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FORWORD

This Program Msmagement Plan (PMF) establishes Joint Service Program

Office (JPO) executive policies and implementing procedures for the

management and acquisition of the NAVSTAR, Global Positioning System (GPS).

It provides Executive Service guidance for all Services/Agencies engaged

in the definition, design, development, testing, acquisition, and o¡:.eration

of the GPS and further implements the single manager principles of DOD

Directive 5000.1.

This document will be the operating plan for system management and

acquisi tion throughout the life cycle of the program beginning wi tli Phase I,

Concepi; Validation. As the program progresses, this document will be

annually updated to reflect current status and progress. A formal revision

cycle will au torntLcally be ini tia ted by the JPO upon publication of a

new Program Management Directive.

The PMP and subsequent revisions shall not be used either by the

Government or Contractors as a specification document. Specifications

and requirements may be repeated herein) but only as a convenience to

implementing and supporting agencies.

ii



r-

TABIE OF CONTTS

Program S'l and Authorization. . . . . Section i
System Engineering . . . . . . . Section 2

Management . . . . . . . . . Section 3

Configuation Maagement . . . . . . . . . Section 4

Procurment. . . . . . Section 5

. . . . . Section 6

. Section 7

. Section 8

. Section 9

Section 10

Section 11

. . . . . Section 12

. . . . Section 13

Section 14

Test and Evaluation.

Communi c at ions /Ele ctroni c s

Ci viI Engineering. .

Logistics.

Operations . .

Personnel Training .

Securi ty . . . . . .

Manpower/Organization. . . .

Baseline List of Directives.

NOTE: The Intelligence Section (Secret) covering GPS
Survivability/Vulnerability and Threat Analysis is
a vailable upon reques t from the JPO. It is omi t ted
from this PMP in order to keep this document
unc1assj.fied.

iii



SEe TION I

PRCGRA SID AN AU'lORIZTION

1.1 Backgtm
1.2 Program AuthOrization

1.3 Aplicable Documntation

1.4 Imrtance Category

1.5 NAVST System Description

1. 5.1 Space System Segmnt

1. 5.2 User System Segmnt

1.5.3 Control System Segmnt

1.6 AcquiBi tion Approach

1.6.1 GPS Phae I
1.6.2 GPS Phe II
1.6.3 G1' Phse III

l-i



/~
SECTION I

PROGR 8m-MAY AN AUlHORIZATION

1.1 BACKGROUN

Since the eerly 60 r s, both the Navy and the Air Force have I'cti vely

pursued the idea that navigation and positioning could be performd using

radio signals transrn tted from space vehicles. The imptus for such a.

space-based system was the potential for a unversal positioning and

navigation system which could meet the needs of a broad spectru of users.

In addition, definite cost benefits would accrue by reducing the

proliferation of specialized equipments responsive only to perticular

mission requirements.

Each service emberked upn an extensive technology progrom of studies)

experilUents, and tests to demonstrate the feasibility of a Defense Navi-

gation 8atelli te System (DNSS). The Navy sponso

satellite programs: TRSIT, now operation~! ;ard TIMTION) a technology

program to advance the development of high stablll'ty oscillators, time

and three dimensiona navigation. he Air Force concurrently

preliminary concept fOrmations and system deSign studies for

a higly accurate three dimensiona navigation system called System 62lB.

The System 62lB concept an system techniques were verified in a series

of tests and expriments at Holloman Ai Force Base and the tfuite Sands

Hj.ssile Rane.

A key step in the integration of these activities Was the memorandwn

i Bsued by the Deputy Secretar of Defense on 17 April 1973. The memo

designated the Air Force as the Executive Service to coalesce the concepts

proposed for a DNSS into a comrehensive and cohesive DaD system. A systen~
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C0ncept designated NAVSTAR, Global Positioning System, emerged as the

synergistic combination of the best features of the previous navigation

Gatelli te concepts and included the Ary Fos/Nav requirements.

i .2 PROGR AUlORlZATION

The Development Concept Paper (OCP) #133, l5 April 1974, proposed

i:wO alternative programs leading to the acquisition of a

Global Positioning System (GPS). The GPS program was briefed to the

Defense Systems Acquisition Review Council (DSAC) on 13 December 1973.

On 22 December 1973, the Deputy Secretary of Defense) in a memo to the

0ecretaries of the Military Deparments, approved the NAVSTAR, GPS progriin.

1.3 APPLICABlE DOCUMATION

1. Deputy Secretary of Defense Memorandum "Defense Navigation

Satellite Development Program", 17 April 1973.

.
2. Development Concept Paper #133, NAVST, Global Positioning

::yster:, 1) AIJril 197i.~.

:3. Deputy Secretary of Defense Memo "llAVSTAR Global Foai t:1.oning

Sister." 22 Decef'oer 1973.

4. Program ~1aagement Directive No. R-S 4-cy5-( 1) "NAVSTAR Glob~

PosH i oning System" 2 May 1974 ~

:¡. AFSC Form 56: ~:( 75-1-711-33, 24 June 1974.

i,. öystem Specification for the NAVSTAR Global Positioning System

I'!i~u; I, Including Appendices I & II. SS-GPS-lOlB C1-07868, l5 April 197¡~.

"7. ;';y,item Segment Specification for the Control System Segrer.t of the

!;¡i'J~;'i'J\ i~lul'ßJ Positioning System, Phase 1. SS-CS-lOlA, CI-078IJ8,

.~'~ i'\;.Jrj' ir¡,r-~:.
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...~--- -*8. User System Segment Spcification for the NAVSTAR Global Positioning

3y~;tcm, Phase I, SS-US-lOlA, CI-(J868, 3 April 1974.

:). 3ystem Segment Speci:fication for the Space Vehicle System Segment

of the NAVSTAR Global Positioning System, Phase I, SS-SVS-iOlA, CI-07868,

26 June 1974.

10. Program Test Plan :for the NAVSTAR Global Positioning System

Phase I, Anex I, Integrated Logistics Suport Plan. YE-74-i02,

Cr-07868, 15 April 1974.

*11. Spcification :for the NAVSTAR Global Positioning System Inverted

Rane. ST-IR-iOlA, CI-0786" 15 Aprll 1974.

12. Joint Servce Global Positioning System Integrated Logistics

Support Plan for User Equipment, 15 April 1974.

*13. Spcification for the NAVSTAR Global Positioning System Test Pod,

STE-TP-IOlA, CI-07868, 15 April 1974.

14. "User EqUipment Design to Cost/Life Cycle-Cost Program," YEN-74-105, .

5 April 1974.

-~'l-i':3'? documents will 1)':; re-publisheà on 30 Septc:mber 1974.
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1.), JJvlRTANCE CATGORY

The GPS Importance Category is 2 (IC-2).

1.:: NAVSTAR SYST DESCIPlION

The Global Positioning System (GPS) 18 a space-based radio positioning

and navigation system that will provide extremely accurate three-dimensional

positior. and velocity informtion and system time to suitably equipped

users e.LJwhere on or neiu the earh. The GPS consists of three major

segments: Space System Segment; Control System Segment; and User System

Segment.

1. ) .1 Space System Segmnt: The operational GPS will deploy three planes

oî satellites in circular) 10)000 nautical mile orbits, with an inclination

of 630. Each plane would contain eight Satellites. Tlús deployment ',.:l.l

provide the satellite coverage for continuous) three dimensional pos1 tioning

and navigation. Each satellite Will transmit a composite signal at two

T.-;'and f'r"'quencie:,; consisting of a protected navigation signal and a clear

riavi.f;at ion 6i gnal. The signals contain navigation data such as satellite

C:Tihemel":i G, ",tmospheric propagation correction data) and satellite clock

Y':illS inîormation which is provided by the master control station. The

::(~'~')rid L-èiarid navigation signal will permit the user to determine the

i,Ol"_:,s~her:i.(: Kroup delay Or other Electro Magnetic disturbances in the

~iL;,li)cl'herc .

" .:' H' User System Segment: Using the navigation Signal from each of four

0aLellites, the user receiver measures four independent pseudo-ranges and

pseudo-range rates to the satellites. The user receiver/pr;~essor will
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then convert these pseudo-range and pseudo-range rates to three-

dimensional position, velocity, and system time. This position

solution is in earth-centered coordinates, which can be converted to

roiy coordinate frame or un! ts of measure the user requi res.

ì C:, ~..~,. /.J Control System Segment: Four widely separated Monitor Stations

(r,1S) will passivelytre.k all satellites in view, and accumulate ranging

data from the navigation signals. This informtion is processed at a

Master Control Station (HCS) to use in satellite orbit determination

and systematic error elimination.

The orbit determnation process derives progressively refined infor-

El.i.tj_on defining the gravitational field influencing the spacecraft motion,

sGlar pressirre parameters, the location, clock drifts and electronic delay

cÌlaracteristic8 of the ground stations, and other obcervable system

jnfluA.i-c(!S.

An upload station (ui) lOcated in the Continental United States, will

:,nUlsTiit the satellite ephemerides, clock drifts, and propagation delay

data tu the satellites as' required.

1. ':) ACQUISITiOn APFROACH

Several acquisition apprOaches were presented in DCP 1/133 for the GPS.

The a1ternative selected by the DSAC is an evolutionary) design-tü-cost,

de'lc1oDment and test program leading in Successive phases to an operational

GJ')bci Positi_oning System. Each phase is designed to build and expand On

the previous phase in e. integrated and cohe8ive maner. The decision at

DSMC I Was to proceed with Phse I, which concentrates On validation of

de:Jign concepts throug Development Test & Evaluation (DT&E) of user
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equipment. Follow-on efforts in Phase II, System Validation, will

complete the Initial Oprationa Test an Evaluation (IOl&E) of user

equipment end lead to an early liinted Oprational Capability of the

GPS. Finally, Phae III, Production, will develop the fu" global

capability of the system. (Figu l.2)
1.6.1 GPS Phase I

Phase I will encoms the first of three design-build-test-design

cycles to determne preferred user equipmnt configuations and validate

life cycle cost models in the design-to-cost process. Duing this phase,

Generalized Development Models (GDMa) or user equipment will be designed,

fabricated, and tested. Each Will have the capability to fuctionally

simuate several user equipment requirement clas8es which satisfy

a variety of mission applications. Six classes of user equipment require-

ments have initially been identi:fed by the Services (Figu 1.3). Final

determnation of operational user classes will result from tests on

developmnt models and review of missions to be performed. Thus, the

generalized development models will be testbeds to investigate and

evaluate alternative deSign concepts. Th user equipmnt will incorporate

a high degree of subassembly cominality throug the use of cormon modular

COmponents.

SUfficient quantities of user equipmnt sets will be procured to

support comprehensive DT. Paricular emphasis Is being placed on

developing prototyp low cost, reliable user equipment which can be used

by the largest user popuation segmnt in DOD. In addition, sets of the

more sophisticated typs of user equipmnt Will also be developed. Initial
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testing of user equipment will be supported by extensive use of an

iltv',rtL'ù rmlßC (grOtmd based simulatJon facility). Testing will transition

to the space-based ßystem as satellites become available. By the end of

Phase I, prototypes of the low cost user equipment will have started

IOT&E and the more sophisticated classes of equtprnent will have completed

DT&E .

Duing Phase 17 the space segmnt Will consist of four 8ubsynchronous,

processing sateiii tes: three Navigation Development Satellites (NDS 1-3)

latmched in Cy 77, and a Navigation Techrology Sat~iii te (NTS-2) launched

in Cy 76. The NDS satellites will be prtotypes of the operational

satellites.' Satellite survability :fom radiation will be investigated

in the early stages of the prototyp design. A spare satellite and latmch

vehicle will be procured for backup capability. The Navy wiD. sponsor

two Havigat:!.on Technology Satellites (NTS).

NTS-l Will investigate long term stability

of Hu()ìdi ur frequency standas an proide initial space-based testing

,"jf navigation signals and validation of signal chaacteristics transmitted

tc earh from space. NTS-2 Will prode navigation signals compatible

wi th tn,,: prototype lIDS satelli tea and continue expriments to space qualify

advanced frequency standas. Ths satellite constellation (l~S-2 and

iin::: 1-3) ',¡ill provide !! four-in-view geometry similar to the global system)

mid pcr;n1 t testing periods of up to three hours per day over selected test

arc:èl:: .
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The ground station, to be used for tracking and control of the

satellites, will be developed and tested as a prototype of an operational

ground station. The space and control segments together will provide a

test environment representative of the operational system to perform the

DT&E of the user equipment. In addition, limited demonstrations of

operational utility will be conducted. These consist of:

a. Coordinate bombing

b. Termnal navigation end landing approach capabilities

c. Airborne re:teling operationa

d. Navy coordinated Bea opera.tions

e. Ary land operations

f. Special operational techniqus for A-J margins and system Vler-

ability.

Progrssive demonstration of adtional oprational objectives 
will be

accomplished as the maturity ot user equipment develops to support each

phase of the joint test program.

1.6.2 GPS Phase II

A decision to continue into Phse II, System Validation, could be made

at DSARC II in FY 78. Phase II includes: (1) IOT&E and initial production

of the low cost class of user equipment; (2) fabrication and cærrletion of

IOT&E for all other classes of equipment; and (3) development, fabrication,

and initial production of operational (hadened) satellites. Duing Phase II,

ITh' i),S config-I

i
uration Will provide up to eight hours per day of continuous, four-in-view test i

i

i

i

addi t:tonal satellites will be launched to augnt those of Phase I to provide

a constellation of three satellites in each of three orbit planes.

1-11



;,1;,1,;,. After -tlic IOT&Ê of Ußer equipment is completed, the Gatellt lc::

"'.il.1 1e w1ifornily distributed in their orbit planes to provide worldwide,

C'JDtj,nuous, tyro-dimensional (2-D) navigation and positioning information

Ini tial production of the lovr cost User

cqu:p::ient W')uld be started at this time. This equipment would be

¡~'x,mD.tible with the fully operational system configuation. The ground

.:t~~tion wo\ild be placed in its operational configuration, so that by the

t:xl o:f Phase II, a global 2-D Limited Operational Capability (LOC) Would

1__e available for suitably equipped users (Figie 1.4).
1. C. 3 GPS Phase III

Phase III builds upon the two-dimensional navigation capability.

AU user equipment classes will be procured in prodUction lots, as

dete~nined by individual user requirements. Operational satellites will

uE:: Jaw1ched to augent the constellation deployed during Phase II. The

nwn1Jer of satellites will be determned by the exact orbit altitude) the

coveraße reqiúred, and considerl!tion of other performance issues including

'/ii-neni-biIHy. The ground station will inClude the Operational equipment

deveJ.opcd in Phase II, expanded and retrofitted at the component level) as

neces sary) to accormodate ful system operation. Operational testing will

002 C'ontinued in this phase to insur optimu system operation, and to obtain

DJJdi t ional information on the utilization of all types of user equipment

f,'r new military applications and tactics.

In sumary) each phased deploymnt provides extensive legacy value for

tlie next evolutionary step in the development of GPS.
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SECTION 2
Sys tern Engineering

~2. 0 System Engineering

This section provides a techiiical de:,cl'íj1ti,ciii '.f l,liL'

Gl')bal PositionÜig System (GPS) and the overall appro3ch to be tcikui

in system engineering. The System Description provided in sect ion 2.1

describes how a position solution is determined by the GPS, defines

the measure of performance and values expected and defines the navi-

gational signal structure. In the System Engineering Management para-

graph 2.2., the Phase I mission of the Engineering Directorate is stated

and the directorate organization is described. System and system segment,

development concepts are described. These include topics such as system

legacy from a development consideration, the user equipment development plan,

and the approach to provide required satellite clock accuracies. Specific

engineering disciplines such as reliability and maintainability; electro-

magnetic compatibility) etc.)a.e described in paragraph 2.3; System

Effecti veness. The objective is to utilize these disciplines Üi comple-

meè1tary relationships directed toward system performance and cost goals.

2 ì System Description

,-~. 1.1 Concept. The GPS is 8 space-based

radio navi,gation system that will provide GPS-equipped users with the

capability to precisely determine their three-dimensional position,

'Je lOci ty and time. Each GPS space vehicle (SV) ',¡ill generate and t,ran:o'id t,

t'dO GPS Navigation Signals. Also, each GPS user recei'rer will ¡:ener8te

a repltca eif the SV generated navigation signaL. \ohen the
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1':;''1"'; ::;.(;Ji:d in:iLcll,-~:: Ll\ LLmc ¡,he l'cceJvcl. ;.;V !,:'.~ji',T;¡i-,_:d

signal, a measurement of signal transmit time and user clock asyn-

chronization will be available. All signals emanating from the GPS

space vehicles will be synchronized by the GPS Control Segment_

'j.'llê only signal requiring synchroniza tion wil 1 be the user 's

locally generated signal. Users with very precise clocks could range

to three different space vehicles and determine their own position as

the calculated intersection of three spheres with centers at the space

vehicles. However, to avoid requiring each user to be equipped with a

very precise cLock, an additional independent range measurement is

utilized. Thus, measurement data from four space vehicles \vill be i'sed

to determine the user's three dimensional position and svstem time (see

Figure 2.1). In addi tion, the user measures doppler shift of the

four independent navigation signals to determine his three dimensional

velocity and the drift of his clock. When more than four (4) satel-

lites are within the user's line of sight, the user will select

a subset of four satellites to use in his position determination.

of the criteria that may be iised to select this slObset are:

Some

,'.j. HOls,tionships :.¡f satelli t,es iXi user t,(, ii-:c,Lirc: ";oj'Lbnllli

'~. L t

b. t-linimum ionospheric and tropospheric delay uncertainty.

Vie',,' ~,iiie ,,)f :-of"q,ce vehicle.
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; '..1.,' CI'S I't'i-lormancc, The user's singii~ rosition rix

;¡Cciii-;icv is fl function of the \lser's position rcLitive to the GPS

::, \~')i,~.i,.i-.:tt.'.')ji. TJie relai,lonshilJ be"LHeen Uw ii:;i~r'.: LUVLi,';,i1,; 'I'

accuracy and his relative position to the space vehicle constellation is

referred to as Geometric Dillution of Precision (GDOF), User

Equivalent Range Error (UERE) .1 ~ò defined the t~ncor-

related portion of the observed user range error. Thus, the user's

actual navigation accuracy is obtained by mul tiplying the UERE by the

GooP for the t:ser's position, During Phase I with only four space

vehicles available, the user's single position fix navigation accuracy

,vi 11 be approxima tel y three times the UERE (average GOOP of 3), The

components of UERE for Phase III and Phase I of the GPS are shown in

Table 2,1. The Space Vehicle Group Delay component of the Phase I

Error Budget will be applicable for two hours after all SVs are updated.

Al I other components of the Error Budget \.Jill be appl icable for twenty-

foiir hours after all SVs are updated. All values are '~)ne S.I¿Hl,'¡ (10-)

errors given in meters.

TABLE 2. I
GPS ERROR BUDGET

Phase III Phase I
Space Vehicle Ephemeris 1.6 , .

Atmospheric Delay 2.c:; to SJ,* ~~ - (; 1.(,' .. .. -x.

Space Vehicle Group Delay 1 ' , . (:

Rece i.ver Noise 1.6 1."

Hul tipa th 1.:; to-, 3. Cr* 1. . ) (,i";' 3. Ci-)~.)

To ta I R. S. S
~~ .9 to t. .c) ').9 !.'.; q ,l_-.~

*These error quantiti.es represent the \lse of different atmospheric delay
correction methods and different user environmental conditions, ValuL' in Iii 1.' ,':,
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2 .l. 2 .1 GPS Error Änalys is

Ephemeris. Space vehicle ephemeris error is defined aE: Uie difÙ;rence II

actual satellite ephemeris and the satellite ephemeris computed by the

user from the data provided in the Navigation Signal data frame. Since

the GPS satellites will be in l2-hour orbits, the effect of satellite in-

track and cross ~track ephemeris errors will be reduced. For example, a

three foot ephemeris in-track error projects to a one foot

error in range. Thus, the primary error source that will effect the

\ ser 's pos i tion determina tion is sa tel lite radia i posi tion error. In

addition, ephemeris errors conmon to the four range measurements will

cause a user clock calibration error rather than a user position error

beca\,'se the user clock asynchroniza tion is cornon to all four measurements.

The Naval Weapons Laboratory's operational experience with orbit

determination for Transit satellites (600 nmi altitude) has produced the

following conclusions.

a. Observed versus predicted values in the orbit determination

process check _vithin 2 m (rrs).

b. Extremely accurate laser tracking by NASA of Transit satel-

lites agrees with the NW ephemerides within 1 - 2 m (rms).

c. Long baseline interferometry experiments conducted by MIT

agree with Transit/Geoceiver surveys to within 1 m (rrs).

Ba s ed upon NW 's experience and the more favora b 1 e geome try

of GPS sa telli tes, there should be low risk in achieving

the satellite ephemeris accuracies specified in the Error Budget.

2-5
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Propaga tic'n Errors

A tmospheric delay error is defined as t,he à ifference beh1een

:!c L,IJ:,l ~;'LglJal prOIJagation delay through the ionosphere and troposphere

:md thc: delay determined by the user employing sui table ionosphere and

ti'opcsphere models. Since the ionospheric delay j,s a function of

frequency: two coherent signals can be used to calibl'ate the delay.

In this dual frequency calibration mode: the ionosphere delay unc ertainty

I-D OJ. f'LUìC:tion of the different in noise in the recei vel' chaimels.

The "Tarle. tion with frequency is shown in Figure 2.2. For GPS, the

c":,xiging error is. at most three times the interchannel nuise. P.

,,,oplÜstlcated modeling process can produce an equivalent ern)r. It

ie; cui'reni~ly anticìI.Jatecl that U3ers deinaricli,ng the è,esL GPS ctCCUrRcy

'..Jll use diic'l frequency calibration. A J.ess so:phist:Lcated ionoi:,hcl'ic

ll'.ide 1 w.ill be avai.lable for medium óè.ccuracy users. 'Tie t,rClpoq)hcric: 1)1'(;-

Jhga tlol1 delay model '\1111 probably be containeè. in the u~ser softvrare.

A c')llserva.tive estimate for a. user's tropospheric model requiring me'

exi.er-na1 dat.a indicates a vertical uncertainty of 1 meter (lcr) with

s:-JL,,;lLLiJè~'~ c.i-t, the zenith increasing to 3l meters (lcr) for a satellite

:.'I.i~ a 5-ch:g. elevation angle.

::;rac;:; 'lehicle Delays

31'i.ce vehicle group delay error is defined as the sum of delay

i I,llc(:rtal.n Ly in the SV, such as unmodelled clock drift and uncalibrated

c1c'lHY in signal equipment. The satellite group delay it: undistLnguishable

fi"'.o)" c'_ ,~:y. errors and wiii be accounted for in the c:L.'cy: i:'alibration proce:3S.
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Imed iately after a. ,ir~)l t dcterminat.iun solut.ion, the satellite clock

liiiCL't'L:iI-JLi.L:~; \-fill be the same for each sat-elliLa :JJJd ~~o hie-.,ily eul'-

)',_:lul,ed uctì.¡cen ~;atellites there is little or very sUght effecL. OJ) tj",C IJ:;cr'.

After t.IAJ hours the magnitude of the accumulated c: lock drift Hill be ,a:prux-

imately 7 nanGseconds ( -127 feet using a 1 x 10 clock in each satelli te.
User Errors

Receiver noise and resolution errOrs are l.he contributiOtJE,

,::f noise and measurement errors in the user navigátion receiver h-:,rd-

¡.¡re and sofb.¡are which perturb the correct navigation solution. The

U,":.er Equiprient Definition and Experiments test program

at White Sands Missile Range demonstrated that a receiver noise level

CoT five feei:, is conservative and cbtainable.

Mul t.ipath errol' is the affect of several proragation pa th::, from

:J~,:: SV to the user ìlhich corrupt the measurement of line-of-~:;:Lght

dis tance. Operational environments may cause mul tipath 8rrivals that

are comparable in amplitude to the line-of-sight signaL. However, the

GPS receiver searchs for the first signal to arrive and not the most

pOHerfèÜ signaL. Therefore) the likelihood of t,racking a multipath

signal that is delayed more than i-l code chips ( =: 49 m for P code) is

dra~;tically reCiucec1, If the time of arrival is sufficiently close to

that of the line-of-sight signal (less than l~ chips) the user receiver

¡lÍll nut be able to discriminate between the signals. The me.gri i tude of

tlF~ re sul t,ing ranging error will depend strongly on the lcw(i tÜil" Lend

n;:t1,ill'e nf reflEcting :"urfaces in the user environment.
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2.1.2.2 Signal Structure. The Global Positioning System (GPS) Navi-

gation Signal is a composite waveform consisting of a Protected (P)

Signal and a ClearlAcquisition (CIA) Signal transmitted in phase

quadrature. The P Signal is used by the precision military user and

\"íll resist jamming, spoofing, and multipath and will be deniable to

unauthorized users by employing transmission security (TRNSEC) devices.

¡The CIA Signal will serve as an aid to the aca~isítíon of the P Signal,

and will also provide a navigation signal in the clear to both the

military and civil user.

The navigation signals are transmitted on two channels: Li and

L2. Channel Li, the Primary Navigation Signal, is nominally centered

at 1575 MHz and shall carry both the P and the CIA Signals. Channel L2,

,the Secondary Navigation Signal, is nominally centered at 1230 MHz and

shall carry the P Signal or CIA signal. On the 12 channel, either P or

CIA can be selected through a telemetry controlled switch.

Both the P and the CIA Signals are pseudonoise biphase shift

keyed (PN/BPSK) continuous sinusoidal carriers. Both signals carry
system data. The chipping rates of the PN codes are 10.23 Mbps and

1023 Kbps for the P and the CIA Signals respectively. The system data

rate is 50 bps. Each Space Vehicle is assigned a unique set of PN codes.

111(; P code repeats each seven (7) days, and the CIA code repeats each

to ~.econd. This waveform is specifically designed to allow system

time to be conveniently and directly extracted in terms of standard

units of days) hours, minutes) and int.rger mul tiples and submul tiples

of the second.
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'llif~ :iyst,em data contains inforrnatiofll.¡hidJ a.Llul,ls !Jie 11:.;(;;' (,(I 11;I,;I:'.;li,"

:;ljl:(:(;:;:'1'1111:/ \.¡itl¡ GPS. It will provide space vehicle ephemerides,. :.;yi:c\','iì

tjme-of-1Jc,:k,space vehicle clock behavior data, system status messages,

anù CIA to P Signal handover information. The data stream will be

common to both the P and the CIA Signals on both Li and 12,

The P Signal is a continuous sinusoidal carrier, biphase

modi:la ted according to the modulo-2 sum of a PN code and a synchronous

data bit stream. The P codes \.¡ill be generated si'ch that no space

veh icle shall dupl ica te the output of any other space vehicle before

seven (7) days have elapsed in system time. The period of the code

,,'ilJ be s¡'fficiently long 267 days) to acconunodate 32 different

initial code phases) each displaced by a minimum of seven (7) days

(i " 1, 2 , 32), The same basic code generator will be ¡'sed by

all GPS P Signal transmitters with each one assigned one of the 32

possible unique code phases.

The CIA Signal is a continuous sinusoidal carrier, biphase

r,iodt:lated according to the modulo-2 sum of a 1023 bit Gold code

sequence) a Manche s ter code, and a synchronous da ta bit stream. One

of 32 different codes ,,,ithin the 1023 bit Gold code family will be lIsed

for each CIA Signal transmitter. The codes wi.l be selected to have

lO'N envelope cross-correlation with any other code in the Gold family

for all possible shifts of the code and doppler conditions.
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2.2 Phase I System Segment Descriptions

2.2. 1 Phase I User System Segment

Each user equipment set will receive the navigation signals

transmi tted by the GPS satellites and provide the opera tor with three-

dimensional pos/nav information, and system ti.me-or-week. A typical

user equipment set will consist of an antenna, receiver J data processor J

control/display, power supply, and interface uni.ts. Figure 2.3 depicts

how these units are functionally related. The functions are:

a. Detect and acquire the navigation signals generated by

the GPS sa telli tes.

b. Track the acquired signals.

c. Discriminate against multipath signals.

d. Provide immnity against intentional jaming and spoofing.

e. Perform corrections for ionospheric signal delay J either by

mathematical modeling or through RF signal measurement techniques.

f. Extract the data contained in the received navigation signals.

g. Accomplish the pseudo-range and pseudo-range-rate measure-

ments as required.

h. Compute and output the user i s three-dimensional position

and velocity and system time in the required formt.

The antenna assembly directs available signals to the RF input

of the receiver assembly. The antenna assembly includes the antenna,

transmission lines, filters, RF pre-amplifiers and antenna gain pattern

controls.

2-11
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/ ._-

The receiver assembly accepts and operates on the output

of the antenna assembly. The receiver OU tpu te the

pseudo-range, pseudo-range rate, and system data extracted from na vi-

gation signals to the data processor via appropriate interface

device( s). Each receiver accepts data from the data processor

to aid in the acquisition of the available navigation signls.

The data processor (a) accepts and processes the outputs of

recei vel', control/display, auxiliary sensors (if any) via their

respective interface devices, and (b) outputs the proper quantity,

quality, and form of data required by the remaining elements to support

the operations of the set. As a minim, the processor will:

(l) supply navigation signl acquisition and

tracking aiding data to the receiver through the interface) (2) accept

mode control commnds from the controJ.:jdisplay unit and provide for

altering the processing of computer programs or other equipment ~unctions)

(3) convert the system data and pseudo-range/range-rate measurements into

system time and three-dimensional position and velocity, and (4) accept

supporting navigational data from auxiliary sensors (if integrated) to

refine the navigation solution and support user set operations as weii

as monitor and control self test (BIT) diagnosis. 'rhe processor has executiv

control of all user equipment set functions.

The control/display unit (a) displays and disseminates the

data required by the operator in the required quantity and form and (b)

provides manual control over selected user equipment functions.

2-l3
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The power supply unit provides, controls, condi tions and

distributes t.he power required to SUpport all functions of the user

equipment set..

The interface unit enables all elements of the set to interact

mechanically and electrically as required. The interface units also

Support interactions between the set and the host vehicle.

2.2.1. 1 UE Development

The emphasis in user equ ipment development during Phase I

is on the receiver. The other components will be off-the-shelf eXisting

eqnipment where possible.

TI1ree types of user equipment called User Equipment Sets X,

Y, and Z will be developed during Phase I. The data processor) control

nnd display unit) power suPIÙy and interface unit will be identical for

develoiment models of Sets X and Y. Prototype Set Z user equipment to

be developed in Phase I will not be cons trained to off -the -she If

C"lUrx,nents.

Figure 2.4 summrizes the attributes of User Equipment Sets X,

Y, and Z. Bo th X and Yare required to have operating modes that allow

the set to (a) receive navigation signals on Li and L2, (b) navigate

with either the P or the C/ft. signal, (c) acquire the P na.viga.tion

f,ignals through the use of the CIA signal or directly, (d) make dual

frequency measurements Or use a static model to correct for ionosiiheric

c;i.ßnal Tropaga tion delay. The Set X receiver shall be ca.pable of

,:,Ünultaneous1y operating on four or more different navigation signals.
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The Set Y receiver is only required to operate on one or more different

navigation signals at a time. Equipment Set Z operates on the CIA

signal only. It is required to operate on one or more different

navigation signals at a time in a continuous or sequential manner as

required. The primary attribute of User Equipment Set Z is that it be

a low cost user set.

User equipment Sets X and Y will consist of 3 boxes plus the

antennas and interconnecting cables, depicted in Figure :? 5. The Z

rr'ütc't~r'pe user sets, for initial operational test and evaluation) are

e.xp'2c~ed ta fill a 3/LI A'1'R box. The 3/4 ATR box contains the receiver)

prc,cessor, :Lnterface iinit, and power supply. The antenna, interconnecting

cal;,Les and centrol/ display unit are separate.
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~) ~) r)" -I .t. l')¡; Lf;(~ I Control Sys tem Segment

; ! . ~~ .;? . i Q':ncl'al

located on Vandenberg AFB. MS's will be located on Guam and in the

Air Force 3s.telli te Control Facility (AFSCF). The MCS and ULS will be

The segment is sUpported by the Naval Weapons Laboratory (NW) and t.he

Station (MCS)) an Upload Station (ULS)) and three MOnitor Stations (MSc).

'lhe Cont.rol System Segment is composed of a Master Control

states of Hawaii and Alaska (see Figure 2.6).

'r1'e mOlli tJ)r st.,r. tion receivers

perform dual frequency pseudo range measurements to the space

vehicles using u",er system segment receiver. Locally

fon-far-ded to the MCB via data commnications circuits. 'l'he MCB pro-

coller.ted meteorological data and the space vehicle tracking deta are

cesses the 118 collected da.ta to correct the reference

delay, biases, etc.

for t.he effects of eys tema tic influences) e. g.) relati vi ty) ionospheric

EU,SO determines clock performance for each space vehicle, and accounts

ephemeris IJrov.i.ded by NW for each space vehicle. The MCS processing

The major data product from the MCS is an upd"te message which is flJr-

',.mrded i;; tbt: ULi.: for transmission to the space vehicle.

The MCS periodically forwards MS tracking data to NW ¡.here

a.n e.\:Üd~í.ng ephemeris program
generates the reference ephemeris,

u:ôed b.\' the MCS. The MCS is capable of accepting processed telemetry

clai~n from t,he AFSCF. ':i'he MCS can send the AFSCF the SIJEi.ce veJiicle ixpd,Cl"'~e

messagf'S 1'01' upload t.o the space vehicles should a ULS fa.ilure Occur.
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The MCS and ULS will jointly occupy the PREWRT Building 22i04

al. V:iiiikrrbcrg 'I'nickl.ng StatLon. This building will lie adu)itcd to house

l,he ladiu frequency and data processing equipment arid pen,onnel needed

for ihe MCS and ULS functions. An engineering conception of the Control

System Segment hardware is depicted in Figure 2.7. A building under the

control of the 1931st Comm Gp at Elmendorf AFB, a building under the

control of Navy Ast,ronautics Gp at NAVCOMSTA Honolulu, and the Mobile

Tracking Station area at Guam Tracking Station have been tentativel;y

identified to house MS's. The Guam 1nstallation w1ll iirobably use a

t.ransportable shelter or van due to the lack of available -bUildings.

2.2.2.2 M:ni-tor Station

Each Noni tor Station includes a user equipment receiveè:

(either Class X or Y), a compu'ter, a rneteorologj.cal sensor ,t.est, cmd

calibration equipment, data commnications equipment, a Cesiuin clock)

a time base generator, and stand-by power supplies for critical i terns.

The computer may be supplied as a portion of the usel' equipment set.

This equipment Hill be housed in two 19 inch Hidth racks. A teletype

uni t is part of the test interface with the computer. With the ex-

ception of' the receiver and some of the test equipment, this equipment

is commercially available.

2.2.2. '3 Upload Station

~1e Upload Station consists of one kilo1mtt S-band and SGLS-

typr" transmitter, a computer with disc storage, an operat,or's CRT display,

',-" u::,er receiver) all othel' equipment. needed to complete a Monitor

Sta,tion, and a radome-enclosed i4-foot parabolic antenna Hith its
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