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ABSTRACT 

The S o v i e t  Union 's  g l o b a l  n a v i g a t i o n  s a t c l l i t e  sys tem,  GLONASS, c u r r e r l t l y  h a s  
n i n e  p r e - o p e r a t i o n a l  s a t e l l i t e s  w i t h  t h e  ful.1 complement o f  twen ty- four  
s a t e l l i t e s  a v a i l a b l e  p o s s i b l y  i n  two y c a r s  a t  t h e  p r e s e n t  launch r a t e .  Since  
o n l y  a. s i r i g l e  s a t e l l i t e  i s  r e q u i r e d  f o r  t ime t r a n s f e r  t o  a  known l o c a t i o n ,  t h e  
p o t e n t i a l  o f  Glonass a.s a d i s s e m i n a t o r  of time and f requency  can  be. e v a l u a t e d  i n  
t h i s  p r e - o p e r a t i o n a l  phase .  

T h i s  paper  d i s c u s s e s  t h e  tirnirlg r e f e r e n r e s  a v a i l a b l e  froin Glollass and how they 
a r e  cmployed i n  a  s a t e l l i t e - t o - u s c r  t ime t r a r l s f c r  l i n k .  IJsirig t h c  Glotlass low 
p r e c i s i o n  c o d e s ,  and wi thou t  rnakirlg d u a l  f I-rclucncy c o r r e r t i n l i s  , t ime t r a ~ l s f e r  
w i t h  (:lorlass is  o b t a i n a b l e  t o  p r c c i s i o n s  o f  t h c  o r d e r  of 100 nanoseconds o r  
b e t t e r .  Data i s  p r e s e n t e d  showing t h e  r e l a t i o n s h i p  betwccn Glonnss system time 
and UTC(USN0) over  an extc.rlded period of  t ime .  F i n a l l y  t h e  l i n k i n g  o f  Glorl;iss 
system t ime t o  UTC(SU) i s  shown t o  litivc been e s t a b l i s l l e d  s i n c e  l a t c  1988 .  

INTRODUCTION 

Glorlass p r o v i d e s  worlclwide t ime  d i s s e m i n n t i  on 2nd t ime t r a n s f  c r  s e r v i  c e s  i n  t h e  
same manner a s  t h e  NAVSTAK GPS and e x h i b i t s  t h e  same advan tages  a s  Navs ta r  does 
o v e r  o t h e r  e x i s t i n g  tillling s e r v i c e s  [ l ]  . Time t r a n s f e r  i s  bo th  e f f i c i e n t  ;ind 
economic i n  t h e  s e n s e  tha t .  d i r e c t  c l o c k  comparisons c a n  b e  a c h i e v e d  v i a  Glonass 
between wide ly  s e p a r a t e d  site..: w i t h o u t  t h e  use o f  p o r t a b l e  c l o c k s .  Event t ime 
t a g g i n g  can  be ach ieved  w i t h  ~ 1 1 e  ininiinu~l~ o f  e f f o r t  and u s e r s  can  r e a c q u i r e  
Glonass t ime a t  any i n s t a n t  due i.o t.he con t inuous  n a t u r e  o f  t - i~ne  aboard t.he 
s a t e l l i t e s .  

The f i r s t  r e l e a s e  f-ro~n t h e  S o v i e t  Uriion o f  d e t ; i i l e d  Glonass  i -nformat ion o c c u r r e d  
a t  t h e  Tr i t e rna t iona l  v  Aviatiol-i Osganisatior-I  ( I C A O )  speci-a1 comlnittee 
lnecting on Fu ture  A i r  Navigat-ion Systelns (I3'ANS) i n  Montreal  i n  May 1988 [2]. 
The r e p o r t  c o t ~ t a i r i e d  iloniinal o r b i t a l  i n f o r r ~ ~ a t . i o n  as w c l l  a  d e t a i l e d  
d c s c r i p t i u r l s  o f  t h e  G l o r l i i s s  C/R code s t r u c t u r e  and t r a n s m i t t e d  data message.  
Most of t h i s  infornlatiori  tiad a l r e a d y  becil made n v a i l a b l c  v i a  o t h e r  p u b l i c n t i o t l s  
[ 3 ] ,  [/&I, [5]. The r e a d e r ' s  a t t e n t - i o n  i s  d i r e c t e d  t o  t-lie r e f e r e n c e s  a t  t h e  erid 
o f  t h i s  paper  f o r  Inore ?,enera1 C:lonass i n fo rmat ion .  Currei1t:ly ili t ~ e  C;lonass 
s a t e l . 1 . i t e s  a r c  i n  f u l l  operat i -on g i v i n g  s i n g l e  s a t e l l i t e  coverage a t  most. 
l o c a t i o n s  a lmos t  24 hours  a  d a y .  Thcsc s a t e l l - i t e s  a r c  l i s t e d  i n  Table  1 (Glonass 
38 i s  i n c l u d e d  i n  t h e  Tablc  a l t h o ~ , h  it:; l i c a l t h  p,ives c a u s c  f o r  coxlccrn) . 
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Table  1 

TIME FROM GLONASS 

Time t r a n s f e r  from Glonass  i s  ach ieved  i r l  a  s t r a i g h t f o r w a r d  manner, F igure  1. 
Each s a t e l l i t e  t r a n s i n i t s  s i g n a l s  r e f e r e n c e d  t o  i t : s  own on h o a r d  c l o c k .  The 
C o n t r o l  Segrnerlt moni to r s  t h e  s a t e l l i t e  c l o c k s  and de te rmines  t h e i r  o f f s e t s  from 
t h e  common Glorlass sys tem tirne. The c l o c k  o f f s e t s  a r e  t h e n  up loaded  t o  t h e  
s a t e l l i t e s  as p a r t  of t h e  t r a n s m i t  d a t a  rnessage. A u s e r  a t  a  known 1.ocation 
rece i -ves  s i g n a l s  from t h e  s a E e l l i L e  and by decoding t h e  d a t a  s t r e a m  modulated on 
t o  t h e  trarlsrrl ission i s  a b l e  t o  oht-akn t h e  p o s i t i o n  o f  t h e  s a t e l l i t e ,  a s  w c l l  as 
t h e  s a t e l l i t e ' s  c l o c k  o f f s e t  from t.he common system t i m e ,  a s  a f u n c t i o n  oL ti111e. 
lience t h e  s i g n a l  p ropaga t ion  t ime can be  c a l c u l a t e d  a t  any i n s t a n t .  The t.irnc a t  
whi.ch tIlc s i g n a l s  a r e  t rnnsmi t t . cd  i s  a l s o  corlta.i.ned i n  t h e  d a t a  message; by 
combin i~ lg  t h i s  w i t h  t h e  propaga t:ion t ime anci c o r r e c t i n g  f o r  t h e  s a t e l l i t e  c l  ock 
o f f s c t ,  t h e  u s e r  can e f f e c t  t:ransfe.r t o  Glonass sys tem t i m e .  Any o t h e r  t.tse.r who 
h a s  a s a t e l l i t e  v i - s i h l e  i s  a l s o  a b l e  t.o t r a n s f e r  t o  t h e  same t ime s c a l e .  

Though t h i s  s i t n p l i s  t i c  approncll w i l l  p rov ide  t ime t r a n s f e r  t o  t h e  G l  orlass sqrs tern 
t ime a d d i t i o n a l  e r r o r s  occur  which rl~ust be  c o r r e c t e d  f o r  o r  a n  ~ l l o w a n c c  made 
Lor them i n  the  e r r o r  budgct. 

1 ) P o s i t i o n  e r r o r s .  Both t h e  t r a n s m i t t e d  s a t e 1  l i t c  cphelnerjs  and the  t ~ . ~ , ~ r ' s  

known l o c a t i o n  can  c o n t a i n  e r r o r s  which appear  a s  b i a s e s  i n  t h e  
r ~ ~ e a s u r e m e n t s .  T h i s  i s  p a r t i c u l a r l y  r e l e v a n t  i n  t h e  c a s e  o f  Glonass  a s  t h e  
c o - o r d i n a t e  sys tem r c I e r e n c e  frame which i s  used  i s  a t  p r e s e n t  unknown and 
t h u s  i t  would prove more p r o f i t a b l e  t o  s o l v e  f o r  u s e r  p o s i t i o n  a s  w e l l  a s  
t ime o f f s e t  t o  remove p o s i t i o n  u n c e r t a i n t i e s .  

2 )  At~nospher ic  d e l a y s .  The t r a n s i t  t ime  of  t h e  s i g n a l s  a r e  a f f e c t e d  by del.ays 
i n  t h e  t r o p o s p h e r e  and i ol-losphere . Tropospher ic  d c l a y  can  be  mi1-limised by 
s e l e c t i n g  s a t e l l i t e s  a t  h i g h  c l e v a t i n n  a n g l e s  and c a n  a l s o  be  a c c u r a t e l y  
model led.  The i o n o s p h e r i c  d e l a y  i s  u s u a l l y  t h e  1 .a rges t  c r r o r  i n  t i r n c .  
t r a n s f e r .  Models a l s o  e x i s t  f o r  t h i s ,  such a s  V-hat used  by t h e  N a ~ r s t a r  
GPS, h u t  a r e  g e n e r a l l y  l e s s  accurate . .  The Navstnr  model r e s u l t s  i n  a rms 
r e d u c t i o n  i n  range  e r r o r  o f  60 p e r c e n t  [ 6 ] .  i o n o s p h e r i c  e f f e c t s  can be 
removed most e f f e c t i v e l y  by ~nak ing  d u a l  f requency  measurements.  



3)  E u r o ~ - s  may r e s u l t  i n  t h e  c a l c u l a t i o n  o f  s i g n a l  p r o p a g a t i o n  t i ~ n c l  i f  propel- 
account. i s  n o t  t a k e n  o f  d e l a y s  duc. t o  t h e  r o t a t i o n  o f  t h e  e a r t h  dur in f :  rtic 
s i g n a l  p r o p a g a t i o n  t i m e .  Th is  i s  a  f u n c t i o n  o f  s a t e l . l i t c  p o s i t i o n  and u s e r  
l a t i t u d e .  F o r  t h e  woi-st c a s e  o f  ;i u s p r  a r  t h e  e q u a t o r  and a  s a t e l l i t e  due 
e a s t  o r  wes t  on t h e  110~-izori t1ii.s e f f - e c t  cn.n r e s u l t  i n  a n  e r r o r  of 

approx imate ly  1 2 8  narlosecorlds i n  t h e  c a s e  o f  Glonass .  The e a r t h  r o t a t  iol l  

e r r o r  car1 be  e a s i l y  c a l c u l a t e d  arlti r~rr!ovcd. 

4 )  Rece iver  n o i s e  arid b i a s e s .  Rece jver  n o i s c  w i t h  z e r o  mean c a n  be removed by 
si111ple a v e r a g i n g ,  which can  be  r e a d i l y  a p p l i e d  f o r  a s t a t i o n a r y  u s e r .  
B i a s e s  such  as r e c e i v e r  d e l a y  can a l s o  be s u b t r a c t e d  from t h e  measurerncnts. 

5) Other  e r r o r s  c x i s c  sucli a5 i ~ l ~ p r e c i s i o r l  i n  s a t e l l i t e  c l o c k  c o r r e c t i o n  
pararrletcrs and a f f e c t s  such R S  111111 t- ipii th.  

SIGNAL TIMING REFERENCES 

Timing r e f e r e n c e s  a r e  c o n t a i n e d  i n  both  t h e  s a t e l l i t e  code and t r ~ . r l s r n i t t e d  d a t a .  
The Glonass  C/A code i s  a 511 b i t  maximal l e n g t h  sequence t r a n s m i t t e d  at .  a r a t e  
of  511 K h i t s / s  g i v i n g  a  code epoch c v c r y  mi l l i . second .  The Glonass  d a t a  r~rcssage 
i s  r e p r e s e n t e d  a s  50 baud d a t a  modulated on t o  t h e  s a t e l l i t e  code .  The d a t a  
t r a n s i t i o n s  a r e  c o -  i r l c iden t  wi th  code epochs .  The da t ; i  i s  t r a r l s r ~ l i t t e d  a s  2 .  5 
mi11ut.e supel-frn.mes ; each  s u p c r f  same i s d i v i d e d  irlCo 5 ha1.f -minute  f ranlcs and 
each fra.me c o n s i s t s  o f  15 t:wo-second l i r l c s  of d a t a "  Each fraliie contain:; t h e  
c u r r e n t  t i  lire, sii t c l l i t - e  ephemeri s, c lock  c o r r e c t i o n  p;3r;1rr1e t.crs and a1m;xnn.c:~ f o r  
Live o t h e r  s a t e l l i t e s .  Hence f i v e  frarncs are. r e . q ~ . ~ i r e d  t.o obtain a l l  t.11~ 
a lmanacs .  The 1. second epochs occul- i.r~ t.llc d a t a  a t  t h e  1)efiilniirlg (even  s~c:orlci) 
and middle (odd second)  of each l i n e .  Figur-e % slluws t.hc c o n t e n t  of o r ~ e  d a t a  
f rame.  

GLONASS DATA MESSAGE 

SATELLITE EPHEMERIS 

Glonass  ephemerides a r e  r e p r e s e n t e d  by satellite ECEF posi.tior1 and v e l o c i t y  
v e c t o r s  a s  we11 a s  l i c c e l e r a t i  on corrcc:  t.ion compon~rl ts  . In gene]-xl t.lic 
ephemerides a.re t lpdatcd ha1.f t i o i ~ r l y  g i v i n g  niasim~.~m ephcriri!ris ex t rapo l i i t . ion  
p e r i o d  o f  1.5 rniriutcs. To c;i 1 ~ 1 1 1  i l f . ( :  k.11~: s a t e l r i t e  po:; i. [.ion t h e  equ3.t ioris of 
tnotiori o f  t h e  sate1l.i.t.e car1 11e u r - 1 1  integrated over t . 1 ~  predictiol-1 
p e r i o d .  

Equa t ion  ( 1 )  g i v e s  t h e  e q u a t i o n  of motion o f  tllc sa t .e l l i :e  with a c o r r e c t i o ~ i  f o r  
t h e  secorld z o n a l  ha r~~lor l i c  ( .J ) of t h c  cat.1.l-1's o h l a t e n e s s  wllicl-1 i s  by f-21: (.he 
l a r g e s t  pe rcurbs t - ion  or. ;he ?;luIliiss s a i e l  1 i  rrs uver t h e  : i  v a l i d i t y  
p e r i o d .  Tra .ns la t io l1  of p n s i t i o r i  iilld v e l o c i t y  fro111 t.hc ECEF f r i i ~ r ~ c  t.o t h e  
i n e r t i a l  f-rcime i s  1-lccessa1-y bef-orc  i r i l c g r a t i n t ~ .  Thc c q u a ~ i o n  o f  motiol-i can be 
e x p r e s s e d  [ 71 i n  c o n s t i t u e n r  corrrpo~icr-1t.s by equnt i  OTIS (2/ 1.0 ( 4 )  . 



These equations can be integrated by any suitable technique (Runge-Kutta 4th 
order for example) and with a suitable step size the satellite's position can be 
easily calculated to within 3 metres over half an hour. The acceleration t:erms 
in the data message correct for additional perturbations to the satelli.tels 
motion which are  predominantly luni-solar in origin. 

SATELLITE CLOCK OFFSETS 

The satellite clock offset from the cornrrlon Glonass system time is represented by 
two parameters [2]. 

1) Tn - the relative frequency offset between the nth. satellite navigation 
slgnal frequency, E and the nominal value, 

fhn' 
of the nth. satel-lite 

n ' 
frequency. 

2 )  r - the nth. satellite time scale shift relative to the Glonass time 
n 
scale. 

The Glonass system time, t , is related to the satellite time, t by, 
SYS s v '  

where t is the time of validity of r and y . In addition a third parameter r 
o - n n 

representing the difference between Glonass system time and Moscow Time ig 
transmitted. 



Table 2 shows the range and r e s o l u t i o n  of t he  [;Ionass c lock  cni-rectiorl 
parameters .  

A 
Elonass B i t s  Scale  

7 
n  

2 2 
11 2 

-4 0 
'n 
r 2 8 

-2 7 
2 

C 

* 
PISB = s i g n  bit. 

Glonass clock c o r r e c t i o n  paramc t . t rs  . 
Table 7 

GLONASS TIME TRANSFER MEASUREMENTS 

A s e r i e s  o f  measurements have been conducted of t he  d i f f e r e n c e  between UTC(USN0) 
and Glonass system t ime.  The arrangement o f  equiprlicnt t o  c a r r y  o u t  these  
measurements i s  shown i n  Figure 3 .  A p ro to type  s i n g l e  channel Glonass/Navstar 
GPS r ece ive r  has  been cons t ruc ted  [ 8 ]  which al lows ti111e comparisons between 
Glonass o r  Navstar system time and a 1 pps  r-eference syncllrorliserl t o  IJTC(USN0) 
a v a i l a b l e  from a  commercial Navstar r ece ive r  s p e c i f i e d  t o  bt: w i th in  100 nsec of 
UTC(USN0) b u t  i n  p r a c t i c e  s i g n i f i c a n t l y  b e t t e r  than t h i s  f i g u r e .  Thc Navstar 

system time / UTC(OSN0) comparison i s  used as a c a l i b r a t i o n  and confidence 
measurement s i n c e  the  o f f s e t  between C:PS time and UTC('USN0) i s  known arlcf 
t r ansmi t t ed  a s  p a r t  of thc  GPS data  r~iessage. The measurements a r e  conducted a s  
fo l lows .  

A time i n t e r v a l  counter  measures t he  i n t e r v a l  between the  UTC(USN0) 1  p p s  and 
mi l l i second epochs decoded from the  code genera tor  of the test r e c e i v e r .  Whilst  
t r ack ing  a  s a t e l l i t e  time i n t e r v a l  measurements a r c  thus made of UTC(USN0) 
a g a i n s t  t h e  c lock  of t h e  s a t e l l i t e  c u r r e n t l y  be ing  t racked  b u t  a l s o  i nc lud ing  
the  s i g n a l  propagat ion t ime.  This measurement i s  then r e l a t e d  t o  UTC(IJSN0) 
a g a i n s t  system time by the followirlg c q u a t i o r ~ s .  

where, p = counter  reading .  

t = s a t e l l i t e  t ime.  
S v  
t = s i g n a l  propiiga.tiol1 t-irnc ( rr~odulus 1 111s j 

P 

t = t  - 6t 
:j v sys 

where, t - system time. 
SY s 

S t  = d i f f e r e n c e  i n  system time and s a t e l l i t e  t ime.  



p = UTC(USN0) - t + 6t + t 
SYS P 

UTC(USN0) - t = p - t - 6t 
sys P 

The resolution on each measurement is 2 ns and the UTC(USN0) 1 pps is certainly 
accurate to within 100 ns. Measure~nents arc made once per second, averaged over 
3 minutes; the data is then stored for off-line processing. 

Navstar and Glonass system time offset from UTC(USN0) 
Table 3. 

DATE 

12/3/89 
12/3/89 
12/3/89 
12/3/89 
12/3/89 
12/3/89 

12/3/89 
12/3/89 
12/3/89 
12/3/89 
12/3/89 
12/3/89 
12/3/89 

Table 3 shows a set of measurernerit.s over a typical 24 hour period. The datz has 
been corrected for tropospheric, rclativistic. and earth rotation effects hut not 
for ionospheric.effects. Since the measurcmcnts are taken over one day then the 
data is obtained from two passes of each satellite. An elevation mask of 10 
degrees j.s used. The offset of UTC(USN0) from Navstar system time over this 
period as transmitted by the Navstar data message is about -344 ns demonstrating 
the effectiveness of the cross-calibration and lending confidence to the 
measurements of Glonass system time. The results relating Gl orlass sys tcrn time 
to UTC(USN0) are very encouraging fro111 the point of view of both consistency 
from one Glonass satellite to anot-her (maxi~num difference in offset of the order 
of 50 rlsccs) and of precision of the measurement (typically 20-30 nsecs). Since 
the largest unaccounted error (ionospheric propagation) is also of the order of 
30 nsecs), the measurement limits have been reached. 

GLONASS TIME SCALES & UTC(SU) 

-- 

SATELLITE 

NAVSTZ- 3 
NAVSTAR 6 
NAVSTAR 9 
NAVSTAK 11 
NAVSTAK 12 
NAVSTAR 13 

GLONASS 34 
GLONASS 35 
GLONASS 36 
GLONASS 38 
G1,ONASS 39 
GLONASS 40 
GT,ONASS 41 

Figure 2 shows a plot of UTC(USN0) against Glonass system time over a period of 
about 12 months using an ensemble of available satellites. The plot shows 
clearly two phases of operat-ion, thc change-over occurring in March 1989. The 
first phase is characterised by a frequency offset of 0.18 ps/s and the second 
by an offset of 0.64 ps/s clearly indicating a frequency adjust~nent of the 
Glorlass system time clock at the change-over point, 

READINGS 
(1/SEC) 
4320 
2520 
2340 
5580 
3420 
11990 

13960 
4860 
4320 
4320 
3780 
4140 
4680 

AVERAGE 
OFFSET/ns 

- 336 
- 325 
-327 
- 336 
- 330 
- 352 

29696 
29700 
23699 
29705 
29703 
2 9 740 
29713 

STANDARD 
DEVIATION/ns -- 

2 2 
18 
2 3 
19 
14 
16 

24 
24 
2 6 
3 5 
3 5 
24 
19 

- 



A n  a d d i t i o n a l  c l o c k  c o r r e c  t io r l  p;l.rameter i s  i n c l u d e d  !n t h e  Glonass  d a t a  luessage 
which r e l a t e s  t h e  Glonass systcrri t ime s c a l e  t o  t h e  tinie s c a l e  a t  which ephe~iiel-is 
and s a t e l l i t e  c l o c k  o f f s e t s  rirc c a l c u l a . t e d .  Wc w i l l  c a l l  t h i s  time sca.le 
Glonass  ephemeris t ime ; t h e  o f f  s e t  be tween C; j.onass ephemeris ti.me and Glonass 
sys tem t ime  i s  deno ted  i n  t h e  t l-ansmitt-ed data message by t h e  pa ramete r  T . 

C 
Observa t ions  of T over  a p e r i o d  i n  e x c e s s  oC two y e a r s  shows t h e  o f f s e t  between 

C 
t h e  t ime s c a l e s  always mairi tained ~ : i . t h i n  approximatt.-ly k30ps o f  each o t h e r ,  
Under nor1na.1 circumstance:; app?  i c n t i o n  o f  r:liis parameter  i n  t h e  c a l c u l a t i o n  of 
s a t e l l i t e  l o c a t i o n  and c l o c k  o f f s e t  i s  urllii.cessary s i n c e  a norni.nn1 s a t e l l i t e  
v e l o c i t y  o f  4 km/s arid c l o c k  frcqucricy of-f-se: o f  :.he ordel- o f  10  ps / s  w i l l  
p r o v i d e  i n s i g n i f i c a r i t  c o r r e c t i o n s  when changing LL.OI:I Glonass  sys-t:cm time t o  
ephemeris t i m c .  F i g u r e  3 shows i i  plot of  7 ovcr  t:he siime t ime p e r i o d  a s  F igure  r. 
2. I t  can  be seen  t h a t  T provide..: 3 somcwl-iat l e s s  ,-.ont.i.rluous t ime s c a l e  than c  
Glonass sys tem t i m e .  Thcrc: Is r : i en~ -  evidcllcc r.>f f r equency  charigcs i n  t h e  p l o t  
and i n  a d d i t i o n  a phase s h i f t .  OS iibout 31~s e a r l y  ir: Dece~nher 1 9 8 8 .  The rnajor 
s i g n i f i c a n c e  of t2h i s  phasc chtingp, ir-1 s t icr~ i n  ?igulae. 4 which p o r t r a y s  how t:he 
v a r i o u s  Gl-onass t ime s c i i l e s  a r e  l ir lkeil .  The-r-e are. t.iirce s e p a r a t e  t r a c e s  or1 t.he 
p l o t  which a r e  a s  f o l l o w s :  - 

1) Measurements a t  tlic I j n i v e r s i t y  o f  L(.!c!tis irf :TTC(USSO> ~ i g a i . n s t  Glonass  system 
t ime a s  iri F i g u r e  2 but t o  A lick. titlie s c a l ~ .  

2 )  The sarne r e s u l t s  a s  i n  1) r c f ~ r r - e d  t o  Glorrass ephemeris t i ~ n c  by s u b t r a c t i n g  
tlic t r a n s m i t t e d  pararrii. t c r  r 

C 

3 )  BIPM d a t a  g i v i n g  I JTC(USN0)  - UTC(SI;) as rc:fcrrrtd t o  t h e  int-.crria t ior ia i  
r e f e r e n c e  cent . rc  i r i  Pa.ri..: f01: coord i r i i i t jn~-~  n f  -Llni~~cr:;:il t i ~ l i e  (IJTC). 

Before  e a r l y  l)eceniber 1988 Glorlass cpliemeris t ime  w a s  :!lot. i d e n t i c a l  w i t h  UTC(SU:I 
b u t  t h e  phase. r e s e t  a t  t'na.t t ime r e I c r r e c i  ti? en]-i . ier  i l . lcarly i n i t - i n t e d  t h c  
syrlchrorlism o f  t h e  two s c a l e s .  T h i s  move was 13-robabl;,. planrlcci t o  t a k e  pl.ace i ~ y  
t h e  s t a r t  of 1 9 8 9 ;  duriny, tile wholc of :i 989 ~Glonass epliemer-is t ime has  hcc:r: 
i d e n t i c a l  t o  UTC ( S U )  . Reference of UTC (ST;) t c  i.hc BLPM by convent.iol-la1 :rlcaris 
h a s  beer1 s p o r a d i c  s i n c c  J u l j -  1 9 8 8 ,  Clciarly tile t ime h a s  r i v e  when 
in te r r i a  t iona l .  t ime coc)rciir~nti  on w i l l  bc ciirwi ed o ~ r t  prirrlijrily by means of 
navi-gatior1 s a t e l . l i t e s ,  e i t . l ier  those of  i . 1 ~  51:ited S t a t e s  (Navs ta r  GPS) o r  t h e  

S o v i e t  Union (Glonass j  . Tlie inipl i.c;itinris f o r  I i i g h - q - . ~ a l i t ) i  in terr ia t . iona1 t ime 
t r a n s f e r  a s  w e l l  a s  acccur-:3te ;;r~ti p r e c i s e  p o s i t i o n - f i s i  ng or1 a c o n t i n u o u s ,  
g l o b a l  b a s i s  a r e  

CONCLUSIONS 

I t  h a s  been deliionstrated t1i;i.r. ! . i ; r . i .  : . ~ a n s f e ~  wi th  i:;lo~?;iss t.o a s t a t i c  user call be 
acli icvcd t o  a c c u r a c i e s  o f  r h e  0 7 - r i ~ 1  of 100 11s 01' b e t t 2 r  whi-le u:;ing t h e  Gloriass 
low p r e c i s i . ~ ~ !  C/A code phasc  3r1d b - i t i l a u ~  ciua; i-req~.~cr:cv ~ n e a s u r e ~ r ~ e r i t s  . R e s u l t s  
a r e  r e p e a t a b l e  c r o s s - c a l i h r a  tior? wit11 X;iTzsrar GPS p r o v i d e s  a  h i g h  conf idence  
l e v e l .  Gl.onass sys tem ti111c p r o \ ~ i d e s  a rime sc:rile rvliicl-1 h a s  r e l i a b i l i t y  atld 
performance comparable Lo c h a t  of  othe1- interr-iat-iorlal. t ime  s c a l e s  and can be 
used a s  a n  i r l termediacc  t ime s c a l e  f o r  c l o c k  comparisons bctwcen wide ly  
s e p a r a t e d  s i t e s .  



A direct linking has now been confirmed between Glonass system time and UTC(SU) 
as of late 1988. Previously Glonass system time had been referred to Moscow 
Time which was clearly not the same as UTC(SU). Now that both Navstar GPS and 
Glonass are both referred to their respective national time standards, UTC(USN0) 
and UTC(SU) respectively, the prospects for international time transfer by 
satellite are very encouraging. 

Allan variance stability profiles of satellite system time as measured against 
UTC(USN0) have been produced extending from 1 to 64 days indicating the use of 
high-quality atomic oscillators, either Cesium or more likely Hydrogen Maser 
clocks, as the fundamental reference f o r  Glonass system time. 

Clearly the time has arrived when international time coordination will be 
carried out primarily by means of navigation satellites, either those of the 
United States (Navstar GPS) or the Soviet Union (Glonass). The implications for 
high-quality international time transfer as well as acccurate and precise 
position-fixing on a continuous, global basis are extremely important. 
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QUESTIONS AND ANSWERS 

ROBERT VESSOT, SAO: Can you tell me, in your opinion, what is the species of clock that  they 
are most likely t o  have in orbit? I have heard reports of vastly improved rubidiu~rls and ghastly cesiums, 
etc. Wha t  is your professional opinion? 

MR. DALEY: Somebody put you up  to tha t ,  right? I really don't want to say a lot about i t ,  except 
tha t  our evidence is tha t  they are carrying atomic clocks. We have seen increasing perforrrlance of the on- 
board clocks. Evidence is tha t  the present clocks are every hit a good as the NAVSTAR clocks. I 
say probably, because we have not finislled our analyses yet. The early clocks wcre, as yo11 say, represeritative 
of poor or mediocre rubidiums. Those steps in performance have bccn made over the last tllrce years a11d I 
have no doubt tha t  they will go on. 

CARROLL ALLEY, 1J OF MARYLAND: Is there any evidence that  the Soviet systerrl itself is 
degraded, or is i t  working a t  its ~rlaximum performance? 

MR. DALEY: We have no evidence of any degradation in performance, deliberatme or ~t~herwise .  Tha t  
doesn't say tha t  it is not happening or co~lldn't happen. We look a t  t,he (edges ?) frorrl GLONASS everyday, 
probably several hours a day, and we have never seen any evidence of SA or any otller forrrl of degradation. 
I believe tha t  the Russians have announced that  they can't do it evcn if they want to. Wliet,ller tha t  is true 
or not, I don't know. 

MR. VESSOT, SAO: TIave you seen any evidence of cross. liriking, satellite-to-sat,ellit,e, i r ~  order not 
to wait for an  orbit t o  send cornrnands? 

MR.. DALEY: Tha t  one is easy-no, I don't know 

ROBERT VESSOT, SAO: What  about corner reflectors? Do tllcy have therll? Professor Alley has, 
for a t  least a decade, been pleadirlg with our people to  put a corner reflector on orlc of these to resolve the 
clock us.  propagation and ephemeris issue. Do they have these? 

MR. DALEY: My understanding is tha t  some if not all of the GLONASS's do 11;~ve corner reflectors 
on them. 

MR. VESSOT: Can we track them then? We should be able to. 

MR. DALEY: There arc people in the audience w l ~ o  can answer tha t  q i~es t inr~ I I I I I L ~ I  bcttcr tllnn I can. 

PROFESSOR ALLEY:T,et Irle respond to  that .  Bob, t l~e re  is an  (name not clear) snlellil,r wl~ich is 
totally covered with corner reflectors irl tlie GLONASS orbits. It wal~ld be nice if tllcrc wcre corner reflectors 
on the GLONASS satellites themselves. 

MR. DALEY: It is only hearsa.y, I have been told tha t  they do. 

PROFESSOR Alley: The half hour changes in the ephemeris message, is that  trar~srl~ittetl fro111 the 
ground to the satellites, or is it just a progrnrnlned changc? 

MR,. DALEY: It is a programn~ecl cl~arige. 

PROFESSOR ALLEY: Do you have any idca how often they 11pdate t l ~ e  cpllcrrlcris? 

MR. ALLEY: Alrrlost cert,ainly once a day. 




