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The National Aeronautics and Space Administration (NASA) Deep Space Network (DSN)
is a network of tracking station control and data handling facilities, and organizations
dedicated to the tracking and control of interplanetary spacecraft. It has been designed,
constructed, maintained, and operated by the Jet Propulsion Laboratory (JPL), California
Institute of Technology in support of NASA lunar and interplanetary flight programs. The
DSN consists of three station complexes (Figure 1) located approximately 120E apart
longitude around the earth. Each complex has three individual stations. One complex is
located in California, at Goldstone dry lake near Barstow. Another complex is near
Madrid, Spain and the third complex of stations is near Canberra, Australia. Control and
data handling is accomplished at the Network Operations Control Center (NOCC) in the
Space Flight Operations Facility (SFOF) located at JPL in Pasadena, California. The
NOCC is connected to the Deep Space Stations (DSS) with communications circuits
supplied by NASA communication network (NASCOM).

Spacecraft tracking consists of three basic technologies: Telemetry, Command, and
Tracking. The Telemetry System handles the telemetry data from the spacecraft through
the DSN and delivers it to the user project. The Command System receives spacecraft
command sequences from the user project and delivers them to the spacecraft for
spacecraft control. The Tracking System measures the spacecraft trajectory variables
doppler shift and range. The trajectory predicts are generated from this information.

The foundation for spacecraft tracking was provided by the development of the phase lock
loop in the early 1950s (1). The DSN evolved from early trailer-mounted receiver stations
using phase lock loop receivers tracking the first American satellite, Explorer, and the
Lunar Flyby missions, Pioneers III and IV. A more permanent tracking network was
established to track the Ranger series of lunar impact missions, and the Mariner Mars and
Venus flyby missions. The DSN has continued the support of the more advanced planetary
missions, the Mars Orbiter, Mars Lander (Viking), Jupiter/Saturn flybys
(Pioneer/Voyager) and will support the Voyager Uranus flyby in 1986.



Some very important technological advances were required in order for the DSN to be
capable of supporting these increasingly sophisticated missions. Built on phase lock loop
technology was the development of very narrow bandwidth receivers. Low noise front
ends were developed using maser techniques to produce very low input temperatures.
Larger antennas were developed to increase antenna aperture. The early antennas, on
mobile platforms, were 9-meter parabolic antennas. The first stationary parabolic antennas
were 26 meters with 64-meter parabolic antennas being developed in 1966. Arraying
techniques for multiple antennas have been developed to further increase the antenna
aperture. Navigation techniques were developed which allow precision placement of the
spacecraft into trajectories for planetary encounters and orbits. These techniques were
based on advanced computer trajectory modeling, doppler and ranging systems, and very
precise frequency standards (Helium Masers).

Along with the technical advances, the DSN has made many organizational advances. The
early mission operations were manned by the development engineers who had designed
and constructed the stations. By the time of the Ranger lunar impact missions, the
receivers and transmitters were standardized so that the equipment that had to be designed
for each mission could be limited to the telemetry decoders and command generators. The
interface between the standardized or mission-independent equipment and the mission-
dependent equipment was at the receiver baseband output, and at the transmitter
modulation input. The organization reflected this dichotomy. The mission-independent
equipment was operated by station crews which were the same for all missions. The
mission-dependent equipment was operated by crews from the Flight Projects, and,
therefore was different for each mission. The personnel, both mission-independent and
mission-dependent, were now field engineers instead of design engineers. The dichotomy
between mission-independent and mission-dependent organizations also existed in the
Network Control Center at JPL. Station operations were controlled by a mission-
independent operations team. Spacecraft operations were controlled by a mission-
dependent operations team. An elaborate organizational interface was created between the
two operations teams. This organizational design was found to be costly and had some
serious control problems. It was costly because different crews had to be sent to the
stations for each mission. The requirement for mission-dependent equipment and crew on-
station limited the flexibility of the network in substituting one station in a complex for
another, when equipment problems were experienced. The presence of mission-dependent
crews on-station with the expected bias towards their own project caused problems in
maintaining a consistent station configuration and operations control. These cost and
control issues created pressures to make the stations completely mission-independent. This
was accomplished during the 1970s when telemetry decoding techniques and computer
telemetry data handling were developed to produce standardized telemetry data processing
on-station. Also, spacecraft command systems were standardized so that the mission-
dependent command generators could be removed. The mission-independent/mission-



dependent dichotomy is maintained at the NOCC and the organizational interfaces have
been refined. However, budget pressures are pushing towards an even more mission-
independent operations organization. Another direction that DSN operations has taken is
to reduce costs by using lower skilled operators rather than skilled field engineers. Also,
extensive effort has been applied to system design to automate as many functions as
possible, allowing the operations crew size to be reduced. A consequence of this trend
towards lower operator skill levels and reduced crew size is that the real-time operations
tends to become more procedurally based (2). This in turn requires a higher level and more
extensive operations support organization.

The DSN Operations has developed into a four element organization (Figure 2). The
Project is the customer receiving the spacecraft telemetry data and providing the spacecraft
command data through the interface with DSN Operations (NOCC). The operations
element controls the activities at the Deep Space Stations. The analysis element provides
feedback at the network performance level. The scheduling element manages the network
resources to provide maximum coverage for the users, and the planning element plans the
facilities and configurations required to track upcoming missions.

The next five papers in this session discuss the DSN operations organization in detail. The
real-time operations is presented in the first paper (3). DSN performance analysis activities
is presented in the second paper (4). The scheduling activities which allocates DSN
resources to customer projects is present in the third paper (5). The planning activities
required for the DSN to meet flight project support needs are presented in the fourth paper
(6). The last paper discusses some theoretical issues which apply to the design of the DSN
operations organization (2).
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