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1, INTRODUCTION

This preliminary draft of the Contract Definition Final Report is prepared in accord-
ance with CDRL Data Item A001 and SAMSO data {tera deseription document (U) 5-680,

For convenience in reading, Part T of this report is divided into four separate volumes,

In addition to the four volumes, Appendix A is provided, consisting of two books,

which contain all of the Design Requirements Bulletins (DRB's) created under Supple~

Ak
o

Toe B SRS .
mental Agreement 1 to the Contract, & 7 % & L uges DN

e Volume 1, Introduction and Summary, contains summaries of the baseline

system functional design; summaries of other technical data {tems which com-
prise Part I of this report by reference; abstracts of planning data items
which comprise Purt III of this report by reference, but which ave deliverable
concurrent wity the final draft of this roport; sumnmaries of preliminary
acquisition planning efforts to date for hoth Control aud User Segments; and

disoussion of techuical and othor problems arcas. -

Yolume 2, System Errer Performance is devoted to the analyais and discus-
sion of projected systom performance and contains ervor analysis and svroy
budgets which support that predicted porfarmance.

Volume 3, Uger sopment Dexeription, Performance, Erver Budgets, and R¥
I.ink Budgets is Jevoted sutively to treatmont of Usor Segment porformance

analysis,

Voiume 4, Cost Efectivoness Criteria conlains analysis and discussion of

dosigm to cost eriteria doveloped (o date in the definition contpact,

PREPCY R DTN




2, SYSTEM FUNCTIONAL DESIGN SUMMARY

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

segments of Control, Space Vciicle, User and Navigation Technology. The functions
of each segment for the GPS Phase I are geparately defined and implemented, Figure

2-1shows an overview of the GPS and the interfaces between segments,
2,1 GENERAL DESCRIPTIONS
2,1,1 CONTROL SEGMENT (C8)

The Control Scgment n.onitors the signals from all satellites, gathers and procosses

this data, uploads the GI’S navigation data to each satellite and controls all data flow,
2,1,2 SPACE VEHICLE SEGMENT (SVS)

The Space Vehicle accepts and stores the data transmitted from the CS8, re-formats
the data, and transmiis this data baek to earth tn accordance with establishod sched-

ules. Further descriptinus of the SVE ave outside thy scope of this C8/UD document,

2.1,3  USER SEGMENT (US)

. PR TIRT . . b T e Ty, P NS e S el Lt b s SR M S e T n-‘-:“§%9=;"-_}ﬁ»’.".".”;f":- N
R AR “ﬁ""“"g""””?ﬂ:;‘:ﬁ(ﬂ‘B.'-' :)a‘k,:.,;; e e i ST e 2 g i e S R e S g TR Al s e i S e 2

The User Segmont consists of passive GI'S recelving stations that may be autonomous
navigation or posgition location sots or may ba integrated with other equipments for the

accomplishment of move sophisticated misalons,

3

.14 NAVIGATION TECHNOLOGY SEGMENT

The Navigation Technology Segment is composed of the Navigatian Technology Satel-
lites, the Maval Research Laboratovy-Telemetry, Tracking snd Command, aad a
Peoudo Randew Nolse Navigation Assombiy (provided by the SV gegment), Ineluded
this segmont is the evaluation of bohavior af space-based clocks and prepagaticn

characteristies .
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2,2 CONTROL SEGMENT IMPLEMENTATION

The CS is comprised of three separvate strtions as described below, Ench station is
tmplemsuted to be autonomos and transportable so that the stations may be easily

roelocsed. scliitins for housing 2'] stattons will be GFE,

2,2,1  MONITJIR STATIONS {M3)

‘. The MS performs the function of collecting =« tellite data and trackirg informsiion,
Thie data is teasforred to the Master Control Station (MCS) for the determination of
GPS space vehicle orbital parameters and tho refinements of othor navigation data.
The functional block diagram of the MS functions is shown In Pigure 2-2, The MS is
designed to operate unmanned with overall systom coatrol provided by the MCS.

2.2,1,1 MS ANTENNA ASSEMBLY — The antenna assembly s a fixed antenna that
receives both Ll and Lz space vehicle signals from any point in space above 5° eleva-

tion, The antenna asserably will have 0 dB gain,

Lty
#E DATA
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sace
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ANTENKA ‘ . LECEIVER
ASSENBLY L-BAND
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o '- i g K80
HIUETH mErTaL ' BATA ICLLLE
5 i EJsgn C o CuNsigiIiCATIONS TASIERA LORTRCL
[OEUL ) e IsL GTAtion Oreat
[TO UELOAR ZTAE UL
1 -
L i L FEORALOGICAL
Y i l=
‘1, L.
o thoad —
L
r Figure 2-2, Aoaitor Mtativa, Punctional Bloek Disgran
L3




2,2.1.2 MS L-BAND RECEIVER = The L-band receiver will bo 2 multichannel
receiver similar to the equivalent user segment equipment, The recelver acquires the
space vehicles in accordance with contrel commands provided from the MS digital
processor. ‘The receivor and processor will be capable of making a position fix for
its location and transferi i data to the MCS. The receiver shall opevate with both

L1 and 1‘2 signals under control of the MS processor.

2,2.1,3  MS TIMING SUBSYSTEM — The timing subsystem consists of an atomic
reforenco frequency unit, frequency symthesizers and an IRIG timing code generator,
The timing subsystem provides the rveferences for ranging measurements, data elock-

ipg and time of day,

2.2.1.4 MSDIGITAL PROCESSOR -~ Thu digital processor subsystem consists of
a tolotype, a cassette recorder and a minicomputer utilizlng both user eguipmeont soft-
ware and MS unique software, The digital procorsar contrels the vecelvers and data

communications and processes the received data prioy to transmisslon % the MCS.

4.2.1.0 MS METEOROLOGICAL UNITS — Each MS will have meteorological instyiu=
ments t¢ monitor the extornal temperature, barvometrie pressure aud relative humidity,
The data {rom these instruments will be transfeeved to the MCS to permlt corvect.on

of space vehiele data due to troposplievic effects,

2.2.1.6  MS DATA COMMUNICATIONS — The data communications subsyster
consiste oaly of a modony for dial-up transfer between the MS and MCS ever com-~
moreial telocommunications linez and a stawdard telenhone installation for volce com-
munications, as reguired,

3.2.2 MASTER CONTROL STATION (MCS)

The MOS servey as a centralized faeility to provido the ntegeated computatioesl and

data teansfer capability to support she GFS commuaieatioa sad vavigstive data vesuire-
meats, The MCS fuotionsd block dizgram ts showa in Figuro 2-3, The facility is
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basically a computer with the peripheral equipment required to support the program-

ming, computation, and data comrmunications roles:

o Orbit determination and ephemeris generation

o Time synchronization offsets

o Navigation data formatting for uploading to the space vehicles

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 Ground T ink Subsystem (SGLS) f_equency 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 (FFigure 2-4),

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

described below,

2.2,3.1

ULS DIGITAL PROCESSOR — The digital processor controls the ULS

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

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

cu-located MS,

2.2,3,.2 ULS RF DRIVE UNIT — The drive urit accepts the digital navigation data,
formats it into the SGLS tone format, and modulates these tones onto the RF drive to

the power amplifier.

2.2,3.3 ULS POWER AMPLIFIER — The power amplifier is a broadband, variable
output power amplifier, 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-
quate uplink power to achieve a data error rate of not less than 1 part in 107. 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 anteuna subsystem consists of a 14-ft
parabolic reflector, SGLS feed, control servo-systems, radome and environmental
control systems, The 4-ft reflector is adequate to achieve the 10_7 bit errdr rate
with the power amplifier operating at 4 kilowatts output power, The 14 -ft reflector is
also compatible with the optional requirements for SGL.S downlink reception for GPS

upload verification and for precision GPS gpace vehicle signal analysis.

2.2,3,8 ULS GROWTH OPTICNS — Two optional capabilities are planned for as a

part of the basic upload station:

0 8GLS S-band rveception for verification of the GPS navigation upload

o GPS L-band reception for precision analysis of the maguitude and quality of

the simals boing transwitted by the satellite

2.3  USER SEGMENT IMPLEMENTATION
The User Sugment consists of three differont canfigurations of passive L -band vecoiv-
ing and processing sets capable of providing avcuvate pwition oy navigation data. The
different configurationg evolve from the difforent militavy opevations scenarios and
priorities of requirementz, Threo configurations ave shown in Pigure 2-5 and, as

goted, vach sattsfios one ov more of tho elasses (militavy seenarios) defined. Each
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user cquipment (UE) set consists of aa antennn, recoivor, processor, and display,

Other equipment may also be used depending on the applicatisi:, i,e., hertial Measure~
ment Units (IMU), Air Mass Dead Reckoning Units (AMDRU), altimeters, displays,
intorface units, etc,

2,3.1 CONTINUCUS TRACKING USER EQUIPMENT

The vontinuous tracking UE is the most complex configuration. This conf iguration con~
tinuously and simultancously tracks four space vehicles en cither frequency 1. 1 OF I..2
and usos both the clear/acquisition (C/A) and protected () codos. Simultancous

tracking of four space vehicles provides the shortest time to first fix and the greatest
immunity to jamming, particularly when aided by other navigation sonsors such as the

IMU and AMDRU,
2.3.2 SEQUENTIAL TRACKING USER EQUIPMENT

The sequoatial UE provides the same data as the vontinuous UE except that the time to
first fix is obviously longoer, This unit is basie Mly a singgle channel veceivor and,

therefore, is sequenced from tracking one space vehicle va L. or Lz frequencies to

1
tracking another space vehiclean L 1 or Lz trequencios,

2.3.3  SEQUENTIAL TRACKING USER EQUIPMENT = CLEAR/ACQUISITION ONLY

The sequential C/A-only user equipment is similar in caastruction to the sequential
UE defined in Paragoaph 2.3.2 and is veferved to as the Class C UE. This coafigura-
tion operates on saly frequoncy Ll aud the C/A code, The time to first fix, aeeuracy ¢

and anti-jamaming immuaity ave secondary to low cost for this cenfiguraticn,
2.3.4 GENERAL DEVELOPMENT MODEL USER EQUIPMENY

A gonoral development maodel (GDM) UE eapabls of demansteating any of the other can-
dgurations will bo doveloped prior to intisting the designs for the other thyve confisus
vaticas, Tho GDAMa will be desizn and dovelopment tools to be used by the UE davel-
opor and in aarly field toats to prove basie implomentation techaiques and compatibility
with othor GP'S segments hardware, One GRM will vemain la-plant as a desiz
fimprovement test bed,
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3.  SUMMARIES OF PART II TECHNICAL DATA ITEMS

Part I of the Contract Definition report contains othet CDRL {tems delivered eoncur-

rently with this veport but under separate cover; brief summaries are presented for

cach of these tems, These are:

0 A00Z System Design Trade Study Report

o A003 Systom Segment

o A004 Computer Program Dovelopment Specification

o A005 Configuration Item development Specification

Specifications

o A008 Test Pacilitios Requivement Document

o A0CC System Integration Plan

3.1  SYSTEM DESIGN TRADE

The System Design Trade Study Report is submitted as CDRL Data ltem A002. The
purpose of the report is to document the decision rationale used to resolve the design
approu-hes. The trade studies prosented are the majer decivtan efforts roquived
during this definition phase, ‘The design of the Global Positioning System (GPS) for

Phagse I required the evaluation of alternatives fov u vaviety of design problems. The

STUDY REPORT

trade studies eoutinined in AL aver

Number

1.

9
-

Title
Sateliite Memory Loading
Sateilite Dvbits
Maoaitop Statian Sites
Control Sepment Computs: s
User Segment Computer
User Cost/Performunee
User lanasphorie Maodel
User Ephemeris Model

Ephatieris Determination
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3.1,1  SATELLITE MEMORY LOAUING

The Satellite Memory Loading trade study investigades the alternatives for uploading
and storing in satellite memory that portion of the user navigation data frame gener-
ated by the Master Control Station, The alternatives considered dealt with the iniple-
mentations and ervor contributions of the upleoad station destgn, upload message for-
mat, satellite recetver and decoder configuration, data verification method, and

downlink communication channel to the ground.

The recommended satellite loading method is S=bund uplinl/ L~band downlink with on-
board verification of upload messages und the AVSCY {8 its backup. The S-band up-
load frequency is ane of the standard SGIS frequencies with a three-tone FSK data
modulation. The Leband downlink is the TLM words of the user navigation duta

frame; thoy will contain the addrosses of erroneous blocks.
3,1,.2  SATELLITE ORBITS

The Satellite Orbits tyade study investigates the selection of the sutellite Constellution
and orbits for the Phaso I. The important parameters ave resulting GDOP's wnd visi-
bility over the expected test arcas. Results of this study indicute that the 2/2/0 Aevo-
space Final Constellation provides the best conpromise hoetween the requiremeats of
GDOP, test area eo-visibility, and pre-visibility, The charactoristies of the ovbital

parameters of this constollation ave:

Lengitude of the Argument of Ovbit

Satellite Asesading Perigeo Inelination Orbital Peried .
Number Node (deg) {deg) {dew) {(min)

1 240 330 63,0 718, 0342

3 240 3 63.0 718, 0343

k) 120 0 63.0 718, 0342

4 120 70 63.0 718, 0842

3-2 ':‘
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‘The perfornuince of this satellite constellation in terms of Holloman, Yuma, and Van-
denberg test site coverage and GDOP and the period of time all satollites are visible

prior to the Holloman visibility ave:

PERFORMANCE

Test Area Coverage Time GDOP Ruange
Holloman 2 ours 32 Minutes 4.2t0 7.2
Yuma 2 Hours 11 Minutes 4.2t09.1
Vandenberg 2 Hours 4 Minutes 4.2 to 10.8

PRE-VISIBILITY TIME

Pre-visibility Time

Location (all four satellitos)
Vandenberg, Ca, 20 Minutes
Wahiawa, Hawail 1 Hour 20 Minutes
Elmaondorf, Alaska 1 Hour 45 Minutes

The selection of configuration and orbit paramuters for the initial four sutellites is
documented in the Satellite Orbit trade sindy. Because only four satellites were con-
sidered and their orbits weve optimized for spocifie test aveas, the results are enly

applicable to GPS Phase I,
3.1.3  MONITOR STATION SITE SELECTION

This trado study investigates the possible loeations of Upload Station (ULS), Manitor
Stations (MS), and Maater Coentrol Station (MCS) for collecting precessing and uploud-
ing psoudo runge daia of tho satellites. The satellite visibility and viewing times of

these sites must be compatible with the satellite navigation system updittes prior to

i ety e trmtsmrnms
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testing over southwestern CONUS, The recommuided control segment configuration

based upon the gatellite viewing time and tracking geometry wialysis is:
FUNCTION LOCATION/TYPLE

Monitor Sites 1. Wahiawa, Hawaii
2. Vandenberg AVFB, California
3. Elmendorf, AFB, Alaska

4. TBD
Master Site ™ Vandenbervg AFB, California
Upload Station Vanderbevy AFB, California

Command ity — AVSCY

Tolemetry  ° AFSCE
Off-line Computations NWL
Data Communications Commerciui Dial-up

3.1,4 CONTROL SEGMENT COMPUTERS

The Control Segment Computers trade study lnvestigates the camputational equipment
required by the Master Contrel Station and Meaiter Stations for Phase I. This effort
is to porform a preliminary ovaluatien and sizing of computer equipracat that will sut-
isfy the mandatery requivements of the stations, The computers wmust be capuble ot
supperting a constellation of 12 satellites. At this juncture, a final seleation of come
puters is impossible without a formal submission of vendor propesals thal guavantee
their hardware, softwave, and service capabilities. Thevefove, all types of comput-
ers thut sutisfy the mandatory vequivements of the Master Control Stutien at Moniter

Stations are {dentified. These eandidute computers and thelr manufacturers avet

MANUFACTURER MCS CANDIDATE MS CANDEDATE
Data General Cerpovation 840 Nava 2
Digital Equipment Corporatian 11445 11/40
Hewlett-Packard Co, 3000 2160
Modulary Computer Systom v i
Variwm Associates vid e o alo




fonmessn frereminen
4 .

oA

sy

{1

O T T T T e T AN T
A Coa it [ERENAC EN S - s = K

This listing is limited to manufacturers that are capubie of supplying both the Master
Control Station and Monitor Station Computers, If possible, candidate computers
should be selected from the same family thereby, simplifying support and mainte-
muce requirements.  The question not vesolved Is whether or not it {s feasible to em~
ploy the User Segment computer for the Monitor Station, Analysis is continving to re-
solve this question, Computers that appear feasible to satisfy both User Segment and
Monitor Station requirements are: the Data General, ROLM Rugged Nova 1602R;
Digital Equipment, 22/20/R; Hewlett-Packard 2100; and Varian Associates R620,
The HP 2100 is not vuggedized but undergoes more steingent testing aud has been suc-
cossfully used in more afrborne, and marvitime applications than dny other standarvd

version of minicomputer.
3.1.5 USER SEGMENT COMPUTERS

The purpoese of the Control Segment Computer trade study is to idontify those comput-
ers that will satisfy the mandatory computatioanal vequirements of the Master Control
Station and Meniter Stution. In terms of future phuse requirements, it s desived to

make the compiter selection assuming that the configuration be adequate at least until

the latter stages of GPS Phuse IT or pessibly the beginning of GPS Phase 11,

From the analysis, it was determined that a very small apnber of candidates ean sate
{3fy the mandatory vequivements of higher-ovder language eapability, floatiag point
double precision havdware, and proven vellabllity, At this time the preliminury eval-
uatia indicates that the ROLM rugged Neva«1602R is the superior selection, Hewev=
ey, thero ave othar camptters that merit serious cansideration: Geneval Eleetrie
CPzA: Univae MPC-16: Honeywell 5316; and Reckwell D216,

This zaalyzis 18 continuing v terms of desivable features sudh as ability to interface
with auxilizey sengors and Jho ability to perform the computational und cantral func-
tiahs of o maoaitar statiea, This analysis will centinue shrough the evaluatisa of fore

mal propogals frem capalde voadors,
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J.1.6

USER COST/PERFORMANCE

The purpose of this trade study is to identify specific design techniques that have significunt

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

on the user oquipment design is to davelop a minimum cost set of user systems that will

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

table summarizes candidate design techniques, range of cosi deltas, and performance

rango.
Cost/Performance Summary

Candidate Cost Delta Range Performance Range
Oscillator Stability for Direct $53 - $190 10 - 100 times longer opervation
Acquisition
Standavd Oscillator Frequencies $200/unit Logistics and maintenance only
Error Correcting Codes $300/unit 2-3dB Lower Threshold
IMU Calibration and Modeling $100/unit 2dB AJ increase
IMU Dvpamic Aldipg $300/unit Lower Acquisition & reacqui-

sition time - values TBD

Dual lorospheric Frequency $630/unit Residua! orre. less than 10 ft.
Measurement
Plated wire memeory hardening THD Nuelear threat protection
Replor Alort Pregram $60/unit Improved bost GDOP selection

aids direet acquisition by facter
of six,

Analog vs. Digital Clrouits

hing:lomentations kaown
eost - TRD

8D

Hardware vs. Softuware lmple-
mentations

Software Cost inbrease
8209/unit - havdware
cost saviags- TBRD

Saeftware has 0.5 to 1 B seasi-
tivity loss

e B iietive
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In all cases, the cost/porformance evaluations are not finalived, It is expected that these
and other design techniques will be continually quantificd throughout the Phase 1 testing

program as the perviormance of GPS is verified.
J.1.7 USER IONOSPHERIC MODEL

The purpose of the User Ionospheric Model trade study is to dovelop analytic models that
will provide to the user (from the Master Control Station via the sateilite) accurato knowl-
edgo of the jonospheric deluy, These models must bo compatible with the low rate chamel
available with the Ll/ Lz navigation chunnel and require a minimum computational burden |
upon the user equipment. It is dosirable that these modols be suituble for all Phases of the
GPS progrum. Changes within the constraints of the communi~ation capacity of the system

are possible during the tost portion of Phase I with little impact upon user softwars,

The recommended tonospheric model for determination of atwmospheric delay by the
user is a sevies vepresentation of the line-of-sight sigual delay. This method is re-
ferved to us the Satellite Transmit Delay model, It provides a pelar ceordinuie modol
of the signal propagation dolay in terms of range, azimuth, and coolevation angle from
a known subsatellite point. This approach saves considerable user computition coms
plexity because the signal dolay is abtained divectly {rom the model withaut an intere

mesdlate step of computing the total electran centent of the atimorphere alang the vay
path of the signal,

We are alse investigating two stutie models:

i) A simple tabulution of total dectven content s mapnetie latitude and longitude
vs locul time of day

K

2) A simple tabulation e tolal ele trea content va oaly lacal time of duy

The determination of the bost static madel and evaluation of reaidual gotistios is

ecantinuing.,
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3.1.8 USER EPHEMERIS MODLEL

The Uscr FEphemeris Model trade study investigates 'ossibln mathematical models of satellite
position that will permit the users to determine tho satellite location via the 1-band user
navigation data. The models must not overburden the user nuvigation data frame and provide
an ervor of less than 1 foot with rospect to the predicted sateilite ovbit, The recommendad
ephemoris model for determination of the satollite position by the usor is the Keplerian

orbit computation, A set of 13 parameters is required to solve for tho satellite pesition in
an inertial frame of refavenco using the clagsical two body configuration for Newtonian
mechanics. Of the 13 parvameters, 9 arve fixed, 3 arve variable, amd tho last is time or mean
anomaly,

3.1.¢ BEPHEMERIS DETERMINATION

The Ephemeris Detormination trade study provides the computational appreach that

yiolds the detail of the interface hetween the Master Control Station seftware and the
_Mouitor Station pseudo-range moasurements. The resulting computational approach

should be adequaty for all Phases of the GPS pregram,

Results of this trade study are still incomplete at the time of this submittal. They

will be added at 3 latey date.

3-8

Nt e e

bt Wty 0 st e e EAGHLR L

Pl

e i Al A,

ALIYZERY: et s

it ‘:‘.ﬂuﬂnu‘ i

cif

"
[



D T S O S e VD S TR VO AT SO Y

QR Y S

3 s <8 A Y ) S s e g

3.2 SYSTEM SEGMLENT SPECIFICATION '
3.2.1  USER SEGMENT SPECIFICATION

The User Segment Specification, Performance and Design Requirements for the User
Scgment, Global Positioning System, $8-US-101, desceribes the functional relationship
between the Satellite Vehicle segment usd of the intra-functional elements which con-
stitute the User Segmont,  The User Segment specification was developed qd submit-
ted under CDRI Item A002. The specification tree for the User Segment {s shovn in
Figuve 3-1. This spocification tree doscribes the Configuration Item and Cowne

puter Program Dovelopment Specifications that constitute the Usor Segment and which
separately deseribo cach class of user within the segment, The Confliguration ftem
and Computer Program Specifications are defined per the requirements of MIL-8TD-
490, with the Computer Program Dovelopment Specifications alse adhering to the di-

rection given by MIL-STD-483,
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3.2.1,1 SATELLITE VEHICLE INTERFACE - Interfaces between the User Seg-
ment and the Satellite Vehicle are defined in terms of the navigation signal transmitted
by the satellite for the purposc of position, velocity, and time delermination. The SS-
US-101 specification defines the navigation signal in terms of the signal format, data
content, and information -ate. Gene *ally, the navigation signal follows the content
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 $S-US-101,
The material in the user segment navigation signal is derived from study results ob-

tained in the Signal Selcction study task discussed in Volume III of this report,

Navigation signal density available to the user segment is defined in terms of the min-
imum signal power available to a user segment {sotropic antenna within line of sight of
the satellite at an elevation angle of five degrees. This concept allows the user seg-
ment to be defined independent of the RF link and satellite power variations. In reali-
ty, the uscr 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 arc considered in the RF Link Analysis study task presented in Volume III,

3.2,1.2 USER SEGMENT FUNCTIONS — A generic functional flow diagram showing
the various elements which constitute the user sogmeunt 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 ¥ equipments may employ the total
group of cloments with the Auxiliary Sensors being an inortial measurement systom,
In centrast, the Class D and E user equipments will not employ the Auxiliary Sensors,
The Class C user cquipment will not employ the Auxiliary Sensors, and also will not

require the use of a Transec Device {or secure decryption,

These implementations are unique to each class and are described in the individual

class Configuration ltom (Cl) specifications.
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Figure 3-2, User Segment, Fuuctional Flow Diagram

4.2.1.3  PERFORMANCE — The navigation capability defined for the user segment
is a function of the availuble orientation of the satellite vehicle with respect to the
user segment, This geometrical orientation dependency is denoted as the geometrical
dilution of precision (GDOP) and the numbeyr of satellites, time, and method of naviga-
‘onal 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 ervor (UERE) toward an individual satellite,
Performance allocation for the user segment Is based upon the budgeting of the user
scgment contribution to the UERE and accordingly, to the user cquivalent range-rate
error (UERRE). The error contributions to the UERE and UERRE have been cate-

gortzed into five distinct budgots:

1) User Recelver Error — Consists of all errors contributed due to noisc,

tracking and resolution errors within the receoiver function. These error




2)

4)

3.2.2

contributions are dependent upon the specific Cl dynamic and environmental

operating conditions,
Residual Tropospherie Error < Encompasses all crrors contributed to the
user segment due to utilization of an imperiect algorithm to compensate for

the actual tropespheric delay and refraction vagaries,

Residual Ionospherie Errvor — Contributions injected due to errors in dual
frequency measurements or due to limitations in the model being employed by

the user sc¢ ment,

Usor Processor Ervor — Consists of all errors contributed due to resolution,

timing delay, or scaling error inwreduccd by the processor function,

Unassigned Error — The allocation which allows for error sources which are

transitory or varying crror contributions such as multipath, and others,

CONTROL SEGMENT SPECIFICATION

The Control Segment Specification establishes the performance, design, test and func-

tional requirements for Phase I of the GPS program,. Emphasis was placed on being

consistent with the performance requirements of the Systom Specification for the

Global Positioning System, Phasel, SS-GPS-101A, dated 29 January 1974,

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

quirements for Typoe A Specifications per MIL-ST1-490 (DI-E-3117). It consists of 7

configuration items:

No.

Quantity Configuration Item
4 Monitor Stations
1 Upload Station
1 Mastor Control Station
1 Control Scgment Computer Control Program
1 Monitor Station Computer Program
1 Master Control Station Computer Program
1 Upload Station Computer Program

3-12
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Performance characteristics of the segment necessary to realize the GPS system ac-

curacy goals ave assigned quantitative physical values. In subsequent subscctions,

the performance of tho major subdivisions of the Control Segment are allocated thelr

performance requirements. Design aad construction of clectronies are required to

comply with MIL-E-4158,

Functional urea characteristics of the segment and the major subdivisions, configura~

tion itemz 1, 2 and 3, delineate the features and qualities of the segment. Thesc fea- :
tures include tracking, propagation delay modeling, and system calibration for the
segment. For the Muster Contrel Station functivnal features such as communications
and computer operations are required. For the Monitor Stations features such as an-
tenna characteristics, reference frequency generation, and computer software, are

required, Similar featurcs of the Upload Statlon are required.

Qualification and verification test requirements for the segment are called for {n ac-

cordance with the system requirements,

FORTRAN computer prograr-ming standards and navigation signal structure are in-

corporated in two separate anpendices.

3-13




3,3  USBER SEGMENT CONIFIGURATION ITEM SPECIFICATIONS

The User Segment Configuration Item Specifications (7) were submitted to the JPO on

30 January 1974 in accordunce with CDRL Item A00J,

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

formance requirements aad functional deseriptions of the ¢ classes of User Segment

cquipment. The user class definitions and the appropriate CI specifications are:

CLASS A Tactical and strategic aireraft User Element
who experience medium dynamics Strategic bombing
in the prescnce of severe jam- Strategic reconnaissance
ming Tactical interdiction
Acrial photomapping
SERVICES USA, USN, USAF, USMC
SPECIFICATION CID-US-101
CLASS B Tactical and strategic aireraft User Elcement
who experience high dynamies in  Air defense-interception
the presence of medium to low Air superiority
jamming Tactical reconnaissance
Close air support
SERVICES USA, USN, USAY, USMC
SPLCIFICATION CID-US-201
CLASS C Low Cost Avionics Set User Eloment
Aircraft who experience medium  Airlift
, to low dynamics in natural EMI Search and rescue
‘ environments only Refueling and rendezvous
. Acrial delivery
: SERVICES USA, USN, USAF, USMC,
‘ Commercial
11 SPECIFICATION CID-US-301

d~-14

g B




CLASS D

SERVICES
SPECITICATION

CLASS E

SERVICES
SPECIFICATION

CLASS F

SERVICES
SPECIFICATION

Land wheeled and tracked vehi-
cles, and marine vehicles who

experience low dynamics in the
presence of severe jamming

USA, USMC, USN
CID-US-401
Manned Backpack., Ground

troops who operate in the pres-
ence of severe jamming

USA, USMC
CID-US-501
Surface vessels and submarines

who experience low dynamics in
the presence of severe jamming

USN
CiD-US-601

Uscr Element
Personnel carriers, jeeps
"anks
Amphibious vechicles
Artillery, missile launchers
Riverines

Uscr Element
Manned backpack (could be a
backup for land vehicles and
helicopters if necessary)

User Element
A/C carrier (ship navigation
and A/C landing system)
Destroyer, Cruisers
Submarines (Polaris, etc.)

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

for a General Developmental Model which provides the functional capability and per-

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

module replacement and scftware mode modification, This General Development

Model is intended for laboratory design validation testing and for limited operatisnal

flight verification testing during the Phase I program,

Each CI specification presents the dotatl requirements imposed on the antrnna, re-

celver, processor, interface, power supply, and control/display elements which

constitute the user class cquipment. In addition, the uniqu. mechanisal and packag-

ing features which are nceded to specify cach class are also detailed,
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Performance requirements generated for the varicus clusscs were determined to fall
into three main categories und the CI specifications reflect this orientation. In gener~

al, the class A, B, and F uscv classes have {dentical requirements for performance

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

and UERE. The only significant variation betwect.. the A, B, and F users was {n the

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

marine) would demand a unique enclosure and 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 apportiorn«d to be 10 to 20 fect depending upon ionospheric levels and multi~

path variations,

Class D and E environments and operational requirements were aliso 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 ¢
differcent design level appropriate to the more sophisticated prototype level of testing
and design control, The UERE performance level for the Cluss C will be 60 to 70

feot,
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3.4 CONTROL SEGMENT CI SPECIFICATIONS

The Control Segment consists of 3 primary Configuration Items (CI) which are defined

by:

1) Mastier Control Station (MCS); CI Specification D9000620B
2) Monitor Station (MS); Cl Specification D9000612B
3) Upload Station (ULS); CI Specification D8000619B

These CI's are prepared in accordance with the contract requirements for Type Bl

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 1 of each CI is prepared un-

der the current contract,

The CI specifications describe the overall performance requirements with particular
emphasis on the interface requirements between stations and between the stations and
other GPS segments, The CI specifications are compatible with the Control Segment
Specification D90006021.: and reference the segment specification as apprc;,)riat; fo.
brevity and clarity of requirements., Duplication of requirements is avoided unl »-&

required for clarification,
The CI specifications describe the requirements in quantitative physical torims with

tolerances which can be verified by subscquent analysis, test or inspection.

Each CI specification includes a description of the characteristics required from each
major component within the stution. Tho major components reflect the minimum im-

plementution of the requivoments of the GI'S as determined by General Dynamics,

3-17
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3.6 USER SEGMENT COMPUTER PROGRAM CONFIGURATION ITEM
SPECIFICATIONS
The User Segment Computer Program Development specifications (7) were submitted

to the JPO on 30 January 1974 in accordance with CDRL Item A004.

The User Segment Computer Program Specifications establish the Part 1 requirements
for performance, design, test, and qualification of the computer programs which are
identified with each class of user equipment as discussed in Paragraph 3.3. The ap~

propriate CPCI specifications for cach class have been identified:

Class A CPD-US~101
Class B CPD-US-201
Class C CPD-US-~301
Class D CPD-US-401
Class E CPD-US-501
Class F CPD-US-601
General Development Model CPD~US~-701

Consideration of operational roquirement similarvities has led to basically enly twe
separate and truly distinct specification contents and these encompass the A, B, F,
and General (G) class and another which encompasses the €, D, and E classes. The
basic distinction between the two software developments is the lnclusian of a Kalman
filtor subroutine for estimation in the A, B, F, and G and the veplacement of the Kal-

man in the C, D, and E with a much loss complex navigation algevithm,

Capabilities provided by the CPCI to the user segment consist of the nrecessing of
range and range rate data from tho user equipment receiver, determination of satel=
lite ephemerides, and internal monitoring of eanipment slatus. The vesults of the
data processing pioduce a detormination of position, altitude and time, For alrborne
users, data en ground track, ground speed, ov optional steoving signals is alse pro-
vided. Additional proecessing provides control for signal search and aequisition, sig-
nal tracking and input/output contrei, The CPCI specifications define cach of the spe-

cific functions required of the software processing programs and the detailed imoviace

=18
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between functions of the program and interfaces oxternal to the program, Software
architeeture used for the program defines a main or executive progrum that monliors
the status of peripheral units and determines the required proceseing mode and appli-
cable subroutines that will be employed to perform specific computationul or data
processing tusks. Specific subroutines are defined for each goftware function to pro-~
vide maximum control and flexibility t. vie executive program, Flouting point and
double precision arithmetic are stipulated to Insure computational integrity. Opera-
tional hiovarchy and mode “election flow logie are indicated in the CPCIL. Timing and
scquencing of data into and between modules (e defined in the CPCI ospecially in the
area of the Kalman filter oxceution, Intevfncing to suxiliary sensors and to ancillary

functions such as Steering/Landing or Miseion and Traffic Control is also defined,
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3.6 CONTROL SEGMENT CPCI SPECIFICATIONS X '

The Control Segment CPCI's cover the computer programs allocated to the various

computing clemants of the Control Segment, and the interfaces between those cle-

ments, The relationship betvreen the specification is shown in Figure 3-3.

3.6.1 CONTROL SEGMENT CPCI

The Control Segment CPCI describes the overall software regquirements for the Moni-

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

specifies the communication betweeon the stations, required date rates, and message

h._

types. Tho following specific functions are covered in this specification. Also in- ¥

cluded in the specification are speclal programiming restraints which apply to all other

Cantrol Segmont CPCI's, ‘
1) Monitor Station Function ‘
2) Communications, Command, and Ceatrel functions
3) Master Contvol Statien Program function
4) Uplead Station Program functien ’

3.6.2  MONITOR STATION COMPUTER PROGRAM CPCI

The Moaitor Station CPCY details the functional software vequivements for the Mounitoy

Statien. The ewphasis is on the furctions requived for the Menitor Station which ave

f CONTROL
SEGMENY (€2
¢t
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Figure 3=3. Cautvel Segment CPCT's
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- 1)
2)
3)
4)

3.603

)
2)
3)
4)
5)
6)
7
8)
9)
1)
1)

above and boyond those which would sormally be performed in o user computer,

Thoese added functlons are:

Communications handler
Station scheduling routine
Antenna control

Pscudo range data edit and curve fit

The user equipment functions are also included so that a complete set of Monitor Sta-

tion program roequirements is available within the context of the specification,

MASTER CONTROL STATION COMPUTER PROGRAM CPCI

‘The Master Control Station (MCS) is the major data processing element within the GPS
system and its tunctions are defined within this specification. The MCS seftware

functions are:

Executive Routine

MS Data Initialization

ULS Data Initialization
Meteoralogical Data Procoessing
Traeking Data Processing
Satellite Ephemeris Determination and Clock Update
Ephomeris Palynomiul Generation
Satellite Data Load Prepavation
MS/UILS Transmission Handler
MS/ULS Reeeption Hanaler
Pre-pass Reutlne

Speeial Requivements

8) SCPF telametry data intevface
b) lonaspherie Data Callection

¢} Reforcace trajectery genovatian
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3.6.4

The Upload Station Computer Program hus the basic task of contrslling the data to be

uploadied to the satellite. The program is capable of cither complete or partial data

loads.,
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UPLOAD STATION COMPUTER PROGRAM CPCI
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The uploading functions specificd are:

LT sl ey ties

Interrupt processing
Telecommunication processing

Data file verification
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Target solection

Antenna vectoring

Upload verification

Upload file management.
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3.7

TEST FACILITIES REQUIREMENTS DOCUMENT

The Test Facilities Requirements Document, Data ltem A00§5 defines the test facilities

required for the performtnce of the GPS Phuse 1 validation progeam including test

sites, test vebicles, -ad special test equipment. Success of the Plase 1 validation

program will be based upon meeting the system static and dynamic navigation accu~

racy specified in the Segment Speocification.

3.7.1

Specific tes) facilities required and time period nevded ave listed in Tuble 3-1,

REGUHEMENT

Test Pacility
Reqguented

Specific Newd

Sehedule

Peetest Preparation

baitiation of Vests

Coraglettin of Tests
Bpecial Enuipticst
asgd Battyuiiigebalioxn

g Sekpepingg Rux
gt wingats

TEST FACIUITIES REQUIREMENTS & SCHEDULLES

Table 3-1. Required Test Facilities and Time Poriod

TEN BANGE

White Samis
Mienile Hagge
Alterngte »
U8A Yuina
Peuviag Gind

Brecivion Xpace
Bumitioping of
Lad & Abvburne
vebicles

1-76
2251
bE¢

taser Veackang
By, (Bure,
§.3.00

Baofur Trabmg
Fud cited Sarels

fite Simsulibiiage

urh, wifice, £
Elakage Sfay
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3.7.2 SPECIAL EQUIPMENT AND INSTRUMENTATION

It i8 expected that GPS will provide test vehicle horizontal position information on the
range to a position accuracy of about 20 feet 10. To determine the success of the
Phase I validation program and to permit separation of system errors, the primary
space positioning systém used on the test range should have a demonstrated 1o posi-

tion accuracy of less than 2 feet.
These Satellite Simulators will be required:

e 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.

e A telemetry, tracking, and command (TT& C) simulator from the satellite
contractor will be required at Vandenberg for the Systems Operations Test

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 accuracics are: 5 ft 1o (mandatory) and 2 fi 1o (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.

The real time GPS solution would be telemetercd to a central processing center for
real time 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 cach flight or phaso of a flight would be known instantly.




B TR N AT

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,

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-
faction of the UE definitions provided by the JPO. The UE rcceivers are the only new
development required. The Class C UE was chosen as the detail model for the R&M
assessment because the method for implementing the six (6) classes of UE receivers
provides significant commonality of functions and parts, and the Class C UE will be

the first UE to go into production.

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

time-to-first-fix.

From these listings, the particular parts lists were inputted to our computer program
for a reliability assessment (prediction) based on 8 different part quality levels., The
part quality levels assessed were commercial grade, standard military, and high/
established reliability military. The results of this prediction are shown in Table
3-2. The class identification with subscript 2 is the recciver configuration with im~

proved time-to-first-fix,

A Class C maintainability model and analysis was preparcd based on the reltability
prediction and the estimated maintcnance tasks to repair and check-out a failed Class
C UE. This analysis provided a predicted Mean Time to Repair (MTTR) of 9.6

minutes.
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Table 3-2. Usecr Equipment Receiver MTBF Predictions (Hrs)

User
Class

A/B/F1

Q

o o
fo=)

=

Total
Parts
9117
2058
3360
2170
3622
2171
3623

Hi Rel

704
2871
2019
2569
1712
2504
1683

Mil
200
901
628
772
494
766
492

Parts Concept

Com

136
618
430
5217
335
624
334

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

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

reliability predictions for the various classes wiil also be used to evaluate and optimize
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3.9 SYSTEM INTEGRATION PLAN

The system Integration Plan, Data Item ADDC, defines the responsibilities and proce-
dures for timely and effective system integration and interface 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-
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/US Contractor to plan, implement, di-
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-
tween the JPO and CS/US Contractor, a Joint Operating Plan (JOP) is the basic oper-
ating plan between all Segment contractors/agencies. 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

concern and requiring joint cooperative effort.

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

equipment.
The System Integration Plan identifies other required integration documentation:

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

tatled Intorface Control Documents.

Interface Control Nocuments describe by text, lists and/or drawings the detailed
havdware, software and procedural interfaces between elements of two or more seg-

ments of the GPS,

System integration schedules ostablish vequiremeonts for all segmeont contrractors/

agenclies to provide tholy 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 coniractor, with JPO approval,

The integration/interface task is coordinated through formal and working group meet-
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 iime to time during the DT& E phase

so that it reflects the current overall system integration plans.




4, ABSTRACTS OF PART III PLANNING DATA ITEMS

Part I of the Contract Final De'inition report contains, in addition to the proposal

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

A007  System Engincering Management Plan
AOOA  Program Milestones

A00OD  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.

The SEMP for the acqulsition phase will provide for the update and expansion of the
system requirements and equipment definition. The SEM is tmplemeonted to provide

a smooth system development and production operation.

4-1
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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:

Mission and Requirements Analysis
Functional Analysis

Requirements Allocation

Trade Studies

Design Optimization/Effectiveness Analysis
Synthesis

Technical Interface Comptibility

Logistics Support Analysis

Producibility Analysis

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

"mechanically" connected through the Work Breakdown Structure (WBS) and the
following SEM functions:

Technical Program Assurance
Technical Performance Measurement
Design Reviews

Program Reviews

Configuration Coatrol

Interface Control

P> e o)
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The SEM functions are part of the overall Tcchnical 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 Engineoring approach to be used by General Dynamics has these funda-

mental objectives:

0 Produce for SAMSO a User and Control segment system design and develop-
ment plan for the most effective system obtainable within the required time

frame and allocated cost
o Integrate all aspects of procurement

o Plan and produce a clear and concise communication channel for desoribing
system design solutions between the Joint Program Office (JPO), General
Dynamics' GPS Project Office, and the subcontructors
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Provide SAMSO and General Dynamics internal management with the neces-

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

decisions, and provide traceability to the driving functions

Ensure that clearly defined and discrete work packages and assignments are

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

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

Dynamics experience on past and existing systems, TFigure 4-1 shows the progressfon

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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Figure 4-1, na._s;tc Appr?ach to System Engineering Management Plan
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ftovative flow exists amony the SEM functions which reflects the monagement systom
of defining, assessing, coatrolling, and recycling, In mddition, a number of clements
dosignated as SEM functions exist that interconnect the technical and managemeont
functicas to achieve an integrated program, Those elements are shown betwoen the
SEP and SEM blocks on Figure 4-2, They consist of Technical Program Assurance,
Technical Performance Measurement, Design Reviews and Program Reviews, Con-
figuration Coatrol and the Interface Control Program. These functions are being
planned and dofined during Contract Definition Phase, and wili %e incorporated as
major clements of the Acquisition Phase SEM. There are three additional functions
inherently involved in all of the SEMP eloments: the eagineering decision process,
fnternal proecdures, and Documentation and Data Managoment,

Methodology has been established for all of the SEM and SEP elements and documented
in proliminary issues of tho SEMP. I the final SEMP to bo submitted on June 17,
this mothodoiogy will be coupled with the specific Phase 1 Statement of Work agree-
ments established for the RFP and the resulting WBS to provide the final SEMP for the
acquisition 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 contfol and usor scgment acquisition plans tied to the Work Breakdown Structure
being generated by the Air Force for the CS/UE RFP, This schedule will be propared
in sufficiont detail so that with an initial 30-day update after an acquisition phase con~
tract award, it can serve as the program operating schedule compatible with pericidic

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

General Dynamics has propared a master Gaant-type planning schadule containing
major milestones, which will be used as a baseline until such time as an; conflicting

schedule requirements are ideatified in the RFP; see Figure 4-2,

The master schedule agsumes that a €¢S/UE contract ward will be made in October
1974 and that the NTS-2 launch will be accom:ished in October 1976 — a key driving
dato to all of the Control Segment act!. «ics and to the supporting User Equipment

activities,

Also assumed are *..¢ most optiralstic NDS satellite launch dates based upon the con~
strainta o e Space Segment RFP (F04701-74-R-0006) issued by SAMSO on January
31, 97¢. These launch dates ave:

NUS-1 Mareh 1977
NDS-2 May 1977
NDS-3 July 1997

With these optimiatic launch dates, the DSARC I date eculd net be much earlier than
the end of the first quarter of 1978 i the Phase | test objvetives were to bo adequately
fulfilled, Accovdingly, An April 1978 date has boca assumed as the end of the Phase |
effort. I all probability, satollite launch dates will be even three months later than
thage agsumed, driviag the necessary BSARC IT decision even fuyther dowastroam, or
furthor compromisiang the Phase | test objoetives. This condition s discussed further
in paragraph £.2 (Other Pretilems),
4=-7
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Summarizing the koy assumed milestones:

CSAUE Contract Award
N1I8-2 Launch

ND$-1 Launch

NDS-: Launch

NDS-3 f.aunch

DSARC 11/8'hase 1 Complotion

October 1974
October 1976
March 1977
May 1977
July 1877
April 1978

Based upoa these dates, the following additional koy milestones have beon established:

Inverted test range availability

First General Class UE set to inverted test range
In-plant completion of Control Segment elements
Field integration compietion of CS clemenis
Coatrel Segment accepiance

User Segment ABF development n:odel te inv, test range
UE Class C prototype to inverted test range

UE Class D/E develop. model to inv, test range
Start syétem atatie aceuracy tests

Start system dynaniic tests

Start limited JOT&E

Start Militavy testa

4.3 SYSTEM TEST PLAN

January 197¢
January 197¢
April 1976
August 197¢
Januapy 1977
July 1976
August 1976
February 1077
August 1977
Octobor 1977
Novembey 197
December 1977

The Systern Teat Plan will be submitted as Data Itein AGOD on Juse 17. This sectiva

provides an sbstract of the couteats of the System Test Plan.

The purpose of this test plan swamary (s 10 provide an overall outline of the teat pra-~
gram {ov the Glabal Pasiticaing System (GPS) Coatrol Segment (C3) and Uaor Sugtent
(US). The plan iscludes a general description of tho types of equipment to be yzed in
implomenting the CS/US and abjectives and seepe of the tests pequired to assure that

the CSAUS ts adoquats to support the GPS, Phagss T and 1,
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4,3.1 CONTROL SEGMENT TESTING

SR D

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

:
i Station Location %
% Master Contrql Station (1) VAFB é
: ‘E Monitor Stations (4) VAFB *
i ‘Hawaii 2

k Alaska r
'- TBD :
;' Upload Station (1) VAFB

The CS stations will be implemented with off-the-shelf available designs with a few
excepiions, The CS tests will therefore primarily address equipment interface com-

patibility and the development and proofing of software programs.

T Y R R AT o BT 4 e VB es
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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 vequirements as specified in the JPO approved acceptance

test procedures prior to delivery to field test sites.

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

designs to assure satisfactory performance in the environments specified and

e A R e .

(3

seck

after transport per approved packing and shipping requirements,




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

7) Segment testing shall ke those tests on-~site to demonstrate acceptable inte-

programs, simulators, etc., and the satellites,

4,3,.2 USER SEGMENT TESTING

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,

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

P follows:

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

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

approved Quality Control Program.

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

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

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

circuit performanze in accordance with design requirements.

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

o 6) Integration tests will be performed on the general development model to pro-

a)
b)
e)

d)

e)

efficiency within the digital data processing unit, including algorithm logic

validation, hardware/software emulation, and I/0 interface verification,

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

tions to demonstrate the performance of the initial development configuration,

vide the following design confidence data:

Signal level sengitivity

Signal dynamic range performance
Measurement accuracy, ervors and biases
Data processing accuracy and efficiency

Acquisition and reacquisition capability

o o 29259

i

P ARG P DI




CLASS A, B, F (DEVELOPMENT MODELS)

ANTENNA
MULTI-CHANNEL GENERAL PURPOSE
RECEIVER nilg "1 PROCESSOR
#/0
—— UNIT
- T
OTHERNAV lqp e—s]  CONTROLS
: AIDS | DISPLAT
L g S GewD Y e me— J

f'LASS € (PROTOTYPE MODELS)

ey

o SINGLE CHANNEL Lo SPECIAL b conranL
RECEIVER PROCESSOR 1/0 & DISPLAY
CLASS D, E (DEVELOPMENT MODELS)
SINGLE CHANNEL b b GENERAL PURPOSE
RECEIVER PROCESSOR
1o

UNIT

e—a]  CONTROLA
DISPLAY

Figure 4-4, GPS Phage I — User Equipment Block Diagrams
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f) Measurement resolution in range, velocity
g) Waveform modulation, code sequence and
h) Data word format verification

{) RF, IF and oscillator frequency check

J)  Track loop performance with dynamic acceleration and jerk
4,3.3 CS/US SYSTEM TESTS

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

marized in the following paragraphs,

4.3.3,1 INVERTED 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 pricr to satellite launch.

The inverted range consists of four ground-based transmitters radiating the CPS sig-
nal structure, and spaced so as to simulato the GPS satellite geometry, User cquip-
ment is installed in the same test vehicles that will later be used for the system

dynamic aceuracy tests. This tost will check system operation, data acquisition and
data reduction systems, thus providing a cemplote "dross vehoarsal” prior to launch

{for the system dynamic acouraey tests,

4.3.3.2  SYSTEM INTERFACE TESTS — The System Interface Test is primarily a
test of the various eontrol segment communieation intovfaces. Communications
between the Master Control Station, the Monitor Stations, the Upload Station, the
Satellite Test Center and the apprepriate contrel venter for the Navigation Technology
Sogment will be exereised. The tests will be perfermed aftor on-sito installation and
checkout of each of the control segment statians,

The tests will bo struetured to exercise the data and volce communication tinks in each

maode of link eperation. Particular atteution will be paid 1o ensure that the BReCSSRLY

communications plans and procedures are avatlable and evaluated.

4.3.3.3  SYSTEM OPERATION TEST — The System Operation Test will checa oot
all sogmonts of the GI'S prior  satellite lawich. ‘The suceessful complotion of this

4-13
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test will constitute the preliminary acceptance of the control segment and will be com-
plote prior to the first satellite launch. The tost will ensure compatibility between all
segment clements in a complete "all up” dress rehearsal of system operation, Por-

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

tions of the satellite segment,

The tost will involve the Master Control Station, the Monitor Station at Vandenberg
ATB, the Upload Station and the AFSCY including the RTS at Vandenberg, and the
Satellite Test Contor, the communication links, a generalized model of the User

Equipment, and the Satellite TT&C and Navigation Simulators,

The test will include the normal operation of the Monitor Station obtaining pscudo-
range and data from the Satellite Simulator, performing the processing functions, and
transmitting the resulting data upon requost to the Mastor Coatrol Station, The
Master Control Station will utilize this information together with simulated data from
the other Monitor Stations to deterwmine an ephomeris. ‘The Master Control Station
will prepare an upload message and transmit it to the Upload Station, which will then
load the memory in the Satollite Navigation Subsystem Simulator,

‘The back-up mode utilizing the AFSCY RTS to load the satellite simulator will be
exaereised. The User Equipment utilizing signals from the satellite simulator will

"track" the simulator, demodulate the data and perform a "aavigation” solution,

‘The portions of this test that will be perfermed to support satellite launchoes have yet
to be detevmined,

4.3.3.4 SATELLITE TRACKING TEST3 - The Satellite Tracking Test ia performed
to evaluate the ability of the Contrel Segment hardwarve and seftwave to determine the
satellite ophemeris, This test (utilizing satellite NTS-J) will be the {inal acceptanee
test of the Cantrol Segment; it will be repeated aftor succeeding sateollites are launched,

The Contral Segmount will track NTS-2 and produce an eatimate of the xstellite ephem=
eris, The NTS-2 will also be tracked by the Naval Research Labovatoyy ground net-
work, A comparison of the ephemeridos can be made, and togethey with an anslysis

4=-13
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of the system co~variances and measurement residuals should permit detailed evnlua-
tion of the systems accuracy. The test will be repeated with the later NDS satellites,
however, as no tracking of these satellites by the Navy Network is planned, the test

evaluation will be restricted to only Control Segment and AF'SCF data,
4.3.3.5 SYSTEM STATIC ACCURACY TEST

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

accuracy, obtained over a large test area. The user equipment truck mounted in
Standard Army Communication Shelters will also be used to evaluate the ability of

mobile receivers to operate in a wide variety of ground environments,

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 equipments to
sclacted locations in CONUS, The tost locations and time spent at cach location will

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

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

of the system over various distances. While boing depleyed, the effects upon user :

equipment of vehicle environment, ground multipath and vehicle antennas will be
evaluated,

4.3.3.6 SYSTEM DYNAMIC ACCURACY TESTS — The Dynamic Accuracy Tosts

- ara designed to ebtain information on the effects upon system aceuraey of typical user

equipment enviveamenuts, such as high dynamics, propeller and rotor blade medula-
tion and wultipath,

User equipments installed fa a vaviety of test vehiclos such as turbojet and turbeprop
aireraft, helicopters, ships and ground vehieles will be opersted on instrumented test

St 14

ranzes undar eanditions simulating typical dyvamaie epervatianal eavivonments, Test
data acquisition and data reduction metheds will be structured far rapid vespanse to
facilitate day-to=day test operations.
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4,3.3.7 MILITARY DEMONSTRATIONS — A limited set of demonstrations will be

|
i
}
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conducted to establish military value of the GPS. The demonstrations to be accom-~

plished will be limited 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, VIR conditions)

3) Airborne Refueling Operations (one aircraft simulating tavker orbiting rendez-
vous point, secoud aircraft guided to same point, but at 1000 feet lower
altitude)

4) Avrny 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
enable Usar command personnel to obtain field experience with the Class C prototype

equipmont,

A TBD number of class C User equipments will be installed into Military Airlift Com-
mand (MAC) Aircraft, Type TBD, and used to provide navigation and steering informa-
tion to the orew, The degree of integration into the aireraft's cockpit instrumentation
is (TBD). The aireraft will be flown on veguiar MAC missions, and when satellite
visibility permits, the GPS will be utilized, and its performance and utility evaluated

L by the crew,




L s G R S N =

4,4 RELIABILITY AND MAINTAINABILITY (RM) PROGRAM PLAN

The Reliability and Maintainability (RM) Program Plan that will be implemented dur-

ing Phase I will be submitted in full detail as Data Item AOOE,

RM tasks will be implemented as stipulated in Annex 2 to Attachment 1 of the contract,

titled Reliability and Maintainability, October 16, 1973, The following summary

describes the General Dynamics approach to comply with these requirements.,

4.4.1

PROGRAM OBJECTIVES

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

1)

2)

Achieve the specified level of GPS system conditional availability consistent
with the budget constraints of the validation program. (Conditional availabil-

ity means that the system is available when needed, )

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 gouds are specified as follows:

Phase 1

The GPS Coantrol Segment (i.0., the master stution, monitor stations and
upload station) shall have, over any 10 day poriod, an opervational availability
of not less than 70%, based an 10 hour per day operation, 7 days per week.
The maximum dowa time at the 90th perceatile shall not eéxeced 72 consecu-
tive calendar hours,

Operational

1)

2)

‘The eperational GPS Control Segment shall have an availability of 99%. The
maximum dowa time at the 90th perventile shall not exeeed 2 hours for the
master station and 48 hours for a manitor station.

The User Segment shall have an avatlability of 99, 5%, bhased on a mission
time up to 30 hours and a 1200 hour MTBF requivamnent,
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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-
mizes the total validation phase costs while satisfying the availability goal, Control

Segment equipmoent will consist largely of off-the-shelf 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 cquipment fncludes:
i) Redundant cquipmeat,

2) Proecurcment of alternate equipment that performs the same function and has
a higher MTRBF,

3) Engineering changoes for reliability improvement,

e For the limited equipments which ave new design parts will be of military standayd
reliubility levels., Canservative application by means of parts stress derating will bo
followed, Full scale design reliability efforts will be deforred to subsequent GPS

program phases when operational requirements have stabilized,

4.4.2.2  MAINTAINABILITY — The Master Station complex will be manaed eontinu~

ously by contractor operating personnel during Phase 1. Centractor maintenance per-

sonnel will be available, either an site or on call, as conditions warrant, A ceutral

maintenance facility at or near the Moaster Station complex will repair fatled squipment,

and maintain a spares inventory, As many of the repair actions as econoemieally
practical will be donc at this {aeility,

The system will have self cueck capability sutficieat to monitey funstional operating

.. status eontinwously. For major or serious degraded medes, automatie pericdic

L monitoring shall be suifieient, Checks for minot degradation chall be itiated many-
: ally. ‘The computer manufsctuvers standard diagnestios will be peviedically per-

' formed on the computer subsystem.




Whea a functional failure or major dogradation is detected, the system shall immedi-
ately indicate the finding to the operator through an alarm subsystem, When such a
condition nceurs, the system shall have the capability *o automatically isolate the

fault to a major functional equipment area,

Monitor Station maintonance will include:

1) Monitor Stations will operate unmanned, and will be maintained by a mobile

waintenance team, Local maintenance capability may be used where feasible,

2) Monitor Station performance will be wonftored by computer at the Master

Station us a function of the Contvol Sogment self-check mode of operatica,

3) Fault isclation at the Moaitor Station will include localization to the equip-
ment using BITE capability and local testing facilities, and isolation to the
replacement levol within the equipment using BITE, common accessory test
equipment, and logical troubleshooting procedures. The requircment for
accessory test equipment will be minimized and will be limited to cquipment
typeos that are easily transported by the mobile maintenance team,

4) The maintenance team at the Monitor Station will, through the telotype units

and other special equipraents, be able to inject stynals, load programs,
exereise control, and print vesults, The control system will permit speelal-
ized cantrol and printout features to be invoked for fault iselation,

5) A failed equipment will be vestored to eperatien by replacement of faulty
subasseinblies ufing spaves that are stored at the Manitoy Statian site, The
veQuirvement far using hand tools will be minimized,

6) F‘enewing' vepaty, performance will be verified using local BITE and Ceatpol
Segment gelf -check,

7) Failed itoms renoved frem a Moaitoy Station will be vepaired at the central
malatenance factlity. Repairved tems will be returaed to the Moaltey Statica
site to veplanish the mainteaanee spave stock.
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1)
2)
3)

1)

2)

J)

4)

6)

PROGRAM ELEMENTS

The RM Program is design oriented and interfaces with other GPS program clemeuts,
A briof desceriptioa of the key elemonts is outlined below,

RM PROGRRAM MANAGEMENT

Maintain plan and procedures
Establish supplier requirements and control

Report on progress to JP*O and to management

RM ENGINEERING

Perform RM modeling and predictions in support of establishing requirements
and trade studies

Update and refine the detailed malntenance concept, including test eqaipment,
tools, spaves, and manning

Provide a eritical items list for the identification and control of eritical {tems

Hentify vredible failure modes as a basis for design tmprovements and
mainteiance planning

Participate in the JPO Suspeet Material Deficiency Progran

Porforn civeuit stress analysis on new designs aud ¢ oritical items wheve
appropriate

nplataent 3 parts cantrol task (for now designs) meluding a parts coatral list
and potistaadard parts approval

Ceadet {ntlure analysis and implemeont cervective actisn

Demanstrate complisnee with R\ goals by tracking and analyzing equipment
apevation

Ageumulate RM dats for planaing sudsequent GPS phases

4-20
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5, CONTROL SEGMENT ACQUISITION PLAN SUMMARY

This section summarizes the preliminary coutrol segment sequisition planning to
date. Because this vreliminary draft of the Contract Definitirn Final Report is
coincident with the submittal of the preliminary Cantrol Segment Specifications and
precedes the Hardware Definition first-draft documents by 2 weeks, planning has not
yet been carried to detail levels. Tho final proposal will contain detailed plans und
schedules which arve tied divectly to the Work Broakdown Structure which resuits
from the RFP, and to the speeific havdware definition which evalves froni the pre-
Hminary segment and Cl Specifications submitted concurvently with this document,
Sumumarized below is the present approach and resuits of preliminavy planning

efforts.
5.1 APPROACH

‘The approach for Phase I implementation of the Centrel Segment of the Global Posi-
tiening Systewm is driven by a single majer ebjective and many secendary ebjectives.
The major chjective is to maximize the amount of DIGE aud [OT& E demonstyation
of user equinments ia theiv vespective operatiora) envivenments in support of
BIARC 1L

The principle constraint o this primary ohjective is the timely gvailability of the
space segment to Support the all-wp counfiguration testing of the GPS cencept. Be-
cause of this, tho ceatyel segriweat development must be planned sod executed so that
coatrol segment elements ave tested and veady when the satetlite launches and opera=
tional readiness dates are achieved,

Ia additian to the primavy objective, theve ave several aevondury abjectives which
st be futfilled. Pirst, the styucturing of the Phase | tasks must be compatible
with the ovesall three phage plan, Piguve =1 iliustrates the thive-pluse GPS plun-

aing schedule foveeen at this time. It S lnportant that annisg for the fivst phase

fronssaveroaes iguas
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takes into account capability of growth into Phases 1I and 111, and also provides an
optimal tradeolf ¢f legacy to these follow-on phases with the costs and risks associated
with the acquisition of Phase 1,

ta this regard, the initisl approach that has evolved in control segment development
planning i to define the control segment elements 5o as to make makimum utiliza-
tion of existing facilities und havdware, to minimize the risk of new hardware develop-
ment as woll as the cost of acquisition of new hardware and fueilities prepavation.

Use of the existing satellite control facilities at Vandenberg Air Foree Base is a

prime element of the curvent approach. There is a major risk, however, of facili-

ties utilization in velationship to the satellite uploud function. This wmajor risk will

sermpriee g1y ot npnes iy 5
e T T T U e

be mitigated by providing a dedicated upload terminal av Veadoaberwy Air PPoree Base,

The small added uequisition costs of the transmitter and anteana {unctions necessary i
to imploment this concept far overshadows the risks involved in the losy of test time :
during the crucial period between satellite lawnches and DSART ** Yecause of the very
low probability of upload function availability of the satellite ¢ ' facility.

The Control Segment hardware will be developed to support the GRS program through
Phase 31, vequiring o minimum of 7 years of design tife. The concept of havdwave
development will be for use 45 an engineoring develepment test bed as contrasted te
an eperational ground systom. This approeach assuves minimum aequisition costs
during Puse | as well as maximum {lexibility to suppovt Phase [ and Phase i obie¢-
tives. The appreach does not provide a large havdware legacy to the opervational
Phase 01, but because very little new haedware developuient has to bo acvemydished

to supgort the Phase 11 requitements (and appreciable amounts of existing hard-
wave and facilities ean be utilized) this {8 et consideved to be 8 major coasidervatica, :
It is Caniceived, ab this time, that the eporaticnal contral segmeat Fardwave weald

bo detined and specified cavly in Phase 11, sad desigaad, fabhricated, and instatied

Later 1o Phase 1, so that checliout is complete to suppovt the atavt of Phase 8I.

5-3




The principle legacy that the control segment can provide to the operational phase is

in the moftware arca. 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 ultimatc 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 implementation 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 Phase I schedule plan is shown in Figure 5-2. The user segment plan is discussed
an 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 depcndency 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 NT8-2 in October, 1976, which will become the first live data source to based full
operation tests. To ulinw contingency for procurement and development problems, the
control seyment elements will be scheduled to complete their pre-launch checkout and
systems operations tests 2 months in advance of the NTS-2 launch date (August, 1976)
5o that theve 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 control segmunt contractor, it is recommended to set a preliminary conditional
acceptance of control segment hardware and software bused on a date which is coinei-
dent with the N'U'S-2 launch date, so that these incentives can be independent of the

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

5-4
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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

launch date,

To support the August, 1976 readiness date for the control segment elements, it is
necessary to commence field installation operations by Febyuary, 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 threce
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 somewhat 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
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 contract 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 acceplance of the Master Control Station would commence in

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

delivery to Vandenberg Air Force Base in April, 1976,
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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-
tractor's plant commencing with the first set on January, 1976, and continuing at a

one per each two months until all four sets are delivered by July, 1976.

This concept imposes an additional constraint 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 Monitos 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 monilor 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-
ent of the user equipment by a soparate 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 betweon the two approaches. The most cost effective solution will be

proposed.

Regardless of the approach selected, the Monitor Station receiver and processor will
be integrated by the C8 contractor at the CS contractor's plant, and the entire Monitor

Station will be tested and accepted there before delivery to the respective Monitor

Station sitos, The fivst completed station i3 scheduled for delivery to Vandenberg AFB
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in May, 1976, Installation and field checkout spans should take 1 month for cach
station, assuring that all site preparation is accomplished prior to delivery of the

hardware,

It is not currently deemed cost offective to perform integrated tests of the Upioad
Station clements at the C8 Contractor's plant, The transmitters and antennas will
be accepted at a subcortractor's facility and then drop shipped to the Vandenberg
facility for integration. The anteana and transmitter elements will be scheduled for
in-plant test complotion in February, 1976, to allow a 6 month tost and integration
period at Vandenborg AFB to support the August, 1976 control sogment availability,

The software development is the critical path in the control segment development

plan. The flow plan for the software development is shown in Figure 5-3.
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Figure 5-3. Softwure Dovelopment Steps
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The initial task to be performed s rovision of the Paxt [ CPCl's to conform with the
System segment specification as finally released by the JPO. When these specifica-
tions have been approved in the Proliminary Design Review, the actual process of

software implementation can begin,

The softwarc design process will be performed in a "top-down' manner with the
highest level program designed first, Design sholl then proceed to successively
lower levels as dotormined by the control and calling structure of the program. As
each segmont of design is completed, it shall bo documented in the form of a CPCI
(Type C5) and approved by the JPO, Category I test plans, to be used during Pre-
liminary and Fermal Quali®ication Testing shall also be formaulated in conjunction

with cach CPC,

Aftor the approval of the CEC's, the actual pregram ceding will begin, The coding,
as did the design, wiil proceed in a top down manner with the use of clesed logic
structures. As each module of code is produced, it will be tested to verify its de-
sign concepts and its velationship to programs higher in the program structure.

Also produced along with the coding shall be a technical description of the module,
vevised flow chavts, and a vecovd of the Design and Development Test Results,
Paralleling the code development will be the production of Category | test proceduves
and fnitial opervating preceduves,

When a module of code has been produced and decumented, it will be placed uyndey

the cantrol of a seftware lbvavian, The libvavian shall have the vespousibility of
verifying the adeguacy aud completenoss of the suppevting dovumentatioa, aad shall
be vesponsible for maintaining the histery of the module {rom the time it comes undey

his control until Category B test is complete,

Preliminary Qualification Tosting (PQT) will demwnstyate that the iategrated soft-
waro systam performs in an envivonment which approaches the opevational mode.

The | anarvy purpose af the PQT is to veveal ervors caused by seheduling ar veseuree

et B;»
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conflicts, interference botween interrupts or other similar operational type circum~
stances. The results of this testing will be reflected back into the eode, CPCI's and

CPC's, as well as all supporting documentation,

Formal Qualification Testing (I'QT) will be done in the operational envirenment and
will simulate normal system operations to the maximum degree possible. FQT will
demonstrate that cach CPCI meets all requirements and that the software system is

ready to support satellite operations,

8-10
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6. USER SEGMENT ACQUISITION PLAN SUMMARY

6.1  DESIGN APPROACH

The User Segment will conform to the overell GPS Phase 1 design approach, The typ-
ical User Equipment to be developed may be described as consisting of an antenna, a
receiver, a processor, and a display in addition to ancillary equipment such as a pow=

or supply and necessary interfuco equipment,

The first User Equipment (UE) to be developed will be the General Dovelopment Mod-
cls (GDM) which will be used as a design total to preof concepts, intorfaces, software,
and destgns, This version will bo readily adaptable to simulate any of the 6 classes ef
UE. Two units are planned to permit continuity of development in-plunt and at the
same time to usde one unit for initial compatibility tests of UE with other GPS havd-
ware in the field. ‘The GDM units will operate in either the sequentiul (ane satellite at

a time) or continuous (4 satellites simultancously) reeeiving modes.

Concurrent with the development of the GRM's will be the developmont of the veceiv-
evs to be used in the Contrel Segment Monitor Stations. The Monitor Station veceiv-
ers will be multi-channel units utilizing the UE seftware modules to the maximum ex-
tcat possible. Early development of these recelvers {5 required to support the everall

Contral Segment developmont, field, and systom testa.

The next development will be the Class €, sequentiul, elear signal UE design. This
class of UE will be develeped tuto militavy qualifiable pretatype equipment. The
Class C i8 charaeterized as {ollows:
CLASS & Iow Cost Avionies S¢t User Elcineat
Aireraft who experience medinm to low  Ajrlidt
dynaumics o asturval EMI cavivonments Seareh and Rescue

anly Refueliug and verdezveous
Aevial delivery

SERVICES: USA, USN, USAY, USMC, Commereial
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Following initiation of Class C prototype development will be the start of the develap-
ment of the Engincering Development Models (Advance Development Models per MIL-
STD-280) for all other clusses, As shown in the subsequent schedules, the units for

Classes A, B, and ¥ will be completed a few mouths prior to the class D and E units.

The rapidity of sequential demodulation is limited only by the time requirement fov
acquisition of the seprarate signals, The demodulated data ave stored unti! ull are
available at which time the data processor performs the operations required to pro-
duce the necessary outputs. Accuracy is slightly degraded in this configuration but
the receiver cost savings ave estimated at this time to be 50%. This sequential Usor
Equipmont dovelopment is contemplated for the Cluss 2, D and E User Equipments
which are charaeterized by low dynamie environments which do not jeopardize the ac-
quisition and reacquisition sequonce required of the sequential vecelver function. The

low dynamic Class D and E users are characterized as follows:

CLASS D Land wheoled and tracked vehicles, and User Element
marine vehicles who experience low Personuel earviers, jeeps
dynamies in the presence of severe Tanks
jamming. Anmphibious vehiclos

Artiller, missile
launchersg
Riverines
SERVICES  USA, USMC, USN
CLASS E Maaned Backpaek, Ground troops whe User Element

eperate in the preseuce of severe
jamuming.

Manuned Baelpack (eould
be a backup for land vee
hieles and helicopters if
aevessary).

SERVICES  USA, USMC

A cervesponding development apprasch to the above empluys 3 design which vouting=
eusly demcdulates signals from the faup satellites, The coatinueus destgn emplops
additianal processing channels but a signifieant portioa of the processing tunction may
be tine-shaved. The continuous design dovelopment is cantemplatad for the Cluss A,
B, and F user classes, The sllocation to the A and B classes is duw te the inereased
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i dynamic environments, Por the Cluss I user the neod to rapidly establish a navigu-

r

TN

tion fix leads to continuous data channel demodulation intervals, The user classes are

characterized as follows:

i/ m
-‘1;;1.;“':,4,:1; it

i CLASS A Tactical and strategic aireraft who ex- User Element
i. perience medium dynamices in the pres-  Strategic bombing s
once of Severe jamming. Strategic veconnaissance
Tactical interdiction
s Acrial photomapping
SERVICES  USA, USN, USAL, USMC
7
5
CLASS B Tactical and strategic aireraft who Usor Element
experience high dynamics in the pres- Alr defenso-interception
Gave of modium to low jamming. Air superiority

Tactieal reconnatssance
Close air support

e o bl briocet narssenscs

SERVICES  USA, USN, UBAY, USMC

CLASS ¥ Surface vessels and submarines whe User Element
experience low dynamies in the pres- A/C carvier (ship naviga-
ence of severe jamming. tion and A/C landing

system)

Destroyers, cruisers
Submavines (Polavis, ete.)

SERVICES USN
These users ave alse chavaeterized by the avallability of auxiliary navigation sensors
which allows far a major variation in the divection of increased sophistieation. This
version utilizes cooperation with the navigatienal systems which may oxist en board

the nser vehicle and derives advantage both to the user aad divectly te the epevation of

» the GPS User Equipment, In this variation the autput pesitional duta of the on-beurd
§ scasars s combined with the sutput of the User Equipment to praduce a eombined awt-
! aut, The techniaue employed 18 that of Ralmun filteving which has the vivtue of pro-
- duectug combined output data by o prepariional weighting of {uput dutu based er ¢
ﬁ g,; measured qualities of the various aavigational system parameotovs, The weighting s
t = cantinuausly veflned duving opovation vesulting ta high quality aavisatien Jute,
Bl
g




Another advantage to the GPS User Equipment lies in the reduction of sigmal acquisition
time. The roeduction of signal acquisition time results from the continuous knowledge
within the User Equipment of current position even in cases of non-use of the satellite
signals. The knowledge of current position (and rates) together with a prediction of
current positions of the satellites permits a reduction of the required signal acquisition
time resulting from a marked reduction of the range of doppler offsets which must

otherwise be scarched for acquisition.
6.2 SCHEDULES

An abbreviated sot of schedules is shown in Figures 6-1, 6-2, and 6-3 for the 5 devel-
opment efforts required. Those schedules are based on a contract award date of
October 1, 1974, but in the event of other award dates elapsed times would be identical.
The schedules assume that the GDM version and the version tntended to serve as a

monitor station yecelver ave the critical items for early development.
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Figure 6-1. General Development Model and Manitor Station Schedule




1935 1916 8N
OINJOTIFEAMIAIMIZIITALSLOINIOIIIFIMIAIMESTSIALSIOINIDTSIFIMAINIIIIAISIOINID

[

PPN

POR pesign/AssEMpLg  COR

INPLANY TESTING

(RIS

i 157 z
m
IR0

4TH
STHie e s e @ o o/MONTH
(1]

QHAp TELhn

Lok e e e

"0

Figure 6-2. Class C, Development Schedule

. 1915 ' 1928 1817
0118 ] 3 F{M1AL813 {2 (A5 {(N{B]31F [M(A|]a]3 (]S OIN[8]J1F 1813 1a18 1) 0

POR toR

CLASSES A 6. F

ACCEFTANGE 1E3TING

CLASS 0. €

ALLEETANGE TexTlig

. . \

PEAX = LN TIMORTH

tegdr

[ B ]
& weun it

Figure G-3. Clusses A, B, F aud D, E. Development Sehedute




6.3 DEVELOPMENT

No unusual User Segment development problems are evident. The two major functional
arcas for development are the receiver and computer progream software. The receiver
implementations bear o close resemblarce to those which we luve repratedly solved in
other PRN systems apd it appears that only small modifications of those technilues

are required for solution of tie probioms,

Softwarc development in terms of documentation and siamdavdization is recognized as
being a potential hazard espocially in @ dysamic development stage of the Phase I program
where flexibility will be demanded. The natural tendeney to get things done must be
tempered to provide for a software concept which is easlly altered and is maintainable
through many generations of change and growth altevation. The need for softwave

programming visibility {8 counsidored to Lo both a design and management undovtaking.
6.4 PROCUREMENT

The majority of procurement will be of avallable pavts. Subsystems te be procured ave
considered at this time to bo the data processor and the power supply. The requived lead
times for the proeurement of parts and subsystems must bo recognized and this is furthey
discussed i Section 8.

6.5 TEST APPROACH

The taer Scgment vequived togting is assumed to be auly the ia.plaot testing thas is
required to prave eanforance to the User Segment specificaticas and the Cl specifications
which ave subsidiary to that spevifieaiion. I i recoguized that the UE coatractoy, duviag
ita field suppovt of the UR dueciag GPS systess lesting may couatvibute to that aystem teating
but that {2 got a specific testing vespoasibilizy of the UE cestvactor.
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§ Detail testing will be described in cach of the CI and CP developmoent siceifications as

they will be approved by the procuring agency. The tests will generally encompass the

i following:
o Performance ¢ Human PFactors
. o EMI o Reliability
. o Workmanship o Maintainability
‘ o Safety ¢ Eunviconmental
6.5.1 DEVELOPMENT TEST PLANS
The genoral categorios of testing of the User Equipment are:
1. le-plant Subsystem Testing
2. Usor Segment Integration Testing
3. Final Acceptance Testing
4. User Segment Flight Testing
The In-plant Subsystem Teating of UE sets, a UE Coutractor vespousibility, coasists of:
: 1. Engineerirg Data Tests
i 2. Breadbaaed Verification Tests
: 3. Subsystems Readiness Tests
- 4. Laboratovy lategration Tests |
User Segment Integvation Tests will be in-plant, labavatory teats, |
: The Systew Fligit Test ia the overall GPS$ testing and widl be supported by all sube
_ il coatractars but is General Dysamies prhue vespoasibility.
. 6.5.1.3  IN-PLANT SUBSVSTEM TESTING = This teating ts subdivided ite:
1. Esggiaeering Tests
2. Breadbosrd Vevifieation Tests
iw 3. Laboratery Integratioa Testa
B
L
£
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Engincering Data Tests will provide corroborative data on design parameters such as
circuit vibration 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 arc similar but will generally consist of testing of
larger circuit assemblies than the preceding tests including assemblics up to the

complete receiver. These tesis will be aceomplished prior to design commitment.

6.5.1.2 USER SECMENT INTEGRATION TESTING — This testing will consist of
laboratory testing of operational configurutions in Loth static and -lynamic 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:

1. Mechanical and Electrical inspe
Prime Power Interface Verification

Verification of Interoperability of Receiver/Compuier/Auxiliary 10

oW

. Fnvironmental tests in accordance with approved test procedures

Parumeters and functions tested during the acceptance testing are:
o Signal level sensitivity
o Signal dynamic range performance
o Mecasurement accuracy, errors and biases
o Acquisition and reacquisition capability
o Measurvment resolution in range and velocity
o Wiring interfaces
¢ Waveform modulation, code serucnce, and code rate
o Data word format vorification
o RF, IF and oscillator frequeney check

0 Tracking loop performance with dynamic acceleration and jerk
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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 approxiinutely

2 months are for unit testing, and 3 months for engineering and laboratory test. These
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 shortlv r +ior to delivery and environraental testing will be

performed as required prior to delivery,

One testing problem cormmon to all the user classes is the requirement for a relatively
sophisticated simulator to produce controllable replicas of the signals normally trans-

milied by the satellites.

The same testing will be required for other equipment classes with some change in
emphasis auticipated and caused by the differert development cycles and usages of the

other equipment classes.

The GDM equipment is designed exclusively to be used for GPS system testing and will
never be a production system., Thus, whilo its reliabllity, operability, and maintainability
must be high, it is ale~ anticipated that redundancy and ultra-conservative design will be
employed to enhance those qualities at the expense of such attributes as minimum weight
and volume, power consumption, ete. It is likewise indicated that standardization of
subsystems is not required, as for production systems, and thus extra ruggedness,
greater component spacing, and other similar measures may be employed to enhance

performance undor all environmental conditions,

6-9
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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, ceventually 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 TESTING — 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 he defined

6-10
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7. TECHNICAL PROBLEMS ANLD' PROPOSED SOLUTIONS

Several technical areas are identified as requiring special aitention in Phase I. It is
important to note, however, that these arears 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.
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 measured satellite ephemerides. This is to be
expected because of inherent limitations in predetermining every system error contributor
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

t

Segment hardware and software.
SOLUTION
The planned basic approach for minimizing this risk is to;

1. 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 lauuching

satellites

To implement these solviions, a continuing analysis and simulation effort is planned,
In addition, the Master Control Station computer and software will have expansion
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.

7-1
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The prime tool for improving the initial predictions is continuing refinement of the
system simulation model developed for the Definition Phasc. 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, thorcaghly 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 .
PROBLEM

There are three potential problem areas associated with the Master Control Station

computer; each interacts with the other two:

1. Procossing Speed
2. Core and High-Speed Mass Storage Capacity
3. MCS Software Changes

SOLUTION

1. PROCESSING SPEEI: The MCS ccmputer must have the capability to perform
the ephemeris determination and prediction in time to upload to the four GPS

satellites in Phase 1. The time line for the uploading process is:

Upload to Satellite 173 Seconds

7-2
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Transmit Load to ULS 173 Soeconds
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 nanoseconds cycle time
MODCOMP 1V/25 240 Sceonds 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.

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 four 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-
phisticated implementation. Hence, the minimum suggested core size is 64K.
All of the machines cited in the previous example are field expandablye to 131K
of core and have significant capability to support large amounts of disk storage

for overlaying purposes.

7-3




3. MCS SOFTWARE CHANGES: Initial operational experience undoubtedly will

show areas which have been insufficiently modeled or otherwise neglected.

L The MCS software must be constructed in such a fashion that modules are
easily replaceable within the system. A system simulation must also be
y maintained which permits experimentation with program changes prior to this

incorporation into the MCS software library.

Fmmren - o

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
intorvals,

7.3 REQUIREMENT FOR 80 dB ANTI-JAM MARGIN

P rformaanoce studies for the receiver designs considered to date (i.e., coherent delay
lock, AFC aided noncoherent delay lock, and noncoherent tau dither) have yielded a design
AJ margin of about 60 dB maximum, These approaches considered use of a 0.001 Hz code
trackinz bandwidth and velocity aiding of the order of 1-2 feet/second. Examination of the
potuntial for increasing ihe accuracy of the inertial aiding signal indicates that calibration
of LAU vii: extended Kalman filtering could be accomplished to aceuracies of 0.1 {t/sec.

but -he don.ands on the system to meet thoese bounds would require:

1. Wel' modeled IMU error state
i 2. Leves arm calibration for remote IMU's
1. Angula: rate data input for remote IMU's
i ¢, Higher divection cosine updating in the processor

5. Expanded state voctor in the Kalman filter

ity
5
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Gyro drift rate

Acceleration Linses

Acceleration scile {actor and misalingment
Gyro 'g' coefilcivnt compensation
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Dynamie axtmuth alignmeont maneuvers
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1‘ The eventual lower limit on alding velocity information will also ultimately be bounded by

errors due to unknwon gravity anomoly effects and satellite velocity and drag errors.

Incorporation of aiding data of the above quality does not significantly alter the potential
i A-J margin and the burden placed on even the most demanding user class by the above
constraints does not scem justified. Our present thinking leads to the conclusion that
80 dB will not be achievable with present or contemplated design concepts. One solution

to satisfy this requirement is to postulate a directive antenna which provides up to 20 dB

of gain or jammer rejection and is capable of pointing toward cach 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 GFE
which is bailed to the prograin and the second is to give total control to the integrating
contractor to procure the systan or systems of his choice. In the latter method, the
definition of the interface between systems can be established early in the program and
maintained during the course of the development. The bailed method may tend to delay

definition of the exant interfaces until a Government Furnished item is identified and

o eventually delivered. Definition of the desired method by the JPO would simplify the

- design alternatives which presently ceafront the study since each potential IMU/AMDRU
and computer interface permutation represents an almost unbounded set of designs, It

. should also be noted that selection of an IMU platform without integratod navigation com-
puter at tho present time s limited to only three potential units whichave currently in
military production, the ASN-90, the LP 36, and the CAINS LN15. A fourth platform=-
only candidate is the commercial LTN-58 which, however, does not incorporate a vertical

chanhivi,
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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 ND§ satellites in an operational condition io support a
sufficient amount o1 3D testing and test analysis to insure a successful DSARC 1 :s

essontial,

The space segment RFP (FF04701-74~-R-0006) issued on 31 sanuary has fixed the date

for latest complction 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 achiovement. To aveid 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 projoction.

The net effoct of this problem is to create the need for extending the DSARC 11 date well
boyond the vurvent April 1878 planuing date — probably to as lato as the third quarter of
1978 if, in fact, sufficient test data is to be available for DSARC II. This, then, will
affect the duration of the CS/UE contractor's period of performance and should be

appropriately addrossed in the planning for the CS/UE RFP to be issued by April 15.

8.2  USER EQUIPMENT DEVELOPMENT SCHEDULE

The anticipated schedule for Phase 1 is feasible and will be met as long as the techalcal
problems discussed in Section 7 are addressed. However, it must be recognized that

the current shortages facing the U. 8. can impact the schodule. Specific areas of con-

corn include: parts avallability, GFE and Tost Vehicles. Current lead times on specialized
paris can approach 12 mounths while the more mundane pavts can take 3 - 4 months. For
the ADM/GDM type equipments, maximum use can be made of “off=the-shelf" components.
The C-Class cquipment will, however, require more in the way of special non-standard

parts as we attempt to drive its cost, weight and sizo down to prototype packaging.

8-1
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Maximum use should be made of the Defense Elcetronic Supply Center in Ohio to alleviate
this problem. Additionally, the full purchasing power of G/M3 can be brought to bear

on component suppliers. As a large manufacturer of consumer electronics, we can
influence component suppliers to mect schedules. The Government can help with respect

to the DO rating it assigns to the GPS.

The use of GI'E such as military computers and displays is a clear way to reduce program
costy, Advantage can only be gained if such GFE is identified early enough in the program
so that its tinely application is assured. To date no available GFE has been located for
the user equipment, however, it is expected that once a computer selection has been
tinalized, GFE computers will be identified. Similar remarks apply to the test vehicles.
However, their sclection and availability are under the Government's control. Late

delivery will obviously impact the testing schedules.
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