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PREFACE

This, the first volume, presents organization, planning,yimple—
mentation, and test activities from inception of the Froject in 1969
to the 1975 launch operations. Cruise and orbital Phase activities of
the two Viking spacecraft from launch to touchdown of the first Lander
are desecribed in the second volume. Twe third volume discusses the
support: for second Lander touchdown and planetary surface and ‘brbital
operations of both orbiters and both landers. The fourth volume will
report on extended mission operations beyond the nominal end of ‘the
primary mission. o

The Tracking and Data System activities discusseg in this veport
were managed and/or carried out by the Jet Propulsion Laboratory, )
California Institute of Technology, Pasadena, California, under
Contract No. NAST-100, sponsored by the National Aeronautics ang
Space Administration.

N.A. Renzetti
Tracking and. Datg System
Menager :
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ABSTRACT

This repert describes the Tracking and Data Acquisition support for
the 1975 Viking Missions to Mars.

In this volume the history of the effort from its inception in
late 1968 through the launches of Vikings 1 and 2 from Cape Kennedy
in August and September 1975 is given. The Viking mission requirements
for tracking and datg acquisition support in both the near FEarth and
deep space phases involved multiple radar tracking and telemetry
stations and communications networks of the Air Force Eastern Test
Range’sand the Goddarad Spaceflight and Tracking Acquisition Network,
together with the global network of tracking stations, communications,
and control center of NASA's Deep Space Network and NASA Communications
Network. The planning, implementation, testing and management- of this
vast complex of people and facilities to meet the demands of the
1975 Viking Mars launch opportunity is the subject of this particular
volume. :
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I.  INTRODUCTION

The Tracking and Data System supporting the Viking 1975 Project
is the selected collection of Earth-based equipment, software, personnel,
and procedures required to transmit commands; acquire, relay, and process
science and engineering data; and generate, transmit, and process radioc
metric data. All of the System's resources - including elements of the
Air Force Eastern Test Range of the Department of Defense, Kennedy Space
Center, Spaceflight Tracking and Data Network, National Aeronautics and
Space Administration Communications, and the Deep Space Network, also a
National Aeronautics and Space Administration network - were committed
to the support of the Mars mission. Of these resources, the Deep Space .
Network was to be used continuously throughout the mission as an
integral part of the Viking ground data system.

The Deep Space Network, established by the National Aeronautics
and Space Administration Office of Tracking and Data Acquisition under
the system management and technical direction of the Jet Propulsion
Laboratory, is designed for two-way communications with unmanned space-
craft traveling approximately 16,000 km (10,000 mi) from Earth to the
farthest planets.of our solar system. It has provided tracking and
data acquisition support for the following National Aeronautics and
Space Administration deep space exploration projects, for which the
Laboratory has been responsible for the project management, develop-
ment of the spacecraft, and conduct of mission operations:

Ranger

Surveyor

Mariner Venus 1962

Mariner Mars 196l

Mariner Venus 1967

Mariner Mars 1969

Mariner Mars 1971

Mariner Venus/Mercury 1973

N P P i

O~ OV &w -
e e e St NP M N

The Network has also provided tracklng and data acqulsltlon
support for the follow1ng projects:

(l) Lunar Orbiter, for which the Langley Research Center
carried out the project management, spacecraft development,
and mission operations functions.

(2) Pioneer, for which the Ames Research Center carried out
“the project management spacecraft development, and mission
operations functions.

(3) Apollo, for which'the Lyndon B. Johnson Space Center was the
project center and the Deep Space Network supplemented the

Spaceflight Tracking and. Data Network, which is managed by
the Goddard Space ‘Flight Center.

BAGE .sNTEz-mc)NAu:\Z BUANK ’
!

N



(L)  Helios, a joint United States/West German project.

(5) Viking, for which the Langley Research Center provides the
project management and Lander spacecraft, and conducts
mission operations, and for which the Jet Propulsion
Laboratory provides the Orbiter spacecraft.

The Natioral Aeronautics and Space Administration Spaceflight
Tracking and Data Network is under the system management and technical
.direction of the Goddard Space Flight Center. TIts function is to
support manned and unmanned Earth-orbiting and lunar scientific and
advanced technology satellites. In addition, the Network provides
support from some -of -its- stations for that part of mission trajectory
from 1ift-off at the launch pad to azcquisition of the spacecraft by one
or more of the stations of the Deep Space Network. This portion of the
~trajectory closely approximates the flight paths of the low-altitude
Earth orbiting satellites for which the Spaceflight Tracking and Data
Network was designed.

Further support during this so-called "near-Earth" phase is
provided by ships, aircraft, and tracking stations of the Air TForce
Eastern Test Range. With the range head at Cape Canaveral, Florida,
~the downrange tracking stations reach in a southeasterly direction
across the Atlantic Ocean to Ascension Island.  Suitable deployment
of ships and instrumented aircraft extend coverages of all spacecraft
launched eastwardly from Florida across South Africa and the Indian
Ocean.  Responsibility for the deployment of all these resources to
provide support in both the near-Earth and deep space phases of a
space mission is assigned to the Tracking and Data Acquisition Manager.
When properly configured, tested, and scheduled, the sum total of the
resources described above are krown collectively as the Tracking and
Data Acquisition System. : :

The Viking Project is unique in many respects:  as a scientific
exploratlon it is outstandlng in the potential importance of its objec-
tives; as a planetary project, in its technical and organizational com- '
plexity and size; and as-a user of tracking and data acquisition
capabilities, in the: scope and depth of its requirements. The Viking
Mars 1975 mission, consisting of two. composite Orbiter Lander spacecraft
was programmed to . reach Mars in mid-1976, soft-land on its surface, and
begin, as one objective, the search for evidence of life on: the red
planet. - Viking is the first flight project spec1¢1cally designed to
answer thls momentous guestion.

The Progect engages magor efforts at a number of National Aero-
nautics and Space Administration Centers, at the Jet Propulsion Labora-
tory, and by many industrial contractors and subcontractors. = The
‘Orbiter and Lander systems were large, complex designs, especially the :
" Lander; the Titan Centaur launch vehicle was a new, powerful, and complex
system. .Cruise and planetary operatlons requlre a sizeable flight
operations team made up of specialists in many different disciplines as
well as numerous scientists with a variety of interests spanning the
entire science communlty
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Viking Project requirements for tracking and data-acquisition
support are substantially greater than previous requirements for Mariner
or Pioneer-class missions. A maximum of six telemetry streams (two each
from both Orbiters and one Lander or the other) are to be accommodated
simultaneously; two Orbiters, or one Orbiter and one Lander, are to be
tracked and commanded at any one time. The critical period, encompas-
sing planetary approach and operations, lasts approximately five months.
During the early part of this period with one spacecraft at the planet,
an extra set of tracking stations is required to deal with the second
spacecraft, still in its planetary approach phase. When both spacecraft
can be covered by one antenna beamwidth, only two sets of antennas are
needed. Thus during the Viking view periods, virtually the entire capa~
ility of the Network is engaged by this single Project.

At its inception in the late,l960s, the Viking Project was intended
to be launched in the 1973 Mars opportunity, making use of the Mariner
1969 flyby and Mariner 1971 orbiter design and operations experience, and
their data on the planet. Viking would complete the Mariner-Mars mission
sequence of orderly planetary exploration by soft-landing a package of
scientific instruments on the planet's surface. To increase mission
reliability and scientific scope, two launches were planned.. Precise
navigation dats would be required to achileve the desired landing accu-
racles, and large quantities of scientific and engineering data were
to be telemetered from the two orbiting and two landing craft.

Preliminary Tracking and Data System planning for Viking was
undertaken on this basis. Construction of the 6h-meter antenna subnet
of the Deep Space Network was just then getting underway after a few
years' successful operation of the initial advanced antenna system at
station 1k, the Mars site at Goldstone, California. A contractor was
selected to build and install 6h-meter antennas at the overseas sites
in Australia and Spain, and these facilities were scheduled to be ready
to support the Viking 1973 mission. ~In addition, during this period
other new elements of the Tracking and Data Acquisition System destined
for Viking support were being demonstrated, such as high-rate telemetry,
high-powered transmitters, and the Differenced Range Versus. Integrated
Doppler navigation techniques. ~

At the beginning of 1970, funding considerations. created far-
reaching changes in the Viking Project and resulted in an alteration ofr
the flight schedule from the 1973 to the 1975 launch. opportunity. The
revised launch date permitted a more thorough examination of Tracking
and Data System support requirements and capabilities, and an increased
level of commitment from that possible for a 1973 mission.

In July 1972, the National Aeronautics and Space Administration
undertook a change in the interface between the Network and the flight
projects. Since January 1, 1964, the Network, in addition to the Deep
Space Stations and the Ground Communications Facility, alsc included
" the Mission Control and Computing Facility, and provided the equipment
in the mission support areas for the conduct of mission operations.
The latter facilities were housed in a building at the Jet Propulsion
Laboratory knownas the Space Flight Operations Facility. The

5
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interface change was to accommodate a hardware interface between the
Network operations control functions and the mission control and com-—
puting functions. This resulted in the flight project assuming cogniz-
ance of the large general-purpose digital computers, which were used for
Network processing as well as mission data processing. It also assumed
cognizance of all of the equipment in the flight operations facility for
display, and communications necessary for the conduct of mission opera-
tions. The Network had already undertaken the development of hardware and
computer software necessary to carry out its network operations control
and monitor functions in separate computers; this development was to be
known as the Network Control System. A characteristic of the new inter-
face would be that the Network provided direct data flow to and from the
stations via appropriate ground communications equipment to Mission Opera~-
tions Centers, wherever they may be; this flow consists of metric data,
science and engineering telemetry, and Network monitor data useful to

the flight project. It would accept command data in a standardized

format from the flight project directly into the ground communications
equipment for transmission to the station and thence to the spacecraft.

By the end of 1973, the planning phase was essentially complete.
Key capabilities and interface documents (including a new system inter-
face document) had been revised and released, the design had matured,
and key technical studies were completed. In addition, the subnetwork
of 6l-meter antennas was operational and the implementation phase had
begun. TInitial design compatibility testing with breadboard models of
the Orbiter and Lander radio system had begun at the Compatibility
Test Area 21 at-the Jet Propulsion Leboratory at Pasadena, California.

; Following these tests, simulated spacecraft data were input to

the Compatibility Test Area 21 to verify the design of the ground data
link, beginning with radio frequency data from the spacecraft and end-
ing with data displays in the Control Center. In progressive stages,
these simulated operations were built up to represent the maximum
mission load conditions; system integration and data compatibility were
demonstrated'during the summer of 19Tk,

A succeeding series of ground data system tests, using the actual
tracking stations and test models of the Viking Orbiter and Lander, pro-
vided training for the personnel of the Flight Operations System as well
as. the Deep Space Network and Mission Control and Computing Center, and
established the readiness of the Tracking and Data System for supporting
the Mission. f S

In this volume, the Viking Project and the deep space and near-

Farth elements of the System dre described first. Then follows an oub-
~line of the essential elements of Viking planning: the balancing of
requirements and capabilities, the definition of system interfaces,
planning ‘activities, and the final system design.  Next, the elements
of the implementation‘phase are discussed: facilities changes, develop-

ment of new techniques, and interface and system integrity established
" through testing and training. A bibliography of pertinent Viking Pro-
ject and Network documentation and a chronology of key events and:
Cactivities of thé. prelainch phase completes this first volume,

"6
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II. THE VIKING PROJECT

A. CONCEPT

The roots of the Vikirng Project go back to the 1968 summer studies
of the Space Bcilence Board of the National Academy of Sciences. - These
studies defined the desirability of the search for extraterrestrial life
in our solar system on the surface of Mars, using unmanned spacecraft.
In+house technical studies of a possible 1973 Mars Lander mission were
begun at Langsley Research Center in March 1968; related studies at the
Jet Propulsion Laboratory were called for in September, and the National
Aeronautics "and Space Administration Office of Space Science and
Applications approved a Viking Mars 1973 Program in November. The Pro-
Ject Approval Document was signed in February 1969.

The scientific background to Viking stems from the Mariner mis-
sions to Mars in 1964-65, 1969, and 1971-73. In 1965, Mariner b4 was
the pioneering flight to Mars, providing a few television pictures of
its cratered surface and defining the physical parameters of its
atmosphere in a fast flyby mission. In 1969, Mariner 6 and Mariner T
conducted more extensive approach and flyby imaging, acquired spectral
data on atmospheric composition, and did initial thermal mapping.
Mariner 9, placed in orbit about Mars in 1972, surveyed the entire
surface at warious image resolutions and performed extensive spectral,
thermal, and gravitational studies. A landing mission was the next
logical step. Considerable program planning of a large and complex
orbiter-lander mission had been carried out under the Voyager Program,
which was terminated in its early stages in favor of the more conserva-
tive Mariner 1969, Mariner 1971, and Viking mission set.

The concept of the Viking Project involved two Viking spacecraft,
each consisting of an Orbiter and a Lander, boosted by a Titan/Centaur
Launch Vehicle into a Mars trajectory at the 1975 opportunity. On
arrival at the planeu, each spacecraft was to be placed in orbit;
following a mapping survey and landing-site verification, the Lander
capsule was to separate from its Orbiter, and through a number of stages,
the Lander was to be brought to the Mars surface. This series of events
is represented pictorially in Fig. 1. Although the primary science
investigations would be carried out by the Lander on the Martian surface,
a significant science return would be obtained from experiments conducted

by the Orbiter in-orbit and by the Lander during its descent through the
~Martian atmosphere.

B. OBJECTIVES AND MISSION . SUMMARY

The basic  formal objective of the Praject is to advance signif-
icantly our knowledge of the planet Mars by direct measurements in the
atmosphere and on the surface, and observations of the planet during
approach and from orbit during the 1975 opportunity. Particular emphasis
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is placed on obtaining biological, chemical, and environmental Tactors
relevant to the existence of life on the planet at this time, at some
time in the past, or the potentials for the development of life in the
future.

The detailed objectives during the various mission phases are:
(1) Orbital Phase:

§ (a) To obtain image, thermal, and water vapor information
: to be used in landing site selection for the Landers.

(b) To obtain repeated image, thermal, and water vapor
coverage of landing sites during lifetime of the
Landers on the surface.

(c) To obtain image, thermal, and water vapor information
toc be used in selection of landing sites for future
missions.

(a) To obtain image, thermal, and water vapor informabion
to be used in the study of dynamic and physical char-
acteristics of the planet and its atmosphere.

(e) To conduct scientific 1nvest1gat10ns using the Orbiter
radio system

(2) Entry Phase: to determine the atmospheric structure and
composition.

(3) Landed Phase:
(a) To visually characterize the landing site.
‘(b) To search for evidence of living organisms.
(c) To search for and characterize organic compounds.

(d)  To determine the elemental composition of the surface
material.

(&) To determine the,atmospheric composition and its tem-
' poral variations.

(£) To determine the temporal variations of atmospheric
temperature pressure, and wind veloc1ty :

' (g)‘ To determlne the selsmologlcal characterlstlcs of the
planet.

“(n) To conduct scientific investigations using the Lander
radio, engineering sensors, magnets, and other infor-
mation that may be obtained from the Lander.
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The launch window would octur during August - September 1975.
The two Titan/Centaur/Viking space vehicles would be launched from
Kennedy Space Flight Center, not less than ten days apart. Typical
launch-phase Earth tracks are shown in Fig. 2. The two composite
Viking spacecraft would be tracked continuously during the transit
phase, which lasts approximately 11 months. On arrival (late June
for Mission A, early August for Mission B), the Orbiter propulsion sub-
system would place each composite spacecraft in orbit. Typical transit
trajectories are shown in Fig. 3.

Orbiter-based scientific operations begin during the approach, and
continue through the orbit phase. The first Orbiter would conduct a
few weeks' survey and verification of the proposed landing sites, after
which theé Lander capsule would be separated to enter the Mars atmosphere
(protected by an aeroshell), with deceleration by a parachute, and then
soft land under control of its descent engines.

On the surface, the Lander would conduct visual observations,
atmospheric measurements, and a variety of experiments on surface
samples. Most of its telemetry data would be relayed by very high
frequency (VHF) link to the Orbiter, which would continue its observa-
tions of the planet as well. Sampled measurements would be telemetered
directly to Barth during a duty cycle of‘about two hours per day.

On arrival, the second Viking would execute somewhat eimilar
events. The second Lander would enter the atmosphere and descend to
the planet surface about two weeks after the first Lander. The com-
munications configuration between the Orbiters and Landers on Mars and
the tracklng stations on Earth at this stage is depicted in Fig. k.

About two months of surface operations were planned for each
Lander. The nominal Viking Mars mission would conclude just before.
solar conjunction (November 15, 1976) when decreasing Sun-Earth-
spacecraft angle would interrupt communications between the Network
and the spacecraft.

Extended mission operations up to two years in duration were
planned to follow the resumption of Barth-Mars communications, in
Decenber 1976.

C. FUNCTIONAL ORGANTZATION

The Viking Project embodies six basic functional elements thab
must be operated together by the Viking Flight Team to execute the
‘mission. These functional elements are summarized in Fig. 5.

The Titan IIIE/Oentaur was a new launch vehicle conflguratlon
provided by the Lewis Research Cenber. (Cleveland, Ohlo) and,planned for
use in the Helios and Mariner Jupiter-Saturn 1977 missions as well as
Viking. The vehicle 1s shown in Fig. 6.

10
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Fig. 3. Earth-Mars trajectories 1975 Viking launch
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Fig. 5. Flements of the Viking Project

The Viking Orbiter design was based on earlier Mariner spacecraft
designs, but strengthened and modified to carry the Lander capsule. It
was provided by the Jet Propulsion Laboratory. The Spacecraft configura-
tion is given in Fig. 7, and its scientific experiments are listed in
Table 1.

The design of the Viking Lander, which was built by the Martin-
Marietta Corporation for Langley Research Center, represented a new
design to survive Martian entry, landing, and surface environment. Tt
is powered by radioisctope thermoelectric generators and has the capa-
pility of direct two-way communications with Barth, as well as a one-
way very high frequency telemetry link to the Orbiter. TIts configura-
tion is shown in Fig. 8, and its scientific experiment complement given
in Table 1.

Following launch from the Launch Complex b1 at Cape Canaveral,
Florida, the Viking mission will be conducted by a Flight Operations
Team responsible for the operation of the spacecrafts and for mission
operations to the end of the mission. The team consists primarily of
trained operating personnel housed in the Mission Control and Comput-
ing Center at the Jet Propulsion Laboratory and directed by Project
Management staff from the Langley Research Center, Hampton, Virginia.

The Mission Control and Computing Center System is defined as
"y selected collection of Earth-based equipment, software, personnel,
and procedures required to prepare and transmit commands; acquire,
process, and display metric, science, and engineering data, and furnish
it in an organized manner for Project analyses." These resources were
provided to the Viking Project by the Jet Propulsion Laboratory and
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Table 1. Viking scientific experiments

Mission phase Experiments Principal scientists

Orbiter , Television imaging M.H. Carr,
: U.S. Geologic Survey

IR thermal mapping H.H. Kieffer,

(surface) U. California, L.A.

Water vapor - C.B. Farmer,

mapping (infrared) Jet Propulsion Laboratory

8/X-band radio : W.H. Michael,
: Langley Research Center

Aeroshell ; Ion and electron - ALOLCL Nier,
entry ' retarding potential U. of Minnesots
analyses
Neutral gas mass A.0.C. Nier,
spectrometry. U. of Minnesota

Upper atmospheric A.0.C. Nier,
pressure and temp- U. of Minnesota
erature measure- '

ments
Lander ' Tmaging ~T.A. Mubch, Brown U.
Biology detection H.P. Klein,

’ Ames Research Center
Molecular mass K. Biemann,
spectrometry, gas Massachusetts Institute of
chromatography, Technology
and X-ray spectrom-
etry
Meteorology: varia- S.L. Hess,
tions in pressure, Plorida State U.

temperature,- and
wind veloecity

' Seismometry D.L. Anderson,
(3 axes) -~ California Institute of
: "~ Technology ;

17
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Table 1 (contd)

Mission phase Experiments Principal scientists
Lander Surface magnetic R.B. Hargraves,
i (contd) and physical Princeton U.
g properties R.W. Shorthill,
V U. of Utah

were used continuously throughout the mission as an integral part of
the Viking ground data system.

The Viking Project encompasses support from the several agencies
shown in Fig. 9. It is managed by Lasngley Research Center, under the
National Aeronautics and Space Administration Office of Space Science
Program management, with the Martin Marietta Corporation as contractor
for the Viking Lander. The Launch Vehicle System is managed by Lewis
Research Center, with Martin-Marietta and General Dynamics Convair as
vehicle contractors. - The Jet Propulsion Laboratory is responsible for
the Orbiter System, Tracking and Data System, and the Mission Control
and Computing System.  The Cape Canaveral Air Force Station and Kennedy
Space Center provided suppor; for all launch operations activities.

VIKING PROJECT OFFICE -
LANGLEY RESEARCH CENTER

e s R R S

‘ . LAUNCH AND ' MISSION CONTROL
~ ORBITER SYSTEM FLIGHT OPERATIONS AND COMPUTING
JET PROPULSION ~ | SYSTEM CENTER SYSTEM
LABORATORY < FLANGLEY RESEARCH | JET PROPULSION
. CENTER LABORATORY
: SRy iR LAUNCH VEHICLE ~ TRACKING AND
3 LANDER SYSTEM , SYSTEM , -DATA SYSTEM
LANGLEY RESEARCH > LEWIS RESEARCH JET PROPULSION
: CENTER CENTER , LABORATORY.

k ‘Fig. 9. Viking Project supporting agencies
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D. REQUIREMENTS FOR TRACKING AND DATA SYSTEM SUPPORT

1. General

Viking Project requirements for System support covered three
technical categories: metric data support, telemetry recovery (including
scientific data), and command link support. These were divided by
reason of equipment organization into two chronological phases: near-
Earth and deep space, as defined in Section ITI. The requirements spe-
ify support coverage (in time), character (e. g., signal frequency), and
quality (accuracy of data), with, in some cases, priority of require-
ment. - They also prescribed the ereation of data records and their
transmittal to the Project, using the capability described in Seetion IIT.
In addition to these requirements to support Viking mission activities,
the System was also required to support certain prelaunch activities to
demonstrate compatibility with interfacing systems of the Proaect and
readiness to support mission operations..

Py

2. Near-Earth

Near-Earth requirements included radars to track the launch vehi-
cle, generate metric data, and transfer it in real time to the Real-
Time Computing System for computation of trajectories and downrange
acquisition information. Radio metric data acquired in this phase were
to. be processed to provide initial spacecraft orbital elements and
targeting information, as well as initial acquisition information for
the Deep Bpace Stations. A typical launch trajectory profile is given
_din Fig. 10. Telemetry data were to be acquired and recorded, with real-
time transmission o range control center and/or relay to the Control
Center of selected data (see Fig. 11). Commands to the spacecraft
(besides checkout) were sent by the Deep Bpace Network only. The Net-
work avoided commands during the prelaunch checkout operations and
started commanding the spacecraft postlaunch shortly after initial
acqu1s1tlon by the Network.

A summary of the Viking requirements for near-Barth support is
given by Fig. 12. Metric data, launch vehicle telemetry data, and
spacecraft telemetry data are tabulated within the figure.

The mandatory (M) classification is the minimum requirement that
is egsential to the achievement of program, mission, or test objectives
for which it is specified. (If these requirements are not supported,

a decision not to launch is a possibility.) Required (R) designates
support of material aid in achievement of all objectives, and is neces-
sary for detailed analysis of system performance, but not critical.
Desired (D) designates support in addition to the mandatory or required, -
and that may be accumulated for long-term analysis of system performance.
Inablllty to attain these data will not- compromlse the achievement of
an objective. -
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3. Deep Space Station Support

A set of three 26-meter stations (Stations 11 (Goldstone)), kL2
(Australia), and 61 (Spain), were required as ‘the primary stations for
cruise support until limiting signal conditions required transfer to
the 6l-meter subnet. Twenty-six meter and bl-meter subnets (Sta-
ations 11, 14 (Goldstone), L2/43 (Australia), and 61/63 (Spain)) were
required for Mars operations support. A second 26-meter subnet (Sta-
tions 12 (Goldstone), Ll (Australia), and 62 (Spain)) was to provide
support for the limited periods shown in Fig. 13. Shortly after launch,
when telecommunications requirements exceeded the capability of the
26-meter subnet, the Glh-meter stations were to be employed to provide
the necessary telemetry support. Planned coverage 1s given in Fiéﬁ 13.
Full planetary ranging capability was required at Stations 11, 1b, L3,
and 63 only. This capability could be shared at Stabions h2/L3, and
61/63. Dual S- and X-band receive capability was desired at Sta-
tions 1h, 43, and 63. Telemetry and command data were to be received
and processed as required, for transmission to the Mission Control
Center.
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L, Ground Communications Facility Support

Standard National Aeronautics and Space Administration Communica-
tions and Deep Space Network/Ground Communications Facility voice,
teletype, high-speed, and wideband circuits were requested to meet
communications and data transmission requirements consistent with the
telemetvry, metric command, and simulation data rates.

5. Simulation Support

Capability was to be provided for the generation of Network
simulation data, as well as for accepting a simulated command-responsive
telemetry data stream from the Project.

6. Network Operations Control Center

The Network Operations Control Center was to provide for control
- and monitoring of Network performance. All incoming data was to be
validated at this point while being simultaneously transferred to the
Viking Mission Control and Computing Center for real-time use by the
Flight Operations System. Any missing or bad datas would be recalled
from the stations and provided to the Project within 24 hours as part
of the Intermediate Data Records.

Ts Backup Capability

The Project assumed that elements of the 26-meter subnet would be
used to provide backup capability for the 6lh-meter subnet in the event
of failures from which rapid recovery at the affected 6lh-meter stations
was not otherwise feasible. The Project recognized these factors in
its mission design activities, particularly during critical sequences
. of the mission. :

8. ,Operational Readiness

In response to Project requirements, the Deep Space Network imple-
mentation plan was to provide for all major hardware and software
necessary to reconfigure the Network for Viking to be on site (including
overseas sites) prior to Summer 1975 launches. However, system testing
of all hardware and software in the planetary configuration would not
take place at the overseas sites until November /December 1975.

9. Station Coverage
Requirements for Deep Space Station coverage are shown in Tables 2

and 3. The unit of coverage is the average 12-hour pass which includes
an 8~hour view period. This coverage assumed launches on August 11
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Table 2. Deep Space Network covera

ge for flight operations, calendar year 1975
(average number of 12-hour passes?%?r week)
: Ayl

llotes

Launch Helios B, 12-8

{v)

(c)

Deep Space
Station. Week number
subnets,
key ' .
events 33 3% 35 3637 38 39 Lo ki b2 L3 kb ks 46 47 48 49 S0 51 52
11, k2, 61 '3 10 21 21 21 21 ‘21 .19 10 11 '13 21 20 2121 21 21 21 21 21 (a)
b, 43,63 17 21 2151 o1 el-21 19 1% 2k 1k 3 3 1 1 ¢ Eowo ouoy
12,&&,62'0000‘00001;141;35776760‘0
Mission
key
events 1 3 L 5 6
. . *
Key to 1975 Mission Events
1 = Launch A, 8-<12
2 = Midcourse maneuver 14, 817
3 = Launch B, 8-21 ‘
i = Mideourse maneuver 1B, 9-23
5 = Launch B plus %0 days, 9-30
6 =

Coverage shown is typical and is that
asscclated with a particular set of
launch and encounter dates. Coverage
requirements are subject to adjustment
as the launch and encounter dates vary
within the bounds of Launch Date —
Encounter Date strategy.

A Viking Orbiter constraint limits to

2 hours the perind that Engineering
telemetry is not received. Consequently,
during interplanetary cruise, when only
one station is "up," the spacecraft will
be tracked alternately 2 hours out of
every 5 hours, with 1 hour available for
switching from one to the other.

tation 14 X-band radar mapping passes have
been added in weeks 45, 46, 47, ho, ana 52,
for 1975 and in veeks 1-6 and 9 in 1976.
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Table 3. Deep Space Network coverage for flight operations, calendar year 1976
(average number of 12-hour. passes per week)

Deep
Space
Station Week number
subnets,
Xkey :
wvents 1.2 3 % 5 6 7 8 9101112131k 151617 1819 20 21 2223 2 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 ko L1 k2 4344 b5 L6 4T

13,42,61 21 21 21 212115 8 81017 18 181510 § 8 6 6 511 101111202121 21 21212121212121212121212121212121 212121 3
1,43,63 5 6 7T b Yio@alEig f 7 TiTel AR sipipiplolplelelolclerelel2lolAlaliizllzliaieiieieianlalal 3

1@24h,62 0 0.0 O 0 0 0 00 3 3 32 ¢C0 ‘0o 00 00O0O0OGOCGO07TE: 68504203221 322 1100

) ) Mission
O key . . .
events 7 8 9 10 11 12 13 15 1% 27 18 19 20 21 22 23 24 25 26 27 28 29

19

Key to 1976 Mission events

T = Viking A scen calibraticn 22 = Yiking B encounter, 8-7
& = Viking B scan calibration I, 2-16 23 = Touchdown for Viking B; Viking A low activity begins, 9-k
9 = Helios perihelion, 2-23 - 3-22 . 2k = Viking A desynchronization, 9-6
10 = Assumed pericd of high solar activity, 3-22 25 = Viking B plane change, 9-13
* 11.= Viking A scan calibration IIL, he12 26 = Viking B resynchronization, 9-20
12 = Viking B scan calibration II, L-1% 27 = Viking A synchronizaticn; Viking B desynchronizaticn, 10-h
13 = Viking & visual calibration I, 5-3 28 = Viking B synchronization, 10-2
14 = Viking A encounter minus 40 days, 5-B 29 = End of Mission, 13-15
15 = Viking B visual calibration I, 5-10
16 = Midcourse maneuver Viking &, 5-1T
17 = Viking A visual calibration 1T, 5-24

18 = Viking A eacounter minus 10 days, midenurse moneuver, 6-8 NOTE: gSee Table 2 Hote.
54 Viking A encounter, 6-18 :
30 = Touehdown for Viking A, T-4

Yiking B enccunter minus 30 days, nidocurse maneuver, 7-T

[
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and 21, 1975 (both delayed), Mars arrivals on June 18 and August T,
1976, and landings on July 4, and September L, 1976,

10. Data Requirements
Radio metric data were required during cruise for navigation
burposes, and also during orbital operations for orbit determination,

ephemeris studies and radio science experiments.

Radio metric data capabilities of the 26-meter and 6h-meter sub-
nets are listed here.

a. 26-Meter Subnet

(1) Planetary ranging and Differenced Range Versus Inte-
grated Doppler on one S-band carrier at Stations 11,
k2, and 61 shared with 6l-meter stations at Sta-
tions 42 ang 61.

(2) Two-way S-band doppler simultaneously with plane-
tary ranging.

(3) Planetary ranging and Differenced Range Versus
Integrated Doppler at Station 11 only.

(4) Planetary ranging capability at Stations 42 and 61
to be shared with their conjoint 6l-meter stations.

(5)  Two-way S-band doppler at Stations 12, 4k, ang 62,

b. 6h-Meter Subnet

(1) Planetary ranging on one S-band, two-way carrier and
one coherent X-band, one-way downlink carrier simul-
taneously at Stations 1k, 43, and 63. The S-band
ranging capability to be shared at conjoint Sta-
tions 43 ang 63.

(2) One two-way S-band doppler stream and one one-way
coherent X-band doppler stream available at the same
time as planetary ranging is in operation.

(3) Differenced Range Versus Integrated Doppler data
available at S~ and X<band when ranging is in
operation. : :

(1) Possible combinations of data streams at each 6h-meter
station are summarized as follows:
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s b'd pd
1
. 1 T
2 1
1 1 1
1 1 1 1
Key:
DS = one 2-way S-band doppler stream
DX = one X-band downlink doppler stream
Rs = pgne S~band ranging stream
R = one X-band downlink ranging stream

Ground weather data and ionospheric data to be provided
to the Project via postpass plastack on high-speed
circuits in accordance with formats of Mission Con-
trol and Computing Center to Deep Space Network
Interface Requirements, Volume IV of Orbiter System,
Lander System, Viking Mission Control and Computing
Center System to Data System Interface Requirements

Documént .

Fach 64-meter station provides two doppler counters.
One will operate at S-band or X-band (one-way coherent)
while the other will operate at S-band (two-way) only.

Fach 6li-meter station provides one planetary ranging
system that can operate simultaneously by S-band (two-
way) and X-band (one-way). The planetary ranging
system will operate under input signal conditions
PR/NO = ~10 dB for an acquisition time of 10 minutes.

Requirements for radio metric data accuracy are given in Table L.

Telemetry coverage requirements varied with the phase of the mis-
During the long cruise period, each Deep Space Station was required
to receive one spacecraft at a tinme, each transmitting one engineering and
one science channel. After the arrival of the second spacecraft at the
planet, each Gli-meter station was required to receive simultaneously two

~spacecrafl, each transmitting one engineering and one science data stream.

28
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Table 4. Deep Space Network radio metric

data support — accuracy

Ttem Viking requirements
(30)

Network capabilities
(30)

1. Two-way S-band 2.1 mm/s for 60-s
doppler interval
accuracy (I)

40-ns (6-m) phase
delay stability
over 12-h pass

100-ns (15-m) know-
ledge of ranging
group delay at all’
times

2. S-band ranging
accuracy (Net-
work only) (I)

100-ns (15-m) rang-
ing group delay
stability over 12-h
pass

300-ns (45-m) know-
ledge of range
group delay sta-
bility over a
90-day period

3. =~ S-and X-band
aecuracy
{Orbiter or
Lander and
Network) (II)

300-ns (L5m) range
group delay stabil-
ity over a l-day
period

2.1 mm/s for 6-s count
interval (2400 s round
trip light time)

5.7 m over 12 h (2400 s
romwnd trip light time

Ranging System accuracy
(1 o) due to all
sources of error
follows:

(1) High frequency
noise 5.0 rms

(2) Instability in
range modulation
group delay
2.0 m/12 h

(3) Uncertainty in know-
ledge of frequency
for 2400 s round
trip light time

3.6 m

(k) Station calibration
erroxr 2.5 m

(5) Time of measurement
error 1.0m

Network contribution to
overall ranging accu-
racy given in Item 2
for S-band

Network contribution te
X-band ranging estimated
same as for S-band

7

8classification of data accuracy requirements given thus :

(T, IT, ITII). ,
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Table 4 (contd)

N Ttem

Viking requirements
(30)

Network capabilities
(30)

6.

Differenced
Range Versus
Integrated
Doppler accu-
racy (Network
only) (I)

S- and X-band
differential
accuracy

" requirements

(Network) (II)

‘Doppler cycle
slip (I, II)

30-ns (4.5-m) daif-
ference between
S~band doppler and
range group delay/
12-h pass

Mo—ﬁs%(6.0—m) dif-

ference between

“.Scband doppler and

range group delay/
15-min integration
time »

Difference between

S~ and X-band
doppler phase
delays over 12-h
pass: 1.62m (Net-
work 0.6 m, Orbiter
1.5 m)

Differencerbetween
S~ and X-band rang~

ing group delay over

12-h pass: 4.2 m
(Network 3.0 m,
Orbiter 3.0 m)

Not more than a
10-cycle slip over
one 12-h pass for
navigation data

L

4.5 m/12h (30 ns/12 n)

For 15-min time between
independent range
samples, range error 4o
be 6 m (40 ns) only if
ratio Pgr/Ngy is +2 dB or
greater; doppler error
over this period assumed
negligible

Network design goal for
differential S- and
X~band doppler phase
delay 6.0 m over 12 h

Network design goal for
differential S- and
X-band range group
delay 3.0 m over 12 h

S-band cycle slipping
due to Network
receivers alone will be

" less than 30 cycles

over one l2-h pass pro-
vided RF carrier level
remains 10 dB-or more
above receiver
threshold -
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Table I (contd)

Item

Viking requireﬁents
(30)

Network capabilities
(30)

6. Doppler cycle
slip (I, II)
(conta)

T. Station
' location
errors (T)

Not more than a
l-cycle slip over
one 12-h pass for
radio science data

For each Station
supporting Viking,
maximum- station
location error with
respect to mean
pole, equator, and
prime meridian
(1903.3) to not
exceed following

" values:

(1) Distance
from pole :
1.8 m

(2) Longitude 6.0 m

(3) Distance from
equator U45.0 m

Represents design goal
related to future capa-
bility and can be com-
mitted to Viking
support on best-efforts
basis only

For each Station

 supporting Viking,

station location

errors are function of
following error sources
in addition to Station
observables range,
doppler, and Differenced
Range Versus Integrated
Doppler normally pro-
vided to Project:

(1) Station locations
(2) Tropospheric effects
(3) Universal time

(k) Pole locations

As part of its track-
ing data collection
function,’the Network
will also provide these
data to Project with

following accuracy:

Station locations .

ors = 0.6,0y = 2.0, o, =
15m°

bThis represents capability of Goldstone'stations; it is assumed that
an equivalent capability can be realized for overseas stations based
on current Network implementation plans and postflight analysis of

Mariner Mars 1971 orbit phasevtracking data; data will be provided
prior to launch and updated as necessary. ;
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Table 4 (contd)

Ttem

Viking requirements
‘ (30)

Network capabilities
(30)

10.

11,

Differenced

Range Versus

Integrated
Doppler
acquisition
time (I)

Ranging
acquisition
time (I, II)

Timing (I)

Polar
motion
data

15 min from receipt
of two-way doppler

15-min intervals
throughout Dif-
ferenced Range

- Versus Integrated

Doppler pass

10 min for single
uplink

Network master
clock to U.S. Naval
Observatory not
greater than 1 ms

Interstationytime

‘sync not greater

than 150 us :in
cruise and 60 us
in orbital phase

Data of sufficient
accuracy to permit
instantaneous pole
to be determined
relative to mean -
pole of 1903.0 to. -
following accuracy
S 30 = 2.1 m

3oy = 2,1.m

Differenced Range Versus
Integrated Doppler data

became available at com-
pletion of first ranging
component acquisition

Differenced Range
Versus Integrated
Doppler sampling
interval of 15 min
provided consistent
with Pr/Ny = +2 4B-
R/0 :
or greater (Ttem k)

Acquisition time
depends on ranging
signal-to-noise con-
ditions in both

uplink and downlink®

60 us at all stations

60 us throughout the
mission at all stations

Provide International
Bureau of Time data on
daily or weekly basis
from which polar motion
derived by Project;
data provided on
punched cards suitable
for computer 1108 input

CConditions under which Class I requirement could be met for a single
uplink with Network operational planetary ranging system discrete '
spectrum for a probability of ranging error P = 5% were detailed
in the Jet Propulsion Laboratory internal document.
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Table 4 (contd)

Item Viking requirements Neﬁwork capabilities
(30) (30)
12. Earth Data of sufficient Provide International
rotation accuracy to permit Bureau of Time data nn
data difference between

13. Tropospheric
model

14, Differenced
Range Versus
Integrated
Doppler
Datsg

Atomic Time 1 (AT 1)
and Universal Time
1(UT 1) be determined
by the following
accuracy:

30(ar 1 - yr 1) ~
12 'ms

Parameters of suf-
ficient accuracy to
reduce residual

error (Ar) to

following:

3o = 3.0 meters
(4)

at degrees
evaluation

- Qf sgfficient»accur-

acy to reduce resi-
dent error (after
calibrating for
troposphere) to
following: ‘

30( ) = S-O m

Ap ;
(This error includes
Network errors
reported in Item 4
plus contributions

- from Viking Orbiter

of 45 ns (3 m))

daily or weekly basis
from which UT 1 may be
derived by Project; data
provided on punched cards
suitable for 1108 com-
puter input

Data taken continuously
during mission in local
area of each complex

with following accuracy:

Pressure +2.5 mbar

Temperature *+0,1°C

Relative
humidity 5%

Refer to allocation of
Network error contribu-
tions given in Ttem L
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Following the first landing sequence, each 6h-meter Deep Space Station
was required to receive simultaneously three spacecraft, i.e., two

Orbiters and one Lander, each transmitting one engineering and one
science data stream.

During critical or high-activity periods of previous missions,
the requirements for hardware failure backup were met at the Deep
Space Stations by scheduling a second station in parallel and/or
the use of complete parallel strings of equipment readied in a standby
state. The Viking mission, however, had unique requirements in that
the critical high-activity periods would extend for up to five months
continuously. During this period support would be required continuously

without the benefit of backup stations or backup strings, at each 6h-meter
antenna Station.

During the planetary operations phase, all four spacecraft (two
Orbiters and two Landers) would be within the beamwidth of a single
antenna. The 6L-meter subnet would be required to track up to three
spacecraft (two Orbiters and one Lander) simultaneously and to provide
one command uplink and process six telemetry subcarriers. As prac-—
tieally all of the Station equipment would be in use during three
spacecraft operations, the configurations were designed to include
new extensive "cross-switching" capabilities. These greatly increased
the flexibility over current configurations and provided optimum use of
the equipment for data processing in the case of an equipment failure.
Also, the conjoint 26-meter antenna stations would provide uplink and
backup telemetry hardware, accessible from their conjoint 6Gh-meter
antenna stations. Using a microwave link, Goldstone Stations. 11l and
14 had the same capability.

The 6l4-meter station Viking telemetry configurations also were
required to be capable of processing the types of data shown in
Tables 5 and 6 from two Orbiters and one Lander simultaneously. The
Station 1k Viking hardware capabilities are shown in Fig. 1k.

Figure 15 presents the Orbiter/Lander/Orbiter standard configuration.

3l
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6) science
data

1000 bits/s

Table 5. Viking Orbiter telemetry channels
Subcarrier
Telemetry frequency,
channel Designator - Description Bit rate kHz
Low B Uncoded 8-1/3 or 33-1/3 24,0
engineering bits/s
data
High c Coded (32, 1,2,4,8, or 2L0.0
6) science 16 kbits/s ‘
data
A Uncoded 1,2, or b 240.0
science kbits/s
data -
Table 6. Viking Lander telemetry channels
(for S-band direct link)
. Subcarrier
Telemetry frequency,
channel Designator  Description Bit rate kHz
" Tow ‘;‘ B Uncoded 8-1/3 bits/s 12.0
: i engineering
data
High: A Coded (32, 250, 500, and 72.0
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IIT. TRACKING AND DATA ACQUISITION SYSTEM

A INSTITUTIONAL

To support the Viking mission to Mars, the Tracking and Data
System requires the capability of acquiring telemetry data simulta-
neously from two Viking Orbiters and one Viking Lander {(including
one high rate data stream and one low rate data stream from each
vehicle) while commanding and tracking any two of the vehieles. This
funetion is carried out by an operationally unified set of command,
tracking, and data acquisition resources composed of a selected
collection of Earth-based equipment, software, personnel, and
procedures.

The required Tracking and Data Acquisition resources are pro-
vided by organizations under the Department of Defense, Goddard Space
Flight Center, Kennedy Space Center, Jet Propulsion Laboratory, and
referred to collectively as the Tracking and Data System Support
Agencies. Although these support agenciesg are not under the direct
control of the System Manager, they are responsive to his needs
through a system of communication, coordination, and documentation.

For convenience in planning and management of the resources
involved, the support for flight projects is considered in two phases;
namely, the near-Earth phase and the deep space phase.

‘The near-Earth phase begins at lift-off and continues until
two-way acquisition of the spacecraft by the first station of the
Network immediately following spacecraft separation from the launch
vehicle.

The deep space phase begins at this point and continues through
the end of mission. '

The Viking Project requirements and Network support are formally
specified in two National Aeronautics and Space Administration doc-
uments, the Support Instrumentation Requirements Document and the
National Aeronautics and Space Administration Support Plan. The
Support Instrumentation Requirements Document 1s prepared by the
Viking Project Office and the National Aeronautics and Space Administra-
tion Support Plan is prepared by the Deep Space Network with- review and
approval in the National Aercnautics and Space Administration Office of
Space Science and the Office of Tracking and Data Acquisition respec-
tively. For the Viking 1975 mission, the Support Instrumentation
Requirements Document (RD-3713008, initial issue July 1, 1971, Revisions
A = C, September 17 — November 30, 1973, Revision D, April 26, 1974,
Revision E, May 31, 1974, Revision F, October 25, 197k, Revision G,
April 4, 1975, and Revision H, May 13, 1975) and the National Aeronau-
tics and Space Administration Support Document (initial issue May 1,
1972, Revision 1, September 15, 197hk, and Revision 2, July 15, 1975)
followed this pattern. - :
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The formal statements of requirements and commitments were
preceded by more informal and general descriptions of project plans
and system capabilities. Requirements were generalized at the highest
level in the Viking Project Plan, which constitutes the general
technical/management agreement document for all project and system-
level elements of Viking. A predecessor to this document was the
Viking Project Specification, approved in May 1970, which levied brief
and general requirements on all systems of the Project.

The Network response to the Project Specification and other
statements on the need for Tracking and Data Bystem support by Viking
was contained in the Tracking and Data System Estimated Capabilities
for Viking, initially issued September 1, 1970, and revised there-
after. This document defined the System function and organization,
particularized the existing and anticipated support elements applicable
to the specified Viking mission, and estimated support and performance
capabilities,

As the planning process proceeded, the requirements for support
on the one hand, and the capabilities of system elements on the other,
came to be progressively better defined, until they could be negotiated
and formally stated. Naturally, the nature and distribution of capa-
bilities of the Tracking and Data System institutions influenced the
form and to some degree the character of the Viking Project's require-
ments, though in large part these arose from the dsfined mission
(summarized in Section II). 1In similar part, the requirements, antic-
pated and expressed, for Viking support conditioned plans for the
" evolution of capability, particularly the implementation of the full
6L-meter subnetwork of Deep Space Stations and L400-kW high-power
transmitter capability.

The Support Instrumentation Requirements Document and the
National Aeronautics and Space Administration Support Plan documents
constituted the culmination of the institutional planning process,
providing between them the negotiated agreement for Tracking ‘and
Data System support in the prelaunch, near-Earth,. and deep-space
“phases of the Viking revision.

The requirements and commitments expressed therein are summarized
in the following Planning (B) section.

‘B. PLANNING
1. Pre—Project Planning-

Vlklng Mission planning and studies were in progress before the
formal agreement for tracking and data acqulsltlon support was executed
in March 1969 between the Langley Research Center and the Jet Propulsion
Laboratory. A year previously, planning started at Langley, while
advance studies at the Laboratory preceded the agreement by six months.
The System estimated capabilities were published December 1, 1968 three
months ahead of agreement execution.
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Despite the later schedule and organizational changes, Project
and the Network breplamning studies provided s good approximation of
the final support requirements and planning. This was especially true
in the Estimated Capabilities document. The extreme Viking demands
stemmed from the duration of the critical operations Period, density
of coverage, and the number of spacecraft to be tracked and com—
manded independently and simultaneously. The nature of the mission
calledxggg?ﬁfgﬁ navigation-accuracy requirements. Telemetry data require-

'menfgﬁﬁere significantly greater than those of ongoing planetary pro-
~ Jects. This was a result of more complexity because of the number of
spacecraft involved simultaneously, and because the primary mission
objective was conceived to be more critieal. Command requirements
were critical, especially during Planetary operations. Interesting
Problems were presented by the necessity of operating the Lander on
the surface under severe geometrical constraints posed by a rapidly
rotating planet. Viking planning was soon predicted on the then
future availability c< an advanced (6h-meter) antenna subnetwork to
supplement the two e. Lsting 26-meter antenna subnetworks.

Prior to the Fformal authorization of the Viking 73 Project, the
basis for Tracking and Data System  support planning consisted of
informal data describing anticipated mission requirements, the current
capabilities of the Deep Space Network and the existing near-Barth
support capabilities together with the development potential of the
Network, as well as some considerations of future mission loading on
the Network.

The mission loading study, documented some months later in the
light of defined support requirements (Ref. 1), showed inh the expecta-
tion of considerable mission activity requiring Network support in the
Viking mission period. However, estimation was that Viking require-
ments as understood could generally be met. Completion of the 6li-meter
subnet in time to support Viking was clearly required, as were develop-
ment and growth in all Network data systems. In addition to the
Viking missions considered, Network loading studies included the
existing interplanetary Pioneers, the Jupiter Pioneers (F and G, later
10 and 11), the Venus/Mercury 1973 swingby (later Mariner 10), the
Helios solarprobe missions, and Mariner Mars 1971. A number of
potential planetary missions also were considered.

2. Planning the 1973 Mission T e

Following formal approval of the Project, in February 1969,
System planning continued without hiatus. Assumptions were not
essentially changed by the formal start of Project work, the execution
of the management agreement covering Viking Tracking and Data System
support, and the buildup of Project management and contracting that
ensured. = A preliminary Master Working Schedule for Viking support
planning and implementation was completed in May. Completion of the
6l-meter subnet was carried forward with the selection of a prime con-
tractor in July; this effort had been scheduled to be compatible with
Viking 1973 support requirements. :
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Detailed analysis of launch-phase characteristics showed the
need for a thorough study of near-Earth requirements, with improvements
in downrange coverage. This effort was undertaken in late 1969.

It was foreseen that planetary operations would require both
Viking Orbiters to operate simultaneously with one Lander at s time
requiring the support of three Viking spacecraft at Mars at the same
time.  Additional complications in pPlanning deep-space support were
caused by the complexity of Viking responsibilities with Project at
the Langley Research Center, the Deep Space Network and Orbiter at the
Jet Propulsion Laboratory, and Lander at Martin Marietta Corporation.
To uweet the challenge of these complex institutional interfaces, the
Viking Project office established a Viking Management Council. The
Council was expected to provide a top level forum for the resolution of
interagency problems that might otherwise inhibit working relation-
ships at the technical level.

A Network Capabilities Planning Team was organized at Jet
Propulsion Laboratory in November 1969 to plan and study Viking Track-
ing and Data System support capabilities and requirements in the light
of project long-range capabilities and plans of the Network. A Network
readiness date of January 1, 1973, was targeted as a Viking Project
requirement. However, two months later the schedule basis of this

planning effort was shifted by the change in Viking launch plans.

The planning activities during this period were reported in
Refs. 1, 2, and 3.

3. Planning the 1975’Mission

» While the Project was developing a new mission plan resulting
from the rescheduling of the launch to 1975, the Network used the
opportunity to prepare a general” Interface Design Handboock and identify
the Viking interfaces. The Project Office issued the Viking '75
Project Specification in May, and the choice of flight trajectories
was made in July. In addition, the study of launch-phase coverage
problems was continued and updated to. accommodate conditions of the
1975 launch period; this effort was completed in September.

Meanwhile, construction work continued in Spain and Australis on
the 6h-meter antenna tracking stations. These were to be conjoined
with the 26-meter antennas using common control and communications
facilities, for economy and flexibility. '

Estimated capabilities and the interface designs were updated
to take into .account the new requirements of the 1975 mission, and
released in the Fall of 1970. By this time,- it had been recognized
that the Viking 1975 flight geometries, in conjunction with practical
Network capabilities and Viking requirements, posed real constraints
on some aspects of support. The angular separation during cruise of
the two Viking spacecraft precluded dual tracking with a single
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Gh-meter antenna until a few days before Mars arrival of the second
spacecraft. The extreme range at Mars arrival (300 million km) and

its increase (to 400 million km) imposed limits on telemetry rates,
while the proximity of solar conjunction to Mars operations constrained
Viking planetary operations by affecting communications signal param-
eters beginning in October 1976,

The installation of a LO0-kW transmitier was planned for
Goldstone, while the overseas 6l-meter stations were to have 100-kW
transmitbters. Studies of the capability of maintaining dual command
links from a single 6lL-meter antenna at various power levels were
undertaken. This capiiility would be required to allow the 6li-meter
subnet to provide separate command coverage of planetary operations
of the first Orbiter and Lander while the second Orbiter and Lander
were still approaching Mars. These studies eventually showed that risk
of interference to the telemetry carrier from intermodulation products
due to dual carriers required the use of a second subnet (26-meter)
for simultaneous commanding of two spacecraft. ‘

Further, during this period, great attention was given to con-
sideration of the metric data accuracy and the special navigation
requirements of the mission. Project requirements for metric data
quality were understandably stringent, and stressed Network capabilities
in this area to the limit of the state of the art at that time.

Another area of concern during this period was the coordination
of management and planning documentation between the Viking Project
and the Deep Space Network. Configuration management and data manage-
ment negotiations were successfully concluded to assure that Project
needs would be met through the use of Network practices, and key
interface planning tasks were assigned to a number of specialist
Working Groups, as well as a joint Network Interface Team and the
Capabilities Planning Team, whose operations were suspended at the
time of the Viking schedule redifection and reinstituted in September,
1971. © Good communications were maintained by these groups through
frequent meetings and a rigorous assignment and closeout of action
items and documentation. These efforts are reported in Ref. L.

The preparation of Bupport Instrumentation Requirements Docu-
ments and the National Aeronautics and Space Administration Support
Plans began in mid-1971 with the preparation and Project Office
approval in July of the Support Instrumentation Requirements Document.
A preliminary National Aeronautics and Space Administration Support
Plan was circulated for review in October 1971.

In July 1971, reorganization changed the configuration of the
Tracking and Data System. At Jet Propulsion Laboratory, a new Office
of Computing and Information Systems was established to take respon-
sibility for the new Data System Division and for Data Processing
Requirements. By December, the Space Flight Operations Facility had
been completely transferred from the Tracking and Data Acquisition
Office to the new office. In the meantime, National Aeronautics and
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Space Administration (NASA) separated the support and management of com-
puting systems and data processing from the Headquarters Office of Track-
ing and Data Acquisition. As-a result of these changes, a new Viking
Mission Control and Computing Center System was created to take
responsibility for mission computing and data processing services.

The task of supporting the Project with data processing and display
fagilities ceased to be a Tracking and Data System responsibility.

A revised Support Plan was prepared by the Network and approved
at Jet Propulsion Laboratory in May and by the NASA Headquarters in
June 1972. : ‘

The Compatibility Test Area 21 was ready to support Viking in July
1972 although compatibility testing did not begin until January 1973.
The 6l-meter antennas at Station 43 in Australia were accepted from
the contractor in July 1973 and the 64-meter antenna in Spain, Sta-
tion 63, was accepted in January 19TL.

By Febrauary 1973, tests of the dual-command-carrier mode had
been completed at Goldstone, and this mode was dropped from the
support plans because of the insoluble problem of intermodulation
interference. As a consequence, three subnets were committed to the
mission phase in which an Orbiter and a Lander at the planet and
another Orbiter-Lander approaching the planet have to be given com-
mand coverage. At this time, the first Orbiter-Tracking and Data
System compatibility testing was underway. In November, the first
new Viking-support hardware, the Block IV receiver/exciter, was
installed at Station 14 at Goldstone. The implementation of Viking
Tracking and Date System configuration was in progress.

During the same period, the final plans for implementation,
testing, and operations were completed and released. The Support
TInstrumentation Reguirements Document was updated (reflecting. the
new System configuration) and the Network-Control Center interface
requirements defined and published. Thus with the beginning of the
implementation phase of Tracking and Data System for Viking, the
planning phase had been completed. Although key planning documents
and schedules would continue to be revised in a minor way to account
for implementation evolutions and interactions, Tracking and Data
System support for the Viking 1975 mission was understood, integrated,
~and documented.

C. REQUIREMENTS FOR TRACKING AND DATA SYSTEM SUPPORT
1. Near-Earth Phase

The near-Barth support facilities consisted of resources of the
Kennedy Space Center, Air Force Eastern Test Range, Goddard Space Flight

Center's Spaceflight Tracking and Data Network, Deep Space Network,
and NASA Communications Network.
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The purpose was to acquire, record, retransmit, display and
process data specified in the Viking 'T5 Support Instrumentation
Requirements Document in accordance with the Viking '7T5 NASA Support Plan for
the Near-Earth Phase of the mission. This phase includes certain perlaunch
testing, launch operations, and flight until initial two-way acquisition of
the spacecraft by the Deep Space Network.

The real-time retransmission of metric tracking data was to be
used for determining orbital parameters, computing acquisition data
for the more remote tracking sites (including selected Deep Space
Network sites), and establishing early indications of the Mars
encounter accuracy of the spacecraft and the separated Centaur stage.
The real-time retransmission and display of space vehicle telemetry

data, together with the metric tracking data mentioned above, were
used to:

(1) Determine the instantaneous status of the launch vehicle.

(2)  Bstablish as quickly as possible the normalcy of the
mission.

(3) Aid in project decisions concerning nonstandard events.

(4) Aid the near-Earth support stations in acquiring the
launch vehicle, spacecraft, or both.

(5)  Enable early postlaunch analysis.

The near-Earth tracking system was called upon to support all the
mandatory requirements requested for the Viking mission for at least
a 50-minute window per day and for most days at least a 60-minute
window. However, support for some of the "required" or "degired"
requirements could not be provided by the near-Barth support because
resources were not available or the signal level was marginal during
that interval. After start of Centaur reorientation to the blow down
vector, the signal strength of both the radar and launch vehicle
telemetry links was expected to decrease. The spacecraft telemetry
link at (2295.0 MHz) was not committed between launch and spacecraft
separation, because a 40-dB absorber inserted in front of the low gain
antenna to protect the spacecraft recelver, permitted only leakage
radigtion to be available for tracking purposes.

A summary of the near-Earth support system requirements that
could not be provided is given in Fig. 16.

2. Deep Space Phase

The Deep Space Network supporting facilities for Viking consisted -
of one 6h-meter subnet, two 26-meter subnets, the prelaunch
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Compatibility Test Area 21 at Jet Propulsion Laboratory, and the

Jlaunch monitor station at Merritt Island. Ground communications

were by voice, teletype, high speed data, and wideband data transmis-
sion circuits. Network control, monitoring, and data system validation
were provided by the Network Operations Control Center at Jet Propul-
sion Laboratory. In addition, the Control Center was responsible for
produeing Intermediate Data Records for telemetry, tracking predicts,
seven-day schedules, and sequences of events for the Deep Space
Network.

Stations 11, 12 (Goldstone), L2, 44 (Australia), 61, and 62

(Spain) were configured as the primary stations for cruise support

until limiting signal conditions required transfer to the 6l-meter
subnet. The primary stations for Mars operatlons support were

Stations 11, 14 (Goldstone), 42/L43 (Australia), and 61/63 (Spain).
However, if télemetry communications requirements exceeded the capa-
bility of the 26-meter subnet shortly after launch, the 6h-meter
stations were required to provide the necessary telemetry support.

Full planetary ranging capability was the responsibility of Stations 11,
14, b3, and 63. Telemetry and command data were to be received and
processed as required. Prelaunch compatibility test requirements were
to be met. The gross periods of committment for the three subnets, and
the compatibility test stations are given in Fig. 13 with the weekly
coverage in Tables 2 and 2A. ’

The Deep Space Network, Ground Communication Facility, and
NASA Communications Network were to provide voice, high speed data,
wideband, and teletype circuits required for the transmission of
command, telemetry, tracking, simulation, monitor, and operations
control data between the control centers and the stations. Communi-
cations capability was required to correspond to the Deep Space Sta~
tion capability to support all combinations of Viking data streams.
However, maximum communications circuit loading under all conditions
of combined testing/training/flight support was not to exceed eight
high speed and two wideband data channels. Communications capability
for ‘simultaneous transmission from two stations -during overlap cover-
age periods was to be provided as required. Ground Communications
Facility and NASA Communications support for the deep space phase
was to begin approximately launch plus six hours and extend through
end of mission (lSyNovember 1976) as shown in Fig. 17.

Capability was to be provided for generating Network simulation
data, as well as accepting a simulated command-responsive telemetry
data stream from the Project.

The Network Operations Control Center was to provide for control
and monitoring of Network performance. All incoming data were to be

~validated at this point while being simultaneously. transferred to the

Mission Control and Computing Center for real-time use by the Flight
Operations System. Any missing or bad telemetry data were to be
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recalled from the,Digital Original Data Record at the tracking stations.
These data were t0 be time merged with the real-time telemetry data
contained on the Network Data Log to form a Telemetry Intermediate Data
Record. This capability was scheduled to be operaticnal Feburary 1,
1976. The capability to recall and replay telemetry data from the
Digital Original Data Record via high speed/wideband data line to the
Mission Control Center was to be provided both before and after imple-
mentation of the Intermediate Data Record capability. The capability
to recall and replay command/tracking data from the command/tracking
Digital Original Data Record was to be provided. ‘

Network planning assumed that elements of the 26-meter subnet
(Table 7) were to be used to provide back-up capability for the
6li-meter subnet in the event of failures from which rapid recovery at
the affected 6l-meter Deep Space Station was not otherwise feasible.
The Project was expected to recognize these factors in its mission
design activities, particularly during critical sequences of the
mission. '

In response to Project requirements, the Network implementation
plan provided for all major hardware and software necessary to recon-
figure the Network for Viking, to be on site, including overseas sites
(Fig. 18, 19, and 20), prior to launch. However, system testing of
all hardware and software in the Planetary configuration was not sched-
uled to take place at the overseas sites until November/December 1975.

3. Unsupported Requirements

In general, the Tracking and Data System was able to provide
tracking and data acquisition resources to satisfy all Viking require-
ments. They had been defined on the basis of known and anticipated
near-Farth and deep space capabilities and facilities, and on the
feasibility of such commitments.

There were, however, three other factors that influenced the
System's ability to satisfy all its commitments to the Project:
unforeseen changes in support provided by other agencies outside the
Jurisdiction of National Aeronautics and Space Administration, uncer—
tanties of advanced development technology, and the needs of other
missions. ,

During the near-Earth support planning phase, the station at
Carnarvon was decommissioned and the station at Tananarive was eclosed.
This forced greater reliance on Advanced Range Instrumented Aircraft
and the instrumented ship Vangard to fill gaps and extend coverage.
However, the changes resulted in no compromise to near-Earth support
of the Mission.

It had been anticipated early that dual command carriers. could
be maintained from a single 6l-meter station, using the high-power
transmitters then being planned. . This strategy permitted the require-
ment of constant readiness to command two spacecraft to be met, using
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Goldstone, California, Deep Space Stations: 11 (bottom), 12 (center),
14 (top)
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Fig. 20. Deep Space Stations 61 and 63 (bottom), and 62 (top) near

Madrid, Spain
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Table T.  Tracking and data acquisition stations of the Deep Space Network
Antenna
Deep Space Year of
Communications Deep Space Station serial  Diameter Type of initial

Complex Location Station designation m (ft) mounting operation
Goldstone ‘California Pioneer 11 26(85) Polar 1958
Echo 12 26(85) Polar 1962
Mars 1k 64 (210) Az-E1 1966
Tidbinbilla Australia Weemala Lo 26(85) Polar 1965
Ballima L3 64 (210) Az-E1 1973
- Australia Honeysuckle Creek Il 26(85) X-Y 1973
Madrid Spain Robledo 61 26(85) Polar 1965
Cebreros 62 26(85) Polar 1967
Robledo 63 64 (210) Az-E1 1973
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the 6lh-meter subnet for the case in which the two spacecraft were close
enough to be illuminated by one antenna (as when both sare at or near
Mars). However, extended development work and testing uncovered some
difficulties, both with the high transmitter powers planned and with
intermodulation products induced on the surface of the antenna under
dual carrier conditions. It was, therefore, decided to install
100-kW transmitters at the overseas 6h-meter sites, with an experimen-
+21 400-kW trensmitter at the Goldstone site, and to regard dual-
carrier commanding only as a mission enhancement option. This led
directly to a requirement for two stations to provide two simultaneous
uplinks. A third station was required to support the second space-
craft prior to its arrival at the planet.

Concurrent deep space missions included the interplanetary
Pioneers (6 — 9), post-Jupiter operations of the Jupiter Pioneers
(10 and 11), and Helios (A and B). The Helios B launch, January
1976, and near-Solar operations three months later appeared to be
the only critical operations of other Projects that were contemporary
with Viking flight operations. Angular separation generally afforded
relief from many potential conflicts between Viking and other Missions
supported by the Network, while schedule separation relieved launch-
support conflicts. Numerous differences between requirements stated
in the Support Instrumentation Requirements Document and commitments
given in the NASA Support Plan remained for subsequent negotiation and
resolution in the iterative process. Ultimate convergence was reached
only in the course of operations.

D. MANAGEMENT

1. Schedules

.

The approach to schedule management for the Viking reconfigura—
tion activities in the Network was based on a family of schedules
starting with the Tracking and Data System Level 3 and proceeding -
down through Levels 4 and 5 to individual Station implementation and
test periods.

At Level 3, only major milestones representing Tracking and
‘Data System interaction with other systems of the Viking Project were
identified. This schedule also included activities for the prepara-
tion of near-Earth support. The Level 3 schedule was updated monthly
and published by the Viking Project Office, along with similar sched-
ules for the other systems of the Project in Viking Project Working-
" Schedules and Reports. A typical page from this document is shown
in Fig. 21.
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The next set of schedules shows activity necessary at each
Station to meet the key milestones in Level 3. This, too, was
updated monthly, in accordance with progress at each Station and
reported in the Viking Project Office for publication in the same docu~
ment as the Level 3 schedules. A typical sheet for Stations 11 and 1k
for November 1974 is shown in Fig. 22,

At this point, it became necessary to identify implementation
and test activity at the Station subsystem level. For this purpose,
a series of Level 5 schedules was developed., At Level 5, the required
readiness dates Ffor all Station subsystems were shown together with
the ensuing testing and training activities.

As in all the other schedules, the key dates needed to meet the
committed Viking Project readiness dates were carried forward. These
schedules were internal Network documents and were distributed to the
Projec% for information and to the stations and the implementation, test,
and operations organizations as a basis for their own subtier planning.

The published document was called the Viking Implementation
Schedule and a typical page for Station 1k, November 197L is shown in
Fig. 23. This document was updated monthly from the data provided by
the Deep Space Network Implementation Schedule. :

However, potentially serious difficulties faced Network manage-
ment by November 1974k. These were created by overload of contribut-
ing organizations, preoccupation with preceding in-flight project
problems and demands, and the number of different organizational
bouridaries involved. Overall magnitude of the task compounded the
problems.

2. Engineering Change

In October 19TLk, Station 14 (CGoldstone) was out of service for
approximately one month to reconfigure for the approaching Helios A
launch, Pioneer 11 Jupiter encounter, and to include a substantial
number of the engineering changes necessary to meet the Viking con- -
figuration published in Ref. 5. ‘

At the conclusion of this work, it was intended to start Viking
System Performance Testing in accordance with the foregoing schedules
and plans. After several futile attempts to accomplish this work it
became apparent that there was an urgent need for better visibility
and control of the multitude of Engineering Change Orders needed to
supplement the implementation of the subsystems before full system
performance testing could begin.

Further investigation soon revealed that the Engineering Change
Orders needed for the other stations in the Network were not clearly
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understood, and in many cases, were not scheduled properly to mesh
with the subsystem need dates reflected in the Level 5 schedules.
This implied a serious risk to the Network's ability to meet the
Viking need dates.

At this point (November 1974), upper management sttention
was drawn to these potential difficulties, created to a large
extent by the magnitude of the Job involved, overloading of con-
tributing organizations and preoccupation with preceding in-flight
project problems, and the number of different organizational bound-
aries involved. A prompt response resulted in %the establishment of
a three-man task team charged to:

(1)  Tdentify all the engineering changes involved.
(2)  Select those essential to the Viking configuration.

(3) Classify the essential changes according to categories
of readiness.

(k)  Take all action necessary to expedite any of these
latter changes that might delay the readiness dates.

(5) Establish a frequent and regular reporting and manage-
ment system at the change order number level.

The way in which the team was to work is shown in Fig. 2k.

The Telecommunications Division was to compile the list of
essential engineering changes to permit the Station directors to
estimate subsystem readiness dates. Combined with data for the
Mission Configuration Tests and the Operational Verification Tests,
management could determine whether the Viking need dates could be
met. ‘

Where these dates could not be met, it became necessary to
further reduce the test time (Organization 420), expedite the.
engineering changes (Telecommunications Division), or renegotiate
the Project need dates with the Viking Project Office. "As this
work proceeded, all three approaches became necessary. - The outcome
of several iterations of this process had resulted in the Network
readiness summary shown in Table 8.

‘ Further iterations were in progress to improve the schedule
deviations to allow for contingencies that may arise in progress.
Plans were made for a computer-hased change ‘status reporting system
using the following data sources as input: ‘

(1) Data from the Engineering Division regarding engineering

change kit deliveries to the cognizant operations
engineers. .
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Table 8. Network readiness summary

Schedule
Project deviation
Rerdiness Start Total Ready need (Weeks from
Station category® date hours date date 12/3/7k)
1 A/B 11/15/7k 599 2/24/75 2/10/75 - 2P
c 11/15/7k 92 2/15/75 6/9/715 + 11
F 2/1/75 615 10/15/75 11/3/75 + 2
43 c 2/1/75 237 L/1/15 L/7/75 + 1
o L/1/75 198 /3775 8/1/75 + 4
F 12/3/7% 775 11/5/75 1/5/76 + 8
63 ¢ 2/1/15 ' 237 L/1/75 4/28/75 + b
D L/1/Ts 198 /1775 8/1/75 + b
F 1/35/75 775 10/1/75 1/5/16 +12
11 A/B/C/F 115075 167 Co2/21475 2/2k/75 0
L2 o/F 2/1/75 277 3/7/75 4/7/75 + k
61 c/F 271775 177 3/7/75 L4/28/715 + 7
aCategaries af readiness:

A Support planetary verification tests {telemetry and cormand)
& Suppart planetary‘verification tests {tracking and monitoring)
o Support launch phase system integration tests

T Block IV receiver committed at stations &3 and 63

F  Support planetary phase system integration tests

! bHeady Jate exceeds need date,

NOTES:

Maximum mission configuration test rate is 10 hours per test, 2 tests per week.

Maximum operational verificetion test rate is 6 hours per test, 2 tests per week for two weeks, prior to
need dete. Remaining Operational Verification Tests are in parallel with system ‘integration tests.
Jtatiom hours for Fapineering Change Orders that are not subject to Mission Configuration Tests or
peraticnal Verificatisn Tests are net ineliuded in these estimates.
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DIVISION 33
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1]
VIKING PROJECT OFFICE ACQUISITION OFFICE
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YES

PROVIDE PROJECT

ASSESSES "CAN NETWORK
NEED DATES N e

‘MEET COMMITMENTS" PLAN

NO

YES

TRACKING AND DATA

SYSTEM MANAGER

NO RENEGOTIATE PROJECT
NEED DATES

Fig. 24. ZEngineering change planning for Viking

(2) Data from the cognizant operations engineers regarding
shipping and delivery of the modification kits to the
stations.

(3) Data from the station directors regarding implementation
at the stations.

It was planned to have this status reporting system in operation
by mid—January 1975.

It soon became apparent -that with the large number of ‘engineering
changes involved in implementing the Viking configuration (approx—
imately L400), the number of stations involved (nine, plus Compatibility
Tegt Area 21 and the Merritt Island Station), and the number of steps
required to complete each Engineering Change Order (about 12), that a
large computer based system would be required to properly manage the
entire process, to track the status of each order, and to provide the
detailed status reporting regquired by the Viking Project.
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A monumental software programming task was undertaken by
members of the Tracking and Data Acquisition office in December 1974
and January 1975. The result was the formal presentation of an
Integrated Implementation and Test Schedule to the Viking Project at
a Status Review on Janvary 27, 1975. This document contained gll the
milestones for each Engineering Change Order for all the stations,
including Merritt Island and the Network Operations Control Center,
from the time of issue through completion of the Planetary Configura-
tion in February 1976. It was to be published monthly and updated by
terminal inputs to the Univac 1108 computer files as each cognizant
engineer completed the change order milestone for which he was
responsible. The Network Control Center inputs were rather neglected
because, being a new implementation project, it was not at this time
controlled or managed by the engineering change management process.
This deficiency subsequently proved to be a costly and embarassing
. oversight. The document, which came to be colloquially referred to
as the "Dobiesked," continued to be issued regularly until August
1975. Then, having served its purpose, it was discontinued in favor
of the Engineering Change Request Status Reporting System.

This Status Reporting System, which was used to complete the
planetary configuration for Viking, came into extensive use after the
Viking launches and therefore is detailed in Volume II of this series.

3. Documentation

A basic premise of the Viking Project management approach was
that the difficulties introduced by the multiplicity of institutions
and organizations — government, industry, and academic — and their
dispersion throughout the entire country would be ameliorated to a
large extent by a detailed, comprehensive and well organized documenta-
tion and reporting system. This approach became evident at the out-
set of the functioning of the Project and the basis for the final
documentation system that had been esbablished by the end of 1968.

Over the following years, the original documentation tree under-
went many alterations. These came partly as a result of experience
and improved understanding of the management problems to be dealt with,
partly as a result of changes in the structure of the Project itself,
and finally, because of changes in the personnel and +he consequent
difference in working arrangements.

By mld—l97h the documentation tree had reached its final form
and the issue for January 1975 is shown in Fig. 25.

The burden imposed on the Tracking‘and Data System by direct

responsibility for many of these documents is shown by the lieting
that follows:
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61h~3 Viking 75 Project Tracking and Data
System Functicnal Specificabion

ID3T703111 Viking 75 Orbiter System, Lander Systen,
and Viking Mission Control and Computing
Bystem to Tracking and Data System Inter-
face Requirements Document — Ceneral
Regquirements, Volume I

ID3703111 Viking Orbiter System to Deep Space
Network, Volume TIT

ID3703111 Viking Lander System to Desp Space
Network, Volume IIT

ID3703111 Viking Mission Control and Computing
Center System to Deep Space Network,
Valume IV

The Network participated in the preparation of many other doc-~
uments to which its. concurrence was required as follows:

RS 3703001 Appendix A Viking 75 Mission Requirements
of System Design

RS 370300 Appendix F Viking 75 Project Radio Science
Investigation Regquirements
PL3701036 Viking 75 Configurabion Management Plan
75-120 Viking 75 VWorking Schedules and Reports

IR 3720154 Viking T5 Science Objectives Requirements
Document

RD 3713008 Support Instrumentations Requirements
Document

RD 3701050 Viking Data Management Plan
RD 3701028 Project Review Plan
RD 3712003 Viking 7% Training Plan

RD- 371200k Viking Launch and Flight Operaticns Jysten
Functional Specifications

RD 3712001 Viking 75 Launch and Flight Operatlun“
Integration Plan

RD 3712001 Viking 75 Launch and Flight Operations
Integration Pldﬁ

PRUSEDING PAGE BLANK NOT FILdts
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PL 3714002 Viking 75 Mission Data Plan

PL 3110000 Viking 75 Master Integration Test Plan
Summaxy
Viking 75 Project Integrated Test Plan —
Viking 75 Spacecraft VOS/LS & LFOS to
Tracking and Data System Compatibility
Test Plan

MT75-153 Viking 75 Spacecraft to Flight Operations
System Compatibility Test Plan

By the time of the Viking launches, many of the above documents
had served their intended purpose and become inactive. Other,
particularly the interface agreements, remained active as useful
technical reference documents. '

Finally, the Support Instrumentation Requirements Document
remained throughout the Project as the formal vehicle for transfer
of new and changed requirements for support from the Project to the
Tracking and Data System, while the National Aeronautics and Space
Administration Support Plan remained the formal deocument for the
System response. During the course of the Project, the Requirements
Document went through 1l revisions, while the Support Plan responded
with three revisions.

The monthly editions of the "Working Schedules and Reports"
continued throughout the project and became known as the "Cranite
Book." System contributions in both narrative and schedule form
were made monthly for over seven years. ,

The development of so many documents, and in addition the
review for concurrence of so many more, together with the con-
comitant load of approving so many changes to previously approved
documents presented an overwhelming load on the Deep Space Network.
This problem was never satisfactorily overcaome.

It is a legitimate question as to whebther so many documents
werg really necessary to the conduct of the Project.  There were
many instances where documents were offered up to the Network for
concurrence that contained little and in some cases no involvement
by the Network. At the other end of the scale, it is noteworthy
that of all the interfaces between the Network, Orbiters, Landers,
Mission Control Center, and Flight Operations System only one error
was identified. TFortunately this error was compensated for by a
change to the Mission Control Center software with no impact to
ongoing flight operations.
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L. Working Relationships

During the years preceding the 1975 launches, the planning,
coordination, and scheduling activity of the entire project was car-
ried out by means of an extensive array of working groups, design
teams, and review panels. Because of the large number of these
suborganizations, their geographical and institutional separations and
interrelations between them, the creation and subsequent activity of
all the groups was rigidly controlled and monitored by the Viking
Project Office at Langley Research Center.

Both the Deep Space and near-Earth elements of the Tracking
and Data System became heavily involved in supporting the various
kinds of activity of these working groups.

a. Near-Earth Support. The near~Earth support accomplished
most of the necessary coordination and interface work within three
major working groups. One of these working groups was the Near-
Earth Analysis Subgroup, which was chaired by the Lewis Research
Center and was part of the Project Mission Analysis Design Group. All
near-Earth inputs to the early Project Mission Design effort were sub-
mitted as recommendations via this group.

Another working group regularly supported by the near-Earth
support system was the Performance Trajectory and Guidance Working
Group for Viking chaired by the Lewis Research Center. All near—
Barth system inputs to the launch vehicle trajectory design were sub-
mitted via these meetings. Also, the necessary trajectory informa-
tion needed by the near-Farth support system was requested and coor-—
dinated at these meetings.

Chaired by Jet Propulsion Laboratory personnel at Cape Canaveral Air
Force Station and Eastern Test Range, the near-Earth Working Group was sup-
ported by all elements of the near-Earth system, Lewls Research Center, and
Langley Research Center. These meetings were primarily for interagency
Research Center. These meetings were primarily for interagency
coordination between the elements of the Near-Earth Fhase Network., to
resolve near-Farth problems, and also to insure that preparations for
testing and launch were accomplished in an adequate and timely manner.

b. Deep Space Support. The Deep Space Network became
actively involved in the following organizations: TLaimch and Flight
Operations, Telecommunicaticns, and Compatibility Test Working Groups,
the Mission Design Team; and the Project Management Review Panel.

The Launch and Flight Operations Working Group was formed at the
beginning of the Project to integrate the long-range plamning of the
six Viking systems (Launch and Flight Operations, Launch Vehicle,
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Orbiter, Lander, Viking Mission Control and Computing, and Tracking

and Data), and to develop mutually compatible schedules leading to

the completion of launch readiness Preparations. TIts initial findings
were published in the Launch and Flight Operations Integration Plan.

As the mission planning brogressed, the launch operations function

was separated from this working group, which then continued through

the end of 1975 as the Flight Operations Working Group. Its work was
heavily concerned with the integration of the mission operations system
software programs with the Viking Mission Control and Computing Center,
and to a lesser extent with Deep Space Network planetary implementation.

The Telecommunications Working Group was also formed at the outset
of the Project, and its work was directed towards the development and
specification of radio frequency telecommunications links between the
ground stations in the Network and the Viking Orbiter and Lander. TIts
work was published in the series of volumes titled Orbiter System,
Lander System, and Viking Mission Control and Computing System to
Tracking and Data System Interface Requirements Document. As the
spacecraft radio system matured, the Telecommunications Working Group
was responsible for developing the radio frequency compatibility test
plans and procedures and for final approval of the radio frequency
compatibility test results.

The Compatibility Test Working Group was responsible for the
development of all compatibility test planning throughout the Project
and reflected its planning in the Master Integrated Test Plan from
which the radio fregquency compatibility tests were derived.

The Mission Design Team carried out most of the original develop-
ment and tradeoffs for the design of the Viking Missions, and drew on
the Network for support in areas related to navigational capabilities
and accuracies.

The Project Management Review Panel was held under the chair-
manship of the Viking Project Manager at the Viking Project 0ffice and
consisted of monthly progress reviews presented by each of the six
system managers. It performed a valuable function in bringing together
the otherwise widely separated elements of the Viking Project for
regular reviews of progress and identification of intersystem problenms.

In general, these groups met at monthly intervals at Cleveland,
Ohio (Lewis Research Center), Denver, Colorado (Martin Marietta Corp.),
Pasadena California (Jet Propulsion Laboratory), Hampton, Virginia
(Langley Research Center), and Cape Canaveral (Air Force Kennedy Space
- Center). Visits were rotated where possible to share the very con-
siderable- travel load.

All meetings were formally structured and scheduled by the Viking
Project Office, and formal minutes, containing all material presented
and discussed, were written as approved by Viking Project Office and dis—
tributed throughout the bProject. Action items were assigned by the chairman
with closeout dates, and their status also was checked out weekly by the
project office until completed. '
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The burden posed by this method of working, which was increased to
a large extent by the demands of long distance travel several +times per
month, seemed intolerable on many occasions, and often appeared to be
less than an efficient way of achieving the necessary communications
environment. However, a better alternative was not forthcoming and most
of the work was accomplished by mid-1975.

With both spacecraft launched, the focus of activity moved to
Jet Propulsion Laboratory where the working relationships necessary to
conduct the cruise mission and plan the planetary mission were much
easier to establish.

1
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PART B

IMPLEMENTATION, TESTING, AND TRAINING
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I. INTRODUCTION

Preparation for the complex Viking mission extended over a period
of seven years before the successful launches of the two spacecraft in
August and September 1975. During this period, elements of the Track-
ing and Data System met all planning, implementation, and test support
requirements. These included complications that resulted from the
rescheduling of the 1975 launch for both spacecraft. (Viking A launch
was postponed from August 11 to August 15 and Tinally to August 20,
and Viking B launch was postponed from September 1 to September 3 to
launch on September 9.)

Details of the requirements levied by the Viking Project upon the
Tracking and Data System for support in the Near-Earth and Deep Space
Phases are given in Part A of this document.

The implementation, testing, and operational training required to

provide the operational capabilities required by the Mission are
described in this second part of the docirnent.

PRTDINGGPAGE BLANK NOT FII
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II. NEAR-EARTH PHASE SUPPORT

A. CONFIGURATIONS, IMPLEMENTATION, TRAJECTORIES, CONTROL

1. Station Configurations

The original planning for Viking support included the Ascension
Tsland Station, two Advanced Range Instrumentation Aircraft, and the
ship Vanguard. But a conflict developed between the Apollo-Soyuz Test
Project and Viking for the use of the Vanguard during the Viking launch
period. After negotiations between the Apollo-Soyuz and Viking Project
offices, the ship was assigned to support Apollo-Soyuz with the under-
standing that, if the Tananarive sites were not available to support
Viking, negotiations would be reopened.

The basic downrange station support for Viking then became
Ascension Island, two aircraft, Jonannesburg, and Tananarive. However,
the U.S. contract for station support at Tananarive expired on
December 31, 1973, and negotiations for a continuation of the Tansnarive
support were lengthy, leaving the availability of the Station in doubt.
Renegotiations for the Vanguard did not prove very fruitful for the
Viking A mission because of the strong need for the Vanguard by the
Apollo-Soyuz Test Project. A parallel plan for supporting Viking using
Ascension Island Station, two aircraft, and the Johannesburg Station
only was worked in detail in the event it would be needed. The Vanguard
sail plan for supporting the Apollo-Soyuz Test Project, then sailing to
the Viking Test Support Position off the southeast coast of Africa was
33 days in duration. This allowed the Vanguard to make the nominal
Viking B Test Support Position, but not the Viking A support position.

The first Titan Centaur Proof Flight TC-1 'experienced a failure
at Lhe Second Main Engine Start and for this reason Lewis Research
Center was much interested in the Second Main Engine Start interval for
Viking. Lewis Research Center levied an additional requirement for dual
aircraft coverage during this interval

This additional requirement increased the downrange aircraft sup-
port from two aircraft to three. ‘

Stations at Ascension Island, Johannesburg, and Tananarive,
together with the three aircraft continued to be the primary- near-Earth
support configuration until approximately four months before launch
when the status of Tananarive again became uncertain. At this time a
plan was devised to release the Vanguard from Apollo=Soyuz support as
soon as possible to support the Viking B Mission, and to support
Mission A mandatory requirements with Ascension Island, three aircraft,
and Johannesburg Stations only.

The station at Carnarvon was one of the original stations planned
for Viking support. A study was made, however, that showed that this
station, while highly desirable, was not necessary to support the manda-
tory Viking near-Earth requirements. .This station was deactivated and
was not available to support the Viking missions.
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Two other stations called up shortly before launch were Guam and
Orroral Valley, Australia. The latter was called up to support the
Centaur telemetry links during and after Centaur blowdown. Guam was
called up because of a potential strike of all the Australian stations.
In the event this occurred, a Deep Space Network Madrid statior weculd
become the initial Network acquisition station instead of an Australian
station. Guam was configured to receive, record, and transmit space-
craft engineering data via Merritt Island Station Tl in real time
to the Flight Operations Area at Jet Propulsion Laboratory continuously
until Madrid acquisition some five hours after launch.

The schedule of the Air Force Eastern Test Range ship Redstone
would not &l ~w support by this resource for most of the Viking launch
opportunity. The Alr Force range was asked to investigate the possibil-
ity of support by a Pacific Missile Range ship, the Wheeling, which
normally supports in +he Kwajalein area. The Air Force range reported
that a minimum of $20,000 in equipment would be needed to augment the
limited real-time retransmission capability. The ship could support
only for a limited period of time. The approximate costs would be
$L4,000 per day with 65 days port-to-port time for a 10-day Viking test
position duration. The use of the Wheeling was not pursued further.

2. Station Implementation

a. Telemetry System. Near-Earth support for telemetry came
from facilities of the Kennedy Space Center, Goddard's Space Flight
Tracking and: Datea Network, Air Force Eastern Test Range, and the Deep
Space Network. The near-Earth telemetry system consisted of the Launch
Vehicle Telemetry System and the Spacecraft Telemetry System.

The Launch Vehicle telemetry system implementation consisted of
receiving, processing, and displaying telemetry data from the Titan and
Centaur. For the Launch Vehicle telemetry, there were three radio-
freguency telemetry links: 2202.5-MHz pulse-code modulation/frequency
modulation; 2208.5-MHz frequency modulation/frequency modulation; and
0287.5-MHz pulse-code modulation/frequency modulation. The near-Earth
configuration for receiving, processing, and displaying the Launch
Vehicle telemetry is shown in Fig. 26.

Spacecraft telemetry was received, processed, and retransmitted
from the near-Barth stations from two radio frequency sources. While
the spacecraft was attached to the Centaur, the spacecraft data ‘
(33-1/3 bps) were available within the Centaur 2202.5-MHz pulse-code
modulation/frequency modulation 26T-kbps data stream. In addition, the
spacecraft radiated the 2295-MHz pulse-code modulation/phase-shift
keyving/phase modulation 33-1/3-bps data stream through its own low-
gain antenna system. The near-Earth telemetry configuration for both
radio frequency links is shown in Fig. 27. The retransmission of real-
time spacecraft telemetry data was performed in the configuration shown
in Fig. 28.

T
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The 2202.5-MHz Centaur link was selected as the primary link for
spacecraft telemetered engineering data from launch to Centaur/
Spacecraft separation. This link was selected because the spacecraft
2295-MHz link was degraded because of a Lo-db muffler of absorption
material, which was located in front of the spacecraft low-gain
antenna.

On some of the earlier near-Farth planetary missions, low bit
rate spacecraft data were brought back to the Merritt Island Station by
standard frequency subcarriers. This was done because of a shortage of
data circuits to the Cape from the downrange stations and the desire
to also bring back portions of both launch vehicle telemetry links.
This was the original plan for the Viking missions.

When the retransmission of the spacecraft data became a mandatory
requirement; the retransmission of these data by Type 203 Modems was
recommended to improve the retransmission configuration. Past expe-~
rience indicated that those units were easier to checkout and provided
a high percentage of good data transferred to Merritt Island. So, the
decision was to use this configuration for real-time transmission of
the spacecraft data. To accomplish this, the transmission of selected
parameters from the launch vehicle 2208.5-MHz link was sent back to the
Cape shortly after the station pass instead of in near-real time.

An update of the mandatory launch vehicle telemetry requirements
indicated that it would be acceptable for the interval Second Main
Engine Start -60 seconds to Second Main Engine Start +130 seconds, to
be supported by dual aircraft as well as by a ground-based station or
by ship-based station. Three aircraft were to provide overlapping
coverage between Ascension and Johannesburg. The third was optimized
to provide coverage of the launch vehicle 2202.5-MHz link from Second
Main Engine Start -60 seconds to Second Main Engine Start +130 seconds.
Figure 29 depicts this typical coverage planned.

In February (1974), the Air Force Eastern Test Range advised thet,
because =P the continuing energy erisis, Renge policy on deployment of
aireraft had been modified. The aircraft burns approximately 2,442 gal-
lons of fuel per flying hour, and the deletion of aircraft support for
all except. truly mandatory requirements would result in a significant
reduction in the aviation fuel consumed. A requirement for back-up
support for reliability purposes was no longer considered (by the Air
Force Range) a valid mandatory requirement. The Range would no longer
provide aircraft support for other than mandatory data priority classi-
fication requirements.

In determining the configuration of the aircraft for the real-time
telemetry retransmission, the Range conducted tests with the aircraft
through the LES-6 satellite. It was determined that the entire  Centaur
2202.5-MHz telemetry link could not be retransmitted in real time.
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Therefore, it was decided that the spacecraft's 33-1.3-bps data
would be extracted from the Centaur link and retransmitted to Merrirt
Island. It was initially estimated that approximately $21,300 would
be required for equipment (demod synchronizers, digital-to-analog
converter, filters, voltage controlled oscillator and associated
hardware), and approximately $30,L00 for labor to provide this aircraft
real time retransmission and mark event readout capability.

The final configuration of the aircraft was as shown in Fig. 30.

b. Metric Data System. The near-Earth metric system config-
uration was implemented as indicated in Fig. 31.

The Grand Turk radar did not support the Viking missions because
it was down for Air Force range improvement modifications. This radar
was not needed to support the metric data mandatory requirements.

As an aid to the Navigation Team at the Jet Propulsion Laboratory,
& nev near-real time procedure for passing Centaur guidance telemetry
was developed. This procedure was implemented to expedite an early
indication of abnormalcy of the Centaur second burn if it occurred.
This was especially important to the Navigation Team plan for an
emergency midcourse maneuver if it were needed.

A Jet Propulsion Laboratory Centaur Guidance telemetry coordi-
nator provided orbital element information in near-real time as indi-
cated in Fig. 32.

c. Station Mask Configurations. -In the Planning for the down-
range support for Viking. it became apparent that the Johannesburg and
Tananarive standard mask (4 to 4.5 degrees above the horizon) was
limiting the usefulness of these stations in supporting Viking. There-
fore, Goddard Space Flight Center was requested to lower ‘these station
masks.

Goddard responded by having Johannesburg support Viking with its
"launch support” mask, which is mostly 1.9 to 1.5 degrees above horizon
and closer key hole limits. The mask for the Tananarive station was not
lowered, and reflected some loss of near-Earth support capability on
certain launch days.

For plamning purposes, a composite of the Ascension Spaceflight
Tracking Data Network station and Ascension Air TForce telemetry station
was used for overall coverage by Ascension Island because of consider—
able differences in station masks.

a. Communications Systems. Project communications reguirements
in the near-Barth phase were for data and voice channels adeguate to
conduet test and launch operations. :
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Ground Communications Fac111t1es, whlch are presented.in the Support
Instrumentation Requirements Document for Viking 75, included voice nets, .
high-speed data, wideband data, and teletype. Location of terminals for.
the near-Earth phase was required at the Simulation Center and the
Control Center in the Space Flight Operations Facility building at the
Jet Propulsion Laboratory, and at Building AO, Building AE, the Real
Time Computer Facilities, and Complex 41 ‘at Cape Canaveral at the
Merritt Island Station, Spacecraft Assembly and Encapsulation Facilities -
1 and 2, and the Operations and Control Building at Kennedy Space ;
Center. Supporting sites included elements of the Spacecraft Tracking
and.Data Netwoxk, Alr Force Eastern Test Range, and Deep Space Network.

To carry out the a551gned respon51b111t1es, a Vlklng Commun1ca—1 

+tions Chief and a Viking Communications Scheduler were established within =~

the Near-Earth System Group. The Vlklng Communlcatlons Chief worked
with Communication personnel at Kennedy Space Center, Air Forge Tastern
‘Test Range, Goddard Space Flight Center, and Jet Propulsicn Laboretory,
and was the single point of contact to the National Aeronauties &nd
Space Admlnlstratlon Communlcatlons for all real—tlme operatlons. ﬁ‘
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A Communication Plan was published by the Near-Earth System
Group describing the Voice and Data Communications Systems required to
support all functions and operations during Testing Checkout of the
spacecraft at Kennedy Space Center/Cape Canaveral Air Force Station and
Launch. Commurications required for Compatibility Testing with the
Deep Space Network and the Flight Operations System and Near-Earth
Phase Network were also included in this document. Figures 33, 34, and

35 sh@w the Viking Project Voice, Data, and Teletype circuits.

3. -~ Prelaunch Configurations of Near-Earth Stations

Three basic downrange station combinations were recommended for use
in the event of an untimely loss of -oné or more of the near-Earth sta-
tions. These combinations of stations preferred in order as approved
by the Project Manager were: (1) Ascension, two aircraft, and
Tananarive; ( ) Ascen51on, two aircraft, and Vanguard: and (3) Ascension,
two aircraft, and Johannesburg. The Manager also approved a plan calling
for approximately a one-hour launch window per day beginning at a launch
azimuth no more northerly than 93 degrees. '

L, Prelaunch -Trajectory Selection

The trajectories for Viking were provided for lasunch days

August 11, 1975, through October 13, 1975, and were broken into six
different groupings. The first group was "Nominal Mission A" and con-
sisted of launch days August 11, l975,‘through Avgust 225 1975, with'-
many of these launch days having more than one arrival date. The
second group was 'Extended Mission A" from August 23 to September 9,
1975, The third group was for.a heavier missicm, being called "Heavy
Mission A," and ran from August 12, 1975 through August 22, 1975. The
fourth and fifth groups were the "Nom1nal,M1551on B" period from -

- August 21 through September 9, 1975, and the "Extended Mission B"

period from September 10 through September 20, 1975. . The last group of
trajectories was for the "Contingency Mission B" period, which started
with launch day September 21 and contlnued thrcugh October 13, 1975.

Prov1s1on of powered fllght trajectory tapes for all the near<Earth

f‘tragectorles proved to be formidable. So, Lewis Research Center,
- General Dynamics Convair,.and the near—Earth,representatlves decided

that & grid space of every 1 degree in launch azimuth and every 1 degree

‘in outgoing target declination would be provided for the Viking mis-

sions. - This called for approximately 300 powered fllght “trajectories -
that resulbed in -additional problems. The first problem was that the
Viking grid space for the second burn was not adequate to provide
accurate acqulsltlon.and expected coverage estimates without interpola-

ting between trajectories for certain near-Earth atatlons such ‘as
'Johanneoburg end Tanararive. . The second problem was concerned with

Viking A and 3 trajeccories hav1ng dlfferent C3 energles than prov1ded

on magnetlc tape
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However, these problems were solved by Goddard interpolating the
necessary powered flight tapes and detailed correlation being devised
to indicate which powered flight tapes to use for a given launch day/
arrival date. This correlation was based on launch azimuth and time of
Second Main Engine Start, TFinal trajectory selection was generally for
a 60- to T5-minute launch window per day starting at a launch azimuth of
96 of 97 degrees. :

5. Operational Controlk

The near—-Earth control provided interfaces and communications %o
maintain updated awareness of the operational status of participating
elements. It also provided operational coordination and control

.between near-Earth elements of the Tracking and Data System and Viking

Project Management during this phase- of the operations.

Figure 36 illustrates the néar—Earth,operational positions, loca~ .
tions, interfaces, and voice communications links: The roles of the
Coordinator, Range User Data Coordinator, Associate Test Controller

- and Telemetry Engineer during major testing and launch are described

here, : :

The near-FEarth Coordinator represented the Tracking and Data
System Manager for operational cognizance of the near-Earth phese of
the mission. To execute the basic responsibility of this position, the
Coordinator relied heavily upon coordination with three other opera- .
tional positions located at the Real-Time Computing System, Range
Control Center, Spaceflight Tracking and Data Network/Merritt Tsland.
Activities of the near-Earth elements were separated for monitoring
status and for coordination among these positions. . The Coordinator

‘monitored overall systems countdown to ensure that near-Earth operations

were compatible, and properly interrelated with, the Project's Master
Countdown. The Coordinator's position: provided the Viking Flight -
Team and the Jet Propulsion Laboratory with status information of

-general countdown activities, and coordinated integrated operations” and

activities. He also counseled the Tracking and Data System Manager on
all -matters relating to»near—Earth,operations. '

The Range User Data Coordinator was the Viking Project Jet Propul-
sion Laboratory representative located at the Air Force Eastern Test ,
Range Real-Time Computing System.  His major function was to coordinate
the flow of computed data from the computing system to the Viking Flight Team
Flight Path Analysis Group at Pasadena. He was the Flight Team focal

‘point for determining the need for computing system configuration

changes, reruns of data processing, program troubleshooting, or'other
coordination or counseling for anomalous situwations. At the Real-Time

- Computing System, the Range User, Data Coordinator coordinated the

updating of the acquisition predict constant parameters used in the
computing system Inter-Net Predict Program and-the subsequent trans-:

mission of predicts to Deep Space Network stations. He provided
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estimates of the actual trajectory conformance with the nominal design,
monitored the timeliness and the quality of the transmissions of
orbital’ elements, predicts, and assoclated data to the Viking Mission
Control:and Computing Center.

The Associate Test Controller was located in the Air Force
Fastern Test Range's Control Center where he interfaced directly with
the Kennedy Space Center Representative (Test Controller), the Goddard
Space Flight Center/Spaceflight Tracking and Data Network Representative,

_and, as appropriate, with the Air Force range Superintendent of Range
‘Operations. The Goddard Center/Spaceflight Network Representative was

in direct communication with the Spaceflight Network's Operations Mana-
ger who exercised opevational control of the Spaceflight Network
resources. Similarly, the Range Operations Superintendent exercised
operational control of the Air Force Range resources, including the
range aircraft. The Associate Test Controller worked closely with the
near-Barth support Coordinator in reporting status information and -
acted as the agent for the Coordinator in all situations requiring
operational control, particularly in changing, adding or deleting
support requirements relating to the utilization of Kennedy Space
Center, Spaceflight Tracking and Data Network, and the Air Force Bastern
Test Range near-Earth resources.

The near~Earth Telemetry Engineer was located at the Spaceflight
Tracking Data Network Merritt Island site. He coordinated all near-
Earth support spacecraft telemetry data flow for all tests and opera-
tions that required spacecraft telemetry data to be transmitted to Jet:
Propulsion Laboratory. The flow of data to be coordinated originated
from the Air Force Range and Spaceflight Network receiving sites and

passed through the Merritt Island Station to the Viking Mission Support

Area at the Jet Propulsion Laboratory. He counseled the near-Earth
support Coordinator, as required, concerning the- proces51ng and trans~
mission of the opacecraft telemetry data stream.

B. TESTING

L.~ General

The plan for prelaunch testing to be performed by the qear—Earth
support was publlshed in March 1975. . This plan defined all prelaunch

testing required to verify the readiness of the near-Earth support

system to participate in and to support the “Viking 75 Flight Project

test, training, and readiness program. Internal testing was a pre-

requlslte and the respon51b111ty of each individual agency supportlng‘
the near—Earth effort : :

~The Test Plan outllned launch support conflguratlon and developed
criteria and schedules for-those detailed tests. These tests. preceded -
part1c1patlon in the overall m1551on,operatlons and Ground Data System ;

o mmmme PAGE BLANK: NOT FM
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tests. The major tests, which led to the ultimate performance readiness
demonstration for Viking Project management, were the Operatlonal Demon-
“stration and Operations Readiness Tests.

The Near-Earth Test Plan was reviewed by nrOJect representatives

on March h 1975. The objectives of the review were to assure that the

plans and schedules for tests were compatible with the Project plans
*-and-schedules, and that the resources required from ofher elements of
the Project could be provided to support those tests. At that time,
there was a review of the need for and scope of near-Earth support of -
the Ground Data System tests, Flight Operations Test and Training tests,
and training exercises.

While no major changes to the test plan resulted, several signifi-
cant Requests For Action were developed. They included requests that:
(1) near-Earth support indicate how the aircraft and ship Vanguard
creys would be trained for Viking support, (2) near-Earth support
determine the best and most timely manner to transfer orbital parameters
based on Centaur guldance telemetry data to the Flight Path Analysis
Group at the Jet Propulsion Laboratory, and (3) the Tracking Network
Operations Analyst determine what action or test run was necessary to
demonstrate that Deep Space Stations 42 and U4 in Australia could
effectively use the acquisition predicts computed by the Air Force range
Real-Time Computer System during personnel training tests and Ground
Data System tests, and the Launch. These items were addressed elsewhere
in this report.

Viking prelaunch testing began in December 19Th4 and overlapped the
~Apollo-Soyuz Test Project prelaurnch testing and orbital operations, which
terminated July 2%, 1975. During this overlap period, there were poten—
tial ‘conflicts because of support requirements placed upon the elements
of the Near-Earth Support System. . These conflicts materialized in only
two instances. Because of the limitations of available National Aero-
nautics and Space Administration communications voice and data circuits
between the Cape Canaveral area and Goddard Spaceflight Center, two voice
‘circuits ("Mission Test Computer" and "Status") that had been planned for
the Viking Orbiter Precount and the concurrent Near-Earth Telemetry Test
No. 5 on April 2, 1975, were forfnlted without L‘er'lous impact upon the

: test support. _

, Because of Spaceflight Tracking and Data Network commitments to
support the Apollo-Soyuz Countdown Demonstration Test on July:2, 1975, it
 ecould not support the Viking Ground Data System Test 8.2 planned for that
date. Consequently, the Vlklng test was rescheduled and conducted on
June 30,1975, :

2. Launch Vehicle Telemetry Testing

The launch vehicle telemetry. testing primarily consisted of per- .
forming data flow checks of the various launch vehicle links (2202.5,
2208.5, ‘and 2287. 5) and verifying that the data were processed and dis-
piayed properly : P :
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) Before these data flow checks were performed, the Air'Fofce ,
Bastern Test Range, Kerinedy Space Center, and(Spacefli%hthracking and
Data Network stations verified that the station softwars was - properly

- processing the data. Tyo launch vehicle telemetry magnetic test tapes

were primarily used for verifying the launch vehicle software and data -
flow. These data were processed by Central Instrumentation Facility and
displayed on strip charts. Analog date that indicated the launch-
vehicle measurements and their loc&tions in the data frame were pro-

~cessed by octal callup display and strip,charts.

The overall launch vehicle data flow testing accomplished for -
Viking is shown in Fig. 37. This included stripping out the 33-1/3 bps .
spacecrari data and sending this data to Building AO. ; . R

' The launch vehisle telemetry testing consisted of’ supporting and

ﬂ,kdisplaying deta from many of the pad tests as well as;supporting Ground.

Data System Tests, -and Demogstrationjand.Operational Readiness Tests.,

3. Spacecraft Telemetry Testing 

Eight spacecraft télemetry‘tests Were‘performed without any prob-
lems being experienced by the fapilities. =~ . '

a. Test No. 1. The first-test of four Hours verified that
(1) the Spaceflight Tracking and Data Network Merritt Island (MIL 71)
and Air data and strip out the 33-1/3-bps Bpacecraft data stream and
(2) Merritt Island Telemetry Station and the Automatic Switching Unit
at MIL Tl could obtain frame synchronization on ‘the 33-1/3-bps sync
pattern. This test utilized the Project-furnished Centaur tapes with
the spacecraft 33-1/3-bps data stream with both the Telemetry Station
and MIL Tl testing their Pulse Code Modulation Decommutator softvare. .
and hardware configuration for processing and transmitting the space- .

craft data stream.

b.  Test No. 2. This was a Simulation System Test to verify

ﬁthaf‘MIL T1 could (l)‘receivef33-1/35bps spacecraft engineering data
~in the Simulation Conversion Assembly: from the Viking Mission Control

and Computing Center Simulation Center, (2) obtain bit sync lock on the
33-1/3-bps data stream via Channel 1 in the Telemetry and Commend
Processor, (3) format the bit stream into the standard Deep Space

“ Network High-Speed Data blocks, and (4) demonstrate compatibility e

with the Mission Control Center computer with spacecraft data

~input. In this test the Mission Control Center simulation transmitted

the 33-1/3-bps data to the Merritt Island Station Simulation Conver-
sion Assembly. - The resultant data,were.routed;to;the'test'tranSmitter o

~ through the radio-freguency system to the Telemetry and Command =
Processor. There the data were processed, reformatted and transmitted
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to the Mission Control Center to obtain frqme sync. This test was
performed as part of, the System Integration Test on 1/9/75.

c. Test No. 3. This was an Air Force Rastern Test Range and
Spaceflight Tracking and Data Network Data Transmission Test that
demonstrated that each communications link in the retransmission plan
could meet a 10-3 Bit Error Rate (ber). It also demonstrated that the
Telemetry and Command Processor bit sync loop could tolerate the bit
Jjitter induced by these transmission plans. For this test, the Merritt
Island Station simulated a 33-1/3 bps spacecraft data stream. The
output was routed to Goddard on a T.2-kbps high-speed line and also to
the Alr Force Eastern Test Range Merritt Island Telemetry Station,

- Each of the two sites looped back the data stream to the Merritt ,
Island Station,which verified franme sync on the data stream.and'per—
formed a bit error test. The test verified that the bit error rate is
10‘3-Qr better from both the Goddard Space Flight Center and the Ajir
Force Eastern Test Range Merritt Islang Telemetry Station lines.

Loa. Test No. L. A Loop Back Demonstration Test showed .that the
near-Earth facilities did not degrade the simulated 33—1/3-bps,data
Stream generated at the Mission Simulation Center. In this test, the-
Viking Mission Control and Computing Center generated - an uncoded ‘
33-1/3-bps spacecraft engineering data stream and transmitted to the
‘Merritt Island Station on a h.8-kbps high-speed line. The Station
received the data and routed it through its radiofrequency and -
telemetry system. The spacecraft dats were then transmitted to
the Viking Mission Control~andVComputing Center for;evaluation.l, .
The Station also transmitted the simulated data to Goddard where -
it was looped back and received at the Automatic Switching Unit.,

The ‘output of the Automatic Switching Unit was then routed through
the standard Deep Space Network Computing Center. The Control
Center evaluated and verified that the data were good. The Station
‘then transmitted the similated data to the telemetry station for

~ loop back and transmission to the Viking Mission Control and
Cbmputing Center for evaluation ~ :

, e, Test No. 5. The fifth test was an Orbiter Spacecraft/ .
~ Spaceflight Tracking and Data Network Data System End-to-End Compatibil-
.1ty Validation verifying that the near-Earth data received from an
Orbiter Spacecraft were correct when displayed to the Viking Flight
Operations System. This test was performed in conjunction with the
Viking Orbiter Precount on 4/2/75 from Launch Complex 41, o

The Orbiter spacecraft configured and‘radiated‘33-l/34bps engineer-
ing data in the launch format. The Merritt Island Station received the
radio-frequency signal and roﬁtedwthekreceiver output to the Phase
Shift Keying Demodulator/Bit Synchronizer. The output was routed to
the Pulse Code Modulation Decommutator‘for,frame,synchronization

: ;lOSW;V,”,
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and to the Automatic Switching Unit. ~In addition, the radio-
frequency - receiver output was recorded on analog tape and dis-
tributed to the near-Earth support stations for future testing. The
Automatic Switching Unit obtained frame sync and outputted the 33~1/3-
bps data stream to the standard Network Telemetry System and trans-
mitted to the Mission Control Center via a 4.8 kbps high-speed data
line. The data were then evaluated, displayed to the Flight Operatlons
System, and verified as good data.

f. ' Test No. 6. The sixth test, a Near-Earth/Centaur Data
System End-to-End Compatibility Validation, demonstrated that the Near- .
Earth Compatibility Test Stations (Merritt Island Telemetry Station -

- and Air Force Fastern Test Range) could receive the Centaur 2202.5-MHz

e‘~pulse—oode modulatlon/frequency modulation signal, decommutate and strip.

“out the 33-1/3-bps spacecraft: data stream, and transmit this data to the
Control Center via the Merritt Island Station. This test was per-
formed in conjunction with the Termlnal Countdown Demonstratlon test

on May 5, 1975 :

The Orbiter spacecraft was mated to the Centaur and the 33~ l/3-bps
engineering data were routed to the Centaur 2202.5-MHz pulse-code
modulation/frequency modulation link during this test. ; The - Centaur -
~radiated the 2202.5-MHz link being received at both Merritt Island -
‘Telemetry Station and Air Force Eastern Test Range, TEL Y. Both
stations received, decommutated, obtalned frame sync,’ recorded on
~ Analog recorder, and transmitted the 33-1/3=bps data stream to the
Merritt Island Station. The Merritt Island Station verified frame -
sync and outputted. to. the standard Network Telemetry System. Either
the Merritt Island Station or Air Force Eastern Test Range Telemetry :
Station data stream were selected for processing and trans- '

" mitting the data to the Mission Control Center for evaluation.

In addition, analog recordings were made at both sites for dupll—'
cating and transmitting the tapes to all the near-Earth stations.
dThese tapes were to be used for future statlon validation and
M1551on Operatlons tests. o

: g.  Test No. T. Goddard and all its supportlng Network statlons
were verified ready to support the mission test exercises with test T..
EacF~statlon generated a 33- l/3-bps engineering data stream from its:
station simulator for transmission to Goddard for retransm1551on to-the
~Merritt Island Station for frame sync. Each: Spacefllght Tracking and
Data Network statlon then took its simulator off line and played back the
. “analog tape produced from either Test 6 or T. Each station transmitted
©.to Goddard on a T.2-kbps hlgh—speed ‘data line and on to the Merrltt
Island Station via the same route. The Merritt Island Station verlfled
frame sync for each supportlng station.
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h. = Test No. 8. The final test verified that all supportlnv Air
Force Eastern Test Range stations were ready to support the mission test
exercises. For this test, each supporting station generated a 33- l/3—bps
engineering data stream from its own station simulator, and transmitted
the data stream to the Merritt Island Station. via 202D modem circuits.
The Merritt. Tsland station verified frame sync on each of the stations
data stream. Each supporting station terminated the station simulator
and played back the analog recording produced from Test 6. The Merritt
Island Station verified frame syne on the tape playback data from each
station. e

)4-! . . Metl‘ic Data Testinci’:{;

To test the near~Earth metric data delivery, two metrlc data veri-
flcatlon tests and a Mars B-Plane mapplng test were: conducted

The first test verlfled that s1mulated metric data from Station h2‘
in the new Tracking 2-11 format could be processed by the Real—Tlme
Computlng Center at the Air Force. Eastern Test Range :

After thls test was completed a St&tl‘ data p01nt from the
;Statlon was sent to verify that the Real—mlme Computlng System could
Sprocess llve data. ~

The Real-Time Computing Center received g frequency constant
‘message that was used as inputs to the Internet Predict. Program to gener-
ate a specific set of Predicts for Deep Space Network stations. These
predicts were generated and sent to the Jet Propu131on Laboratory to
be verified by Network Tracklng Ana1y51s Team.

The Real Time Computlng Center processed four sets of orbital
elements and mapped the orbital elements to the B-Plane at Mars to

'»,w1th1n a few hundred kilometers. . The results also compared favorably

with the General Dynamics Convalr and TRW mapping of the same orbital
Velements. The mapping accuracy was considered more than adequate for :
the purpose intended, and the test was con51dered ‘successful.

~ In addition the accuracy and format of all these messages were
verified before these data were sent to the Jet Propulsion Laboratory.
for use 1n,s1mulat10ns : ,

5. k Support of GDS Testlng

: The Near—Earth Test Plan called for support by all possmble Near—
Earth Tracking. System elements in a full-up mission system dress rehezr-
-~ sal durlng Ground Data System Test 8. 2. The test had been scheduled.
“for July 2, 1975, which was also the second day of the Apollo-Soyuz Test v
Project's Countdown Demonstratlon Test, Because of the. imminent Apollo-.
Soyuz Test Progect launch and the Spacefllght Tracklng and Data Network'
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commitment to support the Countdown Demonstration Test, the Spaceflight
Tracking and Data Network advised that it could not support the Viking
Ground Data System 8.2 Test as scheduled. Furthermore, the software
needed to process the Centaur telemetry data in:real time was not yet
at ‘all the required sites. It was then decided that no launch vehicle
telemetry would be exercised in the Ground Data System 8.2 test.

The test date was advanced to-June 30, 1975. Except for launch
vehicle telemetry, full near-Earth support was provided. A problem
arose at Merritt Island during the Ground Data System 8.2 test in that the
telemetry processing computer at the Control Center could not obtain
frame sync on any near-Earth tape playback data. All data were being
routed from the near-Earth stations to Merritt Island. At this point,
the date input to the Automatic Switching Unit for frame sync and output
to the DSN TCP experienced bit jitter introduced by tape playback,
resulting in garble of the frame sync pattern and data content as it
was being formatted in the TCP. Subsequently, with a special configura-~
tion for the Symbol Synchronlzer Assembly symbol synchronizer loop, the
bit jitter generated by tape playback did not -affect the data being
formatted for high-speed data output. Therefore, this configuration was
used for all later testing. o ‘

C. FLIGHT OPERATIONS SYSTEM TESTS

1. Flight Operations and Training Tests

-~ Near-Earth resources were used to support flight operations tests
with live and/or simulated spacecraft data. Such tests included the
System Integration Test, Lander Plugs Out Tests, Orbiter Precount Tests,
Lander Prelaunch Tests, Flight Events Demonstration, Terminal Countdown
Demonstration,'Flight1Article'Compatibility Tests, Lander Imaging Test,
and Lander Cruise Update Tests.  The resources consisted mainly of the
Spaceflight Tracklng and Data Network — Merritt Island Station, the
NASA -Communications Network circuits, and manpower to monitor and’
trouble-shoot long—llne voice and data circuits. Most tests :
exceeded 25 hours duratlon, and caused & considerable stress on

the manpower, espe01ally at Merrltt Island.f

2 Operational DemohstrationfTests

 These tests demonstrated that the Flight . Operatlons System was
capable of executing selected.portlons of the launch and midcourse
maneuver sequence in accordance with the actual mission time line. The
' time lines for providing spacecraft data from the Merritt Island Station,
orbital elements and predict data from the Real-Time Computer System,
and mark event, etc., data from Hangar AO were all successfully exercised.

108 - L



33-783, Vol. I

3. Operational Readiness Test

The objective of this test was to demonstrate the final readiness
~of all the elements of the system for Viking to support the upcoming
Viking launches. All elements of the Near-Earth Tracking System
supported this test and provided the desired data to the Flight Opera-
tions Support areas at Jet Propulsion Laboratory. Only minor problems
occurred during the test. ‘

Barly in the minus count, Guam had a problem checking out the
spacecraft telemetry data flow, but the data were successfully checked
out later in the minus count.

The instrumented alrcraf scheduled to -support the test was not
avallable because the modlflcatlons for Viking being made at Patrlck
Air Force Base had not been completed.

D..  FINAL NEAR-EARTH PRELAUNCH OPFRATTONS

1. Launch Readiness Review

The Launch Readlness Review was held on July 2, 1975 at the Air
Force Eastern Test Range. Members of the review board represented
Langley Research Center, Lewis Research Center, Kennedy Space Center,
Goddard Space Flight Center, Jet Propu151on Laboratory, and the Air
Force Eastern Test Range

The material was presented in sufficient depth to allow the Board
to make a confident ‘judgment of. the readiness of the near-Earth facil-
~ities to effectively support the remaining Vlklng tests and operations.
The foregoing was predicated upon satisfactory resolution of the Viking
Project "Requests for Action,” which were not of a critical nature and
dealt with launch operations and testing.  All these Requests for
Action were closed out. before the Project Launch Readlness Review.

,é.j Project Launch Readiness'Reviews

The Near-Earth Tracklng System supported ‘both: the Viking A and B
Launch Readiness Reviews. Several were conducted ‘because of the neces-
sity of rescheduling the launch days of both A and B missions because of
flaunch vehlcle or spacecraft problems

The near-Earth status at all the Project Launch Readlness
; Rev1ews ‘was "Green ‘for launch. :
3. Near—Earth Launch.Constraints and Launcn_Hold»Criteria
The near—Earth support, w1th the resources planned, could support

_all the mandatory requlrements for both the Vlklng m1551ons However,
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because of the shortage of near-Earth resources and the fast. changing
location of the Centaur second burn during the daily launch window, the
Near-Earth System could not always be committed to total mandatory
coverage for at least an hour window for every launch day. This was well
coordinated with the Viking Project Office representative and accepted.

The one near-Earth launch constraint addressed support by the range
aircraft. The three range aircraft required a minimum of ten minutes
notification of the actual launch time to ensure their proper position=
ing and subsequent acquisition of launch vehicle and spacecraft data.
Without this notification, the aircraft would ‘probably not prov1de their
coverage intervals of mandatory data.

Certain near-Earth mandatory data intervals were considered
critical by the Project and, because of this, certain stations were
considered launch hold stations if they were unable to support. The
stations selected as launch hold stations were coordinated between ,
Project Office, Lewis Research Center (launch vehicle), Jet Propulsion
Laboratory (orbiter) and the Near-Earth Tracking System. For the
Viking missions, ‘the near-Earth launch hold stations were the telemetry
stations at Kennedy Space Center or Merritt Island, Antigua, Ascension,
Johannesburg, and one or two range aircraft depending on the launch tra-
jectory. Also, on Mission B, the Vanguard was an additional launch hold
station-and Auccngjon Was only a launch hold station on certain
traJectorles. '

4. = Near-Earth Requirements Which Could Not be Met

A1l the specified mandatory requirements for the Viking missions
could be met for a window of 43 to 85 minutes per day depending on the
trajectories. Committed support of several of the Centaur and space-
craft "reguired" and "desired” requirements after spacecraft separation
" could not be given because of lack of station views and/or lack of :
predicted signal strength. The "required" and "desired" data intervals
“where committed support could not be given is provided in Fig. 16.
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III. THE DEEP SPACE NETWORK

A, IMPLEMENTATTION
1. Support Capabilities, Configurations

The capabilities of the Deep Space Network were strengthened during
the prelaunch period of the Viking Missien. Two new 6h-meter stations
(Station 43 at Tidbinbilla in Australia ang Station 63 at Robledo in-
Spain) were added. These stations, with Station 14 at Goldstone, formed
a new 6l-meter subnet. Station 43 was activated in April 1973 and Sta-
tion 63 in September of the same year. A new 26-meter station becanme
operational in Australia in May 1973 as Station Lh at Honeysuckle Creek.
Two 26~-meter stations were decommissioned. These were Station 41 at
Woomera, Australia, and Station 51 at dohanneshburg, South Africa; the
first was deactivated January 1, 1973, and the latter as of June 30,
197h, = Table 7 lists the deep space stations finally committed to support
the Viking Missions to Mars.

From inception to completion, the Viking configuration of the Net-
work was presented in many different forms  to suit the background and
intended purpose of the recipient. High-level management was interested
in only functional capabilities; engineering organizations required over—
all station layout and electrical interface requirements; operations
personnel were-concerned with data flow paths, redundant capabilities,
and failure mode strategies. Thus many versions of the Viking con-
figuration came into existence to serve particular’purposes at
prarticular times and circumstances.

Figure 38 gives the Deep Space Network — Viking telemetry system

baseline functional requirements in a block diagram as published in
July 1972 (Ref. 5). Subsequent issues of this technical report des-
cribed the Tracking, Command, and Test and Training systems (Refs. 6, ;
T, and 8) at the same level. These diagrams provided a basis on which

to verify that all of the required capabilities had been provided for,.
 and from which the engineering divisions could plan and design the

actual station hardware and software to be implemented in the network.
Exemples of Viking cornfigurations as implemented in the 6l-meter subnet-
work and the 26-meter subnetwork are given in Fig. 39 and 40. These '
diagrams represent the overall as-build station configurations arranged
by subsystem. o S - ' e e
‘For,operatiOnél purposes, however, the telemetry, command, and -
- tracking data flow paths needed to be separated into clearly identifiable :
-operatiocnal configurations that could be disseminated throughout the .
Network and used by all operational personnel during the Mission. An
example of such a diagram is given in Pig. 41, Standard Planetary Con=
figuration (Telemetry) Orbiter/Lander/Orbiter'extractedkfrom'the'Neﬁ—‘i

- work Operations Plan for Viking. Because thére werermanyfsuch~
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diagrams required to meet all of the various configurations of

orbiters, landers, bit rates, mission modes, etec. , these conflgura-

tions were coded for easy reference throughout the Network. Sim-

ilar diagrams were also developed for Tracklng, Command, and Test
and Tralnlng, and Monltor and Control

It should be understood that the process of Vlklng implementa-
tion was essentially one of addition and modification. Except for
Network Stations 43 (Australia) and 63 (Spain), and the Network
Operations Control Center, all the facilities had been in existence
and had supported many previous flight projects in more or less the
same form prior to the inception of Viking. Further, the network
configuration required for launch and early cruise (up to February
1976) was substantially that which already existed, the major increase
being for the start of Project testing in the full planetary config-
uration after February 1976 but well before planetary encounter in
June 1976.

Therefore, the actual implementation was carried out in phases
corresponding to the phases of mission activity for which it had to
provide support.  The phases were reflected in the Engineering ‘
Change Order management process by attaching a category letter to
each order designating the approximate mission implementation phase
as described din Part A,

A summary of the total Viking cepabllltles that were. to be
' 1mplemented is glven in Table 9.

Prior to March 1972, Network implementation plans had inecluded
the Space Flight Operations Facility as it was at that time a part of
the Network.  Following the Tracking and Data/Office of Computing =
and ‘Information Systems reorganization in March, Network schedules
were rearranged to encompass only 1mplementatlon of the tracking
stbations, compatibility test stations, ground communications, and
the Network Operatlons Control Center. '

Durlng 1972 and 1973, 1mplementa$10n act1v1ty’for Viking =~
was relatively small because of the replanning of Viking 73 to a
1975 mlSSlon and the attention to the Mariner Venus :Mercury m1551on

By September 1973, however, 1mplementatlon for Oompatlblllty
Tesgt Area 21 had begun to move forward and the longer range Viking
1mplementatlon was finally planned. The. Tracking and Data System
level schedule for September 1973 is shown in Fig. 42, to illustrate
the situation confronting the Network at that time.

Breadboard design compatibility tests had been run in Test
Area 21 for radio-frequency only, and the emphasis was on completlng
Test Area implementation to start the multlple spacecraft compatl—
~b111ty tests descrlbed later : ~ ,

ey
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Table 9. Deep space station capabilities required .
for Viking planetary support

26-meter Deep Space Stations

Stations 11, 42, 61, 12, b, and 62 antennas
Single command uplink, 20 kW

One low-rate, plus one medium-rate telemetry data .
stream

S-band ranging at Stations 11, 42/43 shared, and
61/63 shared

8~-band doppler each station
One high-speed ground communications channel
Digital Original Data Record with automatic recall

_Analog Original Data Record with station replay

 Glh-meter Deep Space Stations
Stations 1h, h3, and 63 antennas

Slngle command uplink 20 kW prime, 100 kW/MOO kW
backup

Up to six low, medium, and high-rate telemetry data
- streams

8- and X-band ranging
8- end X-band doppler

~.One hlgh—speed and one w1deband ground communlcatlons
channel ; :

i Digital Originél Data Record ﬁith aufqmati¢ recall
© Analog Qrigihal Duata Recordrwithfstation replay
S—kand X—bandfoécultation data recéive and record

- S-band very long bageline 1nterferometry data recelve and
record Stations 1k, and h2 : ~
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Table 9 (contd)

Ground Communications

50-kbps wideband channel to Station 1k
27.6-kbps wideband channel to Stations 43 and 63
4800-bps high-speed channels to all stations

Circuit performance monitoring and error detecting

Network Operations Control Center

Automatic recall capability
Intermediate data record production

Network system performance monitoring, display, and
data system validation

Tracking performance modification

Network Operations Control

Mars Radar
Uses developmental hardware and software

Provides X-band transmit and receive

'Up,to 400 kW transmitter power desired

, By August 197h as shown in Fig. h3, both the radio frequency
compatibility tests and Data Bystem capability tests had been come
pleted using two orbiter streams, and one lander stream simultaneously
- between Compatibility Test Area 21 and the Mission Control Center. In
the course of these tests, up to six data streams had been passed

across the interface to the Control Center ‘and processed satisfactorily,

simultaneously with generation of two command links. This completed
implementation at Test Area 21. Implementation at Station T1l, Merritt
Island, and Station 1L at Goldstone for support later in theé year was
in progress. .

The end of the year saw the Block IV receiver installed and

tested at Spaceflight Tracking and Data Network — Merritt Island
Tl, and the first System Integration Tests: with the;Control Center,

Sk
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completed the implementation at that Station. Block IV receivers
for Stations 43 and 63 were in production and expected to be
installed prior to launch, construction of facilities for the
overseas high power transmitter installations.were about complete
at the Spanish site, while the Australian contractor was about to
begin work at Tidbinbilla. During May 1975, the Goldstone Sta-
tions 14 and 11 implementation in the planetary configuration had
been completed to support the Performance Verification Tests.
These tests pointed out areas in the Network configuration needing
improvement, particularly in regard to Analog Original Data Records
~and Digital Original Data Records.

Implications of providing support from the second 26-meter
subnetwork had been evaluated and some impact on the plan to
implement the Stabtion Monitor and Control Assenmblies system at
these stations had been identified. The System level 3 schedule
for July 1975 is shown in Fig. U4. By that time, the Block IV
receivers were installed and tested at Stations 43 (Australia) and.
63 (Spain). The high-power transmitter was expected to be complete
in August at Station 63, and November at 43. All implementation and
testing required for launch was completed by July 22 with the
exception of some antenna noise abatement work on the Australian
station antenna, which had been delayed by bad weather at the site.
This was, however, accomplished by 0800 Greenwich Mean Time on
August 11, and the Network supported the initial launch attempt
with zero anomalies.

Implementation of the planetary configurati.n at both Stations,
43 and 63, had been slowed somewhat by the application of configura- -
tion control during the launch period, but was to resume immediately
upon completion of the launch activity.

2. High~-Power Transmit.2r Rationale

Installation of 100-kW transmitters to provide dual uplinks at
10 kW each was an early Viking requirement. = This requirement was
" prineipally oriented toward the need for simultaneous commanding from
a single station to two spacecraft (Orbiter/Orbiter or Orbiter/Lander).
- However, early in 1973 indications were that the dual-carrier, single-
transmitter mode of operation presented technical problems that were
not fully understood. Recommendation was made that the dual-carrier
mode be considered as a ''mission- enhancement" feature only in all
future mission planning. The prime mission mode was to be based on
the use of two subnets, with the simultaneous command longitude.
‘However, evaluation of the consequent impact on the Viking mission.
planning and flight support showed that, irrespective of the dual-
carrier requirement, there remained a need for a 100-kW transmit
‘capability at Stations 43 and 63, as well as the 400-kW transmit
capability at Station 1l at Goldstone, to avoid unacceptable risks
and/or constraints to Viking Lander operations (Mission B
particularly). R : : :
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These risks could result from (1) worst-case telecommunications per-
formance, (2) adverse landing slopes (30 deg), (3) random Lander ‘
orientation, (4) high-gain antenna or computer malfunction, (5) south-
erly landing sites (30 deg 8), (6) need for real-time targeting of -

.~ landing site, and (7) late launch in the secondary mission. .

The dominant factors influeneing all these effects were Lander
low-gain antenna patterns measured on a 3/B-scale model. These pat-
+erns showed severe distortion due to adjacent hardware on the Lander
structure, which resulted in large negative gain over substantial por-
tions of the antenna field of view. Most of the conditions described
above could result in Farth-look vectors that 1ie in these negative
gain areas. Hence, they required a high-gain transmit - capability to
compensate for the antenna gain deficiencies. ‘

These data (Ref. 9) were presented in overview by the Martin
Marietta Corporation at the Viking Lander Critical Design Review in
Denver on September 18-20, 1973, and in detail to the Viking Tele-
communications Working Group at Martin Marietta in Denver on
September 21. Roth organizations, as well as the Viking Project
Manager ., agreed that the 100-kW transmit capability at the overseas
stations was a necessary element in the Network support planned for
the Viking mission. Accordingly, & revision to the Viking Support
Instrumentation RequireméntS‘Document deleted the dualcarrier require-
ment, but restated the requirements for the 100-kW capability at Sta-~
tions 43 snd 63 for the purposes described above. Implementation of
this capability then was reinstated and as operational date of
January 1, 1976, was seb. o '

3. ‘Technical, Operational Difficulties

Apart from the usual technical and operational problems
associated with a major implementation project, the single largest
problem with prelaunch preparation resulted from the slip in .the
impleméntation completion milestone at Deep Space Station 1k,

The 26-meter stations needed velatively minor hardware additions
for Viking, but the Gi-meter stations reguired extensive equipment
installations. The overseas 6l-meter stations (Australia 43 and -
Spain 63) were not scheduled to be fully implemented for Viking until -
‘after launch. Station 14, however, was scheduled to be fully imple~ . .

‘mented to support the Project prelaunch planetary tests: :

'~The,implementationbcompletion milestone for Station 1L was
originally scheduled for September 15, 19Th. It first moved to
‘mid=October, then mid-November, early December, and finally to
Janvary 4, 1975 This total slip of 3-1/2 months was caused in part
by the station being out of service:for‘approximately one month to
yeconfigure for a Hellos launch, the Pioneer 11 Jupiter'encounter,‘and
"~ the time needed for the substantial number of the engineering changes

needed to meet the Viking‘configuration.' s : o
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In April 19Tk, the high-power (100-kW) transmitter at Station 1L
had to be shut down for approximately four weeks for major rework and
modification. This modification included installation of a new Klystron
to raise the maximum power to 400 kW. Bearing regrout and numerous 5
Viking modifications also caused a shutdown of the station for a peridd
in September 1974, Station 63 was taken off-line for the entire month
of October so that the elevation drive motor gear boxes could be
removed and reworked. Earlier that year (August) time was spent at -
DSS 63'to add an X-band cone.

To prepare for the Viking mission and to support a Saturn radar
experiment in December 1974, it was necessary to replace all of the
feed cones at Station 1L4. The feed cone used for the Pioneer 10
encounter was a prototype, the polarization diversity S-band cone.
This cone was replaced in Septémber 1974 with the standard S-band
polarization diversity cone, which was more nearly identical to the
operational cones at Station 43 in Australia and Station 63 in Spain.
After temporary installation of the X-band receive only cone for the
purposes of fitting the associated dichroic plate and ellipsoid . -
required for Viking S and X-Band, the cone was removed and the S-band
megawatt transmit cone reinstalled so that Pioneer would have a
backup S-band capablllty 1n the event of a failure in the newly
1nstalled cone.

In August 197k, modification of Station 4l in Australis to the
standard Deep Space Network configuration began. This called for
changes in the antenna as well as the addition of an Antenna Pointing
System, Digital Instrumentatlon and Tracking and Dats Handling sub-
systems. The station control area also was relocated. from Tidbinbilla
© to Honeysuckle Creek. The station was not operational again until

Januvary 13, 1975. ‘ : e :

B.  NETWORK OPERATIONS TRAINING

The unlque operatlonal requlrements of the Viking MlSSlon created
‘a need to emphasize personnel training throughout the Network. This
training was divided into two types, M1$Slon Independent Training
and Mission Dependent Tralnlng

‘Mission: 1ndependent tralnlng, although normally not-a-part of
a Mission Test and Training Plan, was & prerequisite to Viking oriented
training and testing. The majority of the subsystems to be used during
the mission remained unchanged from previous missions. However, the
Viking configurations required up to -six full telemetry streams and two
command streams and one command stream as for.previous missions. Train-
ing data and documentation for the new equipment'was supplied to. the
,Network Tralnlng Unit Superv1sor by the Cognizant Operations Engineers
of the- affected subsystems. "A training package was prepared and sent
,along with the new equlpment to the locatlons 1nvolved
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The mission dependent training consisted of classroom instruction
and training exercises conducted at each facility. -Also included were
"in_house" operational tests designed by the Facility Director, who
acted as training controller, to exercise the Viking configuration.

v A comprehensive training package was also provided each station
by the Network Operations Project Engineer to assist in this phase

of training. ~The package included lists of Viking Lander and Orbiter
commands, from which the stations produced Mylar command tapes for
their use, and also instructions for operator training in manual
command exercises. All Viking unique computer 'type-ins' for standard
operations, plus those used for troubleshooting and failure isolation
and recovery, were included for use in conjunction with the Standard
Operations Procedures and the procedures in the Network Operations Plan
for the mission. ~There was to be particular emphasis on the voice
vackup command procedures and manual Telemetry and Command Subsystemn
configuration and initialization. Station on-site training tests were
to be accomplished with the Simulator Conversion Assembly as a self-
contained Viking spacecraft telemetry simulator, using the fixed
pattern data tapes supplied by the Network Operations Project Engineer.

C. TESTING AT- COMPATIBILITY TEST AREA 2L
1. Activity Summary
,The Network Compatibility Test. Area 21 at Pasadena played a

major role in the Viking test program during 1974, These series of. - ;
tests included System Integration Tests, Telecommunications Compatibility

-~ Tests, and Design Compatibility Tests. With completion of this testing

at Test Area 21, the Deep Space Network and Viking Project were ready
to begin system_verification testing using the Merritt Island Station
at Cape Canaveral, Florida, and to verify continued Network-Flight

_Project interface compatibility with flight spacecraft before the
1975 launches. . ' '

Project pbliéy called for testing of interfaces between "adja-
cent systems of 1ts six—system.structuré, Thus, early in 197k,

‘a series of,SyStem‘Integration Tests began with the Viking Orbiter
System, Viking Lander System, Launch and Flight Operations System, ,

" Viking Mission and Control Computing Center System, and the Tracking
and Data System. - ' ‘ L ‘ ‘

From April 6 through June ok, 1974, twelve system integration
tests in which multiple data streams were passed between the Stations
and the Control Center were performed. The test data streams simulated
real data types and data rates, and were handled by all of the hard-=:-
ware and software in the Station and Control Center in exactly the
same W&y as real data. Network and Contbrol Center performances in
generating, handling, and processing the deta were considered a measure.
of the readiness,of the entire Ground Data System to enter live mission
supporb. : e i : :
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During the summer of 1974, the system test phase of the
telecommunications compatibility test program was completed.
These tests provided the basis for the establishment of telecommunica~-
tions system design compatibility between the Network, the Viking Lander
and Viking Orbiter, and a simulated Network-multiple spacecraft con~
figuration for the Mars: planetary orbital operations. Subsystem
design compatibility tests were successfully completed during 1973,
while system verification was to be performed in Florida in 1975.

The system phase of the~telecommun1catlons compatibility test
program also served as a basis for requirements for five Design Com-
patibility Tests that were performed successfully between July 15 and
August 1b; 197L.

Previous to the above testlng, the Viking Lander system develop~
ment model was shipped to Jet Propulsion Laboratory (March 1973) for
development compatibility tests with the Network in Compatibility
Test Area 21.  Four weeks of radio frequency tests were completed at
that time in both the single and dual-uplink environment without any
‘anomalies being detected. No further tests with the Viking Lander
were then required until June 19Th4 when the Lander was, as noted,
again brought to Test Area 21 to begin the final radio frequency com-
patibility test series in conjunction with the Viking Orbiter.

2.  System Integration Tests

- These tests were conducted in four phases: (1) test of the
Network — Control Center interface for Lander telemetry, (2) test of
the interface for Orbiter telemetry, (3) test of the interface for the
Viking Lander — Viking Orbiter command, and (4) test of all functional
interfaces simultaneously with maximum loading. The Viking configura-
tionsg. for Test Area 21 used for telemetry and command tests are shown
in Figs. 45 and k6. ' : :

Overall respon51b111ty for conduct of the 1ntegrat10n testlng
was a551gned to ‘a Test Conductor provided by the Control Center. The
Network Operatlons Project Engineer ‘acted as coordinator for the
Network. He was supported‘by the Network Control System and the
Network Analy51s Group.

Among the problems durlng the per “6rmance of the 1ntegratlon tests;
were those of dual commanding, bit stream.anomalles in the 1-Kkbps
" science data, timing problems between the. Control Center Simulation
Center and the Ground Communications Facility in testlng hlgh—rate
Orbiter data, and failure in maximum loading at 16-kbps playback from-
~the, Orblter.; These problems are reportedhln the follow1ng System
IMmymmonT%tsmmmv S : ; Lo Sl
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a. Dual Commanding., Although a standard station con-
figuration provided that only a single spacecraft be commanded at
any specific time, Test Area 21 required dual command capability to
satisfactorily conduct compatibllity testing. The first attempt to
achieve this on May 1 failed, and the only retest of the series was
required.

At the time of System Integration Test No. 7, Test Area 21's
second exciter (Block IV) was not fully implemented, and the hardware
and software workarounds to use the Block III exciter failed because
the exciters could not be emulated. - However, on;the‘May 10 retest
dual commending was accomplished. In addition, the Lander telemetry
interfaces operating in parallel with the command interfaces were
verified. Lander direct data at 8-1/3 bps and 250 bps were success-
fully processed.

On May 1 the unfinished portion of the Test 5 (April 23) sequence
that called for dual Lander command interface verification in both the
automatic and manual modes was. completed. In completlng the sequence,
dual command was simulated by simultaneously conducting "in core"
Orbiter commanding in the 360/75 computer. Orbiter commanding objec-
tives were the same for Test 6 (April 26) as the Lander obgectlve°
of Test 5. Test 6 objectives were met and the test sequence completed;

b. . Data Stream Anomaly. During the Test T rerun, a Lander
sclence data bit stream anomaly previously observed in Tests 1 and 2
(April 16 and 19) was isolated to the Simulation Center 360/75 com-
puter — Ground Communications Facility interface. In the Test 1
Lander telemetry interface, specified rates were Dlander direct
engineering data at 8-1/3 bps, science data at 250 and 500 bps,- and
science playback data at 1 kbps. Thirty-seven of 45 science formats
were tested satlsfactorlly, but the bit stream anomaly appeared on
the remalnder ,

, Objectives of -Test 2 were to verify the telemetry interface
while processing three Lander telemetry data streams. With maximum -
interface loading for Lander 8-1/3-bps engineering, sciénce-at 1. kbps,
and also Lander data playback from Track 8 of the Orbiter at 16 kbps,
format verification was completed on the orbiter science data, and
engineering data was processed without problems. Again, as in Test 1,

8 bit stream anomaly was observed w1th1n the 1—kbps science data
stream

c. Timing, Loading Problems. During Test 2, timing problems
between the simulation center 360/75 and the Ground Communications
,;Fac1llty precluded effective testing at bit rates in excess of 4 kbps.
Although this test included the independent Lander telemetry, maximum -
lnading at 16-kbps playback from the Orbiter was accompllshed Thisg -
‘problem, which reoccurred in Tests 3, L, and 11, was attributed to the
simulation center - Ground Communlcatlons Fac111ty intwrface. OrblterT
telemetry testlng was deferred and replaced w1th the command testlng
phaSe ~
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In Test 3 (May 4), which was to verify telemetry interfaces
for a single Orbiter, the timing problem still existed, but was less
evident on the 50-kbps wideband data line. The Mission Test and Com-
puting Facility could not process the high-rate 8-kbps data for time
periods greater than approximately 2 minutes, and Test Area 21's Sim~
ulation Conversion Assembly could not lock on the 16-kbps data generated
from the simulation center.

, In Test 4 (May T7), with the loading configuration requiring both
Orbiter data streams (33-1/3 bps and 16 kbps) and a Lander science data
stream at 1 kbps, the loading objective was met.. Yet the 16-kbps data
stream could not be sustained by the Control Center simulation center
‘for a period exceeding 1 tc 2 minutes. This simulation constraint was
isolated to the simulation center 360/75 — Ground Communications
Facility interface. Only the 50-kbps wideband data line was exercised
during the test. ’

The second phase of Test 11 on June 8. {two Orbiters and Lander
telemetry and command) simulated all the nominal data interfaces to be
used during a planetary or full loading pass from an overseas station.
It was required that the 28.5-kbps wideband data line interfaces be
© exercised by processing two Orbiter high-rate data streams simulta-
neously at 16 and 18 kbps. The configuration operated successfully,
but data processing et Mission Control Center could not be sustained
while using the 28.5-kbps wideband data lines. This was considered &
Mission Test Computer problem and not related to the Telemetry and .
Command Subsystem or Ground Communications Facility. ~“All high-rate
data streams were generated by Test Area 21's Simulation Conversion

Assembly as the simulation center — Ground Communications. Facility
problems had not been resolved. Test 11 verified the multiple space~ -
craft telemetry and command data at maximum deta rates, processed
simultaneously. The Telemetry and Command Processors were able to
process data at maximum loading (one 8-1/3-bps and two 16-kbps Orbiter
data streams) while commanding the Lander from one Telemetry and Com~-
mand Processor and the Orbiter from the other. The configuration
simulated all the nominal data interfaces, 1nclud1nv monltor data,
thax ‘were expected durlng a planetary pass.

, On June 1, Test 10 (two Orbiters and Lander telemetry) verified
the interfaces could handle the loading of multiple- spacecraft tele=~
metry data streams at maximum bit rates. The simulation center gen-
erated all of the high-speed telemetry data rates,; while Test Area
21's Simulation Conversion Assembly generated the wideband data rates.
The Control Center simulation center high-speed data streams were
8-1/3 bps, 33-1/3 bps, and 1 kbps. Test Area 21 produced 16-kbps
wideband data streams using the Simulation Conversion Assembly in the
stand-alone mode. Using the high-speed date lines and the 50-kbps
w1deband data line, the data rates were all successfully processed

The System Integratlon Tests. closed on June 2k with Test 12,

. which was a repeat of Test 1l. Conducted in four phases, the test ER
was successful in parts of the first and second phases: : (1) transfer =
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and process six telemetry data streams in real time using the 28.5-kbps
wideband line and the high-speed data line, and (2) replay the T- and
9-track Digital Original Data Record recorded during Phase 1 while con-
tinuing to process real-time data in one Telemetry and Command Data
string. Neither a repeat of Phase 1 using the 50-kbps wideband line
nor a repeat of Phase 2 for data recorded during Phase 3 was successful.

d. Cround Data System Test. The principal difference between
the System Integration Tests and a related Ground Data System 1 test
on July 1 was the use of as much of the Ground Data System as possible.
In this test, verification of end~to-end telemetry processing of the
Orbiter and Lander~data rates was sought. However, during the short-
loop high—speedkwideband,portion of the test, problems with wideband
simulation thwarted test objectives. It was determined by checking out
“wideband communications hardware (Ground Communications and Mission
Control and Computing Facility) that a problem existed in the Mission
Control and Computing Facility (software) operating system that resulted
in only the first L0 bits of each 2400-bit wideband data block bheing
- saved for use by othér programs. A software correction was made in
real time and date were correctly processed in short-loop configuration.
A retest was performed successfully July 20. to complete the test
objectives. - The Telemetry and Command Systems were successfully tested
with the minor problems experienced being corrected. N

- It was then conclﬁded as a result of the System Ihtegratidn Tests
and related Ground Data System testing that the Network and Control
Center were ready to,support the Data System Compatibility test effort.

3. Design Compatibility Tesfs

, Five Design Compatibility Tests were successfully completed from
July 3 to August 14, 19Th. They provided an end-to-end verification
of the integrity of the Ground Data System design under typical mission
loading conditions. Starting with the modulated radio frequency.
carriers' input to Compatibility Test Area 21, the data were sequentially
.processed through the stations, passed across the Ground Communications
Facility to the Control Center, and finally displayed in the Mission =
Support Area. Maximum loading conditions were established that included
six simultaneous telemetry data streams, two command streams,-one monitor
and one tracking data stream during the testing. ' ‘ :

The test configurations were: (1) Lander direct link telemetry and
‘command; (2) Orbiter telemetry and command; (3) spacecraft telemetry and
command; (4) Lander relay telemetry and command; and (5) two Orbiters -
and Lander telemetry and command. R ‘ -

The first attempt on July 15, in configuration (1) failed to
demonstratbe that Ground Data System design was compatible with Lander
S-band direct link telemetry and command capability. = On the retest two
days later, ail objectives were met, with all Lander data rates (8-1/3,
250, 500 bps, and,l~kbps)'successfully procéSséd;simultaneously"with

- ceommands.

136



33-783, Vol. I

A1l objectives were met for configuration (2) on July 21 with
telemetry data rates 8-1/3, 33-1/3 bps and 1, 2, k, 8, and 16 kbps being
~ simultaneously processed with Orbiter commands

After demonstration (July 22) that commands were transmitted to
the mated spacecraft with verification and evaluation via the downlink
telemetry streams in configuration (3), the uplink phase of the test
was completed August 8. Telemetry data in the mated configuration at
data rates (8-1/3 and 33-1/23 bps; 1 and 2 kbps) were processed
simultaneously with commanding.

Ground Data System compatibility with Orbiter telemetry data
containing both prerecorded Track 8 and real-time telemetry data
~relayed from the Lander in configuration (4) was’ demonstrated
August 1h. Telemetry data rates 8-1/3, 33-1/3 bps, and 1, 2, 4, 8,
and 16 kbps for the prerecorded data, as well as telemetry data at
8-1/3 and 33-1/3 bps, and 4 kbps, uncoded, were processed. Orbiter
commanding was conducted simultaneously with the telemetry. processing.
A failure of Channel 2 of the Telemetry and Command Processor at Test
Area 21 did not compromise the tests because the redundant computer was
“put into use. '

Demonstration that the Ground Data System was compatible with
multispacecraft environment in configuration (5) was completed in a
two-day test (July 31-August 1). Six simultaneous telemetry streams
(two at 8-1/3 bps, one at 33-1/3 bps, two at 16 kbps, and one at ;

1 kbps) were successfully processed simultaneously with Lander and

" Orbiter commanding. Minor problems (the result of inadequate time for
transfer tests prior to test start) were caused in simulation of one
8-1/3-bps data stream and the processing of 8~1/3-bps data.

ki, Spacecraft‘Télecommunications'Compatibility Tests:

System level testing of the Network-Viking Project Telecommunica-
~ tions Test program was completed during the summer of 1974 at Jet
Propulsion Laboratory. The detailed results of the +test program are
given in Ref. 10. The testlng was between. Compatibility Test

Area 21, which simulated a Deep Space Station, and the Viking proof
test Orbiter, the spacecraft test Lander, and a simulated multiple
 spacecraft configuration. For the later configuration, the Orbiter and
"Lander were located in the Spacecraft Assembly Facility. A radio fre-
guency transmitter in the screen room at Test Area 21 simulated the

: serond Orblter S-band,downllnk

Ground statlon procedures and test design crlterla and test »
parameters were prepared by the Network. ‘Bpacecraft telecommunications
design performance criteria and test parameters were prepared by.the
respective Orbiter-Lander telecommunication teams. All test procedures,

‘ vwhlch.lncluded,test parameters and. performance crlterla were approved

jointly by the Network and Flight Project representatlves under the:
dlrectlon of the Viking Telecommunlcatlons Worklng Group
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These tests, whose objectives included establishment of
prerequisite data bases for performing the Design Compatibility Tests
described in paragraph 3 above, are discussed separately here,

a, Network-Viking Spacecraft Test Lander Compatibility. For
the Lander tests, the spacecraft test Lander was located in the screened
room of the Spacecraft Assembly Facility and Test Area 21 was config-
ured to represent a Network 6L-meter station. An S-band radio
frequency air link was established between the spacecraft test Lander
and Test Area 21. The Network established a pretest calibration of
this air link to an amplitude stability of +0.2 dB. The program used
in the tests was the released version of the telemetry and command
software, which was to be used to support the mission.

This program was (1) to prove telecommunications design

compatibility between the Network and the Viking spacecraft test
~Lander in accordance with the Master Integrated Test Plan; (2) to

prove Network single spacecraft performance prior to the conducting

of the multiple spacecraft radio frequency compatibility tests; and

(3) to provide prerequisite data bases for performing the data compati-
bility tests (1 through 5), which establish flow system interface
‘compatibility from the spacecraft via the Network to the Control Center.

Sixty hours of testing established telecommunications systems
design compatibility between the Lander spacecraft and the Network, and
also proved Network-single performance prior to the conducting of the
multiple spacecraft radio frequency compatibility tests. The detailed
results of the tests are given in Ref. 10. :

b. . Deep Space Network-Viking Proof Test Orbiter Compatibility.
- The Orbiter proof test spacecraft was located in the Space Simulator
building 150 and the §/X-band radio frequency 1inks were established to
Test Area 21 for these tests. Both the 8- and X-band links were cali-
hrated by the Network, and radio-frequency amplitude stability was
established for a 3-sigma measurement of 0.2 dB for S-band and 1.0 dB
for: X-band. . With the exception of Block IV receiver/exciter (an engi-
neering prototype) the Test Area 21 was configured to simulate a
fli-meter station using operational hardware and Telemetry and Com—
mand Subsystem software.

The objectives of these tests were: (1) to establish Network/
Vlklng Orbiter telecommunications compatibility for telemetry, command,
tracking, and metric data in accordance with the Viking Project Master
“Integrated Test Plan; (2) to provide baseline criteria for analysis of
the multiple carrier ‘interference effects in the multiple spacecraft
radio freguency compatibility tests; and (3) to provide prerequisite
data bases for performing data compatibility tests.
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Ninety hours of testing established Network-Viking Orbiter
telecommunications compatibility for telemetry, command, tracking, and
metric data. It also provided baseline criteria for analysis of the
multiple carrier interference effects in the multiple spacecraft RF
compatibility tests. There was excellent coordination between the
spacecraft and this test area despite the compatibility testing being a
second priority in the Spacecraft Simulator. Detailed test results are
given in Ref, 12.

c. Deep Space Network-Viking Multiple Spacecraft Compatibility.
The test spacecraft Orbiter and Lander were located in the Spacecraft
Assembly Facility during these tests. A test transmitter, to. simulate
the second Orbiter with an S-band radio-frequency downlink capability
only, was installed in the screen room of Test Area 21. $S/X-band
radio-frequency air links were established between the Orbiter space-
craft and Test Area 21, while interface with the Lander was estab-
1ished with an S-band radio-frequency air link between Test Area 21 and
the Spacecraft Assembly Facility. To suppert. these tests, Test
Area 21 provided two simultaneous S-band uplinks and received and pro-
cessed telemetry data from three simultaneous downlinks. '

The objectives of the compatiblility tests were: (1) to verify
the performance and operational capability of the Network in a multiple
dowvnlink carrier environment; (2) to ascertain the performance of the
Orbiter and Lander under predicted radio frequency interface conditions;
and (3) to provide baseline criteria as a prerequisite to conducting
the multiple spacecraft data compatibility tests (DCT-5).

d. Test Description. In addition to the standard compatibil-
ity tests with all radio frequencies at their nominal rest wvalues, the
following tests were performed to simulate the potential frequencies of
the flight spacecraft under expected doppler effects and S-band power
levels during Mars orbital operations. These special radio frequency
interference tests are described below. (The proof test Orbiter was on
radio-fregquency Channel 9, the spacecraft test Lander was on radio~
frequency Channel 13, and the test transmitter was assigned to radio-
frequency Channel 20.) : ' :

(1) False uplink acquisition with ranging: with S-band radio-
frequency Channels 13 and 20 uplinks adjusted to expected
Orbiter radio—ffequency,received.levelsfat Mars distances,
ranging modulation was applied to Channel 13 uplink, and -
‘the uplink was swept through the assigned Lander channel.
The Orbiter was observed for acquisition of a ranging
sideband, with subsequent loss of downlink radio-frequency

“lock. : '

(2) ~ False command acquisition with ranging:. a single, Channel 20
uplink was tuned to a specified offset from the assigned
channel frequency. ‘Command and ranging modulation were
then applied, and the carrier was swept through Channel 20.

~The Orbiter was observed for radio-frequency and  command
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acquisition, and the Lander was observed for radio-
frequency acquisition.

(3) Radio metric degradation with ranging: with the Orbiter
and Lander both in the two-way mode, the Lander uplink was
set to an expected Orbiter radio-freguency received level,
and ranging acquisitions of the Orbiter were conducted to
obtain reference performance data. The Lander uplink
(Channel 13) was then tuned to a specified offset from the
assigned channel frequency. Ranging modulation was
applied to the Channel 13 uplink, and the uplink was sweptl
through the frequency band. During the sweep of Channel 13
uplink, continuous ranging acquisitions of the Orbiter were
obtained, and data were analyzed for variations in range
delay.

(4)  Viking Lander telemetry degradation by the Viking Orbiter
high-rate telemetry: with the Orbiter and Lander both in
the two-way mode, a baseline telemetry performance test was
conducted. The Orbiter uplink was then tuned to specified
frequency offsets, and all telemetry channels, at each
-frequency offset, were observed for performance degradation.

(5) Command and telemetry degradation with ranging: with the
Orbiter and Lander both in the two-way mode, one Lander
uplink was set to an expected radio-frequency Orbiter
received level, and continuous commands were sent to the
Orbiter to obtain reference performance data. The Lander
uplink (Channel 13) was then tuned to a specified offset

- from the assigned channel frequency. Ranging modulation
was applied to the Channel 13 uplink, and the uplink was
swept through the frequency band.. The Orbiter was
observed for loss-of-uplink lock, command anomalies, and
telemetry degradation.

e. Test Results. The results of the 40 hours of tests estab-
lished telecommunications system design compatibility between the
Viking multiple spacecraft and the Network. The following comments
describe test results from the series of special radio-frequency
interference tests reported above.

In the special tests; radio freguencies selected to generate
radio~frequency interference represent considerable offsets from
assigned center frequency values. However, each of those frequencies
is considered possible during the mission. The total offset from
assigned center. frequency was derived from consideration of the
vnltage-controlled oscillator drift, temperature effects, and orbital
‘doppler shift. The absolute value of the :frequency offset for each
test is provided in the discussion below

Interference from ranging sidebands will occur only during range
acquisitions. TImmediately following a range acqulsltlon, the code is
advanced to the clock component (Cp) only, and all sidebands around
higher—order components disappear.
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The following are the results from the special test (False uplink
radio-frequency acquisition with ranging) described in a(l). ~The
rbiter uplink (Channel 9) was acquired by the fifth sideband of the
second ranging component on the Lander uplink (Channel 13) at a signal
level of -13T7 dBm. The Orbiter was also acquired by the tenth sideband
of the third ranging component at a signal level of -150 dBm. These
results were as predicted from theoretical analysis. For this test,
the Channel 13 uplink was inadvertently set 9 4B below the expected
value. The expected interfering levels are, therefore, 9 dB higher
than those observed in the test. The frequency offset of Channel 13
was T7.3 kHz below assigned center frequency.

The results of these tests are described in detail in Ref. 10.

5 Conclusions

The Deep Space Network-Viking telecommunications compatibility
tests at Compatibility Test Area 21 established that the Network and
the Viking Orbiter and Lander telecommunications links had met inter-
face specifications and that no incompatibilities existed. They also
provided confidence that if a radio frequency link interference or-
problem occurred during flight operations, the interfererice effects
would be reasonably well understood. The formal radio-frequency
compatibility test program had been completed on schedule as a result
of the close coordination and cooperation of the organizations involved.

The next phase of the compatibility test program was scheduled to
begin at the Merritt Island Station in late January 1975 after trans-
portation of the flight spacecraft to the launch site at Kennedy Space
Center, Cape Canaveral, Florida.

D. SPACEFLIGHT TRACKING AND DATA NETWORK - MERRITT ISLAND TESTING
1. General

Beginning in Januafy 1975 and ending in early July, the Space-—
flight Tracking and Data Network - Merritt Island Station MILL-T1l partic-
ipated in a series of Viking spacecraft command and telemetry com- '
patibility tests with communications support by the NASA Network ' Com~
munications and operational suppert by the Network Operations Control .
Center, Separate tests were performed with the Viking Landers and Vi~
king Orbiters and Viking Spacecraft 2 (combined Orbiter and Lander). With
these tests, the telecommunlcatlons integrity of the fllght spacecraft
was finally verified.

Data System Tests were also an integral part of the radio fre-
guency compatibility test Program, covering equipment configuration and
performance, a Systems Integration Test, a Ground Data System Test,
Flight-Article Compatibility Tests, Mission Precursor Tests, Communica-
tions, and Network Control Center support. The station Command System
configuration used for the Data System tests is shown in Fig. 4T,

Figure 48 shows the Station Telemetry Subsystem configuration for
'mated-spacecraft tests in which both Lander and Orbiter telemetry was-
received on the Orbiter downllnk The Station Telemetry Subsystem
configuration for the Lander Fllght Compatibility Test in which
telemetry was received on the Lander direct downllnk is glven by

Fig. Lo, Sl
| R mr - REPRODUCIBILITY OF THE
' 1TNAL PAGE IS POOR.
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Fig. 47. Merritt Island Station

MIL-T1 command configuration for
- Viking Orbiter and Lander Tests ' ' .

; The Simulation Conversion Assembly of the Station Test and -
Training Subsystem was operated in the computer-remote ("1ong-loop")
mode to support telemetry simulation for the System Integratibn,and
Ground Data System Tests, and was operated in the computer-local
{"stand-alone") mode for pretest telemetry datae transfer verification
in each of the remaining tests. During these. tests, there were no
failures in the Simulation Conversion Assembly. A couple of malfunc=-
tions occurred in the Command Subsystem, and several failures were
encountered in the Telemetry Subsystem.

Test results gave assurance that the Station, Control Center, and
Communiications were effectively used as elements of the Ground Data
System for premission engineering tests and flight team preliminary
training. However, the successful support of the tests required exten=

~ sive use of redundant equipments, particularly those in the telemetry
_subsystem. ‘ ‘ S ' L

. The most persistent prob‘lems‘ encountered during the Data System
Compatibility Test were related to low reliability of Data Decoder
Assemblies and the Block Decoder Assembly hardware. Command Subsystem
performance and Simulation Conversion Assembly performance were very
satisfactory. Ground communications performance was also quite satis-

factory. The Network Data Processing functions provided useful,

12
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independent Network validation of command and telemetry status, within
the constraints of the present implementation. No software problems in

the Station subsystems nor 1n the Network Data Processing Area appeared
durlng the testing.

2. System Integration and Ground Data System Testing

The System Integration Tests for the Station to Mission Control
Center interfaces simulated Orbiter, Lander, and Spacecraft command
operations and processing of dual- subcarrler telemetry data us1ng the
configurations shown in Figs. 47 and L48.

Test activities were scheduled over two days (January 9 and
February 18). Discrepancies found the first day included a tlmlng
problem in the Data Decoder Assembly ‘that introduced frequency errors
in the Lander 500-bps and l-kbps block-coded telemetry data, and errors
in the Orbiter 16-kbps block-coded telemetry data caused by the Block
Decoder Assembly on Channel 3 of the Telemetry and Command Processor A,
No- discrepancies were found February 18.

Subsequent to the January.9 testing, intensive troubleshooting and
testing at the Station prepared the station for the Lander telecommuni-~
cations radio-frequency compatibility testing of January 30 through
‘February T. Prior to February 18, two engineering wverification tests
were conducted with Network Operations Control Center Support.

Conducted March 11 and 18, Ground Data System test No. 7.0
sequence was equivalent to the System Integration Test sequence as far
as the Network was concerned. However, the test involved more output
and display processing for the Mission Control Center.  Yet, despite
several equipment malfunctions at the Station on March 11, more than
half of the tests objectives were completed through use of backup
capability. Problems and solutions included:

(1) With failure of the tape unit on Telemetry and Commend
Processor A, medium rate data were paralleled through the
B Processor to obtain a good Digital Orlglnal Data Record.

(2) When Subcarrler Demodulator Assembly No. 1 would not lock
up on data from the receiver, the second unit was used to’
the end of the tests

(3)  Data Decoder Assembly Al, which was assigned to Telemetry

: and Command Processor.Channel 3 for the test, put the wrong
time in the wideband data blocks; not impacting the real-
time processing of high-rate data, it did cause 1mpact on
9~ track Orlglnal Data Record playback

'1&5
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(4) When Command Modulator Assembly No. 2 gave alarms that
would not clear with reinitialization, the Lander-direct
command operation was transferred to Command Modulator
Processor A, Assembly No. l. -

The Ground Data System Test was successfully completed on
‘March 18. On that date, the only Network anomaly encountered was a
10-minute data outage that occurred when a symbol synchronizer assem-
bly and the Block Decoder Assembly did not acquire lock when the data
rate was changed from 16 kbps to 2 kbps. A reinitialization of
Telemetry and Command Processor Channel 3 cleared the problem.

3. Mission Precursor Testing
a. Objectives. An Orbiter»precount and Lander Capsule pre-.

launch checkout was performed during the precursor launch pad opera-
tions with spacecraft A. This activity was designed to verify opera-
tions with the spacecraft from launch minus 6 days (L - 6 days) to
launch. The secondary objective was to involve the Flight Operations
System‘(launch and cruise configuration) in these tests to determine
the ‘capability to receive and analyze data to determine launch readi-
ness. Additionally it was used to actively verify command compati-
bility and final prelaunch update compatibility to the lander via the
orbiter and to the orbiter. ; '

b. " Results. The Mission Precursor Tests were conducted with
the mated spacecraft mounted on the launch vehicle with S-band tele-
communications from the Orbiter. . During the Flight Events Demonstra-
tion on April 1, the Merritt Island Station received low- and high-rate
telemetry on the Orbiter link and also processedflow—rate‘telemetry
received from nearby near-Earth stations. No commanding was required;
and no probvlems were experienced. On April 2, the Station again
experienced no problems during an Orbiter precount test. The test
involved remote commanding as well as telemetry processing over the
full range of data rates. SES '

The prelaunch checkout precursor was conducted on April 3 with
" the test sequence including Orbiter commanding and Lander-capsule
commanding through the Orbiter. Telemetry ineluded both Orbiter and
Lander data on the Orbiter subcarriers. At the start of the test,
Command Modulator Assembly No. 2 was not ready to be turned over to the
Project. The Command System Cognizant~0perations'Engineer;athet
f'Propulsion Laboratory isolated the problem and instituted a tenporary
fix. -During this test, the Data Decoder Assembly started putting the
wrong time in the wideband data blocks outpub on channel 3 of the
.~ Telemetry and Command Processor. After trying a front panel reload,
and replacing the Fregquency and Timing Subsysbem drawer without cor-
recting the problem, Data Decoder Assembly No. 2 was assigned to
Channel 3 of the Telemetry and Command Processor. o g
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The Terminal Countdown Demonstration was conducted on April 5,
with the test sequence essentially that of the Flight Events Demon-
stration Test. Merritt Island Station's function was receiving and
processing telemetry from the spacecraft and nearby near-Earth stations.,
The test was completed successfully despite another Data Decoder timing
problem and a large number of data block error bursts in the NASA
Communlcatlons Network line,

L. Flight-Article Compatibility Tests

a. Objectives. The Flight-Article Compatibility testing was
desigred to verify that the flight configuration of the Flight Opera-
tions System was compatible with the flight spacecraft. Tests 3 and 4
were performed at Kennedy Space Center with Lander Capsule 1 and
Orbiter 1. Te.v 1A and 1B were performed at the same space center with
‘Lander Capsule 2.- The communication link between the Test Facility and
the Viking Mission Support Areas at Viking Mission Control and Comput-
- ing Center were via the Merritt Island Station. Test No. 2 was con-
ducted in Pasadena with Orbiter 2 and communications via Compatibility
Test Area 21 to the Viking compatibility test area at the Viking
Control Center. '

b. Description and Results. Test No. 2 was designed to demon-
strate that the Flight Article (Orbiter 2) was compatible with the state
of the Flight Operations System Ground Data System, which was to be used
for the 1975 launch. The Orbiter was placed in typical mission modes,
rates, and formats with the telemetry link configured for the pre-
dicted nominal level. The Orbiter was initialized by system test equip-
ment to the state required to begin the test and the data transmitted
to Mission Control Center for processing with the mission operations
software. The test was conducted at Compatibility Test Area 21 on
January 20 while Orbiter 2 was still in the Spacecraft Assembly
Facility prior to shipment to Kennedy Space Center. This test was
supported satisfactorily by the test facility, Ground Communications
Facility, and the Network Control Center, with the Viking Compatibility
Test Manager as supervisor and with part1c1patlon by the Viking Flight
Team. ,

On April 10, Test No. 3 proved the compatibility of -data to and-
from the Flight Spacecraft (mated Orbiter 1 and Lander 1) and the
Ground Data System. Specifically, Lander preseparation and Format 1
data were passed across the Lander/Orbiter hardline interface and tele-
metered on the Orbiter downlink. It was demonstrated that the Flight
Lander was capable of receiving and processing commands through the
Flight Orbiter from the Ground Data System.  The Merritt Island Station
transmitted the commands to the Lander both remotely from the Mission
Support Area and locally with mylar tapes. - The Flight Orbiter -demon-
strated playback capability of Orbiter data at selected rates while in
the mated configuration. Spec1fled downlink states were processed. -
while the telemetry link was configured for the predlcted nominal -
‘level. This provided data points for any degradation in the overall
end-to-end data processing system.  After spacecraft trouble. delayed
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the test 3-1/2 hours, the Station overcame Block Decoder Assembly
problems by switching to backup equipment. Command and telemetry
stream processing was not impaired despite the telemetry time tags
being in error for a short while. Recall of Original Data Record was
not required at the end of the test.

In Test No. 4, the Lander transmitted real-time and stored science
and engineering data in selected formats to the Orbiter via the relay
transmitter at 4 and 16 kbps. The Orbiter recorded the data on
Track 8 of one of the Digital Tape Recorders, and either relayed the
L-kbps Lander data directly on the Orbiter High-Rate Channel at
4 kbps, or played back the Digital Tape Recorder Track 8 later at each
of the High-Rate Channel data rates, 1, 2, 4, 8, or 16 kbps. The -
multimission Ground Command System or the Orbiter computer was used to
command  data modes and rates on the Orbiter, and the Lander was con-
trolled by Systems Test Equipment or the Guidance Control and
Sequencing Computer,

Specified downlink states were processed with the telemetry
configured for the predicted nominal level. This provided data points
for any degradation in the overall end-to-end data processing systen.

The Lander/Orbiter was initialized by the ground system test
equipment to the state required to begin the test. This was accom-
plished by direct test equipment to Lander and Orbiter communication
links and the Mission Control Center and Merritt Island Station.

Test No. U4 was conducted on April 15 with the test sequence repre-
senting the command and telemetry activities related to the Lander
capsule separation, descent, entry, and Mars landing events of the
mission. The very high frequency link. from the Lander capsule to the
Orbiter was by cable. Spacecraft anomalies encountered during the test
extended the time required to complete the test. There were no :
equipment malfunctions .and only one procedural problem.

, Test No. 1 was to be a telemetry and command test involving the
Mission Control Center,; the Merritt Island Station, and the Lander
Capsule 1. Test No. .l was divided into two sequences. ' Part 1
established the Direct Communication System uplink/downlink. Part. 2
was representative of a typical landed science sequence and Direct
Communication System transmissions. The updates contained in Part 1
were verified by Memory Readout prior to execution in Part 2. Com-
manding was accomplished from the Mission Support Area, whlch was also
used for monltorlng Lander Capsule 1 telemetry data

Specified downllnk states were processed with the telemetry link
configured for the predicted nomlnal signal level. This provided data
points ‘for any degradatlon in the overall end-to end data proce581ng
system.,
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On April 17, Test No. 1 was conducted with the test sequence
representing a set of Lander activities on the Martian surface with
direct S-band telecommunications. Because of input/output:sontrol
problems in Telemetry and Command Processor A, the Merritt island
Station was configured to use B string as the prime string at "test
start" time. However, when the A string was reloaded and verified, the
unit‘was declared prime and used through the remainder of the test.

The B string was kept in a hot backup mode. Data Decoder Al had a bad
timing error problem and was not used. In the final hour of the test,
when the downlink was acquired in the Network Control Center, the high-
rate telemetry data was good, but, the low-rate telemetry (8-1/3-bps)

- output was poor because of fluctuations of the signal-to-noise ratio.
Therefore, the low-rate telemetry from the B string was added to-the
high-speed data line and validated in the Network Operations Control
Center. After completion of the test, a test of the string A low-rate
channel determined that a simple, two type-in, reinitialization of the
channel eliminated the signal-to-noise ratio fluctuations. Support of
command activity was satisfactory throughout the test as it 'was in most
of the previous tests.

5.  Communications and Operatiohs Control Center Support

The satisfactory operation of voice, high-speed data, and wide-
band data circuits provided by the NASA Communications Network and
the JPL Ground Communications Facility was vital to the success of these
tests, - Within the implementation constraints, the Network Operations
Control Center performed admirably throughout the tests, relying on
the Block II System configuration to provide real-time displays of telem-
etry data and command system data received via high-speed data llne. The
‘Block II System implementation does mnot provide any real-time
displays of telemetry data received via wideband data line; therefore,
the only visibility of wideband telemetry was by Block I line printer
dumps of data blocks, which was an awkward and time- -consuming method to
validate telemetry system status, (Block III Network Control System
implementation provides real-time wideband telemetry displays. ). Also, -
there were no station monitor daba available-in the Network Operations:
Control Center nor.at the Merritt Island Statlon because the Statlon
does not have a monltor subsystem

‘6; v Orblter Lander, bpacecraft Radlo-Frequency Ccmpatlblllty
Testlng : : :

The ‘series of tests that verlfled telecommunlcatlons des1gn

~‘compatlblllty between the Merritt Island Station and the Viking

Landers, Orbiters, and Spacecraft at the Kennedy Space Center,
Florida, began in January 1975 with Viking Lander 1. Support cooper-
“ation between the.launch operatlons teams, spacecraft teams and the
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Station technical staff was excellent and most objectives were meb.
(Design compatibility had been previously established between the Deep
Space Network and the spacecraft radio modules at Compatibility Test
Area 21.

Ground station software used in performing these tests was a
subset of software officially released to the station for Viking
Project support. The software consisted of the Telemetry and Command
program, which provided independent control of the commanding and
telemetry functions. Commands could be controlled manually from the
station or automatically from the Mission Control Center. Telemetry
could be decoded, formatted, and transmitted to the Mission Control
Center for decommutation and display.

a. Viking Lander 1. From January 30 through February T,
65 hours of test time were expended in verifying Lander 1 direct
communications links. Tests were performed for verifying transponder,
. radio-frequency, command, telemetry, and radio metric compatibility, as
well as verification of synchronization under varying data patterns.
Radio-frequency link amplitude variations were a maximum of 1.0 dB
peak-to-peak as‘established from link stability tests conducted prior
to the initialization of the compatibility test program.. Fig. 50 . shows
the test configuration. ,

Criteria established for radio-frequency acquisition,; command
performance,‘metric data, telemetry performance with and without dop-
pler, and Network Operations Control Center telemetry verification were
met. The 8.33-bps engineering data and the 250-bps block coded data
~ were received by the Control Center and verified as good.

b. Viking Orbiter 1.  These compatibility tests were conducted
from February 27 to March 1; in all, 24 hours of test time were
expended in verifying Orbiter 1. Although all tests specified were not

completed and the air link signal variations during many of the tests
exceeded the expected variations, sufficient tests were completed to
verify that no incompatibility existed between the Network and
Orbiter 1. The test criteria and parameters simulated direct communi--
cations between an Orbiter flight article in Mars orbit and a
Gl_meter antenna station. A selected set of standard tests, as speci-
fied, was performed for verifying transponder, radio-frequency, :
command, telemetry and radio metric compatibility. An S-band, two-way
radio frequency air link, and an X-band, one-way radio-frequency air
downlink were used between the flight article and the ground station.
Each radio-frequency air link was approximately seven miles long.
The test configuration is shown in Fig. S50¢ :

e The Telemetry and Command Program,provided independent control of
the commanding and telemetry handling functions. Commands could be
/controlled,manually‘from'the station or automatically from the Mission
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Control and Computing Center, and telemetry could be decoded, formatted
and transmitted to the same Control Center for decommutation and
display.

The Planetary Ranging Assembly Program provided elither continuous
spectrum or discrete spectrum operation for determining very accurate

range estimates of a spacecraft at planetary distances.

The following radio-frequency acquisition and tracking tests were
conducted:

(1) Downlink threshold one-way.
(2) Uplink threshold.
(3) Downlink threshold two-way.
(4)  Spacecraft receiver pull-in range and raté.
(5) Carrier residual phase jitter.
(6)  Transponder rest frequency.
(1) Auxiliary oscillatdr frequency.
Telemetry testé performed were:
(1) wanlink’Spectrum Analysis.
(2) - Modulation Index.
' (3) Spectrum Analysis.
{(4) VTelemetry Performance Test.

In most instances where criteris were not met, the causes were
procedural errors.

On March 3, a posttest calibration of the radio frequency link
(S-band and X-band) was performed. A three-hour S=band differenced
range'vs integrated doppler stability run was performed using the
Planetary Ranging Assembly software to establish initial ranging
acquisition and estimate drift changes over S5-minute sample periods.

A histogram of deviation vs number of samples is shown in Fig. 51,
During the same time period, an S-band amplitude stability run was
performed. Each printout showed the mean aubomatic gain control -
voltage, the one sigma standard deviation and the number of samples
averaged over a 10-minute period. In similar fashion, & 2 hour and
le,minUte X<vand ‘differenced range vs integrated doppler stability -run
" was performed. The data associated with this test are shown in V
Fig. 52. : : ‘

152



NUMBER OF 5~min SAMPLES

- NUMBER OF 5-min SAMPLES

33-783, Vol. I

8135 RUN
MAR, 3, 1975

AVERAGE DIFFERENCED RANGE VERSUS
INTEGRATED DOPPLER DEVIATION =
-8.74 range units

Ny

o

~17 -16-15-14-13-12-11<10 =9 -8 =7 =6 -5 -4 «3 -2 =]

DIFFERENCED RANGE VERSUS {NTEGRATED DOPPLER
DEVIATION FROM INITIAL CONDITIONS, range units

Pig. 51. Hangar AO0/Merritt Island
S-band Differenced Range Versus
Integrated Doppler stability

2+h 2~min RUN
MAR. 3, 1975

AVERAGE DIFFERENCED RANGE VERSUS
INTEGRATED DOPPLER DEVIATION =
& t- =0.96 range units

XY
T

0 ‘ —
: 10 =9 -8 -7 ~6 -5 -4 =3.-2'-1-0-1..2"3 4 56

DIFFERENCED RANGE VERSUS INTEGRATED DOPPLER
“DEVIATION FROM INITIAL CONDITIONS, range units.

Fig. 52. Hangar AO/Merritt Island
X-band Differenced Range Versus
‘Integrated Doppler. stahility

153



33-783, Vol. I

c. Viking Spacecraft 1. This 6-hour compatibility test was
conducted at the Kennedy Space Center, on March 22. Objectives of the
test were to verify in the full spacecraft configuration the capability
of Orbiter 1 to receive Orbiter commands and reject Lander Capsule
commands, and to verify in the spacecraft configuration the capability
of Lander 1 to receive Lander Capsule commands and reject Orbiter
commands. An S-band radio frequency air link of approximately three
miles was used between the flight article and the ground station. The
test configuration is shown in Pig. 50.

Command tests were performed to verify Orbiter/Lander command
discrimination in both command detectors.

d. Viking Lander 2. These tests were performed from
April T through 9 for 2L hours. Test.objectives were to verify
telecommunications design compatibility between the Deep Space
Network and the flight Lander 2. The test criteria and parameters
simulated direct communications between a lander flight article on Mars
and a 6lU-meter antenna Deep Space Station. A selected set of standard
tests was performed for verifying transponder, radio=-frequency, com-—
mand, telemetry and radio metric compatibility.

An S-band radio-frequency air link of approximately three miles
was used between the flight article and the ground station. Radio-
frequency link amplitude variations were a maximum of 1.0 dB peak-to-
peak during the tests as established from link stability tests con-
ducted prior to the initialization of the compatibility test program.
The test configuration is shown in Fig. 50.

Radio frequency tests performed were:

(1) Carrier acquisition and threshold.

(2)  Downlink one-way.

(3) - Uplink one-way.

(4) .  Downlink two-way.

(5)  Spacecraft receiver acquisition.

(6)  Pull-in range.

(7) Tracking range and rafe.

(8) Downlink phase jitter.

(9) Residual carrier phase Jjitter.

(10) Residual subcarrier phase jitter.
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(11) Radio-frequency downlink spectrum analysis.
(12) . Transponder rest frequency (voltage-controlled oscillator).
(13) Auxiliary oscillator frequency.

The test criteria for these tests were met. TFor those tests without
criteria, the data were obtained for information. No significant
problems were encountered or identified. ‘

Metric date tests performed were:
(1) - Ranging pblarity verifiéation.
(2} Ranging acquisition threshold.
(3) ’Ranging delay verificatioﬂ}

The polarity of the transmitted ranging signal was verified at strong
uplink and downlink signal levels. No significent problems were
encountéred or identified as the criteria for ranging delay measure-
ments were nmet. :

A telemetry test was performed of,telemetry performance with and
without doppler. The criteria for this test were met without signifi-
cant problems being encountered or identified.

e. Final Radio-Frequency Compatibility Tests. Tests were run
between the Merritt Isiand Station and Orbiter 1 at Cape Canaveral on
May 27-29, and then with Viking 2 (Orbiter and Lander combined) on
July 7. The latter, marked the successful completion of formal radio-
frequency'telecommunications testing between the Deep Space Network and. -
the Viking Project for the 1975 mission. =~ R

For Orbiter 1, theyfinal‘procedures,and test plans were approved
“during a meeting of the Deep Space Network/Viking Orbiter Telecommuni-
“ecations Representatives: at Cape Canaveral. The total test time was. . .
28 nours. -All tests given in Ref. 11 were completed although specified
performance criteria for auxilisry oscillator No. 2 and low-rate
‘telemetry were not actually met. The extent of completion of tests
achieved within the scheduled time period was due in large measure %o
the excellent support provided by the Jet Propulsion Laboratory/
Spacecraft Tracking and Data Network (Merritt Island) and spacecraft
teams. The objective of the tests was to verify telecommunications
compatibility between the Deep Space Network and Orbiter. The test :
eriteria and parameters simulated direct communications betweeén an.
orbiter flight article in Mars orbit and a 6l-meter Deep Space Station.

REPRODUCIBILITY OF TH
e ‘GRIGINAL PAGE IS POOR
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Orbiter 1 was located in the clean room of Building AO at the Air
Force Eastern Test Range, and configured for mission operations, -An
S-band two-way radio frequency link and an X-band one-way radio fre-
quency downlink were utilized between Orbiter 1 and the Merritt Island
. Station. ~

S-band radio frequency link variations were 0.5 4B peak-to-peak
during the test. These conditions existed during daylight and evening
hours on May 28 and 29. X-band radio frequency link variations were
1.0 dB peak-to-peak during evenlng hours when critical X—band,testlng
was belng performed.

" Radio freguency acquisition and tracking tests performed were:
(1) Downlink threshold one-way.
(2). Uplink threshold.

(3)  Downlink threshold two-way.

¥

(4) Spacecraft rcceiver pull-in range and rate.
(5) Carrier residual phase jitter.

(6)’ Transpcnder rest frequency.

(7)  Auxiliary oscillator frequehcy.

Problems were not encountered during a test of command capability
under doppler conditions and none were encountered in radlo metric data
tests

All objectives of the radio metric tests were met, including
‘simultaneous S/X ranging, which was accomplished for the first time
between the Network and a flight spacecraft. Simultaneous delay
‘measurements were within 3 ns of previously measured individual delay
measurements. S-band link amplitude stablllty performénce during this
test was 1 dB peak-to-peak, and X-band was 2 dB peak-to-peak.
Telemetry tests performed were modulation index ~and spectrum analy51s
and telemetry performance tnst '

, The Viking Syacecraftftests were successfully completed within
the scheduled time period of 11 hours. The objectives:of the compat-
.ylblllty tests were to verify, in the spacecraft configuration, the
capability of (1) Orbiter 2 to receive Viking Orbiter commands and
reject Viking Lander Capsule commands, and (2) Lander 2 to receive
Viking Lander Capsule commands and reject Viking Orbiter commands.
Command tests performed were (1) Orbiter/Lander Command Discrimination
: %est (S%de 1), and (2) Orbiter/Lander Command Discrimination Test
Side 2). SRR w o ~ i
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f. Conclusion. The successful completion of ‘the Deep Space
Network/Viking Project Telecommunications Compatibility Test Program
established telecommunications compatibility as evidenced by the
successful launch of the Viking spacecraft on August 21 and
September 9, 1975,

The importance of a formal compatibility test program was clearly
demonstrated by the problem areas uncovered, verified, and resolved
during the testing. Prominent problem areas resolved during the test
‘Program were: ,

(1) Verification of Network capability to receive simultaneous
multiple downlinks, and to process and transmit data to the
Mission Control and Computing Center.

(2)  Verification of false uplink acquisition by the Viking
Orbiter and Lander with S-band radio frequency channels 13
and 20 modulated with command and ranging.

(3) Ranging modulation'polarity inversion by the Block IV
exciter.

(4)  Inverted pulse polarity of the Frequency and Timing

) Subsystem l-k pulse per second to the Telemetry and
Command Processor, which resulted in command symbol
period alarm/aborts.

(5) The Orbiter 1 radio: frequency subsystem auxiliary
oscillator No. 2 was found to be 800 Hz below design
center frequency.

(6) A transitory increase in spacecraft receiver automatic
gain control when discrete ranging modulation is turned’
on and during a ranging eacquisition sequence.

{7) Viking Orpiter 2'automatic gain control remaining
positive during a sweep acquigiti.r ntil the upllnk
frequency ramp functlon is tervgnaLeqa,

" These and other problems, undetected ﬁnd unre%clved prior to

~launch, would have presented serious operational p?nolems to the Deep ~

Space Network and Viking Progect during the misslnh '

B. NETWORK TESTING

1. Concepts of Network Testlng ‘

" The concept of Network testlng at the Network level is based,on

;  the three phases of network activity shown in Fig. 53. As the facility.

implementation is completed, System Performance Tests are conducted to
“verify that system requirements have - been satisfied. These tests are
specified aﬂd carrled out by the Network System Englneers o
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Fig. 53. Three phases of Network activity

Following this phase, the Network Operations ProjJect Engineer
carries out a family of tests using the particular mission configuration
required by the Project. Finally, with the mission configuration veri-
fied, the station personnel carries out a set of operational tests to
demonstrate their ability to operate the equipment in any of the con-
figurations that might be called for in the actual flight operations.

This series of tests played a significant part in preparing the
Deep Space Network for support. of Viking, and, because they are fre-
Yuently referred to throughout this report, are described more fully as
follows. ‘ , ‘ ' ~ L

a. System Performance Tests. The purpose of the Telemetry,
Command, Monitor, or Tracking System Performance Tests is to demonstrate
that each system meets the specified level of performance when tested
simultaneously with operational software. The tests notmally are
conducted with hardware that has been transferred fromthe development
to the operations organization and software that has been transferred
to the Network Program Library. The test procedures make use of all
elements of the Deep Space Station subsystems within a given station
and provide a basis for Station system-level maintenance, performance

 yerification, and prepass testing. The successful completion of a

-Bystem Performance Test verified that the system meets documented
“specifications and qualifies it for Network-level support.on a :
' mission—independent basis. 8 -
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The main prerequisites to running a System Performance Test are:

(1) Implementation of Station/Ground Communications Facility
and Network Operations Control Center. ‘

(2) Hardware and software transferred to Operations.
(3)  Facility mission-independent training complete.

The tests are conducted by the Cognizant Operations Engineer for
the particular System under evaluation.

b. Mission Configuration Tests. The purpose of the Telemetry,
Command, Monitor, or Tracking Mission Configuration Tests is to demon-
strate that the Network system(s) meets the specified level of perfor-
mance when tested singly or 51multaneously in the Viking configurations
specified in the Network Operations Plan, The tests utilize software
and hardware that have been transferred to Operations and are run with
all elements of the Network, Stations, Ground Communications, and
Contreol Center. Test procedures provide the basis for system-level
maintenance, performance verification, and prepass testing. Successful
completion of the tests verifies the Network's capability to support
the flight Project.

Before Migsion Configuration Tests are run, the Network must be
in the correrct fllght project conflguratlon and the System Performance
Tests must have been completed :

Mission Conflguratlon Tests are supported by Station, Ground
Communlcatlons, and Network Control Center personnel as required and
conducted by the Subsystem Cognizant Engineer at the direction of the
Network Operations Project Engineer or his designate.

c.  Deep Space Network/Viking Mission Control and Computing '
Center System Integration Tests. These tests verify the interface
between elements of the Deep Space Network and the Viking Mission
Control and Computing Center, ~All data flow interfaces are verified at
data rates expected during mission operations. These data also verlfy
hardware interfaces in a multiple-mission env1ronment :

Successful completlon of-the Network Performance and Conflgura-‘
tion Tests and some Operational Verification Tests are prerequisites to
the System Integration Tests. However, while Operational test comple-
tion is desirable, it is not mandatory as operational procedures are not
necessarily followed during these tests. ‘ :
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The Viking System Integration Tests were run under the direction
of the following personnel: o ,

(1) Test Supervisor: Mission Control Center Facility
Engineer.

(2) Test Conductor: Mission Control Center Integration Test
Supervisor.

(3)  DSN Test Support: Viking Network Operations Project
Engineer, System Cognizant Operations Engineer, and
Network Operations Analysts, plus station, communications,
and Network Operations Control Center personnel as
required. ‘ ‘

(4) Performance Evaluation: Viking Ground Data System
’ Engineer. .

d. Operational Verification Tests. The purpose of these tests
is to verify the operational Teadiness of the Network to support the
Project Test and Training and Operational Phases. They demonstrate the
operational proficiency of Network personnel in the use of operating
procedures, interfaces, and equipment. TheYy demonstrate that Network
personnel are adequately trained and, in addition, provide valuable
training. Operational Tests follow a time-compressed sequence of
 events designed to exercise all Network operational procedures and
confirm the ability of the stations to send menual commands and carry.
out telemetry bit rate changes in the time specified.

The first tests with any facility are considered to be a phase of
training'coupled,with performance demonstration; The training aspect
diminishes progressively as the tests proceed. Since all Station,
Ground Communication Facility, and Network Operations Control -opera-
tional shifts of personnel must- be adequately,exercised, the Viking
Operations Project Engineer must initiate extra tests at specified
times. : ‘ ‘

Satisfactory‘completion of Software Acceptance Tests for all -
systems,~System.?érformance Tests for all systems, and Mission .
Configurations Tests are the requisite to running. Operational Verifica- -
tion Tests at any deep space station.

2. Network Test Schedule Changes

Although the 26-meter stations required relatively minor hardware
additions for Viking, the Gh-meter stations required extensive equip-
ment installations. The overseas 6l-meter stations (43 and 63) were

" not scheduled to pe. fully implemented for Viking until after launch.
Station 14, however, was . scheduled to be fully‘implemented,to support
the Project prelaunch planetary tests in January 1975. ,

160



33-783, Vol. I

The implementation~-complete milestone for Station 14 was
originally scheduled for September 15, 197k, It first moved to mid-
October, then mid-November, early December, and finally to January h
1975, a total slip of 3-1/2 months.

The generation of procedures for Network System Performance Tests
and Mission Configuration Tests, and actual test accomplishment, had
originally been scheduled to take place between September 15 and mid- -
November; time was- also scheduled during this period for on-site
mission-independent training and mission-dependent training. Then
followed a six-week period to January 1, 1975, during which time the
station "freeze" for Network support of Pioneer 11 Jupiter encounter
precluded accomplishment of Performance or Configuration Tests at the
Mars Station (16). Station Operational Verification Tests were to
commence in mid-November and be completed on March 1, 1975, overlapping
with Network/Mission Control Center Systenm Integratlon Tests during
February 1975, ,

Because of the lack of hardware, the on-site mission independent
and mission dependent activities were moved to January and the multi~-
mission Performance Tests had to be cancelled. The mission-dependent
Configuration Tests, whieh provide for adequate testing of the Network
systems to Viking specifications, started on December 21, 197k, The
Operational Verification Tests were then compressed and rescheduled to
start the first week in February 1975; the length of each test and
number of tests were reduced, but more tests per week had to be
scheduled

3. Mission Configuration Tests

For the Mission Configuration Tests, software and hardware that
had been transferred to Operatlons were used and the tests were run with
all elements of the Network, Stations, Ground Communications Fac1llty,
and Network.Operatlons Control.

Mission Conflguratlon Tests conducted in the periods from
December 21, 1974, to January 5, 1975, consisted solely of isolating
and rectifying hardware failures and interface problems mostly related
to the newly 1mplemented,V1k1ng telemetry and command configurations.
No meaningful test results were obtained; but numerous necessary -minor
modifications to the hardware and streamllnlng of test procedures were
accompllshed ‘ :

A test on January 8, 1975, resulted in data pa551ng SUCLESSfUlly
through the three telemetry channels of Telemetry and Command Data
Subsystem 1. Subsequent tests through February 3, 1975, resulted in
completion of all telemetry strong signal tests and completion of
Command System tests on the alpha Block ITII. Recelver/Exclter Subsystem -
string.
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The completion of these tests qualified Goldstone Station lh_to
support the Network Operational Verification Tests and Network/Mission
Control Center System Integration Tests. '

Final transfer of the Block IV Receiver/Exciter and some associ-
ated equipment from engineering to operations was required to permit
completion of weak signal telemetry system tests and the remainder of
the Command and Tracking System Tests prior to the Viking Project
Ground Data System tests and Planetary Verification Tests. The extra
time required for this testing, which was necessitated by the equipment
failures and debugging activities, was obtained by reducing Pioneer,
Mariner, and Helios tracking coverage. ~ '

Figures 54 and 55 represent thi status of the 6Li-meter and primary
Viking 26-meter subnets, showing the planned vs actual status as of
mid-April. The initial blocks of time, as previously stated, represent
the strong signal tests preparatory to start ofkOperational'Verification
Tests, System Integration Tests, and Ground Data System Tests. The ‘
‘second time blocks represent the low-signal telemetry bit error and
- doppler. jitter tests, which do not affect the station configuration and
are carried‘out on a noninterference basis for completion prior to
launch. ' o

Summarizing the test status, all the stations were on or ahead of
schedule and there was a high degree of confidence that all remaining
tests would be completed prior to launch as scheduled.

: However, a significant change from'eaflier planning was brought
about by the decision to implement the second 26-meter subnet (Deep

, 975,
* [JAN] FEBMAR APR!MAY‘JU]N JUL[AUG] SEP OCTjNOV|[DEC
START PVTs a
muNCH R a
CSTART OVTs. |~ A L
DsS 11 MCT F e R Tt (V1)
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| pss 14 MCT LoD o e :
: e o TNeY

.. DSS DEEP SPACE STATION - - :

MCT MISSION CONFIGURATION TES

S NIB NONINTERFERENCE BASIS :
OVT -~ ~OPERATIONAL VERIFICATION TEST:
" PVT PLANETARY VERIFICATION TEST :

Fig. 5k, Mission Configuration Test -
status for Stations 11 and 1k as of
May 15, 1975 ' .
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Fig. 55. Mission Configuration Test status for Stations Yo,
43, 61, and 63 as of May 15, 1975

Space Stations 12, 4l, 62) prior to the first Viking launch, but by
the end of June the majority of the Mission configuration tests for
these stations had been performed, and the operational verification
tests had Jjust been completed.

Table 10 shows the mission configuration test status of the
6lh-meter, primary 26-meter, and secondary 26-meter subnets, indicat-
ing actual testing status as of July 1, 1975. ‘

L, = Operational Verification Tests

; Operational readiness of the Network to support the Project
Test and Training and Operational Phases was verified by Operational
Verification Tests. These tests demonstrated the proficiency of
Network personnel in the use of operational procedures, interfaces,

" and equipment.. They also demonstrated that Network personnel were
adequately trained and, in addition, provided valuable training.

. Operational Verification Tests followed a time-compressed sequence
 Of events designed to exercise all Network operational procedures and
confirm the ability of the stations to send manual commands and carry
“out telemetry bit rate changes in the tlme spe01f1ed

: Deep Space Statlons 11, 14, b2, 43, 61 and 63 completed ,

: Operatlonal Verification Tests between February 5 and April 17, 1975
_and appeared qualified to support the Viking Mission. The planned

" schedule was for the stations to support System Integratlon Tests
after each statlon shift had participated in at-least one Operational
Test, These bests were to be completed with all ‘shifts prior to
‘support of the first Ground Data System Test at that station. How-
ever, these criteria could not be met at Goldstone Statlon lh A
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recurring problem during the tests was with the Simulation Conversion
Assembly, with much of this procedural failure a result of operator
unfamiliarity with the Assembly.

Station 1l performed seven Operational Tests, only one of which
was considered a failure.. This failure occurred because data transfer
delays were compounded by Simulation Conversion Assembly and Data
Decoder Assembly hardware problems. The failures were isolated and
rectified. Data Decoder Assembly hardware problems also occurred on
two other tests. - The one during Test No. 7 occurred on the Telemetry
and Command Subsystem string, forcing a changeover to the backup.  The
transition and the repair of the Simulation Conversion Assembly during
the test was considered excellent.

Seven tests also were performed at Station 14, with familiarity
being gained with Viking planetary configuration and procedures. Two
Data Decoder Assembly failures coupled with Simulation Conversion
Assembly procedural problems on Test No. 2 used up 3-1/2 hours of
test time. However, the knowledge gained resulted in the pretest
calibration procedures for the 6-channel Simulation Conversion
Assembly being generally overhauled. Again on Test No. 5, two
decoders were down and a bad simulation tape was discovered. Yet,
all objectives, except recalls, were met. On Test No. %, only four
telemetry channels could be used because Block Decoder No. 2 and
Data Decoder Assembly No. L were faulty. Only Original Data Record
recall could not be accomplished. Test No. 3 missed the playback
portion because data transfer with the Simulation Conversion Assembly
delayed the test start. All objectives were met on Test No. -T.

Problems during the six tests at Station L2 resulted from
unfamiliarity with the Simulation Conversion Assembly, operator error
during an Analog Original Data Record playback, delay. caused by
-8imulation Conversion Assemnbly to Subcarrier Demodulation Assembly
data routing, inability to locate frame synchronization of 8.333 bps,
and the prime processor string being down. Test No.k6'was perfect
and Australian Deep Space Station 42 was judged qualified for support.

The only test performed,at~station k3 waé partly successful
because of delays created by problems with simulation on channels 5
and 6. o : e ' :

~Procedural errors and an attémpt'at Data Originél Data Record
recall failed on Test No. 1 at Station 61 in Spain. Test Nos. 2 .
‘and 3 were completely successful. = = : ‘

All three tests at Station 63 were successful despite a slight
core allocation problem in the Simulation Conversion Assembly core
buffer during Test No. 1. A mated-Lander commanding was successfully
performed on Test No. 3 as an added sequence of events item.
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By July 1, 1975, the 6l-meter and prime 26-meter subnets were
considered trained to support Viking cruise operations. During the
previous two months, Stations 43 and 63 had completed cruise phase
operational verification tests. ‘Station 14 and the prime and sec-
ondary 26-meter nets had completed cruise and planetary operational
verification tests. The stations had also supported Viking System
Integration Tests, ground data system tests and various others of
the project-related test series including flight operations person-
nel test and training. No problems were anticipated on future
support of the latter tests. Stations 43 and 63 would be supporting
planetary phase operational verification tests after launch and R
prior to encounter. The Network Operations Control Team had achieved
the desired level of Viking mission-dependent training proficiency
required for Viking cruise support. The Mission Configuration Test
program would be complete prior to launch.

Initial Acquisition Operational Tests had been scheduled for
Stations b2 and 4l in Australia later in July to exercise the initial
acquisition strategy produced by the Network and concurred by the
Viking Project. These were the final tests to verify launch-and
crulse readiness. ’

Configuration control for Viking was applied to all stations
on July 1, 1975. ‘

. FINAL PRELAUNCH OPERATIONS
1. Launch Readiness Reviews

The final stages of prelaunch operations began with the Deep
Space Network-Viking Launch Readiness Review of July 9 and continued
to the twice-delayed launch of Viking A on August 20. Another formal
Taunch Readiness Review was held July 22 and there was an update on
August 6. At the time of the reviews, the scheduled launch date was
August 11. = » : ' o

; Requirements for Network launch and cruise support capablility
presented in the July reviews are shown in Table 1l :

After the status reports at the July 9 review, the Deep Space>'
Network was considered fully prepared to support both launch and
- cruise operations. The progress summary showed the completion of
implementation of Viking launch and cruise configuration at all
- facilities with minor (no impact) exceptions, integration tests
with the Viking;Mission,Control and Computing Center, operational
tests and training at all stations except 42 ‘and bk, the ground data
~ program with Stations 12, LY, and 62 the only exceptions, and the
~radio frequency and Data Compatibility Tests with both spacecraft
with no liens against them. Flexibility for network allocation was
‘provided by the second 26-meter antenna station subnet. Negotiations
" “had been set up: for any conflicts between Viking and other Projects
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Table 11. Launzh and cruise capabilities considered in July reviews

26-meter subnet (Stations 11, 42, 61, 12, Lk, 62)

Single uplink (command)

Single downlink (telemetry)

One low rate, plus one medium or high rate ddata stream

One high speed data channel

Digital Original Data Records with manual recall

S-band doppler

S-band ranging at DSSs 11, Lo-U3 (shared), and 61-63 (shared)

 Gh-meter subnet (Stations 1, 43, 63)

Single uplink (command)

Single downlink (telemetry)

One low—raté, plus one medium- or high~rate data stream
One‘high~spéed data channel

Digital Original Data Records with manual reeall

S-band doppler |

Planetary ranging in S— and X-band (Station lh)

Doppler on. S- and X-band (Station 1k) |

One wideband date channel

Radioksciehce very long baseline ihterferometry (Statiqns lh, %3)

S-band ranging at StatiOné,ll, Lo—43 (shared), and 6163 (shared)

Ground communiéation
One highrsbeed_(MBOO bps) channel per 26-meter and 6h-meter
- station ' ~ N , ' :
‘One wideband (50 kbps) channel to Station 14
One wideband (28.5 kbps) charmel to Stations 43 and 63 in
November 1975 ‘ , ~
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Table 11 {contd)

Network Operations Control Center

Block IIT configuration for telemetry

Telémetry, command, tracking, monitor, and data validation
Manual recall from Digital Original Data Records

Predicts and Network sequence of events generation

Network Operations Control

for tracking support. The Engineering Change Order management system
provided prompt visibility for potential areas of concern. Also,

all significant Viking Incident, Surprise and Anomaly Report/
Discrepancy Reports were closed with the balance to be cleared by
July 22.

At the July 9 review, concern was expressed for anticipated
complication of Viking cruise support with the Pioneer and Helios
spacecraft support.

Figures 56 and 57 show the status of the Tracking and Data
System Schedule and the Flight Operations Test Schedule as released
with the July 9 review report.

By the second review in July, telecommunications compatibility had
. been established between the Network and both Viking Orbiters, Landers,
and spacecraft; also all known problems and Network operational consider-
ations were resolved and documented.

In summary, it was stated that Network launch capabilities were
complete, additional cruise capabilities were on scheaule, all config—
urations and interfaces had been tested, station crew training was
complete, Network-Spacecraft compatibility was established, and con-
figuration control was in effect.

2. Configuration Control, Freeze

. To ensure that all the Network facilities maintained the "ready”
stete for the launch and cruise support, the facilities had Dbeen placed
under configuration control on July 1. Under these conditions, the
facilities could be returned to the Viking configuration in less than
12 hours from notification. Then, on July 22, modified configuration
control was placed on all deep space stations. This meant that Engi-
neering Change Orders could be initiated, for Viking planetary imple-
mentation as well as other projects, without prior concurrence by the
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Viking Network Operations Project Engineer or the Network Manager.
Configuration freeze was applied to initial acquisitior; stations in
Australia on August 10 at the conclusion of a Configurstion Verifica-
tion test.  This test concluded with the stations configured for the
initial acquisition pass and automatically prohibited from supporting
any other spacecraft tracks. The control and freeze activity is shown
in a bar chart timeline form in Fig. 58.

3. ‘Initial Acquisition Strategy

o The dunitiel asguigition strategy was Jointly worked cub by the

k Network, and Viking flight team members. Several safeguards had to.
be part of the initial acquisition configuration plans (1) to ensure
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Fig. 58. Network confi‘gii‘r‘atio‘n' control for Viking
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spacecraft acquisition by the ground transmitter signal, the S-band
Acquisition Antenna had to be used, and, (2) to avoid receiver sat-
uration, when receiving downlink on the S-band Cassegrain Monopulse
Antenna, the Maser Bypass Mode was necessary. The Project desired:
to run a Canopus star map prior to Canopus star lock, a maneuver that
required a T720-degree roll of the spacecraft. Because the attitude
of the spacecraft was such that nulls greater than L0 dB were antici-
pated, the uplink transmitter was required on the high-gain scan
antenna, necessitating a reconfiguration by the station from the
acquisition antenna to the Cassegrain antenna.

It was agreed to by all concerned that the station reconfiguration
should be done at L + 1 hour 36 minutes, but since telemetry was criti-
cal at that time, the reconfiguration had to be accomplished without loss
of telemetry, which meant that Station 42 could not simply turn off its
transmitter and reconfigure as this would result in loss of two-way lock
resulting in loss of about one minute of telemetry data.

The plan worked out to accomplish the station up and downlink
reconfiguration was to transfer the uplink to Station Lb4 while Station
42 reconfigured its transmitter and maser, then transfer the uplink
back to Station 42. This unusual transfer permitted the reconfigura-
tion and ensured that valuable bioshield telemetry data would be
continuously received, :

The initial acquisition, initial conditions at Stations 42 and
hh, and the strategy are illustrated as a function of time in Fig. 59.

L, Network Testing and Training/Near Launch

; The test and training effort was concluded on'August 10 (one
day before the scheduled launch of Viking A)kwith the successful com-
pletion of the Network Configuration Verification Test program. :

By July 30 all committed deep space stations had successfully
completed the system-level mission configuration and test program that
started October 1, 197h4. These tests included: “Telemetry System strong
~and weak signal performance and simulation tests, as well as planetary
phase testing at Goldstone Station 143 Command System testsy; Monitor
and Control System tests; System tests (radio metric data); and Sim-
ulation System tests. : ‘ ‘ :

~The launch/cruise series of Operational Verification Tests also
were completed with Stations 11, 12, and 14 at Goldstone; 42, 43, and
44 in Australia; and 61, 62, and 63 in Spain. The personnel manning
the stations, the Ground Communications, and the Network Operations
Control .Center were conSideréd fully trained to support the launch
and cruise phases of the Viking mission. ‘ : ’

Then effort was directed toward the training of‘personnel at the
prime and backup stations in Australia for the initial acguisition of
the Viking spacecraft downlink signal and subsequent establishment of .
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uplink capability (command, ranging, etc.) with the spacecraft, The
initial acquisition sequence was to occur shortly after spacecraft
injection into the trans-Mars trajectory and separation from the
launch vehicle,

Although "prime crews'" were designated for the actual launches,
initial acquisition Operational Verification Tests were conducted with
all crews at Stations 42 and Lk, as well as the Network Operations
Teams at the Jet Propulsion Laboratory. Dual-station initial acqui-
sition Operational Verification Tests with simulated anomalies also
were conducted.

An Operational Readiness Test was. conducted by the Project on
August 6, providing a final check on the ability of the Stations, the
Ground Communications Facility, and the Network Operations Control
Center to support the launch and cruise phases of the Viking mission.

G. LAUNCH OF VIKINGS A AND B
1. Viking A

The first launch delay for Viking A occurred on August 11,
the original launch date. A thrust vector control valve on the
Titan solid rocket hooster stage did not respond properly during
checkout, and launch was scrubbed for that day. With the valve
replaced, launch was rescheduled for August 14. However, on August 13,
the Orbiter batteries were found to have fallen from their normal
charge of 37 volts down to 9 volts. (A rotary switch aboard the
Orbiter had been turned on sometime after the launch postponement.)
The entire Viking A Spcaecraft was then removed from the launch vehicle
for disassembly and checking. The already tested Viking B Spacecraft
was used as. a replacement. - The necessary work of mating and checking
was completed and approved on August 15; the launch was scheduled for
August 20. Between August 17 and 19, the Deep Space Network and Viking
Mission Control and Computing Center performed an Operational Verifica=-
tion Test with Stations 11, 43, and 61 an Initial Acquisition Test
vith Station U2, and a Configuration Verification Test with Stations 42
aud 44, Then, according to plan, the stations were "frozen" again.

The successful llftoff of Vlklng A (now Vlklng 1) occurred at
°l 22:00 (Greenwich Mean Tlme) on August:20. Every aspect of the
launch sequence was nominal. ‘ ‘

Inltlal acquisition of the snaoecraft by the Network (Australia's
Station 42 with Station 4k as backup) occurred at 22:09:56 (Greenwich
Mean Time). Following initial acquisition, the Deep Space Network
prov1ded normal erulse coverage. ~

The Near-Earth minus count and launch operations for both Vikings
A and B Missions are in Volume-II of this report; ‘
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2. Viking B

The Viking B launch date had been slipped to September 3 as
a result of the Viking A launch date change. But, during routine
spacecraft checks on September 2, a degradation of 3-db in the
receiver uplink was detected on the high-gain antenna. To.investigate
this anomaly, the spacecraft was demated from the launch vehicle and
the shroud removed. The problem was cleared after a complete set of
new hardware (cables, joints, etc.) was installed between the high-
gain antenna and the diplexer. The spacecraft was then rechecked and
remated to the launch vehicle. The revised launch date was now
Soptemher 9, and all systems were ready. To insure optimum per-
formance, additional prelaunch initial acquisition testing was per-
formed with Stations 42 and 4h4. These stations again entered a
configuration freeze condition prior to launch.

Viking B had successful liftoff at 18:39:00 (Greenwich Mean
Time) on September 9. Initial acquisition of Viking B (now Viking 2)
by Station 42 occurred at 19:27:26 (Greenwich Mean Time) as expected,
and the Network began providing normal cruise coverage. L

3. Spacecraft Identification

Because of the interchange of spacecraft after the Orbiter
No. 1 battery anomaly on August 12, 1975, there was considerable
confusion as to the correct spacecraft and mission identification
codes. . This posed a problem for the Network, in that all the orbiter
and lander uplink and downlink radio frequencies were associated in
the operations documentation throughout the entire Network with what
had suddenly become obsclete spacecraft identification codes.

On August 14, the Mission director issued the revised Spacecraf
identification matrix shown in Table 12 to all elements. of the Project.

The Network informed all stations to update all existing documentation
and instructions.

Despite the last minute change, there were no reported instances

of incorrect frequencies or jdentification numbers being used by the
Network in the course of the launch and early cruise operations.
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Table 12. Viking identification matrix for flight spacecraft

Miséion D Spacecraft nomenclature Spacecraft Radio channel

hardware asgigned
Prelaunch Postlaunch Prelaunch Postlaunch serial Nos. frequency

Mission A Mission 1 Viking Viking viking Viking vyo-1 S-band:
space- Orbiter Space- Orbiter A, space-
craft B craft 1 craft trans-
B 1 mit
03, Space=
craft receive

X-band:
9C¢, Ground
station

FEEHLiYe

Viking Viking Vi-1 : S-band:
Lander Lander 13A, Space-~
B ' 1 craft trans-
i : mit
13B, Space-
craft
receive

Mission B Mission 2 Viking Viking Viking Viking vo-2 S~bands:
) Space- Orbiter Space- Orbiter 20A, Space-
craft A craft 2 craft trans-
A 2 o omit
20B,. Space-
craft receive

X-band:
2UG,y Greund
station
receive

Viking Viking VI-2 S—band:
Lander A Lander 13A, Space-
A 2 ) craft trans-
~mit
13B, Space-
craft receive
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APPENDIX

VIKING TRACKING AND DATA SYSTEM CHRONOLOGY OF EVENTS

March 1968
August 1968
September 1968

September -
October 1968
September 1968

November 1968

December 1, 1968

January 1969

February 8, 1969

February 10, 1969

February 11, 1969

February 18, 1969

Langley Research Center began in-house technical
and- contractual studies of possible Mars 1973
Lander Mission.

National Aeronautics and Space Administration
funding authority initiated for work regard-
ing Mars 1973 mission.

Jet Propulsion Laboratory tasked to conduct
Advanced Planetary Mission Technology Studies of
Mars 1973 Mission.

Science plenning and proposed instrument reviews,
industrial meetings, etc.

Preliminary announcement of flight opportunity,
Mars 1973 Lander Mission.

Office of Space Science and Applications
approval of Viking Program: Mars soft landing,
1973, dual launch, Titan/Centaur launch vehicle,
modified Mariner orbiting craft.

Tracking and Data System Estimated Capabilities
Document published (initial issue).

Jet Propulsion Laboratory mission operations and
Tracking and Data System briefings for potentlal
Viking project participants.

Fiscal Year 1969 Project Approval Document signed
by the National Aeronautics and Space Administra-
tion Administration.

Viking Project Plan submitted to National Aero-
nautics: and Space Administration Headquarters by
Langley Research Center.

- Draft Viking Orbiter baseline conceptual design

completed by Jet Propulsion Laboratory team.

Science team selected for Viking instrument
development and mission planning.

FPirst Viking project management review held at
Langley Research Center.

202



March 1969

March 31, 1969
Mey 1k, 1969

May 29, 1969

July 1969
July 8, 1969
July 1h, 1969:

July 15, 1969
August'1969f

August 1h.i1969

August 18-19, 1969V‘

Séptémber'l3,‘l969
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Management agreement signed between National Aero-
nautics and Space Administration Langley Research
Center and Jet Propulsion Laboratory for Tracking
and Data Acquisition support activities.

Viking Orbiter System Manager: H.W. Norrié;
Deputy: K.S. Watkins; Spacecraft Manager:
A.E, Wolfe — appointed.

Preliminary Tracking and Data System Master Working
Schedule completed (issued in Project Management

Report in July 1969).

Selection of Martin-Marietta Corp. as Viking Lander
System and project integration contractor.,

Collins Radio Company selected as prime contractor
for 6li-meter (210~ft) Deep Space Network antennas
for Spain and Australia.

Viking Telecommur.ications Working Subgroup  estab-
1ished to assure Tracking and Data System to
Viking telgcommunications compatibility.

Déep Space Network manager for Viking,

D.J. Mudgway, appointed by Tracking and Data
System Manager, N.A. Renzetti.

Formal anﬁouncement of flight opportunity, Viking
Mars 1973 mission. .

Preliminary Data System Development Plan for over=
seaS‘6h-meter antenna stations.

Award of fixed=price contract to Collins Radio
Company for fabrication, shipment, erection, and
test of two Eh-meter antennas on overseas sites.

Pirst meeting of Viking Management Council at
Martin=Marietta, Denver, to review management
interfaces and evaluate potential problems.

Natidnél Aeronautics and Space Administration
Lunar and Planetary Missions Board reviewed and
endorsed Vikine'Project Mission as presently

"defined.
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Octobeg 1969

i

i
1l

it

October 7=-8, 1969
October 20, 1969
November 3, 1969
November 1969
December 1, 1969
December 5, 1969
January 1970
January 13, 1970

March 1970

May 15, 1970

June 1970

June 22, 1970
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Analysis of launch~to=injection trajectory
revealed need for thorough study of near-Earth
tracking and data acquisition, with likely
addition of down=range coverage,

First Viking Project Quarterly Review held at
Langley Research Center,

Viking Landér System and Project Integration
Contract with Martin=-Marietta Corp. formally

signed and awarded by the National Aeronautics
and Space Administration,

Collins Radio contractor personnel arrive
OnL=site in Australia to begin preparation for
work on 6lemeter antenna.

Network Capabilities Planning Team for Viking
Project established, to develop baseline config-
uration of supporting system elements ang
interfaces.

Release of initial Network Interface Design
Handbook for Viking.

Viking science‘investigators selected by
National Aeronautids and Space Administration
administrator.:

Authorization to Commonwealth of Australia
Department of Supply for tasks related to
6i-meter antenna station.

Viking launch period slipped from 1973 to 975
opportunity; Jet Propulsion Laboratory and Martin-
Marietta efforts curtailed; schedules reorganized,

Viking ~ Tracking and Data System interfaces
identified (preliminary Tracking and Data System
Operations Plan Vol. 1). o

Viking '75 Project Specification (RS-3703001)
signed and released,

Viking/Tracking and Data System interface control
document structure modified, Viking Orbiter/
Lander/Launch Vehicle/Tracking and Data System
Integration Plan established.

Site surveying and work begins, Madrid site, for
6lh=meter antenna. '
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~ July 1970

July 1970

July 23, 1970
August 2k, _1970
September 1970
September 1, 1970
September 1, 1970
September 24, 1970
ch;ober 5, 1970

Novenber 1970

January 1971

February 1971

March 1971
March 15, 1971

“June 1971

July 1971

Authorization to U.S. Naval PFacility, Robledo,
for tasks supporting 6li-meter antenna project.

Viking Mission Study meeting.

Type II trajectories de01ded on for Vlklng T
fllghts. RN

- V
Final Data System Development Plan for overseas
6h-neter antenna stations. i

"
i

Deep Space Station 43 (6h-meter antenna,
Australia) concrete pedestal poured,

Preliminary nesr-Earth tracking‘analysis
completed.,

Estimated capabilities for Viking 1975 project
released (rewritten from Viking 73 document).

Mission definition and preliminary landing
site selection, signed und released,

Network Interface Design Handbook (update for
1975 mission) released. <

400~kW transmitters deleted from design of ,
overseas 6h-meter antenna stations, 100-kW trans-
mitters planned (400-kW to remain at Station 1),
owing to budget'constraints. ;

Pouring of concrete for Station 63 (6h-meter‘
antenna, Spain) begun.

Network Implementation Schedule feleased.

S-band channel assignments (Channels 9, 13,
16, 20) made for Viking.

Viking Project Plan (M75-131- 0) signed and
released : . :

Viking Support Instrumentation Requirements
Document approved by Project Office (approved

by Office of Space Sciences 7/29/71, by Office of
Tracking and Data Acquisition h/18/72)

System Development'Laboratory at Jet Propulsion

Laboratory (supplemental flight operations
facility) completed; occupancy begun.
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July 5, 1971

August 23-27, 1971

October 1, 1971
October 15, 1971
November 1, 1971
December 1971

January 31, 1972

February 1972 -
March 1972

May 8, 1972

July 1, 1972
July 3, 1972

August 1972

" September —
December 1972

January 1973
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Office  of Computing and Information Systems

‘Created at Jet Propulsion Laboratory (Manager:

Aaron Finerman).
Initial Mission Design Review,

Network to Space Flight Operations Facility
relations altered by National Aeronautics and
Space Administration Headquarters directive.

Preliminary version of National Aeronautics
and Space Administration Support Plan dlstrlbuted
for rev1ew.

Functional Specification for Viking released.

Viking Control and Computing Center System
formed.

G.N. Gianopoulos appointed Manager, Viking
Mission Control and Computing Center System.

National Aeronautics and Space Administration
Support Plan revised to match new Tracking and
Data System interfaces reorganization.

Mission Control -and Computing Center Support
Plan (analogous to National Aeronautics and
Space Administration Support Plan) prepared.

National Aeronautics and Space Administration
Support Plan approved at Jet Propulsion
Laboratory. - Final approval at National Aero-
nautics and Space Administration Headquarters
June 8, 1972,

Compatibility Test Area 21 ready to support
Viking tests and training.

Jet Propulsion Laboratory acceptance of Australian
6L4-meter antenna from contractor.

Network Support Plan for Viking released.

Dual-carrier investigations and tests con=

ducted at Station 13, Goldstone.

Start of first compatibility testlng of Orblter,,
Lander, and Flight Operations System at

'CompatibllLty Test Area 21.
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January 2, 1973 Jet Propulsion Laboratory acceptance of
Spanish 64-m antenna, from contractor.

March 30, 1973 Australian 6lem antenna begins tracking
operations.

July 15, 1973 Tracking and Data System inputs provided for

- : Program Requirements Document.
July 31, 1973 , Network Preparation Plan (final) released.
August 31, 1973 Transfer of Station 63, Spanish 64-m antenna,

from Engineering to Operations.

~ September 1973 Support Instrumentation Requirements Docu~
ment update released.

October 10, 1973 Resolution of longitude anomaly study and :
v conclusion that Network commitment to 2-m
longitude accuracy (one-sigma) is valid.

November 1, 1973 Network Operations Plan (final) completed.

November 1973 . Initial Block IV receiver/exciter installed at
Station 14 (first new Viking~support hardware).

- Noverber 15, 1973 Deep Space Network/Mission Control Center

Interface Requirements Document updated.
Novenber 1973 Network Operations Plan for Viking

completed.
December 1973 Status Review of the Software for the Telemetry

and Command Processor confirms that design is
complete and coding underway.

January 197k k Implementation of Compatibility Test Area 21

begins. .
February 197k "~ Reconfiguration of Compatibility Test Area is

completed with the engineering version of the

Bloek IV Receiver-Exciter. Development of test

procedures for the radio-frequency compatibility
~tests begins.

April 197k o Compatibility Test Area 21 ready to.support the

first system integration tests with Mission

Control Center. Draft of the NASA Support Plan
awaiting final guidelines from Headquarters. Net-.
work Control,System support for launch and cruise now

e
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June 197L4

July 197k

August 197k

September 19Tk

October 19Tk

33_783’ Voln I

planned for 1 December 1974, Planetary support
including recall capability with Intermediate
Data Records planned for 1 February 1976.

System integration tests with Compatibility Test
Area 21 and Mission Control Center have been
completed with six simultaneous data streams at

all bit rates. Test Area 21 configured and cali-
brated and ready to support Viking radio-frequency
compatibility tests. Telemetry and Command Proces-

‘'sor software ready for transfer to the operations

program library. National Aeronautics and Space
Administration Support Plan still awaiting final
guidelines from National Aeronautics and Space
Administration Headquarters.

Compatibility Test Area 21 now ready to support

data system compatibility tests with Mission Con-
trol Center Radio-frequency compatibility tests with
Viking Orbiter and Lander in progress. Critical
Pioneer and Helios flight support is delaying

Viking implementation at Station 1L.

A1l radio-frequency compatibility tests and data
system compatibility tests using two Orbiters,
and one Lander completed satisfactorily. NASA

. Support Plan guidelines received from NASA
.Headquarters.. ' ' :

Revised and expanded version of Network Opera-
tions Plan approved for release. NASA Support
Plan for Viking presented for Director's
signature. Station Tl and Station 1k imple-
mentation continuing with some interference

C due to uncertainties in the Helios A launch

date. Stations .43 and 63 high-power trans-
mitter installations suffering delays due to
construction of faeilities.

Hellos A launch date uncertainties impacting
Station Tl implementation. Reconfiguration of
Station 14 for Viking has bzen delayed by support

o requlred for Mariner 10 second encounter and

uncertainties in the Helios launch date. Block IV
receiver-exciter for Stations 43 and 63 continuing
on schedule. Considerable amount of transmitter
electronics already shlpped.to Stations 43 and 63
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" Decenber 197k

January 1975

February 1975

Viking pathfinder tests deleted and require new
schedule for compatibility testing at Station T1.
Viking reconfiguration at Station 14 completed on
15 October. Delays have been due to the support
required for Mariner 10 second encounter and
uncertainties in Helios A launch date.

Block IV receiver-exciter for Station Tl installed
and being tested. At all Deep Space Station sites,
implementation for Viking being hampered by

impact of flight support for Mariner 10 extended
mission, Pioneers 10 and 11, and uncertainties in
the Helios launch. Task team established to
develop work plan for all Viking implementation.

Helios A now launched and implementation of
remaining Viking equipment has commenced. First
system integration test with Mission Control
Center completed on 16 December. Viking task
team indicates heavy demand for station hours to
accomplish remaining Viking work on schedule,
Special Network status review for Viking Progect
Office held on 9 December.

Block IV receiver-exciters for Stations 43 and
63 continue on schedule. High~power transmitter
installation completed at Station 63. Contractor
starts work on construction of facilities at
Station 43. Second Viking status review held on
ol January 1975. Approved NASA Support Plan

,expected.from Headquarters in November has not

arrived. Integrated Network schedule has been
developed and programmed for reproduction
on the 1108

Equipment problems at Station Tl caused failure of
third System Integration Test. Radio-frequency
compatibility tests with Lander 1 in progress.

Four weeks delay announced in completion of high-
power transmitter facilities at Station 63. Three-
week delay announced in facilities construction

at Station 43. Viking NASA Support Plan

now approved and distributed. Block IT

Network Operations Control Center now opera-

~ tional to support Viking launch and cruise.

Development of Intermediate Data Record
capability for Block IIT Network Operatlons

'Control Center in progress.

209



March 1975

April 1975

~ May 1975

June 1975

July 1975

Third System Integration Test at Station Tl now
completed. Radio-frequency compatibility tests
with Lander 1 and Orbiter 1 completed. Block IV
receiver-exciters for Stations 43 and 63 continue
on schedule; expect installation during antenna
downtime in May and June.

Viking Project has participated in Intermediate
Data Record reviews for the Network Control Center.
Implications of requirement for additional second
26-meter subnct several months earlier than
originally planned being evaluated. Stations 11
and 1L declared ready to support planetary verifica-
tion tests,

At Merritt Island Station all data system compat-
ibility tests complete. Block IV receiver-exciter
for Station 43 is on site, but station personnel
are on strike. No apparent threat to launch
readiness dates. Performance Verification Tasts
with Stations 11 and 14 run on 28 April with reruns
scheduled for May 5. Data transfer portion of
these tests satisfactory, but analcg and digital
Playback were unsuccessful. At Station T1, all
data system compatibility tests completed with

no liens. Block IV receiver-exciter for Station 63
is on site; installation and checkout in progress
at Stations 43 and 63,

Station 43 has resumed operational support. Noise
abatement on the antenna at Station 63 commenced
on June 23. All System Integration Tests and
Ground Data System Tests complete throughout

the network. Operational testing nearing comple-
tion in the second 26-meter subnet. Network test
and implementation schedule now . in regular use.
Corrective measures to improve performance of
analog recording within the network in effect.
Network launch readiness review for Viking
scheduled for July 9.

Merritt Island Station has completed all compati-

bility tests. Station is providing prelaunch sup-
port, Block IV receiver-exciters at Stations 43
and 63 installed and checkout continues. Antenns
noise abatement at Station 43 expected to be
completed by July 30.
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