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ABSTRACT 

The ~dvantages of employing s y n c h r o n o u s  sat- 
ellites f o r  t i n e  d isseminat ior :  are w e l l  knovm, 
bo th  i n  terms o f  c o v e r a g e  and c o n t i n u i t y  o f  
s e r v i c e  over  t h e  covered  a r e a .  ?\!any synchronous 
t e l e c o m u n i c a t i o n s  s a t e l l i t e s  c n r r y  onboa rd  
VHF t r a n s p o n d e r s ;  t h e s e  are main ly  u s e d  as 
ra~:ging t r a n s n o n d e r s  d:lri:~g t he  launch phases 
and a.s bea.cons or t e l  erne t r y  ?-;,ac?iup t r a r : s m i  t ' t  e s s  
d u r i l y  t h e  sat ell3 t c  o p e r a t  . j . o n z l  l i r e ,  i n  !vhich 
t h e  r ~ i n p i n g  c s p a b i l i t i e  s of  t h e s e  t r a n s p o n d e r s  
a r e  s e l d o m  u s e d .  The a i m  of t h e  e x p e r i m e n t  de- 
s c r i b e d  i n  t h i s  pa.per vms t o  t e s t  t h e  p o s s i b i l i -  
t y  o f  u s i n g  t h e s e  VHP t r a n s p o n d e r s ,  i n  t h e i r  
ranging confi . ,qurat ion,  as r e p e a t e r s  t o  disse- 
mina te  t ime i n f o r m e t i o n  over  a wide area. The 
e x p e r i m e r t ,  p r o p o s e d  by t h e  Tst i t u t o  Elettro- 
t e c n i . c o  N a z i o ~ a l e  (Tor - ino ,  I t a l y ) ,  was p e r f o r m e d  
d u r i n g  t h e  surrirner of 198C, v:ith t h e  c o o p e r a t i o n  
3f Telespazio S.p.A.,  and using the VH3' trzns- 
ponder  onboard t h e  s y n c h r o n o u s  experi . rner , td 
te lecommuni .cat ioxls  s c ' i t e l l i  t e  ST!<TO-1. 

( 1 )  The work w a s  made p o s s i b l e  by a grant f rom t h e  I t a l i a n  
Na t i ona l  Research ~ o ~ n n c i l / ~ t a l i a n  N a t i o n a l  Space P1a.n. 



SS OF TIIE EXIIERIMZNT 

The aim of the experiment was to evaluate the possibility of 
disseminating a time code via the STRIO-1 satellite, by using 
the onboard VIIF repeater. The precision in. the synchroniza- 
tion of remote clocks was expected to be of the o r d e r  of 0.1 
to 1 ms. 

The main features of the proposed experiment can be briefly 
summarized as folbov:~: 
1 )  the RP carrier was in the VHF band, so t h a t  low cost re- 

ceivers could be used and then a broader class of users 
could be served; 

2) an already existing repeater, even if not designed specif- 
ically f o r  communications c o u l d  be utilized; the operation 
of this repeater was not intended to affect any other f~xnc- 
tion of the spacecraft (both the SHF repeater and the VHF 
telemetry link were active during the time code dissemina- 
tion via t h e  VHP transponder), 

Moreover, the rising interest about methods of time dissemi- 
nation using satellites is fostered. The firopean Space Agency 
(ESA) is in the process of evaluating the possibility to in- 
sert the same time code used by the U.S. GOES satellites in 
the telemetry message transmitted by Meteosat. Pn a d d i t i o n ,  
the d i s s emina t i on  of a narrow-band time code is possible also 
using an MDD (Metereological Data Dissemination) channel of 
SIRIO-2. A similar implementation is planned by the Indian 
National Yhysical Laboratory; in this instance a 1C kHz chan- 
nel via the JNSAT satellite will be used  for frequency and 
time dissemination. 

A geostationary orbit is the optimum choice for time dissemi,- 
nation purposes, since the coverage of a single geosta,tionary 
satellite is about one third of the Earth surface. For a user 
located within this area, the satellite is always visible; 
this way a service continuity is easily implemented. 

However, small variations in the position of the satellite 
affect seriously t h e  uncertainty of t h e  time code dissemina- 
tion, since the propagation delays are not constant. 

Two orbital elements a r e  primarily responsible f o r  these 
variations: the inclination i of the orbital plane, that 



causes  a v a r i a t  ioln o f  + + i in t h e  s a t e l l i t e  d e c l i n a t i o n .  over 
one day, alld t h e  o r b i t  e c c e n t r i c i t y  e ,  o n  which t h e  o r b i t a l  
v e l o c i t y  depends ; t h i s  c a - ~ s e s  a p e r i o d i c  ( n e r i o d  = 1 d a y )  
v a r i a t i o n  i n  t he  satellite ' ro~ar ang le .  

I n  t h e  t i m e  code dic,ser::i!?ation the synchronous s a t e l l i t e  acts 
usually a s  a repeater o f  t h e  ti-me simals t r a n s m i t t e d  by a 
ground s t a t i o n .  Then, an on'noa.rd o s c i l l a t o r ,  a clock and 
r e l a t e d  c o n t r o l  equipment are no t  needed. S ince  a lmos t  a l l  
t h e  equipment i s  on ground, t h e  r e l i a b i l i t y  o f  t h e  s e r v i c e  
i s  very high; moreover ,  t h e  grour id  l o c a t e d  e q u i p m e ~ t  can be 
e a s i l y  s e r v i c e d  o r  s u b s t i t u t e d  i l z  case o f  f a i l u r e .  It is 
customary t o  r e f e r  to t h i s  m o d e  of opcra ' r ion  as a "one-way 
techniq;neH, sir:ce the  ~ i p ~ a . 1  t r a v e l s  f ro rn  t h e  ground s t  a t i o n  
t o  t h e  s a t e l l i t e  and F r o m  the s a t e l l i t e  5 0  t l ie  users ( f i ~ .  1 ) . 
P r e v i o u s  t ime code d i s s e n l n a f i o n  exper iments  or s e r v i c e s  a r e  
summarized i n  t a b l e  I ,  a l o n g  v7 i t h  t h e  main s p e c i f i c a t i o n s  o f  
each o n e ,  

THE VHF TRAKSPONDER 

We were pa r t i cu .1a r l y  i n t e r e s t e d  i n  u s i n r  the onboard VHF 
t r an sponde r  becazse  i t  i s  s e l d o m  used dl~- r ing  t h e  o p e r a t i o n a l  
l i f e t i m e  o f  t h e  s a t e l l i t e .  The SIRIO-1 VHF t r an sponde r  was 
used i n  t h e  r a n c i n c  mode on ly  d u r i n g  t he  l aunch  and t h e  f i rs t  
months o f  o p e r a t  i o n  o f  the s a t e l l i t e  ( ~ u g u s t - ~ e c e m b e r  1977) .  
A f t e r w a r d s ,  i t  vas u s e d  only as a beacon f o r  p ropaga t i on  ex- 
pe r imen t s ,  as a backup t e l e m e t r y  l i n k  ( t h e  main l i n k  u s e s  t he  
SHF t ransponder)  and as a commands r e c e i v e r .  

The r e p e a t e r  i s  b a s i c a l l y  a phase modulated ( ~ 1 . l )  t r an sponde r .  
I n  t h e  r a n g i n g  mode, s e v e r a l  t o n e s  a r e  t r a n s m i t t e d  t o  the  
s a t e l l i t e  and frorr, t h e  s a t e l l i t e  back  t o  E a r t h .  

By comparing t h e  phase o f  the r e c e i v e d  t one  with t h e  traps- 
m i t t e d  siwal, :.:e g e t  t he  range be tv~een  t h e  satellite and 
t h e  r a n p i n g  s i t e .  The baseSand ( v i d e o )  t iz~dl- ; idth o f  the  t r a n s -  
ponder i n  t h e  raf lg ing mode i s  about  20 kHz, that is t h e  f r e -  
quency o f  t h e  h i g h e s t  tone  employed. 

The switching of  t h e  r e p e a t e r  i n  the  rang in^ mode (normal ly  
i t  a c t s  on ly  as a t e l e n e t r y  t r a . n s m i t t e r  and commands r e c e i v e r )  



i s  o b t a i n e d  by a t tp rese t ' t  command f o l l o w e d  by t h e  t r ansmis s ion  
o f  a 20 kHz holding-tone.  

When the  s a t e l l i t e  r e c e i v e s  t h i s  t one  t h e  onboard  t ransponder  
i s  switched t o  t he  r ang ing  mode, s o  t h a t  i t  a c t s  as a " t rans-  
paren t  " r e p e a t e r .  The ho ld ing  tone mlmt be r ece ived  cont inu-  
ous ly  t o  hold  t h e  t ransponder  i n  the r ang ing  mode, s o  t h a t ,  
i n  our  experiment,  t h e  time code w a s  s imply added t o  t h e  tom?.  

Under t h e s e  cond i t i ons ,  s i n c e  the  t ime code and the  ho ld ing  
tone  a r e  r e t r a n s m i t t e d  by t he  s a t e l l i t e  on t w o  e q u a l l y  spaced 
r ang ing  s u b c a r r i e r s  ( f i g .  2 ) ,  t h e  t e l  emetry t r ansmis s ion  w a s  
n o t  i n t e r r u p t e d ,  but  t h e  telemetry ca~rier power  i s  reduced.  

So, i n  t he  r ang ing  mode, i t  i s  p o s s i b l e  t o  use  the  VHF trans- 
ponder as an a d d i t i o n a l  communication channel ,  and t o  o b t a i n  
t h e  time code d i ssemina t ion  without  a f f e c t i n g  t h e  VHF teleme- 
t r y  l i n k .  

I n  t h e  experiment we used t h e  same TEN time code t h a t  i s  
broadcasted over  I t a l y  by the  Nat iona l  Broadcast ing Company 
( r e f .  1 ) .  T h i s  i s  a narrow-band t i m e  code  (fig. 3), r epea ted  
every minute,  s t a r t i n g  a t  second 52.  The d u r a t i o n  of t h e  code 
i s  960 ms and i t  c o n t a i n s  a complete d a t e  in format ion ,  in-  
cluding hours ,  minutes,  month, day of the  month, day of t h e  
weelc and a flag i n d i c a t i n g  i f  t h e  hours  a r e  r e f e r r e d  t o  a 
d a y l i g h t  savinp t ime ;  moreover, s t anda rd  i tems such as s tar t ,  
s t o p  and p a r i t y  checking b i t s  a r e  added t o  t h e  code. 

This  d i g i t a l  BCD code i s  t r a n s m i t t e d  by u s i n g  a n  a u d i o  f r e -  
quency s h i f t  keying (AFSK) modulation,  whose bandwidth i s  
compatible wi th  t h e  Aiu: broadcas t  requi rements ,  f e a t u r i n g  a 
ve ry  na r row bandwidth; t he  t w o  t o n e s  used are a 2 kHz tone  
t o  i n d i c a t e  a logical "0" and a 2.5 kHz tone t o  i n d i c a t e  a 
l o g i c a l  " 1 I t .  

A f t e r  t h e  code, a t r a i n  o f  six b u r s t s  o f  1 kHz tone  i s  t r a n s -  
m i t t e d ,  t h e  d u r a t i o n  of each b u r s t  be ing  100 ms, s t a r t i n g  a t  
seconds 54,55,56,57,58 and 00 of t he  fo l lowing  minute. 

This  p rov ides  an  audio in format ion  e a s i l y  r ecove rab le  by ~ u s e r s  t h a t  have not a c c e s s  t o  t he  special equipment f o r  de- 



c o d i n g  t h e  time code ( r e f .  2,3 and 4). 

T3ecausc of the exp?r imenta . l  i lature o f  t he  t e s t s  and s i i l cc  
t h e  t r a n s m i t t i n p  and r e c e i v i n g  equipment was l o c a t e d  a t  the 
same s i t e  s o  t h a t  the propagati3n d e l a y  w a s  d i r e c t l y  rneasur- 
a b l e ,  no i z f o r m a t ~ . o r  zbou t  t h e  satellite p o s i t i o r ,  was added 
t o  t h e  tirne code ,  t h e  p r i n c i p a l  concerr-  be lxg  t h e  measure of 
t h e  communication l i n k  c a p a b i l l  t i e s  w i t h  euch a narrow-band 
tirne code,  

Polloi:.ing t e s t s  p e r f o r r ~ e d  i n  o u r  l a b o r a t o r i e s  t o  d e f i ~ e  t h e  
c a p a b z l i t i e s  o f  t h e  code a l o n e ,  i t  has been shoTivn (ref, 5 )  
that a maximum p r e c i s i o n  1:etv:een 1 and 10 ps i s  p o s s i b l e  i n  
r e c o v e r i n g  t h e  t ime  1-f orma-tion, ~ r ; - ~ t i ?  a poad s igmal- to-noise  
r a t i o  and by u s i n ?  t h e  co rxmerc i a l l g  a v a i l a b l e  d e c o d e r s .  

E D  ERIT,IET?TAL S ETIPP AYD RESULTS OF Tln I/iEASlJRElmNT S 

The t s a n s m i t t i n p  and receiving equjpment  wns l o c a t e d  a t  t h e  
F u c i ~ ~ o  s t a t i o n ,  near I?orne, which i s  o p e r a t e d  by t he  Te lespa -  
z i o ,  t h e  company i q  charge  o f  space  t e l ecommunica t ions  i n  
I t a l y .  

The XF c a r r z e r s  ;3re d e p i c t e d  21: Piy .  2 and -In t a b l e  T I .  Only 
one o f  t h e  tv:o raligxlig s u b c a r r i e r s  v).,as decoded, and s i n c e  
t h e  t r a n s m i t t e d  yo:.,er 3f t h e  s irzgle s l a b c a r r i e r  w a s  ve ry  low, 
w e  had 2 very  poor  s,//:;. T h i s  c o u l d  be improved by demodula t ing  
b o t h  s u b c a r r i e r s ,  but t3is opera tznn  tvas d e f e r r e d  t o  when t h e  
i?ecessnry equipment \",ill become a v a i l a b l e .  

The ti.me si,ynal. TS(?TJC!) t o  be t r a n s m i t t e d  t o  the s a . t e l l i t e  
(fig. 4) i s  l o c a l l y  ,yevera.ted by t h e  t i n e  code g e n e r z t o r  
AR1340 ( f i g .  5 ) .  

The t ime  code TS(IST:) ,  rbeceived via a ,yroi,ind ~ i c r o v . ~ v e  l i n k  
from the 12% in T o r i ~ i o  i s  -Ased o~-!l;] 2~ L r e f e r e n c e  to syn- 
c h r o n i z e  t h e  s t a t i o n  g e n e r z t o r .  The l a c a l  5 ?,;Hz t ime base  i s  
obtained by a T e l e s p a z i o  o\rrr?ed 3~11jidimm c l o c k .  The r e f e r e n c e  
1 Hz and 0.1 Hz signals a r e  o b t e i n 8 3  from t h i s  f r e q u e n c y  by 
d i v i s i o n .  

The 20 kHz h o l d i n g - t o n e  i s  l o c a l l y  g e n e r ~ ~ t e d  by s y n t h e s i s  
f r o m  t h e  5 LIHz s t a n d a r d  frequeficy o r  f r o m  :ri s e p a r a t e  c r y s t z . 1  
o s c i l l a t o r  as  a backup. :';hen p n e r n t e d  from t h e  Rubidium f r e -  





where n i s  the 11-mber o f  availabl-e data and t is the S t u d e n t  
distribut: on .  

Some r e s a l t s  are surmari zed  In t a l ~ l e  I11 3rd i n  f i ~ ; .  7 ;  t h e  
m a m i t ~ d e  of a: , - % ~ l t h  n 2  60 b t e ,  ranges i ~ s u n l l y  b e t w e e n  0 .4  
and  0.6 ms. 

After t h . e  e x p e r i - ~ e n t  rz ; r i  loo!rill;-: at t h e  r e s - ~ . l t s ,  vie can r io t  
o n l y  r e c o g 2 i z e  t h e  d i l . ' f i c u l r i . e s  'YJ.~ a l s o  the p o s s i h i 1 i " t y  a f  
us i l ig  the s z i e l l i t e  J t r a : ~ s p o g d e r  f o r  t i m e  code  dissemina- 
t i o n .  I n  s p i t e  o f  t h e  v e r y  d i l i ' i c u l t  conditions o f  the radio 
l i n k ,  n e  ,:;ere always z.5l.e to obtain thc d e s i r e d  acc~n.racg 
(less t h a n  1 ms). 

Honever ,  in o r d e r  t o  t e s t  t h e  c o d e  capabilities by using a 
b e t t e r  channe l ,  vrc gerforriled a series of r n e a s ~ ~ r e m e n t s  via 
t h e  satellite SF? t r z ~ ~ s p o r d e r ;  the results o f  these t e s t s  
are summar lzed  In a p p e ~ l d i x  A. 

'he mould 1 1 4 e  t o  thank ~ 1 1  the p e r s o n n e l  a t  the T e l e s p z z i o  
ground s t o t l o n s  f o r  t h e i r  ~ ~ p p o r t  and  i.;essrs. F. A n p l o t t i ,  
P, Cordara, V .  : , ; a r ch l s io  n7d L. Fietrelli vrho a c t u a l l y  car- 
ried out, t h e  measurements z-t t h e  sites, 



APPENDIX A - SHF TESTS 

The measurements were c a r r i e d  o u t  in September 1980 at the 
L a r i o  ground s t a t i o n  i n  N o r t h  Italy, by using t h e  SHF trcms- 
ponder onboard t h e  ratellite, which prov ides  a b e t t e r  commu- 
n i c a t i o n  channe l  t h a n  t h e  UHF transponder. The uplink frequen- 
cy was 77.10 GHz, the dovnl ink frequency was 11.52 GHz, The 
modulation now w a s  FN! and the signal-to-noise r a t i o  was larg- 
e r  than 30 dB. The measurements were c e r r i e d  out with t h e  
same equipment used  a t  Fucino and shown in f i p .  4. T y p i c a l  
r e s u l t s  are given in fig. 8 and table T V ,  showing the improve- 
ment in & versus the VHF d a t a :  non d~ was down t,o 10-20 ps.  
This  h a s  been proven to be the l i m i t  of the present decodinp 
equipment, so the SHF channel appears to be really noisefree. 

In fig. 8 is also easily noticeable the slow variation in t h e  
propagation delay due to t he  s a t e l l i t e  approaching t he  st:?- 
tion. 
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T a b l e  TI - I;I:zin f e a t u r e s  of t h e  RP l i f i k  

1 .  - 13F c h a . r a c t c r i s t ; i c s  

* Uplj n~: f req~xel lcy ,.: I 48.260 :/!Hz 

* D3~:nl in lc  Creqlxer-.cg ( c a r r i e r )  : 136.140 ::Hz 

3ai?,yi,l-ig s u b c a r r :  ers f req7crency: %'77 5 !rFiz 

( f r o i n  ?;he c a r r i e r )  

* 27!odu la t ion :  ph2se m o d u l a t i o r :  (P;,:) 

2 .  - Equipment  s e t u p  

* D i v e r s i t y  p o 1 , w i z a t i o n  combiner  r e c e p t i o n  

* D i v e r s i t y  combiner :  E l e c t r a c  mod. 215C 

* Phase lock de:nodulc",tors: E l e c t r a c  mod. 21 5 

j, - Yeasurernect c o n d i t  j 32s 

K Irac!cing ba i~dl - i id th :  100 liz 

* Demodulator output Sandwidth :  1530 Hz 
I 

* f b d u l a t i o n  phnse shift: 

hold ing- tone  o n l y  0.7 r a d  

comple te  s ipa l  1 .5 ra,d rn a.x 
( h o l d i n g - t o n e  + time code ) 

* Signal-to-noise ratio: 2 <  S/N< 5 dB 







User  pJ ciock 

Fig.1 - Qn4-way t i m e  dissemination via satellite 

A =  talematry carr ier  at 135.140 MHz 

. 8 =  ranging subcarriers: Af = 2 775 kHz 

Fig.2 - VI1F spectrum transmit ted by t h e  sat~llite 



........ '--"--' - - 7- -- -- - --1 
DATE CODE T I M E  S I G N A L  

D A Y  O F  

IDENT. HOUR M I N U T E  PB s MONTH MONTH WEEK(*)PB 

16 17 18 19 20 21 22 23 24 2 5 2 6  27 28 23 30 31 

--._ 

__A- 

- 
r FOU 2.0 kHz I F1 - 2.5 k H:lL----- 

1 

P B -  p a r i t y  b i t  

S ."Om UTC + 1 

5 = "1" l J  TC + 2 
- 

(*) FAONDAY - 1 --- 
SUNDAY = 7 

DATE CODE Ar4D D E T A I L S  OF THE FSK LIODULATION ; THE D A T E  TRANSMITTED 

I S  TUESDAY 5 A P R I L ,  19 HOURS 37 M INUTES,  U T C  - 1  

~ , ; ~ . 3  - Coded t i m e  signal b roadcas ted  by t ho  b at iona l  ~ a d i o  C o m p a n y  





+ - ? I F .  5 - The time code p c n e r -  
a t ~ r  A 9  1340 

+-Fig. 6 - The t i m e  si.cnnl re- 
ceiver/decoder RF:~,/c 





SIRIO-1 CODE DISSEMINATION E X  PER1 MENT 

F ~ ~ B - S H F  DATA SAMPLE T 

s ta t i on :  L a r i o  
E lapsed t i m e  s t a r t i n g  a t  1405 UTC 

Maasurernent Elapsed  ti ma ( min) 



QUESTIONS AND ANSWERS 

DR. WINKLER: 

What are  the bandwidths of these two repeaters which you use in 
the sate1 l i t e?  

DR. DETOMA: 

Yes. For the VHF repeater, the actual bandwidth i s  20 kilohertz, 
b u t  we were unable to  use the fu l l  bandwidth because o f  a signal 
t o  noise r a t io  problem. For the SHF system, the bandwidth i s  very  
large. I t ' s  40 megahertz, b u t  we limited the code before trans- 
mission a c t u a l l y  t o  20 kilohertz again. 




