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ABSTRACT 

The UeS~Navy Navigation S a t e l l i t e  System termed as PJNSS 

of fe r s  a unique worldwide f a c i l i t y  for  the precise %me 
Synchronisation. 
for tracking Indian Satellites, space dpp lha t ions  Centre 
(SAC) has developed a simple Tining Receiver. Using t h i s  
T i m i n g  Receiver first the internal t L m  consistency of' 
NNSS was studied and then its performance to  synchronise 
time was compared w i t h  t h a t  of National Time Standard. This 
paper describes i n  deta i l  the methodology of data analysis, 
r e s u l t s  and the various sources of error which a f f ec t s  the 
t i m e  t r a n s f e r  accuracy. The main s o u r c e  of error w a s  found 
t o  be t h e  receiver delay which varies w i t h  s i g n a l  s t r e n g t h .  
I t  is p o s s i b l e  t o  a p p l y  t h i s  de lay  c o r r e c t i o n  empirically 
p r o v i d e d  s i g n a l  s t r e n g t h  is  recorded. 

To take the  advantage of such a f a c i l i t y  
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INTRODUCTION 

The Navy Navigation S a t e l l i t e  System (NrJSS) is a fully oper- 
a t iona l  navigation system t h a t  enables the Navy Flee t  o r  
commercial users t o  accurately obtain t h e l r  position any 
where on the Globe, day  or  n ight  and i n  any weather. 
MNSS commonly known as TRANSIT, consis ts  of a constellation 
of f i v e  o p e r a t i o n a l  s a t e l l i t e s  i n  f i x e d  c i r c u l a r  polar 
o r b i t s  a t  an a l t i t u d e  of approximately 1100 km. The TRANSIT 

system requires  accurate time to  accomplish i t s  navigation- 
a l  mission. For this reason t h e  satellites t r m m i t  a pre- 
c i s e l y  timed f i d u c i a l  time mark (FTM) every two minutes, 
The transmission of FT'M has provided a unique world wide 
f a c i l i t y  f o r  t i m e  Synchronisa t ion .  I n  fact  T r a s i t  sa te l -  
l i t e s  are l i k e  unat tended f l y i n g  clocks and u s e r  can  t a p  
precise time as and when tfie s a t e l l i t e s  come on the horizon 
w i t h  a proper type of receiver.  
become a bonanza to  users of precise t i m e  even i n  remote 
areas. 

i n g  an O l y m p i c  Fla,me. I n  case of f a i l u r e  it would be nec- 
essary i n  e i ther  s i t u a t i o n  t o  go back t o  t h e  source .  But 
t h e  TRANSIT has so lved  t h i s  problem and 5 operational satel-  
l i t e s  provide  e x c e l l e n t  s e r v i c e  r e l i a b i l i t y .  

The 

This unique f a c i l i t y  has 

Maintanance of precise time 3 s  as d i f f i c u l t  as keep- 

To take advantage of NNSS facility for maintaLning time a t  
ISRO Telemetry & Tracking Command Network (ISTftbC) Space 
Applications Centre (SAC), Ahmedabad under took the  fabri- 
cation of a simple Timing Receiver. This receiver a f t e r  
ge t t ing  locked to  400 M ~ z  s a t e l l i t e  c a r r i e r  de tec ts  FTM 
and sets t h e  lPPS of t h e  local clock. The p a t h  delay cor- 
r e c t i o n  t o  lPPS is app l i ed  u s i n g  broadcast ephemeries and 
ground s ta t ion  coordinates manually. 
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TIME !ELNVSFER METRODOIDGY - SATELUTE FRAME To GHOUND 

F R W  

The tiEe mark i n  the  s a t e l l i t e  signals are referenced to  
UTC (Universal Coordinated Time mdntaAned by U I S I  Naval 
Observatory). 
tlones" and a "Zero", followed by a 400 Hz beep signal and 
i s  shown i n  f i g .  q o  The exact point of transition between 
the f ina l  binary zero and the  begbning of 400 Hz beep is 
the exact two minute mark. This time mark i s  known as 
"Fiducial T ime  Mark (Fm). In every two minute, synchronis- 
ed with FTM, the s a t e l u t e s  also transmit 26 o rb i t a l  
words. The f irst  8 words are known as v a r i a b l e  parameters 
and t h e  rest are known as f i x e d  parameters. The f i x e d  
parameters describe t h e  s a t e l l i t e s  nominal o rb i t  where 
as t h e  v a r i a b l e  parameters describe t h e  f i n e  s t r u c t u r e  
i n  t h e  sa te l l i t e  nominal o r b i t  as a f u n c t i o n  of t i m e .  

The accuracy of the  s a t e l u t e s  position derived from these 
parameters (known as Broadcast Ephemeris) are 25 m in-t;rac& 
15 m cross-track and 10 m i n  radial direction. 

The time mark consists of a 'tZerolt, 23 

The NNSS Tirring Receiver detects  t h e  FllM and synchronises 
1 PPS of i t s  in te rna l  clock. The correction to  t h i s  1PPS 
i s  given by: 

Correction = Do 4- R/c 
bihere 90 = Mean receiver delay a t  a given signal 

strength. 
R = Slant range of the s a t e l l i t e  f r o m  

receiver antenna i n  km. 
C = Velocity of electromagnetic waves i n  kxn. 



The satel l i te  transmits the five o r b i t a l  parameters viz. 
semi-major axis (at ), eccentricity (e), inclination (i), 
argument of perigee ' W k )  ( and r igh t  ascension of the ascend- 
ing node (n% ?, the precession rate of 0 and fi (G ah!, 
the mean motion h? and Greenwich sidereal t i m e  ( G U T t  1 a t  
a cer ta in  t i m e  tp along with Aa, b E  and 
AE are the corrections t o  be applied t o  the  semi-major 

axis and the  eccentric anomaly and i s  the  out of plane 
c omponen t e 

P 
P 

where Aa and 

7. 

The s a t e l l i t e  coordinates at; any bs tan t  t with respect t o  
the o rb i t a l  coordinate system are 

r - t  r 1 

b P b 

E, = Eccentric anomaly a t  t i m e  t 
b 

= M + e Sin M~ +  DE^ t 
H, = Mean anomaly a t  time t 

The transformation of the s a t e l l l t e  coordinates from the 
orbital. plane system to  the equatorial coordinate system i s  
accomplished by three rotat ions v i z  

(i 3 
(ii 3 
(iii) 

t h e  rotat ion in the x-y plane by (-ut) 
t he  rotation i n  the y-c plane by (-3- 1 
t h e  rotation in the  x-y plane by (-ns 

where 
Ut = argument of perfgee a t  time t 
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fit = r i g h t  ascension of ascending node a t  time t 

=n + ii(t-tp) 
tP 

The rectangular geocentric coordinates are, therefore, 

fr! order t o  obtain t h e  coordinates i n  t h e  earth fixed sys- 
tem, a sidereal ro ta t ion  by an angle equal t o  the Greenwich 
s i d e r e a l  time a t  t h e  instant i s  applled, 

me = rotation r a t e  of  t h e  earth 

The coordinates of the stat ion are expressed i n  terms of 
t h e  geode t i c  latf  tude d longitudeh.They can be t r a n s -  
formed i n t o  C a r t e s i a n  c o o r d i n a t e s  by t h e  formulae, 

X = (U+M+h) COS+ Gosh 
*o = (LJ+M+h) COS+ S b h  
0 
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where, 

- 
8e - 
e =  

N+h = 

equatorial radius of the earth 

eccentricity of the earth 
he igh t  of the s ta t ion above the reference 
ellipsoid. 

&owing the s ta t ion position and the satel l i te  position a t  
any time t, w e  can calculate the s lan t  range as follows: 

Using above relat ion s lan t  range i s  determined. The mean 
receiver delay is added with the propagation delay and clock 
c o r r e c t i o n  factor is ob ta ined  i n  microsecond. The clock 

i s  advanced by t h i s  clock correction factor.  

EXPERIMENTAL SET UP 

The Timing Receiver developed a t  Space Applications Centre 
I s  a single channel phase locked receiver operating a t  400 
MHz, The o rb i t a l  data  i s  stored i n  receiver memory and 
read manually for computing propagation delay. The rece iv-  
er design was kept extremely simple i n  order to  develop a 
concept for time transfer. 

The experimental s e t  up used to  study the in te rna l  cons is -  
tency  of NNSS as w e l l  as t h e  c a p a b i l i t y  of r e c e i v e r  t o  t r a n s -  
fe r  t i m e  w i t h  respect t o  Na t iona l  S tandard  is shown i n  
fig. 2. In t h e  first case for studying t h e  in te rna l  t i m e  
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satel l i tes  was found t o  be around 275 microsecond (1 
sfgxa l e v e l )  and i s  shown i n  fig. 3A. 

l e v e l  value may improve a f t e r  applying the r ece iv -  
er  de lay  c o r r e c t i o n  f o r  each data p o i n t  (De lay  v a r i -  
a t ion  w i t h  signal strength).  

This one sigma 

(ii) For studying the performance of Timing Receiver t o  
t ransfer  time with respec t  t o  National Standard main- 
tained a t  lfational Physical Laboratory, New U e ! ! i ,  

data were taken from 9 th  t o  12th February 1981. The 
one sigma value for t i m e  transfer accuracy was found 
t o  be about ~ 7 0  microsecond and i s  shown i n  Fig. 9, 

(ili) The i n t e r n a l  consistency of NNSS is found t o  be as 
good as %he time transfer accuracy of Timing Receiver 
w i t h  respec t  t o  National Standard. 

SOURCES OF ZRRORS. 

The accuracy t o  which time can be t ransferred from the sat- 
e l l i t e  clock t o  the u s e r ' s  clock using an NNSY Timing Receiv- 
er depends on many factors.  The fo l lowing  s o u r c e s  of 
e r ro r  l i m i t  t h e  o v e r a l l  accuracy of the  system. 

(13 Time j i t t e r  i n  PDf detect ion 
(&i) Offset i n  FTM transmitted by satellite 

tiv3 Ionospheric i3 Tropospheric delay 
(iii) Receiver delay var ia t ion  with signal strength.  

The e r r o r  due t o  factor  1Jo.II i s  no t  under user ' s  control .  
The t r a n s i t  s a t e l l i t e  r epor t  series 17 published by U I S ~  
Navy Astronautics Group, Pofnt Mugu, C A +  gives the o f f s e t  
of each sa te l l i t e  clock w i t h  respect t o  UTC, can be ob- 

t a i n e d  on r e q u e s t  and o n e  c a n  apply  t h e  c o r r e c t i o n .  The 
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consistency t h e  C e s i u m  Beam Atomic clock was synchronised 
using NNSS Timing Receiver. For t h i s  purpose a good satel-  
l i t e  pass w a s  selected and a t  the time of closest approach 
the FTM was detected and used to  s e t  IPPS of receiver clock. 
Using t h e  s a t e l l i t e  o rb i t a l  data the delay was computed and 
then the IPPS of Cesium Beam Clock was synchronised. In 
the actual s e t  up t h e  1 pps of the Cesium Beam Clock was 
given t o  the start input of t h e  Time Interval  Counter and 
IPPS from Timing Receiver was given t o  the stop input. 
each s a t e l l i t e  pass two se ts  of data were recorded near 
the c loses t  approach. The corresponding time in te rva l  be- 

tween lPPSof cesium be- clock and 1PPS of ?!iming Receiver 
were noted down. 

For 

J u s t  before s t a r t i n g  the experiment t h e  Timing Receiver 
clock was se t  to  the nearest second of UTC. 
of a s a t e l l i t e  a l e r t  programme the r ise  tfme, t h e  time of 
c loses t  approach and time of se t t ing  for all the 5 satel- 
l i t e s  were predicted. 

g i t h  the help 

RESULTS. 

(3.9 For studying the  in te rna l  consistency of NNSS, the  
receiver was operated from 21st t o  27th January 
I981 . Sa te l l i t e  passes occured during off ice  hours 
were used for time transfer purpose. Low elevation 
passes (elevation l e s s  than 30') were rejected manu- 
ally and the data points for which the time dlffer- 
ence beWeen IPPS of Cesium Beam clock and IPPS of 
NNSS timing receiver after apppjing propagation 
delay correction, was more than 100 microsecond were 
rejected. The for rest of the  data points was 
computed. The internal consistency of all the  5 

824 



propagatfon delay e r ror  contrfbuted by ionosphere and tro- 
posphere a t  400 MHz i s  l e s s  than a microsecond and i s  n e g l i -  
g ib le .  

delay which var ies  w i t h  slgnal strength as shown in Fig. 4. 
The correction can be applied using the r e l a t ion  given by 

The major e r ror  i s  contributed by the receiver 

d = & ~ s + D o  
where d = D e l a y  i n  microsecond 

s = Signal strength 
Do = Receiver mean delay a t  a give 

s igna l  strength 
m = Slope of delay curve 

Time i s  one of t h e  basic  standards i n  science and i t s  mea- 
surement re la ted  with the happening of an event (epoch) i n  
the i n f i n i t e  flow of t i m e  i s  one of the most lmportantprob- 
l e m s  of u s e r s .  For a l l  the experkmnts where time accu- 

racy (epoch) requirement is of t h e  order  of 100 microsecond 
or  b a t t e r  the TRANSIT system provides a unique f a c i l i t y .  
Tracking of s a t e l l i t e s  using Laser Ranging i s  one of the 
f i e l d s  where t h i s  finds application. The op t i ca l  satel-  
l i t e  t r a c k i n g  s t a t i o n s  ( a t  l e a s t  i n  Ind ia )  are loca ted  a t  
remote places and i t  is j u s t  not possible t o  take f lying 
clocks due t o  the  obvious l imitat ions of transportation, 
the TRANSIT technique i s  found t o  be qui te  handy. 

While analysing the data an a rb i t ra ry  e r ror  was made i n  t h e  
antenna posit ion by as much as 10 km and i t  was found t h a t  
such error  i n  the posit ion does not  a f f e c t  much the accu- 
racy of t i m e  t r a n s f e r .  A t ab le  giving posi t ion error  arid 
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time er ror  i s  givan below. 
f a c i l i t y  for  experiments located a t  unsurveyed places. 

This technique also provides 

Posit ion e r ror  RMS Time  error  

10 km i n  Latitude - + I1 microsecond 
10 km i n  Longitude A 10 microsecond 
10 km i n  Radial 2 7 microsecond 
1 km i n  Radial ,+ 1 microsecond 

For a country like India which i s  not  hooked up by !lY net- 
work as is t h e  case i n  Europe and u*S, it  is not possible 
t o  t ransfer  time using either TV act ive or passive tech- 
nique, the !JXANSIT system f inds a l o t  of po ten t ia l i ty .  
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