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PREFACE 

The work descr ibed i n  this r epor t  was  performed by the Tracking and 
Data Acquisition organization of the J e t  Propulsion Laboratory  and the NASA 
Communications Network (NASCOM) of Goddard Space Flight Center.  This 
volume, the th i rd  in a th ree -pa r t  s e r i e s ;  covers  the Tracking and Data System 
support  fo r  the extended operations phase of the Mariner  M a r s  1969 mission.  
Volume I  cover s  the planning phase through midcourse  maneuver.  Volume I1 
cover s  the period f r o m  the midcourse  maneuver  through the end of the miss ion.  
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ABSTRACT 

The Tracking and Data Sys tem suppor t  for  the scientif ic and engineering 
exper iments  of the  Mar ine r  M a r s  1969 extended operations mis s ion  i s  sum- 
m a r i z e d  in th is  volume. The r epor t  cove r s  the period f r o m  the end of the 
original  mi s s ion  on November 1, 1969, to  December  31, 1969, and the ex-  
tended operations mis s ion  f r o m  Janua ry  to December  30, 1970. The t racking,  
t e l eme t ry ,  and command operations of the Deep Space Network with pe r fo rm-  
ance  evaluations a r e  presented ,  including the u s e  of the new improved exper i -  
men ta l  ranging sys t em,  the t r icone  feed s t ruc tu re ,  and the exper imenta l  
400-kW t r a n s m i t t e r  a t  Deep Space Stat ion 14 (Goldstone, California) .  
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I. INTRODUCTION 

This  document, the th i rd  of a s e r i e s ,  covers  
the Tracking and Data System (TDS) activit ies in 
support  of the Mariner  Mars  1969 Pro jec t  for the 
extended operations miss ion of Mar ine r s  6 and 7. 
Volume I covered the sys t em design phase through 
midcourse  maneuver ;  Volume I1 covered the c ru i se  
phase through encounter. The t h r e e  volumes to- 
gether constitute the complete h is tory  of the TDS 
activit ies supporting the Mariner  Mars  1969 
miss ion.  

The p r imary  objective of the Mariner  Mars  
1969 Pro jec t  w a s  to conduct flyby explora tory  in- 
vestigations of M a r s  in o rde r  to s e t  the bas i s  for 
future exper iments ,  par t icular ly  those relevant to 
the s e a r c h  for  e x t r a t e r r e s t r i a l  life. The s i x  sc i -  
entific investigations of the p r i m a r y  objective w e r e  
visual  imaging by television,  ultraviolet  spect rom- 
e t ry ,  inf rared spec t romet ry ,  inf rared radiometry ,  
planetary occultation of the S-band radio signals,  
and ce les t ia l  mechanics.  The secondary  miss ion  
objective was  to develop technology needed fo r  
succeeding Mars  miss ions .  

As a follow-on to the main  miss ion ,  the ob- 
jectives of the extended operations miss ion w e r e  
to t e s t  relat ivist ic gravitat ional  theor ies ,  to mea-  
s u r e  so la r  coronal and interplanetary e lec t ron 
density prof i les ,  to improve ce r t a in  as t ronomical  
constants and ephemerides ,  to demonst ra te  the 
high degree  of accuracy of the  ranging sys tem a t  
2. 6 AU, and to determine the utility and accuracy 
of the differenced range vs  integrated doppler 
(DRVID) method of charged-par t ic le  calibration of 
me t r i c  radio tracking data. 

The Mariner  6 flight began on GMT Day 056 
( F e b r u a r y  25) a t  0 1:29:02.0 13 with midcourse  
maneuver on Day 029; Mar ine r  7 began on Day 086 
(March 27) a t  22:22:01. 198 with midcourse  m a -  
neuver on Day 098. The flight t ime  of Mar ine r s  6 

and 7 to  Mars  w a s  approximately 5 mo,  with 
Mariner  6 passing near  the equator to examine the 
da rk  regions in a zone e a s t  and w e s t  of Meridiani  
Sinus. The second flyby, Mariner  7 ,  passed fur-  
the r  south, sweeping down the s a m e  a r e a  and then 
on to view the south polar cap and a wheel- shaped 
light a r e a ,  Hellas. The c loses t  approach for  each 
spacecraf t  was  approximately 2000 m i  above the 
Martian surface  and occur red  on Day 2 12 (July 3 1)  
a t  05: 19:06. 9 for  Mariner  6 and on Day 217 
(August 5)  at  05:00:50. 0 for  Mariner  7. 

Since the end of the Mariner  Mars  1969 m i s -  
sion on November 1, 1969, the TDS had been pro- 
viding support  on an in t e r im bas i s  pending fo rma l  
establishment of the Mariner  Mars  1969 extended 
operations mission.  During this in ter im period,  
t racking operations w e r e  on a much reduced sca le ,  
being confined to support  f rom DSS 62 in Cebre ros ,  
Spain, and DSS 14 in Goldstone, California. 

The Mariner  Mars  1969 extended operations 
miss ion  w a s  formal ly  established a s  a projec t  in 
January 1970. Formal  s ta tement  of the projec t  
requirements  for  TDS support  was  received in the 
fo rm of a Support  Instrumentation Requirements 
Document (SIRD), and a NASA suppor t  plan w a s  
prepared in response.  In addition, a DSN opera- 
tions plan w a s  prepared,  detailing the cha rac te r i s -  
t i c s  of the suppor t  capabil i t ies committed by the 
NASA support  plan. Key fea tures  of the support  
plan provided for  tracking coverage f rom Stations 
62, 12, and 14. This coverage,  which has  been 
provided s ince  the  end of the main  miss ion,  con- 
tinued on a fo rma l  bas i s  through December 30, 
1970. 

The DSN support  of the miss ion  was  by e s -  
sential ly the s a m e  DSN t racking sys tem configura- 
t ion a s  used fo r  the main  miss ion.  However, to 
th i s  tracking sys tem,  a new improved experimental  
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ranging sys tem,  a t r icone feed s t ructure ,  and a 
new experimental  400-kW t ransmi t t e r  have been 
added, a l l  installed a t  the  64-m-diameter antenna 
station (DSS 14). 

DSS 62 had been used t o  send commands to  the 
spacecraf t  to  p repare  i t  for a tracking pass  imme-  
diately following i t s  pass  over  DSS 14. The inten- 
tion w a s  to  maximize  the amount of tracking t ime  
available f rom DSS 14 in o r d e r  t o  obtain m o r e  
radio m e t r i c  data,  par t icular ly  ranging. This  
ranging support  was  provided by the experimental  
sequential- acquisition ranging sys tem,  since the 
signal strength- and doppler r a t e s  began (in 
October) to  exceed the design pa ramete r s  of the 
R & D ranging sys tem used to support  the miss ion 
through encounter. Using this experimental  sys- 
t e m ,  ranging data  have been obtained f rom 
Mariners  6 and 7 a t  ranging signal levels a s  low 
as  - 183 dBmW. Such data  provided valuable addi- 
tional information on charged-par t ic le  calibrations 
by the differenced range vs  integrated doppier 
method. 

Both Mariner  6 and 7 spacecraf t  w e r e  sending 
engineering te lemetry  a t  the c ru i se  mode r a t e  of 
8- 113 (or 33- 113) b i t s / s  during m o s t  of the ex- 
tended operations mission.  However, te lemetry  
w a s  received a t  DSS 14 only until January 25, 1970, 
when the station was  taken out of se rv ice  for the 
installation of the tr icone feed s t ruc tu re  and the 
400-kW t ransmi t t e r .  At DSS 62, t e l emet ry  was  
below threshold,  a s  was the c a r r i e r  shortly before 
that date. Even though the c a r r i e r  was  below 
threshold,  DSS 62 was  able to send commands to 
the spacecraft ,  preparing i t  for  i t s  pass  over DSS 
14; this activity was  feasible due to an adequate 
performance margin  in the uplink and the avail- 
ability of accurate  predicts.  

After January 25, tracking w a s  feasible only 
a t  DSS 12 through the use  of a specially prepared,  
low-noise feed cone on the 26-m antenna. This 
mode of tracking continued until the r e tu rn  of DSS 
14 to  se rv ice  on March 1, 1970. During this t ime,  
no commands w e r e  sen t  to the spacecraf t ;  also, 
ranging data  were  not generated,  since that  equip- 
ment  i s  operable only a t  DSS 14. 

In la te  April  and ea r ly  May, tracking a t  supe- 
r i o r  conjunction was  conducted for  Mariner  6 and 
Mariner  7, respectively. After that period,  the 
DSN operations level was  reduced until the engi- 
neering experiments were  conducted in December. 
F o r  these  specia l  spacecraf t  engineering experi-  
ments ,  the sc ience da ta  r a t e s  of 66-213 and 270 
bi ts  / s  w e r e  used for t e l emet ry  data. 

Scheduling of tracking coverage support  in  
conjunction with other flight projects  support  dur- 
ing the extended operations presented some diffi- 
culty. However, scheduling problems w e r e  alle- 
viated somewhat by the incorporation of Model 8 
of the real - t ime te lemetry  computer p rogram for  
the IBM 7044 computer into the  operating sys tem 
in the Space Flight Operations Facility. This 
model introduced no change t o  the Mariner  Mars  
1969 operations but permitted simultaneous opera- 
tion with the Pioneer Project  i n  the s a m e  computer 
str ing.  The previous model, Model 7, permitted 
simultaneous operation of only the two Mariners .  

The TDS organization for  the extended opera- 
tions miss ion support consisted mainly of a r e -  
duced DSN operational s t ructure  with the DSN pro- 
ject engineer reporting di rect ly  to the Space Flight 
Operations Director (SFOD), a s  shown in Fig. 1. 
However, after  the extended operations miss ion 
was  formalized,  the operation was  t r ans fe r red  t o  
a new mission-independent operations organiza- 
tion, which i s  discussed in Section 111. 
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Fig.  1. In i t i a l  M a r i n e r  M a r s  1969 ex tended  ope ra t i ons  m i s s i o n  opera t ions  organiza t ion  
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11. EXTENDED OPERATIONS TRACKING AND DATA ACQUISITION REQUIREMENTS 

The tracking and data acquisition (TDA) r e -  
quirements for the Mariner Mars  1969 extended 
operations mission were essentially the same a s  
for the main mission. Basically, the p r imary  
requirement was the generation, acquisition, 
transmission, and processing of information for 
the determination of spacecraft  orbits and experi- 
ment measurements,  a l l  with respect  to a common 
t ime base. 

The basic tracking requirement for a success-  
ful experiment was that range data be generated 
continuously for several  months on either side of 
superior conjunction. If there  were no dispersive 
effects on the radio signal because of the inter- 
planetary medium, it would be possible toper form 
the experiment with range data alone. However, 
i t  was necessary to use  the fact that the phase of 
the signal i s  advanced while i ts  group velocity i s  
decreased and to perform a range doppler calibra- 
tion of the range data. Unfortunately, since inter- 
planetary medium effect on the range signal was 
greater  than 20 m under average conditions 
throughout a l l  of 1970, an effective calibration 
would require an horizon-to-horizon pass  of con- 
tinuous doppler every day of the year with two 
good range measurements  at  the beginning and 
end of each pass.  To accomplish a good charged 
particle calibration of the postencounter data 
would require a station (DSS 14) full t ime just to 
t rack one spacecraft. It was c lear ly  impossible to 
obtain a highly reliable and accurate calibration 
for charged particles.  The best compromise was 

to schedule tracking coverage symmetrically about 
superior conjunction in t e r m s  of the elongation 
angle between the sun and spacecraft. The region 
near  conjunction received daily coverage, and for 
elongations outside of -20 deg the tracking was 
l ess  frequent. 

In order  to  establish the spacecraft  orbit 
accurately, the project requirements for radio 
met r ic  data a r e :  

Date I Requirement 

1 pass  per  week 
2 passes  per week 
1 pass  every other day 
1 pass  per day (a shared 

pass  with the Pioneer 
Project  every other 
day) 

1 pass  every other day 
(a  shared pass  with 
Pioneer every 4 days) 

2 passes  per week 

The required accuracies for doppler and 
angles of the radio met r ic  data a r e  summarized in 
Table 1; the required accuracies for ranging a r e  
summarized in Table 2. The data processing and 
display requirements a r e  listed in Table 3. 
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Table 1. Doppler and angle accuracy  requirements  
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Data Accuracy 

A T o  support  
P r i m a r y  
Mission 
Objectives 

B To support  
Secondary 
Mission 
Objectives 

0 
' ~ 1 1  l r  s tandard  deviations a r e  fo r  radio m e t r i c  data taken above 5 
local  elevation. 

2 ~ e v i a t i o n  f rom a constant b ias .  Bias <O. 01 Hz for  A and <O. 003 Hz fo r  
B throughout the pass .  

Note: 
S-band R F  c a r r i e r  t o  be in continuous phaselock throughout station pass  
during generation of doppler data.  

Effective Noise a t  1 SamplefMin 1 

Angles 
(10) 

(deg) 

0. 05 

0 .2  

0.01 

0.06 

Three-way 
Doppler 

( 1 ~ )  
(Hz) 

0.01 

0.01 
2 

0.005 

0 . 0 0 5 ~  

Corre la t ion  
Width, T 

(min) 

Tp < lorn 

Tp 2 lorn 

Tp < lorn 

TP 2 l om 

Two-way 
Doppler 

( 1 ~ )  
(Hz) 

0.01 

0.01 

0. 005 

0. 005 



Table 2. Ranging accuracy  requirements1  
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Comments 

Calibration of charged 
par t ic le  effects 

Range allows a reduction 
in  quantity of doppler 
required  

1 nanosecond (ns)  = 10 - 9 

s e c  = 0.15 m e t e r s  

l ~ a n ~ i n ~  to  be taken in continuous phaselock to  the  extent that i t  i s  consistent  with the  p r i m a r y  
miss ion objectives for  absolute accuracy.  

Requirement 

To Support 
P r i m a r y  
Mission 

Objectives 

( 1 ~ )  

0.7 ns - 0.1 m 

5 n s  - 0 . 8 m  

4 0 n s  - 6 m  

100 ns - 15 m 

300 ns  - 45 m 

Ranging System 
Delay E r r o r  

To Support 
Secondary 

Mission 
Objectives 

( IF )  

0 .3  n s  

1 ns 

8 ns 

10 ns 

200 ns  

Stability P e r i o d  

( IT)  

l o 2  s e c  

4 
10 s e c  

l o 5  s e c  (1.2 days )  

Absolute Accuracy 

Strong S/N 

Weak S /N 



Table 3.  Data process ing and display requirements  
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Type 

8 1/3 and 
33 1/3 bps 
Engineering 
Te lemet ry  

Ground 
Receiver  
A GC 

Radio m e t r i c  

- 

Radio m e t r i c  

Commands 

All 

Site 

DSS 14 
DSS 62 

S F O F  

DSS 14 
DSS 62 

S F O F  

S F O F  

S F O F  

Raw Data 
Recording 

Magnetic 
Tape 

Magnetic 
Tape 

P a p e r  
Tape 

Magnetic 
tape  and 
output of 
T DP 

None 

Data P rocess ing  

Real-t ime data  
process ing i n  
the  T C P  and 
formatting fo r  
t r ansmiss ion  to 
the  SFOF 

That required  
to  t r a n s m i t  t o  
T C P  

Real-t ime data  
process ing in  
the  7044 

That required  
t o  acquire  and 
t r a n s m i t  to  
the  SFOF 

7044/7094 
process ing 

None 

Non-r eal-time 
data  p rocess -  
ing in  the  
7094 

Availability 
Time 

Real  T ime  

Real  T ime  

Real  T ime  

Real  T ime  

- -- 

Data Display and 

. 

Display 

S/C AGC 
S/C S P E  

None 

HS TTY 
P r i n t e r s  
30 by 30 
plot ters  
3 070 
p r in te r s  

None 

Recording 

Recording 

TCP 
Digital 
Tape 

TCP 
Digital 
Tape 

Magnetic 
Tape 

-- 

P a p e r  
Tape 

TTY 

TTY(TV) 

None 

Magnetic 
Tape 

None 

None 

Non Real  
T ime  

Real  T ime  

Non Rea l  
T ime  



111. TRACKING AND DATA SYSTEM OPERATIONS P L A N  

The TDS plan for supporting the Mariner  
Mars  1969 extended operations miss ion was p re -  
dicated on a fo rmal  statement of the project  r e -  
quirements for  TDS support. During the in ter im 
period f rom the end of the  main Mariner  M a r s  
1969 miss ion on November 1, 1969, to the formal-  
ization of the extended operations project ,  TDS 
would provide tracking support of the Mariner  6 
and 7 spacecraft ,  but on a much  reduced scale.  

In ea r ly  January  1970, the extended operations 
miss ion was formally established and was followed 
by the issuance of a Support Instrumentation Re- 
quirements Document (SIRD). A NASA support  
plan and a DSN operations plan were  prepared to  
detail  the support for the scientific and engineering 
experiments of the extended operations mission.  
The DSN operations plan established the pa ram-  
e t e r s  for the tracking coverage a s  committed by 
the support plan t o  be f rom Stations 62, 12, and 14, 
the DSN organizational s t ruc tu re  and configur - 
ations, the scheduling c r i t e r i a  for tracking cover-  
age a s  dictated by other flight projects  and facility 
modifications, and the operational support  for the 
extended operations mission.  

A. Tracking and Data Acquisition 

The generation,  acquisition, t ransmiss ion,  
and processing of information for the extended 
operations would be conducted by four DSN 
facil i t ies,  Stations 62, 12, and 14, and the SFOF. 
The instrumentation and functions of these facili- 
t ies  a r e  summarized in Table 4. 

1. Coverage capability. Both DSS 14 and 
DSS 62 would be capable of providing tracking 
coverage for radio  m e t r i c  and t e l emet ry  data  a s  
required subject to scheduling constraints.  De- 
tai led scheduling would be regulated by the DSN 
network allocation schedule according to the guide- 
lines and pr ior i t ies  provided by and negotiated 
between projects,  Office of Space Science and 
Applications (OSSA), Office of Manned Space 
Flight (OMSF), and Office of Tracking and Data 
Acquisition (OTDA). 

DSS 14 generated and t ransmit ted  in r e a l -  
t ime to the project  in the SFOF rad io  m e t r i c  data 
and received and re t ransmit ted  t e l emet ry  data 
obtained f rom Mariners  6 and 7 spacecraf t  a s  
well a s  recording the data. 

2. Radio m e t r i c  data. The pre l iminary 
plan was to generate ranging data by retransmitt ing 
the ear th-  generated uplink f rom the spacecraft  
high-gain antenna. Because of l imited power and 
other spacecraf t  const ra ints  that  developed during 
the main miss ion,  the high-gain antenna could not 
be pointed to  e a r t h  during the required t ime 
(January 1 t o  June 15, 1970). Therefore ,  the  
DSN would have to provide a high-performance 

(1) Three-way doppler : The requirement  
for  b ias  l e s s  than 0. 0 1 Hz could not be  
m e t  (the one s igma bias  i s  0. 23 Hz). 

(2) Two-way doppler: At  planetary ranges  
the two-way effective noise was 0. 02 Hz. 

(3) Ranging delay e r r o r :  P lane ta ry  ranging 
delay e r r o r  was  l e s s  than 1 m for 102 s 
and l e s s  than 4 m for  lo4  s. High- 
frequency noise due to  the DSIF was l e s s  
than 5 m for  strong signals and l e s s  than 
15 m for weak signals. 

(4) Frequency stability: The  operational 
sys tem was  a rubidium standard with a 
stabil i ty of 5 pa r t s  in 1011 for  m o r e  than 
1s and 1 pa r t  in 1011 for  1 year .  These 
numbers  did not mee t  the requirements ,  
which were  m o r e  s t r ingent  by m o r e  than 
an o r d e r  of magnitude. 

(5) T ime  synchronization: The operational 
t iming sys tems  of the DSS synchronized 
stations to  l e s s  than 2 ms .  

(6) Radio m e t r i c  data accuracy  (doppler, 
range):  Radio m e t r i c  data accuracy was 
specified for  antenna elevation angles 
g rea te r  than 10 deg. The R&D sync 
sys tem synchronized a l l  stations t o  the 
t ime-sync transmitt ing station (DSS 13) 
to within 20 ps. 

3 .  Telemet ry  data. The DSN extended 
operations support for acquisition of t e l emet ry  
data would use  elements of the  DSN te lemet ry  
sys tem developed for Mariner  M a r s  1969 without 
changes. No major  changes in acquiring, handling, 
and process ing t e l emet ry  data f rom support of the 
main miss ion were  t o  be made  for  the extended 
miss ion.  Te lemet ry  data would be processed in 
the existing t e l emet ry  and command data  pro- 
c e s s o r s  (TCP)  a t  the DSS for local  display of 
selected spacecraf t  pa ramete r s  and preparation 
of the data for t ransmiss ion to  the SFOF. Also, 
the existing project-  supplied computer software 
would be used. 

The DSN would receive and record  t e l emet ry  
data a t  DSS 14 and 62 (when available), p rocess  
and t r ansmi t  the data to  the S F O F  in real - t ime a s  
required,  and provide validation of the data. 

4. Command data. The DSN would provide 
a command capability a t  Stations 12, 14, and 62. 
The t r ansmi t t e r  power capability a t  Stations 12 
and 62 was 10 kW. DSS 14 was equipped with a 
20-kW t ransmi t t e r  and would be  equipped with an  
experimental  400-kW t ransmi t t e r ,  which would be 
operated a t  a nominal 200 kW. 

- - 

ground ranging configuration to  complete the ex- 
tended operations miss ion requirements .  In 5. Support by R&D equipment. Not a l l  the 
addition, DSS 62 was required fo r  commanding to requirements  of the Support Instrumentation Re- 
condition the spacecraft  before i t  came  into the quirements  Document (SIRD) could be m e t  by the 
DSS 14 view to  maximize each DSS 14 view period. operational sys tems  of the DSN a s  each existed 

during the life of the project. Some of these  were  
The S-band accuracy requirements  were  to be to  be par t ia l ly  supported on an  experimental  basis,  

met ,  with the following exceptions: using R&D equipment. 
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Because the  degree  of exper ience  with such 
equipment was not the  s a m e  a s  with operational  
equipment, the  personnel  would not be  a s  well 
t ra ined in the operation of the  R&D equipment. 
Fur the rmore ,  t h e r e  was a lack of operational  
quantities of s p a r e s  and backup equipment. Thus 
the  u s e  of R&D equipment to m e e t  these  r equ i re -  
m e n t s  was c l ea r ly  of higher r isk.  

These  conditions applied to the  following 
equipment and software i t ems  : 

( 1) P lane ta ry  ranging. 

(2) Timing synchronization equipment to 
achieve 20 I J , ~  capabil i ty between DSSs. 

(3) 400-kW t ransmi t t e r .  

B. Initial Planning and Operations Organization 

During the f i r s t  pa r t  of the miss ion,  the  DSN 
Pro jec t  Engineer (PE) ,  a s  in the m a i n  miss ion,  
was responsible for  the planning and operations of 
the DSN r e s o u r c e s  committed to the  Mariner  Mars  
1969 Extended Operations (EO) Projec t .  In h i s  
operational  ro le ,  the DSN P E  repor ted  di rec t ly  
to  the Space Flight Operations Director  (SFOD), 
a s  shown in Fig. 1. 

The DSN P E  was supported in h is  operational  
activit ies by the DSNIMM69 EO Operations and 
Design T e a m  and the DSN Control  Team.  During 
operations,  the DSN P E  function was staffed by 
operations d i r ec to r s .  The operations d i r ec to r s  
were  m e m b e r s  of the  Operations Control  Chief 
(OCC) organization and a l so  performed OCC func- 
t ions f rom that  position. 

1. DSNfMM69 Operations and Design Team.  
Headed by the DSN P E ,  the  D S N I M M ~ ~  Operations 
and Design T e a m  consisted of projec t  engineers  
f rom var ious  technical  sections a t  JPL. The 
DSN P E  ensured that  the DSN sys tems  and facil i-  
t i e s  interface with each other and with the projec t  
in a t imely  and compatible fashion. He was r e -  
sponsible to the DSN manager  for  matching MM69 
EO requirements  to  DSN capabil i t ies and com- 
mi tments .  The DSN P E  approved a l l  scheduling 
inputs to the  DSN f r o m  the MM69 EO P r o j e c t  
before acceptance into the DSN Scheduling System. 

The DSN PE received support  f r o m  seve ra l  
DSN facil i ty projec t  engineers  a s  shown in Fig. 2. 
The DSN facil i ty P E  assigned technically to the  
DSN P E  was responsible  for  in ter face  engineering 
and operations planning. Interface engineering 
included the sys t em- to - sys tem integration and 
test ing of equipment and software a s  required .  
Operations planning included the des ign and prep- 
aration of the opera.tiona1 support  t o  b e  supplied 
to the P ro jec t  by the DSN. 

2. DSN Control  Team.  The DSN operations 
control  function operated on a 24-h bas is ,  7 days 
p e r  week, under the OCC. The OCC was respon-  
sible for the rea l - t ime,  mission-independent con- 
t r o l  of the DSN and for the  management of the 
DSN seven-day schedule activit ies.  Fur the rmore ,  
he  had the delegated responsibil i ty for DSN con- 
t r o l  in support  of MM69 EO. The DSN OCC pro-  
vided rea l - t ime  control  over the following 
functions. 

a. DSIF net  control. A DSIF net  control ler  
was available a t  a l l  t imes  the DSIF was t racking 
MM69 spacecraf t .  He controlled the Deep Space 
Station subnets through the stat ion di rec tors .  

b. Communications control. A Communi- 
cations Chief was provided on a 24-h bas i s  during 
MM69 EO operations and was responsible  for  
operations and control  of the GCF in addition to 
effecting the  rea l - t ime changes to  the configuration 
of the  GCF. 

c. S F O F  data  control. A Data Chief was 
provided during a l l  MM69 EO operations and was 
responsible fo r  the operation of the SFOF data  
process ing system. 

d. SFOF support  control. The Support 
Chief position was  manned on a 24-h bas i s  to  pro-  
vide rkal - t ime response  to MM69 EO suppor t -  
requirements .  

e. DSN monitor control. The Monitor Chief 
provided support  to the  DSN for nea r - rea l - t ime  
DSN fa i lure  isolation and data  validation. 

C. Final  Operations Organization 

After the extended operations projec t  was 
formalized,  a new DSN mission-independent 
operations organization was s e t  up, a s  shown in 
Figs.  3 and 4. The DSN operations control  was 
t r ans fe r red  to  th i s  new operations organization on 
January  28, 1970, with the in ter face  to the Proj -  
e c t  essent ia l ly  unchanged. The ma jo r  change 
occur red  in DSN scheduling, where  the  P r o j e c t  
interface was simplified. In the past ,  the  P ro jec t  
was required  to  have a scheduler who was r e -  
sponsible for combining all P ro jec t  reques ts  for 
DSN support, determining the  configuration, and 
then, with DSN P E  concurrence,  submitting these  
r eques t s  to the  DSN Scheduling Office on the 
appropr ia te  scheduling forms.  In effect, this  r e -  
quired that  the DSN t ra in  cer ta in  project  personnel 
in procedures  to accomplish th is  interface.  In the  
new sys tem,  a scheduling representa t ive  was 
assigned f rom the  DSN scheduling office to work 
with the P ro jec t  to convert  P ro jec t  requirements  
into DSN scheduling formats .  Scheduling efficiency 
w a s  thereby increased,  configuration require-  
ments  w e r e  standardized,  and P r o j e c t  visibility 
over DSN const ra in ts  and u s e r  conflicts was  pro- 
vided. 

1. DSN Operations Chief. In the  new organi-  
zation, the DSN Operations Chief (OC) was r e -  
sponsible for overa l l  direction of DSN operations 
and, in the context of th is  document, was speclfi-  
cally responsible  for  proper  operation of the  DSN 
r e s o u r c e s  committed to the MM69 EO Project .  
The DSN OC inter face  with the MM69 EO miss ion  
operations organization i s  i l lus t ra ted  in Fig. 3. 
In this operational  capacity, he  a c t s  a s  the  single 
point of contact  between the MM69 EO Pro jec t  
and the DSN. The DSN OC was delegated authority 
by  the  DSN operations manager  t o  d i r ec t  and con- 
t r o l  DSN operations.  He was made  responsible to  
the  DSN Operations Manager. 

2. DSN Operations Control  Team.  T h e  
DSN OC d i rec t s  and controls a l l  committed r e -  
sources  through the DSN Operations Control  T e a m  
(OCT) (Fig. 4). As head of the OCT, he  d i r ec t s  
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and coordinates the activities of the DSIF Chief, 
GCF Chief, SFOF Computer Chief, and SFOF 
Support Chief. He coordinates isolation of equip- 
ment  and procedural problems and any required 
corrective o r  contingency actions. The DSN OC 
controls real- t ime configuration of the DSN and 
advises Project  of DSN status. He resolves 
scheduling conflicts a t  f i r s t  level. 

Functions and responsibilities of the facility 
chiefs (and their supporting teams)  of the OCT 
a r e  described in the paragraphs that follow. 

a. DSIF Operations Chief. The DSIF Oper- 
ations Chief provides real- t ime direction and con- 
t r o l  of DSIF operations. He controls committed 
DSIF resources  and the real- t ime configuration of 
DSIF equipment and procedures. 

b. GCF Operations Chief. The GCF Oper- 
ations Chief di rects  and controls operation of the 
GCF in real-t ime. He coordinates circuit  r e -  
quirements with NASCOM (NASA Communications 
Network) and controls the real- t ime configuration 
of the GCF. 

c. SFOF Computer Operations Chief. The 
SFOF Comuuter Owerations Chief d i rec t s  and 
controls thk ~ ~ 0 F ~ c e n t r a l  Processing System 
(CPS) in real-t ime. He maintains cognizance of 
the SFOF program data base and establishes data 
flow to and from the SFOF CPS. 

d. SFOF Support Chief. The SFOF Support 
Chief di rects  and controls operation of the SFOF 
physical plant. He controls'the DSN operations 
a r e a  mission status and timing displays and i s  
responsible for SFOF reproduction services ,  
access ,  and security guards. 

3. DSNIMM69 Interface Team. The DSN/ 
MM69 Interface Team for the extended operations 
maintained integrity of mission-dependent docu- 
mentation and audited DSN performance during 
operational support of the Project.  In addition, 
members  of the Interface Team designated by the 
DSN OC or  Facility Operations Chiefs acted a s  
advisors providing counsel to the DSN Operations 
Control Team and recommendations a s  
appropriate. 

D. DSN System Configuration 

The configuration of each of the DSN systems 
used for MM69 extended operations i s  defined in 
the following paragraphs. The systems used were 
a s  follows: 

(1) DSN Tracking System 

(2) DSN Telemetry System 

(3) DSN Command System 

(4) DSN Monitor System 

(5) DSN Operations Control System 

A sixth system, the DSN Simulation System, was 
not used for MM69 extended operations. 

1. DSN Tracking System. The DSN Track-  
ing System consists of those DSN elements which 

generate and t ransmit  validated radio met r ic  data 
to  the flight projects. The DSN Tracking System 
configuration for  MM69 extended operations i s  
shown in Figs. 5-7. The recently developed R&D 
binary-coded sequential acquisition ranglng sys - 
tem (Mu ranging system) was f i r s t  used on this 
mission and was of pr ime importance in permit- 
ting a successful mission (Refs. 1 and 2). This 
system differs in several  respects  f rom the plan- 
e t a r y  ranging system used ea r l i e r  for Mariner 
Mars  1969. The significant changes a r e  that the 
Mu ranging system employs R F  doppler ra te  aid- 
ing for range decoder shifting and that i t  mea-  
sures  the phase of the received binary-coded com- 
ponents to  accomplish initial acquisition. Once 
the full se t  of components i s  acquired, the phase 
of the highest-frequenc y component i s  repeatedly 
measured to  increase the precision of the initial 
acquisition. The Mu ranging data and predicts 
required special  handling a s  shown in Fig. 8. 
During the MM69 extended operations mission, 
the functions performed by the DSN Tracking 
System were a s  follows: 

(1) Generation of radio m e t r i c  data. 

(2) Data handling. 

(3) Data transmission. 

(4) Data processing and validation. 

(5) Predictions. 

2. DSN Telemetry System. The DSN 
Telemetry System consists of equipment and soft- 
ware  that provide telemetry data to  the flight proj- 
ect  i n  both real-  t ime and non-real-time. Fig- 
u r e s  9 and 10 il lustrate the DSN Telemetry System 
configuration used throughont m o s t  of the mission. 
Before December 1970, it was necessary to  r e -  
vise  the Goldstone configuration (Fig. 11) to  
accommodate the T C P  update a t  DSS 14 for support 
of Mariner Mars  1971. 

During the mission the following te lemetry 
functions were performed by the DSN: 

(1) Data acquisition. 

(2) On- s i te  data handling and processing. 

(3) Data transmission. 

(4) SFOF data handling, processing, and 
display. 

(5) Data validation. 

3. DSN Command System. The DSN Com- 
mand Svstem urovides the c a ~ a b i l i t i e s  to  eenerate 

u 

and t ransmit  commands to a spacecraft. The 
configuration shown in Fig. 12 was employed. 
The significant feature of this configuration i s  the 
project-supplied, mission-dependent read-write- 
verify (RWV) equipment. 

The command l ibrary was comprised of 
punched paper tapes,  prepared by the DSN to proj- 
ect  requirements,  containing direct  command 
and quantitative commands. Use of these com- 
mands was directed by voice o r  TTY messages .  
Coded commands were generated in the IBM 7094 
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and forwarded a s  a TTY m e s s a g e  by the IBM 7044 
f rom the magnetic tape a s  shown in Fig. 12 o r  
obtained f rom the shared disc  file. The paper 
tape capability in the SFOF was provided a s  a 
backup. 

Command generation in the 7094 was accom- 
plished by the mission-dependent project-supplied 
p rogram (COMGEN). COMGEN i s  used to p r e -  
pa re  CC&S flight p rograms  and to  generate coded 
commands used ent i re ly  by the CC&S to control  
the  sequencer,  r ep rogram the computer portion, 
o r  se lect  specific m e m o r y  words for t e l emet ry  
readout. 

4. DSN Monitor System. The DSN Monitor 
System consists of those DSN elements,  equip- 
ment,  software, and personnel that  provide the 
following: 

(1) Maximize recovery of data. 

(2) Identify defective o r  los t  data. 

(3) Increase  overall  efficiency of operation. 

(4) Provide  real - t ime information for 
correct ive  action. 

Figure  13 shows the configuration of the DSN 
Monitor System for the MM69 EO Project .  

The DSN Monitor System i s  composed of a 
local  monitor and control  subsystem for each 
DSN facility and a DSN monitor a r e a  in the SFOF. 
The DSIF, GCF, and SFOF monitor subsystems 
gather sys tem performance data f rom local moni- 
to r  instrumentation and data quality a l a r m s  f rom 
e r r o r  detectors  within equipment of the other 
DSN systems in the par t icular  facility. The data 
a r e  then differenced against  predetermined 
c r i t e r i a  and performance s tandards  by a monitor 
program,  and appropriate a l a r m s  a r e  produced 
for local control. Each facility forwards a p r e -  
specified subset of performance measurements  to 
the DSN monitor a r e a  in the SFOF. The DSN 
monitor a r e a  provides ha rd  copy, displays,  and 
a l a r m s  for selected performance and data quality 
pa ramete r s  and makes  available to DSN Operations 
Control information on conditions requiring cor -  
rec t ive  action. Thus,  the basic functions p e r -  
formed by the Monitor System a r e  a s  follows: 

(1) Gather monitor data f rom the appropriate 
Deep Space Station. 

(2 )  Gather GCF monitor data.  

(3) Gather SFOF monitor data. 

(4) Report  overal l  DSN data quality and 
sys tem performance.  

(5) Evaluate performance against  c r i t e r i a .  

(6) Produce a l a r m s  for conditions requiring 
correct ive  action. 

5. DSN Operations Control System. The 
DSN Operations Control System provides infor- 
mation for operational control  of the DSN, for  
management planning, and for DSN sys tems  anal- 
ysis. This information i s  supplied by discrepancy 

reporting, monitor information, and resource  
allocation. The configuration of the Operations 
Control  System i s  provided in Figs.  14 and 15. 

The DSN Operations Control System sat is f ies  
the above objectives by means of two functional 
s t ructures .  The s t ructure  for nonoperational 
functions (Fig. 15) i s  effective for  the des ignphase  
of a mission,  while the s t ructure  for operational 
functions (Fig. 14) i s  effective for the t e s t  and 
operational phases.  

E.  Operational Support 

TDS planning included providing the following 
operational support  throughout the  extended 
operations mission.  

1. Magnetic and paper tapes.  The delivery 
of magnetic and paper tapes  containing data f rom 
the DSS was a s  follows: 

(1) F r o m  Goldstone: within 24 hours.  

(2) F r o m  overseas  stations: shipped within 
one week and available in the SFOF within 
two weeks. 

2. DSS records .  Records f rom the DSS, 
comprising s t r i p  char t  recordings,  operations 
logs, and calibration sheets  were  available for 
microf i lm records  in the  DSN Document Control. 

3.  Computer support. The DSN provided 
coxkputer support in the form of a s t r ing com- 
pr ised of an IBM 7044, a 1301 disc  file, and an 
IBM 7094 with input/output devices in the SFOF 
for  use  by the Project .  The s t r ing  could con- 
figure a s  a direct-coupled operating sys tem 
(DCOS) using a 7040 computer with the 7094. 

4. GCF support. Initial planning undertaken 
during November 1969 centered about identifying 
communications required to  support  extended oper-  
ations using two stations : DSS 14 and DSS 62. It 
was decided a t  that  t ime to provide and commit  
one voice circuit ,  one high-speed data line (HSDL) 
with a t ransmiss ion r a t e  of 2400 b i t s / s ,  and four 
full duplex TTY circui ts  to each Deep Space 
Station via  the serving NASCOM switching center .  
This  was the s a m e  DSS to SFOF configuration 
employed during c ru i se  and postencounter oper-  
ations of the main mission.  

The  following guidelines were  established and 
applied to  the committed GCF HSD System support  
of extended operations:  

(1) HSD t ransmiss ion  at 2400 b i t s l s  using 
600-bit synchronous data blocks f rom 
DSS to  SCTS (SFOF communications 
terminal) .  

(2) HSD capability a t  DSS 14 retained for the 
duration of the extended mission.  HSD 
capability a t  DSS 62 available up to  and 
including the week of December 16, 1970 
(this requirement  was deleted on Janu- 
a r y  26, 1970). 

In o rde r  to  work around the t r icone installation 
a t  DSS 14 s tar t ing January 25, 1970, planning 
efforts to  realign communications to GDSCC on an  
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in ter im bas i s  began during the  f i r s t  week of 
January  1970. Init ial  plans required  the u s e  of 
both DSS 11 and DSS 12 but requirements  were  r e -  
duced to  only DSS 12, with the  following communi- 
cations provided: one voice c i rcui t  and t h r e e  full 
duplex TTY ci rcui ts .  DSS 12 support  was deleted 
on March 1, 1970, when DSS 14 was reactivated 
for  operational  support. The communications 
configuration to  DSS 14 did not change f rom that 
originally planned in November 1969, except for  
special  provisions made for  t r ansmiss ion  of R&D 
Mu ranging data in TTY fo rmat  and fo r  the DSS 121 14 
configuration used in December 1970. The G C F  
ci rcui t  requirements  a r e  summar ized  in Fig. 16. 

5. Mission support  a r e a s .  The exist ing 
Flight Pa th  Analysis A r e a  in the S F O F  was used.  
A portion of the exist ing MM69 Spacecraft  P e r f o r -  
mance  Analysis A r e a  was a l so  used with only 
minor  reconfiguration through June 1, 1970. 
After June 1, 1970, plans called f o r  ma jo r  

reconfiguration of the f i rs t - f loor  SFOF in support  
of MM7 1. This  impacted the Mission Support 
A r e a s  (MSA) fo r  MM69 extended operations and 
P ionee r s  6 through 9. Since space  within the 
S F O F  was a t  a premium,  i t  w a s  proposed to 
combine MM69 extended operations and Pioneer  
6-9 support  into one a r e a  known a s  the Combined 
MSA. Pioneer  required  an MSA in the S F O F  for  
spacecraf t  emergency support  only. A design 
was  prepared and accepted by both projec ts  
(Fig.  17). 

The  proposal  actually solved seve ra l  prob- 
l e m s .  I t  fulfilled the requirements  of two proj-  
ec ts .  Also, i t  provided improved working con- 
dit ions for  the  u s e r s .  Finally, i t  permit ted  total  
decommitment of the fo rmer ly  used MSAs and 
allowed construction of the new MM71 MSA. 
Mission-independent GCF voice conference nets  
were  assigned the  combined MSA, thereby remov- 
ing any conflicts for  assigning nets  to MM71. 
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Table 4. Instrumentation Summary 

Location I 
DSS 14, 64-m 
AZ/E 1 antenna, 
Goldstone, 
California 

DSS 62, 26-m 
equatorial antenna, 
Madrid, Spain 

SFOF, 
Pasadena, 
California 

DSS 12, 26-m 
equatorial antenna, 
Goldstone, 
California 

Instrumentation I Use 

S-band metric data, 
telemetry and command 

S-band metric data, 
telemetry and command 

Data processing and 
communications 

Radiometric data 
(including ranging), 
telemetry and command 

Radiometric data, 
telemetry and command 

Mission operations and 
DSN control 
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S-band radiometric data, 
telemetry and command 

Radiometric data, 
telemetry and command 
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Fig. 6. SFOF/GCF tracking configuration 
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Fig. 12. DSN command'  configurat ion 
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RADIO METRIC DATA TELEMETRY, ADMlN ADMIN, PREDICTS, COMMANDS 

Fig. 16. M a r i n e r  M a r s  1969 extended opera t ion?  DSN GCF-NASCOM c i r cu i t  r equ i r emen t s  

RADIO METRIC DATA 
. TELEMETRY, ADMlN 

1,2 = SFOD OR ACE 

3 =BUSS CH OR TRE 1 

4-7 = S/C TEAM 

SINGLE POSITION = DESK 
DUAL POSITION = TABLE 

Fig.  17. Combined ~ i o n e e r / ~ a r i n e r  M a r s  1969 extended opera t ions  MSA 
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IV. FLIGHT SUPPORT 

This section p resen t s  the significant i t ems  
that  formed the const ra in ts  for  operations not 
considered routine and changed the  usual  mode of 
operation,  the  t racking activit ies,  and the verif i-  
cation t e s t s  conducted during the mission.  

A. O D ~  rational  Conditions 

The following fac tors  affected DSN support  
during the miss ion:  spacecraf t  condition, m a r -  
ginal telecommunications performance,  and equip- 
men t  modification. These  factor s inter  acted with 
each other and affected the tracking schedule, 
spacecraf t  configuration, and DSN configuration. 

1.  Spacecraf t  condition. Initially, the con- 
tributing s ~ a c e c r a f t  ~ r o b l e m s  w e r e  (1 )  the Mariner  " A 

7 bat tery  w a s  dead; i 2 )  the Mariner  6 bat tery  had 
about 10 h of usable  life and could not safely be 
recharged;  (3) the Canopus sensor  on Mariner  7 
had failed, requiring gyro  control  of ro l l  position; 
and (4) so la r  panel output had degraded approxi- 
mately 12'70 since launch. These problems,  
coupled wi th  spacecraf t  position and the planned 
DSS 14 downtime, r e s t r i c t ed  the two spacecraf t  to 
the configuration plan in Table 5. 

In mid-December  1969, i t  w a s  determined that  
pointing the Mariner  6 high-gain antenna (HGA) 
toward e a r t h  caused an undesirable effect on the 
orbit. As a r e su l t ,  fur ther  HGA pointing maneu- 
v e r s  were  el iminated f rom the plan except for  the  
spacecraf t  engineering exper iments  performed 
nea r  the end of the mission.  In addition, i t  w a s  
found that  the spacecraf t  power e s t ima tes  w e r e  
conservative,  and Mariner  6 TWT high power could 
be  used e a r l i e r  than planned. On Mariner  6 ,  
TWT high-power mode was  tes ted  on March 6, 
1970, and used during the so la r  ec l ipse  on March 7 
and thereaf ter .  P lan  option 1 w a s  used for  
Mariner  7 with the switch to TWT high power oc- 
curing ea r ly  on April  29, 1970. 

Throughout m o s t  of the miss ion,  both space- 
c r a f t  w e r e  roll-stabil ized by  gyro  control  because 
of Canopus s e n s o r  deterioration.  Roll position 
fo r  the spacecraf t  engineering exper iments  w a s  
determined by the  HGA radiation patterns.  

2. T ra jec to ry  cha rac te r i s t i c s .  After suc- 
cessfully completing c lose  encounters with Mars ,  
the two Mariner  spacecraf t  gained energy s o  that  
they w e r e  in so la r  orbi ts  with perihelion dis tances  
significantly g rea te r  than e a r t h  aphelion distance.  
Though not p r imar i ly  designed a s  Mars  swingby 
miss ions ,  the t r a j ec to r i e s  w e r e  f a i r ly  efficient in 
this respect .  If Mars  had been a m a s s l e s s  planet, 
and an impulsive maneuver had been done to  change 
the pre-encounter orbi ts  into the result ing post- 
encounter o rb i t s ,  the velocity requirements  would 
have been 1. 584 k m / s  fo r  Mariner  6 and 1.446 
km/s  fo r  Mar ine r  7. 

Table 6 summar izes  the postencounter t r a -  
jectory pa ramete r s .  Both orbi ts  have per iods  of 
approximately one and th ree -quar t e r  y e a r s ,  and 
so la r  conjunctions occur nine and one-half days 
apa r t  a t  the end of April  and beginning of May 1970. 
During near-  so la r  conjunction, i t  w a s  possible to 
pe r fo rm an ex t remely  sensit ive t e s t  of the genera l  

relat ivity theory by measur ing  the effect of the 
sun m a s s  on radio  signals t ransmit ted  f r o m  the  
spacecraf t .  

F igures  18 and 19 show a heliocentric view 
of the orbi ts  of the ea r th ,  sun,  and the spacecraf t .  
Near  the t ime  of conjunction, maximum probe- 
e a r t h  distance i s  attained s o  that  maximum f r e e  
space  attenuation of signal  s t rength  occurs .  The 
low-gain antenna (LGA), which always points 
towards  the sun  in c ru i se  configuration, a lso  
points towards  the e a r t h  a t  th is  time. Since the 
HGA axis makes  an angle of 41. 6 deg with the 
LGA axis,  i t  would be necessa ry  to r eo r i en t  the  
spacecraf t  in o rde r  to inc rease  received signal 
power by t ransmit t ing  with the HGA. 

3. Telecommunications performance pre-  
dictions. Mar ine r  telecommunications perform- 
ance predictions w e r e  based upon actual  perform- 
ance cha rac te r i s t i c s  of the DSN stations,  the  
spacecraf t  t ransmit t ing  and receiving cha rac te r -  
i s t i c s ,  and the l a t e s t  t r a j ec to ry  es t imates .  To  
provide a comprehensive,  logical method of han- 
dling numerous var iables  involved in defining 
spacecraf t  and ground stat ion pa ramete r s ,  design 
control  tables (DCT) were  genera ted  fo r  specific 
operating conditions and ranges.  

Although the DCTs provide an accura te  r ep re -  
sentation of expected performance,  the tables e s -  
&ential ly deal  with s ta t ic  si tuations,  whereas  r e a l  
si tuations p resen t  dynamic conditions involving 
t ime-varying quanti t ies such a s  t r a j ec to r i e s ,  
spacecraf t  orientations,  operational  modes ,  ground 
stat ion antenna elevation angles vs  t ime,  etc. A 
communications predic t  p rogram (CPZM) w a s  used 
to allow inputting of th is  information and outputting 
the predicted performance p a r a m e t e r s  of in t e res t  
for  any point in t ime. I t  i s  f rom this output tha t  
the  extended miss ion performance cu rves  w e r e  
derived. 

A discuss ion of the p r i m a r y  link performance 
p a r a m e t e r s  i s  given in the following paragraphs ,  
with emphasis  on the implications as applied to 
the extended miss ion objectives. 

Uplink c a r r i e r  levels  depicted for Mariner  6 
and 7 w e r e  those total power levels  p resen t  a t  the 
input to the radio  frequency subsystem (RFS). In 
Fig. 20, c a r r i e r  levels a r e  plotted assuming no 
modulation w a s  applied. A - 2. 50 dB correct ion 
w a s  required  when command modulation w a s  on, 
and a -9. 0 dB correct ion w a s  required  for  ranging 
modulation. 

The downlink s ignal  level  plots of Figs.  21 
and 22 depict  c a r r i e r  levels p resen t  a t  the ground 
stat ion m a s e r  input with the spacecraf t  in c ru i se  
t e l emet ry  mode and ranging channel off. When 
the ranging channel was  on, a correc t ion of -0 .9  
dB w a s  added rega rd les s  of the presence  o r  ab- 
sence  of ranging modulation. 

At DSS 14 and DSS 62, 3-Hz t racking loops 
w e r e  installed. F o r  DSS 62, wi th  a nominal zenith 
s y s t e m  tempera tu re  of 44"K, receiver  threshold 
occur red  a t  176. 7 dBmW. F o r  DSS 14, a t  29"K, 
threshold occur red  a t  - 178. 5 dBmW. Marginal  

J P L  Technical  Memorandum 33-474, Vol. I11 



doppler t racking data  acquisi t ion occur red  ove r  
the 26-m stat ions when the spacec ra f t  was  t r a n s -  
mitting over  the LGA. 

Command performance  w a s  presented  in t e r m s  
of marg in  above a ST/NO of 16. 5 dB in the com- 
mand bit  detection bandwidth. This  corresponded 
to a b i t  e r r o r  r a t e  equal to 1 X Adequate 
marg in  existed throughout 1970. F igu re  23 i l lus-  
t r a t e s  command marg in  v s  date for  Mar ine r s  6 
and 7. 

Te leme t ry  pe r fo rmance  predic ts  assumed the 
spacec ra f t  w a s  in c r u i s e  t e l eme t ry  mode a t  a b i t  
r a t e  of 8- 113 b i t s l s .  An e r r o r  r a t e  of 5 X 10-3 
corresponded to an  ST/NO of 5. 2 dB. If the  rang- 
ing channel was  on, -0.  9 dB was  added to the pre-  
dictions. F igu res  24 and 25 i l l u s t r a t e  t e l eme t ry  
SNR vs  date for Mar ine r s  6 and 7. 

Ranging performance  w a s  presented  in  t e r m s  
of ranging signal  power level  a t  the receiving s ta-  
tion m a s e r  input fo r  the planned operational  con- 
f igurations.  F igu res  26 and 27 i l lus t ra te  code 
acquisi t ion t i m e s  for probabil i ty of e r r o r  of 0. 1 
and 0. 01, respectively.  F igu res  28 and 29 i l lus-  
t r a t e  p lanetary  ranging levels vs da te  for  Mar ine r  
6 and 7. 

4. Equipment changes. 

a .  400-kW t r ansmi t t e r .  On Apr i l  22, 1970, 
t h ~  400-kW t r ansmi t t e r  was  used for  the f i r s t  
t ime ,  operating successful ly  a t  a nominal  200 kW. 
Power levels above th is  have not been used be- 
cause  of potential cooling problems.  The i n c r e a s e  
to  LOO-kW, a 10-dB improvement  ove r  the 20-kW 
t r ansmi t t e r ,  w a s  reflected d i rec t ly  in the downlink 
ranging power. The  400- kW t r a n s m i t t e r  per form-  
ance cha rac t e r i s t i c s  a r e  a s  follows: 

(1) R F  power output: 40-kW nominal, 
t 8 6  dBmW *O. 45 dB under sa tu ra t ed  
conditions. 

(2)  Bandwidth: - 10 dB points,  25 MHz 
minimum (-12. 5 MHz each  s iq& of 
cen te r  frequency).  

(3)  Method of modulation: Drive f r e -  
quency, phase ,  ampli tude,  double- 
and single-sideband suppressed  
c a r r i e r .  

(4)  Lineari ty:  *100/0 f r o m  z e r o  to  50% 
of max imum sa tura ted  power output. 

(5)  Coolant w a t e r  flow ( l i t e r lmin ) :  

Main loop 1500 
Alidade loop 1500 
MG clutch loop 9 0 
Auxil iary hea t  exchanger 265 

(6)  Input power requi rements :  480 vac ,  
60 Hz,  3-phase;  2400 vac ,  60 Hz. 

F igu res  30 and 31 show the m a j o r  components 
of the 400-kW t r a n s m i t t e r  sys t em.  

b. Tr icone  instal lat ion.  Mar ine r  t racking 
operations w e r e  resumed by DSS 14 on March 2, 
1970, following the scheduled downtime (January  25 

t o  March 1, 1970) fo r  cont ro l  room reconfigura- 
tion and t r icone  installation. F o r  pas ses  before  
March  6, the S-band Casseg ra in  u l t racone  (SCU) 
w a s  used. After  March 6, the  S-band megawat t  
t r a n s m i t  (SMT) cone became  the s tandard  con- 
f iguration for Mar ine r  tracking,  wi th  t r a n s m i t  
power l imited to  20 kW until instal lat ion of the 
400-kW t r ansmi t t e r .  Following i s  a brief  desc r ip -  
tion of the capabil i t ies and l imitat ions of the new 
multiple p r i m a r y  feed sys t em o r  so-ca l led  t r icone ,  
i l lus t ra ted  in Fig.  32. 

The t r icone  a s sembly  i s  intended to inc rease  
the  flexibility and improve the capabil i t ies of the 
64-m-diameter  antenna a t  DSS 14 for  t racking,  
da ta  acquisi t ion,  and command of deep s p a c e  
probes  supported by the  DSN. The t r icone  a s sem-  
bly i s  a l so  used for R&D activit ies.  

The change of feed s y s t e m s  t o  a mult iple feed 
cone w a s  made  t o  e l iminate  the excess ive  t ime  r e -  
qui red  (approximately one day)  fo r  feed cone re-  
placement.  Th i s  cone replacement  t ime  had made  
the  stat ion inefficient in employing different  feed 
s y s t e m s  for  different  miss ions .  

The a s sembly  provides t h r e e  sepa ra t e  cones 
which can  be  se lec ted  and controlled by stat ion 
personnel  f rom the stat ion control  room. One 
cone,  devoted ent i re ly  to R&D pro jec t s ,  i s  not 
covered  by th is  discussion.  The two cones  for 
operational  suppor t  a r e  descr ibed herein.  

The specific cone i s  se lec ted  by rotat ing the 
subref lec tor  s o  a s  to  focus R F  s ignals  into the 
appropr ia te  feed horn. Signal flow paths to  and 
f rom the cont ro l  room a r e  then switched to  the 
se lec ted  cone. This  p rocess  t akes  l e s s  than 70 s ;  
the  pacing i tem i s  the  subref lec tor  rotation. Most 
e l ec t r i ca l  configuration changes take l e s s  than 
10 s .  

F igu re  33 is a bas ic  block d i ag ram of the 
equipment located in modules I1 and 111 of the t r i -  
cone a s sembly  (Fig.  32) and shows the in ter faces  
wi th  the cones and the r ece ive r s .  F igu re  34 
shows the SMT cone used for MM69 extended 
operations.  

The  sys t em noise t empera tu res  for  t hese  
cones a r e  approximately 18°K in the  low noise 
mode and approximately 26°K in the  diplex mode. 
These  low noise t empera tu res  a r e  p r i m a r i l y  due 
to  improved m a s e r s ,  s h o r t  waveguide runs ,  im-  
proved d ip lexers ,  improved waveguide swi tches ,  
and an improved feed ho rn  design.  

A s u m m a r y  of the capabil i t ies and l imitat ions 
of the SMT cone configuration (Fig. 34) follows: 

(1)  R C P  polarization only. 

( 2 )  400- kW diplexed capability. 

(3)  Can be  used in low noise mode (no di- 
p lexer  o r  t r ansmi t t e r ) .  

c .  R & D  ranging. The R&D ranging sys t em 
used for MM69 extended operations was  called 
the "Mu" ranging sys tem.  This  sys t em was  used 
operationally for the f i r s t  t ime on th is  miss ion .  

The sys t em wi l l  opera te  a t  v e r y  weak signal  
levels  without sacr i f ic ing  accuracy.  The design 
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employs up to 18 sequentially t ransmit ted  square-  
wave components with periods f rom 2 ~s to 0. 25 s .  
This sys t em i s  open-loop and u s e s  received dop- 
p le r ,  proper ly  sca led ,  to es tabl ish  the incoming 
symbol ra te .  High-frequency digital  logic, opera- 
ting a t  decision r a t e s  on the  o r d e r  of 6 ns ,  i s  used 
for implementation. 

Figure  35 i s  a simplified block diagram of the 
ranging sys tem interface with the DSS rece ive r /  
exci ter  and T C P  subsystem. The Mu ranging sys-  
t e m  (Fig. 36) u s e s  the X3 output f r o m  the exci ter  
to  genera te  both the range modulation in the  t r ans -  
mi t t e r  coder and the receiver  code in the receiver  
coder.  The range modulation i s  used to phase- 
modulate the uplink power to the spacecraft .  The 
spacecraf t  t ransponder  receives  and re t r ansmi t s  
the ranging modulation to the DSS receiver .  The 
DSS receiver  output to the ranging sys tem i s  the 
10-MHz c a r r i e r  with the ranging code shifted by 
doppler. The ranging s y s t e m  requ i re s  the 10-MHz 
reference  f r o m  the r ece ive r  for  detection of the 
ranging code. The UHF doppler f rom the doppler 
ext rac tor  s e r v e s  to modify the r ece ive r  coder  
frequency. This  i s  necessa ry  to maintain coher-  
ence between the  received code f rom the space-  
c r a f t  and the locally generated r ece ive r  code. 

Before a ranging operation,  the receiver  
coder genera tes  a receiver  code without a doppler 
input, and the t r ansmi t t e r  and receiver  codes 
opera te  in synchronism. During ranging, the r e -  
ce iver  coder  i s  shifted by the UHF doppler and the 
received code m a y  be co r re l a t ed  with the receiver  
code. The ranging p rocess  i s  accomplished by 
shifting the phase of the receiver  code until c o r r e -  
lation between the  codes i s  achieved. The amount 
of phase shifting required  i s  a m e a s u r e  of the 
spacecraf t  range. 

The period of the square-wave range code 
modulation determines  the sys t em resolution. In 
the Mu ranging sys tem,  up to 18 different code 
components may  be generated.  The highest- 
frequency component yields the g rea te s t  resolving 
power. The frequency of the code components i s  
a function of the DSIF exci ter  frequency and is  
given by 

where 

fexc 
= the DSIF exci ter  frequency 

n = the code component number  

The highest-frequency component i s  then the 
f i r s t  and has  a resolution of 285 m .  

Performance of the Mu ranging sys tem i s  such 
that sa t i s fac tory  range data  have been obtained a t  
downlink ranging powers of l e s s  than -200 dBmW. 
This performance can be realized with a sys tem 
tempera tu re  of 25 "K and an integration t ime of 
800 s ,  with a total  acquisition t ime  of 800 s for 10 
components. F o r  lower sys tem tempera tu res  and 
longer integration t imes ,  the capability of weak 
signal ranging i s  increased accordingly. The one 

fundamental requirement ,  however,  of the Mu 
ranging sys tem i s  tha t  the DSIF c a r r i e r  tracking 
loop m u s t  maintain lock. 

d. DSS modifications. To p repa re  for MM71 
support  at  DSS 14, i t  w a s  necessa ry  to remove 
the T C P  f rom MM69 EO suppor t  on November 30, 
1970. The specia l  DSS 12/14 configuration shown 
in Fig. 11 was developed and tes ted  in  November 
1970. The extensive effort  required  to p repa re  
this configuration was  war ran ted  by high-activity 
MM69 EO spacecraf t  engineering exper iments  in 
December 1970. The following developments 
w e r e  involved in preparation: 

(1) MM69 software modification fo r  the 
previously updated DSS 12 T C P  
wideband HSD I / O  unit. 

(2) SCA procedures  and data  tapes  to 
simulate MMb9 EO science and 
engineering data  fo r  use in addition 
to  the MM69 EO te lemetry  simulator.  

(3) T C P  program verif ication t e s t  pro- 
cedures  to  t e s t  the modified T C P  
software a t  CTA 21 and DSS 12. 

(4) Severa l  te lemetry  data  flow t e s t s  
using CTA 21, DSS 12, DSS 14, and 
the SFOF. 

e. S F O F  computer support. Also in pre-  
paration for MM71, changes in the computer con- 
figuration in the SFOF w e r e  required.  By nego- 
t iat ing with the MM69 EO Pro jec t  and o the r s ,  i t  
w a s  determined that  the  IBM 7044 and 7094 could 
be removed f rom suppor t  following the scheduled 
t r ack  on December 21, 1970. F o r  the period 
December 21 to December 31, 1970, the following 
const ra in ts  t o  the normal  operations w e r e  imposed: 

(1) P rocess ing  of HSD w a s  not available. 
T C P  TTY raw data  w e r e  available 
in the S F O F  for P ro jec t  spacecraf t  
te lemetry .  

(2) Doppler data  could not be handled in 
the S F O F  in rea l - t ime,  but w e r e  re-  
corded for process ing a t  a l a t e r  t ime. 

(3) Tracking predictions and o rb i t  up- 
dates  could not be generated.  

(4) Real-  t ime DSN te lemetry  sys tem 
analysis was  cur ta i led  and t e l emet ry  
data  validation could not be accom- 
plished. 

(5) Real - t ime DSN tracking sys tem anal- 
y s i s  and m e t r i c  data  MDF s ta tus  
could not be accomplished. 

Though th is  reduced support  great ly  reduced 
the ability of the DSN to rapidly detect  and c o r r e c t  
substandard performance,  a l l  t racking during this 
period w a s  sa t i s fac tory .  

f .  GCF modifications. Two significant G C F  
modifications w e r e  made durine MM69 EO. F i r s t .  

D 

a revised scheme for distr ibuting mission-oriented 
TTY traffic within the S F O F  w a s  implemented by 
GCF operations on March 4, 1970. The old method 
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of routing and display within u s e r  a r e a s  a t  S F O F  
followed the s tandard  DSN TTY channel utilization 
plan. This  convention resul ted  in u s e r  viewing of 
quas i -d iscre te  DSS TTY channels.  I t  w a s  neces-  
s a r y  that  the u s e r  know the uti l izat ion of e a c h  
channel  in o rde r  to  view a specific m e s s a g e l d a t a  
type. The u s e r  w a s  then r equ i r ed  to  c o r r e l a t e  the 
appropr ia te  channel with the  ass igned TV/TSS 
(teletype switching s y s t e m )  se l ec to r  button number  
on the GCF TTY s ta tus  display. TTY channel T V /  
TSS se l ec to r  button number  co r re l a t ion  w a s  not 
s t a t i c  and, in fact ,  would change on a daily b a s i s  
(if not m o r e  frequently),  depending on the display 
load. F r o m  a u s e r  viewpoint, th is  w a s  the m o s t  
undes i rable  a spec t  of the old d isplay  method.  

Although effective, pas t  methods did not al- 
ways  ensu re  a one-to-one correspondence  between 
identity of t raf f ic  received by the C P  and identity 
of p reamble  switching ins t ruc t ions  provided t o  the 
CP.  In addition, distr ibution and d isplay  of TTY 
t raf f ic  a t  the S F O F  requi red  co r rec t ion  in near-  
r ea l - t ime  and did not always m e e t  u s e r  r equ i r e -  
men t s .  

Feasibil i ty s tudies  w e r e  made  to  de t e rmine  
both the m e s s a g e l d a t a  types  expected f rom any 
combination of DSS and spacec ra f t  and the des i r ed  
distr ibution of such  traffic a t  the SFOF.  These  
s tudies  indicated tha t  such actions w e r e  not only 
feas ib le  but highly des i rable .  

The new method discarded the  previous con- 
vention of displaying DSS TTY channels.  U s e r  at-  
tention w a s  then d i rec ted  t o  specific TV/TSS se-  
l ec to r  button number  ass ignments  keyed to 
m e s s a g e l d a t a  type. As a r e su l t ,  the u s e r  no 
longer had t o  c o r r e l a t e  between TTY channel and 
se l ec to r  button. Also,  the G C F  TTY s t a tus  dis-  
play was  changed t o  a s s u m e  a m o r e  coherent  ro le  
in depicting nonte lemetry  da ta  display. Display of 
TTY-formatted t e l eme t ry  da ta  w a s  handled by the 
S F O F  TTY TLM b u s s ,  which contained DSIF TLM, 
MM69 EO TLM, DSN TLM, and P ionee r  Ames  
routing indicators.  

The  TTY equipment within the S F O F  was  r e -  
configured to be compatible wi th  th is  new method 
and consisted of two 36-button TTY se lec tor  b u s s e s  
and var ious  d i sc re t e  routing indica tors ,  a l l  dr iven 
by the CP. D i sc re t e  routing indicator te lepr in ters  
w e r e  provided t o  sa t i s fy  special ized routing r e -  
qu i r emen t s  of DSIF? GCF. and DSN sys t em opera-  
t ions analysis .  

Implementation w a s  accomplished without 
m a j o r  p rob lems ;  the new method continued to be  
functionally responsive  t o  daily TTY data  routing 
and display requi rements .  MM69 E O  was  the f i r s t  
flight projec t  with on-going miss ion  operations a t  
S F O F  to  use  th is  new method. 

The second m a j o r  modification w a s  that  spe- 
c i a l  provisions for display of R&D ranging data  
w e r e  made.  The Mu ranging data  in TTY fo rma t  
became  available f r o m  DSS 14 a s  a r e su l t  of DSIF 
engineering efforts  that  w e r e  completed late in 
March 1970. Before that  t ime ,  Mu ranging points 
w e r e  available on-s i te  only and had t o  be  voice- 
re layed in r ea l - t ime  to  DSIF Control  a t  the SFOF. 
To improve this si tuation,  the following G C F  capa- 
bil i ty was  provided to  obtain r ea l - t ime  t r a n s m i s -  
s ion  of ranging points to the  SFOF:  

(1)  A s p a r e  TTY c i r c u i t w a s  used f r o m  DSS 
14 t o  SCTS via  DSC 10; t h i s  c i r cu i t  did 
not in ter face  the GCF C P  a t  SCTS be- 
cause  a NASCOM heade r  routine w a s  not 
available within the compute r  t ha t  pro-  
c e s s e d  the ranging data  a t  DSS 14. 

(2)  The s p a r e  TTY c i r cu i t  w a s  then patched 
into a s p a r e  channel of the G C F  TTY buss  
t o  provide distr ibution and ha rd  copy 
within the  SFOF. 

(3) A TTYA repe r fo ra to r  w a s  s laved t o  one 
of the G C F  TTY buss  t e l ep r in t e r s  located 
in the joint MSA to  provide punched paper  
tape r e c o r d s  of the ranging points. 

The  G C F  capabil i ty for  R&D ranging data  d is -  
play w a s  commit ted  for the remaining port ion of 
the  mis s ion  only. I t  i s  mandatory  that  the Mu 
ranging DSIF T C P  p rogram be  modified to  provide 
NASCOM TTY heade r  capabil i ty fo r  suppor t  of 
future flight projec ts .  

B. Tracking Coverage  

The extended operations t racking coverage  
w a s  provided genera l ly  in accordance  wi th  the r e -  
qu i r emen t s ,  using DSSs 12, 14, and 62. Table 7 
s u m m a r i z e s  the coverage  provided during the  ex- 
tended opera t ions  mis s ion  to i t s  conclusion on 
December  30, 1970, including the in t e r im  period 
of November and December  1969. 

At Robledo, Spain, DSS 62 w a s  used to t r ans -  
m i t  commands  t o  the spacecraf t  n e c e s s a r y  t o  up- 
date the cen t r a l  computer  and sequencer  (CC&S) 
and p r e p a r e  the  spacec ra f t  for  the  t racking pass  
by  the 64-m stat ion.  In March,  the command link 
threshold  was  reached for  Mar ine r  6 ;  in Apr i l ,  
the threshold  w a s  reached for  Mar ine r  7. Since 
the  spacec ra f t  could no longer  b e  commanded f rom 
a 26-m antenna stat ion,  DSS 62 w a s  no longer  
used.  

Following Janua ry  25, when the  DSS 14 w a s  
taken out  of s e r v i c e  for the  instal lat ion of the  t r i -  
cone feed s t r u c t u r e  and the 400-kW t r a n s m i t t e r ,  
t racking w a s  feas ib le  only a t  DSS 12 through the  
u s e  of a special ly p repa red  low-noise feed cone 
on the 26-m antenna. This  specia l  cone could be 
switched into e i the r  a l is ten-only mode o r  a di- 
plex mode with cone t empera tu res  of 24 and 17 OK, 
respectively.  Using a 3-Hz loop bandwidth in the 
l is ten-only mode,  the spacec ra f t  s ignal  w a s  r e -  
ceived sa t i s fac tor i ly  a t  - 174 dBmW; usable two- 
way  doppler da ta  w e r e  obtained. In the diplex 
mode,  the r e c e i v e r s  w e r e  in lock only about one 
da ta  point out of three .  Per iods  of two-way 
doppler da ta  w e r e ,  t he re fo re ,  obtained by turning 
on the ground t r a n s m i t t e r  for about 40 min ,  o r  1 
RTLT,  and then turning i t  off a few moment s  be- 
fo re  the signal  a r r i v e d  back f r o m  the spacecraf t .  
Usable two-way doppler da ta  w e r e  obtained for the 
length of t ime the  t r ansmi t t e r  w a s  on. This  pro-  
c e s s  w a s  repeated  in a checkerboard  pat tern ,  pro- 
viding about s i x  per iods  of good data  per  t racking 
pass .  Although t e l eme t ry  da ta  w a s  only about 0. 5 
dB above threshold ,  the  s u b c a r r i e r  demodulator 
a s sembl i e s  w e r e  able t o  be  locked up; the  da ta  
w e r e  quite noisy, producing about one e r r o r  in 10. 
Never the less ,  some  insight  into the  spacec ra f t  con- 
dition w a s  maintained through analys is  of th is  data.  
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This mode of tracking continued until the r e -  
turn  of DSS 14 to se rv ice  about March 1, 1970. 
During this t ime,  no commands w e r e  sent  to the 
spacecraft .  Ranging data were  not received after 
January 25, s ince  that equipment is  operable only 
a t  DSS 14. 

After the super ior  conjunction on April 29 
and May 10 for Mariners  6 and 7, respectively,  
the amount of tracking coverage was  reduced in 
accordance with the requirements.  The data  be- 
came  l e s s  noisy, and the generation of ranging 
data  and good two-way doppler data  resumed a 
routine nature. 

In December 1970, a special  DSS 12/14 con- 
figuration was  used to conduct the special  space- 
c ra f t  engineering experiments.  The support  for 
these experiments and other specia l  constraints on 
operations during the ent i re  tracking coverage for 
the extended operations miss ion a r e  presented in 
the following discussions.  

1. DSS 12 support  during DSS 14 scheduled 
downtime. DSS 14 was down during the ent i re  
month of February  1970 for  control  room recon- 
figuration and t r icone installation. I t  had been 
planned to provide Mu-machine ranging support  
and command capability f rom DSS 1 1 during this 
period by pointing the HGA toward ear th ,  with 
te lemetry  data received by DSS 12 in an ultracone/ 
listen-only mode. However, the MM69 EO Project  
decided not to perform ranging f rom DSS 11 in 
o rde r  to conserve the Mariner  6 spacecraf t  bat tery  
for  possible use l a t e r  in the mission.  

The plan to obtain two-way doppler data f rom 
DSS 62 during the  DSS 14 downtime period had to 
be  abandoned because of inadequate downlink R F  
c a r r i e r  performance margin.  Even using the 3-Hz 
receiver  tracking loop bandwidth configuration, 
the signals w e r e  too weak to  lock onto. Therefore ,  
i t  was  necessa ry  to use the ultracone/diplex capa- 
bility a t  DSS 12 to obtain the two-way doppler data 
needed to  offset lack of ranging data during this 
period. 

Because of excess ive  noise in the DSS 12 dop- 
p ler  data from passes  on February  2 and 4,  1970, 
i t  was  decided to run an uplink t e s t  with Mariner  
6 ,  using both DSS 11 and 12 on February  6 ,  1970. 
The objective of this t e s t  was  to check the effects 
on the doppler data  received by DSS 12 when DSS 
1 1 was  t ransmit t ing to the spacecraf t  a t  different 
power levels (40, 20, and 10 kW). This would also 
provide a comparison, between DSS 11 and DSS 12 
t r ansmi t t e r s ,  of noise induced into the doppler 
da ta  when the stations alternately t ransmit ted  a t  
10 kW. Fea tu res  of the t e s t  were :  

(1)  DSS 12 used the ultracone in listen-only 
mode until a t ime specified for switching 
to diplexing. 

(2) DSS 11 used a nonstandard configuration 
and tuning procedure for phasing together 
and operating the two 20-kW transmit ters .  

(3) The conditions for the des i red  uplink 
power were :  

Total  Trans -  Trans -  
power, mi t t e r  mi t t e r  Remarks  

kW 1,  kW 2, kW 

40 2 0 20 Transmi t t e r s  
phased 

20 10 10 Phased, dr ive  
reduced 

10 2 0 0 Increased 
t r ansmi t t e r  1 
dr ive  before 
reducing 
t r ansmi t t e r  2 

(4) With DSS 11 transmitt ing,  DSS 12 three-  
way doppler data w e r e  good (ultracone in 
listen-only mode). It w a s  a lso  deter-  
mined that  the DSS 12 two-way doppler 
data with the diplexer off w e r e  a s  good a s  
the three-way data  a t  10 kW. With the  
diplexer on, the doppler data w e r e  ex- 
cess ively  noisy when e i ther  station t r ans -  
mitted a t  10 kW. 

The resul ts  of the t e s t  described above led to 
the adoption of a checkerboard tracking pattern,  
an operational innovation that  enabled reception 
by DSS 12 of 1 RTLT (about 43 min)  of good two- 
way data in the listen-only mode, al ternated by 
about 50 min of one-way data received while t r ans -  
mitting to the spacecraf t  in the diplex mode. This 
checkerboard tracking pattern (Fig. 37) greatly 
increased the number of good data points and re-  
duced noise in the data received by about 70%. 
The receiver  was  out of lock l e s s  than one-tenth 
a s  often a s  formerly.  

In addition, each spacecraf t  was  tracking ap- 
proximately half a pass  during each view period, 
and the o rde r  of tracking was  alternated on each 
pass .  This made  i t  possible, in two tracking pe- 
r iods ,  to obtain for  both spacecraf t  the full sine- 
wave effect on the  doppler data of the e a r t h ' s  ro- 
tation. Fur the rmore ,  the sequence of events was  
designed to m e e t  the following requirements  of the 
principal investigator: 

(1) Generate a s  much two-way doppler data 
a s  possible above 17 deg elevation at be- 
ginning and end of track.  

(2) Generate one block of two-way doppler 
data beginning near  zenith of track.  

2. Quadripod effect. It was  recognized f rom 
previous experience during the Mariner  4 so la r  
occultation (Ref. 3) that the proximity of the sun to  
the DSS 14 antenna beam caused significant in- 
c r e a s e s  in sys tem noise temperature  (SNT). This 
temperature  was  monitored periodically during 
super ior  conjunction f rom April  to  May 1970. 
Predicted SNT w a s  used during this period to in- 
fluence the choice of operating t ime for each 
spacecraf t  during a given day. Specifically, i t  
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w a s  known that, although the  feed radiat ion pat- 
t e r n s  of the antenna a r e  ve ry  highly rotat ionally 
symmet r i c ,  the p re sence  of the quadripod feed 
suppor t  m e m b e r s  introduces secondary  radiat ion 
pat tern  + dependence. F igu re  38 shows the 64-m- 
antenna ref lec tor  with the 30-deg quadripod geom- 
e t r y  employed; Fig. 39 shows the coordinate sys -  
t e m  with LSEP (sun-ear th-probe)  equal  to 8. 
Tables  8 and 9 show the predicted t imes  of the 
quadripod effect  for  Mar ine r s  6 and 7 respectively.  

3. Operational  ranging sequence ,  Mar ine r  6. 
As indicated previously,  ranging on Mar iner  6 
w a s  over  the HGA during ce r t a in  phases.  When 
the HGA was  employed fo r  ranging, the spacec ra f t  
w a s  maneuvered  to  point the bores ight  of the HGA 
a t  ear th .  The ground commands  and CC&S events 
n e c e s s a r y  to accomplish the  maneuver  a r e  shown 
in Fig. 40. A descr ip t ion  of th is  operational  rang- 
ing sequence follows. 

Initially, f r o m  DSS 62 s e v e r a l  commands  a r e  
t r ansmi t t ed  to  precondition the spacec ra f t  for  the 
DSS 14 pass.  When th is  spacec ra f t  precondition- 
ing i s  achieved, a maneuver  can be initiated a t  
any t ime by DC- 32. The t r a n s m i t  t ime  for  DC-32 
will be chosen such that  the spacec ra f t  t u rns  wil l  
b e  completed and the HGA pointed a t  e a r t h  jus t  a t  
DSS 14 r i s e .  

When DC- 32 i s  received a t  the  spacecraf t ,  a 
computer-only maneuver  i s  ini t iated,  and the 
CC&S i s sues  the  M1 command to  tu rn  on the gyros.  
F r o m  this  point t o  the end of the maneuver  (sun 
and Canopus reacquisi t ion signal) ,  the spacecraf t  
position i s  under the functional cont ro l  of the 
CC&S. A 60-min gyro w a r m u p  period follows, 
which pe rmi t s  the gyros  t o  come  up to  the opera-  
ting t empera tu re  a t  which the c o m l ~ ~ a n d e d  space-  
c r a f t  t u rn  r a t e s  a r e  known. 

The M2, M3! M4 events  a r e  i ssued,  followed 
b y  M4 150 m s  l a t e r .  This  produces a zero-pi tch  
tu rn ,  and the spacec ra f t  r ema ins  stat ionary.  
These  events a r e  requi red  by the r e l ay  logic of 
the  CC&S. 

A 3-min wait  p e r m i t s  a reading (a t  8- 113 
b i t s  / s ,  if t e l eme t ry  i s  available)  of channel  220 
(a spacec ra f t  event counter) ,  f r o m  which the t im-  
ing of the tu rn  i s  es tabl i shed t o  1. 6 s resolution. 

4. Operational  suppor t  of spacec ra f t  engi- 
neer ing  exper iments .  Severa l  spacec ra f t  engi- 
neer ing  exper iments  (Table 10) w e r e  planned by 
the P r o j e c t  fo r  a s  late in the mis s ion  a s  possible 
in o r d e r  not to  significantly impac t  p r i m a r y  m i s -  
s ion  objectives. The expe r imen t  tha t  requi red  
max imum DSN effor t  was  the second maneuver /  
mo to r  burn  wi th  associa ted  exper iments  of each 
spacecraf t .  Additional suppor t  r equ i r emen t s  a r e  
l i s ted  in Table 11. The level  of activi ty i s  indi- 
ca ted  by the number  of commands  t r ansmi t t ed  du r  
ing th is  period. A total  of 686 commands  w e r e  
t rans ln i t ted  t o  both spacecraf t  f r o m  November 30 
t o  December  30, 1970. 

5. Scheduling. Two m a j o r  scheduling prob- 
l e m s  occur red  during the extended operations 
mis s ion ,  both involving DSS 14. The f i r s t  con- 
ce rned  Apollo 13 during the period April  11- 17, 
1970. The high pr ior i ty  of Apollo in the p a s t  had 
tradit ionally el iminated any competition for  DSS 
14 support .  Through the specia l  efforts  of the 
DSN scheduling office, a schedule w a s  developed 
where  MM69 E O  was  able to  s h a r e  DSS 14 with 
Apollo 13 a t  the  lo s s  of only two p a s s e s  of a daily 
t racking requi rement  during c r i t i ca l  lunar  activi- 
t i e s .  The plan w a s  approved by both P ro jec t s  and 
w a s  effective unti l  the Apollo 13 anomaly,  which 
significantly changed flight plans and r equ i r emen t s ,  
resul t ing  in the  deletion of one MM69 E O  pass .  

The second problem w a s  a scheduling impact  
in the m e r c u r y  b i -s ta t ic  r a d a r  (R&D t racking)  ex- 
pqr iment  which occur red  during the  s o l a r  conjunc- 
t ion period of MM69 E O  with a nea r ly  coincident 
view period. A block of t ime  w a s  al located to both 
projec ts .  After the MM69 E O  P r o j e c t  had  gotten 
a min imum amount of good ranging, the stat ion 
w a s  turned over  t o  the Mercury  exper iment  and 
back in rea l - t ime.  

The  t racking schedule for  November and 
December  1970 w a s  a l te red  to  allow fur ther  R&D 
t racking (Venus r a d a r )  and t o  accommodate  Pio- 
n e e r  s o l a r  occultation exper iments .  The effect  
on MM69 EO w a s  minimal  in tha t ,  although the 
frequency and duration of the p a s s e s  w e r e  changed 
significantly, the total  t racking t ime  remained 
about the  same.  

C. T C P  P r o g r a m  Verification T e s t s  

Next, the M3 (if the t u r n  i s  posit ive),  M5 The following t e s t s  w e r e  conducted in  
eve= a r e  i ssued,  which s t a r t s  the f i r s t  ro l l  turn ;  November 1970 t o  ver i fy  the compatibil i ty of the 
an M5 event t e rmina te s  the  f i r s t  ro l l  turn.  Then T C P  p rogram of Mar iner  M a r s  1969 extended op- 
a 3-min wait ,  a pi tch tu rn ,  a 3-min wai t ,  and the  e ra t ions  with the  updated T C P  configuration and 
second ro l l  t u rn  complete spacec ra f t  positioning. t o  check out the DSS 14 t e l eme t ry  data m i c r o -  
The HGA is  now pointing a t  ear th .  waved t o  DSS 12 fo r  processing.  

At the end of the second roll  t u rn ,  a DC- 11 1. P r e l i m i n a r y  compatibil i ty t e s t  a t  CTA 21. 
a r r i v e s  a t  the spacecraf t ,  placing the spacec ra f t  The equipment and CTA 21 configuration for  sup- 
t r a n s m i t t e r  on the HGA. Ranging da ta  become wort of this  t e s t  i s  shown in Fig. 41. The T C P  
available on the ground 0 w ~ ~ ~ l a ; e r .  

- 
opera t ional  p rogram w a s  t o  b e  used with the HSD 
routine overfi l l  tape. The t e s t  w a s  scheduled for 

Acquisition of ranging data  continues until the November 13, but  was  cancelled because  of T C P  
DC- 10 command switches downlink t r ansmiss ion  equipment problems.  
t o  the LGA. 

2. CTA 21 /SFOF data  flow tes t .  The  con- 
A DC- 13 3 min  af ter  DC- 10 i s  shown a s  an f iguration for  suppor t  of this  t e s t  i s  shown in Fig. 

option to  end the  maneuver  and r eacqu i re  the sun 42. The CPS computer  equipment a t  the S F O F  
and canopus. Otherwise.  M1 issued by the CC&S and the S F O F  configuration w e r e  a s  in s tandard  
wil l  pe r fo rm the reacquisi t ion.  7044 computer  operations for Mar ine r  M a r s  1969. 
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The t e s t ,  which w a s  conducted on November 16, 
w a s  only par t ia l ly  successful  because  of a problem 
with the sc ience  data  t ime tags  using the 7044 
Model 8 sys tem.  Also, the o lder  (Model 7 )  sys-  
t e m  could not be loaded because of the reinoval of 
the 7044 s ta tus  sense  unit (SSU). 

3. DSS 14/DSS 1 2 / S F 0 ~  data  flow tes t .  This 
t e s t ,  conducted at  DSS 14 on November 20, 1970, 
during normal  extended operations tracking,  pro-  
cessed  t e l emet ry  data  in the T C P  and microwaved 
SDA-3 and SDA-4 data  to DSS 12 for dual process-  
ing. The t e s t  objective w a s  to switch between DSS 
14 and DSS 12 a t  the S F O F  to ver i fy  that  no data 
degradation w a s  experienced a t  DSS 12. Both DSS 
14 SDA outputs w e r e  processed a t  DSS 12 for  
certification. 

Both DSS 14 and DSS 12 w e r e  configured for  
no rmal  extended operations tracking,  a s  shown in 
Fig. 11. The DSS 14 SDA- 3 and SDA-4 outputs 
w e r e  routed to the in ters i te  microwave equipment, 
which then t ransmit ted  the data  to the TCD 1034 
t r ans fe r  rack and T C P s  of DSS 12. 

The t e s t  was  repeated because  the t e l emet ry  
s imula tor  a t  DSS 14 w a s  inoperative and the DSS 
12 SCA sirnulated te lemetry  backfed to DSS 14 via 
microwave check unsuccessfully. The repeats  of 
the t e s t  were  conducted on November 23, 25, 28, 
and 29, with the equipment and continuing telem- 
e t r y  sinlulation problems;  however,  a l l  t e s t  r e -  
qui rements  w e r e  completed. 
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Table 5. Mar ine r  6 and 7 configuration plan 
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Dates 

Mar ine r  6 

1113 - 12/16 

12/17 - 1/24/70 

1 /25  - 3/11 

312 - 7/31 

811 - 8 /25  

8 /26  - 12/31 

M a r i n e r  7 Option 1 

1113 - 12/16 

12/17 - 5 /9 /70  

5/10 - 12/31 

Mar ine r  7 Option 2 
( I r r eve r s ib le  once 
adapted) 

1113 - 12/16 

12/17 - 8 /4 /70  

815 - 12/31 

l ~ s s u m e d  the  u s e  of DSS 11 f o r  ranging during DSS 14 down t ime  ( see  p a r a -  
graph C. 1 .) 

HGA 
Pointing 

Optimum 

NA 

Optimum 

NA 

Optimum 

 tiin in urn 

Na 

NA 

NA 

NA 

NA 

NA 

XMT 
Antenna 

HGA 

LGA 

HGA 

LGA 

HGA 

HGA 

LGA 

LGA 

LGA 

LGA 

LGA 

LGA 

TWT 
Power  Mode 

High 

Low 

Low 

Low 

Low 

High 

High 

Low 

High 

High 

High 

High 

Gyros  

On 

Off 

Off 

Off 

On 

On 

On 

On 

On 

On 

Off 

On 



Table  6. M a r i n e r  postencounter  t r a j e c t o r y  p a r a m e t e r s l  
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Mar ine r  7 

210.43 

205.93 

609. 35 

347. 13 

173.08 

0. 2056 

1. 82  

1 /19/70  09:lO 

253.70 

5 /9 /70  13:50 

236. 32 

387.07 

1 .79  

177.06 

1. 16 

11/20/70  01:20 

167. 16 

6 
Semi -ma jo r  axis  (km x 10 ) 

6 
Semi-minor  axis  (km x 10 ) 

Per iod  (days)  

Longitude of ascending node (deg) 

Argument  of pe r i aps i s  (deg) 

Eccen t r i c i t y  

Inclination (deg) 

T ime  of aphelion (GMT) 
6 

Aphelion d is tance  (km x 10 ) 

Time of s o l a r  conjunction (GMT) 
6 

Distance f r o m  Sun a t  conjunction (km x 10 ) 
6 

Distance f r o m  E a r t h  a t  conjunction (km x 10 ) 

Sun-Ear th-probe  angle  a t  conjunction (deg) 

Earth-Sun-probe angle a t  conjunction (deg) 

Earth-probe-Sun angle a t  conjunction (deg) 

T ime  of per ihe l ion  (GMT) 
6 

Per ihe l ion  d is tance  (km x 10 ) 

l ~ a s e d  on osculat ing conic a t  conjunction 

Mar ine r  6 

216. 57 

211.68 

636.24 

342.64 

203. 54 

0. 2113 

1 .78  

2 /3 /70  13:20 

262. 35 

4 /30/70  01:20 

251. 13  

401.96 

0 .95  

178.48 

0. 57 

11/18/70  16:lO 

170.80 



Table 7. DSN coverage of Mariners  6 and 7 

1 Month 
I (1969- 

1970) 

1969 
Nov 

Dec 

1970 
Jan 

Feb 

Mar 

A P ~  

May 

Deep Space 
Station 

Transmit ter  
power, kW 

12,14,62 

14,62 

14,62 

12 

62 and 14 

62 and 14 

14 

Remarks 

Extensive 
commanding of 
Mariner 7 due 
to spacecraft  
anomaly 

DSS 14 out of s e r -  
vice for tricone 
and high-retain 
power t ransmit ter  
installation. Good 
two-way data 
obtained in the 
listen-only mode 
( t ransmit ter  off) 
for 1 RTLT (about 
43 min),  followed 
by about 50 min of 
one -way data 
received while 
transmitting to the 
spacecraft  in the 
diplex mode 

T r  ic one installation 
a t  DSS 14 com- 
pleted. High- 
power t ransmit ter  
not ready. Com- 
mand by DSS 62 
to conserve 
coverage t ime 
f rom DSS 14 

High-power t rans -  
mit ter  output 
limited to  200 kW. 
DSS 62 support 
discontinued 
March 18 for 
Mariner 7 and 
Apri l  21 for 
Mariner 6; com- 
mand link thresh-  
old reached. 
Mariner 6 supe- 
r i o r  conjunction 
on April  29 

20-kW transmitter 
used on th ree  
days when high- 
power t rans  - 
mit te r  was down. 
Superior c onjunc - 
tion for Mariner 
7 on May 10 
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Table 7 (contd) 

JPL Technical Memorandum 33-474, Vol. I11 

, 

. 
Remarks 

20-kW transmitter 
used on three days 

20-kW transmitter 
used on one day 

20-kW transmitter 
used on one day 

20-kW transmitter 
used on four days 

20-kW transmitter 
used on two days 

20-kW transmitter 
used on five 
passes. Special 
DSS 12/14 tele- 
metry c onfigura- 
tion used for all 
passes. Exten- 
s ive commanding 
required by 
special spacecraft 
engineering 
experiments 

Month 
(1969- 

970' 

Jun 

Jul 

Aug 

S ~ P  

Oct 

Nov 

Dec 

Deep Space 
Station 

14 

14 

14  

14 

14 

14 

12 ,14  

Transmitter 
power, kW 

200 

200 

200 

200 

200 

200 

200 

Tracking coverage 

Mariner 

6 
7 

6 
7 

6 
7 

6 
7 

6 
7 

6 
7 

6 
7 

Number of 
passes 

15  
16 

9 
12 

10 
10 

9 
9 

9 
11 

7 
6 

8 
9 

Number of 
commandssent 

3 
49 

2 5 
10 

0 
0 

4 
208 

299 
19 

3 64 
13  

446 
160 



Table  8. P red ic t ed  t i m e s  of quadripod effect, M a r i n e r  6 

J P L  Technica l  Memorandum 33-474, Vol. I11 

Local  
Date 

A ~ r - M a ~  

18 
19 
20 

2 1 
22 
2 3 

2 4 
25 
26 

27 
28 
29 

3 0 
1 
2 

3 
4 
5 

6 
7 
8 

9 
10 
11 

12 

' some  
doesn ' t  sweep throug% it) .  

' p a r t i a l  i n c r e a s e  in  Top (90' to QUAD LEG c o m e s  within 4" - 5' of sun).  
3 ~ a r t i a l  i n c r e a s e  in  two p a r t s  with f a l l  off in cen te r  

060" 
GMT 

S t a r t  End 
0650 0550 

19:50 2000 

19:42 19:54 

19:35 19:48 

19:20 19:34 

18:52 19:44 

18:15 18:44 
13:30 18:003 

Before  
R i se  

w 

i n c r e a s e  in  To (90" 

0300" 
GMT 

S t a r t  End 
0295 305" 

After  
Se t  

23:40 O1:Ool 
21:30 02:023 
20:28 20:46 

19:55 20:lO 
19:34 19:48 
19:20 19:36 

19:12 19:28 
19:05 l9:22 

18:44 19:04 

18:42 1900 

18:38 18:52 

18:34 18:44 

4"  of s u n -  

0120" 
GMT 

S t a r t  End 
0125" 0115" 

13:50 17:lO 

14:20 16:15 

14:40 16:oo 
2 

14:55 15:401 

Before 
R i se  

w 

to QUAD LEG 

0240" 
GMT 

S t a r t  End 
0245" 0235" 

After  
Se t  

v 
23:40 02:002 
22:24 02:OO 
21:02 21:44 

20:46 21:15 
20:22 20:54 

20:12 2030 

20:lO 20:28 

20:OO 20:12 

19:50 20:02 

c o m e s  within 3" t o  



Table 9. P red ic t ed  t i m e s  of quadripod effect ,  M a r i n e r  7 
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Local  
Date 

Apr -  May 

28 

29 

30 
1 

2 

3 
4 

5 

6 
7 

8 

9 
10 

11 

12 
13  

14 

15 
16 

17 

18 
19 

20 

2 1 
22 

l ~ a r t i a l  
2 ~ o m e  Inc rease  - about 15% t o  5070 
These  percentage  e s t i m a t e s  r e f e r  to percentage  of a HIGH Top peak 
(d is regarding  base l ine) .  

60" 
GMT 

S t a r t  End 

19:30 19:40 

19:25 19:35 

19:22 19:32 
19:18 19:28 

19:12 19:22 

19:06 19:16 
19:OO 19:12 

18:33 19:OO 

18:20 18:40 
17:45 18:15 

15:OO 16:15l 

15:30 19:402 

Before R i se  

1 
P 

I n c r e a s e  -about  

120" 
GMT 

S t a r t  End 

14:40 16:401 

Before  

1 

240" 
GMT 

S t a r t  End 

R i s e  

300" 
GMT 

S t a r t  End 

After  Se t  

I 
23:30 01:501 
22:50 01:402 

21:12 22:50 

20:34 21:lO 
20:12 20:32 

20:OO 20:15 

19:45 19:58 
19:35 19:48 

19:28 19:45 

19:22 19:34 

19:22 19:38 

19:12 19:24 

19:08 19:18 

Af ter  

v 

3070 t o  7070 

- 

Set  

23:15 O1:lol 

22:50 0 2 : 0 0 ~  

20:50 01:OO 
20:45 21:50 

20:22 21:12 

20:28 21:OO 

20:lO 20:25 

20:04 20:18 



Table 10. Planned Mar ine r  M a r s  1969 extended operations 
spacecraf t  engineering exper iments  

JPL Technical  Memorandum 33-474, Vol. I11 

Date 

30 Nov 

2 Dec 

15 Dec 

16 Dec 

18 Dec 

19 Dec 

20 Dec 

21 Dec 

23,29,30 
Dec 

Activity 

Mar ine r  6 prepara t ion t r a c k  f o r  second moto r  burn 

Bat tery  t e s t  

Data s torage  subsystem conditioning 

HGA pointing maneuver  

Scan l sc ience  power turnon 

Playback t e s t  

Mar ine r  7 prepara t ion t r a c k  f o r  second moto r  burn  

Determine Canopus cone angle and low-gate 
position 

Mar ine r  7 second moto r  burn 

Repeat Mar ine r  7 post-encounter bat tery  t e s t  

Command negative ro l l  turnon Mar ine r  7 

M a r i n e r  6 second moto r  burn  

HGA pointing maneuver  

Motor burn 

Scan/sc ience  power on, UVS scan of m o t o r  
burn  plume 

Record sc ience  data on digital tape r e c o r d e r  

Playback Mar ine r  6 sc ience  data 

HGA pointing maneuver  

Spacecraft  t o  playback one mode  

Step Canopus cone angle  

Mar ine r  6 and 7 redundant e lement  switch 

Mar ine r  6 t empera tu re  control  flux monitor 
calibration 

M a r i n e r  6 der ived r a t e  Sun acquisi t ion 

Mar ine r  6 pitch tu rn  f o r  power determination of 
bat tery  s h a r e  mode  

P lace  both spacecraf t  i n  final s t a t e  

Note: Not a l l  exper iments  w e r e  completed 
because of schedule changes and 
operational  sequences .  Major  changes 
a r e  reflected in  Appendix B. 



Table 11. Mar ine r  M a r s  1969 extended operations,engineering exper iment  
support  r equ i remen t s  

J P L  Technical  Memorandum 3 3 - 4 7 4 ,  Vol. I11 

Spacecraft  Activity 

1. HGA pointing maneuver  
(Roll position determined by 
HGA radiation pat tern  because  
of Canopus s e n s o r  problems 
on both spacecraf t )  

2. Motor burn  

3. Scan pla t form/science  power 
on (Science ins t rument  - 
pr imar i ly  UVS - scan of 
moto r  burn plume) 

3 .  Spacecraft  t o  playback one 
mode (Playback recorded 
sc ience  data) 

- 

DSN Support  Requirement 

Special AGC calibrations and 
manual rea l - t ime AGC readout to 
P ro jec t  during maneuver  

33 113 bps engineering te lemetry  

66 213 bps sc i ence  te lemetry  

270  bps sc ience  te lemetry  



Fig. 18. Heliocentric v iew of Mar ine r  6 
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-240 t 
Fig. 19. Heliocentric view of Mariner  7 
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I I I I I I I I I I I I I 

MARINER UPLINK CARRIER LEVEL 

DSS 14 AT 20 KW 
DS5 17  AT 20 KW 

COMMAND AND RANGfNG MODUlATlON OFF 

Fig .  20. M a r i n e r  6 a n d  7 upl ink c a r r i e r  l e v e l  

JPL Techn i ca l  M e m o r a n d u m  33-474, Vol. 111 



MARINER 6 DOWNLINK CARRIER LEVEL 

FOR DSS 14 CRUISE TLM MODE 

R A N G I N G  OFF 

NOTE: DIFFERENCE I N  64-meter vr 26-meter-ANTENNA 
RECEIVE ANTENNA GAINS IS 8.22 dB 

1970 

Fig. 21. Mar ine r  6 downlink c a r r i e r  level  
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MRINER 7 DOWNLINK CARRIER LEVEL 

DSS 14 CRUISE, TLM MODE 

RANGING OFF 

Fig.  22. Mar iner  7 downlink c a r r i e r  l eve l  

JPL Technical  Memorandum 33-474, Vol. I11 



Fig.  23. M a r i n e r  c o m m a n d  m a r g i n  vs  da t e  
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MARINER 6 TELEMETRY SNR (8-1/3 B/S) 

DSS 14 AT 29O K 

RANGING CHANNEL OFF 

1970 

Fig.  24. M a r i n e r  6 t e l e m e t r y  SNR vs d a t e  
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MARINER 7 TELEMETRY SNR (8-lj3 8/5) 

RANGING OFF 

25 - 

20 - 

15 - 

10 -1 1 
I 
I 

\ I 
I 

1 J 

I I 
5 I I I I I I I I I 

N D J F M A M J J A S 0 N D 

1970 

Fig.  25. M a r i n e r  7 t e l e m e t r y  SNR vs da te  

RECEIVED SIGNAL LEVEL dbn 

Fig.  26. To t a l  acquis i t ion  t i m e  f o r  Pe = 0. 1 
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RECEIVED SIGNAL LEVtL dbn 

Fig.  27. Tota l  acquis i t ion  t i m e  f o r  Pe = 0 .01  

4 5 



MARINER 6 RANGING SIGNAL LEVEL 

DSS-14 AT 20 KW 

COMMAND MODULATION OFF 

Fig. 28. Mariner  6 planetary ranging level  v s  date 
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MARINER 7 RANGING SIGNAL LEVEL 

DSS 14 AT 20 KW 

COMMAND MODULATION OFF 

Fig. 29. Mariner  7 p lanetary  ranging level  v s  date 
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Fig. 30. Simplified functional block d iag ram of 400-kW t ransmi t t e r  power supply 
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Fig.  3 1 .  400-kW t r a n s m i t t e r  R F  path 
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Fig. 32. Multiple p r imary  feed system 

JPL Technical Memorandum 33-474, Vol. 111 



T O  RCVRS 

WATER LOAD 

WATER LOAD 

Fig.  33. T r i cone  block d i a g r a m  
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Fig.  3 5. Mu  ranging s y s t e m  in t e r f ace  block d i a g r a m  
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Fig.  36. Mu ranging s y s t e m  block d i a g r a m  
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S/C MODE I 

LOS 

DATA MODE 

1 = I WAY 
2 = 2 WAY 

2-WAY TRACKING TlME = -40% 
?-WAY NOISE REDUCED BY 70% 
RECEIVE OUT-OF-LOCK TlME REDUCED BY AN ORDER OF MAGNITUDE 

Fig. 37. DSS 1 2  specia l  doppler support ,  typical  pass  

.QUADRIPOD 
STRUCTURE 

Fig. 39. Coordinate sys t em 

Fig. 38. M a r s  stat ion ref lec tor  with 30-deg 
quadripod geometry  . . 
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Fig. 41. CTA 21 configuration fo r  pre l iminary  t e s t  
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V. PERFORMANCE EVALUATION 

The  TDS system performance was monitored 
daily by the DSN monitor group. Performance 
analyses were provided to the operations control  
t eam to allow correct ive  action to be initiated 
when performance fell  below predicted o r  com- 
mitted levels. Results of the analysis indicate 
that the performance of the TDS was excellent. 

A. Tracking System 

The DSN monitor group provided an analysis 
of tracking sys tem performance.  The analysis 
r e su l t s  on the Mariner  6 and 7 extended operations 
for GMT days 307 (November 3, 1969) through 
365 (1970) a r e  shown in Figs.  43  and 44, r e spec -  
tively. The figures include only the usable two- 
way data, which were  flagged with a good data 
condition code, t ransmit ted  by the DSS, and 
actually processed by the T C P  and contained on 
the m a s t e r  data r ecord  (MDR). The  percentage 
shown on the figures i s  the r a t io  between the 
usable data t ransmit ted  v s  the usable data r e -  
ceived. Recall was initiated when l e s s  than 95% 
of the available data was processed o r  when a 
data outage of a t  leas t  15 min occurred.  

In addition, separate  evaluations were  made  
of the tracking performance during super ior  con- 
junction of each spacecraf t  by the new DSN oper-  
ations organization. 

1. Superior conjunction. The c ruc ia l  pa r t  
of the experiment and miss ion occurred in the 
vicinity of super ior  conjunction in the la t ter  pa r t  
of April  and f i r s t  par t  of May 1970. As the radio  
signal, traveling about 2. 5 AU f rom spacecraf t  
to ear th ,  passed c loser  and c loser  to the sun,  
ground sys tem noise temperature  (SNT) increased 
a s  higher and higher antenna side lobes succes-  
sively scanned a c r o s s  the sun. Figures  45 and 
46 show the predicted and measured SNT for 
Mariners  6 and 7: Predic ted values were  es t i -  
mated f rom average antenna patterns.  Measured 
values showed not only the increase  with nea rness  
to the sun but a lso  a variation in the values taken 
on one day. Diurnal variation was caused by the 
64-m antenna Az-E 1 mount. As the antenna 
tracked the spacecraft  through i t s  pass ,  its pr in-  
cipal  E-H planes rotated slightly with respect  to 
celestial  coordinates. Since the side lobes were  
not cylindrically syrnmetr ica l  about the antenna 
axis, the sun moved through the antenna pattern 
slightly, varying SNT according to the side lobe 
structure.  

As SNT and average doppler noise rose ,  
r ece ive r s  maintained lock with increasing diffi- 
culty. Figures  47 and 48 show how average 
doppler noise increased a s  the sun-ear th-  
spacecraft  angle decreased until the r ece ive r s  
could no longer maintain lock a significant pe r -  
centage of the time. Because of the high incidence 
of receiver-out-of-lock indicators automatically 
sensed in the TDH, a great  amount of data was 
prevented f rom being placed on the MDF because 
of rejection by the TDP program.  By manually 
overriding the data condition code, data  were  
recovered and processed in the TDP for subse- 
quent use  in the Orbit  Determination P r o g r a m  

(ODP) and orbit  da ta  generator (ODG) programs.  
This  special  procedure remained in  effect f rom 
Apri l  29 to May 19, 1970. 

Throughout tracking coverage,  the exper i -  
mental  ranging sys tem was employed. Not a l l  
at tempts a t  locking the ranging sys tem were  
successful ,  however. Figures  47 and 48 a l so  
show the degree  of success  in the vicinity of 
super ior  conjunction. 

2. DSN operations organization t rackin  
analysis.  Starting in March 1970, the new D 
o p e r x n s  organization provided a m o r e  complete 
analysis of DSN than had been a;ail- 
able previously. T o  provide a reasonably con- 
sistent view of DSN performance for the ent i re  
miss ion,  performance information before March 
1970 was consolidated f rom logs and tracking 
repor t s  into the format  used by the new DSN . 

operations organization. 

In general, marginal  R F  performance,  caused 
by spacecraft  location and configuration, and the 
shor t  length of some passes  limited DSN perfor-  
mance.  In addition, because of operational con- 
s t ra ints ,  data were  not recalled f rom the DSS to 
inc rease  data  availability at the P ro jec t  inter-  
face. The Pro jec t  was satisfied with DSN per -  
formance in this a r  ea t  however. These  conditions 
were  a lso  applicable to the t e l emet ry  system. 

An analysis of the DSN Tracking System i s  
i l lustrated in Figs.  49-54. The comments that 
follow a r e  an  addition to the information displayed 
in the graphs:  

(1) Week of March 9, Mariner  6, pass  383, 
DSS 14: A problem with the ranging sys-  
t em delayed acquisition 1 h. 

(2) Week of March 9, Mariner  7, pass  352, 
DSS 14: Receiver dropped lock severa l  
t imes  due to t ransmit ter  feedback. 

(3) Week of March 16, Mariner  6, pass  391, 
DSS 14: High doppler noise continued 
throughout the pass .  

(4) Week of March 16, Mariner  7, pass  360, 
DSS 14: High doppler noise continued 
throughout the pass .  

(5) Weeks of March 23-April 13, Mariners  6 
and 7, DSS 14: When transmitt ing a t  
20 kW, R F  noise spikes continued to 
cause high doppler noise. 

(6) Weeks of April  2-May 11, Mariners  6 
and 7, DSS 14: Because of the distance 
of both spacecraf t  f rom e a r t h  and the 
proximity of the spacecraf t - to-ear th  
signal path to the sun, a great  amount of 
tracking data was automatically flagged 
a s  bad data. The DSIF was instructed to 
override this flag and place these  data  
in the MDF for further analysis.  These  
data  a r e  reflected a s  good data on the 
bar  char ts .  
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(7) Week of August 3, Mariners  6 and 7: 
P rocess ing  e r r o r s  in  the 7044 D-5 r e -  
sulted in l e s s  than 9070 of the data being 
received on Mariner  6 p a s s  525 and 
Mariner  7 pass  494. 

(8) Week of August 24, Mariner  7, p a s s  522, 
DSS 14: Low data-received f igures  were  
caused by 7044 D-5 process ing e r r o r s .  

(9) Weeks of August 3 1-November 23, 
Mar ine r s  6 and 7, DSS 14: High doppler 
noise continued to be a problem. 

(10) Week of September 28, Mariner 7, 
p a s s  554, DSS 14: TDH data were  de- 
fective throughout ent i re  pass.  Doppler 
field indicated a l l  zeros .  P rob lem 
appeared to  be in conversion f rom 
doppler counter to Baudot coding. 

(11) Week of October 5, Mariner  7, p a s s  557, 
DSS 14: TDH data were  defective until 
2 1: 17 ( same  problem a s  on pass  554), 
a t  which t ime the problem was corrected 
by replacing a faulty c i rcui t  c a r d  in the 
TDH subsystem. Good TDH data were  
on line a t  21:21. 

(12) Week of December 7, Mar ine r s  6 and 7, 
DSS 14: High doppler noise, which had 
been under investigation since August 
1970, was  apparently corrected on 
December  7 by reconnecting a faulty 
grounding wire  in the antenna cone 
assembly.  Doppler noise remained 
within nominal l imi ts  following th is  cor  - 
r ec t ive  action. 

B. Te lemet rv  Svstem 

1. DSN monitor group t e l emet ry  analysis.  
The DSN monitor group provided an analysis of 
t e l emet ry  sys tem performance.  The analysis 
resul ts  on the Mariner  6 and 7 extended aper -  
ations for GMT day 307 (November 3, 1969) 
through 365 (1970) a r e  shown in Figs. 55 and 56, 
respectively. The percent of available data f rom 
the station recorded on 7044 log tape was on a 
pass  basis.  Day 29-58 (1970) on Mariner 6 and 
Day 33-61 (1970) on Mariner  7 were  doppler-  
only passes  f r o m  DSS 12; therefore ,  no data  a r e  
shown on Figs.  55 and 56. Also, information 
was not available on day 115- 124, 363, and 364 
for Mariner  6 and days 317, 321, 324, 339, 128- 
135, 196, 203, 210, 280, 338, 353, 357, and 364 
for Mariner 7 because of low telecommunications 
performance,  configuration availability o r  fail- 
u r e s ,  shor t  passes ,  shor t  turnaround between 
spacecraft ,  o r  waived post t rack calibrations.  

2. DSN operations organization t e l emet ry  
analysis.  The operational conditions presented 
in the tracking sys tem performance analysis were  
a lso  applicable to  the t e l emet ry  system. An 
analysis of the DSN Te lemet ry  System i s  i l lus- 
t ra ted in Figs.  57-70. The comments that  follow, 
beginning with the resumption of t e l emet ry  activ- 
i t ies  (see  Section IV), a r e  in  addition to  the  in- 
formation displayed in the graphs.  

(1) Weeks of March 9, 16, Mariner 6, 
DSS 14: Several  passes  a t  TWT high 

power increased downlink and SNR by 
t 2 . 7  dB. DSS 14 downlink was low by 
1. 5 dB because of a cable calibration 
e r r o r  that was corrected.  

(2) Weeks of March 9, 16, Mariner 7, 
DSS 14: Downlink was low by 1. 5 dB 
because of a cable calibration e r r o r  that 
was  corrected.  

(3)  Week of April  6, Mariner 6, DSS 14: 
Pe rcen t  of data logged was low because 
of a T C P  failure,  causing a 2 h, 25 min 
l o s s  of t e l emet ry  data.  

(4) Week of Apri l  13, Mariner 6, DSS 14: 
SNR and percent of data logged were  
both low because  of the proximity of the  
spacecraf t - to-ear th  signal path to the 
sun. 

( 5 )  Weeks of March 23-April 13, Mar ine r s  
6 and 7, DSS 14: Transmi t t e r  noise 
spikes continued to  intermittently cause  
receiver  glitches and generally degrade 
t e l emet ry  data. 

(6) Weeks of Apri l  27-May 11, Mariner 7, 
DSS 14: SNR and percent da ta  logged 
were  both low or  not available because of 
the proximity of the spacecraft-to-earth 
signal path to  the sun. 

(7) Weeks of June 1, 8, Mariner 6: Pe rcen t  
data logged was low because of T C P  
problems. 

(8) Week of June 1, Mariner  7: SNR and 
percent data logged were  both low be- 
cause  of continuing effects of super ior  
conjunction. 

(9) Week of August 3, Mariner  6, pass  529: 
Low percentage f igures  (7044 computer 
fault). 

(10) Week of August 24, Mariner 6, p a s s  549 
and pass  553: Low percentage figures 
(HSD L pre-emption and HSDL patch 
panel problem). 

(11) Week of August 31, Mariner 6, pass  557: 
Approximately 48 m i n  of data was los t  
to the 7044. During this 48-min interval, 
continuous a la rms ,  causes  unknown, were  
visible on the monitor system, including 
rece ive r  out-of-lock, AGC, receiver-  
loop fi l ter  bandwidth, and t r ansmi t t e r  
drive.  These  data losses  resulted in a 
low validation percentage of 83. 36. 

(12) Week of August 31, Mariner 7, pass  526: 
1 h, 41 min of data was lost  t o  the 7044 
a s  a resul t  of HSDL data s e t  patching/ 
switch setting e r r o r  in SDCC. These  
data  losses  resulted in a low validation 
percentage of 64. 35. 

(13) Week of September 7, Mariner  7, pass  
530, DSS 14: Scheduled noise-burst  test .  
Approximately 2 h of data was lost. 
These  data losses  resulted in a low vali-  
dation percentage of 73. 85. 
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(14) Week of September 28, Mariner 6, pass  
581, DSS 14: P a s s  terminated ear ly  
because of R&D ranging equipment fail- 
ure.  Because of the short  pass,  a 9-min 
loss  of data on the D-5 tape a t  the end of 
the pass  resulted in a low validation 
percentage of 77. 62. The buffer in the 
7044 accumulates data and then dumps 
to the D-5 tape. At the end of the pass,  
the buffer had not filled sufficiently to 
dump to tape, and the data were lost  
when the 7044 was secured. Small data 
losses  have occurred in this manner pre-  
viously, but the percentage of data in 
longer passes  was not adversely affected. 

(15) Week of September 28,' Mariner b, pass  
585, DSS 14: 25 rnin of data was lost  
because of a TCP exchange that t rans-  
ferred the ranging data to TCP-B in 
place of TCP-A. TCP-A would not proc- 
e s s  ranging data. When no problem 
was found, TCP-A was loaded for telem- 
e t ry  data processing. 

(16) Week of September 28, Mariner 7, pass  
554, DSS 14: 6 rnin of data was lost  be- 
cause of HSDL failure between the DSS 
and SFOF. 

(17) Week of October 5, Mariner 6, pass 
592: 1 h, 2 rnin of data was lost  to the 
7044 computer because of incorrect block 
size switch setting on the ADSS 
synchronizer. 

(18) Week of October 5, Mariner 7, pass  561, 
DSS 14: 8 rnin of data was lost  a t  the 
7044 computer because of a mode A (7044 
automatic) recovery. Cause of recovery 
not determined. 

(19) Week of October 12, Mariner 6, pass  
595: 45 min  of data was not logged on 
7044 D-5 tape. Cause of this loss not 
determined. 

(20) Week of October 26, Mariner 6, pass  
613: 2 h, 56 rnin of data was lost at  the 
7044 computer because of a loose cable 
connection on the 7288 subchannel con- 
t ro l  interface. This problem prevented 
access  (for computer initialization) to 
the 7044. 

(21) Week of October 26, Mariner 7, pass  
580: 32 min of data was lost a t  the 7044 
computer because of an apparent late 
process request to the computer. 

(22) Week of November 2, Mariner 6, pass  
616, DSS 14: Apprdximately 4 h, 30min 
of HSD was lost in real- t ime because of a 
program fault in the TCP-B. After a 
program reload, the HSD output was r e -  
sumed. TTY data were received in real-  
t ime during the HSDL outage. 

(23) Week of November 2, Mariner 7, pass  
585, DSS 14: Approximately 38 rnin of 
HSD was lost  during this pass  because 
the TCP-B computer dropped lock 
occasionally for short  periods. The 

station posttrack summary s ta tes  that 
the nature of the problem i s  unknown 
and that no corrective action was taken 
a t  the station. There  a r e  log indications 
during this pass of SDA VCO frequency 
drift. SNR fell off quite rapidly a t  the 
horizon. No definite information was 
obtained to correla te  these indications 
with the TCP-B out-of-lock conditions. 

(24) Week of November 9, Mariner 6, pass  
627: 1 h, 14 min of 7044 computer- 
processed HSDwas not logged on D- 5 tape. 
The mas te r  D-3 7044 log tape showed 
valid data being received a t  12:11:07; 
however, the f i r s t  data point logged on 
the D-5 tape was a t  13:25:18. 

(25) Week of November 16, Mariner 6, pass 
630, DSS 14: 10 rnin of data was lost  
when the antenna was driven to zenith 
position to correct  a problem with the 
400-kW transmitter.  (A lead shield 
around the transmitter klystron tube 
slipped out of position, causing a short  
circuit  that would not allow the t rans -  
mit ter  beam voltage to be applied. ) 

(26) Week of November 16, Mariner 7, pass  
599: 6 rnin of data received by the 7044 
computer was not t ransferred to the D-5 
log tape a t  the end of this pass.  The 
7044 computer apparently failed to dump 
the buffer when the data ceased to flow 
a t  the end of the pass.  Buffered data, 
which were transmitted a t  that t ime, 
were  held in the buffer, not t ransferred 
to the D-5 tape. This condition, ob- 
served during Mariner 6 pass 627, was 
inherent in the processing; i. e . ,  a data 
block must  have been completed before 
it could be logged on the D-5 tape. These 
end-of-pass data losses were a problem 
only when the few minutes of buffered 
data held in the computer were needed to 
obtain a required percentage of recovered 
data (90%) for a short  pass.  

(27) Week of November 16, Mariner 7, pass 
603, DSS 14: Normal high-speed engi- 
neering data were interrupted on numer-  
ous occasions throughout the pass be- 
cause of special high-bit-rate science 
data flow testing with DSS 12. These 
interruptions to normal engineering 
data, sanctioned by the MM69 EO Proj-  
ect,  resulted in a low D- 5 validation 
percentage figure. 

(28) Week of November 23, Mariner 6, pass  
637, DSS 14: High-speed engineering 
data were interrupted on several  occa- 
sions a s  a result  of special  configuration 
testing with DSS 12 for the upcoming 
MM69 EO spacecraft  experiments. These 
data interruptions, sanctioned by the 
MM69 EO Project,  resulted in a low 
D-5 validation percentage figure. 

(29) Week of November 23, Mariner 7, pass  
606, DSS 14: D-5 validation percentage 
figure was very low for reason indicated 
on pass 603. 

J P L  Technical Memorandum 33-474, Vol. LII 



(30) Weeks of November 30-December 28, 
Mariners  6 and 7, DSS 141 12 combined 
equipment configuration (see Section IV): 
Telemetry data flow (al l  types) was inter- 
rupted on numerous occasions a s  a resul t  
of extensive engineering experiments 
conducted by Project  on both spacecraft. 
The combined data outages caused by 
this activity and those additional items 
mentioned below account for the low 
validation percentages. 

(3 1) Week of November 30, Mariner 6, pass  
646: 41 rnin of 8- 113 b i t s / s  engineering 
data and 6 rnin of 66-213 b i t s / s  science 
data were lost  because of a spacecraft 
CC&S readout malfunction. 

(32) Week of November 30, Mariner 7, pass  
615, DSS 14: Receiver out-of-lock for 
79 rnin because of a spacecraft  maneuver 
that caused the received signal level to 
fa l l  below threshold. Engineering data 
(8- 113 b i t s / s )  were lost. 

(33) Week of December 7, Mariner 6, pass 
651: 28 rnin of 8- 113 b i t s f s  engineering 
data was lost  because of a TCP out-of- 
lock condition for 13 rnin and two CC&S 
readouts. The cause for TCP drop-lock 
was not definitely determined; however, 
the SNR was fluctuating because of space- 
craf t  maneuvers. (The data validation 
program VAL-X, does not recognize 
CC&S dump data. ) 

(34) Week of December 7, Mariner 6, pass 
655: Numerous science and engineering 
data outages were caused by a delay in 
DSS 14/12 precalibrations (DSS 12 TCP 
lock delayed approximately 30 min)  and 
receiver  and TCP out-of-lock conditions. 
Spacecraft maneuvers and CC&S readouts 
caused the receiver  and TCP out-of-lock. 

(35) Week of December 7, Mariner 7, pass 
621: 45 rnin of 8-1/3 b i t s / s  engineering 
data was not logged on the D-5 tape. 

(36) Week of December 14, Mariner 6, pass 
662: Acquisition of both science and 
engineering data suffered in general 
because of sizable fluctuations in r e -  
ceived signal level resulting f rom the 
spacecraft  transmitting alternatelyfrom 
high- and low-gain antennas. The major  
cause for the extremely low percentage 
(2%) of science data logged on the D-5 
tape was HSD e r r o r s  emanating f rom 
DSS 141 12. The e r r o r s  were detected 
by the 7044, causing the computer to 
lose sync on the science data. There  
was no apparent reason for these e r r o r s ,  
and an  investigation by the stations .failed 
to reveal  the source of the problem dur- 
ing the pass. 

(37) Week of December 14, Mariner 7, pass 
628: Fluctuations in received signal 
level (spacecraft  alternately switching 
from high- to  low-gain antennas), prob- 
l ems  with the inter s i te  microwave, 
which required calibration during the 

pass ,  and problems with the uplink 
(initiated by a failure of the 400-kW t rans -  
mi t t e r )  a l l  contributed to data losses  for 
this pass. D-5 validation percentages 
were low a s  a result ,  with the 66-213 
b i t s / s  science data the lowest (3. 570 of 
data logged). 

(38) Week of December 14, Mariner 7, pass  
629: Again on this pass  fluctuations in 
the received signal level (spacecraft 
maneuvers for motor burn) and problems 
with the inter site microwave resulted 
in both science and engineering data 
losses  at  a l l  four bit rates.  Low D-5 
validation percentages reflect these data 
losses.  

(39) Week of December 2 1, Mariner 6, pass  
665: 1 h of 8-113 b i t s f s  engineering data 
was lost  because the station went off 
t r ack  to perform R F  systems tes t  using 
the Mariner 7 spacecraft. 

(40) Week of December 21, Mariner 7, pass  
634: Low received signal level and the 
resultant poor SNR caused numerous T C P  
drop-locks throughout this brief 1 h, 
9 min track. Lost engineering data 
(8-113 b i t s f s )  was reflected in a low 
validation percentage for the pass. 

(41) Week of December 28, Mariner 7, pass  
643: Downlink signal was lost  from the 
spacecraft  because the spacecraft lost 
attitude control and began tumbling 
(attitude control gas supply apparently 
was depleted). 

It should be noted that the weekly average 
numbers for percent data logged were computed 
using engineering data only. Because of the r e -  
moval of the Mark I1 Data System on December 21, 
1970, no data validation was possible beyond 
Mariner 6, pass  665, and Mariner 7, pass 634. 

C. Command System 

Totals of 1531 commands to Mariner 6 and 
734 commands to Mariner 7 were transmitted by 
the DSN command system during the extended 
operations mission (Fig. 71). The extensive 
commanding in December 1970 was in support of 
the special spacecraft engineering experiments. 

D. Operations Control System 

1. DSN Network allocation schedule. The 
DSN provided tracking coverage and telemetry 
support for several  independent missions simulta- 
neously. The interleaving of the various mission 
activities, including contingencies, required care-  
ful planning and efficient assignment of available 
network time. 

The DSN management compared the planned 
activities of the flight projects and then com- 
mitted and scheduled network time in support of 
use rs .  The DSN made these commitments to  the 
l imit of i t s  total  resources ,  using guidelines 
specified in such documents a s  the SIRD and the 
NSP, using priorit ies established by NASA Head- 
quarters.  
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The DSN scheduling office was responsible 
for overall development, implementation, and 
operation of the network allocation schedules, 
under policies established by the TDA Office. 

The DSN scheduling office scheduled all user  
requirements according to established priorities 
and within the TDA-approved constraints and 
guidelines supplied by each DSN facility. When 
violation of the facility guidelines appeared to be 
required, negotiation with the affected facility 
was accomplished before the schedule was pub- 
lished. When user  requirements exceeded r e -  
sources and adequate guidelines were not avail- 
able, the DSN scheduling office requested flight 
project or TDA interpretation of the priority 
guidelines. 

Comparative scheduling parameters a re  
illustrated in Figs. 72 and 73. 

2. DSN discrepancy reporting system. A 
DSN-wide system of failure reporting, engineering 
analysis, and management action has been devel- 
oped to (a) aid in assuring that the DSN is properly 
prepared to support flight operations, and (b) im- 
prove the reliability of DSN equipment. To real- 
ize these two objectives, the DSN Discrepancy 
Reporting System (DRS) was developed as  a two- 
level system. The f i rs t  level, Level A, applied 
to all operational failures and problems that 
occurred throughout the DSN during flight project 
operational tests or an actual mission only. The 
second level, Level B, applied to all  equipment 
failures in the DSN whenever they occurred. The 
Level A and Level B systems were designed to 
achieve the above objectives. 

Figure 74 compares numbers of discrepancy 
reports (DRs) issued by the various flight projects. 
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\ PREDICTION ENVLLOPI 

Fig. 45. Mariner 6 measured system noise temperature  about 
super ior  conjunction a t  DSS 1 4  
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Fig. 49. DSN t r ack ing  s y s t e m  p e r f o r m a n c e ,  week of November  3, 1969 through J a n u a r y  19,  1970 
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Fig. 50. DSN t r ack ing  s y s t e m  p e r f o r m a n c e ,  week  of J a n u a r y  26, 1969 through A p r i l  13,  1970 
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Fig. 51. DSN tracking sys tem performance,  week of Apri l  20 through June 22, 1970 
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Fig. 52. DSN tracking sys tem performance,  week of June 29 through September 14, 1970 
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Fig. 53. DSN tracking sys tem performance,  week of September 21 through November 23, 1970 
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Fig. 57. DSN te lemetry  sys tem performance,  week of November 3 through November 24, 1969 
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Fig. 58. DSN te lemetry  sys tem performance,  week of December 1 through December 22, 1969. 
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Fig .  59. DSN t e l e m e t r y  s y s t e m  p e r f o r m a n c e ,  w e e k  of D e c e m b e r  29, 1969 th rough  J a n u a r y  19 ,  1970 
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Fig .  60 .  DSN te l emet ry  s y s t e m  performance,  week of March  2 through March  16, 1970 
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Fig. 61.  DSN te l emet ry  s y s t e m  performance,  week of March  23  through Apr i l  1 3 ,  1970 
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Fig. 64. DSN te lemetry  sys tem performance,  week of June 29 through July 20, 1970 
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Fig. 65. DSN te l emet ry  s y s t e m  performance,  week of July  27 through August 17,  1970 

JPL Technical  Memorandum 33-474,  Vol. I11 



SNR MARINER 6 

8 

THRESHOLD .-------- 
4 

0 
WEEK 

SNR MARINER 7 

2 0  0 

8 
THRESHOLD 
-----s..-- 

4 

0 
WEEK 

1 0 0  
COMMITTED 

8 0 

0 
WEEK 

% 
1 0 0  

COMMITTED 
8 0 

0 
WEEK 

ALL VALUES ARE AVERAGE VALUES # SNR - X - PERCENT 
MM69 SNR THRESHOLD = 5.2 DB FOR A BER OF 5 x l om3  SIGNAL-TO-NOISE DATA LOGGED 

Fig. 66. DSN te lemetry  s y s t e m  performance,  week of August 24 through September 14, 1970 
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GLOSSARY 

c P S  

CTA 

DC 

DC T 

EO 

GC F 

HGA 

HSD 

HSDL 

LG A 

MDR 

OC 

OC C 

OC T 

ODG 

Centra l  P rocess ing  System 

compatibil i ty t e s t  a r e a  

d i r ec t  command 

design cont ro l  tables  

extended operations 

ground communications facil i ty 

high- gain antenna 

high- speed data  

high- speed data  l ine 

low- gain antenna 

m a s t e r  da ta  r eco rd  

Ope ra t ions  Chief 

Operations Control  Chief 

Operations Control  T e a m  

o rb i t  da ta  gene ra to r  

Orbit  Determination P r o g r a m  

OWLT 

P E  

R C P  

R FS 

RTLT 

RWV 

SBU 

SDA 

SPOD 

one-way l ight  t ime  

P r o j e c t  Engineer 

r ight  c i r c u l a r  polarization 

radio  frequency subsys tem 

round t r i p  l ight  t ime  

read-wri te-ver i fy  

S- band Casseg ra in  u l t racone  

s y s t e m s  da ta  analysis  

Space Flight  Operations Di rec to r  

SIRD Support  Instrumentation Requirements  
Document 

SMT S- band megawatt  t r a n s m i t  

SNR signal-to-noise ra t io  

T C P  t e l e m e t r y  and command p rocesso r  

TDS Tracking and Data Sys t em 

TTY teletype 

TWT t ravel l ing  wave tube 
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