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This  paper  w i l l  g i v e  a :;talus report; ahou t  a synclironi z a t i  on exFer- 

imen t ,  which s t a r t e d  i n  J u l y  1988 a n d  i:; stdill con t , inu ing ,  k~ctween some E u r o ~ e a n  

l a b o r a t o r i e s ,  a iming to  e:; Lablisi-1 a :;yst,c:rn basc:d on t h e  r e c e p t i o n  o f  t e l . e v i s i o n  

s i g n a l  :; fr-orn a g e o s t a t i o n a r y  :;atel.li  t e  which woultl a l l o w  f o r  h igh p r e c i s i o n  t i  lne 

antl f r equency  compar-isnns a t  moderatc c o s t s  a1 1 over- Kurope. 

2.- Estimation of Timine Accuracv 

?'he use  of  Lhe t c l c v i s i o n  s i g n a l s  b r o a d c a s t e d  by a geosta t ior- lary  

s a L e l l i L e  for. thc: :;ynclirnnizatioii o f  c l o c k s  h a s  sorrle 'advariLaGe:; b u t  a l s o  onc ma- 

j o r  drawback. :Cf i t i s  e v i d e n t  i n  i a c  t LhaL t,kic rr~(:a:;urc:rnc:nts a r c  per-formed on 

signa.1.s coming from a unique s o u r c e  and t h a t  t h e  pr7npae;:~tion el'-f'ec t.,s or1 tl-leir 

ca r r i c : r  f r equency  ( - I  i GHz) a r e  negl i g i b l  e ,  t h e  key que:;Liarl [,hat, h a s  t o  be  :;ol- 

vt:d i s  how t o  tlet;erminc.: t h e  s a t e l l i t e  i s t a n t a n e n u s  p n s i t i o r l  t o  eva1uat;c: t h c  

d i f f ' e r e r i t i a l  d e l a y s  w i t h  s u f f  ic ic :n t  accuracy .  (3bviousl y ,  t h e  d i l ' f e r e n t i a l  d e l a y  

cr-ror- wil l .  be equal. t o  t h e  tinlirlg e l - ro r .  '[ 'he problerr~ i s  LkiaL the  s a t c l l i t c  i n  

t h e  g e o s t a t i o n a r y  o r b i t  i s  n o t  f i x e d  w i  t t -1 r e spec l :  Lo i t s  ob:;ervcrs ; duc t o  t h e  

n a t u r a l  I'orccs i t  i s  i n  a pcrrr~aric-:r~l, rnokion mainta ined w i t h i n  a s o  c a l l e d  

" p a r k i n g  box" by occas i  onal co r - rec t i  ve manoeuvres i r l i  LiaLed t ~ y  Lhc cont ; ro l  

Lrackine  cc r l t c r  on thc: E a r t h .  C c n e r a l l y  t i le  s a t e l  1 i t e  pos i  t i o n  rrlay rlot devi.aLe 

by rnore than  0. lo from i L:; riominal pcjsiLiori, bol,ll i n  l o n g i t l ~ d e  and 1-ati  t u d e  17 1 . 
Though snlall t h e  d e v i a t i o n  seerrls, i L rrlay s L i l l  (:all:;(: unat:c:c-:pt,ahle c1iangc:s of t h e  

d i f f e r e n t i a l  d e l a y  depending,  f o r  a giver] s a t . e l l i  Le, or1 Ltle p o s i  Lion of' t,hc 

o b s e r v e r s .  

?'he geos  Latiorlary s a t e l l i t e s  cl-loson f o r  t h i s  :;ynchronizati on exper-  

imcn-t; hc:lone; t o  thc: f a m i l y  o f  Eur-opean Communi c a t i  on S a t e l  1 i t e s  ( KCS)  of t h e  

European Space Agency (KSA) . I n  t h e  1'01 low< ngs we w i l l  d e a l  i n  par.Licular. w i t h  

ECS 5 saLelX i Le, thaL Is po:;i Lioried aL 10 d e g r e e s  EasL Lo e:;tirnate t h e  t;imc 

synchr~oriizaLior1 e r r o r  LhaL orle can expect, ovel> L.he European cont , inent  i f  t;hc 

s a t e l l i t c  coordinat;~::; arc: aff( :ct ;cd hy urlpr.edic:Lat~l(: v a r i a t i o n s .  'The 7,oric cnv~3r-ed 

by Lkie E C S  s a t e l l i t e s  i s  shown i r i  b ' ig.  1 wllere is  outl.ir.ied a l s o  Lhe a r e a  sc:r'vetl 

by t h e  spotbeam west  t h a t  h a s  been used i n  our  exper iment .  

Let u s  co r~s ide r -  two r e c e i v i n g  s i t t s  A and R and a p ,cos ta t ionary  

s a t e l l i t c :  S ,  who:;(: po:;itioris r e l a t i v e  t o  a ro-L.aLirie eecluaLoria1 geocenIdrxic 

r e f e r e n c e  frame car1 be expressecl  wi t l i  t h e  f o l  l.owi rig v e c t o r s  : 

where: O i s  the: gc-.nde-t,ic l a t i t u d e  
n ,  s 

i s  t h e  1 ongi duc  ref'crr,ctl to  (;reenwic:h 
A,H,S 

r i s  t h e  d i s t a n c e  from t h e  c e n t e r  o f  t h e  E a r t h  
A,U,S 



?'he di ff'c:r.eritia- pr-oy-);ipatio:? cr!eia_v :,i' the  ::i ~ r ~ ; i i l : ;  t.r,arisni t t c t i  r)y 1,: p 

sr- l t ,c . l l i te  a n d  received a t  :;-t,aLior.is f b  a:-it1 2 ,  (:;:ir: i )c  c,xy;r.essed as :  

. . 
wkier'e p and p ar-c the distar:r:r,s s.):' '..Fie rc-.;ri!lvj.ri,g :z:r:tic.,ri:; i''r-r:,lr. thr.: s a i . e i 7 i t c  

A B 
and c is  t h c  rneari v a l u c  oL' 1.i--re sri(:c'cI (31' 1 -: gtit ;ill.)ri,g, tl\~- 131-opagati o11 pa-t,ll. 

To compi.ltc Llie v 3 i - i  ;.it,iori (01' thc: clif'i'er'e:~ri :I: ; ) ropaga t ion  tlc.1.n.y i , 
x j 

betwccrl the  two s L;_it . j  nrlfi,  Lkia1 8 f f e c  t t l i p  ::y11rIir~or:lzati or1 I ,  wt: l lave 

corisitler-ed t;hc s a t e l  li. ti: ir~ovement,:q bo tl-1 i:. i i > ~ l p , i  trade A A  ;:III(:~ . l t ~ t i . l ~ . ~ c i e  
:; 

negl.cc Ling any cllange i n  i L:; 1-atigr,. ' l ' l i is A:=::~;II:II~ L j  (:)*-I ! :< >j~.i::; Li fi ed a:? :.I I'ir::+ 
~ p p r o x i r ~ l a t i  on bec;2use in o i i r  cast:, as can k,tl vcr,< Ti sd  i!-1 tile fol.i.owirigs, tl-(\ 
v a r i  ~ t i o r i  i r i  rang(: i:; rlear-1.y or-ir: i ' i  l':i. co;rpai.ed ~ui ti: :.kit vnr-i nt, ic-jr~:i  i t :  ; ;.it; t:li!ic.: 

and 1 nngi  t ~ . i d e .  
L 

Uiff'er'erltiatirily l.1-1e tl-,1-1:; ( o A  - c-, : V(:::.;;I.,!:: 1'>'2 ::I-~G L A  , ;3~;:;;,:~1-?1rig 
, - 

that; th i .  va r i~ t t ion : ;  of' ( p  + n : ciue to thc. :;a;:ei;Liri- :;:c:~L.j.oi!;'rirr. i:c?g., l g i b l ~  wi t .1 - i  
A 

r(:si)ect t h o s e  of- t h i  r - r inl:j, b(:,in< Lile :..ti l.,i.ldt oi thr u i i L r l  1 i t r  
A H 

,., L, 1 (..I r 1 : e v c r y  c l o s e  t o  0 d e g r c c s ,  w e  cat-I w r i t e  1.-he appr-c>xiri~a~.e Pxyjrc..-.. 
:; 

2Zr A 

:<nlvirlg t h i s  c3ql.lal. i c:)r-~ ?nr : l i i ' l ' e r -~ .>~t  "3" :?; -:es i : j  Lurlo;::~ ;riYr?r t:r;v: . m c  
f i x e d  :;Lal,iot-, i\ at, IEN - .;'or.iril>, : : p v c r 7 : . i i  va? 1.1?~?, of '1 1; r, - G :/(: !-l;iv(., ,>eeb 

,> I / L; 
f:(:)und. a:;cuminp t h e  worst, cast. o l '  (3. lo of. v;3i71 atic7iri bo:.i-i irl Liil.. i CI.I(::~ 1 ; :i:.r.: 

:> 

l o n g i t u d e  ( A X  ) of E[.:S :-). In F i g ,  ;' a r c  r.e[:)(jt-,t~c-!  he :;t.)rlti:)llr-:< 01' t h e  -~I: . I [ :  i ~ l ~ i . ( . K t ~ S  
:; 

t h a t  car] af'f'ec t the :;yrlchr-c:)tii za t..i o1-1 val.1lcx:; as :,intail-loti 1.r-olr ccll.lat,j.on ( '3 1 . 

3.- Experiment Description 

To t e s t  I..kie p o t e n t - i a .  i t y  c.3f' a s,yl--1r.hr-nnizcil i or-I sy:; t-erri i:);ascd on a 
. . , r : i t> 51.1 c s ~ i  , four ,  IK1.1r-opi:ar: ge0:;tatioriary s a t e l  1 i t r :  ;*~;ir:g :r;br? v s s s i  v r  I!i?i.ev-: -%',-.-- 

l a h o r a t o r i e s  be>;ari uri ,lui;y 1'38F B I \  cxj:)e-ir'j :r)er!+ t k a  L : s Ls+,i.lL i r i  i:,r-c:)p;rr.s:; ar1c.l wer-c-, 

jujxjed l a t e r  on by (:)tl-ir:r. I i l l  I..fie t-1-anc or' 1 I rjr7(3J~2(:1. I t - I P  

pnrti.cipaL. i ng l a b o ~ ~ n t o i - i c s  a l  November. 1 lie?$ a r e  t:.i-ie "r:llowirig c:)ncs : 

- Astror-ior!~ical L,;.iti tucic iit):;elwato~-y (AUS) - 301'cjw i e ~ ,  ?(3liirlCi 

- iirr~L fi.ii- Star-idardi: ; ieri~ng,  M(::;swesen uncl Warelipr.iii'~.~i-~g ( I ~ S M W )  - 1 ,  Llerl. 

iiep. of' Germany 

- Is t i t u t o  E l e  t t r n t c c r i i c o  Naziorial e ( TEN) - 'I'orinc-), I !..? 1 y 

- fist;av Radiotechniky a 31 elct;r.o~liky (hi) - F'rafia, C:~ec-.hn:;lovalci ;I 

- Swedisli ?'el ecnmir~unj ca t io r l s  At:lrni r i i : ;  Lra t i  (111 (Sr:'A ) - St,oc:kiic)l n, Swcderl 

- Tech11i:;che Univers i  t,S L ( ' i l l C : )  - Craz ,  A u s  1;ri.a 

- Varl Swinderi L,aboral,orium ( V S 1 , )  - Cel.f'l;, iVct.kie.r3:;3tjd~, 



In T a b 1  c 1 a r c  r-epor31.ed Lhc basel  ;riel; bctwcen t:i-ie l abora tox- ies  

i  rivol vetl i n  t h e  ex~)er ' iment .  

T a b l e  1 - Baselines between the 1aboratorieG 

IEN 
---. . -- . 

Ei 0s 1064 

ASMW 9 37 236 
-- 

STA 1726 '709 797 
- 

UR E 765 3 (1 1 266 103:3 - 
TIJC 649 590 6 14 1 3 5 1, 348 

,- - - . .- .. - - ... , . , , , 

VS L 81 3 869 634 3 1 736 575 

IEPI I AOS ASMW S'T A iJRE 'r'ilc; V S I  
J 

RCS s a t , e l l i  I,(::; of  Eutel s a t  anti i n  t i 1 1 . i  :;i rice mid-C)c !,obc:r 

1988, ECS-5  p l a c e d  j r i  a ~( :o : ; tn t inr i~x.y  o r , k ) i  I.. :it, 1TI0 Fas t  1 origil,udc, were chosc:ri 

f o r  Ll-ie expt-:rirncnt . 

Among Lkie t c l c v i s i o n  cl-iarir- el s a v a i l a h l p  f'rc:)r11 t.kie:;c s a t e l l i  t e s ,  RAI 
UNO pr-ograrn broadcar;-tc:ti at, 1 1  .0(?9 (.;Iiz i r i  k io r i zo~ i ta l  poLar*izat ion by a 2CI W 
t r a n s p o n d e r  lias been uscd . At eat-11 :;i t,e war; ai-r-;:~liged a mea:;urcm~nt: se l .up of  thr. 

ki rid :;kiowri i n  F ~ E .  3 .  Sorne ILechriiral. r letai  1 :: ahout. t,ht, r-ecei v i rig t; La-kions ?r-F: 

repor tec i  i r i  Table: 2 tn[.;ethei- wi t l i  Lkilr: ;-!11!,t:1-1riac, c:ool'diriai,t,:;. 

T a b l e  2 - Ground stations specifications 

.. - . . . . .. - 
I I I 
1 I rJAl<AlflKTER 

I 
I 

I 
I Lab0r.a Lory I 

. " .. .. - .. .- -. . , - 
I 

F1--.-- I 
I I I I I I I I I 
I I L a t . i t u d e  I L,nnj;it~.ic!? 1 i t  1 I 1 1,NA I I F  UWT 1 Time r e f .  1 

AOS 

1 ASMW 

I 1EN 
I URE(TP) 
I TUG 

I VSL 
1 S T A  

I - - I 1 I - I 
; ;) ,-: 1 m 11.4riBI4CIMHzI U T C ( A 0 S )  1 
I i .̂ 
.. , ; J . 5 ~ 1  11.4 d6  ( 30MHz I \JTC(ASMW) I 

7 > 7  I A m  1 1 . 9 d H / 4 0 M H z /  U T C ( I E N )  I 
3 , :  , / :i m I 2 dH 1 - I UTC ( 'I'P ) 1 
t j 3 . 1  ', , ;I 1 1 . 5 , ~  ( 1 . 4 d R  / 30Mllz 1 \J'YC(I'lJG) 1 
63 I!' 1 3 rn I 4.':) d 3  / 40 Mllz 1 I181'C(VSL) 1 

1129 ,,, 1 - 1 - 1 - I I JTC: (STA)  I 



%vc'17y d;jy twt-! :;CT,F; i-:f ;I'!-' -cl,r.r: i F ;  ,:lenF:l..lj-pmer-,ts ber.weett :;,- 
. . i(>c::il. 1 PPS r-!?f'c.rrncc a?< t i c  t~,:!?~li~l.g c!:-3g~: ,-)t' "tile f? r7s+ Fie!t-l c : y r ~ c : i - - ~ : ~ o ~ - ~ ~ ~ , . ~ ~ , ; ~  

pilise oi' t h e  ! < A 1  IilVrj vicieo sigr;al .rje)-e I--lea-c::l.rr-e(:j ~ : r : : i - , - t i~ ;e  L .  a t  2;a , : i l - ; : i ) i  ! ' I ( :  ,:!I.>,-- l L 

2!3:-15:[)1 II'T(: i n  each I.al-~c-.r;itory. 

In two : ; i t e ,  riar;;tly I!!.K .:arl(? :.,'(i, + i r e  I . c!' f't'er-e;-lc:es ?IF,+WC(\?  1,ii:: li?:::-jl 

i 13~;s cirid tile s a t e l l i t e  T V  s i i : : r-1~1 wrrr i.ii.sc: :nca:sil:'r.:(i ~ V Y I ' Y  ier-! i:~ir;uL.es .i'r,c.;:!, 

Novemhc>r-. : :<3 f$ t<  t,o hla~'(:ll 1989 t o  ,g,et -'!lior[.-at-i ::>i: (~bo1.l- :13c: ~ a t r _ . ~ . i i i ( . \  TTOV~~I-!:(:I-:T 
. . 

/ \ l  1 t11e p;:irti(:ipa+ir-!g .l?~-L?~-~-:-j+r):-i,-.,::: <:(-) ...2.;.t:):-,:-;-jt:(: I , k i ( >  i r - l \ , f ?~>r i ; . i l , i o r . : j . i  

nt..urx~i(: !..irr~e S C R ? . ~  and 31-c I l ~ ~ i i i ? d  t c : :  ?>Iri?/: - .  . i--,.,- . (:, 1 . .  . - > * .  t .  1 )  . I r 7  i 1 1  : ? i t ' "  /, ,-> 
. . >. > 

,, , \ , /Sl, ,  F,T+>) (.>I> L k i t !  Lelc?~j:~~;.i(.>ri i . r . i : ~  \'.''-. I >  L I /-. \ . :, , ?, :< ,v !. , !-- , " 

5 :  3 -  , : , i ,  - :rc.erpbe~- '(:::<<< be?vtz -;;I::(-,,- 
- ., . 

L . ~  I I S i  I r.:e c.:~:,-!.v: srir,i(-;!- .->-I: : , A , . .  
. , 

\., L. , 3 ;. ,g 1 Lil- ' : 11 :< 7 j .:; <: 1- ,::-,-,:! (- ,-; 
. . .-, of' L t z : : , , r - :  1 i :  i-l,3\,.. \-)rcl-. ::;.<t:?d I.(.> ~ ~ l : \ I e 5 > ~ . ~ l ~ ; ~ ~ : - + - - :  < - I - , < - ,  

~ h t c c l l i t ~ :  moverrlerit nrlci t o  c(:)~'c?c:t t i - ~ r '  sv!-1cl:rt-)i~izat.Ic~r: :>al.;:. 

I 
4.- Measurement r c s u l t s  --- 

i 
'l311t: ev;-i.Lur-?I,iori o f '  tlie r e s ~ i :  ts c , b t z i l i ~ d  ' ; - ;  t i i ~  EK5 : : , y ~ - : ( - f ~ ~ ~ o ~ ~ ! . z ; ~ t , i o : ~ ~  

c?xp~?r-in(:~.~t;,  1 1 x 2  beeri i'a(::lsrd ,:)r-l the:: r)i:r7iori f ' c ) l .  ~ 1 : ; : : : .  ZSA-Iiecl., o!,b;.r;?.' e - e ~ i ~ e , - - t . :  
. - u:>i.r:i wer'e ava-: l able.. F:-.or~. L.l-ie:;~ d a ~ a ,  r17e 7 .  I 1 yf' . .  I F I ~ ?  <... . .r.!, ' -! .I i I l . . P : ~ ~ ,  

. . l o n c i  ~ u t i e  yirid range fr-(I:!-,- tiir. o : - i ~ l n  (.,I i l l? r r . .  1.2 t. I 1:s .,ei'e;-F::ic:r <I->.--I: !1u7;,-. : : ( !  .:: 

. , , , 5: (:o:.~-~pi.~teC'! and r.c:l.>or.i,eu i r !  ls'i,g,~.l.r.e 4 whcl-i.. 5 ;  :-.::I> r!:.? ;:mc-,tr: I.~::-I.: :tic , / ,= I* - , - : : , - - - .  - - 

ax-ourlti Llieir. !r:eati .vni~.lc.s arr i ,  - r : I ~  ~ ' : . ! 3 7 "  ( i ( 3 i - i i  ,\ ,>,., , 
.-. - ,-, j , -,-'.! . ,.!(., 

( 1 at. ) . Snmc: di:;corltir-iui : i e s  due Cc) , 3 r - l : i t - ? l  I:lar:i)(.:i.:\':.'c:1: car: 3 1  SO hi': :-,l?ser-vi;;j . 

perf'orrnc,ci c:vcry terl m i  niite, ;:I i, IZN a~:c? '1':IG .I-e . ;< i. 1.v:: !:I.. r:le 1 : ) q i  r:l-, i l;g oi' !Jr:.~i\:::::;:::, 
. , .  

-1 c)n8 wklr!r5i- the  di 1.11-nal var.L;_:l. i.oris due. tc-: 1,kic: :;a: ?. .-.I.?+ r?over-i.r-~t r :.;en: ;-: 

i-c:c.ogriizat:)l e .  Each poii!; 1 I s f i f i ; ~ . l r - c :  r.,:.l:r,ecer:tc; - 1  :-I; ,-,r.oa-, , .  t i  , '9" ' t i :  i 
. . 

 onsta star-!; vr-li~:c: :;ubtr'acte::j, ?':i(, ciir-'f'rr.cric:e oi' irl-F? (<isI;--i:.cc::i 01' :I;? <.,-+ .->,: . e  ..i t t ,  f-?,.::, 

I E N  - 'l'or-i I-)(:: zria f'rc.)n! ?:.IS - :;I-:?./ v ~ r - ~ ; u s  ri::~:. . ! ;e  ' t ,~t~*-?-~~r,:ii:j!l,.; L;.: i.,liv ~:I.I!-,JP ;=I:(-,= 

. . 
due L.o the  ',;.ic:k of' TV !.r~::i.rlsr.l~::?:i(:~~s. 

Fol- :.ill I i n i  I : :  : ;  +:hr: : I ~ll:3::,<: 
- - - , 

r e s i ~ l t ~ ;  ar-c rc:purLe(.i i r . ;  ;>I ... TI-!(, n(:x: g,r>:.i~:>,!!:<,  TI-;^, . . . : ; - I ( , X I ~ >  ~l(::j;r,e:;:<i(:)t-! ~ ) ; : I T - ; ~ I ~ - I ( ~ T { : ~ ~ : : ~  

computed at E'V(:I-Y l : . i b ~ ) ~ ~ i 3 ~ ~ ) i ~ , y  <(:if-" ! z r %  ;;t'r31es :3L' 1':: --1 ,-.F i n  !,c,lva.: :.?au i rigs , ~s.c.;-- 

\.isec?. ?'lii:; s o i u t i o 1 1  wa:? ::?loser; i:c: --etjucc. i-bc: ri!ilourl'. or i---i'ol-n;-iti;:l-: ;,o ex-- 

::!iari,qec:l arn(:)nK Lkie inbor;.itc-)r-ir-::;~ Tofi1?!.,1ie:r the: Li~;(y; i : l  1'-i ? ~ : i : : ~ ~ - ~ , ~ : t ? t t - ~ r : : ; ,  A.!!t.: 

st,:..rlciar.c: devi :.iti (11; of t..iii. r>es idi*al  :.: ;VRF: .:omy);:l.,cci b.L:e:- rrie r-~J(-ct : i : : ; r  (:.I' '.r.i? o,.!t.-- 

l i e r - s  !>v : . -~F:EI~~s  oi' :.i ~ t . . . a L i ~ . t j ~ ~ i '  ? i . L i : < : ~ > .  
. . r- ,. .< 

7 ; ;  b'ig. rr, Iiavt. I.~i:i:;i r.c?l.jor.i;ed t!;e tiinr: :!ii':'e:,eni:e:; i,t-,r:?ic.(-.17 $ d l :  : T > i J i  

aric? : l ' , 'C ( TP) c.,b ~ai : ied  from KC:; .4 ~irid ,.'(:S :r) ( :: ) : ; y ~ ~ r ; , ~ ,  ,ilLi..>!:.iz:tt:i(:)rl, ~ l c ~ ; ~ : ~ ; i I i ~ ~ ~ i ~ . t : I I L c . >  L'I'!..I~ 



rr~id-Sep Lerrlber 1988 up t o  Jline 1980. 'I'wt:) c u r v e s  have bcen t r a c ~ d  t o  di s t i  rig~ii:<li 

tkie two daj.1.y scL:; of' measur-ements ( 0 8 :  1 5  arid 2C): 1 5  U T C ) .  The peak-to-peak var-i- 

a.t;iori of' earl-i c:urvc, i f  t h e  nlem p a l e  beLwee11 t h r  two t i  rrle s c a l e s  i r ;  removed, i s 

of t h e  o r d e r  of' 5 rnirro:;ccorids t h a t  i s  w e l l  will-iin t h r  t ime  e r r o r  estirnaLt-d 

p r e v i o ~ i s l y  arld r e p o r l e d  i n  Fii:. 2 .  

'The r e s u l t s  ol' Ll-~e Lirnr .  comparisons per-forrned beLwe:c-:n T E N  and lrhe 

nthc:r mptrol ogi ca l  1 a b o l - a t o r i e s  (AOS, ASMW, TP-IIRF: hy means of' ECS 5 i n  Novc?rn- 

ber-Derember 1 9 F E  t o ~ c t l i c r  wi tl-i tkiose cor,r,ec t;ed f o r  t h e  E S A  s a t e 1  1 i t e  posiLiori 

d a t a  and t h e  H l PM d a t a ,  l'r%on~ Ci rc~ . i l a r -T ,  havc been p l o t t e d  i r i  F i g .  7.  

Ti'r,orn L1-ie:;c graph:; i t  can be  seer1 t h a t  I1.l-ie peak-to-pcak t ime  e x c u r s i -  

ons a r c  reduced, t o  some huncir-eds o f  xlarioset;orid:;, i f  nne c o r r e c t s  i'or ILl-i? 

d i f f c r c : n t i a l  p r n p a g a t i n ~ i  c:Ielny vnriatiorl:; ,  and tl-iat t h e  mean r -a tes  o f  Lhe tr~rr~c 

s c a l  e s  cc~mpared a r e  i r i  good a~r~cr.ernt:nt: w i t l i  t h o s e  obta i r ied  from UTPM d a t a .  A s  

r3egur\tls I,o i,l-it: 11ncc:r-kainty of t h e s e  cornpar-i:;ori:;, worst:-c:;ise r - es idun l s  at Lhe rii- 

cr.osectjritl l e v e l  11;-jvt: i-)c:c:n found . 
A:; ;.i :;;lmplc: nf  t h e  di pendence (11' tlle pe;ik-i,o-pc>aL f 1 u c t u a t i  (xis f~-orr~ 

Ll-ic ba:;t.liric::; bc:Lwcc-.n t.lic. labor-a-tor-ips, i n  F ig .  8-::i a r e  ~ . ~ p o r L c d  t h p  d i f f e r e n -  

c e s  between I I ' I ' C ( ' ~ ' P )  arid IJ ' I ' ( : (ASMW) liavir-ig ti ba:;c.linc o f  266 l t r r i ,  and in  F i g .  G-b 

t h o s e  ob tn i  ned i r-I t h e  c a s e  of' U T L : ( I E N )  arid UTC(2TA) tl-iat linve a I-:)asel i.rie o f  1726 

km. '['he time sLep ol' Ll-ie o r d e r  o f  1 11:; t h a t  r a n  be n o t i c e d  iri I;l-ie g raphs  o f  UTC 

(ASMW) i:; probably  due Lo i n s t r ~ l m r n t a l  change-, ix-i t h e  E C S  rr1ea:;urement :;yst,em of 

Lkii:; l a b o r a t o r y .  

Thc t l i f f c r e n c e s  between t i le  syncl i r \onizat ion results o b t a i n e d  w-i 1-11 

b:C:S !I) arlci t h e  H1PM cinta C5r.e r:iairily duc Lo t,li(, t'nl lowing l 'ac.tors: Llie uri- 

c e r - t a i n t i e s  i n  t h e  s n t e l l i t ~  posi  t io t i  d a t a  supplic-.ti by  ESA, or t h e  nr-der or 
0.OC)4O i n  I a t i  tuc:le ( -3  lcrn j.11 t h e  Nor-th-:';outki dii.ec: i , i o r ~ )  , 0.007° i r i  1 ongi t u d e  (- 5 

I i m  i r: t h e  East-Wcst di r-ccti  on ) , i 11 t i le  r -eceiving ariteriria:; coor>dintj l,c3:; Lhat wt?r-e 

giv(.-.r~ i r i  dif'i 'ererit, r.ef'er.t~ncc :;y:;t,cn~:; arid t h r  d i f f e r e n t i a l  (delays ol' t.lie r e c e -  

vi ng s t a t i o n s  which h a v ~  riot been e n t i  r3ely accouritetl f o r .  

I r ]  t h e  c a s e  ol' t h e  1,irne (:ornpari:;ons t-jet;wc-.c:n T E N  a n d  T{JC, r-eportec:? i r i  

F ' i  g. 9, thr curves ol:) t.:ai.r~ed 1.1-or11 ECS 5 ( c o r ~ r ~ t . c  !Led f o r  the  : ; a t c l l i  t c  posi  t i  ( : ) T i )  

and t h e  HIPM ciot;3 3r.e -i r-I c l oser' agr\eerrienL because? the: an tcnna  conr-c?i n a t e s  ~ r - e  

expr-e:;:;ed i r i  i same ref 'erericc :;y:;tcm with  a h r t t e r  uncer t ra ix~ty .  'rl-ie 

di f f e r e n t i  a1 pr-opagati or1 del  a y ~ :  co1'r'ecti (Iris, aboc~l. 1 11:; iri ILkic (:a:;(: o f  thc3 ion-  

osyihcr-c ant3 atjo1.1t 5 11:; i n  ILl-lat, of t , h ~  t , rnposph t rc ,  have bee11 negl ec  t e d .  'Ji- 

cc:vt:r:;a t,l-ic I - e l a L i v i s  L i c .  tror'r'ec: Liori due Lo Ear.l,li r.0 t,ra Lion (Sagnac c , f f c c t )  , am- 

clunt,ing t o  abocit 2(3 n s ,  has beeri a p p l i e d  t o  t h e  ~ L N / ' I I J C  rcr .sults .  

In b ' j  g. I(> ar-e r.epc:)r-ted t h e  ves i  ciuals oi' U T C ( I E N ) - U T C  (TUC) ob t;ainc:tl 

sub l,rac t:i t ~ g  t , h ~  KCS syr-iclir-or~i 7,;3 t..i c.)r-i c-!;ri t. 8 i'r-(:)r,i t,i.ie i;PS ones  ; Lkie rneari valut-. o f  

the: d i f fe r -e r i ces  it; 181) r-is arid Llie :;Lar:tlar~t-i d( .- .viat ion i s  44 n s .  I n  t h i s  p a r - t i -  

cular- r a s c ,  i f  wc cornp~*t.i: tht. c r r o r  b u d g c t  d1.1~ t o  t h r  uncertainties o f  t h ~  

s a t e l  l i  t e  pos i t in11  and :;tr-ition:; roor-dinatc::; we o b t a i n  a s  a I - e s u l t  ahnu t  1 f ' j0 11s. 

(:oris i dc:r~i.r~p_ t h a t  I t l ie  c o r l p ~ ~ t a t i o l l  o f  t h e  sync l i ron iza t inn  r>es1..11 t s ,  t.he 

tiiff'c.rt.ntia1 tieliiy ~. jf  tile equi prnerlL s e t .  1.1p has  heerl t a k e n  ir1L.o accour i l ,  a p m t  



fr-om that;  of thr: :;atc:lli kt-. r~c~c:t:ivc:r~:;, we c:ari e:; Liri~a!..e t h a t  t;hc abovc rric:rli.~oiied 

r.t::;itlual:; a r e  corr~i:jar'abl e wi Lii  tjie e r - ~ o i -  bciagel:. . 

5.- Correction of the ECS svnchronixation results usine G P S  measurements 

'P _I.) :;t.tb:; I,i LLI!,~-'  :lie LSA :;,.,:xi ? L ( : I : - ~  ::iaLii I..(..) : : c~r .cc t .  ilic. ::,yriclir~r.>riiza t iori 

I - c s u l t s ,  i t ;  h a s  t)c-.r:n st l ir i icd ~1nc-i +r:.:rc:.r-I .; - . i - ~ - - t . - , ; - , t i , - , ~ - .  I :  !;lir.it, ~.lsc?s i.)otl; 

t ! i  (:: b: CY; 3 7 - 1  (3 Cl.)F; I X C ? ~  SI.IX-~;IK(::- t::; I-) ,.,~-t~,--)i.>,,-.(:, cj i :: t.?;~.: ,- ., -, ( #-j ', i !:.)E :.; 

Lf w . : ; . ; . I I  t i  1 V : I  f l i e  . : . l , r e ~ i L . ; . l  d e l a y  l:ic?!..weerl 

two : : t a t ions  rlur to the: :<;-it?lli-t,i: n!;-jt,il-jri f~::)llow:; L: :;inu:;oidal i.aw of' uer io t i  T 
equal t o  a sider-eal  d a y ,  a s  a f ' i i - s t  ~i.ir:>p:-c~xiir~atio:-~ ,ai;-~l:i f'or- xi-lor-t ~ I ~ s c I - \ ~ E I ~ ~ o I ~  

times, t h a  rnt>;-ln valuc: of' I,hr ti.if'f'c!r.r.ni i a l  ;it!-ay (:c)clp;,i ;,(:ti a t  T/L? i r - : I  r:r>vr-.il:; i:; 

con:;i;ant,. Tl-ic'r'c-:fore e ~ i r  ECS syr ic : l i r~c~r i izaI io~- is  i ' 1  i t v i  ailti 

comy.)u t ir ig the  rrlenrl be l:ween two iad,:jacenr. \ra- [I?.; i -l. i s poss i  b! e t o  - rer~o\ /e  t h e  

t i i i .~rnal  v,:ir,iation. !Uever-ti;e.. e s s  , ?ri;is p~.oc-.cd~.uri: ?;~nnctr ror:,pc:nc,- L.j , i  ! l-. f 0:-. l .hc  dr-i. f t 
(:I!.- lor-lgi ~ I . I ( ? F :  t l -~ (a t  y i r l ( - I s  tr. a ::o!ip; t;i;c\i-m var~i,.iti.;:ri ir; -rl-li:. m(:ari tii'f't1.1-er~i.iai r.lei.;iy 

wkii(:li i:; Lt.1'1. t;l..li:)er'ir:~i:)oseci (.):-I triie !:i["le cji L't'er-e~-lc.~s hr+xee?-  tl-IP ~ ' P ~ C I - P I - I C ~  (71(3(-,b:::. 

I r i  l.lie (:asp (-11' !.A/(.) ';lii:)0:,3t(:).ries l :)eri 'ot- i~~i~lg ;:ilsc2) . I '  t.irrle 

(:orr~uar-i:;on:; , !he dii'St.r.f?ric:t. bc, Lwc.(:11 !.lit. r>i.i'er.c-ri;.:c c i.oi::ic.:; car1 I:)? S L I ~  Lrac L.ed iirirl 

t h ~ 1  r ~ ~ i d l ~ a l ~  ~l:<r-.d t(:) rr:jr:-.(-.rt 1 i t  :;yr!c:!-ir.(:)nizat-ir:jrl t iata o f  tllr 

1 a b o r a t o r i e s  perfc~rmi ng olil y l+:(::S co:rl~:,al-i sor-IF:. 

'rliis pr-oceiiur-e iias ber:~; 7est.r.d ~l:<inF, ti>,(-, F(:':S ;-:ind CPS t-i;-lt;-i of' T E N  :inrl 

'J:IJL; to cor-r-ect t i le  syi-jciir-orii z a t i  o n  I-csi.1 I t:.; ot' TE!\ vs. 7T1 a n d  T E N  v:<. AZIVW. Thc 

c u r v e s  o b t a i  net:l Elre 1-epor-tec! i r- F i  g. I I ~ i l i = : ~ - i ' ,  ; t' r - ) ~ - i  rc:movc:; i hr,  :~:i:ar-. r.;-itc>i-; , 
peat.: f l u c - . t ~ ~ a t j  o n s  nf' thc-, i-jr-tic-,r. of' !I. 1.1:; c:ti:-1 uc. ob:rc!~,l~i.ti arid tiic. rdii'f'cr.,. :-:f::-.s 

betweer1 Llie Lirue scn i  e s ,  (C(:~'l!~;wel:{ wi :I-I ti-lost: ~~-);-l,pi.~tc-~;! i3y i' I t'l41, <-,a:- 7-al;pj(:: 'IT(-)I,-I 
' I O.'< 11s  t(-) 1.:; i::;;. Cor~:~)~irir ig l.:!e;.;(=> ~,Y::,L.I! 1.:; ~N.LI..,: !.,lio:;e ',.;l' ; ' i ,g,.  , i 1: !?; e \~ ; ( .~e t .~ ! . ,  

L1i;:iL l:liis :j.ppr(:)ac:li j!-flyjr(-)v(->5 t , l ~ ( :  p~-(-cf~;-i(:)i-i nY t l - ~ r : ,  TCF; :~ , :y~ l i~ : t i l~~ : ) r~ iz i i ! .~ l .~ i~~ i  ~ > Y : ; L I ~  L:.;, a::, 

do t-tie I'iSA ciata , b c ~ t  : n o t  s a t i  ?f r.:(-,t(-)ry : r\c:ei:1>tl:; Lo 1 rili:,a:;ur.e:llcI,rit 

uric: erb L.a i r i  i:.y . 
l''urx!:her t e s t s  I I t i  : !neth(>r:i wi : i !-nricc-rn t t i c .  1 1 ~ :  of ECS 

s,ync:h-r-oniz;?ti(-)i-l mra:;l~re-.nic:~it,:; i;alrt:r.: i i i ,  exa(:l.iy i1al.i'-eir:lerya; ciay (I.II:I t o  Oc:i:.ol:~er 

198'3 i L h a s  been usec:l a \is1 t' s c ~ l  a?- ti;-iy :intc:r>vai : , :-ir:ti :]-I(: tic it.;.r;~irlti Lie!-1 oi' il-lf: 
- . 

1 o n g i t u d e  v a r i  a t i  on cur-r.c.r t , ior : : ;  :)37 :r:(.,:>ri:: :.ii' ;.: u c r : ~ ~ r : c . ) n , l a 1 .  I'j. t over  s e v e r a l  da,ys 
. ..< >:(:) ..p.! 6, (-;t- 3 - : $ r ) ~ - ~ s ~ , ( - : ~ ~ r i  vv Sat,;! . iri~;te;:id of ~romp~.~t i r ig  t!if: c.or11'ec. i c . ) , l  rt::r- P:---,'- 

6.- Delay measurement of t,hc s a t c l l l t e  recej  v i  ng s t n t i  on at I b:N -- -- - .- - . -- -- 



d e l e  Led. 'l'o t l ~ i  :: p u l - p n s c ,  a microwavt: tLr.ari:;r:~i L Ler', rrarr~ed "sn1.e I. 1 i t e  s i r r l c l l  atror-" , 
has  becn b u i l  I. arid i,es Led. 

'I'l-ie s a t e l  1 i t e  ~ : i  r-ill~l.atnr- i s  a microwavc gclnerator (Cunn o : ; c i l l a t o r )  , 
tilnecl 3711; f = 10 .945  GIIz, wi th  nn (:jutput s i g n a l  l e v e l  o f  0 dBm, which can be 

f'rt?cl~irncy modulal..ed by a s t.andarci vi dco s i e n a l .  

The t e s t  ::e-Lup ~.ised t o  pcrrfol-m t l ic  : ;atcl . l . i te  :;irr~ulator de lay  

rneasurernent i s  showr-1 i r i  F i g .  12. A pcll s e  g ~ r i e r a t o r -  wi.th a 5 n:; ri:;cLirr~e, i r i s  Lead 

of  a v i d e o  sigxial genera tor- ,  wa:; 1.1:;c:d L.o rnodu1al.e tr.k-~e sat ell it^ s i m ~ ~ l a t o r - .  T h e  

sirnu1 ator- o u t p u t  f'r'c:cl~*eric:y was down convrr-ted t o  ahoil L li)C) MIIz by rrlear-1:; of a 

mi crowavc i:erierator., used a s  1 oca:l osc i l . l a t ,o r  , arid t j  tiiotle rrii x e r .  
r 8 l h e  measurement was pcrf'orrneti e v a l u a t i n g  on an osc i  1 l oscnpf: khc 

dc lay  hc-:tween t h e  1 eadi  rig e d ~ ~ c .  of L111: rr~odu l aL.io11 p u l s e  arid t h n  output; :;icritil 

i'rlrr:~ t.he rnixt?r- t a k i n g  a s  n r'el'erence t h c  point; wllerc ari a b r u p t  f r equency  chanp;c 

wafi r-.viticriL.. '1'1-le s i m u l a t o r  d c l ~ i y  was es t imater l  kc3 h r - .  1.0 + ,- , 5 115, t-kie cielays 

intr-oduct:d by .the c o a x i a l  rablc:; or1 t>ot.h (IS(:-i 11 os rope  cllanrlels beirig equivcil e n t .  

t-;. 3 .  - liecciviricr s t a t ,  i on del av meas~~romc:nt r>r.ocedux3e 

'I'he bl.oclc diagram uf' the  ecltljpmerit usi:tl i:; :;kiowri i r i  b'ig. 1 '3 .  A horn  

a n t e n n a ,  r:orinected t o  t h c  :;;t,c:llite simul n t o r  by rncan:; oi a coaxj  a1 cab1 r 4 m 

1 ong,  i s  p l a c e d  i n  fr-oni of (,lie parabol  i c antcrina i r i  such  a way t h a t  l,li(: i-)e:.im 

l e n g t h ,  f'r'om t h e  tr5ari:;rr:i l;t i rig antt:nnr.l Lo Lkie i l l  umj n a t o r  , i s I L 2 I l't-le 

s a l e 1  l i t c  simul at,ot3 i :; moc-lulatcd by a i-.est. v i d e o  s i g n a l  i r - 1  o r d e r '  t o  r11ens:ll-e t h c  

ovcr.al 1 d ~ l  ay o f  t h e  s t a t i  or? , plllsc: c,xtr.ac t o r  i ncl  uded . 'The, frc-:q~.~eric:y L' - I(:). <:jLL!2 

CIIz wa:; ckiosen bccausc  f r e e  from any o t h c r  crni:;siori. 

' 1 ' 0  o b t a i n  Ll-ie s t a t i o n  del.ay T , frorr~ L.kie i l l u m i n a t o r  i n p u t  t o  Lkie 
r 

STT)P inpuL, 01' t h e  cco~lntcr ,  Llie 1'0 l 1 owi ng mcasurcmcnL:; were per,f'orrr~ed : 

- the  t o t a l  d(:lay T L'r3c,rrl t i i f :  S ' T A H T  to  Lkie S'I'Ok' i n p u t s ;  
t ' 

- t h c  d e l a y  'I' , from -t,kie STAR'I' t o  t h c  :;imulaLor vi cieo i r jpu t ,  u s i n p  a cal i b r a t c ~ c i  
.f4 (:able t o  cnnrlect t h i s  l a s t  t o  L.kie S'1'C)P. 

Tlie f o l l  owing rc::;ul Ls were olntai ncd:  

T = lO!IfC) n s ,  T = 198 r i s  
t g 

where ' I  = 41 r i s  i s  t h e  d e l a y  or the  s a t e l l i t e  sirr~ulat.or- wi th  t h c  a d d i t i o r i  oi' 
:I 

t h e  d c l a y s  01' a 4 m c a b l e  t o  t h e  horn  anLenria and a 2 m f ' ree-space beam t o  Lhc: 

illumiriat,or7 i npu t;. During t h e  measurement of' T Li-ie tri gger  I cvr,.L of' Llie counter- 

STOP i n p u t  was r e g u l a t e d  t o  a v a l u e  e q u a l  to%()% of t h e  s y n c h r o n i z a t i o n  pul:sp 

ampli  t:ude, t h c  same va  l ue of' t h e  pu I sc extractor threshold. 'I'he uncertaillt:,y cjf 
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QUESTIONS AND ANSWERS 
GERNOT WINKLER, USNO: 111 one of your view graphs yo11 could see ,z very significa~~t hreak 

in the daily variation to  a much more regular performance. Is that due to  a static111 keepir~g c h a ~ ~ g ~  in  the 
satellite, or what happened at that moment? 

MR. PETTITI: It was about the satellite position inforn ia~ion .  I Jn fa r t , i~n ;~ t~p ly ,  i t ,  is no t  easy to  get, 

information from the tracking station about what is happening. This is w h y  we' ;lrp t , ry i r~g to el iminate  this 
input. It waa certainly due to something in the satellite control, bccausc in t,hc corrcct,ccl data there is IIO 

sign of this behavior. It is not, however, easy to deterrrlirle a priori what they are d o i ~ ~ g  t11er.e. 




