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t ime  t r a n s f e r  u n i t  b u i l t  by U13S undt=t .  c o n t r a c t  t o  
.IPL w a s  i n s t a . l l e d  a t  Tidbinbi.1-la T)tlcp Space 
Cornmunicn.tions Conlplcx of t h e  NASA Ikep Spare  Krtworlc i n  
June 1083. 1.t has  bccn used t o  es t ima. te  t h e  
r e l a t i o n s h i p  t o  UTC(USN0 MC) o f  t h e  T i d b i n b i l l a .  
fr.eq1.1enc-y and tinlc systcm TII) (~ 'TS)  based on a hydrogen 
masers, an3 thence  t o  e s t i m a t c  t h e  pcrformancc of t,hc 
A u s t r a l i a n  f rce-runn i ng t ime  s c a l e  UTC(AUS) .  Data from 
t h e  f i r s t .  t h r e e  months h a s  bccn rtnalyscci t h r e c  ways: by 
twa-hop "ccon~mon vicw" u s i n g  J1)L a s  i n t c r n ~ c d i r t r y :  hy 
l1 Long-ar.cU i n t e r p o l a t i o n  of measurements a p a i n s t  space  
vet1 i r l e c.1 oclis; 2nd by " long-nr r "  i n t e r p o l a t i o n  of' 
GPS-Time r e s u l t s .  R e s i d u a l s  from a s in .< le  q u a d r a t i c  f i t  
thr.ollgh t h r e e  months of rTCilTS10 Y C )  - T I  I1( 1'TS'I r-esul t s  
were w h i t e  n o i s e  w i t h  s t a n d a r d  e r r o r  1 5  n s ,  and a f l y i n g  
c l o c k  mcasurcmcnt gavc 70 ns agrccmcnt,.  A s t r a i - g h t  l i n e  
f i t .  t,hr'ough r,esul t s  IITC(I:SU17 LIC) - IITC (,4US) gave 90 rls 

s t a n d a r d  error .  anii 120 11s agrccmcnt,.  T t  i s  proposed t o  
u s e  t h e  GI'S measurcmcnt ,~  t o  s t c c r  VTC(4YS) t o  UTC(BIH), 
and t o  rcnamc t h c  e x i s t  in? t imc s c a l c  TA(ArS). 

-4 Global. Posi t i o n i r ~ , ~  S?..sten~ I LGPS) Time Transf  c=r, I-11 i t {TTLi) h u j  l t  by US 
Nat ional  Bureau of Starldnrds (?;RS) f o r  t h e  SASA Deep S p a r e  Network (T)SN) 
w a s  instal led at. N!2S,l1.c; I1et.p ,Spai:r i : i ~ ~ n m ~ ~ n i ~ a t i o n s  Complex 42/43 a t  
T i d b i r l b i l l a  ( T I D )  in l a t e  .Tune I c).,;. It \<;Is t.ur.rlvii o n  in Ju1.y and h a s  
operat,cd corr-ec,t 1.y from t h a t  rnorncxlt. I t s  p r i r~c , ipa . l  funct . ion of' i n t e r e s t  
here is  t o  moni to r  t h e  pcrfornianc~r of t h e  T i d b i n b i l l a  I,'r.eiluency and Time 
System (TID(FTS)) which was d e r i v e d  f'rim a SZO 4lodel  VLGll hydrogerl maser 
P I 4  d u r i n g  t h e  pe r iod  t i 3  Yovcmbcl- 105,;. The b a s i c  rest11 t,s recorded a r c  
t h e  time intervals bctwcen TIDIFTS) 1 pps an3 t h e  t i m i n ~  marks b r o a d c a s t  
from t h e  ~ l n c k s  011 h o a r d  eai.h GI's spricc v c h i c l e  ( S i ' ) :  tor-r-ect,ed i n  real .  
t i rnc fo r>  proprteat ion  d e l a y  c a l c u l a  red f  rilm t h e  on-board cphcmcr i.s 
t ransmi  t t c d  hj- cac.11 ST and a n  assurried p o s i t i o r l  f o r  t h e  ant ,enna:  



Also available is the time comparison between TID(FTS) and the GPS master 
clock (GPS TIME) in the GPS Control Segment [Kovach, 19811. Generally two 
passes from each of space vehicles 5, 6, 8 and 9 are observed each day, of 
which only the higher altitude passes are used in this analysis. 

Similar results are obtained on each SV at the US Naval Observatory (USNO) 
refcrrcd to their Master Clock (UTC(USN0 MC)), although at different times 
in thc day, and made available through the bulletin Series 4: naily Phase 
Valucs, and otherwise. Timc transfer between UTC (USNO MC) and TTD(FTS) 
is obtained by linear interpolation to the time of a Tidbinbil-la 
observation batwccn two adjacent reported USNO observations, usually but: 
not always one sidereal day apart. In this paper, data gaps up to t w o  days 
are tolerated, and only linear interpolations are employed, hence it is 
tacitly assumed that on-board clock hehaviour is linear over a day or two 
and that receiving antennae locations and broadcast orbital parameters are 
accurate. Because of the appreciable interpolating factors, this method 
is hcre designated "2ong arc" and is applied to results obtained both from 
SV observations and GPS TIME results. 

The "common view" method in which both stations take measurements 
sitnu1 taneously [navis et al, 1981 ; Clements , 1082 ] is impossible between 
Tidbinbilla and USNO and difficult between Tidbinbill-a and Jet Propulsion 
Laboratory (.JPL). Nevertheless a two-hop quasi-llcommon-viewll experiment 
has bcen attempted, with a GPS TTU at JPL taking nearly simultaneous 
observations with Tidbinbilla on the one hand, and nearly simultaneous 
observations with USNO on the other. The effectiveness of the time 
transfer then depends on the behaviour of the JPL Frequency and Time 
System between the two sets of observations which may bc several hours 
apart. 

Since four satellites were avail-able, and more can be expectcd, the 
opportunity exi-sts for averaging. This has been done by interpolating 
linearly to UTC between adjacent time transfer results from each 
satellite prior to taking the mean. This process yields a "~onsolidated~~ 
result. 



THE TIDTIINBTLLA GPS SYSTZM 

Equipment 

The GPS equipment i n s t a l l a t i o n  a t  t h e  Canherra  neep Spacc Communication 
Complex (CDSCC), T i d b i n h i l l a  1 s  d e p i c t e d  I n  Figure 1 .  A1 l o f  t h c  
equipment w i t h  t h e  excep t ion  of t h e  ant-enna u n i r  1 s  mounted ln a s h o r t  
r a c k  a d j a c e n t  t o  t h e  CDSCC f requency  and t iming  systcm (I 'TS)  nionit-or pancl 
i n  t h e  o p e r a t i o n s  b u i l d l n g  (Icigurc 2 ) .  Thc anrenlia u n  I t . wlllch l s o  
i n c l u d c s  a low n o i s e  ampl i f ' le r  a n d  mixer ,  1s a scrtled e n c l o s u r e  l o c a t c d  on 
t h e  roof  of t h e  o p e r a t i o n s  b u i l d i n g  ( F i g u r e  2 ) .  

The a.ntenna p o s i t i o n  wa.s o b t a i n e d  by c a r r y i n g  out. a t r a v e r s e  from t h e  
surveyed ground monument p o s i t i o n  bencath  t h e  DSS 42 34 met re  an tenna .  A 
r e c e i v e r  o f f s e t  o f  272 nanoseconds was i n s e r t e d  i n  t h e  GPS s o f t w a r e  t o  
c o r r e c t  f o r  t h e  d e l a y  due t o  c a b l e  l e n g t h  between antenna u n i t  and 
r e c e i v e r .  

A t; MHz s i g n a l  i s  p rov ided  fvom t h e  FTS a s  a  rcfer .ence f requency  from 
which is  d e r i v e d  t h e  r e c e i v e r  100 3lHz t o  supp1.y t h e  f i r s t  I .I<'. rnixcr in  
t h e  an tenna  u n i t .  D . C .  power i s  a l s o  r u n  th rough  t h e  100 MHz c,oax cabl .e ,  
a v o i d i n g  t h e  r equ i rement  t o  p rov ide  a  s c p a r a t e  power c a b l e .  A 1 PPS 
s i g n a l  is a l s o  connected from t h e  FTS t o  p rov ide  t h e  CDSCC c l o c k  r e f c r e n c e  
t o  t h e  system. 

A modcm phone i s  connected t o  a n  RS 2\32 p o r t  of  t h e  mic roprocessor  t o  
a l l o w  d a t a  a c q u i r e d  and s t o r e d  by t h e  system t o  he  t r a n s r n i t t c d  
p e r i o d i c a l l y  by t e l ephone  t o  J P L ,  u s ~ ~ a l l y  once a weelc. l la ta  from a  remote 
r e c e i v e r  may a l s o  be p r i n t e d  o u t  l o c a l l y  u s i n g  t,h i s modem I. i n k .  

0pera . t ion  of GPS Rece i v e r  

The GPS r e c e i v i n g  system i s  c a p a b l ~  o f  runn ing  i n  a n  automat,ic mode, once 
a l l  r e l e v a n t  pa ramete r s  have been e n t e r c d .  I n  t h i s  mode, ?,he systcm w i l l  
a c q u i r e  chosen space  v e h i c l e s ,  l o c k  o n t o  t h e  downli.nk and a.ccuniulrtte 
r e l e v a n t  da ta .  The system i s  normal ly  opera ted  in  t.he automat,ic. mode a t  
nss 43. 

The s o f t w a r c / o p e r a t o r  i n t e r f a c e  c,onsj .sts  of  a " u s e r  f r.-ieridly" , menu-driven 
pa ramete r  s e l e c t i o n  m a t r i x ,  a r r a n g e d  i n  t h e  fcrrni of one main menu and a  
number of  sub-mcnus. 

Tn o r d e r  El? bring t h e  systcm up t o  a funct . ionin.r  c o n d i t i o n ,  i t  i s  t lecessary  
t o  perform a  l lcold  st ,art . l l  c>perat.ion. This cons i st .s  of  inst r.11ct:ing t h e  sjrstenl 
t o  a c q u i r e  an almanac from a s a t e 1  1 i r e  wlieli such a vehic1.c i s  w i t h i n  
r e c e p t i o n  range  iusua1J.y above h o r i z o n ) .  I t  is a.1 s o  aec,cssar.y t o  s e t  t h e  
s y s t e m ' s  i n t e r n a l  l j T C  c l o c k  by respond ing  t o  t h e  systcm prompts.  Under 
normal o p e r a t i n g  c o n d i t i o n s ,  a  b a . t t c r y  back-up supply  rnaintnins  t h e  sys tem s 
RAM such t h a t  a  c o l d  s t a r t  i s  n o t  n e c e s s a r y  even i.n the e v e n t  o f  a power 
f a i l u r e .  
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F i g u r e  1. GPS equipment configuration at Canberra  Deep 
Space Communications Complex, T i d b i n b i l l a .  



F i g i l r e  2 .  i :PS rccciver i n s t a l l a t i o n  a t  T i d b i n b i l l a .  
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The system software provides an aid to the selection of suitable satellites 
for tracking purposes. If sel.ected, the system wi.11 print a graph of 
eleva.tion and azimuth versus time for up to five vehicles, dependent, of 
course, on the system's knowledge of its present location. This parameter 
may be entered by calling up the NEW RECEIVER COORDINATES feature on the 
displayed menu. 

Having selected suitable satellites to track, appropriate track times may bc 
entered, derived from the aforementioned graph. The facility exists to cause 
the system to decrement the track start times by 4 minutes per day to a.c,c,ount 
for the fact that the satellites are in sidereal orbits. Thc sa.telli.te may 
then be tracked in the same position .in the sky each day. 

The system may be commanded to perform posit.ion location ra.lc,ulations by one 
of two methods. The first method requires that four satellites be in view 
so that dat,a of sufficient precision may bc ohtained for the navigation 
solution. The second method requires that the system lock sequentiall-y onto 
four satellites every two minutes. This second method produces a solution 
in a shorter time than the former a.nd has the advantage of eliminating much 
of the short term noise in the local clock system. 

The GPS measurement computation is performed by ca1.culating a pseudo-range 
value from system counter measurements and t,hen computing the sl-ant range, 
relativistic and ionospheric corrections based on data obtained from the 
satellite ephemeris. These corrections, along with the loc,al receiver dclay, 
are subtracted from the pseudo-range estimate to ohtain t,he local cl.ock minus 
satellite clock value. The satel.lite clock correction, transmitted from the 
vehicle is then added to this value to produce a figure for local clock 
minus GPS clock. 

TABLE 1 

Quadratic Fits to Observations on Satellite Clocks 

Observation Offset (a) ~ate(b) nrif't/2(c) Av ~ime(5) S t d  

p s/d ~s/d//d M,J D Error (0) 
IJS 

tJ s 



The results produced by Tidbinbillats GPS TTU are, for each SV(~), numbers 
in the form TID(FTS) - sV(~) and TID(FTS) - GPS TIME via sV(i). The 
corresponding numbers disseminated by USNO are UTC(USN0 MC) - SV(i) and 
UTC (USNO MC) - GPS TIME via SV(i). It has been found that t hc  "rawIt 
results TID-SV and USNO-SV are adequately modelled by quadratic curves 
over the interval MJD 5528-5618 for SV(5) and SV(9), while cubic or 
higher-order fits would be required for SV(6) and Sv(8). The parameters 
of the quadratics are given in Table 1 in the form: 

and similarly for UTC(USNO MC) - SV(~), where a(i) is the offset at the 
mean time f ,  b(i) is the rate at t and c(i) is ha1.f the drift rate, The 
standard errors of residuals u ( i )  are also tabled, and the residuals are 
dj-splayed in Fi-gures 4 and 5. Both graphs have many features in common, 
demonstrating that vagaries in on-board clock behaviour are readily 
detectable. 

Several rate changes were observed to occur in GPS time in the interva, 
considered, so the results were broken in to four segments and straight 
lines fitted through each as shown in Tables 2 and 3 ,  The residuals are 
displayed all together in Figures 6 and 7, where it can be seen that 
results are rather better at USNO than at Tidbinbilla which is possibly a 
consequenc.e of efforts made at the GPS master station to follow USNO time. 

LONG-ARC TIME TRANSFER TO USNO 

Time transfer from USNO to Tidbinbilla was achieved by linearly 
interpolating between successive daily results UTC(USN0 MC) - SV(~), and 
subtracting the observed value of TID(FTS) - SV(~) from it. It was felt 
that it was better to use the USNO results to interpolate on since its 
time scale is the reference being accessed and is therefore to be 
considered definitive for these purposes. Linear interpolation was 
adequate and in fact desirable since the effects of drift rate over one or 
two days are swamped in the random noise. The t'consolidatedlf result is 
shown in Figure 8, on which is also shown thc value 

by U S N O / B C ~ ~ ~ X  flying clock on 1 October 1983. 
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TABLE 2 

Straight Line  l:i ts t o  TID(I7TS)-GPS TIME 

SV# O f f s e t ( a )  Rat? ( b )  hv. ~ i m e  ( f )  ~ t d .  ~ r r o r ( 0 )  Smoothed Bctwcen 
PS 11s /d MJ TI PS 

5 5.861 o . O q Z ? i  5530.75 - 0 2  5 528 5.572 
0 5.874 0.05275 5.530.7" .01 5524 5532 
8 5.887 0.07441 5531.21 .07 5528 5 5\72 
9 5.812 0.07190 $5>?0.86 - 0 2  5 528 5 5 32 

5 6.282 0.05981 5537.74 04 5532 5 542 
6 6.296 0.06118 5537.77 .02 5532 5 542 
8 6.293 0.06123 5537.69 .02 5 532 5 542 
g 6.287 0.06314 5538.17 -02  5 5.32 5 542 

5 7.269 0.08h 51 5 54Q. t>u .01 5 542 5556 
6 7.280 0.09221 5 j 50.01 .0?, 5 542 5 5 56 
8 7.265 0.09207 S i4Q.Oh  .02 5 542 4 5 56 
9 7.221 0.08997 5 549.90 . O i  5 542 55517 

5 8.979 0.06995 5$7>3.14 .04 5556 55139 
6 9.010 0.07002 5573.10 .02 5 5 56 5 589 
8 9.017 0.09669 5572. (36 .02 5 5 51) 5 589 
9 8.962 0.07134 5573.24 .03 5 556 5 589 

5 10.339 0.06487 5 592.08 03 55@3 5 5c14 
6 10.368 0.07126 5592.11 .01 5 589 5 594 
8 10.377 0.06552 5 j92.04 .O2 5 589 5 594 
9 10.327 0.06830 5592.10 .02 5 589 5 594 

5 11.060 0.14007 j 505.07 . 0 .? 5 5'34 5601 
6 11.094 0.13991 5593.00 .03 5594 5601 
8 11.102 0.1466(J 5598.02 . 0.3 4594 5601 
9 11.047 0.14017 5598.17 .03 5 594 560 1 

5 11.763 0.08500 56@4.?5 .02 560 1 5607 
6 11.806 0.08724 5604.37 .O2 560 1 5607 
8 11.846 0.03914 5h04. 44 .02 560 1 5607 
9 11.754 0.09100 -5t304.45 . 172 ih0 1 5607 

5 12.401 0 . 0 7 0 4 . ~  jh12 - 0 5  .02 5607 5018 
6 12.431 0.07591 iOl2.25 .02  5607 561 8 
8 12.455 0.07505 5h12.1" . 02 5607 5618 
9 12. ,384 0.0760h 5612. j 3  . 0 1  5607 5618 
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TABLE 3 

S t r a i g h t  Line F i t s  t o  UTC(USN0MC)-GPS TIME 

SV# O f f  set (a) Rate (b) AV. ~ i m e  ( t )  Std. Error  ( a) Smoothed Between 
P s  ~ s / d  M J D  P s 



---- V I A  S V #  5 

- VIS s v y  9 

-0.20 I I I 1 I I 1 
5539 5553 5567 5581 5595 5609 5623 5525 

MODIFIED JULIAN DAY 

F i g u r e  4 .  R e s i d u a l s  f rom q u a d r a t i c  f i t s  t h r o u g h  r a w  d a t a  
TID(FTS)-SV TIME,  s p a c e  v e h i c l e s  5 and 9 ( s e e  Table 1). 

---- VIA SV# 5 

- VIA S V #  9 

-0.20 I I I 1 I I 
5525 5539 5553 5567 5581 5595 5609 5623 

MODIFIED JULIAN DAY 

F i g u r e  5. R e s i d u a l s  f rom q u a d r a t i c  f i t s  th rough  r a w  d a t a  UTC(UNSN0,MC) 
-SV TIME, space v e h i c l e s  5 and 9 ( s e e  T a b l e  I). 



-0.20 1 I I I I I I 
5525 

1 
5539 5553 5567 558 1 5595 5609 5623 

MODIFIED JULIAN DAY 

F i g u r e  6 .  R e s i d u a l s  f rom s t r a i g h t  line f i t s  t h rough  raw data 
TID(FTS)-GPS TIME, s p a c e  vehic les  5 ,  6 ,  8, 9 
segmented a t  M-JDs 5532, 5542,  5556, 5589, 5594, 
5601, 5607 and 5618 (see T a b l e  2). 

-0.20 1 I I I I I I 
5525 5539 5553 5567 5581 5595 5609 5623 

MODIFIED JULIAN DAY 

F i g u r e  7 .  Residuals f rom s t r a i g h t  line f i t s  t h r o u g h  raw d a t a  
UTC(USN0,MC)-GPS TIME v i a  s p a c e  v e h i c l e s  5 ,  6 ,  8 ,  9 ,  
as i n  F i g u r e  6 (see T a b l e  3). 
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Figure 8. Interpolated UTC(USN0,MC)-TID(FTS) using GPS TIME 
from space vehicles 5 ,  6 ,  8, Y t o g e t h e r .  
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Figure 9. Residuals from quadratic fits through interpolated 
data UTC(USWO,MC)-TID(FTS), using SV TIME from 
space vehicles 5 ,  6 ,  8, 9 (see Table 4). 
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F i g u r e  1.0. R e s i d u a l s  f r a m  q u a d r a t i c  f i t  through i n t e r p o l a t e d  d a t a  
UTC(USNO,MC)-TID(FTS) r e d u c e d  t o  Oh UTC and a v e r a g e d  over 
SV TIME from s p a c e  vehicles 5,  6 ,  8 and  9 (see Table  4 ) .  

DAYS 

F t g u r e  11.. Allan v a r i a r i c e s  of 
r e s i d u a l s  i n  F i g u r e  10. 

DAYS 

F i g u r e  12 .  Allan v a r i a n c e s  of  
r e s i d u a l s  i n  F i g u r e  1 4 ,  
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' igtlre 13.  R e s i d u a l s  from c luad ra t i c  lit s t-lirougl-1 i n t e r p o l a t e d  
d a t a  UTC (USRO,?IC)-TI11  (PTS) u s i n g  GPS '1'1ME .Crorn space 
v e h i c l e s  5 ,  6 ,  8 and  9 ( s e e  T a b l e  4 ) .  
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F i g u r e  14 .  Residuals f r o m  q u a d r a t i c  f i t  t h r o u g h  i n t e r p o l a t e d  d a t a  
UTC(USN0,MC)-TID(FTS) r e d u c e d  t o  Oh UTC and a v e r a g e d  over  
GPS TIME fram space v e h i c l e s  5 ,  6, 3 and 9 ( s e e  T a b l e  4 ) .  



MODIFIED JULIAN DAY 

Figure 15. Common view results UTC(USN0,MC)-TZD(FTS) showing 
flying clock result on 1 October 1983. 
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Figure 16. Residuals from quadratic fit through common view 
results UTC(USN0,MC)-TLD(FTS), averaged over GPS TIME 
from space vehicles 5, 6, 8 and 9 ( s e e  T a b l e  4 ) .  
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Figure 17. Common view UTC(USN0,MC)-TID(FTS) in vicinity of 
travelling c l o c k  data points on 1 O c t o b e r  1983 - 
" c o n s o l i d a t e d "  f rom GPS TIME results on Oh UTC. 
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F i g u r e  18 .  A l l a n  variances from quadratic 
fit through d a t a  of Figure 1 7  
(see T a b l e  4 ) .  
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Figure 19 .  Composite of residuals from quadratic fits 
through UTC(USN0,MC)-TID(FTS) via common view 
(Figure 1.6), 1.ong-arc GPS TIME (Figure 14) 
and long-arc SV TIME (Figure 10).  
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Figure 20. UTC(AUS)-TID(FTS) via TV as published in 
NATMAP Bulletin E. 



Thc f rce - runn ing  time s c a l e  UTC(AI!S) i s  cal  c . ~  l d t ed  t rrsrrl T V  rnnlpa l  i~,ori.: 
betwecn caesium s t a n d a r d s  a n d  hydrocen mascrs  ILocntcd nrci i r~ l y i 11 C a n b ~ r r n  , 
Sydney and Melbourne [ ~ u c k ,  1975); ISoodqer 1030 1. Jhc ,:l.ocks ( - o n l r . i l ? r ~ r i n ~  
t o  I~TC(PIIIS) i n  t h e  t h r e e  month perhi od under consideration a r c  s~~ni~ii  r r . i  5 r d  
i n  Tahle  5. IJnti l  t h e  GPS receiver. wd5 prit In to i ~ s e  ;ft Tldhirlhi  l 1 0  thcl 
o n l y  r c g u l a r  means of  comparing IJTC(dUS) w i t h  ; I ~ P ~ L I ; ~ ~ - P  precis i011 t i 7  t l lc  
outside world  was by f l y i n g  cloclc t r i p s  e v e r \  t h r e e  or fo lu  clo1ltl1.: 
o r g ~ n i s e d  by USNC) and Bendix C o r p o r ~ t i  on .  I t  1 s  iloh pi)\ci i h l  C .  l i ( ~ v ' t = \  + = I  . 2 0 

mcnsur-c t h e  r e l a t i o n s h i p  on a d a i l v  b a s l s ,  l i r i n e  T I P (  1 r h l  .I> t h e  
i n ~ e r r n e d l a r y .  

The r c s u l  t s  IITC(AIJS) - TID(ITS) as p u b l i s h e d  i 11 N.IT".l:\I" 17111 l et:ir: E d ~ ~ i - i n g  
Julj---c7c~tobcr a r e  shown i n  F i g u r c  20.  Conibirliiig thcsct w i t 1 1  I-TC! ( tISNO Yr ) -- 

TTI)(FTS) a s  in Figure 8 g i v e s  liTC(USKll MC) - ITTC(,AITS) shown i n  1;igrri-e 21.. 
Residuals from a s t r a i g h t  l i n e  f i t  ( s e e  Table  4)  a r c  S ~ I ) W J I  i n  J , ' ig i~r .~?  22 
and their .  Al lan  v a r i a n c e s  i n  F i g u r e  2,3. T t  is  imniediatelj- seen t h a t  tl-1.c 
sta.rldard ex,r,ors a r e  a lmost  an  o r d e r  o f  magnitude ~x>c ; i t c r . ,  w11 i cll i ::: 
directly a t t r i - b u t a b l e  t o  TV n o i s c .  The f l y i n g  clcclc t r ip e r r o r  is  1 2 0  n s  
of' uhicl-I a  s u b s t a n t i a l .  p r o p o r t i o n  can be  a t ,~ , r . - ib \ l t rd  ! L J  t-he flying c l o c l c s  
then i s~ l .ves .  

T h e r e  i s  no doubt  t h a t ,  f o r  as l o n g  a.s t h e  GPS TTU rcrnai r~s  ;it I ' i d b i n k i l l . a ,  
a r e g u l a r ,  r e l i a b l e  and accura . t e  avenue i s  avai.l.ab1.c fo.r r-ornpal-i~lg clock.: 
i n  E a s t e r n  Austral.:i.a t o  c locl ts  and t ime  s c a l e s  over.scas. Conversely ,  i t  
i s  now poss.ib1.e f o r  16 o r  more Sou thern  Hemispherke ( - locks  t o  be used . r ~  
t h e  computat ion o f  I n t e r n a t i o n a . 1  Atomic Time ( T A T )  i f '  so  desired. 

I!SE OF RESIJLTS TO STEER UTC(AUS) 

Time s c a l e s  such as UTC(AUS), G T C ( B I H ' I  and UTCi lTSJ I1 )  a r e  ;:a1 c ~ r l a  t ed ill 
b a t c h  mode after-the-event ; f o r  examplc, UTC(:ZUS) i s  ci11 c!.~l.ar.ed r n o ~ i t l ~ l . ~  
a b o u t  a f o r t n i g h t  i n  a r r e a l - .  I t  i s  t h u s  f ' e a s i b l c  t o  ~lctl-onunodatc th.r 
d e l a y s  i n  g a t h e r i n g  GPS d a t a  and reduc ing  thcm t o  ;i i:o1111iini~ t in i r  ?\1i:1-1 a s  

UTC i n  o r d e r  t o  i n c l u d e  i t  i.n t h e  t ime  sc i l le  i . ~ l g o r - i t  1in1.  Th i s  r : ~ ~ ~  h e  
done i n  such a  way t h a t  t h e  t ime  s c a l e  general1.l- fol . lo~,;s  t h c  cxt.crn;iI 
cloclc o r  sca.1 e  t o  which t h e  GPS m e a s u r c m c ~ t s  arc: r % c f c r . r . ~ J ,  y e t  corl t. i n ~ ~ c s  
v i r t u a l l y  u n i n t e r r u p t e d  i f  t h e  GPS r c s u l t s  a r c  unavailable. 

L e t  t h c  t ime  shown by c l o c k  i h e  d e r l o t ~ d  u i  a t  n eivcll t i m c ,  nnil l r t  t l lc  
mea=,urement a g a i n s t  t h e  l o c a l  T V  ( correct -ed  f ~ r .  pri~lj,~erlt ion  d r l ? ~  1.r 1 i: 

1 I . x i -  T V  , i .= I , 2 . . .., 1.1. ( ? , )  
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F i g u r e  21. UTC(USN0,MC)-UTS(AUS) der ived  from long-arc GPS TIME r e s u l t s  
t o  T i d b i n b i l l a  (Figure 8) and B u l l e t i n  E (Figure 20).  

VIA GPS TIME 
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Figure  22, R e s i d u a l s  from s t r a i g h t  l i n e  fit through UTC(USN0,MC)- 
UTC(AUS) shown i n  Figure 2 1  ( s ee  T a b l e  4 ) .  



TABLE 5 

Contributors to UTC(AUS), July-October 1983 

Organisation Location Time Standards 

Tidbinbilla DSCC Canberra 1 hydrogen maser 
2 HP caesium standards 

Division of National 
Mapping 

Orroral Valley STDN 

CSIRO National 
Measurements Lab 

Royal Australian Navy 

TELECOM Aust Research 
Lab 

Canberra 2 HP caesium standards 

Canberra 1 HP caesium standard 

2 hydrogen masers 
Sydney 3 HP caesiwn standards 

Sydney 1 HP caesiwn standard 

Melbourne 5 HI' caesim standards 

~ l l I l , ~ l I l  
1 2 4 8 16 32 64 128 

DAYS 

Figure 23. Allan variances of the residuals 
UTC (USNO ,MC)-UTC (AUS) shown in 
Figure 22. 



It is dcsircci to calculi~te a t i n ~ e  scale X,  e-g. X I UTC(AUS), which 
appcnrs in t,hc 1'or.m of' a. set of results z - i ' 

taking into account weights pi for each clock according to some 
pre-arranged criteria. This is achieved by invoking the fundamental timc 
scale equation [~ercival, 19781: 

h 

where z . is a n  unbiased predict-iorr of IJTC(AUS)-xi ,it the time of 
1 

okserva tion r ~ u c h ,  1933 1. There are n ohser'vat i ons and one condition 
availablc to solvc fox* thc n i 1 unknowns zo, z l ,  2 2 ,  ..., z,,. 

Now suppusr that an extcrnal observation I rr is available on onc of the 
rlorks x.,, ( T E ~ )  agairlsr the r.efer.erlce time scale R, c-g. R - IJT~(USNO MC): 

and irnpos~ the steering condition : 

X - R  ( 7  

i.e. UTC(A[IS) - U'I'C(1ISNO YC) dt thc time of mcasurcment. The fill l set of 
equations to bc solvcd can thcn be put into the forrn of observation 
cqu;ttions with n condition, from equations ( 6 ) ,  (3) and (5) respectively: 

w h j  ch c.a.n be treated by standa.rd lea.st: squar-es methods; a weight p T should 
b .ihslgned .- -, -. . judiciously to t ,he  external dircct observation IT. This 

fortn~n l at,ion can bc rcad i 1.y cxtcndcd to cater for the hypothet, i cal. 
si.tun.tion in which sever.a.l GPS ~mit.s, or. indeed any othcr international 
tirrle r.r3ansfer syst,ems, wcrc operating in Australia.. 

When this suggestion has been investigated and implemented, UTC(AUS) will 
be truly a coord inatcd scale of Universal Time. Removal of the direct 
external. obscrvation(s) IT would restore it to its current position as a 
rr.uc frcc-running time scale, more appr'opr iat c l y  designated perhaps as 
TA(AUS) yet regularly morlitored aga in s t  TAT. It is proposed to run both 
solutions once certain prediction and weighting biases in the uTC(AUS) 
algorithm have been rcmovcd. 



It h a s  kccn dernon5tr-a~ed r h a t  t h e  GPS TTU a t  Tidbinh 
t l m e  t r a n s f e r  h a l f  waj- a round  t h c  wilt-I  LI w i t h  20 n a n o ~ e c o n i i  p r c c j  s i on o v c r  
ext'eride;1 per - lods  and wl t l l  n c c u r ~ l c y  1x1s i d c  t h c  mcasurcmcnt c a p a b i l i t y  o f  I 
1 o ~  d b s c r v i n g  ;t Lt, i tliLi<=s o\,er,  1:hese ,i i st:;llnces. arid use of' I',SNO GPS TIME 
~ r a l u c s  i.s rilrriost a s  gilcrd A S  I ' S \ P  4\. \ a : l u e s ,  h e s i d e s  bering e a s i e r  t o  
o b t a  i n .  

Reca.use t h e  user  d a t a  p r o c e s s i n g  tias proved t o  be  v e r y  s t r a i g h t f o r w a r d ,  .it, 
i s ti i.~lll.y Yeas i b l  e t:o i n c l u d e  t h e  r c s u l t  s i n  t h c  cornputat i or1 o f  UTC(A1JS) 

I 

a.nd i n d e e d  t o  s t e e l .  t h i s  t i m e  si:a.le t a  I'TC(lrSN0 YC) o r  t o  ITTC(H1H). T t  i s  
a l s o  now poss ib1 .c  Yor. a wicicr i.ornrnl1rli.t.y t o  u s e  . \ ~ ~ s t r a l i n n  c l o c k s  for.  

c o u n t , r i c s  wi 1 .I he t.ncour.;~ged by o u r  r c s ~ 1 1 . t ~  t o  examine t.he method v e r y  
c l o s e 7  y .  

The a u t h o r s  t hank  ."1r L7. Abrcu (ha t , ic )na l  yapping) and Mr .J .  ~ o y l a n d  
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