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1. Introduction 

The Navstar Globa l  Positioning System i s  now in the production and deploy- 
ment phase o r  t h e  s o  c a l l e d  phase 111. This paper dl1 give  an overview and 
cu r r en t  s t a t u s  of t h e  t h r e e  segments of the GPS s y s t e m .  It will present  t hc  
User E q u i p m e n t  (UE) w i t h  emphasis on t h e i r  prec ise  tJme dissernfr;atrl.on 
c a p a b i l i t i e s ,  t e s t  p lans  f o r  the UE time i n t e r f a c e s  and d e l i v e r y  schedulcs 
f o r  User Equipment.  Some a p p l i c a t i o n s  of Precise T i m e  and T i m e  I n t e r v a l  
(PTTI) i n  m i l i t a r y  o p e r a t i o n s  will al.so be d t scussed .  
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Figure  1 Navstar GPS Major S e g m e n t s  



2. GPS System Overview 

The NAVSThFi GLOBAL POSITIONING SYSTEM (GPS) is a space based radio naviga- 
tion system which provides a global, continuous position, velocity and time 
capability. The GPS system is comprised of three major segments: Space-, 
Control- and User-, see Figure 1. The GPS development and production 
program for all three segments is managed by the US Air Force Systems 
Command / Space Division, Navstar GPS Joint Program Office (JPO) at ios 
Angeles Air Force Station, CA. The JPO i s  manned by personnel from: US Air 
Force, US Navy, US Army, US Marine Corps, US Coast Guard, Defenae Mapping 
Agency and NATO. 

2.1 Space Segment 

The GPS space segment, when fully operational, will consist of 18 opera- 
tional satellites and 3 active spares. The satellites will be placed in 6 
orbital planes with 3 operational satellites in each plane and an active 
spare in every other plane, see Figure 2. The satellite orbital planes dl1 
have an inclination relative to the equator of 55" and a circular orbit: 
height of 20,200 km, which dictates that the satellites will have an 
orbital period of approximarely 12 hours. T h e  satellites ere developed and 
are being produced by Roclcwell International Incorporated, Seal Beach, 
Celifornia. The satellites will be positioned such that a mi~imum of 4 
satellites are always visible to a user anywhere on earth. The satellites 
transmit on two frequencies L = 1575.42 KHz and L2 = 1227.6 MIIZ. The 

1 
satellites transmit their signals using spread spectrum techniques and t w o  
types of spreading functions: the CIA-code ard the P-code on L and the 

;I 
P-code only on L . The C/A-code or the "~oarse/Acquisition -code is 
available to any &S user, military or civilian, but the P-code, or the 
"Precisionw-code, is o n l y  available to US military userc, NATO military 
users and other military znd civilian users authorized by the US Department 
of Defense, The codes are used to lock on to the satellite signals and to 
determine the range between the satellite and the user. Since only the 
Y-code is on both frequencies, o n l y  authorized users can make dual 
frequency comparisons to compensate for ionospheric delay errors. The 
CIA-code user has to use a model of the ionosphere which gives a lower 
navigation accuracy. Superimposed on both the P-code and the c/A-code is 
the NAVIGATION-message, containing satellite ephemeris data, atmospheric 
propagation correction data and satellite clock bias information. 

2.2 Control segment 

The Control segment has been developed and built by International Eusiness 
Machines ( I B M ) ,  Gaithersburg, Maryland and ccnsists of one !laster Cor-trol 
Station ( 1 4 ~ 5 )  at Falcon AFS in Colorado Springs, Colorado and monitor 
stations at Hawaii, Kwajalein, Diego Garcia and Ascencion. See figure 3. 
All monitor stations except Hawaii are also equipped with ground antennas 
for communicarion with the GPS satellites. 



Figure 2 Operational Satellite Constellatlon 
18 Operational S~tellltes Plus 3 Active Spares 

The monitor stations passiveiy track all GPS satellites in view, co l l ec t i , ng  
range and c l cck  data from the satellites. This information is passed on to 
the l*ICS, where it is compared agairst predicted ephemeris and clock drift 
data. Corrected navigation message informatio~ is uploaded to the 
satellites via one of the ground antennas, and the information is then made 
available to the user via the satellites NAV-message. 

2.3 User Segment 

The Phase I11 User Equipment (UE) is developed by Rockwell/Collins 
Government Avionics Division, Cedar R a p i d s ,  Iowa.  The UE will be used by 
USAF, USN, USA and USMC. The most common use of EPS will be f o r  navigation 
purposes ,  and the  design of the UE reflects that use. The majority of 
military vehicles will have GPS installed and will use it f o r  many 
different applications, some of them shown in figure 4. However, the 
equipment can also meet most requirements for precise time dissemination 
for many military users. 



3. Space Segment Status 

3.1 Block I Satellites 

Currently 6 out of the 10 Block I development satellites on orbit are 
functioning satisfactorily. Navstar 3 is nea r ing  the end of its useful 
lifetime due to solar array degradation. Navstar 4 lost its last atomic 
clock and is currently running on a crystal oscillator which provides 
reduced pscudorange accuracy. Due to these problems Navstar 4 was set 
unhealthy and cannot be used by Rockwell-Collins UE. To back up Navstar 3 
and 4, Navstar 11 is being rephased to improve the constellation coverage 
time over Yuma Proving Ground, Arizona, where J P O ' s  GPS field test 
facilities are located. The rephasing of Navstar 11 started in October - 86 
and i s  scheduled to be completed in April - 87. Old, current and new 
posLtion of Navstar 11 are shown in Figure 5. 

ti M A S T E R  CONTROL  S T A T I O N  P.iONlTOU S T A T I O N  A G R O U N D  ANI .ENNA 

Figure 3 GPS Control Segment Locations 
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Figure 4 Some GPS Applications 

3 , 2  Block I1 S a t c l - l i t e s  

The development of Block IT operation~il h'avstar sate1li.t~~ is completed, 
and production had already started whcn the Challenger accident happened. 
The Block TI satellites were designed to be lsunched f r o m  the shuttle only, 
so the accident created three major problems: 

1) Storage of already built Black 11 satellites 
2) Change of production schedule for the remainder of the satellites 
3 )  Redesign of some satellites to allow litur,c'ning on Expendable Launch 

Vehicl~s (ELVs). 

The first two Block I1 satellites, Navstar 13 and 14 were already so close 
to completion at the time of the shuttle accident that the JPO dec ided  to 
go ahcad and complete assembling and testing them. Navstar 13 will be 
shlpped to Cape Canaveral for system and compatibility testjng. This 
operation wlll give valuable experience and knowledge to support: later 
shuttle-launch o p e r a t i o i l s  of Navstar satel.lites. Storage of the subsequent: 
satellites has not yet been determined. 
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F i g u r e  5 Block I Satellite Constellation 

3.2.2 New Production Schedule 

Due to the launch delay, the production schedule for the satellites had to 
be modified.  The new schedule that JPO is working on will match the new 
launch schedule. The satellites will be assembled and tested such that they 
are ready s h o r t l y  before launch, since long term storage of satellites is 
very expensive. The current schedule calls for the first: GPS launch in 
early 1989, although the potential exists for one more launch in 1988, 
depending on ELV contractor selection and national priorities. 



3.2.3 Satellite Launch on FLV's 

Because of the shuttle delay, the JPO plans to launch some of the satel- 
lites on E L V s  to have the operational constellation on orbit as soon as 
possible. The JPO supported a competitive procurement by Space Division of 
12 Medium Launch Vehicles (MLvs) in the summer of 1986. Source selection 
will take place in February 1987. The four bidders and their candida te  MZVs 
are : 

McDonell-Douglas - "Stretched Delta" 
General Dynamics - Atlas Centaur 
Martin Marietta - Titan 34D 
Boeing-Iiughes - New design 

The US DoD has also c o n s i d e r e d  the possibility of using the European driane 
booster to launch some of the satellites. 

3.2.4 Launch Schedule for the  Satellites 

The overall delay in deployment of Navstar satellites due to the Shuttle 
accident is expected to be approximately two years. Figure 6 shows the 
original launch schedule and the current plans for launches using both the 
Shuttle and K L V s .  

FY87 FPSE FY89 FY90 FY91 FY92 
Original schedule 6 7 7 4 4 
New shuttle schedule 4 6 6 
NLV launch schedule 3 4 4 1 
S h u t t l e  and MLV t o t a l  7 10 10  1 

Figure 6 Launch Schedules 

The new dates for 2 - Dimensicnzl and 3 - Dimensional capability compared 
to the original planned dates are shown in figure 7 .  

2-D C a p a b i l i t y  3-D Capab i l i - ty  21 Satellites 

Orig. Schedule June 88 June 89 October 89 
New schedule April 90 October 90 January 9 1 

(October 89)  (September 90) 

Figure 7 Schedule f o r  2-D and 3-D Coverage 

The dates in parenthesis i n d i c a t e s  2-D and 3-D capability with 4 Block I 
satellites still operational through 1989. 



4. Control Segment status 

The transltion from the I n i t i a l  Control System ( I C S )  at Vandenberg AFB, 
California to the Operatlonal Control System (OCS)  at the Consolidated 
Space Operations Center (CSOC) at Falcon AFS, Colorado Springs, Colorado is 
completed. On-orbit operations are being performed from CSOC. Five crews of 
operators have been trained so far, and addition21 training is cont inu ing .  
The transition of logistics support operati-ons from Space Division to Space 
Command is in progress and will be completed by 1988. Threc hydrogen maser 
clocks will be placed at CSOC together with a couple of cesium clocks and 
they a r e  expected to give the CSOC a Universal Time Coordinated (UTC) time 
accuracy capability in the order of 10 ns. The I n t e r f a c e  Control Document, 
ICD-GPS-202, between US Naval Observa to ry  (USNO) and CSOC for UTC time 
control has been signed off by USNO ar,d JPO, 

5. User Segment Status 

The Joint Requirements and Management Board (3XB) approved a Limited Rate 
Initial Productr ion (IBIP) program for GPS UX on 16 June 1986. The first 
production standard sets for test purposes will be delivered in lare 1987, 
and dur2ng  the next two years,  sround two hundred sets will be delivered 
each year. The IXIP currently or-ly involves Fiscal Year (FY) 1986, 87 and 
88, but FY 89 night be added later. The 520 has also started a second 
s c u r c e  program which w i l l  have f u l l .  effect for the recompetition of the UE 
production contract in 1989 or 1990. Selection of  the second source 
competitors is planned to take place in 1387. The overall plan is to buy 
some 27,000 sets between 1989 and 1999. The quantities and the procurement 
schedule are shown in figure 8. Actual delivery is 18 - 30 months after any 
order is placed. 

6. User Equipment Time Interfaces 

The DoD's GPS RCVRE will have three different interfac~s that output 
precise time. Also ope of these interfaces will receive precise time inputs 
from an external source.  The interfaces are : 

I n t ~ r f  ace Document 

Instrumentation Port (ICD-GPS-215) 
Precise Time and Tine Interval (LCD-GPS-060) 
Have Quick (ICD-GPS-060) 
NIL-STD-1553 data Eus (ICD-GPS-059) 



The overall plan Is to buy some 27,000 sets between 1989 and 1999. The 
quantities and the procurement schedule are shown in Figure 8. Actual 
d e l i v e r y  i s  18 - 30 months after any o r d e r  is p laced .  
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F i g u r e  8 GPS UE Quantities and Procurencnt Schedule 

6.1 Instrumentaticn Pcrt (IF) 

The IF i s  designed for test and maintenance p u r p o s e s ,  but: it will have some 
o p e r a t i o n a l  data blocks availsble. One set of operational data consists of 
a sharp rise tine pulse (call .ed a Time Mark) and an associated Tine Mark 
data block. The Time Mark and the associated Time Mark data block are 
o u t p u t  once per secortd and g i v e  LTC and GPS t i n e  information. The Tine Mark 
does not represent UTC one second rollover. - 

6.2 Precise Time and Time Intervsl ( P T T I )  

The PTTI interface is a two-way interface for precise time input and 
outputs. 



The inputs/outputs are as shown in Figure 9. 

1 PFS 
BCD TIME CODE 

GPS RCVR 
1 PPS 
1 PPM 
ECD TIME CODE 

Figure 9 PTTI-interface 

6 .2 .1  1 PPS Input and BCD Time Code 

The one Pulse Per Second (1PPS)  input pulse to the GPS RCJT represents the 
UTC one second rollover as determined by an external tine s tandard .  In 
conjunction with the 1 PPS is a BCD tine code that identifies the UTC tine 
of the previous tine pulse. The BCD time code format consists of hours, 
minutes,  seconds, day of year and a Time F i g u r e  Of bierit (TFoM). The BCD 
t ime code is transferred with a bit rate of 50 bps.  The 1 PPS input is only 
used to initialize the GPS RCVR and cannot be used instead of a satellite 
if only 3 satellites a r e  visible. 

6 . 2 . 2  1 PPS/ 1 PPM Ourput 

The l P P S  output p u l s e  represents the UTC second rollover as determined by 
the GPS RCVR. A one Pulse Per Minute (1 PPM) p u l s e  that represents the UTC 
minute rollover is also a v a i l a b l e .  The same BCD time code format as des- 
cribed in 7.2.1 is also output. 

6.3 Have-Ouick ( I T - Q )  

The H-Q interface is designed s p e c i f i c a l l y  for the Have-Quick 11 anti-jam 
comunication system and is an output only time port. The HQ data message 
consists of hours, minutes, seconds, day of year ,  y e a r  and TFOM. The HQ 
data a r e  transferred using a diphase  Manchester I1 transmission at 1667 
bps. 

6 . 4  FLIL-STD-1553 Data Bus 

The 1 PPS pulse and the 1553 110 port available on RCVR 3A nay be used in 
combination to exchange precise time information between the UE and the  
Host Vehicle systems. The 1 PPS pulse will mark the precise time of the one 
second roll over, and the 1553 data bus i s  used to d e s c r i b e  that time in a 
message transfer following the one second pulse. 



7. GPS RCVR's and Their  In te r faces  

The JPO has developed a family of GPS RCVR's t o  be used by a l l  m i l i t a r y  
servi.ces. The different types of GPS s e t s  and t h e i r  t ime in te r faces  t ha t  
w l l l  be a v a i l a b l e  are shown i n  f i g u r e  10.  

- 
NO .OF 

RCVR CIUNNELS IiOST VEHICLE SFZVICE T I > E  PORT 

Manpack 1 ~ a n / ~ o w  dynamic USA/USN/ I P ,  HQ 
veh ic l e  U S A F / ~ S ? I C  

RCVR Hel icopter  USA 
RCVR OIi 2 l ie l icopter  USA IP 
RCSI?: C 4  Airplzne USA 

PLCS;R 35 5 Sh ips / submar ines  USN IP , EIQ , PTTI 

F i g u r e  10 Types  of  G 1 S  s e t s  and t h e i r  time irlterfaces 

8. Tine b .ccuracies  f o r  the Tine I n t e r f a c e s  

The t i m e  accuracies expected to be avai1abl.e from the  d i f f e r e n t  GPS R C S T ' s  
and t h e i r  respective i n t e r f a c e s  a r e  shown i n  f igure  11. A l l  t i m e  accuracies 
i n  t h e  t a b l e  a r e  abso lu t e  t ime accu rac i e s  re fe renced  t o  UTC. 

OUTPUT PORTS IP HC PTTI 
RCVR 

Iskinpack 1 microsec 10  microsec N/A 
(Notes  2 , 5 )  (No tes  2 , 5 )  

RCVR OH/UH/C~ 1 r,:icrosec 
(Notes 2 ,5)  

RCVR 3A 57 nanosec (PAS)  10 n i c r o s e c  57 nanosec (RMS) 
(Notes 1,3,5) (Notes 2 , 5 )  (Notes 1 ,3 ,5 )  

63 nanosec (HE) 
(Notes  4 , 5 )  

RCVR 35 57 nanosec (RMS) 10  microsec  57 nanosec RMS 
(I lo tes  1 ,3 ,5)  (Notes 2 ,5)  (Notes  1,3,5) 

Figure 11 GPS time p o r t  accuracies 



Note 1) 57 nanosec accuracy presumes total user network referenced to UTC 
and stationaryllow dynamic environment. 

Note 2) The IP and the HQ tine accuracies on the Manpack and the IP time 
accuracy on the RCVR OH, RCVR UM and RCVR C 4  are expected to be 
obtainable even if only 3 satellites are available. 

Note 3 )  The IP and PTTI time accuracies on RCVR 3A and RCVR 35 are expected 
to be several tines poorer if only 3 satellites are available. 

Note 4) RCVR 3A PTTI time accuracy is expected to be 63 nanoseconds in a 
state 3 (code tracking only), IIJS aided, 1 .5  g situation. 

Note 5) All numbers a r e  based on simulations and analysis and not on actual 
performance r e s u l t s .  

Test Plans for GPS bT Time Capsbilities 

The I!aval Research Laboratory (NRL) is assisting the JPO in the planning of 
time accuracy testing and they will also conduct the testing of the pro- 
duction sets. The JPO will provide NPL with a full scale development model 
GPS RCVR in the near future to be used by NRI, to familiarize themselves 
with the Collins design. Production model RCVRs will not be avei.lable for 
time testing before early 1988, but in the interim NRL will develop dc- 
tailed test plans and act as consultants to JPO on precise time related 
issues. 

10. PTTI Applications 

Very few programs have stated any timing requirements or informed the JPO 
about their potential interest in the precise time capabilities of the UE. 
The Eave-Quick program office and the Navy (represented by SPAWAR, NADC and 
NRL) have been active participants in the working process  of d e f i n i n g  the 
time interfaces for the Phase I11 User Equipmenr, and Tactical Air Command 
has stated the requirement for tine accuracy for JTIGS, Regency Net, and 
Mark IV IFF. No o the r  programslagencies requirements are known to the JPO 
today. The list of candidate programs for using the GPS precise tine 
capabilities as seen by the JPO consists of: 

- JTIDS 
- Have-Quick 
- Mark XV IFF 
- N e t  
- Atonic clock c a l i b r a t i o n  
- Milstar 
The GPS system will soon be operational and serve a variety of users. The 
JPO is eager to ensure that they do as much as possible for the precise 
time community and their needs and therefore encourage anyone with a need 
for better, new or other precise time dissemination capabilities to make 



t h e i r  needs o r  concerns known t o  t h e  Navstar GPS J o i n t  Program Office 
th rough  t h e  p r o p e r  channels.  

11. Summary 

The Navstar GPS progrzm i s  in the p r o d u c t i o n  2nd deployment  phase and will 
become operational in a few y e a r s .  ' f i e  US DoD will p r o c u r c  some 27000 GPS 
UE, all. w i t h  some s o r t  of  p r e c i s e  time diss~mination capabiliti~s ranging 
f r o m  10 microseconds  t o  57 nanoseconds. it i s  t h e r e f o r e  very i m p o r t a n t  t h a t  
u s e r s  of p r e c i s e  tine in t h e  mi l i t2 . ry  services make their precise time 
requ i rements  known t o  t h e  JPO. 



QUESTIONS AND AN= 

DAVID 41AIAhi, NATTONAI, HI~WAU OE CjTA3DAlIDS : ( m you c-onlrner~t Irt t h c  pL:t~~s f ' crr ,  
t ~ s t  i r ~  cic~gr'aciaLior~ and what impact that wi l l  I)? t o t hc p i \  r I i 1x1 st:c.i or.'? 

I,C'DR NTEIJWE,JAAR: A s  a fore igner ,  I m nut lrn i t cd  t a  ;%rq-t-hlr~g I hat  c lrx:j Lu r ~ i t  h 
degraded accuracy s o  I do not know nnx.11 more t 11an you do a b u t  j t .  ,411 T l < r ~ o \ ~  
is hhat is st,ntr,d i n  t kc? Jo\nr-~lal of 9al iga t ion .  You !<nor,. t ht: I00 n i c t  t.r.5 , so 
you can w o r k  I~zclrwards t o  sot: what s o r t  u f  tlmu acrur.nc,y t2h:tt r j i  l 1 g I 1 c you. 

MR. BLTISSON: I might, be ;ihlc. t u  :M-lswer that  . T h c r c  has Lccn i.i c>w~c.f:.l 1,tl ion of 
w l w r  number 27 arld we arSe rep1 aci r g  i t, t,h sb afternoon 1 ~ 1 t h  Yllic: E 1 t 1 ,  w t ~ n  
is: t h e  I)MA represer~tnt i .vc~ a t  JF3 nrl C ' i x - i l  ,2c.c>rlss f r , r  N.AVSTL4R-(:;PS Prrv:lbc 
Posi  t,i oning Servi ccf . T t . h i td~  tha t  Yikc r ~ i l  l 1 3 ~  ; ~ b  1 o t o  g l \ T ~ J  you some inf'orbnla- 
Lion on t h a t .  

M R .  BIJTSSCIN : I f '  Idhere are no ot-her qur-s t ion..;, I have onc rnj iicl f '  . Or1 >?JA\-S'TAR 1 1 , 
when you reposit ion i t ,  is t h i s  a  r u n t  i n u o ~ i s  micro-t,hr~.ist o r  \%,ill it bt, d i s -  
crete ,jumps i n  the  orbit '.' 

LCDR. NIEUWEJAAR: A s  far 3s I know, they r c i l l  . just gi\tcl i t  a l i t t l e  boo:st 
it w i l l  go along wi th  a l i t t l e  higher speed than normal un t i l  i t  rcuchus the  
p r o p r  point .  T h i s  uses t h e  least f u e l  and t h a t  is why it takes a long t. imr-\ t,o 
n m k e  t,he change. 


