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ABSTRACT 

The a v a i l a b i l i t y  of French-German s a t e l l i t e  Symphonie, 
coupled with t h e  increas ing  demand on accuracy and 
coverage by t h e  Indian u s e r s ,  provided a n  oppor tuni ty  
t o  c a r r y  out  time t r a n s f e r  experiments with s a t e l l i t e ,  
t hus  t o  enable u s  t o  have some g a i n f u l  experience on 
the  m e r i t s  and demeri ts  of d i f f e r e n t  poss ib l e  modes 
of time t r a n s f e r  v i a  s a t e l l i t e .  We r e p o r t  some of these  
observa t ions  and a n a l y s i s  i n  t h i s  paper. 

A simultaneous two-way c lock  synchronizat ion experiment 
between t h r e e  Ea r th  s t a t i o n s ,  New Delhi (DES), Ahmedabad 
(AES) and Xadras (MES) was performed and improvements 
over t h e  technique e a r l i e r  attempted i n  Ind ia ,  where 
t r ansmi t / r ece ive  r o l e s  of t h e  two s t a t i o n s  were a l t e r n a t e d  
a t  r egu la r  i n t e r v a l s ,  were s tud ied .  

The National  Phys ica l  Laboratory, New Delhi (NPL) has  
been disseminat ing s tandard time and frequency s i g n a l s ,  
under the c a l l  s ign  "ATA," a t  t h r e e  c a r r i e r  f requencies ,  
5, 10 and 15  MHz. To study t h e  improvements over t h e  
ex i s t ing  HF broadcast ,  a  s imi l a r  t ime format a s  used i n  
HF "ATA" t ransmiss ions  was disseminated v i a  s a t e l l i t e  
Symphonie and was s tudied  a t  DES, AES, MES and t h e  mobile 
te rminal  TRACT loca ted  a t  Calcut ta .  The Time s i g n a l s  
v i a  these  two modes (HF and s a t e l l i t e )  were c r i t i c a l l y  
monitored a t  AES and analysed. 

This t ime format was l a t e r  modified t o  include t h e  
a d d i t i o n a l  information about time of the  day i n  yea r ,  
month, day, hour,  minute and second a s  well  a s  Dm1 i n  
BCD code and was disseminated v i a  t h e  s a t e l l i t e  from DES. 
These s i g n a l s  were decoded, displayed and s tudied  a t  DES, 
AES, MES and wi th  TRACT a t  Ca lcu t t a ,  t hus  covering a  very 
l a r g e  cross-sec t ion  of India .  

Some prel iminary work on time t r a n s f e r  v i a  TV using d i r e c t  
s a t e l l i t e  broadcast ,  i s  a l s o  r epor t ed .  These s t u d i e s ,  
which yielded encouraging r e s u l t s ,  w i l l  be use fu l  when d i f -  
f e r e n t  TV s t a t i o n s  a r e  l inked  v i a  Indian s a t e l l i t e  INSAT. 



INTRODUCTION 

I n  t h i s  paper we r e p o r t  a  s tudy of time disseminat ion over Ind ia ,  us ing  French- 
German s a t e l l i t e  Symphonie which was parked over equator a t  49' East  Longitude 
and was made a v a i l a b l e  t o  Ind ia  f o r  two yea r s ,  from June 1977 t o  June 1979, f o r  
doing telecommunication experiments. Three s a t e l l i t e  Ea r th  s t a t i o n s  a t  Delhi 
(DES), Ahmedabad (AES), Madras (MES) and the  Transportable Remote Area Com- 
munication Terminal (TRACT), s t a t ioned  a t  Calcut ta  during t h e  period of t h e  
experiments,  p a r t i c i p a t e d  i n  t h e  experiments. I n  view of t h e  vas tness  of t h e  
country and t h e  Indian Space Programme, where an experimental s a t e l l i t e  Ariane 
Passenger Payload Experiment (APPLE) and an Indian National  S a t e l l i t e  (INSAT) 
a r e  to  be launched i n  1980 and 1981 r e spec t ive ly ,  t h e  aim of these  experiments 
was t o  make prel iminary s t u d i e s  on v a r i o u s  time disseminat ion techniques v i a  
s a t e l l i t e  which w i l l  provide he lp fu l  i npu t s  and genera te  t h e  des i red  e x p e r t i s e  
f o r  the  u l t ima te  use  of these  by the  Indian s a t e l l i t e s  APPLE and INSAT. These 
experimental s t u d i e s  were c a r r i e d  o u t  during January - June 1979 per iod .  

The experiments described i n  t h i s  paper include:  simultaneous two-way c lock  
synchronizat io between Delhi and Ahmedabad, Delhi and Madras and nea r ly  
s imultaneous(lP three-way a l t e r n a t e  t r ansmi t f r ece ive  c lock  synchronizat ion 
experiments between Delhi,  Ahmedabad and Madras; time d isseminat ion ,  both i n  
s tandard high frequency broadcast format (ATA) and time of the  day coded 
format ,  and i t s  s t u d i e s  and evalua t ion  a t  Delhi ,  Ahedabad, Madras and TRACT 
(Ca lcu t t a ) ;  and time disseminat ion us ing  d i r e c t  t e l e v i s i o n  broadcast  v i a  
s a t e l l i t e .  

SIMULTANEOUS TWO-WAY CLOCK SYNCHRONIZATION BETWEEN DELHI AND AHMEDABADfMADRAS 
AND A NEAR  SIMULTANEOUS(^) THREE-WAY C L O ~  SYNCHRONIZATION BETWEEN D E L H I ~  
AHMEDABAD/ MADRAS . 
A block diagram of t h e  experimental se tup  i s  shown i n  Figure 1. An experiment 
on c lock  synchronizat ion where t h e  t r ansmi t f r ece ive  r o l e s  of t h e  two p a r t i c i -  
pa t ing  s t a t i o n s  were a l t e r n a t e d  a t  r egu la r  i n t e r v a l s  was repor ted  from t h i s  
group i n  t h e  t e n t h  PTTI meet ing( l )  l a s t  year .  This l i m i t a t i o n  a rose  because 
out  of t h e  two C-band transponders  aboard Symphonie, only one was made a v a i l a b l e  
f o r  Indian Telecommunication Experiments. This,  however, introduced uncer- 
t a i n t i e s  due to  t h e  s a t e l l i t e  motion a s  ex t r apo la t ions  were needed t o  account 
f o r  t h e  s a t e l l i t e  d r i f t .  A t y p i c a l  Symphonie range curve over t h e  du ra t ion  
of 24 hours i s  shown i n  Figure 2. The s t r a i g h t  l i n e  r ep resen t s  t h e  range from 
s a t e l l i t e  to  AES and t h e  do t t ed  l i n e  r ep resen t s  t h e  range from s a t e l l i t e  t o  
DES . 
I n  view of these  l i m i t a t i o n s ,  t h e  i n t e r f a c e  u n i t s  and modulator/demodulator 
systems a t  t h e  Ea r th  s t a t i o n s  were modified t o  accommodate simultaneous two- 
way t ransmiss ion  wi th in  t h e  a v a i l a b l e  bandwidth of *10 MHz of t h e  70 MHz i n t e r -  
mediate frequency. Bandpass f i l t e r s  centered a t  70 Wz and 61 MHz wi th  band- 
widths of fl .1 MHz were used f o r  t h e  simultaneous two-way t ransmiss ions .  

A t  Ahmedabad (AES) ,  1 PPS was modulated on t h e  70 Wz in termedia te  frequency. 
This 70 MHz was converted t o  61 MHz us ing  a  70 to  61 MHz frequency t r a n s l a t o r .  
This  61 MHz was up-converted to  6 GHz and t ransmi t ted  to  s a t e l l i t e .  A t  Delhi  
(DES) t h e  s i g n a l  was rece ived  a t  4 GHz, down-converted to  61 Wz and again 



converted t o  70 MHz, us ing  a 61 t o  70 MHz frequency t r a n s l a t o r .  It was de- 
modulated t o  e x t r a c t  1 PPS. A t  DES t h e  1 PPS transmission was done a t  70 MHz 
modulation, a s  normal, up-converted t o  6 GHz and t ransmi t ted  to  s a t e l l i t e .  
A t  AES, t h i s  s igna l  was received a t  4 GHz, down-converted t o  70 M z  and then 
demodulated a f t e r  passing through 70 MHz fl.1 MHz bandpass f i l t e r  t o  e l imina te  
t h e  r e f l e c t e d  s igna l  a t  61 MHz. 

There were, however, some inherent  l i m i t a t i o n s  i n  t h i s  mode of c lock  synchro- 
n i z a t i o n .  Only a l imi t ed  bandwidth ( i 1 . 1  Wz) was a v a i l a b l e  f o r  each way 
of t ransmission and thus  some advantage gained i n  simultaneous mode of t r ans -  
mission was l o s t  due t o  s a c r i f i c e  i n  the  r i s e t ime .  Also t h e  1 PPS amplitude 
was reduced t o  0.5 v o l t  a s  t h e  1 v o l t  peak amplitude s i g n a l ,  which was used 
wi th  t h e  e a r l i e r  system with f u l l  bandwidth of t 1 0  W z ,  caused a d e t e r i o r a t i o n  
of SNR i n  t h e  received s igna l  due to  excessive frequency dev ia t ion .  The 
frequency t r a n s l a t o r s  and bandpass f i l t e r s  used a t  t h e  Ea r th  s t a t i o n s  introduced 
f i x e d  d e l a y s  i n  t h e  t ransmission path.  

The da ta  f o r  simultaneous two-way mode of t ransmission between DES and AES 
f o r  28, 29 and 30 March i s  p l o t t e d  i n  Figure 3.  Simultaneous two-way clock 
synchronizat ion experiments were a l s o  conducted between Delhi and Madras (MES) 
Ea r th  s t a t i o n s  with s imi l a r  r e s u l t s .  The p rec i s ion  obta ined ,  even wi th  
above l i m i t a t i o n s ,  was 4-5 times b e t t e r  than t h e  e a r l i e r  quoted r e s u l t s  (8: 
A r e l a t i v e  d r i f t  of t h e  two cesium c locks  a t  DES and AES i s  q u i t e  n o t i c e a b l e  
i n  t h i s  f i g u r e .  

I n  absence of proper p o r t a b l e  c lock  t ime comparisons between t h e  t h r e e  Ea r th  
s t a t i o n  c locks ,  a three-way check on c lock  s e t t i n g s  was obtained between DES, 
AES and MES by a l t e r n a t e l y  one s t a t i o n  t ransmi t t ing  and t h e  o the r  two rece iv ing ,  
a s  shown i n  Figure 4 ,  and exchanging t h e  d a t a  over t h e  r ad io  network o r  hot  
te lephone l i n e s  among t h e  t h r e e  Ear th  s t a t i o n s .  Discrepancies  06 submicrosecond 
n a t u r e  were observed i n  these  c lock  s e t t i n g s  of t h e  t h r e e  s t a t i o n s .  These were 
due to  s a t e l l i t e  motion n o t  being accounted f o r  proper ly  and d i f f e r e n t  propaga- 
t i o n  de lays  encountered a t  t h r e e  Ear th  s t a t i o n s ,  even though t h e  instrumentat ion 
at a l l  ends was based on t h e  same design.  The l a c k  of communication due t o  
occasional  break-downs of r ad io  network and h o t l i n e  channels between DES, AES 
and MES a s  we l l  a s  l imi t ed  experimentation time were the  o the r  l i m i t a t i o n s .  

I 
A s  t h e  system was n o t  designed f o r  simultaneous two-way transmissions,  changing 
from one system t o  t h e  o t h e r  a l s o  presented some t echn ica l  inconveniences. 

A s  a p r a c t i c a l  use  of t h i s  technique on 30th June 1979 a r e c e n t l y  procured 
atomic cesium c lock  f o r  t h e  STARS p ro jec t  a t  Kavalur, near Madras, was brought 
t o  MES and synchronized t o  submicrosecond p rec i s ion  i n  t h e  near  simultaneous 
three-way a l t e r n a t e  t r ansmi t / r ece ive  mode between DES, AES and MES. 

DISSEMINATION OF HIGH FREQUENCY TYPE TIME FORMAT (ATA) V I A  SATELLITE SYMPHONIE 

The National  Phys ica l  Labo f$fory, New Delhi has been t ransmi t t ing  s tandard 
time and frequency s i g n a l s  a t  5, 1 0  and 1 5  m z  under t h e  c a l l  s i g n  'ATA.' 
The time format t ransmi t ted  is shown i n  Figure 5. The accuracy l i m i t a t i o n s  
of high frequency broadcast a r e  q u i t e  wel l  known. One-way time transmission 
technique v i a  s a t e l l i t e  provides n o t  only wide coverage but a l s o  a more accura t e  



time synchronizat ion means, due t o  a s t a b l e  path,  a s  compared t o  ionospheric  
propagation. I n  view of these  and i n  accordance wi th  t h e  n a t i o n a l  p lan  t o ,  
u l t i m a t e l y ,  disseminate time v i a  Indian S a t e l l i t e  INSAT, a  time format s i m i l a r  
t o  ATA (HF) was disseminated v i a  s a t e l l i t e  Symphonie and experimental s t u d i e s  
were made a t  Delhi,  Ahmedabad, Madras and wi th  t h e  mobile terminal  a t  Calcut ta .  
The major p a r t  of t h e  s t u d i e s  were, however, concentrated between DES and AES. 
A block diagram f o r  t h e  experimental setup of ATA format disseminat ion v i a  
s a t e l l i t e  is shown i n  Figure 6. A t  AES, ATA (HF) d a t a  v i a  ionosphere was, s i d e  
by s ide ,  recorded f o r  t h e  sake of comparison wi th  t h e  s a t e l l i t e  da t a .  

The ATA format da ta  v i a  ionosphere and s a t e l l i t e ,  a s  received a t  AES, a r e  
p l o t t e d  i n  Figures 7 arid 8 along with t h e  s tandard dev ia t ion  from t h e  b e s t  l i n e  
f i t .  In  Figure 9 i s  shown comparison of ATA format v i a  s a t e l l i t e s  with 1 KHz 
bu r s t s ;  ATA format wi th  1 MHz b u r s t s  where 1 KHz s i g n a l  of Figure 5 was changed 
t o  1 MHz s i g n a l ;  and 1 PPS t ransmiss ions  from a cesium s tandard .  These s i g n a l s  
were t ransmit ted from DES and monitored a t  AES. The corresponding standard 
dev ia t ions  a r e  a l s o  shown i n  t h e  f i g u r e s .  It i s  c l e a r  from these  t h a t  t h e  
p rec i s ion  achieved by using 1 KHz s igna l  i s  of t h e  same o rde r  a s  t h a t  with 
1 W z  o r  1 PPS implying a  g r e a t  saving on bandwidth without s a c r i f i c e  i n  t h e  
p rec i s ion .  

DISSEMINATION OF TIME OF THE DAY CODED FORMAT 

The ATA format was later  modified t o  inc lude  time of t h e  day information i n  
year ,  month, day, hour, minute and second and DUTl information i n  BCD code. 
A slow code was used and i s  shown i n  Figure 10.  The block diagram of t h e  
experimental setup i s  shown i n  Figure 11. The encoding scheme i s  shown i n  
Figure 12 and t h e  decoding scheme i n  Figure 13. I n i t i a l l y ,  r ec t angu la r  p u l s e s  
were t r i e d  bu t  t hese  go t  d i f f e r e n t i a t e d  by t h e  i n t e r f a c e  u n i t s  and t h e  informa- 
t i o n  about t ime was l o s t .  La te r ,  sinewave pu l ses  were t ransmi t ted  and rec tan-  
gu la r  pu l ses  were generated from t h e  rece ived  s i g n a l .  

The t h e  v i a  s a t e l l i t e  along with Dm1 information was displayed and s tudied  
a t  Delhi ,  Ahmedabad, Madras and wi th  t h e  mobile terminal  a t  Calcut ta .  

A s  i n  t h e  previous case  wi th  ATA format,  no c o r r e c t i o n s  were applied f o r  t h e  
propagation de lays ,  n e i t h e r  t h e  s a t e l l i t e  o r b i t  elements were disseminated 
along wi th  t h e  timing information. These w i l l ,  however, be incorporated i n  
the f u t u r e  s a t e l l i t e  con t ro l l ed  c locks  t o  be operated v i a  Indian s a t e l l i t e s  
APPLE and INSAT. 

DISSEMINATION OF TIME V I A  DIRECT TELEVISION BROADCAST BY SATELLITE 

Time synchronizat ion v i a  t e l e v i s i o n ,  us ing  both pass ive  and a c t i v e  technique-s, 
i s  a common p r a c t i c e  i n  many coun t r i e s .  A l i n e  1 0  sync separa tor  c i r c u i t  w a s  
developed f o r  using with land  t e l e v i s i o n  systems. The a v a i l a b i l i t y  of s a t e l l i t e  
Symphonie provided an oppor tuni ty  t o  t r y  t h i s  technique using t h e  d i r e c t  TV 
broadcast  between Delhi and Ahmedabad. The scheme of pu l ses  i n  v e r t i c a l  blanking 
i n t e r v a l  of Indian TV format i s  shown i n  Figure 1 4 .  

The block diagram of experimental setup i s  shown i n  Figure 15 .  The c i r c u i t  
diagram f o r  a  TV l i n e  -10 pu l se  i d e n t i f i e r  i s  shown i n  Figure 16.  The TV 



s i g n a l s  were t ransmi t ted  from Delhi t o  Ahemedabad v i a  s a t e l l i t e .  The TV sync 
sepa ra to r  i d e n t i f i e d  l i n e  10  of the  odd f i e l d  with an ambiguity of 40 m i l l i -  
seconds. A s  t h e  propagation de lay  between DES and AES v i a  s a t e l l i t e  and between 
DES t o  s a t e l l i t e  and back t o  DES were of the same order  of 250 mi l l i seconds ,  t h e  
time i n t e r v a l  counter  a t  DES was s t a r t e d  with t h e  l o c a l  cesium c lock  1 PPS and 
stopped with t h e  r e f l e c t e d  TV sync separated pu l ses  from the  s a t e l l i t e  and t h e  
time i n t e r v a l  counter  a t  AES was s t a r t e d  with l o c a l  cesium c lock  1 PPS and stop- 
ped with t h e  same DES t ransmi t ted  TV sync separated pu l ses  received a t  AES. If  
C 1 1  is t h e  time i n t e r v a l  counter  reading a t  DES, C12 i s  t h e  corresponding time 
i n t e r v a l  counter  reading a t  AES, TI i s  t h e  propagation de lay  from DES t o  s a t e l l i t e  
and back t o  DES and T2 i s  t h e  propagatiop de lay  from DES t o  AES v i a  s a t e l l i t e ;  
a l l  Cll, C12, T1 and T2 correspond t o  t h e  same TV sync pulse ,  then: 

Clock o f f  s e t  (T) between DES and AES i s  

The procedure adopted f o r  t h e  measurements was as fol lows:  The DES and AES 
c locks  were f i r s t  synchronized to  a s  c l o s e  a  va lue  a s  poss ib l e ,  t o  wi th in  a  
f r a c t i o n  of a  microsecond, by using n e a r l y  simultaneous technique(') . This 
was done to  check TV synchronizat ion r e s u l t s  and to  ga in  confidence i n  the  TV 
measurements v i a  s a t e l l i t e .  I n  t h e  beginning and a t  t h e  end of TV measurements, 
t h e  propagation delays of 1 PPS t ransmi t ted  from DES were noted a t  DES f o r  t h e  
r e f l e c t e d  pu l ses  v i a  s a t e l l i t e  (TI) and a t  AES f o r  t h e  same t ransmi t ted  pu l ses  
v i a  s a t e l l i t e  (T2). From these  measurements t h e  ( T ~  - T2) d a t a ,  corresponding 
t o  t h e  r e s p e c t i v e  TV l i n e  10  measurement time, was deduced by using Lagrangian 
Ext rapola t ion .  The (Cll - C12) and (T1 - T2) d a t a  of TV readings and t h e  
propagation delays a t  DES and AES f o r  27th and 28th Apr i l  a r e  p lo t t ed  i n  
Figure 1 7  along with t h e  mean d i f f e rence  of t h e  two s e t s  of readings  and t h e  
s tandard dev ia t ions .  From t h i s  d a t a  it i s  c l e a r  t h a t  TV d i r e c t  broadcast  v i a  
s a t e l l i t e  i s  capable of giving submicrosecond p rec i s ion .  

The propagation delay f o r  the  TV s i g n a l s  were taken c a r e  of  by experimental ly 
measuring (TI - T2) r a t h e r  than t h e o r e t i c a l l y  c a l c u l a t i n g  it where a  knowledge 
of s a t e l l i t e  o r b i t a l  elements i s  necessary.  However, i n  r o u t i n e  c a l i b r a t i o n s ,  
a s  i n  o the r  cases ,  a  knowledge of s a t e l l i t e  o r b i t a l  elements w i l l  be requi red  
f o r  t h e  c lock  synchronizat ion purposes. 

b e  t o  l i m i t a t i o n  on s a t e l l i t e  time, t h e  experiments on a c t i v e  TV technique 
and time d i s p l a y  v i a  d i r e c t  TV broadcast could n o t  be c a r r i e d  ou t .  The National  
Physical  Laboratory, New Delhi i s  developing such a  technique f o r  u s e  with 
land- l ine  connected TV systems and w i l l  t r y  these  when next  Indian s a t e l l i t e  
APPLE becomes a v a i l a b l e  i n  1980. 

CONCLUSION 

A s  t h e  e r r o r s  involved i n  time disseminat ion experiments v i a  s a t e l l i t e  a r  
wel l  known and a r e  amply discussed i n  l i t e r a t u r e  and i n  the e a r l i e r  paper ? l y e  
presented a t  1 0 t h  PTTI meeting, we have not  gone i n t o  these  d e t a i l s .  The stand- 
a rd  dev ia t ions  from t h e  bes t  l i n e  f i t  a r e  ca l cu la t ed  and shown i n  t h e  r e spec t ive  
f i g u r e s .  



Amajor  l i m i t a t i o n  i n  these  experiments has  been t h a t  only  one s a t e l l i t e  
transponder was a v a i l a b l e  and simultaneous two-way transmission using f u l l  
video bandwidth was not  poss ib l e .  Thus, a p a r a l l e l  experimental check on t h e  
p rec i s ion  of t h e  measurements, i n  which s a t e l l i t e  motion could be t racked 
simultaneously,  was n o t  poss ib l e  thus  n e c e s s i t a t i n g  ex t r apo la t ions  f o r  t h e  
s a t e l l i t e  motion. 

Another l i m i t a t i o n  from p r a c t i c a l  u s e  po in t  of view was t h a t  s a t e l l i t e  o r b i t a l  
elements were not  disseminated along wi th  t h e  timing information. The reasons 
were two fo ld :  f i r s t l y ,  t h e  emphasis of t hese  experiments was more on t o  
develop and t r y  o u t  va r ious  poss ib l e  time disseminat ion schemes v i a  s a t e l l i t e  
and t o  study t h e i r  m e r i t s  and demeri ts  r a t h e r  than to  push t h e  l i m i t s  of accuracy 
and p rec i s ion  of any s i n g l e  measurement; and secondly, t h a t  t h e  s a t e l l i t e  o r b i t a l  
elements were n o t  r e a d i l y  a v a i l a b l e  i n  advance and could be had only post  f a c t o .  

The f u t u r e  Indian p l ans  on time disseminat ion v i a  s a t e l l i t e  inc lude  some more 
experimentat ion i n  t h i s  d i r e c t i o n  when t h e  next  Indian  s a t e l l i t e  APPLE becomes 
a v a i l a b l e  i n  1980 wi th  an e f f o r t  t o  d isseminate ,  simultaneously, s a t e l l i t e  
o r b i t a l  information a s  wel l .  The u l t i m a t e  aim i s  t o  use Indian  National Sa te l -  
l i t e  INSAT, t o  be launched i n  1981, f o r  a genera l  and wider time disseminat ion.  

Towards t h e  end of t h i s  s e r i e s  of experiments,  a simultaneous two-way c lock  
synchronizat ion experiment using both t h e  s a t e l l i t e  t ransponders  was performed 
between t h e  National Phys ica l  Laboratory, New Delhi (NPL) and Phys ika l i sch  - 
Technische Bundesanstal t ,  Braunschweig, West Germany (PTB) i n  May and June 
1979. These experiments were done us ing  t h e  f a c i l i t i e s  a t  Delhi  Ear th  S t a t i o n  
i n  India  and Ra i s t ings  Ear th  S t a t i o n  i n  West Germany. The r e s u l t s ,  which a r e  
under prepara t ion ,  w i l l  be repor ted  somewhere e l s e .  .I 1 
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Figure 1. Block Diagram of Simultaneous Two Way Clock 
Synchronization Experiment 
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Figure 2. Variation of Satellite Range 
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Figure 3. Simultaneous Two Way Time Comparison 
Between Delhi and Ahmedabad 
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Figure 4. Three Way Time Comparison Between 
DES-AES-MES 
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Figure 9. A Comparison of ATA Format Data Via 
Satellite with 1 kHz and 1 MHz Pulses and 1 PPS 
from a Cesium Standard as Recorded at AES 
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Figure 10. Code for Time of the Day 
Dissemination 
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Figure 1 1 .  Block Diagram of the Experimental 
Set Up for Coded Time Signal Broadcast 

Figure 12. The Encoding Scheme for Time 
Signal Broadcast 
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Figure 13. The Decoding Scheme for Time 
Signal Broadcast 

Figure 14. Pulses in Vertical Blanking Interval 
of TV Format in India 



Figure 15. Block Diagram of Experimental Set Up 
for Time Dissemination Via Direct TV Broadcast by 

Satellite 

Figure 16. Circuit Diagram for a TV Line-1 0 Pulse 
Identifier 
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Figure 17. Data Plot for Time Synchronization Via 
Direct TV Broadcast by Satellite 




