
cAN NNSS SATBLLI1';E T I M I N G  IUCEIVm 

* * * 
C*L.Jain , K. K u m a  , H.1. Andharia , Mohan singh+, 

** ~ . ~ * ~ o u z a ' ,  V,Ya Goel', A.K. Sisodia 

Space Appl ica t ions  Centre 
( Indian Space iiescarch O r g ~ n i s p t i o n  ) 

Ahmedab ad-380053, I X 3 1 A  

The U#S-Navy Navigation Sate l - l i te  System termed as N N S S  

o f f e r s  a un ique  worldwicie f a c i l i t y  for t h e  precise  Time 

Synchronisation. To take t h e  advantage of such a f a c i l i t y  

f o r  t racking  Indj  an S a t e l l i t e s ,  space Applicat ions Centre 
(SAC) has developed a simple T i r i n g  Iieceiver . Using t h i s  

Timing Receiver f i r s t  the i n t e r n a l  time consistency of 
NNSS was studied and then i t s  performance to synchronise 

tjme was compared with t h a t  of National T ime  Standard. This 

paper describes in d e t a i l  the methodology of  da ta  analysis,  
r e s u l t s  and t h e  v a r i o u s  sources of  error w h i c h  a f fec t s  t h e  

t i m e  t r a n s f e r  a c c u r a c y .  T h c  main sourcp of e r ror  was f o u n d  

t o  be t h e  r ece ive r  d e l a y  w h i c h  v a r i e s  with s j g n a l  s t r e n g t h .  

I t  i s  p o s s i b l e  t o  a p p l y  t h i s  d e l a y  c o r r e c t i o n  e m p i r i c a l l y  

p r o v i d e d  s i g n a l  s t r e n g t h  i s  r e c o r d e d .  

* Geodesy Division 
+ Elec t ron ic  s Service Divi s ion  

** L l i g i t a l  Communications D i v i  s i u n  



The Navy Navigation S a t e l l i t e  System (KNSS) is a f u l l y  oper- 

a t i o n a l  naviga t ion  system t h a t  enables t h e  Navy Fleet or 
commercial users to accurately obtaln their posi t ion  m y  

where on t h e  Globe, day or n i g h t  and in any weather. The 
N N S S  cornrnonly known as W J S I T ,  cons i s t s  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  p o l a r  

o r b i t s  a t  an a l t i t u d e  o f  a p p r o x i m a t e l y  1100 km. T h e  TRANSIT 

system requires accurate time to accomplish i t s  savigat ion-  

a1 mission.  For t h i s  reason t h e  sate l l i tes  trmsmit a pre- 

c i s e l y  titxed f i d u c i a l  time mark (FDl) every two minutes .  

The transmission of FTM h a s  provided a unique world wide 

f a c i l i t y  f o r  t i m e  S y n c h r o n i s a t i o n .  I n  f a c t  T r a s i t  s a t e l -  

l i t e s  are l i k e  u n a t t e n d e d  f l y i n g  c l o c k s  and u s e r  can t a p  

precise time as and when t h e  satellites come on the horizon 

w i t h  a proper type of receiver .  T h i s  uxiiclue f z c i l i t y  has 

become a bonanza t o  users  of precise time even in remote 

areas. Mairltmance of precise time is as d i f f i c u l t  as keep- 

ing an O l y m p i c  Flame. I n  c a s e  of failure i t  would be nec-  

e s s a r y  i n  e i t h e r  s i t u a t i o n  t o  go back t o  t h e  s o u r c e .  But 

t h e  TRANSIT h a s  s o l v e d  t h i s  p rob lem and  5 o p e r a t i o n a l  s a t e l -  

l i t e s  p r o v i d e  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 .  

To take advantage o f  MJSS f a c i l i t y  for maintaining time at 
ISRO Telemetry 6c Trncldng Command Network ( I S T U C )  +ace 

dpp l i cn t ions  Centre (SAC), Ahmedabad under took t h e  fabri- 

ca t ion  of a slmple Timing Receiver. This  receiver a f t e r  
g e t t i n g  locked t o  40G lCLlz s a t e l l i t e  carrier u e t e c t s  FTM 

and s e t s  t h e  lPPS of t h e  l o c a l  c l o c k .  T h e  p a t h  d e l a y  c o r -  

r e c t i o n  t o  lPPS i s  a p p l i e d  u s i n g  b r o a d c a s t  e p h e m e r i e s  and 

ground station coordinates manually. 



TIME m~JSFER M E T i I 0 i X ) ~ G Y  - SATZLLITE FRAME TO GHOUNU 

FRAME 

The time mark in t h e  s a t e l l i t e  s i gna l s  are referenced t o  

UTC (Universal. Coordinated T i ~ e  maintained by U A L  Naval 

~ b s e r v a t o r ~ ) .  The time mark c o n s i s t s  o f  a "ZeroN, 23 

ttones" and a "Zero", follosred by a 400 Hz beep s i g n a l  and 
is shown in f i g .  1. The exact p o i n t  of t r a n s i t i o n  between 

t h e  f i n a l  binary zero m u  t h e  beginning of 400 Hz beep is 

t h e  exact  two minute mark. T h i s  time mark i s  known as 

- F i d u c i a l  T i ~ e  Mark (FDi). In every t w o  mlnute, synchronis- 

e d  with Fm, t h e  sa te l -Utes  a l so  transmit 26 orbital 

words .  The f i r s t  8 words a re  known as  v a r i a b l e  pararrieters 

and  t h e  r e s t  a re  known a s  f ixed  paramete r s .  The f i x e d  

parameters descr ibe  t h e  s a t e l l i t e s  n o m i n a l  o r b i t  where 

a s  t h e  v a r i a b l e  parameters descr ibe  t h e  f i n e  s t r u c t u r e  

i n  t h e  s a t e l l i t e  nominal o r b i t  a s  n function of t ime. 

The accuracy of t h e  s n t e l l l t e s  p o s i t i o n  derived from these 

parameters (known as Broadcast Qhemeris) are 25' rn in-trach 
15 m cross- t r~tck and 10 rn in r a d i a l  d i r e c t i o n .  

The MNSS Timing lieceiver d e t e c t s  t h e  FD1 synchronises 

1 PFS of i t s  i n t e r n a l  c lock .  The c o r r e c t i o n  t o  t h i s  IPPS 

is given  by: 

Correction = 30 + R/C 

where do = Mean rece ive r  delay at a given s i g n a l  

s t r e n g t h .  

R = S l a n t  range of t h e  s a t e l l i t e  from 
rece iver  antenna in km. 

C = Veloci ty of electromagnetic waves in h. 



The satellite transmits the  f i v e  o r b i t a l  parameters vf z. 
semi-maj or axis  (at, 1, eccent r ic i ty  (el, i nc l ina t ion  (1 1, 

T) and r i g h t  ascension of t h e  ascend- argument of perigee ( 

i n g  node (ntp), the precession ra te  of W and fi (J &A), 
the mean motion (n )  and Greenwich s idereal  t i m e  ( W T t  ) a t  

P 
a cer ta in  time t along w i t h  a a, DE and where n a  ard 

P 
LE are t h e  cor rec t ions  t o  be applied t o  the semi-major 

ax is  and t h e  eccentric anomaly and is the out of plane 

c omponen t . 9 

The sa t e l l i t e  coordinates a t  any h s t a n t  t w i t h  respect t o  
t h e  o r b i t a l  coordinate system are 

li J 
axis at time t 

E, = k c e n t r i c  arzomaly at time t 
b 

= M + e Sin M + AEt 
t t 

Mt = Mean anomaly a t  time t 
= n ( t - t )  P 

The transformation of the sa te l l+ i te  coordinates from t h e  

o r b i t a l  plane system to  the  equatorial coordinate system i s  

accomplished by three r o t a t i o n s  viz 

(1 3 t h e  r o t a t i o n  in t h e  x-y plane by (-Wt) 
(it 1 t h e  ro t a t ion  in t h e  y-z  plane by (-i ) 

(iii) t h e  r o t a t i o n  i n  t h e  x-y plane by (- nt) 
where 

Wt = argument of perigee a t  t i m e  t 



- 

= G, - Id1 (t-tp) 
t~ 

fit = r i g h t  ascension of ascending node at time t 

=n 
t~ 

The rec tangular  gsocen t r i c  coordinates are,  therefore, 

-9) R (mi) ~ , ( - n ~ )  3 

C o s ~  - S I n u  0 t 

L 

:r: a r 2 ~ r  to 09t:lin t b e  coordina tes  in t h e  e a r t h  f i xed  sys- 

tec, a :;jcicrf i-11 r o t a t i o n  by an angle equal  t o  t h e  Greenwich 

i ; : . lc_reqk time at tile i n s t c m t  i s  appl ied ,  

i . e .  At  = GAAT - GAST t - + we (t-t,) 

= r o t a t i o n  r a t e  of  t h e  e a r t h  

Thus 

S 

The coordinates of t h e  s t a t i o n  are expressed in terms of 

t h e  geodetic lati tude#and l o n g i t u d e h . ~ e y  can be trans- 
formed into car tes ian  coordinates by the t ormulae, 

x = ( u + N + ~ )  C O S +  COSA 
0 

- ( u + N + ~ )  cos 4 Sin Yo - 

82 1 

- 



where, 

v = 

(1-e2  in +)'I2 

ae =: equatorial  radlus of the  earth 

e = eccentricity of the earth 

N+h = h e i g h t  of t h e  s ta t ion  above the reference 
ellipsoid 

howing  the s t a t i on  position and the satelllte position at 

any time t, we can calculate the slant  range as follows: 

Using above relation slant range is determined. The mean 

receiver delay i s  added with  the  propagation delay and c lock  

correc t ion  f a c t o r  i s  obtained i n  microsecond. T h e  clock 

is advanced by t h i s  clock correct ion fzctor .  

EXPU3IMENTAL SET UP 

The Timing Receiver developed at Space Applications Centre 

is a single channel phase locked receiver operating a t  4-00 

MHz. The o r b i t a l  da ta  is stored in receiver memory and 
read manually for computing propagation delay. The receiv- 

er design was kept extremely simple in order t o  develop a 

concept for time transfer.  

The experimental s e t  up used to study t h e  in te rna l  consis- 

t e n c y  of N N S S  a s  wel l  as  the c a p a b i l i t y  of receiver t o  t r a n s -  

f e r  t i m e  w i t h  respect t o  National Standard is shown i n  

f i g .  2. In the  f i r s t  case for studying the i n t e r n a l  t l ~ e  



s a t e l l i t e s  was found t o  be  around 275 microsecond (1 

sigma l e v e l )  and is shown in fig. 3 A .  Thi s  one sigma 

(1 l e v e l  va lue  may improve a f t e r  app ly ing  the recei-V- 

er delay correction for each data point (Delay vari- 

ation w i t h  si,;n:~l s t renr; th) .  

(ii) For studying the performance of Timing Heceiver t o  
transfer time ~ i t h  r e spec t  t o  I i a t i o n a l  St:mclard m a i l l -  

ta ined at !Jnti.onr-d Physic a1 Laboratory, New de!-hi, 

da ta  were taker1 from 9 t h  t o  12th February 19t31. The 

one sigma value for time tsalsfer accuracy was found 
t o  be aboul; 270 microsecond and is shown in Fig .  3, 

(iii) The i n t e r n a l  cons is tency o f  BiiSS is found t o  b e  as 

good as M e  time transfer accuracy of Timing Receiver 
w i t h  r e spec t  to  1Ja t ional  Standard. 

SOURCES OF &iFiOHS. 

The accuracy t o  which t ime can b e  t ransferred from t h e  sat- 

e l l i t e  clock t o  t h e  u s e r ' s  c lock  us ing  an KNSs Timing Receiv- 
er depends on many factors. The f o l l o w i n g  sources of 

error limit t h e  o v e r a l l  accuracy of t h e  system. 

i Time  j i t t e r  in FT+l d e t e c t i o n  

(fi) Offset i n  FIN t ransmi t ted  by s a t e l l i t e  

(iii) Receiver delay v a r i a t i o n  d i t h  s i g n a l  s t r e n g t h .  

(iv) Ionasphcric Tropospheric delay 

The error due to fac tor  :To.Il i s  not under u s e r ' s  c o n t r o l .  
The transit satellite repor t  se r ies  17 p u b l i s h &  by u.3. 

Navy As t ronau t i c s  Group, P o i n t  Mugu, C-A*  g i v e s  t h e  o f f s e t  

of each s a t e l l i t e  clock w i t h  r e spec t  to UTC, can b e  oh- 

tained on request and one can a p p l y  t h e  c o r r e c t i o n .  T h e  



cons i s t ency  t h e  Cesium Beam Atomic clock was synchronised 
using NNSS Timing Receiver. For t h i s  purpose a good sat e l  - 

l i t e  pass w a s  selected a n d  at t h e  t i m e  of c loses t  approach 

t h e  PTM was detec ted  and used t o  s e t  IPPS of receiver clock. 
Using the satellite o r b i t a l  data the delay was computed and 
then the 1PPS of C e s i u m  Beam Clock was synchronised. In 
t h e  ac tua l  set up tile 1  PPS of the Cesium Beam Clock w a s  

g iven to t h e  s t a r t  i n p u t  of the Time I n t e r v a l  Counter and 
1PPS from Timing Receiver was given t o  the  stop i n p u t .  For 
ezch s a t e l l i t e  pass two s e t s  of data were recorded near 
t h e  c loses t  approach . The corresponding tlme i n t e r v a l  be- 

t w e e n  1PPS of cesium beam clock and 1PP6 of T i r i n g  Receiver 

were noted down* 

J u s t  before  s t a r t i n g  the  oxpurirnent the Timing Heceiver 

clock das s e t  t o  t h e  necwest second of UTC, d i t h  the  help 

of a s a t e l l i t e  alert programnze the r i s e  time, t h e  time of 
c l o s e s t  approach and time o f  s e t t i n g  f o r  a11 the  5 sa t e l -  

l i t e s  were predicted. 

RESULTS . 
(i3 For studying t h e  i n t e r n a l  consistency of NNSS, the 

receiver was opera.t& from 21st  to 27th January 

1981. S a t e l l i t e  passes occured dur ing  of f ice  hours 

were used f o r  time transfer purpose* br~ e l e v a t i o n  
passes (e levat ion less than 30') were rejected manu- 
a l l y  and the da ta  po in t s  for  which the time differ- 
ence b e t w e n  1PPS of Cesium Beam clock and IPPS of 

NNSS t iming receiver af ter  applying propagation 

delay correction, was more than 100 microsecond were 

rejected.  The fo r  r e s t  of t h e  data  points was 

computed. The i n t e r n a l  consistency of all t h e  5 



propagat ion delay error contr ibuted by ionosphere and tro- 

posphere at b00 MHz is l e s s  than  a microsecond and is negli- 

gible. The major emor  i s  cont r ibuted  by t h e  receiver 
de lay  which  v ,v ies  with signal  s t r eng th  as shown i n  F ig .  4 ,  
The cor rec t ion  can b e  appued  u s h g  the r e l a t i o n  given by 

d = & m s + D o  

where d = Uelay in microsecond 

s = signal s t r e n g t h  

130 = ~ l e c e i v e r  m u m  delay a t  a give 

s ign ,z l  s t r e n g t h  

m = Slope of delay curve 

APPLIZATIOIJS. 

T i m e  is one of the basic standards in science and its mea- 

surement r e l a t ed  w i t h  the  happening of an event (epoch) in 
t h e  i n f i n i t e  flow of time is one of the most important prob- 
lems of users. For 311 the experiments where time accu- 

r a c y  ( e p o c h )  r cqu i r e rnen t  i s  of t h e  order o f  100 rnj croscconcl 

o r  b e t t e r  t h e  T H M A I l '  system provides  a unique f a c i l i t y .  

Tracking of s a t e l l i t e s  u s i n g  Laser Ranging is one of t h e  

f i e l d s  %here t h i s  f iads a p p l i c a t i o n .  The o p t i c a l  s a t e l -  

lite t r a c k i n g  s t a t i o n s  ( a t  l~ast i n  I n d i a )  a r e  l o c a t e d  a t  

remote p laces  and it is j u s t  n o t  poss ib le  to take f l y i n g  

clocks due to the obvious l im i t a t i ons  of t r a n s p o r t a t i o n ,  

t h e  TAAfJdIT technique i s  found t o  be q u i t e  h,mdy. 

d h i l e  analysing t h e  date an a r b i t r a r y  e r r o r  was made i n  t h e  

antenna p o s i t i o n  by as much as 10 km arla it was found t h a t  

:such er ror  in t h e  p o s i t i o n  does n o t  a f f e c t  much t h e  accu- 

racy of time transfer. A table g iv ing  pos i t i on  error arid 



time error  is given below. This technique also provides 
f z c i l i t y  fo r  experiments located at unsurveyed places. 

P o s i t i o n  error  RMS Time e r r o r  

10 km i n  L a t i t u d . e  2 11 microsecond 
10 km i n  Longitude - + 10 microsecond 
10 Irm in Radial  - + 7 microsecond 
1 km in Radial ,+ 1 microsecond 

For a country Like Zndia which  is n o t  hooked up by TLr net-  
work as is t h e  case in Lhrope and U a S e  it is n o t  possible 

t o  transfer time u s i n g  ei ther  'I1J act ive  or passive tech- 

n ique ,  t h e  THANSIT system f i n d s  a lot of p o t e n t i a l i t y .  
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FIG. 1 - FTM I)&?IVATION 

Ta = I PPS of Cesium-1 PPS of N N S S  
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4 Time  Difference Between UTC and S a t e l l l t e  Clock - 
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