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ARSTRACT

The Smithszsoniarn Astrophysical Ohservatory
(5a0)  operates a worldwide satelliite tracking
meptwork which uses a combimaticn of OMEGRE as &
freguency referernce, dueal timirg charmels, and
portable clack COUMParisons L matwbaim
accurate epoch time. Propagatiornal charts
from the U.%. Coast  Guard  OMEGH moec bone
programn minimize diurnal and seasonal affects.
Daily phase value publicatiorns of the LG
Maval Dbservatory provide corrections to the
field collected timing data tTo produce  an
averaged time line comprised of straight line
segments
called a time history file (station clock
mivmus UTC). Deperding uporn  clock lacabtion,
reduced time datas accuwraclies of bhetweesn two
and eight microseconds are tvoical.

INTRODUCT ION

The purpose of this report ie to provide a user's
veport  on maintaining high quality time using OMEGH
tranesmissiomne.  This  approach has  evolved through  the
yvears taking acouwracy, cost, reliability and quality  of
reference gigrals, arnd ease of time reductior into
acecount, The eguipment and timekeeping mebthods uwsed do
keep at  least 6 microsecond reduced epoch time at two
samewhat remcote sites from the standpoint of orecise  time
availability is the subject of thise paper. The two sites
are both located iv Bouth Awevica, orne  at  Natal, Brazil
and the other at Oreguipa, Peru.

5A0 SATELLITE TRACKING NETWORH

Bince 1987, the Smithsonian Astrophysical Obzervatory
has operated a network of astrophysical abserving staticns




ta pravide satellite chservations irv suppoet of  gvolving
scientific programs  in  gecdesy, geophysics, celestial
mechanics, the upper atmosphere, and earth and  ccean
dynamics. These came under NABA sponsorship in 1987, Ty
pecdesy and geophysice, the data acguirved by the mebtwoeb
of  satellite tracking stations has beern used to develop
accurate mathematical models of the earth’s size, shape,
and gravity field.

THE OMEGR NAVIGATIONAL NETWORK

Maintairned by the U.5. Coast Guard, a network of
gight trarnsmitting stations inm  the VLF freguercy hand
provides location information to a certainty of 1 o &
mautical wmiles with some correcticonal data.  This OMEGH
rmetwork  provides  mear global coverage., 211 etations
transmit five freguencies which are time sequenced during
a ten second irterval, each freguency heing brosdoast in a
pattern for about one secorwd each.  In this way only orne
of the eight OMEGHR transmitters opegrates on & particulay
freguerncy at a time. Using & time sequenced receiver,
individual transmitter locations and  freguencies way be
welected for wavigatiomal o freguesrney reference use,

Each DOMEGA transmitter site iz referewnced to UTC  anmd  is
maintained to UWUTE ta  better tharn 2 wsicroseconds by
povtable clock trips  and cne-way phase measurenent &
hetweer OMEGA trarnsmitter cites. Thus, OMEGA transmissions
have proved to be quite valuable in maintaioirng a

contirous Freguency reference Toor a bimekeeping system,
especially where other time reference sigrals such as
Loran—C and TV time techmigues are unavailable.

THE TIMING BYLTEM

Fundamental to a satellite Ifrackiwmg operation
where range and positional data iz taken is time and
freguency. All  tracking stations have & timekeening
system to provide epoch time data for each satellite
observation, Since these sites are usually many hours by
car and airplane from a time and freqguency laboratoery,
utmast precavtions have been btakern to mainbtaiw continuwcus
epoch  and  freguency signals  foor the tracking site. To
insure the gite be self-sufficient for as  long AL
possible, a dual timekeeping system was provided to guand
against loss of epoch time due to sigral intervuptions oo
gruipment malfurnctions, In addition, & battery backup




syeten capable of withetanding a power blagkout of  up  tx
twzx  days 1€ included (in the event that evern the electric
nenerator is not operaticomal). For instance, it is rmot
wrusual forr local power to be iwntervrupted in Peruy at ieast
twice per week.

Figures 1 and & show the make up the timing systen.
At the present time a =zatellite receiver and a lLoeran
receiver  are not in either South Bmerican sites. Ivi the
maiv timivg chanmel a cesiun freguerncy standard  1nm used,
I the other redurndant charnel a vubicdium is sufficient.

A high freouency recgiver is included to verify ¢ Lo
the wmillisecond level. An OMEGR receiver ivn each timing
charmrmel selects a different OMEGAR statiowm,  ore  whdoh o=

ales  monitored Dy the U, 5. Naval Dbhservabtory.
time acoumulators are used in  the maiw  tiwming  ohavnel.
Digital phase shifting circuityy permits  timing epoch
adjustments in @, 1 microsecond steps. Grystal oscillators
are rruwming  in caze of  any  timing chermel oscillator
failure, Ivi &dition, an OMEGA monitor vecsiver is used

et b
praovide data to the global OMEGR transmission model heing
pernevated by the UE Coast Guard, az well as oravide &
backup for the other OMEGH receivers on site. This monitor
iz  capable of PeCelvVing bransml &5 1ions o elnht
tramsmittey sites at three different freguencies each.

TIMEMEERING METHODD USING OMESH

I order fooro OMESHR to bhe used for  timekeeping, &
claock trip to the site is mecessaey hto dnitialize the
timekeeping system and the OMEGR receiver. The OMEGE
receiver must have a&ll  of its divider chains ceset, 0
reference value of phase shift from the master colock set
caincident to UTC must then be determivned. 0 propagatios
correctiorn chart calculated from  a worlowice OMEGA
transmissicn  model  for the tracking site 1s  used to
determine the BMT that has the least wvariation
The PRRC chart, so called, is available from the W 5. Coast
Guard and is shown iw Fipwre I for Peru. Alsc a PRC chart
iz wneeded to check the seasconal variation of the OMEGA
phase as  recelved by USNO for the freguency ari
tramsmitter site used. Strong dinroal ghase shifts ooows
during fransiticorn  from  wight  to day along the [OMEGH
transmission  path  fram the tranmsmitter Yo the receiving

mite. A GMT time for making OMEGR reading is beet  during

the middle of  am  all  wight time o all  daylipght
tramsmission path. Also a cholice of  an OMEGA  station
which is oriented sco that the traremissiorn path 18 in a




Novrth-South  orientation provides the longest reliable
reading time. That is why the Peru site uses the OMEGH
transmission from North Dakota and the Brazil site uses an
firgentina transmission. Data from both timing chaomels is
recovded twice per day during the selected best GMT times.
Since the OMEGR trarnsmitter site is waintained very
closely to UTCAUSNDY, the propagaticon phase corrections as
recorded by USNO are factored into calculating the final
reduced epoch data usually about one month after the fact.

WHRT CAN GO WRONG

Timekeeping using OMEGR as a referewnce has proved to
pravide rather troublefree service for periods of about
twe morths.  Problems can results from the following
COCUFReNCes |

Clock gumpsz or malfunctions at the tracking site

Cycle jump due to a low sigrnal o gshorm

Drift in the main charmel oscillator

Drift o step in the OMEGA trarmsmitter velative to
uTc

Htation off air
Most of these civeumsbtances may be dealt with without any
loss 1w timekeeping uncertainty, especially where the
serve cantrolled OMEGA receiver may be slewed or reset  to
previous setup referernce values.

RESULTS OF THE BRAZIL AND PERU TIMEKEEPING SYSTEMS

See figures 4 and 5 for the received phase values for
Hrazril and Peru.

Data for the past year from May, 1980 to May, 1981 is
provided in table 1.

All data is long term averaged and straipght live
segments are assumed to produce a time line relative to
UTC.

CONCLUSIONS

OMEGA as a timekeeping referernce has oproved to be
very reliable and accurate to 2 to 8 microseconds for  the
SA0 sites  in South America. Whern the timing uncertainty
becomes greater thanm 6 microseconds, a clack trip would be
plarmed other than the yearly clock check., However, this
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has rarely beer recesary for mairntaining time to the five
micrasenond level.

It is anticipated that the rarge tracking accuracy
will dimprove threefold next year due to improvemernts in
laser pulse width and higher pulse repetition rate. Then a
greater timing accuracy will be regquired, perhaps better
than what OMEGA can provide. Then for the short term more
clock trips will be wnecessary and the clock trip fuse
perhaps set for arn urncertainty of 4 microseconds will have
to be adopted until an alternative improved timing
reference is adopted. GRS, high accuwracy spread spectrum
Nava/Transit, o a devoted satellite such as proposed by
Dy. Vessot of SA0 (orbiting maser) are possibilites to
make this improvement. (I would like tao thanmk the US
Coast Guard ONSOD branch for their assistance.)
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