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Since 3.380 time cornparisori:; a r e  car r i i .6  o u t  v i a  OTS-2 
bc tween the  Technical  Universi. t.y Graz (Aus t . r i a )  aric3 tl-lc 
Van Swir-,den Laboratory D e l f t  (Netherland?;) . 
The 1net.l-iod has 'r:j:?er-~ haseri 0:; !.he use of  Llie syncl-ircjni7,2-t.ion 
pu1:;c i l - 1  t.iie T'V-f r , a~ -~e  nf  t:.t~e dai ly ever-li r:(j broadc.ast.irig of a 
?re:-ii:h 'SV-~rc-jqrc?r::lne l..o I ' j ~ : i ' l i : e r r - .  A f l ' i  c : 3 .  

C:orrect:ion~;, ci:; ccr;::sec;ue~-ice of  c:rlaricj~::; in t ! -~c.  p o s i t i o n  of t he  
s a t - e l l i t e  c o o r d i n a ~ e s  ;:I-+ :ipplie,:r wtkekly i i f t . c - . ! r -  rc:ccpt..i.orl o f  
sat.el1it.e roor-dinates :rc:lm ESOC. 

A 6c.sc.ri.pt.iorl of t.iie n-~et.;,ocl i s  (liven ::<s x e l i  3:; some of t he  
p a r t i c u l a r  techniclues used i n  both rhe par t . i c ipa~. i . r~g  labora-  
t o r i e s .  
Prel iminary r e s u l t s  a r e  presented .  
S ta r  Ling January 1382 t11e c..xperirnent w i l l  he supported by 
t h e  EEC and erilarqeci by  pL3r-t.ir:ipation of NPL, PTB, DFVLR, 
LPTf;' and  IElu'. 

I11 o rde r  t:o improve ( 1 i-I [.?I-) n a t l  c111;il t i~r le  comparisons over 1 orig 
d i s t a n c e s ,  a s  muci-i 25: pos:;iL~l.e i.ndcpcndent of at-rnospheric c1i.s- 

turbances and o t h e r  ol.)sl.iicles l.)t:t.wc!c.1-i t:-w par t - ic ipa t i r ig  
i n s t i t u t e s ,  t h c  app l i ca t ion  of severa.L types of s a t e l l i t e s  and 
pulse  trarisrriission sys-tems i s  invest.icjat.ed. 
Although s e v e r a l  sa1:elli te systems have proven to y ive  poss ib i -  
l i t i e s  for  cxucllci-it time cnmpclrisons, s o  f a r  most of t he  systcnis 
a r e  l imi t ed  f'rom t-he poilit. of view of conl.inuous a v a i l a b i l i t y ,  
cont-inuo~i:; a c c e s s i b i l i t y  , ol-:-site ins ta1 la l . i  on p o s s i b i l i t y ,  
h i c ~ h  c o s t s  artd so 0 1 1 .  

Therefore,  arl i.~-,ves t-igat-iori i s  (carriec! o u t  a i t e r  the app'l i. cat-iori 
of always ava i l  ab l e ,  or]-s i t c  receivable, easy a c c e s ~ i b 1 . e ~  low 
c o s t  s a t e l l i t e  sy..:tems. 

The experiment descr ibed  Iicrc,  makes use of t.he O'I'S-2 s a t - e l l i t e ,  
The f i r s t  s t a g e  is based on thi. appl ica t - ion  of a onc-way method 
by making use of t-tie TV-synchroni.sat.ii~n rnet.1-iod. I n  t h i s  case  
c o r r e c t i o n s  mus t  be app l i ed  f o r  t he  chariges i n  t he  pos i t io r i  or 
OTS-2 

In  a l a t e r  s t a g e  a p a r t l y  two-way method w i l l  bc considered.  



MEASURING P R I N C I P L E  

The t i~r ie  comparison i s  based on the  measurement of t he  time 
of a r r i v a l  of the same agreed event  i n  t h e  s i g n a l  from a gco- 
s t a t i o n a r y  communications s a t e l l i t e  a t  both s i t e s  A and R 
( Figure 1 )  . 
?he s i g n a l  used i s  a TV-broadcast from a crjrcurldstat.ion, which 
i s  rel.ayed by  t h e  transy.)onders on board O F  t he  s a t e l l i t e .  
A t  s i t e s  A and I3 reccivirig only s t a t i o n s  have been i n s t a l l e d  
T1-ierefore, t he  method i s  a one-way method. 

The time d i f f ~ r e n c c  of the c locks  a t  A and I3 can bc expressed 

A = ( -  ) - ( 1  - E ) -  ( " - tB ' I )  where ,  
U B A 

2iA aiid II' a r e  t.hc tiriies 01' a r r i v a l  of t h e  same r ~ f e r e n c e  
B 

pulse as  dt tcrmjned on t h e  time s c d l c s  i r i  A and B 

r e spec t ive  Ly ; 

t A  
nrld C ' a r c  t h e  proj)agatiori tinies fro111 t h e  s a t e l l i t e  t o  

B 

A and B respectiv(:  1.y; 
t " and t " a r e  t hc  dcjay Limes of t h e  s i g n a l  i n  t h e  s t a t i o n s  
A B 

A ai-id R r e s p e c t i v e l y ;  
2nd T? are  the  ranges from the s a t e l l i t e  t o  A and B 

* L~ B 

r e spec t ive ly ;  
(' i s  the  speed or l igl-i t .  
h " and tB I' a r e  cons t an t  and can be determined 
A 

' and t ' a r e  depcnding of s a t e l l i t e  ~nc~vements of t h e  
I3 

geos t a t iona ry  s a t e l l i t e .  
111 o rde r  t o  achieve hi911 accuracy,  tl-ie geographic p o s i t i o n  
of t he  r ece iv ing  s t a t i o n s  and t h e  p o s i t i o n  of t h e  satellite 
must therefor(:  be known wit-h high accuracy. 
Due t o  t h e  r e l a t i v e  s m d l l  b a s e l i n e  from A t o  B and the  larcge 
rnriyes H and RR t o  the s a t e l l i t e  a geornctric con f igu ra t ion  

A 

e x i s t s  i n  whicli t he  f i r s t  o rde r  i n f luences  of t h e  s a t - e l l i t e  
movements a r e  cance l led .  



OTS- % SArTELLITE 

:L'he s a t e 1 l i t . c  u:l;eci i s  ti:e Ori. . i t~il  'Yest S a t e l l i t e  (0'1'5-2) , 
Iciur-:c:i~ed by tile i:~:ynpear-: sf-,act Ficye~ic::y, nn May 1 1 ,  1'3*i8 311(-j 

positioried a t  10 '::'E i r l  t.iici : ~ e a s t a t i o n a r y  o r b i t .  T11e expectcE 
l j  fetlirne of t.he : r ; t~ t . e l l i t e  cxt.cr,c:s t.c: lC3i!3. 
111 tile communicatlorlc f i e1  5 s s v e r a i  cxjc.ri.ment.s 2r:c z a r r l e d  
aul-1 :ii t.'n OTS-2. 
:;(.jr".,: ,:ei.ciils of [Lie :;,:.~ell:tc ar::i l i . 5  ~ ~ ~ ~ ~ l o ~ i ~ : ~  arc :-;?-vc i:-I the 

. - 
fi(-:~.;rt?t:; 2 t l ~ r c i ~ ~ ; ;  :#. 
F-. ~ , r i e  ?.ime cor!par-.~ ::;f.-:,r~ e:;per-i;::?~.t:s ,3 1-6:: .,:j:..t= i::: I K ~ ~ < I ; : :  l.~!.;:: :- f c: 

- .  - .  
TV-c;i~nal sc.:r;l. fron: f rar.1c.c tr.. ; i ~ . : l r  r.lier-:-: A l l l z i i  . s . : ' i l r - i < j  t . ! l r ?  e~rellirIg 
i ~ o u r s .  
The rece i  ved c a r r i c  !:- f.r.e,:: ,;er:c~.~ i s  1 1 . 682 Cllz  . T:?c TV-i;i 9 r l ; r i l  i .; 

FM-~riodulat.ed and oucupi e:; TL 1:ar;ds;idt:'. of -70 Mliz. T h c  sigriill u:;cs 
energy dis~.)el-sal  fo l lowir~g  (.:(.:l.R- r.ecor~men~atiori:::. 

OTS-2 ORBIT DETEHMJKATION 

The s;it:.ellitc' ?o:;lt i on i a cal!:-l 2t.c:2 ijy the E:.~rc:;i?an Spacc 
\ \ . I ,  . o;:,:.r?[.~c-j:-!:; cp~.i.!-#.-! (KL<C)C:) < T ,  ~:!x-;:.:~?c~c~T. 'z!>':' 

T:i(: X a r i t :  i i-,r; -?ata a r c  :jc: (.c:rnj<:-:(. .: :?iv ti:(? ::l :.i;:;n:.i, s t a t i c ~ r ~ s  
p'-~lc!irlo ( T t . d l ; ; )  ; in~--; .?a~-tic+< ly - -  ' ~ : i . l l ~ i ! r ~ ~ - . : ; ~  (S;:iii:;) . 
Frorli t.liec;e da t a  ESOC i:;: I n?l~la i.es the  1775-z o r ' i . ) l . t  , .,%;'I,, i <-:i, q ives  
an  accuracy of about 2 , C klx ( 3.12.) f o r  t.kie p(-).c;i. 1-ion, when 
~rlc?r-ioeuvres a r c  d b s ~ r i t . ,  Tl-)is o r b i t  dct-crrrii riat.io1-I i s  c a r r i e d  
out. every week oveu' a per iod  which 1ast.s f.ronj Weilnesday t o  
Wednesday . 
' taking i n t o  account t+.e geonetr.; of t.kie posi.t.ion of TIJG, 
VSJ., <ind OTZ-2 t h c  ~ i cx t .  t . a b i ~  shows the  conscquerices of  p:)osit.ion 
1~nci.rtdiriL.y of OTS-2 3;; tht. accur-ac-y o f  ti-:c time co11iy)ar':isor-I. 

r e s u l t  I !-:<I !.in~e e~. r : (3r  175 1-15 5 3  11:; ti n :; 

TLiblc 3 : ' l ' j  1::e e r r o r s  r ~ s u l t i r - i g  fr-c)~n thc: unce r t a in ty  
of  tlle :.;i)acecraft. pos i t io r l  



R E C E I V I N G  STATIONS 

TUG, GRAZ, AUSTRIA 

The timekeeping s t a t i o n  of t h e  Departnlerit of Cornrnuriications 
and Wave Propagat ion ( I N W )  O F  t h e  T U G  i s  loca t ed  a t  t h e  
Observatory Lustbfihel , Graz . 
The s a t e l l i t e  receiving s t a t i o n ,  which i s  a l s o  managed by 
t h e  JNW i s  used f o r  var ious  propagat ion experiments and is  
t h e r e f o r e  r a t h e r  coriiplex. 
I n  f i g u r e  6 a s i ~ r l p ~ i f i e d  block diagram shows t h e  con f igu ra t ion  
f o r  t h e  time comparison. 
In  t a b l e  2 some of t he  r e l e v a n t  s t a t i o n  c h a r a c t e r i s t i c s  a r c  
given.  
The antenna toge the r  wi th  t h e  antenna box is comput.er 
c o n t r o l l e d  i n  azimuth and e l e v a t i o n .  The dish can be hea ted  
and t h e  antenna box wi th  t h e  RF-equipment i s  f u l l y  aircon-  
d i  t i oned ,  
The rece ived  s i g n a l  i s  converted down t o  70 MHz and fed i n t o  
an  i n d u s t r i a l  type  TV-receiver with a  bandwidth of 36 MHz and 
provided wi th  a th re sho ld  ex tens ion  vidco dernodulaCor and a  
videoclamp,which provides  more than  40 dB r e j e c t i o n  of t h e  
energy d i s p e r s a l  wave form. 
The video sigrial(1V + 3 d B  i n t o  75 ohm) i s  t r a n s m i t t e d  by 
a  coax ia l  cab le  "with a length  of 50 m from t h e  antenna 
bu i ld ing  t o  t h e  time keeping s t a t i o n  i n  t h e  observa tory .  
The s t a t i o n  c locks  a r e  HP cesium beam frcquency s t anda rds .  
The l abo ra to ry  i s  f u r t h e r  equiped wi th  severa l  Loran-C 
and LF/VLF r ecc ive r s .  



VSL, DELFT, NETHERWWDS 

'The tirne-/frequency s tandards  l abo ra to ry  i s  part .  of t h e  
Van Swinderi Laboratory of  the Natiorial Serv icc  of Met.rolocjy 
(Mir:istry of ~conomiu  A f  fai r s )  . 
Ficjure 7 sliows a si~rlpl .i f i e d  block d i a y r a r n  of t l : ~  r ece ive r  
con f igu ra t ion .  
The ~rlost relevant.  s t a t i o n  c i ~ a r ~ c l c t e r i s t i u s  ar-e cjivcn i n  
t a b l e  2 .  
Tlie antenna with t h c  ai-it.enna box i s  remote coritrol led in 
azimuth and e l e v a t i o n ,  o u t  from t h c  tinie-/ frequcricy s t-anclards 
l abo ra to ry .  

The ariterlna i s  placed on top  of the l abora tory  and i s  connected 
t o  the  t ime- / f r equ~ncy  t;t:anc-iard: laborat-ory bv a coaxial  
cable  wi l.11 a lenclth of 1 4 0  1-11 

T1-ie s t a t i o n  clocks a r c  H P  cesium beam f r~q i i ency  s tanddrds .  
The l abo ra to ry  i s  equiped w l t h  s e v e r a l  Loran-(.' a n d  
LF/VLF r ecc ivc r s .  



THE EFETtF:NCG POINT IN TIIE S I G N A L  

The common reference  poirit /event i s  t h e  t r a i l i n g  edge of t h e  
f i r s t  f i e ld sy r i c l~ ron iza t io r~  pu l se  of tlie video s i g n a l .  
See f i g u r e  8.  

Spcc.ia1 e l ec t ro r i i c  c i r c u i t r y  has beer1 developed i n  o rde r :  
- t o  re : jec t  t h e  UC- offse t .  and energy d i s p e r s a l  waveform; 
- t o  clamp the synchronizat.ion pulses  t.o zero v o l t  level; 
- t o  measure and t o  memorize !:he positr.ive white  pcak vol tage  

o f thc video s i g n a l  ; 
- t o  e x t r a c t  the  re ference  pu l se  a t  a  f i x e d  percentage of t h a  

maximum p o s i t i v c  peak volt-aye of t h c  video s i q n a l ;  
- t o  provide the  p o s i t i v e  re ference  pulse  wit.h an anipl.it.ude of  

more than  2 V i n t o  50 ohm; 
- t o  suppress  the  re ference  p u l s e ,  when t h e  video s i g n a l  t o  

noisc  ra t - io  i s  t.oo bad, c . g .  when t h e r e  i.s no TV-transmission; 
- t o  provide a p o s i t i v e  video-output of h a l f  the input. s i g n a l  

amplitude i n t o  7 5  ohn~ f o r  a  video monitor;  t-he d i - g i t a l  sound- 
in-sync pu l se s  a r e  removed, so  a  s t a b l e  l i n e  synchronizat ion 
i s  p o s s i b l e .  

The delay i n  t h e  c i r c u i t  for t h e  re ference  pu l sc  i s  about 10 ns 
and i s  very s t a b l c ;  tile pu l se  t o  pu l se  j i t t e r  beinq ordy de- 
pending on tkic vi.deo s i g n a l  t o  noise  rat i .0 .  



MEASUR.ING SCHKML, DATA REIIUCTION AND COMPUTATION 

Sirice Sept-ernher 2 ,  1980 t-he time s c a l e s  U'I'C (TUG) and U'l'C 
( V S L )  a r e  compared by niakirlg use of the  TV-signals t r ansmi t t ed  

by t.he OTS-2 s a t z l l i t e .  
Every day, beginning at.  1 8hlOmii-I OOs UTC ttie f i r s t .  measurement 
i s  made, followed by one measurement every l.wo sccorids. 
up t.o a  t o t a l  of 2 0  measur-ements ( l a s t  measurement 18hlOmin:3Hs). 
This  s e r i c s  of twerity mcasurerncrlt.~ i s  rc-peat-ed every h o u r  w i t - f i  
the  l a s t  s e r i c s  ending a t  %2h10min38s UTC. 
Each s e r i e s  of mctasurarnerit.~ i s  followeci by a Lorari-C nicasuremeilt 
of the  t r a n s m i t t e r  S y i t  (7970W), which i s  one o f  the  s l a v e s  of 
the  Norwecjiari Sea chai.ri. For t he  r e s t . ,  tiic a c t u a l  riumber of 
measurcmer~ts pe r  day d~?pcnds ir~ainly or1 t h c  presence artd 
duratiori  of tl-ie TV-t.ransmi.s:;.i on. 
The t:efererlce pulses  have a r e p e t i t i o n  r a t e  of 50 H z .  
The time d i f f e rence  hetween t h e  l o c a l  time at .  each s t a t i o n  
and t h e  re ference  pulse  i s  measured with an accuracy of 1 ns .  

The measuring d a t a  a r e  exchanged once a week. 

The d a t a  a r e  processed i n  the foXLowjng way. From each s e r i e s  
of 20 measurements a mean value i s  computed by a n  i t e r a t i v e  
process  oniit t inrj  a l l  d a t a  ou t s ide  an o r i g i n a l l y  a r b i t r a r y  l i m i t .  
( tO.5 ps) from the  resu l t i r ig  mean va lue .  Moreover, t h i s  mean 
value i s  only used f o r  f u r t h c r  conlputation i f  the  number of 
measurcrrierit-s used t o  form t.1-1i.s Irieari i s  g r e a t e r  than 50 % o f  the  
a v a i l a b l e  nleasurenlents (on an averacje 31 % c f  ttie a v a i l a b l e  
measurements a r e  u sed ) .  The 1 cr s tandard  dev ia t ions  a r e  a l s o  
conipu,ted and t -he i r  mean value i s  about 3C ns . 
Also Y-he 1 s tandard  dev ia t ions  f o r  t he  readings of each 
s t a t - i on  a r c  eva lua ted  a f t e r  removing t h e  syst-ematics by a  
l i n e a r  r eg re s s ion  through the  ser ies  of d a t a  po in t s  and r e s u l t  
on a n  average i n  a  f i g u r e  smal le r  then 10 11s f o r  t h e  TUG s t a t i o n  
aric3 30 n s  f o r  t he  VSL s t a t i o n .  

Next., co r r ec t ions  a s  consequences of t he  ranging d a t a  a r e  
appl-red. ?'tiis 1.eads t o  UTC ( T U G )  minus UTC (VSI,) . 
Only, s t i . l .1  a  ccr ta i r i  o f f s e t  i s  p resent  a s  ,I resu l t .  of 
so  f a r  unknown equipment de lays .  
The determinat ion of these  delays has s t i l l  t o  be c a r r i e d  
o u t .  
To i d e n t i f y  t h e  out:lj.er.s a f t e r  correctiricj f o r  t hc  r any i r~g  dat-a,  
a l i n e a r  b e s t  f i t  of c e r t a i n  lcrigtti (.SO dat.a p o i n t s ,  i . c .  50 
hourly mean values o r  approximately 20 days) is  app l i ed .  



I f  the  da ta  point  i n  quest ion devia tes  by no more than 
a given l i m i t  ( 5  0.5 v s )  from the  es t imate  f o r  t h i s  
pointlwhich i s  given by the  above mentioned l i n e a r  regress ion  
through t h e  l a s t  50 preceeding and used data  po in t s , then  t h i s  
point  is used and becomes t h e  l a s t  po in t  i n  the  next  ca lcu la ted  
l i n e a r  b e s t  fit. 
A f u r t h e r  condit ion is  t h a t  only such da ta  po in t s  a r e  used 
which a r e  the  mean of a t  l e a s t  10 s i n g l e  measurements. 
For f u r t h e r  processing of the  data  from the  hourly mean 
values d a i l y  mean values were ca lcu la ted  and a l s o  the  1 u 
s tandard devia t ion  f o r  a l l  measurements of one day 
( the  1 o values a r e  on an average smaller  than 35 n s ) .  
The measurements were then correc ted  f o r  a s t e p  (1.6 x 10-l3 ) 
i n  the  r e l s t i v e  frequency di f ference  of the  both time s c a l e s .  
This s t e p  i s  evident  from the  OTS and LOW-C data.  
Thereaf ter  a l i n e a r  b e s t  f i t  was subt rac ted  from the  data .  
The associa ted  L O W - C  values were processed i n  the  same way. 

RESULTS 

Figure 9 showsa p l o t  o f  the  hourly mean values of t he  
readings (TUG) minus readings (VSL) . 
A time s t e p  of 9 us i n  the  UTC(TUG) scale a t  M J D  44744 
(May 2 0 ,  1981) i s  removed and furthermore t h e  values f o r  UTC 
(TUG) before MJD 44%4 (November 21, 1980) were replaced by 
the  corresponding values of a second clock(HP 5061A with High 
Performance Tube) which was used l a t e r o n  t o  generate UTC(TUG) . 
The o v e r a l l  s lope  of t h e  curve i s  caused by the  frequency d i f -  
ference (about 7x10-13) of the  involved time s c a l e s  UTC(TUG1 
and uTC(VSL) respect ive ly .  The c h a r a c t e r i s t i c  shape i s  due t o  
the  change of  propagation time r e s u l t i n g  from t h e  movements 
of the  s a t e l l i t e .  
Figure 10 i s  a p l o t  of a11 po in t s  which meet t h e  s p e c i f i c a t i o n s  
i n  order  t o  be taken i n t o  account f o r  the  ca lcu la t ion  of 
UTC(TUE)  minus U T C ( V S L ) .  
Also p l o t t e d  i n  Eigurel-0 a r e  t h e  values of por t ab le  clock 
v i s i t s  by the  U.S. Naval Observatory t o  both s t a t i o n s .  
Unfortunately however, the  clock visits t o  both the  s t a t i o n s  
were not  c a r r i e d  ou t  on the  same trip. Therefore, the  p l o t t e d  
values a r e  ext rapola t ions  using the  clock r a t e s  t o  obta in  
UTC (TUG) minus UTC (VSL) from UTC (USNO) minus UTC (TUG) and 
UTC (USNO) minus UTC (VSL) . 



Fig .  11 shows t h e  r e s i d u a l s  of t h e  OTS-2 and t h e  LORAN-C d a t a  
p l u s  a r b i t r a r y  cons t an t s .  The t h i r d  t r a c e  of d a t a  p o i n t s  i n  
F ig .  11 presen t s  the  d i f f e r e n c e  of t h e  OTS-2 arid L O W - C  data  
f o r  mean values of  10 days ( a  cons t an t  i s  added t o  t h e  
d i f f e r e n c e  s o  t h a t  t h e  f i r s t  va lue  i s  equal  t o  z e r o ) .  
Also i n d i c a t e d  a r e  t h c  d i f f e r ences  between t h e  OTS-2 r e s u l t s  
( r eg re s s ion  l i n e )  and t h a t  ob ta ined  by t h c  p o r t a b l e  clock 
v i s i t - s  of the USNO ( 100 ns and - 43  n s  r e s p e c t i v e l y ) .  
No at tempt  was made t o  c o r r e c t  f o r  t he  d i f f e r e n c e  i n  t.he 
delays of  t he  rece iv iny  equiprnents. 
The accuracy and p r e c i s i o n  of t h i s  r e s u l t  is mainly 
determined by the  knowledge of t h e  pos i t io r l  of the  s p a c e c r a f t .  
F i g s .  12 and 1 3  show a  po r t ion  of F igs .  9 and 10 on a n  
expanded scale t o  demonstrate t h i s  e f f e c t .  
The d a t a  i n  F ig .  13 a r e  co r r ec t ed  f o r  t he  frequency d i f f e r e n c e  
of t h e  two time s c a l e s  and c l e a r l y  show the  in f luence  of the 
u n c e r t a i n t i e s  caused by the  ranging d a t a .  
F i g .  14 is  a  s t a b i l i t y  p l o t  (two sample Allan var iance  
B ( 2 ,  r) ) of t he  UTCiTUG) - UTC(VSL) time s c a l e s  compared 

Y 
by TV v i a  OTS-2 and LORAP-C. For sampling t imes longer  than  
5 days t he  s tabi1i t .y  of t hc  OTS-2 TV-].ink i s  b e t t e r  than  t h a t  
of t h e  L O W - C  s i g n a l .  Also p lo t t . ed  i n  t h a t  f i g u r e  a r e  t h e  
u ( 2 ,  T )  values  i f  one on ly  uses  t h e  da t a  pe r iod  f r o m  MJD 
4x646 t o  M J D  44665 ( see  a l s o  Fig. 1 3 ) .  These f i g u r e s  g ive  
an e s t ima te  of what could be gained by time comparisons u s i n g  
t h e  TV-signal t r a n s m i t t e d  by t h e  OTS-2 s a t e l l i t e  i f  b e t t e r  
t r ack ing  data would be a v a i l a b l e .  

CONCLUSIONS 

- The given r e s u l t s  a r e  not  co r r ec t ed  f o r  equipment de l ays ,  
so  the da t a  have a c e r t a i n  o f f s e t .  
Also a d i r e c t  t r anspor t ab le  clock comparison should be 
c a r r i e d  o u t  i n  t he  near  f u t u r e .  

- Ther.angincj d a t a  could be improved by t h e  a p p l i c a t i o n  of 
another  bes t  f i t  method by ESOC. 
Th is  was discussed  wi th  ESOC and w i l l  be c a r r i e d  o u t  by 
them. 

- From one o r b i t  de te rnunat ion  pe r iod  t o  t-he next a n  o f f s e t  
of up t o  200 ns can be seen ,  e s p e c i a l l y  when there  was a 
s p a c e c r a f t  manoeuvre i n  between t h e  per iods  of computation 
( see  F i g .  13 : MJD 4 4 6 4 5 ) .  

- The r ece ive r  a t  t he  VSL could be improved i n  order t o  
achieve Less s c a t t e r  i n  t h e  readings .  
This  improvement has been c a r r i e d  ou t  r ecen t ly .  



- The Loran-C d a t a  seem t o  have a s t r o n g  s e a s o n a l  dependence. 
The d i f f e r e n c e  between t h e  Loran-C and OTS-2 r e s u l t s  
r eached  700 t o  900 n s  f o r  a d i f f e r e n t i a l  p a t h  l e n g t h  o v e r  
Land o f  600 km.  
The 10 s t a n d a r d  d e v i a t i o n  f o r  t h e  p e r i o d  of one y e a r  is 
107 n s  f o r  t h e  OTS-2 d a t a  and 270 n s  fo r  Loran-C. 

- I n  January  1982 t h e  OTS-2 exper iment  w i l l  b e  ex tended  by 
t h e  p a r t i c i p a t i o n  o f  NPL, PTB, DFVLR, LPTF and IEN. 
The exper iment  w i l l  be s u p p o r t e d  by t h e  EEC. 

ACKNOWLEDGEMENT 

The a u t h o r s  would l i k e  t o  e x p r e s s  t h e i r  a p p r e c i a t i o n  t o  S .  

P a l l a s c h k e  and S . J .  Arnold of ESOC-Darmstadt f a r  their c o n t r i -  
b u t i o n s  and f r u i t f u l  d i s c u s s i o n s .  
W e  a l s o  l i k e  t o  thank  M r .  A .  de  Regt o f  VSL f o r  h i s  c o n t r i b u t i o n  
i n  improvirig t h e  datahar idl ing.  

REFERENCES 

- 0 .  Ortmann, D. K i rchner  
Ze i t i ibe r t ragung  ~ n i t t c l s  F 'ernsehsignalen 
I n t e r n a l  Repor t ,  I N W  7801, 1978 

- D. Kirchrier  
Die Autornat is ierung e i n e r  Z e i t s t a t i o n  m i t t e l s  d e s  IEC- 
Bus-Systems a m  Beispiel d e r  S t a t i o n  des Observator iums 
Lustbijhel  d e r  Technischen U n i v e r s i t a t  Graz 
Proc .  10,  I n t e r n a t .  Kongress f~rCl'lronomet~ie~p.p.111-117, 
Genf, 1979. 

- G. de  Jong  
High - accuracy  t ime  and f requency c a l i b r a t i o n  wi th  
t h e  a i d  o f  t e l e v i s i o n  s i g n a l s  
VSL - report, J u n e  1979 

- R. K a a r l s  and G. d e  Jong  
Comparison o f  d i f f e r e n t  t ime  s y n c h r o n i z a t i o n  t e c h n i q u e s  
Proceed ings  1 l t h  PTTI -confe rence  , November 1979 

- G. de  Jong and R - K a a r l s  
An automated tirne-keeping sys tem 
IEEE, I & M ,  Vol.IM-29 N0.4.pp.230-233, D e c .  1980 



Mairi c h a r a c  t.e ! - ~ . s t i  oi' t:he r e u c i v i n y  s t.atio!-it; 

yuc; VSL 
yr lographical  p o s i t - i o n  47°04102.88" N 52°00'01.05" N 

1!3°29'41.80"E 4t:),>,j L L  I 36.18" 1 E 
485. 52 m abovc 20.16 111 

s e a  level 

an tenna  d i a m e t e r  3  m -3 rn 

~ . ) r e - ( d ~ ~ i p l i  f i e r  uncool ed paramet.r.ic:: GaAs Fe t: 
].ow :ioise ampl.j.ficr low n o i s c  ampl i  Fie r 

noise t e m p e r -  
ature 1 <-) {:) K 817 K 

(iowri cunversiorl  two s tiacjc single stage 
f i r s t :  TF('7'l)l 2 5 0 )  MHz (135 + 18 )  

- 
secorid '10 M H ~  

antenna gain 48 dB a t  11 GHZ 4+1. 5 (3H 
system no i se  temper- 
ature 37(j K 832 K 
figure-of-merit 2 2 , 1  dB/K 111,3 ~ B / K  

c a r r i e r  t o  noise ratio 16 , ;  12 3H 

TV-receiver c ? o ~ h l e  convers ion  s i n g  1.e corlversion 
f i l t e r  bandwidt.11 36 MIiz 40  MHz 

tinie- i n t - e r v a l  count-.er 2  r i s  1  1-1s a c c .  
data s t n r a g c  ~nagr ie t ic  (.ape d i s k c t t e  

The geograpl-l ical  c o o r d i n a t e s  of tl-ie ant-ennae a t  hot11 t h e  
s t a t i o n s  are determined by Doppler rncasurement.:; c a r r i e d  
out. i n  Western Euroije durirlcj t h e  l a s  t years . ' l ' l l t -  c a l c u . l a t i o n s  were 
nla:-jr: by IFAC;, Frankfur t .  a .Mai! l ,  O'KC;) . 







Fig.  3 

OTS FREQUENCY PLAN 
MODULE A 

d 
. . ., - 

"' 
P1 z:= - n - d m -  - - w-- --- 

- LINEAR POLARIZATION - 
Fig. 5 



OTS - COVERAGE ZONES 
Fig. 5 

ANTENNAROOM 

SYSTEM TEMPERATURE IF DlSTRlBUTlON 2" DOWNCONVERTER VIDEO - DEMODULATOR 
T a 3 7 0 K  _ _ CI .d 

FIGURE Of MERIT I S  
rm CI 

z z  
m E Z  E M 

C I -  = 
611 22.3 dB/K bl? 

LO - m ,, ,, = = - I,,, - - =  - * 
P1 z A 5 z E -7 ,E A 

d 
LY 4 2 z 
S 0- 
0 -7 

E E: 
C)  CI ," 

5 

.- 10.9661 CHI ( X ,  t a l ,  AFCI  

AT1 . . . ATTENUATUR 
c s  . . . CESIUM fREpUENCY STANDARD 
OEM . . . VIDEO OEMOOULATOR 
OlPL . . . OIPLEXER 
LNI, . . . L O W  NOISE AMPLIF IER 

14 GHz O M T  . . . ORTHO - MODE - TRANSOUCER 
PAR . . . PARAMETRIC AMPLIFIER 

N H E L  A PO . . . P O W L R  OlVlOER 
POL. . . . PULSE OlSTRlBUTlON AMPLIFIER 
POL . . . POLARIZER 
P S  . . . PULSE SEPERLTOR 

CLOCKROOM 

CHbNNEL SW . . . VHF S W I T C H  
VC . . . YlOEO CLAMP 

Fig. 6 



Antenna 
G 47.5 dB 
$= 3 m 

- 
Low Noise  Amp. 
C= 22.9 dB 
NF= 4.5 dB D - 

Band Pass n J  
F i l t e r  
11.49-11.70 GAz % 
D o u b l e  Balanced @ 
Mixer 
Gc= 25 dB f 
NF= 9 dB 

D 
Local 

D 
1 o 1 oaci11ator 

IF-Amplif i er I 

Band Pass 
Filter 
115-155 MHz % 

- . -.-.- -.-.-. - 
I 

Coax cab le  
I 
1 
4 

-.-.-.-.-.-.-.- 

Limiter/ 

fc= 135 MHz 

Deemphasis 
F i l t e r  

DC 
Restorat ion 

Vert.  Sync. 
Pu l s  
Separator 

Tuning 

fig. 3 

VIDEO 
WS'TIVL I*% .MA%. WHlTE LEVEL 

75% .HALFVAT SYYCMl  

I% .nrx SYHCHR. LEVEL 

LP FILTER 
O N E  SHUT 

REFERENCE 

I 

I 

OUTPUT VOLTAGE LOMPARhTOR I 
I 

O U I P U T  S O  PPS O0l 















QUESTIONS AND ANSWERS 

MR. DAVID ALLAN, The National Bureau of Standards 

As you move towards 10 nanosecond level of  accuracy, I noticed in 
your original equations the sagnac was not included, and that be- 
tween those t w o  sites, i t  calculates t o  be about 25 nanoseconds 
interestingly? 

DR. KAARLS: 

What was the correction, I'm sorry? 

MR. ALLAN:  

T h e  sagnac zorrection. 

DR. KAARLS: 

Okay. No, it was not included, you are right. 

MR. ALLAN: 

Yes. A n d  especially a s  you go to NorthISouth stations where the 
sagnac will be very small with respect to East/West stations, you 
will get incontinuity or discontinuities if you don't apply that 
correction as you get down to the 10 nanosecond region? 

DR. KAARLS: 

Yes. It might be a factor o f  importance, yes. Thank you. 




