


t iming  f a c i l i . t i e s ,  and t h e  USVO MC and d e s c r i b e s  some of 
i t s  c a p a b i - l i t i e s ,  l i m i t a t i o n s  and a p p l i c a t i o n s .  

INTRODUCTION 

The t e c h n i q u e  c o n s i s t s  of keeping TTT t ransmiss i .ons  syn- 
ch ron ized  t o  a  r eTerence  c l o c k  w i t h i n  l i m i t s  of t h e  FCC 
b r o a d c a s t  s p e c i f i c a t i o n s .  These t ime  c o o r d i n a t e d  t r a n s -  
m i s s i o n s  are  t h e n  used t o  s e t  1-ocal c l o c k s ,  o r  t o  measure 
t h e i r  t ime and f requency  d i f f e r e n c e s  w i t h  t h e  USNO MC. 

REVIEW OF NTSC TV FUNDAMENTALS 

For t h o s e  of you who a r e  n o t  f a m i l i a r  w i t h  t h e  c u r r e n t  
NTSC c o l o r  t e l e v i s i o n  s t a n d a r d s ,  we would like t o  review 
them as they  a p p l y  t o  p r e c i s i o n  t i m e  t r a n s f e r .  

I n  t h e  U S A ,  commercial TV b r o a d c a s t s  a r e  g e n e r a t e d  a t  a  
r a t e  of 3 0  p i c t u r e s  o r  f rames  per  second. Each f rame i s  
composed of 5 2 5  l i n e s  and it t a k e s  a b o u t  33 m i l l i s e c o n d s  
t o  t r a n s m i t  o r  t o  reproduce  them. T o  mini-mize p i c t u r e  
f l i c k e r ,  each  f r a m e  h a s  been d i v i d e d  i n t o  two groups  of  
h o r i z o n t a l  l . i n e s .  Those g r o u p s ,  caJ.led odd and even 
f i e l d s ,  a r e  t r a n s m i t t e d  s o  a s  t o  i n t e r l a c e  each o t h e r .  
The p r o c e s s  i s  c a l l . e d  i n t e r l a c e d  scann inp .  I n  t h i s  mode 
of  o p e r a t i o n  t h e  end of one f i e l d  i s  s e p a r a t e d  from t h e  
s t a r t  of t h e  o t h e r  by one ha1.f ( I / ? )  a h o r i z o n t a l  l i n e  
( 3 1 . 7 5  u s ) .  The F i r s t  n i n e  l i n e s  of  b o t h  f i e l d s  c o n t a i n  
e q u a l i z i n g  and v e r t i c a l  p u l s e s  used t o  con t - ro l  t h e  p o s i -  
t i o n  and motion of t h e  l i n e s .  The h o r i z o n t a l  l i n e  1 0  of 
t h e  odd f i e l d  w a s  s e l e c t e d  a s  a t ime  marker  because  it 
i s  a.n easy l i n e  t o  i d e n t i - f y .  

A t  t h e  t r a n s m i t t e r ,  a11 of t h e  recurrent waveforms and 
f r e q u e n c i e s  used i n  t h e  modula t ion  enve lopr  a rc  d ~ r i v ~ r l ,  
or  may be  d e r i v e d ,  from a s i n g l e  f r e q u e n c y .  For  cxample,  
let u s  s t a r t  w i t h  5 MHz. To d e r i v e  t h e  c o l o r  s u b c a r r i e r  
( S C )  : 

6 3  
SC = 5 x - = 3 . 5 7 9 5 4 5 4  ... M H z  + 2 7 9 . 3 6  ns. 
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I n  case of t h e  h o r i z o n t a l  scan  r a t e  (H) : 





A t  t h i s  t i m e  w e  would l i k e  t o  ca1.l a t t e n t i o n  t o  t h e  s tand- .  
a r d  TV t i m i n g  d i ag rams  which  a p p e a r  i n  many p u b l i c a t - i o n s  
i n c l u d i n g  t h e  FCC r u l e s  ( F i g .  2~~2). These timrincr dri.a- 
grams i n v a r i a b l y  show t h e  s t a r t  o f  t h e  odd t i c l d s  and t.he 
start o f  t h e  even  f i e l d  a t  t h e  same T = 0 daturrl. The 
s t a r t  of t h e  f.i.el.d i s  d e f i n e d  a s  t h e  1ca .d ing  edqe  o f  thc! 
f i r s t  p r e e q u a l i z i n g  p u l s e  i n  t h e  v e r t i c a l  i n t - e r v a l  ( l i n e  
1 ) .  A f t e r  t h e  v e r t i c a l  i n t e r v a l  which  h a s  a d u r a t i o n  o f  
9 l i n e s ,  t h e  1-ine 10  p u l s e  appears .  I n  t h e  c a s e  o f  t h e  
f i e l - d s  1 and 3 ,  t h i s  p u l s e  o c c u r s  1/2 l i n e  o r  31 .75  us 
a f t e r  the s t a r t  o f  t h e  l a s t  p o s t  e s u a l ' i z i n g  p u l s e ;  whi1.c 
i n  f i e l d s  2 and  4 ,  t h e  l i n e  10  pul -se  o c c u r s  a  f u l l  l i n e  
( 6 3 .  5 p s )  a f t e r  t h e  l a . s t  p o s t  e q u a l . i z i n g  p u l s c .  S i n c c  
t h e  p u l s e s  s t a r t  a t  t h e  same datum ( v e r t i c a l  r a t e ) ,  onc  
c o u l d  e r r o n e o u s l y  draw t h c  conc l .u s ion  that t h c  h o r i z o n t a l  
p u l s e s  i n  a l t e r n a t c  f i e l d s  a r e  n o t  i n  p h a s c .  To a c c u r a t e - ,  
ly show t h e  sequence  of  e v e n t s  i n  t h e  ex tended  hori z o n t a l  
t i m e  domain,  t h e  v e r t i c a l  interval s h o u l d  be d i . sp l  ayed 
t o  t h e  l e f t  i n  t h e  c a s e  of  f i e l d s  2 and 4 .  T h i s  would 
show t h a t  ALL p u l s e  l e a d i n q  e d q e s ,  even  t h o s e  nf t h e  
e q u a l i z i . n g  p u l s e s  and t h e  broad v e r t i c a l  s e r r a t i o n s  a r e  
synchronous  and i n  p h a s e  a t  a p e r i o d  o f  6 3 .  S T  11s. Durinq  
t h e  v e r t i c a l  i n t e r v a l ,  e x t r a  p u l s e s  a re  inser t .ed h u t  syn- 
chron i sm is m a i n t a i n e d  by i n s e r t i n g  t h e s e  e x t r a  p u l s e s  
a t  i n t e r v a l s  of p r e c i s e l y  twice the h o r i z o n t a l  l i n e  r a t e .  

By  u s i n g  c i r c u i t r y  which r e s p o n d s  t o  a l l  s y n c  p u l s ~ s  anc7 
i g n o r i n g  t h o s e  o c c u r r i n q  a t  a 1 / 2  l i n e  p e r i o d ,  t h e  e x t r a  
p u l s e s  i n  the v e r t i c a l  i n t e r v a l ,  WF. o h t a i n  a un i fo rm pu l  S F .  

t r a i n  w i t h  a  p c r i o d  o f  6 3 . 5 5  1~s ( 1 5 7 3 4  H z ) .  Every  5 2 5  
l i n e s  w e  o b t a i n  a p u l s e  which  coincides w i t h  t h e  l i n e  10 
odd f i e l d  p u l s e .  T h i s  p u l s e  t r a i n  i s  p r o c e s s e d  by a  p h a s r  
l ocked  t r a c k i n g  f i l t e r  w i t h  a  5 0 0  ms loop  time c o n s t a n t .  
A s i n g l e  p u l s e  c o i n c i d e n t  w i t h  l i n e  1 0  f i e l d s  1 and 3 i s  
g a t e d  o u t  o f  t h e  sys t em a s  t h e  t i m i n g  p u l s ~ .  

F o r  sync t i m i n g ,  a d e d i c a t e d  h i g h  s t a b i l i t y  NTSf sync 
q e n e r a t o r  i s  i n c l u d e d  i n  t h e  t r a n s m i t t e r  c o n t r o l  sys tpm.  
A d d i t i o n a l  s i g n a l s  a r e  a l s o  a v a i l a b l e  from t h e  l i n e  1 0  
r e c e i v e r  f o r  v a r i o u s  d i s p l a y  and c a l i b r a t i o n  p u r p o s e s .  

REVIEW OF PAST WORK 

The o r i g i n a l  sys t em c o n c e p t  was e v a l u a t e d  on an  e x p e r i -  
m e n t a l  b a s i s  a t  s t a t i o n  W T G  i n  Wash ina ton ,  D C ,  s t a r t i n g  
i n  J u l y  1971.  T h i s  sys t em involvecl s t a b i l i z i n q  t h e  t i m e  
b a s e  o f  t h e  s t a t i o n  s y n c  g e n e r a t o r s  t o  a ccsi.urn r e f e r ~ n c r  
o s c i l l a t o r  and a d j u s t i n g  t h e  p h a s e  of t h e  e m i t t e d  p u l s e  



in t h e  t i m e  domain ( F i g u r e  4). B y  n o n i t - o r i n g  t h p  t i v ~  07 
d r r i v a l  of t h e  l i n e  1 0  pulses a t  t h e  U S N V ,  and c o r r e c t i n :  
for p r o p a g a t i o n  d e l a y s  and e q u i p n e n t  c?e lzys ,  e r r o r  i n f o r -  
n a t i o n  was used t o  m a n u a l l y  a d j u s t  t h ~  p h n s ~  of t h ~  
t r a n s m i t t e d  p u l s e s  i.n o r d e r  t o  m 3 i n t a i n  c o r r ~ c t  e m i  ssi on  
time . 
The frecrucncy adjustme:?ts  requj - red  at t h c  t r a n s r z j t - t : ~ ~  
w e r e  s u b s e q u e n t l y  g r e a t l y  recluced h v  t h e  d e v e l o n ~ . ~ r i t  of 
a c o n t r o l l e r ,  p r e s e n t l y  known a s  t h e  TV t i - e  s y n c h r o n i -  
z e r ,  v h i c h  comparcd w ~ i  !:+cci ?ul.scs wi. th r c f  e r e n c e  p1.1 l ses 
yenc ra t ec j  i n t e r n a l  t o  tht-: systerz  2nd ri ssileci phase - sh i  ft. 
c o m m a n d s  t o  t h e  s t a t i o n  s y n c  g e n e r a k o r s  in o r 6 e r  t o  
m a i n t a i n  on - t ime  e n l s s i o n ,  Several s a f c t y  d e v i c e s  w e r e  
n e c e s s a r y  t o  assure that t h e  TV s t a t i o n  w o u l d  r ~ n a i . n  
w i t h i n  FCC s p e c i f i e a t i o n . ~  anr: t.o i n y o r r r ~  u s e r s  i f  -khc 
c m i s s i o n  was c o n t r o l l e d  and on t i m e .  

- i - n t r o d u c t i c n  of thc S~-..:J-vo l o o j ~  a t  k-he t r a n s ~ ~ i t t - e r  tTli? 
s t a h l i z e  t-hc: e m i s s i o n  ti7--e 3.' t h ~  t r a r ; s m i t . h c ~ - .  an? c~hso-  
1 u t e  t i v e s  cf e r i s s i o n   ere helc! t.o v i i t - h i ? ~  ;i fcw hl:lnrircc? 
nanoseconds .  A n a l y s i s  of 2at.a t a k e n  S - ~ ~ ~ f o r c  thc i n ~ ; t : ? l l a -  
t i o n  o f  the scrT.ro loo? showed c o n s i d e r a b l y  l ~ s s  sc;:!t:-kcr 
( p h a s e  i n s t a b i l i t v j  nI7elr si?o-rt t-errn obs~rva t i o n s  wi. t h  t h e  
a b s o l u t e  error ~ r e ~ o v e d .  These  ohse rva t r ions  pr-nmptecl a 
s t u d y  i n t o  t h e  i n t e r a c t - i o n  o r  t h e  TT! s%at i .on  cnuip*rtent, 
t h e  r e c e i v i n c j  e q u i p m e n t ,  2nd the SC~TI 'C)  c o n t ~ o l  sys t . .~m,  
w i t h  the object of a t t a i n i n g  t h e  s h o r t  t e rn  ( 3 .  s e c o n d )  
stabil i t y  of the oper! ? o o ~ :  s y s t e ~  w i t h  t h e  act-uracv of 
t h e  c l o s e d  loop. 

The s t u d y  r e s u l t e z  i i n  t h e  Follov:incr c o n r l u s i ~ r i s :  

- - 1. The per iocl  cf +he Fi nl ; l ses  i-;:1rVT:iCr.' a t  t . h ~  
v e r t .  rate v a r i e d  =ro:i Fr ;~r - . e  L o  fra?!r i.2 c::r:e:js o f  1.50 Asr , .  

2 .  T h e  s t a r t  anT: ~ ~ i i l t h  of nlLll.scs b r e 7 - e  con-t:rollpr3 
by 9-C mono-stab1.e rlul. t i ~ ~ . i h r a t o r ,  o n l . , ~  -ill..? s-t-kart of 
b l a n k i n g  which p r e c e e d s  sync  hy ahout.  I..? -..s was cnn- 
t ro l l -ed  by t h e  r e f e r e n c e  o s c i l  l a t o r .  

3 .  The sync s e p a l - a t o r  i n  t h e  c-onsuncr typr  TT7 
r e c e i v e r  used t o  monitor the t r a n s n l - t t c r  and feed hack 
t o  t h e  servo was de1iherat:el . i .  ?lar!e slov: t o  i n n r o v e  noiqc 
immunity and a1 s o  introcll~ccc! a h o u t  1 n s  a $ c 7 i  t i o n 2 1  
j i t t e r .  



4 .  With t h e  loop  open,  t h e  s h o r t  t e r m  stability 
of  t h e  s u b - c a r r i e r  phase  was excel  1 e n t  ( i n  t h r  picosecond 
region) . 

5 .  D i f f e r e n t i a l  phase  and g a i n  i n  t h e  r e c e i ~ r e r  
had t o  be improved and s t a b i l i z e d  if pulsr f i d e l i t y  was 
t o  be m a i n t a i n e d .  

6 .  D i f f e r e n t i a l  phase  and g a i n ,  a s  w e l l  a s  power 
supp ly  r e g u l a t i o n  i n  t h e  t r a n s m i t t e r ,  i n f  1 uenced p u l s e  
s t a b i l i t y ,  e s p e c i a l l y  d u r i n g  chancres i n  APL (averacre 
p i c t u r e  l e v e l ) .  ( D i d  w e  s a y  t h a t  what happcned hetween 
t h e  p u l s e s  d i d n ' t  concern  u s ? )  

The approach t a k e n  t o  system upgrad ing  c o n s i s t e d  of  r e -  
duc ing  j i t t e r  by speed ing  up t h e  r e c c i v e r  sync  s e p a r a t o r ,  
improving waveform f i d e l i t y ,  and r e d u c t i o n  of sync gen- 
e r a t o r  j i t t e r .  I f  t h e s e  measures would reduce  j i t t e r  t o  
below abou t  120 n s ,  t h e  s t a b l e  s u h c a r r i e r  ( 1 / 2  p e r i o d  
1 4 0  n s )  cou ld  be used t o  c l o c k  c o n t r o l  t h e  t iminq  p u l s e s ,  
t h u s  removing the r e s i d u a l  j i t t e r .  

A p r o t o t y p e  r e c e i v e r  system was c o n s t r u c t e d ,  a l i s n e d  f o r  
optimum phase  and g a i n  u n i f o r m i t y ,  and a v e r y  h i a h  s p e d  
compara tor  used f o r  sync  s e p a r a t i o n .  Tn a d r l i t i o n ,  t h ~  
t r a n s m i t t e r  was equipped w i t h  a  d i q i t a l  sync q e n p r a t o r  f o r  
t h e  exper iment .  The r e s u l t ,  a s  p r e d i c t e d ,  reduced j i t t r r  
t o  t h e  1 0 0  n s  r a n u e ;  low enough t o  w a r r a n t  u s i n g  t h c  r e -  
g e n e r a t e d  s u b c a r r i e r  t o  s y n c h r o n i z e  t h e  t i r i n a  p u l s ~ .  

To e v a l u a t e  t h i s  t e c h n i q u e ,  t h e  f i r s t  z e r o  c r o s s i n n  of t h e  
r e g e n e r a t e d  s u b c a r r i e r  f o l l o w i n g  t h e  509 p o i n t  on t h e  
l e a d i n g  edge o f  t h e  l i n e  1 0  (odd) p u l s e  was s c l e c t ~ d  a s  
t h e  t i m i n g  p o i n t .  The r e s u l t s  of t h i s  exper iment  were 
encourag ing .  During some segments of proqram m a t e r i a l ,  
s t a n d a r d  d e v i a t i o n s  w e l l  below +1 ns  were o h t a i n ~ d  con- 
s i s t e n t l y ,  while a t  o t h e r  t i m e s ,  and d u r i n q  b l a c k  and w h i t e  
programminq, s t a n d a r d  d e v i a t i o n s  i n c r e a s e d  t o  L 1 0 0 - 7 n 0  n s .  
The r e a s o n  f o r  t h e  chanqe d u r i n q  b l a c k  and w h i t e  t ransrnis -  
s i o n  was,  c l e a r l y ,  t h e  l o s s  of  b u r s t  d u r i n s  monochrove 
t r a n s m i s s i o n s .  T h i s  c o n d i t i o n  was e x p e c t e d .  T h e  c o l o r  
t r a n s m i s s i o n  i n c o n s i s t e n c i e s  were t r a c e d  t o  random p h a s r  
r e l a t i o n s h i p  of H sync  t o  s u b c a r r i e r  f r o m  one proqram 
segment t o  a n o t h e r .  S i n c e  t h e  f i l m  c h a i n s ,  t a p e  machines ,  
and s t u d i o  cameras were phase  matched a t  thp s t u d i o  swi tch-  
i n g  p o i n t  ( w i t h i n  l i m i t s ) ,  t h e  problem was i s o l a t e d  t o  t h ~  
s o u r c e  m a t e r i a l .  N o  r equ i rement  e x i s t e d  i n  t h e  s p e c i f j c a -  
t i o n s  f o r  c o n s i s t e n c e  of  phase  between s u h c a r r i e r  and 
sync .  



  is cuss ions with TTT ne twork  e n q i n n e r i n r ~  o f  F i  ci a1 s conf'irrn~c'i 
A * -  - - - , , -  - -' 

of t h e  s p e c i f i c a t i o n ,  w h i l - e  it was an e x p e d i e n t  i.n t h e  
early d a y s  of  c o l o r  o n e r a t i o n s , .  was caus inr r  r ~ r o h l e r l q  now 
s i n c e ,  a7.i t h o u t  S u b c a r r i e r  1107-izon-t-a1 n h a s e  I : o h r r ~ n c ~ -  IST'FT) . 

bet-ween f i e l d s  t w o  and 'our of t h e  f i c l r j  t.JTSr c:olor fo r rnn t ,  
c o u l d  n o t  be r e a d i l y  accnr;lpl.i she<? .  T h i s  f a c t  c i l ~ ~ s c ! <  Tanv 
p r o h l e r ~ s  i n  t a p e  ecli tin:. Se~7c ra l .  prnposa 1 s arp uncJr?.- 
c o n s i d e r a t i o n  by t h e  b r o a d c a s t  commit-tee of t-he FLA. A t  
t h i s  w r i t i n g ,  a new spec i . f i . ca t . ion  h a s  b e e n  p roposed  which 
specifies s u b c a r r i e r  p h a s e  t o  s y n c  h a t  i s  li: .~it.ecJ t t o  studio 
o p e r a t i o n s  and not ve t  appl ie f lL  t o  t r a n s ~ i t . t . e d  s i a n a l  s . 

of s u b c a r r i e r  s y n c  w i l l  have t o  w a i t .  

The s u b c a r r i e r  p h a s e  and i t s  c o n s i s t - e n c v  w i t h  ch ro r l i nance  

d i r e c t 1 . y  and obvi-ously affects t h e  color f i r1el i t :y  o:= t . h ~  
r e c e i v e d  p i . c t u r c .  T o  : : la infain  t h i s  c ~ u a 1 i . t . v ~  ~ r i  n o r  p h a s e  
p e r t u r b a t i o n s  a r e  r e d u c e d  hv ;I color l o c k  loor-). H s v n t - .  

does have r e s i d u a l  i i t t c r .  T h i s  i i  I- t r r  (annrn~ 1 nfl n c \  
has n e q l i s i b l e  e f f e c t  on p i c t u r e  q u a l i t y  f o r  t h c  v i e w e r .  

CURRENT SYSTEM CONFIGURATION 

A .  The s y s t e m  h a s  bcen se t  up a t  t h e  t r a n s f l i t t e r  
as  shown by F i g u r e  

1. A ce s ium beam n s c i l  l a t - o r  supnl j-es a 5 Vhz 
f r e q u e n c v ,  v i a  a p h a s ~  r . i c r o s t e y ~ p c r ,  t o  a Z'lT t i r e  s\Tn- 

2. The TV tine s v n c h r n n  i 7r1- nrlr-Fnrrnq " I -  7 

a )  Synthrsizes t h e  2.59 V117 c o l o r  s u h c a r r i ~ r  
f r c q u e n c y  for t h e  TY7 trzns7-1it: t c l  . 

b )  G e n e r a t e s  3 -ccferencc t j r l c  ~ c : ~ ? . i i c :  c:nmnns~c-l 

t h e  CSNO YC v i a  t h e  TO(: t , h l e .  

c) Autor*;atic:;.illv :r.orrccts tl-ic. ph;isc? of -t.hr 
g e n e r a t e d  3 . 5 8  \"ihz c o l o r  s u h c a r r i c r  f r e q u ~ n r y :  when 
n e c e s s a r y ,  t o  m a i n t a i n  svnch? :on iza t i on  betthi~ter, th? ~:rri ttc.6 
TV t r a n s m i s s i o n  and t h e  USNO YC . 



3 .  A TV r e c e i v e r  and l i n e  1 0  d i s c r i m i n a t o r  con- 
t i n u o u s l y  moni to r  t h e  e m i t t e d  TV transmissions. Any 
change i n  t h e  t i m e  of emiss ion  of t h e s e  t ransmi .ss ions  
( l i n e  1 0  odd) i s  d e t e c t e d  i n  t h e  TV t i m e  s y n c h r o n i z e r  by 
comparing t h e  r e c e i v e d  ( o r  e m i t t e d )  l i n e  1 0  p u l s e s  o u t p u t  
of t h e  d i s c r i m i n a t o r  a g a i n s t  t h e  g e n c r a t c d  "on t ime"  
l i n e  1 0  p u l s e s  r e f e r e n c e .  

I f  t h i s  d i f f e r e n c e  i s  o t h e r  t h a n  z e r o ,  h u t  no m o r e  
than + 1 0  ] I S ,  t h e  t ime of  e m i s s i o n  of  t h e  TT7 t r a n s m i s -  
s i o n s  i s  a d j u s t e d  a u t o m a t i c a l l y  by thr TV t ime  synchro- 
n i z e r  by advancing o r  r e t a r d i n q  t h e  phase  o f  t h e  gener -  
a t e d  3 . 5 8  Mhz c o l o r  s u b c a r r i e r  frequency, u n t i l  synchron i -  
z a t i o n  i s  a g a i n  s e c u r e d .  

Tf t h i s  tinme d i f f e r e n c e  exceeds  15 ] I S ,  a slow 
modula t ion  of + 0 . 5  11s i s  impressed  on t h e  3 . 5 8  Mhz qen- 
e r a t e d  col-or s u b c a r r i e r ,  and t h u s  on t h e  e m i t t e d  TV pro-  
gram, t o  warn t h e  PTTT user of a temporary  l a r q e  e r r o r  i.n 
t h e  t ime of e m i s s i o n  of t h e  TTT t r a n s m i s s i o n s .  

NOTE: Changes i n  the t i v e  of  emiss ion  of t h c  TT7 trans- 
m i s s i o n s  o c c u r  when TV programs are  swit:chec'l  from f i l m  
l i b r a r y  t o  v i d e o  t a p e  r e c o r d i n g ,  t o  l i v ~  prosrams,  e t r .  
Most of t h e s e  changes are u s u a l l y  small. 

The phase  m i c r o s t e p p e r  p e r m i t s  p r e c i s r  a d j u s t m e n t  
of t h e  cesium o u t p u t  f r equency  t o  t h ~  USNO MC and t h u s  
m a i n t a i n s  t h e  q e n e r a t e d  l i n e  1 0  odd r e F ~ r e n c e  on t i m r .  

B .  The b a s i c  r e c e i v i n y  o r  monitorin: system used 
a t  t h e  USNO, o r  a t  any of t h e  l o c a l  c l o c k  l o c a t i o n s ,  i s  
shown i n  F i y u r e s  7 and 8 .  

The TV r e c e i v e r  i s  tuned t o  t h e  synchronized TTT 
t r a n s m i s s i o n s  (KTTV o r  W T G ) .  L ine  1 0  p u l s e s  a r e  gencr-  
a t e d  from t h e  d i s c r i m i n a t o r  and t h e i r  t i m e  of a r r i v a . 1 ,  
r e f e r e n c e d  t o  a local .  c lock ,  a r e  measured on a tii*le 

i n t e r v a l  c o u n t e r .  

When t h e  measurement i s  made or  reducccl at: a  TOC 
(USNO Time S e r v i c e  B u l l e t i n  S e r i e s  No. 8 ) ,  thr .  t i m ~  

d i f f e r e n c e  o h t a i n e d  representys t h e  t i m ~  d i f  f e r e n r c  he- 
tween t h e  l o c a l  c l o c k  and t h e  TV c l o c k  (wlitt-ed s icrnal )  
p111s t h e  p r o p a g a t i o n  and system d e l a y  - o r :  

[ ( l o c a l  cloclc - TV l i n e  1 0  r e c e i v e d )  + C ]  . 



The propaq 'a . t ion  anr! s y s t e m  c:!elay (C) uan he  cor~p-iut~eFi or 
r ;~easurec l .  

S i .nce  t h e  TYrSN(? r311hlishcs t -he  i3a i.1 y ahso? ute t:i.ne 
i - o r ~ r e c t i o n s  kc-, h c  anr-:l.i.ed t.c thc 'iA:TT(; ;in2 KJ" I J7  t :rc7n~-li~;- 
sions ( l i hTNr3  YC - TV c : ~ ? :  t-tee', TlSblrO Ti-IF. F ~ T - T ~ ~ c P  R i l l  l p t i : :  
Series YO. 4) , Tahle 4 ,  ~ h l - 2  a c t u i l l  t.i---o ~.?if: 'erencc bptbrepj7 
" the  U S N O  YC1 c?nd thc I ,:)c?:l :-.l(-:l:k c;in hr nht?! jnpCj  as -'on - 
lows : 

(IJSNO ?TC - local. clock) = [ ( ITSNO YC -- lrv e n i t t e c : ? )  - 
( I . o c a l  clot :k - TTT r c c e i ~ r e d )  

-- Cl * 

5ophi.s t - i c a t e d  Ti7 t r a ~ ~ s r . ! l t t i  nn , rect--:i ~ ~ ~ i n c r  ;1r~(! d e -  
cocj-iny c q u i p n e n t  has becn ,developed, a n ~ ~  i s  a ~ r a i l  a h l ~  
co~,rnerc- i .a l l .~ i ,  t o  i . : : lpl~mcnt t h i s  s v s t r r : ~  ;inrJ t r ,  c?i .snl?v 
t h e  a h s o l u t e  - t h e  r;iffc:rel-~.ce bet-ween 2 Ior:ci.l :ioek an(? 
the ??? t r a ~ s m i s s i n n s  . 

SYSTEM SYNCIIRONIZATIOK AND C A P P R I L I T I E S  

T h e  USNO m o n i t o r s  r o n  i r inuo1~,51j r  the tr;rns.iyl i.ss ions F:rc:.r: !>\?T'"G 
and Kl"T'T7 ( F i q ,  3 ~ 1 . 3 )  aric? m a i r , t a . i n s  then synchror,?vefi ,117it:il 
the Y S N 3  MC by cY:angincr, wlien nc(- :essary,  the  f rc-.rri.;zncv 
< j u t p u t  of the cesiiin? 0sci.l.l ? t o r s  i ? s t , ? l  ler'i 2:-f. the T77 t r a . p s -  
m i t t e r s .  4~ a r h i t r a r ~ y  ~ : x c : u r s i o n  l i ~ r i t  o f  1.jr-r 1:.(3 c2.5 11s 
h . a s  heen a1 ].owed in the 'r?' transni.ssio:ls h c 9 o r ~  j . n t r ~ ~ c l u c i r ! ~  
a r a t - e  e n r r e c t i r - . r ,  to 'h.2 TT' c.loc:k. T h i s  li-~i-I: 70:1icJ br 
reduced, if desireri . 

A u t : o m a t i . c  t i r l c  r:;~ tc r r r r c c t i ~ n s  lit- s?,a-' -1 (3% C! CIC; nanc:jsccoud 
per  d a v  car1 hc: i .niti . :~'iel? 1 Lhp nhc?sc. r . > i _ ~ i - o s f ~ n , ~ e r .  
Figures 9 and In 5 . r ~  j-)l!:l'rs -"r:.C;'J(:i VC - :1-"r7] :;~d 0 . F  
[TJSNO !vTC - KTY",!] . T5e7,; sl-.i;v7 i -nw r,:el.i -l:!?j.i., sy-iiichroni..za t i .on  
has hccn m a i n t a j  ned ir! t_he 1 as i-: few ricr; -!-:'rs , 

The daily ti.nze di.f f e r e n c ~ s  '..seer! t?,--. :.-S"?S 111;:: a -o c7 \,\:r r (; 
- 7 T . 7  and KTTV are given as cor?r~c:i-.i or,s or! :: \,?; rll ... . 1 ' -  , ' n  S P ~ - T ~ ~ ( : F - '  

A n n o u c e n e n t s  , S e r i e s  4 ar.6 5 , r ? r i  ?I:, . . -. '-,I?+ .  IT.:^-> 3nn0~11ice- 
r~cnts a v a i l a b l e  by d s a  l ir?(;: (?02 j ? 5 L l - . :  F T ?  (:#:: 7 , : 7 ~ n ~ r n 7 T  
2 9 4 - 4 6 6 2 .  

V a r i o u s  o r g a n i z a . t i o n s  2116 l;ihoirato:l.i~s :I:-- ,-)?--.- . . . , 7en t i ;7   ti- 
liziny t h i s  p r e c i s e  ti-,e di.str i h ~ l t i o n  s\.s t~?;-- tr .3 s ~ t  n r  t.? 
compa.re t h e  t i m e  of t h z j . ~  own re f e r c n ( : ~  c:?.cc? s t . i ~ i n ~ ~ c ' l ~ ~ c ~  
w i t h  t h a t  of the USNO T4C. Thesr: TI7 ti.v;e trar1si"ers arc 
done r o u t i n e l y  -to r e a l  time a . c c u r a c i e s  of -120 n a n o s e c o ~ d s  
(ns) o r  better. 

2.5 7 



A s  an i l l u s t r a t i o n ,  F i g u r e s  11. and 1 2  show how wel.1 two 
independen t  o r q a n i - z a t i o n s ,  l o c a t e d  appsoximate1.y 2 5  k m  
from WTTG measure t h e  t i m e  d i f f e r e n c e  between t h e i r  r e f -  
erence c l o c k s  and t h e  USNO MC. 

Figure 11 shows t h e  t i m e  r e l a t i o n s h i p  between t h e  TJSNO MC 
and t h e  USCG Washington Radio S t a t i o n  c l o c k ,  1-ocated i n  
A l e x a n d r i a ,  V A ,  o b t a i n e d  by p o r t a b l e  c l o c k  and by TV t ime  
measurement of  WTTG t r a n s m i s s i o n s .  N e i t h e r  s t a t i s t i c a l . .  
m a n i p u l a t i o n  nor  s e l e c t i o n  has been appJi .ed t o  t h e  d a t a  
used f o r  t h i s  p l -o t .  

The measurements w e r e  o b t a i n e d  by u t i l i z i n g  a  v e r y  s imp]? 
sys tem which c o n s i s t s  of a  TV r e c e i v e r / l i n e  1 0  d i s c r i m i -  
n a t o r  and a t i m e  i n t e r v a l  c o u n t e r .  

F i g u r e  1 2  shows t h e  t i n e  r e l a t i o n s h i p  between t h e  USNO 
MC and t h e  Applied P h y s i c s  L a b o r a t o r i e s  (APL) c l o c k ,  
l o c a t e d  i n  L a u r e l ,  Mn, o b t a i n e d  by p o r t a b l e  c l o c k  and by 
TV t ime measurements of WTTG t r a n s m i s s i o n s  wit-h t h e  s l o p e  
removed. 

The APTl measurements were o b t a i n e d  by u s i n g  an a u t o m a t i c  
TV moni to r  sys tem.  

The RMS d e v i a t i o n  of t h e s e  TV r e a l  t ime  t r a n s f e r s ,  a s  
v e r i f i e d  by p o r t a b l e  c l o c k  measurements ,  i s  w i t h i n  +20 n s .  

WTTG and KTTV t r a n s m i s s i o n s  a r e  used r o u t i ~ ~ 1 . y  t o  d i s -  
t r i b u t e  USNO MC t ime and f requency  t o  l o c a t i o n s  a s  f a r  
away a s  F o r t  D e t r i c k  ( M D )  ( 6 0  km from \IJTTG) , Dover, DF: 
(130 krn from WTTG) , and P o i n t  Mugu, (:A, approxi.nlntelv 
9 5  km from KTTV. 

G r e a t e r  a c c u r a c i e s  can  be ach ieved  by t a k i n g  t h e  TTT 
measurements d u r i n g  p e r i o d s  when no phase  c o r r e c t i o n s  
a r e  made t o  t h e  3 . 5 8  M H z  c o l o r  s u b c a r r i e r  frecyuency a t  
t h e  TV t r a n s m i t t e r s  ( t h i s  can be a s c e r t a i n e d  e a s i l y  by 
o b s e r v i n g  t h e  s t a b i l i t y  o f  t h e  r e c e i v e d  c o l o r  s u h c a r r i e r  
f r equency  o r  by look ing  a t  t h e  r e c e i v e d  TT7 v i d e o ) ,  o r  
by s o m e  s t a t i s t i c a l  r e c o g n i z a t i o n  o r  f i. l t ~ r i n : . :  of the 
data. Dr. Winkler  of t h e  USNO h a s  r e c e n t l y  experimcntecl 
w i t h  an e x p o n e n t i a l  weiq-hted smoothiny~ r e j e c t i o n  tech- 
n i q u e  t o  r educe  t h e  t ime d i f f e r e n c e s  b c t w ~ e n  t h e  USNO MC 
and WTTG t r a n s m i s s i o n s  measurcd a t  t h e  U 6 N n  and fount1 
t h a t  a p r e c i s i o n  of 1 n s  o r  b e t t e r  i s  o h t - a i n a h l e  from this 
TV system. 



T e s t s  on t h e  r c c e h v i n a  s y s t e m s ,  per formed hv usi-nn 9P 

o f  b e t t e r  t h a n  9.5 ns, anrl 1 s igma s c a t t e r  c o n s i s t e n t l y  
helow 5 0 0  p s .  The p h a s e  d e t e c t o r  i n  t h e  t r a n s 1 ~ i t t . e ~ -  

s h i f t e r  h a s  a q u a n t i z i n ~  e r r o r  of  less than +4 n s .  Th? 
v i d e o  p r o c e s s i n q  i n  t h e  TTJ p l a n t .  i n s e r t s  a t  least two 
s l a v e d  p u l s e  q e n e r a t o r s  b e f o r e  r e a c h i n e  t h e  modul .a t .or ,  
and f i n a l , l y ,  less  t h a n  i d e a l .  r e q u l a t i n n  of t-he trans- 
mitter power suppl  i e s ,  e s p e c i a l l y  d u r i n q  the v c r t i e z ~ l .  
i n t e r v a l " ,  cause changes  i n  sync  t i p  l e v e l s  and 1 c a d i . n ~ ~  

l i n e  p r o p a a a t i o n  d e l a y  changes  w i t h  t e r n p ~ r a t u r ~ t  an? 
h u m i d i t y ,  and R F  n a t h  p r o p a g a t i o n  v a r i - a t - i o n s  a l l  con- 
t r i b u t e  t o  l i m i t  sys tem p r e c i s i o n .  A l l  f a c t o r s  con- ,  

impluernen"cd, shou l  cl b e  c o n s i d e r e d  t o  have  a  p r e e i s i  cln 
c a p a b i l i t y  o f  i 2 0  n s  nr b e t t e r  o v e r  path l e n c ~ t h s  o f  
100 , I S  o r  less  and a p p r o a c h i n g  + 5 0  n s  a t  p a t h  l r n q t h s  
up t o  3 5 0  11s. Thesc  ' i q u r e s  a r e  w e l l  c o n f i r m ~ c l  by thc 
t i m e  t r a n s f e r s  r e p o r t e d  above .  

FUTURE PLANS AND APPLICATIONS 

A problem e n c o u n t e r e d  i.n i n s t a l l a t i - o n  of  t h i s  s v s t e ~  h a s  
been s e l e c t i o n  of  a TV station which h a s  mostly l o c a l  
program o r i g i n a t i o n .  Networlr, a f f i 1 . i . a t . e ~  w r r e  rulccq out .  
s i n c e  t h e y  mus t  o p e r a t e  o f f  ne twork  feccls for a 1.arnc 
p e r c e n t a q e  o f  t h e  t i m e .  !Towever, a s  r e n o r f e d  2nd n n t ~ d  

some o f  t h e  l a r g e r  n e t w o r k  n u t l e t s  a r e  i n s t n  llri-ncx Frame 
S y n c h r o n i z e r s .  T h e s ~ t  F r a m e  Synchronizers d e s t r o y  t . h ~  

t r a n s f e r  u s i n g  network observations. S i n i u l  tan~ous U S P  

. . . - . . .- A - 
and f r e q u e n c y  s y s t e m  discussec2 i n  t h i s  p a p e r ,  s i n c p  
e m i s s i o n  t i m e s  may now he  preci  scl  v c o n t r o l l  e(.: 1oca l l . y  
t h r o u g h  t h e  Frame S y n c h r o n i z e r s .  

The USNO p r e s e n t l y  h a s  p.lans underway  t o  i r - l r ~ l r ~ ~ ~ e n t  t h i s  
TV t i m e  d i s t r i b u t i o n  sys t em i n  a d d i t i o n a l  TV s t a t i o n s  
i n  t h e  Wash ing ton /Ba l t imore  A r e a  ir, o r d e r  t o  eva l -ua t e  
t h i s  t e c h n i q u e  a s  a means of providinrx an e x t r e m e l y  



and real time computer operations will be possible at 
low cost. Rapid navigation on the Capital Beltway, as 
mentioned by the Scientific Director of the U .  S. Naval 
Observatory, may also be made possible. 

There are approximayely 800 TV transmitters operating in 
the U.S. at this time and they offer tremendous poten- 
tial for the distribution of real time, synchronized, 
transmissions at relatively little cost. 
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T A B L E  I 
F I R S T  TOC F O R  EACH O A Y  

T I M E S  OF COINCIDENCE (NULL1 EPHEPERIS 

T E L E V I S I C N  L I N E  10 CCD S Y N C  

D A T E  T I N E  D A T E  TIPE G A T E  T I M E  
1 9 7 7  H M S 1977 H W S 1977 H P S 

O C T  1 O 6 15 
2 C l l  
3 C 12 28 
4 0 7 1 4  
5 0 2 C  
6 C 1 3 2 7  
7 0 8 1 3  
R C 2 5 9  
9 0 14 26 

10 0 9 12 
11 C 3 5 8  
12 C 15 25 
1 3  0 10 1 1  
1 4  C 4 5 7  
15 C 16 24 
16 0 t l  10 
1 7  C 5 5 6  
18 0 0 42 
19 0 12 9 
2C C 6 55 
21 C 1 4 1  
2 2  0 13 8 
2 3  C 7 5 4  
2 4  C 2 40 
2 5  C 14  7 
26 C B 53  
2 7  C 3 39 
28 C 15 6 
29 C 9 52 
30 C 4 38 
3 1  C 1 6  5 

D E C  1 0 4 0 
2 0 1 5  2'7 
3 0 10 13 
4 0 4 5 9  
5 0 16 26 
6 0 1 1 1 2  
7 0 5 5 8  
8 0 0 4 4  
9 0 1 2  11 

10 0 b 57 
11 0 i 43 
1 2  0 13 LO 
1 3  0 7 5 6  
1 4  0 2 4 2  
1 5  0 1 4  9 
16 0 8 55 
17 0 3 41 
1 8  0 1 5  8 
19 0 9 5 4  
2 0  0 4 40 
2 1  0 16 7 
2 2  0 10 5 3  
2 3  0 5 3 9  
24 G 0 25 
2 5  U 1 1  52 
26 0 6 3 8  
2 7  0 1 2 4  
2 8  0 12 5 1  
2 9  0 7 37 
30 0 2 23 
3 1  0 13 50 



TABLE 2 
INTERPOLAT1 ONS FOR ALL TOCb S I N  A DAY 
rtMEs OF COINCIDENCE IN.ULL) EPHEMERIS 

TELEVISION L I N E  LO OD0 SYNC 



T A B L r  4 
I N T E R P D L A T I O N S  FOR ALL SECONDS BETWEEN TocmS 

TELEVISION LINE 10 000 SYNC 
33,366 HlCSnSECOYDS/PERIOD 

n s WS) H s rPsl M s w s )  n s ~ S I  
D 1 10000000 0 51 17633.333 1 41 900mOOO 2 31 17533.333 
0 Z ~00ODO0O 0 52 1 8 4 3 3 . 3 3 3  1 42 19OOaOOO 2 32 18533.333 
0 3 3000.000 0 , 1 3  19633.333 1 43 2900.000 2 33 19533.333 
0 4 10OOa000 Q 5 4  2 b b 3 3 . 3 3 3  L 44 39001000  Z 34  20533.333 
0 5 5000eOOO 0 55 21633.333 1 45 4900mOOO 2 35 21533,333 
O I; 6000.000 0 56 22633.333 L 46 5900.000 Z 36 ,22533.333 
0 1 7000.000 0 57 23633.333 1 47 6900.000 Z 37 23533.333 
0 B 8000aOOO O 58 73633.333 1 48 7900.000 2 38 24533.333 
0 9 9000.000 0 59 25633.333 1 49 8900.000 2 3 9  25533.333 
Q 10 1 O O O O ~ O O O  1 P 26633.333 1 5 0  9900m000 Z 40 26533.333 
Q 11 11000.000 1 1 27633.333 1 5 1  10900b000 2 41  27533.333 
0 1 2  fi!000.000 1 2 28633.333 1 5 2  P1900.000 2 42 28533.333 
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