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ABSTRACT 

LF and TV synchronization techniques have been widely used i n  
China f o r  several years. Shaanxi, Shanghai and Bei j ing Astronomical  
Observatories have cooperated w i t h  the  U. S. Nava l  Observatory i n  
making two  portable c lock cal ibrat ion experiments i n  1981 and 
1982. The resul ts  indicate tha t  the 1-F synchronization method can 
reach a t im ing  accuracy o f  +l p s  and a precision o f  t0.05ps t o  +0.20 
ys over a range of 2000km i i t h  complex mixed I n  additi%, i t  
has been found tha t  there  is a systematic d i f ference o f  about 4 u s  
between USNO and other laboratories via the  North-West Pac i f i c  
Loran-C chain. The experiment also shows tha t  the  t im ing  accuracy 
for  the  passive TV synchronization method i s  about + 1 y s  and the 
precision o f  dai ly frequency cal ibrat ions is  be t te r  t h a n 2  parts i n  10 
t o  the  12th. 

I. INTRODUCTION 

Precise t i m e  and frequency comparison among Shaanxi, Shanghai and Bei j ing Astronomical  
Observatories has been accomplished via d i f fe rent  techniques. Since 1974, Loran-C has been 
used i n  China for  the determinat ion o f  the accuracy and the long-term s tab i l i t y  o f  many types 
o f  a tomic  frequency standards. I n  1978, an experimental I-F pulse-coded t ransmi t te r  s ta t ion  
(BPL), which is contro l led by Shaanxi Astronomical  Observatory, was put  i n to  service fo r  
precise t i m e  end frequency i n  Chine. The equivalent values o f  conduct iv i ty  over land i n  China 
fo r  the LF signal were measured, and the signal s t rength and the t i m e  delay o f  the  ground wave 
at lOOkHz were predicted fo r  most  o f  the t im ing  centers. Now, the I-F pulse-coded sync tech- 
nique has been widely used for  t i m e  and frequency i n  China. 

T i m e  and frequency comparisons v ia television signals have been used on a dai ly basis fo r  more  
than seven years between these observatories. This is a very simple and valuable method. Time 
delays between Be i j ing  and other ci t ies, such as Xian, Shanghai, etc., through microwave re lay  
rout ing  o f  the Chinese Television Ne twork  have been measured. Passive TV  Line-6 comparison is  
used no t  only fo r  frequency cal ibrat ion but  also for t i m e  distr ibut ion. 

This cooperative program also includes the  fo l lowing people: 
L u o  Ding-chang (Bei j ing Astronomical  Observatory) 
Zhuang Qi-xiang (Shanghai Astronomical  Observatory) 
Song Jin-an   haa an xi Astronomical  Observatory) 
Bian Yu-j ing ( ~ h a a n x i  Astronomical  Observatory) 
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because i t  i s  independent of propagation 'errors. Shaanxi, Be i j i rq  andSshanghai Observatories 
cooperated wi th  the U. S. Naval Observatory i n  making two portable clock experiments i n  1981 
and 1982 i n  order to  evaluate the t iming accuracy and precision of the LF and TV techniques. 

11. RESULTS AND ANALYSIS FOR LF SYNCHRONIZATION TECHNIQUE 

The results of  the comparison between the portable clock, received Loran-C signals, and local 
master clocks i n  di f ferent labs are given i n  Tables 1 end 2, separately. I t  is  obvious that  
precisions for Loren-C reception (sample t ime = L hour) a t  SO, CSAO and BAO are 0.046, 0.178 
and 0.089@s, respectively. 

Table 1. Time difference ( in ys) between portable clock and local Loran-C received (PC-LC~) i n  
August 1982 

PC-LCr(S0) PC-LCr(CsA0) PC-LCr(E3AO) 

Period Auq 19d15h-20d15h Auq 21  10 -22 10 Aug 25 d h  14 -26 d h  14 

rms +0.046 - i-0.178 - $0.089 - 
* Abbreviations used here are: 

CSAO Shaanxi Observatory 
SO Shanghai Observatory 
BAO Beij ing Observatory 

PC Portable Clock 
L C r  Loran-C Received 

Table 2. Results ( in ps) o f  comparison between portable clock and local master clock i n  
August 1982 

MC(SO)-PC MC(CSAO)-PC MC(BAO)-PC 

Period Aug 19d15h-21d01h Aug 21 10 -25 05 Aug 25 d h  14 -26 d h  21  

Frequency 
offset -7.0~10-l3 -4.7~10-l3 - 3 . 1 ~ 1 0 ' ~ ~  

stabil i ty 

I ( f  3 h o u r  - + 6 . 0 x 1 0 - ~ ~  - i 5 . 5 ~ 1 0 - l 3  - +6.1x10-l3 



The accuracy  o f  L-oran-C timing r-nainly depends upon a Itnowlr;dqu oii tl"~i-. t l s ~ : ' l - + r r : ' L )  l i l t - 1  e a r t h  
conductivi ty and t h e  r e f r ac t ive  index of t h e  a i r  he tweea~  trmn;r~,rt,! i i 1 r . m  :+r~ci : . I - + :  k i ~ ;  #:I ; l t r>r- ' ,  I F  

I also depends upon t h e  measurement  of t h e  delay of  t h e  ~ P C C I V ~ ~ ~  $ ~ S ~ . L ~ I Y I ,  - I ,  .I;! I?I,CF 

between t h e  por tab le  clock and t h e  received L. orall-C sigrisl f r , c - j l r . a  I ::hl~, 1 i b  I 

t ion, Series / r .  
(LJTC(USN~,MC)-PC) is t h e  t i m e  d i f fe rence  uf t t l p  pol t n h ! ~  clncl: \ *it-ti w :-slp~r:t t r l  t Iw 

Master  Clock (IJSNC)), 
A PC(t - to)  is t h e  r a t e  correct ion of t h e  pnrl  ahle clorlf rllrr~r-~cl thp per icnd 

( t  - to) 
LCe-L-Cr is t h e  total  delay be tween t h e  t r ~ ~ i ~ s ~ ~ l i t t i r ~ g  arid receiv ing sites, 

which includes emission delay, ~.rropagatiot-i ( Ie lny ,  woeiv ing  
delay and t h e  cyc le  cur l -~c t ior r ,  Tile ~esu l t s  of L I P  c a l cu l a t i a r~s  
e r e  s u r n m ~ r i z e d  in Table  7 ( R F ~ .  I.?, 

The resu l t s  of calculat ions and t he  cal ibrat ion experiment  with por t sb ls  clrsclts a r ~  cornpared i r ~  
Table  4. Sync e r ro r s  for  each pair  of  observatories  a r e  su1nrnari7ed i r j  l u t ~ l e  5 A l l  tlollyh these 
observatories  have d i f fe ren t  dis tances from the  t rar~srr l i t ter  s ta t io~ is ,  rliffcre~ji pa ths  ancl 
receiving conditions, t h e  average  sync error f o r  t w o  lobs. :w r l ~ l  i v r ~ r i  f i  i r i  I t l l r  rlnt;~  from 1 R ~ I P  

Table  7. Measured t i m e  delays ( i n y s )  of t h e  Y s lave stnt,ior-i of  tlte i * I r l r t h w ~ s t  Pncifir.: L..ctr.al-),..l:: 
Chain (GRP=99700ps) a s  de te rmined  a t  t h r e e  o b ~ e r v ~ t o r i s s , ,  

I SO 17SA O F3AO 1 
828.840 krn Dis tance  2006.232 krn IR53.607 I r r r l  

Cyc le  
cor rec t ion  30.00 

Receiving 
delay 25.9 

Propagat ion 
delay 2767.39 



Table 4. Results o f  experiment and calculation for the Loran-C sync (unit = ps) 

Shanghai Shaanxi Beij ing 
1981 1982 1981 1982 1981 1982 

UTC(MC)-LCe 2.6 3.6 2.6 3.6 2.6 3.6 

-(UTC(MC)-PC) -0.95 -0.4 -0.95- 0.4 -0.95 -0.4 

L C  e-I-.. C r 62286.47 62286.47 66222.20 66224.75 65708.22 65708.22 

Meas. - Cal. 
(PC-LCr) -4.31 -3.65 -4.85 -3.90 -5.12 -4.55 

Table 5. Sync error between two observatories via LC19970 

CSAO-SO BAO-CSAO SO-BA,O 

1981 -0.54 -0.27 -0.81 

Note also f rom Table 5 that  the annual change i n  the sync error between SO and BAO is very 
srnalj. less than 0.1 us, This means that the Loran-C t ime signal i n  di f ferent years and di f ferent 
months i s  r a t h e r  s t a b l e .  A conserva t ive  e s t ima t i on  i s  t h a t  i t  i s  s t a b l e  t o  b e t t e r  
than 0.5 11s. Even f o r  the CSAO, which changed r e c e i v e r s  and t h e i r  l o c a t i o n ,  the 
v a r i a t i o n  of t he  sync error i s  on ly  0.95 p s .  I t  is c l e a r  t h a t  a t iming accuracy at 
the l e v e l  of 1 us wi th in  t h e  range of 2000 km over complex mixed pa ths  v i a  LF can 
be reached. 

I t  is worthwhile t o  notice that  the average difference between measurement and calculation i n  
Table 4 i s  

which, i n  fact, implies that there is s common systematic error between the USNO and each of 
the three observatories. I n  Japan there is a similar result. Fo r  example, Tokyo Astronomical 
Observatory (TAO), i n  October 18, 1982, measured UTC(TA0)-PC = 6.5 fls. F rom TAO 
publications, one can deduce that  the t ime  difference of  the Loran-C t ime signal relat ive t o  
UTC(TA0)  i s  UTC(TA0)-LCe = 5 .4~s .  Thus f rom measurement, we have PC-LCe = - 0 .9~s .  On 
the other hand, the t ime difference between the portable clock and the Loran-C signal a t  the 
emission station, calculated f rom USNO publication Series 4, is 



- 

I t  is evident that  the  difference between measurement and calculation for the  USNO relative to  
TAO is -4.15 JJS. This systematic error is consisterlt not only with the  results from Shaanxi, 
Shanghai and Beijing Observatories, but also with the  historical results from TAO (Ref. 2). The 
reason  f o r  this error should be i n v e s t i g a t e d  f u r t h e r ,  

I n  addition, one can see from the  results in Table 4 that  the  average difference between 
measurement and calculation in 1981 is -4.39 ys, but in 1982 is -3.43 ps. The difference of 
e b o ~ ~ t  I ps reflects the  precision of the correction values in Series 4 published by the  USNO. 

111. HESIJL 15 AN[? ANAI-YSIS FOR 1 V  SYNC TECHNIQUE 

Beijirjg, Shaanxi a l ~ d  Shanghai observatories have developed a TV Line-6 system (line 6 pulse of 
ttie odd field in the  625 line system) as a method of comparing remotely located clacks in 
China. The results of TV comparison during the  period of portable clock calibration experiment 
in October, 1982 APE listed in  'Table 6. According t o  the  measurement of t ime delay for t h e  
rr\icrowave relay network and calculation of the  propagatian delay between the  local TV 
trarlsrnitter end the  receiver (Ref. 7), we can get the  t ime delays between the  Beijing 
lvlicrow~ve Master Station (BMMs) and each lab as  follows: 

Tirrle delay of (BMMS-CSAO) = 3611,Ops, 
Time delay of (BMMS-SO) = 6 8 3 5 . 1 ~ s ,  
T ime  delay of (BMMS-BAO) = 75.3 ps. 

Using the above date during the  period of portable clock tr ip ,  the  measurement error of single 
tirrle difference frorr~ dey to  day for TV rnethod is as follows: 

+0,027ps for (CSAO-BAD), - 
+O.Ohl)_rs for (SO-BAO), - 
+O.O25flls for (SO-CSAO). -- 

The relative frequency offsets measured by the portable clock and the  TV Line-6 technique a re  
surnrnarized in 1-able 7. 

Table 6 .  T i m e  differences between the CCTV signal and the local master clocks during the 
October 1982 clock trip i n p s  

MC(BAO)-TV MC(CSAO)-TV MC(SO)-TV 

n c t a b e r  19 17216.35 20748.86 3947.94 

2 0 '58794.79 2326.94 5558.07 

2 1 12518.86 16051.27 39250.49 

72 4023.83 7556.20 30755.62 

2 3 920.34 4452.63 --- 

2 4 28677.47 32209.80 --- 

2 !I 32663.43 36195.74 --- 
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Table 7. Relat ive frequency offset between local master clocks measured by di f ferent 
techniques 

CSAO-BAO SO-BAO SO-CSAO 

TV -3.6~10- l3  7 . 5 x 1 0 + ~ ~  1 0 . l x l 0 " ~ ~  

P C  - l .6x l~-13 -3.9~10-.I3 -2.3~10-l3 

4 PC-TV - ~ . o ~ I o - ~ ~  1 1 . 4 ~ 1 0 ~ ~ ~  1 2 . 4 x 1 0 * ~ ~  

It is obvious that the precision o f  frequency comparisons via TV is: 

2 x 1 0 - ~ ~ / d e ~  for CSAO - BAO, 
~ n d  2x10-12/day for SO - CSAO and SO - BAO. 

The results o f  t ime comparisons by use of portable clocks and passive TV techniques are given in 
Tebles 8 and 9. I t  shows that the sync error between CSAO and BAO is -0.78~s; the error for  
CSAO find SO is -1.82 ps; and the average t iming accuracy is 1.3+0.74~.1~. - 

Table 8. Comparison between t ime differences (SO-CSAO) measured by the portable clock and 
the 1 V  syric on October 20, 1982 @s) 

SO CSAO SO-CSAO 

MC- 1 V r  5558.07 2326.94 
7 Ve-TVr 6835.1 3611.0 
MC-TVe -127'7.03 -1284.06 7.03 
MC-PC 8.694 -0.153 8.85 

Note: 1 1 ~  t ime difference value of (MC(CSAO)-PC) on October 20, 1982 is obtained by 
extrapolating the values of  October 21 and 22. 

T a b l ~  9. Comparison between t ime difference (CSAO-BAO) measured by  the pclrtable clock 
and the TV sync on October 25, 1982 (ps) 

CSAO BAD CSAO-BAO 

MC-TVr 36195.74 32663.43 
TVe-TVr 3611.0 75.3 
MC-TVe 32584.74 32588.13 -3.39 
MI:--PC -0.392 2.22 - 2.61 

Note: The t ime difference value o f  (MC(CsA0)-PC) on October 25, 1982 is obtained by 
extrapolating the values of October 23 and 24. 

IV. C0NC'I -IJSION 

LF- and TV syric techniques provide an excellent medium for the dissemination of precise t i r n c  
and f r e q ~ ~ c n c y  on a cor~tinuous basis. The portable clock is an absolute technique w i t h  a 
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precision o f  about 0.1 AS. The results of the  portable clock experiment indicate tha t  LF sync 
technique can reach a t im ing  accuracy o f  +ips and precision o f  +0.05 - +0.2ps wi th in  a range of  
2000 k m  o f  t he  groundwave coverage. Inadd i t i on ,  i t  has been c u n d  t&t there is  a systemat ic 
er ror  o f  about 4 y s  between the  USNO and other labs v ia  the  Nor thwest  P a c i f i c  Loran-C 
Chain. F o r  passive TV sync, the  t i m i n  accuracy is about 1 ps,  and precision of the  dai ly 

1 2  frequency cal ibrat ion is be t te r  than 2x10- . 
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QUESTIONS AND ANSWERS 

A VOICE: 

Why was the  four  microseconds there?  Do you know? 

MR PAN: 

We think the  problem i s  t h a t  i t  is  an adopted value,  because w e  checked 
the  receiving delay and we checked t h e  propagation delay;  and we th ink  t h a t  
f o r  t h e  propagation delay,  we ge t  b e t t e r  than one microsecond because - you 
see  i n  Table 5 we l i s t e d  the  time d i f f e rence  between the  d i f f e r e n t  
observa tor ies  i n  China, and we can see  t h e  d i f fe rence  is l e s s  than one 
microsecond. But, a s  you know, s ince  the  observa tor ies  a r e  f a r  away from 
t h e  North-west P a c i f i c  Ocean Loran-'chain', because the  d is tance  i s  from 
800 ki lometers  t o  2000 ki lometers ,  and today you have a d i f f e r e n t  path, 
completely d i f f e r e n t .  So we  thought we could predic t  t h e  propagation delay 
to b e t t e r  than one microsecond. 

DR. WINlCL,ER: 

I would l i k e  t o  make a comment. About t h e  o r i g i n  of the four microseconds 
is  c l e a r l y  an adopted value f o r  the propagation delays in some o r i g i n a l  
monitor s t a t i o n s ;  but  t he re  is one thing t o  consider ,  a t  t h a t  time, loop 
antennas were used. Today, many people use whip antennas. I f  you use a 
loop antenna, t he re  a r e  many loops i n  ex is tence  which have the  arrow point ing 
i n  t h e  wrong d i r ec t ion .  I f  you use  one of these  you have an e r r o r  of f i v e  
microseconds. This i s  a fact of l i f e .  

So, therefore ,  my suspicion i s  t h a t  somewhere i n  our o r i g i n a l  c a l i b r a t i o n s  
the re  must have been a loop confusion. We a c t u a l l y  dea l  with a discrepancy 
between t h e  computed delay and t h e  measured delay of s l i g h t l y  l a r g e r  than 
one microsecond. 

O f  course,  we  have no choice bu t  to s t i c k  t o  t h e  va lue  which we have 
adopted. You cannot jump around between adopted values.  




