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Abstract 

The Viking missions that were actually imple- 
mented were substantially different from those thnt 
were planned prior to arrival at the planet. These 
differences were not., however, unexpected because 
the fundmental tenet of the Viking mission opera- 
tions strategy (MOS) was adaptability. In this 
paper, this unique “design for  change” strategy 
is explained in detail with particular emphasis on 
the way that the Strategy allowed the missions to 
respond to both scientific an3 engineering sur- 
prises. The total result of using such an adaptive 
strategy is shown in a comparison of the expected 
mission profiles before :!BPS encounter and the mis- 
sion profiles that were actually flown. 

I. Introduction 

The evolution of the Viking mission design was 
an extremely exciting process. Sturting with a 
baseline mission that w8.s designed prior to the en- 
counter of Viking 1 with Mars and an operational 
strategy (1.103) thnt vi13 deliberitely designed to 
accom;odate mission design changes, the Viking mis- 
sion plans evolved throughout the * m e r  of 1976. 
With each maJor scientific or engineering surprise, 
the plan was altered to mavimize the scientific re- 
turn while maintaining prudent engineering conser- 
vatism. As a result, the Viking missions that vere 
actually implemented were considerably different 
from the original designs. This paper presents a 
snapshot of both the u p r i o r i  and a pocteriori 
Viking missi9n designs together with n description 
of the MOS and the way in which this Strategy worked 
to change the mission. 

..i. 

The paper is divided into four  additional sec- 
tions. Thenext Section summarizes the mission plan 
that existed as Viking 1 encountered hiars. The l o w  
third section explains the Viking MOS. The fourth 
section describes the mission that was f l o m  and 
briefly explains the rationale for the major 
changes. The last Section is a retrospective sum- 
mary of the paper. 

11. m e f l i g h t  Mission Design 

During the years in which the Viking missions 
were being planned, it becme obvious that some 
simple product would have to be developed that would 
a l low a general view of the mission design without 
burdening the observer with an inordinate amount of 
detail. The product that resulted wiis  c a l l e d  the 
mission profile Strategy ( M P S :  and its preflight 
representation is shown in Figure 1. 

Although there is a legend on the figure that can 
be decoded without undue effort, experience suggests 
that a modicum of explnnntion enhances one’s ability 
to interpret the mission profile strategy. The 
basic scale across the bottom is time, with the 
range bein6 from Just before the >.tars Orbit inser- 
tion ( M O I )  of Viking 1 on June 19, 19-16. through the 
beginning of solar conjunction, when the Sun is be- 
tween Earth and :.!ars, on November 15, 1976. The 
major activities of each of  the four  spacecraft are 
shorn on separate lines, from the first orbiter 
(YO-1) on the top line through the second lander 
(VL-2) on the bottom line. 
are shown syrrbolically with N/C representing nid- 
course manewers and XOT signifying Mars orbit trim 
maneuvers to adjust the orbit about Mars. The 
Viking orbiters are in orbits whose periods (218.6 h) 
are synchronous with the rotation rate of I4nrs at 
all time:; after lander separation except where bars 
on the MPS Join two maneuvers. During that part of 
the mission the orbiter period is asynchronous and 
thus the subperiapsis point (i.e., the point on Mars 
just under the orbiter at the time that the orbiter 
passes closest to Mars in its elliptical orbit) is 
not the s m e  each revolution. 

All propulsive maneuvers 

The lander lines on the XPS show only the biology 
and organic analysis experiments. These two exper- 
iments dominnted thc scheduling of the lander mis- 
sion design and were certainly the most important to 
be considered in making an operational timeline. 
Tne hatched areas indicate the duration of a bio- 
logical investigation of a specific sample, whi1.e 
the small circles represent the time of OCCuTrerie 
of an organic analysis. 

The maJor features of the preflight mission de- 
sign for  VI,-1 are clearly shorn in Figure l. After 
a landing on July 4 at Chryse, with coordinates 
19.5ON and 3boW (the preflight plan assumed certi- 
fication of the site that had been picked on the 
basis of all non-Viking Mars data accumulated prior 
to June 1976) .  there would be three different sam- 
ples taken for biological analysis, the first one 
on SOL 8 (one SOL is one M::rtian day which is 
24.6 h), and each analysis would last for twelve 
days. Each of the three o ~ e n s  in the Cas Chromat- 
ograph Mass Spectrometer (CCMS) would be used 
twice, making a total of sir organic analyses of 
three separate soil samples. 
mission, which specified that commanding every other 
day from the Earth would bc allowed, would last for 
58 SOLS. A reduced mission would follow. For the 
54 SO1,s of the reduced missi.0” there would be no 
cornmanding from Earth. 

The “nominal“ lander 

*This papcr presents the result’s of one Fhase a f  rcsrnrch carried o u t  at the Jet Propdlsion Laboratory, 
Csliforniir Institute of Technology, under Contract No. NAS 7-100, sponsored by NASA. 
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Figure 1. Preflight Mission Profile Strategy 

The preflight mission design for the Second 
Viking lander, which ass;uned a landing in Cydonia 
at &&ON, 10'W on September b ,  also provided for 
three biological investigations of twelve days 
duration each and six organic analyses using each 
of the threc ovens at two different temperatures. 
It5 nominal or "full" mission vas Scheduled to 
last 63 days until cut short by conjunction. 

The preflight mission plan f o r  the first orbiter 
(YO-1) included three trim maneuvers ( s e e  MOT in 
Figure 1) to achieve B properly controlled synchro- 
nous orbit over the preselected landing site for 
VL 1, allocation for fou r  stationkeeping trims to 
insure the radio relay link between the lander and 
the orbiter, a desynchronizing maneuver leading to 
a planetwide "walk" by VO-1 between September 7 and 
22, and then a resynchronizing maneuver over VL-2 
so that the relay data from the second lander vould 
still be received during the important polar inves- 
tigations by VO-2. 
sign, Sun and Earth occultations would begin on 
YO-1 in late September and last until early 
November. 

For the preflight mission de- 

For the second orbiter, the maJor feature of its 
preflight plan, after its three trim maneuvers to 
reach a good synchronous orbit over VI.-2, was R 

scheduled plane change maneaver on September 28. 
On that day, Just after the relay link between VO-1 
and VL-2 had been established, the inclination of 
th.e 'IG-2 irbit would be raised to 7 5 O  and t h e  orbit 
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would simultaneously be adjusted to a nonsynchronous 
period that allowed diurnal studies of specific 
Sites by the orbiter science instruents. From this 
orbit the North pole, whose polar cap would be c l o s e  
to its minimum dimension during the late Martian 
Summer, could be Studied in detail from low altitude 
for the first time in history. 

It was realized, 8 s  MGI approached an June 19, 
that these preflight plans would not be implemented 
i n  t o t o .  
1976, R way to make operational mission design 
changes was beinii developed. This stratem fo r  do- 

During the personnel testing in early 

. __ 
ing mission design during the mission is laid out 
in the next section. 

111. Mission Operations Strategy 

A .  Background 

From the beginning, the Viking mission operations 
were designed to provide for a cctain measure of 
adaptability. During the early design and then dur- 
ing the personnel testing periods (w!iich involved 
virtually all of the science tern leaders in an 
operational, rather than scientific, r o l e ) ,  there 
was one recurring question that was applied to the 
enerEing strategy for condxcting the VikinE mission: 
How can the science adnptability he maximized while 
maintaining prudent engineering integiity in the 
uplink design and conranding process? A tested plan 
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evolved th:xt provided f o r  w h a t  mignt b e  c a l l e d  
"planned a d 3 p t a b t l i t y . "  The top - l eve l  b1, iepr int  
d e s c r i b i n g  t h e  wily t h e  o p e r a t i o n s  wexe conduct,ed 
on Viking was :a l led t h e  mission 0peratior.s  Strat- 
egy (hnOS). I t  i s  important  t o  understand t h e  a r c h i -  

which a l l  t h e  Viking S c i e n t i f i c  d a t a  were gathered.  

On Viking t h e  o p e r a t i o n a l  s t r a t e g y ,  i nc lud ing  
s i z i n g  t h e  f l i g h t  o p e r a t i o n s  s t a f f i n g  and t h e  com- 
p u t e r s ,  s p e c i f y i n g  t h e  work s h i f t s ,  and even de f in -  
ing  t h e  o r g a n i z a t i o n a l  s t r u c t u r e ,  was based on a 
need f o r  S c i e n t i f i c  a d a p t a b i l i t y .  Simply de f ined ,  
s c i e n t i f i c  a d a p t a b i l i t y ,  w i t h i n  t h e  Yikin3 c o n t e x t ,  
means t h e  a b i l i t y  t o  r edes ign  l a t e r  po r t ions  o f  t h e  
mission on t h e  b a s i s  o f  t h e  s c i e n t i f i c  d a t a  accumu- 
l a t e d  earlier i n  t h e  mission.  Obviously i t  was t h e  
determinat ion of  t h e  d e t a i l e d ,  q u a n t i t a t i v e  answer 
t o  t h e  ques t ion  o f  how much could be changed how 
f a s t  t h a t  led t o  t h e  des ign  o f  t h e  mission opera- 
t i o n s  s t r a t e g y .  

- t e c t u r e  o f  t h i s  s t r a t r u  t o  3 p p r e c i c t e  t h e  way i n  

I n  B s c i e n t i f i c a l l y  adnyaive mission l i k e  Viking, 
it i s  c l e a r  t h a t  t,he science team l e a d e r s  themselves 
become p a r t  of t h e  Opera t iona l  a c t i v i t y .  Unlike 
many e a r l i e r  space miss ions ,  Viking r equ i r ed  t h e  
p rocess ing  and ana lyz ing  o f  s c i e n t i f i c  d a t a  as an  
o p e r a t i o n a l  component. For t h e  experimenter t o  de- 
c i d e  hov t o  cond'uct t h e  second c y c l e  o f  h i s  i n v e s t i -  
g a t i o n s  i n  on a d a p t i v e  manner, f o r  example, i t  vas 
necessary f o r  h i m  t o  understand t h e  imp l i ca t ions  o f  
d a t a  from t h e  f i r s t  c y c l e .  By adding t h e  key ele- 
ments o f  schedul ing and time l i n i n 6  t o  t h i s  scien-  
t i f i c  a c t i v i t y ,  major s c i e n t i f i c  dec i s ion  p o i n t s  
vere def ined .  Thus, each o f  t h e  s c i e n t i f i c  person- 
n e l  working on t h e  Viking f l i c h t  t e r n  ( V F T )  became 
p w t  o f  t h e  o v e r a l l  e f f o r t  o f  s chedu l ing  t h e  corn- 
plex Viking o p e r a t i o n a l  a c t i v i t y .  

\- 

Figure  2 r e p r e s e n t s  nn s b s t r m t  p o r t r a y a l  o f  t h e  
way t h a t  t h e  140s on Viking m i e h t  have appeared t o  
t h e  s c i e n t i s t .  The two major pa rane te r s  of  t h e  
diagram are freedom t o  change nnd t i n e  be fo re  com- 
manding. The o v e r a l l  opernt ionni .  system was so de- 
s igned t h a t  v i r t u a l l y  any s i n g l e  chanye i n  t h e  m i s -  
s i o n  could be accommodate?. i f  it were def ined  a t  
l e a s t  16 days be fo re  d e s i r e d  impl.ementation. Th i s  

SCIENCE REQUIREMfNTS STRATEGY \ 
\ PRELIMINARY COMMAND 

/AND SEQUENCING 

COMMAND 
CONFERENCE 

Y 

6 1 4  1 2 1 0  E 6 4 2 0 

TIME BEFORE C O M I M N D I N G  !DAYS) 

Figure 2. T i m e  O ~ d i ~ a v i l y  H e q u i x d  ! i n  day:;) t o  
E f f e c t  Changes i n  Sequence 

16-day pe r iod  was t h e  noma1 time r equ i r ed  f o r  t h e  
o p e r a t i o n a l  e l e x e n t s  t o  change a sequence completely 
and v e r i f j  t h e  accuracy of t h e  new sequence. From 
t h a t  po in t  forward, w i t h  major focus p o i n t s  at t h e  
manqement meet ings a l s o  i n d i c a t e d  on t h e  graph 
( t h e s e  meetings w i l l  b e  exp la ined  i n  more d e t a i l  i n  
t h e  next s e c t i o n ) ,  t h e  mission des ign  proceeded t o  
evolve i n  ever more d e t a i l ,  s c i e n t i f i c  concepts  ~ i v -  
ing way t o  time l i n e s  and sequences,  and t h e s e  i n  
t u r n  being r ep laced  by commands i n  t h e  b i n a r y  len- 
gu&f,e of  t h e  onboard comp'uter. I t  was t h e s e  cam- 
mands t h a t  r ep resen ted  t h e  penulti .nate t r a m l a t i o n  
o f  t h e  d e s i r e d  s c i e n t i f i c  serj'icnce. The process 
next moved incxornbly through i t s  l a s t  s t e p ,  where 
t h e  s p a c e c r a f t  t r a n s l a t e d  t h e  coded message and 
performed t h e  comnanded sequence. 

Throughiut t h i s  r e p o r t  focus tins been cen te red  
on t h e  Viking l ande r  e lements  o f  t h e  MOS. The 
o r b i t e r  had en  nnalogous o p e r b t i o n a l  stratem, b u t  
s i n c e  constant communications were maintained wi th  
t h e  o r b i t e r ,  8s  c o n t r a s t e d  wi th  t h e  couple  of  hours 
d a i l y  a v a i l n b l e  f o r  cormanding t h e  l a n d e r ,  t h e  tec-  
p o r a l  ex igenc ie s  o f  t h e  o r b i t e r  s t r a t e e y  were not  
"ea r ly  as 5e"el .C.  

One l a s t  p o i n t  should b e  mentioned before begin- 
n ing  a d e t a i l e d  exp lana t ion  of t h e  s t r u c t u r e  o f  t h e  
MOS. The s t m t e p j  t h a t  evolved m y  appear t o  be 
cumbersome, r o u t i n e ,  and even b u r e a u c r a t i c a l l y  
r i g i d .  However, from t h e  beginning it was a des ign  
goal t o  develop n s t r a t e g y  whose roles  a n d  proced- 
ures vnui.d be clear enough t h a t  l i t t l e  e f f o r t  would 
have t o  b e  expended i n  making t h e  process  run  regu- 
l a r l y .  Once t h e  s t r a t e e x  W:AS thoroughly de f ined ,  
it was reasoncd,  i t  Would become second n a t u r e  t o  
a l l  t h e  p a r t i c i p a n t s  and would n l i o v  t h e s e  c r i t i c n l ~  
people t o  expend t h e i r  e f f o r t s  on t h e  l e s s  r o u t i n e ,  
more c r e a t i v e  a spec t  o f  t h e i r  involvement wi th  
Viking - t h e  understanding of  t h e  s c i e n t i f i c  d a t a  
r e tu rned  from liars. 

E .  V i k i n g  F7ipk t  Tern O r p n i x t i o n  

Gefore d e s c r i b i n g  t h e  way i n  which t h e  s c i e n c e  
sequences f o r  Viking were put  t o g e t h e r  f o r  even tua l  
t r ansmiss ion  t o  t h e  s p a c e c r a f t ,  it ,  seems worthwhile 
t o  e x p l a i n  b r i e f l y  t h e  unique a r g a n i z s t i a n  of  t h e  
V F T ,  f o r  without  some concept f o r  t h e  o v e r a l l  owan- 
i z a t i o n ,  t h e  opernt ior inl  s t r a t e g y  cnnnct  be under- 
stood.  Each i n s t r w l e n t  [ f o r  e x m p l e ,  t h e  b i a logy  
instrument ,  t h e  &a:; chromatograph-mass Spectrometer 
(GCIMS), t h e  6krs n tnosphe r i c  w a t e r  d e t e c t o r ]  VRS 

r ep resen ted  on Viking by B team. This  team, which 
was managed by one of  t h e  s c i e n t i s t s ,  cons i s t ed  of  
a blend o f  s c i e n t i f i c  and eng inee r ing  pe r sonne l .  

Each o f  t h e  1.ander teems, f a r  example, vas com- 
pose4 of  s c i e n t i f i c  i n v e s t i g a t o r s ,  i n s t rwnen t  hard- 
ware eng inee r s ,  instrument  sof tware eng inee r s  who 
designed or b u i l t  ( o r  b o t h )  t h e  computer programs 
t h a t  analyzed t h e  riata from t h e  instrument ,  and a 
s e n i o r  systems eng inee r  who understood t h e  i n t e r -  
f aces  between t h e  i n d i v i d u a l  instrument  and t h e  
lander  and assisted t h e  team l e a d e r  i n  t h e  opern- 
t i o n a l  planning.  A l l  t he  a r b i t e r  s c i ence  t E . m S  

were organized as a:, element c a l l e d  t h e  o r b i t e r  
scierice group. S i m i l a r l y  t h e  l ande r  science teams 
Corned the l a n d e r  science @"up, where they  were 
j o i n e d  by t w o  o t h e r  a l l - eng inee r ing  teams, t h e  
l ande r  s c i e n c e  sequencing tern, who provided upl.ink 
i n t e g r a t i o n ,  and t h e  l ande r  s c i ence  d a t a  management 
te.m, whose i n t c g r a t i s n  role >overed t h e  d o m l i n k  
d a t a  p rocess ing .  



The two sc i ence  groups ,  which conta ined  a l l  t h e  
s c i e n t i s t s  on t h e  p r o J e c t ,  belonged to  t h e  sc i ence  
a n a l y s i s  and miss ion  p lanning  d i r e c t o r a t e  (SAMPD) 
a long  v i t h  30 o r  so persons i n  t h e  miss ion  p lanning  
group whose s p e c i a l t y  was t r a j e c t o r i e s ,  c e l e s t i a l  
mechanics, and the  desigr.  o f  t he  mission sequences 
t o  meet t h e  s c i e n t i f i c  o b j e c t i v e s .  THP SAI4P3 w 3 s  
one o f  t h r e e  Opera t iona l  d i r e c t o r a t e s  on t h e  V P T .  
The o t h e r  two were t h e  mission c o n t r o l  d i r e c t o r a t e  
( M C D ) ,  which i n t e g r a t e d  and scheduled t h e  a c t i v i t i e s  
o f  t h e  e n t i r e  VFT and conducted rea l - t ime opera- 
t i o n s ,  and t h e  s p a c e c r a f t  performance and f l i g h t  
pa th  a n a l y s i s  d i r e c t o r a t e  (SPFPAD), which was re- 
spons ib l e  for all t h e  spacecraft hardware except 
i andc r  s c i ence  i n s t r m e n t s ,  performed a l l  t h e  navi- 
g a t i o n  work, and provided t h e  d e t a i l e d  e x p e r t i s e  
necessary  t o  t r a n s l a t e  s c i e n t i f i c  sequences de- 
s c r i b e d  by SAXPD i n t o  b ina ry  carrmands f o r  t h e  space- 
c r a f t .  The n m b e r  of people  i n  t h e s e  t h r e e  d i r e c -  
t o r a t e s  was 800. The t h r e e  d i r e c t o r s  r epor t ed  t o  
t h e  Viking miss ion  d i r e c t o r ,  who i n  t u r n  r epor t ed  
t o  t h e  Viking p r o j e c t  manager. 

AcTNITY 

C. The U p l i n k  Process 

SYSTEM INTEGRATION SCIENCE RfQUIREhUNTS PRELIMINARY SCIENCE 
MEETING (PSSM) MEEIING ( S I N T )  STRATEGY (SRSI 

+ 

The upl ink  process  r e a l l y  began on Viking wi th  
a concept i n s i d e  t h e  mind o f  one o f  t h e  s c i e n t i s t s .  
From something t h a t  he had seen i n  h i s  d a t a ,  e i t h e r  
d a t a  from Mars o r  da ta  taken  d u r i n c  h i s  ins t rument  
t e s t i n g ,  a p a r t i c u l a r  way o f  o p e r a t i n g  h i s  i n s t r u -  
ment was suggested t h a t  r equ i r ed  a modi f i ca t ion  t o  
h i s  e x i s t i n g  ins t rument  s t r a t e g y .  Could t h e  des i r ed  
sequence be accorrmodated? If S O .  when vould be t h e  
b e s t  t i n e  t o  implement i t?  H i s  i deas  were c a r r i e d  
f i rs t  t o  t h e  p re l imina ry  sc i ence  meeting (PSSM), a 

PHASE A 

. 
meeting of a l l  t h e  sc i ence  team leaders and key op- 
e r a t i o n a l  personnal .  Th i s  meeting was held  every 
6 days and ccvered  a &day pe r iod  dur ing  t h e  mission. 
S ince  t h e  i‘iking lander  w a s  comanded every o t h e r  
day for sc i ence  purposes, t h e  PSSM span o f  i n t e r e s t  
was t h r e e  l a n d e r  command loads .  

The PSSM was t h e  f irst  of a sequence of meetings 
t h a t  were c l e a r l y  def ined  i n  the  Viking procedures .  
S ix t een  days a f t e r  t h e  PSSM, t h e  f i r s t  commands t o  
t h e  l ande r  t h a t  o r i g i n a t e d  from ideas  d i scussed  st 
t h e  PSSM would reach t h e  s p a c e c r a f t .  I n  between, 
t h e s e  ideas  would have undergone cons ide rab le  t r a n s -  
format ion ,  from sc ience  concept t o  mission t ime l i n e  
t o  d e t a i l e d  sequence o f  even t s  t o  coded commands, 
and Wciiild have been subJec ted  t o  a number o f  manage- 
m e n t  reviews t o  cons ide r  t h e  a d v i s a b i l i t y  of t h e  
reconmended sc i ence  p ro toco l s  i n  view of t h e  in -  
c r e a s i n g  informat ion  about t h e  c a p a b i l i t y  o f  t h e  
system t o  implement t h e  sequence. As t h e  d e t a i l s  
o f  the  process  inc reased ,  changes became more and 
more d i f f i c u l t  t o  make. I n  o t h e r  words, t h e  inven- 
t o r y  o f  p o s s i b l e  changes i n  t h e  sc i ence  sequences 
continued t o  decrease .  A t  t h e  f r o n t  end ( t h e  PSSM) 
o f  t h e  p rocess ,  t h e  system could  accommodate v i r -  
t u a l l y  any s i n g l e  change. By t h e  time o f  t h e  com- 
mand conference  J u s t  b e f o r e  t h e  commands were s e n t  
t o  t h e  s p a c e c r a f t ,  on ly  an  emergency would result  
i n  a n  approved sequence change. Durine t h e  in t en -  
s i v e  t e s t i n g  o f  t h e  V F T  between February and A p r i l ,  
t h e  k inds  of changes t h a t  could be s a f e l y  pe rmi t t ed  
at each p o r t  ve re  c a r e f u l l y  de f ined .  

A synops is  of t h e  major mi l e s tones  i n  t h i s  up l ink  
f l o v  is  shorn i n  F igure  3. A t  each of t h e  de f ined  
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(ONE DAY GRANULARIPII 
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*TAPE M N A G E M E N T  DESIGN 

flME &FORE 
COMIJANDING 16 DAYS I4 DAYS I1 DAYS 

PHASE B 

C O W N D  CONFERENCE 
SEQUENCING (PC~SI 6 SEQUENCING (FCbS) (CC) 
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SEQULNCE OF EVENTS 
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POlNl EXCEPT BY MISSION 
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"por t s , "  a mnnagment meeting w:ils held  t o  r ev iev  the  
p rogres s  of t h e  des ign .  
all t h e  d e t a i l e d  w3rk was done. A f t e r  t h e  PSS:.!, f o r  
example, r ep resen ta t ive ;  c f  t h e  mission p lanning  
group and t h e  l ande r  s c i ence  sequencir,g team worked 
t o  de f ine  t h e  f e a s i b i l i t y  o f  t he  sugecs t ions  made 
by t h e  s c i e n t i s t s .  By t h e  t ime of t h e  System i n t e -  
e r a t i o n  (SIPIT) meeting 2 days l a t e r  ( l a  days be fo re  
comnnd ing) ,  t r ade -o f f  s t u d i e s  had been done, and 
p o s s i b l e  o p t i o n s  f o r  t h e  6 days under ques t ion  were 
presen ted .  S ince  t h e  experiments a l l  used t h e  same 
d a t a  and c o m u n i c a t i o n  Systems, t h e  s c i e n t i f i c  de- 
sires o f  t h e  d i f f e r e n t  teams were o f t e n  i n  confLic t  
and t h e s e  c o n f l i c t s  had t o  be r e so lved .  A t  t h e  SIlJT 
meeting, not only yere t h e  maJor sc i eece  option!; f o r  
t h e  &day c y c l e  l a i d  O u t  b e f o r e ' t h e  FroJec t  mannge- 
ment, but also t h e  r e p r e s e n t a t i v e s  from t h e  SPFPAD 
and MCD r epor t ed  any cond i t ions  i n . t h e  hardware or 
grbund sy5ten:s t h a t  could imp-tct t.hv sc i ence  d a t a  
a c q u i s i t i o n  f o r  t h e  c y c l e .  

I n  between t h e s e  meetings 

Threr  days a f t e r  tbe SIllT meeting, t h e  Viirine 
p roJec t  msnngement m e t  f o r  a sc i ence  requirements 
s t r a t e g i  (SRS) meeting. 
t h e  f i r s t  cormand r e s u l t i n g  from t h i s  cyc le  would 
be  implemented. By t h e  t i n e  of t h e  SRS, R d e t a i l e d  
sc i ence  t ime l i n e  t o  roughly 1-hour i r i t e rvn l s  had 
been developed for  a l l  t h e  s p a c e c r a f t .  A pre l imi-  
nary system assessment had also been made t o  de t e r -  
mine t h a t  t h e  co~i*land loads  weie with in  the  s i z e  
c o n s t r a i n t s ,  t h a t  t h e r e  w 3 s  s u f f i c i e n t  room on t h e  
t a p e  r eco rde r s  t o  acqu i r e  a l l  t h e  d a t a ,  and t h n t  
t h e r e  was s u f t ' i c i e n t  downlink t i m c  f o r  t he  dh ta  t o  
be  played t o  Ear th .  A t  t h e  SRS, open i tems t h a t  nay 
have r equ i r ed  more s tudy  from the  SIHT were formally 
closed. A f t e r  t he  SRS, t h e r e  v x  R s i g n i f i c a n t  
change i n  t h e  n a t u r e  o f  t h e  upl ink  p rocess .  
t o  t h e  SRS t h e  e f f o r t  uas expended t r y i n g  t o  f i g u r e  
o u t  how hcs: t.0 P'.eet t he  S c i c n t i f i c  ob,lecLi.,es. 
Af te r  t h e  545, t h e  p r i n c i p a l  func t ion  o f  t h e  WT was 
t o  implement t h e  sc i ence  conta ined  i n  t h c  SRS nani- 
fest t h a t  was t he  formal product 01' t h e  SRS meeting. 

I t  was now 11 days be fo re  

P r i o r  

From t h e  PSSM through t h e  SRS, t h e  des ign  process  
t r e a t e d  a 6-day p o r t i o n ,  o r  c y c l e ,  of t h e  mission. 
After t h e  SRS, t h e  d e t a i l e d  dcs i en  began. and ench 
s e p a r a t e  upl ink  t o  t h e  s p a c e c r a f t  followed i t s  own 
time l i n e .  $'or t h e  Vikicg l a n d e r ,  3s nentioned ear- 
l i e r ,  t h e m  were t h r e e  up l inks ,  each spanning 
2 days,  i n  ench 6-day c y c l e .  

Between t h e  SRS and t h e  l ande r  pre l iminary  com- 
mandandscquericing (PL'&S) mceting, as s h o w  i n  Fig- 
"re 2 ,  7 days e lapsed .  I t  was dur ing  t h i s  pcr iod  
t h a t  l ande r  pcrsonnel expe r t  i n  co nd and sequenc- 
i n g  took t h e  d e t a i l s  of t he  miss ion  t ime l i n e  down 
t o  t h e  1-second l e v e l .  Sequencing c o n f l i c t s  ( f o r  
example, instrument A cannot be t r a n s f c r r i n g  d a t a  
from i t s  bu f fe r  while t h e  r e l a y  l i n k  between t h e  
l ande r  and o r b i t e r  is working) we?e reso lved  a t  t h e  
working level.  by engineers  who understood the  s c i -  
ence i n t e n t  i n  t h e  SRS. As t he  sequence became de- 
veloped i n  more d e t a i l  and t h e  investment i n  person- 
n e l  resources increased ,  t h e  s c i ence  chenges t h a t  
could be  accommodated n e c e s s a r i l y  decreased .  A t  t h e  
t ime of t h e  SINT, f o r  example, a l l  t h a t  was know1 
was t h e  t o t a l  sc ience  da t a  a l l o c a t i o n  f o r  a l l  t h e  
l ande r  ins t ruments .  by the  time of t h e  SRS r h i s  had 
been subdivided among the  in s t r amen t s  and could not 
be changed. By t h e  t ime of t h e  PCS-S, evcn the  spe- 
c i f i c  d a t a  d i s t r i b u t i o n s ,  inc luding  the  t imes  of  day 
t h a t  t h e  d a t e  ape acqu i r ed ,  iirre not a l loved  t o  
change. 

A f t e r  t h e  PC&S, which occurred J u s t  1i dzys b e f o r e  
commanding, t h e  sequence w a s  v e r i f i e d  by t h e  hard- 
ware engineers  i n  many ways. De ta i l ed  computer 
analyses of t h e  power and thermal  c h a r a c t e r i s t i c s  
of t h e  veh ic l e  were  c o n d x t e d  along with  a hit-by- 
b i t  s imu la t ion  o f  t he  wa.y t h e  lander  computer would 
Fespond t o  t h e  developed b inary  cormands. Between 
the  PC&S and f i n a l  command and sequencing (FC&S) 
p o r t s ,  on ly  those  changes t h a t  d i d  not impact power, 
t he rnn l  d a t a  management, or communications 'were per- 
mi t t ed .  Exiunples of such p e m i t t e d  "adapt ive"  
changes were ga in  s e t c i n g s  on t h e  in s t rwnen t s .  A t  
t he  FC&S meeting J u s t  2 days be fo re  commanding, t h e  
r e s u l t s  o f  t h e  sequence v e r i f i c a t i o n  were reviewed. 
Science changes a f t e r  t h i s  p o i n t  could not normally 
be r e v e r i f i e d  by all t h e  v a l i d a t i o n  t o o l s  and were 
forbidden except by s p e c i a l  Consent of  t h e  Viking 
miss ion  d i r e c t o r .  

The f i n a l  a c t i v i t y  i n  t h e  up l ink  process  was t h e  
comnnd confe rem? .  Except f o r  cases  where s p e c i a l  
approval had been granted  f o r  w h a t  are c a l l e d  " l a t e  
adapt ive"  sc i ence  changes,  t h e  conmaad ,conferences  
were not concerned with t h e  sc i ence  con ten t  o f  t h e  
commands. The focus o f  t h e  comand conference  was 
u s s a l l y  t h e  s t r u c t u r e  of t h e  command s e w e n t s ,  any 
p o t e n t i a l  t r a c k i n g  s t a t i o n  issues, and the  ground 
d a t a  system Conf igura t ion  necessary  t o  Support t h e  
conJanding. 

Th i s  d e s c r i p t i o n  a n d  t h e  d i a g r m  i n  F i o r e  3 de- 
f i n e  t h e  base l ine  upl ink  process  t h a t  was incorpo- 
r a t e d  i n  the  Viking MOS. I t s  purpose was t o  provide 
a balance  between f l e x i b i l i t y  and s a f e t y  i n  t h e  SF- 
quences t r ansmi t t ed  t o  t.he s p a c e c r a f t .  There. were 
timcs when events  r equ i r ed  mare r ap id  response than 
t h e  noma1 process  allowed. These necessary  devia-  
t ions were nccomnodated on Viking p r imar i ly  because 
o f  t he  f n m i l i a r i t y  t h a t  a l l  t h e  p a r t i c i p a n t s ,  bo th  
s c i e n t i s t  and eogincer ,  had wi th  t h e  s t r u c t u r e  of 
t h e  underlying process .  

D. The Doownlink Process 

The d a t a  management scheme t h a t  determined wren 
t h e  Viking s c i e n t i f i c  d a t a  would reach Ear th  was 
of  course def ined  as p a r t  of t h e  upl ink  process .  
Thew d a t e  were rece ived  by t h e  Deep Space Network 
(DSN) t r a c k i n g  s t a t i o n  i n  C a l i f o r n i a ,  Spa in ,  or 
A u s t r a l i a  a n d  t r ansmi t t ed  t o  t h e  miss ion  ope ra t ions  
c o n t r o l  c e n t e r  a t  t h e  J e t  Propulsion Laboratory 
(JPL). There t h e  d a t a  were processed i n t o  s e p a r a t e  
packne,es by a complex s e t  o f  c o m p t e r  sof tware  t h a t  
prepnred t h e  d a t a  f i l e s  f o r  each team accord ing  t o  
procedures e s t a b l i s h e d  when t h e  sof tware  system was 
be ing  des igned .  

Becail~e t h e  science con ten t  o f  t he  Viking d a t a  
WLIS used i n  o p e r a t i o n a l  d e c i s i o n s ,  t h e  computer 
sof tware  t h a t  d id  a t ~ l e a s t  f i r s t - o r d e r  a n a l y s i s  of 
t h e  sc i ence  da t a  r e s ided  on t h e  o p e r a t i o n a l  com- 
pu te r s  at J F L .  Detn i led  schedul.ing o f  t he  f l i g h t  
ope ra t ions  ind ica t ed  t o  ench of t h e  sc i ence  teams 
0x1 a d a i l y  bni-is when t h e i r  d a t a  f i l e s  would be  
ready f o r  t h e i r  s o f t w a w  t o  process .  I f  s p e c i a l  
dat.: were needed i n  a t imc ly  manner t o  suppor t  a 
quick o p e r a t i o n a l  d e c i s i o n ,  t h e s e  d a t a  were marked 
as URSA (u rgen t  response sc i ence  a n a l y s i s )  d a t a  and 

c o n t r o l l e r s .  
hu r r i ed  through t h e  System by t h e  f l i g h t  

So t h a t  commnica t ion  o f  s c i e n c e  resul ts  would 
s t i m u l a t e  i n t e r d i s c i p l i n a r y  s c i e n t i f i c  d i s c u s s i o n ,  
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a daily project meeting was held to report on re- 
sults from the experiments. This meeting was called 
the science data summary (CDS) and represented the 
major projfct forum 51 which Viking scientific re- 
sults were disseminated throilghout the organization. 
As mentioned earlier, those scientific results that 
led to requests for changes in instrument Strategies 
were also discussed at the PSSM that initiates.the 
uplink procrss. 

E .  The S t r a t e g y  a t  Work 

and March 1976, there were times when it did not 
seem possible that the strategy would ever converge 
and become an operational construct that could func- 
tion smoothly day after day. Adverse reaction to 
some of those early problems might have resulted in 
too little adaptability. 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. During the mis- 
sion, further insights into the process strem- 
lined the strategy even more. 

v 

During the early testing of the MOS in February 

The most impressive credentials that the Viking 
MOS can proffer are the extensive changes that were 
made in the Viking mission design a s  B result of the 
feedback from the Scientific data that were BC- 

quired. Most. of these Changes were made in a way 
that was consistent with the strategy. However. 
and this is an important point, because the strat- 
egy worked so effectively, time and ecergy were 
available to make changes that were Scientifically 
important but could nut be handled as part of reg- 
ular operational procedure. 

.- 
A perfect exmple of a scientifically important 

late adaptive change occurred after the relay link 
data from SOL 32 on VI.-1. At that particular tine, 
the x-ray fluorescence instrument was going through 
a sequence of discard operations designed to clear 
its cavity of the first soil sample and to prepare 
the instrument for the second smple. Since the 
first sample had been "fines" and the second sample 
was to be rocks that might have been constructed of 
different elemcnts, it was of considerable impor- 
tance 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 operations. These datm indicated thet 
the Martian fines were far "stickier" than nny test 
soils that had been used and, more importnntly, an 
extrapolation from these data suggested that the 
x-ray instrument would still not be very clean at 
the conclusion 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 allow a late adapti~ie uplink that would 
specify two extra discard opcrations, bringing the 
total to six, before the sample acquisition. Com- 
plicating their request was ttic fact that the com- 
mands would have to be transmitted on SOL 33, 
12 hours after the request, when there was not eves 
a normal command load planned. 

Through femiliilrity with the uplink activity, the 
X-ray team and their engineering support knew the 
right path to take to have the sequence eltered. A 
f e w  engineering specialists were detailed to con- 
St.rUCt the connand files pending the possible out- 
come of the decisLor.. The project management 
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weighed tile scientific rationale against the engi- 
neering risks and decided to prepare the commands. 
Six discards were made before the new sample was 
acquired. 

Numerous exa~ples similar to the x-ray extra dis- 
card request could be cited. At one point, also on 
VL-1, there was Some slight concern that single- 
channel counting might be necessary to validate 
fully the second peak of pyro1.ytic release on the 
biology Control experiment. It would have required 
a late sdaptive command to implement this change but 
since the science rationale was overwhelming, the 
flight operations personnel were marshaled in an 
overtime mode to prepare the contingency 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 additional commands. 

Although some attention has been focused on those 
examples where Viking's adaptability was more rapid 
than that normally provided for in the strategy, 
most of the time the MOS met the response require- 
ments. The evolution of both the biology and CCMS 
instrument strategies was significantly influenced 
by the acquired data. The Strategy changes were 
not only in the Viking 1 mission design but also 
extended to the initial lander sequences for 
Viking 2. Taking advantage of the early determina- 
tion of the low amount of argon in the atmosphere, 
for example, the CCMS teem designed an enrichment 
sequence that would highlight the less abundant 
gases and increase the accuracy of key isotope 
ratios. Virtually every investigation altered its 
strategy in a similar manner on the basis of early 
scientific results. 

IV. The Actual Mission Design 

As expected, the adaptability Concepts imbedded 
in the HOS were put to regular use during the actual 
mission. The first big change e r n e  soon after 
Viking-1 was in orbit. The original landing site 
at 19.5'14 and 34'W was declared unsuitable and a 
couple oi weeks were spent before a new site, 
farther west in the Chryse basin, was selected. 
Figure 4 reflects the change in touchdown date to 
July 20 (actual touchdown coordinates were 22.boN, 
48.0%) and the resultant shrinking of the time that 
VL-1 was highly active on the surface. On the 
ground, the fundamental precepts of the MOS were 
stretched to the limit. During the period just 
before the landing site was selected, multiple 
mission options and sequences were being msintained 
by the VikiEg Flight Team so that the project could 
ensure ].anding of VL-1 before the second spacecraft 
drew too close to MOI.  

After the safe and historic landing of Viking-1, 
a new problem faced the mission designers. Since 
the project resoiirces could not support two fully 
active landers simultaneously and since B decision 
had bcen made not to delay the landing of the 
second spacecraft, how could the 43 SOLS before 
the planned landing of VL-2 be used to meet almost 
all the objectives of the preflight mission design? 
Cne of the answers came from the performance of the 
relay link between the lander and the orbiter. The 
preflight mission design had assumed that, the 
16 kbitsls link between the two vehiclek would be 
good enough for high quality data about 13 min per 
rcvolution and all the preflight protocols were 

.... . . . . . . .  . . . . . . . . .  . . . . . . . .  ........ *. . .  . .  ,~ .~ . . .  
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based upon t h a t  number. The n r t u n l  re1c.y perfor- 
mance was, however. between 32 and 31, m i " ,  4 spec- 
t a c u l a r  improvement t h a t  allowed t h e  l ande r  t o  
ga the r  and S t o r e  more d a t a  each SOL. 

During t h e  personnel t e s t i n g  t h a t  had been con- 
ducted several months p r i o r  t o  encounter ,  one c f  
t h e  tests t h n t  had bccn designed t o  t e s t  bo th  t h e  
personnel  and the  des ign  of t h e  Operations strat- 
egy assumed re lny  performance of  30 m i " .  The t e s t  
proved t h n t  to hnnd1e"success" ( t h a t  is, shove aver- 
age engineer ing  performance) could he  as d i f ' f i c u l t  
as handl ing  failtu-cs. W i t h  t h e  e x t r a  d a t a  a l l o c a -  
t i o n s  nvi i i lnb le ,  s o r t i n g  through t h e  l e g i t i m a t e  
s c i e n c e  c la ims  was d i f f i c u l t  under t h e  p re s su res  o f  
o p e r a t i o n a l  t i m e l i n e s .  However, t h e  experience from 
t h e  t e s t i n g  proved inva luab le .  The procedures 
t h n t  were developed from the  t e s t  al lowed e f f i c i e n t  
t r a n s i t i o n  t o  the  h.igher da t a  mode i n  t h e  a c t u a l  
mission and by ten  days a f t e r  t h e  r e l a y  l i n k  partin- 
eters had been compotsd, t he  new sc i ence  sequences 
were an  t h e  l ande r  and the  e x t r a  d a t a  were being 
acqu i red .  Without t h e  e x t r a  re lay  performance, t h e  
dedi.cated people,  and the  smooth func t ioninE of t h e  
MOS, t h e r e  could have been no way t h a t  almost a l l  
of t h e  o r i g i n a l  ob.jectives f o r  t h e  Vi-1 miss ion  
could have been met i n  43 SOLS. 
Samples, One a Contro l ,  Were d e f t l y  scheduled i n  
t h e  t ime pe r iod .  A l l  t h e  l ande r  imaging t h a t  had 
o r i g i n a l l y  been planned i n  t h e  p r e f l i g h t  mission 
des ign  was a l so  accomp1,:shed. 

Three biology 

v 
The o r b i t e r  missions were a l so  s i g n i f i c a n t l y  

d i f f e r e n t  from those  glanced before Vikine-1 

encountered b!!ars. Since  i t  had been d i f f i c v l t  t o  
s e l e c t  a l anding  s i t e  for VI-1, i t  vas apparent  
t h a t  a more general " s i t e  search" would be r equ i r ed  
t o  f i n d  a l and ing  S i t e  f o r  VL-2. The l a t i t u d e  band 
('.iO0-5Oo) fo r  VL-2 was i n  an a r e a  t h a t  WAS not as 
well  understood from e a r l i e r  d a t a  as t h e  20' l a t i -  
tude  area. 50th  V O - 1  and Vikine-2, a f t e r  i t s  o?l, i t  
i n s e r t i o n ,  were employed t o  t a k e  p i c t u r e s  o f  a v a s t  
po r t ion  o f  Knrs before  a s i t e  was s e l e c t e d .  As a 
result, f a r  more o f  t h e  early o r b i t e r  s c i e n c e  
mmsurements were aimed at Supporting s i t e  c e r t i f i -  
c a t i o n  than had o r i g i n a l l y  been planned. 

I n  a d d i t i o n ,  t h e  beginning  of t h e  YO-I walk 
around t h e  p l ane t  was also aelayed from 916 
t o  9/11, as is shorn by the  d e t a i l s  i n  Figure 4. 
Beceuse of t h e  u n c e r t a i n t y  i n  both  the  time and 
place of t h e  VL-2 l and ing  (a few days af te r  :NO1 
t h e r e  Were s t i l l  mul t ip l e  l and ing  op t ions  wi th  
d a t c s  i n  t h e  ranee  September 3-6).  and because o f  
t h e  d e s i r e  no t  t o  send VO-1 away from VL-1 u n t i l  it 
was confirmed t h a t  a l l  was copase t i c  with VI.-2, t h e  
Start of t h e  walk was delayed. 

La te r ,  an even more s i g n i f i c a n t  mission des ign  
change was made t h a t  s i g n i f i c a n t l y  enhanced t h e  
o r b i t e r  s c i ence  r e t u r n .  Af t e r  t h e  plane change on 
VO-2, t h e  o r b i t e r  v m  ga the r ing  f a n t a s t i c  s c i ence  
d a t 5  froa all i ts  ins t ruments  abmit t h e  North Pole 
and t h e  surrounding Zones. :kanwhi le ,  t h e  rel.ay 
l i n k  from VTL2 t o  VO-1  was holding at an excep- 
t i o n a l  va lue  g r e a t e r  than a l l  p r e d i c t i o n s ,  so t h e  
flood o f  l ande r  d a t a  had continued whi le  VO-2 WBS 
observ ing  d i u r n a l  v a r i a t i o n s  around t h e  North Pole. 

. . 



The decision was made to continue the desynchronous 
or walk period on VO-2. The engineering complement 
on the Viking Flight T e m  also Saluted this 
decision, since there was only one Inertial, 
Reference Unit left working and it was desirable to 
avoid propulsive maneuvers. '.. 

The lander mission designs for Viking underwent 
far more changes than one shown in the dizgrm. 
The times of surface sampling were changed to 
respond to both science surprises and engineerins 
anomalies, the techniques used by the meteorology 
team to gather their data Were drastically 
restructured based upon their receipt of thc first. 
data fron 1!crs, and the lander imaging sequences 
were reorganized several times during each mission. 
All of these investigations owed 8 debt to the 
basic Viking vodus operandi of "design f o r  change". 
However, it was the two top priority iavestigations, 
the biology and the GC1.S instruments, that bene- 
fitted the most from the adaptability. 

After the landed mission had begun and the first 
puzzling results hnd been reported by biology, an 
elaborate locic tree was developed by the team that 
showed the kinds of fut.ure experiments that would 
be run 8 s  a function of the results of the inter- 
mediate experiments. A change in the way in which 
the biology instrment would be operated was 
implied for all major branches in the tree. Over- 
laid upon this overall investication protocol were 
the procedures asnocinted with the standard MOS. 
If there had been no complex operational architec- 
ture to accommsdate mission design changes, many 
of the scientific deductions that were made, based 
upon the biology data, would have been impossible. 
Durations and temperatures for biology incubations 

.U were  altered several tiPieS and this fcrced siglifi- 
' cant changes in the planning of other investiga- 

tions. Figure 4 depicts graphically the resultant 
activity on the bioloey instriment. To understand 
the magnitude of the chnge, consider that four  
soil samples were analyzed on VL-1, for example, 
one of which was acquired after the touchdown of 

VL-2. This return to commanding VL-1, which 
required extensive replanning, was managed by not 
conmnding the second lander for a fen extra days. 

The actual times of the organic analyses for the 
gas chromatograph - mass spectroacter (Gcrls) shorn 
in Figure 4 for the Viking mission bear little 
resemblance to those originally planned. It would 
be generally agreed that the instrment on Viking 
that used adaptability the most was tbx GCMS. On 
each spacecraft, to begin with, cruise tests 
indicated that one of the three GCMS ovens had 
failed. So a new strategy had to be developed that 
used only two ovens on each of the landers. On the 
surface of Mars, neither CCllS instrment received 
its soil at its first scheduled time and thus the 
operational strategy for the molecular analysis 
team had to be revised again. 
VI.-2 mission, when it became obvious that the most 
important single discovery that m i g h t  yet be made 
on Viking would be the discovery of orsanic mate- 
rial, the resources of the entire Viking Flight 
Team. now adept at handling even major changes, 
were martialed to maximize the probability of find- 
ing organics. Although ultimately no organic mate- 
rial was found, it was in the search for the elu- 
sive organics, that the Viking MOS had its "finest 
hour". Figure Li shows that more organic analyses 
were done than were enticipated in the preflight 
mission design. This was due primarily to the 
increased relay data rrentioned earlier, but, due to 
the late start, would not have been possible with- 
out the rapid responses provided for in the opera- 
tional strategy. 

By the middle of the 

V. Sununary 

In this paper the Viking mission designs, both 
preflight and after the actual nission. have been 
presenteA along with a description of the strategy 
used to change the mission design during the flight 
operations. The adaptability provided fo r  ii this 
Viking mission operations Strategy was used to 
enhance significantly both the quality and the 
quantity of scientific data returned from Nars. 
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