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FRONT COVER: A stereographic projection

of the local coordinates used at the Woomera
Station to define antenna-pointing angles

for locating the spacecraft.

The place-name Woomera derives from the
aboriginal language of Australia. A woomera is a
throwing stick or simple catapult used for
throwing a spear or lance. In addition to giving
the hunter greater leverage and thus greater
range, the woomera also imparts a rotation to the
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A vital element in every National Aeronautics and
Space Administration (NASA) space flight project is the
communications system which returns data from the
spacecraft to its home base and transmits instructions
from Earth to the spacecraft. The Jet Propulsion Labora-
tory (JPL) pioneered the development of many of the
critical elements of communications systems designed to
function over the vast distance involved in cislunar and
interplanetary missions. In 1958 the Laboratory first
established a three-station network of receiving stations
to gather the data from the first U.S. Earth-orbiter
Explorer 1. Since that time, the network has developed
into the Deep Space Network (DSN) specifically de-
signed to communicate with space probes traveling to
the Moon and bevond.

The DSN has many outstanding accomplishments to its
credit. Included among these are radar observations of
several planets, tracking the Mariner mission to Venus,
and receiving the television photographs from Ranger.
The capabilities of the Network are continuously being
improved in order to keep up with the demands of the
more complex deep space missions undertaken by NASA.

Since its establishment in 1958 the Woomera Station
has been a vital link in the Deep Space Network. The
success of the Pioneer, Explorer, Mariner, and Ranger
programs would not have been possible without the ca-
pable participation of the staff at Woomera. We gratefully
acknowledge the continued cooperation of the Australian
Department of Supply in this joint scientific project.

This Technical Memorandum is one of a series which
describes the facilities and functions of the various major
elements of the Deep Space Network.

[N 2

W. H. PICKERIING
Director, Jet Propulsion Laboratory




DSIF stations circle the globe at intervals of 120
degrees in longitude to maintain continuous
coverage of the spacecraft.
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One of several world-wide data-acquisition networks
established by the National Aeronautics and Space Ad-
ministration’s Office of Tracking and Data Acquisition.
the Deep Space Network operates under the system man-
agement and technical direction of the Jet Propulsion
Laboratory. The main elements of the DSN are the Deep
Space Instrumentation Facility (DSIF ), with space com-
munication and tracking stations based around the world:
the Space Flight Operations Facility (SFOF) at JPL in
Pasadena, California, U.S.A.. the command and control
center; and the Ground Communication System, which
connects all parts of the DSN by telephone and radio-
teletype.

The DSIF stations are situated approximately 120 de-
grees apart in longitude so that the spacecraft is always
within the field of view of at least one of the ground
antennas. The DSIF locations are at Woomera and
Tidbinbilla, Australia; Goldstone, California, U.S.A.; Jo-
hannesburg, Republic of South Africa; Madrid, Spain;
and Ascension Island, South Atlantic Ocean. Support
facilities include a spacecraft monitoring station at Cape
Kennedy, Florida, U.S.A. JPL operates the U.S. stations
and the Ascension Island station; the overseas stations
are staffed and operated by government agencies of their
respective countries.

In addition to the Deep Space Network, NASA oper-
ates other spacecraft tracking facilities. These include the
Scientific Satellite Network, which tracks Earth-orbiting
scientific and communication satellites, and the Manned
Space Flight Network, which tracks the manned space-
craft of the Gemini and Apollo programs. The DSN is
designed for two-way communications with unmanned
space vehicles with destinations more than 10,000 miles
from Earth.

The Deep Space Network participated in the highlv
successful Ranger series of TV-picture-taking missions
to the Moon, and in the Mariner flyby mission to Mars.
In the near future the DSN will communicate with
NASA's Lunar Orbiter, designed to obtain additional
pictures of the Moen's surface, and with Surveyor, an
advanced spacecraft that will land on the Moon. In com-
ing years the DSN will take part in the Voyager program
to explore the near planets.

The impact of space explorations is felt throughout
the world, but most profoundly by those nations who
actively participate in DSIF operations. They share in
the trials and triumphs, as well as in the burden of space-
craft tracking, communication, and command that falls
on the ground stations.
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FACING: The Woomera Space Communications
Station is located in an isolated area near the
shores of Island Lagoon Dry Lake in South
Australia, far from man-made noise that would
interfere with the sensitive antennas.

ricHT: Woomera pperations and engineering

building.

The Australian and United States Governments have
entered into a cooperative agreement to establish and
operate stations of the Deep Space Instrumentation
Facility (DSIF) in Australia. The Australian Department
of Supply through its Weapons Research Establishment
is responsible for the construction, operation. and main-
tenance of the DSIF stations at Woomera and Tidbinbilla.

Each DSIF station is equipped with a polar-mounted
85-ft-diameter parabolic antenna and associated equip-
ment for communicating with spacecraft millions of
miles from Earth. The tracking stations must be located
away from man-made electrical and commercial radio
and television interference, and it is desirable that theyv
be in natural bowl-shaped terrain to provide further
shielding from interference.

A site fitting these requirements was found at Island
Lagoon about 14 miles southeast of Woomera village in
the state of South Australia. This station is built near the
shores of the normally dryv Island Lagoon salt lake in an
area set aside by the Australian Government for space
research. Two other U.S.-sponsored facilities in addition
to the DSIF Station are located at Island Lagoon. These
are a Satellite Tracking Facility and a Baker-Nunn
Camera.

The Satellite Tracking Facilitv is one of twelve similar
ground stations around the world providing precision
tracking and telemetry data from Earth satellites. The
Baker-Nunn Camera, which was installed during the 1957/

1958 International Geophysical Year, is one of the
world’s most accurate optical tracking instruments. It is

used for observing and photographing satellites and for
astronomical research. Atmospheric conditions at Woo-
mera are generally verv favorable for optical tracking.

Woomera DSIF Station

Construction of the Woomera DSIF station was com-
menced in 1958. The design and construction of the
buildings was accomplished by the Commonwealth De-
partment of Works on behalf of the Department of
Supply. Basic requirements and design criteria for the
station were developed in conjunction with the Jet
Propulsion Laboratory.

Woomera is a self-sufficient station, with its own access
roads, and its own maintenance and repair facilities. It
has its own power-generating equipment and a telephone
svstem provided by the Australian Postmaster-General’s
Department. Water is obtained. as for Woomera gen-
erally, by a branch line of the Morgan-Whyalla pipeline
from the River Murray over a distance of about 350 miles.

The technical staff and support personnel required
for operation of the Woomera station are supplied by
the Weapons Research Establishment, which maintains
range Headquarters at Island Lagoon. A DSN Resident
Engineer from the Jet Propulsion Laboratory acts as a
technical consultant to the Station Director.
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FACING: Inset on map shows location of the
Woomera Station and other space research
installations at Island Lagoon, about 14 miles
southeast of Woomera village.
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The Station Director and other key operating personnel
performed acceptance tests on much of the electronic
equipment when it was checked out at the Goldstone,
California, station before shipment to Woomera.

The major facilities at the station are:

a. An operations and engineering building which
houses the majority of the tracking, telemetry, and
communications equipment as well as laboratories
and offices.

b. A utilities and support building which houses the
power-generating and switching equipment and
workshop facilities.

c. The 85-ft-diameter antenna and an antenna support
building which contains the hydro-mechanical
equipment for the antenna and the radio transmitter.

d. A collimation tower and a small building to house
the collimation equipment located about two miles
from the main antenna. A source of radio energy
which simulates spacecraft signals is mounted in
the collimation tower. This equipment is used to
calibrate and check the performance of the main
antenna and associated electronic systems.

In DSIF operations, Woomera performs the functions
of tracking — locating the spacecraft, measuring its dis-

tance, velocity, and position, and following its course;
data acquisition—gathering information from the space-
craft; and command — sending instructions from the
ground that guide the spacecraft in its flight to the target,
tell the spacecraft when to perform required operations
and when to turn on the instruments for performing the
scientific experiments of the mission.

The station operates in the radio-frequency channels
allocated to the DSIF, which until the completion of the
Ranger series were in the L-band. Signals were trans-
mitted to the spacecraft at 890 Mc (million cycles per
second) and received from the spacecraft transponder at
960 Mc. Equipment has been modified to operate in the
S-band for all future missions. Frequencies from 2110 to
2120 Mc are now used for transmission to the spacecraft,
and from 2290 to 2300 Mc for information returned by
the spacecraft.

Each space flight project requires equipment and ac-
commodations unique to that project, dependent upon
the type of command system to be used and the type of
telemetry system the spacecraft will carry. Sometimes
this may just mean a rearrangement of station equipment.
When tailor-made equipment is required by a project, it
is supplied to the station by the responsible project or-
ganization, and arrangements are made in advance for
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Woomera, a modern town brought into being by the space age.

the equipment to be integrated with the normal comple-
ment of station equipment.

WoomeraVillage

The Commonwealth Government has set aside areas in
South Australia and Western Australia for a rocket re-
scarch test range. The town of Woomera was built to
provide accommodations for personnel and their families
engaged in building and operating this range. Since
establishment in 1948, Woomera has grown to a thriving
modern town with a population nearing 5000. It is situ-
ated about 300 miles northwest of Adelaide in semi-
desert country which is used almost exclusively for sheep
grazing on large pastoral holdings. The average rainfall
in the area is about 7 inches per year. Average daytime
maximum temperatures range from 94°F in szu:{ry to
62°TF in July. Traflic-carrying avenues skirt the residential
streets and large park and public areas are within walk-
ing distance of all homes.

Public buildings at Woomera include an extensive
community store and specialty shops, a hospital, a mod-
ern theatre, Protestant, Roman Catholic, and Church of
England churches, plus schools, kindergartens, police and
fire stations, a civic center building, and a post office.

Accommodations for single and visiting employees are
provided at three staff messes and in a women’s hostel.

Excellent facilities exist in Woomera for active recrea-
tion. The town has several tennis courts, a bowling green,
and a golf course. An Olympic-size swimming pool is
located, near the civie center, and facilities also exist for
basketball, cricket, and football. Badin-Powell Hall serves
as a center for Scouting and related youth activities.

The town is administered by Superintendent/Woomera
with the advice of the Woomera Board composed of
elected residents, Departmental appointees, and a perma-
nent Secretary.

Transport to and from Woomera is available by rail-
road, automobile, and air. Rail service is provided by
diesel cars operating three times a week between Woo-
mera and Port Pirie where a connection is made to
Adelaide; the trip takes about 8% hours. The road
from Woomera to Port Augusta, a distance of 115 miles,
is largely unpaved and sometimes unusable in rainy
weather. From Port Augusta south to Adelaide (about
200 miles) the road is paved and always usable. The
Department of Supply operates a regular week day air
service between Adelaide and Woomera. Advance ar-
rangements must be made by visitors before they may
enter Woomera.
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Woomera has communication with other DSIF stations
and the Space Flight Operations Facility (SFOF) at JPL
by telephone and teletvpe through the DSN Ground
Communication System. and is linked directly to the
SFOF by high-speed teletvpe for digital data transmis-
sion via the Australian CONPAC cable.

Teletype is the primary means used for transmitting
tracking and telemetry data from the DSIF stations to
the SFOF. and for sending predictions and other data to
the stations. Analog and TV data channels may be avail-
able for some missions. Voice circuits are used for trans-
mission of high-priority communications other than data.

Technical control of all communications facilities through-

out the DSN is exercised by the Communications Co-
ordinator in the SFOF.

Communications to and from the DSIF stations at
Woomera and Tidbinbilla pass through the NASA switch-
ing center in Adelaide. The two Australian stations share
three full duplex teletvpe circuits, one high-speed data
circuit, and two voice circuits.

Teletvpe transmission is at the rate of 60 words per
minute. On the high-speed data lines, Woomera can
“talk” 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 SS00 words per minute). On-site communica-
tions at Woomera are handled by telephone, local pag-
ing system, and closed-circuit TV.




Transmission and reception of intelligence over inter-
planetary distances would seem to call for new and exotic
systems. While experimental investigations may reveal
other techniques, at present the only practical means of
communicating with spacecraft is the same basic tech-
nology that brings radio and television into our homes—
radiation of electromagnetic waves through space. The
difference lies in the magnitude of the problem of how
to overcome the great loss of energy of a signal that
occurs because of the tremendous distances it must travel.

In the brief span of DSIF history, spectacular progress
has been made in the evolution of antenna, receiver, and
transmitter capabilities, which is fast approaching the
technical and theoretical limits for communication within
our solar system. Present technology is capable of meeting
requirements for tracking, command, and data acquisi-
tion at distances ranging up to hundreds of millions of
miles from Earth. Sophisticated communications tech-
niques have developed so rapidly that by 1966 the DSIF
capability, measured in quantity of information trans-
mitted per unit of time, will have increased more than a
thousand times over that of the pre-1960 capability.

To overcome space losses, the DSIF uses antennas
designed for high gain, or very high concentration of

FACING: Large antennas designed to pick up the
faintest of radio signals enable man to listen to
messages relayed from space.

received signal power, extremely low-noise radio ampli-
fiers, and powerful transmitters that send out a very
strong signal. Standard DSIF ground transmitters operate
at power levels of 10 kilowatts (10,000 watts). A space-
craft transmitter, on the other hand, is very limited in
power because of size and weight restrictions. Very early
spacecraft (Pioneer 111) used power outputs as small as
0.2 watt; the Ranger IX spacecraft used two 60-watt
transmitters to send back to Earth the images recorded
by the six television cameras. Continuing development
will increase transmitter outputs for probes contemplated
for exploratory missions to the edge of the solar system.

The well-known doppler principle has long been used
in determining the relative speed with which a celestial
body or star and the Earth are approaching or receding
from cach other (the radial velocity). The doppler shift
is the apparent change in frequency of a signal reflected
from or emitted by a moving object as the object moves
toward or away from the observer —much as a train
whistle is high in pitch as the train approaches, then
lower in pitch as it passes.

The doppler principle has been adapted for use in
determining spacecraft velocity. Early spacecraft used
one-way doppler—that is, measuring the difference be-
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A. MERCURY 36,000,000
B. VENUS 67,000,000
C. EARTH 93,000,000
D. MARS 142,000,000
E. JUPITER 484,000,000
F. SATURN 886,000,000
G. URANUS 1,783,000,000
H. NEPTUNE 2,793,000,000
1. PLUTO 3,666,000,000

COMMUNICATION WITHIN OUR SOLAR SYSTEM INVOLVES TREMENDOUS DISTANCES.
SHOWN ABOVE ARE DISTANCES OF THE PLANETS FROM THE SUN IN MILES.

tween the frequency of a signal transmitted from the
spacecraft and the frequency as it is received on the
ground, which is proportional to the radial velocity be-
tween the Earth and the spacecraft.

Because of inexact knowledge of the transmitted fre-
quency, the accuracy of the measurement of spacecraft
velocity using one-way doppler is limited to about 90
feet per second. Two-way doppler developed for the
DSIF has increased this accuracy to better than one inch
per second. In two-way doppler, a signal is transmitted
from the ground to a turn-around transponder (receiver-
transmitter) on the spacecraft, where it is converted to a
new frequency in an exact ratio with the ground fre-
quency, and then retransmitted to the ground. Since the
frequency of the signal sent from the ground can be
determined with great precision, the resulting doppler
information and velocity calculations are very accurate.
By two-way doppler calculations alone the position of a
spacecraft at a distance of several million miles can be
determined within 20 to 50 miles. A JPL-developed
electronic ranging system uses an automatic coded signal
in conjunction with doppler information to provide range
measurements with an accuracy better than 45 feet at
lunar and planetary ranges.

Because of the doppler shift and other effects, the
frequency of the signal received on the ground from the
spacecraft varies widely, which means that receiver tun-
ing must be continually changed. Both spacecraft and
DSIF ground receivers use a phase-lock method of signal
detection, which maintains an automatic frequency con-

trol and keeps the receiver locked in tune with the re-
ceived frequency.

Receiver performance is measured by the ability to pick
up the weak signal from the spacecraft transmitter and
separate it from surrounding noises (static) originating
not only in the Earth’s atmosphere, but from lunar, solar
and galactic sources. DSIF receivers have a very low
threshold—the point at which the receiver can no longer
detect the signal, just as in human hearing, the lower
limit at which the ear no longer responds to a sound
is the threshold of hearing. And just as internal body
sounds (such as that of blood coursing through the head)
interfere with the lowest external sound discernible to
the human ear. radio receiver sensitivity is affected by
internal electronic noise in the system itself. To help
overcome this problem, advanced methods of ultra-low-
noise signal amplification have been developed. DSIF
S-band receiving systems use a traveling-wave maser
amplifier, The maser is basically a synthetic ruby crystal
immersed in liquid helium to keep it at a very low tem-
perature and operates with a “pumped-in” source of
microwave energy to augment the strength of the incom-
ing signal without generating much internal system noise.

The basic components of the spacecraft communica-
tions systems in the DSIF are essentially the same, al-
though auxiliary equipment may vary depending upon
the special requirements for scheduled missions. The fol-
lowing pages describe the system installed at Woomera.
The complete system comprises thousands of different
elements which must work perfectly under precision re-
quirements.




Construction of the Woomera Station was started
in 1958. Early photographs show stages of
erection of the 85-foot-diameter antenna.
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FACING: Two views of the basic DSIF antenna
with an 85-foot-diameter reflector display the
intricate balance of its structural steel ribs and
girders. Antenna and supporting structure are as
tall as a 10-story building, and weigh about
600,600 pounds.

The basic DSIF antenna uses a parabolic reflector,
85 feet in diameter. The reflector is a perforated metal
mirror that looks like an inverted umbrella and is often
called the “dish.” The antenna and its supporting struc-
ture stand 10 stories high and together weigh around
600,000 pounds.

About 8,000 pounds of electronic and operating equip-
ment are an integral part of the antenna structure. This
equipment is mounted on the antenna itself and in rooms
reached by ladder on the supporting structure. The sup-
porting base is a reinforced concrete pad sunk deep into
the ground. Whenever equipment is added or moved,
counterbalancing weights must also be adjusted to dis-
tribute stress evenly over the structure.

Driving the Antenna

The 85-foot-diameter antenna is steerable: that is, its
“beam” or major radiation pattern can be readily shifted
in any direction to follow the spacecraft. When a deep
space probe gets out and away from the Earth, it travels
in an orbit or path similar to other celestial bodies, and
“rises” and “sets” on the horizon like the Sun. The pre-
dicted or actual course of a spacecraft is determined by
the same methods astronomers use in locating heavenly
bodies. That is, the angular position of the spacecraft
relative to the star background is defined by a set of
imaginary circles (coordinates) corresponding somewhat
to Earth longitude and latitude. Each antenna in the
DSIF is oriented to a set of local coordinates that are

used to measure the antenna-pointing angles by which
the spacecraft is located. The DSIF tracking antennas use
a system of polar coordinates which measure the hour
angle (representing angular direction referenced to a
station’s local meridian circle) and the declination angle
(representing angular direction referenced to the celestial
equatorial circle).

The gear system that moves the antenna is polar-
mounted. The axis of the polar, or hour-angle gear wheel,
is parallel to the polar axis of the Earth, and points pre-
cisely to the North Star. This gear sweeps the antenna in
an hour-angle path from one horizon to the other. The
declination gear wheel, the smaller of the two gears, is
mounted on an axis parallel to the Earth’s equator (per-
pendicular to the polar axis) which enables the antenna
dish to pivot up and down. These wheels can be moved
either separately or together. The arrangement of the
gears allows the beam of the giant reflector to be pointed
in almost any direction in the sky.

The motion of the antenna is controlled bv the servo
svstem, which consists of hvdraulic pumps and motors,
gear reducers, and pinions that engage the antenna gear
svstem. Separate servo systems drive the polar wheel
and the declination wheel. Electric-motor-driven pumps
in the hydro-mechanical building send high-pressure hy-
draulic fluid through stainless steel pipes up to the
driving motors on the antenna that actuate the gears.
The electronic control and readout equipment for posi-
tioning the antenna is in a separate control room. Like the




driver of an automobile, the operators of the servo system
control and operate the equivalent elements — steering
wheel, brakes, clutches, etc. —and in the same sense
“drive” the antenna. They are responsible for the safety
and cfficiency of its operation, and the safety of personnel
who might be working on the antenna.

Pointing the Antenna

The antenna, like an ear trumpet, receives most strongly
the signals coming from a point directly in front of it.
Therefore, it is necessary to keep the antenna pointed in
the direction of the space vehicle to receive its signals.
To accomplish this, the servo system of the Woomera
tracking station normally operates in what is called a
slave mode: angle information for pointing the antenna
at specific times is supplied to the station by computer
printout from the JPL Space Flight Operations Facility
(SFOF) control center in Pasadena, and the computer
and the antenna servo system operate together in an
automatic loop to keep the antenna trained on the space-
craft as it moves across the sky.

Pointing-angle information based on computer-
alculated predicted trajectory data may be supplied to
the station in advance of the actual launch of the space-
craft, and is then verified by actual trajectory data from
early passes over the DSIF sites, particularly first-
acquisition data from Johannesburg or Ascension Island.
Computer angle information may also be verified at

rFaciNG, Top: The polar-mount antenna is so-named
because the axis of the main gear wheel, or polar
wheel, is mounted parallel to the Earth’s polar

axis and points exactly to the North Star, Polaris.
Axis of the declination wheel is parallel to the
Eartl’s equator.

racing, BorToM: Close-up view of the polar mount
gear system of the 85-foot antenna shows the large
polar wheel and smaller declination wheel which
are rotated to steer the antenna in the direction

of the spacecraft as it moves across the sky.

Woomera by nulling error signals from the receiver
angle-tracking channels. (Error signals are voltages that
tell the angle between the spacecraft and the exact
center of the beam of the antenna.) With accurate in-
formation on the time and position at which the space-
craft will appear in the antenna field of view, no time
is lost in locating the spacecraft.

Aligning the Antenna

The gears and all parts of the antenna structure are so
precisely balanced and aligned that, heavy as it is, the
antenna can be rotated at rates up to 1 degree per second.
The Woomera station has a collimation tower—located
about two miles from the antenna—which is used in
testing and adjusting antenna alignment and operation.
A test antenna, a transmitter-receiver unit, and optical
targets are mounted on the collimation tower. The tower
simulates spacecraft signals for testing antenna and sta-
tion operation. Visual checking of antenna boresighting
(adjusting the line of sight, similar to aligning gun sights)
is done in conjunction with an optical tracking package,
mounted on the 85-foot antenna, which consists of a tele-
vision camera, a 35-mm film boresight camera, and an
optical telescope. This equipment may also be used for
optical tracking of luminous celestial objects such as the
Moon, planets, and stars. Radio stars of known position
are also tracked by the antenna to verify pointing accu-
racy and other performance factors.
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1. Engineering measurements and
scientific data generated by instru-
ments aboard the spacecraft are
radioed to Earth by the spacecraft
transmitter.

2. The radio signal, greatly re-
duced in strength because of the
distance it travels, is captured by
the Earth antenna.

3. Signal is amplified and pro-
cessed through the receiving sys-
tem, and information from the sig-
nal is transmitted and recorded on
magnetic and punched paper tape.

4. Data gathered at the Woomera
Station are transmitted to the SFOF
at JPL by teletype and high-speed
digital data lines.




5. At the SFOF control center,
information is processed by com-
puters into usable form for analysis
by scientists and engincers.

6. Processed data present video,
tracking, engineering, and scientific
telemetry in the form of time-
labelled numerical printouts or
graphs. All processed data are
stored on magnetic tape.

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 square feet, can detect signals so faint that the
radio-frequency energy is calculated to be about equiva-
lent to that radiated by a 1-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
S-band operation have a Cassegrainian cone feed system
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-tvpe 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
is then fed directly from the feed horn to the low-noise
maser amplifier, so that maximum amplification of the
weak signal occurs before it is contaminated by the elec-
tronic noise of the rest of the receiver system.

The S-band phase-lock receiver has four separate re-
ceiving channels: two reference channels (called sum
channels) 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 rcom.
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Changes to the trajectory of a deep space probe are
controlled by transmitting command signals that initiate
roll, pitch, and yaw maneuvers, as well as propulsion,
ignition, and timing scquences. The appropriate com-
mands to be sent to a spacecraft are determined by com-
putations 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 trans-
mitter on or off or change its power, reorient the space-
craft or its antennas, or even to switch antennas, receivers,
and transmitters.

Sending a command to the spacecraft is somewhat the
reverse process of receiving a signal. The transmitting
station 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 produced by the exciter is very
low—on the order of a few watts. This is 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 trans-
mitter and receiver at different frequencies on a single
antenna and feed system.

The commands to be sent to the spacecraft originate
in the JPL SFOF control center in Pasadena. Command
information is sent over the teletype link from Pasadena
to the station at Woomera.

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 to the spacecraft. This special
equipment reads and verifies 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 equipment 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 execute
these check routines.
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reflector.

The 10-kilowatt transmitter, which

gives an cffective radiating power
£ =1} 2 14 £ & ¥r.. -

O] <0 onon wdttes jor senaing

signals into space, is located in the

clectronics room on the antenna.




O

T Wi

bk
.
i
e R




FACING, TOP: Center of operations at Woomera is
the control room. Consoles lining the walls contain
the controls for the receiver, transmitter exciter,
and servo system, and the ground instrumentation
and data-handling equipment.

FACING, BOTTOM: At the SFOF center in Pasadena,
data gathered by the DSIF are used by engineers
in space flight control operations and analysis of
mission results.

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 oscillographs.

Tracking-data-handling equipment records angle meas-
urements of antenna position, doppler frequency
measurements, range measurements, and time. These
data are recorded on paper tape for immediate teletype
transmission to the SFOF in Pasadena for use in space-
craft orbit 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 either time- or frequency-
multiplexed or both; that is, the signals from the various
measuring instruments on the spacecraft are carried on
one composite radio-frequency signal, either sequentially
(time-multiplexed) or simultaneously on several subcar-
rier frequencies (frequency-multiplexed). This composite
signal is “unscrambled” by demodulators in the ground
telemetry system. Analog or digital (or both) methods of
signal modulation are used for transmission of data from
the spacecraft to Earth.

Analog modulation transmits engineering measure-
ments in continuously varying electrical signals that
represent measurements of voltages. temperatures. pres-
sures, radiation intensity. etc. With coded digital modu-
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.

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, and condition
of all station equipment. This information is processed by
the digital instrumentation system, which uses general-
purpose digital computers that accept and process both
analog and digital signals.

All taped information sent to JPL is labeled and
identified by date, time received, station. and spacecratt
number. Because time reference is a critical factor in
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 scientists 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 vears, of study.

DSIF acquisition procedures, which include antenna
pointing, receiver tuning, transmitter tuning, ranging
lock. and telemetry decommutation, 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 cstablishe

data to the SFOF within 4 to 16 minutes.

s and ctar - 3
d, and to start transmittin




LUNAR ORBITER: Mission—lunar surface photog-
raphy and gravity field measurements to help
select landing sites for Apollo. Mock-up shown.

In preparation for increasingly accelerated activities
in space, the Deep Space Network has developed the
capability of controlling operations of as many as four
spacecraft in flight at the same time, and advanced
communication techniques that make the prospect of
probes to planets as far out as Jupiter within the realm
of possibility.

The DSN supports the following space exploration
projects for which JPL is responsible:

Surveyor. A soft-landing of instrumented craft on the
Moon capable of performing operations to contribute
new scientific knowledge about the lunar surface and to
make final tests in support of the Apollo program.

Mariner. A flyby mission to Mars during the 1964-1965
Mars opportunity to take TV pictures of the planet’s sur-
face, make radiation and magnetic fields and particles
experiments, and provide basic knowledge of spacecraft
performance in long-duration flights to interplanetary
distances.

SURVEYOR: Mission—lunar soft-landing to make
surface analysis experiments and to take TV
pictures.

Voyager. An advanced mission that will send un-
manned spacecraft to conduct scientific exploration of
the planets, beginning with Mars in 1971.

The DSN also supports the following missions for which
the NASA agency identified with each is responsible:

Lunar Orbiter (Langley Research Center). A photo-
graphic mission to take pictures of the lunar surface
from a satellite spacecraft.

Pioncer (Ames Research Center). A series of probes
designed to penetrate deep into our solar system to learn
more about the nature of solar flares and other deep
space phenomena.

Apollo (Manned Spacecraft Center). The manned
spacecraft mission that will put men on the Moon.

As new programs are conceived to extend man’s knowl-
edge outward to the edges of the solar system, the Deep
Space Network will be prepared to continue as the radio
link with these 20th century explorers.




Mariner IV, boosted by an Atlas-Agena rocket, is
launched from Cape Kennedy on its 712-month
journey to investigate the planet Mars at

close range.

Control room at Woomera receives telemetry
signals from Mariner IV.

Photograph of Mars as seen by a telescope
on Earth.




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
JET PROPULSION LABORATORY / CALIFORNIA INSTITUTE OF TECHNOLOGY




