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/ 1. INTRODUCTION

This preliminary draft of the Contract Definition Final Reoped is prepared in accord-

ýj ance with CDR L Data Itcmn A001 and SAMSO data Itemu desc~rip~tion document (U) S-680.

For convenienco in rending, Part I of this report is divided into four separate volumes.

j In addition to the four volumes, Appecndix A Is providted, cons4isting of twvo books,

iwhich contain all of the Destgn~ Rlequirements Bullet~ins (DRl13's) cecated under Supple-

mental Agreement 1 to the Contract.

*ý- Volume 1, Introduction and Summanry, contains summnaries of the baseline

systemn functional design; summrries of other technical data Items which comn-

prise Part 11 of this report by reference; abstracts of planning data items

which comprise 1Pttrt III of this report by referenco, but which are deliverable

concurrent wviti the final draft of this, rep~ort; surnmaries of preliminary

acquisition 1)lannilng efforts to date for both Control Pud User Segments, and

discussion of technical and other p)roblenn areas.-

0 * 'lm 2 , Systemu Lrror Puwformauce is devoted to the analysbts and discus-

jsiou of projectod systow porfrui muv and contatns orror analysis and O'rror
budgts wichsul -t 0%tat predicted porfortuanev.

I * ~~Volume- 3, UMr ewn scriptiwi Porfrmtanw-,. Error fludgvts, and IHF

I ibtk- I.Wge s it-vvtont entirely to trteattuu fVo Se~ijulnt po0rfo>rWanco

anaysis.

j * Volumne 4, Cost EVfvetivvenoss Criteriat vontains analysis and disku~olon at

design to cost eliitvda dovlpe4 to date in tht e dtiltiou eontract.

IM



2. SYSTEM FUNCTIONAL DESIGN SUMMARY

The implementation of the Global Positioning System (GPS) includes the four major

segments of Control, Space Vditcle, User and Navigation Teclnologv. The functions

of each segment for the GPS Phase I are aeeparatoly defined and implemented. Figure

2-1 shows an overview of the GPS and the Interfaces between segments.

2.1 GENERAL DESCRIPTIONS

2.1.1 CONTROL SEGMENT (CS)

The Control Segment nionitors the signals from all satellites, gathers and processes

this data, uploads the GPS navigation data to each satellite and controls all data flow.

9.1.2 SPACE VEHICLE SEGMENT (SVS)

The Space Vehicle accepts and stores the data trnsmitted from the CS, re-formats

the data, and tra mits this data back to earth in accordance with eatablishod schod-

ules. Further doscriptimw of the SV• are outside thv scope of this CS/UUD document.

2.1.3 USERt SEGMENT (US)

The Use" Segment consLsts of passivo GNW reovovi'u, stations that may be autonomous

navigation or position location sots or may be integrated with other equipments for the

accomplishment of more 3o141Wtivatud mission..

2.1.4 NAVIGATION TECHNOLOGY SEGMEIiNT

The Navigation Toohnology Sogment is compvaisd of the Navi"atiou Technology Satvl-

litos. tho N..al ,- lsoareh Laboratory-Telewotry, Track, g and Comm,'Md, ad a

P•audo Rtdom Noils Navigation A~sotubiy (providt," by the SV fsegatt). Iavlud.d Wn

this swg*eMft is the ov luatioa of behavior of spae0-hu.ied eKclk, and pivo-agation

charactoristicss,

Ii i
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2.2 CONTROL SEGMENT IMPLEMENTATION

The CS is comprised of three separate stsitions as described6 below. Each station is

implemcated to be autonomonms and transportable so that the stations may be easily

reloce.ed. firs t houshig q"I statlIo~s will be GVE.

2.2.1 MONIT'J,4 S'rATIONS 1MV)

The MS performs tli ftmction of collecting zeellitt data mid tracnkig Informatnion.

This data is tramsfarred to the Mautr Control Station (MCS) for the deturnhination of

* -GPS space vehicle orbital parameteris and the refinements of other navigation data.

The functional block diagram of the MS funetons is shown in Figuro :,-2. The MS Is
* :. desigued to operate timnmmcd with overall systumn conto roled by t MCS.

"2.2.1.1 MS ANTfENNA ASSEMBLY - The antenn~i assembly is a fixed antenna that

receives both L1 and Lg space vehicle sIguals irom any point in space above 5* clova-

tion. The antenna assembly will have 0 dBI gain.

~%14F IAI
IIs OATA

.. t C k ... . .
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2.2.1.2 MS L-IIANDIt 1EC1EIVERI - The L-bNud receiiver will be ,k multichannel

receiver s (milar to the equivalent user r'cgment equipment. The receiver acquires, the

space vehicles in accordance with control connmands provided from We NIS dligital

, I processor. 'The r-ceiver raid procetssor will be capa)ble of n aki v osition fix for

its loention and trnfr ;';At otIcCS. The receiver shall operate with bothk

L and l. signals tuider coarol of tk NIS processor.

2,2.1.3 NIS TIMING SUIYSTIEM - The timing subsystem consists of an atomic
-oernce frequency unit, frequency synthesizers and an TRIG tiraing node go oratr

The tiznilnV subsystein provides the reforeaces for ranging, meaisuremuntsi, dauta clock-

Wag, and timeý of day.

2.2. 1.4 MS DIGITAL PRWCESSOR -- Tho digital pvoccisor subsystem cwisist.- of

a toletypo, a cassette rtvoidei. and a miniacomputor uttlizing both user equipment soft-

ware and NIS unique suftwairo. Tito diipzt proosor cotroln the receivers and data

communiuatious and proceasos tho ruceived tdaua prior to tranmitus t.-Jo t the MNCS.

22.f.1.5 MS METEOLIOLOGICAL UNITS - E~ach MS will have nmoteorologicaI iuetr-4

Montls tG mnu~itor the. eo.turual tompswaturo, burosmetriic proo-.,urt- aud rilAutivt' htuoidity.

The data from these t-trunmeabi will be trui i-rred to the NMCS to permit coreC1,u

of saevehioek data duo to tre 'Pheric vamets.

1.2. 6 N S DATA COINMUNWCATIONS - The data tm nivatimns *usuh~tv

coasWNt only of ca a~im~o for dial-up t wisfor 6owoon tho Wi an d C

mercialtelec un~eaionos 1z aad a itawW4a tiol otkak instalUniLQ for Wiois comn-

mnwtuations, U 4qds

22.2i MASTER CCXN'tOL $TATU~N (MS)

Tho MV gemwk -Us a vo-al~raleiz taIlity to III"V41V OWe law'gtva ntUua In

'atatran f4 r Cap-31hitity to spot~4Mn tho 0#1$ cornmw~i atkivan znti avmizaI.u dbiat roeytro-

nUi~~. 1'W UC(S fuwwioaal blueL dtzrtau Ws *&wni in Ftautw 2-3. Ttw facility is
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basically a computer with the peripheral equipment required to support the program-

ming, computation, and data communication- roles:

o Orbit determination and ephemeris generation

o Time synchronization offsets

4 " o Navigation data formatting for uploading to the space vehicles

S.o Store and retrieve historical data

"" o Provide controls and displays for operation of MCS and the total CS

o Provide hard copy of data, as required

o Support MCS and MS program development

2.2.3 UPLOAD STATION (ULS)

The ULS provides an accurate link for transferring the GPS navigation data from the

MCS to the space vehicles, The station is designed to be transportable from one loca-

tion to another after appropriate disassembly and packaging. The ULS will transmit

on the Space GrounO Y ink Subsystem (SGLS) fiequency or frequencies assigned to the

space vehicles to permit the use of the SGLS Satellite Control Facility transmitters as

back-up to the GPS ULS. The baseline ULS is a transmit-only station (Figure 2-4),

and will be co-lo-ated with a GPS MS. Two'receiving function options are also

described below.

,22.3.1 ULS DIGITAL PROCESSOR - The digital processor controls the ULS

antenna pointing and throughput of navigation data for loading each space vehicle.

RIF
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I Verification of a satisfactory upload to each space vehicle will be received from the

V.co-located MS.

2.2.3.2 ULS RF DRIVE UNIT - The drive upnit accepts the digital navigation data,

formats it into the SCISS tone format, and modulates these tones onto the RF drive to

11h power amplifier.

2.2.3.3 ULS POWER AMPLIFIER - The power amplifier is a broadband, variable

4' output power amplif ier. The amplifier is capable of operating on any of the 20 SGLS

frequency assignments. The output power Is variable to 10 kilowatts to insure ade-
7

quate uplink power to achieve a data error rate of not less than 1 part in 10 *The

power amplifier is totally self-contained with its own power regulators and liquid cool-

Ing system.

2.2.3.4 ULS ANTENNA SUBSYSTEM - The antenna subsystem consists o! a 14-ft

parabolic reflector, SGLS feed, control servo-systems, radome and environmental
-7

control systems. The 14-ft reflector is adequate to achieve the 10 bit error rate

with the power amplifier operating at 4 klowatts output power. The 14 -ft reflector is

also compatible wvith the optional requirements for S(ILS downlink reception for GPS

upload verificatiton tand for precision GPS space vehicel signal analysis.

2.2.3.5 ULS GROWTH OTG Two optional capabilities are planned for am a,

part of the b,-sie upload station:

o SGLS S-band ruception for vei'if leation of tho GPS ualtgatiou %tpload

o CPS L-bund reception for precision analysis of tho maguitudo mid quality of

I tua slgnals being trawtuitted by the satellite

~ I2.3 USERt SIQMMENT I'MPLEMENT1ATION

Thve Usor Sktgmeut Iwst* of throo differout couticuratlons tit paesivo L-band teew-

ing aud ptwoesslnjg sets eapable of providiug avurate putition or uvigatiou data. Tho

different umfigratioug evolvto f,-ot tho diff~ervet mtlitztry olsmftkma tivonarios aMd

pi~oritt~e of rvquhemcuts. Three cofitguratiou* ame 6ttown in iurv 21-5 and, a-*

nobA.dw sat~isies ot r uw-uof thoalssas (nulitary defaiu) ine. &ach
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user equipment (UE) set consists of am antenna, receiver, procesol4o0, end display.

Other equipment wnay also be used depending on the applicat'.vi;, iLo., lnertial Measure-

mont Units (IMU), Air Mass Dead Reckoning Units (AMIXItU), altimeters, displays,

interface units, etc.

2.3.1 CONTINUOUS TRACKING USER EQUIPMENT

The ,onttnuous tracking UE is the most complex configuration. This configuration con-

tinuously and simultaneously tracks four space vehicles on Nither frequency L1 or L2

and uses both the clear/acquisition (C/A) and protected (P) codes. Simultaneous

tracking of four space vehicles provides the shortest timus to first fix and the greatest

* I immunity to Jamming, particularly when aided by other navigatiou sensoors such as the
IMU and AMDRU.

2 3.2 SEQUENTIAL TItACKING USER EQUIPMENT

The sequential UE pirovidos the same data as the continuous UE except that the time to

first fix is obvioutoly logoer. This unit is basic illy a single channel reeaivor and,

therefore, is swquenw;-ed from trackig toe space vehicle ou L1 or L3 frequencies to
* tracilg aoother spare whicle on L or L Ire.uenvios.

2.3.3 SEQUENIlAL TRACKING USER EQUIPMENT - CLF2AI/ACQUISITION O.NLY

Tito soquential C/A-oaly "ur equipment is similar in contruction to the squential

LW defined in Partggnph 2.3.2 and is roforred to us the Cluss C lIE. This coutigura-
-ita opontus on only fI.quncy L 1 ad the C1/A eo 1, heo tiaw to first fix, accuracy

mu)ant-$aniig iantit ar acmedury to lowi cost for thisi vn'nfiurath.

• 1 2.3.4 UFErEAL DEVEDLOPMEýNT MODEL UVS •QUIPMEXNT

• i A guterl deve~lopmet i d (0DM) it ctpabk..' af demontrating any of tho other coa-

.4guratties will bo developetd m'tor to taittatrag the dvsig.s" for tho other throe ctin0i-u-

ratioms. The GDMs will be tedoslgit and dti olot-mat t~oo to ho used by tho VE d-over-

r•r oper and In early fiold tw*t to pjwo hastv tmplntwttattn tweMiques aln compatibility

with other VIPs osognams hatrdwar. • (. (WM will rwaiun in-pl.at as a d"-Ig



3. SUMMARIES OF PART II TECHNICAL DATA ITEMS

Part II of the Contract Definition report contains other Cl*R L Items delivered concur-
re but under separato cover; brief summarlri.s aru presented for

ouich of these itenms. Thlese are:

o A002 System I)esign Trade Study Rquort

o A003 System Segment Specific ations

0o A004 Computor Progratm L'-vewlotid Specification

o A005 Configurition Item development Speefdication

o A008 Test Vlacilities R uirirentt Docuunut

o A0OC System Integration Plan

3.1 SYST'EM DESIGN TR.ADE STUDY REtPORT

T hoe System lDesign Trade Study Report is submitted a,, CMRL Data Item A002. The

putrpose of the report is to document the decision rationaNe used to resolve the design

apinw -hes. The trade studies presouted are the major decktcon efforts required

during this dtfioltien phase. The design of tho Global Pos thoning System (UPS) fori

Phuse I r-quired the evaluatioa of altr nativ. for ma variety tf design problems, The o

trudo studies eoutained Wi A002 are:

Number Title

i. Satellite Memory L-adhtl I
.. Satellite '3bitts

Moaitor Stattilo Sites-

4. 0,onutrol Steg•ntvt cumput-:.'

User Segownt vompttt er -

User Cot.1-ertrmail ev

... V User" lwiaospheric Moel I
User Etljenieris Model

t . Epheueris D rn~itiiti I-
1 '-1 '



3.1.1 SAT1ELMI'rI•I MEMORY LOADING

t The Satellite Memory loadting trade study investigatis the alternatives for uplonding

and stolring In satellite memory that portion of the user navigation data frame gener-

ated by the MAster Control Station. The alternatives considered dealt with the imple-

mentations and error contributions of the upload station design, upload imssage for-

mat, satellite receiver and decoder configuration, data verification method, and

downlink communlcation channel to the ground.

The recommennded satellite loading method is S-band uplin/L/-band downltink with on-

board verification of upload iressages and the AI'$C1 is its backup. The S'-band up-

* load froquetcy is one of the standard SGIS frequenlees with a three-tone ,SK -data

modulation. The L-band domiliak Is the TLM words of the user navigation data

frame; they will contain the addresses of erroneous blocks.

3.1.2 SATELLiTE ORBITS

The Satellite Orbits trade study investigates the selection of the satellite Constellation

and orbits for the Phase I. The important parameters are resulting GI)OP's and visi-

bility over expected test areas. Results of this study lrdieate that thI 2/i/0 Acre-

space Final Constellation provides the best con-promise butween the requitenmwts of

GDOP, test area co-visibility, aad prt-visibility. The ehar•cteristies of the orbital

paretetors of this constllhation are:

tl Longitude of the Argument of Orbit

Saelte Ascending Perigee hwlination Orbital Period

Numbeo Node (dog) (dog) (deg) (r111)

1 240 330 613.0 718. 0342

P 2 240 5 63.0 718. 0342

3 120 0 63.0 718.0342

4 120 70 63.0 718.0342!

S. .. 3-2



The performan~ce of this satellito constellation In torms of Ilollonian, Yuma, in Va,

denberg test site coverage and (3DOP and the ixeriod of time, till Sitellites aire visibler

prior to the liollomati visibility are:

j P~PERFtORMANCE

Test Area Coverage Time GIJO1 flangeý

l14)ll0111. 2 Hlours 32 iuts4.2 to 7.2

1Yuma 2 Hlours 11 Minutes 4.2 to 9. 1

Vandenberg 2 Hlours 4 Minutus 4.2 to 10. 8

IPRL-VISIBLTfl Y TX MLF

Pro-visibility 01im
Location (all four satellites)

Vandenbergi a 20 Minutes

Wa~hiawva, Hlawaii I Hlour 20 Minutes

Elmmdorf, Alastut 1 our 45 Minutes

Tito selection of configuration and orbit ixtranmters for the Initial four satellites is

documented in the Satellite Orbit trade svidy. Because only four satellites were con-

sidea'ed and their orbits were optindiev4 for spovifle test aratersult areol

applicable to UPS Phase 1.

3.1.3 MONITOR STATION SITY SELECTION

This trade study investigates the possible locationts of Upload Statior (UIS), Monitor

Stations (MS), anid Mtaster Cotitrol Statioti (NICS) fox- vollocting proeessing and upload-

Ing pacudo rasigo data,, of the satellites. Theu. satellite v'isibility aild Viewing timeos of

thes sItesust be compatible %vith the satellite navig"Atitin systent updattes prior to

II k

3- ....



testing~ over southwestern CONUS. The reL'ommfleittled contro! segmtnent contiigur-tion

basied upwo the &catedlite viewing timie and tnick goometry uayii:

FUNCTIONN LOCA11ON/1fl VE

F M~onitorl Sites 1. WahimV'wa, hawaiiI

2.Validenberg A1,11, California

4. TBI.

NMaster Site Vandenberg M. 11, California

Upload Ftatiozi Vandez-hoxy AFBI, Califorani

Comnmand 11-.'i - A1"SCI"

T leetry A 1'5C F

Off-line Compiutations NWVL

Data Coamm I cutlolls Cni'e4Diai-up

3.1.4 CONTROL. SEGMET-* COMPUTEMS

SIThe Control Segment Computers trade Study 4.)y tigatfos the coroputational equiplni~ft

ri~quired by the M~aster Control Sttation wnd Monitqr Statiwns for Vhitso 1. 11ils offort

is to peorfori a preliminary evaluation und sizing of computer mulptavat tbat will. sat-

isfy the manidatory roquirenmeatt of the stations, Tho vomputers musit be c~apul~e at

supportillg a colnstollatiol) of 12 satollites. At this Ituteture, a final sctetivvln of voin-

puesIs in'pftsiblv withottt A formaul bumission ofa Vendot pV poal'i thal guavantoo

their hurdwaro. saftwarv, mid service valabilities. 11wreftirv, all types A ocomput-

ers that satisfy the m~adattory requirvulent's of the mas5ter Control Station aUM X101itor

tatitn are ldvottifie. These Candikkat vollputers- Wid their n iufactul-ers. a*ev:

Data Golleral Corporation 840 Nov~i LA

Digitall Equlpment Corporatlim 1 1/45 W ~46

IHewlett-Puck.r Co.10MM

- ~ r Mudular Comiputer. System IV

Varlan Assou.Aates V73 V73 or 62



IT~
• 7M N- r ,M-n- " ! ,. ... ,

'This listing Is limited to in:uuftacturcrs that are capable of supplying both tho Master
Control Station and Monitor Station Computers. If possible, candidate computers

should be selected from the same family thereby, simplifyig support and mainte-

n.uiee requirements. The question not resolved is whether or not it Is feasible to em-

ploy the User Segment computer for the Monitor St:ation. Analysis is continuitig to re-

solve this question. Computers that appear feasible to satisfy both User Segment and

Monitor Station requirements are: the Data General, ROLIM Rugged Nova 16021t;

Digital Equipment, 22/ .0/1t; Ilewlett-Packard 2100; and Varian Associates R0,20.

lfThe liP 2100 is not ruggedizei but undergoes morc stringent testing and has been sue-

cusfully used in more airborne, and maritime applications tlui any (ther standard

version of minicomputr.

3.1.5 USER SEGMENT COMPUT S tS

The purpose of the Control Sogment Computer trade study is to idoutify those comput-

ors that will satisfy the muandatory c-mpututiortal rvuieulnoments of the Master Control

Station and Monitor Station. in terms of future phaso roquirmenvts, it is desired to

make-A the ccatimtor sulectiol, awsumlug th•at the eomfiguratinm b adWcuato at least Witil

the latter stagos of OPS Ph14aso it or possibly the 4-giumaw of OPS Phise Hl. i

SFrom ttw wt~lysis. it was dttvratisd th• a vry smual number of casididatvs cva sat-

lify tho mwtandtory re irveaivts cf highor-ordf.er huiguage capability, floating point

"double precvsion hztrdwa•', aud provva vol|ability. At this tite the prolimi tary "v4l-

wutia4 indivatvs thatt the RIOLM ivgg'd Xoa-19iO2R is the superior solvctioa. lHowev-

or, therii arv uther gtves that merit tivrius e nsid atioa: Gvnerul Eltriv

C Vo.A ivavW MPC-1l. II mey-well 516. anki Rov4%wll 1X16.

t Ths t is Is ttpm tfort' of dtiahito fatures sueh as ability to intertare

wit ~r~t~EW5au ~heability to Iw~rfwm the- voypttion mid vtwlcorol tune-ý

tG64is, a bitiaitaw tautidn. ThsWvlsis m41 oat~iauo t- thv vv~ltti4ou o V-t

uta jog walm. fromn V l44e0vitas



3.1.6 USER COST/PERFORMANCE

The purpose of this trade study is to identify specific design techniques tiat havo significant

impact upon the cost and performance of User Segment equipment. The primary emphasis

on the user equipment design is to develop a minimum cost sot of user systems t't will

provide adequate operational capability for a specified military mission. The following

"table summarizes candidate design tuchnique.6, range of cost deltas, tund performance

range.

Cost/Performance Summary

Candidate Cost Delta Range Performance Range

I Oscillator Stability for Direct $53 - $190 10 - 100 times longer operation
_A cquisition ... ........ __ __ _ _ __ _ __ _ _ __ _ __ _ _ __ _ __ _ _

Standard Oscillator Frequencies $200/unlt Logistics and maintenance only

Error Correcting Codes $300/uttit 2-3dB Lower Threshold

'h V DIU Caltbr,'Ationl anld Modeling $100/unit 2dB AJ increase

•: tlu >M~amic tikn $300/uait Lower Acquisition reacqui-
Ssiom time - values T80

Du• I al lopospherie F requency Sfsi0/urrot les t u1 t

Plated wire memory hIardenhlg TID Nuclear threat proteetiotn

Kepler Alkrt I'&am $60/uait Improvc-d best GDOP selectioa
aids dirwet accriltijuaa by factor

of AN.
Auaiui.A g m Dgitm1 Cirmults heo, T-u

cost - T'11

lardure vs.. -Sof|tware• ,tale- Software C,,st inuureas .15ftfiare haa 0.3 tW I dB os~t-
.200i/unt - 1131 wwrv tivty loss

i cost savia_- T'tBD

F I
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hi all cases, the cosit/iiuioriniwco evaluatiops are not finaia-l!ed. It is expected that thoese-

and other design techniques will be conitinually quantified throughout the IPhaso I testing

program as tile p4wrfornmiaco of GPIS is verified.

3. 1.7 USERl IONOSPHEIZI1C MODEL

The jmrpose of the User Ionospheric Model trade study is to develop anatlytic modlels that
will provide to thle user (from thle Master Control Station via the satellite) accurate knowi-

edgo of 1the ionospheric deolay. Those modols must be compatible with the low rate chatuiol

available with the L /L navigation chauouol mind rqul ro a millimum compuitatioual burden
upon the user equipmont. It is desirable that those models be suitable for all Phauses of thle

0 PS program. Changes within the constraints of the commun&-ation rapnvcity of tile system.

are possible during thw, tst portion of PAmse I with little impact upon user softwaro. t
Tile recommended I olosphoerle litdel for determbation of atmosphlerlc Clelay by tileIuser is at series repres; wtat toi of thle tlne-of-.sighit slipinal del.-y. This meothod is re-

Iforrod to as thle Satellitv Transmit Dolay amodel. It proides apolar wordinawv modol
of tho Signal prpagation delay interms of rungo, azimluth, wdcoeleva~tion wuigle fo
a kilou-1 Subsatellito Point. This approach sauves* vonsiderablo user (v5mputati i tit~-

IPlO~xitY hecuu*.e thle 51igal delay it, obtattwd directly fromt the niodotd without anl !ntvr-
medat sepof Coutputliku the totail olectrful Votent~t of the atmo.Phore along the ray

path of the, si~nal.

Worw- also investigutin twoi stativ midels:

A Atti1ple- tabulatuo it toftat ele,*Iroo voitentt V, uulgitwi( latitudo amid oita

Vis toc I ime of day

.)A simplo ta~t4aari (1044 e talk t iron ctoioeit V0 Only lwzit t~mv of 6ay

Th d ma o f "h &et Aatk- lmtodl 31d valualLcmi tit robildualS tsi. tkse iii
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3.1.8 USERI EIIIF.MBEIUS MODEL

Tho User Ephemer~s Model trade study invostlgnttes uossihul in-atlmati exit modols of satellite

po~ition that uill permit the users to determuine the satellite location via the L-bazid usur

navigatba data,. The muodels must not overburden the user tuivigration data framne Lind provide

an error of loss than I. foot with respect to the predicted satellite orbit. 'The recoimwund,,'d

elphemeris model for dotornitadtiozi of the zsate1!ite position by the user is the tKejaoriaii

orbit computation. A set of 13 paramotoes is rqi'curod to solve for the satellite position in

an inertial fr~ame of reorowneo using 010 ClaSSICal two body configuration for Nowtonnla

utechanies Ofto1 aaees r fixed, 3 r v~urib, and t~ last is tima or wan

ainomaly.

3.1.9 E PHEME.IUS DETERTUtMNATION

The Ephemeris D1-Aerminatioti trade study provides the comi)Qtatjorlat approach that

yields the detail of the interface betwvvit the Mastc.r Control Station software and, the

!4oultor Station psoudo-i'unge mauremeats. The resulting ccnqutatIman allUpro~chI

shiluld be, ade~quatoi for all Phases of the iQPS., ~e-graul.

lteolts of this trado. stud~y uro Stil~l incompletu at the tiate of this submittal. T'heyj

kvill be added at 4 later dato.

L

i ~ A
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3.2. A USEl uSi~ EGNMENTS PEiCI FI* CATION

The User Sc~egntu 'Specification, IPerformnt-caneod De&sign Requirenvents for the User

Sugme~tf, G10).11 Positiolning Systemn, &S-US-101, describer, the RinctitrnAiI rekkiatrship

betwvell th -satellite Vehiclo segument awl of the intram-functiotna1 okaients which cont-

stitute the.- Usev Segment. T1he Usier Segment spvcificadion wits tICeveojKK :mid submit-

ted under CD~tL, Itom A0021'. 7TIe speel ffkutloti tree fojr the ITsvr Scgment Is shov.-m in

Fi"gureJ 3-1. This spoelicativum tru descri-boe the Configurationi Itum tand Cow-

puter Program Ucve oplim'1t sevifieaitloitv thal. contitkiteth ie User Segment mid whicit

ac~ratoly dcscrlb..ý ete-h eOass of user withltw the acgmcnk. The CopfiguratImn Item

and Computer I rvogramn Spovificatimzs are defirted p-er the rvfjuiri mvts of MTL-.STD-

4t)O, with thv Camputer Programn Wwvehpmont Soifications also adheriag to the di-,

rnection given by MI L-STD-4183.

U~t h St. b ML 4 t

ýýI~s A lý 4A'l t ul t LA!1' f I fb 1.

COU5bt ~ epil u$1L D GUv It I ' tot

I L. i~t L L

to -Q ot~Au tot) Cd4;3

A :iý 5 -.- 1

itfta



3.2.1.1 SATELLITE VEHICLE INTERFACE - Interfaces between the User Seg-

ment and the Satellite Vehicle are :lefined in terms of the navigation signal transmitted

by the satellite for the purpose of position, velocity, and time determination. The SS-

US-101 specification defines the navigation signal in terms of the signal format, data

described in the GPS System Specification, SS-GPS-101A, dated 29 Jan 1974, with

variations which are unique to the selected implementation being defined in SS-US-101.

The material in the user segment navigation signal is derived from study results ob-

tained in the Signal Selection study task discussed in Volume III of this report.

K 'Navigation signal density avalable to the user segment is defined in terms of tie min-

imum signal power available to a user segment Isotropic antenna within line of sight of

tht satellite at an elevation ingle of five degrees. This concept allows the user seg-

ment to be defncd Independent of the RF link and satellite power variations. In reali-

ty, the user segment must function in a variety of situations which will violate the

specified received signal power and hence the user segment performance will deviate

accordingly. Variations and potential shortcomings in the RF link and satellite power

budget are considered in the RF Link Analysis study task presented in Volume III.

3.2.1.2 U5SER SEGMENT FUNCTIONS - A generic functional flow diagram showing

the various elements which constitute the user segment is shown in Figure 3-2. The

various classes of user segment equipments may employ only portions of the functions

shown. As an indication, the Class A, B, and F equipments may employ the total

group of elements with the Auxiliary Sensors being an inertial measuremenu, system.

In contrast, the Class D and E user equipments will not employ the Auxiliary Sensors.

.•: •The Class C user (Lquipment will not employ the Auxiliary Sensors, and also wvill not

require the use of a Transec Device for secure decryption.

S i Those implementations are unique to each class and are described In the individual

0 i class Configuration Itenm (CI) specifications.

.... .3-10



ThANSEC.

IEVICk

INTERFACE

POWE H FASLXI IIA nY

SUPPLY SiNSORS
L~1

Figure 3-2. User Segment, IFunctional, Flow Dlagrami

3.2.1.3 PIERFOAMANCE - Trho navigation capability defined for tho user segment
is a function of the available orientation of thle satellite vehicle with respect to the

2ý user segment. This geometrical orientation dependency is denoted us the geometrical
dilution of precision (GDOP) and the number of satellites, time, and method of naviga-
tional solution establishes the numerical, accuracy of navigation which may be achieved
by the user segment. Performance constraint for the user segment has been obtained
by defining the user equivalent ranting error (UEHE) toward an individual satellite.
Performance allocation for the user segment Is based upon the budgeting of the user
segment contribution to the ULER and accordingly, to the user equivalent rwige-r.itv

~ error (UMfl1E). The error contributions to the UL'1E and 11EIME have been cate-

~1 1 pgorizod int-o five distinct budgets:

1) User Receiver Error - Consists of all errors contributed due to nloise,

tracking and resolution errors wvithin the receiver function. These error

SI ru
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contributions oare dependent uponl the specific CI dynamic uzic eavirownental

operating condi tions.

-2) Residual Tropospheric E~rror - E ncompas-ses all errors contributed to the

I user segment due to utiliz~ation of' an imp~erfect algorithmr to compeQnsate for
the actual tropospheric delay and refraction vaigaries.

.3) Residual Ionospheric Error - Contributions injected due to errors In dual

frequ~ency measurements or due to limitations in the miodel being employed by

the user se.. ivent.

4) User Processor Error - Consists of all errors contributc~d due to resolutin

timing delay, or sealing error inLroduced by the processor function.

t5) Unassigned Error - The allocation which allowrs for error sources which are

transitory or varying error contributions such as multipath, and others.

3.2.2 CONTROL SEGMENT SPECIFICATION

The Control Segmenot Specification establishes the performance, design, test and fune-

tional requirements for Phase I of the GPS program. Emphasis wats placed on being.t consistent with the performance requirements of the System Specification for the

Global Positioning Systemi, Phase I, SS-GPS-1O1A, dated 29 January 1974.

j The specification for this segment has been prepared in accordance with Contract re-

[ ~quirements for Type A Specifications per rvUL-STI)-490 (DI-E-3117). It consists of 7

config-uration items:

No. Quantity Configuration Item

F1. 4 Monitor Stations

2. 1 Uplo-d Station

3. 1 Master Control Station

4. 1 Control Segment Computer Control Program

5.L I 1 Monitor Station Compu)Lter Programn

U6. 1 Master Control Station Computer Program
27. 1 Upload Station Computer Program

......... . . . . . . . . . . . . . . . . . . . .



Pecrf'ormance characteristic.., of the seglncent netuessary to realize the GP8 system ,tc-

curacy goa~ls are assgiwed quaintitative physical values. In subsequent subsections,

the perforniane" of the major EubcIdlyisons of the Control Segment are allocated their

performiance requirements. Design and constructioni of electroniics are required to

ucioal area characteristics of the seg-ment and the rnajor subdivisions, configura-

tio lex;~1, 2 oaid 31, delineate the features and qiualities of the Segmen~t. These fea-
tures include tracking, propagation delay modeling, and system calibration for the

segent Fr te aster Control Station functional features such as commun Icat iOnis

and comiputer operations are required. For the Monitor Stations features such as an-
tetuna characteristics, reference frequency generation, and computer softwvare, are

required. Similar features of the Upload Station are required.

' f Qualification and verification test requirements for the segment are called for inl ac-

cordance with the system requirements.

FORTRAN computer prograr 'fing standards and navigation signial structure are in-

corporated in two separato anpeidices.

3-13



3.*3 USI;U SEGM ENT CON IGURATION ITEM SPECIFICATIONS

Trhe User Segment Configuration Item Specifications (7) were submitted to the JPC) on

30 January 19V~ in accordance with CD11L Item A005i.

The User Segment Configuration Item (CII) Specifications provide the technical per-

formance requirements aid function~al descriptions of the 0 classes of User Segment

equipmelnt. The user class definitions anid thc appropriate Cl specifications are-

CLASS A Tactic-al and strategic aicatUser Element
who experience medium dynamics Strategic bombing
in the presence of severe jam- Strategic reconnaissance
Ming Tactical Interdiction

Aerial photomapping

SERVICES USA, USN, USAF, USMC

SPECIFICATION CID-US-101

CLASS B T~actical and strategic aircraft User Elcmcnt
who experience high dynamics In Air defense-interception

* the presence of medium t, low~ Air superiority
jamming Tactical reconnaissance

Close air support

SERVICES USA, USN, USAF, U.SMC
SPECIFICATION CID)-US-201

CLASS C Low Cost Avionics Set User Element
Aircraft who experience medium Airlift
to low dynamics In natural EMVI Search and rescue
environments only Refueling and rendezv'ous

Aeri~al delivery

SERVICES USA, USN, USAF, USAMG,
Commercial

21M SPECIF'ICATI1ON CID-US-301

i Li
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CLASS D Land wheeled and tracked vehi- User Element
cles, and marine vehicles who Personnel carriers, jeeps
experience low dynamnics In the Tanks

presence of severe jamming Amphibious vehicles
Artillcry, miss~lc launchers

1 Riverines

SERVICES USA, USMOC, USN

SPECIFICATION CID-US-401

CLASS E Manned Backpack. Grouind User Element
troops who operate In the pres- Manned backpack (could be aA
once of severe j.min backup for land vehicles and

helicopters if necessary)

SERVICES USA, USMO

SPECIFICATION CID-US-501

CLASS F Surface vessels and submarines User El.ement
wvho experience low dynamics In A/C carrier (ship navigation
the presence of severe jamming and A/C landing system)

Destroyer, Cruisers L
Submarines (Polaris, etc.)

SERVICES USNL

SPECIFICATION CID-US-601

An additional specification CID-US--701 was also developed defining the requirements

for a General Developmental Model which provides th fcinlcpailt and per

formance level of each of the user classes of equipment by uttlization of hardware

4 module replacement and seftware mode modification. This General Development

Model Is intended for laboratory design valid~ation testing and for limiteod operatf.ý.il.1

flight verification testing during the P~hase I program.

Each CI specification presents the det~ail requirements lmpos-ed on the '"tniulw, re-

ceiver, proevssor, interface, power supply, and control/display oicnernts which,

constitute the user class equipment. In addition, the uniqu. mechani,;al and pack~ig-

Ing features which are needed to specify each class are also det~ailud.

14'1
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Performance requirements generated for the varicus classes were determined to fall

into three main categories and the CI specifications reflect this orientation. In goner-

al, the class A, 13, and F user classes have Identical requirements for performance

in terms of C and P signal acquisition times, jamming signal margin, time to first fix

and UERE. The only significant variation betweci>' the A: B, and F users was in the

area of operational mechanical packaging requirements where the F class user (a sub-

marine) would demand a unique enclosure ard shock environment which could be met

•: by utilizing a separate rack mounting unit. Basic Phase I UERE for the A, B, and F

class is apportiond to be 10 to 20 feet depending upon ionospheric levels and multi-

i•'• path variations.

Class D and E environments and operational requirements were also deemed to be

similar and the CI specifications reflect this condition. The limited power source

capability and display variations for the D and E user differentiate these systems from

the above A, B, and F. System accuracy limits are identical and if direct P-signal

acquisition does become an operational requirement, these classes will require an os-

cillator stability and quality in excess of the airborne user. Operation of the Class C

user with only the clear (C/A) signal establishes a separate performance level from

each of the other classes. The Class C development is also being pursued along a

different design level appropriate to the more sophisticated prototype level of testing

and design control. The UERE performance level for the Class C will be 60 to 70

feot.

j

3-16I
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3.4 CONTROL SEGMENT CI SPECIFICATIONS

V I Trhe Control Segment consists of 3 primary Configuration Items (CI) which are defined

1 by:

1) Master Control Statlon (MCS); CI Specification D9)OOO62OB

k ~~2) Monitor Station (IS;C1 Specification D9000612B3

3) Upload Station (ULS); CI Specification D9000619B

These Cl t s are prepared in accordance with the contract requirements for Type. Bi

Prime Item Development Specifications per MIL-STD-490 (DI-E-3102A).

The CI Specifications establish the performance, design, development, and test re-

quirements for each Control Segment station. Only Part I of each CI is prepared un-

I der the current contract.

The CI specifications describe the overall performance requirements with particular

emphasis on the Interface requirements between stations and between the stattion and
othe GP segent. Te CIspeifiations are compatible wvith the Control S , ment

ote as segments.t TJoC.peiic

breityandclaityof equremnts Dulictio ofrequirements Is avoidi'd uni>

p Each CI specification incluides a description of the characteri sties required from each

// major component within the station. The major components reflect the minimum I i-

plementation of the requi rem tts of the GPS as deemndby General Dynamlics.

'I
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3.5 USER SEGMENT COMPUTER PROGRAM CONFIGURATIN ITEM A
'P SPECIFICATIONS

The User Segment Computer Program D~evelopment specifications (7) were submitted i
~., ~.to the JPO on 30 January 19 74 in accordance with CDMUL Item A004.j

The User Segment Computer Program Specifications establish the Part I requirements3

for performance, design, test, and qualification of the computer programs which are

identCfied wit eahclss of user equipment as discussed In Paragaph33. Theap

propriate CPCI specifications for each class have been identified:J

Class C CPD-US-301

Class D CPD-US-201

Class E CPD-US-301

Class D CPD-US-40 1

General Development Model CPD-XUS-70l

A Consideration of operational requiromnint similn~ritics has led to basically only two

separate and truly distinct specification contents and these encompass the A, D, F,

and General (G) class and anothcer which encompasses the C, D, anid E classes. The

basic distinction betwt-an the two software developments Is the inclusion of a Kalmian

filter subroutine for estimation in the A, H, F, and G and the pelaeemont CA the Kul-

man in the C, D, and E with a Imuc.h less complex n1avigation algorithm.

Capabilities provided by the CPCI to the user segment consist of the procossiarg of
ranige and range r-ate dat~t from the user equipment receiver, determination of satel-

liteoephemerides, and internal monitoring of itipn ut t;u. Thv results of tho

data processin- piociucO a determiniatiou of position, altitude and time. For airborue

users, d~ata on groand track, grounrd speed, or optional steering signals is also pro-

1 ~vid(A. Additional processing provides vonirol for signal seaech and acquisitiona sig-

nal trackiayg wid input/output cont-oý. Tito CKC sp ificatioos define each o~f the apt-.

[I chfic functions requirmd of the sofiwa ro protvessiag programs tand the det4 led hiterfavo

3iI



archiectu e u(% onrI the prgrin e finci t i Im xeuive pogr eeutiv proruio ati oinont and

doulepreisonaritlumwtle are stipulated to Insure computatlonal Into y. P Oea-
tional heacyand tuode -v tion~ flow logic are Idicated In 4he ClPC1. Timiing and
sequencinof data into and betwveen niodulesis:I defined in tho (.PU! especially in the

- ~~area of the Nalutan filter exectin ltfon tou4iary ;so 9 and to ancillary

fucin suc asSteering/Lanmidin or Mi~vo an rfl C itrol Is also defined.

fuctos UI 1



i. A
3.6 CONTROL SEGMENT CPC1 SPECIFICATIONS

The Control Segment CPCI's covar the computer programs al1located to the various

Computing elemernts of the Control segment, and the Interfaces between those dcl-

nients. The rehationshij) betvicen the specification is shown in Figure 3-3.

3.6.1 CONTROL SEGMENT CPCI

Tho Control Segment' CPICI describes the overall software requirements for the Moni-

tor Stations, the Master Control Station, and the Upload Station. This CPCI also

specifies the communication between the stations, required data rates, and message

typos. The following specific functions are covered In this specification. Also In-

cluded in the specification are special programming restraints which apply to all other

Control Segment 'rPCI's.

1) Monitor Station FunctionCnto ucis

3)Master Control Statioonrga fnto

4) Upload $tation Prograin inction

3I.6.2 MONITOR STATION COMNPUTERI PROGRAM CPCI

StAtion. '11w opha.si is oo the (w~eiiws mq*uired for the Monitor Station Which are

3-.2



above and beyond those which would normally be performed In a user computer.

Those added functions are:.,

1) Communications hatidler

2) Station scheduling routine

3) Antenna control

4) Pseudo range data edit andi curve fit

The user equipment functions wre also included so that a complete set of Monitor Stu-

tion program roquireraw ts is availablu within the context of the specification.

3.6.3 MASTERt CONTROL STATION COMPUTER PROGRAMV CPCI

The Mastor Control Station (MC8) is tl'e m~ajor data processing clement within the GPS

systemn and its functions are defined within this specification. The MCS uoftware

functions are:

1) Executive Rotinetu

2) MS Data Initialization

3) ULS WYta Initialir.atimi

4) Moteorplogivul Data Poossiag

5) Trucking Mita Pro evasing

6) Satellite Ephmorlp Wormiuatiou ami Cluc& lUldate

7) phnrispolynorniul U011ration

8) Satellitv Datu "iid Proparatiou

9) MS/U IS Tran~smsion Hatidlor

It~ MSVLSI cepIo lntu~or

1)Pre pass Iotn

se- F~~ too nvtry dat intorfavo

b) 0ftQpence Dt liO.

v)Leowoi _oygo ~i
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3.0.4 UPLOAD STATION COMPUTERI PROGRAM CP1CI

heUlad Station Computer P'rogramn has the basic task of eontrtl,igte aa ob

uploaded to the satellite. The program Is oaphable of either tomplete or partial data

loads. The uploading functions spuecfied are.

1) Interrupt processing

12) Telveommunication orocrussing13) Data file verification

4) Target kwetction

5) Antenna vuecttring

6) Upload verification

1 7) Upload file niuuagolmet.



1' ~3.7 T&)T IACILME1IS RtEQ UIREMENTS WJCMIMNTF ~ ~Tho Tost Facilities Itequireinuit.-it rMwuisiimtt, r1da Itemii AO~isi defines thei tut facilities[

r equired for the, perforutnuwc of th~tw-CI b I vu idctiou prora Including tostlit sites, tust veduk1s, iud special. tes~t equiptiuent. Success of the~ Ihuste I validaition
progtni will be~ based1 upon mectting th? systemn static aInd dymmmrn aiviguttot &C(.U-

I ~~racy specified Iin the~ Sc,'giunt Sp4weificriticm.

3.7.1 TDST FACIUTIIS REQUIRETMENTS &SCIIEDIU.1S

"Spuitt, toa fu11tivs ~roqui d atl im Itriod novldW ar listed In Tablv 3-1.

Tab&o 3-1 Mqu4iro Tost Vaiittr and~ Tiru Per.iod

Tt~t Y4;~~ Whitv ;. k:d SanIL~ Clt~t V i~ ttte Stttz, UMidt 0i 4 CM ~ c h'Lkt f CAI :t~rrivr

Ut.%iitv Wuita~v 114:213d Seiv 1.o(- t2vo~t CPOE or vax

USA Vur~t4 vma ONMA 41) U*ev vt~dp.

Julty 1ý

A~t1w4ý

(4 ~~~~ ~ ~ s(ýv143. ~ tmqatv f t4 o ft lt fttlfi

13 YK 4

Kow 4-11
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"3.7.2 SPECIAL EQUIPMENT AND INSTRUMENTATION

It is expected that GPS will provide test vehicle horizontal position information on the

range to a position accuracy of about 20 feet lo-. To determine the success of the

I •Phase I validation program and to permit separation of system errors, the primary

space positioning system used on the test range should have a demonstrated la posi-

tion accuracy of less than 2 feet.

These Satellite Simulators will be required:

. A navigation system simulator from the satellite contractor will be required

for tests at Magnavox by December 1975 then at Vandenberg for the System

Operations Test for the period July-August 1976.

* A telemetry, tracking, and command (TT& C) simulator from the satellite

contractor will be required at Vandenberg for the Systems Operations Test

I during the period July-August 1976.

3.7.3 DATA ACQUISITION, REDUCTION, HANDLING, AND ANALYSIS

A Best Estimate of Trajectory (BET) must be available to the contractor no later than

' one working day after a flight on the test range; it should be provided on magnetic

tape. The required BET accuracies are: 5 ft la (mandatory) and 2 ft lu (Desired).

Although not mandatory, a real time comparison of GPS performance with a range

tracking system of approximately the same accuracy would facilitate test operations.

Tho real time GPS solution would be telemetered to a central processing center for

real tllme comparison with an independent system and display of the residuals. Flight

decisions and in-flight adjustments could then be facilitated - the success or failure

of each flight or phase of a flight would be known instantly.
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3.8 R&M ASSESSMENTS

The Reliability and Maintainability Allocations, Assessments, and Analysis Report for

Global Positioning System User Equipment, CDRL Item Number A006, General Dy-

namics Report Number R-74-027, dated 30 January 1974, was submitted to the JPO on

30 January 1974.

" U The User Equipment (UE) R&M assessments contained in the submitted report were

based on the UE designs (parts lists, etc. ) as configured at this point in time in satis-

f1 faction of the UE definitions provided by the JPO. The UE receivers are the only new

1development required. The Class C UE was chosen as the detail model for the R&M

I assessment because the method for implementing the six (6) classes of UE receivers

{• ii provides significant commonality of functions and parts, and the Class C UE will be

V the first UE to go into production.

I The Class C functional elements (modules) were then expanded to develop a comple-

ment of elements for each of the other classes. Classes C, D, and E were also ex-

panded to incorporate the necessary additional functions required to provide a faster

1.. time-to-first-f ix.

I "From these listings, the particular parts lists were inputted to our computer program

-•" "for a reliability assessment (pred caion) based on 3 different part quality levels. The

part quality levels assessed were commercial grade, standard military, and higlV

established reliability military. The results of this prediction are shown in Table

3-2. The class identification with subscript 2 is the receiver configuration with im-

proved time-to-firbt-fix.

A Class C maintainability model and analysis wvas prepared based on the reliability
prediction and the estimated maintenance tasks to repair and chock-out a failed Class

SC UE. This analysis provided a predicted Mean Time to Repair (MTTR) of 9.6

minutes.KI
W.
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Table 3-2. User Equipment Receiver MTBF Predictions (Hrs)

4 UTParts ConceptIUser Total
Class Parts Hi Rel Mil Corn

SA/B/F 1  9117 704 200 136

C 1 2058 2871 901 618

C2  3360 2019 628 430

D 2170 2569 772 527

D 2 3622 1712 494 335

E 2171 2504 766 524

E2  3623 1683 492 334

• .The UE R&M assessment will be updated as the receiver designs are made firm. The

reliability predictions for the various classes will also be used to evaluate and optimize

the maintainability concept through iterations of our Life Cycle Cost Models (LCCM).

I
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I3.9 SYSTEM INTEGRATION PLAN

The system Integration Plan, Data Item ADDC, defines the responsibilities and proce-

4 1 dures for timely and effective system integration and intevface control. The Joint

Program Office (JPO) is designated as responsible for the overall management of the

system integration. The Control Segment/User Segment (CS/US) contractor is desig-ii nated to act as an extension of the JPO in the implementation of the integration. The

plan is intended for use by the JPO and the CS/U.S Contractor to plan, implement, di-

j rect and control the integration. The plan identifies tasks, responsibilities, sched-

ules and interface control procedures for the Segment contractors and DOD agencies.

While the System Integration Plan is the basic overall integration plan coordinated be-

A tween the JPO and CS/US Contractor, a Joint Operating Plan (JOP) is the basic oper-

ating plan between all Segment contractor s/agen cies. A sample JOP is included in

the Appendix to the System Integration Plan. The JOP specifies within the limits of

each contract that:

1) The task areas of responsibility to be undertaken jointly by each and every

party in fulfillment of their contracts. It includes only those tasks of mutual

1 concern and requiring joint cooperative effort.

- 2) Procedures to be used for the timely Interchange of data, information and/or

equipment.

l The System Integration Plan identifies other required integration documentation:

1 Interface Control Plan establishes the format, content, approval and control of de-

tailed Interface Control Documents.

I Interface Control nocuments describe by text, lists and/or drawings the detailed

.- ~- hardware, software and procedural interfaces between elements ot two or more seg-

Smeats of the GPS.

I System Integration schedules establish requirements for all segment contractors/

agencies to provide their hardware, software and services.
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While all segment contractors/agencies contribute to integration/interface, the docu-

mentation, distribution and change control is accomplished by the Control Segment/

User Segment con"ractor, with JPO approval.

The integration/interface task is coordinated through formal and working group meet-

J, ings of the Interface Control Working Group (ICWG) comprised of the JPO and all Seg-

•- ment contractors/agencies; these meetings consist of:

o Integration Management
o Integration Engineering

o Special Problem Resolution

All integration documentation is approved by the JPO, CS/UE Contractor and other

Segment contractors/agencies. These documents are subject to formal change control

and are not unilaterally modified except by JPO direction.

The System Integration Plan may be revised from time to time during the DT& E phase

so that It reflects the current overall system integration plans.

4i
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4. ABSTRACTS OF PA!RT III PLANNING DATA ITEMS

Part III of the Contract Final Definition report contains, in addition to the. proposal

for the Acquisition phase, separate deliverable plans covered under separate CDRL's:

A007 System Engineering Management Plan

AOOA Program Milestones

AOOD System Test Plan.

AOOE Reliability/Maintainability Program Plan

This section addresses abstracts of these plans which will be delivered concurrently
with the proposal on June 17.

4.1 SYSTEM ENGINEERING MANAGEMENT PLAN

The System Engineering Management Plan (SEMP) will be delivered as CDRL Data

Item A007 on June 17, 1974. The SEMP will consist of System Engineering Process

(SEP) and System Engineering Management (SEM) elements. The major charac-

teristic items within each of these elements are analysis, allocation, synthesis,

and definition. The SEMP establishes methods of obtaining technical achievement,

program visibility, and traceability on a timely basis during conduct of the program.

During the Contract Definition Phase, applications of the process have led to the

development of data and information necessary for system requirement and equip-

ment definition and Acquisition Phase SEM.

= lThe SEMP for the acquisition phase will provide for the update anti expansion of the

system requirements and equipment definition. The SEM is implemented to provide

a snwodl system development and production operation.
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The SEP essentially consists of a number of iterative loops which start with per-

formance requirements and end in system definition. These loops consist of the

interconnection of a number of functions:

S~1. Mission and Requirements Analysis

2. Functional Analysis

3. Requirements Allocation

4. Trade Studies

5. Design Optimization/Effectiveness Analysis

6. Synthesis

7. Technical Interface Comptibility

8. Logistics Support Analysis

9. Producibility Analysis

10, Generation of Specifications

The SEM functions are iterative processes which reflect the management system

of defining, assessing, controlling, and recycling. The SEP and SEM are

U "mechanically" connected through the Work Breakdown Structure (WBS) and the

following SEM functions:

1. Technical Program Assurance

2. Technical Performance Measurement

3. Design Reviews

4. Program Reviews

5. Configuration Control

i6. Interface Control

lii 4*" *i
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The SEM functions are part of the overall Tcohnical Program Planning and Control.

Other elements involved in technical program planning and control are:

1) Program Risk Analysis

2) Assignment of Responsibility and Authority

3) Engineering Program Integration

Throughout the SEMP an effort is made to achieve an integrated/balanced system con-

figuration. In order that this may be achieved, engineering specialty disciplines are

considered and are active in the SEMP operations. These include:

1) Reliability

2) Maintainability

3) Safety

4) Human performance

5) Producibility

6) Transportability

In addition, Quality Assurance, Value Engineering, Subcontract Management, and Data

Management are included in the SEMP functions as necessary.

4.1.1 OBJECTIVES OF PLAN

The System Engineering approach to be used by General Dynamics has these funda-

mental objectives:

o Produce for SAMSO a User and Control segment system design nad develop-

ment plan for the most effective system obtainable within the required time

frame and allocated cost

ii~iio Integrate all aspects of procurement

o Plan and produce a clear and concise communication channel for describing

system design solutions between the Joint Program Office (JPO), General

Dynamics' GPS Project Office, and the subcontractors

i i'4-3I" I
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o Provide SAMSO and General Dynamics internal management with the feces-

sary visibility on all significant design decisions and the logic behind the

decisions, and provide traceability to the driving functions

o Ensure that clearly defined and discrete work packages and assignments are

identified. Provide a method for concise and rapid auditing of the tasks

4.1.2 FUNDAMENTAL APPROACH

The Acquisition Phase System Engineering Management Plan (SEMP) Is based on

1) Criteria and requirements resulting from Contract Definition Phase (the updated

Systems and Segment Specifications); 2) Requirements of MIL-STD-499; and 3) General

I Dynamics experience on past and existing systems. Figure 4-1 shows the progression

from initial technical requirements to the design, development, and verification of the

complete system.

Figure 4-2 shows the elements of the SEMP. Each of the SEM elements in the lower

portion represent functions that actually involve all elements of the SEP. A basic
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itorative flow exists among the SEM functions which reflects the mnnagemnent system

of defining, assessing, controlling, and recycling. In addition, a number of elements

designated as SEM functions exist that Interconnect the technical vnd management

functions to achieve an integrated program. Those elements are shown between the

SEP and SEM blocks on Figure 4-2. They consist of Teclmical Program Assurance,

Technical Performance Measurement, Design Reviews and Program Reviews, Con-

figuration Control tuid the Interface Control Program. These functions are being

planned :red defined during Contract Definition Phase, and will Ie incorporated as

major elements of the Acquisition Phase SEM. There are three additional functions

inherently involved in all of the SEMI' elements: the engineering decision process,

internal procedures, and Documentation and Data Management.

Methodology has been established for all of the SEM and SEP elements and documented
in preliminary issues of the SEMP. In the final SEMP to be submitted on June 17,

this mothodoiogy will be coupled with the specific Phase I Statement of Work agree-

meats established for the RFP and the resulting WUS to provide the final SEMP for the

acquisitio phase.

''
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4.2 PROGRAM MILESTONES

The program milestones document will be submitted as Data Item AOOA in accordance

with DI-A-3009 on June 17, 1974. It will contain a PERT-type schedule layout of the

entire control and user segment acquisition plans tied to the Work Breakdown Structure

being generated by the Air Force for the CS/UE RFP. This schedule will be prepared

in sufficient detail so that with an initial 30-day update alter an acquisition phase con-
tract award, it can serve as the program operating schedule compatible with pcrtc-dic

PERT/time network analysis and reporting per DI-A-5025 during the acquisition phase.

General Dynamics has prepared a master Gannt-typo planning schedule containing

major milestones, which will be used as a baseline until such time as ais conflicting

schedule requirements are identified in the RFP; see Figure 4-t.

The master schedule assumes that a CS/UE contract 'Mard will be made in October
1974 and that the NTS.-2 launch will be .&oorrshed In October 1976 - a key driving

date to all of the Control Segment act .. •cIs and to the supporting User Equipment

activities.

"A16o assumed are .'co most optiristkc NDS satellite launch dates based upon the cot-
Sistraints e di Space Segment RFP (F04701-74-Rt-0006) issued by SAMSO on January

31, 1974. These lanbh datos ano:

NOS-1 March 1977

NUiS-? May 1977

NDS-3 July 11)77

With these o•timistic launch date., the D1W ItC II date coul not be mtuwh earlier than

I the end of t1 ft quarter o 1978 if th8 Phase t tes ttv r were totdquatoly

fulfilled. Avce~aW ty. An April 1148 date hAs bewen sstxnod as the vad of thr; Phas Ij

I• e Offort. all probability. siatellitQ latuwh dates will be Ovtn thte utwttw ltr than

those awsmwA. ddiviAg the ttw~ensry I)SAZC It decision e~ve furtkwr d"nnsream. or

f further ttp tin the Phase I test otleet•lvs. Thb coadition Is discussed further

In pn~nv *4(Other Vnblews).
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Summarizing the key assumed milestones:

CSVZ Contract Award October 1974

SN'IS-2 Launch October 1976

"NDS- 1 Launch March 1977

NDS'2 Launch May 1977

NDS-3 Launch July 1977

SDSARC II/'bnso Completion April 1978

Based upon these daWt, the following additional key milestones have been established:

Inverted test range availability January 1976

First General Class UE set to inverted test range January 1976

In-plant completion of Control Segment elements Apr11 1976

Field Integration comptetion of CS elements August 1976

Control Segment aceepiance January 1977

User Segment ABF development model to tnv. test range July 1976

US Class C prototype to inverted test range August 1976

US Class D/[I develop, model to Iv. test range February 1977

Start system static accuracy t4ts August 1977

Start system 4yuzawc tests October 1977

Start Uinlttd j•OT.• Nove•ber 197W

Start MMaM4y tests Dweembor 1977

4.3 SYSTEM. TEST PLAN

" 2•v • The System Tet Pl-n will bo subitUtd as Data Ren AQOW on Juxw 17. This sWcWtn

jwtvtdt$ an -Utrwct of tho ceuteots of the Systema Test Mm~.

The ptutuos of this test plan swaniaay i,% to pnwkdtea* overall wutla#, ot tho Wi~t ptu-

I ~~rs~m for tho (4lobW13 POsWloin Sytit (GPS4) Coatr ol Smmwt (CS) =t4 Llser Scipa~cat

(US). The plan include a gtcwral desortie of tho types of ei~ptzwat to Lo tased i#

twmwi the CS/VS and tblotivos ad scoyo of Uan tstsu n~qutr*J tW ussurethat.

d aoc~i s W quato to swupof the UPSltcn I =d it.I
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4.3.1 CONTROL SEGMENT TESTING

The Control Segment (CS) consists of 3 separate station configurations:

1 Station Location

SMaster Control Station (1) VAFB,

Monitor Stations (4) VAFB

Hawaii

Alaska

TBD.4

Upload Station (1) VAFB

The CS stations will be implemented with off-the-shelf available designs with a few

excepilons. The CS tests will therefore primarily address equipment interface com-

patibility and the development and proofing of software programs.

Functional testing of the CS will include:

1) Component testing In accordance with the contractor's approved Quality Con-

trol Program.

2) Off-the-shelf assembly (purchased) tested in accord with the requirements of

the contractor's Purchase Order (PO). Vendor test data will be required.

3) Laboratory testing of new or modified designs, software, subassemblies, and

subsystems to proof design and system implementation concepts.

4) In-plant testing to confirm interface compatibility between assemblies, sub-

systems and software.

5) Checkout and acceptance testing to insure that all hardware and software

satisfies the GPS requirements as specified in the JPO approved acceptance

test procedures prior to delivery to field test sites.

6) Qualification testing shall be limited to new designs and modified off-the-shelf

designs to assure satisfactory performance in the environments specified and

after transport per approved packing and shipping requirements.

4-10
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7) Segment testing shall be those tests on-site to demonstrate acceptable inte-

gration and performance. These tests will be conducted with approved test

programs, simulators, etc., and the satellites.

4.3.2 USER SEGMENT TESTING

The User Segment consists of classes of user equipment (UE) plus a general develop-

ment model to be used as a design tool. The classes of UE can be implemented by

three basic configurations and in the model types as shown in Figure 4-4.

The test and evaluation during the evaluation of the UE designs will be performed as

follows:

1) Component Tests will be performed in accordance with the Contractor's

approved Quality Control Program.

2) Engineering Bench Tests will be performed to provide corroborative data on

A circuit design by circuit analysis, simulation and breadboard tests.

• j 3) Breadboard Verification Tests will be performed to insure signal flow and

j circuit performance in accordance with design requirements.

4) Software Validation Tests will be performed to verify software logic flow and

efficiancy within the digital data processing unit, including algorithm logic

validation, hardware/software emulation, and I/O interface verification.

5) Laboratory Integration Tests utilizing both static and dynamic signal simula-

tions to demonstrate the performance of the initial development configuration.

"6) Integration tests will be performed on the gcneral development model to pro-

vido the following design confidence data:

a) Signal level sensitivity
b) Signal dynamic range performance

c) Measurement accuracy, errors and biases

A d) Data processing accuracy and efficiency

L e) Acquisition and reacquisition capability

4-11
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Figure 4-4. GPS Phlase I - User Equipment mlock Diagrams

4 4



f) Measurement resolution In range, velocity

g) Waveform modulation, code sequence and

h) Data word format verification
I) UF, IF and oscillntor frequency check

J) Track loop performance with dynamic acceleration and jerk

4.3.3 CS/US SYSTE M TESTS

The series of systems test,, required to demonstrate the program objectives are sum-

mar'ized in the follcowting paragraphs.I 4.3.3.1 I.NVERTED RANGE TESTING - The Inverted Range Tests are designed to
provide an early end-to-end checkout of the User equipment and test range operation

and interfaces prior to satellite launch.

The inverted ran&-e consists of four ground-based transmitters radiating the CPS sig-

nal truture an spaed owa to simulato the GP`S satellite geometry. User equip-

meat Is installed ina the same test vehicles that will later be used for the system

dynamuic accuracy tests. This tost will e-heck system opration, data acquisition and

data reduction systems, thus providing n eumplaet "dress rehearsal" prior to lauuch
for the system dynamic accuracy tests.

4.3.3.2 SYSTEM INTERFACE TESTS - Vie System laterfave Test Is prtartly a
test of the vartous contiol segment comunaication iaterfa"ces. Conmwiktatlons

between tWe MAster Control Station, the Monitor Sations, the ULpload Station, the

Satellite Test Conter and thei appropriate control center for the Navigation Technology
Segmient will be ouiroised. Thu tests will he periormed aftor wnst isalla !04 =na
chookoaut of oea of the control segment statiotts.

The tests will tw structured to exercise the data and voice (*mmuniatiou IW4,k Wi Ochi
mode of link operation. Particular attoution will be paid to ensure that the mweessftry

comuniations plaus and lproedures are available =nd evaluated.

4.3.3.3 SYSTEM OPERATION4 TEST - Tho Syrstfm O~rafiou Tves>'t will cireca'

p all segmeuts of the UPS prior to satellito lawwch. '11w sucssfual compleoton of t46s
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test will constitute the preliminar-y acceptance of the control segment and wvill be comn-

plote prior to the first satellite launch. The test will en~sure compatibjiliy between alU

segment clemcnts in n complete "all up" dress rehearsal of system operation. Por-

tions of this test will also be performed as necessary to support the pro-launch opera-

tions of thec satellite segment.

j 'Tho test will Involve the Master Contirol Station, the Monitor Station at Vandenberg

AFB, tho Upload Station and the AFSCFI'including the UTS ait Vandenberg, and the

satellite Trest Center, the communication Wlins, a generalized model of the User

E~quipment, and the Satellite TT&C and Navigation Simulators.

The test will include the normal operation of the Monitor Station obtaining pseudo-

range and datzi from the Satellite Simulator, performing the processing functions, and

transmitting the resulting data upon request to the Master Control Station. The

Master Control Station will utilize this information together with simulated data froi~i

the other Monitor Stations to determine an ephemeris. The Master Control Station

will prepare au upload message and transmit it to the Uplo-td Station, which will thou
load the memory In th Satollite Navigation Subsystem Simulator.

* The back-up mode utilizing the A Ut' 11TS to load the satellite simulator will be

execisd. he serEquipmeut uizngsignals from teseliesimulator wl

* "track" the simulator, demodulate the data and porfotm a "n~avigatioun" solution.

Ile potious of this toast that will be perforaed to support satellite launches have yet

to be dotertutuod.

*4.3.3.4 SATELLITE T1IACKIN( TE5T5 - Itoe Satellite 1raciong Test i. parotmed

to evaluato the ailiity of tho (Control muegnet hardwart and softwate to determiuO the

satllie huitis.This test (utilizing satellite N'r$-i; will bo the final ovceptanceo

test of teCottro Snognwt. It will be rteatad after suceoin satoli ar lanOhd.

Tito Control Segment will traek NTS-2 mAw prod"c "netimate of the satellito Opttetn
orb. Th NT-2. will also be trackod by the Naval Re~anrh Latiratory grVw RAvi

work. A vongailseut df1w owmertd~ can ho made, =4d togothor with wi analysis
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of the system co-varitunces and measurement residuals should permit detailed evn'Lua-

tion of the systems accuracy. The test will be repeated with the later NDS satellites,

evaluation will be restricted to only Control Segment and AFSCF data.

I4.3.3.5 SYSTEM STATIC ACCURACY TEST

* The System Static Accuracy test is designed to permit an evaluation of user sitatic

* t accuracy, obtained over a large test area. The user equipment truck mounted In

Standard Army Communication Sholters will also be used to evaluate the ability off mobile receivers to operate in a wide3 variety of ground environments.
A

The static position performance of tho entire system will be evaluated by the System

Static Accuracy test. The test will be performed by deploying two user equipmentq to

selected locations in CONUS. The test locations and time spent at each location will

be chosen to obtrain data on signal level and absolute user position accuracy over the

service area. The sites will be chosen to permit evaluation of the relative accuracy

of the system over various distances. While being deployed, the effects upon user

I - equipment of vehicle environment, ground multipath zad vehicle antennas will be

evaluated.

4.3.3.6 SYSTE1M D)YNAMIC ACCURACY TLSTS - The Dynamic Accuracy Testa

are designed to obtain Information on the effects upon system accuracy of typival user
equipment enviroaments, such as high dyuamfus pMWle ndrtrbad oua

tima and multipath.

User equipnwnts Insalld In a variety of test vehicles stwh as turbojet and turboprop

aircru4ft, heizpor% shVW ip*a an grvP eWv ilb ~ý on iataew4*.4

rsnige water coadittous si &lafiAu typical dytna. W operational ourironments. Test

dat a ~qut,%Iion =0a dlata rodwcton wwthods will be structurvd for rapid ro*1vnse to

faclittedoy-to-day test woprations.
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4.3.3.7 MILITARY DEMONSTRATIONS - A limited set of demonstrations will be

conducted to establish military value of the GPS. The demonstrations to be accom-

plished will be l.mitod to:

1) Coordinate bombing (one aircraft type, one type of bomb, and one set of

release conditions)

2) Terminal navigation and landing approach capabilities (one aircraft type, no

autopilot coupling, VFR conditions)

3) Airborne Refueling Operations (one aircraft simulating tanker orbiting rendez-

vous point, second aircraft guided to same point, but at 1000 feet lower

altitude)

4) Army land operations (details TBD)

5) Special operational techniques for anti-jam margins and system vulnerability

"(details TBD)

4.3.3.8 IOT&E TESTING - A limited IOT&E test program will be performed to

I enable Usor command personnel to obtain field experience with the Class C prototype

equipment.

A TUD number of clws C U:-,or equipments will be installed into Military Airlift Com-

mand (MAC) Aircraft, Typo TID, and used to provide navigation and steering informa-

tion to the crew. The degree of integration into the aircraft's cockpit instrumentation

is (TUID). The aircraft will be flown on rcgar MAC missions, mad when satellite

visibility permits, the UPS will We utilized, and its performance and utility evaluated

by the crew.

6
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4.4 RELIABILITY AND MAINTAINABILITY (RM) PROGRAM PLAN

The Reliability and Maintainability (HM) Program Plan that will be Implemented dur-

1' lIng Phase I will be submitted in full detail as Data Item AOOE. 1
RM tasks will be implemented as stipulated in Annex 2to Attachment 1 of the contract,

titled Reliability .and Maintainability, October 16, 1973. The followi~ng summary

describes the General Dynamics approach to comply with those requirements.

4.4.1 PROGRAM OBJECTIVES

The objectives of the OPS RM Program during Phase I are to:

1) Achieve the specified level of OPS system conditional availability cons istent

with the budget constraints of the validation program. (Conditional availabil-

ity means that the system is available when needod.)

2) Provide data that can be used to validate and/or establish realistic RM design

requirements for operational GPS hardware and its logistics support systems.

Quantitative RM goods are specified as follows:

Phase I

The OPS Control Segment (i.e.,* the master stution, monitor stations and

upload station) shall have, over any 10 day period, anoporational availability

of not less than 70%, based on 10 hour per day operation, T days per woek.

Ile mnaximum down timv at tho 90th percentile shall not twceed 72 conseeu-
tive calendar hours.

Oper~tioaal

1) The epervitional UPIS Coutt ol Seonwtut shall have an availability of 99%. The

m~axim=n down tinw at the 90t peretile shall not oxcood~ 2 hus fr the

mastar station w4d 4 hurs. for a monitor statiou.

21) The Usar Segmet iihall have an availability of 99t. 51,, blsed an a nmission

tmup to 30 hours and a 1200) hour WI'IW requinwtom.



4.4.2 RM APPROACH

To achieve the availability goals specified, several alternate reliability and maintain-

ability approaches will be assessed to permit the selection of one approach that mini-

mizos the total validation phase costs while satisfying the availability goal. Control

Segment equipment will consist largely of off-the-shef hardware.

4.4.2.1 RELIABILITY - Historical reliability information for these equipments

will be obtained where possible, otherwise, prediction analyses will be performed.

Alternate approaches to improve the reliability of existing equipment includes:
iI

1) Redundant equipmnout.

Z) Procurement of alternate equipment that performs the same fuction and has

a higher MTBF.

3) Engineering changes for reliability improvement.

For the limited equipments which are now design parts will be of military standard

relitbility levels. Conservative application by means of parts stre.s derating will be

followed. Full scale design reliability efforts will be deterred to tiuWequent GPS

pror-am phtases when operational requirements have stabilized.

4.4.2.2 MAINTAINABILITY - The Master Station complex will be matmed euatinu-

ously by coatraotor operatlag porsonuel during Phase I. Comtractor maintenUace per-

j -sonnel will be avalMle. either on site or on call, as conditions warrant. A central

j ninnte•-ato facility at or near the Master Statiou couiplx will ropair fald equipumit.

and maintain a oparvs inventory. As may of the t%-pair actims as ecomilly

12 practicvl will be doc. at this facility.

-•, The systew wil have welf tinea k capabitity *•fWikemt to uwaittw funtton-al oeratint

status cotaol.For major c or s owiu degradedmdeatout pariodteI
LA maifoa targ *boll be stafticiret. Cheek's 10r raitiot defiradtioutshl &b* Winitiated ttwau-

ally. Tit eou4por wtnumacturrs stwrnd d4L-tatics will tb pe•eod¢cally per-

fo ae tho eaoipulor subsystem.

• ,•••, •. _.•-_r
S • - . •• '• •l •." :,•••- • •• . ..i'• • ••:• •• .. "•r • •- -•• •'- -• "•- '-• • -'-• . ................-......s



Whon n functional failure or major degradation is detected, thu system shall iminedi-

ately indicate the finding to the ope~rator through~ an o.lari *subsystemn. When such a

condition mccurs, the system shall have the capablit~y lo automatically isolate the

fault to a major functional equipment area.

M-onitor Station nmintoinnee will include:

1) Monitor Stations will operate witmanned, and will to* m-aintained by a miobile

uaintenance fteam. Local waintenanut. capability may be used where feasiblo.

2) Mo-nitor Station performance will be monittorod by computer at thie Master

Station as a function of thw Control Segmuat self-check mode of operation.

3) F~ault isolation at the Monitor Station will include localization to the equip-

mcnt using BITL capability and local testing facilities, and isolation to the

replacement level within the equipment using flIT1H, common accessory test

equipuent, and logical troubleshooting procedures. Tho requirement for

accessory tost equipment will be tliruired and will be limited to uquipmentI

types that are easily transported by tho iobile maintenanue team.

and other spocial equipmeuts, he able to inject sign~als, load programs.

exroiso control, and print results. Ito1 control siystem will pertuit specia-

Izod coatrol and priatout foatures tW Wi iuvelot for fault isolation.

5) A failed oquipment will be rfstored to operatioa by replacenut -01 faulty

sasibtuioWAs uting spiweio that are stored at the Uonitor Station site. 11w

req iroftwat for W41,% hand tools will be lutiftizd.

~~~-W Vol Mng pi~r. podorr~eo will, bo vorlfWd ustng local VIkI1= Caud&otrolI

7) Faedil es eed Hod heaaMoiu-IUn~l be rooired at tho ota

mlateoafnuo twllity. Itepaired Itowo will be rottw~otd to OWe Walutir Statio"

sitt to rqphaittsh thv ata~tonaawo *paro *t"A.

a- 1L



4.4.3 PROMGRAM ELEMENTS

Ito IM Program is doslig oriented and Interfces with other GCIS program elemenuts.

A brief descrIption of tho key elements is outlined below.

uM PROGRAM MANAGEMENT

1) Mrdntain plan and procedures

2) Establish supplier requirements and control

3) Report on proVress to JPO and to management

INT1 ENGINEERING

1) Perform RM modeling and predictims in support or establishing requIrements

and trade studies

2) Update and refInc the detailed maintenance coeopt, including test oqttipment,

tools, spares, and manning

3) Provide a critical items list for the ldoatiflcation and control of critical items

4) Identify urediebl failure modes as a basis for d(o*lt• improvements and

iat~t~u plamnning

.5) Partfliptte in the JPO Suspwet MAterial flefii•ncy Proaram

6) Perform cir•uit stress maalyis on n•w desitsu anud w crittual iteas wtwret

aWroowiat

7) rplen~taa prts ontol task (for new dsitgns) Including a parts cnrlLs

S) Con'Nt ittilure =Anysis and implouwct u(twot*@ twtioft

9) eastR ato LAW~a44wc with 11M goat bytokn n nlan qulpntent

F10) AW~tcumua IW damt" for plaftnht sutseqWut W'UP 30



5. CONTROL SEGMENT ACQUISITION PLAN SUMMARY

This section summnarizes thle preliminary control stgment utcquisition planning, to

date. Because this preliminary draft of the Contract Deflnitlhn Vinlal Report is

coincident with thle submittal of the preliiminary Conitrol Segment Specifications and

precedes thle fhardware Defination first-draft documents by 2 weeks, plannaing has -lot

J ~yet been carried to detail levels. The final proposal will containt detailed plans and4

schr-Oules which are tied directly to the Work Breakdownt Structure which rcsu'sts

fromt the [tV)' and to the specwific hardware definition which evolves from the pre-

lirnituary segment and Cl Spe.cifications submitted concurrently with this document.

Swunuarized below is the pre-sent approach and results of pre'ihutnrary i4ansting

$ 5. 1 APPUOACII

the atipoach fo Phase pk intatkn of t4he Ctmttvl $a~ument of the Gobil Posi-

twimnni Sy'stemlit driven by a Single major objectiive; av. nunany Secondary objectives.

The major objectiveo is to sn~daiimizte amatount of nlI&1 and IOT&D denwnstrtttioa

of user equipmue-ts in their rospetive ujwratiorit~ euvirmtmeats in sujiport of

U&ULC it.

Thepiwpecoswito priprimary tijciei the tiluely avadt~billty of the

space $cglonat to Siupport tho 411-44p configuration testing" of t4h1 U"s eczatept1. tie--

CAUSe4 0i this, the coat"o sogntcat deeo mnt mat be planned awl VxrrcUte so that

e@"l~t zýUloat Oe-tiate-ts are tested and ready Wwlwn thio satetlaletawwhes 4ad o~a

lit addtion0 thw IviaUIay objective. tthere uv. severl wevwuaday obfrctivow Whic

must e ttttttiei.ViAl, tOw sttucturitig of trw VIL~ I task~s must b? junptthi

with tto overall thre 4 phso p~n. Yiautv 5-i tiutratvs thev - WIs PpN

ama~&ywdue Lsnuat uistim. t t~M~ tna ht $aat~ r tho fatst phase

5sj
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takes into account capability of growth into Phsases 11 and 1ll. and also p~rovide~s allI

optinial tradeoff v! legacy to thense follow-oa phiases with the cogts anid risks associated

with the acquisition of Phase 1.[

In tlhts regard, the initial approach that htas evolved in control segment dvevlopulnet

planning is to deiethe, control .segmtent elemnents so as to make, mwdxmuan utillia-

than of existing facilities and hiardware,. to nuininnzoe the risk of new hardware dtnvelop-

monit as well as the cost of acquisition of new hardware and facilities prepa ration.

Use of the existing satellite control facilities at Vandenbecrg Air Force liase it; a I
N prime element of the current ap~proach. There is a major risk-, howuver, of facili-

ties utilization in relationship to the satellite upload functi-on. This major risk- will 1

be mitigrated, by providing a &duditatod upload terminal at VnkbegAir Forc.0 Uazo.

The small added acquisition costs of the tranustittor and antenna funetbone necessary

to imaplement this concept far overshadows tm rW s-. involved in the loS." of test tile,

during the crucial period between satellite launches and DSARV- "wcvause of the very

tow Probability of. upload function unailtsbllity of the. satellite C 'facility.

T1W Control Segment hardlware will No devvlocti- to support the UPS progralu through

Muso It, requtring a rainmatm of 7 years of1 dvsign tCIe. The cWOncet of hardtwnve

dev1VOOPUnet Will We for Us10 aS 4negier0gdvlo.n test bed ab; Cotrastod to

an OWerton £!gud v . This apuiroat'I assures tumuatumun ~u~*

duritkg PHas I ail welt as U aidmtau flexibility to sukwrt Mhaw I aud Phaw It ob~w-

twos. The approach does not provide a large hardlware le-4awy to the (ojvti~ttoAl

PaeU1. but bocause very littlo #ow hard waw dvepma has, to W:aetr~tw

to su~vort the at4se 1/11 rtquirotuaucnt (Adatvtvuwt autoeuts of eVstla4 hard-

wurfic a-4 W-eihues cant tie utkit"r4 tins is got consideredV t. tWe % major coasiderauioa.

UitI EM0WtOWOttd a&t chi* tiat. that tite e3j$rdt4*U- uoidrut S~g.U#t ?ardwatv wocuid

beo cetuwd and itwdiiod eAdty in tta&U nddsgw.faiitt2 n ntle

LWtV id ftn U. s dia ctteott isM complet@ to &44VL51 tho *Urt af Ptc# WU.
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The principle legacy that the control segment can provide to the operational phase is

in the software area. The software development is then the singularly most important

aspect of the control segment development planning. It is mandatory that the initial

software design take into account the ultimate compatibility with the full all-up opera-

tional requirements. While the hardware can be designed with limitations of handling

the 9-12 satellites required in Phase II, the software must be designed for compatibility

with the 24-27 satellite capability in Phase III. The design must anticipate possible

evolution of computer technology into the 1980 time frame and at the same time, be

compatible with implement~ation into current or existing computer configurations.

FORTRAN will be used throughout to ensure flexibility for rapid modifications, if

required.

5.2 ACQUISITION PHASE PLANNING

The Phbse I schedule plan is shown in Figure 5-2. The user segment plan is discussed

A>- I mn Section 6. The System Test and Evaluation is discussed under test planning in Para-

graph 4.3. This paragraph concentrates on summarizing the control segment planning

to date, and the dependency on, and to, the user segment planning and system test and

evaluation planning.

The key milestone which drives the control segment development schedule is the launch

of NTS-2 in October, 1976, which will become the first live data source to based full

operation tests. To allow contingency for procurement and development problems, the

control segment elements will be scheduled to complote their pro-launch checkout and

systems operations tests 2 months in advance of the NTS-2 launch date (August, 1976)

so that there is little probability of the control segment readiness impacting the planned

test and evaluation schedules once NTS-2 is launched. To structure contract incentives

with the contiml sugmnnt contractor, it is recommended to set a preliminary conditional

acceptance of control segment hardware and software based on a date which is coinci-

dent with the N'TS-2 launch date, so that these incentives can be independent of the

NTS-2 launch 4ate over which the CS/UE contractor has no control. Final acceptance

I .
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of the control segment can be established once a live date source is available and is

scheduled for January 1977, two months in advance of the most optimistic NDS-1

S.launch date.

To support the August, 1976 readiness date for the control segment elements, it is

necessary to commence field installation operations by February, 1976, particularly

in the area of Upload Station Transmitter/Antenna integration.

The in-plant testing of hardware and software is scheduled to be completed in March

and April of 1976, with the functional configuration audit (FCA) milestone.

It is planned to schedule a single critical design review for all control segment hard-

ware elements, which will pick up the Master, Monitor and Upload Station elements.

This milestone is scheduled for June, 1975, 8 months after CS/UE award. The pre-

liminary design review is scheduled for December, 1974 - two months after contract

award.

Because of the special criticality of the software design, it is planned that three

j separate PDR's and CDR's be scheduled to cover the Monitor, Master, and Upload

Station computer programs. These PDR's and CDR's would nominally be in the same

time period as the hardware PDR's and CDR's, but would be staggered so.newhat in

time to allow for separate preparation and coverage.

The Master Station hardware will require very little new development, but early

procurement of the Master Station computer is required to support the software

fl design and development testing. Initiation of procurement would be planned to be

coincident with the successful completion of the preliminary design review, 2 months

after conte'act award. This would allow approximately 6 months of span time for

delivery to the CS contractor's plant to support the start of design and development

tests of the software.

The checkout and acceptance of the Master Control Station would commence in

I-i November, 1975, allowing a full 5-months of acceptance testing in-plant before

delivery to Vandenberg Air Force Base in Apzil, 1976.

5-6
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V1

Monitor Station development is paced by the development of the user equipment which,

under the preferred approach, would be th • nucleus of the monitor station hardware

implementation. To support the control segment availability dates, monitor station

receivers and processors would have to be delivered to the Control Segment con-

tractorts plant commencing with the first set on January, 1976, and continuing at .1
one per each two months until all four sets are delivered by July, 1976.

This concept imposes an additional corn3traint upon the user equipment development

schedule. From the standpoint of Monitor Station requirements, the class ABF user

set is most compatible, however, solely from the user equipment development stand-

point. This development should not start until 8 months after contract award to get

maximum benefit from initial DT&E testing of the generalized class. The Class ABF

user equipment does not, therefore, support the needs for the Monitor Station hard-

ware deliveries. On the other hand, the general development model is more on the

order of a laboratory tool, and is not totally compatible with the requirements of the

Monitor Station. The monitor station receiver design, if performed by the UE con-

tractor, will then be a hybrid development somewhere between the general class and

the class ABF, and will be a minor takeoff development, scheduled for an earlier

start than the class ABF development, of the general development model.

) •An alternate approach is to develop Monitor Station receiver and processor independ-

not of the user equipment by a separate contractor and designed to the specific opera-

bility and maintenance requirements of the Monitor Station. This approach is being

evaluated during the definition phase by General Dynamics, and tradeoffs will be per-

formed between the two approaches. The most cost effective solution will be

proposed.

Regardless of the approach selected, the Monitor Station receiver and processor will

SIbe integrated by the CS contractor at the CS contractor's plant, and the entire Monitor

Station will be tested and accepted there before delivery to the res!ective Monitor

Station sites. The first completed station Wa scheduled for delivery to Vandenberg AFB

4 Ii 5-7110.
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in May, 1076. Installation and field chec-kout spxans should take 1 month for each
station, assuring6 that all site preparation is accomplisihed prior to delivery of the

h -rdware.

It is not currently (loomed cost effective to perform integr ate et feUla

Station elements at the. CS Contractor's plant. The transmitters and antennas will

be aceptedat a ubcoztractor's facility and theni drop shipped to the Vanduner
facility for integration. The antenna and transmitter elements will be scheduled for
in-plant test completion in February, 1976, to allow a C month test and integr-ation

period at Vandenberg AF13 to support the August, 1976 control seginent availability.

The software development is the critical path in the control segment dovelopment

plan. The flow plan for the software development is shown in Fig ure 5-3.

MUM"~Y

TEST TEST
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~bL Figure 5-3. Softwuio Developmenj4t steps



The initial tLsk to be performed is revisiom of the IArt I C PCI's to conform with the

System segment spxcifieatiom as finally relea.sed by the JlO. When tlOese speciflca-

tions have been approved in the IProliminary Design Review, the actual process of

software implementation can begin.

The softwvaare design process will be performed in a "top-down" manner with the

highest level program designed first. Design slIll then proceed to successively

lower levels as determined by the control and calling structure of the progiram. As

each segment of design is completed, it shall "be documented in the form of a CPCI

(Type C5) and approved by the JPO. tategory I test plans, to be used during Pre-

liminary and Formal Qualfilcation Tosting shall also be formulated in conjtnction

with each C PC.

After the anpproval of the C PC's, the actual program coding wl I begin. The coding,

as did the design, will proceed in a top down manner with the use of closed logic

structures. As each modulo of eod is produced, It will be tested to verify it* de-

sign concepts and its elationsthip to prigrants highor i• the progratm structure.

Also produced tlong with the coding shall be- a technictal descriptio Uf the module,

revised flow charts, mid a record of the Design and Development Test Results.

Paralleling the code development will be the production of Categojy I test procedures

and n•itial operating prncedurs.

Wheni a modulo of code has beet produced and docut.netwd. it will b0 placed utrder

tho control of a softwarm librarian. The libr-ariau "ll haVe the trsponsibility of

veritying the adequacy aud eon Mevtiwss of tho s ~~ttng dwuumentatioa, a3nd- 41all

be tvsponsible for talnainW the history of tOw module ftrom the time it Aenuws undor

his Coutto4 until Category U test is COMa~tew.

"Iiaii3a17 QUtalihffiOa` Testiag (PQT) will (104t1ttee that the integrted soft-

-tro systout polort s in an vnvitxwguout which ap)ro- e1w-s the ojr atlual mode.
T, .wary puripse of the QT is to rovwal errors ciaud by clhedulwg or easotc• l

A1



Sconlicts, interference between interrupts or other similar operational type circum-

stances. The results of this testing will be reflected back into the code, C PCI's and

I ' CPC's, as well as all supporting documentation.

I Formal Qualification Testing (FQT) will b••c done in the operational environnent and

will simulate normal system operations to the maximum degree possible. FQT will

I demonstrate that each CPCI meets all requirements and that the seatware system is

ready to support satellite oporations.

iJii
*1
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6. USER SEGMENT ACQUISITION PLAN SUMMARY

6. 1 D M-IGN APP•OACIIH

The User Segment will comform to the overall G1 l1lhuse I design approach. The typ-

ical User Equipment to bo developed may be described us consisting of an witenna, a

receiver, a processor, wid a display in additihm to at cillary equipment such as a pow-

or supply and tecossary interface equipment.

The first User Equipmtent (UE) to be developed will be the General DWvelopment Modx-

els (GDM) which will be used as a design total to proof concepts, interfaces, software,

and dce-gns. This vralon will b-j rcqdily adptable to simulate any of the 6 classes of

UE. Two upits are planned to permit continuity of development in-plant and at the I
same time to use one unit for initial compatibility tests -f UE with other GIW hard-

ware in the fheld. The GDM units will operate in either the sequential (ino satellite- at

a time) or continuous (4 sutellites simultanoously) receiving modes,

"Cmocurrent with the development of the (IDM's will be the developmenvt of the reeiyv-

ers to be used in the Control Segmnot Monitor Stations. The Monitor Station reeeiv-

or$ will be multi-ehannel units utilizing the UE software modules to the maxMium ex-

W p tzsiblo. Early developm wnt of these revelvers is roquirod to support the overall

ctasstoo stfill be deoVlopmoa. field, at d syiltary tosts.

S• ~Tlt next dovolopmout wtill W• •tt Class C. twquergiil clear sigoil UE dosiga. Tht•..-s

:-etas• of UE uill tw do~tvtlod htot military quallta!iv twreaypo Oquimt. Thoi

L. Cluss C to vbAracterir-@d as follows:-

£ CLASS C: low Caist Avioties Set Usor Elvumot
Airvraft who koperiea et medium to low Airlift
dytmics in R Va•l •M Ir• - $arch aud lto .m

3W wiy ofueltog and vtuiv
Aorial delivvry

SEAVWES: U&-%. USN, U$AF.' US4C. Cotwvral

- - ~ C- I ~--



Following Initiation of Class C protot)Vt' development will be the start of the develop-

ment of the IEngin•ering Development Models (Advance Development ModIels per Ml L-

STI)-280) for all other classes. As shown In. the subseque'nt schedules, the units for
Classes A, 13, and V will be completed a few months prior to the class D and E units.

The rapidity of sequeunitial demo4ulation is limited only by the tine requirement for

Saquisition of the septrate signals. The demodxulated tkdt are stored until are

available at which time the dlata processor performs the operations requirtd to pro-
duce the nocessary outputs. Accuracy is slightly degraded in this con.figuration but

•! the receiver cost savings are estimated at this time to bt W156. This sequential User
Equipmont devolopmunt is contemplated for the Class ,D and E User Equipments

which are lharacterized by low dynamic enviroaments which do not jeopardite the at-
quisition mad reacquisition sequence required of the ue�uetiat rt.@Ivor fua.tion. "Th?.

low dynamic Class V and E users are characterized as follows:

CLASS D Land whlwtcd and tracked vehicles, ald User Element
marine vehiclos who experience low Personnel vurrfors, jvves
dynavmes in the presnce. of sovero Tanks
jamungiu. Amphibious vehicevs

•'- Artillor o m issile

SSE11'CELs UMA, UMCI USN

•.lst IAE I Maned Bwacpaek. Growid troaop who User Fiomeat
voperate tit tha prois of o trt Mans aL th-r laA,

jammig. W a bac-kup for luad VO-

andIt hcls es msd hduetio1t•he if

L MXICE, WA, y).C

7r I1 wsl [ ome"4•Alatos siguA•s from dw¢ tour satolltios. Ttw cxtliaudus dtslpg (emlays

; i • gditimia- processing ehvmols but a Wtgaif4ýwU tuu.tiw| W thra proev.s ta limtlt may
[. be tim-tilhuirW Thv, coulmou dosigu dowtopatm~ is f--CtcmjlmA for OWe Class A.

B. aad F u•r vl"*s. IU allac~ttiw to tW A and 8 vl~bio is duv to tho 1UcrV.Uvd



4

dynamicl envirotmenits. F'or the Class F~ user the neeod to rapidly establish a naviga- L

tiont fix leads to continuous daita chiannel demodulation intervals. The user classes4 are

charactorlael ats folloyws:-

CLASS A Tactical and strategic aircratwh x User Etcmneat

oneof Severe Jamming. Stategic reconnaissance,

* Tactical Interdiction

SERVIVCES USA, USN, USAF, USMIC Ara htiapn

CLASS D Tactical and strategic aircraft wdio User Elemenut

experience high dynamices tit the pres- Air defense-inatwrcpt ionr
inwe 0i m"Oditu to low jamming. Air Superiority

Tactical reconnaisoance

~ ~ US, USAF USMCClose air suppnortJ

CLASS F Surface %vessels and submtarines who User ElMenwt
experience. low dyttnamics In tho pros- A/C carrier (shi mvig4ý-

once of severe Jamming. tion and A/C ltatndýn
[ 4 system)

Subtuariutte (Polaris, etc.)

SEll VWE$ VSN

Theseo users are als-o dmatrtdby the uvtdlahiltity of tusxilhtry naivigation Stflsorti

which allws for a nuajr variation int tho direthtiu of lincreased sophistlvittioti This

vorstoat utilitacs e"oojertatiw with the navigatiodal systems Which may exist on Wo4rt0

the 'iser vehicle and derivvs advaatagw both to the utior and diroctly to the operattIo 01

tho 0UPs User Rquipmeznt. I" this variation the outiput wpli'inuaI 0data of the on-board

Li~ #osr t Wt' is omined with the, ioutput of the User Equipn'et to prodc a obod out-

~~v' L put. The technique employed Is that of 1(amtt tittering which has the virtue 0f pra-

duebZ VOmhimwd OUtp$ut d4t4 bY V. propan toal weighting Of hAtpt data bas'tt crC`

moasurml qualities of the vartious auaigatioaaa system wwzauetvtos. h wetghting is

.. ah&t6a.aup*4 refifned u1 i &Ifl&1v' flooiic~ reouItiVng( in high &}iaiit&' d~itat a

G-3



V Another advantageu to the Gms User LEquipment lies in the reduction of sigual acquisition

time. The rmduction of signal aequisition time results from the Continuous knowledge

within the Usxr Equipment of current lX)sition even in Cases of ;oon-use of the satelliteI1
signals. The knowledl-u of current position (and rates) together with a prediction of

current posil.ions of the satellites permits a reduction of the required signal acquisation

time resulting from a marked reduction of the range of doppler offsets whiedh must

otherwise be searched for acquisition.

6.2 SCIIHI1'DUEIS

aof schdules is shown in Figures 6-1, 6-2, lud 6-3 for th 5 devl-

opnict efforts required. These schodules are based on a contract award dtte of

October 1, 1974, but in the event of other award datet. elapsed times would be identical.

The schedules assume that the GDM version and the version intended to serve as a

monitor station receiver are the critical items for early development.

kl Ji LV IA$O~ hlj_ tB'41 IA ~ MfJM 11 N ~ I- at
GENERAL DEVEtOPMENT MODELLS

PA4 iS UNIT ENG LAS 1sf UNIT
~NiNTEST TEST I EST at Lvt A

PARTS UNIY VkQ4 LAO 2NUi UNIT
GRFNTEST TEST TEST PLANVSE~LLOf

IN PLANtft T! IM I AND fVALUATILIN

MONITOR STATION EQUIPMENT

PARTS UNIT ~
MN TiSt TEST IN5 J0 14

Fiagtur (i-1. menerul W~vvloptuent Mode aud Moctitor slatiou Sehedule

6-4
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.3 DEVELOPMIENT

No wnusual User Se-gment deve.lopment problmns, are evident. Thte two. major functional

I ~ ~areas for developmuent are the receiver and computer ;wogran gftwarc. ThIeci
implementations buar L close resetublance to those which we In ye rwmakdily solved in

N ~other IP1N systems =Ad It appears that only small modifications (if those tuttnvtu~s

<are required (or sohtition of thcw probloims.

Software devolopmnent In terms of documuentation and s~audardization is recognized as

being a potential hazard- especially in a dynamic development &oaae of the Pha si I wugralat

where flexibility will he demanded. The natural tendency to get things done most hie

tempered to providec for a software coucapt which Is easily altered awal Is w-aintatinabte
through many nrations, of change -and Vrowth altcrr Lott. The nedit ofwr

programming visibility is cousidered to Ws both a dosign and nwanagetttout uudcrtuking.

6.4 PU0CtVREMENT

The mtajor.-ty of procurvtemet will iv of available parts. Subs-ystems to We ptwaoed are

considored~ ait this timev to be the data jwettsser and the rpowev supply. The revtit'e lea

Uimus for the procuremetti of 113Ct$ sw subs4ystems tnu~t he reconized and this ifurther

dicussed ~.t Otion b.

~LS E6"VAPPILOACU1

The tfsor Siggwtot requirod ttsstiag is ttnuuntl to beol h L iattstn hsi

rquhrfod to t'cswe inoanee to the User $Ot~teaot 5pei&~twt4)ft*an the (NCilsoj

Which arV rV~kAdishY to that OipeVlfrakikitt. It is rewp mAt4 tbAt the VV coattrao~t. dtu iag

its 9W14 Ptuppot of tWO Ur dtniu Up$ systoal tehtia$ý t14V voaiwtgt't to twhat ystnai testiug

but th V oi oigr.iA41iiy41oV vr~W



De-tail testing will be deutcrtbed in each of thec CI anud Cl developmient specifications as

they wvill he amproved by the procuring agency. The tests will generally enicompass, the

j following:

o Perfoumance v Hiuman Factors

0 EMI o Reliability

0 Workmanship o Maintainability

0.5. 1 MVELOPMENT TEST1 PLANS

The gencral categories of testing of tOe User Equipment are:

1. In-piant Subsystem Testiag

2. User Segment Integration Teeting

3. Final Acceptua.(- Tsting

4I. User Segment Flight Testing

Tint lutl-LAaSII tbsysotea Tostiug ut VE sets, a U9 Centamotov responsibili-ty. consists of..

1. EagiI~nooir Wta g s

2. Uradb-ad Vortfiemtktu Tvsts

3. Subsystvtm Uv~'ditwsa Testi

- ~~4. Laboratory tttepat ht ess

User Sogmut4 WeVauioa Tests ý41 bo ia-piwAn. lataratory tosts.

toe SyWe FUAht WTo. the 'weratiOft testtiai amd wdl tiew pufdyltu-
* OOL4".Q(Wbr but 4s G@tworat Dyul4O pite~~~tity

(tt. I I-PLANT SLUYSh 'tshu-'tswsmV 4w4 tt
Th. Ecowtttm Tests~v



Engineering Data Tests will provide corroborative data on design parameters such as

circuit vibratioik sensitivity, new technology circuits and calibration level adjustment.

These tests will be performed as a part of, and during, the design developmen' phase

and will generally be of an informal nature.

Breadboard Verification Tests are similar but will generally consist of testing of

larger circuit assemblies than the preceding tests including assemblies up to the

complete receiver. These tests will be accomplished prior to design commitment.

6.5.1. 2 USER SEGMENT INTEGRATION TESTING - This testing will consist of

laboratory testing of operational configurations in both static and 1ynamic signal simula-

tions under limited environmental conditions. Integration with other navigation systems

will be accomplished for certain classes of TJE during these integration tests.

6.5.1.3 FINAL ACCEPTANCE TESTING - Final acceptance testing will include:

I. Mechanical and Electrical inspe

2. Prime Power Interface Verification

3. Verification of Interoperability of Receiver/Computer/Auxiliary 10

4. Fnvironmontal tests in accordance with approved test procedures

Paranmeters and functions tested during the acceptance testing are:

o Signal level sensitivity

o Signal dynamic range performance

o Measurement accuracy, errors and biases

o Acquisition and reacquisition capability

o Measuroment resolution in range and velocity

o Wiring Interfaces

o Waveform modulation, code serucnce, and code rate

o Data word format verification

o RF, IF and oscillator frequency check

o Tracking loop performance with dynamic acceleration and jerk
I



*. o Software and manual mode execution

o Computer and tape check

Performance testing of the GDM equipment will consist of preliminary informal sub-

system tests and formal testing demonstrating compliance with specification requirements.

Informal subsystem testing will be initiated prior to CDR and gradually approach formal

performance testing following CDR and in the case of each equipment class, the total

performance testing period will encompass about 8 months, of which approximately

j 2 months are for unit testing, and 3 months for engineering and laboratory test. These'I various test phases are not exclusively devoted to functional performance testing but will
also include elements of the mcre specialized tests.

EMI testing, workmanship validation, safety, human factors, reliability and maintainability

validation will be performed short].% r- ior to delivery and environmental testing will be
performed as required prior to delivery.

One testing problem common to all the user classes is the requirement for a relatively
sophisticated simulator to produce controllable replicas of the signals normally trans-

mL.ed by the satellites.

The same testing will be required for other equipment classes with some change in
emphasis anticipated and caused by the different development cycles and usages of the

other equipment classes.

The GDM equipment is designed exclusively to be used for CPS system testing and will

never be a production system. Thus, while its reliability, operability, and maintainability

must be high, it Is alsv anticipated that redundancy and ultra-conservative design will be

L 'employed to enhance those qualities at the expense of such attributes as minimum weight

and volume, power consumption, etc. It is likewise indicated that standardization of

tZ subsystems is not required, as for production systems, and thus extra ruggedness,

greater component spacing, and other similar measures may be employed to enhance

P prformance under all environmental conditions.
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For testing purposes there are two other equipment categories of interest. One of these,

Class C, is to undergo development leading directly to a production version and will

require obvious changes of testing emphasis. The remaining classes of equipment are

of a developmental nature, eventually to result in production models; it is currently

anticipated that the testing sequence of those models will be generally similar, in this

phase, to the testing procedures employed for the GDM.

The Monitor Station receiver will generally resemble the GDM equipment and its testing

.......... will be similar.

6.5.1.4 USER SEGMENT FLIGHT TESTIN. G - The UE contractor will be responsible

for integration and checkout of UE installed in test pallets, pads, etc. as required in-plant.

"6.6 SUPPORT

Support will be provided as required following delivery; it is currently anticipated to

include:

1. Installation and initial testing

2. Calibration

3. Support in interface conformance with antennas, displays and system test

equipment

4. Training support

5. Support in miscellaneous other areas to be defined

J

1!
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'7. TECHNICAL PROBLEMS AND PROPOSED SOLUTIONS

Several technical areas are identified as requiring special attention in Phase I. It is

important to note, however, that these areas are NOT problems in the sense of high risk

to achieving prime objectives of the system. The areas are identified and the approach

to their resolution is outlined below.

I j - 7.1 SYSTEM ERROR COMPENSATION

PROBLEM

When Control Segment operations begin, it is likely that there will be unacceptable dis-

crepancies between the predicted and neasured satellite epbemerides. This is to be

expected because of inherent limitations in predetermining every system error contributor
F

0. and adequately controlling, modeling, and compensating for their effects. Calibration of

system delays, delay variations, time transfer techniques, and ability to compensate for

these effects with the ephemeris determination software is inherent in this problem. The

time required to resolve such discrepancies can be substantial and can impact Control

Segment hardware and software.

SOLUTION

The planned basic approach for minimizing this risk is to:

-t1. Improve the predictions to minimize the probability of discrepancies

2. Be well prepared to solve discrepancies when they do arise

3. Achieve comprehensive checkout of the Control Segment before lauaching
satellites

S •To implement these solhtions, a continuing analysis and simulation effort is planned.

In addition, the Master Control Station computer and software will have expansion
J capability. The implications for the analytic effort is described in this subsection,

Segment checkout is a planning and scheduling consideration and, Master Control

Station implications are described in the following subsection.
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The prime tool for Improving the initial predictions is continuing refinement of thej i system simulation model developed for the Definition Phasea This iterative effort
! includes the identification and analysis of error contributions and modeling their

effects; magnitudes, stabilities, correlations and calibration. Adequate characteriza-

' ' tion of the errors is essential to development of algorithms for compensating these

effects in the ephemeris determination program at the Master Control Station. Simu-

lations to define the systems sensitivity to changes In individual parameters Is a very

useful aid in resolving discrepancies between predicted and measured results.

A significant benefit of the continuing analysis is the availability of highly specialized

system analysts, thoroughly knowledgeable in this specific system, for the resolution

of discrepancies when they do occur. This nucleus of specialists also provide high

assurance that:

1. System requirements are properly implemented in designs

2. Measured performance of hardware and software is consistent with the simula-

tion models.

7.2 MASTER CONTROL STATION

iPROBLEM

,Thre are three potential problem areas associated with the Master Control Station

Scomputer; each interacts with the other two:

1. Processing Speed

S2. Core and High-Speed Mass Storage Capacity

S3. MCS Software Changes

SOLUTION

1. PROCESSING SPEED: The MCS ccmputer must have the capability to perform

the ephemeris determination and prediction in time to upload to the four CPS

satellites In Phase I. The time line for the uploading process is:

Upload w Satellite 173 Seconds

! .. ||| ! I IjI I• ! | II lle I I
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Transmit Load to ULS 173 Seconds

Total per Satellite 346 Seconds

At the present time, the ephemeris determination and prediction cycled on the

General Dynamics CDC Cyber 72 (a 1. 2 microsecond cycle time machine)

requires 24.2 seconds for a combined Kalman solution. Comparable estimated

computational cycle times for some other computers are:

SEL 86 72 Seconds 600 nanoseconds cycle time
NOVA 840 96 Seconds 800 nanoseconds cycle time
DEC 11/45 98 Seconds 850 nanosectuds cycle time
MODCOMP IV/25 240 Scuonds 640 nanoseconds cycle time

Allowing for the worst-case timing, the ephemeris prediction problem appears

to be solvable at a more rapid rate than the satellites can be uploaded.

Higher speed cores than the ones used for this timing estimates are generally

available, including dual CPU configurations, which offer speed increases

should the need arise.

2. CORE SIZE REQUIREMENTS: Total storage requirements for the main line

computational function (16-bit words) break down to:

System 24K

Program 20K

Data & Working Storage 120K

164K words

The combined Kalman solution for tour satellites Is the largest single program

which would have to be core resident and this function would require 40K of

instructions and storage and the 24K of system for its simplest and most unso-

phisticatod implementation. Hence, the minimum suggested core size is 64K.

L •All of the machines cited in the previous example are field expaadablv to 131K

of core and have significant capability to support large amounts of disk storage

for overlaying purposes.

I



3. MCS SOFTWARE CHANGES: Initial operational experience undoubtedly will

show areas which have been insufficiently modeled or otherwise neglected.

The MCS software must be constructed in such a fashion that modules arc

easily replaceable within the system. A system simulation must also be

maintained which permits experimentation with program changes prior to this

incorporation into the MCS software library.

Both processing time and capacity can be effectively increased by relaxing the

time line for satellite uploading. An approximate 50% "gain" in processing

capacity is realized by uploading at 600 second intervals instead of 346 second

intervals.

7.3 REQUIREMENT FOR 80 dB ANTI-JAM MARGIN

P% xformaneo studies for the receiver designs considered to date (i. e., coherent delay

loA,, AFC aided noncoherent delay lock, and noncoherent tau dither) have yielded a design

AJ mrrgin of about 60 dB maximum. These approaches considered use of a 0. 001 liz code

tracnkin- bandwidth and velocity aiding of the order of 1-2 foot/second. Examination of the

pott.ntial for increasing the accuracy of the inertial aiding signal indicates that calibration

of lVIU vhl extended Kalman filtering could be accomplished to acouracies of 0. 1 ft/sec.

but %he don.ands on the system to meet these bounds would require:

1. Wel' modeled IMU error state

2. Lovee arm calibration for remote IMU's

S. Angula-" rate data input for remote IMU's

', l-Higher dhroction cosine updating in the processor

5. Expanded satto vector in the Kalman filter

Gyro drift rtx•,
jAcole-'ation ses
Acceleration seile factor and misalingmont
Gyro 'g' cooffielhnt compensation

6. Dynamie aximuth alignm•nt maneuvers
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j ~The eventual lower limit on aiding~ velocity ýnfortnation wvill also ultimately be bounded by

"ýV ~ errors due týD unkniwon gravity anomioly effects and satellite velocity and drag errors.

Incorporation of aiding data of the above quality does not significantly alter the potential

A-J margin and the burden placed on even the most demanding user class by the above

constraints does not seem justified. Our present thinking leads to the conclusion that

80 dB wvill not be achievable with present or contemplated design concepts. One solution

to stisf thi req ireent Is to postulate a directive antenna which provides up to 20 d13
to saif hs-qie

of gain or jammer rejection and is capable of pointing toward each satellite as required.

7.4 USER EQUIPMENT INTERFACING UNKNOWNS

Utilization of aiding sensors in the contemplated Phase I time frame for the program can

be approached from two distinct directions. The first concept is to employ existing OFE

which Is bailed to the ii' ograin and the second is to give total control to the integrating

f contractor to procure the system or systems of his choice. In the latter method, the

~ I definition of the interface between systems can be established early In the program and

' J maintained during the course of the development. The bailed method may tend to delay

definition of the oxaw't interfaces until a Government Furnished itemn is identified and

eventually delivered. Definition of the desired method by the JPO would simplifyte
design alternatives which presently c~notat td sneec potenta IMU/AMmint

- and computer interface permutation represents an almost unbounded set of dew."ns. It

should also be noted that selection of an INMU platform without integrated nzvigation com~-

puter at the present time Is limited to only three potential units 'vhiohn, 0 currently in

military production, the ASN-90, the LP 36, and the CAMN LNIS. .." fourth platform-

only candidate is the commercial LTN-58 wvhich, however, does not incorporate a vert ical
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8. OTHER PROBLEMS

8.1 PHASE I DURATION

The critical path through the entire GPS program network is the Satellite Development

Schedule. Getting the three NDS satellites in an operational condition io support a

sufficient amount ol 3D testing and test analysis to insure a successful DSARC II is

essential.

The space segment RFP (F04701-74-R-0006) issued on 31 uanuary has fixed the date

for latest completion of orbital test operations at 3 January 1978, leaving launch schedule

dates at the discretion of the proposing contractors, but with a maximum of 90 days

between transfer orbit attainment and operational achievement, To avoid a major negative

incentive, most satellite contractors will in all probability propose launch dates which

extend to October 1977, assuming the successful bidder will be under contract by June 1974

which, in itself, is an optimistic projection.

The net effect of this problem is to create the need for extending the DSAHC 11 date well

Sycad U40 vurtent April 197" pl dowiug 1 - p•eobAbly to as late as the third quarter of

"1978 If, in fact, sufficient test data is to b available for DSARC 1. This. then, will

affect the duration of the CS/UE contractor's period of performance and should be

appropriately addressed in the planning for the CS/UE RFP to be Issued by April 15.

8.2 USER EQUIPMENT DEVELOPMENT SCHEDULE

The artlelpated schedule for Phasc I is fasible wnd will be met as long as the tochnical

problems discussed in Section 7 are addressed. However, it must We recognized that

the current shortages facing the U. S. can impact the schedule. Specific areas of con-

4-~ • corn include: parts availability. GFE and Test Vehicles. Current lead times on specialized

parts cati approach 1S months while tile more mundane parts can. take 3 - 4 nionthis. For

the ADM/GDM type equipments, maximum use can be made of "off-the-shelf" components.

The C-Class equipment will, however, require more in the way of special non-standard

parts as we attempt to drive its cost, weight and size down to prototype packaging.
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I Maximum use should be made of the Defense Electronic Supply Center in Ohio to alleviate

this problem. Additionally, the full purchasing power of G/M 3 can be brought to bear

on component suppliers. As a large manufacturer of consumer electronics, we can

Influence component suppliers to meet schedules. The Government can help with respect

to the DO rating it assigns to the GPS.

The use of GFE such as military computers and displays is a clear way to reduce program

cost'j. Advantage can only be gained if such GFE Is identified early enough in the program

so that its timely application is assured. To date no available OFE has been located for

4' the user equipment, however, it is expected that once a computer selection has been

finalized, OFE computers will be identified. Similar remarks apply to the test vehicles.

However, their selection and availability are under the Government's control. Late

delivery will obviously impact the testing schedules.

'i.
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