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ABSTRACT

Satellite time znd frequency dissemination systems offer certain advantages
over conventional HF broadcact services, Some of the important deficiencies of HF
broadcasts are discussed together with the corresponding advantages of satellite
systems. Experimental results obtained at NBS using UHF/VHF satellite trans-
ponders are reviewed, Work performed by other experimenters at higher frequencies
is described,

The relationship of disseminated time and frequency to the design and operation
of navigation and communicatién systems is described, There are significant advan-
tages to relating the time and frequency information dissemirated incidental to navi-
gation and communication system operation to external standards,
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INTRODUCTION

Cormmunication satcllite timing systems offer advantagces over existing time and
frequency dissemination scrvices., This paper will describe some satellite time dis-
semination research conducted by the U.S. National Bureau of Standards (NBS) and by
others during recent ycars. A variety of satellites have been employed in these
studies, but the primary interest 2t NBS has been in the use of geostationary satellites
containing transponders which relay a time signal from a reference station to any
user in common view of the satellite. The signal from =z single geostationary satellite
can be received over approximately one-third of the earth's surface: Three such '
satellites would provide nearly worldwide coverage. Present NBS emphasis is on
time dissemination téchniques offering better reliability and coverage than is com-
monly available from HF time and frequency services such as WWV. Earlier work
was devoted to techniques providing greater accuracy,

REVIEW OF SOME SATELLITE TIME
DISSEMINATION CXPERIMENTS

The first satellite time experiments were conducted in August 1962 using
Telstar [1]. The purpose of these experiments was to compare the clocks at the
U.S. Naval Observatory {USNO)} and at the Royal Greenwich Observatory, Signals
were relayed between the locations by the Telstar microwave transponder, A two-
way exchange resolves the round trip path delay if the paths are reciprocal (see
Fig. 1). Ifthe satellite motion is negligible, which is usually the case for geosta-
tionary satellites, the one-way path delay is one-half the round trip delay, The
major advantage of the two-way exchange is that knowledge of the location of the
satellit. and of the ground stations is not required. The disadvantage is that both
ends of the path must have both a transmitter and receiver and that only one user
may be synchronized at a time. Similar experiments were carried out with the Relay
communications satellite in February 1965 {2]. The expecrimenters reported the
accuracies to be 1 microsecond and 0.1 microsecond, respectively, for the Telstar
and the Relay experiments, Doth ¢f these experiments were conducted in the micro-
wave region using wide bandwidihs, Although great accuracy can be obtained under
these conditions, the eguipment costs are beyond the range of many users., The need
for a lower cost technique led NDS to conduct two-way e rime=nts using the Nazione!l

Leronautics and Space Adminisiraticon (NASA) ATS satellite VHE transponder {3,

Accuracies of about & microsceonds were zchieved using inexpensive receiving and
transmitting equipment. It is belicved that accuracies better than 1 microsecond are
pessible. The zccurucy is limited Ty ioncspheric effects,
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deternmine his location and then determine the range to the satellite to correct the
rececived time information, In principle high accuracy time synchronization is
poecible but the cost is high since a special purpose computer is required. User
cost can be reduced if high accuracy is not required,

GEOS [5] is another low orbit satellite used by NASA to synchronize tracking
stations. Timec pulses are provided at intervals of 1 minute, Receciving station
locatione are accurately known with respect to satellite position, Accuracy of about
+ 25 psec has been reported,

NBS has conducted tests with several sztellites using the one-way mode [6], [7].
These tests were conducted with geostationary satellites containing transponders to
relay the signal from a master station to any user in common view of the satellite,
Experiments have been conducted with the NASA satellites ATS-1 and ATS-3 and with
the U.S. military communication satellites LES-6 and TACSAT. These satellites
contained transponders which operated in the frequency range 130 to 300 MHz, The
accuracy was limited primarily by errors in the path delay predictions (even geo-
stationary satellites drift in position). For satellite time transfers made within a
few days of updating the orbital elements, accuracies of 10 to 25 s were typical,

For older orbital elements the accuracy range was 60 to 150

These experiments were conducted at sites in Alaska, Hawaii, Ohio, Massachu-
setts, Colorado, and South America., To check the accuracy of the time transfer,
the stations were equipped with cesium standards independently synchronized [6], [7]
to within a few microseconds,

RECENT RANGING EXPERDAENTS

Determination cf satellite position in NBS experiments has been based on orbital
information supplicd by agencies controlling the satellites, An zlternzative (and
simpler) approach hae recently been investigated at NBS znd found adeguate for the
necds of many usérs [8)].

The range to a sztellite from three known locations was measurcd simultancously
while a time signal was being relayed {rom one of the three locations to the other two,
The accuracy of the range mezsurements depended on the accuracy of synchroniza-
tion at the station clocks and on the range measurement reselution, For these experi-
ments the resclution was about 3 km wlichis modest compared to resulits obtzined at
modern tracking ranges, However, using this simple trilateraticn arrengement to
determine satellite position, clocks at other locations were synchro"xizcd to about
40 8. Using more accurately synchronized clocks at the trilereraticn ctatione and

w.tk improved ranging resclution, it is estimezted that the technigue iz capalile of
providing =)'1ch*cm‘ ation in the accurcC, range of }to 10 s, Note that renging and

clock synchiror
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The signal format vsed in the recent experiments was designed primarily
measure the accuracy of time transfers using geostationary satellites in onec-w
two-way modes, If wids band microwave salellite transponders o
rise pulscs can be used. NBS has been more interested in exploiting the narrow bznd
UHF-VIIF trensponder copability since the required cguipment comgplexity and cost is

As an alterus risc pulses, the
que commonly I

cveilable,

lower {or potentiul users

Yeide tone ranging' tech

1S Ccanosen,




ONBSERVATION : METEOROLOGIE, GEODESIE, LOCALISATION 431

A 10 kHz tone is derived from the time standard with zero phase displacemant
from the time tick, This tone is gated by the clock to give sequential 10-second tane
bursts at the rates of 1, 10, 100, and 1,000 pulses per second, followed by 10 sec-
onds of the 10 kHz tone and a 10-second quiet period, The period of a complete time
frame is } minute, The leading edge of all pulses are aligned to have zero phace
displacement from the 10 kHz tone, which is already phase coherent with the time
tick,

A carrier modulated by this time information is relayed by the satellite trans-
ponder to a user who compares it to a similar sequence derived from his clock. The
amount by which the user must delay his own sequence to bring it into alignment with
the received sequence is equal to the sum of the radio path delay and the time differ-
ence between the clocks, The resolution of the measurement is the resolution of the
comparison of the 10 kHz tones, The ambiguity of the measurement is ] minute, the
period of one time frame, »

Some users might like a signal which is less ambiguous than 1 minute, To this
end, the NBS is working to initiate an experimental satellite time dissemination
scervice which would include voice announcements of time of day similar to the precent
format on standard broadcasts such as WWV or CHU, A l-minute time {rame would
include voice announcements of time and 2 BCD time code giving years, days, hours,
and minutes, This BCD code would be modulated onto a 100 Hz subcarrier (essen-
tially inaudible to a listener interested only in voice announcements)., This same 100
Hz subcarrier time code will be available on WWV and WWVH on or about July 1,
1971, so that the same decoding equipment could be used with both the satellite and
the HF signals,

Should a 24-hour, dedicated satellite, standard time service ever be instituted,
it would have an important advantage over HF services in that users will not need
high quality clocks to carry the BCD decoders through HF fades, Correspondingly
voice announcements and zudic tones would be free from fading.

OTHER ADVANTAGES OF SATELLITES OVER HF

The entire earth (except for thePoles) can be covered by three geostationary
satellites, Many HF stations are required for global coverage since the range of
HF signals is limited, Since many IF standard time broadczets are on the same
frequency there are interference problems in areas of overla
could be avoided in 2 saleliite service by agsigning a diffcrent
satellite,

Satellites can provide zccuracy a hundred timos bettier then the 1 millisccond
accuracy typically obtainalle from HE,

HE ueers in veak .1 areas often employ very large entennas in order to pet
le. UHF-VHF satellite users could employ antennae similar teo

tia] television Feceiving antennas,
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Below is a summary of features of 2 UHF or VIHF satellite time brozdcast sery-
ice which would Lie attroctive to many usceres, o
, Unambipucus time signals, (Date and time of duy provided.)
. Not generally subject to propagation {ade outs (except zt high latitudes).
. High accuracy,
. Nearly worldwide coverage with three satellites,

W

Ut

. Not subicct 1o intcrference due to overiapping coverage (freguencies
would bLe staggered), ‘ '
€&, Low cost to
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TIME AND FREQUENCY DISSEMINATION IN
COMMUNICATION AND NAVIGATION SYSTEMS

Time and frequency dissemination is an integral part of many communication or
navigation systems, The TV format, for example, contains sync pulses whose sole
purpose is to kcep the crystal oscillator in the home television receivers at the same
frequency and phase as the TV system oscillator, The Loran-C navigation system
requires, for proper operation, that the Loran-C master and slave stations be syn-
chronized in time, Another consideration of time dissemination associated with the
Loran-C navigation system concerns the Loran user: In effect, the user measures
the difference in distances between himself and three Loran stations by measuring
the time difference betwcen pulses received from the respective stations, Systems
which employ time division multiplex techniques must have coordinated clocking,
Clocking can be coordinated externally or internally, In some cases frequency is
coordinated externally (by monitoring standard frequency broadcasts) and timing is
coordinated intcrnally (by the use of sync pulses). In these examples, clocks are
coordinated with each other within 2 system. It is arbitrary whether the system
clock is set to the correct "time of day' as determined by a time standard external
to the systern.

Apparently, many communication and navigation systems (e.g., television) are
already disseminating system time and frequency quantities, Communication satel-
lite systems now in the conceptual or design stages will also communicate their
system time and frequency. Whether or not system time and frequency information
communicated will be related to standards externzal to the systems is a decision that
will be made consciously or otherwise by the systems designers,

Referencing system time and frequency to external (international) standards
offers three opportunities to designers of communications systems. The firstis
related to spectrum conservation, Many existing communication systems (e.g.,
television) allocate a significznt portion of their conununication capacity to system
time and/or {requency coordination, JIn some cases, exXternally disseminated time
and frequency information could be utilized provided suitable clocks were incor-
porated into the systern, This could free for other uses that poftion of the channel
czpacity being used for system clocking, Similarly, that portion of system operaticn
cost allocated to time and frequency dissemination could be reduced. Designers of

H
eatecllite cornmunication systems must be cspecially conscious of the opportunity to
improve communication efficiency because of the high operating costs involved,

A second opportunity concerns the capability for privacy. Modern cryptographic
technigques permit the sending of messages which can be received Ly anyone but which
hizve rneening only to those with synchronized clocks and knowledge of the time at
which significant messages will be cent,

A third opportunity is related to the resource tiat weuld exist
evstems reference their time and £
time and {requency information could then be avails
thotle circumstances new gystems which depend on well disseminated time and fre-

should major
requency information to external standards, Geod

: zlmost everywhere, Under

quency information could be implemented, For example, & data cemmunications
eystem to handle Lanking transzctions in a completely private fashion would be 2
possibility,

There are two opportunities for navigation sysiems designers who reference
atitiez to external standards, The first is related to
Lorun-C chain zs well as a clock on board a uscer's
to external standards end, thercfore, with respect te

their time and {requency gu
redundancy, If a2ll clecks o
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,aih other, a navigator could use the Loran system as a range-range system in
Lddition to using it as a hyperbolic system [9] Additionally, he could determine his
peieition unambiguously from only two stations [9], effectively extending the range
of the system. This can cornstitute a significant improvement in navigation accuracy
yivoronilc areas,

Devigners of both communication and navigation systems referencing their sys-
tetn time and frequency to external standards would have a common advantage,
“hould a network station operator experience a failure of his etandard, he could
y eeynchronize it either internally to the network or by reference to an external stand-
a1 disscminated by some other means (e, g., by some other externally referenced

=yulcnx%

. SUMMARY

The utility of communication satellites for disseminating time and frequency
intormation has been demonstrated, The cost to the user is related to the accuracy
he requires, A catellite standard time service appears to be attractive to many
weeTrs, .

Many cxisting and planned communication and navigation systems communicate
time and frequency information necessary for system cperation. Referencing the
tirning of such systems to a2 primary standard would create opportunities for spec-
trum conscrvation, private communication, and timing redundancy,
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