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ABSTRACT 

The TV ne twork  c o l o r  s u b c a r r i e r s  have been used f o r  
s e v e r a l  yea rs  as  f requency t r a n s f e r  s tandards .  Ad- 
d i t i o n a l l y ,  a t i m e  t r a n s f e r  method u s i n g  TV l i n e - 1 0  
i s  p r e s e n t l y  used f o r  m a i n t a i n i n g  c l o c k  synch ron iza -  
t i o n  a t  t h e  microsecond l e v e l .  T h i s  paper d e s c r i b e s  
an NBS-developed m i c r o p r o c e s s o r  d a t a  l o g g i n g  sys tem 
t h a t  automates b o t h  f u n c t i o n s  i n  a r e l a t i v e l y  i n e x -  
p e n s i v e  package. 

Three o f  t hese  systems a r e  i n  r o u t i n e  use t o  c o l l e c t  
t h e  c o l o r  s u b c a r r i e r  and l i n e - 1 0  d a t a  p u b l i s h e d  i n  
t h e  NBS Time and Frequency S e r v i c e s  B u l l e t i n .  TWO 
a d d i t i o n a l  systems a r e  used t o  m o n i t o r  t h e  s t a t i o n  
c l ocks  o f  WWV/WWVB and t h e  GOES s a t e l l i t e  c l o c k  a t  
Wal lops  I s l a n d ,  V i r g i n i a .  

BACKGROUND 

NBS has developed s e v e r a l  t echn iques  t h a t  a l l o w  t i m e  and f requency  use rs  
t o  c a l i b r a t e  an o s c i l l a t o r  u s i n g  t h e  TV ne twork  c o l o r  s u b c a r r i e r s  as 
t r a n s f e r  s tandards  [ 1 , 2 ] .  These techn iques  t a k e  advantage o f  t h e  f a c t  
t h a t  t h e  TV networks  u s e  5 MHz r u b i d i u m  o r  cesium s tandards  and syn the -  
s i z e  t h e  c o l o r  s u b c a r r i e r  by u s i n g  t h e  r a t i o :  

6 3 3.57954545 ... MHz = 88 x 5 MHz 

User equipment s t a r t s  w i t h  10, 5 ,  2 . 5 ,  o r  1 MHz and s y n t h e s i z e s  
3 .579545 . .  .MHz by u s i n g  t h e  63/88 r a t i o .  The l o c a l l y  genera ted  3.58 MHz 
may then  be phase compared w i t h  t h e  c o l o r  s u b c a r r i e r  f r o m  a TV r e c e i v e r  
u s i n g  one o f  s e v e r a l  t echn iques .  The l e a s t  expens ive  t e c h n i q u e  uses a 
c o l o r e d  v e r t i c a l  ba r  on t h e  TV screen as a  phase i n d i c a t o r .  S ince  t h e  
TV n e t w o r k s '  r u b i d i u m  s tandards  a r e  o f f s e t  by a p p r o x i n ~ a t e l y  - 3  x 10-8 
(30ns /sec ) ,  t h e  use r  must a d j u s t  h i  s  o s c i  1 l a t o r  u n t  i 1 t h e  i n d i c a t e d  
phase changes 360" i n  about  9 . 3  seconds. A c a l i b r a t i o n  accu racy  o f  
1 x 10-9 can u s u a l l y  be ach ieved  i n  a  few m inu tes ,  l i m i t e d  p r i m a r i l y  by 
t h e  u s e r ' s  a b i l i t y  t o  a c c u r a t e l y  t i m e  t h e  phase changes. 
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More expensive d i g i t a l  c a l i b r a t o r s  measure t h i s  "9-second" beat no te  
pe r i od  and compute and d i s p l a y  t h i s  o f f s e t  on t he  TV screen. The 
s tandard d e v i a t i o n  o f  15-minute averages i s  t y p i c a l l y  l e s s  than 
2 x 10-11. 

I n  o rde r  t o  p rov ide  user  t r a c e a b i l i t y  t o  NBS, we measure t h e  frequency 
o f f s e t s  o f  t h e  s i x  p r imary  network standards ( t h r e e  i n  New York and 
t h r e e  i n  Los Angeles).  The microprocessor  da ta  l ogg ing  systems were 
developed t o  p rov ide  t he  capabi 1 i t y  o f  cont inuous averaging o f  t h e  
c o l o r  s u b c a r r i e r  o f f s e t s  on up t o  f o u r  channels. A " l i ne -10"  t ime 
t r a n s f e r  c a p a b i l i t y  was o r i g i n a l l y  inc luded  t o  a l l o w  c a l i b r a t i o n  o f  the  
re ference used w i t h  t he  processor on Lookout Mountain (ove r l ook ing  
~ e n v e r ) .  La te r ,  we switched a l l  pub l i shed  l i n e - 1 0  measurements t o  
Lookout (where cont inuous network microwave feeds a r e  ava i lab1 e) 
because one o f  t he  l o c a l  network s t a t i o n s  went t o  a l l  tape de lay.  
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Fig .  I -The TV l i n e - 1 0  t i m e  t r a n s f e r  technique 

The " l i ne -10"  t ime t r a n s f e r  technique i s  i l l u s t r a t e d  i n  f i g u r e  1 .  
Two coopera t ing  l o c a t i o n s  a r e  i n  common v iew o f  a TV s t a t i o n  o r  n e t -  
work. Both l o c a t i o n s  s t a r t  t h e i r  t ime  i n t e r v a l  counters  a t  an agreed- 
upon second, and t he  coun te rs  a r e  stopped by the  common TV s i g n a l ,  
w i t h i n  1/30 second. The d i f f e r e n c e  o f  t he  coun te r  readings de f i nes  the  
r e l a t i o n s h i p  between the  1 pps s i gna l s .  



CLOCK D l  FFERENCE PROPAGAT1  ON 
PATH D I F F E R E N C E S  

The c o u n t e r  d i f f e r e n c e  i n c l u d e s  t h e  p r o p a g a t i o n  p a t h  d i f f e r e n c e  between 
t h e  l o c a t i o n s  and t h e  T i 0  source;  so fo r  a b s o l u t e  measurements, t h e  p a t h  
must  be c a l i b r a t e d - - m o s t  p r a c t i c a l l y  w i t h  a p o r t a b l e  c l o c k .  I f  t h e  
l i n e - 1 0  t e c h n i q u e  i s  t o  be used o n l y  t o  measure r a t e  d i f f e r e n c e s  o f  (A)  
and ( B ) ,  a b s o l u t e  measurements a r e  n o t  r e q u i r e d .  A l l  t h a t  i s  necessary  
i s  t o  d e t e r m i n e  t h e  c o u n t e r  d i f f e r e n c e s  on s u c c e s s i v e  days o r  weeks t o  

T h e  l o g g i n g  system per fo rms  two b a s i c  f u n c t i o n s :  I t  averages 3.58 MHz 
f r a c t i o n a l  f requency  o f f s e t  d a t a  and i t  measures l i n e - 1 0  t i m e  d i f f e r e n c e  
read inas .  T h e s e  f u n c t i o n s  a r e  i l l u s t r a t e d  i n  f i a u r e  2 and d e s c r i b e d  

I F i g .  2 -B lock  d iagram,  3 3 8  MHz f r a c t i o n a l  f requency  measurements I 

I The f r a c t i o n a l  f requency  o f f s e t s  o f  t h e  ne twork  c o l o r  s u b c a r r i e r s  a r e  
measured u s i n g  t he  "beat  no te "  method. Network v i d e o  i s  a p p l i e d  t o  a  



phase-locked loop  t o  regenerate the  3.58 MHz f rom b u r s t .  The regener-  
a ted  network 3.58 MHz and a l o c a l l y  syn thes ized  3.58 MHz a r e  a p p l i e d  t o  
a balanced mixer  phase comparator, The r e s u l t a n t  beat n o t e  i s  processed 
through a low-pass f i l t e r  and Schmi t t  t r i g g e r  t o  recover  a square wave 
o f  t h e  beat note.  The bea t  n o t e  p e r i o d  (nominal 10 seconds) i s  measured 
by a 4 - d i g i t  counter .  Each t ime  a 10-second measurement c y c l e  i s  com- 
p l e t e d ,  t h e  processor  conver ts  t h e  t ime  measurement "T" i n t o  an o f f s e t  
va l ue  by d i v i d i n g  "T" i n t o  a cons tan t .  For t h e  500-Hz t ime  base used, 
t he  cons tan t  r equ i r ed  i s  1396825. The r e s u l t a n t  f requency o f f s e t  
( 6  d i g i t s )  i s  checked f o r  v a l i d i t y .  The microprocessor  checks t he  
v a l i d i t y  as f o l l o w s :  

Each network has a "screen word" s t o red  i n  memory. When t he  processor  
se r v i ces  a channel, i t  f e t ches  t he  screen word f o r  t e s t i n g  t h e  v a l i d i t y  
o f  t h e  measured o f f s e t .  The fo rmat  o f  t he  screen word, s t o r e d  i n  random 
access memory, i s :  

EXPECTED 1 P 10 P &HR CHANNEL 
OFFSET: WINDOW WINDOW WINDOW 

1 0 ~ ~ 3  x 1 0 - l 2  , 1 0 - l 2  x 1 0 - l 2  

300420 EXPECTED x 1011; 
301430 MEASURED x 10 

1010 

101 x l o - ' *  DIFFERENCE I S  LESS THAN "1P" - ACCEPT DATA 

For each "lo-second" measured o f f s e t ,  t h e  measured va lue  i s  sub t rac ted  
f rom t h e  expected o f f s e t .  The d i f f e r e n c e  between t he  measured and ex- 
pected va lue  i s  then compared t o  t he  "1  P" window. I f  t h e  d i f f e r e n c e  i s  
l e s s  than t h e  1 P window ( i n  t h i s  case 2 x 10 - l o ) ,  t h e  da ta  i s  accepted--  
o t he rw i se  i t  i s  d iscarded.  The p r ima ry  purpose o f  t h e  1 P sc reen ing  
process i s  t o  e l i m i n a t e  o u t l i e r s  caused by sudden phase jumps o f  t h e  
3.58-MHz network s i g n a l s .  The window i s  s e t  t o  accept  a t  l e a s t  98% o f  
a l l  v a l i d  da ta  p o i n t s .  

Two a d d i t i o n a l  sc reen ing  processes f o r  "10 P" and ha l f - hou r  averaged 
da ta  a r e  used t o  e l i m i n a t e  any da ta  t h a t  may o r i g i n a t e  f rom o t h e r  than 
t he  network p r imary  rub id ium standard.  The f i n a l  h a l f - h o u r  sc reen ing  
o p e r a t i o n  o n l y  accepts  da ta  t h a t  i s  w i t h i n  + 1.9 x 10-11 o f  t h e  expected 
va lue.  The en t  i r e  screen word may be changeh by keyboard e n t r y  t o  
accommodate d i f f e r e n t  expected o f f s e t s  and frequency s t a b i l i t i e s .  



The p rocesso r  accumula tes  o n e - h a l f  hour averages t h r o u g h o u t  a f u l l  
24 hours .  A t  m i d n i g h t ,  t h e  p rocesso r  computes t h e  d a i l y  o f f s e t  average 
f o r  each ne twork  and s t o r e s  t h i s  average,  a l o n g  w i t h  t h e  count o f  one- 
h a l f  hour  samples used t o  a r r i v e  a t  t h e  d a i l y  average.  The expected 
o f f s e t s  i n  t h e  screen words a r e  a l s o  compared w i t h  t h e  a c t u a l  d a i l y  
averages and t h e  screens a r e  e i t h e r  incremented o r  decremented by 
1 x 10-12- -un less  l e s s  than  10 h a l f - h o u r  samples were accumulated f o r  
t h e  day,  i n  wh ich  case t h e  screens a r e  n o t  changed. 

Up t o  32 days o f  d a i l y  averages f o r  f o u r  channe ls  a r e  s t o r e d  i n  a "wrap- 
around" memory f o r  r e c a l l  by keyboard command. A p r i n t o u t  o f  t h e  
Lookout  Mounta in  d a t a  f o r  e i g h t  days i s  shown. 

Y F A R  3 A  Y [ " A ~ ~ v l ~ ~ ~ f l  * -&7 - 
C L O C K  - T I M E  0 1  I ) I I l v r o u T  1 9 7 6 o o o o n 3 1 , 3 1 2  7  

AGCL (,bSL N R C E  

T O D A Y ' S  V A L U L S .  2 9 - 2 9 9 9 . 7 0  1 6 - 1 9 9 F . 5 5  ? ) { -  { ( I t '? .  '14 

YESTERDAY 4 7 - 2 9 9 3 . 8 1  3 4 - 1 9 9 P  6 0  3 0 -  3022  7 1  

4 5 - L 9 Y 9  7 Y  4 7 - 2 9 9 (  7 0  4 6 - 3 0 1 / . j J  

3 t - I J q r J  71 4 - 2  2 r 4 3 -  i 0 2 / .  6 P  

15-11!'3 3 7  l ~ - L ? . 3 t  JO 4 3 - 3 9 2 2  6 6  

1 4 - 3 0 0 0 . 2 1 "  4 5 - 2 9 9 8  b 9  40-3327.79 

3 7 - 3 0 0 0 . 3 0  4 0 - 2 9 9 U . 5 0  3 F : - 3 0 2 2 . 3 9  

4C- 3 0 0 0 . 1 0  4 7 - 2 9 9 8 . 7 3  4 3 - 3 0 1 2 . 5 6  

O L D C S T  DATA.  4 5 - L 9 9 1 . 9 7  3 2 - 2 9 9 C . 9 4  3 5 - 3 0 2 2  5 4  

L o F F S E T  x I I I I ~  

" 1  ' " L - 3  O F  I P L r - I 1 ) i l ' i  SFV.lTJLES 

*A3Ci  C ' I T I  Y A u ' i R D  , -  , 7 5 1 L  -::. 

F i g .  3 -E igh t -day  p r i n t o u t  o f  d a t a  f r o m  Lookout  Mounta in  

The p r i n t o u t  of d a i l y  averages p r o v i d e s  t h e  b a s i c  d a t a  needed f o r  d e t e r -  
m i n i n g  t h e  f requency  o f f s e t s  o f  t h e  ne twork  s u b c a r r i e r s .  A l so ,  t h e  
number o f  h a l f - h o u r  samples i n d i c a t e s  how much ne twork  programming was 
a v a i l a b l e  on a g i v e n  day.  However, u s e r s  w i t h o u t  a s i m i l a r  system a r e  
n o t  l i k e l y  t o  b o t h e r  t o  accumula te  15 t o  20 hours  o f  d a t a  averages p e r  
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day. P r o v i s i o n  was t h e r e f o r e  made f o r  readout o f  t h e  ha l f - hou r  averages 
i n  t he  form o f  d i f f e r e n c e s  f rom t h e  expected va lue.  A t y p i c a l  p r i n t o u t  
i s shown be 1 ow. 

CLOCK: 1976000002803201 

SCREEN WORD: ABCE 2999802000600198 

DIFFERENCES: - O ~ + O ~ + O ~ - O ~ - O O - O ~ - O ~ + O ~ - O ~ + O ~ + ~ ~ - O ~ * ~ ~ + O I + O ~ + O ~  

The c l o c k  i n d i c a t e s  t h e  t ime  o f  p r i n t o u t ;  t h a t  i s ,  

YEAR DAY 1 MINUTE 

HALF-HOUR 

Each t w o - d i g i t  number i n d i c a t e s  t he  amount by which t he  a c t u a l  h a l f -  
hour average d i f f e r e d  f rom t h e  expected va lue  i n  t h e  screen word 
(29998 x 10-12) i n  p a r t s  i n  1012. The s i g n  preceeding i n d i c a t e s  whether 
t he  ac tua l  va l ue  was h i ghe r  (*) o r  lower ( - )  than t he  expected va lue .  
A1 1 numbers a r e  rounded o f f  t o  t h e  neares t  p a r t  i n  1012. That i s ,  i f  
t he  d i f f e r e n c e  i s  - 00.4 x  10-12, i t  i s  rounded t o  - 00, + 00.5 x 10 - l 2  
i s  rounded o f f  t o  + 01, A double  a s t e r i s k ,  + + A ,  i n d i c a t e s  e i t h e r  l ess  
than 900 seconds o f  v a l i d  da ta  o r  t he  d i f f e r e n c e  i s  g r e a t e r  than t he  
10 P window o f  + + 60 x 10-12. 

The ha l f - hou r  d i f f e r e n c e  s to rage  i s  "wrap around" so t he  da ta  a r e  always 
c u r r e n t  f o r  the preceeding 48 h a l f  hours. By r e fe rence  t o  t h e  c l o c k  
p r i n t o u t ,  we know t h e  processor  i s  work ing  i n  ha l f - hou r  32 and has 
a l r eady  updated h a l f - h o u r  31. The h a l f  hours a r e  counted 0  through 15 
on t h e  f i r s t  l i n e ,  16 th rough  31 on t h e  second l i n e ,  and 32 th rough  47 
on t he  t h i r d  l i n e ,  w i t h  "0" i n d i c a t i n g  m idn igh t  t o  12:30 a.m. 

The a v a i l a b i l i t y  o f  t he  h a l f - h o u r  d i f f e r e n c e  da ta  a l l ows  us t o  t e l l  
when t he  network was on t h e  p r imary  rub id ium and whether o t h e r  s tandards 
t h a t  a r e  w i t h i n  + 60 x 10 - l 2  were used f o r  program o r i g i n a t i o n .  I n  t he  
pas t  year ,  o n l y  NBC East Coast has used a second rub id ium t h a t  was 
i d e n t i f i a b l e .  Th i s  occur red  d u r i n g  t h e  evening hours (8:OO - 10:OO EST) 
and t h e  u n i t  d i f f e r e d  by about 40 x  10-12 f rom the p r imary  rub id ium,  

F r a c t i o n a l  f requency o f f s e t  s t a b i l i t y  f o r  t he  measured da ta  show con- 
s i s t e n t  r e s u l t s  f o r  t he  s i x  network paths.  Typ i ca l  r e s u l t s  computed 
us i ng  t h e  p a i r  va r i ance  a r e  t abu la ted  below. 
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1 . 3  A 

I ? -  12  ; , L  1 9 - l ~  C . 4  x 10 0 . 7  x 1 0 - l 2  
. 1 D A Y  

F i q .  4 - T y p i c a l  measurement r e s u l t s  . , 

A l l  measurements i n c l u d e  t h e  s t a b i l i t y  o f  t h e  f requency  s tandards  a t  
each end o f  t h e  measurement p a t h  excep t  f o r  t h e  ABCW d a t a ,  where a corn- 
rnon r e f e r e n c e  i s  used w i t h i n  t h e  p l a n t .  The v a l u e  f o r  o y ( 2 , ~ ) ( - r  = 1 day) 
f o r  ABCW i s  t h e r e f o r e  r e p r e s e n t a t i v e  o f  t h e  b e s t  s t a b i l i t y  t o  be ex-  
pec ted  f o r  one-day averages.  A l t h o u g h  we do n o t  i n f e r  t h e  measured 
d a i l y  s t a b i l i t i e s  a r e  due t o  any one cause, t h e  f requency  s tandards  

I used i n  these  measurements a r e  n o t  i n  a  w e l l - c o n t r o l l e d  env i ronment .  

The cesium r e f e r e n c e  on Lookout  Mounta in  ( ~ e n v e r )  i s  l o c a t e d  i n  a com- 
p l e t e l y  enc losed,  unheated equipment room, w i t h  tempera tu re  e x c u r s i o n s  
o f  a t  l e a s t  20°C. The ABC cesium s tandards  a r e  i n  a i r  c o n d i t i o n e d  
equipment rooms, and as f a r  a s  we know, so a r e  t h e  C B S  and NBC r u b i d i u m  
s tandards .  

F r a c t i o n a l  f requency  o f f s e t s  f o r  t h e  ne twork  c o l o r  s u b c a r r i e r s  a r e  pub- 
l i s h e d  as  week ly  averages i n  t h e  m o n t h l y  NBS Time and Frequency S e r v i c e s  
B u l l e t i n .  U n c e r t a i n t y  f o r  t h e  p u b l i s h e d  week ly  averages i s  i n d i c a t e d  as  
+ 2 x 10-12 f o r  ABCE and ABCW and + 4 x 10-12 f o r  t h e  o t h e r  networks .  - 
These u n c e r t a i n t y  e s t i m a t e s  a l  low some marg in  f o r  f requency  d r i f t  o f  t h e  
ne twork  r u b i d i u m .  

The f e a s i b i l i t y  o f  t h e  3.58 MHz p o r t i o n  o f  t h e  m ic rop rocesso r  d a t a  l o g -  
g i n g  system has been proven i n  a lmos t  one year  o f  o n - l i n e  o p e r a t i o n  f o r  

I t h e  Denver and Los Angeles u n i t s .  We had two f a i l u r e s  o f  741 opera -  
t i o n a l  a m p l i f i e r s  i n  t h e  Los Angeles u n i t  ( o u t  o f  f o u r  7 4 1 ' s  i n  t h e  
u n i t ) .  The prob lem was d iagnosed o v e r  t h e  te lephone  and w i t h  t h e  a b l e  
a s s i s t a n c e  o f  t h e  ABC t e c h n i c a l  s t a f f ,  t h e  u n i t  was r e p a i r e d  w i t h o u t  a  
" s e r v i c e  ca 1 1 " f r o ~ n  Bou 1 de r  t o  Los Angel es.  

LINE-10 MEASUREMENTS 

D a i l y  l i n e - 1 0  read ings  f o r  t h e  t h r e e  commercial ne tworks  a r e  p u b l i s h e d  
by NBS and USNO [ h ] .  The l i n e - 1 0  lriethod has demonst ra ted a t i m e  t r a n s -  
f e r  c a p a b i l i t y  a t  t h e  microsecond l e v e l  on c o n t i n e n t a l  p a t h s  [5]  and 

I e a s i l y  p r o v i d e s  + 0.1 ys  when b o t h  use rs  a r e  w i t h i n  v i e w  o f  a common TV 
t r a n s m i t t e r .   hep primary d i sadvan tage  of  t h e  l i n e - 1 0  method i s  t h e  
n e c e s s i t y  o f  making measurements a t  a p r e s c r i b e d  second on each ne twork ,  



The microprocessor  data l ogg ing  system on Lookout Mountain automates t h e  
l i n e - 1 0  measurements and s to res  up t o  e i g h t  days o f  l i n e - 1 0  da ta  i n  the  
f o l  lowing format ( on l y  two days of  da ta  a r e  shown) : 

- - . - "- . 7- 

TlMF OF MEASUREMENT, UTC 

2-0;25:,O 2 0 : 3 1 : 0 0  2 0 : ? 6 : 0 0  2 0 : 3 2 : 0 0  - - 2 0 : 2 7 : 0 0  - - -- 7 0 : 3 3 : 0 0  - - - - 2 0 : 2 8 : 0 0  2 0 : 3 4 : 0 0  - 

A R C E  CBSt NBCE KMGH 

The t h r e e  se t s  o f  network measurements a r e  made d i r e c t l y  o f f  the  t h ree  
network microwave feeds. The KMGH-TV measurement i s  made o f f  t he  a i r  
and i s  used t o  c a l i b r a t e  the Lookout Mountain 1 pps. 

KMGH KMCH KMGH KMGH 

0 0 3 5 8 4 3 0  02!>89205 0 1  0321 8 8  0 0 3 2 6 2 7 8  01 7059 l r6  01 0 0 0 0 5 7  0 3 0 2 1  337 0 2 3 1  51+116 

0 7 9 5 0 6 6 9  0 2 2 4 4 8 2 7  0 0 2 8 7 7 5 5  0 2 9 1 8 5 7 8  0 0 9 6 1 5 0 6  0 0 2 5 5 6 6 7  0 2 2 7 6 3 1 8  0 1 5 7 1 0 7 6  

Simultaneously,  a microprocessor  system a t  t he  Boulder Labo ra to r i es  
makes measurements us ing  the  UTC(NBS) 1 pps as  re ference,  

ABLE C B S t  NBCt KMLH 

1 1 / 0 9  2 8 5 1 6 . 4 0  2111'33.91 3 0 6 3 7 . 1 2  2 3 6 1 4 . 5 8  001 3 0 . 5 7  264714 - 7 9  000511 . ' I ?  0005 l1  .I15 
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The Boulder processor accepts the  da ta  f rom Lookout over  a d i a l - u p  da ta  
l i n k ,  uses the  20:28 and 2 0 : 3 4  KMGH measurements t o  compute t he  Lookout 
c l o c k  c o r r e c t i o n ,  adds a f i x e d  6.63 us c o r r e c t i o n ,  and p r i n t s  o u t  the  
f i n a l  pub l i shed  l i ne -10  va lues.  A microprocessor  system i d e n t i c a l  t o  
t he  Boulder u n i t  i s  used a t  F t .  C o l l i n s  t o  re fe rence  t he  WWV s t a t i o n  
c l o c k  back t o  UTC ( N B S )  , 

The Boulder and F t .  C o l l i n s  processors measure and s t o r e  e i g h t  l i n e - 1 0  
readings each day. The F t .  C o l l i n s  u n i t  reduces t h i s  da ta  t o  e i g h t  
c l o c k  d i f f e r e n c e  readings per  day f o r  e i g h t  days, 

Both t he  Lookout-Boulder and Boulder-Ft .  C o l l i n s  processor p a i r s  may be 
used i n  an "immediate" l i n e - 1 0  mode t o  determine c l a c k  d i f f e r e n c e  
readings. A p r i n t o u t  o f  two se t s  o f  "immediate" d i f f e r e n c e  readings 
between Lookout and Boulder i s  shown below. 



To o b t a i n  these  r e a d i n g s  a t  Bou lde r ,  t h e  user  d i a l s  up t h e  d a t a  l i n e  t o  
Lookout ,  p l a c e s  a  s w i t c h  on t h e  f r o n t  panel  o f  t h e  Bou lder  u n i t  i n  
" l i n e - 1 0  m u l t i o r o c e s s o r "  mode. and t vpes  i n  a  4 - c h a r a c t e r  command. The 
command goes f rom t h e  keyboard t o  Lookout  and i s  "echoed" back t o  t h e  
Bou lder  p rocesso r .  The Lookout  p rocesso r  responds t o  t h e  command by 
send ing s i x  s e t s  o f  l i n e - 1 0  r e a d i n g s  on s i x  success i ve  seconds t o  t h e  

I Boulder  p rocesso r .  The Bou lde r  p rocesso r  makes s imu l taneous  l i n e - 1 0  
read ings ,  computes, and p r i n t s  o u t  t h e  d i f f e r e n c e s  as  shown. 

S i n g l e  r e a d i n g  r e s o l u t i o n  o f  t h e  automated l i n e - 1 0  system i s  l i m i t e d  t o  
+ 10 ns by t h e  100 MHz t i m e  base i n  t h e  a s s o c i a t e d  t i m e  i n t e r v a l  coun t -  - 
e r s .  Lonq term s t a b i l i t y  i s  t i n i i t e d  by v a r i a t i o n s  i n  enve lope  d e l a y  o f  
t h e  TV t u n e r s .  P e r i o d i c  compar ison o f  t h e  automated l i n e - 1 0  system w i t h  
a  manual back-up system i n d i c a t e s  a peak- to-peak d e l a y  v a r i a t i o n  between 
t h e  u n i t s  o f  40 ns.  S ince  t h e  l o n g  t e r m  d e l a y  v a r i a t i o n s  o f  t h e  imple-  
mented l i n e - 1 0  systems a r e  a t  l e a s t  as  l a r g e  as  t h e  s i n g l e  r e a d i n g  reso -  
l u t i o n ,  no a t t e m p t  has been made t o  improve t h e  r e s o l u t i o n  o f  p u b l i s h e d  
l i n e - 1 0  d a t a  by a v e r a g i n g  m u l t i p l e  r e a d i n g s .  

I HARDWARE 

The d a t a  l o g g i n g  system was des igned around t h e  4 - b i t  INTEL 4040 m i c r o -  
p rocesso r .  A l though  n o t  a s  f a s t  as l a t e r - g e n e r a t i o n  8 - b i t  machines, i t  
was a v a i l a b l e ,  r e l a t i v e l y  i nexpens ive ,  and a l r e a d y  i n  w ide  use. ~ i ~ u r e 5  
i s  a  b l o c k  d iagram of  t h e  ma jo r  e lements  i n  t h e  Lookout  Mounta in  

I p rocesso r .  A l l  b l o c k s  i n s i d e  t h e  d o t t e d  l i n e s  a r e  on t h e  CPU c a r d .  

Three t ypes  o f  memory a r e  used: 2048 b y t e s  o f  read o n l y  memory f o r  t h e  
program, 1024 b y t e s  o f  r e a d / w r i t e  (ram) f o r  d a t a  s t o r a g e ,  and s i x t e e n  
1 6 - d i g i t  ram r e g i s t e r s  f o r  a r i t h e m e t i c  sc ra tchpad  o p e r a t i o n s .  

The CPU uses a hardware 1 pps-1 ppm c l o c k  ( -60) w i t h  m inu tes ,  hou rs ,  
days, and months counted by s o f t w a r e .  Use o f  t h e  1 ppm hardware c l o c k  
a l l o w s  t h e  p rocesso r  t o  p e r f o r m  r e l a t i v e l y  l o n g  Inpu t /Ou tpu t  ( I /O)  
o p e r a t i o n s  w i t h o u t  m i s s i n g  a  s o f t w a r e  c l o c k  update.  

A  "beat  no te "  phase compare, 4 d i g i t  t i m e  i n t e r v a l  c o u n t e r  i s  p r o v i d e d  
f o r  each o f  t h e  t h r e e  networks .  Each o f  t h e  t h r e e  channe ls  uses f i v e  
i n t e g r a t e d  c i r c u i t s .  5 MHz f r o m  a ces ium s tandard ,  s y n t h e s i z e d  t o  
3.58 MHz, i s  used as  a r e f e r e n c e  f o r  t h e  t h r e e  phase compare channe ls .  
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1/0 opera t  ions a re  performed a t  300 b i  ts/second (30 characters /second)  , 

i n s t a l l a t i o n s ,  an au to  answer modem i s  used w i t h  a  te lephone company 
da ta  access arrangement ( ~ o d e l  CBS DAA) . 
Line-10 measurements u t i l i z e  the  c i r c u i t s  and i npu t s  shown a t  t he  bottom 
o f  f i g u r e  5.  St r i pped  sync a t  TTL l e v e l  i s  m u l t i p l e x e d  under processor  
c o n t r o l  t o  a l i n e - 1 0  i n d e n t i f i c a t i o n  c i r c u i t .  The l i n e - 1 0  i d e n t  p ro -  
v ides  a  30 pps ou tpu t ,  c o i n c i d e n t  w i t h  t he  t r a i l i n g  edge o f  the  t e n t h  
l i n e  h o r i z o n t a l  sync pu l se  o f  f i e l d  one (odd f i e l d ) .  A 100-MHz 8 - d i g i t  
t ime  i n t e r v a l  coun te r  makes t he  l i n e - 1 0  d i f f e r e n c e  measurements under 
CPU c o n t r o l .  A b a t t e r y  back-up supply  (no t  shown) p rov ides  up t o  two 
hours o f  ope ra t i on  f o r  the  CPU and memory i n  case o f  power f a i l u r e .  

A photograph o f  t he  CPU card ,  w i t h  t he  major  elements i d e n t i f i e d ,  i s  
shown i n  f i g u r e  6 .  

F igu re  7. i s  a  photograph o f  the  100-MHz coun te r  used i n  t he  system. 
I n t e r f a c e  o f  the  coun te r  t o  the  CPU r equ i r es  f o u r  d a t a  and t h r e e  c o n t r o l  
1 ines.  The c o n t r o l  1 ines a re  "counter  rese t " ,  "mu1 t i  p l e x  c l ock "  (CPU- 
COUNTER), and "count ava i l a b l e "  (CPU - COUNTER). 

Each o f  t he  f i v e  da ta  l ogg ing  systems now i n  use has a  s l i g h t l y  d i f f e r -  
en t  c o n f i g u r a t i o n  f o r  bo th  hardware and so f tware .  The p r e v i o u s l y  
descr ibed  c o n f i g u r a t i o n  i s  used a t  Lookout Mountain. The system a t  
ABC Los Angeles has no l i ne -10  c a p a b i l i t y  bu t  has fou r  channels f o r  
3.58-MHz s u b c a r r i e r  measurement (ABCW, C B S W ,  NBCW, ABCE).  The system 

ence between t h e  master 1 pps and o t h e r  1 pps system i npu t s .  The 
systems a t  Boulder and F t .  C o l l i n s  (WWV) measure l i n e - 1 0  o n l y ,  w i t h  no 
3.58-MHz capabi 1 i t y .  

LOOKOUT M T N ,  A E C ,  L , A ,  WALLOPS ISLAND FT, COLLINS 
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F i g .  6-Photograph o f  microprocessor card with 
functional elements identified 





SOFTWARE 

The programs used i n  the  da ta  logg ing  systems were developed over  a two- 
year per iod .  The f i r s t  program was about 1500 bytes long  and processed 
o n l y  c o l o r  s u b c a r r i e r  data. About two man-months were requ i red  t o  w r i t e  
and assemble i t  by hand. The program i s  s t o red  i n  e i g h t  1702A EPROMS. 
Since each 1702A s to res  256 bytes,  a t o t a l  o f  2048 by tes  were a v a i l a b l e .  

The p r o t o t y p e  system was operated f o r  approx imate ly  one year  a t  t he  
Boulder Labora to r ies .  Program m o d i f i c a t i o n s  were then added t o  incorpo-  
r a t e  t he  l i n e - 1 0  f unc t i on .  Th is  increased t he  program s i z e  t o  about 
1900 bytes and requ i red  another  man-month f o r  assembly o f  the  program. 
Minor m o d i f i c a t i o n s  o f  t h i s  "master" program t a i l o r  i t  t o  the  unique 
requirements a t  each l oca t i on .  

Since a complete annotated l i s t i n g  o f  the  so f tware  i s  over  60 pages long, 
i t  i s  n o t  inc luded  i n  t h i s  paper. Anyone i n t e r e s t e d  may o b t a i n  compre- 
hens ive documentation o f  the  hardware and so f tware  by w r i t i n g  t o  the  
Time and Frequency Serv ices Sect ion,  Na t iona l  Bureau o f  Standards, 
Boulder,  CO 80302. 

CONCLUSION 

The microprocessor  da ta  l ogg ing  systems descr ibed i n  t h i s  paper have 
proven t o  be re1 i a b l e  and r e l a t i v e l y  t r o u b l e  f r ee .  Measurement s t a b i  l -  
i t y  o f  o y ( 2 , r ) ( r  = 1 day) o f  l ess  than 2 x 10 - l 2  worst  case f o r  the c o l o r  
s u b c a r r i e r  da ta  i s  s u f f i c i e n t  f o r  most a p p l i c a t i o n s .  Opera t iona l  use 
between Boulder-Ft .  C o l l i n s  and Boulder-Wallops I s l and  have demonstrated 
t he  system works w e l l  i n  " r ea l  wor ld"  o n - l i n e  a p p l i c a t i o n s .  I f  i n t e r e s t  
warrants ,  NBS would cons ider  making the  o n - l i n e  ( d i a l - u p )  l i n k  a v a i l a b l e  
f o r  general  use. Users w i t h  s i m i l a r  systems cou ld  then o b t a i n  immediate 
s u b c a r r i e r  and l i n e - I 0  da ta  w i t h o u t  manual da ta  reduc t i on  f rom the  
monthly NBS Time and Frequency Serv ices B u l l e t i n .  
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