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The Sril i t h s ~ i - I  i aur Q 5 t  r*o2i-\ys i r a  ,1 TJ.12set7~di3t OVY 

( 500 )  a p e s - a t e 5  a wl-ir-1. dki ide c.ate?. :L :l t:e t:r-ar:kinq 
)*jet WITIY k wh i ctr uses a curnb i r,a+; j. ol.i !:~f $YEGG as a 
Fvr.eql.rency r e f  e r - e n c e ,  rlcra l t :i. r i t i .  T ~ Q  c ~ I ~ T , . ~ I E ! .  5, ;?,rid 
p~:~y-t a ts 1. E? c 1 trip k. c I L I ~ I I  F) a-i- i E., 1 1 1 7 1  s ?; 1:. !:? E( :i. ip1f: i3 i. \"I 

ac:r~ur 'at:e epi:;oh I: .i r11e. P!.-opaqat j. ~:tiv.ta I, c:.P~ar.t..: 
fr-.~:~m t h e  U.S. C'~::~ast GI-lard OMEGG mor-11.t,1:1~ 
iIr-1::1gs-ar17 r ~ i i r - ~ i m i z e  dii~rrial avrrl seas;-c~r~ral e F f f c t 5 .  
Dai l y  p h a s e  v a l  I-re pl-tbJ. i ca t  i, ~rtfir t h e  I-.?= S" 
!\lava 1 Dk~sier-vat orjl ~!r-ov icle cc l r r -ec t  ions  to the  
f i e l d  tullectec! t i r l l i iP~q d a t a  prctd1.1c::e a n  
averaged -k ime 1 i r ~ e  ri:lr~~pr-i ~ e d  c4.F stra:i. gl-~.i: 3. :i rie 
s e g m e n t  5 

ca1J.ed a t ime hi~t.t:~rr'y T i l e  <sta't;Ii:~rr C ~ C I C L ' ~ .  

r l i in~~ks UTC).  D e p e r ~ d i i - ~ q  I c1.r:ici.i I.c~cat:i . i :~~'~, 
~.-ed~..\ced t irne d a t a  acc~~ri-acies o f  bak rreen S wl:ri 
a n d  e i g h t  n i ic r - l : l sec~:d  ai-e t y p i . c a : . .  

"Th(s pur-pctse (:if- t h i s  i - e p s r t  is te p r l t w i ~ ? ~ l  a 1..t5ery5 

k - ~ p o r k  111n m a i n t a i n i v r q  h i g h  q t . . ia I i ty  t i m e  t.lsijplq flYEGn 
.transr1ii5iz,i1:1lr1~. T 9 i s  app.t-l:tach has evclived t h t - o ~ i g h  the 
yeavs, t ak i .ng  acrus-acy, c ~ s t ,  r-el iabi i j. t y zrrd qi..ta1. i t  y c:l f  
r @ f e r - e n c e  5 i g n a 1 5 ,  a~id ease 125 k i r ~ f ~ ?  ~ - ~ c ~ I . I c ~ , ~ c I T ~  i n t o  
acrcil_tiprt. T h e  equi  grlie'r..lt a n d  t i rnek .eepi .~-~q  niet hcicls t ~ s e d  t;o 
keep a t  least E nii c.t--c.t;ecr_~nd, r - educed  epach t irrie at t wc~ 
sl?r~iewhat r e r~ ic l t e  sites., fr-t::lr~l t h e  s1;andpclirrt  ::I'? ;3r?~,-ei:i.se .kirlie 
a v a : i l a b i l i t y  is t h e  s c r b j e c t  o f  t h i s  pape t - .  The .kwl:l s i t us  
ar-e both l c r r a t e d  i r ;  SCII- t th  Rrnet-ica, U Y I E  at. N a t a l ,  Er -az  i. 3. 
arid the  a the r  at. Clt-equipa, Per-u. 

SRO SRTELLITE TRRCKTNG NETWORK 

Sirlce 1357, t h e  Sr11ithsl:lniaui 8 sk i~ l : l phys i ca l  0 b s e r v a t o i . - y  
h a s  ctper-ated a netwclt-k ctf a s t r c t p h y s i . c a l  ctbser-vi.nq stat :~.I:SYIF~ 



t o  pr-ctvide s a t e l l i t e  ~:ibset.vati.:;lr'~r, ir!  ~ I . I P ~ : T ) C I ~ - ~  ev1:!3,vir,q 
scierrt i f j.c prqrlgr-ams i n  gectrfesy, g e c t p h j i z i c s ,  ce1es.k ial. 
r~~ec - .han ic s ,  t h e  I..rpper. a t rnosphe t - e ,  arid ear-th arlcl 1:3~ear, 
d y n a m i c s .  These carne ~~trrdev* NgSF\ s~~l::tns::t:lr-ship :i71 1357. XI.., 
get:ldesy a v ~ d  qectphy4.;:i cc,, t h e  d a t a  a c q ~ \ i ~ * e d  by .!:he net; wclv-4 
r ~ f  satel I, i t e  t ~ a c k i ~ ~ q  st a t  i c ln s  has; bee.r.r ~.tserrl %I:I crfevrl !f;z 
ac:cr..trat.e m a t h a m a t  ical mc1ciel.s o f  t h e  ear-thy s size, shape, 
a n d  g r a v i t y  f i e l d .  

'THE OMECf3 NQVIGnTIONUL NETWORK 

M a i n t a i n e d  by the 1J. S. C1sas.l- Guar-d, a r~etwrtrb~ t:3f 
e i g h t  t t - a n s m i t t i n g  5 2 ; a t i o n s  i n  t h e  V L F  f t - rquevccy barid 

w pi - lz~vides  I.l:~ratiorr i~~fur. .rriatj .~:tr~ t~ a c e r t a i r t t y  o f  1. I c: 
i p ~ a t . \ t i c a l  m i l e s  w i t h  sclrlie r : !c t t -~ect ic tr ta l  da ta .  T h i s  OMEGA 
rretw::~~-l-i  pi-111v:ides neat- g11ztba1 c c ~ v e t - a g e .  FI1.1. c . t a t i ~ r r ~ ;  
.t;rarlsr~ii t f i v e  freq l . . t enc ies  which ai-e ,t i m e  secl~.ienced dr..ir-iu~g 
a t e r ~  second i nl erva l , each f t-er; u e n c  y b e  a. 1-rg bi*oadt::-~st j. r~ =i 

i~a'tt;ek'n for7  abetut  ctvre seclz~rrd e a c h .  Tur t h i s  way i:i~~rly i::~\~~e 

c ~ f  t h e  e i g h t  OMEGU t.t-aiPrsmi-t;.t~t-s. i:tpet-at es on a pay\$ i (I:I..\?. \w: 
f - r~c : lue r~cy  a t  a t i rile. Llsing a t f~rire ~ecll ,!ericetj  r e c e i v e r . ,  
i nd i v j. d !.la l t rarcsni i .t t er- I. iitcat i o n s  awcrl f v-eq r..\eulc i e% r a y  be? 
1 % ~ :  l e c t e c l  f c l r  n a ~ i  g a t  i.clrla k t t r -  fkTeqt.,\@rnc:j, r-e.fer.erc!s:e use, 
Each OMEGQ t vansm i t t er s i t e  i. s refe~encecl  ,k; 111 k!.fTC avid <.:: 
w s . i n t a i n e d  L o  UTC k u  b e t t e ~  than 2 F I I ~ C ~ - ~ ~ P ( : : : C I ~ I ~ S  55, 
p{:~'t a b  I. e c I tzlck. t r-:i p s  and one--way p h a s e  mea~ur-.erlien.t  !z 

he ' tween  CIMEGFS tr-arrsr17i-k tet- ?.it es, Thus, UMEGn tr9ansrr-ii s ~ s i u u t ~ ;  
have prcl\/ed t~ be q ~ . r i t e  va l .uab3.e  i n  rftai .ntai~*ri.rrg i:> 

con% ~ Y I U Q U ~  fi'eq 1,tericy r-ef ererice f s~r  a t i rfrel,r.eep .i i " i  5y5t e m ,  
e s p e c i a l l y  whet-e c t t h e r  t irne k -e fe r - e r~ce  si9r127315 s r . . i~h  3:s 
I.,oran-C a n d  TV t ime t e c h r ' l i  q ~ - \ e s  a r e  ~ ~ t r ~ a v a i  l aSl e. 

THE TIMING SYSTEM 

Fundarner r ta l  ta a sate11 i t e  t r a c k i n g  ape ra t  i ~ : t r l  

wher-e rqange and posit ictrtal  data i.s taken is t j.rlie aric! 

.F requency .  81 1 t raok, iny st a t  i o r ~ s  h a v e  a t ir i rekeepir iq  
s y s t e r n  t c l  pr-ovide epclch t ime data f o r  each .;ate1 1. :i. t~ 
c l b s e r v a t  ictr~. Siu!ce t h e s e  ~i tes  ar-e usr . \a l l  y rnaury t ~ c t u r s  by 
cat- a n d  a i r-p l ane f r-orn a t i rtle a r ~ d  f r e q u e n c y  1 abor -a t c t r  y, 
u t m o s t  p r e c a u t  ir_tns; have beerr t akerr  t cl m a i r i t a i ~ ~  C~:%YI~  i r~~rc,t..~s 
epclch and frequency si g r ~ a l s  f o r  t h e  t r - a c b . i n ~  si.te, TI:::{ 
inst-rr-e the   sit^ be . ;e l f -suff ic ier i t  f c t r  a s  1 s ~ j g  
p s s s i  b l e ,  a dl-lal t i m e k e e p i r r g  system was p r c l v i d e d  t o  gcrar-c! 
a g a i n s t  ~ C ~ S S  of epoch t ime clue t t : ~  si g r ~ a l  i n t  e i - r u p t  i u n s  ctr- 
equipment r n a l  f L I ~ I C ~  ions. 1r1 a d d  i t  5.1-3r1, a battery backup 



I 

s y s t e r ~ r  c a p a b l e  o f  w i t h s t a r ~ d i r - i g  a ?'#wet- black.cll.rl c1.F l..\p 
twt:, d a y s  is 1 1 - ~ c ? a d e d  I i . r ~  the evenl; that: e v e r t  t he  e!.et:zt.r-:i.c.r 
!~e.r.ler-ator- is vrt::lt lclperat;ir:tna1!. Fl:(r.< i n ~ . t a n c e ,  i:\; i . 3  Y - I I I I ~  

crnl.isl,\al f t ~ k -  Lctcal  power7 t o  5~ ~ . Y I , ~ ~ Y - I  :in Per-I..\ a t  :ie;j.s.!: 
twice per- week. 

i r e  1 si-fd 2 sht tw t h e  rilak.e l..tr:! t h e  t i r n i n g  5 ~ ~ t e i i 1 .  

64.t t h e  p l - - e s e r ~ t  t i rrre a sake Z ! i t  e r-ecei vel- ai-lcl a !.-~:tv-;?.rt 
i-cceiver- at-",@ ?-lot i i . 1  e/;th~?k* Sr:il,.l?h P r r ; ~ i ~ : ~ ~ d i " i  5 i k ~ 5 ~  IY.~ t i . 7 ~  

nlaivt tir11i.rig cP~aurne! a cesi.l.iln freql..ieiricy ~;!:a;;.~da:~ci ii.1 ~.\c_.,e<. 
1 .  :[n t h e  1~1-khe.r- s-edundant.  chani-,el a .r..i.tbic!i:.\rn i . 5  sl..:Ff.ic.!e-- ,. r i t , ,  

FI I ~ i g h  f t-eql . \erlcy ~...t.c?ej.~e.i- j . 5  i r l r - l l - tded t o  '+ei--:!fy ~PC 'C: ' ;  ,::(:::I 

. . r r . ,  i l r t  ear-i"~ t: ! r n i  ri2 .L he r h i  1 Z i S @ C I : I ~ I ~  1. e v e  I . Riri OMEEP i,,,ece i 
chai.liple l se 1 ec t  s a d i f f~r--en,l:- OKEGR 5t a t  i I : I I ~ I ~  I :  PJ:-I :i. c:?)? :i -: 

a]. T ~ I  ino~ti.t:i;ts~~ci b y  the  IJ. S ,  PJaval, C?bse.r.<va.t ctr--,y,, Dr.\;!?. :I.ca't:~: 
.t; i m e  acc ctrnu 3 at; t : l iL .s  ar-e l.\sed 4 fi .t; FIE? riia i. .r8 t i, ((1 2, r~ij C ~ I  s.ir.~he :!, ,. 
I'ji g i t a l  phase sir;. f t  i r ig  c i i - - c ~ . . i j . . t : ~ y  pei--mi-Ls t i n 3 i u i ~  ej~c.:lct; 

a d j c ! t ? t m e r ~ t s  iri 8.1 r n i r i - c l s e c c t ~ ~ d  steps. C'r-.'ys-kal. I :~LE~:.~&,\;I : :?, ,%> 

arke k- l - i r~~~i r rg  I r a s e  ::~f ar ty  t i r i l i u ~ q  c + ! a r i n e i  c14=lr-:.:illa.t.i:1i= 
failure. frr a d i t i i s v . ~ ,  aiPl DMEGF) mt.sv-iit-tsi- t - e c i 9 : i . v ~ ~  i,s t t r ~ r , !  .1;1:~ 
1:3r-(:1v j. d F? d a t  a t 1 1 1  .t h e g l u b a l Or" E G FI t r- a'ils ril -i, 5 5 i (11 rt rr't e 1 I:.:[ e :i. YI g 
gewle?-a.ted by t he  IJS C l ~ l a s t  El.iai-.d, as W P ? . ? .  ,235 ~JI-~C::&"V.KI~:~ ~t 

ba(:L.:~.t? f 1 1 1 ~ -  the a:tthey-, OWES9 .:-pceivcrs C ( r !  ~j;kc,, T!") :i 5 ~ ~ I C I T I ~ .  ~ E : I ) - '  

as capable af  r - e r e ~ v i r ~ g  t : ~ r - a r r s r ~ ~ ~ ~ . ~ j , i : ~ r , . ~ ~  .F r-. (--, r:) ~5 <. 12 t,. 
- b v % a f i s r ~ i i - k t e r - -  si ters at t h r - f e  (-I I. f f~ ' r 'E? ' f i t  f r..~r-!~.:cr.~~ <i PC:. each, 

T :C MEMEEP I NG ME'TI,-IODS :!S I NG OMFlC;F! 

I r l  car-der- f!:tr- OYESQ t cl he ~-\secI f ctu. t i r n e k e c p j . r . i ~ ,  a 
clc1cl-r. t r i p  to t h e  s i t e  is i . i ecessa r .y  i n i t i a l i z e  the? 
.t: i rnek@epirrg r,yskem arid .*:he IT3MEGR r-ere i1,iei". The  CtMEOR 
r- e c e i v e r- 111 1.1 5 t h a v e a :I. 1. $11 f :i t 5 ~:i i. v i cl e r- (3 1.7 3 :i. r15 7% c s P .t , 3 
r - e f e i - e n c e  v a l  l..\e of phase sh i ft- fr..~::ini the r11ast;er- ~ : t  5et 
c l : l i r r c i d ~ r i t  t:l:l UTC r111..\5t t h e n  be d e t e t - r i ~ i r ~ e d .  G p'r-1::lp35ski.i::ir-, 
c - c l r r e c t  il:ln cha;-t ca? cu! a t . ~ r l  . F ' ~ - c I ~ I I  ;I i OMEC;R 
t i - a n s m i ~ ~ j i 1 : 1 n  ri lc~del f c ~ r -  t h e  t r a c i i i n g  s: ; . te /is ~ , . t z ~ c l  .!:l:::t 

d e . t ~ u - n ~ : i u , e  t h e  GMT t h a t  h a s  i h t i  least: ;,,a~r~ii:it-ielui ~ e ~ ~ ~ - i : l n a l . l y .  
T h e  PPC c h a r t ,  1 :  a l e ,  is availahie f i - - ' i ; t r ~  t h e  I.!.S.Ci::lasi; - 
(3u;ar-d a r~d  is sihclwr,! iri Figl..\.r7e 5 fl:lt7 Pet-I.\, k1.5t:t a PPC: o h a r t  
is r e e d e d  I check t h e  seass-?.la; vat-"i;~l:i.l:~rr ::if: 1:he CIMESR 
phase as vece:i ved Gy USNO I t h e  f rec?1-1er:cy arid 

, z i:lr i? I.,: V". t rar~srn i t t er s i t e 1..\5ed. St r'~:~r~g d i l.ri..ita !, ; ~ F i a s e  i .?t. 
d u r i n g  ts-ar~si.l:il:lv~ fr-lzlm v- l ight  t1:l  d a y  ii1111~1g t h e  (?REG4 
t r - a n s r ~ i i s r ; i . l ~ t r ~  p a t h  fi.-ori~ t h e  t r - a r ~ s n ~ i . t t e v  t,l::l t h e  ~ e c c i . v i . n k  
!;item Fi GMT .t i n ~ e  fl:lr- rnatc.i,i~g QMEGn read :i rlg is tle~.t: ~:il-ti-~i,r~q 
t h e  r n i d d l e  1:1f an al.1. r i j .ght: t i m ~  i I day::i.~',;.I: 
. t ; r - a r ~ s r n i s s i c ~ r ~  p a t h .  k l s t : ~  a c h c t i c e  ~:lf I OTEGQ r ; . l - a t i ~ ~ n  
w h i c h  is t t r - ipur ted s o  t h a t  t h e  tr.ar1~r11i55ii:l~t p a t h  is j.i.1 a 



Nc~rth-South u v i e r r t a t  iclvl p r o v i d e s  t h e  Isulgest  ?-el i a b J ~ !  
reading time. T h a t  is why t he  Pet-I-( %site r..iser; the OMEGn 
t r a n s r n i s s i u n  fr.clm Nclr-th Dakctta and t h e  Er-az i l s i te  L I E . ~ S  &TI 
Q r g e n t  i ria t r-ansm i ssi13rl. Da ta  f rctm b u t  h t i m i  ng chan~?e l ,  s :i.ci 
I-ecurded twice per- day c j u r i r ~ g  the  selected b e s t  GMT tirnes. 
Since  t h e  OMEGG t t 7ans ;mi t t e r  s i t e  is mainkaii.ied v e r y  
clt:lsely t o  UTC (USNO), t h e  p r o p a g a t  ion phase c u r v e c t  i o n s  a s  
recctr-ded by USNO are factored i r r tu  calculat i n g  the f i . r ~ a l  
k-educed e p o c h  d a t a  usually about  one r17anth a f t e r -  t h e  fac t .  

Tirnekeepirig u s i r ~ g  CJMEGR a5 a r-efet-ence has p ~ ~ c ~ v e d  t o  
p r o v i d e  ?-at  her t r c tub l  ~ ! f  Y E ? ~  ~ j e r v i c e  fur per- iuds  I I I ~  abo~..rt 
t w c ~  mont:hs. Pr-ctblerrrsj r a n  r ~ ~ u l t ~  frt:trr~ the fetl.3.ctwing 
OCCC~Y'FTICE?~ : 

Clock  j u m p s  clr rrralfuncticlns at; the t t -aek ing  site 
Cycle jump d u e  to a l o w  s i g r ~ a l  or* stclrrli 
D r i f t  i n  t h e  rnairr c h a n n e l  o s c i l l a t o r -  
D r i f t  1:tr step i r ~  the  tlMEGFl ' c r - a r~smi t t e r  r - e l w t  i v e  kc1 

lJTC 
i s t a t  ictn o f f  a i r -  

Must of these cir-clam%tarlces rnay be d e a l t  w i t h  withclrrt any 
1~155 i r ~  t irlrekeeping u r l r e r t a i n t y ,  especial iy where t h e  
servo corlt  r-ol l e d  OMEGR ineceivev rnay b e  slewed CIT- reset t c i  
prev i  I:II-I~ set up r-ef er-errce values. 

RESULTS OF THE BRFlZIL QNI) PERU TIMEKEEPING SYSTEMS 

See figures 4 and 5 fop  t h e  received phase v a l u e s  f o r  
Brazi 1 and Peru.  

Data for the past year frorn May, 198@ t r : ~  May, 13Al is 
p ~ o v i d e d  in t a b l e  1. 

Q l l  data is long  term averaged and straight l i n e  
segments are  assumed tct p r t ~ ~ d u c e  a t i r t w  1 i n e  relative ta 
IJTC. 

CONCLUSIONS 

OMEGR as a timekeeping t -e fe rence  has proved  t o  be 
very r - e l  iable and a c r u ~ a t e  t o  2 tct 8 rnicr-ssecisrrds; f c ~ -  t l . 7 ~  

SF113 si tes  i n  South Rriler-ira. Wher~ t h e  t iriiirrq cincet-t a i r r t y  
becomes greater t h a n  6 micrsscconds, a c l u c k  t r i p  wol-tld he 
planned other t h a n  the yearly clock check. flowever, this 



- 

h a s  r-ar-ely beer1 n e c e s a t - y  fclrg m a r r r t a ~ n i v l g  t irne t o  the  f ~ v e  
rfl i ck -osacor~d  1 eve  1. 

I t  1s anticipated t h a t  t h e  v-ange t r a c k x r i g  accuracy 
w i  1 1  l r ~ i p r o v e  threefc~ld next year due t o  lrt~prctverrtents in 
l a s e r  p u l s e  w l d t h  a n d  h i g h e r  p l ~ l s e r e p e t i t i o n  r a t e .  Then a 
9)-eater t i m l  rig a r c u s - a r y  w l  1 1 be r-equr red, pekTtsap5 b e t t e r -  
t h a n  what OMEGR car1 pr-ovxde. Then  fctr  t h e  s h o r t  t e r - r n  riwrr; 

c11:lck t r i p s  w i l l  be v l e c e s s a r y  arld t h e  c l c l c k  trip TUSE 
perhaps set f o r  at-I rurrcet-t a1 rrt y c& 4 r f l l  c r 7 0 s t ; c u r ~ d s  w 11 1 h a v e  
t o  be a d o p t e d  t.rnt 11 a a1 tes-rrat ive ~ r ~ i p r ~ : ~ v ~ ! d  t i r 1 1 1  ng 
I - e f e r e n c e  15 adopted.  GPS, h I gh accuracy  spy-ead spect purl? 
N o v a / T t * a n s i t ,  or a devc l t ed  satellite such a s  prctpused by 
Ur. Vassst e t f  SFSO ( o r - b l t r n g  maser) are  p c ~ . s i b r  1 l t e s  t o  
riiake t h x s  r r ~ ~ p r c l v e m e n t .  < I  wctuld 1 ~ k e  t o  t h a n k  t h e  U S  
Coast Guard ONSOD br7anch for- t h e l t -  assistance. 1 



u 
r 
Z 
W 

CIL 
W 

-1 
rnu Tr" 
w z  

+ w 
5 z +-  k- a 

4 + Z X M  
war 

0 HE 
m o  

W CLW 
w u  

CL C L I -  
u w  
U r n  - 

N w 
I W 
r + 

2 C1 
m e w  

f N  
z + 4 2  

w  H Z W W  
0 - Z m O t  0 + H r W  

+ ~ u a 3  + 
4, r o w 0  
J 4  - 4 
h 

1 m 
H 

O 
m 

0 
m 

0 N 0 
I = = W  

1, 
z y a m  

U O J  - 0 +=  
rn 5! 

J 
0 

W U  

+ W O  u A 
2 -  

1 -1 L J  1 2E 
w +  CT+ lo- 
rn 2 m 

W 7  
t o  LC 

W z 0 4  4-4 w S X m  - a 
z=3< 4 

? E Z Z  a 
- o w  7 

t u w  t u r n  z 
w w + w  
w  t w  m 

+ 
l o L n 4 . J  

r 
< r k - = 3  

W 

J m W a  
r 
W - ci 

w 

4 

4 
z 

Z Z 
c a w  
w o k -  



WV RECEIVER 

LF OR OMEGA R 

SCILT,OSCOPE 

LOCK SELECTOR 

LOCK CONTROL 
(ACCUMULATOR 

HART RECORDER 

*. . . .- --- 

SCILLATOR 
CESIUM/RUBID 

CRYSTAL 

OWER SUPPLY 

ATTERY BACKUP 

TYPICAL SINGLE CHANNEL TTMING SYSTEM , 

ECEIVER 

PR'NEL 

UNIT 









PI- H f  , ) " I  1 I ,F (  4 1  , P l l  
( 1 1 4  7 T I '  J 

c ' h l  1 J 1 7  , +  1 1 L ' ( .  7 4  i; 

J 1 7  I 1 ,  F. 1 - r  T [  -7 4 TI7 5 




