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ABSTRACT 

A sate1 l i  t e  time receiver has been tes ted  by the 
Air Force Wright Aeronautical Laboratories in 
various environmental conditions duri ng the past 
year.  The commercial receiver which was designed 
t o  work with the National Oceanic and  Atmospheric 
Administration's (NOAA) Geostationary Operational 
Environmental Sate1 1 i t e s  (GOES) was purchased from 
Arbiter  Systems, Inc. The t e s t  program included 
operation a t  low elevation angles ( l e s s  t h a n  f i ve  
degrees) ,  operation during f l i g h t  in a mi l i tary  
cargo a i r c r a f t  and long term comparison with 
laboratory standards. 

Modern mil i tary  spread spectrum communications 
systems require accurate tirning to  achieve 
synchronization. These systems wil l  be deployed 
on various mobile platforms with at tendant s t a r t -  
u p  problems a t  remote locations.  The GOES 
sate1 l i  t e  time receiver o f fe r s  an opportunity 
t o  provide easy wide area coverage synchronization 
a t  low cost .  

Two receivers were delivered in December 1979. 
One was carried t o  Thule, Greenland in March 1980 
where the elevation angle was l ess  than f ive  
degrees. Coniparisons were made a t  Thule, Greenland 
and Goose Bay,  Labrador with a Hewlett Packard 
Rubidium Traveling Clock. T e s t  r e su l t s  from t h i s  
trip will  be presented. The r e su l t s  of long term 
tes t ing  which has been performed a t  Wright- 
Patterson Air Force Base t o  determine the re l i ab i -  
1 i t y  and accuracy fo r  use in t e s t ing  of potential  
mi l i tary  communication systems will be presented. 
The t e s t  phase which involves integration in to  the 
t e s t  a i r c r a f t  and  related t e s t  r esu l t s  will be 
described. 



INTRODUCTION 

Modern m i  1 i t a r y  spread spectrum comnuni cat ions systems requ i re  accurate 
t im ing  t o  achieve synchronizat ion. These systems w i l l  be deployed on 
various mobi le platforms w i t h  at tendant  s ta r t -up  problems a t  remote 
locat ions .  I n  many spread spectrum comnunication systems,l y 2 * 3 9 4  t ime 
i s  used as a parameter t o  s t a r t  o r  t o  be a p a r t  of the  pseudo-random 
sequence. I n  the eva luat ion  o f  prototypes, t ime accuracy one t o  two 
orders g rea te r  than requ i red  by the prototype, i s  an a i d  t o  the  t e s t  
e f f o r t .  

T y p i c a l l y  , aboard the  Avionics Laboratory sa te l  1 i t e  communications 
(SATCOM) C135B t e s t  a i r c r a f t  o r  o ther  f l i g h t  t e s t  a i r c r a f t  (such as 
those used t o  t r a c k  Apol l o  o r  o ther  space launches), a c r y s t a l  clock, 
Rubidi  um o r  Cesi urn time/frequency standard has been used. Accuracies 
experienced i n  using the  Rubidium standard have been e x c e l l e n t  ( 1  t o  
3 microseconds d r i  f t l d a y )  . However, as a1 1 power i s  removed from an 
unattended a i r c r a f t ,  the  c lock equipped w i t h  m u l t i p l e  i npu t  AC/DC power 
suppl ies and b a t t e r y  pack, are moved t o  ground power i n  order  t o  
keep time. The t h r e a t  o f  power loss,  dropping the  c lock dur ing  move- 
ment t o  ground power, t he  simple hassle of moving 100 pounds of equip- 
ment o f t e n  by hand over good t o  snowy/ice-covered surfaces leaves much 
t o  be desired. 

Broadcast t ime would prov ide  a convenient source i f :  (1)  s u f f i c i e n t l y  
accurate w i t h  o r  w i thout  range cor rec t ion ,  ( 2 )  s u f f i c i e n t l y  qu ick  t o  
acquire and t o  produce r e l i a b l e  time, (3 )  a v a i l a b l e  t o  the user a t  h i s  
geographical locat ion ,  and (4 )  i t  i s  a cheap a1 t e r n a t i v e  t o  the p o r t -  
able clock.  I n  add i t ion ,  a broadcast t ime might  provide a confidence 
check on a po r tab le  c lock.  

I n  1980-83 the  Avionics Laboratory 's  SATCOM t e s t  program requ i res  a 
source o f  t ime common both t o  the f l i g h t  t e s t  a i r c r a f t  (Figure 1 )  and 
the Avionics Laboratory 's  Rooftop Sate1 l i t e  Faci 1 i ty (Figure 2) .  HF 
transmissions do no t  have the  requ i red  accuracy; LORAN C and Global 
Pos i t i on ing  System equipments are  no t  ava i lab le .  The Nat ional  Bureau 
of Standard Time (NBS) which the  Nat ional  Oceanic and Atmospheric 
Admin is t ra t ion  (NOAA) broadcasts over the  Geostationary Operational 
Environmental Sate1 1 i t e  (GOES) , should provide an adequate t u r n  on/ 
t u r n  o f f  t ime s o u r ~ e . ~  An accuracy o f  3 0 0  microseconds would s u f f i c e  
f o r  the  t e s t  program. 

Two GOES Time System Receivers, A r b i t e r  Systems Model 1060A (Figure 3 )  
and two Model 1036 Broad Coverage P l a t e  Antennas w i t h  Preampl i f ie r  
were bought. One system was i n s t a l  1 ed a t  the  Rooftop Faci 1 i ty and one 
on the t e s t  a i r c r a f t .  

This s a t e l l i t e  t ime rece iver  was tes ted by the  Avionics Laboratory a t  
various locat ions  i n  various environmental condi t ions dur ing  the  past  



y e a r .  The r e s u l t s  of t h i s  t e s t i n g  a r e  p r e s e n t e d  i n  t h i s  paper .  

TEST PROGRAM DESCRIPTION 

NBS t i m e  s i g n a l s  a r e  t r a n s m i t t e d  by NOAA f r o m  NASA's f a c i l i t y  a t  
Wal lops  I s l a n d ,  V i r g i n i a  t o  t h e  GOES s a t e l l i t e  a t  75 degrees West and 
135 degrees West. The down l ink  s i g n a l  i s  a  Code Phase S h i f t  Keyed 
m o d u l a t i o n  o f  +60 degrees on a 468.8375 MHz o r  a 468.8250 MHz RF 
c a r r i e r  respecF ive1y .  T h i s  s i g n a l  i s  r e c e i v e d  by  t h e  A r b i t e r  GOES 
t i m e  r e c e i v e r  wh ich  d e r i v e s  t h e  s a t e l l i t e ' s  ephemeris and a one 
second t i m e  t i c k  f r o m  t h e  s i g n a l .  The t i m e  t i c k  i s  c o r r e c t e d  f o r  
range d e l a y  t h r o u g h  f r o n t  pane l  e n t r y  o f  the  r e c e i v e r ' s  l a t i t u d e  and 
l o n g i t u d e .  The r e c e i v e r  d e l a y  c o r r e c t i o n  i s  e n t e r e d  i n t e r n a l l y  and 
once s e t  c o r r e c t l y  s h o u l d  n o t  need t o  be r e s e t .  F i g u r e  4 shows t he  
t e s t  concept .  

The antenna used was an o m n i - d i r e c t i o n a l  p l a t e  antenna w i t h  a  20 dB 
preamp1 i f i e r  mounted d i  r e c t l y  beh ind  t h e  antenna.  The antenna f e d  
20 f e e t  of RG 214 c o a x i a l  c a b l e  wh ich  connected t o  t h e  r e c e i v e r .  

The t e s t  compared t h e  one second t i m e  t i c k  o f  t h e  GOES r e c e i v e r  and 
t h e  t i c k  of  a Rubidium o r  Cesiuin c l o c k ,  wh ich  had been synch ron ized  
t o  t h e  4950th  T e s t  W i n g ' s  t i m e  shop s tandard .  The t i m e  s t a n d a r d  
accu racy  i s  m a i n t a i n e d  w i t h i n  52 microseconds and i s  t r a c e a b l e  t o  t h e  
Naval Observa to ry .  

The A r b i t e r  GOES r e c e i v e r  c o n t a i n s  a d i g i t a l  t i m e  i n t e r v a l  c o u n t e r  
wh ich  measures t h e  t i m e  d i f f e r e n c e  between t h e  r e c e i v e r  t i m e  t i c k  and 
an e x t e r n a l  t i m e  t i c k .  T h i s  d i f f e r e n c e ,  up t o  +999 microseconds,  i s  
c o n v e r t e d  t o  an ana log  e q u i v a l e n t  v o l t a g e .   hec convention i s  t h a t  
a  p o s i t i v e  v o l t a g e  means t h e  e x t e r n a l  t i m e  t i c k  i s  e a r l i e r  t han  t h e  
GOES r e c e i v e r  t i m e  t i c k .  The A r b i t e r  r e c e i v e r ' s  t i m e  i n t e r v a l  
c o u n t e r  accuracy  was v e r i f i e d  b e f o r e  use. 

Any t i m e  d i f f e r e n c e  was p l o t t e d  on a  s t r i p  c h a r t  o r  p r i n t e d  o u t  from 
a  t i m e  i n t e r v a l  c o u n t e r .  When f e a s i b l e ,  r e c e i v e r  AGC v o l t a g e  and l o s s  
of  s y n c h r o n i z a t i o n  i n d i c a t i o n s  a long  w i t h  UTC were a l s o  r e c o r d e d  on 
t h e  s t r i p  c h a r t  wh ich  was r e c o r d i n g  t h e  t i m e  d i f f e r e n c e .  The t e s t  
c o n f i g u r a t i o n  i s  shown i n  F i g u r e  5 .  

LONG TERM TESTING AT WRIGHT-PATTERSON AFB 

Ground t e s t s  a t  W r i g h t - P a t t e r s o n  AFB were begun 3 June 1980. I n i t i a l l y ,  
t h e  H e w l e t t  Packard (HP) 5060A Computing Counter  was prograrnrrled t o  
measure and p r i n t  o u t  t h e  maximuni peak t o  peak t irne d i f f e r e n c e  ove r  
each 10 m i n u t e  p e r i o d .  Wh i le  some d a t a  was gathered,  t h i s  t e c h n i q u e  
p roved  s u s c e p t i b l e  t o  unknown " g l i t c h e s "  wh ich  r e q u i r e d  t h e  program t o  
be r e i n i t i a t e d .  T h i s  t e c h n i q u e  was abandoned. By m i d - J u l y  a  s t r i p  
c h a r t  r e c o r d e r  was o b t a i n e d  and t h e  t i m e  d i f f e r e n c e  was r e c o r d e d  on 



t he  s t r i p  c h a r t .  D e f i n i t i v e  da ta  was n o t  a v a i l a b l e  u n t i l  
29 J u l y  1980. 

From 29 J u l y  t o  29 August 1980, t he  s t r i p  c h a r t  d i sp layed  a d a i l y  
v a r i a t i o n  of about 160 microseconds peak t o  peak i n c r e a s i n g  up t o  450 
microseconds peak t o  peak. For a p e r i o d  f rom 4 August t o  14 August 
1980 t h e  da ta  was i n v a l i d .  F i gu re  6 i s  a p l o t  o f  t h i s  d a i l y  v a r i a t i o n .  
Th i s  d a i l y  v a r i a t i o n  was t r a c e d  t o  i n c o r r e c t  s a t e l l i t e  ephemeris data, 
which r e s u l t e d  i n  t he  wrong range c o r r e c t i o n .  As a r e s u l t ,  l ong  term 
s t a t i s t i c s  a re  n o t  a v a i l a b l e .  

The v a r i a t i o n  stopped a t  14302, 29 August 1980. F igu re  7 i s  t he  
reco rd  of t h e  change. Note t h e  abrup t  decrease t o  t he  t ime d r i f t .  
The s tep  change every two t o  four  minutes i s  t y p i c a l  of t he  w e l l  
behaved range c a l c u l a t i o n .  From 14302, 29 August 1980 t o  18202, 
4 September 1980, t h e  peak t o  peak t ime v a r i a t i o n  o f  the  t ime  
r e c e i v e r  was 30 microseconds (135 microseconds e a r l i e r  t o  165 mic ro -  
seconds e a r l i e r  than t h e  Rubidium c l o c k  t ime) .  The average f i x e d  o f f s e t  
o f  150 microseconds was d iscovered  t o  be an i n c o r r e c t  r e c e i v e r  de lay  
s e t t i n g .  L a t e r  c a l i b r a t i o n  o f  t he  r e c e i v e r  de lay  a t  the  4950th Test  
Wing's t ime  shop changed t h e  r e c e i v e r  de lay from 4265 t o  4420 micro-  
seconds, moving the r e c e i v e r  t ime  t i c k  155 microseconds l a t e r .  Th is  
emphasized t he  necess i t y  of assur ing  t h a t  t h e  c o r r e c t  r e c e i v e r  de lay 
i s  p r o p e r l y  en te red  i n t o  t h e  de lay  c a l c u l a t i o n .  

The peak t o  peak v a r i a t i o n  when the r e c e i v e r  was locked  was n o t  more 
than 30 microseconds f o r  a one week p e r i o d  a f t e r  removal o f  the  
i n c o r r e c t  r e c e i v e r  de lay s e t t i n g .  However, t he re  were outages. 

Outages du r i ng  t h i s  t r i a l  were v a r i a b l e .  From 12002, 29 J u l y  1980 t o  
04002, 1 August 1980, outage was 53 percen t  of the  40 hours.  From 
04002, 1 August 1980 t o  23592, 3 August 1980, outage was 8 percen t  o f  
the  94 hours. From 24002, 3 August 1980 t o  14002, 14 August 1980, 
t he  da ta  i s  quest ionab' le and no r e s u l t s  cou ld  be gathered. Whi le n o t  
c e r t a i n ,  many o f  t he  outages appear t o  be caused by l o c a l  l i n e  o f  
s i g h t  UHF t ransmiss ions .  Indeed, the  b e t t e r  performance over  t he  
weekend, 2-3 August 1980, p o i n t s  t o  o the r  t e s t i n g s  a t  Wr ight -  
Pa t te rson  AFB, Ohio as a poss ib l e  cause o f  the  outages. 

However, beginn ing a t  14002, 14 August 1980 t o  04002, 28 August 1980, 
outages almost disappeared. Dur ing the  14 days, i n d i  v i  dual  outages 
o f  40, 10, 30, 10 and 15 seconds occurred. The t o t a l  outages were 
105 seconds, g i v i n g  an outage r a t e  o f  .0089 percent .  

Beginn ing 04002, 28 August 1980 through 18002, 5 September 1980, 
s o l a r  e c l i p s e  type  outages began, runn ing  26, 33, 41 , 50, 56, 60, 143, 
125 and 86 minutes f o r  the  succeeding days. To ta l  outages were 1920 
minutes o r  15.5 percent  f o r  the e i g h t  day per iod .  F i gu re  8 dep i c t s  
t he  a v a i l a b i l i t y  and t he  outages exper ienced a t  Wr ight -Pat terson AFB. 



WORLDWIDE TESTING 

From March 1980 t h r o u g h  November 1980 t h e  SATCOM t e s t  a i r c r a f t  f l e w  
m i s s i o n s  t o  numerous l o c a t i o n s  i n  N o r t h  and South America,  t h e  N o r t h  
and South A t l a n t i c ,  A f r i c a  and Europe. T h i s  c r e a t e d  an o p p o r t u n i t y  t o  
t e s t  t h e  GOES t i m e  r e c e i v e r  a t  t hese  l o c a t i o n s .  The e a s t e r n  GOES 
(75 degrees West) s a t e l l i t e  was used f o r  a l l  t e s t s  b u t  one. F i g u r e  9 
shows t h e  f l i q h t  t e s t  r o u t e s .  

Two t y p e s  o f  t e s t s ,  t i m e  sync and t i m e  compar ison,  were r u n .  A t  some 
l o c a t i o n s ,  b e f o r e  t a k e o f f  t h e  r e c e i v e r  was t u r n e d  on, t h e  antenna s e t  
o u t  on a  w ing  and t h e  r e c e i v e r  t i m e  o u t p u t  was used t o  s y n c h r o n i z e  
t h e  a i r c r a f t  i n s t r u m e n t a t i o n  c l o c k ,  The i n s t r u m e n t a t i o n  c l o c k  was 
t h e n  s e t  t o  f r e e  r u n  and a  t i m e  compar ison was made. S y n c h r o n i z a t i o n  
was judged s u c c e s s f u l  i f  o v e r  t h e  n e x t  f i v e  m inu tes  t h e  t i m e  compar i -  
son remained l e s s  t h a n  Y O 0  microseconds and appeared " w e l l  behaved." 

A t  o t h e r  l o c a t i o n s  t h e  t i m e  compar ison measurements were r e c o r d e d  f o r  
t h e  l e n g t h  of t h e  s t a y .  Tab le  I l i s t s  t h e  l o c a t i o n s ,  t h e  e l e v a t i o n  
a n g l e  t o  t h e  E a s t  ( 7 5  degrees West) s a t e l l i t e ,  and t h e  t y p e  o f  t e s t .  

Rece ive r  l a t i t u d e  and  l o n g i t u d e  a t  t h e s e  l o c a t i o n s  was de te rm ined  f r o m  
t h e  a p p r o p r i a t e  I n s t r u m e n t  F l i g h t  A p p r o a c h / a i r p o r t  c h a r t s  and o t h e r  
su rveyed  maps a s  r e q u i r e d .  Rece ive r  l o c a t i o n  was de te rm ined  t o  w i t h i n  
30 seconds. 

REMOTE LOCATION TIME SYNCS 

Time s y n c h r o n i z a t i o n  was s u c c e s s f u l  i n  26 o u t  o f  26 a t t e m p t s .  Twenty- 
f i v e  used t h e  Eas t  ( 7 5  degrees West) GOES s a t e l l i t e ;  one synch ron iza -  
t i o n  a t  Omaha, Nebraska used t h e  West (135 degrees West)  s a t e l l i t e .  
The t i m e  syncs o b t a i n e d  were then  used f o r  each o f  t h e  m i s s i o n s .  

W i t h i n  t he  U n i t e d  S ta tes ,  t i m e  syncs were o b t a i n e d  a t  Dayton,  Ohio;  
Omaha, Nebraska; Dallas, Texas; Lang ley  AFB, V i r g i n i a ;  Homestead AFB, 
F l o r i d a .  Overseas t i m e  syncs were o b t a i n e d  i n  Greenland,  I c e l  and, 
Lab rador ,  Canada, England,  Senegal ,  Ascens ion,  B r a z i l  and Peru.  

REMOTE LOCATION TIME COMPARISONS 

Time compar ison measurements were made on t h r e e  overseas t r i p s :  a 
March 1980 p o l a r  t r i p ,  a September 1980 e q u a t o r i a l  t r i p  and a 
November 1980 p o l a r  t r i p .  Tab le  I 1  i s  a summary o f  t h e  t i m e  
cornpari sons.  

March 1980 P o l a r  T r i p  

The March 1980 p o l a r  t r i p  s topped a t  Sondrestrom, Greenland;  Thu le  AB, 
Greenland;  I c e l  and; and Goose Bay, Labrador .  



TABLE I 
Short Term Testing a t  Various Locations 

Date - 
11-14 Mar 80 

24-27 Mar 80 

29 Mar 80 

30 Mar 80 

3 Apr  80 

5 Jun 80 

27 Jun 80 

14-16 Jul 80 

8-9 Sep 80 

11 Sep 80 

12-16 Sep 80 

17 Sep 80 

18-19 Sep 80 

20 Sep 80 

4-7 Nov 80 

11 Mar 80 t o  
14 Nov 80 

Elevation Angle 
Location Test Type t o  East S a t e l l i t e  

O f f u t t  A F B ,  Omaha NE Time Syncs ( 3 )  36 degrees 

Sondrestrom A B ,  Time Comparison 13 degrees 
Green 1 and Time Sync (1 )  

Thule A B ,  Greenland Time Comparison 5 degrees 
Time Sync (1 )  

Keflavik NAS, Iceland Time Sync (1)  5 degrees 

Goose Bay, Labrador, Time Comparison 27 degrees 
Canada Time Sync (1 )  

Dallas Love Field,  Time Sync (1 )  44 degrees 
Texas 

Langley AFB, Virginia Time Sync (1 )  45 degrees 

Homestead A F B ,  Florida Time Syncs ( 2 )  65 degrees 

Lima, Peru Time Sync (1 )  75 degrees 

Rio de Janeiro ,  Brazil Time Sync ( 1 )  45 degrees 

Ascension Island,  Time Comparison 20 degrees 
South At lant ic  Time Sync (1 )  

Dakar, Senegal Time Sync (1 ) 21 degrees 

Ramstein A B ,  Germany O u t  of Coverage Below Horizon 

Mi 1 denhall A B ,  Time Sync (1 )  0 degrees 
England 

Goose Bay, Labrador, Time Comparison 27 degrees 
Canada Time Sync (1 ) 

Sondrestrom A B ,  Time Comparison 13 degrees 
Green1 and Time Sync (1 )  

Thule A B ,  Greenland Time Comparison 5 degrees 
Time Sync ( 1 )  

Wright-Patterson AFB , Time Syncs ( 7 )  44 degrees 
Ohio 



TABLE I 1  

Location Time Event 
Hours o f  Adequate GOES TIME 

Recepti on Var ia t ion  ( p s e c s )  - 
Thule ,Greenland  2 7 M a r 2 0 1 6  S t a r t t e s t ,  i n l o c k  

2335 Lost Lock 3:19 26 t o  35 e a r l y  
28 Mar 1440 Lockup 
29 Mar 0427 Lost  lock 11 :47 43 l a t e  t o  45 

e a r l y  
29 Mar 1604 S t i l l  o u t ,  end t e s t  14:66 

Total Test  Hours: 43:23 
A v a i l a b i l i t y :  34.8% 

Goose Bay, 2 Apr  0143 S t a r t  t e s t ,  i n  lock 
Labrador 0432 S o l a r  ec l  i  pse 2:49 27 t o  37 e a r l y  

0536 Lockup 5 t o  25 e a r l y  
1109 Antenna f e l l  down 5:33 
7120 ( t ime  removed f rom t e s t  hours )  

3  Apr 0432 So la r  e c l i p s e  17:12 10 t o  34 e a r l y  
0530 Lockup 0 t o  12 e a r l y  
1003 End t e s t  4 :  27 

Total Test  Hours: 33:09 
Ava i  l a b i  1 i t y :  90.5% 

Ascension I s l a n d ,  1 3 S e p  0927 
South A t l a n t i c  

14 Sep 0424 
0548 

15 Sep 0424 
0550 

16 Sep 0424 
0550 

Total Test  Hours: 108.27 1600 

A v a i l a b i l i t y :  92.1% 2154 

Acquired GOES, synced 15 t o  35 e a r l y  
r e f e r ence  Rubidi urn t o  GOES 
S o l a r  kc1 i p s e ,  l o s t  lock 18: 53 
Lockup 
S o l a r  e c l i p s e ,  l o s t  lock 22:36 
Lock u p  
S o l a r  e c l i p s e ,  l o s t  lock 22 : 35 
Lockup 
Rubidium Time Check 
Other  outages during t e s t  4:19 
End t e s t  16:04 
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Thule, Green1 and 

Time comparison began a t  20162, 27 March 1980 a t  Thule, Greenland 
(elevation angle 4-5 degrees) .  The antenna was propped u p  outside 
the dormitory window and pointed towards the e a s t  s a t e l l i t e .  After 
correcting f o r  a 15 microsecond l a t e  o f f s e t  in the Rubidium standard,  
and a 1.25 microsecond posit ion o f f s e t  (actual position and  Rubidium 
of f se t  were determined a f t e r  the data was taken) ,  the time e r r o r  upon 
receiver acquis i t ion was 30 microseconds ea r ly .  

Time reception continued unt i l  loss  of lock a t  23352, 2 7  March 1980, 
about the time of the so l a r  ec l ipse .  While locked during t h i s  3 hour 
19 minute period, the  GOES receiver time var ia t ion was 21 t o  36 
microseconds ea r ly .  

GOES time was reacquired 15302, 28 March 1980, retaining lock unti l  
04272, 29 March 1980. Peak t o  peak variat ion was from 43 microseconds 
l a t e  t o  45 microseconds ea r ly .  This l a rger  spread was due t o  abnormal 
s t ep  correction (Figure 10) of 23 microseconds ear ly  t o  42 micro- 
seconds l a t e .  A t  the  next range correction time the o f f s e t  returned, 
stepping from 43  microseconds 1 a te  t o  15  microseconds ea r ly .  The 
cause of such an abnormal s tep  i s  not known. 

Total t e s t  time was 43 hours 23 minutes. Adequate reception occurred 
f o r  15 hours 6 minutes. Avai labi l i ty  was 34.8 percent, 

Goose Bay, Labrador 

Testing a t  Goose Bay began on 01432, 2 April 1980. Outages due t o  
so l a r  ec l ipse  existed from 04322 and ended 05362 on 2 April 1980. The 
peak t o  peak e r ro r  during reception was 0 t o  37 microseconds ea r ly .  
Total t e s t  time was 33 hours 9 minutes with adequate reception 
occurring 30 hours 1 minute. Avai labi l i ty  was 90.5  percent, with 
outages due t o  so la r  ec l ipses  and a nine minute loss of antenna 
pointing. 

During t h i s  t e s t  a  UHF transmission a t  235.5 MHz degraded the time 
accuracy. A 15 niicrosecond advance o f  the G O E S  receiver time was 
observed t o  cor re la te  w i t h  the transmission (Figure 1 1  ) .  Loss of 
lock did not occur. 

For t h i s  t r i p  the receiver ( S / N  61) delay was factory s e t  a t  a  
nominal 4400 microseconds. The data taken tends t o  indicate the 
receiver delay was about 1 5  microseconds l e s s  than i t  should have 
been. Calibrat ion a t  the t i m e  shop of the 4950th Test Wing resulted 
in a delay s e t t i ng  of 4420 microseconds. 



September 1980 Equator i  a1 T r i p  

This  t r i p  departed Wright-Patterson AFB, 8 September 1980, f o r  Peru, 
B r a z i l ,  Ascension I s l and ,  Senegal, Germany and England. Time syncs 
were accomplished a t  a l l  stops b u t  Germany which was ou t  of s a t e l l i t e  
coverage. Only on Ascension I s l a n d  were t ime comparison measurements 
made. 

Ascension I s l a n d  

GOES Time Receiver S/N 62, which had been on the  Rooftop F a c i l i t y  was 
used fo r  t h i s  t r i p .  I t s  delay s e t t i n g  was 4334 microseconds (nominal 
4400 microseconds) which had been s e t  dur ing  the  August pe r i od  when 
t h e  ephemeris was i n  e r r o r .  This  had the  e f f e c t  o f  c r e a t i n g  a f i x e d  
o f f s e t  i n  t he  GOES data o f  about 65 microseconds e a r l y .  

I n  t h i s  t e s t ,  t he  re fe rence Rubidium standard a f t e r  10 hours warm-up 
was synced t o  t he  GOES rece i ve r  a t  the  beginning o f  the t e s t  on 
09272, 13 September 1980. A t ime check, 16002, 16 September 1980, 
showed the  Rubidium t o  be 81.4 f? microseconds e a r l y  compared t o  
the  USAF Eastern Test Range Cesium Time Standard. The peak t o  peak 
v a r i a t i o n  presented i n  Table I 1  i s  co r rec ted  f o r  66 microseconds 
o f  r e c e i  ver  del  ay (4400 microseconds nomi na l  - 4334 microseconds 
rece i ve r  s e t t i n g ) ,  and the Rubidium e r r o r  o f  81 microseconds. 

GOES r e c e i v e r  t ime v a r i a t i o n  du r i ng  t h i s  t e s t  was 15 t o  35 micro-  
seconds ea r l y .  So la r  ec l i pses  occurred f o r  each day, t o t a l  outage 
was 4 hours 15 minutes. Other outages t o t a l e d  4 hours 19 minutes. 
A v a i l a b i l i t y  was 92.1 percent.  

November 1980 Pol a r  T r i  p 

On 4 November 1980 t h e  t e s t  a i r c r a f t  departed f o r  Goose Bay, Labrador, 
Canada; Sondrestrom AB, Greenland; and Thule AB, Greenland. GOES t ime 
r e c e i v e r  t r i a l s  were r u n  a t  Sondrestrom AB and Thule AB. Receiver S/N 
61 was used. The rece i ve r  was c a l  i b r a t e d  be fore  depar ture.  

To ensure t h a t  t h e  r e c e i v e r  delay was co r rec t ,  t he  r e c e i v e r  was set  
up i n  the  t ime shop o f  t he  4950th Test Wing. Receiver delay was 
ad jus ted  so t h a t  t h e  rece i ved  t ime agreed w i t h  t he  shop t ime standa.rd. 
F i  na l  de l  ay s e t t i  ng was 4420 microseconds. 

Sondrestrom, Green1 and 

Tes t ing  began a t  03002, 9 November 1980 and ended a t  12302, 
11 November 1980. To ta l  hours of t e s t i n g  were 57 hours 30 minutes. 
S ix teen hours were l o s t  when the  antenna blew over,  g i v i n g  a n e t  
t e s t  t ime of 41 hours 29 minutes. 



Ionospher i c  s c i n t i l l a t i o n  caused 8 hours 51 minutes o f  outages. Sc in -  
t i l l a t i o n  a l s o  caused an unusual d r i f t i n g  o f  t he  t ime t i c k .  F i gu re  12 
shows a  normal w e l l  behaved t ime  t r a c e  and matching r e c e i v e r  AGC. 
F igure  13 shows t he  d r i f t i n g  t ime t r a c e  and the AGC d u r i n g  t he  s c i n -  
t i l l a t i o n .  

S ignal  a v a i l a b i l i t y  a t  Sondrestrom was 78.7 percen t .  

Thul e ,  Green 1  and 

A t  Thule,  Greenland t e s t i n g  began a t  20002, 11 November 1980 and ended 
on 12282, 14 November 1980. The da ta  was n o t  w e l l  behaved w i t h  t h e  
t ime  v a r i a t i o n  o f t e n  250 microseconds. The degradat ion i s  b e l i e v e d  t o  
be due t o  s c i n t i l l a t i o n .  The abno rma l i t i e s  were l a r g e  s tep  changes 
(F i gu re  14) ,  r a p i d  d r i f t  (F i gu re  1 5 )  and a  random wa l k i ng  o f  t h e  t ime 
t r a c e .  Th i s  random walk occur red  d u r i n g  bo th  heavy s c i n t i l l a t i o n  
( ~ i g u r e  16)and m i l d  s c i n t i l l a t i o n  (F i gu re  1 7 ) .  Nine pe r i ods  of t h i s  
wal k i n g  occurred,  f o r  a t o t a l  t ime o f  1  hour  14 minutes.  

S c i n t i l l a t i o n  was p resen t  f o r  more than  90 percen t  of t h e  t e s t  t ime.  
Th i s  took  i t s  t o l l  i n  t h e  form o f  22 outages, rang ing  f rom 0  hours 
4 minutes t o  6 hours 22 minutes.  V a r i a t i o n  d u r i n g  l o c k  was - +50 
microseconds . 
The t o t a l  outages were 34 hours 24 minutes d u r i n g  a  t e s t  t ime  of 
64 hours 28 minutes.  

S igna l  a v a i l a b i l i t y  a t  Thule was 46.7  pe rcen t .  

FUTURE PLANS 

T e s t i n g  Dur ing  F l i g h t  

For  i n f l i g h t  t e s t i n g ,  t h e  antenna was t o  be i n s t a l l e d  beneath t h e  
radome l o c a t e d  between t h e  wings (F i gu re  1 ) .  L a t i t u d e  and l o n g i t u d e  
would be manual ly  en te red  f rom a  L i t t o n  LTN-51 I n e r t i a l  Nav iga t i on  
Sys tern. L a t e r ,  au tomat i c  e n t r y  would be p rov ided .  

However, t h i s  m o d i f i c a t i o n  t o  t he  a i r c r a f t  has been de layed u n t i l  
March 1981. I n f l i g h t  t e s t i n g  w i l l  n o t  occur  u n t i l  t he  Summer o f  1981. 

Shipboard Tes t i ng  

One r e c e i v e r  and antenna w i l l  be l oca ted  on the  USS Texan d u r i n g  
December 1980. Performance w h i l e  a t  sea w i l l  be eva lua ted .  P a r t i -  
c u l a r  a t t e n t i o n  w i l l  be g i ven  t o  pe r i ods  o f  l a r g e  r o l l i n g  o r  p i t c h i n g  
o f  t he  sh ip .  



CONCLUSIONS 

The GOES Time Transfer System and the Arbiter GOES Time Receiver can 
sa t i s fy  the YO0 microseconds accuracy. When a l l  was working well, 
accuracy was usually within +30 microseconds. Good performance was 
achieved for  elevation angles from 2-3 degrees to 75 degrees in 
temperatures from -20 degrees Fahrenheit (Thule, Greenland) t o  95-100 
degrees Fahrenheit (Homestead AFB, Florida). 

The turn on/turn off feature of th i s  type of system won rapid 
acceptance among the f l igh t  t e s t  crew. GOES time syncs were used for  
26 f l igh ts  following a preflight checkout. 

However, caution must be observed in the following areas: 

(1)  The ephemeris data must be correct. The system needs a 
feedback 1 oop/moni t o r  1 oop to  provi de an a1 arm for discrepancies. For 
roughly one month the ephemeris which was transmitted was in error .  

( 2 )  Receiver delay must be verified and correctly entered before 
use. To do th i s  using the s a t e l l i t e s  and an external Rubidium/Cesium 
quality source i s  feasible ,  assuming the ephemeris i s  good. A minimum 
of one day of recording the time difference i s  recommended. 

( 3 )  I f  using the receiver alone, or to  se t  other clocks, a signal 
quality monitor i s  recommended. Viewing the demodulated data stream 
and recording the receiver AGC worked well. 

( 4 )  During the t r i a l s ,  ionospheric sc in t i l la t ion  did cause 
outages in the polar regions. Although no outages due to sc in t i l la t ion  
were experienced in the equatorial regions, other data suggests such 
outages should occur. 

( 5 )  The effects  of local interference was readily apparent in 
the AGC record. Use of th i s  record would increase confidence in a 
time transfer.  
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Figure 10 Abnormal Step Change a t  Thule, Greenland 

Figure 11 UHF Transmission E f f e c t s  Upon GOES Receiver Time 





Figure 14 Large Step Change of Time Trace, Thule, Green land 

Figure 15 Time Trace Dr i f t  During Scint i  11 a t ion,  Thule, Greenland 
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Figure  16 Randon Walk o f  Time Trace During Heavy S c i n t i l l a t i o n  

Figure  1 7  Random Walk of Time Trace During Mi ld  S c i n t i l l a t i o n  



QUESTIONS AND ANSWERS 

MR. GEORGE PRICE, Austron 

As an opera t iona l  experiment, o r  an opera t iona l  procedure on-board 
an a i r c r a f t  t o  ge t  t ime t o  30 microseconds a re  you ab le  t o  use i t  
w i t h  a commercially a v a i l a b l e  p iece of equipment, and if so then 
what do you have t o  add t o  i t  t o  makethosemeasurements? 

MR. SWANSON: 

Yes, we use the  A r b i t o r s  System Model 1060 rece i ve r  which cos t  
about $5,000 and the  p l a t e  antenna t h a t  went w i t h  it. For our 
t ime comparison measurements we c a r r i e d  a HP 5065 rubid ium and 
b a t t e r y  pack, which was synchronized a t  the t ime shop a t  Wright- 
Patterson. 

We used two techniques. One being the  Hewitt-Packard comput- 
i n g  counter, w i t h  i t s  t ime i n t e r v a l  device and p r i n t  out.  We used 
t ha t  t o  v e r i f y  t he  d i g i t a l  cornparitor t h a t  i s  i n s i d e  the  A r b i t o r s  
rece i ve r  which creates an analog vo l tage w i t h  the  r e s o l u t i o n  o f  
p l u s  o r  minus a microsecond. 

We confirmed t h a t  t h a t  d i d  work and then r e l i e d  upon a s t r i p  
c h a r t  as the  record ing  device running the  pulse from the  rubid ium 
i n t o  the  A r b i t o r  t ime comparer c i r c u i t  and tak ing  the analog equiv- 
l e n t  and vo l tage out  onto the  s t r i p  char t .  

A t  the  same t ime then we a l so  recorded one minute t ime hacks 
from the  UTC t ime from t h e  rubid ium o r  from the A rb i to r ,  j u s t  t o  
keep t r a c k  of where we were i n  the  s t r i p  char t .  

MR. PRICE:  

But, t o  make an opera t ion  -- a day t o  day type o f  experiment a day 
t o  day type o f  measurement, on-board an a i r c r a f t  could you do i t  
w i t h  j u s t  t h e  A r b i t o r  rece i ve r  and the  antenna and noth ing  else? 

MR. SWANSON: 

I would n o t  want t o  do t h a t  w i t h  any great  confidence, no. The 
r e s t r i c t i o n  being t h a t  you d o n ' t  know whether you have had l o c a l  
i n te r fe rence  o r  not .  I would f e e l  much more comfortable having 
j u s t  a n i c e  c r y s t a l  running along s ide  o f  i t. Such t h a t  I could  
p l o t  a small, very  slow t r a c e  and say, obviously  I am 5 0 0  micro-  
seconds o f f  from what I was a minute ago and therefore, I won ' t  
accept t he  t ime o f f  t he  GOES rece i ve r  now. 


