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PREFACE

This report describes Tracking and Data System support of the Viking 1975
iission to Mars in four volumes ¢ rresponding to the four major phases of the
Project.

The first volume presents organization, planning, implementation, and test
activities from inception of the Projeset in 1969 to the 1975 launch operations.
ruisesphase activities for both spacecraft from launch through Mars orbit inser-
tion and the landing of Viking 1 are described in the second volume. This vol-
ure, the third, discusses the support provided for the Mars orbit iasertion and
landing of Viking 2 and the landed operations of both spacecraft untll the end
of the Prime Mission, November 15, 1976. The Extended Mission Support activities
are described in the fourth velume. |

The Tracking and Date System activities described in this report 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 and Space Administration.

T.A. Renzetti
Tracking and Data System Manager

iii



33-783, Vol. III J

ACKNOWLEDGMENTS

In the course of preparing this report, the author drew freely upcn pub-
lished data from many sources both within and without the various organizations
that comprise the Deep Space Network.

In particular, material for Section II, Mission Events, was drawn from the .
Mission Status Bulletins published by the Viking Public Affairs Support Office. {
The performance of the Network Systems was edited from the monthly Network Analy- ‘
sis Reports issued by the Operations Analysis Group, and the Network's bimonthly
Progress Reports furnished data for the tracking station performance.

The data describing link performance were drawn from the excellent summari.s
prepared by F. H. Teylor, and published in the Orbiter Performance Analysis
Group's monthly reports. The Lander Performance Analysis Group's daily reports
formed the basis for the comments on the direet link from the stations to the
Landers. To the authcrs of these documents, an expression of deep appreciation :
is tendered, o

In addition, a great deal of unpublished material was provided in the form i
of discussions and conversations with individuals in many areas throughout the
Deep Space Network and the Viking Flight Team. The discussions on Radio 3ecience
with J. P. Brenkle, on Tntermediate Data Record Production with J. Goodwin =and
J. Swindlehurst, on Operations Support with D. W. Johnston, on Tracking Analysis
with A, Berman, and on Operations Reliability with K. W. Mraham were particularly
helpful, and are gratefully acknowledged.

Finally, this report and the two volwnes that preceded it were assembled
into an intellipible enszemble of facts, figures, and observations through the .
rkilled efforts of Billie J. Weir in typing the manuscript through many revisions, Lo Y
and Bill Barton in editing the material into a form suitable for submitting for "
publication. '

iv




I. Introduction . . + . . .
IT. Mission Bvents . . . . .

A. Landing Operations .

33-783, Vol. III

CONTENTS

B. Viking 1 Planetary Operations. . . . . .

C. Viking 2 Planetary Operations. . . . . .

IIT. Network Operations . .

1. Tracking Support

2. Link Performance for

1. Performance. . .

1. Command System .

2. Telemetry System

3. Tracking System.

4. Monitor System .

Iv. Planetary Configurations
A. Introduction . . . .

B. Deep Space Stations.
1. 6h-Meter Stations

2. 26-Meter Stations

.

3. Link Performance for
4, Superior Conjunction

5. Antenna Maintenance.

- . . . . . -

A. Tracking Station Operations. . . . . . .

. ¢ L . .

August and September 1976

October and November 1976

-

B. Network Operations Control

2. Intermediate Data Record Production.

C. Network System Performance . . . . . . .

no

11
13
13
13
23
35
35
5T
58
58
62
an
6l
69
>
85
86
86
86
86

91 -

o B




. 33-783, Vol, III

Vc Radio Science- L ) n L R T N T T S )

VI. ' Reliability'and DisSCrepanci®s. . '« o+ o s « 4 « 4 o &

A

‘B.

General. . e -  I LI S e e e s e v

Occultation Experiment . « v &« 4 v v v . o 4 o &+

General Relativity. Experiment. T T
Solar Corona Experiment. . . o . v ¢ v 4 « s o a

Orbiter-Quasar Very Long Baseline Interferometry:

Lander Ranging C aa e At 4 e e e e e w ke

Orbiter S- and X-Band Doppler and Ranging. . . .

‘Operational Reliability. s v v wiw v s 2w o u .

Discrepancy Reports. . . . .';'.';;. e e e e

Bibliography A: Viking Mission . . . . . . . . --;_-5H'=_.

Bibliography B: Tracking and Date Aequisition. . . . . . . .

. APPENDIXES

A.
c.
D.

E.

Chronclogy of Events (1976). . v v . o .

In Retrospect. . . . . i . e v v i e e a

NASA Objectives for the Viking Project . . . . .

Assessment of Primary Mission. . . v o o . . . .

Preliminary Scientific Results . . . . , . . . .

. ..
.t .
.o
-
l'. -
‘. .
-

- 96
96

96

98 .

99

100

10k

105

1.06

C106
111

113

11k

136

1hs5

in6
1k

g
e

serrmiargs
v s o
B




PABLES

1.

IO.'”7'Command capablllty lost due to communlcatlons or statlon

o,

i2.

“13.

- 1s.
~16.

17,

A8

19?v f

20,

33-783, Vol. TIT

Lander 1 initiasl acqulsltlon, Station 43, Sol 1. . . ..

Deep Space Statlon support summary for Viking orbltal and

landed operationS. v« « s s o 0 & e.e 3 3 o+ s a4 e = s e

NebworK. o o o v o ¢ o o o o o o o o s & o o s s o o o s

Viking support acfi#iﬁiee,‘, ;‘.b. R

Computer-aided countdown levels. . . . . . « « &« + 4 o .

Intermediate Data Record quality*summery v e s e s e e s

AData Record Support Summary._ '._, T T I SO

Number of commands transmltted durlng August through

November 19T6. « v v v v o o o s o 4 6 & o 4 & s 2 0 4«

fallures ag a percentage of scheduled tracking time. . .

Bignificant. command,anomalles by pass 1n August through
" November 1976. T

:Bignificant Viking Mission events supported by the Deep Space

Computer-aided coﬁntdown utilization for Viking Prime Mission. .

Dlstrlbutlon of Telemetry Bystem Dlscrepancy Reports by subsys—
- tem for August through November 1976 sl Coe e

Dlstrlbutlon of Telemetry System Dlscrepancy Reports by
category'for August through November 1976, ¢ v e v e .

for 26~meter stations. « v v v e e e v 4 e e e e e

Telemetry’Intermedlate Data Record statlstlcs for August

Telemetry data rate capabilities for Viking. .. .00 . .

VVlklng Dlscrepancy Report status as of September l 1976

'Viklng Dlscrepancy Report status at end of Pr;m“ M1581on

St

_Q{through November L9T0v « v v s v & %l o aid 4 al a0 e e

vifOperatlonal rellablllty for Viking support from August 1975
through August 1976.. I N AT

e a

"Beslﬁuals for downllnk 51gnel level and 51gn&l-to—n01se ratlo

:TBe51duals Tor downlink 51gnal devel: and 51gnal~to~n01se ratic
for 6lh-meter statlons. T

. .

... .
. & .

LT}

15

.16

18

| N = 22 . .
ok

25
60

61

66

66
h6T 

- TL-

71

73

T
TR
87
w2

112

ATy

P T

o sy

e s acla Atk




33-763, Vol. III

. FIGURES

ke e R el A

10,
11.
18,
13.

1h.
15” 
16.
_17;:

a8l

20,

9.

o

First image sequence of Mars from Lander 1 . . . . . . . . .

Pirst panoramic view of Mars from Lander 1 . . . « « « « + &

- Surface material eroded by Lander 1 engine exhaust . . . . .

Froded mesa as seen from Orbiter 1 . « o ¢« 4 v o o v o v 4 4

Lander 1, Camera 2, views Mars terrain . . . « + « o & o w0 4.

First. picture taken by Lander 2 at Utopia site . . . . . . . . .

Second picture taken by Lander 2 at Utopia sife. s e e

"Big Joe," one of the most photographed of Mars''rocks . . .
_.Standard'planetary»configurationr. e et e e el s ..; .

. S-band uplink signal level residuals for Viking Orbiter 1. . .

S-band downlink signal level residuals for Viking Orbiter 1.

-S~band upllnk signal level residuals for Viking Orbiter. 2. .

S-band dowvnlink signal level res;duals for Viklng Orblter 2.

. X~band dovnlink signal level re51duals for- Vlklng Orbiter 1 - -

during August 1976 e 2 e s i s v s 4 s als s omsoae e oas

. X-bend downlink 51gnal level re51duals for Vlklng Orblter 2
during August 1976 . B T

Orbiter 1 doppler noise and ¥-band downlink signal level -
N w,r351duals durlng September 1976 R RN

Orbiter 2 doppler noise and X~-band downllnk 51gna1 level
residuals during September 1976 . & . v v v v o« 4 o0 i e 4

”Orblter 1 upllnk and S—band downllnk slgnal level o

re51duals S T

Orblter 1 low-rate telemetry and Xrband downllnk 51gnal

level residuals L. v ... . W aTa e w i s e we s ‘;JQ*I'T
Drhlter 1 hlgh—raxe 31gnal— o-noise ratio res 1duais eie e

"Orblter 2 upllnk and 8- band downllnk 51gnal level ,
reBlAdNaLlS. v 4 b o ew e e s e e e e aaaa es wa e

viii .

- 10

10

11

1k
26 -

27

- 29

30
-iéi s
3L
33
3h
'55 
o
"_ 38

39

g g Mg e,

i
1
i
3

=
S

——
e g

R

i
. iI :

b
i i
17
i §
| :
foy s
e
oL
[
i :
1 .
! i

;




1.

FIGURES

22, .

23,
o,
25f
26.

o

28.

... of Sun—Earth-Probe—angle S e e e e e .,}»,;, R

29.

30.5_'fAll—purpose superior congunctlon predlcts. e e e

31.

..32.:Vv

31g.'

- .superior conjunctlon e e e e e e e W el

35.

36,7

“DownYink quantities — Station 1k pass on November 11 . & & o W ..

g
38,

'ﬁangle = 1. degree) K R T L T B BT S S P i_. IR

ko.

33-783, Vol. IIT

Orbiter 2 low-rate signal-to-noise ratio and ¥-band
downlink signal level residuals . . « « o « « « 4 v 4 04 e

Orbiter 2 high-rate signal-to-noise ratio residuals. . . . . , .

Mars-Earth-Sun angles. . . + .+ ¢ « o ¢« v 0 v 0 0w 0w e 0 b

Predicted degradation of radio frequencyA;inks e e e RPN

System,ndise temperature as function of Sun-Earth—Prohe angles .

System noise temperature. (6h—meter) as. function of Sun-Earth~
- Probe angle. i e e e w

_' '.n « = e ® s % ¥ 8 s a2 = & a = + s e =

Excess slgnal—to—n01se ratio degradation (26-meter) as function

 Excess 51gnal—to—n01se ratio degradation (Gh-meter) as function

of Sun~Earth-Probe angle S T TR

. "Quadrlpod" geometry e e e e e e e e e e e e e e e e e

Predlcted system noise temperature increases for 'Quadripod”-
(prior to November 25) . s m 4 e e W wem e ww e T e e

vPredlcted masximam "Quadripod’ system noise temperatures {after
~November 25) Gt e v v e e e e s e e e e s e e e e e s

Sample of telecommunlcatlcns dlgltal telev151on plot prlor ﬁoei

Orbiter‘lppas$7h50-(Nvambeerl)fe e e e e e e e e S

Effect of bit error rate on 2 kbps high-rate . . . . . . . . . .

- Orbiter’ 1 pass. hSS, November 15 1976 Station 61 (Sun-Earth—
- Probe angle = 3 0 degrees) R IR IR R

,Orblter 1 pass L61L/L62, November 22 1976 (SunfEarthrPrqbe___ e
. . s

‘Orbiters 1 and 2 paSSes h61/h62 hhl/th Novemher 22, 1QT6
fﬁ(Sun—Earth—Probe avgle 1 degree) 1_@¢¢{?:. RO

. Orbiter 2 pass hhl/hha November 22, 1976 (Sun~Earth—Probe 7
' angle Tdegree). o o v v we v v e e e s e e e e e e

ix

Lo
L1 .
Wi
43
I
Bk
ks
U6
BT
REN

50

s

52 -
52
53

53

54

55

o

PR

et NI

i 4
P
I
T
| -
L
1
é §
1
}
3 o
.
g y
|
: 1
i
i
i
Lol
v
L
. 4
P
|
[
.
I
b
S
I




' FIGURES

b2,
43,
b,
b5,
L6.
L.
48.
b9,
0.
51,
5o
53,
5k,
55,
_562'
ST,

58,

29.

61.

e
| 63;..'
.

" Probabilistic data for uptime

"bebabiiiéticﬁdafa'for,uptimé

33-783,

Vol, IiL

Hydrostatic Bearing and Ball Joint Assembly .

Data flow for Intermediate Data Record production. . . « . «

. - e A s s

Vikings 1 and 2 composite doppler noise versus day of year . .

Viking 2 spacecraft auxiliary oscillator

Viking 1 spacecraft best-lock

Viking 1 spacecraft auxiliary‘oscillator_frequeﬁcy

.frequency;-.

Viking 2 spacecraft best-lock frequency. . . -

Viking occultation. exPéfiment
Gh-meter stations. . . o .« . .

26-meter stations. . . . . ...

Gecultation configuration. . .

_:Orblter 1 Earth occultatlons .-

shéet. e e

. ] LI} . . . .

frequency

v
.
.
-
4
.

-
-
.
-
.

« e v . A e e

.Deep ‘Space Network Marx III—TS furiztional network ae51gn,

L I ) . * . -

Deep Space Network Mark III -75 functlonal network de31gn,

2 3 2 e = a .

Analogbto-dlgltal conversion configuration at Compatibility

Tesﬁ Area 21 "’:'.'~'.f'n*':ﬂ

h2 and 3 . . . . . R

Probabllistnc déﬁé for uptime

Probablllstlc déia for uptime

Probablllstlc ﬁata for uptime

Proba.blllstlc déta f'or“uptimé.

o » .« s - .

.-Slmp 1fled Open—Loop System block dlagram, Statlon h3 S e

- Very long basellne 1nterferometry conflguratlon for Statlons

. . .« s - .

‘and recovery time
and reécovery. time

and recovery time

and'feéévery‘hime

and recovery hime

and recovery time

« ¥ 2 s e = e

Simplified Open-Loop System block dlagram, Statlon lh . e

. . v e e . .

Technique for hear-simultaneous Lander-Orbiter ranging . . . .

&t Station 11.

at Station 12.°
at Station ik,

'at Statlon he

at Statlon h3

Iar Staﬁion hh.

.

*

29
63
T6

T
77
.78

78

83

g

97

91

8
101

- 102

e ik s e sy

U st b s g, b g el it . . O R

™




33-783, Vol. IIT - . R o
: ;
FIGURES )
65. Probabilistic data for uptime and recovery time at Station 61. . 110
_ 66. Probabilistic data for uptime and recovery time at Station 62. . 110
6T, “Probabilistic data Tor uptime and recovery time at Station 63. . 111
T ! }

N
i 3
T
i !
I
Lo

i

§

i
S,

i

A P SO A1 L LA




33-783, Vol. ITT

© ABSTRACT

3 This document describes and evaluates‘the support provided by the Deep ..
.@ ¢+ Space Network to the 1975 Viking Mission from the first landing on Mars in July
i ,1976 to the end of the Prlme Mission on November 15, 19?6

|
1
|
i

Tracking and data acqulsltlon support required the continuous operation of o
a worldwide network of tracking stations with 6h-meter and 26-meter diameter ' i }'
antennas, together with a global communications system for the transfer of com-
mands, telemetry, and radio metric data between the stations and the Network
Operations Control Center in Pasadena, California.

Performance of the deep-space communications links between Earth and Mars,
and innovative new management techniques for operatlonb and data handllng are
_lncluded. : : :

S &
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I. - INTRODUCTION

The touchdown of Viking Lander I on the surface of Mars on July 20, 1976,
_ v V51gnalled the beginniag of the Deep Space Network's most complex mission opera-
oo tion. A few weeks later, Lander 2 touched dovn on the opposite side of the
=L planet, and the Network was called on to support four 1ndependent spacecraft
(two orblters and two lanuers) encompassed within a single antenna beamw1dth

T LY ST S P v T |

PP

.

From Lander touchdown (September 3 1976) untll the conclu51on of the ' ‘ ?i)
Prime’MiSsion_on'November 15, 1976, the Network had to establish and maintain
reliable telecommunication links to all four spucecraft. Communication simul-

taneously with three spacecraft was required for the purposes of navigation, ,
telewetry, and command. The Network was also required to deliver to the Mission
Control Directorate at Pasadena totally gap-free magnetic tape records of all :
data received at nine tracking stations around the Earth within 2% hours of the : }
real-time arrival of these data at the stations. Inatense efforts and a high T 4
degree of expertise by Network personnel in carrying out these assignments made
a major contribution to the over-ail success of the Viking Mission.

e

. e 4

: L All comnitments to the Viking Project,. wvhich weré oxn a scale never pre- -
‘viously'requlred of the Network by any deep space mission, were met. In achieving
this, the Deep Space Network was ably assisted, throughout the mission, by the
NASA Communications Network and its worldwide common carriers.

On several occasidns, the Network was able to effect a speédy'recovery from-
patentially disastrous situations and was called upon to assist. the Mission in
. recovery vhen the spacecraft themselves were in jeopardy. -

i _ The details of this performence and the actions necessary,to acnieve and
b maintain it through the end of the Prime Mission are covered in thils volume of
- the Viking Tracking and Data System final report. '

N
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TT. MISSION EVENTS | .

A. LANDING OPERATIONS | | i

Viking 1 Lander touchdown on the surface of Mars was announced by the Viking ; 3

Flight Team in Pasadena, California, at 5:12 a.m., (Pacific Daylight Time), Tuesday, : ' !

- July 20, 1976. The announcement climaxed a long night of anxiety that preceeded R A
the culmination of a complex planning and support effort. (Touchdown was offic1ally :
~registered ‘gt 202/11: h3 06 Greenwich Mean Time, spacecraft time.) e

The landing on Mars had been within 17.secona5'of the predlcted time  and R %
with the terminal velocity of 249.9T centimeters (8.2 feet) per second, well _ _ {

: within the predicted 243.8L centimeters (8 feet) per second plus or minus 91.kh .
‘o centimeters (3 feet) per second. ; : o : _ g B 1

In his congratulatory telephone call, President Gerald R. Ford reminded the o L
flight team that it was on July 20 {(1969) that man had first set foot on the Moon. ERE
Dr. James C. Fletcher, Administrator, National Aeronautics and Space Administra- i

tion, told press representatives, "We've gained one more important objective in Lo
exyloraxlon of our solar system, with the hope and vision of more to come._" L TR A
cJames 8. Martin, Jr., Viking Project Manager, expressed his apprec1at10n to the -~ .. :

entire flight team and to the "10 ,000 pecple across the country who deserve a _ 'E;
part of the credit given to me." A. Thomas Young, Mission Director, reported :
there were no problems durlng descent and the entry science data were success- . - S
'fully gequired. 0 - _ B _ : : R S

“ The first pictures received from Viking Lander 1 are shown in Figs. 1 and 2. :
In these pictures, the Lander- appeared to be in nearly numinal attitude, posi~ .. . . b
ticned in a stable level-landed’ conflguratlon ‘The most distanm®t horizon visible -~ = i
in Fig, 2 was estimated to be 3 or % kilometers avay with a low ridge near the- : Lo
right margin apparently covered with rock debris and thought to be the rampart :
of an old crater. By July .27, both Orbiter 1 and Lander 1 continued %o.function : L
well. The location of TLander 1 was placed at coordinatés 22. h6 degrees north and ' T
L8l degrees west; which was 30 kilometers west and 4 kilometers north of the ' [
' target 1tself. . S ‘ . o . ' o

Akt s b ot o AR At e

T T T L. Uy Ty WUV L

e SeVeral problems had appeared durlng ‘the flrst few days follow1ng the S
July 20th landing. - The surface sampler had not extended to its proper position .- ,;if”
because of a retalnlng pin, ‘which did not release properly, but this was cleared = e

. & few: days later., The Lander relay’transmltter operated correctly in the 30~watt - -
: mode the first day, and then unexpectedly transmitted in the l-watt mode for the | : :
P next two relay links. A few days later the transmitter had corrected itself, and : A R
' was operating in the 30-watt mode again. The seismometer remained uncaged, and ' ‘j
. despite intensive efforts to release the selsmometer, it could not be getivated. .. L7
. The Lander's No. 1 receiver, whlch was to be used as a low-gain backup for the ;
‘primary high-gain receiver No. 2, had falled to lockup properly with ‘the Deep LT |
Space Network transmission since the first day, when it did so with difficulty. _ _ ;“f
.. Tts sensitivity appeared +to.be degraded by~ approx1mately 10 4B, and efforts wepe ' f'
~4n hand to analyze. the problem with the hope of using the Network's lOO—kllowatt
,tranSM1tters to lock up the rece1ver.; Cne posalblllty'belng'explored ‘WaAS that

N
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the receiver had experienced a frequency change because of some unknowvn defect
in a component and efforts were in hand to determine the correct frequency for
thet receiver. :

At 6:19 p.m. (Pacific Daylight Time), July 27, with Viking 2 spacecraft
near its Mars Orbit insertion point, an approach mideourse maneuver was performed
to refine the spacecraft approach trajectory. At that time, the Viking 2 landing
was scheduled for September 4, at a landing site in the B latitude reglon, which

lies between 40 degrees and 50 degrees north.

The. first Mars soil samples from Lander 1 were acquired on July, 28 to begin
the internal analysis. The first sample fed the biclogy distributor, the next _
two samples went to the organic molecular analysis processor, and the last to i !
the organic chemistry instrument. i 4

By August T, Viking 2 had successfully completed a maneuver and engine burn Lo
"~ to insert the spacecraft into an almost perfeect orbit, being only 0.2-hour i 3
greater tnan the desired orbit period of 27.4 hours, and a periapsis altitude ]
only 19 kilometers greater than 1,500 kilometers desired. . The Viking 2 erbit
parameters were such that the periapsis would "welk" around the planet at the
rate of 40 degrees per day at the latitude band of between L0 and 50 degrees
north selected for the Lander. The full 360-degree walk was to take nine days
B .- 7. and would permit a good examination of the spec1flc landing smte in the region
knowm as Utopla. o : B l

PR ML = T S

] By August 13, Viklng Orbiter 1 had been in orbit around Mars for 55 days,
e and Lander 1 hzd been on the surface for 24 days. .

By then, the engineering team,had.been able to resolve a problem with the

_ surface sampler that had occurred on August 3 during a second soil acquisition. = == . =
o ' The ‘ultrahigh frequency relay transmitter had maintained its 30-watt transmission -~ 7 -
S mode sinee early in the landed mission when for & few days it {transmitted in. the
‘ l-watt mode. Receiver No, 1, which served only as a backup for the main

i ~receiver, was still con51dered .8 problem although the receiver had been locked . N
j; : -up successfully on one or two occasions; and engineers were confident the receiver
R would be useful should it be needed.

P T VRO P SR SR N TP

e e mea
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3 Strlhlng plctures of the Mere landscape had been obtelned by Vlklng'Lander L,
and these are showna in Figs. 3, ¥, and 5. Vlklng Orbiter 1- continued to carry
. out the site photonmapplng of the region assoczated with the preselected landing
i site option for Lander 2.

Ana1y81s by ‘the Lander 1 blology 1nstrument of thé 5011 sampler was Wlthln:--' . o

B S the realm of a biological response. However, other possible causzes of the o P

=ﬁ 'response were being considered and tested as the experiment continuned, so the i ‘

' . data could not be zccepted as blGnglcal auntil other. explanetlnns were excluﬁed
- or-until the results of other experlments were fully evaluated.

e A et a1t e e L

R : C By'August 20 Orblter 1 had supplled the plcture data needed to complete a
-_comprehen31ve reconnaissance of the. Sydonla region- in which the preselected :B~1 - .

‘site Tor Vlklng 2 was 1ocated Meanwhile, Viking 2 provided similar coverage _ B
~af the Alba Paterra region in which the Viking 2 backup site B-2 was targetted, - -~ &~
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and a broad new area known as Utopla (B 3), which was believed, at that tlme to .

be the most promising. A tentative 1andmng time llne had been developed for the
landing of Viking 2 as follows:

Saturday 8/21 select prellmlnary slte coordlnates

WEdnesday 8/25: Mars orbit trim No. 3, 11 a.m. (Paclflc Dayllght Time)
- ?fidsy 8/27 ' flnal orblt trim |

Sunday 8/29: vertical pietures of site

Mdnéay'BfBO: fiealized site.ceofdinates

Tuesday 8/31 weather observatlon of site

Wednesday 9/01 weather observatlon of site

Thursday 9/02: Lander preseparatlon check—out approx1mately at. T a.m.
(Pacific Dayllght Time) : L : -

Friday 9/03: lLanding 2 p.m. to 6 p.m. (Paclflc Daylight Time)

.. -Utopia is a large brosd plain ldeated o thé north and or the opposite side of

the planet from Viking 1 landihg site in Chryse. ,Laﬁder 2 had been targetted
well to the north of Viking 1, at 47.9 degrees north and 225.8 degrees west.

A Mars orbit trim maneuver was successfully completed at iO:hB:a.mZ {Paci-

fie Daylight Time), Wednesday, August 25, to halt Viking 2's westward walk
around the planet, and to initiate a slower drift of the spacecraft's perlap51s

back to the East towards the preclse coordlnates of the landlng 51te

At 1: h6 P. m., August 27, the flnal trim needed to synchronlze the periapsis
point of the landing site was -conducted and the final preparation for the Septem-
ber 3 landing begln Meanwhile, the Viking 1 Orbiter began a process of . :
broadenlng its photographlc coverage of other areas of interest such as the

.. eanyon region, the voleanoes, the hlghlands, and the chamnel region:to the north- -

west of Chryse where Lander 1 was in operatlon on the surface

Lander communlcatlon llnks contlnued to perform well. It appeared that

_ the lockup capability of the backup receiver No. 1 was: temperature-dependent

and that it could be locked up. for 1ts llnk Wlth Esrth when the env1ronmental
condltlons vere satlsfactory: - S

Reflectlng at 1east as much prec1310n as the,Vlklng X landlng, the Viking 2
landlng took place safely in the Utopia Planitia on September 3. The landlng

- oceurred at 3: 58:20 p.m. (Pac1f1c Dayllght Tlme) . ‘During the landing, & problem . . .
with the Orbiter's attitude control system caused the hlgh—rate data relay stream

to Earth to be interrupted before the-deorbit burn had been completed. The rest
of the landing sequence was conducted in the "blind," except for lowerate engi~

o ;gnEerlng to: prov1de data durlng the automatlc descent. sequence.- Shoxtly after
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'.-Later that evening, the Orbiter was commanded baek to celestlal reference and

33-783, Vol. ITT

the Lander capsule separated from the Orbiter, z power fallure occurred that
caused. a loss of the Orbiter prime Inertial Reference Unit and Attitude Control o S
System. Almost immediately, the Backup Inertial Reference Unit and Attitude : =
Control Bystem regained control of the Orbiter and stabilized its attitude, but, .
during the few moments it wes without attitude control. the Orbiter's attitude

. chahged encugh for the high-gain antenna to point away from Earth.  Immediately,

commands were prepared and transmitted to the Orbiter to reactivate the Orbiter

computers and switeh the spacecraft system from the high-gain mode to the low- '
gein mode; this established a nominal engineering low-rate engineering data link . L
with Barth so that the problem could be evaluated and the orlentatlon of the - }
antenna determined. o ’ R

_ The Vlklng Lander continued its descent through the Martian atmosphere,
‘and, on ‘touchdowm, switched its relay rate to the 16 kilobits mode to provide .
the high-rate, ultrahigh frequenecy relay channel to the Orbiter. The indication’
of the data relay rate changeover on the Lander was received; although the Sol 0
(Mertian day) picture could not be immediately acquired as originally planned.

the high-rate data link reestablished. _ o : R

S -~ The first mission data recelved on Sunday mornlng was a playback of the
'.two Mare day (SOL) 0 pictures recorded on the Orbiter's tape recorder. Then . . .

followed the Tirst Lander direct link to Earth foliowed by a Lander relay link

from the Orbiter. The direct link provided a diagnostic-check of the Lander's

- condition and the relay provided the first color picture of the Utopia site. It
‘also indicated that the Viking 2 seismometer had eucceesfully uncaged and was '
operating normally. : :

O T PV Py U

: - The second picture following the Viking 2 landing was & 310-degree pano- :
" rama around the Landsr including the bottom half of the Tender high-gain antenna. . S
An cobvious blemish visible on the high-gain antenna was thought, at first, to be :
damage to the antenna. However, the subeequent'dlrect link communication param-
eter sppeared nominal, and it was subseguently established that the blemish i
resulted from a small amount of Martian dirt thrown up on to the antenna surface -
‘during landing sequence. The first two pictures taken by Viking 2 Lander at the -Q
Utopia 51ght are ehown in Flgs. 6 snd T Mars' famous rock, "Big Joe," is shown ' i
inFig. & TR SRR U ST Co e A _ o v

i

B. VIKING 1 PLANETARY OPERATIONS

As of October 29, 19T6 the Vlklng 1 Orblter had been in orblt about Mars . = :zé i
for 132 days and the Lander ‘had been on- the surface for 101 days. _ | ‘}

Vlklng Tander 1 continued to operate in the. reduced.m1551on._ The latest
sampllng of Lander 1 weather data from Chryse showed only mirnor variations from
-the data acquired piror to ‘the reduced mission at that site. ¥Wind velocities

_were somewhaﬁ hlgher. Atmospherlc pressure had leveled off at 6.85 mllllhars.

he labeled release and gas exchange experlments ‘wete in thelr long ineas
“batlon modes. The labeled release experlment after a thlrd 1ngeetlon,of nutrlent
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Fig. 8. "Big Joe," one of the most photographed of Mars' rocks

showed an immediate increase in count rate followed by a count-rate falloff of up to
30 percent. After such spurts of activity, the count rates evolved slowly in an
apparent linear fashion instead of the hoped for exponential rise that would fit

the response produce of a biological model.

Viking Orbiter 1 had ended its walk. The relay communications link between
Earth and Lander 2 through Orbiter 1 had been tested and was found to be excellent,

thus permitting Orbiter 2 to begin its walk.

C. VIKING 2 PLANTTARY OPERATIONS

As of October -9, 1976, Orbiter 2 had been in orbit about Mars. for 83 days
and the Lander had been on the surface for 56 days. Both the Orbiter and Lander
were performing well after weathering noncritical but troublesome problems.

On October 13, the direct downlink from Lander 2 was not received. The
following relay link included enough engineering data to isolate the problem to

the electronics that are peculiar to the Direct Communications System. The relay
downlink was not affected and continued to perform well.

Switch to the redundant traveling wave tube amplifier was made early in

November to allow the Lander 2 Direct Communication System to participate in the

preconjunction radio science activities.

Orbiter 2 experienced occasional probiems with the thermal mepper mirror
and an isolated tape recorder incident.

PN TR I R,
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Conjunction, the period of time ﬁhen Mafs is behind the Sun; was rapidiy'
approaching and would signal theé end of the Viking Prime Mission. It would,

. however, afford en opportunity for the Orbiters and Landers to perform some of
" the most important radio science experiments ever carried out. -Among other things,
- radio science experimeénts were to precisely determine planetary size and mass and

atmospheric characteristics, and provide new data about the Sun and the solar

- - wind,. One of the most interesting studies to be carrled out was the test of
' Elnsteln s Theory of Relativity. Lo e ,

On November 16, 1976, the Viking Prime Mission ended. Tnterest and activity
gradually moved to the events surrounding the then rapidly approaching solar con-
junction; preparation also began for résuming operations in the Viking Extended
Mission about the middle of December.
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(ITI. NETWORK OPERATIONS

A. | TRACKING STATION OPERATIQNS

1. - Tracking Support:

a.  lLander 1., The first Lander direct iink took place during the Deep - ‘;}5
Space Station b3 (Australia) view period on July 21, 1976, approximately 18 hours :
after the landlng, during the Martian mornlng ' : 1

Por the Lander dlrect-llnk support, a speclar telemetry and command eon- - §
figuration hed been devised. This configuration (Code 61) provided for redundant
Lander telemetry processing channels. Redundant command capability was provided
by the use of two separate high-speed data lines connected to separate Command
Modulator Assemblies, The Code 61 configuration is shown in Fig. 9., The Figure
shows prime Lander engineering and science data provided by Telemetry and Com-—. :
mand Processor 2, channPls 1 and 2 i

- Backup processing was prov1u__ oy Telemetry and Lommana Processor 2, chan—, ' b
nel 3, and Telemetry and Command Processor 1, chamnel 2. From this conflguratlon;
Lander data were supplied via three different transmission paths over two high-
speed data lines and one wideband deta line. The configiration minimized the
possibility that a single-point fallure would cause a loss of data.

e

. -Lander direct-link support began with the beglnnlng of the uplink scquisi- [IN
tion sweep. A transmitter: power output level of 20 kilowatts was used. The. T Rt
N sweep was designed to take into account the uncertainties of the Lander best lock ' T

b o receiver frequencies and widened to insure the acquisition of both lander ‘

: © receivers. A total fre,uency range at S-band of 135,648 Hz was swept at a rate

of 43.2 Hz per secomi. The duration of the sweep lasted 52.5 minutes. Table 1 . :

shows the upllnk/dOWnllnk sveep and ranging parameters used during the first : IS B

direct link. Since the spacecraft transmifter was not turned on until ‘the uplink L
“,~acqulsltlon sweep had been- completed, ‘the. sWeep was completed in the blind - 5}\&

‘without beneflt of downllnk lock. S : Co RS

Command modulatlon was then turned on, but commandlng was delayed until S IO

"the results. of the commends could “e verified by the downlink telemetry. Com- = = :
mends were selected that would not alter any spacecraft parameter but would - allow RS .
the Lander Team to verzfy command capahility. . . |

H
!
!
i
!

‘At approximately 2 hours and 10 minutes following the start of the uplink R i
acquisition sveep, Station h3 obtained lock on ‘the downlink. A& special down~ - - . oF
link acguisition sweep for the Block IV receiver had been devised that. gu&ranteed . oy
lock in either the one-way or two—way tracklng mode. Th:? sweep covered a range = Pf
of 105,600 Hz at S-band, and.was swept at a rate of 4800 Hz per second. Lock . ... .
was obtained on the Block IV receiver in the two-way tracking mode. Pollowmng AR
downlink: acqulsltlon it was discovered thait uplink lock’ on spacecraft Receiver 1.

. had not been attained. Several minutes following downlink lock, Recelver 1 was.
obsérved to- go - into. Iock: The ‘commands sent earller were observed to be
recelved and processed by both spauecraft receivers through monltorlng of the

T r ﬂ'e_.f;:?';e T R _f_;,_;“._._l3;;y:_,v1.
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Fig. 9. . Standard planetary configurafian, Orbiter-Orbiter-Lander, Code 61
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. Teble 1. Lander 1 initial acquisition: Station 43, 8ol 1% i
: . Parameter : T - Value - o ”ﬁf_,
| . ; . ]
5 Uplink acqulsltlon,SWeep ’
R o Transmitter on : A . 05:10:00 Univérsal Time, Coordinated
: © Transmitter power o 20 kW ‘
o Frequency , LWhp2zkok.0 Hz . N _
o E ~ Start tunlng (time 0) . ©05:10:40 Unlversal Time, Coordinated :
. Tune to C o Y blio20604.0 Hz v R I
E Tuning rate (rate O) : -0.9000 Hz/s = C T
: Time (time .1) 05:45: 40 Universal Time, Coordinated G
Tune to track synthe51zer ) .. Lho21540.0 Hz _ i
 frequency o ' LT o : e - : S . 3;
i Tuning rate (rate 1) +0.9000 Hz/s _ ' : I
i Stop tuning (time 2) ‘ 06:03:00 Universal Time, Coordinated b 5
. - . Compand modulation on = - . _ : 06:03:29.Universal Time, Coordinated b |
o Range modulaticn on - © 0 07:20:20 Universal Time, Coordinated . e
i , Sweep duration 52 min 20 s Lo é
i . Downlink acqulsltlon sveep ' if,% i
P ‘Start sweep . ) © 07+#10:00 Universal Time, Coordinated n "”g
' Sweep upper limit , . bh753046.55 He : ' i
Sweep lower limit ' - : 4h751846.55 He . P E
Sweep rate . S w000 100 Haz/s o o _ I
. . R ERE R B T EINRE
Ranging parameters . ' _ ' ' S ]
Q S Enter acqulsltlon dlrectlve 'OT 20: 40 Unlversal Time, Coordinated ' : ?'” E
TS : - 0s ' co.
Round trip llght tlme 38 min 5 s o
Comporents . . . 15 B
®Receiver voltage-eoﬁtrolied oscillator = 23.8625 MHz. Blas receiver fre-’ - i'
‘quencies. according to. actual measurements. _ o _ i
bBeceiver to be swept 1n acqu151t10n mode with acqulsltlon trlgger at’ zero— o . f%f'é
beat enabled. : Lo
e
o , 'commanQ'ségment count.. Bangingfdaté were éuccessfulij obtained during the last _ A
L 10 minutes of the downlink pass. At approximately 1 hour after the dowilink BN
i . acquisition took place, loss of lock was observed. No anomalies, excepu the o P
: 1n1tlal failure to lock spacecraft Recezver 1, occurred during the Tirst dlrecﬁ  %L i
; © link. Lt ”?#
; , : . L
- ..., The station- workload.durlng the months of August through November 15, is -
; ._deplcted in Table 2. Tt shows the number 'of Viking passes. provlded the number: r..-{f;..f, 3
@ . " of hours of tracking tlme, and the number of commands transmltted : 7 R o i
: i 15
: '-'.! |
g < e . : e ST S R e R e e gy
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Table 2. Deep Space Station support summary for Viking
o _ orbital and lander operations -

AR L

Bumber of
commands transmitted

Deep Space Number of

Station tracks?d Hours tracked

R — mest
i) 3 229:35 2 P
12 | 6 k2:55 0 D
e . D T T = D . holi3y [ 2,248
- | b2 | 27 - 2h2:53 | 1,440
b3 _ 69 _ 571i:21 , 3,094
Ml S ; T o O ':':56:55 : S 1; L ﬁ;_._o L
61 3 305:2h 3,511
62 9 B3ihs . k438

I - - © 5hlise 2,318

L Total (monthly) ~ 310 2569: 1k 13,051

T T T T T septemer R

’ T R T 2l6:iih N
12 6 ks 6
FU 72 - 48759 R -1

Rk [ 35 3152 1,532

AL W3 e 68 5T8:06 o 0 2,685

S T = Y- R b

e 2 26113 1,078

62 . 7. Usesy o3z
63 83 557:52 438

G e v TN AT
——

1“:._4‘ B

P

© Total (monthly)

e g
P R A PRI = * SR TS VI S T TH e T TS

U0 T 2613:330 o - 8,660 . i
: Octcber : P

_ . : !
-1 . 32 =ik o 1,515 A § .i
-.:12 -: c .»;dfi - = UfOf.'.. SR ’3f 0';. -'.- S "']*f'
1k R ¢ G 413:57 1292 |
cdg 0335108 2776
b3 8 - 787:16 o 2,967
B S L e
~_;61"a“'v~.;:-ljj" s asiise o aere
62 s 3si36 - 39
LT 6379 590:020 o 152k
_ Total (momthly) = 342 - .26h7f25 | ..  o -i3;069..:
' - 16 o

1 b ARt

= . B 4 . - ’ o Oy



Table 2 {Contd)

.Deeﬁ Space Number of L . Number of
Station tracks® Hours tracked commands transmitted
' November 1 - 15
TN S 18 - - 103:36 339
12 0 0 o
AL 30 167:18 ko3
‘b2 Ca1 113:43 bbb
L3 36 327:16 1,963
W 0 | 0 0
61 17 133:49 0
62 2 15:h0 0
63 2k 181:01 - 1h3.
Total (monthly) 138 1042:23 3,292
Report total 1130 ..8872'35: 38 072_

The nunber of tracks includes the number of passes, each of which 1ncludes one,
two, or three spacdecraft 51multaneously :

The more. 51gn1f1cant events of the mission that engaged spec1al attention '
from the Network are given in Table 3.

- b. .  Separation and lLanding of Lander 2. Because of an attitude control

anomaly shortly after separation, Orbiter 2 swmtched froi the hlghugaln to the low—

gain gntenna while still in the high-rate telemetry mode, causing the loss of
all telemetry data except for some relay-link signal level readings. These indi-=

cated that the descent was proceeding neormally until the Lander's h-kbps descent

data changed to 16 kbps on touchdown. However, some of the high-rate data were
available in real time since the Orbiter remained on the low-gain antenna. The
data were recorded by the Orbiter and replayed several hours later when the

L problen had been corrected.

Reports from Statiom 1k at'Goldstone indicated that the ¥-band signal level
started to decrease at 19:46.27 and went out of lock at 19:47.02. About .one

- minute ‘later the S-band signal ‘level started to decrease rapidly and at 19:47.52 -

(Greenwich Mean Time) all three S-band receivers were out of lock. Two minutes '
later the station recovered the S-band signal at a steady level of -169 dBm, which
was consmstent Wlth low~rate data on the lowugaln antenna.

Immedlate correct;ve actlon requlred the statlon tO'transmit-thrée ¢oﬁmands
to verify the low-gain antenna, switch to cruise mode, and select 8-1/3 bps

telemetry data rate. The spacecraft responded with low-rate telemetry, 1nd1cat1ng
- that the Attltude Control System had switched to inertial reference.because of a .

failed L0O-Hz inverter unit. As a result, the spacecraft had rolled off the
celestial reference, Vega, by an urnknown ameunt creating a severe high-gsin

-antenna pointing error.

lT
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'uSLng the contlngency ‘plan originally developed for Mars orb-J'lnsertlon, GOm-- -

 91ctures was 1n1t1ated from the Orblter tape recorder
o mately 9 hours later than orlglnally scheduled...-n

of exceptionglly high dctivity, with the Deep Space Network being utilized to near
" the- data processing capabllltles at a statlon ln tﬁe eyent of a 51ngle—p01nt fa1lfj§ fq'”ﬂ_'éﬁf"

”'ure in any telemetry stream.

“:'lport of Viking planetary eperations” continued through Oc¢tober. and- November with . ... .
" the official end of the prime and start of the extended mission oceurring. on

33-783, Vol. III

Téble 3. BSignificant Viking Mission events supported by the Deep Space Hetwork -

Event - ' ' ﬁay/time 'V: ' " Station
Lander 1 touchdown ‘ 202/12:12:07 43 .
Lander 1 direct link established =~ 203/0700 - 0830 ~ = 43’ v
Orbiter 2 Mars orbit insertion 220/12:33: 42 63 b

§ Orblter 2 Mars. orblt trim No. -1 .

Mars orbit trim No. 2 S - o o ' i' o f;f

Mars orbit trim No. 3 238/18:26:02 1k
. Orbiter 2-Lander 2 separation = - 247/19:38:59. ~ . 1k T
Lander 2 touchdown . : ah7/22:58:20 1k ;

Lander 2 direct link established - 249/01.:30:00 _ 43

Further commands were sent to ensure the recording of the immediate post-
landed data. By this time Station 43 in Canberra had acquired the spacecraft and,

ol

manded a 360-degree roll to obtain a star map and an X-band strip chart recording ;
at signal level. : o -

The roll attitude indicated by the stur map was consistent with signal level = = = ]
peak obtained from the strip chart, both of which confirmed that the spacecraft i c
had rolled 22 degrees off Vega and that the high-gain antenna was in good condition.

a4

;:F01lowing”fhis déﬁérmihatibh;'mOfe'ddmmands rolied“ﬁhé-sﬁacécraft'béck o
22 degrees while still an inertial reference, and selected the high-gain antenna.
As expected, the signal level returned to normal, and playback of the postlanded

A1l sequences were executed as planned, and,the first plctures from Lander 2 o
of the Mars’ surface were received in the early morning of September h approx1—'

With two. spacecraft in orbit -and two spacecraft landed, all returnlng L L g:};t
extremely large amounts of data daily, the Viking Mission now entered a perlod Lo

100-percent capability continuously. The loss of data dué to Network hardware -~ .
failures was insignificant. This was made possible, 6 a large degree, by utiliz- - : :
ing Gl-meter Station "failure-mode" configurations that were desighed to optimize

c. Planetary Qperatidns Activities. Deep Space Network Operations sup-

Novembér 15.  The actual support of radioc science started on’ & regular basis with

_ solar corona and Farth occultation experiments beginning on October 3 end 6, : o
ol respectlvely H1gh—power transmltter (usually ak lOO kllowatts) support for- the IR f;-f;-ﬁ.i

18
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‘relativity experiment began on November 3; this support was terminated on
; November 7. These conditions were established primarily because of the 1link
et : degradation during the superior conjunction period, and remained in effect
N through the end of this reporting period. Because of the nature of the radio
il ~ science organization and requirements, and the degradation of all data types
during superior conmunction, an extra effort was required in short—lange plannlnh
-and control of the required support.: This effort was expended mainly in the ‘ o
production and coordination of special procedures and in the generation of the :
.. seguence of events to be used by the Network Operations Control Team and support~AA
ing Deep Space Stations. Added tracking by Station k43 was required also, B 5 |
affecting support of other projects and station activities. _ ’ j}”-f

_ .Other support during the period included additionai Receiver 1 tests of - . T ] K
Lander 1 using Station 63. The special procedures required were implemented ' o o
without problems during the tracks from October 9 through 12. A special alter- o i
nating renging test wes successfully supported by DSSs 61 and 63 on October 17 - i \
with Orbiter 2. The purpose of the test was to develop the procedures to be used RN T
for the Mariner Jupiter-Saturn (beager) Project ranging suppori requirements. :

‘the 6h—meter stations, Network Data Process;ng Area, and the Ground Com-
munieations Facility were released from Viking modified carfiguration control- * - A
(soft freeze) on November 15. All Network facilities remained in stapdarda =~ =
configuration control throughout the period except for Stations 12 and 63. Sta- 7 _
tion 12 was released on October 3 for Mark III Data System reconfiguration. A
Station 63 was released on 15 November for antenna bearing corrective maintenance. T

- Three significant problems occurred during the period that reguired action ‘ o
by the Network Operations Control Team. Station 14 was unable to process high- P
rate telemetry through October 22 to 27 because of Block Decoding Assembly fail-. - . = 4"
. ures requiring special coordination of data recovery procedures. Data recovery : ; ;
involved shipping the analog recordings to Compatibility Test Area 21 for digiti- o :
zation and subksequent Intermediate Data Record production. Time was not avail-~ o {f
able for this effort at Station 14 because of ‘tracking and station internal ~ =~~~ o
requirements. On November 16, the second problem occurred when Statiorn 1h track-
ing support was cancelled to extend the hydrostatic bearing maintenance work in
ST . .progress; U51ng Station 11, Vlklng support requirements were successfully
. negotiated in real time. The third problem was that on October 29; radio fre-
X ‘guency interference caused loss of data at Stations 11 and 1k for LS minutes.

T Y S I S C

cda Qceultation and Solar Corona Support On -Qctober 1 Lander 1 wvas con-
tlnulng o send data via the daily direct S-band link: Lander 2 was sending sc1ence '
data via both the relay link and direct link; Orbiter 1 was_ synchronized over =
Lander 2 and acted as a relay station; and Orblter 2 had Just begun an orbital
©.walk for cbservations of the Martian northern: polar cap. : . o

L Highlights of DSN support and. Viklng act1v1t1es during October end November R [
. Were:

October 2: : The.firstiﬁgrazing” ﬁarﬁh'6CCul£e£i0n fer Orbi£er 1 _
. pccurred with no degradation cbserved on the downlink. R S

‘October 37 ;fi-istatlons Al and b3 ‘began taklng -data for the Solax Corons, Ch
Experlment. » A _ : P




October ki

Oetober 5:

Qctober T:

October 1l1:

Oeﬂober iSﬁ o

- October ‘1T:.

October 21:

- October 26: =

‘October:29:
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"Grazing" Earth occultations continued for Orbiter 1 with

. no degradation observed on the downlink.

 The first "hard" Earth occultation occurred during Sta-

tion k3's pass on this date. No effects of superior con-

©junction on automatic gain control or signal~to~noise retio

had.been observed

The third Earth occultation occurred. Orbiter X-band
downlink signal level inereased by 3 dB when the upllnk

-~_transm1tter was turned off.

Following Earth oceultation exit, Orbiter 1 was found to

~ be transmitting in the cruise mode at a data rate of :
.33.333 bps. The attitude control electronics had switehed -

to the backup system. The Command Computer Subsystem had
erroneously responded to a loss of Bun signal during Solar
occultation and issued a "sun loss routine."

Orbiter 2's. infrared thermal mapper was commanded on. It
Had been turned. off earlier due to a mirror-sterping :
problem.

Orblter 1 Earth occultatlons occurred durlng Statlon 63

view period.

“An alternating range experiment was tried during Sta— o

tion 61/63 view period for the Marlner Jupiter-Saturn
77 {Voyager) Project.

A special Radio Science Coordination Voice Network for -

Stations 1k and 43 was introduced for the purpose of
technieal information exchange between the radio science
advisors and the stations. Superior conjunction effects

- had not yet ‘been cbserved on the downllnks. Some noise
.had been observed on the uplink. :

A hlgh-galn antenna calibration for Orbiter took place

~furing the Station 1 pass. The station's Digital Instru—”;'

mentatlon,Subsystem program halted during this test
causing two data points to be lost. Automatic gain con-

.trol levels were reported by VOlce durlng the outage._-;

Effects of solar congunctlon were now being seen in upllnk

~and downlink. Variations were seen in upllnk sagnaﬂ level
- and downllnk 51gnaleto—nolse ratlos.A ; -

Severe‘radlo frequency 1nterferenbe‘at Stetion'lk caused
loss of 8-kbps data for half an hour. A message was

. sent to all network. statlons reguesting system noise’
temperatures be ineluded in the posttrack reports for
the purpose of determining solar conjunction effects on

station parameters. The data were to be taken between .

3 Vovember 4 and .Decenber 17, 1976
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Bovember k: A message was sent to all network stations advising -
them of 2 reguirement to use high-power transmitters
during the time frame of November 3 to Decewmber 13,
1976, Power levels to be used were:

100 kilowatts at Station 1h

L LT ST o .50 kllowatts at StﬂthﬂS h3 and 63 ;__,

20 kilowatts at Stations 11, k2, and 61 I
. Use.of higher power levels decreased nolse on two—way o ;
‘doppler and ranging. : : ' N
~ November 6: Solar conaunctlon effects continued to be seen., Effects
' s . were: :

Up to lO—dB fluctﬁation on uplink signal levels

N _ o Up to 20-dB degradatlon on englneerlng 51gnal~to-n01se
S oL ratios. : : . .

Both 26— and 6h-meter stamlons indlcated the same slgnal—

to-noise ratio.

“Downlink was degraded by 2 dB.

November 10: Two-kbps data being received on this date showed signal— ' s
to-noise ratic of 6 dB, but there was extremely high bit o
_error rateé: The Sun-Earth-Probe angle on this date was. .
4.5 degrees. Thls was the last attempt for Orblter high=
-rate data.

B T L T T PO SO

November 15: -  This was the last day of the Viking Prime Mission. Engi-
neering data were still being received at a signal-to-
noise ratio of 3 dB at 26-meter stations and 5 4B at

~ bh-meter stations. Bit error rates for 26-meter stations
-'were estimated to be 23 in 4687 bits or 5.x 10-3. -

Table i llsts the Vlklng support activitles during the reporting period.

PR |

e. Vlkl;g Comp;ﬁereﬁlded Countdown Program " Another factor that con-
tributed significantly to the level of station support provided to the Viking
Mission was the computer-aided countdown technigue. The computer-aided countdown

" program.vas developed by - personnel of the Madrid Deep. Space Station (62) within
its "Network Engineéring Program," with the assistance of the Ketwork System
Support Group. Work on the program began in March 1975; however because of a _
heavy workload associated with preparations for Viking lsunch and tracking sup- ' P

- port, it was not completed until March 1976. - Durlng that month the program R ;5

. was evaluated and software acceptance testing was performed.. : . , T '-j-~“3;'é}*

e anrm il o

N sk e i £

3
;

The program effectively combined tasks prev1ously performed by'several
- separate test software’ prcgrams, and - shortened the tlme requlred to support

' station precallbratlons.'_'~

oy
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Viking support activities

. Period

Deep
Space
”Staxion

Number of
tracksw .

Track time

Number of

September -

* . Detober

November = . -

1-15

11
CooA2
b

4o
b3
Yy
61
62
63

12
b2
k3.

ik
61

63

'::;1;5 
12

b2
coh3
.,,5ﬁ g
61

R

63

.29
6
-
35
11
29
T
83

3o

32

T
32

© 31

19
k2.
18

0
i
36

T

. 138

"216:;k .
45:21 o
L8T:59

315:42

578:06

91:29

261:13

59:37
557:52

2613:33

212: h3
Q;O

- L13:57 -

35L:08

L T8T7:16
 his1

251:52

35136
. 590:02
 26hTie5
10336
7 ?_.O _

- IST:IBJT
.113:h3, .
327216 ..
"133:49
Casvho.
- 181:01

. lobez:es

1524
o 13069

ih30
6

1532
2685

107

- 332

1438
8660

1515 )

0

1292

2776

2967
BRaRS

'2676
319

: 339. o

4]

commends

1205

kb
1963

b _

;fQ ﬂ3m S
. 1&3'7».
3292

T U
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. downs were committed at all Network: stations supporting Viking,. 4nd were ‘continued
throughout the Vlklng prlme mlESan. .

~ level. 1l for passes in which a critieal event was scheduled.
2. Llnk Performance Tor August and, September 1976

,Figs; 10 and 11.  The large step downward for the uplink signal level, which

© 33-783, Vol. III'

The program provided for a centralized verlflcatlon of station performance
in four important areas: : . . .

(1)  Telemetry System performance. : ' ?'

(2) - Command System performence.
(3) Doppler performance.
(%) f'Plenetary-Ranging-ﬁssembiy~éountaowﬁ performance.

Written for a typical 6h-meter station, the program had the'abilityrto test
and verify six ‘telemetry channels, two command processors, the Bloek III S~band

receiver and the Block IV, S~ and X-band doppler receiver. ' o R

' For 26-meter stations, the program was capable of testing four telemetry
channels, two command processors, and the Block III S-hand doppler receiver..

The software was designed with the flexibility of accommodatlng all p0551ble
Viking telemetry rates, Orbiter and/or Lander command, and any coﬂblnstlon of

: Blook III Block IV S—band or X%band doppler processors.: L R I S

The computer—aaded countdown was flrst used by the Network in ‘April 1976.
The months of April and May were designated as a trial and tralnlng period. Dur- 4

- ing this period, the three levels of -computer-~aided countdowns were exercised,

while personnel beceme familiar with the program and developed procedures for

- optimizing its use. Table 5 defines the computer-aided countdown level by station, ?’

and identifies the options of each. Beginning on June 1, 1976, the level 1 count-

Table 6 1dent1f1es the results of the level 1 computer—alded countdowns o P
. during the two months of contlnuous use during the Prime Mission. C '

Starting with the Viking'extended mission, the level 2 computer aided -
countdowns were to become the prime countdown level, with the optlon of u51ng .

a. | Orblter l Llnk performance Tor August of Orblter iis shown in’

began at the end of June, appears in Fig. 10 to have stabilized. Both Stations. l¢ .

- (Goldstone) and 61 (Spaln) show the downward trend to reach a value of almost

-4 a8 through August.

Almost all. downlink tracking for Orbiter 1 (as well as Orbiter 2) in August.. .

- was Wlth ‘the ‘6li-méter stations. On the average, ‘there is almost no trend in

downlink signal level during the month. Station 14 went from a.mean:
value of -0.6 dB to -0.1 dB from July to August That station has a standard

. deviation in August of 0.6 dB, with extremes of -1.6 dB and +1.0 dB, while
© “Btation 63 is down to -l O dB in August from -0.5 dB in Juiy for the mean_downe

link residual. '
23
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Table 5. Computer-aided countdown levels

'Tlme o

: : S o execute, .
Station  Level hours.ﬂf Options
i& 1 6 - 2 hours of full Deep Space Statlon testlng followed by a bullt-ln
ﬁg . -7+ 2.5=hour hold (or rectlflcatlon), then 1.5 hours of retest and data
fi transfer test
63 2 3 2 hours of full Deep Space Statlon testing. followed by a l-hour retest
B h o ‘and data transfer test
EE_ :Ll 4.5 1.5 hours of Full Deep Space Station tesflng followed by a 2-hour
61 if _ built-in hold, then a l1-hour retest and data transfer test.
v 2 2,5 1.5 hours of full Deep Space Station testlng followed by a A-hour retest
L . and data transfer test o N . .
Sl ffl 3 1.5 hours of full Deep Spece Statlon testlng followed by a 0. S-hour
lé o - built-in hold, then a l-hour retest and data transfer test
hﬁ s 2 2.5." L.5 hours of full Deep Space Statlon testing followed by a l-hour
o i ' retest and data transfer test
62 3 1.5

1 hour of full Deep .Space Station testlng followed by 0.5 hour. of
data transfer test

III "TOA “EQL-EE -
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Table'S.V:Computer—aided-eountddﬂn utilization for Viking Prime Mission
Performane Station 1k, 'Station 43, Station 63, Total,
. K reriormance ‘ passes ' paSSee- passes ~  passes
vfféh-m computer—alded copntdbwn.échedﬁled for 6-charinel so . 3 57 . 1h3
-~ support ‘ K : : : RE o :
f'Station green after full Deep Space Station testing .~ 38 30 50 . 118
. - Equipment anomalies corrected during built-in hold - g 3 b 17
e'JEquipment anomalies cofrectedAduring-testing and - 2 o 3 2 - T
- buiit-in hold’ ' S ' - '
- DSS unable tofSuppor£.6 ehenneis at the end of the 2 ' 0 2 _ i
j_compuier—aided countdown‘&ue to equipment anomalies - '
f_Conclusions: L. Deep Space Statlons vere red for 6 channel support prior to the built-in hold 17.5%
‘ ' _ of- the passes . :
2. Deep Bpace Statlons were red for 6 channel support prior to A0S 2 87 of the
: passes : _
o 3 e ey ot L g 37 ombemarraa e HY‘TW“ . i e e ~ . - - e
I ol ke AL s AR ket ot B alny :uk--md-n)-l‘;.tn;m.m_.mm‘u‘_, Y P * . - T .
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'BEEP SPACE STATION

12!

42

L 2ap
N

&1

62

43

. 2:0]

63

1.0
0.0

-1.0
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0.0
-1.0

-2.0
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4.0k

1.0

0.0

-1.0
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1.0
0.0
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0.0
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2.0
.0
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4.0
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]
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3.0
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1.0
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0 "Fig. 10. . B<band upiink signal '__-lev_e’zl-i
S ' Viking Orbiter 1
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‘High-rate signal-to-noise reatio performance remains outstanding. 1In
August, both 2 kbps and 4 kbps had 0 dB residuals, and 8 kbps had -0.2 dB mean
residual. The latter is down from the 0.0 dB mean residual in July, but not a
significant amount. - Of in.%rest to users of the data are the extremes, partic-
ularly the negative extreme. for U kbps, the lovest residual observed was
-0.6 dB, and for 8§ kbps, the lowest was -0.8 dB. On several days, Station 63
operated with Maser 2, which elevated the system noise temperature. With the

- predicts- corrected for the known system noise temperature, the residuals for"

these passes remained normal.

b.r Orbiter 2. The August data for Orbiter 2 are summarized in Figs. 12
and 13.- The performance during Angust remalned very stable for all the S-band
links.

Orbiter 2 was busy with site certlflcetlon activities for the September
landing of Viking 2. Accordingly, Orbiter 2 had most of thé 6L-meter uplinks
during August. At these 6h—meter stations, the uplink residuals were little
changed from July.

Downlink performance for Orblter 2 vas unlformly good w1th the greatest

| negatlve downlink residual being the ~0.5 dB at Station 63 and he greatest

positive one being +0.6 dB at Station 11 at Goldstone.

‘The 10w—rate 51gnal»to—nolse ratlo performance for Orblter 2 showa the
same characteristic as mentioned for the Orbiter 1, that is, one 4B difference
between the 33-1/3 bps residual and the 8-1/3 bps renldual.

The hlgh—rate 51gnal-to—n01se retlos were excellent. The'éruc1el 8-kbps
rate, used for playback of site-certification Visual Imaglng Subsystem, had a
mean value of +0.3 dB in August, little changed from the July value of +0.4 dB,
and a standard deviation unchanged.at 0.3 dB.. The b -xbps, - used for infrared data-
playback ‘and scon to be used for relay data playback on Orbiter 2, also had a
mean residual of +0.3 dB, and a standard deviation of 0. h dB. -The 2 kbps, appear-
ing mainly in the Flight Data System real-time high-rate mode (but also in Septem-
ber for the Vlklng Lander Capsule checkout) conelstently has a large positive:
residual. ' : .

c. Orbiters 1 and 2 X-band Downlink Signal Level. Plgures 14 and i5

_L-show the Orblter 1 and Orbiter 2 X—band downllnk r951dual p01nts respectrvely...

- Looking at Flg._lh ‘the Orbiter 1 mean value is 0.7 dB for August and

there is a large amount of scatter, as evidenced by the 1. T-dB standard deviation.

Flgure 15 shows a similar situation for Orblter 2. ‘The fmean value is +1.2 dB,

“and the standard delvatlon is 1. 4 dB. . The range of data {extremes) for Orbiter 1

is from -2.1 to +3.8 dB; for Orbiter 2 it is -3.3 dB to #k4.1 dB. This large
scatter was observed prev1ously and reported in Vclume II of thls repor?

.. Lost ngh-Rate Data. Perha@s the most 51gn1f1cant "new" problem to

"~ surface during Augusi in the telecommunlcatlons area was the recognition that =

certain amount of the high-rate "science" data were being lost somewhere between-

- source and users. - On Days 76/233 and T6/23h (August 20 and 219, it was reported’
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X—ba.nd &ownllnk 51gnal level res:.duals for V:Llclng

Orbiter 2 durlng August 1976
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A R ~that the Subcarrier Demodulator Assembly at Station I3 was slow to lock up on
- the b-kbps infrared data stream after & period of single-subecarrier operation
on Orbiter 2.

‘A message was sent to Station 43 requesting further information. This
message pointed out that the Day 76/23k problem occurred with Station 43 using
i two parallel processing channels (i.e., different receivers and Subcarrier &
I Demodulator Assemblies), and both were slow to lock up.  The Analog Original i
T Data Record tape for the Day 76/233 pass was returned from Australia, and :
played back at Compatibility Test Area 21. Tt was found (a) the speed-lock SEPER
signal on the tape was faulty, therefore the Test Area 21 Subcarrier Demodula- ; )'
tor Assembly could not lock up on the receiver base-band output on the +tape, ‘
dlthough this was not a problem related to the original subcarrier Demodulator B
Assembly slow lockup; and (b) examination of the signal spectrum confirmed o :'5““11
, : that the high-rate subcarrier was present beginning at the time it should i |
- have been, but the signal levels on the tape were too low to determine if '

;‘E o there was proper modulation of the subearrier. :

There have been other occurrences of slow or no lockup of Network equip- : i
ment. These have occurred on at least one Lander 1 direct link, as well as with :

" both Orbiters 1. and 2 high-rate Qinks, with both Visual Imaging Subsystem and
infrared data, and at several stations. As it does not eppear to be a problem Lo
confined to a single Orblter, the Network investigated further. N

Au\h\*;:“:'up_ - .

L

H
i
' é "~ e. " Orbiter 1 Link Performance for September. A1l uplink signal level
; : residuals for Orbiter 1 remained stable during August and September as shcwn I
] in Fig. 10, . | _ e
S P Nofie of these had' changed 31gn1f1cantly since the - "uplink anomaly" first
~occurred at the end of Jume.

Downlink performance for S-band is summarized in Fig. 11, and all residuals A
are smaller than 1 dB from predlcted values. .Figure 11 shows that little overall g

~ trend for the past three months. The 26-meter network was used sparlngly for
"~ downlink, and all the velues included in the flgure.represent the c¢ruise mode, A B
when the statlon was being used prlmarlly for its uplink. : §__

PP

[P

: . Por Orbiter 1, 33—1/3 bps engineering signal-to-noise ratio was usuelly
very: close £6 predlct whether or not the high-rate chanmel was ON. The high~
rate signal-to-noise ratio continued its excellent performance. Almost all
Visuval Imaging Subsystem data were returned at 8 kbps. The 8‘kbps signal—to—
nOlSE ratio mean reSLdual .was —0 3 dB in September.. L :

b
¢
P
L
Dok
i

Residuals for the uplink and downllnk signal level low and hlgherate )
signal-to-noise ratlo X-band signal level, and doppler noise; for ‘the month of
September data are shown 1n Fig.- 16. A significant inerease in doppler noise
at the end of the month is apparent. This trend, which is also present in the
Orbiter 2 data (Flg 17), is attributed to solar act1V1ty at the onset of the.
Vlklng superlor conJunctlon.
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Cis remarkable, although there is statlon—to—statlon dlfference on a s:.ngle
: corbiter.. .o : : .

i
, L
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Fig.'16. Orbiter 1 doppler noise and . X-band downllnk 51gnal
level residuals durlng'September 1976

f, Orbiter 2 Link Performance.. Orb:.ter 2 uplink quantities (F:Lg 12),

llke those for Orbiter 1, do not show any partlcular trends durlng September. o j'kiﬁ
PR

It is 1nterest1ng 46 note that the Statlon.lh valué is 4.1 dB hlgher than = L

that for Orbiter 1; the Station U3 value is 4.1 dB higher, and the Station 63 SR
value is 4.1 dB higher. ‘Again, comparing the 26-meter Orbiter 2 values with the P

. .Orbiter 1 values, the Station 11 value was 4.2 dB higher. for Orbiter ;. th NPT R I
- Station 42 value was 4.3 dB higher, and the Station 61 value was k.l 4B higker. wE
Again, the consistency of station performance between Orbiter ! and Orbiter ¥ fg j

S—-band ‘downlink (Flg. 13) was close to the predlcted value, a.s on Orbiter 1.

" Over the 6h4-meter network, the me n residuals were -0. 5 a8 for Statlon lh -0. 5 a8 ;T
. for. Station. 1}3, and- ~0 } 4B for Svation 63.7 . oo I T e T N R
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Except for the doppler -noise, none of.- the l:.nk qnantltles ahOWEd. any over- .

ail'trend during the month. The ¥-band signal level showed a ' very 1arge amount
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240 245 - 250 255 260 © 265 270 75

GMT DAY (SEPT 1976)

_Crbiter 2 doppler noise and ¥-band downllnk s:.gnal
level residuals during September 1976 :

of scatber, as has been the experience on the Viking mission. Orbiter 2 data
ra.nged from +3 2 to --1} 5 d_B, relatlve to pred:l.cts, for the: X-band.

g, Earth

Occul‘batlons. The V:Lklng Rad:.o Sclence Team generated

requirements for the communications links during Earth occul"ta.t:l._on5'

R GO

S-band. ‘and X—band carriers are to be ON during the tlme the R

. beam is w1th1n lOOO km of the surface of Ma.rs.

(2)

(3)

The cruise mode is to -be ON d.urn.ng the ’c:-..me the beam is
m.“ﬁh:.n 1000 km . of the: surfaoe. o :

The ranging cha.nnel is to be OFF. during the tlme the beam 15,. :

: ‘W“.‘L'thln 1000 km of the surface.

Ly P oo

e
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(4) To preclude disruption of the incoming downlink signal, no
transmitter tuning is permitted until after the Earth reeelved
time of the ex1t occultation 51gnal at 1000 km.

3. Link Performance for October and November '

Link performance for Orbiters 1 and 2 remalned normal durlng the reportlng
period of Qctober T to November 15 except for the onset of effects of superlor

:congunctlon._-

Because of the onset’ of -superior conJunétion effécts, no abttempt was made
this time to quantify the lipk performence in terms of "mean residuals"

‘maximum/minimum velues. - Ah assessmént of the various links is that the Orbiter o

telecommunications performance dld not change, nor had the Network station
performance.

" Qualitative link performance is &1ven,1n Flgs. 18 through 20 for Orblter l
and in Flgs..2l through 23 for Orbiter 2. .

In each of the flgures, the small characters-are keys, Ho the 1dent1ty of

_ the statlon 1nvolved These follow (same kKeys for 811 figures):

1

h

i
g
=

Key  Station Key  Station Key Station
N 6. - D b2 H 1
o . 62

T T -3

Some statistical data are included with each of the figures. Residuals are

defined as the difference between the predlcted value and the observed value.. -
_ All the r551duals are: 1n dB. : . . S

mhere ars ne obV1ous trends contalned,anywhere in the data, except for the

last three weeks. These points, beginning with Day 300 {approximately), con-
-stitute times that are within 30 days of the minimum Sun—Earth-Prdbe angle of |

superior. conaunctlon. ' Of the various link quantltles, the first to indieate

. degradation. is the low-rate signal-to-noise ratio; the last is the high-rate

signal-to-noise ratio or the X-band downlink. The others fall in between. . - -

k. Superior Conjuncticn
a :Pfedicticné;: The varlatlons of the Sun—EarthrProbe angle for the
Viking mlSSlon ‘has been known for several Fears Etperlenne from previous

missions indicates that no severe effects on Snbund telecommunications oceur . .
‘until the. Sun—EarthuProbe ‘angle becomes less then five degrees. Figure 2k shows
-the change in. the predlcted SunPEarthuProbe angle, startlng on November 1.
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Orbiter 1 low-rate telemetry and X—band downl:mk 51gnal 1evel

re51duals
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Flgure 25 shows predicteéed degradatien in the S=band dewnlink signal level
and lowsrate channel signal-to-noise ratie. These are shown as a function of
calendar date at the top and days frém closest appreach (November 25) at the
bottom. Also shown is the ameunt of variation expected over amy given station
pass. Note that there are no explicit predictions for effects on ‘the comband
uplink and none for effects on the high-rabe channel. This is because data on
these links was not availsble during the Mhriner Mars 1971 and Mariner Venus/
Mercury 1973 missiens. It is assumed that the command uplink and the high-
Fate slgnalsto-noise ratio downlink degradations follew & curve similar te that
for the low=rate telemetry.

Superior conjunction effects can be categorized as (a) neise temperature
increases, and (b) spettral Spreading. Figures 26 end 27, takeh from a report
on the Helies superior conjunctien, show the Deep Space Network-predicted sys-
tem noise temperature at 26-meter and at Gh-méter stations, respectively,
together with the actual cbserved data added. It is interesting to note that at
P6-meter stations, the actual system hoise temperature was as much &8 10 dB
higher than predicted! At Gl=meter stations, pass-average temperature was
sometimes 3 4B higher than predicted. This is believed to be caused by the
"quadripod effect", wherein the four-legged support structure of the antenna
feed "squints" sidelobes inte the Sun.

The Helios data suggest that noise temperature effects do not beeome
severe until the Sun-Barth-Probe angle becomes less than 4 degrees. Viking
dates sre superimposed at the bottom of Figs. 26 snd 27. The critical time for
noise temperature effects was November 12.

Figures 28 and 29 show a potentially far more damaging effect, spéctral
spreading. PFigure 28 shows the excess gighal~to-noise degradation observed oh
Helios at 26-meter stations. Excess signal-to-noise degradation is that which
is over and above the amount caused by system noisée temperature inereases (which
can be measured). As in previeus figures, the Viking dates are superifposed
on the bottom. This superimposition is based on equal Sun-Earth-Probe angles.
Figure 29 shews the excess signal-to-noise ratio degradetion at 6l-meter stations.
Each dot represents éne complete pass, SO these ame'§@ss-aver@ge valtues. In &
sense, then, they are equivalent to the "noiinal” values shown in Fig. 27. They
are also significantly mere severe than Fig. 25, particularly for Sun-Earth=Probes,
smaller than © degrees. The Fig. 27 predicts ere superimpesed onh Fig. 29.

Figure 30 summerizes the prediction information used in planning changes
to date rate on the inceming side of superior conjunc¢tion. The spots on the
figure are pass-average Helios degradation (downlink signal-to=noise ratie), &8
& function of Sun=Berth-Probe angle. Viking dates are superimposed. The solid
curve is a "worst case" prediction that was used oh Viking for planning
{a) Lander pleyback capability, (b) infrared science playback capability, and
(c) uplink command capsbility. The middle dotted curve was the one used for
planning Visual Imaging Subsystem playback capability and for predieting the
dropout of lew-rate 8-1/3 bps cruise data. The top dotted curves were nod
used; they were "neminal" Viking predicts based en the old Mariner Mars 19Y1
data.
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The Viking telecommunications analyst developed a program to compute the
time and magnitude of the Network antenna "quadripod effect." Pigure 31
visualizes the quadripod, and Figs. 32 and 33 (respectively) show the predicted
system noise temperature increase resulting from the antenna pattern distortion
caused by the presence of the quadriped., Figure 32 is for dates prior to
. November 25, and Fig. 33 for dates after that time. Note that temperature
increases of thousands of degrees Kelvin are possible within a day or so of
Hovember 25, compared to the normal temperature of the 6h—meter recelving system
of about 20 degrees K. (As of November 22, temperatures up to 400 degrees K had

. been seen.)

Addltlonal physical factors affectlng communication llnk performance -
include the "sunspot number” and the "solar radio frequency flux." The solar
activity is generslly defined as "quiet" duriung the Viking superior conjunction
period. . o :

b. Superior Conjunction Observed Effects. The Viking superior conjune-
tion occurred on November 25, 1976, with a minimum Sun-Earth-Probe angle of about
0.25 degrees. As of November 22, the Sun-Earth-Probe angle was slightly less
than one degree, and significant effects had already occurred on all Orbiter
links with the Network. However, radio metric data of. good -quality were still:

. being obtained, and the low-rate 8+1/3 bps cruise data were still being recelved'L'

at an acceptable bit error rate.

An 1nterest1ng look at how superior conjunction was affectlng the link
quantltles that are Famlllar to Orbiter Telecom Performance Ana1y51s Group
appears in Fig. 3L through 41, '

Figure 34 shows typical uplink signal level, downllnk signal level, and
‘low-rate 51gnal—to-n01se ratio durlng an earller portlon of the mission when
these quantities were not disturbed by the Sun. - Both high-gain and low-gain
antenna operations are on this plot, which was taken during the Orbiter 1 Mis-
sion Orbit Trim Ho. 9. - The uplink signal level happens to be going between
“three adgacent data numbers at a level of about -135 dBm prior to the maneuver,
and between two adjacent data nurbers follow1ng it. These ‘were typlcal The
downlink signal level hardly varies at all, and the low-rate 51gnal-to-n01se

ratio ;5 ‘steady as a functlon of* tlme, and conflned t¢a small portion of the
plot. :

Figures 35, 36 and 37 are taken about two weeks prior to the minimum Sun-

- Earth-Probe angle at a time that this angle was slightly larger than 4 degrees. - o

This was the last Orblter 1 pass. in which hlgh—rate data were present, at 2 kbps.
The top plot of Fig. 35 shows the uplink signal level prior to a perlod of ‘one-
way. The 51gndl level, although at -120 dBm, which is more. than 15 dB hlgher
than that in Flg 138, scatters about 7 dB peak—toepeek '

The top two plots of Fig. 36 show the 5= band'downlink signal level from -

~ two different receivers at the station. _Thus, the "glitching" that occurs on el
- receiver Ko.: 3 is an artifact, ‘the automatic gain control from receiver No. kis
- closer to the truth. The automatlc gain contrel is well- behaved. The bottom

plot of Fig. 3l shows the low-rate channel signal-to-noise ratio (8-1/3 bps),

and the bottom plot of Fig. 35 shows. the high-rate channel signal-to-noise ratio.. .. -

(2 kbps) The scale of the low-rate signgl-to-noise ratioc is compressed by a
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- factor of 2 compared to that of the high-rate signal-io-noise ratio. It is
immediately apparent that there is more scatter in the low-rate signal-to-noise
ratio than in that of Fig. 34. And also there is more scatter in the indicated
high-rate signal-to-noise ratio than in the low-rate signal-to-noise ratio. It
is also g fact (but astonishing) that the indicated low-rate signal-to-noise
ratio does not seem to be different in magnitude in the cruise mode than in the
high-rate mode. '

. The link conditions cortinued to degrade even after the Orbiters were
placed in eruise mode. Figure 38 shows the telecommunications plot for Orbiter 1 ;
on November 15, 10 days prior to minimum Suu-Earth-Probe angle, when the Bun- l}
Earth-Probe angie was three degrees. The uplink signal level is now scattering 3
about 10 dB peak-to-peak. This is the maximum value that has been observed . '
through Hovember 22. The downlink signal level and the low-rate signal-to-ncise E o
- ratio do not show much more secatter than is normal away from conjunction. This :
is probably due to the heavy "weighting" thqx exists in the Hetwork software.
The "residuals" are interesting. ir

(1) - Uplink signal level mean residual, because of conjunction effects,
is not more than 1 dB, through November 22, although the scatter

ghout the average value can be very large. This scatter is asserted : fﬁ:
to be due to the lack of filtering in the spacecraft in the Radio SR
Frequency System.” N _ o o e L

(2) S-band downlink signal level mean residual also shows little
average degradation, at least until Bun-Earth-Prove angle approaches
" . 1 degree. This is in comparison with the signal-to-noise ratio.

(3) = The low-rate signal-to-noise ratio, which would be predicted to be
. 20 dB at a 26-meter station and 30 dB at a 6l-meter station (neglect-
‘ing "saturation" effeects due to internsl noisé in thé station equip-
ment), has come down to the 2-dB range at 26-meter stations and the
2~ to T7-dB range at Gh-meter stationms. -

: Tigure 39 shows the Orbiter 1 .2nmd 2 link data during the lovember 22
Station 1L and 43 passes, when the Sun-Earth-Probe angle was less than one degree.
; During these passes, Orbiter 1 was one-way continuously, and Orbiter 2 had uplinks
i - - from both Station 1k, at 100 kilowatts, and. Station 43, at 50 kilowatts. Only
i ' ranging rodulation was on the uplink. - - S R R TR
g . All the "spikes" in the Orbiter 1 uplink are the result of bit errors in :
oS R the most significant bit of the uplink telemetry word. Orbiter 1 S-band down- ;
o link was being monitored by the statior veceiver No, -1 (middle vlot in Fig. 39).. . - R
Note the variation. The vertical spikes represent periods of difficulty when ' L
the receiver was glitching out of lock. The Orbiter 1 low-rate signal-to-noise : ﬂ;
gratlo shows- long secular trends, ana quite a difference between Station lh and P
Station 43. Away from conjunction, ‘the’ siznal-to-noise ratio would remain within -~ - L
1 to 2 4B, throughout. )

o

BN TR YL g a T | 3T S S R B TR ™

~A-summary.of the solar effecis seen at-various Sun—Earth—Probe angles ig
given in the "Notable Events" portion of this report, at about one-degree ifter—
vals-of Sun—Earth—Probe : :

 56
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c. Solar Conjunction Summary of Chservations to Date (November 23,
7:50 am). Sun~zarth-Probe angle about 0.7 degrees. o

Station 14 tracking. The average performance., through'yesterday, both

Orbiters 1 and 2:

(1) Uplink signal level — with 50 kilowatts from Station 43 and 100
kilowatts from Station 1b, ranging modulation only — the average
uplink signal level is degraded perhaps 1 dB at the most., The
scatter is presently less than seen a little earlier, being 5 dB
peak-to~peak. Absolute level is -111 dBm at Station 1k,

(2) Thé two-way S-band downlink signal level may be degraded as much -
as 5 to 10 dB, in some passes, whereas the one-way is affected
not more than 5 d31.

(3} X-band downlink signal level is partiecally out of reteiver lock
two-way, at l-degree Sun~Earth-Probe angle, with sigial level
reading about -170 to -175 dBm. The predicted level is -153 dBm,
neglecting solar effects. The one-way signal level is about
=155 4Bm, fairly stable, The stations are now adjusting loop. .
bandwidth and other parameters, to optimize the S-band and the
X~band fracking. Some of the variations. reported are probably
due to the changlng conflguratlons.

() Low-rate signal-to-noise ratio has been affected at Sun-Earth-
Probe angles smaller thin 2 degrees, by the-one-way or two-way
difference. It varies considersbly over long periods during a single
pass also, pérhaeps due t6 quadripod effects. ‘The value is as low
gs 2 to 3 dB at Gl-meter stations sometimes, and as high as T or
dB.

(5)" Bit error rate during the- Station 14 pass on November 22 was quite
variable, going from a low of 6 X 10-3 up to about 4 X 10-2., This
is consistent with the variability noted in the signal~to-noise ratio.
The bit error rate is slgnlflcantly hlgher at. l degree Sun—Earth—Probe
angle than it was at’ 2 degrees. :

_ 5..__ Antenna Malntenance

In m1d=August 1976 a potenxlally serious problum with the hydrostatlc
bearing became evident at Station 14 at Goldstone. The problem lay in the dif-

~ ficulty of maintaining a -satisfactory- 0il film height between the hydrostatie o
bearing and the pad. Thé area of concern lay ‘between azimuth 128 degreéés and =

140 degrees, which had a2 history of deterioration since the antenna was built.
The previous history predlcted a failure condition arising about every 3 months ,

although the film height had been stable for several months at. that time. Never- -

‘theless, “the " last maintenance had been carried out in June, using a skimming

technique that could no longer be used for further maintenance. Further delay
in correcting the prohlem could only increase the chance of catastrophic

._-fallure.g_

j 5T .
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A new technique, which regquired an 18-hour down time on seven successive
days had been developed. It also entailed some risk of no success on the first
AR N ~ few attempts since the method had never been used before. A failed attempt would
have required a two-week period to recover and return the antenna to operations.

Coming as it did at such a critical time in the.mission,'just prior to the
gecond landing, the situation and issues involved were of concern to the Network
and to the Project.

Accordingly, e plan was put into effect that reguired daily measurement _ i

o . and reporting of the oil film height against an established set of safety criteria. SR
i In this way, some warning of a deteriorating situation would become visible, per- ipﬁ
mitting a reevaluation of -the risk involved in continuing operations. Tt was also B ik

decided that a firm work plar for refurbishment would be scheduled for November

-15; -of sooner., 1f the bearJag showed any signs of deterioration prior to that L 'Hf'!
time. .

This plan worked very well. The oil film helght remained in a stable con- ,
‘dition through November 5, at which time, the operational’ usage of Statiom 14 -
was such that the work was started and carried out on alternate week days to a
successfu_.completlon on November 19, 1976.

PP S

A cross-sectlonal ‘diagram of - the- hydrostatlc bearlng, ball and socket pad o
and grout is given in Fig. ha. S : - : o y

v -

o A further. anlplent problem had been known for some considerable time in L
~the ball and socket joint (see Fig. 42) on the antennas at Stations 43 and 63. T
An inspection carried out in late 1975 had revealed that the joint which permltted ‘ o
the pad to rotate as it followed the contours of the mutber was "frozen'" because U
of a lack of proper lubrieatiomn. Prolonged attempts to . force grease into the
joint unhder- high pressure were unsuccessful, so & spare unit was. shipped to Can- _ i -
berra in January 19?6 Prior to installation, this unit was found to be defec- S A
tive and was returned to the United States. New units were ordered for both ERER
Station 63 and 43 since the Station 14 units were satisfactory. Installation . SRR
was then postponed to thé period November 15 through December 15 when the statlons' I
were not expected to be required because of solar conjunction.

.. Fortunately, the ball:and sockets gave no trouble during the Misgion, and .
eventually the Madrid station replacement was made in November and December of
1976. Since the Canberra station was requlred to support the Viking Relativity
Experinent during solar conjunction, the ball and socket replacement was deferred

- until March 1977 No- deleterlous effe ts appeared.. . ..o i LoD e T

L ezt

B, NETHORK OPERATIONS CONTROL CENTER o - o h -

1. = Performance

b
e T 4 el ke At p Tk e an

" The’ performance of the Network Data Proce551ng Terminal showed & eteady
1mprovement in the data percentage and dellvery times of telemetxy Intermedlate
Data Records during the last three months. of the MlSSIOn. -
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ALIDADE STRUCTURE

; : : : CORNER WELDMENT
o ' WT = 1088 Mg

ap b

) LUBRICATED
R Sl SURFACET———
s ) : ' BALL AND TN~

: SOCKET JOINT

WT = 2700 kg — "1

HYDROSTATIC BEARING PAD FILM HEIGHT B ~

WT = 5600 kg _ N : :

e e T LAMINATED e
SHIMS N

M
HYDROSTATIC BEARING RUNNER / GROUND
: ] SHIMS

BOLTED .
INTERFACE

actlhs £k

L~

Lol

LT o eGiBUT. o 28 ~\_ |
o @ ! R R S I P T N . R T E
) SOLE PLATE

/ : . PEDESTAL _ ? ' Lo

Fig. 42. Hydrostatic _Bearing and Ball Joint Assembly - S S R

S

1

'

v |

H . p
.
4

L
i
P

59

e s i e o S e A 2 L e S




33~783, Vol. III

Table 7 shows the statisties covering the guantity, quality, and delivery
times achieved during the period encompassing July 20 through October 20, 1976,

- There were 573 Intermediate Data Records delivered with an additional T9 Remake/

Supplemental Intermediate Data Records reguests compieted. An average of
99.991 percent of the required telemetry data was recovered and delivered within

seven hours from scheduled loss—of-signal at the 6l-meter stations. OF this o

~ total, 36 Intermediate Data Records were late (6.3 percent of the total) in their

" entirety. Approximately 30 more were delivered partly completed. Of special

. significance is the drastic decreése in the average delivery time between the

- first and second month. In both of these time periods, Intermedlate Data Records
were normally delivered within 15 minutes of generation. ' {The third period

reflects a tendency to wait for the completion of all Intermediate Data Records

from one station, prior to pickup.) Additionally, there were periocds where the
Network Operations Control Area was not manned for pickup during midnight shifts.

- The improvement in time was the. result of systems enhancements and the learning

curve within the Network Data Proce351ng Terminal.

A slight improvement in the data quantity (99.983 percent to 99.995 percent):

deliversd can be attributed to the same improvements. Becausé of the current
state of the hardware and software systems, only more recall time could provide
any increase in the percentage of data delivered. Any further increase would

appear to requlre further system enhancement or requlre a trade—off in percentage
. delivered versus. dellvery times.

Table 8 shows the number of tapes written during the accomplishment of the
Intermediate Data Record task. However, the ratio of number of* Network.Data»Logs
to number ‘of passes during the first period is indicative of the number of tape—

read errors and processor problems encountered during that period. :

Table 7. Intermediate Data Record quality summary

_ : Average o , . ,
Mime L o R - data’ Average "No. of’
period, No. of  HNo. of content ,? delivery .deliveries
day/h = passes . -  remakes g © time exceeding 2hhb
202/1500z . 160 k2 99.983 10k 2Tm 1T
1233/1500Z . i v o . v : _
233/15002__ 92 10 - 99.996 hhs2so 6
264/1500% 221 - S 99.995 6h 20 s 13 |

264/1500%

2487 of  the records delivered had only two-or less-datefblecks missing.
bAversge late delivery time was 36 h
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Table 8. Data records support summary

S f?eriod o

Passes

Remakes -
cand
supplements

Network
data

logs  Recalls

Intermediate
data
records

Tapes

Average number

of data records

per pass

20 July
20 August
‘ 20~Augu$t .
.20 September

20 September
20 October: =

294715002

 Total for 3-
" month pericd

160
19é'

221

573

gy
10

. o

T

W6 359
369 325

393 ‘Lho

1238 112k

476
hosl

480

1361

1311

1099

1313

3723

2.975
2.109

2.172

2.375

FRTE T ey
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- The ratio of Intermediate Data Record to number of passes wazs also high -
durlng this period. The Major problem was the number of halts and read errors
experienced that resulted in generation of fragmented Intermediate Data Records.
Many of the Records were pieced together from several passes through the data,
resultlng in an inefficient use of tapes and time. . S

One of the mejor factors impacting Intermedlate Data Record generation
was the limited amount of time available for data recall. With only two wide-

‘band lines available, and three stations (6i-meter) engaged in- around—the—clock

support there was llttle tine avalleble for extended recalls.

Under normal'Conditions, with the Data Records Processor and Automatic
Recall System interface working, there is sufficient time to meet all reguire-
ments and insure a high percentage Tntermediate Data Records. However, 6.3
percent of all Intermediate Data Records (36) have bheen one or more days late
because of recall and/or playback problems. This resulted from hardware mal-
functions at either end, high numbers of unrecallable gaps, systems interface

problems, or tape-read problems encountered after the station has been released.

' 2. - . Intermediate Data Record Production.

There are several areas where problems can impact the production of Inteér—
mediate Data Records within Viking-Intermediate Data Record system support

‘requirements. These are logging (Network Data Logs), recall (to include gap

editing), and merge.AA

_ a. Logglng Functlon.: The Network Longroceesbr.prOVides the.interface
between the Network Data Processing Terminal and the rest of the Network. All

. incoming and.outgoing traffic is routed through it. As the data are. received by
‘the Network Log Processor, they are logged on one of four Network Data Log tapes
" as shown in FPig. 43. Because the Network Log Processor doesn't validate what it

writes, improperly written data blocks or records are not detected until the Net-

work Date Log is used in the merge process.

b. Recall FﬁnctionJ The recall funection of the Data Records Processor

_ interfrces with the Automatic Telemetry Recall System program in the station o
" Telemetry Command Processor. Edited gap lists.aré received.from the Network Sup-

port Controller (Slgma V). and stored on the Data Records Processor disc files as

" .shown in Fig. 43. Typical problems are:

o (l)'i’No response or improper response from the Telemetry -and Command
' . Processor. :

- (2} Telemetry and Command Processor acknowledged ta.pe posa,tloned, -
707 but-no data are received. ' :

(3) Bloéks‘rejeéted due to time reﬁge error. Data received are outside

.. the time range of the acfive recall request. . Either the data contaln‘,f*k o
“ra timing anomaly, or the Telemetry ané Command Processor's" hlgh—speed R

. B2
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: N - . 1 . TELEMETRY , 5 :
i —_ ' — '§8£2'T“,'§N , L .| DATA SYSTEM 2‘&“}%&*&&"”‘"”
| ] [ 2
TRANSMISSION PROCESSOR B Gap .
S FUNCTION - TLO0GGING  f | NETWORK - DETECTION UNPROCESSED
; FUNCTION __o; COMMUNICATION FILES ' - GAP FILES
o S " euipmENT) —
: — T T , EDIT FUNCTION
= <<
3 ol a -
- el -
& = EDITED
; 3 S GAP/RECALL
\ g ] FILES.
[ - &
, Lo RECALL
. ; W SUMMARIES i
e : DATA RECORDS"
N PROCESSOR (DRP)

RECALL
MESSAGES

OPERATOR
- CONTROLLED
INFUTS

{Di5K STORAGE)

RECALL FUNCTION

——nm  p—— ootiapay oy s

MERGE FUNCTION .

| MERGE
SUMMARY

Fig. 43. . Data flow for Intermediate Data Record production
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status block is received prior to the last block of wideband data [ g
transmitted. The latter problem is a result of dlfferent routlng
. of the high-speed and wideband. data streams.,- :

(4) Systems failure in the Real Time Telemetry Processor, the support
controller or the Data Record Processor software, requires a reload
. of the system rnsultlng 1n deletlon of the edlted gap 1lst files,

‘Li o (5) Delays in producing. edlted gap llsts because of excessive gaps- and . 3 v
i . Aslow prlnter rate. - . S ﬁ |
!

c. Merge Functlon. The Merge Processor is the first place the valldlty ]
of the Network Data Log and recall tapes areé checked. Until the merge summary i
prlnts out, or the system alarms over a read error, there is no Way of 1nsur1ng
that the data ‘are recoverable.---' : :

Anomalies that continued to hinder the mergée process are as follows: . - i

(1) System will not read because of apperent perity error.

(2)  Merge Program terminates on "terminal read error." ' i

S

i e B et 1 R,

{0 (3) 'InCOrrecﬁ.iﬁﬁiéetiOB.bf'end of data on recall taﬁee;_" -" C

(h) Sys%em halts:  this still occurs on a random basis and only a : o
: :Vsystem_recovery/reload;can.restpre”operatiqnsfp_: G S

(5) Data block time tag error. . L , o Lo

_ By the end of the mission, there were several improvements being con51dered
for addltlon +0 the existing system_ In the order of their potentlal for improv-
ing Intermediate Data Record producetion, they were: Ce it

(l)"vNeW'magnetie_tape control;er;(hardWare) and han&ierjsoftwarey'

1(2) Merge Program revision to allow readlng Network Data Log's past : R
"termlnal" error. records. : ‘ : ;

T T e SR v s “E i

(3) Reeall processor patch to allcw data to be logged to the recall tqpe_._'
after the status block is received. o . . e

i
1
i
i
:

c. NETWORK‘SQSTEM-PERFOBMANCE“

The performance of the Network Command Telemetry, Tracklng, and Monltor .
. Systems. in support of the Viklng Mission from July. 20 through the. end of M15510n.
on November 15, 1QT6, is glven ‘in the follow1ng paragraphs.

-
P P T 73

ey e Bk o3

. . The performance of the Network Command SysfemAin supporting‘planetary

{

;

i

|

: : ‘ S : _ ST o
operations with Viking Lenders 1 and 2, and Viking Orbiters 1 and 2 is given = :

.6h B R e?E;.,: ...._ : § ,'
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. in Table 9 in terms of the monthly number of commands transmitted by spacecraft.
: The cumulative total for the entire mission is also included. The loss of command
capability due to either ground communication outages or station failures is
‘presented in Table 10 for each spacecraft on a monthly basis. The cumulative c
totals for the entire mission are included along with the number of aborted s
commands experienced. :

i

|

- A better appreciation of the remarkable reliability of the Network Command = %f J
System support for Viking is obtaipned from the following summarized facts: CL

: ‘Numbér,of spacecyaft ' . : S 1 ;
| Nﬁmber of-statiqns | _9 | o o ' | | E‘E
. Number.of aayé of operation . 360 | ! ;
Number of commands transmitted 73,795 ’ éi %
- Number of commands aborted . - 3 | Ei 1

{i . : Percentage of time Command 97.2 ?

System in operation

As the complexity of the mission increased with the arrival of the second | i
Lander for a total of four spacecraft, the demands on the Command System like-
wise increased., With increased utilization, the number of anomalies likewise
increased significantly in August as the monthly summary shows in Table 1i. . There -
were no sigpnificant failures or anomalies for Lander 1 in September 1976, and - 3
there were no significant anomalies for Landers I or 2 during October or November. i
In September some improvement was noted as the system matured and personnel set- ' :
tled down to high-activity operations. The improvement continued through E t
October and had become negligible as the mission ended in November. - !

PO P T . R e S ST WTETT T
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Table 9{: Number of ecommands transmitted durinnguggst_thrqughemqvember;1976

- o Orbiter 1 Lander 1 ~ Orbiter 2 Lander 2 .
Mohth = - (Spacecraft No. 27} (Spacecraft Wo. 26) (Spacecraft No. 30) (Spacecraft No. 29)

| September . k75 e 2,578 C 2,3
ocxobér . sk 526 | L9021 - 2,598

November o 1,108 | 28 1,812 . 154

el Cumulative . 29,668 - 11,922 19,828 12,377
jw - " Total for Mission o ' S : ‘ :

" Table 1Q, Command capablllty lost due to ground communications or statlon
: ’ ' ‘failures as =z percentage of scheduled. tracklng time

99

Lander 1 . Orbiter l Lander 2 "~ Orbiter 2

ITII "ToA ‘g€gl-tt

: _Ménthft S e - D8S GG DS Ge DSs  GC DSS = Aborts
A 'AugHStf 00 0.0 0.8 1.8 0.0 © 0.65 0.78  0.33  lone
. n Seﬁtembér f» o 0.0 f: 0.0 0.9 0,39 0}0 - .0.37 .'0.9 - 0.B5 None
oéﬁebéﬁ'; E 0.0 o 1.9% 0:11 0.0 ‘lo.d' 0.4  0.32  MNome
Novenber if_ 0.0 366 0.2 0.98 a2 062 0.3 0.h2 2

Curiulative “total ~  0.00 0.9 0.2 0.8 0.01 . 0.13 ° 0.22 0.53 3
for Mission ' - I o ' :

‘GO ground ‘communications
D35 Deep Cpace Station

el e el e s il e e
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Teble 11. Significant command anomalies by pass in August through November 1976 .
Stotien  Pass Subsysteom Jpacecralt Comments
43 3hg Antennn Orbiter 1 Workmen inadvertantly Uit Stop button oo the antennn. Outage time wns
1 mimites 4
6l 460 Trancmitter Jrbiter 1 fost trensmitter due to o burned ous high-mitugg fan. Command was
impacted by 37 minutes
1k 361 Trananitter Orbiter 1 Twoswuy transfer between Stotion 11 nad 1i impacted comnanding for 1 -hour
Jue ‘tu poor predicts penerzted by letwerk Operations Control Ares
N 36h Command Modulmtar Urbiter ] Internittant subcurrier froguency alerms. - Comuend System wag degreded K
soembly 1 - L0 ‘minutes . :
. !
61 470 Exoiter Orpiter 1 A bit verify alorm wis eceived due tc morginal confirmetion phase )
detector. Cutage time 30 minutes i
r
61 3TL A antenng - Orbiter 1 Photo.reader on the Antenna Point.mg Sub_.ystem failed, impaut.mb CORmAnd. i
. . B far -1 hour 9 mnute.. E
. e
;
&1 373 Transmitter Orbliter 1 OJperator forgot to turn the trensmitter off nfter ccmmund test Was per— i
’ formed. Therefore, at tims the transmitter was supposed te go on, It was ;
turned off. OQutoge time was 39 minutes i
- 384/ Copend Modulstor Lander 1. . Rebeived Hdbearrier [requency werning and Ebort alarms. The spstem was i
22 fssepbly 1 ‘degraded for L0 minutes ' &
#
. o A
b3 370/ Command Modulator = Lander I Stntion received data guality symbol period; watchdog timer, -and con-: #
32, Assembly 2 figuretion word check alarms. Outoge time was 1 hour 37 minutes ‘:
LE| 371/ - Autennn ‘lander 1} - - The energency stop buttdn at the nntenna’ was ipadvertantly presued.. d
. 34 © Commanding was impacted by 1 hour 31 minutes
, 53 378/ Command Medwlator — Londer L Symbol period warning and abort sisrms were received. Outage time was
! hl Adsembly 2 -+ 3 miputes ’
: . ] . .
A 1k 335 Télemetry and : Viking 2 A reloed op Telemetry and Commend Processor/Command Modulotor Adsembly
| - : Conmand Processor - Beta was performed due to & memory parity error. Outsge time 12 miputes.
2 b . '
! 6 336 Telemetry end Viking 2 Operatpr ipadvertantly took the system down. Outage time 56 minutes
‘f - Comgand Procesgor
E 2 :
: 63 2 - Yelenetry and Viking 2 - Unable.to ‘get response. for Telemetry and Command Frocessor/Commpndg
: Conmond Procossor - Modulator Assembly Beta while checking Command system. Outnge time was
; z 18 minutés ’
l ) 1 ke Lothepower Viking 2 Heat exchanger purificutiou loop sight glasa broke. Cummand cupabiliby
transmibter P : was fest for 1 hour 11. mnute., t e
: 11 3hz Commend Modulator  Vikibg 2 Received subearrier freguency alorms., Switched Lo Command. !-'cdulator
; o Asgembly 1 Assembly 2. Cutsge time was- 6 minutes
1L 350 - Commend Modulator = Viking 2 Subearrier frequency warning and sbort alarms were received. Outage
: - . Assembly 1 SR time wad. 3 minuten ' .
11 319 Command Modulator  Crbiter 1. St.ation received datn quality unrnmg alu.rms degrading the Cummnnu Eya-
i Apsenbly 2 tem for 1 hour
i '
: 12 k1] Frequency snd Orbiter 1 Intermlttent symbol period alarms on both Telemetry and Command Frocessor/
: : Liming Subsystem . Commang Hodulptor Asgembly. A bent pin in one of the cobles wus I'm.mu
. . R - . - and currect.ed‘ _The system. was degraded For 43 mmute.. . ;
61 333 Lovi-power trans— arbiter 1 Lost the Lransmihtex‘ due to low mognet flm: unde.rnurrent. Outuge time
“nlster wns 15 minutes '
¢ il 390 6h-m patennn Orpiter 1 Antenna went to brake due to low-voltopge distribvution, which tripped the
C - o Coh éi’rcui" bregkers,  Command. wos 1mpn.r.'ted. for 32 mnut.es .
U3 L3l " Block IV exelter Urbiter 1 Command. was impucted by 22 minutes due to npern.tur error while tunlng
| asgembly N
i i R
. h3 oy Bhem antenna Orbiter 1 The ecounter-torgue motnr on numher 4 geur reduced flange gesl burat.
: : : . _Comund outage wag b hours apd 11 mnut,eﬂ
T 1k 361 Command Modulotor Orbiter 2 Eubcarrier x‘requency uurning and abr.\rt. lmit vere recewed CQr.:mand aystem
Assembly 2 . . was degraded Tor 2 hours ond 56 minutes
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Station Fasg Subsystem Spacecratlt Comments
11 361 Commercial nower - Orbiter 2. Power gliteh ca\._;s'ed ‘u loss of the prime Telemetry ood Command Frqcen'sur/
’ Commond Mcdulator Assembly impucting command for 20 minutes 4
11 382 Commercial power Orbiter Comrercinl puwer tor the transmitter was momentarily lest cousing 2&
minutes comtand outage
3 369/ - Block IV . Lamder 2 Frogrommed Oseillstor Control Assembly exciter contlvued to tune
80L T Exeiter Assembly . - beyond the desired frequency, The impart-to commend wes 29 minutes
L2 Lig Frequency and Orbiter 1 Recelved cymbol period sbort and werning limit alerms from ail 3 Commend
B Timing Subsystem . Modulator Assemblies in conjoint station i
1 430 - Power Orbiter 1 Both Telemetry and Commend Processors Yers token down due to 8 pover
- failure i .
14 439 - Block IV Orbiter 1 Wirong exciter frequency selectad for transmitter turp=-on; operator error .
- - -Exeiter Assembly : v o . : : ’ : B :
b2 hig Block III Orbiter 1 Uplink vransfer pot suecessful -
Exciter Asgembly .
3 380 Frequency and Orbiter 2 Received symbel perlod sbort and warning wisrms R
. . Timing Subsystem . . T e ’ B
14 399  Block IV Orbiter 2  Maser lost helium .
Exciter Assembly
1h hoa Commund Medulatar  Orbiter 2 Received subcarrier alarms rrom Command Modulnter Asse‘n}b.ly B which was
Assembly 2 o . prime . - - .. .
61 Lot Low-rate Orbiter 2 L00~Hz motor generator which wes high trapsmitier failed. ‘ransmitter
transmitter . arc detector failure .
I 411 26-m ontenna Urbiter 2  Antenne drove off point faunlty Filbrick Amplifier
S61 7 W3 Bidek 11 - Orbiter 2 Maser Pailure . 0 - - o : R S
: exciter assembly ’ ’ : : o
61 k19 ¢6-m antenna Orbiter 2 Late acquisition of signel due to antenna failure, going to emergency
: brake
1% Lzé - Block IV . Orbiter 2 ' Twg command sborts due to exeiter frequency alerps
. exciter assembly - - : S
'
11 431 oMA

Orbiter 2

Checksum ¢rror csuges high-speed dats line blocks to be rejected py i
real-time monitor -

[ T T S Tt ST . T (T T ST TP
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2. Telemetry'System

a. 'Operational Support. " The Deep Space'Neiwork Teiemetry System probably

saw the peak of its activity with the heavy support of the Viking Project during
the month of August. The Mission Orbiter Tusertion of Viking 2 on August T and

vreparations for the successful landing on September 3, in addition to the reguired

Viking 1 support created considerable activity throughout the system.

Selection and certification of a landing site and the necessary orbit trim

. maneuvers constituted most of the Viking 2 activity. Orbiter 1 was transmlttlng

imagery data and reésults from science experiments durlng this period,

The Vlklng Progect was supported.by all stations.

(l) Lander 1 was supported by only the 6h—meter network for a total of

26 tracks.

- {2). Orbiter 1 was supported by both the 26-meter and the 6h-meter
' networks. The 26-meter network was used Por 69 tracks and the
Ehi-meter network for 86 tracks. -

(3) - Orbiter 2 was supported by both the networks. The 26-meter network

‘was used for 36 tracks and the Ghi-meter network for 90 tracks.

Because of the crltlcal phases of the Viking Progect operations, much of

. the’ Deep Space Network was under eonllguratlon freeze: Alsfo, the ‘analysis per-

sonnel were busy with Lander 1 direct link, Orbiter 2 Mars Orbit Insertion, and
preparation for the Lander 2 landing. Therefore little new system information

became avalleble dur¢ng August.

Support of the Network telemetry ejstem valldatlon and Intermedlate Date
Record generation by the Block III Network Data Processing Area/Network Data
Proce551ng Termlnal system contlnued durlng August.

A test to confirm ability of the above system to produce Intermediate Data

Records was tested in the form of an Intermediate Data Record Production Verifi-
cation Test conducted during August. This three-hour test consisted of a play-
back of a 36-minute Segment of a Viking Digital Original Data Record from Com-
patibility Test Area 21 to the Network Operations Control Center, followed by

recall and merge of three deliberately-intrcduced data gaps. Already hampered by
- facility scheduling problems and by lack of actual teJemetry date on the Digital
Original Data Record, the test revealed two anomalous resulis in the Network Sup-
-port -Computer:  disappearance of gap from the unedited gap list, and fallure of

a gap to be deleted upon command. Nonetheless, the test was considered to have

©fulfilled its obgectlves according -te. the: final report, having demonstrated that

‘the other components in.the data recdll process were capable of. produc1ng an

-Intermediate Data Record in a timely manner.

- In September .and ‘October; Lander 1 was supported by the 6h—meter netwcrk

. exclu51ve1y at a predomlnant rate of" 500 bps coded. Lander 2, alsc exclusively

by the 6h-meter_net had support at a predominant rate of 250 bps coded. Orbi-.
ters 1 and 2 were supported by both the 26- and 6li-meter nets at Stations 11,
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14, b2, 61, 62; and 63. The predominant low rate was 33.3 bps uncoded and the
high rate was 8000 bps coded.

With the start of the Mars/Viking sclar conjunction period, degradation on
low-rate uncoded bit signal-to-noise ratio began to be observed. This effect,
due to solar corona effects, continued until 25 November 1976, vhen the Sun-
Earth-Probe angle reached its minimum value, ~0.263 degrees. There was data

~collection. for a study of Viking superior conjunction telemetry performance.

Qctober hourly S-band and X-band signel-to-noise ratio readings were requested

of the Stations, for analysis by the Hetwork Operations Analysis Group.

" A problem was .discovered with the X-band downlink sigrnal level
at Station k3, Degradation by approximately 1 to 3 dB occurred whenever the 8-
band transmitter was turned on. This degradation was found to be a result of the
uplink S-band fourth harmonic producing some saturation towards the higher end
of the X-band maser band peass.’ Engineering Change Order 75. 236, already installed
at Station 14, and scheduled for installation at Stations 43 and 63 in the near
future, were expectad to sclve the problem.

Lander 1 wes tracked by Stations.1l, 14 and 43 during November at predomi-

nant rates of &-1/3 bps at Stations 11 end 14, and 8-1/3 and 500 bps at Station 42,

while Lander 2 was supported exclusively by Station 14 at a predominant rate of
8-1/3 bps uncoded.

Orbiter 1 was supvorted by both the 26—meter and 6h—meter networks at
Stations 11, 1b, k2, 43, 61 and 63. Predominant rates were 8-1/3 bps at the
26-meter sites and 8—1/3 and 4k bps at the 6Hh-meter sites. Orbiter 2 was sup-
ported at the same sites with en additional site being Station 62, Predouinant
rates were slsc identical with the exception of 8k bps at the 6h-meter stations.

For the entire month of November, Viking/Mars was in superior conjunction.
"He minimum Sun-Farth-Probe angle reached its minimum value of ~0.263 degrees
on Hovember 25 (the spacecraft also was cecculied for a short time by the south
polar region of the Sun). Solar corona effects caused severe degradation of
telemetry performance especially on low-rate uncoded data; no high-rate data.
transmission occurred after lovember T. Data collection of houriy S- and X-band

system nolse temperaiure readlngs were gatmered from the Gl-meter stations, as

were system noise temperaturs elevation profiles. These data were analyzed %0
provide better understr:d® g of solar corona effeects, small Sun-Eazth—Probe
angles/high system noise Lemperature, and elevatlon effects on helemetry

' performance

b. Discrepancy Reports. During August, September, October, and Novem-

‘Ber, 120 Discrepancy Reports were opened on the telemeiry subsystems. Tables 12
and 13 show how they were distributed.

The Telemetry and Command.éroceséDrHAésemblV accrued most of the Discrep-
ancy Reports with approximately. 25 precent: The microwave and digital subsystems
also contributed significantly to the number of Discrepancy Reports with the

" palance divided between the Receivers-Hiciter Subsystem and the Bubcarrier Demodu-

lator Assembly{ There were no major outages as the anomalies were gquite raniom
in occurrence. - ' P
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Table 12, Distribution of Telemetry Bystem Discrepancy Reports by subsystem
for August through November 1976

Subsystem

August

September October November Totai

: Antennanicroweve Subsystem

Receiver-Exciter Sﬁbsystem

Subcarrier Demodulator
- Assembly - ‘

Symbol Synchronizer Assembly
Block Deco&efeASSQMbly

Data Decoder Assembly

" Telemetry & Command Processor

. ‘Assembly

Analog  Instrumentation Sub--
* system/Pre & Post Detectlon
Recording Subsystew

Telemetry & Command Processor

Assembly/Recordlng Subsystem

Data Decoder Assembly/
Beco;ding;Subsystem;;_

9

2

2

8

T

-5

2

20

'--QB'IVT”IA>

iz -

Totals

37

_lT

k3

120

for August through Foverber 1976

S TabléilB Dlstrlbutlon of Telemetry System Dlscrepancy Reports by category

-Category .. . August.

‘September__

- October .-

November -

"Toﬁ&l'

- Hardware ' ok

. Softwara .. . .. 2

Procedural ok

© Documentation .~ 2"

. Unknowm R

"14"-.~""

b

19 ' 15

oo _

2 6

2
9.
 10
T
33

S Total o390

oG il

'hj-”-:"' oy

'3-131"
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.
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Elghteen percent of the Discrepancy Reports wvere written against procedures
or decumentation.

Nineteen Discrepancy Reports were opened against Network Operations Control

Cepter performance during August. Twelve of these (63 percent) cited particular

' hardware or software failures. Of these only five (26 percent) were attributable

to known causes. Five of the Discrepancy Reports (26 percent) were determined
o have been caused by procedural errors; while two (11 percent) were found to

have resulted Trom a series of assorted anomalies that caused late Intermedlate
Date Recourd delivery. :

Ac. System Performence. Telecommunications performance of each tracking
station is evaluated in terms of the differences between actual performance and
predicted performance. These differences are termed. reslduals . Regiduals are

caleulated from the downlink carrier power and the telemetry signal-to-noise
ratio.

.The use of the residuals is twofold: -

(1) Whenever the hourly residusl reading exceeds 1 dB, the Deep Space
Station is alerted to impending problems. If the residuals exceed

.5 dB, a Discrepancy Report is written to initiate concentrated
1nveat1get1ve action.

(2} The residuals are averaged over a long-term 1nterval to provide trend
analy51s information. .

The spacecraft-dependent residuals are found in Tables ih and 15, and
are an indication of how well the performance of the telemetry data stream can

be predicted and controlled. The severe degradation due to sclar corona effects
is apparent in the November data.

d. . Data Accountability. Considerable effort is made by the Network to

-ensure that all data blocks recoverable from the Digital Original Data Record
~are included on all Viking Intermediate Data Records. Furthermore, durlng

critical periods, the Analog Original Data Record may be played back to produce.
supplemental Digital Original Data Records and Intermediate Data Records to
ensure inclusion of all data. Intermediate Data Records are dellverea ‘to the

Viking Project library within 24 hours of loss of signal.

-~ Table 16 ShOsttﬁe'percentege bf_DigifalAOfiginal Data Record data and the

timeliness of Intermediate Data Record delivery during the months of August,
September, Cctober, and November 1976.

. The percentage of data on Intermediate Data Record is compited by subtract—

ing the Tirst Block Serial Number from the laet and dividing by the nurher of
received blocks as printed on the Intermediate Data Record file summary produced

'~ by the Data Records Frocessor. . The mean value of the result is. given in Table.- 16
 for each Gli-meter station and for all 6h-meter stations together. During Sep=

tember, 99.73 percent &f all Intermediate Data Records delivered contained a-
minimen of 99.96 percent of all data recoverable from the Station Dlgltal Orlglnal

_Data_ﬁecords. In Dctaber this flgure fell to 99.922 percent ~while in November'

T2
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Table 1k, Residuals for downlink signal level and signal-to-noise ?atio for 26-meter stations

i

-5 August “ . Séptember_ 7 October o .'Novembar
Parameter. : ' _ - S o R _ o . :
Orbiter 1 Ol‘bi‘{;gr, 2 Orbiter 1 Orbiter 2 Orbiter l_ O_rbi‘be:‘_'_E Or'bit_er 1l Ovbiter 2

Signal level 68 36 3 g 39 w22 25
obsér#ﬁﬁions ' - S " , : . .

‘Mean, dB "-0.6 . =0.2 ©  -0.2 . -0.1 - -0.1 0.0 . -L.T ~1.1

Sigme, 8 0.5 0.5 - 0.5 . 0.5 0.5 0.5 . 1.0 1.2

Signalfmoise .7 . 2% . 20 9.0 50 - 5.0 21 12
 observations - . - A -

Mean, 8. -0.5 0.3 . =1.0 0.0 L2  =0.h  -lh.2 ~1h.9

‘Sigma, @8 0.3 - 0.5 = 0.2 01 0.5 2.2 2.0

PP T N S SO L IV 5 - Ty rens -
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Table 15.

Re51duals for do:mllnk signal level and 51gnal-to—n01se
ratio for 6h—me‘l:.er stations
Parameter © . k Auguot Scpr.cz;‘aer Qctobor lioyesker
. Orbiter 1 Lander 1. Orbiter # Lander 2 Orbitor 1 Landar § - Orbiter ?  Lupder 2 Orblver 1 Londer 1 Orblter 2 Lander 2 Orbitor 1- fagler 1 Orbiter 2 Landor 2
Signni level observatlons . 86 26 90 R 76 ay 87 25 88 . 30 S 12 L3 - 10 6 e T
Hean, &b L e -az .0 - -2 0.3 . b2, 02 0.1 -0.2 o -l R X -1.1 -2.6
Slgna, dB o SR 2 S 0.6 .. 05 0:6 0.8 06 a.6 0.7 0.5 0.5 a.8 1.2 5.6 Lo 35
o : : i . . : 23 2 33
Lew rate sfgnal/noine . 86 ) § 6L.p 22 65.0 61 “th VR -] 1 fi [ "5 T0
abservations : o : 10 1h
' : - . 4158, -10.6 -19.5 .
Hoan, dB - -0:8, 1.0 -0.3 -0.5 -0.3 -0.1 -0.3 0.7 -t.6 = -0.& -0.5 -5 <17 -2.B 16:6 -
- } -6 -1.6 I
. . : o o : : . 9.6 Ak T :
Slgna, ai 03, S e 0.3 - 0. 0.5 0.3 .4 o . 1.5 0.4 a.6 1.2 2.7 1.8 3
- . - . : 0.6 - L0 |
igh-rate  oignol fotae o6 3 s - 69 25 68 69 ™ 2 ow 10 Py u 19 - |
aliservations . . ) . . i
Hean, a8 L s o1 - o - -0 -0.2 -0.1 -0.1 -0.3" -2 . -0.2 -0:3 0.6 - -n.h -0.3 - w ;
Sigen, 4B 6.3, 0.2 0.2 . 0b 0.3 ¢ 0.3 o 0.6 0.3 6.3 0.3 a.b 0.4 0.2 - Ulo '
(o]
w
W
Table 16. Telemetry Intermediate Data Record statisties for August through November 1976 =
. ‘ . : iy
. -
— M
. DaEg 1l DBS W1 DsSs 63 All stations
‘Purameter ,. T . . . : :
g,  Sept. DOet. HNev. Aug. ' Gept. Oct. KHov.  Aug. - Sept. Oct. Hov.. Aug. Sept. 0Q¢t. HNov. ‘
" Percentage of Digital Original 09.92 "99.9% 99.99 99.99 100 99.99 99.99 99.95 99.9 . 99.99 99.99 92.99 99.9 99.9y 99.99 99.97 !
“Pate Record date included on- ’ ’ i
Intermediate Date Recoid l
Mean. delivery time, ¥ 11.p 3.% h.B 6.26 15 W 8.9 5.58.- 13.6 3.6 6.1 3.26 13,3 3.8 6.6 5.12 Il|
_:hhunher of recapds 56 ah 5 11 59 63 74 25 63 5 e 13 178 202 220 ] ‘
|
B
\
i
| -
‘Q‘__
- v : - ' i
o .t . I - L . g il
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it decreased again to 99.462 percent of all data recoverable from the Digital

. Original Data Records. The average delivery times for Intermediate Data Records

were 3.8 hours in September, 6.6 hours in October, and 5.12 hours in November,

3. Tracking System

a., Radio Metrie Data Quallty._ The primary nav1gatlonal data type gener-—
ated by the Deep Space Network is doppler data. These data are contlnuously P
monitored by the Wetwork Analysis Team, tracking in near real-time via use of
the Network Operations Control Center pseudo-residual program. Doppler data resi-
duals (acﬁualepredlcted) produced during August-November 1976 perlod by the pseudo-
residual program consistently indicated a high levél of accuracy in the polynomial -
coefficient tapes (the frequency independent observables) supplied to the Network
Operations Control Team by the Viking Project Flight Pat Analysis Group., A4ddi-

- tienally, the Network Analysis Team,. Tracklng, computes & pass-average doppler
"'noise value for each Viking pass tracked. ' Doppler noise is the primary tool

used in detecting tracking system malfunetions. When a spacécraft is not affected
by solar plasma (Sun-Earth-Probe angles less than 50 degrees), and is at adequate
signal levels, pass average 60—second sample raie, two—way doppler n01se data

are nomlnally ‘expected to be 0 003 Hz +0.002 Hz.

For spacecraft in solar conaunctlon phases, as were the Viking spacecrafi
during the August to October 1976 period, the Wetwork. Operations Analysis Group,
Tracking, has developed a Solar Plasma Doppler Noise Model = "ISEDB." During
the August-November period, the Viking Sun—~Earth-Probe angle declined from
36 degrees to 3 degrees. Figure 44 presents the ISEDB Model and the pass-average
doppler noise. for Vikings 1 and 2 during this period. Examipation of this fig-
ure shows the observed doppler noise to be centered compactly about the ISEDB
Model, and, hence, indicates generation of the highest (possible under conditions
of soler congunctlon) quality doppler data for Viking navigation. The cycllcal

. wariations of the observed doppler noise agbout ‘the mean model (partlcularly

evident after day of year 250) are due to routine fluctuations in solar act1v1ﬁy.
Starting in late September, weekly tabulations of obu&*ved Vlklng doppler’ noise, .
as compared to the ISEDB Model, were made availble by Network Orbiter Analysis

' Group Track to the Viking project, as a "qnlck.look" 1ndicator of 51gnal path

1ntegrated electron den51ty

'b. o Viking Spacecraft Fregueéncies. .During each one-way tracking period,
the Network Tracking Anglysis. Team reeStimates the spacecrafi auxiliary oscil-
lator frequency, and durihg each subsequent uplink acquisition a similar
reestimation of the spacecraft best-lock frequency is performed. The data for

"*Viklngs 1 and 2° durlng the August—November perlod ars. presented in Flgs.-hS through

hB

Spacecraft frequency'data gathered by the Network in th*s fashion have

lprOVen qulte effective and reliable in the past and it is routlnely Peflected in R

the tracking predietions supplled to the Deep Space Stations and the Network
Operations Control Cemter for both spacecraft acqusitions and radic metric data

_v&lldatlon. Additionally, . the data assume paremount importance during critical . L
:phases of the mission, when - compllcatea mission strauegles demand rapid and.pre—" a

cise uplink and downlink aecquisitions. The relatlverpauc;ty of Viking 2 -
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frequency measurements (as compared to earlier periods in the m1551on) is due to
the continuous two-way tracking schedule for Viking 2 during August and the first
half of September in support of Viking 2 mission Orbit Insertion and the subse- :
quent Vlklng 2 landing. o i

c. M1551on Sgpport and Analv51s. In August and September of 1976, most Ol
Ce of the support in the Nétwork tracking analysis area was devoted to Lander :
SR acquisition procedure development and design of new ranging parameters for the ’
. MU II ranging equipment at Station 1k and the Planetary Rangmng Assembly opera-
tional ranglng system at the 26-meter and Gh-meter stations. T

An example of the sets of ranglng parameters, as developed by the Network
Analysis Tracking Group, used during this period is given here.

For all Planetary Ranging Assenbly equipped stations:
(1) T, = M9 (26-meter), 59 (6b-meter).

(2)  T.= 19 (26-meter), S5 (Blh-meter).

(3)-"Té:= 300 (26-meter), 120 (6h-meter).

: (L) Number of components = 15,

gy .:...aJ;L“»_.m._f;.L_ o

(5) Carriéf'suppreSSionfﬁ 9 dB.
(6) T, (1) = RNG MOD ON + RTLT + 5 min. | - . o
(7). Subsequent Toi S . o R . _ : '“:
‘ _ . . BN
(a) At Gh-meter stations, Tys are spaced 60 minutes spart. Last T !
no later than START TUNE FOR TRANSFER - 15 minutes.' If the space- 7
craft ranging channel is commanded off during the track, the last Tj _ e
i should be at or before time of transmit of this command + round trip ' -
¥ light time = 15 minutes. :

(b) At 26-méter statlons,.TOS'are spaced 90 minutes apart. Last Ty = . N

no later than START TUNE FOR TRANSFER - 30 minutes. IT the space- ' j

. craft ranging channel is commended off during the track, the last ’

B N - B should be at or before the time of transmlt of this command +
o ' ; " round trip light time - 30 minutes. : o - :

(8) Collect at least 3 postrange acquisitioh differenced range versus
" integrated doppler points.bgfore:rginipialigatiqnVfor_the_next TDf

(9)  Doppler sample rate = 60 seconds.

For Station 1k, with MU IT equipment:

(1) 1z, = 2bo.

LB

2hg. .

&

m;.vf ; W%imif.i:TiHAnwiwtg__ ln”'
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T, = 2%0.
TC = 60.
CRL
02 = 13.
Cyp= 3

Carrier suppression = 9 dB,
TX (1) = RNG MOD ON .+ 1 min, .

Subéequent acquisitions are pipelined.

. Doppler sample rate = 60 seconds.

To prepare for problems with the daily eritical Lander acquisitions, a set
of emergency guldelines were produced and issued to the Operations Control Team
- ‘and the stations. These guidelines are given here to 1llustra$e the complexlty

- of the dally routlne of Orbiter and Lander acquisitions.

If the upllnk is interrupted:

(1)

- (3)

During the acQuisifion.sweeﬁz Snapnto the start tuninéffré@ﬁéﬁty
{according to the acquisition message) and redo the entire acquisition
sweep., Since the sweep takes approximately 24 minutes, there will be

sufficient .ime to complete the acquisition sweep Lefore the down-

link is turned on.
After completlon of the uplink sweep and:

(a) ' Interruptlon is for less “than 20 mlnutes' At this time, it is
- safe to assume that the spacecraft receiver had been acquired
and is drifting to its rest frequency. Thus, the recommended
" recovery action during this time period would be snap to TSF
+ 100 Hz (voltage~controlled oscillator), sweep to TSF - 100 Hz
(voltage-controlled oscillator) and return to TSF using a

, tunlng rate of 0. 900 Hz/second (dlgltallybcontrolled osclllator) _

(b) Interruptlon is for more than twenty mlnutes Pollow the
recovery procedure outlined in Item 1. Be aware thet in this.
. -case it is highly likely that the station will see tuning

b.““effecﬁs in ‘the downlink. . Caution should be exeveised fo .. o

].1nsure that IECElVET lock is achleved on the earrier.

L,Durlng a speclal ramplng test

' fThe most conservatlve procedure is to 1mmed1ately seek: the advice of
_'the Lander Performance Analy51s Group Telecommunications Analyst.

80
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To facilitate the daily program of Orbiter receiver frequency ramp instruc-
tions, a new program wes written for use with the Hewlett-Packard 0810 calculator.’
This program accepted inputs representing exciter frequency, receiver freguency,
and doppler frequency, and produced receiver ftuning frequencies and rates of either
5- or X-band. :

With the approach of Viking occultations, the basic procedures, requirements
and strategies for occultation support were reviewed and speecial recommendations
were made to the Wetwork Operations Control Team. Three areas requiring special
attention were: ' ' : o T S

(1)

~ the AUDIO bandwidth.

Selection of Synthesizer Local Oscillator (SYNLO) frequencies:

' The equation for this Block IV open-loo? receiver ("SYNLO") fre-

quency is as follows:

SYNLO (S-band) =-%§ 48 gg%"TsFR‘;fD + Bias - 50 X 10° + aup1o

where TSF -"received_tracﬁ'synthesizer'frequency (~bd MHz)

R

b

0

Unbiased S-band doppler
The Audio handwidth used woulid be:
496 = AUDIO = 959

The basic plan was to set AUDIO (at the time of occultation) spproxi-
mately 500 to 1000 Hz from the AUDIO limit that allows the major
(or entire) portien of the pre- and post-occultation data to be in

o - el o
Since the Doppler rates are negative during the oceultation period,
the enter occultation SYNLC would be selected near the beginning of

the AUDIQ bandwidth (496 Hz), and the exit oceultation SYNLO would

be selected near the end of the AUDIO bandwidth (4959 Hz). Specifi-
cally, the BYNLO freguencies would be selected as follows: R

 (a)  Grazing trajectories: .

 SYNIO selected for a time © such that:

T+ 1000 km + T+ 1000 km
R en — - Ex —
o= = - —

Ty
h

L 3w .:J.‘.‘,.M_. -y

R o L




(2{ -

(3)

(5)

i SYNLO selected for a tlme, $ = T R
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and with AUDIO set to the center of bandwidth:
AUDIO = 2727 Hz

Enter occultation:

_a.nd ‘Wlth an AUDIO 1000 Hz -

ThlS allows a safety margln of S04 Hz for PREDIK errors,

'Ex1t occultatlon

SINLO selected,for a . ti

ond with an %gp Z 4000 Hz'

Eging and distribution of operational occulation data:

Figure 49 is the form in use to serve both to transmit.the occulta-' - .

tion prediction parameters from Network Operations Analysis Group to
the Network Operations Control Team and as the operational occulta-
tion log. Responsibilities in coﬁneotion.witb the form are as

- follows:
(a) Network Operations Analysis Group Track: The.entire form,

. . With_thevexception of A.2. A 3., B.2., B. 3., and C.
(b)__icontroiler; A.2., A. 3 , B.2., B.3., C.
(o)”: Network Operatlons Progect Englneer°' Dlstrihutlon of completed

form to Radic Sc1ence Team, = -

"'Closed—loop receiver- reacq_ulsltlons at exit occulta.tlon' The
kstatlons were to use. the acqulsltlon mode of the Block IV recelver

adg follows.'”’

(a)

(c)

“{a)

Start sweep 5 minutes prior to expected acquisition of signal.

Sweép #1000 Hz (S-band) about DL atawégu"
“Sweep rate 2000 Hz/second (S=band).

" Radio frequemcy bandwidth 10 Ha.

. 82f
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VIKING OCCULTATION EXPERIMENT

OCCULTED SFPACECRAFT

sje:Z27) pass: 3% DQY"?’O;\

TRANSMIT DSS: [57. RECEIVE DSS: {,3/47

'A. ENTER OCCULTATION

1. EXPECTED LOS: ' \%: 68 (b ¢ MT

2. ACTUAL LOS (S-BAND): - - |3} 58+ 2.0  «MT
3, ACTUAL LOS (X-BAND): [3'8% =0 © GMT
s d399\950 HE

5. SYNLO: e /u{ : HZ

'B. EXIT OCCULTATION

TRYTEE YT

1. EXPECTED AOS:

2. ACTUAL ACS(S-BANDY:  J4 ' pa'53 . GMT

3. ACTUAL AOS (X-BAND): 160346 " GMT

gTsEe  Hdz4aq19¢0 - 0000 #2

5. SYNLO: Y S HZ

C. REMARKS (Frequency Deviations, Etc,}:

NON.OGCULTED SPACECRAFT =
sicip - mass4\§ . pov: B3O

TRANSMIT DSS: 2}

RECEIVE Dss: b1 [b3

' POST OCCULTATION RECEIVER ACQUISITION:

S-BAND: SWEEPDl+ 1600  mz - at 060  Hz/SEC (S-BAND)
X-BAND: SWEEPDl+ _ D50 uz - AT __42S HZ/SEC (X-BAND)

RECEIVERS SHOULD BE IN ACQ MODE WITH A7’ RNABLED AND 10 HZ
RF BANDWIDTH,

- tobof : :
NOAG TRACK U\:(}-c[vfm CONTROLLER . _MNOPE
. Fig 9., Viking _décﬁltatiori' experim:eﬁf' sheet
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As the Prime Mission approached its conclusion in November, the
emphasis shifted from navigation requirements to radio science reguire-
ments, =nd new guidelines for ranging parameters were necessary.

(a) Stations 43 and 63:

g
[l

L=

T, = h_

T = 70.

Number of comp_oﬁé;és =15
Carrier éuppressioﬁ = 2;3 dB

P, = RNG MOD ON + RTL + 10 seconds (rounded "up" to c01ncide
- with a doppler sample).

Doppler BSample Rate = 10 seconds

Differenced range versus integrated doppler'collécted-until'losg
of the spacecraft's ranging channelg;.,

{b) - DSS 1k (using the MU II type of ranLirf,.

(£
]

30
"T, =15

‘T, =20

-
Il

15
Q, =k

(e]
0

Q
I

RNG MOD -ON + 10 seconds

a

Carrier suppression = 2.3 dB
'DoppiETJSémpie-féﬁe-#fi second’

In September, a new technigue for irterstation range validation was explored

- .and developed. This technlque used the predicted range (corrected by the doppler

pseudo residual) to transform ‘& range acqulsltlon from. one station to another,.

- The traunsformed range was then used to validate range emequisiton at the second

station. By #id-October, the use of this technique resulted in agreement between

 stat1ons on . the order of -10 to 20 meters.g

s E
y :
{
i
i
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[
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.
}
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Simtrs o EmDoa el

_ Until the development of the "pseudo-differenced range versus integrated
s doppler" algorithm, it was difficult if not impossible, to validate range data
: in near-real-time. Using this technique, range was routinely validated by NAT/
Track and the Project was warned of bad or gquestionsble range data. However, this
. technique could only be used to determine consistency between several range g
acqulsltlons “taken durlng a single station pass.

During October a new algorlthm(dlfferentlal range validation] was developed. B
which, using predicted range and doppler psendo-résiduals, could validate single =~ = - T
acquisitions between separate stations, This algorithm afforded a great improve- !
. ment in the Network's ability to validate many data in near-real time. Vi

“As a part of the effort to obtain accurate and reliasble range data, an
organization known #s the ranging accuracy team had been established sometime N
eariier. Considerable effort was expended to colleet, analyze, and publish :
) extensive data relating to the station range delay calibration. As .a result
% - of this,- previously unknown frequency’ dependencles were uncovered, zero delay -
| devices were improved and much more reliable ranging data were provlded to the -
Viking Project.

sacamis b i

k. Monitor System
i _ ' Fb“merly, the Monitor Analy51s Group was responsible for investigating -~
N . - and reporting enomalies that oceurred with the Monitor System. This consisted . ;
basically of the Digital Instrumentation System computer, Station Monito¥ and : S
_ Control Assembly, Monitor/Tracking Date Handling Digital Original Data Records . o
i . recorders, and all other peripheral Digital. Instrumentation Systen components,. = L o
a : and the Network Control System Real—Tlme Monitor and a55001a$ed.format dlsplays ' S

In addltlon, the Group was responsible for a wider range of conmon system and . o 3
 interface problems, which ineluded: - station-. Frequency and Timing System; power; ERUPIAES AN
- all site communication equipment including high-speed, wideband, and voice
Ground Communications Facility cireunits and terminal equipment between each 51te
and the Space Flight Operations Facility Building and its communications
AR equipment; and all Network Control System Network Dats Proce551ng Area common
oo 0 gquipment ineluding communications, timing, power, and the various computers
o i.e., Log Processor Subsystems,. Star Syitch Controller, Communications Egquip-
“ment SUbsystem, and NASCOM Assembly :

In September 1976 the scqpe of thls Group 8 act1v1t1 s was reviewed in
| - interest of economlzlng in manpower. A ‘decision was made to cover the perfor- .
1 mance of 'the hardware and software formerly defined as the Monitor System in o -
elther the Tracklng, ‘Telemetry, or Command Systems, as approprlate._ Consequently, S
no further unique Monltor System performance data were: accumul&ted, and regular S B
monthly performance reportlng‘was dlscontlnued 3 o

L B5
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IV. PLANETARY CONFIGURATIONS - . -~ L ;

A. TNTRODUCTION -

H
|
H
i
6.

With the edvenf.of full planetary operations on July 20, 1976,'f0110wing ' S
“the successful landing of Viking Lander 1, the entire resources of the Deep

Space Network were called upon to support the mission. These resources included _: }' o
three 6h-meter stations, six 26-meter stations, Deep Space Network and NASA B
Communications ground communications, and.the ‘Network Operatlons Control Center. i &

. The basis for‘these extensive requirements lay in the simultaneous support _ 1
of two Orbiters and either oné of two Landers. The capabilities required of the - i
various elements of the Network encompassed telemetry, command, and tracking = ) : _
- support, error-free data transmission services from Madrid, Spain, Canberra, : P
Australia, and Goldstone, California, as well as Network control and monitorlng '
" and. gap-free data record. productlen.:f-' SRR ' » .

B.  DEEP SPACE STATIONS o o - | i T ST

_ The conflguratlon of each of these elements of the Network as they were
used to support Vlklng plenetary'operatlons is described in the following
paragraphs.

T g

1. Bh-meter Stations

The three 6b-meter Deep Space Stations at Goldstone, California (14), : L
Robledo, Spain (63), and Tldblnblll&, Australia (43) were configured for Viklng ﬁ-'
Planetary Operations as shown in Fig. 50. ‘ ' g T

TWOVBlcck»II”fecéivere;aﬁd two Block IV receivers provided a redundant &
capability for three radio frequency carriers from two Orbiters and a Lander. :
Block III recelvers were capsble only of S-band reception while Block IV recelvers

. eould receive either 5- or ¥-band. Two open-loop receivers were prcvlded for LT T M
" radio science occultatlon and solar corona experlments. S '

Slx subcerrier demodulatlons were connected by'an extremely flexible
.. switch matrix to associated Block Decoders, Symbol Synchronizers, and Dats-
 Decoders, whieh, together with the Telemebry and Command Processor, prov1ded the
ca@ablllty required to handle six simultaneous data streams, i.e., two subearrier -
deta streams per speeecraft The data rate capebllltles are glven 1n Table 17

Interfaces from the Data Decoder Assembly and Telemetry and Command PrOm
cessor to the ground communication subsystems provided the transmission of low-
rate (33-1/3 bps), medium-rate (2 kbps), or high-rate (16 kbps) data to the

- - Network Operations Control.Center via NABA. Communlcatlons and. Network ground. -
' _communlcatlon llnks. -

86




- Table 17. Telemetry'déta.rate capabilities for Viking

o ‘ Te;emeﬁryjﬁ  Lander (A or B) . Orbiter A - : Orbiter B
" Deep Space channel Con O ' B ' o S
Station: combination - Ungoded ~ Coded - Uncoded - Coded Uncoded . Coded

Gh-meter :i 1 :  .'[8 | -',1ooov R ‘ _ - B T .
L e el o T aose 3 - 33,1600 -
3 8 1000 B - S 33 16,000
- 1000 33, 16,000 - 33, 16,000 - |
f;_5 . ©.1000 ) 33, 16,000 o o33 16,000
';; 6 | ” |

1000 33 16,000 33 “‘ 16,000

-thé: Oniy.the maximum bit rate (bps) required onieachvchénnel is shown.

I8

P6meter T - - 33 . 2000

IIT "ToA “€9L-CE

i [ T SR S - .33 . 2000

_ Note: Maximum capability;at any single cbmplex iéﬁsix streams on the Gh-meter DSS
' similtaneously with the two. streams on any 26-meter DSS (ineluding eonjoint

stations). - o
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Two Command Mddﬁlatioﬁ AeSEmblies and dual transmitter exciters affofded"
redundant paths to either a 20-kW or lOD—kW S-band transmitter for command
- purposes, one upllnk at a time.

Radlo metrlc data were generated by the etetlon s tracking subsystem,
lvwhlch consisted of two doppler counters and two Range Demodulation Assemblies.
This, together with the Planetary Ranging Assembly, prov1ded 8- or X—band
ranglng 51multaneouslj with 5~ or X-bahd deppler.. .

_.wJ

Barly in the Mission, the Planetary Ranging Assembly had been replaced by s

the so-called MU-ITI ranging machine to give better ranging performance at small _ : -xJ

. Bun-Farth-Probe angles for Helios. The Planetary Ranglng Ascembly was, however, S

retained for backup purposes. Later, as the Viking mission approached its solar

conjunction phase, the MU IT machine would become prime for Viking radio science
purposes.

Digital data records were made by pairs of 9—track,h1gh—d1versity tape
recorders eﬁtached to the Data: Decoder Assemblies and. Analog Data Reécords of = o
baseband, and detected data were made by FRI1U0O analOg recorders. Two high- A
_performance Honeywell machines were available for baseband playback at the :
statlons When necessary. _ _ _ o S _ ok

Rubldlum frequency standards were the basis for all statlon tracklng and o
frequency references, - Interstation time synchronization to 20 microseconds was :
accomplished by means of an X-band moonbounce llnk from the Medrld and Canberra
stations to the master clock at Goldstone. : :

To the maximum extent possible, this configuration was designed to permit _ S
the flexibility in switehing and.interchange of assemblies in the telemetry, T T
command, and: tracklng subsystems.. This approach was necessary to affect to some '
- ' degree the lack of redundancy when the statlons were called upon to suppord
.~ planetary operations for three spacecraft (two Orbiters and one Lander) simul-
_taneously. The alternate configurations permitted by this approach were each:
.. separately defined. and coded in the Network Operations Plan and used by the’
' stations as directed by the Station Controllers at the Network,OPeratlons Control
Center,

I

2. 26-meter stations

' The Network is comprised.of six 26-meter stations (in addition to the
three Bh-meter etatlons) geographlcally 1oceted as follows: :
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% - Space Station o ‘ Loeation L {

b ~ Pioneer, Goldstone, California = - o 3 ,{% 4 j

15 . Echo, Coldstone, California . ‘}

ot - L - Tidbinbilla, Canberra, Australia - o ;

i : ) . . ) P

: ; . _ Yh ) : .Honeysuckle Creek, Canberra, Australia ' _t

i et ' Robledo, Madrid, Spain ;_%

B : _ R . B _ s

62 . Madrid, Spain 1

]i!r ..ij

. _ aThese are "conjoint" stations that share the same control room
B : and same equipment (such as ranging) as the Gl-meter station at
- the same loeation. - S . _ L o ) _

PP LR sy 15}

Y
S T T ! Sy v

- The basie configuration for all D6-meter statioﬁs iz shown in Fig. 51.

Two Block II receivers provide a capability for receiving two S-band down-
3 7 link carriers if neceSSary. Generally, - they were used but for only one carrier
T with a backup receiver since the two subcarrier demodulations that followed could
A accomnodate only one.low-ratve (33. 1/3 bps) and one medium-rate. (2000 bps) data
: channel. Block decoding at 2000 bps or less was accompllshed in the Data Decoders
e *feedlng the symbol synchronizers.

: . Two - telemetry and command Processors . (xps 920 oomputers) performed. the

'necessary telemetry formatting and outputtlng furictions to the single hlgh-speed
- communications line.  Either one or two command channels, edch consisting of one
'Telemetry and Command Processor and & Command Moduletion Assembly, was capable ; ; :
“of dr1v1ng ‘the ‘single Block III exciter: and 20~ trensmitter. . R IRCIE RIS IR

i : : At Statlon ll only S-band ranging was available u51ng the standard _ o
i _ Planetary Ranging Assembly. At the conjoint stations (42 and 61), the ranging i
- ='1Vq{capab111ty (ualng the Planetary Ranging Assembly and Range Demodulation Assembly),--n :
was. shdred with the 6h-meter statlon,‘so that either (but not both) stations .
“could provide ranging support. The remaining stations (12, 62, and bi4) did not R
have a ranging capability. However, all stations could provide S-band doppler '
“uging their ‘Block IIT doppler extractors. outputting to -high-speed data’ llnes _
“through the Tracklng Data Handler.. Angle data and differenced range versus 1nte-
grated doppler completed the radio metric data types generated &t these stations.

Dlgltal ﬂat& were recorded st the output of; the Telemetry and Command. - . o
: Processor. Basaband and detected analog records were made at the input and 0ut~
‘L put of the Subcarrier Demodulstor Assembly. ‘At the conjoint stations, a single = .
. %.... . crew was used to operate both stations from the one control room. To reduce the .
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demands upon these crews during operations, the station monitor and control

. functions were exercised from a newly developed Station Monitor and Control
Assembly known 2s.8SMC II B. This assembly provided remote control of some _
. . functions such as receiver timing and, by bringing other monitoring functions to
- a single console, permlt’fc_d the station to be operated during the peak actlv:.ty
. periods with fewer operators. than otherm.se would have been required.

f
I
3

T O T P TP N PO o) -




'A..  GENERAL,

Prime Mission was concerned with the radio science experiments. This activity.
. increased considerably during the latter part of the Viking Prime Mission, and,

m————— meTmmmet e Team— o = e et
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V. RADIO SCIENCE

+

A very important‘part éf the Deep Space Network support for the Viking
in many cases, contlnued Into the Viking Extended Mission. The specifie éxperi-
ments that were carried out follow:
- (1) orbiter-quasar very.lﬁng baseline intérféidméﬁfy}
(2) . Earth oceultation.
 (3):"801ar corona. |
(h) General relatfvity
| (5).550rb1ter 8- and X-band doppler and- ranglrg.”
(6) Lander ranglng
v::Each of' these experlmenté waé de51gnéd fo prov1de sclentiflc data on apeélf—

ic areas of the solar system, and the guéstions concerning the deep space envi-
romment . Following is a brief descrlptlon of each bﬁger;mcut, and the status .

- . &t the end of the prlme m15510n.

B. "OCCULTATION“EXPERiMEﬁT |

Toward the end of the prlme m13510n the orblt of Orbiter l passed behind

Mers as viewed from Earth. Thus, in early October, the Orbiter's signal was
gradually cutoff, or occulted by the atmosphere and later by the surface of Mars.

The variatiors in the.signal on entry'and exit from occultation are used to

'determlne Martlan atmospherlc and ‘ionospheric propertles. In addition, occulta-~
tion measurements produce precise rad11 of Mars at the occultation POlntSn

Earth occultatlons with. Orblter 1 started on Octdber 6 1976 over the
Canberra station, "walked" into the Madrid station, and ended over the Goldstone
station. - There were 27 pairs of occultations. Only about 75 percent of the
occultations provided useful data because of conflicting requirements. of. other

- objeetives: of the mission, or insufficient oceultation recelving equipment at

the Madrid statlon which had not been scheduled For occultatlon support in -the

original planning for Radio Science.

. The ccnllguratlon used. for: OCLult&thH observatlons at Statlons lh (Gol&Qi.
stone) and L3 (Australla) consisted of the standard closed-loop system and also

‘the open-loop system, which is the most lmportant The open-loop system consists

of two open-loop recelvers and two dedlcated Qpen—loop FR: lhOO analog-recorders.;a

| i The. open—loop system is shown' 1n Flg. 52.'

o6
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SPACECRAFT _

F1g52 Decultation configuifa‘bio};f' R e I T

o . The pattern of oceultations for first phase involving Orbiter 1 only is o N . '_1
; shown in Fig. 53. This phase ran from October 1 +to November 1. The next phase,. B
involving Orbiter 2 was to begin on January 16, 1977, over Stations 63 and 1k.

5 ‘The analog data recorded .during these occultation passes were forwarded to.
Compatibility Test Area 21 for analog—to—dlgltal conversion using the configura-
tion shown in Fig. 5L,

T T T 1 g
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RISE D
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“Hach- analog occulta.t:.on tape contained recordlngs of both S-. and X—band _
da‘ca from receivers operated in both the’ open-loop and closed-loop modés. The
closed-loop receiver data can consist of up to 16 parameters that are digitized
in pairs. A single occultation could result in analdg tapes containing 22 min-

. utes of entry and exit data from the open~loop receivers and 22 minutes of -
closed—loop receiver data. Dlgltlz.a:t.lon of all analog data by the Compatlblllty '

Test Area would require approximately 12 to 15 hours.

However, typieal reguirements during the Prime MlSS:LOl‘l have been on the
order of four hours digitization time for each occultation. In add@ition to the

~oceultation data conversion support, Compatlblllty Test Area 21 provides a back-
. up capability for analog—to-—-dlgltal conversion of Viking telemetry data. During
' the Prime Misgion, a combined total of 38 cccultation and telemeiry: analog tapes,
: resultlng in 63 dlgltal tapes, were processed by Compa.tl‘blllty Test Area 21,

e GENERAL‘RELATIVITY'EXPERIMENT‘

In September ‘the Viking Pro,Ject approved the General Relat:.v:.ty T:Lme—

_,Delay Experlment prolnosed b'y' the Radlo Sc:.ence Team

General rela:blvn.ty predlcts tha‘t rad:m waves will be sZ owed as they pass "
near the Sun by an smount that inéreases logar1thm1cally to 2 maximum of about

- . 250 microseconds (equivalent to dpproximately 38 km in one-way range) for rays
" that ‘graze the so?l.a.r Iimb on an Barth-Mars round trip, . With the Viking Space-- :

eraft, it was possible to test ‘this prediction to an accuracy of 0.1 percent_
The best prior test of a.nv non-null prediction of general relativity had an

_ ;_-accuracy of 1 percent. Thus. the Viking experlment could yn.eld a tenfold 1mprove-
- ment in “the: ‘testing of generel relatlvz.ty : e : :

‘I'Wo "bhirigs made Viking unique for this test of general reletivity (1) the

o existence of the. La.nder(s) that enabled e determination of the precise position

a of the target in the solar sys-bem a.nd hence, “to. separa.te the rhrect rela’bIVlStIC':_'.

%
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effect from the totalirangé; and (2) the existence of both S-band and X-band

- (downlink only) on the Orbiters that allowed separation of the effects of the:

plasma of the solar corona from the direct relativistic effect. (The dusl-

frequency capability also existed with Mariner 10, but its orbit was only poorly .

known; the orbit of Mariner 9 was also not known well enocugh, and, 1n addition,
dual—frequency'capablllty was not avallable)

The achlevement of a 0. l—percent accuracy in the Vlklng general relat1v1ty
experiment depended entirely upon the near simultaneity of the S5- and X-bhand
trackmng of an orbiter and the S~band traeklng of a lander. '

The perlod of time covered by the 51multaneous Lander and Orblter ranglng

 extended from November 3 through December 9. In addition, near-simultaneous

Lander and Orbiter ranging before and after this time periocd was to be used as

. an essential part of the general relativity experiment data base, to solve for

planetary ephemerides errors and as part of the Radio Seience Lander locatlon
and Martian pole location experiments. :

- Experience-during the Viking prime mission had'showﬁ_thet-the ranging sys-—
tem — the planning, sequencing, data acquisition and processing — required con-
tinuous technical expertise to ensure good usable data. Due to various reasons,

only about 25 percent of the near-simultaneous Lander and Orbiter ranging passes
‘that were scheduled actually acquired good near-simultaneous Orbiter and Liander

ranging. As a consequence of this poor record, the Real-Time Radio Science _
Ranging Team was organlzed and started 1nto operatlon near the end of October.

By the end of the m15510n,~there had’ been four attempts to.acqulre_SImul-_-

‘“taneous Lander and Orbiter ranging from Station 1hk and Station 43. The first
pess with Lander 1 on November 3 experienced a ranging equipment failure that
~ was corrected in time for a successful pass the next day. The two passes with

Lander 2 on November 8 and 9 were successful.. The Real-Time Ranging Team.was
able to monitor and correct many operational errors that would have resulted in
lost ranging data. It appeared that the General Relativity Experiment should
be able to achieve its objectives although solar corcna effects were to become
more severe with the approach of" solar congunct1on on Noveﬂber 25

~ D. . SOLAR. ‘CORONA. EXPERIMENT.

. As Mars and Earth neared superlor congunctlon on November 25, radio 51gnals
from Viking spacecraft passed close to the Sun and were gradually affected by the
~influence of the solar .corona...Signal variations, using. ﬁualefrequency down— N

o 11nks, provided new- 1nformatlon on regions close to the Sun. " o

' Elght days of 1nten51ve solar corong datsa were acquired from October 3

-through 10. to checkethe solar -corena. data.- acqulsmtlon process and also get useful. . - -

solar corona data at a Sun—Earth—Prohe angle 'of about 15 degrees. These data -
were acquired from Stations 1k and 43 using Orbiter 1, Orbiter 2, and- Lander 2
Data were acquired in “two modes: a multlple—spacecraft, single-station mode,

‘and a single-spacecraft, dual-station mode. -Both closed-loop data (4 stresms of -

3.99:..~
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E
E

10 per second data for a couple of hours) and open-loop data were acqguired. The

open-loop receivers at DSS 1h were operated in two modes: a mode to collect

dual S-band data from two orbiters using synthesizer loeal oscillator predietions, ]

and a mode to collect 8- and X-band data from ome orbiter using programmed loeal =~ =

oscillator predictions. This week of successful operations provided the experi-

ence and data needed to design the solar corona passes during the solar conjunc-—
 tion period. . . o : :

. Open-loop analog recordlngs at the radio frequency'carrler specitra from 4 1 i
Orbiter 1 and Orbiter 2 were first delivered to the Radio Science Team on AR
- October 3, 1976. These tapes were. first checked at - Compatlblllty Test Area .21 ’
for format, COntent, and data quality, and exhibited many defects at first. = ‘ g . %
Daily air shipment of tapes from Goldstone was instigated so that the tapes could ' ] !
be examined at the Jet Propulsion Laboratory, and corrective instruction fed back :

- %o the station prior to the following pass. By October 8, the. data quality had

" improved such ‘that daily checks'were ro longer necessary, and prov151on of o
”analog solar corena data became a routlne procedure. e R L S

‘The conflguratlons at Stations 1k and 43 differed somevhat in that Station 1k
used a programmed local oscillator at certain times, as described above, in
- addition to the synthesizer. These dlfferences in conflguratlons are shown for -
comparison in Fig. 55 and 56. : : '

Fortunately for the solar corona experiment, there were extensive periods
. of one-¥ay tracking of the "second" Orbiter during the general . .relativity experi-
ment. Since one-way S- and X-band data are not corrupted by the uplink solar
corona scintillations, these data provided additional observations of great,'
value to the solar corona experimenters.’ )

E. ORBITER-QUASAR VERY LONG BASELINE'INTERFEROMETRY
A total of ‘six Grblter—quasar very long baseline 1nterferometry passes of

'~ data were acqulred.between Statlons 1h and 42 after Viking arrlved at Mars.
These passes were:

Date . - - : Orbiter o Quasar o j

: - . . . . !
ST ST o o R
July 15 o B P P Rt . & 06k4.5 %‘ ﬂ@
»,August A9 ey e e e p1ThBa00 R
’September e2/23 . g oo 3e 219 NN
CSeptember 23/2W G w2t e s 30RT9 L 3 '%
; A - o R - - K !

100
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- During a very long baseline interferometry experiment, radico signals from
a spacecraft and quasar were alternately recorded at two Deep Space Stations.

- The experiment yielded precise measurements of angular separation of the two
“sources. The results shows precise location of the spacecraft and that of Mars
and Earth as well. By performing such experiments over a period of years, exact
orblts can be determined and the general theory of relat1v1ty can be tested.

ced By the end of October, “the data from the flrst w0 passes had been processed !
- : through the California Institute of Technology very long baseline interferometry - " 3
correlator and appeared to be of good quallty. Processing of the remaining data :
was in progress. : S S S i
P At Stations 14 and 42 special equipment was required to perform these ”;
b functions. This_eguipment ig listed here and_its_cqnfiguratiqn»is depicted in 3
: Fig, 5T. S Lo c L A ;]
i (1)  Very long baseline-interferometry. S~band receiver. 1
(2)  Hydrogen maser. éﬂ
“(3).  Viking frequency converters. . - = - - S S ' -j
(k) . Mark II recorder system. i3
3 (5} ° Very loiig baséline interferometry frequency synthesizér. %
o N e TAL P
RICEIS - TRANSISTOR e ST Do i e
. _ ey . . - 10°dB . o 5
SEAND b seecron ___Q——EE j)”- 7 (j‘\' o ' o
TRAVELING- . :
WAVE MASER | . i > T L = N
: 2297 MHz ;
. ; 1
5MHz VERY LONG
 HYDROGEN: _ 0710 -10dBm . | BASELINE L
CMASER - R RS INTERFEROMETRY ;o
' o RECEIVER i
| 5 MHz 7 —57 MHz
Lo L . : MARK I [ " ' VIKING
e Lo A ] RSO O nNeUT @ﬁv“
5 86 Mha P4
SRRk L. o
e |iEE
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; o FREQUENCY . 5
: SYNTHESIZER -
i* o Flg. S5T.e. Very Jong basellne 1nterferometry conflguratlon '
? o for ‘Stations lh h2 and 43 : i
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Continued acquisitiongOf the Orbiter-~quasar very long baseline interferometry

data type during the Viking Extended Mission depends upon the resources available
to plan, acquire, process, and analyze this data type..

F. LANDER RANGING

By . acqulrlng Lander doppler and ranglng Eata along with nearn51multaneous
ranging from the Lander and Orbiter, much knowledge may be gained concerning
Martian polar properties and Lander position. Specifically, these data will be
used for Viking L&nder Location, and Martian Pole Locatlon and Dynamlcs
Bxperlments. :

Near—simultaneous Lander and Orbiter raﬁging had been requested for the
Radio ‘Science Lander Location =nd Martian Pole Location and Dynamics Experiments.

. The technique of near-simultaneous ranging from the Lander and Orbiter from the
. same Deep Space Network station {shown in Fig.- 58) eliminates the effects of
differential charged particle and dlfferential statlon 1ocat10n errors for sta-
- tions located on different continents. . - L

The ‘power of the Lander doppler and ranglng data had been demonstrated
during the mission by the use of small amounts of data to solve for very accurate

=Lander locations and Mars pole dynamies. Lander and near- —simultaneous orbiter
- . ranging yields knowledge about changes im the Martian spin rate, and Martian
- ‘pole precession and nutations — important results for understanding Martian
: dynamlcs and 1nternal structure.

In addltlon, Lander and, near—slmultaneous Orblt ranglng is to be used
for another test of general relat1v1ty-— a dynamic test as contrasted,to theé time-

. delay test discussed earlier. This dynamic test of general relgtivity will

reguire Lander and Orbiter ranging over the lifetime of the Landers and Orblters,
and will be carrled out during the Viking Extended Mission.’ :

STATION 1"

Fig..ﬁ&g;5Téchﬁique”fof'neaffsimultaneOus LanderfOrbiter”ranging _' ? 
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G.  ORBITER S- AND X-BAND DOPPLER AND RANGING - . . = o

_' Since November 1975 when the X-band transponders on both the Orbiters were k
turned on, several hundred S- and X~band doppler and ranging passes of excellent
N data had been acguired during cruise and planetary operations. These data were
Lo - extremely useful in evaluating the new X-band system performance, monitoring
solar flares and solar corona noise, and for the charged particle calibration of
doppler and ranging data. PFour data types, i.e., 8- and X-band doppler and
ranging, have been compared and yield the same charged particle results. Namely,
S~ and X-band differential doppler, S-band and X-band differenced range versus
integrated doppler, and S~ and X-band range yielded the same change of total
gelectron content during recent high solar corona activity passes.  These data
afforded the first practical demonstration of validity of the dual frequency
" -calibration of charged particle effects in the interplenetary medium.
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VI. RELIABILITY AND DISCREPAUNCIES

A.  OPERATIONAT, RELIABILITY

Data on the operational reliebility of the Network for Viking support

. continued to be- compiled by the Viking Ground Data System.Suppovt Office through
the end of October 1976, This rapresented a total of one year's accumulation

of data relative to Viking support throughout the Network, after which the work
was discontinued. With the permission of the Chief of the Viking Ground Date

" Bupport Office, their data are reproduced in Table 18 below, since they afford a

closely—bounded overall statement of how the Network actually performed throughout

the mission from a reliability point of view.

‘Table 18. Operatlonal rellablllty for Vlklng support from August 19T5
ST e through August 1976 - o _

Deep Space Stations_

0perat10na1 performance B _ ' .
parameter - 1 12 1k Lo 43 Ly 61 62 63

. Total éupport tiﬁe, hours .18§51 1729 1436 227k 1649 .ih29 "2569 1941 'éhoh

Number of failures 26 29 6 26 k5 17 17 22 52
Meén recovery time, 72 31 4o 58 48 92 B0 36 50
minutes ‘ : o S : , Vo
© Mean time betwesn = . fTQtf'.ﬁottufEH . 87 .37 o8h..1k5 ,83j B

- failures, hours

' The probabilistic date Tor up time and recovery’ “time for .each of - ‘the- ‘stas

-,tlons based on approximately one year of data are given in Flgs. 59 through 6T.
In collecting these data, a system failure was defined as having occurred in real
time system when either the real tlme recording of the data stream was not

.accompllsbed thé real time transmission of the data stream was not accomplished, o

or the real time display of the data in the mission support area was not accom-
plished. Failure of & s;ngle use input/output dev1ce was not considered a system
failure - : : S ‘ , :

Recovery is defined to be. the recovery of the system capabllltles. This isg
not necessarily the same as recovering to the ‘Same state of proce551ng as when
AJthe system_fallure occurred SRITR S .




‘ 33-783, Vol. III
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Fig. 59. Pr_o_ba_._hilistic data for uptime and recovery time at Station 11
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Fig. 60. Probabilistic data for uptime and recovery time at Station 12 -
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Fig. 6l. Probabilistic data for uptime and recovery time at Station 14 . L
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Fig. 62. Probabiiistie data for uptime and recovery time at Station k2 - . -
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TFig. 67. Pro'babilisﬁic_:"daft:a for uptinie and recovery time at Sta‘bi‘gn 63
B. DISCREPANCY REPORTS

‘The status of Viking hardware- and software-related discrepancies on

'September 1, as a necessary condition for Network read:mess to support the

second landlng, is given in Table -10.

Of_-t"]ie;fﬁot'é.l a7 rép’of-i:s outstanding at that time, only one was considered
significant to Viking Lander operations. This anomaly concerned the sléw lock up
of the subcarrier demodulator at Station 43 for data ra’ces of L kbps, and was

‘under 1n’cens:l.ve 1nvest1gatmn at the t:.me. -

The status of Vlklng—related Dlscrepancy Reports 'bea.ng carried by the

- Network's: reporting system at the end of the Prime Mission is given in Table 20.
The minimal. number of discrepancies. remaining actlve reflects the maturity. of

‘the Ne’cwork. ‘This is & result of the efficient and expedient attention that

- eventually evolved within the organization: for identifying, analyzing, and closlng
out the anomalies. .
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Table 19. Viking Diécrepancy'ﬁepor%3status"as of September 1, 1976

. Station

System

1112 14 42 43 Bk 61 62 63

Network Data“j
. Processing Area

Control Area _
Network Operations -Totals

Traéking

: Moniﬁor .

Telemetry 2
Command

Totals =~ . 2

1

0 )

" Table 20.. Viking Discrepancy Report status at end of Prime Mission

.- Discrepancy

» Stﬁfions

Reports

112 1k k2 43 M 6L 62 63

Netﬁork
Data

Area

Network.

Operations
Processing - Control

Area

~ Ground .
Communications Network

j'I\Iurr_:l‘her"'f011"1;s"l:a_,-n_ﬁing

on'11/1/76
;]NUﬁBer;closedfout'
© from launch

.. through 11/1/76

;d o 8

0

5

.0

-0

0 0

T

67 sk 233 55 143 _23v'§1 30 168 222

122

o - o0

50 33
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APPENDIX A

 CHRONOLOGY OF EVENTS (1976)

Deep Space Network support for both Viking 1 and Viking 2 con-
tinves at satisfactory. level. Network Operations Control Cen-
ter delivering high quallty Intermedlate Data Records Well
withln time limit, -

Engine generator failure at Station 13 led to reevaluation of
engine generator configurations, throughout the Network to o

- eliminate single part of failure ‘mode.

_ Viking Lander 1 site strategy changes in light of new data

from,Arecibo. Expect landlng about July 20.

| Potentlal strlke threat 1nv01VLng Australlan stations appears

to have been averted.

. Australian general strike did not impact stations or communi-

cations during Viking Pass.

Network gives perfect performance in support of Vlklng 1

landing..

—Viking Lander 1 direct link established by Station 43.

Tntensive effort with help'fromjbiﬁieion 33 to solve pereistent
Telemetry and Command Processor Assembly/Dlgltal Instrumenta~
tion Subsystem problems at Station 14 related to the EhOO

_(Greenw1ch Mean Tlme) rollover problem.

Extenslve 1nvest1gat10n by Jet Propulsion Leboratury Division
33 engineers of Data Decoder Assembly timing problem present

- at Station 1k during 2&00 hours. (Greenwich Mean ‘Pime) rollover
- Sequence. Data Decoder Assembly multiplex switch is suspected
7 as cause, Investigations at Compatibility Test Area 21,

Forgings. for new ball and socket. assemblles ‘for Station 43

“arrived at Jet PrOpu151on Laboratory for machlnlng and testlng

Speclal Data Decoder Assembly trouble shooting effort at

... Stetien 1& was - terminated- after ‘several tiracks. w1thout problems'o-i
e verlfled “that. problem had been corrected.

Network Operatlons Control Center Network Log Processor delayed _
delivery of 24 :out of 4l Intermediate Data Records over the '
‘past few days. D1v1510n 33 help requlred to correct the

problenms.
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Network Opéfafians Control Center experienced Magnetic Tape
Controller problems that caused Intermediate Data Record
backlog

To s:gnlflcant anomalles remainlng in Network Operatlons Con-

~ trol Center identified as potential threat to continued Inter-

mediate Data Record productlon for Vlklng

Spare 100 kW klystron now recelved at Statlon 63 after repalrs
at Varian.

Mars Orbit Insertion for Orbiter 2 results in three spacecraft

in antenna beamwidth simultaneously. All 6h-mmeter station
capabilities now saturated.

- Network contihués3to*SupportaLander 1 on surface of Mars and

Orbiters l and 2 in orbit.

Block ITT Network Control System equipment in Network: Operatlona
Control Cemter experlenced failure of Communication Equipment
Subsystem resulting in Intermediate Data Record Backlogs.

‘Block I Network Control System equipment finally released, and -

removal from Nethrk Operations Control Center begins.

Occultatnon Demonstratlon Test over Statlon lh

:Mlss1on orbit- Trim No 2 for Vlklng 2 over Station h3

Two of three concave sections of the ball and socket assemblles

for Stations 43 and 63 failed the heat treatment process —

p0551b1e schedule impact.

Developed plan to perform speclal corrective maintenance to a
.- segment: (135 degrees) of Station lh azimiath bearlng in event
that film height falls below 0.003 1nches.v Coordinated plan .

with Viking Mission Operations to minimize impaect to mission.

- Flrst full year of Viklng Fllght Operatlons has been- completed :-

o successful. demonstratlon tests of communlcatlon clrcult
from Tidbinbilla to Jet Propu151on Laboratory v1a Ororal Valley ;
ﬁand the ATS satelllte..a o : e : --5~

Anslog baseband playhack helng exerc1sed regularly on weekly

~ basis at all 6h«meter statlons. N

Orblter l/Lander l/quasar very long basellne over Stataons hl

~ghd b2,

i'igf“

t N,
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: Bugust 20~ Six simultanecus data streams in vegular operationzl use at
! ' 6h-meter stations. Routine production of high quality Inter- _
L mediate Data Records i« progress.. _ : ' Rz

100-kW transmitter used externsively to support Lander 1 -
receiver -anomaly investigation.

. o .~ Orbiter 1/Quasar Very Long Baseline Interferometry Experlment P
| , . supported by Stations 1% snd k2, o - L mg
;

August 22 Wine potential anomalies'identified in Network Operations
o ' . :Control Cénter require correction. to ensure malntalnlng
pressure for Intermedlate Data, Becord productlon.

" Orbiter 1/Quasar Very Long Baseline Interferometry Experlment
supported by’Statlons 1k and L2, o

Mugust 25 Mars Orbit Trim No. 3 for Viking 2 supported by Station 63. | .
AnguSt 26 - Repalr of cracks in-antenna ball and.socket assembl;es for _ _ -
s Stations 43 and 63 will caise delays such that air shipment . .~ ' 7o

' o mey be necessary to meet original November schedule.

A ' ' .Prohlems belng experienced in digitizing occultatlon tapes .. " _ é
: ' from Statlon 14 at Compatlblllty Test Area 21. o S %

___Work progre551ng in NWetwork Operations Control Center using
Mars: Orblt Determination camp field service englneers.

August 27 ~ Mars orbit trim To. h for Vlklng 2 supported by Station lh ;
September'é'. j“z Statlon il antenna hydrostatlc bearlng cond;tlon remalns stable. g
_September 3 ‘ 'Separatlon and,touchdown for Lander 2, Frlday, September 3, . E :

~3-1558 (Paclflc Dayllght sze)

©  September koo . Flrst TLander 2 direct 11nk over Statlon h3 o o 3{ fr.'i

J"SeptEmber 9. .. Orbiter. .2 starts "waelk" around rlanet at b0 degrzes per day. :
s ' ' All Lander. l ‘data returns via dlrect llnk at 1 kbps. T L

i e ey )

Septembey'l : All the Network systems reportlng gveen SUamus for separatlon .
et o and.bouchdowvm of Lander 23 to be. covered hJ Statlon 14 W1th
Statlon 11 as bachup S . : S

L Seﬁﬁember_E_ N Last Lander 1 relay link oceurs on 5ol h3

Septarber 3+ Vlklng Radlo Science Team requests ‘extensive ‘support for radio . . -
- R ' science during the solar occultation period, November 15 o . :
" ‘through December 15. This will impact the critical’ antenna ' i
':*ffmalntenance rework,planned‘durlng that perlod . ' i

SRS

.ﬁ'ii385f'




PP T E Eroe -

September

September

_$EP§§m§er
ejseptemper
S?Ptembeé
. ,Sebtember
”'sePtéﬁber
: “Sepﬁémber
,e{Sep#ember_

.. September

September

33-783, Vol. ITI

Excellent performence by all elements of Deep Space Network
characterizes. the leading of Viking 2 on Friday, September 3.

" Events were complicated by an orbiter attituvde control anomaly

following separation.

First ﬁanderi? direét'link-euceessfully established by
Station 43.

Compatibility Test Area 21 used to support orbiter attitude .

control tests using Orbiter 3 &t some impact to Metric Data
Assembly softWEre checkout.

Final testing of open-loop receiver at Station 1h completed in.

" preparation for livé spacecraft occultation configuration test.

10

.
‘l2
1k
15

16 .

Progress continues on analog baseband playback at Station 1k.

Critical antenna maintenance schedule during period November
A5 through December 15, reexamined to defer Statlon k3 tall and

socket work to December or January.

- Very long baseline interferometry procedures and sequences
‘provided to Stations 14 and 42 Ffor Orbiter quasar very long
‘baseline interferometry passes. on September 22, 23, and 24,

- Mars Orbit Trim No. 7 for Orbiter 1 performed oveér Station Ih.

~ Viking relativity experiment during conjunction period Novem- -
~ ber 15 through December 15, now fully supported by Project with . .
Station 43 downtime for ball and socket replacement starting
between February 25 and March 10. Viking prime mission support
ucontlnues with no outages or 51gn1f1cant ‘anomalies reported

ngklng occultation recording test conducted successfully at
“Station 1b, with similar test at Station 43 scheduled for

September 22.

- Backup Network communicdations equipment implemented inﬁe the

Block III Network Control System configuration and being used '
in support of Network Operations Control Center operations.

Station 14 hydrostatic bearing being closely monitored due to

an abnormally low film-height condition at 123 degree azimuth.

16

e s o n g r e g = e

Shimming to correct this condition may adversely affect the
existing critical area around 135 degree azimuth. - Corrective

- maintenance being - ‘deferred for approxlmately 10 days to av01d
.current Viking hlgh—prlorlty ect1v1t1es.

Total commands transmltted to all Vlklng spacecraft now- exceed el

50,000, -

139

e
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September 17  Negotiated firm dates for Station 43 antemna repair to commence o
on February 28, 1977, and for Station 14 bearing rep&lrs to
start November 15, or sooner if possible.

'Séptembef'QOV VikiﬁE'Prime missioﬁ'support cbﬁtiﬁﬁes'to'inv01VE all eleménté N
. o : of the Network and performance continues to exceed all expecta-
; tions under prolonged meximum loading conditions. ;

i

f

Station 14 hydroetatic bearing filmfheight'eonditioﬁ at 123~
degree azimuth remains stable at greater than 0.00hvinches.

R discloses some procedural problems ‘and doppler sllps in the
Radio Metrie Data System. Quasar Orbiter very long baseline
1nterferometry sequences conducted w1th Statlons lh and 42 on
September 23 : o

_;;;e;-. - . . September 22 . . Orbiter 1 Occultatlon Demonstration Test conducted at Station . =~ . . . ;1

- Septenber 23 Departure date of. Shlp to deliver ball and socket joints to ;

: Station 63 is delayed 10 days, w1th_1atest arr1va1 in Spaln f
;:xscheduled for November 15. - Lot B o

. : E

j

1

H

.

: September 24 Viking 1 orbital walk ends With,execution,oijars Orbit Prim-
: ‘ No. 9 over Station 63.

: -September 28 Serlous antenna outage at Statlon h2 averted by prompt actlon ,
P L B of station engineers in correcting three coneurrent acimuth » !
' drive problems. Network continues to maintain high level of _ !
 -support of Viking primé mission with nd significant problems - . - 7 |

~ reported and excellent intermediate Data-Record deliveries. - S

! September'Bo Suceessful Occultatlon Demonstration Test performed at Station
el _.;_'*_;’:h3 in preparatlon for Vlklng occultatlon in . early Septemher._f"’

October 8 - First successful playback of baseband data from FR2000 analog'” o
- receivers into Block ¥V, Subcarrier Dnmodulator Assembly _
o ﬁaccompllshed at Station 1k, : e

Octobéer 13 Viking Tander 2 lases downllnk communications on traveling
: vave tube amplifier No l. Dlagnosls in progress. o

Octeber 25 _'ji Both Block Decoder Assemblles red at Statlon,lh, cau51ng serious
' S "~ loss of high-rate data. : .

Hf'No%eﬁﬁeéﬁi"efeffﬁ;Bibck'De&bder AesemﬁlyT§de1em cdrreeted:et7S€e£ion"ih;'ﬂ
' :Nbvember o Oécurrence'of radio'ffequeﬁcy interference at Goldstone of _
T : .,eunknown orlgln,causes 1055 .of 50 mlnutes of 8~kbps hlgh—rate Tl
" data. : . _ - : :
'N0vember'5 . Stafidh_lh bégins critiealfbeafing:maintenanue on alternate days.
Clig
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Reliable occultatlon.and solar corona data belng delivered
to Viking Radio Science Team.

“Solar effects begin to degrade Viking telecommnnlcatlon links
: wnth onset of solar conjunction.

Network Operatlons continued to malntaln its high 1evel of
support Wlth no. 31gn1flcant problems or anomalies.

V;klng,Prlme Mission ends.

Postscript:

- As the Prime Mission ends, it is timely to recognize thé'
~~ contribution of many people in the development, englneerlng,

technical support, documentation; network analysig, and -

‘secretarial areas without whose efforts the front-line opera-

tions teams could not have met the demands of the mission in
the outstandlng way ‘that they did.

‘The Deep Space Network Manager recognizes and commends all

these people for their help in various ways during the eight

eventful,years that the Network has been 1nvolved in the
Viklng Progect.

Tk
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APPENDIX B. .

' IN RETROSPECT

“Novermber 15, 1976, marked the end of the Viking Prime Mission and; what was
for the Deep Spece Network, the conclusion of the largest,; most complex, and,most
demandlng mission ever supported

It was the largest mission in terms of its demands upon the resources of
- the Network, the most complex in terms of operational sequences, schedullng, and -
. numbers of spacecraft, and the most demandlng in terms of a contlnuous, sustalned
EETARE S RN ~high Jevel of performance throughout the Network for long. perlods of time. That-
, .:“.', ' the Network was able to meet this challenge and provide the required level of
R ' support contributed in a major way to the success of the Viking mission..

s : However, this measure of success was not achieved 63311y or without cost, R
nor was it by any means perfect co

This c1051ng sectlon affords an opportunity to examine, in retrospect, the
adequacy of the management, planning, implementation, and test processes that - -
preceded the mission, the quality of support provided during the mission, and the
efficiency of the Deep Space Network working relationships with elements of the ~
Progect both_before and durlng the m1351on. R S £

The greatest 51ngle def1c1ency in the Network.plannlng and 1mplementatlon
activity in the years preceding launch was the failure to achieve many of its
- original schedules, except for those assoclated with the Telemetry and Command
- Processor software. Viewed in the harsh unforg1v1ng light of the Proaect's own
rigorous scheduling and review technigues, the Network's performance in meeting
the original schedules and achieving milestones on time was poor indeed. Even-
- tually, as built-in slack time eroded, and tension in the mission enviromment
- increased, confrontations ‘between Project Management and top level-Laboratory =~
Management took place on what were relatively minor items of implementation.
The reasons for the Network's poor schedule performance relatlve to Viking, can
- be attrlbuted to several fectors

:(1)'-'The impact of the earlier Mariner VenuS—Mercury'1mplementatidn the
- ~ Pioneer 10 and 11 launches, the Helios 1 angd 2 1aunches, and the con-
'tlnuatlon of these missions. 1nto extended phaees.;;:v :

hardware, software, and documentation to the stations in time to
. .-allow for. 1mplementa$10n and :adequate testing at the subsystem-and
- system level, prior to the start of operational ecrew testing and-
: tralnlng It can be claimed, and with gustlflcatlon, that the. 1inited
v engineering manpover available was a reflection of the dlmlnlshed
m_;_budget and,manpower constralnts of that perlod.;;,ﬁ,¢,,_ Lo

- ]
(2) A gross underestlmatlon of the englneerlng resources needed to deliver o
) s

!

it e

il o et .

(S)V_-Asra resultrof‘(e) above, the etatlone-WEre-ln many'dQSes_forcedjintoﬁ?
" declaring an operational status with inadequate training and proce- B
'Pjdunesﬂvan@_immatureihardwareﬁand5software'cgnﬁiguratione;ffAs.washto;.ﬁ?;?

12
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be expected, mmerous problems and anomalies surfaced only as the
systems matured in the operational enviromment to which they were
connected, causing repercussions throughout the Mission Operation's
“organizations, overloading the limited resources available to imme-
diately work on the problems, and eroding the credibility of the
Network, as seen by Progect Management.

() Unforeseen hardware and softwere problems. This applied particularly
"+ to the new dual~frequéncy 5/X-band receiver, and & new system for
automatically recalling previously recorded telemetry data from the
stations to the Network Control Center. The former was a new develop-.
ment with a greater-than-usual incidence of- complex radio frequéncy
.problems, vhile the latter problems were created by the constraints
‘of eariier software programs being requlred to perform a greatly
increased nev task.

{5) 4 rather loose organlzatlonal d15c1p11ne between the development and
operations organizations relative to respon51b111ty for delivery of
fully-checked and documented Englneerlng Change Order Klts to the
statlons.

(6) & belated recognition of the magnitude of the Wetwork reconfiguration
- task for Viking, and the need for an improved engineering change . '
management  structire Lo’ direct the multiple 1nterlock1ng tasks in a
coherent manner. . : :

e gl A R

(7)  The specialiZation of particular individuwals in certain initial tasks
-80 that continuation of the work became critically dependent on these
particular individuals. Thus, resignations, sickness, vacations,
_pregnancies, and the working week of particular individuwals could
have a major effect on a high-level schedule. This was particularly
true in the development of the automatic telemetry recall system and
' Network Operatlons Control Center software. ' : :

HOwever most of the areas of weakness were the outcome. of a. relathely
short-term peak load on an on~going organlzatlon vhose resources were constrained
by manpower limitations to a rather lower average level of effort. As a result
of the Viking experience, some of these deficiencies, particularly those related
to engineering change management and new implementation, have been COTrECqu for
~ future missions.. ' But there still remains mich scope for improvement in the -

'remalnlng areas of weakness, .as the Network continues to evolve to meet the -
'demands of future missions,

- Another . factor stemmed from the dlfferenoe between the Management approach

'”'edopted by Jet Propulsion Laboratory Flight Projects to which the Deep Space

Network was accustomed, and the management approach used by the Langley Research
Center for the Vlklng Project . o A . . .

Although in the real World one does not expect perfect harmony, +the worklng
relationships between the Network managed by JFL and the Project managed by LRC -
were not always conduc1ve to greatest efficiency in the uwtilizagtion of the over—
- taxed Network resourceS. Ind1v1dual 1dlosyncra51es surfaced early in the llfe
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of the project, end to a certain extent, persisted to its conclusion, coloring
working relationships between.1nd1v1duals and between worklng groups across the

"”Progect -Network interfaces.

The Project, under pressure to meet its own launch schedules and cost
ceilings, was understandably intolerant of the Network's own internal problems
of manpower cost and schedules, and could do little to help, except by escalatlng
the def1c1enc1es to top management. levels.,

Phe Viking Project was forced, hecause of its videspread geographic dis~

" position, to place a great dealuof.reliance"on documentation, frequent status
reviews, and regular progress reporting for its management of such a vast Projeet.

Wisely, the Project Office set up an organization at Langely Research Center to.

.,properly manage the huge volume of paperwork that resulted. The Network was
~ urused to this management technique, with one individual as the- recipient of the .
iresultlng avalanche of written material. The papervork soon became an 1mpossih1e

bottleneck, demanding attention that should have been spent on tasks more.
dlrectly related to the Network 1mp1ementat10n and test aot1v1ty.

Wlthout a formalized status reporting system glvlng resolutlon to the
assembly or test level on a weekly, and in some cases, daily basis, the DSN was
unable to match the three-level, weekly and monthly status and progress exhlblts

“demanded by the Progect schedullng offlce

Certainly, the 1ntroductlon of the. Ehgineering Change Management System did
much to: 1mprove this situation, but, in the end, the Project itself had to assist
with planning;. updatlng, and reschedullng the vast number of tests of various

kinds that were 51multaneously in progress throughout the entire world—w1de
- network. i

HOWever negatlve the foreg01ng observatlons may appear in- retrospect t
the Network!'s: performance, once ‘into the actual,m1s51on, was nothlng short of
ama21ng. .

Although problems w1th hardware, software, and operatlons personnel cannot
be denied, solutions or workarounds to these problems were rapidly found,. and

'_hack-up, redundant channels, or tape recordings were brought into action, without
V'Signlflcant loss of any data, and without jeopardizing a single crmtlcal space-

craft sequence, or sending one improper commerd —~proof that the Network func-

' tioned as a eomplete entity throughout its planning, 1mplementatlon, and opera—
“'tlonal phases. _ : : S

It is. hoped that these observatlons, made as the Viklng Prlme Mlsslon draws

"'to a close will afford some insight intc the less-obvious aspects of the Deep

Space Network support. for Vlklng‘that may bhe of 1nterest to future planners of

'=57ilarge scale mission: support

il
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APPENDIX C

NASA OBJECTIVES FOR THE VIKING PROJECT

| 5-815-75-01/02

NASA OBJECTIVES FOR THE VIKING PROJECT |

- OBJECTIVES -~

The purpose of the Viking missions is to significantly advance the knowledge of the
planet Mars by means of observations from Marticn orbit and direct measurements in

the atmasphiere and on the surface during the 1975 appartunity. Particular amphasis

will be placed on obtaining biological, chemical, and enviranmental data relavant

to the existence of life on the planst at this time, af some hmu in the pest, or the
possubt!ity of l:fe e\usfmg at a fufure dctre.

.0 ..( é 4—’”.%;-!/\_-

_ Dater _ _'?‘_-'3 f-75"

Robert 5. Krasmer — o N-oel w. Hmners
Director, Planetary Prugram; . Associate Administrator for Spcce Sc;ence

‘Date:

3 _ASSES_S_ME_NT_ OF THE vr-mé 75 MISSION -

Based upon the tesults of the Viking 75 Missian with respect to the cpproved pre-—

launch mlssmn oblechves, the primary mlssucn is adwdged a success,

Z«,(/y,zé,m

Noel'W. Hinners

: Date; /"L.:ﬁ://?'?’ .

12/27/76

Assocmfe Admmlsrru*cr for Spcce Smence _
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_APPENDIX D

ASSESSMENT OF PRIMARY MTSSION

Post Landing

Mission Operation Report
Report No. 5~ 8]5~?5—01/02

MEMOR NDUM
A _ Janudry 6, 1977 .
7O A/Admm istrator ' :
FROM: S/Assocmte Admmtstrutor for Spuce Scmnce )

| SUBJECT: V‘kmg 75 Mnsnon, Assessment oF anary Mrssmn

Two Viking spncecraFt were launched with Tlfcn/IH Centaur luunch vehicles on
August 20 and September 9, 1975, From the Air Force Eastern Test Range, Pad 41.

" Both lounches occurred within thelr nominal lauich windows, Aftar faunch, the

spacecraft identifiers were changed from A and B to 1 cmd 2,

. The spacecraft arrived af’ Murs and were successfully mserl’ed info orbn' on June 19
arnd Augus# 7, 1976, The Viking T Lander successfully landed at 22. 5N latitude by -

48.0°W longitude on July 20, 1976, The Viking 2 Lander descended soFely on
Sepiember 3, 1976 at 47.9°N lqhtude by.225.9°W longitude, - © o

' All the V:kmg screnhhc mstruments, except for the seusmometer on Lander 1, which
failed to uncage, operafed satisfactorily and contiriue to send dato bock to Earfh
With the exception of the seismometer failure, if has been possible to work around the -
few unomahes fhut occurfed by using q!fernute operuhng mades designed mto fhe system.

_ 'Deh:uls of mission plcms and operahons hqve been repcarted in the Prelaunch Mlsston
Qperation Report (August 1, 1975), Post Launch Mission Operation Reports #1 and.#2

(August 28, 1975 and September 16, 1975), Pre~Cithit Insertion ond Landing ‘Mission

. Operation Report (June 9, 1976) and the daily V;kmg Sfcfus Re;mrts issued from pre- -

encounrer fhrough the primary mission.

ased upon rhe resuhs of the V:kmg 75 Mnssnon, the primary mrssmn is cd]udged as.

: successful

Noel W Hmners

-

SERSSIE. N

A v

[

L ity s s b i

b

aal

T P SLIpEP: 1oy




i
1
i
1

It

el

. 33-783, Vol. III

APPENDIX E

PRELIMINARY SCIENTIFIC RESULTS

$~815-75-01/02

" PRELIMINARY SCIENTIFIC RESULTS

~The Viking Project objectives were to significantly udvance the knowledge of the
pluner Mdrs by means of observations from Martian arbit and by direct measurements

in the atmosphere and on the surface during the 1975 opportunity, Particular emphasis
was placed on obfaining biological, chemical, and environmental data relevant to the

existence of life on the planet at this time, at some fime in the past, or the possibility -

of life existing at a fufure dafa.

Preliminary sciéﬁi‘iﬁc results for the primary mission ha ve been reported in:

Viking 1 Early Results ~~ ~ NASA SP-408
Science Vol, 193 -27 August 1976
Science Vol, 194 - 1 October 1976

Science Vol, 194 . 17 Degember 1976

]

Thesé results are summurized in the following brief statements,

Orbnfer imaging shows the Mars surface to be much more heterogeneous than anticipated. .. .

. "Some of the surface features are very ancient while others appear to bé of recent -

“origin, Crater frequency and size distribution is being used as a basis for estimating the

sequence in the formation of these features, The major voleanic piles are comparahvely '
young al though ne present activity hus been observed

Water is more ubundant than was suggesfed by earher data, The res:duul polar caps
are composed of water ice, Unique lohdte crater ejecta and large areas of surface
slumping also suggest subsurface water or permafrosf Atmospheric water vapor shows

. dlshncr dlurnul and seusonul cyclmg.

Nrtrogen, argon, krypton, and xenon were detected in the atmosphere and the isotope
ratios for carbon; oxygen, nitrogen; and argon were established, The isctope ratios
are in some cases significantly different from those observed.on Earth. These chserva= -

= tions will continue to be the subtecf oFstudy and discussion reluhve fo the evolutionary
-~ histoy of Murs. —

The Iandmg sites are surprrsmgly similar alrhaugh they. appeared to be quite different . - -
- in‘chardeter of the Timit'of orbifer imoge resolution, - While there are'a few nofable

differences in the two sites, they are generally rock strewn landscapes with fine
wind-blown material interspersed. At site 1 there are drifs of fines thot shaw evidence
of stratification, suggesting cychc episodes of deposition and erosion. At site 20
small depression- crosses the near field of view. This may be a part of the large scule

- polygonal fracture patiern covering much of the northem hemISphere ot the latitude -

of the: fundlng site,

1?/2‘?}’76 -
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Elemental onalysis of the surface fines show o high concentration of silicon, iron,

" magnesium, calcium, aluminium and sulfur in that order of relative abundance, The
high Ca/K ratio, together with the elemental abundances, indicate the material to
be bosaltic rather than granitic in origin. This indication is supported by the Radio
Science ohservation that the surfoce dielectric constont af the landing sites is consistent’
with that for pumic or tuff, o

Rdcks in the Fields of view show a wide diversity of size, colar and texture. However,
attempts to obtain o sample of small rocks or coorse gravel for elemental anclysis were
unsuccessful during the nominal mission, This is.due t6 an apparent characteristic of

the sample sites where pebble-like features are really clods of adhesive surfoce material,

The Biology experiments have not unambiguously demonstrated the presence or absence -
of living organisms in the Mors suiface samples. What appear to be positive indications
have been received from fwo of the three experiments, The third experiment shows a
high reactivity of the surface matericl when exposed to moisture. The chemistry of

the soil -is not understood and the response appears to be significantly different than -
tests with Earth and lunar seils, Experiment parameters will be modified during the
Viking Extended Mission in an attempt to better understand this unique chemistry and

to determine with more confidence the presence or absence of biological activity.

Earth based tests are also underway fo help understcnd the bio!ogy experiment data.

Ne organic compounds were ldenhfled in the surface samples acqu rred The organic
onalysis data did reveal the presence of o hydrated mineral, stable at 200°C, but which
released water equivalent to about 1% of the sample ot 350° and 500°C. A somewhat
h|gher water concentration was meqsured in'u sample from beneath a rack,

The Physncol ond Mognetic Properhes mveshgahans show the surface to have good
bearing strength, The fine surface hes & eohesiveness of upproxlmme by 103 dynes/cm
and contains 3 to 7% of mcgnehc pcmc[es. : :

2

Mereoroioglcal observahons show the weather to be mlld durmg the northern summer

and highly predictable from day-to=day. Temperatures ronge from a fow of 187°K just
before sunup to 242°K in mid-afternoon. The mean vector wind has been from the
_south at 2.4m/sec with steady state variations from near zero at midnight to §~9 m/sec
in midday. Atmospheric pressure on Mars shows o predictable semidiurnal harmonic,
There was a small but steady drop in pressure from the time of lohding to late in the

primary mission. This drop wos estimated to be the result of south polar depesition of -

CO,, from the atmasphere, A similar conclusion was drawn from the ‘infrared therrial
-mapper dota teken from orbiti Thus Mars is expected fo have a semiannual pressure
cycle as the deposition and evcporahon of CO, shifts from pole to pole with fhe seasons.

While o large volume of Radio Science data remains. to be anulyzéd ond interpretéd,
“early results include .an ‘impraved knowledge of Mars ephemeris, rotation and shape,
Occultation meosirements, together with ather atmospheric and meteorological abserva-
tions will make possible modeling of the dynamics of the Martian atmosphere. Anulys:s
and interpretotion of the Relativity, Solar Lorona, and VLB] ‘data-should increase our -

. :knowiedge of the Solar system and the umverse.'
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