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Mission Operations Strategy for Viking

From the beginning, the Viking mis-
sion operations were designed to provide
for a certain measure of adaptability.
During the early design and then during
the personnel testing periods (which in-
volved virtually all of the science team
leaders in an operational, rather than sci-
entific, role), there was one recurring
question that was applied to the emerg-
ing strategy for conducting the Viking
mission: How can the science adapt-
ability be maximized while maintaining
prudent engineering integrity in the up-
link design and commanding process? A
tested plan evolved that provided for
what might be called ‘‘planned adapt-
ability.”” The top-level blueprint describ-
ing the way the operations have been
conducted on Viking is called the mis-
sion operations strategy (MOS). It is im-
portant to understand the architecture of
this strategy to appreciate the way in
which all the Viking scientific data have
been gathered.

On Viking the operational strategy, in-
cluding sizing the flight operations staff-
ing and the computers, specifying the
work shifts, and even defining the organi-
zational structure, was based on a need
for scientific adaptability. Simply de-
fined, scientific adaptability, within the
Viking context, means the ability to rede-
sign later portions of the mission on the
basis of the scientific data accumulated
earlier in the mission. Obviously it was
the determination of the detailed, quan-
titative answer to the question of how
much could be changed how fast that led
to the design of the mission operations
strategy.

In a scientifically adaptive mission like
Viking, it is clear that the science team
leaders themselves become part of the
operational activity. Unlike many earlier
space missions, Viking requires the
processing and analyzing of scientific
data as an operational component. For
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the experimenter to decide how to con-
duct the second cycle of his investiga-
tions in an adaptive manner, for ex-
ample, it is necessary for him to under-
stand the implications of data from the
first cycle. By adding the key elements of
scheduling and time lining to this scientif-
ic activity, major scientific decision
points were defined. Thus, each of the
scientific personnel working on the Vi-
king flight team (VFT) became part of
the overall effort of scheduling the com-
plex Viking operational activity.

Figure 1 represents an abstract por-
trayal of the way that the MOS on Viking
might appear to the scientist. The two
major parameters of the diagram are free-
dom to change and time before command-
ing. The overall operational system has
been so designed that virtually any single
change in the mission can be accommo-
dated if it is defined at least 16 days before
desired implementation. This 16-day
period is the normal time required for the
operational elements to change a se-

Fig. 1. Time ordinarily
required (in days) to ef-
fect changes in se-
quence.

FREEDOM TO CHANGE M!SSION DESIGN

quence completely and verify the accura-
cy of the new sequence. From that point
forward, with major focus points at the
management meetings also indicated on
the graph (these meetings will be ex-
plained in more detail in the next section),
the mission design proceeds to evolve in
ever more detaii, scientific concepts giv-
ing way to time lines and sequences, and
these in turn being replaced by com-
mands in the binary language of the on-
board computer. It is these commands
that represent the penultimate trans-
lation of the desired scientific sequence.
The process next moves inexorably
through its last step, where the space-
craft translates the coded message and
performs the commanded sequence.

Throughout this report focus has been
centered on the Viking lander elements
of the MOS. The orbiter has an analo-
gous operational strategy, but since con-
stant communications are maintained
with the orbiter, as contrasted with the
couple of hours daily available for com-
manding the lander, the temporal exi-
gencies of the orbiter strategy are not
nearly as severe.

One last point should be mentioned be-
fore beginning a detailed explanation of
the structure of the MOS. The strategy
that has evolved may appear to be cum-
bersome, routine, and even bureau-
cratically rigid. However, from the begin-
ning it was a design goal to develop a
strategy whose rules and procedures
would be clear enough that little effort
would have to be expended in making
the process run regularly. Once the strat-

“egy was thoroughly defined, it was rea-

soned, it would become second nature to
all the participants and would allow
these critical people to expend their ef-
forts on the less routine, more creative

TIME BEFORE COMMANDING (DAYS)
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aspect of their involvement with Vi-
king—the understanding of the scientific
data returned from Mars.

Viking flight team organization. Be-
fore describing the way in which the sci-
ence sequences for Viking are put togeth-
er for eventual transmission to the space-
craft, it seems worthwhile to explain
briefly the unique organization of the
VFT, for without some concept for the
overall organization, the operational
strategy cannot be understood. Each in-
strument [for example, the biology in-
strument, the gas chromatograph-mass
spectrometer (GCMS), the Mars atmo-
spheric water detector] is represented on
Viking by a team. This team, which is
managed by one of the scientists, consists
of a blend of scientific and engineering
personnel.

Each of the lander teams, for example,
is composed of scientific investigators,
instrument hardware engineers, in-
strument software engineers who de-
signed or built (or both) the computer
programs that analyze the data from the
instrument, and a senior systems engi-
neer who understands the interfaces be-
tween the individual instrument and the
lander and assists the team leader in the
operational planning. All the orbiter sci-
ence teams are organized as an element
called the orbiter science group. Similar-
ly the lander science teams form the land-
er science group, where they are joined
by two other all-engineering teams, the
lander science sequencing team, who
provide uplink integration, and the land-
er science data management team,
whose integration role covers the down-
link data processing.

The two science groups, which con-
tain all the scientists on the project, be-
long to the science analysis and mission
planning directorate (SAMPD) along
with 30 or so persons in the mission plan-
ning group whose specialty is trajec-
tories, celestial mechanics, and the de-
sign of the mission sequences to meet the
scientific objectives. The SAMPD is one
of three operational directorates on the
VFT. The other two are the mission con-
trol directorate (MCD), which integrates
and schedules the activities of the entire
VFT and conducts real-time operations,
and the spacecraft performance and flight
path analysis directorate (SPFPAD),
which is responsible for all the space-
craft hardware except lander science
instruments, performs all the naviga-
tion work, and provides the detailed
expertise necessary to translate scientific
sequences described by SAMPD into
binary commands for the spacecraft. The
number of people in these three director-
ates is 800. The three directors report
to the Viking mission director, who in
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turn reports to the Viking project mana-
ger.

The uplink process. The uplink pro-
cess really begins on Viking with a con-
cept inside the mind of one of the scien-
tists. From something that he has seen in
his data, either data from Mars or data
taken during his instrument testing, a par-
ticular way of operating his instrument is
suggested that requires a modification to
his existing instrument strategy. Can the
desired sequence be accommodated? If
s0, when would be the best time to imple-
ment it? His ideas are carried first to the
preliminary science meeting (PSSM), a
meeting of all the science team leaders
and key operational personnel. This
meeting is held every 6 days and covers a
6-day period during the mission. Since
the Viking lander is commanded every
other day for science purposes, the
PSSM span of interest is three lander
command loads.

The PSSM is the first of a sequence of
meetings that are clearly defined in the
Viking procedures. Sixteen days after
the PSSM, the first commands to the
lander that orginated from ideas dis-
cussed at the PSSM will reach the space-
craft. In between, these ideas will have
undergone considerable transformation,
from science concept to mission time line
to detailed sequence of events to coded
commands, and will have been subjected
to a number of management reviews to
consider the advisability of the recom-
mended science protocols in view of the
increasing information about the capabili-
ty of the system to implement the se-
quence. As the details of the process in-
crease, changes become more and more
difficult to make. In other words, the in-
ventory of possible changes in the sci-
ence sequences continues to decrease.
At the front end (the PSSM) of the proc-
ess, the system can accommodate virtu-
ally any single change. By the time of the
command conference just before the
commands are sent to the spacecraft, on-
ly an emergency would result in an ap-
proved sequence change. During the in-
tensive testing of the VFT between
February and April, the kinds of changes
that could be safely permitted at each
port were carefully defined.

A synopsis of the major milestones in
this uplink flow is shown in Fig. 2. At
each of the defined ‘‘ports,”” a manage-
ment meeting is held to review the prog-
ress of the design. In between these
meetings all the detailed work is done.
After the PSSM, for example, represen-
tatives of the mission planning group and
the lander science sequencing team work
to define the feasibility of the sugges-
tions made by the scientists. By the time
of the system integration (SINT) meeting

2 days later (14 days before commanding),
trade-off studies have been done, and
possible options for the 6 days under
question are presented. Since the experi-
ments all use the same data and commu-
nication systems, the scientific desires of
the different teams are often in conflict
and these conflicts must be resolved. At
the SINT meeting, not only are the major
science options for the 6-day cycle laid
out before the project management, but

" also the representatives from the SPFPAD

and MCD report any conditions in the
hardware or ground systems that could
impact the science data acquisition for
the cycle.

Three days after the SINT meeting,
the Viking project management meets
for a science requirements strategy
(SRS) meeting. It is now 11 days before
the first command resulting from this
cycle will be implemented. By the time
of the SRS, a detailed science time line
to roughly 1-hour intervals has been de-
veloped for all the spacecraft. A prelimi-
nary system assessment has also been
made to determine that the command
loads are within the size constraints, that
there is sufficient room on the tape re-
corders to acquire all the data, and that
there is sufficient downlink time for the
data to be played to Earth. At the SRS,
open items that may have required more
study from the SINT are formally
closed. After the SRS, there is a signifi-
cant change in the nature of the uplink
process. Prior to the SRS the effort is ex-
pended trying to figure out how best to
meet the scientific objectives. After the
SRS, the principal function of the VFT is
to implement the science contained in
the SRS manifest that is the formal prod-
uct of the SRS meeting.

From the PSSM through the SRS, the
design process treats a 6-day portion, or
cycle, of the mission. After the SRS, the
detailed design begins, and each separate
uplink to the spacecraft follows its own
time line. For the Viking lander, as men-
tioned earlier, there are three uplinks,
each spanning 2 days, in each 6-day
cycle.

Between the SRS and the lander pre-
liminary command and sequencing
(PC&S) meeting, as shown in Fig. 2, 7
days elapse. It js during this period that
lander personnel expert in command and
sequencing take the details of the mis-
sion time line down to the 1-second level.
Sequencing conflicts (for example, in-
strument A cannot be transferring data
from its buffer while the relay link be-
tween the lander and orbiter is working)
are resolved at the working level by engi-
neers who understand the science intent
in the SRS. As the sequence becomes de-
veloped in more detail and the invest-
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ment in personnel resources increases,
the science changes that can be ac-
commodated necessarily decrease. At
the time of the SINT, for example, all
that is known is the total science data al-
location for all the lander instruments.
By the time of the SRS this has been sub-
divided among the instruments and can-
not be changed. By the time of the
PC&S, even the specific data distribu-
tions, including the times of day that the
data are acquired, are not -allowed to
change.

After the PC&S, which occurs just 4
days before commanding, the sequence
is verified by the hardware engineers in
many ways. Detailed computer analyses
of the power and thermal characteristics
of the vehicle are conducted along with a
bit-by-bit simulation of the way the land-
er computer will respond to the devel-
oped binary commands. Between the
PC&S and final command and sequenc-
ing (FC&S) ports, only those changes
that do not impact power, thermal, data
management, or communications are per-
mitted. Examples of such permitted
“‘adaptive’’ changes are gain settings on
the instruments. At the FC&S meeting
just 2 days before commanding, the re-
sults of the sequence verification are re-
viewed. Science changes after this point
cannot normally be reverified by all the
validation tools and are forbidden except
by special consent of the Viking mission
director.

The final activity in the uplink process
is the command conference. Except for
cases where special approval has been
granted for what are called ‘‘late adapt-
ive’’ science changes, the command con-
ferences are not concerned with the sci-
ence content of the commands. The fo-
cus of the command conference is
usually the structure of the command
segments, any potential tracking station
issues, and the ground data system con-
figuration necessary to support the com-
manding.

This description and the diagram in
Fig. 2 define the baseline uplink process
that is incorporated in the Viking MOS.
Its purpose is to provide a balance be-
tween flexibility and safety in the se-

quences transmitted to the spacecraft.

There have been times when events have
required more rapid response than the
normal process allows. These necessary
deviations have been accommodated on
Viking primarily because of the familiar-
ity that all the participants, both scientist
and engineer, have with the structure of
the underlying process.

The downlink process. The data man-
agement scheme that will determine
when the Viking scientific data will reach
Earth is of course defined as part of the
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uplink process. These data are received
by the Deep Space Network (DSN) track-
ing station in California, Spain, or Aus-
tralia and transmitted to the mission
operations control center at the Jet
Propulsion Laboratory (JPL). There the
data are processed into separate packages
by a complex set of computer software
that prepares the data files for each team
according to procedures established
when the software system was being de-
signed.

Because the science content of the Vi-
king data is used in operational deci-
sions, the computer software that does at
least first-order analysis of the science
data resides on the operational comput-
ers at JPL. Detailed scheduling of the
flight operations indicates to each of the
science teams on a daily basis when their
data files will be ready for their software

to process. If special data are needed in a
timely manner to support a quick opera-
tional decision, these data are marked as
URSA (urgent response science analy-
sis) data and hurried through the system
by the flight controllers.

So that communication of science re-
sults will stimulate interdisciplinary sci-
entific discussion, a daily project meet-
ing is held to report on results from the
experiments. This meeting is called the
science data summary (SDS) and repre-
sents the major project forum by which
Viking scientific results are disseminated
throughout the organization. As men-
tioned earlier, those scientific results
that lead to requests for changes in in-
strument strategies are also discussed at
the PSSM that initiates the uplink pro-
cess.

The strategy at work. During the early

PHASE A
Preliminary System Science
ACTIVITY sci | ntearati .
PORT cience ntegration Requirements
Meeting Meeting Strategy
(PSSM) (SINT) (SRS)
LEVEL OF . Virtually No . Total Data . Individual Inst.
PLANNING Constraints on Allocations Defined Data Allocations
DETAIL Adaptivity . Critical Data Identified . Baseline Mission
. Science Priorities Timeline (one
Established hour granularity)
. Mission Rule . Baseline Command
Waivers Considered Word Assessment
. Mission Outline - Resolution of
{one day granularity) Opnt Conflicts
. Tape Management
Design
TIME 16 Days 14 Days 11 Days
BEFORE
COMMAND ING
PHASE B
ACTIVITY Preliminary Final
Command
PORT ——»|Command & L 5 Command & |
Sequencing Sequencing Conference
(PC&S) (FC&S) (CC)
LEVEL OF . Individual Data . Verification of . Review of Opnl
PLANAN‘NG Distributions Landed Sequence in Considerations for
DETAIL Defined Terms of Power and Specific Command
. Initial Lander Thermal Balance Load (for example,
Sequence of Events . Verification of lander station allocations,
{one second Commands and computer configura-
granularity) Resulting Seque nce tions, etc.) ,
. Verification of of Events . Review of Structure
Tape Management . No Changes After of Commands
This Point Except . Verification of any
by Mission Director Late Adaptive
Approval Changes
TIME BEFORE 4 Days 2 Days 6 Hours
COMMAND ING

Fig. 2. Viking lander mission. Operations strategy is shown for phase A and phase B of the

sequence development process.
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testing of the MOS in February and
March 1976, there were times when it did
not seem possible that the strategy
would ever converge and become an op-
erational construct that could function
smoothly day after day. Adverse reac-
tion to some of those early problems
might have resulted in too little adapt-
ability. However, a concept was worked
out by the engineers and scientists, which
ameliorated the process, and by the time
of the landing the strategy was workable.
Since that time, further insights into the
process have streamlined the strategy
even more.

The most impressive credentials that
the Viking MOS can proffer are the ex-
tensive changes that have been made in
the Viking mission design as a result of
the feedback from the scientific data that
have been acquired. Most of these
changes have been made in a way that is
consistent with the strategy. However,
and this is an important point, because
the strategy has been working so effec-
tively, time and energy have been avail-
able to make changes that are scientif-
ically important but cannot be handled as
part of regular operational procedure.

A perfect example of a scientifically
important late adaptive change occurred
after the relay link data from sol 32. At
that particular time, the x-ray fluores-
cence instrument was going through a se-
quence of discard operations designed to
clear its cavity of the first soil sample and
to prepare the instrument for the second
sample. Since the first sample had been
‘““fines’” and the second sample was to be
rocks that might have been constructed
of different elements, it was of consid-
erable importance that the first sample
be removed so that the analysis of the
rocks would not be corrupted.

The relay link from sol 32 contained
the results of x-ray analyses conducted
after each of the first two discard opera-
tions. These data indicated that the mar-
tian fines were far ‘‘stickier’’ than any
test soils that had been used and, more
importantly, an extrapolation from these
data suggested that the x-ray instrument
would still not be very clean at the con-
clusion of the four discard sequences
planned prior to the acquisition of the
rock sample. The x-ray team requested
that the operating rules be waived to al-
low a late adaptive uplink that would
specify two extra discard operations,
bringing the total to six, before the
sample acquisition. Complicating their
request was the fact that the commands
would have to be transmitted on sol 33,
12 hours after the request, when there
was not even a normal command load
planned.

Through familiarity with the uplink ac-
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tivity, the x-ray team and their engineer-
ing support knew the right path to take to
have the sequence altered. A few engi-
neering specialists were detailed to con-
struct the command files pending the pos-
sible outcome of the decision. The pro-
ject management weighed the scientific
rationale against the engineering risks
and decided to prepare the commands.
Six discards were made before the new
sample was acquired.

Numerous examples similar to the x-
ray extra discard request could be cited.
At one point there was some slight con-
cern that single-channel counting might
be necessary to validate fully the second
peak of pyrolytic release on the biology
control experiment. It would have re-
quired a late adaptive command to imple-
ment this change but since the science ra-
tionale was overwhelming, the flight op-
erations personnel were marshaled in an
overtime mode to prepare the contin-
gency sequences. The commands were
not needed, it turned out, but all the
work had been completed by the time the
data were available to obviate the addi-
tional commands.

Although some attention has been fo-
cused on those examples where Viking’s
adaptability was more rapid than that nor-
mally provided for in the strategy, most
of the time the MOS has met the response
requirements. The evolution of both the
biology and GCMS instrument strategies
has been significantly influenced by the
acquired data. The strategy changes are
not only in the Viking 1 mission design
but also extend to the initial lander se-
quences for Viking 2. Taking advantage

of the early determination of the low
amount of argon in the atmosphere, for
example, the GCMS team designed an
enrichment sequence that would high-
light the less abundant gases and in-
crease the accuracy of key isotope ra-
tios. Virtually every investigation has al-
tered its strategy in a similar manner on
the basis of early scientific results.

The Viking MOS was designed to be
adaptive so that the totality of the Viking
scientific contribution would not be limit-
ed by those ideas about Mars that were
prevalent before beginning the in situ in-
vestigations. The exciting and surprising
results from Mars, plus the resultant al-
teration of the experiments to expand up-
on these results, has proved not only that
the MOS design was sound, but also that
the time and effort spent in constructing
and testing the adaptive operational ar-
chitecture were justified.

B. GENTRY LEE
Martin Marietta Aerospace,
Jet Propulsion Laboratory 264-325,
Pasadena, California 91107

Notes

1. The strategy outlined in this paper was devel-
oped over a long period and many people made
major contributions to it. Among those whose
efforts warrant mention by name are O. L. But-
ler, C. G. Cooley, N. G. Freeman, R. T. Gam-
ber, M. M. Grogan, S. Z. Gunter, J. P. Hardy,
H. M. Holt, J. K. Kerekes, D. W. Marquet, J.
F. Newcomb, J. D. Porter, D. G. Roos, P. S.
Stafford, and H. N. Zeiner. Special thanks go both
to the Viking project management, who under-
stood from the beginning that scientific adapt-
ability was the sine qua non of the flight opera-
tions, and to the Viking scientists, who saw that
the strategy was being developed for them and
participated actively in the somewhat painful
stages of the design.
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Search for the Viking 2 Landing Site

Abstract. The search for the landing site of Viking 2 was more extensive than the
search for the Viking 1 site. Seven times as much area (4.5 million square kilometers)
was examined as for Viking 1. Cydonia (Bl) and Capri (Cl) sites were examined with
the Viking I orbiter. The B latitude band (40° to 50°N) was selected before the final
midcourse maneuver of Viking 2 because of its high scientific interest (that is, high
atmospheric water content, surface temperature, possible near-surface permafrost,
and a different geological domain). The Viking 1 orbiter continued photographing
the Cydonia (Bl) site to search for an area large and smooth enough on which to land
(three-sigma ellipse; 100 by 260 kilometers); such an area was not found. The second
spacecraft photographed and made infrared measurements in large areas-in Arcadia
(B2) and Utopia Planitia (B3). Both areas are highly textured, mottled cratered
plains with abundant impact craters like Cydonia (BI), but smaller sectors in each
area are partially mantled by wind-formed deposits. The thermal inertia, from which
the grain size of surface material can be computed, and atmospheric water content
were determined from the infrared observations. A region in Utopia Planitia, west of
the crater Mie, was selected: the landing took place successfully on 3 September 1976
at 3:58:20 p.m. Pacific Daylight Time, earth received time.

An earlier report (/) described the suc-
cessful search for the Viking 1 landing
site. Even before the successful landing
of Viking 1, the Viking 1 orbiter was

used to obtain pictures of the Cydonia
(B1) and Capri (C1) candidate landing
sites, located at 44°N and 5°S (Fig. 1).
Typical pictures of the Bl area are
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