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THE U, S. ARWY SEQUESTIAL COLLATION OF RANGE GEODETIC SATELLITE SYSIEM

A, GHNERAL

- Ths “eqveqfial Collation of Range System {SECOR) ﬁas developed by
the United States Army Corps of Enginesrs asg an all—weather3 ‘mobile
geodetic tool designed to provide ranging data through phase’ comparlson,
te determine the geodetic position of ground points located up to 1500
-milgs from known geodetic positions., The SECOR system. is.being used to
acoompligh. intercontinental, interdatum and inter-island geodetic ties

utilising .a satellite-borne tfaneponder and four ground stations.
.. B, " GROUND STATIONS

l;. bescrigﬂioﬁ° Figune l is a plcture of & SECOR Ground Station.
The SECOR ground stations are part of the Geodetlc SECOR gystem used to
establich geodotic pesitions. A station consists of an RF shelter, data
sheiterg“etorage shelter, and euppert equiﬁment which ineludes generators,
alr conditioners, ranging antenna, commuﬂlcatlone antenna, single side
* band commuriication equinment and GOAT trang porten, ‘Each ehelter welghs
approximately 38C0 pouniz and has 6%£“ 63t x 135 dimensions.. The RF
sielter contuins frequency yﬂth6b12843 Servos, processor, tuning aad
‘sequencing coutrol and recorder. The storage shelter centaiﬁe ground
- communications and test equipmeﬁt'and'workiﬂg Spaceas A”obmﬁlete ground
sbation with all eupport egquipneilt welighs approx_mauely 35,000 pounds,

Thie overall welght is being reduced con51derably by repmckaglng,

2a Prlnelnles of Oneration: eletance measurements are made 1o a

satellite-borne transponder by determining the phase shift of a series

_ of.modula*ed.sﬁgnaTS transmitted by the gﬂound statien., A RF signal is
transmitted by the ground. station to the transponder where phwse informa-
tion is demodulated and retransmitted to the grouad siation on two off-set
carrier freqﬁenoies, The shift of phase betwesn the ouﬁgoing and returned
. 91gna13 is measured by a 8ervo mechaniem and range measvrements are
'recorded on magnetlc tape, Bj measurlng the phaee delay on seversl related

modulation frequencies and a pulse; unambiguous measurensais are obtained.




E/CN.14/CART/195
- Page 2

Ihospheric correction data is obtained from the'two frequencies returned
hy the satellite. 7

C. TRANSPOKDER

Figure 2 ig the picture of a SECOR TransPonder,'the gspaceborne
portion of the Geodetic SECOR system. It may be mounted in its o

séparable satellite or ingtalled as an iﬁtegral part of a larger satellite.

1. Description: The SECOR Transponder, as shown, weighs & pounds
and has no dimension over 6" in. length, It consists of a closed loop
“transponder and power supply. The transponder subwassembly congists
of g receiver, phase-modulatiOﬂ detector, ranging signal amplifier,
phase modulator, highk frequency transmitter and seleoct call oircuitry.
- The power supply sub-assembly converts the satelllte battery voltage

'1nto voltages reguired by'the transnondera

2b Principlss of Operatlons In 0peration the transponder remains

'cin a standby condition until activated by a select ocall signal gen—
Aérated at a grouﬁd station. Upon activafién, the transponder reoeives
‘1and detects four ranglng frequencles and a master statlon command tone
'that have been phase modulated on the carrier frequency. The receiver
ranglng frequeaoies are then remodulated on two offset carrier fre—
quenclies and retransmitted without a phase delay to the ground station.
rThié sequence is repeated as one‘domplete cycle from four ground sta-
tions every 50 millisecomds. It is in this manner the transponder -
Treceives and‘ret;ansgits the ranging phase information required to make

range‘measurements from the ground to the satsllite.
D, SATELLITE

_ 1. Description: Plate 3 is a picture of a SECOR Type II'Satel—
Lite. The SECOR Type II Satelilite weighs 40 pounds and has 10" x 13"
x 9" dimeusions. It contains the SECOR Transponder and its support

systemss These systers ares

a. An electrical systen consisiing of solar cells, nlckel oadmlum

batteries, voltage regulator and. connectlng erlng.
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o b telemetry gystem to transmit housekeeping data (1.8.,
battery temperatures, batbtery voltage, shell temperature, etc,) from

the satellite to monitoring stations.

c, An antenna system consisiing of a telemetry dipole and 8-
-transponder antennas, 4 for each carrlpr frequenoy, conflgured as a

turnstlle.

2. Principles of Operation: When in orbit, the solar cells

convert solar energy to electrical energy to charge the batteries, This
stored electrical energy,'with voltage regulated, continuously operates
the telemétry transmitter and the transponder receiver, and intermittently
operates theItranSPOnder-transmitter when the ground siztions are inter-

rogating the transponder,
E. OPERATIONAL MODES

Plate 4A represents the schemes of operation of the SECOR system
in its two primary modes, simultaneous and orbital, The simultarneous
mode is being used operationally. The orbital mode is still in the test

and analyses phases

1. Simultaneous Mode: Each ground station and the satellite

transponder comprise an electronic distance measuring unit. Range
measurements (by means of multiple frequency, phase comparison technigues)
are made to the satellite in rapid sequence (essentially simultaneous)
from each ground station when the satellite is above the radioc horizon

of the ground stations. Three (3) of the ground stations are loested en
known geodetic positions with the fourth ground station located where
geodetic coordinates are desired. The simultaneous range measurements
permit the determination of the desired geodetic coordinates independent

of the satellite's orbital parameters.

2. Orbital Modes If the satellite can be viewed simultaneously

only by the three (3) known stations with the unknown station able to
view the satellite very shortly before or after on the same pass, the
orbital mode can be used. An arc of the satellite orbit will be extra—

polated from the ephemeris of the satellite detefmined by the three (3)
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known ‘stations: ‘This permits the determination of the desired geodetie
coordinates dependent on the satellite's ‘orbital parameters. Tests are

now being conducted on this method.
F,' RESULTS
Results of operational measurements show probable errors of as

little as + 3 meters in position.
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