.l\1\17 

Fort Huachuca, AZ 85613·6000 
REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES I 

PAYEFS A Division of Bolt Beranek & Newman, Inc. 
NAME P.O. BOX 4340 DATE INVOICE RECEIVED 

AND 
BOSTON,MA AOOlESS 02211 

DISCOUNT TERMS 

L Point of contact: John Freyermuth @ (617) 87~-3716 11592 1.1/10186 
PAYEE ' S ACCOUNT NUMBER 

SHIPPED FoOM TO WEIGHT GOVERNMENT 8/ l N UMBER 

NUMSER DATE OF ARTICLES OR SERVICES 
QUAN- UNIT PRICE AMOUNT 

AND DATE DELIVERY (Enter dtscripuon. ium numbtr of contract or Fedual supply 
TITY 

OF mDER O R SERVICE sdttdule. and othu infor-mal/on dumtd nee<SSOfYI COST ?Ei llJ 

01 Jan Total Fee for 01 January thru 15 Fet uary, 1 95 

thru Based on 55% completion X $50,524 00 $27,740.40 

15 Feb Less Total Fee invoiced to date 19,433.97 

1995 ~-- -----·•-•r -w~•- .... -.. ---... ..... ----~----··-

Total Amount Due This lnv9i~PPRO. I[D FC1 ~ P/\ '(;" ~Er~-~T: ¢ $8,306.43 

COST REIMBURSABLE PROVIS~f'b~ttl y z:cc ~ptnr: of ·he ~. , ...... -!:, .. _ 
'~ or f-' '-- '-.J;.. .• i.fi-""•iC~ 

PA'fl.IENT i c . ~~~ /ll17t9..l : ~rvic es h e ·ein c 0 
(U•• <""linuotion ,..._thl if ne<enoryj (Payee must NOT use the sP.ctce ~!_w) • ..£.) ./ /_ TQTAL /...,c-.. ~-
PAYMENT: APPROVE~ FOR - Provisional 1 EXCHANGE RATE~ ~~./..r.: r-t.A '-./ L ~./'-r "- ..; b • ..J. ////7 A 7 , :> 
0 PROVISIONAl 

. p,vm.i'nl.~ tl'\1<>1"1 In I "''''" onlt - $ 1.&P rtr~ct ;~ig Vfii:C;., 

oco,..,_m 
BY 2 

0 PARTIAl 

0 FINAl Amount ~lied: cone<t tor 

0 . PROGRESS TITLE fSig~taturr or mittalsJ 

0 ADVANCE 

Punuant to authority vested in me, I cerrify thot thi> voucher is correct and proper for paytnent. 

' I •.' 

--. rD.•t~J (Authom~d Cttti/ytng OfTarJ' !Tit/~! 

ACCOUNTING CLASS I RCA TION 

... ~ ~ .... ~. 
CHEC'li: NUMBER 

~ 
ON ACCOUNT OF U.S. TREASURY CHEClC NUMBER ON I Nom~ of ba11ic I 

• 
0 

,. 

• CA.>H DATE PAYEE ' 
L 

s 
• Wh~n \llted 1n fore1gn currency. m~n name o( currency PER 
' I f the ooolu y to certify and authority to appro'Ve are .:c>mboned on c:nc person. one ~ognature only os necessary: 
olner"'·~ 1ne 3pprovmg officer wtll sogn 1n the space provoded. over !>IS offic~al rule. 

'When a "'ucher" rec:e1pted on the na= of a company or corponuon.. :he name of the peno"' ••mung the company I TITLE nr corpnu1e ry~. u well u rhe capaoly in whiCh he " gns. must appar. For eumple: " )Q41n Doe Company. per 
Jnhn Smuh. Secretary". or " Treuurer'". u lhe Qse may be. 

PK l'tJVACY ACT STAnMIEHT 
The informotion requ•st.d on this form is req_.o un<Hr the prov,,_s of 31 U.S.C. 82b ond 82c. f01 nw purpo~ of 
di•buning Federol money. The information requ..l'ed i> ta identify th• ::>Qrlicular creditor and l!le amovnn to be ooid. ~'a•lure 
to lum i•n mil in formation ••II hinder discharQe ;i the ;x>yment obliQqnon. 

--------------------------------~ 

UdlO 

I 

I 
c 

i 
l 
i 



FORM 1035 

CONTRACT NO.# DBAT63-94-G-Q017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

BBN REF.# 11592 1.1 
BBN INVOICE# 951169 
SHEET NO. # 2 of 2 
VOUCHER #10F 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

Axed Fee: 

Fixed Fee. Due (55% X $50,524.00) 
Less Fixed Fee Billed 

Fixed Fee To Be Billed 

$27,740.40 
19,433.97 

$8.306.43 

$634,557.00 
50.524.00 

$685.081 .00 

$42,945.40 



. 
oro lc.tfft I OJ~ 

PUBLIC 'CHER FOR PURCHASES AND 
VQUCHE ~ ,. 0, 

d )~ 1980 
....._,.,., of ~ r,...,Wf"Y 

SERVI OTHER THAN PERSONAL 10C ""'.&-'2000 '• ... 
. 110 

)EPARTMENT, 8URE).U, OR EST).8liSHMENT AND L0().TI0N D). TE ,VOUC~~R PREPAUD SCHEDULE "<0. 

•.C.A.A 28 February 1995 951169 
/ALTHAivi BRANCH CONTRACT NUMBER ).NO OATE PAID BY 
24 TRAPELLO AD DABT63-94-C-0017 

1/ALTHAM, MA 02154-6397 REQUISITION NUM8ER ).NO OA TE 

r BBN SYSTEMS AND TECHNOLOGIES ..., 

'AYEE'S 
A Division of Bolt Beranek & Newman, Inc. 

NAME P .0. BOX 4340 D). TE INVOICE UCEIVEO 
AND BOSTON,MA 02211 .oouss 

DISCOUNT TERMS 

L Point of contact: John Freyermuth @ (617) 873-3716 
' ~ 

PAYEE'S ).(COUNT NUM6ER 

11592 1.1/10186 

'P~O F~OM TO WEIGHT GOVERNM ENT 3 / l NUMBE R 

,-..UMBER DAiE OF ARTICLE S OR SERVICES 
OUAN· UNIT P~ICE AMO UNT 

ANO DATE DELIV ERY (Enru d=nption. ium num/Hr oj contract or Ftdu~l Iupply 
TITY 

OF OR DER OR SEi!VICE Jchtdult. ond othtr informal/on dttmtd ·1Kt=ryJ COST PER 

01 Jan For detail, see SF 1035 

thru continuation sheet. Total amount $1 04 ,323.41 

15 Feb claimed transferred from Page 2, 

1995 SF 1035 

COST REIMBURSABLE PROVIOONAL 

PA)1JENT 

s• r;enhnvotton ,..._,hi if nec.nsoryJ (Payee muat NOT use the space below) TOTAL. $104,323.41 
IYMENT: APPROVED FOR , Provisional ~~~HANGE RATE DiffERENCES 
I "OVISION).L Paymeri Subject to Later It = SI.OD 
) COMPlETE 

BY 1 

F.Ga?/4~~ ) PAi! TIAl John 
) FINAl Amount •erified: con'Kt tO( 

j P~OGRESS : I 1 f!TI.£ Auditor, r(efense ContraB Audit Agency 
(5 i f1101U" or tnllla/s) 

} ADVANCE .'' ' 

ltiUCnl to outn;tr ":"'teO in me, I certify that vtcucher is correct and proper for payment. 

t ( ' ' 

/Dart/ (Aurltonttd Crntfyinr 0/]icuJ ' ( Titlr / 

' ' • I ACCOUNTING CLASSIFICATION 

'· 

·' 
' 

C~EClC NUM&Eil ON ACCOUNT OF U.S. TREASURY CHECK NUMBER ON ("'amt of btz,kJ 

CASH DATE PAYEE 1 

s 
"' ~en \I at<:<! In (Ol'C1gn ~'UM'cncy. uucn n~ o r currency. PER 
lr ·.'< •b•hty 10 c:cru(y aad authonty 10 approve arc comb•n<:d •n o ne: pc~n. one ~·pature only is nc:cenuy. 
o• ~crw1.e 1he aprrovang offac:er will sign 1n the s-pace prov1dcd. over hlS offic•al IItie. 
\lo 'en a vnuchcr 1\ rc<:et!)lcd 1n the name of a comoany or c:orporu1on. I he name o/ thc person wnung the company TITlE 
nr ;.>rf>Otale name. u weJ u the copoc:lly '" wluch he s1gn$. must lppc:ar. For eumpic:: - John Doc Company. per 
Jo,~ Sm11h. Seemary". oc '"Treasurer" , u the asc may be:. 

eU.S.GPO: l~7.0· l8t ·24 7/4020S 

--------------------------~ l"tfVACY ACT STARMENT 
The omormation ,...,..,,.a on this form is rwquir.d unde< rile pt"OYisions o f 3 1 U.S.C. 82b ond 82c, fat the ;:>urpcse :i 
disbuninv Federal money. The information r.quested is to icie<1tify -... particular c-rditor Olld the amoun11 :o be poad . Fa<i..n 
to f...,m<sh this information wi~ hinder d ischorge of the payment cciivation. 

. 

I l l 



Continuation Sheet - Page # 3 
·saN Reference # 11592 1.1 
Bureau Voucher # 1 OC 
Invoice # 951169 

Direct Labor: 

FY Pool Hours 

95 10.0 945.9 

Other Direct Costs: 

Direct 
Labor 

$34,881 .24 

Value Added Costs: 

FY 

,95 
'l' 

.• f - ' 
l • • 

• I. ';'· 

' ( 
I(. ( 

~ ,_.c. :. ·:. c 
... 0 

Pool 

0 

Direct 
Costs 

$6,419.64 

,· -: c. e o- ~ 
~ Non Value Added Costs: 
• 

. ( . "' 
:· 'fY '' Direct Costs 

95 $1 ,519.58 

Overhead G&A 
Overhead Rate G&A Rate 

$40,218.08 115.3% $19,075.25 25.4% 

1,630.60 25.4% 

Total G&A $20,705.85 



·~ ( 1f-: PUr\'C!·h~ .:. f.: ~] r-al'11) r:u.;v I c 
. . •.. ·-· ... . . . ......... ~ .... ·~ '. .. . . ~-- .. . - .. ..... ...... ___ , ... .. .... .. ..... ·- .. . 

()<:'I / (> ~5/ 9 1! 

fa=~X I.D 
r:· ,:, (f.:J:: ' ~:; iH-.·i' l :;;'('3 T't.::t'lf.l ~t. !Fl I ti iUI .. 1 ·, ·.; .l FG 
''":'1 '11 .. D l V r.JF E:OL. r Bf~. F:flt!,tU< . ,~ i'I I.~ I.JiTI:''bl 
,: ~f!rq:,:[>: ~:; P .. o nx ~~ .>· t~) 

n mn u r-1 r·r A o ~~ ~-~ :1 . .1. 

D~~ ~ rNVO! CE R~CV ' O 0~/07/95 FCI[{:: 
'1\J'.:COUII'l 'JCF\ t•lt: )'.I I; ') ::)() Dt.Y::;; DCb "1 

D~fE 0~ PERf ORMANCE f..: • / ilrYl'E 
uF tN Of.R INV DAT E II~VRCV D r10SE DlL MDSC ACP r 

10C 
1 or 

02/28/95 03/0~/9~ 02/ 28/95 02/28/95 
0~/20/95 03/ 12/95 02 1 15/95 03/13/15 

'·J•.II .i r_: ·ll:~ti: r iO .. 

p (i .t: l) )'_( '{ 

,.:-c, c <.:nu n t cd' ~ 
.O~iGI'! f.>t.! ~::4 

f· RE~GH r 

().00 
0. 00 

1. 04325 .'~ 1 
e:>o6 .t.l 3 

TOTAL: MDSEt 11?629 .8~ 

f'LJF;·~:H.Ia~N1 HI l !·It' (.~LI"I'HCJf;;J TY 1./1::· ~)' 1'1~· D 11'·1 l •i!~ ., I Ct::J-\:T :u:· y i Ht'rT 'fHTS UOUCI lf::h: '! ':3 (.(ih:f.;} C I 
{ ,i'IO r·or~UPU~ FUf< F'fYY I'IEI'I'T .. 

~~U .. ii·IDHJ .!.CI> CE1:n :r.r::· y·n·l<:~ OFi· ·:rcr::. r.;: vr..TL :: o::s,. '.·:e,~Y ~· 

FOh: :: F.-:> I" 1'1 .. E: .. l.~fJ /.(\ ,, t•lt.r.JC'lH 
1.11 : I t:: l'·l~ .. r::· ~CC.:ClUHl .I HO t:rr-r· J C 1: F\ 
I·= in <Ml en .:M\ d fH~ ,:·oun 1: :i. r1 Cl 0 f f' :i o:: ~::- I' 

r ,(Ct)l.JI·IIll'tG CLr.r~ISIF ICf.YI IGH~::; 

~7 ~ 0400130J000500505f10A84112 2581 802086 US JWBL OO OOJWBL HJ150043480535 

p,·, rc l:· :: lll:N ~3~'S 1 Ll'lt~ .~ T L CI·I"IOI..OCH F:S 
lH V OF f.4C'JLT DE-.RAI,tEI< ·"~. l•lf::lvl'lt'\11 
F' .. 0 I:<X 4::)t.K) 

Dt~T I.:::: 



PUBLIC VOUCHER FOR PURCHASES AN D SERVICES OTHER THAN PERSONAL 

US DEPARTMENT, BUREAU, OR 
ESTABLISHMENT AND LOCATION 
DEFENSE ACCOUNTING OFFICE 
DFAS-IN/EM-TP 

DTE VOU PREP SCHEDULE NUM VOUCHER NUM 
95/04/03 

CONTRACT NO AND DATE 
DABT63-94C0017 

FORT HUACHUCA, AZ 

PAYEE'S 
NAME 
AND 

ADDRESS 

REQUISITION NO & DATE 

BBN SYSTEMS & TECHNOLOGIES 
DI V OF BOLT BERANEK & NEWMA 
P.Q BX 4340 
BOSTON MA 02211 

215781 
PAID BY 
M.E. BELZA, MAJ,FC 
F8RT HUACHUCA 
95/04/03 
6424 

DISCOUNT TERMS 

I NVOICE NO INT / (DI SC> AMT 

10C 
10F 

o.oo 
o.oo 

NUM & 
DT ORO 

ARTICLES OR SERVICES 

000001 

96098072151 CAPS 

PAYMENT 
PROVISIONAL 

_ COMPLETE 

APPROVED BY 

X PARTIAL BY 
F INAL 
PROGRESS 
ADVANCE 

TITLE 

LATE/TERMS 

0 
0 

QfY UNIT 

RATE 

0.0000% 
0 .0000% 

ISS PRICE 

1. 00 112629.8400 

EXCHANGE RATE 
~s1 . 00 

TOTAL 

DifF 

AMT VER 

AMOUNT 

112629.84 

112629.84 

SIGNATURE OR INITIALS: VE: 76 PMT NO : 013 CORRECT 112629.84 

AUT-CER: PALMER PPA: 76 

I CERTIFY THIS VOUCHER CORRECT AND PROPER FOR CHECK PAYME~r 
95/04/03 M.E. BELZA DEFENSE ACCOUNTING OFFICER 

DATE AUTHORIZED CERliFYING OFFICER TITLE 

~HECK NUMBER 0 2606375 

SF 1034 



SF 1034 <CONTINUED> VC.tUCHER fJUI1Bf::.R: :~ 1 f.:rr :? 1 PAGE: 

ACCOUNTING CLASSIFICATION 

9750400.1301 00~5005 P5T10~8 Z581 002086 US J WBLOO OOJ~DL HJ 150043480535 
ACCOUNT! NG AI"IOUNT: 11262.9.84 

_ .. 



SF 1034-EDP PUBLIC VOUCHER FOR PURCHASES AND SERVICE~ OTHER THAN PERSONAL 

)EPARTME~T OF THE ARMY 
)RAWER P 

UCHER NO. 

=T HUACHUCA, AZ 85613-6000 DATE PREPARED 05/19/95 
--------------------------------------------------------------------------------
:ONTRACT NO./DATE DABT63-94-C-0017 04/05/94 P A I D B Y 

Account of: 
fAX ID 
=·AYEE' S 
\lAME 
~DDRESS 

DSSN 6424 
BBN SYSTEMS, & TECHNOLOGIES 
DIV OF BOLT BERANEK & NEWMAN 
P.O BX 4340 

FT HUACHUCA~ AZ 85613-6000 

BOSTON MA 02211 

)ATE INVOICE RECV'D 04/20/95 FOB: 
) ISCOUNT TERMS NET 30 DAYS DEST 

-.JO ./DATE 
JF ORDER 

11C 
11F 
5C 

DATE OF PERFORMANCE 
INV ]ATE INVRCV'D MDSE DEL MDSE ACPT 

04/10/95 04/20/95 03/31/95 04/10/95 
04/10/95 04/20/95 03/31/95 04/25/95 
09/14/94 11/14/94 08/31/94 09/19/94 

FREIGHT 

0.00 
0.00 
0.00 

DEDUCTION TAKEN FOR DUPLICATED PAYMENTS AGAINST YOUR 
INVOICE NO 5C - DOV 205017 chk 02482350 dtd 12 Dec 94 9P 
and DOV 201241 chk 02470552 dtd 13 Oct 94 SP 

TOTAL: MDSE+ 

MERCHANDISE 

95545.24 
7607.39 

-13818.92 

89333.71 

AMOUNT VERIFIED CORRECT FOR $$ 89333.71 
SIGNATURE OR INITIALS: 91/ 

PAYMENT: 14PARTIAL 05/22/95 

PURSUANT TO THE AUTHORITY VESTED IN ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
AND PROPER FOR PAYMENT. 

AUTHORIZED CERTIFYING OFFICER DATE: 05/19 / 95 
FOR: For M.E.BELZA, MAJOR 

DEFENSE ACCOUNTING OFFICER 
Finance and Accounting Officer 

ACCOUNTING CLASSIFICATIONS 
974040013010005005P4T10A64104 2594 S02086 US JWC900 OOJWC9 HJ150040060552 
975040013010005005T10A8411400 2581 802086 US JWBLOO OOJWBL HJ150043480535 

103152.63 
-13818.92 

------------------~-------------------------------------------------------------

PAYEE: 

CHECK 

BBN SYSTEMS & TECHNOLOGIES 
DIV OF BOLT BERANEK & NEWMAN 
P.O BX 4340 
BOSTON MA 02211 

NO. : ON US TREASURY 

CHECK AMT $$ 89333.71 



: 

' 

St ......... 1- 103• 

O auc voucHER FOR PURCHASE~ Oo VOUCHER NO . .. .., jM4 J.,.,..., 1910 

o.,.,._..., of tt.. ''"Wf'Y 11 F I 111M .._2000 SERVICES OTHER THAN PERSONAL 
103•-120 

U.S. DEPARTMENT, IUUAU, OR ESTABliSHMENT AND LOCATION DATE VOUCHER PREPARED SCHEDULE NO. 
Defense Finance & Accounting SVC 10 April 1995 951339 
Defense Accounting Office CONTRACT NUMIER AND DATE I'AID IY 
Drawer P DABT63-94-C-001 7 
Fort Huachuca, AZ 85613-6000 REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES -, 
IIAYEFS 

A Division of Bolt Beranek & Newman, Inc. 
NAME P.O. BOX 4340 DATE INVOICE RECEIVED 
AND BOSTON,MA 02211 ADDlES$ 

DISCOUNT TERMS 

L Point of contact: John Freyermuth @ (617) 87j-3716 11592 1.1/101 86 
PAYEE' S ACCOUNT NUMBER 

... ... j .. ... ... •\,,.. ·' .. 
SHIPPED ; ROM . i \.! I ro 

' ' ; , I ' 
WEIGHT GOVERNMENT 1/L NUMBER 

i ,, 

N·u.\m DATE OF · ARTICLES. OR ?ERVICES O UAN· UN IT PRICE . AMOUNT 
ANC, DA I\. i · • .DELIVERY (En"' dncription. it~m numiHr of contract or F~~ral supply 

TITY OF O~DER OR SERVICE sclr~dul~. and othu information dnm~ n«~ssary) COST PER 11) 

16 Feb Total Fee for 16 February thru 31 Me: rch, 19~~ ' .. 
thru Based on 70% completion X $50,524 00 $35,347.79 

31 Mar Less Total Fee in.voiced to date 27,740.40 ... .. ·~ 

1995 ' 

Total Amount Due This Invoice ...... ... ~ ... - 1"1 

APP ~OVEDI ~RPAY ~t:NT:$ 
.lJ ,vv ..... 

COST REIMBURSABLE PROVISIONAL 
PAYMENT I c rtify 11 jceptancc of th Supplies or 

'. 

(U~ ~onrinuotion sheel(•l if ,_euory) (Payee must NOT use the space nCRID roTAL 
PAYMENT: APPROVED FOR EXCHANGE RATE k • .QJL). s . .....,._......, 
0 PIOVISIONAL s Provisional ~...,z .HRJ I ...; GO .LOA.)~ · --: :vv 

0 COMPlHf 
BY 2 WJ 'Q"' "'"'"')Qv '"' L.a'"' r """' . ., VIU~r Date 

0 PARTIAL - . 
0 FINAt Amount verifted; CON.Cf tOt 

0 PRO~USS TITlE (Signaturt or inillals) 

0 ADVANCE 

Pursuant to authority vo,t.d in me, I certify that this voucher ;, correct ond proper far payment. 

IDa ttl (Authoriud Cmifying Offiurl ' (Titltl 

ACCOUNTING ClASSIFICATION 

CHECK NUMBER ,.. ON ACCOUNT OF U.S. TREASURY CHECK NUMBER ON (Namt of bank! 

• a • .. CASH DATE PAYEE 3 

$ 

'When \ lated 1n foretan currency. inserl name of currency. PER 
' If 1he abili1y 10 certify and au1hori1y 10 approve are combined in one penon. one signature only 1s nc:cessary; 
o therw1r.e 1he approvin& offteer will sign in the space provtded, over h•s official lille. 

'When a voucher ts rc:ceipted in !he name of a company or corporal ion. the name of 1he person writing the company TITlE 
or corpora1e name, u well as !he capaci1 y m which he signs. mus1 appear. For example: " John Doe Company, per 
John Smuh. Secretary", or " Treasurer" . as 1he case may be. 

. ' Pre•oous edi.- u...W. 11U.S.GPO; 1 ~7.0· 181 ·247/40205 NSN 7~._4206 

PK 
PIIVACY ACT STATEMENT 

Tho information requested on tl.is form is required under the provisions of 31 U.S.C. 82b ond 82c, lor the purpa•e of 
disbuning Federal money. The information requested is to identify the particular creditor and the amounts to be paid. Failure 
to fumish this information will kinder discharge of the payment obligation. 



FORM 1035 

CONTRACT NO.# DBAT63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Doston, MA 02211 

BBN REF. # 115921.1 
BBN INVOICE# 951169 
SHEET NO. # 2 of 2 
VOUCHER #11 F 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

CJisbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

Axed Fee: 

Fixed Fee .Due (70% X $50,524.00) 
Less Fixed Fee Billed 

Axed Fee To Be Billed 

$35,347.79 
27,740.40 

$7,607.39 

$634,557.00 
50,524.00 

$685,081 .00 

$42,945.40 



. 0 Q 
St ......... ~- 103• 

PUBLIC VOUCHER ~0~ .PURCHASES AND 
VOUCHER NO. 

. ....... _., 1910 
o~r of !'he Treowry 

SERVICES OTHER THAN PERSONAL 11 c I T~IM 4-2000 
1034-120 

U.S. DEP4RTMENT. 8URE4U, OR EST48LISHMENT AND l OCATION DATE VOUCHER PREP4RED SCHEDUlE NO. 

D.C.A.A. 10 April 1995 9 5133 9 
WALTHAM BRANCH CONTRACT NUMBER AND DATE PAID IY 
424 TRAPELLO AD DABT63-94-C-001 7 

WALTHAM, MA 021 54-6397 REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES -, 

ftAYEFS 
A Division of Bolt Beranek & Newman, Inc. 

NAME P.O. BOX 4340 DATE INVOICE RECEIVED 

AND BOSTON,MA 02211 ADDRESS 
DISCOUNT TERMS 

L Point of contact: John Freyermuth @ (617) 87;.3716 
P4YEE' S ACCOUNT NUMBER 

.. ....... . -· .. ~ ·· -~ ·· .. .. ~ ·- .. . , . .. . ... ............. .. . . ' . . .. .. ~....,. -' ... 11 592 1.1/101 86 
SHIPPED. ~RO""-· .. 

,, :. r,o ; ~ ~ :. 1 ;.: c I ' J , WEIGHT GOVERNMENT 8/ l NUMBER ,. 
·• f '•• I . ; ,•, !' ~ ., •: t .. · I ' .. .. ~ ,, ~: I ' ;~ 4 ·~: : .. ; ' I' ' . . '~ .. ' .. 

NUMBER _ . , DATE O F ' ARTICLES O R SERVICES 
Q UAN· UNIT PRICE : AM OUNT ... 

(Ent~r dut:ription. iitm numbu'of ~ontract or F<dual supply AND DATE, DELIVERY . TITY 
O F O RDER O R SERVICE ' schtdult , and orhu information dttmtd ntctssary) COST PER 11) 

16 Feb For detail, see SF 1 035 .. 
' 

thru continuation sheet. Total amount .. $ 95 ,545.24 

31 Mar claimed transferred from Page 2 , 

1995 SF 1035 

COST REIMBURSABLE PROVISIONAL 

. PAYMENT 
·' 

[Use co~tin~o tion 'hett(s) if necenory) (Payee must NOT use the space below) TOTAL $95 L5_45 ,24 
PAYMENT: APPROVED FOR Provisional J

1

EXCHANGE RATE DiffERENCES 
0 PROVISION4l Pavmerlt't>ublect to Later dit = $1.00 

'' 0 COM~LE7E 
3 .J J BY: 

Q PARTIA~ J .J , 

John J J ' 0 fiNAl u' " F.Gay ~W~ Amou"t "~rified: CorTt'Ct tot 

0 P-OG- ESS TITLE tin ' v 
Auditor, De nse Contract Audit Agency 

(Sigflaturr or iniuals) 
• v J 

0 AOV).NC[J ' 
) I 0 

Pursuant Ia auth">ritY vested in me, I certify that this voucher is correct and proper for payment. 
V) · I I I 1 : 

I ,J 

I 

IDa;;-- (Authoriztd Ctmfying Offictr) 2 (Titlt) -- ACCO UNTING CLASSIFICATIO N 

; 
: 

CHECK NUMBER ON ACCOUNT O F U.S. TREASURY 
>-

CHECK N UMBER O N (Namt of baflkl 

• I 
Q • CASH DATE PAYEE l ... ·, .. .. 

s ... 
' When ~tated in fore1gn currency. inser1 name of currency. PER 
' If I he abili ty to certify and authoril y 10 approve arc combined in one perwn. one signa1ure only is necessary; 

ol hcrwise the approving o fficer will sign in the space provided. over his official ti tle. 
, When a voucher is receipted in I he name of a company or corporal ion. I he name of the perwn writ ing the company TITlE 

or c:orpora1c name. as well as lhe capaci ty in which he signs, must appear. For eumple: " John Doe Company, per 
John Smith. Secretary" , or "Treasurer" , as 1he case may be . 

.. * ~ .S.GPO: 1118 7 .O. t8 1 ·2•7t•0205 NSN 7 .540-00-03+-4206 

PK ------------------------------~ f'IIV ACY ACT STA TtMENT 
The information requested on this form is required under the provisions of 31 U.S.C. 82b and 82c:, for the purpose of 
disbursing Federal money. The information requested is to identify the particular credi tor and the amounts to be paid. Failure 
to furnish this information will hinder discharge of the payment obligation. 



FORM 1035 

CONTRACT NO.# DABT63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

BBN REF.# 115921.1 

BBN INVOICE# 951339 
SHEET NO. # 2 OF 3 
VOUCHER #11 C 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 

Drawer P 
Fort Huachuca, AZ 85613-6000 

Withholding Clause: 

BBN Withholding: 

Analysis of Current and Cumulative Costs and Fee Earned: 

t.1ajor Cost Elements: 

Dire:::t Labor .. 
Ove.·head 
Travel 
~11terial 

Procurement Charge 
EquipmenVSoftware Rental 
Computer Services 
Books & Subscriptions 
Subcontractors - Company 
Postage & Express Mail 
Training Conference 
General Administration 

Total Cost 
CAS414 

TOTAL 

Amount for Current 

Period Billed 

$28,944.36 
33,372.78 

0.00 
2,108.39 

105.42 
0.00 

11,596.24 
0.00 
0.00 
9.60 
0.00 

18,800.81 

$94,937.60 
607.64 

$95,545.24 

$634,557.00 
50,524.00 

$685,081 .00 

$42,945.40 

Cumulative Amounts 

From Inception to 

Date of This Billing 

$147,975.80 
171 ,616.68 

1,525.60 
9,143.92 

479.11 
704.50 

22,861 .21 
30.00 
60.00 
18.60 

150.00 
87,009.09 

$441,574.51 
2,376.70 

$443,951 .21 



.US DEPARTJ'IENT, BUREAU 
ESTAB~ISHMENT AND LOCn . I ON 
DEFENSE ACCOUNTING OFFI CE 
DFAS·- IN / EM- TP 

DTE VOU PREP SCH£ 
95/05/22. 

NUM VOUCHER NUM 
220 112 

f·'A ID BY 

FORT HUACHUCA' AZ 

CONTRACT.NO AND DATE 
DABTC:.:3-94C0017 M. E. BELZA , MAJ,FC 

FORT HUACHUCA 
REQU ISITION NO & DATE 95/05/2 2 

PAYEE 'S 
NAME 
AND 

ADDRESS 

BBN SYSTEMS & TECHNOLOGI ES 
DIV OF BOLT BERANEK & NEWMA 
P.O BX 4340 
BOSTON t1A 0 22 11 

INVO I CE NO INT I <DISC> Al"'i' 

11 C 
11F 
5C 

NUM & 
DT ORD 

000001 

000002 

0 .00 
0 .00 
0 .00 

ARTICLES OR SERVICES 

';'/5142083924CAPS 

6 424 

DISCOUNT TERMS 

LATE/TERMS RATE 

0 
0 
0 

0. 0 0001. 
cr . oooot. 
0.0000% 

~t TY UN I T 
I SS PRICE 

1. 0 0 10:3152 • 6:30(> 

1 . 00 13 8 18. 92:00 

TCIT AL 

PAYMENT APPROVED BY EXCHANGE RATE DI FF 
PROVISIONAL =$1.00 

_ COMPLETE 
X PARTIAL BY 

FINAL 

AMOUNT 

103152 . 63 

89:333 . 7 1 

PROGRESS TITLE -- - - --------- ---
ADVANCE AMT VER 

SIGNATURE OR INITIALS& · VEz 91 PMT NO: 014 CORRECT 

AUT - CER : PALMER PPA: 9 1 

I CERTIFY THIS VOUCHER CORRECT AND PROPER FOR CHECK PAYMENT 
9 6/05/22 M.E. DELZA DEFENSE AC COUNTI NG OFFI CER 

DATE AUTHORIZED C~RTIFYING OFF ICER TI TLE 

CHECK NUMBER 02517461 

SF 1034 



ACCOUNTING CLASSIFICA 

9740400.1301 00-5006 P4T10A8 2594 002086 US JWC900 OOJ WC9 HJ150040060562 
ACCOUNTING AMOUNT: 103152.6~ 

9750400.1301 00-6005 P5T10A8 2581 002086 US JWBLOO OOJWBL HJ150043480535 
ACCOUNTING AMOUNT: -13818.92 

.. . 
c .•. 



PUBLIC VOUCHER FOR PURCHASES AND SERVICES OTHER THAN PERSONAL 

US DEPARTMENT, BUREAU, OR 
ESTABLI SHMENT AND LOCATION 
DEFENSE ACCOUNTING OFFICE 
!)F r'=iS - IN/ EM-TP 

DTE VOU PREP SCHE~ULE 
95/1)1/17 

NUM VO UCHER NUM 

FORT HUACHUCA , AZ 

CONTRACT NO AND DATE 
DABT o.:.:::; - '~4COO 17 M. E. BELZA, MAJ,FC 

FORT HUA CHUCA 
REQUISITION NO & DATE 9 c:;;o 111.1 

PAYEE'S BBN SYSTEMS ~ TECHNOLOGIES DISCOUNT TESMS 
NAME DIV OF BOLT BERANEK S NEWMA 
AND P . O BX 4340 

ADDRESS BOSTON 1'1A 0221 1 

INVOICE NO: 8C .-.--:•1 

NUM B: ARTICLES OR SERVICES 
DT ORD 

000001 

~)50 1207:3130CAPS 

PAYMENT APPROVED BY 
PROVISIONAL 

_ COMPLETE 
X PARTIAL BY 

Fi:NAL 
PROGRESS TITLE 
;~DVANCE 

PAYEE Is ACC:)IJNT NU!"IE:ER 

OTY UNIT PRICE 
CST PER 

1. 00 62300. ~.:.1 0000 

TOTAL 

EXCHANGE RATE DIFF 
=$1 . 00 

M1T VER 

AMOUNT 

6 2300.51 

SIGNATURE OR INITIALS: VE: 76 PMT NO: 0 10 
AUT-CER : PAU·1ER 

CORRECT 62300.51 
F'PA: 76 

I CERTIFY THIS VOUCHER CORRECT AND PROPER FOR CHECK PAYMENT 
95/01/17 M. E. BELZA DEFENSE ACCOUNTING OFFICER 

!JATE AUTHORIZED CERTIFYING OFFICER TITLE 

ACCOUNTING CLASSIFICATION 
9740 400.130 1 00-5005 P4T~OA8 2594 002086 US JWC900 OOJWC9 HJ15004 0060552 

ACCOUNT~NG AMOUNT: 6 2 3 00.5 1 



SF 10 34-EDP PUBLIC VCUC ~OR P~RC~ASES AND SERVI 

:)C:PART"P'lEN.T OF THE ARr'i'; 
8RAWER F' 
FT HUACHUCA, AZ 85613-6000 

CONTRACT NO . / DATE DABT63-94 - C-0017 

TAX ID 
PAYEE'S BBN SYSTEMS & TECHNOLOGIES 

04 / 05/94 

~ThER THAN PERSONAL 

VOUCHER NO. 

DATE PREPARED 01/ 11 /95 

P A I D B Y 
Account of: 

DSSN 6 4 24 

NAME DIV OF BOLT BERANEK & NEWMAN FT HUACHUCA, AZ 85613-6000 
ADDRESS P .O BX 4340 

BOSTON 1'1A 02211 
-----------------------------------------------------------------------~--------
DATE INVOICE RECV'D 12/24/94 FOB: 
DISCOUNT TERMS NET 30 DAYS DEST 

1'.0 . / DATE 
CF ORDER 

BC 
8F 

DATE OF PERFORMANCE 
INV DATE INVRCV'D MDSE DEL MDSE ACPT 

12/19/94 12/ Z4 / 94 11 / 30 / 94 12/24/ 94 
12/19/ 94 12/ 24/94 11 / 30 / 94 12/24/ 94 

FREIGHT 

0 . 00 
0. 00 

TOTAL : 1'1DSE + 

l1ERCHA~JO I SE 

::.80 19 . 99 
4280.52 

62300 . 5 1 

AMOUNT VERIFIED CORRECT FOR $$ 62300 . 51 
SIGNATURE OR INITIALS: 76/ 

PAYMENT : lOPARTIAL 01 / 23/95 

~URSUANT TO THE AUTHORITY VESTED IN ME, I CERTIFY THAT THI S VOUCHER I S CORRECT 
~ND PROPER FOR PAYMENT . 

ri UTHOR I ZED CERTIFYING OFF ICE~·· 
FOR · For M.E. BELZA, MAJOR 

DEFENSE ACCOUNTING OFFICER 

DATE: 01 / 11 /9 =• 

Finance a nd Accounting Officer 

~CCOUNTING CLASSIFICATIONS 
97404 0 0 1 3001000~005P4T10A8410 2~94 802086 US JWC900 OOJWC9 HJ1 50040060~~2 62300 . 51 

~ ~YE~ : BBN SYSTE MS & T~CHNGLOGIES CHECK AMT $ $ 62300 . 51 
DI V OF BOLT BER ~NEK & NEWMAN 
P . O SX 4::. 40 
BDSTON ~~A 022.11 

·; ; ~~ ·: ~:: NO . : C ·J US T (': E: ASL!F~: Y ;) f!:\ TE : 



----~-------~-- ---------------------------~~~-·---------~~~~~~~-
'• •' I ':••.' 

-' . ·: .. ·.~ . <. ,. 
Stondofcl fonft 10.'l.( 
h•iMd ' pttvory 1980 
o.ponf'\S.,~.aWI'Y 
1 TFR~OOO 
IOJ4-120 

PUBLIC CHeR FOR PURCHASES AND 
SERVICES OTHER.THAN PERSONAL 

U.S. DEPAUMENT, BU~EAU. OR ESTABLISHMENT AND LO<;ATION 

Defense Rnance & Accounting SVC 

DATE VOUCHER PREPARED 

19 December 1994 

Defense Accounting Otfice CONTRACT NUM&eR AND DATE 

Drawer P 

Fort Huachuca, AZ. 85613-6000 
REQUISITION NUMBER AND DATE 

I'AYEE'S 
NAME 
AND 

ADD lESS 

SHIPPED FROM 

r 

L 

BBN SYSTEMS AND TECHNOLOGIES 
A Division of Bolt Beranek & Newman, Inc. 

P .0. BOX 4340 
BOSTON, MA• 02211 

Point of contact: Deb Veino @ (617) 873-j426 

TO 

!Entu d~scnp11on. ittm num~r of contract or Ftdual supply 
schtdul~. and othu informauon dttm.d neassaryJ 

weu;;HT 

Total Fee for 01 November thru 30N vember 1994 

Based on 38% completion X $35,671 

1994 
C'fC ( .. (. . (\ 

( 

' ( 
( ( 

Less Total Fee invoiced to date 

Total Amount Due This Invoice 

COST REIMBURSABLE PROVISIONAL 
PAYMENT 

PAID BY ' 

DATE INVOICE RECEIVED 

DISCOUNT TERMS 

11592 1.1 /1 0186 

PAYEE'S ACCOUNT NUMBER 

GOVERNMENT Bt L NUMBER 

$13,554.98 

9,274.46 

$4 280.52 

0 PROVISIONAL 

0 COMPLETE js.sy~t--l[~~~~~~~~~~~~~~~::::::::~::::::::~~~==================t=================~ 0 PARTIAL 

0 FINAL 

0 PROGRESS rT=IT=l~E--~-e~~~f1~~~~~~~7YJr\~~~~~~~;1~:.t::~~~~------~-----------------; 
0 ADVANCE 

Pvr.vonl to authority vest.d 

IOaul ITitM 

ECIC NUMBER ON ACCOUNT OF U.S. TREASURY CHECK NUMBER ON !Na'"t of banJcJ 

OA PAYEE l 

'Wh~n ,lated m fnretgn ~urrency . 1ns.tn n.11me of currency. PER 
'If lhr ~b1l11y 10 cerufy ilnd ilulhomy 10 iipptove ue comb•ned '" one person.. <> ne "gna1ure only IS necessary; 

o1 herwo"' 1he approvong officer woll s1gn 1n 1he space provoded. over h1s oiTicw 111lc. 
' When a vo.x;her" roceop1ed on 1he name of a company or corpora lion. 1hc name of I he penon wrmng lhc compan y TITLE 
nr corpmue name. •• well u 1he e2pacny in which he sogns. mus1 appear. For :umple: "John Doe Company. per 
John Smnh. Sccrelaty". o r - Trcnurer". as lhe cue may be. 

lOU.S .GPO; I ;aT.O· I81 ·2 47/40205 NSN 

nrv ACY ACT STATEMENT 
The inl<>r,.,otiet~ ••q~sted on lhis form is t..q.W.d vnOH th• .• P"~•i•ion• of. J 1 U.S.C. 82b ond 82c, fO< the purpo•e ol 

1 •. 4 __ .J .L . - -- ·· - · - ·- ~ - -- :...1 c-:t .. ..... 



·r-:---:' VOUCHER NO. S1ondord t'Otm 10)4 

PUBLIC VOUCHER FOR PURCHASES AND h .. i .. d J oruo~OtY 1980 

O• pott"'• "' of tfoo!• Trt:oiuty 

SERVICES OTHER. THAN PERSONAL SF 1 TFitM 4 -1()(X) 

1034- 120 

U.S. DEPARTMENT, BUREAU. OR ESTA&LISHMENT AND L0CAT10t-i DATE VOUC HER PREPARED SCHEDULE NO . 

Defense Finance & Accounting SVC 19 December 1994 950876 

Defense Accounting Office CON TRACT NUMBER AND DATE PAID BY 

Drawer P DA8T63-94-C-0017 

Fort Huachuca, AZ. 85613-6000 REQUISI TION NUMBER AND DATE 

. 
r BBN SYSTEMS AND TECHNOLOGIES -, 

PAYEE'S 
A Division of Bolt Beranek & Newman, Inc. 

NAME P.O. BOX 4340 DATE INVOICE RECEIVED 

AND 
BOSTON, MA 02211 ADDRESS 

DISCOUNT TERMS 

L Point of contact: Deb Veino @ (617) 873-_3426 11592 1.1/1 0186 

PAYEE"S ACCOUNT NUMBER 

SHIPPED FROM TO WEIGHT GOVERNMENT 8/ L NUMBER 

N UMBER DATE O F ARTICLES O R SERVICES 
Q UAN- UNIT PRICE AM OUNT 

AND DATE DELIVERY (Enter d~scnption. item num/wr of contract or Ftd~ra/ supply 
TITY 

OF ORDER O >:· ·~~!:VICE sch~dul~. and othu injormauon detm~d n~assaryl COST PER 

.-
· :o1 Nov Total Fee for 01 November thru 30Nc vember, 1994 . ' ' 
' thn.i Based on 38% completion X $35 ,671 00 $13,554 .98 

~o Nov Less Total Fee invoiced to date 9,274.46 
' ' 1994 

' 
' ' Total Amount Due This Invoice $4 ,280.52 

: ' r COST REIMBURSABLE PROVISIONAL I ... PAYfv1ENT . ( : 
':1.1 (' 

(Use continuohon sheethl if n.cesa.ory) (Payee must NOT use the space below) TOTAL 
PAYMENT: APPROVED FOR Provisional J EXCHANGE RATE DIFFERENCES 
0 PROVI SIONAL 

P;wmi>'i'i~ S tJbiPCt to l ::!IPr unit = s 1.00 
0 COMPLETE 

8Y 2 

0 PARTIAL 

0 FINAL A l'ftO\Int verifi.d: corr.c t tOt 

0 PROGRESS TITLE !Signaturr or mrttahl 

0 .lDVANCE 

Punuonl lo authority vested in me, I certify that this voucher is correct and proper for poymenl. 

!Dot~ I (Authonud Cuufying 0/]icuJ' (Tit/~} 

ACCOUNTING CLASSIFICATION 

CHECK NUMBER ON ACCOUNT OF U.S. TREASURY CHECK NUMBER ON (Namr of bonk) 
>-• 
Q 

~ CASH DA TE PAYEE 3 .. 
s 

• W hen \l 3t('d tn forctgn t,;urrency. 1n~r1 name o( c urrency . PER 
:If I he abc l il y 1<> ccrufy >nd au1hor11y 10 •pprove are com boned en one person. one " SJial ure on ly cs neces~ry: 

Ol herwo...: I he opprovcng offocer woll "gn on I he Space provoded. over hos omc1al lllle. 
'When • voucher ~ ~ rece1pled 1n I he name o i a company or corporauon. 1hc name of the ~n wntmg I he com~ny TITLE 
or cnrpma1e name. as well .u the capxuy on w h1ch he sign~ musl • ppear. F or eumple: " John D oe Comrany. per 
John Smnh. Secrelory··. or " T reasurer·. >s I he case m•y be. 

.. u.s.GPO: 1987.0- 181·2•n•o2o5 

I'IUV ACY ACT ST A nMENT 
The in /ormation requeued on this form is require-d under the p,.,...isionl of 31 U.S.C. 82b and 82c, for the purpose ol 
di\bursoOQ f ederoi mon~y . The informa tion reque11e-d is lo identify '"• particular creditor and the omounn lo b. paid. Failure 

II ) 



FORM 1035 

CONTRACT NO. # DBAT63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

BBN REF. # 115921.1 
BBN INVOICE# 950876 
SHEET NO.# 2 of 2 
VOUCHER #SF 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: 
._I"' "- ":' 

Defense Finance & Accounting SVC 
Defense Accou~ting Office 

Fixed Fee: 
( 

' ' 

Drawer P · 
Fort Huachuca, AZ 85613-6000 

Fixec..l F~e Due {38% X $35,671.00) 
Les~ ·i=i...co3d Fee Billed 

Fixed Fee To Be Billed 

$13,554.98 
$9,274.46 

$4,280.52 

$448,013.00 
35,671.00 

$483,684.00 

$30,320.35 



~ 

~ ~ . _._,_;~ 
I OJ• VOUCHER NO. . ,- ~-:-... :t<!': ~ ~·i~d JOIWO')' 1910 •' C VOUCHER FOR PURCHASES 

O• portM• "' of tft.e Tr.oMH')' 

SERVICES OTHER THAN PERSONAL 8C ·-5~! I TFIM ~2000 
103 ... 120 

U.S. DEPARTMENT, BUREAU, OR ESTA&USHMENT AND LOCATION DATE VOUCHER PREPARED SCHEDULE NO. 

D .C.A.A. 19 December 1994 950876 
W ALTHAM BRANCH CONTRACT NUMBER AND DATE PAID !Y 

424 TRAPELLO R D DABT63-94-C-0017 

W ALTHAM, MA 02154-6397 REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES -, 
JI'AYEE'S 

A Division of Bolt Beranek & Newman, Inc. 
NAME P .0. BOX 4340 DATE INVOICE RECEIVED 
AND 

BOSTON, MA 02211 A[)DitESS 
DISCOUNT TERMS 

L Point of contact: Deb Veino @ {617) 873-~26 
PAYEE' S ACCOUNT NUMBER 

11592 1 . 1/ 10186 

SHIPPED fROM TO WEIGHT GOVERNMENT 8/ l NUM8El 

N UMBER DATE OF ( £ d . . ~RTICLES ~R/ERVICES F, d I I OUAN - UNIT PRICE AMOUNT ntu ~scnpuon. lltm num r o contract or t ua supp y 

O F O RDER O R SERVICE schtdult . and othtr infarma/lon dttmtd ntt::tSStJry) TITY COST PER 

0 1 N ov For detail, see SF 1 035 

.. • thru continuation sheet. Total amount $58,019.99 
• .... 30 N ov claimed transferred from Page 2, ... 

SF 1035 . . • 1994 .. . 
• 

~ ~ COST REIMBURSABLE PROVISIONAL . . . . . .. . PAYMENT 
~ . . . .. 

(U•• IM!"'I !f nKH IOf)'l j ~ee must NOT uae the space below) 'OTAL j)58 ,019 .99 
PAYMENT: ~ . ~<?PROVED Ff._R 'J ~ .f',;:.:oJ...ai

1 
A!;~CHANGE RATE DiffERENCES 

0 PROVISIONAL · ~ 1~·• - lp L ater $1.00 
0 COMPLETE • : • 

• 'Ill 

gy : ~~ 0 PARTIAl 

0 fiNAl Amount •ermed: corrKI lor 

0 PROGRESS TITLE Auditor, Defense Contract Audit Agency 
(S ignaturt or initials ) 

0 ADVANCE 

Pursuonl to authority vested in me, I cer tify that thi1 voucher i1 correct and proper for pay ment. 

IDottl (A uthorurd Crrtify ing OfjicrrJ' fTiti~J 

A CCOUNTING CLJt.<;<;&FIC .A.TION 

-

1:; 
CHECK N UMBER ON ACCOUNT OF U.S. TREASURY CH ECK NUMBER ON (Nam t of b<>nkl 

I~ CASH DATE PA YEE l 

s 
'When \lated rn foreign currency. inscn name of currency . PER 
' If 1he abtli1y 10 cer1ify and authonry 10 approve are com bined in one person. one signature only is neceuary; 
Otherwo"' l he approving otrw:cr w i ll llgn in 1he space provrded. over his om cial m le. 

'When a voucher ts receip1cd rn 1 h~ name a ( a company or corporarion. 1h~ name of I he penon w r il ing the company TITLE 
or corporalc name. as well u the ca~cit y in w hich he signs. must appear. For eumple: " John Doe C ompany. per 
John Smuh. Secrelary". or "'Treasurer", as the case may be. 

Pte ., io ua ..dirion t.noble • u .s .GPO: 1 ~7-0-181 ·2•11•o2os 

P'JtiVACY ACT STATEMENT 
The infonnorion requested on thi1 form i1 requir.d under the pro vi1ion1 o f J 1 U.S.C. 82b and 82c. fCH' the purpo1e of 
di1bun i"9 Federal money. The information reque1t.d i1 to iden tify the particular creditor and the amount1 to be paid. Failure 
to furn i s.il thi1 informa tion will hinder discharoe o f the payment oblioation. 

NSN 7 . 

·.-f 
..:;. 

II) 

~ ~~ 
~ ~~ 



Stol'\dotd ".'omt 10J4 
le•ued JOAVO'Y 1980 
Oepoft"'•"' ol the T teo•uty 
l TftM 4-1(X)O 

1034-110 

-
PUBLIC VOUCHER FOR PURCHASES AND 

SERVICES OTHER THAN PERSONAL 

U.S. DEPARTMENT, BUREAU, OR ESTABliSHMENT AND LOCATION DATE VOUCHER PREPARED 

19 December 1994 D.C.A.A. 
WALTHAM BRANCH 
424 TRAPELLO AD 

WALTHAM, MA 02154-6397 

I'AYEE'S 
NAME 
'AND 

ADDRESS 

r 

CONTRACT NUMBER AND DATE 

DABT63·94-C-0017 

REQUISITION NUMBER AND DATE 

BBN SYSTEMS AND TECHNOLOGIES 
A Division of Bolt Beranek & Newman, Inc. 

P.O. BOX 4340 
BOSTON, MA 02211 

L .Point of contact : Deb Veino @ (617) 873-~26 

SHIPPED FROM TO WEIGHT 

VOUCHER NO. 

ac 
SCHEDULE NO. 

950876 
PAID BY 

DATE INVOICE RECEIVED 

DISCOUNT TERMS 

PAYEE' S ACCOUNT NUMBER 

11592 1.1/10186 

GOVERNMENT 8/l NUMBER 

NUMBER DATE OF 
AND DATE DELIVERY 

ARTICLES OR SERVICES 
fEnttr dtscrrpllon. tttM numbu of contract or Ftdtraf supply 

schtdult. ond othtr mformollon dttmtd nrcenary/ 
QUAN· 1---U_N_I_T, P_R_IC __ E __ -+-------"- M __ O_U_N_T ______ ~ 

TITY COST PE' 
1---'0""'-F ..::O:..:R:..:D:..:E;..;.R;..._ __ pOr("-'o~O VICE 

1. <ii Nov 

I .' lhru . 
· 'J'J Nov J:' 1994 

I 

For detail, see SF 1035 

continuation sheet. Total amount 

claimed transferred from Page 2, 

SF 1035 

COST REIMBURSABLE PROVISIONAL 

PAYMENT 

Ill 

$58,019.99 

~-------------'•' c • ' ·----~----------~~------~~~~--~~------~~~~----~------~~~~~-------------------1 (U•• conhnuo ro on sh .. ~ sl if nocouaryl (Payee must NOT use the space below) TOTAL $58,019.99 
PAYMENT: APPROVED FOR Provisional j EXCHANGE RATE 

0 PROVISIONAL PaymeAt ~ubject to Later A~dit = $1.00 
DIHERENCES --------+------------------~ 

0 COMPlETE BY 1 

A. Reynolds 
0 PARTIAL 

0 FINAl Al't'\0\.lnt venft.d: corr..c t tor 

0 PROGRESS 

0 ADVANCE 

TITLE Auditor, Defense Contract Audit Agency 
rSignaturt or '"waiJJ 

Pu,.uant to a uthori ty vested in me, I certify that this vouch"" is corr~t and prope r for payme nt. 

(Dolt! (Authonztd Ctrr•if.ng Officrr/ 1 fTitlrJ 

ACCOUNTING CLASSIFICATION 

CHECK NUMBER O N ACCOUN T OF U.S. TREASURY CHECK NUMBER O N (Nomt of bod! 
> • 
~ r=C7A7S~H------------------------~O~A~T~E~--------------------~PA~Y~EE~,--------------------------------------------------~ 
... 
• Whtn ' raced 1n fore1gn ..:urrency. 1n~rt name of cur rency PEi: 
: If I he abduy co cer11fy and au1hor11y 10 approve are comOUied m o ne person. o ne ~~gna1ure o nly IS ne<:eu.ory; 

o1 herw1o,c t he opprnv1ng officer w1ll s1g n 1n 1he space prov 1de:l. over hi\ oflic~al 111le. 
' When a vnucher" ret:elpted 1n the name of a company o r cor:-orauon. the name nf I he person w n tm g the ~:ompany TITlE 
or ~orporacc name."' well as I he capacuy in w h1ch he "gns. ::~us1 appear. For eump le ; " John Doc Company. per 
John Smuh. Secrcrar y", o r " Trca>urer " . as lhe case ma y be. 

* U.S.GPO: 1 987·0· 181· 247140205 

,..IVACY ACT STATEMENT 
The information reque sted o n this fom~ is required under I he provisions of J 1 U.S.C. 82b and 82c. for the purpose o f 
disbursing federal money . The infarmoroon requested is to identify t.~" p~rticular cr«iitor and !he amounts ro be po1d. Fc o:ure 



FORM 1035 

CONTRACT NO. # DABT63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

,. r .... ~ 

BBN REF. # 11592 1.1 
BBN INVOICE# 950876 
SHEET NO. # 2 OF 3 
VOUCHER #8C 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 

0 I 

I I I 

' ' ' ' ' ' ' r < 

Withholding Clause: 
BBt\1 'vv.itf'holding: 

r ' 

Drawer P 
Fort Huachuca, AZ 85613-6000 

Ana'ri·s·rs :>f Current and Cumulative Costs and Fee Earned: 

Amount for Current 
Period Billed 

Major Cost Elements: 

Direct Labor $19,177.71 
Overhead 22,1 11.89 
Travel 11.60 
Material 3,376.25 
Procurement Charge 182.23 
EquipmenUSoftware Rental 268.25 
Computer Services 1,653.75 
Books & Subscriptions 0.00 
Postage & Express Mail 0.00 
Training Conference 0.00 
General Administration 10,956.86 

Total Cost $57,738.54 
CAS414 281.45 

TOTAL $58,019.99 

$448,013.00 
35,671.00 

$483,684.00 
================== 

$30,320.35 

Cumulative Amounts 
From Inception to 

Date of This Billing 

$60,250.27 
70,469.17 

1,525.60 
4,957.83 

284.61 
704.50 

1,653.75 
30.00 
9.00 

150.00 
33,599.15 

$173,633.88 
815.60 

$17 4,449.48 



Continuation Sheet - Page # 3 
BBN Reference # 11592 1.1 
Bureau Voucher # BC 
Invoice # 950876 

Direct Labor: 

FY Pool Hours 

9 5 1 0 526 .3 

Other Direcf Costs: 

Direct 
Labor 

$ 19,177.7 1 

Valu~:: Added Costs: 

I <' 

FY rcot 
' I 

' ' 
I ' 

95 ,O 
I I 

I I 

f( f ( f 

' 

Direct 
Costs 

$1 ,8 47 .58 

Non Value Added Costs : 

FY Direct Costs 

95 $3,644.50 

Overhead 
Overhead Rate G&A 

$22, 111 .89 115.3% $ 10,487.56 

$469.30 

Total G&A $ 10,956.86 

G&A 
Rate 

25 .4% 

25.4% 



US D1:::F' .O.F: TtviEi\i T ? E:UF<Er\tJ , OF\ 
!::ST ABL I SHr'IENT AND LOCr'l r I CJN 
DEFENSE ACCOUNTING OFF1CC 
iJFl~S ··· I 1\l /l:: M-TF' 

,,. 

D TE \1< ::U Pr\EI··· SCHCDULJ::: 1\l t i l'1 
95/C::;j()3 ;: J.l)5f':~ ;: 

CONTt-U-1CT 1-lO f'\h!D Dl~TE P:~ I D r::Y 

f-ORT HUI\CHUCA' A Z :-·r:; R T HI . .J:;c::-ILJC(\ 
REQU \ S ITIOI\I Nt:t 3: DATE -:;; :::.;o~:~; cr:: 

,_:;,··+Z 4 

p'AYEE Is BBN SYSTEM:; :3: ' f ECt-!NOLtJG IE~: 
NAME 
AND 

D IV 01- l30L T BERAi'~E :< 3: NEW!' I(\ 
P . 0 BX 4:::::40 

MH O?:Zll 

INVOICE NO: 7T: 

D I S COUi\JT TERMS 

I'HJI1 3: ARTICLES OR SERVICES t-HY UN I T F·R T CC 
DT ORD CST PER 

1)00001 1. 00 1 7:33. ~s 1 • .iouoo 

e AYI"'IENT APPROVED BY E:XCHAI\IGE RATC D IF;-· 
PROVISIONAL =$1.00 
COMPLETE -

X PARTIAL BY 
FINAl_ 
F'Rt)GRESS 
ADVANCE 

T ITLE 

S I GNATUF<:::: OR I N IT [ f'IU·; ~ VE : 1 .::;. F·i'fr NO : 011 
/_,UT -C:Er\: REEVES 

t,l'1 '! \)ER 
Ci'JRI-i:H:T 

:t CERTIFY TH 1 S VOUCHEr.: CCtR:~E CT AND r::·-:OJ=·a.; :::;::_,~:;: CH:::cK f-· AY~·!: -.i' IT 

N 10UI'!T 

t 78:3 . 5~·:i 

·::'5/02/0~: !"' . E. t::cLZP. DEF ::·:NSE. ACC !~ 1 t.JNTJ f\ih CIF FJ U.:: f\: 

Dt~TE AUTHORIZED CERT IFYING OFF ICER TI r i...C 

ACCOUNT 1 i\:G CLAS :::: IF I Cl\ T I ON 
·: 17 40400 . l3C 1 OO - f5005 i-='4T 1 01'.:3 :~594 1) ()20:36 US J J;JC9 00 OOJ ~·KS' H.J 1 :;:Q040(k.O!::i5?: 

.~.CCOUNT I i'IG ,,~MtJUNT ~ 



FCR PURCHA3ES ~ND SERVI . OTHER THA~ PERSONAl. 

CONTRACT NO./DATE DABT63-94-C-0017 F' 1)j I I1 Il Y 
t\c c:oun t D·f' :: 

·u·~~ >< I 0 
PAYEE'S BBN SYSTEMS & TECHNOLOGIES 
i'!(~d"'IC DI\l OF BOLT BES:r41'!EI< ·~~ HEWI'b~1"l 

ADDRESS P.O BX 4340 
f!CJ!:; fOI'I 1'1(~ o~·~~·:·: :1. :1. 

··- ........ _ .. ·-· ······-··-······ .. ·- ............ -· .... :'"'' .... -· -· ·--·· ----·-·- .... ··--·-·-·-· .... ·-·- -· .... - .... - ·-· -·--· -· -· ·-· -· -· ·- .... ·--·---· ........ -- .... -· ............ -· ·- ............... -· ·-· ............ ·-· ··- .... . 
DATE INVOICE RECV ' D 01/05/95 FOB:: 
DISCDUI,IT TEr\I'IS i'IET ~10 fHW~:.> DEST 

DATE OF PERFORMANCE ~10. /DATE 
flF GRDEF~ INV DAlE INVRCV'D MDSE DEL MDSE ACPT 

7F 11/09/94 01/05/95 01/05/95 01/10/95 

FF<EIGHT 

:) . 00 

TOTAL: MDSE+ 1783.5 

AMOUNT VERIFIED CORRECT FOR $$ 1783.5 
SIGNATURE OR INITIALS~ 76/ 

O:C::/09 /9 ~.i 

PUF~SUANT TO THE AUTHORITY VESTED IN ME, I CERTIFY THAT THIS VOUCHER IS CORREc·r 
AND PROPER FOR PAYMENT. 

..-, 

:'iUTI-HJl:::IZED CEI~TIFYII'-IG OFFICE.~'/.') J.. 
FGF~·For M.E.BELZA, MAJOR 

~CCOUNTING CLASSIFICATIONS 

DEFENSE ACCOUNTING OFFICER 
Finance and Accounting Offic2r 

9740400130010005005P4T10A8410 2594 502086 US JWC900 OOJWC9 HJ150040060552 

· · f~·,Y::~E :: X·.!DI' I •:)YSTC!'I ~:: & '!E1:l-ll,IDLDUIES 
D IV GF BOLT BEf,.:;.~, I· :E !( .'!~ I'!EW:•tr-\1'-i 
!"' .. Ct fl>< ,::. ~:) t.VJ 
I·:~ IY)TUh !'lf.:l 0:;.~~·:·: :1. :!. 

:; : ·i [. :::. ·< i·-!() .. :: 

1783 .:. 

/ \ 
I I 
I ' ' I I . 

1 : 
j__.....-' 

.I 
,I 



•. 

..----~~-~0 0' 
StONMore ,.,.,.. I OJA 

.... - ,_., 1910 r-UBLIC VOUCHER FOR PURCHASES AND 
o..,.."'""'' ~ ""'- r,..wry 
1m .. ... 2000 SE~VICES· OTHER THAN PERSONAL 
1())4.170 

U.S. DEPARTMENT. IUAEAU. 0 1 fSTAILISHMENT ANO lOCATION 

Defense Finance & Ac~ounting SVC 

Defense Accounting Office 

Drawer P 

Fort Huachuca, AZ 85613·6000 

OATE VOUCHEI PREPAWEO 

09 November 1994 

CONTUCT NUMIER ANO OATE 

DABT63·94·C-0017 
REQUISITION NUMifR ANO OATE 

r BBN SYSTEMS AND TECHNOLOGIES I 
A Division of Bolt Beranek & Newman, Inc. 

VOUCHER NO. 

7F 

SCHEDUlE NO . 

950706 

P'AID BY 

P'AYEFS 
HAM£ P.O. BOX 4340 OATE INVOICE RECEIVED 

AND 
ADD IUS BOSTON, MA 02211 

DISCOUNT TERMS 

L Point of contact: Deb Veino @ (617) 87~-24~ 11592 1.1/10186 
PAYEE'S ACCOUNT NUMIER 

- ---·--- -..----···-- --~,·------··----·· ----·-·--···--....... - ... ··- ·-- . ·--_ .... ..... --··--·--------·-·---·----·. - ·· 
SHIPPED FROM ... TO. ·- , WEIGHT GOVERNMENT I l l NUMBER 

...... NUMSfR . .. . . . •. OAI.E .Of . .. 
AND DATE DELIVERY 

. • .. .. .. - · • . •. . .ARTICLE5: OR SERVICES . • ....... ... . 
( Enur d=nplloll. 11~'" flllm~r of cofJ/ract or F~duols11pp/y 

sc!t~lll~. a11d oth~r mfor,auon dum~d nte~uaryJ 

QU:t.N: ·- · UNif· ~ICE • • . ...... .... -...MOUNT .. 

O F ORDER OR. SERVICE TITY COST PEl 

01 Oct Total Fee for 01 Octo~_er ~h"_:J __ 3~. _9c~ober, 1.~~~-
thru Based on 26% completion X $35,671 .(0 $9,274.46 

I ' 

_31 Oc;L.. _ ..... ____ l,.ess Total Fee invoiced. to dat;.:.e.;;. .. .:..· ...;;..4-;:,; .. ·;;.;·;.;ii.;.+·,.;;. .. :.;.-· :.;,;··-.:.;,;···~·~-.=....;.-1'!!' ... !'"'7-._ ~~~~.9.-0_. 9 ... 1-:-=-
1994 

Total Amount Due This lnvoi J\P.PRO'rED FO~ PAYJ~ENT.! $ $1,789.55 

COSTRSMBURSABLEPROVISIDr~certi y accsptanpe )l~~~-~S-1 

PAYMe.rr Serv~es h}"'~. A~= ~"'~9r 
(Payee must N- -......-·- •• ~ rnl'.AI. .. /.. - · - . -<"!-,--

PA','J.A.!NT: APPROVED FOR EXCHA~TI • .....- · - ~ . , /H-~ ;-.-

0.~.:-o::"-'[ONAI. 
0 C:6 MmT£ 

,.frovisional - i ~Jio.d.=!l~~~c,mU\)tit~~' .. . .. ·- ... - -:":":-:~-

IY 2 .. ,...... ;:,uoject to L.ater AU It _.. 

.. 0 .. ~~~~1~~ -~ : :-:- ~~ ~ ~-~~~~· ~ ~-.. •• .. ~~------ .. ~:: -·~·-~·. : ~-... : ··· 

0 ~ ~,..:. ... l: 
.0 ._P,•?_q•_(s.s ... nne .. .. · -- - · · ... .. -·.. ·· · -···· - .... · 
·o ·:...ov·i.Nc£ : ... · ... _.~ . ....... . .. ... .... ..... .... .... . . .. · .... · ... . 

Punuonr. ro authority ~•~ed in.~ne, .J c«rify rho! rhi1 ~oucher i1 correct and proper for poyment. 

,.. 
• 

(I\ t' 

I Oat~ I 

CHECK NUMIER 

IA11tltonz~ Ct1'11fY'"f Offictrl' 

ACCOUNTING CLASSIFICATION 

ON ACCOUNT OF U.S. TREASURY CHECIC NUMBER 

. (Titltl 

ON 1/Ytu.,t of baltlrl 

a~~--------------------~~~----------------~~~~-----------------------------------------• .. Q.S.t1-. .... -----·-·-- · - .. ___ ___ OAT.f._ ___ . . •. . . -··.. . • _ . PAYEE • 

~ . $ • . ~_ ::.:: ........ . . .. . :: ____ ...... _., _____ . ........ ~ . ......... -

' When \lated 1n fnr~an curr~c:y. inKn name of c:urrenc:y. 
'If the abollly 10 c:crufy and autllonty to approve are c:ombined •n one penon. one socnature only is nec:euary; 

otherwL\C rhe apprnvon1 offic:er woll "'" llt'lhe sr:-ce provlded. OVff h1s ofTocial urle ... · - · ·-· · .. 

PER 

.. Tl.UE .. _ __ .. ~-- ---···~, ... -~ · 'When a voucher IS re<.:~e•pted 1n the name of a c:ompany or c:orporauon. I he nanw of the penon wnlln& the c:ompany 
nr c:nrpnratc name. ·as well as the 1:apar:uy in wh~c:h he SliM. musr appear. Fot cumplc: "John Ooe·Company, per· 
'John Smuh. S«rctary". or -Trcuurer". as the c:uc may be. · · · .. · · . . _ . . .. 

,__, __ v...W. 
. -- .. .. _ ... _ .. .. _ -· · ·--· · .. .. --· .. •U.$.GPO:lN7 . .0.181·2411.020a . ... • . .•• . · -· .•. - · . .. ... . .. N~ 7~4-4; 

. . .. . 
~- --· _ .. ........ . 

~~----------------------· . . .NIV ACY ACT STA TtMINT _ . . . . 
The information reque1ted on rhi1 fOtll'l i1 r.quind ....det rhe P<.,,.._, of 31 U. S.C. 82b and 82c. lOt !he pufl>O•• of 

· dilbut1ino F~ -y. !h-·inf.,......rion reque1ted is ro identify the-porticulot creditor ·ond !he o-11 to be paid. Foilur• · 
to Iumia~! rhi1 information will hinder diK'-'ge of !he poyment obli9Qrion. 
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FORM 1035 

CONTRACT NO. # DBAT63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

BBN REF.# 115921.1 
BBN INVOICE # 950706 
SHEET NO. # 2 OF 2 

VOUCHER #7F 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

Fixed Fee: 

Fixed Fee Due (26% X $35,671.00) 
' ·Less Fixed Fee Billed 

$9,274.46 

$7,490.91 

'<.,.e Fixed Fee To Be Billed $1,783.55 

'' . 

--------------------------

$448,013.00 
35,671.00 

$483,684.00 

$30,320.35 



~1F 10~~.4--EDP F'UBL I C VOUCHER r~DF.: PUHCHA!:!ES AND EERV ICES OTHEr.;: THAN PE.T~SOtJAL 

DEPARTMENT OF THE ARMY ,~ QUCHER NO. 
DF~AWEt~ P · ,_ .. .r 

FT HUACHUCA~ AZ 85613- 6000 DATE PREPARED 0 1 / 11 /95 
, , _ .. ,,..,,_ .. _ ·--··-· .... -~ . ... ·~·-·--- ---· ..... - - ... - - - -- - .. ·----~- o0°..0 ~-"'' - · 4<'- -- --- h···- ----- _ ... 0- ooo• __ _ ... _ - -H-o O-OoO ... _ ·- .... ... ...... ..... _-- .. _._ · - ···- .. ho00~ - - ···- ·- oo• . .... ... .. - --- ·-· - ..... -

CONTRACT NO./DATE DABT63- 94-C-0017 

TA X ID 
PAYEE ' S BBN SYSTEI'1S ~.: TECI-·INDL.OO!ES 
NAME OIV OF BOLT BERANE K & NEWMAN 
ADDRESS P .O BX 4340 

BOSTON MA 0 2211. 

DATE INVOI CE RECV'D 12/24/94 FOB: 

P A I D D Y 
Acc <J\.mt a f : 

osm~ 6 424 

FT HUACHUCA. Al 836 13-6 000 

DISCOUNT TERMS NET 30 DAYS DE:ST 

M)./D.:,TE 
OF ORDER 

DATE OF PERFORMANCE 
INV DArE UlVRCV ' D 11DSE DEL MDSE ACPT FREIGHT 11ERCHAND TSE 

-- ~..,.-:7-- ·- ............. - - ---·--- - - .... _ .... - .... ·- - - -- -··· .... ___ -~ -.-. - ·- - ......... .... -- - .......... _ .. _ ·- - ..... ·- --·· -· ~- .... ---- - .. __ _ - __ ,. __ ... - -·- -- -~- .... _ -· -·- - - - .. ~ -----·- -- -:-- -· 

8C 
aF 

' I,• 

12/19/94 12/24/94 11 /J0 /94 12/24/ 94 
12/19/94 12/24/94 11 /30 /94 12/24/94 

0 .00 
o.oo 

TOTAL : MDSE·+-

58019 . 99 
4280 .52 

6230 0 .51 · 

AMOUNT VER I FIED CORRECT FOR $$ 62300 . 51 · 
,. 
"f.~;• 

... ~ .. ·~· 
SI GNATURE OR I NI TI ALS: 76/ 

- ---- ... ~·- -- - -----· ___ , .... _ ..... ....... ____ .. _ ...... ...... _ .. ____ ..... .. __ ,_ ..... _ ......... -.. --- -......... ___ .. -- .. -....... ..... ... .. ... ~ _,.._ .... --·--··---..... - ...... - ···- ·----.. - --.. ····· ·----- .. -· ..... -.. ............. .. -... ..... _ 
PAYMENT: 10PARTIAL 0 1 /23/95 
- -.:1 ...... ___ ·-·-·· - .. -· ·-----__ ...... ---------------------..... - ·-· ' • 'OO · ·-· · · - .. - ...... _ .. , .. -- ................... . .. ..... - - ·- ..... _,_ ._ ... . ·-· -·-- ..... , .... - ......... ~ . .............. - pO - __ ., ,_, , ....... _ ,_., _ ... . _,' ·- _ , ... .. ' "'"'- ·-

PURSUANT TO THE AUTHORITY VESTED IN ME , I CERTIFY THAT T~II S VOUCHER I S CORRECT 
AND PROPER FOR PAYMENT . 

AUTHORI ZED CERTIFYING OFFICER 

'' FOR: 

;1 
ACCOUNT I N:G CLASS IF I CATIONS 

DATE : 01 / 11 /9:', 
Fo r M. E .BELZA~ MAJOR 
DEFENSE ACCOUNTING OFFI CER 
Finance ~=md Ac c:(.Jun tin g Of ·fi cer· 

974040013001000 5005P4T10AB410 2594 802086 US JWC900 OOJWC9 HJ150040060552 

PAYEE : BBN SYSTEMS & TECHNOLOGIES 
otJ OF BOLT BERANEK & NEWMAN 
P.O BX 4 3 4 0 
BOSTON t1A 022.1 .t 

CHECK NO . : ON US TREAE:LJFW 

.·~ 

CHECI< AMT t -11> 

DATE: 

62300. 51 



I 

i 
I 
I 
I 

l 
~ 

... 

1.:-UBL.l C VUUCHE.R !-Of~ PURC.HA:=:ES AND SER'v' I CES 0 T HEr.;: THAN PEr< UNA! . 

DTE VUU F'liEr· SCHEDUI.C: Nt 'I'! 
'·;:/4/ l 0/26 

\lUI JCHER NUM 
7 () ~:~ 1 ::::r:jl 

I· :1 I D 13 Y 

US DEPARTMENT, BUREAU , OR 
CSTABLtSHMEN·r AND LOCAT I ON 
OEFEhlSE ACCDI JNT IN \:) OFFICE 
DFAS -- IN iEM- TP 

C:DN rR:":\CT hiD Al'm DATE 
DABT63-94C0017 M. E. BELZA, MAJ,FC 

FORT HUACHUCA, AZ f.-'ORT HUACHUCA 

PAYEE'S 
NAME 
AND 

ADDRESS 

NUI'1 & 
DT ORO 

000001 

REQUISITION NO & DATE 94/10/2:6 
6424 

BBN SYSTEMS .. , 
.;>: TECHNOLOfii ES DISCOUNT TEf~MS 

DIV OF BOLT BERANEK ~> • .. \~ NEW!"IA 
P.O BX 4::::40 
BOSTON MA 0221 ] PAYEE 'S ACCOtJNT NUMBER 

ARTICLES OR SERVICES QTY . UNIT PRICE 
CST PER 

1.00 1 7"83 • ~.!.,0000 
, :'\• ... . ' . 

9 42:9908300:2:CAPS TO"f' I~L 

AMOUNT 

1783 . 

1783.0ti 

PAYMENT APPROVED BY EXCHANGE RATE DIFF 8.90 
PROVIS IONAL =$1.00 

_ COMPLETE 
X PARTIAL BY 

FINAL 
PROGRESS TITLE 
ADVANCE 

SIGNATURE OR I NITIALS: VE: 9 1 PMT NO: 006 
AUT-CER : PALI1ER 

Al'•n V~R 

CORRi-· ,.·:T 

J CERT IFY T fl ) S VOUCHER CORRECT AND F'I-<OPER FOF< PAYMENT 

179 5 . 19 
F'PA : ~7 1 

9 4/1 Oi 2:t:, M. E. BELZA DEF ENSE AC·_:·: illl,i1 1 N<-i I. ii-F I C:E R 

AUHIOR1 ZED CER r10 Y 1NG O~·r iCEr;: II TLC 

1\CC"Ol JN"f 1 NG Cl .ASS ) F I Cr'\ 1 I ON 
'l 7 -10-100. ! :3() 1 00 ·L;O•J5 ~~:·4 l 1 (,(.~H ··~t:···,, .!l 002:0~36 II'::: .J WC900 ();),.1 :· i· ._-, H.J J.!. ; 0<.1400~~.0!:i52 

1:'\C.Cf"IUN T l 1\i(:J l\r1CtLJI\iT : 1 T ;;n. i. 1 ·' 

:-;F 10:34 



SF l034 -~fDP I'I'UBl I C. VOUCHER FOR P UHCI.4ASES AND SEF:V ICES ..... , HER THAN PERSONAl __ 
·~ -----------------------------------------v-------------------------------------<f;lt I ,.......,( 

~EFENSE FINANCE AND ACCOUNT ING -· VOUCHER NO. 
PRAWER F' 
FT HUACHUCA , AZ 85613-6000 DATE PREPARED 10/25/94 
-.--------.7·- .. ------------------- ·~- ------ -··--·-- ·----------- ·-------- -·--·- ·---- --------·- ···--------·-··-----
CONTRACT NO. /DATE DABT63- 94-C-001 7 

fAX ID 
PAYEE ' S 
NAME 
ADDRESS 

BBN SYSTEMS & TECHNOLOGIES 
DIV OF BOLT BERANEK & NEWMAN 
P.O BX 4340 
BOSTON MA 02211 

DATE INVOICE RECV'D 08/23/94 
DISCOUNT TERMS NET 30 DAYS 

04/05/ 94 

FOB: 

F' A I D 8 Y 
Account of: 

DSSN 6424 

FT HUACHUCA, AZ 85613-6000 

DEST 
--------------------------------------------------------------------------------
NO./DATE 
OF ORDER 

DATE OF PERFORMANCE 
INV DATE INVRCV'D MDSE DEL MDSE ACPT 

. 
AMOUNT 

4F 08 / 18/94 08/23/94 07/31/94 08/24/94 1783.55 

TOTAL& MDSE+ 1783.5!: 

INT+ 11.6i 

i AMOUNT VERIFIED CORRECT FOR $$ 1795.1( 
1 SIGNATURE OR INITIALS: 91/ 
~ -------------------------------------------------------------------------------· 

I PAYMENT: 6PARTIAL 09/22/94 
! 

PURSUANT TO THE AUTHORITY VESTED IN ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
' AND PROPER FOR PAYMENT. 

, AUTHORIZED CERTIFYING OFFICER DATE: 10/ 25/94 
FOR: For M.E.BELZA, MAJOR 

DEFENSE ACCOUNTING OFFICER 
DEFENSE ACCOUNTING OFFICER 

ACCOUNTING CLASS IFI CATIONS 
9740400130010005005P4T10A841 0 2594 502086 US J WC900 OOJWC9 HJ 1~0040060552 

'' 21 42020000005711 05325796UCOOO 43AB 502086 US 7UUCOO 00 7UUC 4C0017DIRCONTR 
21 5202000000571l05325796WOOOO 43AB 502086 US 7WE100 007WE1 4C0017DI RCONTR 

1783 . 

8. 

- ---·--- --- -·-·---------------·----·-- ··-·---·-----·-·-·-- ·--- ----·---- ---- ·- -·· ··-----------tA--·- --- ··-- --·------ ------
F'AYEt: : BBN SYST.EMS & TECHNOLOGIES - v-.rp~ }4 $ 1795 · 

DIV OF BOLT BERANEK & NEWMAN ) ~ 
F·. 0 BX 4340 
BOSTON MA 02211 

CHECK NO.: ON US TREASURY DATE: 



' . ' --··-····· .... -..... . 
\·-··- ·~~· r." .. ~ ,_ "to 
p,_ ...... ,,"twT 
I lfl~._'*· · 
10) ... 120 

PUBLIC VOUCHER FOR PURCHASES AN 
SERVICES OTHER THAN PERSONAL 

U.S. OIPAU•tNT, IUIIAU, 01 UTAI\1$HM!Nt ANO \OCATION 

O.len•• Fln.nce & Accounllng svc 
0Ait YOVC:HU t~(,AitO 

18 Augutt 1 ggc 

OelenM Aceounllng OHic:e 
Drawer P 

CONTIIACT NUMIU ANO OATf 

OA BT83·g4·C ·00 17 
Fort Huachuca, AZ 15613-eooo 

rAnn 
NAMI 
AND 

ADO II II 

,.AYMINTt 

r 

L 

CJ I'ROYIIIOtiAL 

0 COMP\UI 

0 , .. TW. 

CJ PINAL 

Q l'tiOOIUI 

CJ AOVAHC! 

~ CHECK NUMIU 

BBN SYSTEMS AND TECHNOLOGIES i 
A Division of Bolt Beranek & Newman, Inc. 

P.O. BOX 4340 
BOSTON, MA 02211 

Point of contact: Deb Velno @ (617) 873-~426 

01 JU 

thtu 
31 JcA 
1tt4 

TO 

(£11~ ~~~ ''"" '"'"'~~ ,, tflllll'ffl ., Ft.,,., IU"'' 
~Wult, .,.J .,,.,. llt{omrtt~ dH,.,td ll«iJlllf1) 

QU.t.N· 
TITY 

Total Fee far 01 July thru 31 July, 19 4 
Baaed an 15-to ~ompletlon X $35,671. 0 
Ltll Total Fet Invoiced to date 

Total Amount Oue This Invoice 
COST AEIM3URSASLE PAOVISIONAL 

1.00 

ACCOUNTING CLASSIFICATION 

ON ACCOUNT Of t.I.S. Tlte.ASUR'Y CHECK NUMaU 

W'IIOHT 

UNIT riUCf 
(OU "" 

( it ,, 

4F 

)C:HfDUl f l'fO 

950207 
,AID IY 

OAff INYOtCl lfCflYIO 

OIICOUNT TUMI 

11!G2 1.1/10186 

,AYU' $ ACCOUNT NUMtll 

00YUNMINf I l L "'UMIEI 

AMOUNT 

$5,350.65 
3 567.10 

$1,783.55 

--········-

Il l 

·~------------~--------~~----------------4---~----------------------------------------! CASH O.A TE I'A YEf • 

s 
' Wh~n "''" '" rn..,tn ~:urr•m:.,, tiiKfl ~~am~ or currency. '!It 11r liM abrllly rn crrllt~ and au1horn~ lo approve 11r ~ombhn:d •n onr pcno11. ' 'IM 1iana111~ Qlll y ll ""'nary; 
nlh«rw•w rhc '~"~"'''"'"' oiT'rnr wtll l iJn I~ lht specc J'rovldcd. ovtr lut nmcUII lrllr. 

'Wh«11 a ~n~K:h«r " ""'"td 111 I he ~~amf or a company or c:orporllron. I he name n( th• pcnol\ wrillnt 1M compeny TITl! 
or .:urpuretc 111~. • -u • lhc npac:Hy In which he >ttn._ mu11 appur. l'or • ••mplc: "John OW Com,.any, ~r 
Jofln ~mtl h, lJ~C:rtl•ry", Of ' 'TrtMIII'ft" , II lht C&M ml~ be. 

~--~~~--------------------------~·~u~·:'·:~~:~1H~7=~~•;•~1 ·:•·~,~~·~o~2o~•~----------------------------~ 
ffiYACT ACT STATIMitn 

The ~~~ ·~•tw on thl• ,_ I• r141vlrtcf undeT tilt pro•ltlont •f " U.S.C:. 12111 "" 12c, for !Itt ~'"" of 
tilt~ fMetol meney. The lnf•""•tlotl """••l•d h ro ldot~llfy tho ,.nlcvl"' cffllltef.,... ff'lt .-.mtt r. N paid. 'ollvtt 
,. fvnM/1 lhl• lnfvtmorlo" win hind .. diiCIIort• •f lht poy<Mnt .-llgotiOII. 



, J 

FORM 1035 

CONTRACT NO. I DBAT63-94·C-oo17 

BBN Syattma and Tachnologles 
A Dlvlalon of Bolt Ser1nak 1nd Newman, Inc. 
P.o. Box 4340 
Botton, MA 02211 

BBN REF. I 115921.1 
SBN INVOICE' 150207 
SHEET NO.# 2 OF 2 

VOUCHER14F 

rarget/Estlmlttd Cost 
Target/Fixed Fn 

Total 

85% Flxad F" 

Dlsburelna Office: Defense Finane• & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuoa,/\1. 85613-6000 

Fixed Fet: 

Fixed fM Due (1 G% X ·$3G,671.00) 
Ltal Fixed F .. Billed 

FIXed FN To Bt Billed 

$5,350.85 
3,567.10 

$1,783:55 

:am a::=••==••• 

$448,013.00 
35,611.00 

$483,684.00 
.................. 

$30,320.35 

nvss :Lo t6-sz-or 



. 
SF 103 4 

PUBLI C VOUCHER FOR PURCHASES AND SERVICES OTHER THAN PERSONAL 

DTE VO U PREP SCHEDULE NUM 
94/11 / 21 

VOUCHER NUM 
204129 

US DEPARTMENT, BU~EAU, OR 
ESTABLISHMENT AND LOCATION 
DEFENSE ACCOUNTING OFFICE 
DFAS-IN/EM-TP 

CONTRACT NO AND DATE PA I D BY 
DABT6 3-94C0 017 

FORT HUACHUCA' AZ 
M. E. BELZA, MAJ,FC 
FORT HU ACHUCA 

REQUISITI ON NO & DATE 9 4 / 11 / Zl 
6424 

PAYEE'S BBN SYSTEMS ~ TECHNOLOGIES DISCOUNT TE RMS 
NAME DIV OF BOLT BERANEK & NEWMA 
AND P.O .BX 43 40 

ADDRESS BOSTON MA 02211 

NUM & 
DT ORD 

000001 

ARTICLES OR SERVICES 

9 4 325072802CAPS 

PAYMENT APPROVED BY 
PROVISIONAL 

_ COMPLETE 
X PARTIAL BY 

FINAL 
PROGRESS 
ADVANCE 

TITLE 

PAYEE'S ACCOUNT NUMBER 

OTY UNIT PRICE 
CST PER 

1 . 00 12775.380000 

TOTAL 

EXCHANGE RATE DIFF 
=$1 . 00 

AMOUNT 

12775 

12775.38 

SIGNATURE OR INITIALS: V~· 92 PMT NO: 007 
AUT-CER: PALMER 

AMT VER 
CORRECT 12775.38 

PPA: 92 

I CERTIFY THIS VOUCHER CORRECT AND PROPER FOR CHECK PA YMENT 
94/ 11/21 M.E. BELZA DEFENSE ACCOU NTING OFFICER 

DATE AUTHORIZED CERTIFYING OFFICER TITLE 

ACCOUNTING CLASSIFICATION 
9 740400.1301 00-5005 P4T10A8 2594 002086 !JS JWC9 00 OOJWC9 HJ150040060 552 

~CCOUNTING AMOUNT: 12775.38 



2F 1b34- EDP PUBLIC VOUC~ 
........ ,_, ... ,_ ........ - ··-······-·-··-·-·-···· -- .... --··-··- ··- -··- · ' , -
DEPARTMENT OF THE ARMY 
r .. r.:t,l,JEF~ P · 

_ ,,,,; _______ - -····--····· -··-· ---- ·-· .. --·---··- ··-

f' T J .. ll..l(iC:I .. ll.JC(:, !' ,~, z :3 ::: •. ~~ :l ~:,-:.;:)000 ·· 
............ ··- ·-··-··-·····-· -·· ......................... ·-·-···--··.-······ -···--· .... -·-·-r--· -·-· ........ ·-·-·· -····· ········-·· -· -..... -· ...... _ ·-·-·-·-·--···· ·-··- .... ·····-·-··-·- ·-·-·- .... .... .................... ··:··- -- ·- ·-··-· ·- ....... . 
CC:ii··I TF;:r~,CT 1,10 .. ./Dr-YrE: DM:~To:~. ::.> ·-<?l!··· C·-OO :l'l 04/0~V<?t..l 1=· (-', I D :c Y 

f.~ c:: c:oun t cl'f' :: 
rt-,x ID D~>m··l 6421..; 
,::·AYE£' f~ Im"l SYSTEI•JS & TECHhJOLOGIE!:; 
NAME DIV OF BOLT BERANE K & NEWMAN FT HUACHUCA, AZ 85613-6000 
r.mm~E~:; !;; F' .. D BX tL:)tW 

BCH:l'T'DI' I 1·11~ o~·:·::;;~ :1. :1. 

DATE I NVOICE RECV ' D 10/25/94 
DISCOUNT TERMS .NET 30 DAYS 

r·ID k /Dt.d'E 
UF m::DEf~ 

DATE OF PERFORMANCE 

FOB~ 

DEST 

f.>C 
6F 

10/21/94 10/25/94 10/2 1/94 10/21/94 
10/21/94 10/25/9~ 10/25/94 10/ 25/94 

TOTAL: l"!DSE+ 

AMOUNT VERIFIED CORRECT FOR $$ 

l :1. 70 ~5 " ~~~ ::: 
10"70" :L.' 

12775 .3E 

SIGNATURE OR INITIALS: 92/ 
----·- ------------~--------------------------------------------------------------

7F'AFHI~~L 

PURSUANT TO THE AUTHORITY VESTED I N ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
AND PROPER FOR PAYMENT" 

AUT HORIZED CERTIFYING OFFICER DATE~ :ll /19/94 
FOR: For M .. Ek BELZA , MAJOR 

DEFENSE ACCOUNTING OFF ICER 
Finance and Account ing Oftice r 

; \ CCDUI-l T I I'IG CLASS IF I CF1 T I 01-IS 
1740~00 130010005005P4T10A8410 2594 S02086 US JWC900 OOJWC9 HJ150040060552 

? AYEE: BBN SYSfEMS & TECHNOLOGIES 
DIV OF DOLT BERANEK & NEWMAN 

nm;ro1-.1 1·1.~~ o~·:~:~:: :1. :L 
::.; ·!E C. l< l'IO .. :: 

CHECI< i'~l'iT $$ 

D(~TE :: 



0 12 ) I' y () 
~f-103~ VOUCHER NO. 

• t..;..d J-r 1910 •• ,jlfC VOUCHER FOR PURCHASES A I 

6C D•-•oltt.or .... ....., 
SERVICES OTHER THAN PERSONAL I Tft,._ 4-2000 

1034-120 

D~C:.R.~ARTMENT, SUUAU, o• ESTABLISHMENT AND LOCATION DA2i V8~l~5~r·w·~tD SCHED~s~%SG 

WALTHAM BRANCH 
CONTRACT NUMBER AND DATE PAID ay 

~24 TRAPELLO RD DABT63-94-C-0017 

~ALTHAM, MA 02154-6397 REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES .-, 
PAYEFS 

A Division o~ Bolt Beranek & Newman, Inc.· 
NAME P .0. BOX 4340 DATE INVOICE •ECEIVED 
AND BOSTON,MA 92211 ADDRESS 

DISCOUNT TERMS 

L Point of contact: Deb Veino @ (617) 873-2j26 11592 1 . 1/10186 

PAYEE'S ACCOUNT NUMBER 

SHIPPED FROM TO WEIGHT GOVERNMENT 8/ L NUMBER 

NUMBER DATE OF ARTICLES OR SERVICES 
QUAN· UNIT PRICE AMOUNT 

AND DATE DELIVERY (Enttr description. ittm numbtr of con/rae/ or Ftdtral supply 
TITY 

OF ORDER OR SERVICE sclrtdult. and otlrtr information dtt!mtd ntctssary) COST PER (1) 

01 Sap For detail, see SF 1035 

thru continuation sheet. Total amount $11,705.25 

30 Sep claimed transferred from Page 2, 

1994 SF 1035 

COST REIMBURSABLE PROVISIONAL 

PAYiv1ENT 

(U•• continuation shHt(s} if ne-ceuoryJ (Payee must NOT use the space below) TOTAL ~11 7n<; ?<; 
PAYMENT: APPROVED FOR ~ l .EXCHANGE RATE DIFFERENCES 
0 PROVI,~I.~~'l' /:) =Pr~ . =$1.00 
O COMPL~n .. . BY 1 

~7~" 
""'"''' .. • 0 PARTIA·~ .••• r 

y ~-0 fiNAL . AmCMJnt •enfied: conect tor 

0 PRO'GII~s ..... : TITLE (Signaturr or initio/s) .. ' 0 ADVANCE Auditor Defense Contract Audit Aaencv 
Punuont to authority vested in me, I certify that this voucher is correct and proper for payment. 

0 

' ·•••4+•\)tl 
(1»1~-.. (Authoriztd Cuufying Offictr)' (Tirlt) 

"' ' ' ' 'tt'" ACCOUNTING CLASSIFICA~'ION 
" ~ 

CHECK NUMBER ON ACCOUNT Of U.S. TREASURY CHECK NUMBER ON (Nom• of bonlcJ ,.. 
• 
0 
~ CASH DATE PAYEE 3 .. 

$ 
1 When slated in foreign currency. insert name of currency. PER 
' If I he abilily 10 cenify and auchorily 10 approve are combined in one person, one signalure only is necessary; 
o1herwi~ 1he approving officer will sign in 1he space provtded. over his official lille. 

'When a voucher is receipled on che name of a company or corporal ion. I he name of I he person wri1ing 1hc company TITLE 
or corpora1e name. as well as I he capaci1y in which he signs. musl appear. For example: "John Doc Company. per 
John Smith. Secretary", or " Treasurer" , as 1he c..., may be. 

.. p,..,....,, edohon usoblo •U.S.GP0:11187.0.181·2H/40205 NSN 75~0-00-634-~206 

Rv1 
.-----------------------------------------------------------~ PI IV ACY ACT ST A Tl:MENT 

The information requested on this form is required under the provisions of 31 U.S.C. 82b and 82c, for the purpose of 
disbursing federal money. The information requested is to identify the particular creditor and the amounts to be paid. failure 
to furnish this information will hinder dischorge of the payment obligation. 



0 0 
Sfoftdond fomt 1034 VOUCHER NO. 
.... ,M'd JOf'IVOif'Y 1910 l-~BLIC VOUCHER FOR PURCHASES A ... .J 6C 0•~'" of !'he Tr..ow.ry 

SERVICES OTHER THAN PERSONAL I HIM • -1000 
IOJ•-110 

p~C.'.R.~:RTMENT, BUREAU, OR ESTABLISHMENT AND lOCATION DA2i vs~~~5~rR~W4D SCHED~s ~% S S 

~AL THAM BRANCH 
CONUACT NUMBER AND DATE PAID BY 

~24 TRAPELLO AD DABT63-94-C-0017 

~ALTHAM, MA 02154-6397 REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES I 
A Division of Bolt Beranek & Newman, Inc. 

I'AYEFS 
NAME P.O. BOX 4340 DATE INVOICE RECEIVED 

AND BOSTON, MA 02211 ADDUSS 
DISCOUNT TERMS 

L 
. Point of contact: Deb Veino @ (617) 873-2j26 11592 1.1/10186 

PAYEE'S ACCOUNT NUMBER 

SHIPPED FROM TO WEIGHT GOVERNMENT Btl NUMBER 

NUMBER DATE OF ARTICLES OR SERVICES 
QUAN· UNIT PRICE AMOUNT 

AND DATE DELIVERY (£nru dtuription. ium numMr of contract or Ftdua/ supply 
TITY 

O F ORDER OR SERVICE schtdult. and orhtr tnformauon dttmtd ntctssaryl COST PER 

01 Sap For detail, see SF 1035 

thru continuation sheet. Total amount $11,705.25 

30 Sep claimed transferred from Page 2, 

1994 SF 1035 

COST REIMBURSABLE PROVISIONAL 

PAYJvENT 
' 

{Ute continuation th .. t{tl if nec;euoryl (Payee must NOT use the space below) TOTAL ~11 705?5 
PAYMENT: APPRO:VED FOR 

Provisional l .EXCHANGE RATE DIFFERENCES 
0 PROVI~:ytlk.l = $ = $1.00 
0 COMHC:'oE 

BY 2 c.y lelll vUUJ"'-'1 "' L.C.lQI "UUI ' 

0 PAR'tA'l 

0 FINAl A. Reynolds Amount veri fied; con..ct tor 

0 P~~GR£5~ TITLE !Stgnarurt or tnl/talsJ 

0 ADVANCE Auditor Defense Contract Audit Aaencv 
Pursuant to authority vested in me, I certify that this voucher is correct and proper for payment. 

' 

--i:5aiti ___ 
!Autllonztd Ctmfymg OflicuJ' ! Tirlt l 

ACCOUNTING CLASSIFICA: oON --

>-
CHECK NUMBER ON ACCOUNT OF U.S. TREASURY CHECK NUMBER ON /Namt of bank! 

• a 
;c CASH DATE PAYEE > .. 

s 
• Whe-n \lattd 1n fnretgn currency, mser1 name o ( c urrency. PER 
1 Jr 1he abohty 10 cerury and authoroty to approve arc combo ned on one person. one "gnaoure only is necessary: 
olherwt\C the ar'Jprnvtng officer wtll ~•gn an rhe ~pace provadcd. over h1s offictal rule. 

, When a voucher ts rec.:etpted 1n the name o( a company or corporation. the name of the ~non wr11mg the compan y 
or cnrrnraoe name. •• well as the capacity on whoch he s1gns. mus1 appear. For eumple: "John Doc Comrany. per 
John Smoth. Sccrctary" , or " Treuurcr" , as 1he case may be. 

TITLE 

Pre••ou' ..Gtflon utob'oe •U.S. GPO: 1987·0·1 81 ·2471-40205 

I'.IVACY ACT STATtMENT 
Rv1 The information requested on this form is required under the provisions of 31 U.S.C. 82b and 82c, for the purpose of 

disbursin9 federal money. The information requested i s to identify th. particular creditor and the amounts to be paid. failure 
to furnish this information will hinder dischar9e of the payment obli9ation. 

11) 



FORM 1035 

CONTRACT NO.# DBAT63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

BBN REF. # 115921 .1 
BBN INVOICE # 950586 
SHEET NO. # 2 OF 3 

VOUCHER#6C 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

Withholding Clause: 
BBN Withholding: 

Analysis of Current and Cumulative Costs and Fee Earned : 

'"""''" ... 

· ·:\lcl!or Cost Elements: 

DirPCt Labor 
· : 'o vorhead 

Travel 
~at erial 

, , pr?::urement Charge 
· EquipmenUSoftware Rental 
, Dw~S & Subscriptions 
Postage & Express Mail 
Training Conference 
General Administration 

Total Cost 
CAS414 

TOTAL 

Amount for Current 
Period Billed 

$3,725.87 
4,295.93 

0.00 
1,067.12 

75.16 
436.25 

0.00 
0.00 
0.00 

2,056.61 

$11 ,656.94 
48.31 

$11 ,705.25 

$448,013.00 
35,671.00 

$483,684.00 

================== 
$30,320.35 

Cumulative Amounts 
From Inception to 
Date of This Billing 

$33,149.74 
39,222.27 

1,120.00 
1,067.12 

76.66 
436.25 
30.00 

9.00 
150.00 

18,203.01 

$93,464.05 
431 .23 

$93,895.28 



Continuation Sheet - Page # 3 
BBN Reference # 11592 1.1 
Bureau Voucher # 6C 
Invoice # 950586 

Direct Labor: 
Direct 

FY Pool Hours Labor 

95 1 0 152.8 $3 ,725.87 
152.8 $3,725 .87 

------- ----------------- ----------

Other Direct Costs: 

Value Added Costs: 

FY 

95 

FY 

95 

. ~ . \ ' 
. ' 

Pool 

0 

Direct 
Costs 

$75 .16 
$75 .16 

--------------------

Non Value Added Costs: 

Direct Costs 

$1,503.37 
$1 ,503.37 

--------------------

Overhead G&A 
Overhead Rate G&A Rate 

$4,295.93 115.3% $2,037.53 25.4% 
$4,295 .93 

--------------------

$19.08 25.4% 
Total G&A $2,056.61 

--------------------



~)·.·-~~--,~~--.~0~3.---------r-----------c::l~~ . <::> 
... ,w.j J._., 19so .JBLIC VOUCHER FOR PURCHASES '"'· .0 
Oe1 ·~, of th. Tt.alv,., 

• nr .. ... ,ooo SERVICES OTHER THAN PERSONAL 
1034- 110 

l/.S
1 

DEPAUMENT. BUREAU. OR ESTABLISHMENT AND LOCATION 
De ense Finance & Accounting SVC 

DATE VOUCHER PREPARED 
21 October 1994 

Defense Accounting Office 

Drawer P 
CONTRACT NUMBER AND DATE 

DABT63-94-C-0017 

Fort Huachuca, AZ 85613·6000 REQUISITION NUMBER AND DATE 

I'AYEE'S 
NAME 
AND 

ADDlES$ 

SHIPPED FROM 

r 

L 

BBN SYSTEMS AND TECHNOLOGIES -, 
A Division of Bolt Beranek & Newman, Inc. 

P .0. BOX 4340 
BOSTON, MA 02211 

Point of contact: Deb Veino @ (617) 873-_5426 

TO WEICHT 

VOUCHU NO . 

6F 

SCHEDULE NO. 
950586 

PAID BY 

DATE INVOICE RECEIVED 

DISCOUNT TERMS 
11592 1.1/10186 

PAYEE'S ACCOUNT NUMBER 

GOVERNMENT 8/ l NUMBER 

NUMBER 
AND DATE 
O F ORDER 

DATE O F 
DELIVERY 

OR SERVICE 

ARTICLES OR SERVICES 
( Entu dtKrrption. ittm num~r of contract or Ftduo/ iupply 

Jch•dul•. and othu rnformol/on dumrd nrcruory) 
QUAN· r---U_N __ IT~PrR-IC~E~--~------A~M_O~U __ N_T ____ ~ 

TITY COST PER 

01 Sap 

thru 

30 Sep 

Total Fee for 01 September thru 30 ~ eptemb r, 1994 

Based on 21% completion X $35,671.p0 $7,490.91 
Less Total Fee invoiced to date 6,420.78 

11) 

1994 
r"'---·1-·-.. -·-- ~--.. - ---· - .... ~ -- "-

. I AP~Pfi'!:;_ ·, r::r,r~ ? ;; \f:.•:. ' ·!-:-. ¢ I 
Total Amount Due Th1s,~1n.y~1ce ·~~·-; '- ' · · •··" '- ' " · · ·1-' 

401,0-1-()....t3-, 
COST REIMBURSABLE PROVISI0 : r·(!i'" ! ~~cc; ·:. :: ~;_;: ::f: ~ o .-;; ~;~ ·..::;=====~=--r 

J - o I ' ._ • ,...., !•.' t'~ • • - .._ .._, 

' ' ( 
PAYrveiT i Se;~¥;, ~)ut ·rAt~ZIJY ! 

(U .. (Ontinuotion ; hHt'\) il necenory) (Payee must NOT use th~.ri_ac• below) v ~TAL '----

PAYMENT: ·, r;pPROVED FOR Provisional 1 EXCHANGE ~ATE Contr . ': ~;rl :JltFFEHNtes ~~ 7Y :~-~;-.,. 
0 PROVISIONAl t P::wmPni"~tlhl<>rl In I "IPr At ,rlll ·· ·---$-l:OO· ·- · - · · .. "' ·- - ------ • 
0 COMPLETE ~ c r,y z 

0 PARTIAl ' ' 

0 FINAl .. 
' 0 PROGRESS TITlE .. 

0 ADVANCE '. 
Punuont to ourhoritv_ ~e.ted .in me, I certify thor this voucher is correct and O)roper for payment. 

>• 

tDau/ 

CHECK NUMBER 

(Authorrzrd Crrttfy~ng 0/Jictr/1 

ACCOUNTING CLASSIFICATION 

ON ACCOUNT OF U.S. TREASURY CHECK NUMBER 

Amount •eutied: COfTK t tor 

!Signoturr or lfttlloiJ/ 

(Tit/• I 

O N (Nome of bank! 

' --' 

0~----------------------------~------------------~----~----------------------------------------------~ • CASH DATE PAYEE 1 .. 
s 

' When "arcd m fnreogn currency. tnscrr name of currency. PER 
'If the abtllt y 10 cerufy and aurhomy 10 approve are combmcd on one penon. nne "gnaoure only ts necessary: 

Olherwt"' I he af'liUOVtng o fficer Will Stgn on the Space prOVIded. over hi> o ffictal title. 
1 When a voucher ,. rcceoptcd on the name of a company nr corporauon. the name of rhe person wnung I he company TITLE 
or corroorate name. as well as rhe capacity tn whtch he >~gns. must appeu. For eumple: "John Doc Comroany. per 
John Smith. Secretory", or " Treasurer" . as the case may be. 

Prevtout edition u.ob&. 

Av1 

t:U.S.GPO: 1987·0·181·247/40205 

I'IIVACY ACT STATEMENT 
The information requested on I hi s form is tequired under the provisions of J 1 U.S.C. 82b and 82c, for Jhe purpose of 
disbuni11g Federal money. The information requested is to identify the particular creditor and the amounts ro be pa id . Failure 
to furnish this information will hinder discharge of the payment obligation. 



FORM 1035 

CONTRACT NO. # DBAT63-94-C-Q017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

BBN REF.# 115921.1 
BBN INVOICE # 950586 
SHEET NO. # 2 OF 2 

VOUCHER#6F 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

Fixed Fee: 

t 1 r t 

Fixen, .fee D.ue (21% X $35,671 .00) 
Les~ ·;::l,.c~d Fee Billed 

< r l 

c 

Fixed. Fee To Be Billed 

' '· 
' ' ' ' / ' 

! I I ! 

11 t I 

' 
I \ t t t I 

$7,490.91 

6,420.78 

$1,070.13 

--------------------------

$448,013.00 
35,671 .00 

$483,684.00 

================== 
$30,320.35 



P U !;: ~- I C V 0 U C H :: R F 0 R P U r::· C H .1, S c S p, t·i I:. S E r-· V I •:. E S C• T 1-1 ::: F; T H AIl ;-·:: F: S 0 i'i i<. :_ 

DTE VOU Pfi EP SCHEDULE 
'? 4 / 12 / !:::: 

NU~1 VOUC H~R f-IIJM 
20 6 2:26 

r-· A I D BY 

US DEPAR 7M ENT , BUREAU~ OR 
ESTABLISHMENT AND LOC ATION 
DEFE~JSE ACCOUtiT ING OFF I CE 
DFAS-IN / EM-TP 
FORT HUACHUCA, AZ 

CONTRACT NO AND DATE 
D.A.BTt· :3-94 CC10 17 N.E. E:ELZA , ~1AJ,FC 

FO F:T HUACH U(.A 
REQUISITION NO & DATE 9 4 / 1:2/ 1 :3 

PAYEE'S 
NAf'l E 
AN D 

B B N S Y S T EM S 8: T E C: HI'! C• l.. C• G I E S 
D I V OF BOLT BE RAN ::Y & t· 1 Dl~1P .. 
P. 0 B >< 43 40 

ADD RE SS BOSTON MA 02211 

INVOI CE NO: 7C 

/:..424 

p /~ y E f I s A c r: 0 l.l tn N u r1 !3 E R 

NUM 8: ARTICLES OR SERVICES QTY UNIT PRICE 
DT ORD ~ CST PE R 

000001 1 . (10 2 2 5 ::;: 4 • 2 1 (1 0 0 (l 

94 3 4 .~. 085 60 2CA F'S 

PAYMENT APPROVED BY EXCHANGE RATE DIFF 
PROVISIONAL =$1 . (1 0 

_ COMPLETE 
X PARTIAL BY 

FINAL 
PROGRESS TITLE 
ADVANCE .A.IH VER 

AMOUNT 

22 5:::: 4 . 21 

SIGNATURE OR INITI ALS: V ~· 76 PMT NO: 008 CORPECT 22 534. 2 1 
AL! T-CER: REEVES PF· .A. : 71:. 

I CERTIFY THIS VO UCHER COR REC T AN D PROPER FOR CHECK PAYMENT 
94 / 12 ( 13 M. E . BELZA DEFE NS E ACCOUNTING OFFICER 

DATE AUTHORIZED CE RTIFYING OFFICER TITLE 

ACCOUNTING CLASS IFI CATION 
9740 40 0 .1 301 00-5005 P4 T l 0 A8 2594 002086 US JW C900 OOJWC9 HJ1500 400605 5 2 

ACCOUNTING AMOUNT : 22534 . 21 

. . - . -. -- -
- ~ . . ·- ! .. ::.. .: 



··-··· __ ........ -· ... ,_ -· ..... ·-·-·-;-··-··-·-···--·- -·- ·-· ·-··-·- -· -··-· -· -· -·-· -·····- ·-··-·--· -·-·· -· .... _. -·-·-· -· -· 
vOUCHEI:;: 1'10. 

FT l··llJ(..)CHUCtl :• AZ 8 5613-·6000 DATE PREPARED 12/09/94 

CONTRACT NO./DATE DABT63-94-C-0017 

TI~X I D 
F'AYEE 'S Ili::<I"-1 SYSTEI•IS & TECI-II,IOLOGIE£-; 

04/05/94 PAID I-{Y 
t-1 c: co Ltn t cl"t' :: 

DSt11'1 <!A~~4 

NAME DIV OF BOLT BERANEK & NEWMAN FT HUACHUCA, AZ 85613-6000 
ADDRESS P.O BX 4 3 40 

DATE INVOICE RECV'D 11/17/94 FOE<:: 
DISCOUNT TERMS NET 30 DAYS DEST 

DATE OF PERFORMANCE NO./DATE 
OF ORDER INV DATE INVRCV 'D MDSE DEL MDSE ACPT 

7C 11/10/94 11/17/94 10/31/94 11/14/94 

FREIGHT MEF:CHA~JD ISE 

0.00 22534.21 

·. 

YL: MOSE+ 22534.2J 

, AMOUm VEIUFIEi> C ~ ~T FOR $$ _-' 22534.21 

.. , :: .. · .. • .. . • . . . : . . ' · ;;(A-~C SJ:GI~ATURE O,R IIHTIALS: . ?~/- , 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~: 
PURSUANT TO THE AUTHORITY VESTED IN ME~ I\CERTIFY THAT THIS VOUCHER IS CORRECT . 
AND PROPER FOR PAYMENT. . · 

AUTHORIZED CERTIFYING OFFICER DATE: 12/09/94 
FOR~ For M.E.BELZA ~ MAJOR 

DEFENSE ACCOUNTING OFFICER o;._ 

\. Finance and Accounting Officer 

ACCOUNTING CLASSIFICATIONS 
9740400130010005005P4T10A3410 2594 502086 US JWC900 OOJWC9 HJ150~40060552 

~AYEE: BBN SYSTEMS & TECHNOLOGIES 
DI'v' OF BOLT BERr-', I'·IEl< '1!1. r·iEis.i l 'l(~!"-1 

f.l(J ~3 TCll'-1 1Tii0j () :2 ~-~ :1. :!. 
··:HECI{ 1'-!D .. ~ 

CHECI< ~cl'iT $$ 

Df.":\TE :: 

22534.2: 

22~,:34 .. 2 : 



,. 0 0 
Statldaf'd fomt I 034 

f- , .... UC VOUCHER FOR PURCHASES A, . J 

VOUCHER NO. 
l ... n.d ) OftVOIY• 1980 -
O•~t of r+.. Tre-cnwy 7C 
I TfiM 4-2000 SERVICES OTHER THAN PERSONAL 
1034-120 

U.S. DEPARTMENT, BUREAU. OR ESTABLISHMENT AND lOCATION DATE VOUCHER PREPARED SCHEDUlE NO. 

D.C.A.A. 10 November 1994 950706 
WALTHAM BRANCH CON TRACT NUMBER AND DATE PAID aY 

424 TRAPELLO AD DABT63-94-C-0017 

WALTHAM, MA 02154-6397 REQUISITION NUMBER AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES 
..., 

PAYEFS A Division of Bolt Beranek & Newman, Inc. 
NAME P .0. BOX 4340 DATE INVOICE UCEIVED 

AND 
ADDRESS BOSTON, MA 02211 

DISCOUNT TERMS 

L Point of contact: Deb Veino @ (617) 873-2,426 
PAYEE' S ACCOUNT NUMBER 

.. 
11 592 1 .1/10186 

SHIPPED FROM TO WEIGHT GOVERNMENT Sl l NUMBER 

NUMBER DATE OF AIITICLE5 . OR SERVICES 
OUAN · UNIT PRICE AM OUNT 

AND DATE DELIVERY (Enttr dtscnption. ittm numbtr of contract or Ftdtrol supply 
TITY 

O f ORDER OR SERVICE schtdult. and othtr information dttmtd ntetssory) COST PER 

01 Oct For detail, see SF 1035 
thru continuation sheet. Total amount $22,534 .21 

31 Oct claimed transferred from Page 2, 
1994 SF 1035 

COST REIMBURSABLE PROVISIONAL 

PA vt.AEI'If 

(U,. continuohon •h .. ~•l if n..:eu..,.,l (Payee must NOT use the apace below) TOTAL $22 ,534.21 
PAYMENT: APPROVED FOR Provisional 

1

l :XCHANGE RATE DIFFERENCES 
. 0 PROVISIONAl 

· o .. ,..,....., 't~11nl.,..t tn I :>t<>r l:o. = $ 1.00 
0 COMPlETE BY 1 

0 PARTIAl 

0 fll·~l • A. Reynolds Amount vetitl.d: correct tot 

0 · P•c>'Guss TITLE rs;,,arurr or lffiiiQ/JJ 
1 r \ ~ 

0 •J.DVANi E Auditor, Defense Contract Audit Agency 
Pursuo". lo authority vested i" me, I certify that lhis voucher is correct ond proper lor payment. 

( 

' ' 
' 

,.1 \. 

• ' ([:l>.tJ (AIIthonztd Ctrtifymg Offictr)' fTitltJ 

ACCOUNTING CLASSIFICATION 

' 
... j •• l, ... ~ 

' \,. '" '"' ~ 

CHECK NUMBER ON ACCOUNT Of U.S. TREASURY CHECK NUMBER ON (Namr of banlci ,. 
• 
Cl 

~ CASH DATE PAYEE' .. 
s 

' When Maled in fore1gn currn,>cy. insen name o f currency. PER 
'If I he ab1li1y 10 cerufy and au1hori1y 10 approve are combined in one person. one •ignalure only is necessary; 
orherw1~ rhe aprroving officer will sign in rhe space prov1ded. over his official 1111e. 

'When a voucher " rece1p1ed in 1he name o f a company or corpOrauon. I he name o f I he person w riring I he company TITLE 
or corrora1e name, as well as I he capaci ly in which he signs. musr appear. For eumple: " John Doe Comrany, per 
John Smnh. ~rellry", or " Treasurer", as rhc case may be . 

.. 
•U.S.GPO: 1 ~87-0-181 ·24 7140205 

PtUVACY ACT STA RMENT 
The inlormal ion requested on lhis fetm is required u"der lhe provisio"s of J 1 U.S.C. 82b ond 82c, for lhe purpose of 
disbursing Federal money. The information requ•sted i s to identify lhe particular creditor end the amou"h to be poid. Failure 
to furnish lhis information will hinder discharge of the payment obligation. 

11 ) 



FORM 1035 

CONTRACT NO. # DBA T63-94-C-0017 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P .0. Box 4340 
Boston, MA 02211 

BBN REF.# 115921.1 
BBN INVOICE # 950706 
SHEET NO. # 2 OF 3 

VOUCHER#7C 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 

Drawer P 
Fort Huachuca, AZ 85613-6000 

Withholding Clause: 
BBN Withholding: 

Analysis of Current and Cumulative Costs and Fee Earned: 

Major Cost Elements: 
C'' • 

( 

. ~ · Oirect Labor 
\ ( 

'· ' Overhead 
, ' Travel 

~- ' ~v~aterial 
r. L < P.:-ocurement ·Charge 
",Eq.uipment/Sottware Rental 

Bovks & Subscriptions 
~ ~ Po~.tage & Express Mail 
, :TI&Qling Conference 

General Administration 

Total Cost 
CAS414 

TOTAL 

Amount for Current 
Period Billed 

$7,922.82 
9,135.01 

394.00 
514.46 

25.72 
0.00 
0.00 
0.00 
0.00 

4,439.28 

$22,431 .29 
102.92 

$22,534.21 

$448,013.00 
35,671 .00 

$483,684.00 

================== 
$30,320.35 

Cumulative Amounts 
From Inception to 

Date of This Billing 

$41,072.56 

48,357.28 
1,514.00 
1,581 .58 

102.38 
436.25 

30.00 
9.00 

150.00 
22,642.29 

$115,895.34 
534.15 

$116,429.49 



Continuation Sheet - Page # 3 
BBN Reference # 11592 1.1 
Bureau Voucher # 7C 
Invoice # 950706 

Direct Labor: 

FY Pool Hours 

95 10 199 .5 

Other Direct Costs: 

Value Added Costs: 

FY Pool 

95 0 

Direct 
Labor 

$7,922 .82 

Direct 
Costs 

$419.72 

Non Value Added Costs: 

l ( ' ( 

. ,95 ~ 

' . ' (. c 1,.. 1 , 

•: 
L C. (. t; ' c •. 

t -

Direct Costs 

$514.46 

Overhead 
Overhead Rate 

$9,135 .01 115.3% 

Total G&A 

G&A 

$4,332 .68 

$106 .60 

$4 ,439.28 

--------------------

G&A 
Rate 

25.4% 

25.4% 



/ 
l 12134-EDF' PUBLIC VOUCHER F JRCHASES AND SERV ICES OT THAN PERSONAL 
--~-------------------------------------------------------------------------
\TMENT OF THE ARMY VOUCHER NO. 
~R p 
JACHUCA, AZ 85613-6000 DATE PREPARED 09/02/94 

~ACT NO./DATE DABT63-94-C-0017 !214 I !!15 /94 

r D 

P A I D B Y 
Account of: 

DSSN 6424 
~· s BBN SYSTEMS & TECHNOLOGIES 

DIV OF BOLT BERANEK & NEWMAN 
~SS P.O BX 434!!1 

FT HUACHUCA, AZ 85613-6000 

BOSTON MA 1!1221 1 

INVOICE RECV'D 08/10/94 FOB: 
JUNT TERMS NET 30 DAYS DEST 

DATE 
RDER 

3 C 
4C 

DATE OF PERFORMANCE 
INV DATE INVRCV'D MDSE DEL MDSE ACPT 

08/05/94 08/10/94 08/05/94 08/05/94 
08/18/94 08/10/94 07/01/94 07/31/94 

AMOUNT 

1511 2 . 76 
25347.93 

( ----------------------------------------------------------------------------
TOTAL: MDSE+ 4121461!!. 69 

AMOUNT VERIFIED CORRECT FOR$$ 40460. 69 
SIGNATURE DR IN ! TIALS: 90/ -

ENT: 4PARTIAL !!19 /1219/94 

UANT TO THE AUTHORITY VESTED IN ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
PROPER FOR PAYMENT. 

IORIZED CERTIFYING OFFICER DATE: 09/02/94 
FOR: M. E . BELZA 

DEFENSE ACCOUNTING OFFICER 
Finance and Accounting Officer 

JUNTING CLASSIFICATIONS-
l00 130010005005P4T10 A8410 2594 502086 US JWC900 00JWC9 HJ 150040060552 

~E : BBN SYSTEMS & TECHNOLOGIES 
DIV OF BOLT BERANE~ & NEWMAN 

F' . 0 BX 434!11 
BOSTON MA 11122 11 

:: f::: '\10 .: ON US TREASURY 

CHECK AMT $$ 

DATE: 

40460 . 69 

4!!14611!. 69 
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1-'UBL I C V(llJ( lilT~ FOr: Pt If\( I J(;~:! -~: AND SER1/ [ CF~-; 01 Hfl\ I"H/11'1 Fl-:r:" .. ;rJf·~ ·' J 

US D E F"Ar: r ME'N r, l r r~.-~_- 1\U • .::rr· 
t:ST Al~:L 1 :;HMENT Af\11) LOU·. i :i ·JN 
DEFENSE ACCOUN r T. hi(·) OFF 1 u: 

D TF V(lll PI'·:EF :-51:·1-iC.DULC N LII'1 \'(IIJO!!:f< NU"'l 
·:1:• I 1 U I 1 :3 ~·'. 0 1 :~41 

r-·A I 0 13Y 
OFAS- IN/EM·- iT' 
t=ORT HUACHUc:r~, l>oZ 

C:JNTF;;C T NO I\1\ID Dr~TE 

DABT63-9·~COO l "T M.E . 1·3ELZf>o, l'i,C,J,i- ' (: 

REQU ISIT ION NO & DAT~ 

FORT l·iUACHUC:f'\ 
94/ 'l 0/ 13 
,_; 42:4 

PAYEE'S · BBN SYSTEMS & TECHNOLOGIES 0 I SCOUNT . T'ERMS 
.. NAME DIV · OF BOLT BERANEK & NEWMf\ 

AND P .O BX 4 3 40 
ADDRESS BOSTON PAYEE 'S t'\CC OUNT NUMBER 

Nlil•! & 
DT ORO 

ARTICLES OR SERV ICES QTY UNIT PRICE AMOUNT 

0 00001 

94276C>90529CAPS 

PAYMENT 
PROVISIONAL 

_ COMPLETE 

APPr-\OVED BY 

X PARTIAL BY 
FINAL 
PROGRESS T CTLE 
ADVANCE 

CST PER 

, 1.00 14889. 050000 

EXCHANGE RATE 
=$1.00 

TOTAL. 

DIFF 

SIGNATURE OR 1 N '£ T I ALS: VC : 92 PI 'IT NO: 0 05 
AI'1T VER 

CORRECT 
AUT-CER: REEVES 

I CERTIFY THIS VOUCHER CORREC T AND Pt:;:OPER FOR PAYMENT 

1488'?. 

t4sa9.o~ 

14889 . (l~i 

PPA: 92 

94 / 10/13 M. E. BELZA DEFENSE ACCOUNTJNG OF F ICER 

DATE AUTHIJRIZCD CERrr;.::·v rNG OFF I CER r r ru:: 

ACCOUNTING CLAS3TFJCA1 I ON 
'/740·1-00.1301 00 ·· ! . • (105 r'-4T 1 0f-\f·~ :25 9 4 002086 us: .iWC')i)(l ('-:)JWC:'i> i i,i 15004Ci06055:>: 

A CCOUNl I i\1 (-; At10UNT : 1 4 8 8-::-' . 05 

.-.F 1 (,.::·1 



I 
I 

~ 

•• + I' 

. ,. ~;.r-:_ .. :~ <~·::~~ ::. '~ ~·: ~.: ... ~.:~:~1~~ -~ " ~:~:~~.:·. - .. . .. .. .. . ...... -- ... '··· · ~ -- ·- .... ·-· . '' " ... . ... .. . ... . . .. ... ...... . .............. .... ~- .. .... -·· ... .................... .... .. .... .. . 

D!=:PM('fi•IEI'I f t:W 1'1-·lf:.. td:\ I'IY 'JOUCJ-1[ r: f·lr:J .. 

F· f.i I D I: Y 
A c c:oun t cl't' :: 

u~x I D DSSI' I 61.~ 21-+ 
F·r:,YEE 'S BBI-1 E;n .. T E1'!~3 8· "IEDII,!OI CJ( ·.JEH 
NAME DI V OF BOLT DERANEV & NEWMAN FT HUACHUCA, AZ 85613-6000 
ADDRESS P .. O BX 4346 

BClSTOI-1 I'IA 0 22:1.1 ~ _. . 
.............. - ........ ---·-·--·-·--·--·-----·-·--·---.. -----.. -·-·····-------·------------------·-------·---------~'i'-~':<-·:v.;_ ... _l"-""·-·'""'-''"'-''• .. !. ______ _ 
DATE I NVOICE RECV:D -U9/19/94 FOB~ 

DEbT DISCOUNT TERMS NET 30 DAYS 

1'-ICl .. /DATE 
OF ORDEF\: 

5C 

DATE OF PERFORMANCE 
INV DATE INVRCV'D MDSE D8_ MDSE ACPT 

09/j4/94 09/19/94 09/19/9 4 ·09/19/9 4 
09/14/94 09/20/94 09/20/94 09/20/94 

• li 

AI'IClUI"T 

f38H1 .. 92 
1070 w1 3 

I .......... ·-·-...... __ -· ... ---· _, ________ .. ___ ..... -- -· ----· -· ·-·-·----· -· -- ···-· --·-···· -· ·-· ... -·--· ···-·-··-·-... ·--· -----... -·-·-·--·-... -..... _ ... ·-·-... __________ .............. -....... .. 
I 
I 

1 
I 

,, TOTAL: MDSE+ 14889 . 05 

AMOUNT VERIFIED CORRECT FOR $$ 14889 .. 0~ 
S IGNATURE OR INITIALS: 92/ 

I ;~;~;~;~---;;;~~~~~------------------------------------~~~~;~;;------------------
·~1 

I 

I 
I 
I ., 

PURSUANT TO THE 0UTHORITY 'JESTED IN ME, I CERTIFY THAT THIS VOUCHER IS CORRECT 
AND PROPER FOR PAYMENT. 

Al.JTHOFUZED CEf(l'IFYHIG OFFI CE!;: DATE~ OS'/~'5()/<;'r.~ 

F"DF;: ~ i'l .. F .. I-:: r::.I ... J.: i:) 

,::-,cr:;O! H'IT I I' ll] CLr-, :::;::; J:F] C;~d· I 01" .:; 

DEFU·-I :~w: ,~lCC:Dl.JI,I' l' 11'4C:I OF r I CCR 
Fin~nce and Accounti ng Officer 

?74040J130010005005P~T l0A84 1 0 2 59~ S0208o iJS JWC900 OOJ WC9 HJ150040~60552 

,··tl'.'i::l-' :: '(·:).;1,1 ·:i'l" ~: it· •'!;:: ,i..._ ·: f. Ull'-!::•1. •.:.c; , ;~ ::_:. CI·ILC!( td•:T !!'. :1:-

IH 'v' OF BOLT L:!. .1-~(.',J·IE 1'. /-~ 1'1 E..vJI'1(11··1 

r· .. D DX lL:I'W 
I-.<U!:)TUH i•IA o;:~~-:~ l :1. 

CHI::.CI< NU. : UH US T J:;:F()SlJF~Y D,~yr E = 

14889.0 

l 



• (l 
I ·~:?':.1034 ' Pl JC VOUCHER FOR PURCHASES 

VOUCHER NO. 
1910 

of the T reowty 

SERVICES OTHER THAN PERSONAL sc •-1000 
1034-120 

U.S. DEPARTMENT, IU~EAU. 0~ ESTABLISHMENT AND LOCATION DATE VOUCHE~ P~EPA~ED SCHEDULE NO. 

D.C.A.A. 14 September 1994 950352 

WALTHAM BRANCH CONTRACT NUMBH AND DATE ,AID IY 

424 TRAPELLO AD DABT63-94-C-001 7 

WALTHAM, MA 02154-6397 ~EOUISITION NUMBH AND DATE 

r BBN SYSTEMS AND TECHNOLOGIES ..., 

,,UEE'S 
A Division of Bolt Beranek & Newman, Inc. 

NAME P.O. BOX 4340 DATE INVOICE RECEIVED 
AND BOSTON,MA 02211 ADD lESS 

DISCOUNT TERMS 

L Point of contact: Deb Velno @ (617) 8731426 11592 1.1/10186 

PAYEE'S ACCOUNT NUMBER 

SHIPPED FROM TO WEIGHT GOVERNMENT Ill NUMIER 

NUMBER DATE OF ARTICLES OR SERVICES 
OUAN· UNIT PRICE AMOUNT 

(Ent~r drscription. ittm numbtr of controct or F~dtrol supply 

Qf ORDER OR SERVICE schtdult, ond othtr information dum~d ntct:ssary) TITY COST PER 

01 Au~ For detail, see SF 1035 

thru continuation sheet. Total amount $13,818.92 

31 Aus claimed tr_ansferred from Page 2, 

1994 SF 1035 

COST REIMBURSABLE PROVISIONAL 

PAYWENT 

(U,. •he•l(•l if necauoryl (P ......... -· ··• NOT use the space below) IOTAr $13,818.92 
PAYMENT: APPROVED F~ '"'·, .,. , .,,vfl~ tEXCHANGE RATE DIFFEitENCES 
0 PROVISIONAL .~- Z. ~ater udlt - $1 .00 
0 COMPLHE 

BY 2 

~ 0 PAitTIAL 

0 FINAL A. 'l<"Yr~ ~COtfKit;" 

0 PIOGUSS TITLE (Signotut¥ or initials) 

0 ADVANCE Auditor, Defense Contract Audit Agency 

Pursuant to authority vested in me, I certify that this voucher is correct and ptoper for payment. 

(Oat~) (Authoriztd Ctmfying Of]ictr) 1 (TitltJ 

.. rrni•NTING CLASSIFICATION 

I~ 
CHECK NUMBER ON ACCOUNT OF U.S. TREASURY CHECK NUMBER O N (Nam~ of bonk) 

CASH DATE PAYEE ' 

$ _L_ 
' When \laled 1n fore1gn currency. on:~ert name of c urrency. . . . PER 
' If lhe abolily 10 cerufy and au1hori1y 10 approve are cc>mbined 1n one pet>on. ""e \lgna.ure o.oly is ne-.~sary; 
olherwi.e I he arororoving officer w ill s1gn in 1he space prov1ded. over h1s offic1al 111le. 

'When a voucher 1~ r~ciplcd m I he name of a company or corporalion, the name of I he person wril ing I he company TITLE 
or corroorale name. u well as 1he capaci1y in which he signs, must appear. For eumple: "John Doe Company, per 
John Smllh. Sccrelary". or "Tre,asurcr". as lbe case may be. 

, ......... •ditlorl •lObi. * U.S.GPO: 11187·0·181 ·247/40205 NSN 

rtiVACY ACT STARMINT 
The information requested an this form is required ullder the provi1ion1 of 31 U.S.C. 82b and 82c, for the purpa1e of 
disbvning Federal money. The information requested is Ia identify the particular creditor and the amount• to be paid. failure 
to furnish thi1 information will hinder diKhorge of the payment obligation, ________________________ _J 

A 
• 

11) 



$1_#_ 1034 r' .. ft ... ) ...;._.., 19ao 
O•pott~t o4 the T t eo•""Y 

I T' IM •-2000 
1034-120 

P .. IC VOUCHER FOR PURCHASES J 
SERVICES OTHER THAN PERSONAL 

U.S. DEPARTMENT, BUREAU, 0 1 ESTAILISHMENT AND LOCATION 

O.C.A.A. 
DATE VOUCHER PREPARED 

14 September 1994 

WALTHAM BRANCH 

424 TRAPELLO AD 

WALTHAM, MA 02154-6397 

ftAYEE'S 
·. NAME 

AND 
ADDIESS 

r 

CONTRACT NUMIER -AND DATE 

DABT63-94-C-001 7 
REQUISITIO N NUMBER AND DATE 

BBN SYSTEMS AND TECHNOLOGIES 
A Division of Bolt Beranek & Newman, Inc. 

P.O. BOX 4340 
BOSTON, MA 02211 

L Point of contact: Deb Velno @ (617) 8731426 

SHIPPED FROM TO WEICHT 

VOUCHER NO 

5C 

SCHEDULE NO 

950352 

ftAID IY 

DATE INVOICE IECEIVED 

DISCOUNT TERMS 

11592 1 . 1/1 0186 

PAYEE' S ACCOUNT NUMBER 

GOVERNMENT I l l NUMIER 

NUMBER 
AND DATE 
O F ORDER 

DATE O F 
DELIVERY 

O R SERVICE 

AIHIC.Lf5. Ull _5tiiVICf5 
( Ent~r d~scnpllon. """ 11um1Hr of contract or Ftduo/ supply 

sclr~dul~. a11d othu 111[orma11o11 dumed lltctssoryl 
Q UAN· r---U_N __ IT~PrR_I~C~E---+-------A~M-O~U~N~T----~ 

TITY COST PER 

01 Au~ 

thru 

31 Au~ 

1994 

For detail, see SF 1 035 

continuation sheet. Total amount 

claimed transferred from Page 2, 

SF 1035 

,CQST REIMBURSABLE PROVISIONAL 

PAYM:NT 

lU•• ,...,,;nuati"" •hHtt•l if neceuar-,1 {Payee must NOT use the space below) 
PAYMENT: APPROVED FOR Provlslonal 1 EXCHANGE RATE 

0 PtOVISIONAL Pavm~ Sublect to Later Audit = S 1·00 
0 COMPLETE IIY 2 

I I} 

$13,818.92 

fOTAL $13 ,818.92 

OtfFEIENCES -------+---------------4 

0 PARTIAl 

[l FINAl A. Reynolds r--A-m---n,-.-.r~ofi~~-, -,o-,-.,-,-,o-r ---r------------------

0 PROGRESS 

0 ADVANCE 

TITLE 
Auditor, Defense Contract Audit Agency 

Punuant to authority vested in me, I certify that this voucher is correct and proper for payment. 

,.. 
• 

(Dottl 

CHECK NUMBER 

(Awtlronud CtrllfY"'I 0/lictrl ' 

ACCOUNTING CLASSIFICATIO N 

O N ACCOUNT OF U.S. TREASURY CHECK NUMIIER 

fTitlt l 

ON INomt of ba11lt. l 

0~~--------------~--------~~--------------------+-----~-----------------------------------------------f c CASH DATE PAYEE ' .. 
s 

1 Wh~n 'laled 10 fnre1gn \.'urrency. m~rt name o f currency ~ ' , , : 1 : l : , 

' If th~ ahthty 10 c~rttfy and authority to approv~ ar~ .:ombtn~d 1n on~ pet\on. Il l . ~ \lgt.~l~r~ ~ .t:y •s t.~cl.ssary; 
oth~r"''"' the arrrovtng offic~r wtll stgn 1n 1h~ spac~ provtd~d. ov~r hts offictal 1111~ . 

' Wh~n a vouch~r " r..:etpl~ 1n the name of a com pan , or corporation. th~ nam~ nf the person wnttng the compan y 
or currnrat~ nam~. a• well as the capacity 1n whtch h~ ~tgns . must appear. For ~.ample: " John Doe Company. per 
John Smith. Secretary". or "Treuurer", u the case may be. 

PER 

TITLE 

•U.S.GP0: 11187·0· t81 ·247/40205 NSN 75~._4206 

FM ------------------------------~ ftiiVACY ACT STATEMIHT 
The information requested on this form is required under the pro•isions of 31 U.S.C. 82b and 82c, for the purpose of . 
disbuni119 Federal money. The information requested is to identify the particular creditor and the amounts to be paid. Fa ilure 
to fumish this information will hinder dischar~ of the payment obligation. 
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FORM 1035 

CONTRACT NO.# DBAT63-94-C.0017 BBN REF.# 115921.1 
BBN INVOICE # 950352 
SHEET NO. # 2 OF 3 

VOUCHER#SC 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

Disbursing Office: 

Withholding Clause: 
\ 

BBN Withholding: 

Target/Estimated Cost 
Target/Fixed Fee 

Total 

85% Fixed Fee 

Defense Finance & Accounting SVC 
Defense Accounting_ Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

Analysis of Current and Cumulative Costs and Fee Earned: 

Amount for Current 
Period Billed 

Major Cost Elements: 

Direct Labor $4,742.16 
Overhead 5,467.72 
Travel 735.00 
Procurement Charge 1.50 
Books & Subscriptions 30.00 
Postage & Express Mail 0.00 
Training Conference 0.00 
General Administration 2,780.37 

Total Cost $13,756.75 
CAS414 62.17 

'. ' ( ( ' ( 

TOTAL ' ~13 ,8113 .92 '.' '' '. . . I 1 ==! ....... =:: ==....:=:::L:::1 ::::z = . . '. . . 
' ' ' 

$448,013.00 
35,671 .00 

$483,684.00 
=====z==========c= 

$30,320.35 

Cumulative AfDounts 
From Inception to 

Date of This Billing 

$29,423.87 
34,926.34 

1,120.00 
1.50 

30.00 
9.00 

150.00 
16,146.40 

$81,807.11 
382.92 

$82,190.03 



r· 

Continuation Sheet - Page # 3 
BBN Reference # 11592 1.1 
Bureau Voucher # 5C 
Invoice # 950352 

Direct labor: 
Direct 

FY Pool Hours labor 

95 1 0 111 .0 $4,742.16 
111 .0 $4,742.16 

------- ----------------- ----------

Other Direct Costs: 

Value Added Costs: 

FY Pool 
Direct 
Costs 

95 

95 

0 \, __ $~7;..;3~6:....;·~5~0 
$736 .50 

--------------------

Non Value Added Costs: 

Direct Costs 

. $30 .00 
$30.00 

--------------------

( 

' ' 
' 

' 

Overhead G&A 
Overhead Rate G&A Rate 

$5,467.72 115.3% $2,593.30 25.4% 
$5,467.72 

--------------------

$187 .07 25.4% 
Total G&A $2,780.37 

--------------------

' ' ' c ( 

' ' ' ' ,, ' 
' ' ' ' l ( I 

' ' ' ' ' ' 
' ' ( 
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" 

,.-r...;...;;.~~--,.....--.-Oa...p .J .LIC VOUCHER FOR PURCHASES 9 -----r,-vo-u-c H_u_N_o _-----f...." 

SERVICES OTHER THAN. PERSONAL 
U.S. DEPARJMENT. BUREAU, OR ESTABLISHMENT AND lOCATION DA TE VOUCHE R PREP,U ED 

Defense Finance & Accounting SVC 

Defense Accounting Office 

Drawer P 

Fort Huachuca, AZ. 85613-6000 

r 

14 September 1994 

DABT63-94-C-001 7 
REQUISITIO N NUMBER AND DATE 

BBN SYSTEMS AND TECHNOLOGIES I 

. "AYEE'S 
• NAME 

AND 
ADDlES$ 

A Division of Bolt Beranek & Newman, Inc . 

L 

SHIPPED FROM 

P.O. BOX 4340 
BOSTON, MA 02211 

Point of contact: Deb Veino @ (617) 873:j426 

TO 

SF 
SCHEDUlE NO. 

950352 
P'AID IY 

DATE INVOICE RECEIVED 

DISCOUNT TERMS 

11592 1.1/10186 

PAYEE' S ACCOUNT NUMIU 

WEIGHT GOVERNMENT I l l NUMIU 

NUMBER 
ANO OATE 
OF O RDER 

OATE OF 
DELIVERY 

OR SERVICE 

ARTICLES. OR ;SERVICE S 
(Entu dncnption. ittm numlwr of contract or F~drrai Jupp/y 

ulr~dul~. and otlr~r mforma/lon dHm~d n~ct:ssaryJ 
QUAN· r---U_N_I_T~P_R_IC~E~~-------A~M~O~U_N_T ____ ~ 

TITY COST PER 

01 .AUI 

thru 

31 AU! 

1994 

Total Fee for 01 August thru 31 August, 199 
Based on 18% completion X $35,671 .00 

Less Total Fee invoiced to date 

Total Amount Due This Invoice 
, COST REIMBURSABLE PROVISIONAL 

PA'fl.IENT 

tU•• con""""''on •he••hl if ._ ... OtYI (Payee must NOT use the space belaw) TOTAL 

$6,420.78 
5,350.65 

$1 ,070.13 

11) 

PAYMENT: APPROVED FOR Provisional 1 EXCHANGE RATE 

0 PROVISIONAl Paymert Subject to Later ~udlt = S1 .00 
OlffEUNCES --------+------------------~ 

0 COMPlETE By 1 

0 PARTIAl 

0 FINAl 

0 PROGRESS 

0 ADVANCE 

TITlE 

Amount •et"tfied; conect tor 

IStgnlltUIY or tfltllaiJJ 

Pursuant to authority vested in me, I certify lhat this voucher is correct and proper for payment. 

I D<l1tl (Autlrom~d Cullfytng 0/Jictr/ 2 fTitf~l 

ACCOUNTIN(.j LLA::.::.I~ILA I IUN ~ /, 

~ .;r:.~PROVEO FOR PAYMENT: s. r_v tv I'/ 
e 

~ I certify ecc~nce of the Supplies or 

1 Whtn \laled tn fnretgn ~urrency. t nt~efl name o f currenc y , , 
'If th< at>ohty 10 C<rllfy and autho r11 y 10 approv< a r< ~ombon<d on nne person. nne "gna1ur< nn l ~ os•nel.esrarr :' 
olhcrwt~ 1hc arprovtng officer wtll "8" tn the space provtdcd . over hts offictal 111le ~ ' , ' < l 

' Wh<n a vou~her" ra:eoploed on the nam< of a company o r corporauon . 1he name n f 1he person wruong the ~ompan y' 
or ~orpmate name. u well as 1he capaclly '" wh1ch he stgns. musl appear. For eumplc: " John Doc Company. per 
John Smoth. Secretary", o r " Treuurer" . as the case may be. 

* U.S.GPO: 11187 ·0 · 181 ·24 7/40205 

'IIVACY ACT STARMEHT 
The infonnotion requested on this form is required und .. the provisions of 31 U.S.C. 82b and 82c, for the P"tpose of 
di1buninv Fed.rol money. The information requested is lo identify the particular creditor and the amounts ta be paid. Foilvre 
to furnisll ltli1 infOI'mation will hinder discharge of the payment obligation. 
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FORM 1035 

CONTRACT NO. # DBAT63-94-c-oo17 

BBN Systems and Technologies 
A Division of Bolt Beranek and Newman, Inc. 
P.O. Box 4340 
Boston, MA 02211 

BBN REF.# 115921.1 
BBN INVOICE # 950352 
SHEET NO.# 2 OF 2 

VOUCHER#5F 

Target/Estimated Cost 
Target/Fixed Fee 

. Total 

85% Fixed Fee 

Disbursing Office: Defense Finance & Accounting SVC 
Defense Accounting Office 
Drawer P 
Fort Huachuca, AZ 85613-6000 

Fixed Fee: 

Fixed Fee Due (18% X $35,671.00) 
Less Fixed Fee Billed 

Fixed Fee To Be Billed 

$6,420.78 
5,350.65 

$1,070.13 

--------------------------

. ' 
\ < 

' ' \ . . ~ (. ( 
\ c l \ 

\ ( 

$448,013.00 
35,6i1 .00 

$483,684.00 

$30,320.35 
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~u"" .~. 
.. r OF\C 

F' . rr. ~ ,·:;. :.: '4:· 
t::(.r<:;j 13,, M·· \ ). 2 l 1 

l !·1 r . D r Si.. A!"t'T 

r ,;·rf1ENi APt~ROVr::-.11 1;. 'f 
F'ROV [:;I CtNAL 
(.1)MF'LEl E 
F-'AFH I AL BY 
FIN~L 

PROGRESS T ITL E 
AD'.JANCE 

SIGNATURE OR I NI TI ALS: 

LT CER: PALMER 

Ul''l [ I 

t ':-:·; F· 

t.•CH.'\!J~;c f~'ATf:. Dl 
:::1, t. r)(J 

·.- , 
l..,' .:_ ~ 

I1I"IT 
':.i~·F~~: 

r; 
··' 

.,. 1 

... , ) : ·. 

, . 

. CERTIFY THIS VOU. HE~ CORREC~ A~D ~~0PER ~::IF~ ·- IE>: i .:· ;., ,. •'II. I . 

M. F. t:r: L l. ~ r:cr:·:.: Nf~r~ t.... '!r·. , ~ •. 

. , . . r-

1 • '•I I 

I ~' . ' 

FT: . . ·.:;· 
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