



























































Tracing a Signal
Received F
the Spaceeraft

rom

The reflecting surface, or dish, of the 85-foot antenna
collects the radio energy which is fed into the sensitive
DSIF receivers. The antenna, with an area of almost
6000 squ nals so faint that the
radio-frequency energy is calculated to be about equiva-
lent to that radiated by a l-watt light bulb at a distance
of approximately 75 to 80 million miles.

In general, shorter radio-frequency connections be-
tween the antenna signal feed system and the receiver
mean greater antenna efficiency. DSIF antennas for
d operation have a Cassegrainian cone feed system

re feet, can detect sij

mounted at the center, or focal point, of the reflector,
which allows very short connections. This system is sim-
ilar in design to that of a Cassegrainian telescope used
in optical astronomy. Radio waves collected by the main
dish bounce up and hit a subreflector mounted on a
truss-type support that extends about 36 feet from the
center of the dish. The subreflector focuses the waves
into a feed horn in the Cassegrainian cone. The signal

At the SFOF control center, infor-  Processed data present video, track-
mation is processed by computers  ing, engineering, and scientific then fed directly from the feed horn to the low-noise
into usable form for analysis by  metry in the form of time-labelled aser amplifier, so that maximum amplification of the
scientists and engineers. numerical printouts or graphs. All weak signal occurs before it is contaminated by the elec-
PIRCSEOR doka aré ored oy mag tronic noise of the rest of the recciver system.
netic tape. e &

The S-band phase-lock receiver has four separate re-
ceiving channels: two reference channels (called sum
channcls) for doppler information, spacecraft telemetry,
and TV signals; and two channels that carry angle-
tracking signals for antenna pointing. The information
in each of the sum channels is dispersed by distribution
amplifiers in the receiver system to proper destinations
in the telemetry instrumentation and data-handling sys-
tems in the control room.
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FACING, ToP: The Cassegrainian feed cone
mounted in the center of the antenna reflector is
the focal point of the received m.vml Radio

waves. »nnm from the main dish to a subreflector
(see sketch bdouJ which /mm the waves

to a feed horn in the cone.

CING, BotTon: 10-kilowatt transmitter

oo the anitmeg on Whncion radiating powcer
of 2.5 billion watts for sending signals

into deep space.
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GEOMETRY OF THE CASSEGRAINIAN FEED SYSTEM.

nding a Command to
the Spacecraft

The accuracy of the trajectory of a deep space probe
is controlled by transmitting command signals that in-
ate roll, pitch, and yaw mancuvers, as well as propul-
sion, ignition, and timing sequences, which are determined
by computations made from tracking data. Signals are
also sent to the spacecraft to change data rates, change
the type of telemetry information being transmitted, turn
the transmitter on or off or change its power, reorient
the spacecraft or its antennas, or even to switch antennas,
receivers, and transmitters.

Sending a command to the s
Tevers

acecraft is somewhat the
process of receiving a signal. The transmitting
¢t.mun is equipped with a 10-kilowatt transmitter. The
exciter and controls of the transmitter are in the control
room; the radio-frequency power amplifier and asso-
ciated equipment are mounted up on the antenna. The
power level of the signal put out by the exciter is very
low—on the order of a few watts. Thi amplified in the
power amplifier so that the signal radiated from the
antenna is very strong—at least 10,000 watts. The trans-
mitter is normally used with a diplexer, which is a device
designed to allow simultaneous operation of both a trans-
mitter and a receiver at different frequencies on a single
antenna.

The commands to be sent to the spacecraft originate
in the JPL SFOF control center in Pasadena. The com-
mand information is sent over the teletype link from
Pasadena to the station at Tidbinbilla.

Because an incorrect command could result in possible
damage to the spacecraft, extreme precautions are taken
to ensure accuracy. Command information from the
SFOF is usually sent three separate times over the tele-
type links to the command station, and is also verified
by voice over the telephone. Ground command and con-
trol equipment at the station includes read-write-verify
equipment that carefully checks a command before it is
sent and as it is being sent o the spacecraft. This special
equipment reads and verifics the teletype message, trans-
forms the command into a signal for radio transmission,
and monitors the transmitted radio-frequency signal
bit-by-bit. If any bit proves incorrect, transmission is
automatically stopped to make correction. Very often,
especially if the command is to be stored in the spacecraft
memory cquipment for later execution, the command as
received by the spacecraft is telemetered back to the
ground and checked again with the transmitted com-
mand. A special-purpose computer is used just to exccute
these check routines,
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Translating the
Information From
the Spacecraft

Signals processed by the receiver are sent to ground
instrumentation and data-handling equipment in  the
control room. This includes paper-tape and magnetic-
tape recorders, and ultraviolet oseillographs.

Trucking-data-handling equipment records angle me
urements of antenna position, doppler frequency
urements, range measurements, and time. These

me:
data are recorded on paper tape for immediate teletype
transmission to the SFOF in Pasadena for use in space
craft orhit determination, calculation of maneuver param-
eters, command decisions, and prediction of arrival time
at the target

Telemetry signals from the spacecraft that come in on
the receiver sum channel are cither time- or frequency-
multiplexed or both; that is, the signals from the various
measuring. m\(nunelm on the spacecraft are Lﬂlncd on
one composite anal, either
(time-multiplexed) or mnu]\anoumlv on several subcar-
rier frequencies (frequency-multiplexed). This composite
signal is “unscrambled” by decommutators and/or dis
criminators in the ground telemetry system so that each
signal is identified by a channel number. Analog or digital
(or both) methods of signal modulation are used for
transmission of data from the spacecraft to Farth.

Analog modulation transmits engineering measure-
ments in continuously varying electrical signals that

15G: Geographic routings of land lines,
submarine cables, microwave and high-frequency
radio circuits in the DSN Ground
Communication System

lation techniques, it is possible to increase the efficiency
of data transmission from the spacecraft. Digital trans-
mission also simplifies data handling at the ground sta-
tion because digital signals can be formatted for direct
inputs to computers and for teletype transmission.

The detected unscrambled signals are recorded on
magnetic tape so that complete permanent recordings of
all telemetry data from the spacecraft will be available
for later data processing either at the SFOF or by the
NASA Center responsible for the project. Certain selected
spacecraft telemetry signals are displayed at the station
as they are received for the use of operating personnel
in maintaining contact with the spacecraft. Digital data
are exhibited on special displays; analog data are re-
corded on oscillograph recorders, which produce a visible
pattern of electrical signals.

Because the quantities of data produced during a mis-
sion are enormous and constantly growing as space
projects become more. sophisticated, increasing use i
being made of on-site data processing in the DSIF to
relieve the burden both on communication lines to the
Pasadena SFOF control center and on the SFOF data-
processing system. In the on-site data-processing system
at Tidbinbilla, which is controlled by general-purpose
digital computers, some of the unscrambled spacecraft
data are mmened and reduced to digital format for

by high-speed data lines direct to the com-

represent of voltages, pres-
sures, radiation intensity, etc. With coded digital modu-

puters at the SFOF.



In addition to processing and recording spacecraft
telemetered data, the station also processes and records
data generated by the ground equipment, such as re-
ceived signal strength, transmitted power, condition of
all station equipment, and calibration voltages. This in-
formation is processed by the digital instrumentation
system, which uses general-purpose digital computers
that accept and process both analog and digital signals.
All ground data are recorded on digital magnetic-tape
recorders, and certain selected data are recorded on
punched paper tape for transmission over teletype cir-
cuits to the SFOF.

Al taped information sent to JPL is labeled and
identified by date, time received, station, and spacecraft
number. Be
tracking determinations, and in other DSIF functions
that depend upon the timing of electronic phenomena,
the time of receipt of telemetry data is recorded to an
accuracy of at least one hundredth of a second. All data
received during a mission are recorded on magnetic tape
for a permanent record and for the use of sci

ause time reference is a critical factor in

s and

engineers in evaluating the results of a mission. Literally
hundreds and hundreds of miles of magnetic tape are
used in some missions, and final evaluation takes months,
and sometimes years, of study.

DSIF acquisition procedures, which include antenna
ng, transmitter tuning, rangin
etry decommntation, are so precisely
timed and coordinated that it is possible to start record-
ing data from 1 to 10 minutes after radio contact with
the spacecraft is established, and to start transmitting
data to the SFOF within 4 to 16 minutes.

pointing, receiver tur

lock, and tele

Interstation
Communications

Tidbinbilla has communication with other DSIF sta-
tions and the SFOF by telephone and teletype through
the DSN Ground Communication network, and is linked
directly to the SFOF by high-speed teletype for digital
data_transmission via Australian COMPAC cable.

Teletype transmission is at the rate uf 60 words per
minute. On the high-speed data lines, Tidbinbilla can
“alk” to computers at the JPL SFOF at the rate of 600,
1200, and 4400 bits per second (the 4400-bit rate is about
equal to 8500 words per minute). On-site communic
billa are handled by telephone, local pag-
ing system, and closed-circuit TV.

tions at Ti
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