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1.1 SCOPE

This document provides information for the conduct of

Voyager 2 Uranus Encounter Radlo Scilence 1/24/86
and

Operational Readiness Test 4 (ORT 4) 1/11/86

It was assembled by members of the Voyager Radio Scilence
Support Team with substantial assistance from the Radio Science
Interface Working Group. Team membership and key operations
personnel may be found in Appendix G.

tttlt*NOTICEtttttt

This document is NOT a replacement for the normal DSN and
Voyager documents and procedures used to operate equipment. In
addition, it 41s NOT a source of actual event times...the Voyager
ISOE is intended for that purpose and 1s the controlling
sequence document.

AR EREEE R EEERE RS S

1.2 TURANUS ENCOUNTER RADIO SCIENCE

A description of the Uranus Encounter Radio Sclence
observations may be found in section 2.

1.3 OPERATIONAL READINESS TEST 4 (ORT 4)

Operational Readiness Test 4 will be the final spacecraft
and GDS dress rehersal for Uranus encounter Radio Science
activities. To the extent possible, ORT 4 has been designed to
mimick Uranus encounter events. For example, the spacecraft
downlink power switching events will be executed; however the
maneuvers will not be executed. The specific information for ORT
4 may be found in Appendix I.
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1.4 OPERATIONS PLAN ROADMAP

If you want to know about: Then go to:
ORT 4 Appendix I
Major Activities Table 5-2
What happens before encounter Section 7
Encounter day activities

Timeline Section 5
Details Section 8
The "Morning After" Section ©
WHO does what Section 6
Phone numbers Appendix G
DSN equipment description Section 3
DSCC 40 & Parkes Configuration Appendix A
Calibrations Appendix B
Data Products Section 10
Acronyms Appendix H
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SECTION 2
SCIENCE OBSERVATIONS

RADIO SCIENCE OBSERVATIONS DESCRIPTION
ANTENNA AND SUNSENSOR CALIBRATION (XCASCAL)
MIRANDA MASS DETERMINATION (XMMASS)

URANUS GRAVITY FIELD (XPGRAV)

URANUS ATMOSPHERIC OCCULTATION (XPOCC)
RING OCCULTATION (XROCC)

VW D ® D WD
N OO o ok A D e

CELESTIAL MECHANICS REDSHIFT (XSCEL)
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2.1 RADIO SCIENCE OBSERVATIONS DESCRIPTION

There are six major Radio Science observations +to be
conducted during the Uranus encounter period. The sequence link
names are as follows:

XCASCAL
XMMASS
XPGRAV
XPOCC
XROCC
XSCEL

The code for understanding the links is:

X - Distingulshes Radlo Science (X-band) from other
science instruments.

C - Target (Calibratiomn)
M - Target (Miranda)
P - Target (Planet, in this encounter Uranus)
R - Target (Rings)
S - Target (Uranus System)
ASCAL - Type (Antenna and Sunsensor Calibration)
MASS - Type (Mass determination)
GRAV - Type (Gravity field determination)
OCC - Type (Occultation)
CEL - Type (Celestial Mechanics)

2.2 ANTENNA AND SUNSENSOR CALIBRATION (XCASCAL)

The purpose of this observation is to determine precisely
the spacecraft’'s attitude for better reconstruction of the high
galn antenna pointing during the ring and planetary occultations.

The spacecraft 1s commanded to perform gyro drift turns of +
or - 0.3 degrees in a cross-hair pattern about Earth point. The
spacecraft antenna pointing is determined by observing the change
in the ground received signal power as the spacecraft’'s attitude
is changed. The best ground signal SNR occurs when the
spacecraft High Galn Antenna boresight is pointed directly at
Earth.

The XCASCAL observation is executed twice in the Uranus Near
Encounter command 1load B752, once immediately before the
occultation events and once immediately after the occultation
events.
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2.3 MIRANDA MASS DETERMINATION (XMMASS)

The objective of this observation is to determine the mass
and density of Miranda, a satellite of Uranus.

The frequency of the downlink carrier is precisely measured
to determine the magnitude of the doppler shift caused by
acceleration of the spacecraft as it passes close to Miranda (C/A
= 28000 Em). Since the magnitude of the doppler shift is related
to the gravitational field strength, +the mass of Miranda can be
determined. If the radius of Miranda is known, 4its density can
be calculated.

The XMMASS observation will be carried out at a time near
satellite closest approach, when the Miranda induced spacecraft
acceleration along the line of sight to Earth is maximized, <thus
introducing the largest variation in the doppler signature.

During +this period, the spacecraft will be in a coherent
doppler tracking mode, with an uplink transmitted from DSS 14 and
the downlink received at DSS 43. In the coherent tracking mode,
it 1s possible to take advantage of the most stable frequency
references, which are the hydrogen masers at the DSN complexes.

A special feature of this observation is that the spacecraft
will be commanded from the ground (not omboard sequence) to
switch to the coherent tracking mode (TWNC OFF). If the uplink
i8 not detected by the spacecraft, then it will remain in the
sequenced noncoherent mode (TWNC ON). This is to ensure that
unique downlink telemetry is not lost in the event that the Best
Lock Frequency of Voyager 2 has drifted to an extent which would
preclude coherent tracking.

2.4 URANUS GRAVITY FIELD (XPGRAV)

The purpose of this observatlion is to determine
characteristics of the gravitational field of Uranus. The
downlink carrier frequency ls measured precisely to determine the
magnitude of the doppler shift caused by the spacecraft’'s close
approach to Uranus. Since the magnitude of the doppler shift is
related to the mass of the planet, +the mass of the planet can be
determined.

This observation 1s conducted in a coherent tracking mode
(TWNC OFF), with a ground antenna transmitting an uplink which is
coherently retransmitted by the spacecraft to the ground. This
allows use of +the most stable frequency reference standards,
which reside at the DSN complexes.

The XPGRAV observation 1s repeated at various times during

2-3



618-837 V.1 1/24/86

spacecraft execution of the B752 command load, 1in order +to
maximize the total amount of cohereant doppler tracking.

It should be noted that this observation is complementary to
additional observations performed by the Navigation team. In
fact, all of the coherent doppler tracking data (and some of the
non-coherent doppler) that is acquired for many days around
Uranus encounter will be combined to provide the best estimate of
the Uranian gravity field and also the precise location of the
spacecraft. The final results of these observations are critical
as input to the occultation observations, which depend on precise
knowledge of the encounter geometry.

A special executlon of XPGRAV is being placed immediately
after the occultation period in order to acquire coherent doppler
during a +time interval sensitive to the masses of +the other
Uranian satellites. The strategy will require transmission of a
real-time TWNC OFF command and modelling of +the spacecraft
receiver Best Lock Frequency drift (caused by the onboard
occultation events) in the uplink frequency ramps, in order to
maintalin cohereant lock.

2.5 URANUS ATMOSPHERIC OCCULTATION (XPOCC)

The objectives of this observation are:

1. to determine temperature and pressure as a function of
altitude in the stratosphere and troposphere of Uranus.

2. to determine the methane abundance by locating the level
of methane condensation in the Uranian troposphere.

3. to determine helium abundance in the Uranian atmosphere
in conjunction with IRIS obeserations (RPOCCPT).

4. to determine the density and vertical structure of the
Uranlan Ionosphere.

5. to investlgate turbulence and other irregularities in the
neutral atmosphere and ionosphere of Uranus.

The S-band and X-band radlo beams are used to probe the
lonosphere and neutral atmosphere during the radio occultation by
Uranus. See figures 2-1 and 2-2 for a description of the
geometry of the occultation as viewed from Earth and from above
the planet. Note that the units of these figures are kilometers
and that spacecraft motion is from right to left. Also, figures
2-3 and 2-4 describe the expected received power and frequency
profiles. These figures are displayed as a function of time.

Because the spacecraft receiver would lose lock when the
spacecraft 1s occulted by the planet, the observation is done

2-4
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with +the spacecraft's downlink carrier frequency referenced toO
the on-board Ultra-Stable Oscillator (USO, TWNC ON). To maximize
the signal to noise ratio of both downlinks, telemetry and
ranging modulation will be turned off. The S-band TWT 1s turned
to high power mode to maximize the S-band signal to noise ratio
and therefore the differential doppler measurement’s sensitivity
to ionization. The X-band TWT 1s turned to low power for power
management reasons.

A spacecraft maneuver will be performed which is designed to
point the High Gain Antenna at the virtual radio image of Earth
as 1t 1s refracted around the 1limb of Uranus during the
occultation period. It is expected that both the S-band and X-
band signals will be observed throughout the entire occultation
period.

Since accurate antenna pointing i1s critical to the success
of this observation, the start of the limbtrack maneuver will be
adjustable in 1 second increments. The optimum time to start the
maneuver wlill be selected as part of the Late Stored Update (LSU)
exercise which occurs only a few hours prior to the start of the
occultation period.

To provide the best possible SNRs for this observation, DSS
43, DSS 42 and the Parkes Radlo Observatory will be acquiring
data. The signals will be added together in the post observation
analysis. 3

2.6 RING OCCULTATION (XROCC)

The objectives of this observatlon are:
1. to study the radial structure of the Uranian ring system.

2. to determine ring particle size and size distribution in
the decimeter to meter size range.

3. to determine the vertical structure of the rings (in
order to distinguish between monolayer and cloud-like
ring structure).

The radio beam from the High Gain Antenna 1s directed
through +the rings (see figures 2-1 through 2-4). From the
observed effects of the interaction (i.e., complex extinction and
forward scattering), characteristics of the rings may be
determined. To maximize the signal to noilse ratio, telemetry and
ranging modulation are turned off.

In order to provide the highest sensitivity to the smallest
ring particles, the X-band TWT will be in the high power mode,
and the S-band TWT will be in +the low power mode. The
observations are conducted in the noncoherent mode (TWNC ON) with

2-5
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the frequency reference provided by the Ultra Stable Oscillator
(Us0).

To enhance signal to noise ratio, data will be acquired at
DSS 43, DSS 42, and Parkes Radio Observatory. These signals will
be combined in the post observation analysis.

2.7 CELESTIAL MECHANICS REDSHIFT (XSCEL)

The objectives of this experiment are:

1. the verification of a gravitational redshift. The
General Theory of Relativity predicts that as the
spacecraft gets closer to Uranus or any other massive
body, the gravitational field will cause the frequency of
the spacecraft’'s omnboard oscillator, as observed from
Earth, to appear lower than it actually is. The change
is related to how strong the field is, and therefore how
massive the planet it. By measuring the change in the
apparant frequency of the spacecraft oscillator, a value
for the planetary mass can be calculated. This value can
be compared to the value obtained from two-way coherent
tracking data. In this way the theory can be tested.
Two-way coherent data i1s not used in this observation
because the effect of the gravitational field on +the

- signal going to the spacecraft is equal in magnitude, but
opposite in sign to the effect on a signal leaving the
spacecraft, making the net effect zero.

2. to test the Ultra-Stable Oscillator (USO). The short and
long term characteristics of the USO frequency are
studied and used as callbrations for the other radio
science observations.

This observation has generally been conducted at regular
intervals since Saturn encounter to provide a calibration
baseline (they have been called USO tests). The  XSCEL
observations in the encounter phase occur with increasing
frequency toward Uranus closest approach, as the redshift effect
becomes detectable.

Data acquisition consists of two hours of non-coherent (TWNC
ON) USO referenced doppler frequency measurements at the
following intervals:

U > +- 40 days 1 per 2 weeks
g +- 40 1 per week
o) +- 20 3 per week
U +- 10 1l per day
g +- 2 3 per day

2-6
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SECTION 3

RADIO SCIENCE GDS CONFIGURATION

INTRODUCTION

DEEP SPACE COMMUNICATION COMPLEXES

PARKES RADIO OBSERVATORY

GROUND COMMUNICATIONS FACILITY

NETWORK OPERATIONS CONTROL CENTER (NOCC)
MISSION COMPUTING AND CONTROL CENTER (MCCC)
CTA-21 RADIO SCIENCE SUBSYSTEM

MISSION SUPPORT AREA (MSA)

(72 B v~ B v~ IR < B v~ B v~ B v~ B v~ B ¢ |
© O X O O ¢ A O &

RADIO SCIENCE SUPPORT TEAM DATA SYSTEM
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3.1 INTRODUCTION

The components of the GDS and their interrelationship are
depicted i1n +the block diagram of the Mark IVA DSN end to end
data flow shown in Figure 3-1. The names of the major ground data
system (GDS) components to be used during the radio science
events of the Voyager 2 Uranus encounter are contalned in Table
3-1.

This section focuses on the iastrumentation configuration
and calibration requirements for the Deep Space Communication
Complex 40 and the Parkes Radio Observatory in Australia. The
other components of +the GDS are mentioned briefly in this
section. Some are discussed in more detail elsewhere in this
document. Most notably, the RSST Data System and the RSST Test
Support System are described in Sections 10 and 11 respectively.

***t#*NOTE*‘*t*t

THE TABLES WHICH SPECIFY THE DETAILED SUBSYSTEM
CONFIGURATION REQUIREMENTS ARE IN APPENDIX A.
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TABLE 3-1
GDS CAPABILITIES FOR ENCOUNTER

FEA 43 FEA 42
ANTENNA MECHANICAL SUBSYSTEM ANTENNA MECHANICAL SUBSYSTEM
MICROWAVE SUBSYSTEM MICROWAVE SUBSYSTEM
NOISE ADDING RADIOMETER NOISE ADDING RADIOMETER
HIGE POWER TRANSMITTER
MMR MMR
WIDEBAND BACKUP RECEIVER WIDEBAND BACKUP RECEIVER
BLOCK IV RCVRs (S & X) BLOCK III RCVRs (S & X)
BLOCK IV EXCITER BLOCK III EXCITER
SIM SYNTHESIZER SIM SYNTHESIZER
BLOCK IV EXTRACTORs (S & X) BLOCK III EXTRACTORs (S & X)
SIGNAL LEVEL ESTIMATOR (S & X) SIGNAL LEVEL ESTIMATOR (S & X)
MDA MDA
SPC-40 LAN Local Area Network
APA Antenna Pointing Assembly
SPA Spectrum Processing Assembly
PPM Precision Power Monitor
CMC Complex Monitor and Control Assembly
LMC Link Monitor and Control Assembly
SST Spectral Signal Indicator
DRA Digital Recording Assembly-
FTS Frequency and Timing Subsystem
ARA Area Routing Assembly
oDA Occultation Data Assembly

PARKES ANTENNA MECHANICAL SUBSYSTEM
MICROWAVE SUBSYSTEM
RECEIVER SUBSYSTEM
RADIO SCIENCE RECORDING SUBSYSTEM
FREQUENCY AND TIMING SUBSYSTEM

NOcC NSS Network Support Subsystem

VAP Video Assembly Processor

NRV NOCC Radlo Science and VLBI RTM

NTK NOCC Tracking RTM
CTA-21 CRS CTA-21 Radlo Science Subsystem
GCF Voice Communications

Data Lines

DRG Data Records Generator
MCCC RTDS Real-Time Data System
MSA RSST Real-Time Support Area
RSST TSS Test Support System

DRS Data Records System
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3.2 DEEP SPACE COMMUNICATION COMPLEXES

DSCC 40, Parkes and the spacecraft are the radio
science instruments. Therefore system performance of the DSCC
directly determines the degree of success of the experiment,
and system calibration determines the degree of uncertainty in
the results of the experiment. The following paragraphs
describe those functions performed Dby the individual
subsystems deplcted in PFigures 3-2 and 3-3. Specific
configuration and calibration requirements are addressed in
Appendices A and B.

3.2.1 DSCC MONITOR AND CONTROL SUBSYSTEM

In the Mark IVA era of the DSN, the Deep Space
Communications Complex (DSCC) Monitor and Control Subsystem (DMC)
is in many ways the hub of activity at a DSCC. DMC receives and
archives most of the information from NOCC needed by the various
DSCC subsystems during their operation. Control of most of the
DSCC subsystems as well as the handling and displaying of
any responses to control directives and configuration and
status lnformation received from each of the subsystems is done
through +the DMC. The effect of this is to centralize the
control, display and archiving functions necessary to operate
a DSCC. Communication between the various subsystems is done
using a Local Area Network (LAN) hooked up to each subsystem via
a Network Interface Unit (NIU).

The DMC is broken into two fundamental parts; the complex
monitor and control (CMC) and the link monitor and control (LMG).
The primary purpose of CMC for radio science support is to
recelve and archive all predict sets transmitted from NOCC and
then at a later time distribute them to the subsystems needing
them. The CMC receives all the predict sets transmitted from NOCC
such as radio science, doppler and uplink predicts. Upon
reception these sets are archived onto a disk for storage until
they are needed by a DSCC subsystem. When a subsystem requests a
set of predicts, CMC transmits them to the subsystem via the LAN.
Assignment and configuration of the LMC's is done through CMC and
to a 1limited degree CMC can perform some of the functions
performed by a LMC. There is only one on-line CMC with one backup
at each DSCC.

LMC provides control messages entered at a LMC console to
the centrally controlled DSCC subsystems, such as the DSCC
Spectrum Processing Subsystem (DSP), the DSCC Tracking Subsystem
(DTK) and the Precision Power Monitor Subsystem (PPM). The
Spectral Signal Indicator (SSI) is one assembly which i1is not
controlled via LMC. One critical radio science specific
function the LMC performs i1s receipt and transmission of
the system temperature and signal level information from

3-4



618-837 V. 1 1/24/86

the PPM to the DSP for recording on <the ODR tapes generated by
the DSP. It also displays this data at the LMC console as well
as putting it in the Monitor 5-9 blocks which are sent to JPL.
These blocks are recorded in monitor IDR's as well as displayed
in the MCCC displays. The Monitor 5-9 blocks have become the DSS
42 PPM data deliverable to the Voyager radio science team. There
are normally three LMCs at each DSCC, although at encounter the
backup CMC may be avallable as an additional LMC.

3.2.2 DSCC ANTENNA MECHANICAL SUBSYSTEM

For the encounter both DSS 42 and 43 will provide
support. These antennas function as large-aperture collectors
which, by double reflection, focus i1ncoming radio frequency
(S- and X-band RCP) energy into the S- and X-band feedhorns
(part of the Antenna Microwave Subsystem). Together these two
antennas will function as an array with the actual combining of
the data being performed in non-real-time when the data 1s
processed in the years following the encounter.

The large collecting surface of each antenna focuses the
incoming rf emnergy onto a hyperbolold subreflector which is
adjustable in both axial and tilt positions to permit optimizing
the focusing of energy into the feedhoras. -

8#3#.3NOTE‘*‘¥*8

THE SUBREFLECTOR IS LOCKED INTO A FIXED "POSITION OR
CONFIGURED IN A NON-STANDARD MODE FOR SOME RADIO SCIENCE
EVENTS. THE ISOE WILL SPECIFY THE POSITIONS AND TIMES
TO BE USED.

The subreflector then reflects the received energy to the
dichroic plate, a device which reflects S-band energy to the
S- band feedhorn and transmits X-band energy to the X-band
feedhorn.

Transmitted S-band rf energy emanating from the feedhorn is
focused by the same reflectors into a narrow, cylindrical beam.
Since the beam is very narrow, 1t must be pointed with high
accuracy and precision. This is accomplished by a series of drive
motors and gear trains which rotate those portions of the struc-
ture which support the reflectors, positlion sensors, and related
electronics.

Pointing angles are computed in the NOCC Support Subsystem
(NSS) from an ephemeris provided by  the Project. These
predictions are received and archived by the CMC and made
avallable +to the Antenna Pointing Assembly (APA) of which
there 1s one on-line at SPC 40. Using these predlictions the APA
can control and monitor the polnting of each antenna at the
complex. The APA provides antenna position angles and residuals,
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anteana control mode/status information and prediction-
correction parameters to +the DSCC Tracking Subsystem (DTK) via
the 1local area network (LAN) which then sends this information
to JPL. Once a recelver has acquired a signal to provide
feedback, a radio source can be tracked by scanning around
it (CONSCAN) and computing pointing angles from signal level
information supplied by the receiver.

3383“}]’0‘1‘3833***

DURING PERIODS WHEN EXCESSIVE SIGNAL LEVEL DYNAMICS OR
LO¥ RECEIVED SIGNAL LEVELS ARE EXPECTED, I.E.,
OCCULTATIONS AND SOME OTHER RADIO SCIENCE EXPERIMENTS,
CONSCAN CANNOT BE USED AND ANGLE POINTING IS ACCOM-
PLISHED BY USING AN OFFSET TABLE IN THE APA TO OFFSET
THE COMPUTED ANGLE PREDICT SET. SEE SECTION 8.5 FOR
DETAILS.

3.2.3 DSCC ANTENNA MICROWAVE SUBSYSTEM

The Antenna Microwave Subsystem accepts the received S- and
X-band RCP signals at the feedhorn from the Antenna Mechanical
Subsystemn. The recelved signals are transmitted through the
polarizer plates to the orthomode transducer. The polarizer
Plates ~ are adjusted so that the RCP signals are directed to the
prime block I X-band TWM and prime block III S-band TWM at DSS
42 and the prime block IIA X-band TWM and prime block IVA SPD S-
band TWM at DSS 43. After amplification by the traveling wave
masers, the signals are routed to the Receiver-Exciter Subsystem
via the microwave switching assembly.

The S-band uplink signal is transmitted via the diplexer
assembly through the feedhorn to the antenna where it is focused
and beamed to the spacecraft.

The noise diode assemblies, under control of the Precision
Power Monitor, inject known amounts of noise power into the
recelved signal path in front of the masers so that accurate
real-time system temperature measurements may be made.

3.2.4 DSCC TRANSMITTER SUBSYSTEM

The Transmitter Subsystem accepts the S-band frequency
exciter signal from the Receiver-Exciter Subsystem and anplifies
it to a transmitted output level of 60 kw during normal Voyager
tracking support. The amplified signal is routed via the
diplexer to the antenna and then focused and beamed to the
spacecraft. -
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3.2.5 DSCC RECEIVER-EXCITER SUBSYSTEM

The receiver assemblies (of the Receiver-Exciter Subsystem)
receive, amplify, and down-convert the frequencies of spacecraft-
radiated §S- and X-band RCP signals. The closed-loop receivers
provide doppler to the Tracking Subsystem. A dedicated four
channel, narrow-band open-loop receiver provides video band
signals to the DSCC Spectrum Processing Subsystem (DSP). A
four channel wide bandwidth open-loop recelver provides a Dbackup
subsystem to the narrow-band open-loop receiver. The
configuration of the MMR at SPC 40 1s different from those of
SPC 10 or 60. In order to improve the received downlink SNR 1t is
configured such that two of the four MMR channels are from DSS 43
and the other two are from DSS 42. Specifically, the MMR channels
from one to four are respectively DSS 43 SRCP, DSS 42 SRCP, DSS
43 XRCP and DSS 42 XRCP. The four channels of the wideband backup
receiver are configured the same way. Figure 3-4 is a diagram of
showing how the four first local oscillator (LO) frequencies of
the MMR are gemerated and the downconversion of the X-band signal
from RF to video at DSS 43. Figure 3-56 is an analogous dlagram
for the wideband backup open loop receiver.

The exciter generates the S-band drivé signal provided to
the Transmitter Subsystem for the spacecraft uplink signal. It is
tufiable under the control of the DCO which in turn 1s controlable
by the MDA. This capability is required for all periods of
uplink commanding and coherent Doppler because of the damaged
Voyager 2 receiver.

The Spectral Signal Indicator (SSI) provides a local display
of the received signal spectra at the DSCC and routes this same
data to the DSP which routes it to NOCC for remote display at
JPL. These displays are used to valldate Radio Sclence Systen
data at the DSS, NOCC, and Mission Support Areas. It is
controlled via a dedicated terminal connected to the SSI. Figure
3-6 contalns a functional block diagram of the SSI with a
definition of the SSI input channels.

The Precision Power Monitor (PPM) measures system
temperatures (SNT) and downlink signal levels. It measures SNT by
injecting known amounts of nolse power into the signal path and
comparing the total power with the noilse injection on against
the total power with the noise injection off. It measures
signal 1level by calculating an FFT to estimate the SNR Dbetween
the signal level and the receiver nolse floor whose power 1is
known from the SNT measurements. There is one PPM controller at
SPC 40 which is used to control all SNT measurements and signal
level estimates made by the signal 1level estimators (SLE)
for DSS 42 and 43.
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The system temperature measurements are made for each
maser by wutilizing the closed-loop receivers as monitoring
devices. DSS 42 and DSS 43 are each equipped with two
closed-loop receivers, one for S-band and omne for X-band
reception during Voyager support. DSS 42 1s equipped with two
block III receivers whereas DSS 43 is equipped with two block
IV receivers. In order to monitor the S-band SNT and X-band SNT
for each antenna, switching between S-band and X-band monitoring
is required for each antenna. This switching is8 to be done
automatically by PPM firmware. Figure 3-7 contains the PPM
configuration at SPC 40.

3.2.6 DSCC TRACKING SUBSYSTEM

The Tracking Subsystem receives the doppler signals and
ranging spectra from the Receiver-Exciter Subsystem. The doppler
phase and doppler extractor reference phase are counted,
formatted, and transmitted to JPL in real-time. Also contained in
these blocks 1is the AGC information from +the receiver-ezciter
subsystem. For ranging, the tracking subsystem generates a range
code which is routed to the exciter and modulates the S-band
uplink carrier. The demodulated range spectrum is compared to a
model of the transmitted range code and the round-trip signal
delay to the spacecraft is computed, formatted, and transmitted
to JPL also in real-time. Angle information is received from
the APA and 1s also transmitted to JPL in real-time. The GCF
Data Records System at JPL produces an IDR tape upon which the
doppler, ranging and angle data are delivered to the Project.

In addition, the Tracking Subsystem receives doppler
frequency predictions from the CMC and computes doppler
residuals and noise estimates, and uplink tuning predicts which

1t uses to +tune +the exciter. From the LMC it receives
configuration and control directives as well as configuration
and status information on the transmitter, microwave and

frequency and timing subsystems.

3.2.7 DSCC SPECTRUM PROCESSING SUBSYSTEM (DSP)

The DSCC Spectrum Processing Subsystem at SPC 40 digitizes,
and records the narrow bandwidth output from the multi-mission
open-loop receilver (MMR). It receives radio sclence frequency
predicts from the CMC, accepts configuration and control data
from the LMC, provides display data to the LMC and transmits the
signal spectra from the SSI as well as status information +to
NOCC and the Project Mission Support Area via the GCF wide-band
data lines. It controls the tuning of the MMR by sending
frequency control information to the programmable oscillator
control assembly (POCA) which controls the frequency of the
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first LO of the receiver and records this information with the
digitized narrow-band samples. In addition, it records the DSS 43
system temperature information received from the PPM via the
IMC. The DSS 42 PPM data does not get sent to the DSP (due to a
design problem) so the only source of this data is the Monitor 5-
9 blocks (see 3.2.1). These recordings are made on 9 track
computer compatible tape in 6250 bpli GCR format.

3.2.8 WIDEBAND BACKUP OPEN-LOOP RECORDING SUBSYSTEM

The wideband backup open-loop recording subsystem which
is sometimes referred to as the Rover subsystem consists of three
parts. The first is the wideband open-loop recelver which was
mentioned in the receiver-exciter subsytem section. The second 1s
the DRA recording subsystem. The third part is the CTA-21
Bandwidth Reduction Facility (BRF) described in Section 3.7. The
wide-band backup open-loop receiver has one first LO and four
second LO frequencies, omne for each receiver channel, all of
which are manually set to fixed frequencies. The four channels
are frequency multiplexed into one 8 MHz wide channel which is
digitized and recorded by the DRA recording subsystem on 1 inch
instrumentation tape.

3.2.9 DSCC FREQUENCY AND TIMING SUBSYSTEM

The Frequéncy and Timing Subsystem (FTS) provides all
frequencies and times required by the other DSCC subsystems. It
contains four frequency standards of which one 1s prime and the
other three are backups in case of a failure of +the prime
standard. Selection of the prime standard is done via CMC. Of
these four standards there are two hydrogen masers and two ceslum
standards. These four standards all feed the Coherent Reference
Generator (CRG) which provides the frequency references used by
the rest of the complex. It also provides the frequency reference
to the Master Clock Assembly (MCA) which in turn provides time to
the Time Insertion and Distribution assembly (TID) which provides
UTC and sim-time to the complex.

3.2.10 DSCC MARK III OCCULTATION DATA ASSEMBLY

The DSCC Mark III Occultation Data Assembly (ODA) 1is
no longer used at DSCC 40, since VLBI has been transferred to the
DSP. However, since the radlo sclence recording subsystem at
Parkes consists of a Mark III ODA and since there may be a need
to get the Parkes data back to JPL quickly for analysls following
the encounter, +the capabllity of playback to JPL of the Parkes
data via the ODA and GCF wideband subsystem at SPC 40 is being

3-9



618-837 V. 1 1/24/886

maintained through the encounter period. In addition, +the ODA
will Dbe used to duplicate encounter ODA tapes from Parkes. See
section 9.7.4 for more details.

3.3 PARKES RADIO OBSERVATORY

The Parkes radio observatory, also referred to as DSS 49,
is part of the ground antenna array to be used during the Voyager
Uranus radio science recording period. The major subsystems
involved with +the radio science support are the antenna, the
microwave subsystem, the receiver subsystem, the recording
subsystem and the frequency and timing subsystem. Figure 3-8
contalns a block diagram of the Parkes Radio Sclence
implementation.

3.5.1 PARKES ANTENNA MECHANICAL SUBSYSTEM

The Parkes antenna is a 64 meter azimuth-elevation prime
focus antenna; that is, there is no subreflector as exists in the
DSN antennae. The antenna is pointed using pointing predicts
consisting of dally right ascension and declination estimates of
the spacecraft position in the sky combined with a pointing
offset table. Station operators can make manual pointing offsets
to the nominal polnting. The prime focus cage can be moved to
optimize its location as a function of elevation angle.

5.53.2 PARKES ANTENNA MICROWAVE SUBSYSTEM

The Parkes Antenna Microwave subsystem is made up of
European Space Agency (ESA) equipment primarily consisting of two
X-band polarizers and two Block-IIA type X-band masers. Since
Parkes is a prime focus antenna, this equipment resides in a room
at the focus of the antenna. One polarizer/maser pair 1is set up
for RCP signals and the other pair is set up for LCP signals. The
maser/polarizer configuration can be swapped in the event of
failures (for example, if the RCP maser falled, the LCP maser
could be switched to become the RCP maser).

This subsystem also has a Noise Adding Radiometer (NAR)
assembly containing noise diodes which can inject noise into each
of the two X-band masers and which are very similar to the omnes
used in +the DSH. This allows accurate real-time system
temperature measurements to be made. This is not a required radio
sclence data type but it is a measurement which the Voyager radio
science team would 1like %o have for calibration purposes.
Therefore, on a best efforts basis, this data will be measured
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and recorded and delivered with the rest of the Parkes data.

3.3.3 PARKES RECEIVER SUBSYSTEM

The Parkes receiver is connected to the output of one of the
polarizer/maser palrs described in the previous section. For
Voyager support the RCP polarizer/maser pair is used. The Parkes
receiver 1s an open-loop receiver which conslsts primarily of a
first LO frequency and a mixer from which an IF is generated. The
first LO frequency is 8100 MHz. It 1s generated by multiplying a
5 MHz reference frequency received from the frequency and timing
subsystem up to the LO frequency. The IF frequency generated by
this mixer is approximately 320.5 MHz during perlods of one-way
Voyager 2 data. This IF is the input to the Parkes Radio Sclence
Recording subsystem.

A closed-loop receiver, which is functionally a Block III
type receiver, also uses the 320 MHz IF as its input frequency.
This receiver is primarily for telemetry acquisition but may also
be used during radio science precals to set the voltage levels
into the A/D converters of the Radio Science Recordlng subsystem
for the maximum expected signal levels specified in Appendix B.

3.8.4- PARKES RADIO SCIENCE RECORDING SUBSYSTEM

The Parkes radio science recording subsystem provides three
functions, namely, recelver IF to video conversion, analog to
digital conversion, and recording of the digital data onto
magnetic tape. Figure 3-9 is a block diagram of this subsystem. A
Mark III ODA controls these three processes. The IF to video
conversion is accomplished by mixing the receiver first IF with a
second LO frequency to produce a video band signal in the range
from 5 to 35 KHz. The second LO 1s generated by multiplying the
frequency from a Dana syntheslzer by a factor of 7. The frequency
of the Dana is controlled by a POCA which 1s controlled by the
ODA based on a set of predicted frequencies. Since there 1s no
Mark III GCF hookup to Parkes, +the predict set must be manually
typed in at the ODA. The procedure for this is in +the Parkes
radlo sclence subsystem user’s gulde as well as the ODA Radio
Science SOM.

This video signal generated by the second mixing stage 1is
fed through an anti-aliasing filter and then sampled by four 8
bit A/D converters which produce a comblned sample rate of 80
KHz. This digital data along with POCA tuning information and
sample +timing information is then recorded on 1600 bpl 9 track
magnetic tape.

A spectrum analyzer is used to provide visibility into
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system performance in real-time. This analyzer can look at the
video band signal from the IF to video converter as well as the
output from the ODA D/A converter to check the function of the
four A/D converters.

3.53.5 PARKES FREQUENCY AND TIMING SUBSYSTEM

The Parkes Frequency and Timing Subsystem provides
frequency and timing information to +the various Parkes
subsystems. It contains two cesium atomic frequency standards,
one prime and one backup, each with a crystal oscillator cleanup
loop to improve the performance of the cesiums. The prime
standard drives frequency and timing distribution equipment. Due
to the usage of a Mark III ODA, a good part of the Mark III FTS
is implemented at Parkes in order to make the ODA work. The more
detalled Parkes radio science subsystem block diagram containing
the FTS information is shown in Figure 3-10.

3.4 GROUND COMMUNICATIONS FACILITY

The Ground Communications Facility (GCF) provides the com-
munication networks needed to support the communication require-
ments-of the Radlo Science System. These facllities exist at the
DSCC and JPL and are briefly described in the following para-
graphs.

3.4.1 GCF HIGH-SPEED DATA SUBSYSTEM

The High-Speed Data Subsystem transmits radio science open-
loop tuning predictions from the NOCC to the DSS and CTA-21 and
sends Radlo Science, Tracking and Monitor and Control Subsystems
status and configuration data from the DSCC to the NOCC.

3.4.2 GCF WIDEBAND SUBSYSTEM

In real time, the Wideband Subsystem transmits SSI data from
the DSS to the NOCC. After the completion of a radio science
recording period this subsystem sends radio sclence data from
the DSCC to the NOCC.
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3.4.3 GCF DATA RECORDS SUBSYSTEM

The GCF Data Records Generator (DRG) formats and  provides
radio sclence data on computer-compatible tapes called
intermediate data records (IDRs) to the Project.

3.4.4 VOICE NET COMMUNICATIONS

The Ground Communications Facility voice nets provide both
the means of controlling worldwide spacecraft tracking operatlions
and for relaying information required to verify proper operation
of the various DSS and spacecraft subsystems. Section 8.2
contains a more complete description of the voice net structure
as i1t 1s currently planned for the encounter.

3.5 NETWORK OPERATIONS CONTROL CENTER (NOCC)

The NOCC generates and transmits information for each DSCC
prior to tracking support. It also recelves, displays, logs and
distributes data generated at the DSCC during tracking support. A
block diagram overview of NOCC 1s shown as part of Flgure 3-1.

3.5.1 NOCC SUPPORT SUBSYSTEM

For the encounter, the NOCC Support Subsystem (NSS)
generates DSCC frequency and tracking predicts using a
polynominal coefficient tape (PCT) produced by the POEAS
software. In addition, predicts can Dbe generated using manual
inputs or from a PCT tape generated by the more standard mnulti-
mission program FPGP which does not model atmospheric effects.
The DSN sequence of events (SOE) which is sent to the DSCC is
also generated here.

3.5.2 NOCC DISPLAY SUBSYSTEM

The NOCC Display Subsystem generates DTV graphics displays
and status and configuration displays. The NOCC Display
Subsystem provides these displays to the Network Operations
Control Area and the Project’'s Mission Support Area. The
specific subsystems 1nvolved are the NRV RTM which generates
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graphic displays of SSI data and alphanumeric displays of the DSP
status and tuning dinformation, the NTK RTM which generates
alphanumeric displays of closed-loop, data and the Video
Assembly Processor (VAP) which generates graphic displays of
selected data types in the closed-loop data received by NTK
RTM.

3.6 MISSION COMPUTING AND CONTROL CENTER
3.6.1 REAL-TIME DISPLAY SYSTEM

The Mission Computing and Control Center (MCCC) Real-Time
Display System (RTDS) provides displays of the data contained in
the monitor 5-9 blocks which 1s not displayed by any of the NOCC
RTM’'s. Thls data contalns system temperature, AGC and signal
level estimates as well as the recelver/exciter subsystem and
antenna subsystem configuration information.

3.7 CTA-21 RADIO SCIENCE SUBSYSTEM

The CTA-21 Radio Science Subsystem (CRS) is located in CTA-
21. It consists of the Bandwidth Reduction Facility (BRF) which
bandwidth reduces the wide bandwidth radio science data recorded
at DSCC 40 using Mark III style radio science predictions
recelved from NOCC in a Mark III mode. It reads digital wide
bandwidth radio sclence data generated by the DSCC 40 Wideband
Backup Open-loop Recording Subsysten on one-inch
instrumentation tapes and performs a  bandwidth reduction
process on the data and writes the reduced bandwidth data onto
computer compatible 9 track tapes for the Voyager RSST.

3.8 MISSION SUPPORT AREA (MSA)

The Mlssion Support Area contains +the Voyager Project’s
real-time control center for the Radio Scilence System. DTV
displays and hardcopy capabllity are provided to the Project’'s
real-time operations personnel to ald in operations control.
See Section 6 for a more complete descriptiom.

3.9 RADIO SCIENCE SUPPORT TEAM DATA SYSTEM/TEST SUPPORT SYSTEM

This is the Project’'s radio sclience data handling
system. It consists of the personmnel, hardware, software, and
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procedures required to log, reformat, evaluate, archive, anc
deliver to the all data products of the Voyager Radio Science
System. The RSST Test Support System is a data logging anc
display system designed and implemented to provide real time
visibility into the performance of the radio science activities
as well as to allow more detailed quick analysis in near-real
time +than has previously been possible. It 41is described ir
section 11. The RSST Data Prnoduction System is described ir
Section 10.
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This section contalns an overview of the strategies that are
planned to support the radio science observations described in
section 2. There are two parts to this section; +the first,
section 4.1, describes spacecraft activity that has been
implemented to acquire scientific data. The remaining sections
describe the ground data system (GDS) strategy. The sections of
the GDS which will be used to support the encounter are listed in
Table 3-1.

4.1 SPACECRAFT EVENTS

Figure 4-1 contains a schematic of the Voyager
telecommunications features utilized by Radio Science. They are
described in detail below.

4.1.1 INITIAL CONFIGURATION
4.1.1.1 X-BAND TWT HIGHE POWER

Objective: Maximization of the X-band signal. level during the
first mini-ascal and the ingress ring occultation. During the
ring occultation the X-band signal is the primary source of data
because i1t can be made stronger than the S-band signal, it is
less sensitive to plasma effects, and it is more sensitive to
ring features.

Description: The X-band Traveling Wave Tube (TWT) is set to high
power.
4.1.1.2 S-BAND TWT LOW POWER

Objective: Due to power constraints, the S-band TWT must be
turned to low power whenever the X-band TWT is on high power.

Description: The S-band TWT is set to low power.

4.1.1.3 TWNC ON

Objective: During the ring and atmospheric occultations at
Uranus, an uplink to the spacecraft would be 1lost. For this
reason TWNC 1is on for the radio science occultation events.
During the encounter, this period of TWNC on is used to monitor
the spacecraft’s ultra-stable oscillator and to allow the
Spacecraft Team to perform a BLF test.

Description: TWNC 1s an acronym for Two Way Non-coherent. When
TWNC is on, the downlink carrier frequency is referenced to the
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spacecraft’s ultra-stable oscillator even if the onboard receiver
is tracking an uplink.

4.1.2 SPACECRAFT EVENTS DURING ENCOUNTER

4.1.2.1 MIRANDA MASS DETERMINATION

Objective: To determine +the mass and density of the Uranian
satellite Miranda from doppler data obtained Just after the
spacecraft's closest approach to Miranda.

Discription: A real-time TWNC off command will be sent to the
spacecraft so as to execute Just prior to the start of the Ariel
and Miranda image motion compensation (IMC) manuevers at 16:05:00
Spacecraft Event Time on the day of Encounter. This will allow
the reception of the maximum amount of coherent tracking data
when the spacecraft returns to earth point after the IMC's. 1In
order to obtain doppler data during the time before the closed-
loop receivers lock-up, open-l0oop recordings will made.

4.1.2.2 AAI

Objective: Preparation of the spacecraft to perform the gyro-
drift turns during the Mini-ascal and Limbtrack maneuvers.

Description: AAI 1s an acronym for All Axes Imnertial. When the
spacecraft ls AAI, 1ts attitude 1ls controlled by the gyros and is
not referenced to any celestlal body.

4.1.2.3 X-BAND RANGING CHANNEL OFF

Objective: Maximization of the X-band carriler signal power.
Desciption: VWhen ranging is on, some of the transmitted power is
in the ranging sidebands. When ranging is off, <this power is
found in the carrier and telemetry sidebands. The S-band ranging
channel is nominglly off in cruise.

4.1.2.4 TELEMETRY MODULATION UNIT (TMU) POWER OFF

Objective: Maximization of both the S-band and IX-band carrier
signal powers.

Description: When the TMU power 1s off, the power that would have
been in the telemetry sidebands is found in the carrier.



618-837 V. 1 1/24/86

4.1.2.5 MINI-ASCAL

Objective: Determination of the spacecraft attitude for
reconstruction of high gain antenna pointing during the ring and
atmospheric occultatioms.

Description: The spacecraft performs pitch and yaw gyro-drift
turns of + and - .3 degrees in a cross-hair pattern about Earth
point.

4.1.2.6 ZX-BAND TWT LOW POWER

ObJective: Due to power contraints, the X-band TWT must be turned
to low power before the S-band TWT can be switched to high power.

Description: The X-band TWT is switched from high power to low
power.

4.1.2.7 S-BAND TWT HIGH POWER

Objective: Maximization of the S-band signal power during the
atmospheric occultation, because the radio science atmospheric
occultation experiment’'s sensitivity is limited by the signal to
noise ratio of the weakest signal - in this case S-band.
Description: The S-band traveling wave tube (TWT) is switched to
high power.

4.1.2.8 LIMBTRACK MANEUVER

Objective: Tracking of the Earth’'s virtual image by the antenna's
boresight during the atmospheric occultation.

Description: Eight palrs of pitch and yaw gyro-drift turns cause
the HGA to point at the virtual image of Earth as it moves
through the atmosphere around the limb of Uranus.

4.1.2.9 S-BAND TWT LOW POWER

Objective: Returning the spacecraft to the normal configuration.

Description: The S-band TWT is switched back to low power.

4.1.2.10 X-BAND TWT HIGH POWER

Objectlve: Returning the spacecraft to the normal configuration
and preparing +the spacecraft for the egress ring occultation
and second mini-ascal.

Description: The X-band TWT 1s switched back to high power.
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4.1.2.11 TMU POWER ON
Objective: Returning the spacecraft to the nominal configuration.

Description: Power to the TMU is turned back on.

4.1.2.12 SUN ACQUIRE

Objective: The transfer of the spacecraft’'s pitch and yaw atti-
tude control to the sun sensor.

Description: The spacecraft’s sun sensor acqulres the sun and
takes over control of the pitech and yaw attitude from <the
spacecraft’'s gyros.

4.1.2.13 CELESTIAL ACQUIRE

Objective: The transfer of the spacecraft’s roll attitude control
to Canopus Star Tracker.

Description: The Canopus star tracker takes over contol of the
spacecraft’'s roll attitude from the spacecraft’'s gyros.

4.1.2.14 POST-OCCULTATION COHERENT TRACKING PERIOD

ObJjective: To determine the masses of Uranus and it’'s
satellltes, particularly Ariel and Umbriel, with  greater
precision.

Description: A real-time Twnc off command will be sent so as to
execute at 0505 UTC to provide coherent tracking data to be used
measure the doppler shift caused by the close approach through
the Uranian system more precisely.

4.2 DSCC 40 SUPPORT

DSCC 40 will support all six radlo science observations
described in section 2. Both 42 and 43 will be required to
support these observations. For the experiments such as XMMASS,
XPGRAV and XSCEL where the closed loop data is the primary data
type, DSS 43 1s prime and DSS 42 1s providing backup data in case
there 1s an outage in the DSS 43 data. XMMASS will also be
recorded by the open loop recording system to cover periods where
1t may be difficult to hold or get the closed loop recelvers in
lock. For the experiments, XCASCAL, XPOCC and XROCC, the primary
data type is the recorded open loop data. For these experiments,
DSS 42 and 43 form an S-band array and 42, 43, and Parkes form an
X-band array.
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4.2.1 DMC SUPPORT

The DMC 1s expected to provide the functions defined in
Section 3.2.1. The reception of the radio science, tracking,
uplink and antenna pointing predictions at CMC and then 1later
their distribution to their respective subsystems by the CMC is
the major activity required of CMC for the encounter. The CMC
must also be avallable to assign the various subsystems to their
respective links.

The LIMC will be required to provide centralized control and
display for the various DSCC subsystems. The particular LMC
points of lnterest for the encounter are:

1. The ability of the LMC's to run continuously throughout
the pass

. Receptlion of the DSS 42 and 43 PPM data

Distribution of the DSS 43 PPM data to the DSP for

recording on the DSP ODR’s

Generation and transmission of the Monitor 5-9 blocks to

JPL 1n real-time

B QP

The LMC configuration for the encounter as far as radio science
observatlons are concerned will be one link containing DSS 43 and
a separate 1link containing DSS 42. The DSP will be in the 43
link. This configuration will be used because it 1s the
configuration deemed least likely to cause any of the LMC's to
crash during the encounter pass. Unfortunately due to the design
of the routing of the PPM data to the DSP this means none of the
DSS 42 PPM data will get to the DSP. DSS 42 PPM information will
be received via the Monitor 5-9 data from the 42 link.

4.2.2 ANTENNA SUBSYSTEM

The performance of the Antenna Subsystem at SPC 40 is
critical to the success of radio science experiments at Uranus.
As a result, the performance of the antenna pointing will be
closely monitored during the encounter since the occultation
experiments are expected to be SNR limited in terms of the
science return from the data.

The current pointing strategy for the encounter durlng the
radio science recording periods is in section 8.5. It is clear
that CONSCAN will have to be turned off during the occultation
experiments due to the signal dynamics expected during these
periods. The subreflector motion in at least the Z-axis will have
to be constrained since this introduces phase discontinuities in
the received S-band and X-band data. Polnting offset tables are
expected to be used at both DSS 42 and 43 during the CONSCAN off
periods to optimize the antenna pointing. These tables will have
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to be developed for the subreflector positioning strategy for
each antenna which will be used at the encounter.

The ultimate pointing strategy to be wused during the
encounter will be specified in the Radio Scilence comnsolidated TWX
(see Section %7.6) and specific time critical events will be
identified in the ISOE.

4.2.3 MICROWAVE SUBSYSTEM SUPPORT

The configuration of the microwave equipment 1s specified in
the configuration tables for DSS 42 and 43 in Appendix A.

4.2.4 TRANSMITTER SUBSYSTEM SUPPORT

The +transmitter subsystem will provide two very important
functions for the radio science activities at the encounter. The
first is that it will provide a coherent uplink frequency for use
in the experiments such as XIMMASS and XPGRAV which require
coherent Doppler data. This is very important because the long
term stability of the USO and therefore the noncoherent Doppler
data is approximately three orders of magnitude less stable than
that -of the coherent Doppler data. The second function this
subsystem provides is that it radiates any commands that are
needed up to the spacecraft. Again, for the coherent Doppler
radio science experiments this is critical because in many places
in the Voyager sequence the only way the coherent downlink is
enabled is via a real-time TWNC off command which switches the
downlink from noncoherent to coherent. If this command does not
get into the spacecraft, then the downlink will remain
noncoherent and the experiment sensitivity will be ruined.

It should be noted that the Doppler mode for XMMASS if all
goes well will be 3-way with DSS 14, providing the uplink and DSS
42 and 43 providing the signal reception. There may an attempt tc
go 2-way immediately followlng the occultation period to not only
improve the mass estimate of Uranus but also the masses of the
various Uranian satellites. This will require that the
transmitter at DSS 43 be uplinking during the time when the radioc
science occultation events are being received on the ground.

The nominal transmitter power required is 60 kW. This will
require use of the DSS 43 high power transmitter. The DSS 43 low
power transmitter is required as a backup to the high power
transmitter. The DSS 42 transmitter will act as a backup in the
event both the high and low power transmitters fall at DSS 43.
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4.2.5 RECEIVER/EXCITER SUBSYSTEM

4.2.5.1 CLOSED-LOOP RECEIVER/EXCITER

The DSS 43 and DSS 42 exciters are critical to radio science
activities at the encounter for the same reasons the transmitter
subsystem are critical (see 4.2.4). 1In addition, it must provide
the reference frequencies to the Doppler extractors during
periods of coherent Doppler data reception. Because the Doppler
excursions during the encounter will be so large relative to
normal crulse Doppler, the accuracy of the uplink frequency is
more critical than normal. In order to get the most accurate
uplink possible the uplink predicts will be updated during the 24
hour period prior to the encounter and sent to the station
allowing for the most accurate predictions available.

The DSS 42 exciter should be ramped just as the DSS 43
exciter is being ramped throughout the encounter pass to provide
an 1mmediate backup to the DSS 43 uplink in case there i1s any
problem in the DSS 43 transmitter and exciter subsystems.

The two closed-loop recelvers available at DSS 42 and at
43 will Dbe wused in conjunction with the MDA at each DSS to
receive downlink phase and amplitude data. The initial RF and
AGC configuration for the closed loop receivers is specified in
Appendix A. Any planned changes to this configuration will be
identified in the ISOE. The block IV receivers at DSS 43 should
be configured in +the narrow RF mode to allow selection of
narrower RF bandwidths during the atmospheric occultation, if it
is deemed necessary +to maintalin receiver lock.

Ramping of the block IV receivers at DSS 43 will be required
during two different periods during the encounter. The first is
the Miranda mass determination experiment, XMMASS. The second is
the planetary atmosphere occultation period. For XMMASS, the
intent 4is to record on the ground as much coherent Doppler data
as possible during the period of Miranda closest approach. The
current plan is to have TWNC turned off throughout this period
via a real-time TWNC off command. DSS 14 will be transmitting at
60 kW to the spacecraft during this period which will provide a
good carrier margin at the spacecraft receiver and therefore
enable the spacecraft receiver to remain in lock even when it is
pointed slightly off earth line. As long as it remains in lock,
the downlink will be coherent and therefore will be useful for
the XMMASS experiment.

Beginning approximately 15 minutes prior to the atmospheric
occultatlion, the block IV receivers at DSS 43 will be ramped. The
specific <times will be identified in the ISOE. The purpose here
is to ald in maintailning receiver lock as long as possible
throughout the atmospheric occultation period. These ramps will
be transmitted to the station via radioc science consolidated TWX.
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The AGC data will be sampled once per second with an
integration time of .16 seconds per sample lndependent of the AGC
bandwidth. AGC calibration curves should be generated whlch cover
the calibration signal levels specified in Appendix B for each of
the DSS 42 and 43 closed loop receivers.

The 4importance of the closed loop data for atmospheric
occultation 1lies in the fact that it will Dbe the only data
covering the Uranian atmospheric occultation period until the
open loop data 1is processed which will take & minimum of six
months to a year.

4.2.5.2 MULTI-MISSION RECEIVER USAGE

The DSS 42 and 43 MMR will be wused for +two different
recording sessions during the encounter pass, the Miranda mass
determination experiment and the ring and planetary occultations.
This is discussed further in the DSP subsection, 4.2.7.

Precals will be performed on the MMR and the DSP NBOC to
ready them for the peak signal levels expected when the
telemetry and range modulation is turned off. The calibration
signal 1levels as well as the rest of the radio sclence precal
requirements are specified in Appendix B.

4.2.5.3 SSI

The prime SSI at DSCC 40 will send power spectra to the DSP
which will send the data to NOCC in real-time. This data will be
used %o verify the configuration of +the MMR and DSP prior +to
and during the recording periods. The SSI data is also a quick
look science data type for the radio sclence experimenters. It is
extremely 1mportant that it function properly because 1t will
provide the only remote visibility into the operation of the MMR
at JPL. A nominal set of SSI configurations wlll be specified in
the ISOE. This set of SSI configurations is designed to contaln
most of the expected usage of the SSI during the encounter. The
goals are to use the SSI to verify system performance at specific
times and to provide the radio science 1nvestigators with a
display of either the S-band or X-band downlink power spectrum
during each of the experiments. Changes to this nominal set of
SSI configurations may be made during real-time depending on how
closely the data resembles the expected effects and on how
successfully the encounter events occur. The radio sclence
advisor present at DSCC 40 during the encounter will report back
to NOCC all the SSI configuration changes made at the complex.
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4.2.5.4 PPM SUPPORT

The PPM at DSCC 40 will be used primarily to make systenm
temperature measurements during the encounter. S-band and X-band
system temperature (SNT) measurements and signal level estimates
from the two Signal Level Estimators (SLE) at DSCC 40 will be
required from both DSS 42 and 43 for the 5 hour occultation
recording perliod. Since the SLE data does not meet +the radio
science accuracy and update requirements specified in the Voyager
SIRD it will be used only to calibrate the AGC data. The latest
version of the PPM which is capable of automatic switching
between S-band and X-band will be used during the encounter. The
configuration and integration times are defined in Appendix A of
this document. The SNT integration times represent the +time
required for a measurement of an SNT of 30 degrees Kelvin to have
a one sigma uncertainty of 0.3 degrees Kelvin or 1%.

These SNT and SLE data were required to be recorded by the
DSP on the narrow band ODR's. However due to design of the
routing of data from the PPM to the DSP and the constraints
placed on the link configuration discussed in section 4.2.1, the
DSS 42 PPM data will not arrive at the DSP. Therefore the 43 PPM
data will be recorded on the DSP ODR's and the 42 PPM data will
be recorded in the monitor 5-9 IDR'S generated at JPL. The data
output by +the PPM will be monitored at JPL on the MCC RTDS
displays in real time since NOCC has no capability for displaying
the monitor 5-9 blocks which contain the PPM data.

4.2.6 DTK SUPPORT
4.2.6.1 MDA

The Metric Data Assemblies (MDA) at DSS 42 and 43 will be
used +to support both the uplink and downlink activities during
the encounter. The MDA will receive uplink predictions and
control the uplink tuning by commanding the DCO. As mentioned in
the transmitter and exciter sections, this is critical +to the
success of getting coherent Doppler data and of commanding the
spacecraft. The uplink tuning predicts will be generated within
2¢ hours of the encounter in order to make them as accurate as
possible. The ground work is being laid at this time to attempt
to go 2-way immediately following the occultation events. This
will complicate the operations during the occultation events
because the MDA will have to tune the uplink frequency during the
reception of the occultation data because of the approximately
5.5 hour RTLT. Since DSS 43 will be the prime uplinking station
at DSCC 40, the DSS 43 MDA will be the prime exciter controller.
As a Dbackup however the DSS 42 MDA should be tuning the 42
exciter along the uplink predict profile for an immediate hand
over if necessary.
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On +the downlink side, S-band and ZX-band Doppler data
generated by the DSS 42 and 43 MDAs is prime for +the celestial
mechanics experiments, XMMASS, XPGRAV and XSCEL mentioned in
section 2. In addition, as mentioned in the receilver/exciter
section, the closed 1loop Doppler and AGC data taken and
transmitted by the MDA’'s to JPL during the atmospheric
occultation will be the only data covering the Uranian
atmospheric occultation period wuntil +the open 1loop data is
processed. The initial MDA configurations are specified in
Appendix A. Changes to this configuration will be specifled in
the ISOE. The nominal Doppler sample rate for +the & hour
occultation recording period will be 10 samples per second with
the AGC being sampled once per second. A request may be made in
real-time that a time offset be entered into the MDA in order to
match the time offset which is to be entered into the DSP and the
ODA at Parkes (see section 4.2.7).

4.2.6.2 PRA

The Planetary Ranging Assemblies (PRA) at DSCC 40 will be
used for navigation purposes throughout the encounter period.
They will not be used directly in any of the radio science
observations mentioned in section 2. '

4.2.7 DSP

The DSP will be used to record two periods of data during
the encounter. The first of the two recording perlods 1s the
recording of data during the Miranda mass determination
experiment. The second and most important DSP recording perlod is
the ring and atmospheric occultation period which will last
approximately 5.5 hours.

During these two recording perlods the DSP will be recording
4 channels of data in mode 1 at the 50 KHz sample rate with 8 bit
quantization. At this sample rate each complete DSP tape should
last 8 minutes. Because the trajectory of the spacecraft 1s not
well constrained in terms of arrival time 1t 1ls expected that a
time offset will have to be used to make the MMR tuning predlcts
sufficiently accurate. Any time offset will be relayed from the
Voyager RSST to the radio sclence advisor via the radio science
voice net prior +to the beginning of the +two DSP recording
periods. This time offset must be entered into the DSP while it
is in IDLE mode.

The current plan is for the Miranda open loop recording

period to last 40 minutes which will generate 5 tapes. Since the
spacecraft will be TWNC off for approximately 80 minutes during
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this period there is the possibility that this recording period
will be requested to be extended to the full 80 minutes. The 40
minute recording period is centered at about 19:40 UTC and will
cover +the end of the Miranda IMC. The length of this recording
period i1s partially due to the uncertainty 1in the spacecraft
arrival time at Uranus. The purpose is t0 receive and record
coherent Doppler data any time during this period when <the
spacecraft is close enough to earth-line to lock up to the uplink
signal from DSS 14. The period immediately following the Miranda
IMC 1is the most sensitive part of the Miranda Doppler signature
where a few extra seconds of data can significantly improve the
experiment’'s sensitivity.

Items such as verification of the configuration of the prime
open-loop recording subsystem, the reception of the required
predict sets and proper system performance prior to the prime
recording periods will be checked in real-time at JPL vie the
NOCC displays primarily using the remote SSI display at NOCC and
the ©NRV displays. Because of this, the request will be made to
keep the DSP in the run mode for the bulk of the pass. The
specific run times and tape recording times will be identified in
the ISOE.

The DSP will be used to duplicate the NBODR's generated
during the precal period and during the pass. It may also be used
to play back a certaln section of the recorded data after the
conclusion of the recording periods. The current plan is to fly
two of the NBODR duplicates covering the ring occultation period
directly to Stanford University within 36 hours of the end of the
pass. The purpose is to process some of the data very quickly and
present sclentific results at a press conference within a few
days of encounter. If any data 1s to be played back, the specific
periods to be played back will be identified during the post
observation debriefing identified in the ISOE.

The specifics of the delivery of the DSP NBODR's are defined
in section 9.

4.2.8 WIDEBAND BACKUP OPEN LOOP RECORDING SUBSYSTEM

The wideband backup open loop recording subsystem or Rover
will be required to provide continuous backup support of the DSP
during the occultation recording period. This will require
precals to set the receiver levels at the maximum expected signal
levels during the pass which are specified in Appendix B. The
configuration of +the rover is specified in Appendix A. The
visibility at JPL into the Rover operation will be provided via
voice communication and the SSI. The S-band channels recorded by
the Rover will be examined in real-time using the SSI. This is
because the SSI can only handle a spectrum from DC to 2 MHz and
the X-band channels are above that.
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The Rover tapes will last 15 minutes each when the 120 1ips
rate i1s used. The current plan is to overlap tapes by 5 minutes.
This will leave 5 minutes at the conclusion of each tape before
the next tape must start recording. During this time the finished
tape can be fast forwarded to the end of the reel in about 1
minute, dismounted, and then the tape heads can be cleaned prior
the mounting of the next tape.

The tapes generated on the Rover DRAs will be shipped with
the DSP ODR tapes to JPL for reductlon at the BRF at CTA-21. The
specifics of the delivery process are in section 9.

4.2.9 FTS

The FTS at DSCC 40 is critical to the success of the radio
science events during Uranus encounter. It 1s very important that
the same hydrogen maser be used as the frequency reference for
both DSS 42 and 43. The FTS performance will be monitored to the
extent possible prior to and during the encounter. The real-
time monitoring capabilities of the DSCC 40 FIS at JPL are
basically limited to the MDA calculated doppler pseudo-
residuals, the doppler noise and the SSI.

The FTS NOA will provide a report to the RSST on the status
and configuration of the FTS at each complex every two weeks
throughout the encounter period.

4.3 PARKES SUPPORT

The Parkes radio sclence system will record open 1loop
receiver data during the occultation recording period during the
encounter. The purpose of using Parkes 1ls to form a three station
array along with DSS 42 and 43 to maximize +the SNR o0f <the
received X-band downlink. The goal at Parkes 1s to continuously
and accurately point the Parkes antenna, downconvert the Voyager
2 X-band downlink signal and +to digitize and record the
downconverted signal on magnetic tape for the approximately 65
hour period. The Parkes radio sclence data will be combined with
the DSS 42 and 43 data in the data processing following the
encounter.

The performance of the Parkes radio sclence system will be
monitored as closely as possible in real-time. The prime device
for real-time vislibllity at Parkes is the spectrum analyzer on
site. The only real-time visibility at JPL into +the Parkes
activities and operations is the volce net. This obviously makes
the voice net configuration and operation vital to the success of
the Parkes operations for the encounter. Items will be placed in
the ISOE at a minimum interval of once per hour requesting a
statement from Parkes to JPL concernlng the signal and recording
status at Parkes. :

4-13
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4.3.1 PARKES ANTENNA MECHANICAL SUBSYSTEM

Accurate antenna pointing for a continuous 5 hour recording
period will be required. The real time visibility at JPL into the
accuracy of the pointing will be via the voice nets. The real-
time visibllity at Parkes will be via the antenna pointing
subsystem and the AGC from the closed-loop telemetry receiver.
The current plan for the positioning of the prime focus cage
during the recording period is to position it once prior to the
start of recording and then reposition it once during the
recording period after the atmospheric occultation and before the
second ring occultation. The cage should not be moved more often
than thls because each repositioning of the cage results in phase
discontinuities in the recorded data. The specific times and
elevation angles for the repositioning of the cage will be
specifled i1n the ISOE and/or the consolidated radio science TWX.

4.3.2 PARKES ANTENNA MICROWAVE SUBSYSTEM

The Parkes mlcrowave subsystem will provide the X-band
signal +to the receiver subsystem during the encounter. The LCP
maser - should be available to be switched in as the RCP maser in
the events the RCP maser falls. The real-time visibility into the
rerformance of +this subsystem will be provided by +the Parkes
spectrum analyzer.

The Parkes NAR will be used on a best efforts basls to make
measurements of system temperature for calibration purposes
during the radio science recording period. The detalls of the NAR
configuration are specified in Appendix A.

4.3.3 PARKES RECEIVER SUBSYSTEM

The Parkes recelver subsystem will downconvert the ZX-band
Voyager downlink frequency to a first IF of approximately 320
MHz. This will require that the 5 MHz reference frequency from
the Frequency and Timing subsystem be present at the input to the
Parkes receiver 1st 1O. The real-time visibility into the
performance of the receiver will be via the spectrum analyzer.
The second LO of the receiver will be controlled by the ODA via a
POCA. The backup POCA should be available in the event of
failure of the prime POCA.
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4.3.4 PARKES RADIO SCIENCE RECORDING SUBSYSTEM

If all goes well, data will be continuously recorded by this
subsystem for +the duration of the radio sclence occultation
period. Due to the large arrival time uncertatinty at Uranus,
entry of & time offset into the ODA is expected to be required
prior to start of recording. This time offset will be passed via
the radio sclence volce net to the Parkes radio sclence
representative. It should be ldentical in magnltude but opposite
in sign to the time offset entered at the DSP due o the
different implementation of time offset algorithms in the ODA and
DSP. Parkes will receive two sets of radio science predictions in
the consolidated radlo science TWX for one-way and three-way
periods respectively. The recording period will be in the one-way
mode.

The required ODA and open 1loop rTeceiver precals are
specified in Appendix B. Real-time visiblility at Parkes will be
provided by the spectrum analyzer and the ODA terminal.
Visibility at JPL will be via the voice net.

A section of the Parkes tapes may be requested to be played
back to JPL following the encounter if it is deemed necessary.
However at <the current time 1t appears +thls will not be
requested. The delivery of the tapes to JPL 1ls speclified 1in
section 9.

4.3.5 PARKES FREQUENCY AND TIMING SUBSYSTEM

The Frequency and Timing subsystem (FTS) is required to
provide stable frequencies, times and timing pulses to the
receiver and recording subsystems. The FTS NOA will provide a
report on the status and conflguration of the Parkes FTS every
two weeks throughout +the encounter period. Thls report will
contain the measured time offsets between Parkes and DSCC 40.

4.4 GCF SUPPORT
4.4.1 PREDICT TRANSMISSION

GCF lines will be required prior to the encounter on
which to transmit the necessary predicts and SOE’'s to DSCC 40
from NOCC.
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4.4.2 DATA LINES DURING THE ENCOUNTER

Sufficient GCF data lines will be required between NOCC and
DSCC 40 to transmit SSI data, tracking data and monitor data to
NOCC from DSCC 40 during the encounter.

4.4.3 VOICE NETS

The voice net configuration defined in Section 8.2 will be
required for the encounter.

4.4.4 DATA PLAYBACK TO NOCC

After the prime recording period wideband lines must be
available for possible playback of a selected portion of the
DSP recordings. Some time after the completion of the encounter,
the data tapes generated at Parkes will be moved to DSCC 40. A%
this time a playback of a selected portion of the Parkes ODA
tapes may be requested. IDRs of the DSP and ODA playback data
will be generated at JPL and delivered to the RSST. The estimated
ratio of the original recording sample rate to playback rate
is approximately 40 to 1 so a playback of 1 minute of data
will take 40 minutes, although this will also depend on the
Playback rate. The playback data segment is expected to comnsist
of a minute or two of original recorded data.

4.5 NOCC SUPPORT

4.5.1 NSS

The NOCC Support Subsystem (NSS) generates the predictions
for the DSN. Seven types of predictions will be generated to
support the encounter. They are:

DSCC 40 radio science predicts

Parkes radio science predicts

Closed-loop receiver tuning predicts

Doppler predicts

¥ide-band backup receiver 1lst LO frequencies
Uplink predicts

Antenna pointing predicts

NP AV

The details of the predicts are discussed in Section 7.1.
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4.5.2 DISPLAY SUBSYSTEM AT NOCC

The display subsystem at NOCC will provide the bulk of the
real-time visibility at JPL during the encounter. The NRV remote
SSI display, the NRV DSP status displays, the VAP closed-loop
radio science graphics displays, the NTK tracking alphanumeric
displays and the NMP monitor alphanumeric displays are all
expected to be used to support this encounter. The specific NOCC
displays requested by the RSST for remote viewing in the Voyager
radio sclience areas are defined in Appendlx F.

4.6 MISSION COMPUTING AND CONTROL CENTER

4.6.1 REAL-TIME DISPLAY SYSTEM

The MCCC RTDS will be used during thé encounter to provide
visibility 4into receiver/exciter and antenrna configuration and
into the PPM data and status.

4.7 CTA-21 SUPPORT

4.7.1 BRF SUPPORT

The tapes generated on the Rover subsystem at DSCC 40 will
be shipped to NDC at JPL. From there the tapes will be delivered
to CTA-21 where they will be reduced to computer compatible 1600
bpl IDRs. This will require +transmission of radio science
predicts 1n the Mark III format to the BRF for the bandwidth
reduction processing. The IDRs generated by the BRF will be
delivered to the RSST.
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SECTION &

EVENT TIME-ORDERED LISTING AND TIMELINE

5.1 SPACECRAFT EVENTS TIME-ORDERED LISTING
5.2 GROUND EVENTS TIME-ORDERED LISTING
6.3 TIMELINE
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5.1 SPACECRAFT EVENTS TIME-ORDERED LISTING

Table ©5-1 1s the time-ordered listing of the events onboard
Voyager 2 that will be executed as a part of the Radio Science
experiment set in the B752 command load. Section 4 contalns a
detalled discussion of the meaning of these events.

Most of +these spacecraft events will move in +time as a
result of +the Late Stored Update (LSU) process which will
optimize the time of the start of the limbtrack maneuver. The
potential time shift is on the order of +- 10 minutes.

5.2 GROUND EVENTS TIME-ORDERED LISTING

Table ©5-2 contains the approximate ground events that will
be expected to occur in support of the Uranus encounter Radio
Sclence experiment set. Sections 3 and 4 contaln detailed
discussions of the meaning of these events.

A number of these iltems will move 1n time as a result of the
Late Stored Update (LSU) process. The potential time shift is on
the order of +- 10 minutes.

5.3 TIMELINE

Figure 5-1 1s an approximate +timeline for the Uranus
encounter DSCC40 pass.

IR R EE R E S RS R R R R R R 2 L R R E R RS R R B

**WARNING**

DO NOT USE THESE TABLES AS AN ACTUAL
SEQUENCE OF EVENTS

THE ISOE IS THE CONTROLLING
DOCUMENT FOR ACTUAL EVENT TIMES

EFEXEEXXRXXIXARAIEERNE XXX R R R R R TR RN X X
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TABLE 5-1
VOYAGER 2 URANUS ENCOUNTER RADIO SCIENCE
SPACECRAFT EVENTS TIME-ORDERED LISTING
Date: dJanuary 24, and January 25, 1986 (DOY 024 and 025)

Time: 20:45 to 03:10 (UTC) Earth recelved time
18:00 to 00:25 spacecraft event time

SPACECRAFT ACTIVITY S/C EVENT TIME EARTH RECEIVED
TWNC ON 18:43:12 2??25:59
AAT 18:56:48 21:41:37
X-BAND RANGE CHANNEL OFF 18:57:36 21:42:2%7
TELEMETRY MOD UNIT OFF 19:01:36 21:46:26

RADIO SCIENCE MINI-ASCAL

pitch rate +12.85 deg/hr 19:08:00 21:52:49
pitch rate -12.85 deg/hr 19:09:24 21:54:13
pitch rate +12.85 deg/hr 19:12:12 21:57:02
pitch rate 0.00 deg/hr 19:13:36 ) 21:58:26
yaw rate +12.85 deg/hr 19:14:24 21:59:12
yaw rate -12.85 deg/hr 19:15:48 22:00:36
yaw rate +12.85 deg/hr 19:18:36 22:03:25
yaw rate 0.00 deg/hr 19:20:00 22:04:49
X-BAND TWT LOW POWER 20:11:12 22:56:02
S-BAND TWT HIGH POWER 20:12:00 22:56:48

RSS LIMBTRACK MANEUVER

pitch rate +7.341 deg/hr 20:37:37 23:22:24
yaw rate +0.424 deg/hr 20:37:37 23:22:24
pitch rate -5.379 deg/hr 20:49:19 23:34:07
yaw rate -2.792 deg/hr 20:49:19 23:34:07
pitch rate -1.768 deg/hr 21:00:13 23:45:01
yaw rate -5.679 deg/hr 21:00:13 23:41:01
piteh rate +3.203 deg/hr 21:09:43 25:54:31
yaw rate -6.043 deg/hr 21:09:43 25:54:31
pitch rate +6.509 deg/hr 21:18:43 00:03:32
yaw rate -2.453 deg/hr 21:18:43 00:03:32
pitch rate +5.687 deg/hr 21:27:31 00:12:20
yaw rate -2.354 deg/hr 21:27:31 00:12:20
pitch rate -2.395 deg/hr 21:37:07 00:21:56
yaw rate +5.274 deg/hr 21:37:07 00:21:56
pitch rate -0.663 deg/hr 21:49:01 00:33:50
yaw rate +5.900 deg/hr 21:49:01 00:33:580
plitch rate 0.000 deg/hr 22:00:37 00:45:26
yaw rate 0.000 deg/hr 22:00:37 00:45:26
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S-BAND TWT LOW POWER

X-BAND TWT HIGH POWER

RADIO SCIENCE MINI-ASCAL

pitch rate
pitch rate
pitch rate
pitch rate
yaw rate
yaw rate
yaw rate
yaw rate

+12.
~-12.
+12.

0.
+12.
-12.
+12.

0.

deg/hr
deg/hr
deg/hr
deg/hr
deg/hr
deg/hr
deg/hr
deg/hr

TELEMETRY MOD UNIT ON

SUN ACQUIRE
STAR ACQUIRE

22:
R2:

23:
23:
23:
23:
23:
23:
23:
23:

R3:
00:
00:

12

:40

02:

57:

END OF RADIO SCIENCE SPACECRAFT SEQUENCE

148

:01
14
: 38
124
:48
:01
¢80

:45

30

1/24/86
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TABLE 5-2

VOYAGER 2 URANUS ENCOUNTER RADIO SCIENCE
GROUND EVENTS TIME-ORDERED LISTING

**+* _ EVENTS MARKED BY ASTERISKS ARE EVENTS, THE TIMING OF WHICH
WILL BE AFFECTED BY THE SHIFTING OF THE MOVABLE BLOCK AND
ARE THEREFORE SUBJECT TO CHANGE AS A RESULT OF THE VOYAGER
LATE EPHEMERIS AND LATE STORED UPDATES.

+++ — EVENTS MARKED BY PLUSES ARE TIED TO GEOMETRIC EVENTS AND
ARE THEREFORE ONLY "BEST ESTIMATES" OF THOSE TIMES.

024/10:45:00

PREPASS

BEGIN DSCC 40 PRECAL PERIOD
RADIO SCIENCE PRECALS:
MMR PRECALS
MMR FILTER = #8 (S AND X BAND)
NBOC PRECALS
ROVER/WB BACKUP RCVR PRECALS

DSS-43:

CLOSED LOOP RECEIVER CONFIGURATION:
S-BAND RECEIVER BW = 10 HZ
X-BAND RECEIVER BW = 30 HZ
USE NARROW MODE

PPM CONFIGURATION:

NAR AUTO SWITCHING ENABLED

NAR INTEGRATION TIME = 15 SEC
NOISE DIODE = 0.25 DEGREES

SLE AUTO SWITCHING ENABLED

SLE RCVR 1 INTEG TIME = 120 SEC
SLE RCVR 2 INTEG TIME = 120 SEC

DSS-42:

CLOSED LOOP RECEIVER CONFIGURATION:
S-BAND RECEIVER BW = 12 HZ
X-BAND RECEIVER BW = 48 HZ

PPM CONFIGURATION:

NAR AUTO SWITCHING ENABLED

NAR INTEGRATION TIME = 60 SEC
NOISE DIODE = 0.25 DEGREES

SLE AUTO SWITCHING ENABLED

SLE RCVR 3 INTEG TIME = 120 SEC
SLE RCVR 4 INTEG TIME = 120 SEC
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10:45

15:00:

15:30:

16:45:

16:45:

18:45

16:47:
16:55:
16:56:

16:59:
16:59:
16:59:
16:59:

17:00

17:00:

17:04

17:05:

:00

00

0o
00

00

:00

12
59
02

12
12

12

100

0o

:01

o0

1

BEGIN PARKES PRECALS
RADIO SCIENCE PRECALS:
ODA PRECALS
RUN ODA/POCA SELF DIAGNOSTICS

COMCHIEF:

1/24/86

VERIFY VOICE NET CONFIGURATION DESCRIBED

IN RADIO SCIENCE OPS PLAN SECTION 8.2

COMCHIEF: RELOAD VAP, DDP, NTK, NRV

CONFIGURE NOCC DISPLAYS PER
RADIO SCIENCE OPERATIONS PLAN

BEGIN ENCOUNTER PASS

AOS DSS-43:
START 1/SEC DOPPLER RATE

AOS DSsS-42
START 1/SEC DOPPLER RATE

START 115 DEGREE ROLL TURN
END ROLL TURN

X-BAND MODULATION INDEX CHANGE TO 72 DEG
EXPECT 1.5 DB INCREASE X-BAND SIGNAL LEVEL

START VTIBEST IMC: 0.85 DEG OFF EARTH POINT

END XPGRAV

TWNC ON

START XSCEL

DSS-43: CONFIRM PPM CONFIGURATION
DSS-42: CONFIRM PPM CONFIGURATION
END VTBEST IMC

DSS-14 TRANSFER TO DSS-43

5-6
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17:10:00

17:

17:

17

17:
17:
17:
17:

17

1?7
17

17:

17:

17:

17:

15:

19:
127
28:
29:
30:
35:

:40:

:4l:
:44:

52:

56
56
56

00

15
00
02
37
00
00

00

38
02
00

148

148

:48

1

1/24/86

CONFIRM DSP CONFIGURATION
CHN A = 1 B=2 C =23 D=4
MOD MODE = 1 RATE = 8 RESOL = 8
PRD = (USE APPLICABLE PREDICT SET)
FRO = +333 HZ
- DSP TAPE RECORDERS SET TO 6250 BPI
RECORDING DENSITY
- ALL TAPES HAVE WRITE RINGS
- DSP TRANSMISSION TO NOCC ENABLED
RTM INTERVAL = 5 SEC
SSI INTERVAL = 20 SEC

- VERIFY MMR IF/VF CONVERTER

SELECTED FOR RADIO SCIENCE

(OCI: CFG R64M) AT LOCAL TERMINAL
- VERIFY MMR INPUT SWITCH

(RACK 4159/RCY 112/A5) IS IN NORMAL POSITION
- REPORT MMR/ROVER ATTENUATOR SETTINGS
START VACOLOR IMC: 2.39 DEG OFF EARTH POINT
CONFIRM SSI AND NRV DATA DISPLAYED AT NOCC
END VACOLOR IMC
START ROLL OF 180 DEGREES
BRIEFING BETWEEN RSST AND ON-SITE ADVISOR

CONFIRM SSI CONFIGURATION

PORT =~ 5
B/W = B0 KHZ XFORM = 1024
CF = 37.5 KHZ NAVG = 512

(VERIFY SIGNAL PRESENCE IN MMR'S
DSS-43 20 KHZ S-BAND FILTER)

ENTER INTO DSP TIME OFFSET PROVIDED DURING
BRIEFING

PUT DSP IN RUN MODE WITH DELAYED TAPE RECORDIN
START TIME: 19:20:00
STOP TIME: 20:00:00

END ROLL

START VMCOLOR IMC: 1.48 DEG OFF EARTH POINT

END IMC

END XSCEL

TWNC OFF

START XPGRAV

5-7
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17:56:48
18:00:00
OV

18:20:00
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0
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(§:17 9 C
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o o
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i 18:24:03
18:24:48
18:24:48
18:25:00
18:28:02
18:30:00
18:35:00

1
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X-BAND MODULATION INDEX CHANGE TO 75 DEG

EXPECT 1.5 DB DECREASE IN X-BAND SIGNAL LEVEL

CONFIRM SSI CONFIGURATION
PORT = 6
B/W = 50 KH2 XFORM = 1024
CFP = 37.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN MMR'S
DSS-42 20 KHZ S-BAND FILTER)

CONFIRM SSI CONFIGURATION
PORT = 7
B/W = 50 KHZ XFORM = 1024
CF = 137.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN MMR'S
DSS-43 20 KHZ X-BAND FILTER)

CONFIRM SSI CONFIGURATION
PORT = 8
B/W = 50 KHZ XFORM = 1024
CF = 137.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN MMR'S
DSS-42 20 KHZ X-BAND FILTER)

END XPGRAV
TWNC ON  GnlE WA
START XSCEL

CONFIRM WB BACKUP RCVR FIRST LO SYNTHESIZER

SET TO NONCOHERENT FREQUENCY
START MOVABLE BLOCK

CONFIRM SSI CONFIGURATION
PORT = 10
B/W = 10 KHZ XFORM = 1024
CF = 428 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-43 S-BAND FILTER)

PARKES: CONFIRM ODA CONFIGURATION
CHN 1
MOD 2 7 8
DSS 43
SCN 32
PRD (USE COHERENT SET)
TMO = (TBD)
RUN NB 024 2115 025 0245
REPORT OPEN LOOP RECEIVER ATTENUATOR
SETTINGS
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18:40:00

18:

18:

19:

19:
1>19:

19

19

19:

20

20:

20:

20:

:45
:50:
:50:

52:

52:

00

19:

20

:20:

:39:
39:
:00:

00:

15:

15:

:00

00
00

00

00

:00

15

100

00

13
13
00

00

00

00

1
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CONFIRM SSI CONFIGURATION

PORT = 10
B/W = 10 KHZ IFORM = 1024
CF = 1285 KHZ NAVG = 512

(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-42 S-BAND FILTER)

AOS DSS-49 (PARKES OBSERVATORY)

REAL-TIME TWNC OFF — 2 WAY (a M Rswos Y
CONFIRM SSI CONFIGURATION 5
PORT = 9 SS§s = A7 .
B/¥ = 10 KHZ  XFORM = 1024 BW= 1kHy
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S CE > (2.E-FRoC)
DSS 43 S-BAND FILTER) - 7 -

Sisle START VABEST IMC: i Sl
** 2.83 DEG OFF EARTH POINT **

s’g;ff\—\

\\M‘ 'I\.’II o, /
*** Y_-BAND MODULATION INDEX CHANGE *** e’
> TO 72 DEG EXPECT 1.5 DB e '?
*** TINCREASE X-BAND SIGNAL LEVEL *** §

PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS

ss* END VABEST IMC ***

CONFIRM DSP RECORDING STARTED <  MirAnea

MASSs
xxx START VMBEST IMC: sxx
*x+ 98 DEG OFF EARTH POINT ***

ss* END VMBEST IMC ***
##* START XMMASS ***

CONFIRM DSP RECORDING ENDED
AND DSP IS IN IDLE MODE

PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS

=== BEGIN CRITICAL RADIO SCIENCE EVENTS ===
- RSST HAS NOCC DISPLAY PRIORITY ===

ST T e T E TS EEEEEEESEEEEEEE

PUT DSP IN RUN MODE WITH DELAYED TAPE RECORDIN
START TIME: 024/21:15:00
STOP TIME: 025/02:45:00
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20:20:00

20:44:51
20:44:51
20:44:51
20:47:11

1

|20+50:00"

20:63:21
20:585:00

21:00:00

21:00:00

CONFIRM SSI CONFIGURATION
PORT = 9 SSS = A
B/W = 10 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS-43 S-BAND FILTER)

CONFIRM SSI CONFIGURATION
PORT = 9 SS§ = B -
B/W = 10 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS-42 S-BAND FILTER)

CONFIRM SSI CONFIGURATION
PORT = 9 SSs = g
B/¥ = 10 KHZ  XFORM = ‘1024
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S

 DSS-43 X-BAND FILTER)

_’J "

t‘*sEjl—I%. XMMASS rex 5‘53 -

+++ URANUS CLOSEST APPROACH +++
*** START XPGRAV **x
*** START ROLL OF 65 DEGRESS ***

CONFIRM SSI comr:aunaq;on/“/61 |
__ PORT = 9 SSS =
““B/W._= 10 KHZ ~ XFORM - 1024
CF =_1875 KHZ NAVG = 512 |
CVERIFY'SIGNAL“PRESENCE IN DSP|S
“DSS 42 X-BAND FILTER)

__“_‘\-—-'

*** END ROLL ***
LOS DSCC 10

CONFIRM SSI CONFIGURATION
PORT = 9 SSS = C
B/W = 5 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS 43 X-BAND FILTER)

PARKES: SET ODA TO IDLE, LOAD
NONCOHERENT RECORDING-SPAN
PREDICTS, SET ODA TO RUN
RUN NB 024 2115 025 0245

1!l WARNING: SIGNAL WILL NOT APPEAR |[!!

Ny IN PASS BAND UNTIL TWNC ON NN

5-10

1/24/88



618-837 V.

21:10:

21:
21:
21:

2l

21:

el:
21:
21l:
21:

21:

21:
2l1:

21

21

15:

15

20:

:20:

20:

25

25:
_7:
30:

35:

37

37:
:40:

:41:

00

:00

00

00

oo

:00

00
59
00

00

100

00
00

54

1

CONFIRM

1/24/86

WB BACKUP RCVR FIRST LO

SYNTHESIZER SET TO NONCOHER FREQUENCY

CONFIRM
CONFIRM
DSS-43:

DSS-42:

PARKES:

DSS-43:
DSS-42:

DSP AND ROVER RECORDINGS STARTED
PARKES RECORDING STARTED

TURN CONSCAN OFF

MOVE AND FIX SUBREFLECTOR X/Y/2
AXES FOR 64 DEG ELEVATION

TURN CONSCAN OFF

MOVE AND FIX SUBREFLECTOR Z AXIS
FOR 64 DEGREE ELEVATION.

X/Y AXES IN AUTO FOCUS MODE

MOVE AND FIX PRIME FOCUS CAGE
OPTIMIZE FOCUS FOR 75 DEG ELEV
START 10/SEC DOPPLER SAMPLE RATE

START 10/SEC DOPPLER SAMPLE RATE

XX TWNC ON XX

CONFIRM SSI CONFIGURATION

PORT = 9 SSS = A
B/W = 5 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 286

(VERIFY SIGNAL PRESENCE IN DSP’'S
DSS-43 S-BAND FILTER)

CONFIRM SSI CONFIGURATION

PORT = 9 S8S = B
B/W = 5 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 256

(VERIFY SIGNAL PRESENCE IN DSP'’S
DSS-42 S-BAND FILTER)

DSS-43:
DSS-42:

CONFIRM

REPORT SIM SYNTHESIZER SETTING
REPORT SIM SYNTHESIZER SETTING
SSI CONFIGURATION

PORT = 9 SSS =D

B/W
CF

= 5 KHZ XFORM = 1024
= 12.5 KHZ NAVG = 256

(VERIFY SIGNAL PRESENCE IN DSP'S

DSS

42 X-BAND FILTER)

*** SPACECRAFT GOES AAT ***
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21:

21

21

21

2l:

21

k2

22

Ra:

22

42:27

:45:00

:45:00

:46:286

52:52

:565:00

00:00

:04:49

95300

:07:00

1

*** SPACECRAFT X-BAND RANGING ***
UL CHANNEL OFF IS
0.2 dB INCREASE IN
X-BAND SIGNAL LEVEL

PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR PASSBAND

CONFIRM SSI CONFIGURATION

PORT = 9 - SSs = C

5p SB/W = B KHZ XFORM = 1024

o

CF = 125 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS-43 X-BAND FILTER)

*** SPACECRAFT TELEMETRY ***
**% MODULATION UNIT OFF ***
4.8 4B INCREASE IN
S-BAND SIGNAL LEVEL
10.2 4B INCREASE IN
X-BAND SIGNAL LEVEL

$xs SPACECRAFT BEGINS -4
*** RADIO SCIENCE MINI-ASCAL ***
EXPECT S AND X-BAND
SIGNAL LEVEL VARIATIONS

CONFIRM SSI CONFIGURATION

PORT = 10 :

B/¥ = 10 KHZ XFORM = 1024

CF = 428 KHZ  NAVG = 512
(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-43 S-BAND FILTER)

CONFIRM SSI CONFIGURATION

PORT = 10 /

B/W = 10'KHZ" XFORM = 1024

CF = 1285 KHZ - NAVG = 512
(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-42 S-BAND FILTER)

. SPACECRAFT ENDS i
*** RADIO SCIENCE MINI-ASCAL ***

CONFIRM SSI CONFIGURATION

!

PORT = 9 SSS = C

o B/V = FKuz XFORM = 1024

CFr = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS-43 X-BAND FILTER)

PARKES: CONFIRM SIGNAL PRESENCE IN

OPEN LOOP RCVR BANDPASS

1/24/86
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22:09:48 +++ RADIO SCIENCE RING +++
+++ OCCULTATION BEGINS (INGRESS) +++

22:56:02 +++ RADIO SCIENCE ATMOSPHERIC +++
+++ OCCULTATION BEGINS +++

22:56:02 %% SPACECRAFT X-BAND TWT ***

b1 GOES TO LOW POWER rEx
: 2.3 dB DECREASE IN
X-BAND SIGNAL LEVEL

22:56:50 *** SPACECRAFT S—-BAND TWT ***
*** GOES TO HIGH POWER L

4.8 dB INCREASE IN

S-BAND SIGNAL LEVEL

23:00:00 PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS
23:02:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS =8 A
B/¥ = 5 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 256

(VERIFY SIGNAL PRESENCE IN DSP'S
DSS-42 S-BAND FILTER)

23:07:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS = A C
B/W = 5 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 256
% sl (VERIFY SIGNAL PRESENCE IN DSP'S
e 00 7 - -
,.;;%7 ah_HWPSS 4?u§”?AND FILTER?M_mmﬂ—ﬁf_4/, },éxgis
23:10:00 DSS-43: BEGIN S-— AND X-BAND RECEIVER RAMPING
BN VERIFY RCVR SPE ZEROED OUT
23:22:24 *** SPACECRAFT BEGINS ***
: *s* LIMBTRACK MANUEVER ***
7¢? EXPECT § AND X-BAND

SIGNAL LEVEL VARIATIONS

025/00:00:00 DAY CHANGE >>> DOY 025

SSS = ¢

00:05:00 PARKES: VERIFY ODA STATUS NOMINAL

00:45:26 *x* SPACECRAFT ENDS * 2%
**x LIMBTRACK MANUEVER ***

01:00:00 PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS

01:00:00 DSS-43: END CLOSED LOOP RECEIVER RAMPING
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01:04:00 *** PARKES: MOVE AND FIX ***
*** PRIME FOCUS CAGE FOR ***
*** 55 DEG ELEVATION ANGLE***

01:04:00 *** SPACECRAFT S-BAND TWT ***
g GOES TO LOW POWER Lk

4.8 dAB DECREASE IN

S-BAND SIGNAL LEVEL

01:04:49 *** SPACECRAFT X-BAND TWT ***
*** GOES TO HIGH POWER = L

2.3 dB INCREASE IN

X-BAND SIGNAL LEVEL

01:04:49 +++ RADIO SCIENCE ATMOSPHERIC +++
+++ OCCULTATION ENDS +++
+++ EGRESS RING OCCULTATION BEGINS +++

01:10:00 CONFIRM SSI CONFIGURATION

PORT = 9 S8S = D
B/W = 6 KHZ XFORM = 1024

CF = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS 42 X-BAND FILTER)

-VV
OlzaﬁGOO CONFIRM SSI CONFIGURATION
PORT = 9 SSS = C
: B/W = 5 KHZ XFORM = 1024

CF = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP’S
DSS-43 X-BAND FILTER)

02:00:00 PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS

02:16:04 +++ RADIO SCIENCE RING +++
+++ OCCULTATION ENDS +++

02:16:04 s SPACECRAFT BEGINS e
*** RADIO SCIENCE MINI-ASCAL ***
EXPECT S- AND X-BAND
SIGNAL LEVEL VARIATIONS

02:28:01 S SPACECRAFT ENDS .
*** RADIO SCIENCE MINI-ASCAL ***

02:32:50 *** SPACECRAFT TELEMETRY ***
*** MODULATION UNIT ON *=*=
4.8 dB DECREASE IN
S-BAND SIGNAL LEVEL
10.2 4B DECREASE IN
X-BAND SIGNAL LEVEL
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02
02
02
02

02:
02:
02:

02:
03:

03

03:

03

03:

03:

03:

:45:
:45:
:48:
:148:
54:

54
56

56

00:
:00:
05:

:06:

35:

15:

15:

00
00
oo
00
23

:45
:02

123

00
00
00

00

00

00

00

1

CONFIRM DSP AND ROVER RECORDINGS ENDED

CONFIRM PARKES RECORDING ENDED

END MOVABLE BLOCK

START ROLL OF 76 DEGREES

END ROLL

SPACECRAFT SUN ACQUIRE

X-BAND MODULATION INDEX CHANGE
TO 75 DEG EXPECT 1.5 DB

DECREASE X-BAND SIGNAL LEVEL

SPACECRAFT STAR ACQUIRE

DSS-43: TURN CONSCAN ON

DSS-42: TURN CONSCAN ON

DSS-43: START 1/SECOND DOPPLER
SAMPLE RATE ’

DSS-42: START 1/SECOND DOPPLER
SAMPLE RATE

LOS DSS-49 (PARKES OBSERVATORY)

END RADIO SCIENCE CRITICAL EVENTS

o e e == = . S S EmEm

POST TEST DEBRIEFING

PLAYBACK SELECTED PORTION OF DSP ODR'S

- POST PASS

S SN W SN E S

SHIP PARKES ODR’'S TO DSCC-40

1/24/8¢€

(SEE RADIO SCIENCE OPS PLAN SECTION 8.10)

GENERATE POST PASS DSP ODR CALIBRATION TAPE
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SHIP EXPEDITED TO NDC:
DSP ODR'S
ROVER TAPES
LMC PRINTOUT
STRIP CHART RECORDINGS
PREPASS COUNTDOWN LOG
TAPE LOG

PLAYBACK PARKES DATA

SHIP EXPEDITED TO NDC:
PARKES ODR'S

GENERATE COMPUTER COMPATIBLE BANDWIDTH REDUCED
IDR'S ON THE BRF AT CTA-21 FROM THE ROVER TAPES



BEGIN ENCOUNTER PASS

16048 - AQS D55 43/42

0SS 43 = START 1/10 SEC DOPPLER RATE
DSS 42 = START 1/MIN DOPPLER RATE
16259112 = END XPGRAV

16:5%; 12-TWNC QN

V6= 59; 12-5TART XSCEL

| 625412 - D55 43 = START 1/SEC
DOPPLER SAMPLE RATE

17405 - XFER D35 14 = 4

J’lm r/&vlm

MMR FILTER = 78 ( S AND X BAND)

NBOC MECALS

024/10:45:00 PRECAL PERIOD
RADIO SCIENCE PRECALS

MMR PRECALS

ROVER/WS BACKUP RCVR PRECALS
RUN DSP SELF-DIAGNOSTIC TESTS
PARKES PRECALS

DSCC 40 MECALS)

1715448 - END XSCEL
1715648 - TWNC OFF
17054048 - START XPGRAV —g o
=

10:2403 - END XPGIAY =
18:24040 - TWNC ON  \ =
18:24448 - START XSCEL /3

18.28:02 - START MOVABLE 8LOCK
1645 = AQS DSS 49 (PARKES) — -

19500 - DSS 43/42 - START |/s -3 e
SEC DOPPLER SAMPLE RA

19220 - START DSP I!COIDING— et

113 = /T TWHC OFF COMMAND — —=
194313 - START XMMASS

20:00 ~ END DSP KECORDING —g B 1

20044e51 = END XMMASS
2014451 = URANLS CLOSEST APPROACH
20144¢51 - START KPGRAY

20045100 - BEG IN CRITICAL —)
RADIO SCIENCE EVENTS

2055600 - LOS DSCE 10 —8 4

21225 = START DSP, ROVER AND PARKES RECORDING

21425 ~ DSS 43/42 = START |o/szc DOPPLER

MPLE RATE

21.:-25 - TWNCON—_ _|

2114154 = AAl — 3

_ 21,42:27 - X-BAND RANGING CHANNEL OFF— ]

214déa28 - TELEMETRY MODULATION OFF —

21152:52 - BEGIN RADIO SCIENCE MINI-ASCAL
22:04049 = END RADIO SCIENCE MINI-ASCAL
22:0M48 - EEGIN RADIO SCIENCE MING OCCULTATION (INGRESS)
22156002 ~ RADIO SCENCE ATMOSPHERIC
OCCULTATION EGINS
22:56s2 - X-BAND TWT LOW POWER

22:56050 - S-BAND TWT HIGH uown—g
o~

lIl LA

2322124 = BEGIN UMBTRACK MANEUVER — —~

il

§

0O0yd5124 - END LIMBTRACK MAMEUVER — —T—

01404 ~ S-BAMD TWT LOW FOWER
01:04e47 = K-BAND TWT HIGH rown-—s'
() 10449 = RADIO SCIENCE ATMOSPHERIC
OCCULTATION ENDS
BEGIN EGRESS RING OCCULTATION

@2116e04 = END RADIO SCIENCE RING NS
OCCULTATION

02414604 = BEGIN RADIO SCIENCE MINI-ASCAL -]
02:28:01 - END RADIO SCIENCE MINI-ASCAL —
02148500 - END MOVASLE SLOCK

02:54¢48 - SUN ACQUIRE

02:5423 - STAR ACQUIRE —8 =

03510 - END DSP, ROVER AND PARKES RECORDING — 8
0Ql5 - 05 43/42 - START 1/5 SEC DOPPLER — —
SAMPLE RATE

03435 - LOS D5549 (PARKES) — —-

03145 - END RADIO SCIENCE CRITICAL EVENTS — ——
03145 ~ POST TEST DEBRIEFING @ |.

3

T

T

Illl

{scer

>
-«
k3
-

— END XSCEL = 15:11:58
TWNC OFF - 15¢11:58 >
START XPGRAV = 15,1158 S
:
-

—— END XPGRAY = 152913

TWHNC ON - 15:39:58
START KSCEL = 15:39:58
START MOVABLE BLOCK ~ 15:3%12
— DSS 43/42 - START 1/5 SEC DOPPLER SAMPLE RATE

~= START DSP RECORDING - 15116

- R/T TWNC OFF COMMAND = 1654123

START XMMASS - 16054123
— END D5P RECORDING - 17116

— END XMMASS - 1

8¢00:01
URANUS CLOSEST APPROACH = 18:00¢01

START XPGRAY = 18:00,01

BEGIN CRITICAL RADIO SCIENCE EVENTS = 18101

— STANT DSP, ROVER AND PARKES RECORDING = 18140

o 0S5 43,/42 = START 10/SEC DOPPLER SAMPLE RATE ~ 1B:-

TWNC ON = 1815535

AA| = 1857104

X-BAND RANGING CHANNEL OFF - 1857137

TELEMETRY MODULATION OFF - 19:01:36

END RADIO SCIENCE MINI-ASCAL = 19(19:59
BEGIN RADIO SCIENCE RING OCCULTATION
{INGRESS) - 1912458

\k_ BEGIN RAD|Q SCIEMNCE MIMI=ASCAL - 19:08:02

= RADIO SCIENCE ATMOSPHERIC

OCCULTAT!ON BEGINS - 20¢11:12
~8AND TWT LOW POWER = 20e11412
S-MND TWT HIGH POWER - 20:12:00

Qow 1SS

= BEGIN UMBTRACK MANEUVER - 20137134

= END UMBTRACK MANEUVER - 22:00:34

— S-BAND TWT LOW POWER - 219

X-BAND TWT HIGH POWER - 22119:57

RADIO SCIENCE ATMOSPHERIC

OCCULTATION ENDS - 2251957

BEGIN EGRESS RING OCCULTATION - 22319:57

— END RADIO SCIENCE RING OCCULTATION - 2331112

NG BEGIN RADIO SCIEMNCE MIMI-ASCAL - 73:31112
END RADIO SCIENCE MIMI-ASCAL — 23:43:09

- END MOVABLE 3LOCK = 001010

= >— SUN ACQUIRE - 0010955

STAR ACQUIRE - 00y11:33

— END DSP, ROVER AND PARKES RECORDING - 00rdé

“— DSS 43/42 START 1/5 SEC DOPPLER SAMPLE RATE - 00:3!

— END RADIO SCIENCE CRITICAL EVENTS - 010}

ENCOUNTER

FIGURE 5-1




.
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SECTION 6

PERSONNEL RESPONSIBILITIES

6.1 RADIO SCIENCE SUPPORT TEAM

6.2 MISSION CONTROL TEAM SUPPORT TO THE RSST
6.3 DEEP SPACE NETWORK SUPPORT TO THE RSST
6.4 RADIO SCIENCE REPRESENTATIVE TO DSCC40
8.5 RADIO SCIENCE REPRESENTATIVE TO PARKES
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The responsibilities of the agencies supporting Uranus
encounter are described in this section. Responsibllities of
specific 1individuals are also described. For the names of the
Radio Sclience Support Team members and the Radio Science
Interface Working Group members, see Appendix G.

6.1 RADIO SCIENCE SUPPORT TEAM

During the radio science critical events period, +the radio
sclience operations desk in the Voyager Mission Support Area
(MSA 264/521) will be staffed by three members of the RSST.
Two other members of the RSST will provide support f£rom RSST
Headquarters (264/365). In addition, <two RSST members will be
supporting activities prior to the critical events period (Late
Stored Updates and DSCC 40 precal period). The responsibilities
of these RSST members are defined below. The names of specific
individuals who will be staffing these positions are in Table
6-1.

6.1.1 OPERATIONS COORDINATOR

The Operations Coordinator is responsible for verification
of the proper conduct of real-time operations for the radio
science investigation, as specified in the Voyager Project ISOE.
Thus, she handles all communications with the Project’'s mission
controller (ACE) via the volice net. All requests by the RSST for
actions to Dbe taken by the MCT or DSN are communicated through
the ACE by the Operations Coordinator, with the exception of the
radio sclence control functions (see Section 8.2). Additionally,
she coordinates communications and interactions among the Science
Advisor, Operations Engineer, and Operations Advisor. Finally,
she will be responsible for the conduct of dally pre- and post-
test briefings. In general, the Operations Coordinator
oversees all radio scilence business in the MSA.

6.1.2 OPERATIONS ENGINEER

The Operations Engineer is responsible for verification of
proper operation of the Digital Spectrum Processor(DSP), Spectral
Signal 1Indicator (SSI), Precision Power Monitor (PPM), Metric
Data Assembly (MDA) and other DSCC subsystems supporting radio

Sclence observations. This is accomplished via monitoring of
the real-time DTV displays at the radio science desk in the
MSA. The Operations Engineer communicates via the voice

net with the NOPE (Network Operations Project Engineer), NOA

6-2
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(Network  Operations Analyst), and ACE (Voyager Spacecraft
Monitor Controller) to coordlnate DTV operations. He
advises the Operations Coordinator on the status of the Radic
Science Ground Data Systemn. Additionally, he communicates
directly with the Radio Sclence Representative as required by
the Sclencse Advisor, and assists in prepass checklist
verification and postpass briefings with the Representative.

6.1.3 SCIENCE ADVISOR

The Science Advisor is responsible for monitoring the
progress of the experiment and for providing operational
recommendations to the Operations Coordlnator based upor

sclentific considerations. He is the principal contact for the
Radio Science Representative via the Radlo Science Advisor Net
(RADSCI). During the radio science critical-events period,

he will direct the use of the radio science control functlons via
this Net. The Science Advisor may request assistance from the
Operations Coordinator and Operations Engineer when making
control function decisions.

6.1.4 OPERATIONS ADVISOR

. The Operations Advisor staffs the third floor (264/365)
radio science operations room and 1s responsible for assisting
the RSST MSA personnel in monitoring experiment progress. He
communicates with the Operations Coordinator via the MISD-3 Net.
The Operations Advisor 1is available to work on problems
which may be too time-consuming for the MSA personnel, and he
may delegate work to the Radlo Sclence Team investigators or
other support personnel as required. Additionally, he
makes hardcopies of the real-time DTV displays when appropriate.

6.1.5 SUPPORT ENGINEER

The Support Engineer staffs the third floor radio sclence
operations room and is responsible for emsuring proper operation
of RSST equipment. He communicates with the Operations Engineer
using +the MISD-3 net. The primary responsibllity is to operate
the RODAN computer facility. Its hardware and software will be
used to enhance Radlo Sclence experiment visibility by providing
real-time displays (the Test Support System - TSS) and by
supporting product validation and analysis (the Data Production
System - DPS). In addition, the Support Engineer will assist the
Operations Advisor with DTV hardcopies.
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6.1.6 LATE STORED UPDATE ADVISOR

The Late Stored Update advisor will represent the RSST at
LSU activities that have radio sclence interactions. This will
include attending Navigation results meetings to provide
concurrance with movable block and 1limbtrack timing shifts,
checking sequence products for proper implementation of such
shifts, monitoring POEAS and PREDIX prediction activity, and
updating Radio Science ground events to reflect timing changes.
Since LSU covers a 24 hour period jJust prior to the Uranus
encounter, it is expected that more than one person will staff
this position.

The LSU advisor will also support the Late Ephemeris Update
activity about 4 days prior to encounter.

6.1.7 ATR ENGINEER

The responsibilities of the ATR engineer during the Uranus
encounter period will be additional support of the LSU activities
in assoclation with the LSU advisor, and support of the precal
period . prior to AOS on the DSCC40 occultation pass. She will
provide information to the Operations Coordinator regarding non-
operational equipment, calibration settings for Radio Science
equipment, omsite prediction status, and general precal period
status.

6.2 MISSION CONTROL TEAM SUPPORT TO THE RSST

6.2.1 ACE

The MCT will provide communications support via the ACE-to-
OPCH-t0o-DSCC voice net link for all operational requests from the
RSST with the exception of the control functions used when a
radio sclence critical-events period is in effect. Aside from
these functions (see Section 8.2) which are controlled via the
Radio Science Coordination Net (RADSCI), all communications and
support by the MCT will follow normal operational procedurses.
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6.2.2 SEQUENCE OF EVENTS

The Mission Control Team (MCT) will be responsible for
supporting SOE redline activities. Redline support may be
required for unexpected events affecting the radlio sclence
experliments.

6.3 DEEP SPACE NETWORK SUPPORT TO THE RSST

6.3.1 NOA

A Network Operations Analyst (NOA) will be responsible for
generation of recelver tuning predicts for the DSP and
Parkes ODA, the closed-loop receivers, uplink tuning predlcts
and the 1st lo frequency of the Rover subsystem. He, along with
the NOPE will also assist the Radio Science Operations
Engineer in the analysis of the displayed data and advise
the RSST of the operational status of the real-time display
system.

6.3.2- NOPE

In addition, a Network Operations Project Engineer (NOPE)
will be required to assist in the real-time operations of the
NOCC. He will also assist the Radio Science Operations
Engineer in the analysis of the displayed data and advise
the RSST of the real-time display system’'s operational status.

6.3.3 RADIO SCIENCE SCOE

The SCOE will be responsible for the design of DSN SPTs for
Radio Science and will be interacting with DSCC 40 personnel to
ensure that SPTs are performed as specified and that the results
indicate proper DSP performance.

6.4 RADIO SCIENCE REPRESENTATIVE TO DSCC 40

The Radio Science Representative to DSCC 40 will
represent the Voyager Radio Science Support Team at the DSCC. He
will brief the station staff on the radio science experliment’'s

6-5
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objectives and operational requirements. He will also act as
the real-time operations interface between the DSCC Shift
Supervisor and the Radio Scilence Support Team during the radio
science critical events periods in order to expedite the control
functions specified in Section 8.2. Prior to the high
activity period, the Radio Science Representative will
participate in the briefings and information exchange
between the DSCC and the Radio Science Support Team.

6.5 RADIO SCIENCE REPRESENTATIVE TO PARKES

There will be a Radio Science Representative at Parkes during
the encounter period. His responsibilities will be the same as for
the DSCC 40 representative.
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TABLE 6-1

RSST PERSONNEL RESPONSIBILITIES FOR URANUS ENCOUNTER

OPERATIONS COORDINATOR
OPERATIONS ENGINEER
SCIENCE ADVISOR
OPERATIONS ADVISOR
SUPPORT ENGINEER

LSU ADVISOR

ATR ENGINEER

REPRESENTATIVE TO DSCC 40
REPRESENTATIVE TO PARKES

Susan Borutzki
Rob Eursilnski
Len Tyler

Don Sweetnam
Hank Hotz

Mick Connally
Kathy Moyd

Frank Donivan

Dwight Holmes
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SECTION 7

PREPASS ENCOUNTER OPERATIONS

PREDICT GENERATION, TRANSMISSION AND DELIVERY
OPERATIONAL VERIFICATION TESTS (OVT)
PRE-ENCOUNTER SYSTEM PERFORMANCE TEST (SPT)
ENCOUNTER STRATEGY REVIEW MEETING

DAILY BRIEFING STRATEGY

RADIO SCIENCE CONSOLIDATED TWX

STATION CONFIGURATION CONFIRMATION STRATEGY
OPEN-LOOP RECORDING SYSTEM PRE-PASS CALIBRATION

RIS B B SR B B S
© ® W O O b QO D &

NOCC PRE-PASS RADIO SCIENCE OPERATIONS
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This section covers the ten days preceding the encounter.
This period will be occupied by final preparations for the
encounter. Major preparations for radio science operations
will include predict generation and transmission to DSCC 40 and
Parkes, final verification of the ground data system via an SPT,
and status briefings Dbetween the on-site radio science
representatives at DSCC 40 and Parkes and the Radio Sclence
Support Team via the Radio Science Advisor Net (RADSCI). The
following paragraphs detail procedures and operation schedules
for radio sclence prepass operations.

7.1 PREDICT GENERATION, TRANSMISSION AND DELIVERY

The interface agreements between the RSST, DSN, and Voyager
Navigation covering the requirements for predict gemeration and
delivery are 1listed in Table 7-1. The types of predicts
required and the delivery dates will be specified by IOM. The
general predict requirements are outlined in the following
section and summarized in Appendix C.

The predicts will be generated, transmitted and delivered to
the RSST for three distinct periods. The first cycle will occur
as soon as possible and contailn the spacecraft nominal trajectory
for encounter. The second and third cycles will occur during
the spacecraft Late Stored Update (LSU) sequence activity. The
second cycle occurs after the first navigational update period,
and the third occurs after the second navigational update. The
predicts generated for the nominal trajectory are planned to be
used with a time offset to adjust for the uncertainties in
the spacecraft arrival time. The predicts output of the second
and third cycles will only be used if there have been significant
changes to the nominal trajectory.

7.1.1 ©POEAS PCT GENERATION

Generation of several POEAS PCTs will be required for
encounter. The 1nitial POEAS PCT will be run with the nominal
encounter trajectory, with subsequent generations occuring during
the spacecraft late stored update activity. The predictions
which will be generated from the POEAS PCT to cover the encounter
period are the radio science (DSP and ODA), tracking, and uplink
sets.
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7.1.2 RADIO SCIENCE PREDICTIONS (DSP-R)

The radio science predicts will be generated with a
frequency tuning error of less than 100 Hz. The absolute
acocuracy of the noncoherent (USO) frequencies will be estimated
to better than 10 Hz. The coherent frequencies do not require
the same absolute accuracy, since the prime open-loop recording
will occur in the noncoherent mode.

There will be three distinct radio sclence predict sets
required for encounter. This is a change from the previous
strategy where four sets were specified. The first and prime set

contains all doppler mode changes expected for the pass. This
will include +the spacecraft execution of the real-time TNWC off
command desired for Miranda mass data collection. In the event

that the real-time TWNC off command is not executed, frequency
offsets wlill be used to locate and center the signal. The second
and third sets contain only one way doppler; one based on the
spacecraft's ultra-stable oscillator and +the other on the
auxilliary oscillator.

7.1.3 TRACKING/DOPPLER PREDICTS

Tracking predicts will be generated from the POEAS PCT to
cover - DSS 43 and DSS 42 for the encounter. The doppler modes
included in these predicts will be one way (USO £frequency
specified in predicts request IOM and also an AUX OSC frequency),
two way and three way with all sites including DSS 61 and DSS 12.

7.1.4 TUPLINK PREDICTS

Uplink predicts will be generated from the POEAS PCT for
DSS 43/42, DSS 14/12, and DSS 63/61 to cover the near encounter
period. These predicts will be generated with the normal uplink
tuning tolerance.

?.1.5 CLOSED-LOOP RECEIVER TUNING PREDICTIONS

The block IV receiver tuning ramps for DSS 43 will be
generated to cover the open-loop recording period identified in
Section 5. The period during which these ramps will be used 1is
024/23:10 to 025/01:00 UTC. There will be approximately seven
block IV ramps generated at POCA level. These predicts will be
included in the radio sclence consolidated TWX (see Section 7.6).
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7.1.6 VWIDEBAND BACKUP RECEIVER LO FREQUENCIES

Two first LO frequencies for the wideband backup open-loop
recelver will be generated. These values will be for the
coherent and noncoherent Voyager 2 downlink frequencies. These
values will be contalned in the radio sclence consolidated TWX
(see Section 7.6). The four second LO frequencies should never
need to change and are contained in Appendix C.

7.1.7 PARKES RADIO SCIENCE PREDICTS

The strategy will be to generate three radio scilence
predicts for the ODA. These wlll contain a one way (USO) and
three way set for the entire pass, and a one way set optimized
for the recording period. This strategy is meant to make full
use of +the fourteen predict points allowed in the ODA manual
predict generation mode. The ODA will be IDLED and loaded with
the appropriate set as required. These sets will be transmitted
via +the radio sclence consolidated TWX where they all will be
typed in manually at the ODA at Parkes. Further details on the
mechanles of the Parkes radio science predicts generation are
contained in the Parkes User’s Guide, Section 2.4.2.

7.1.8 PREDICTS TRANSMISSION AND IDENTIFICATION STRATEGY

The strategy will be to transmit the nominal trajectory
radio scilence predicts to DSCC 40 and Parkes as soon as accurate

sets Dbecomes available. These sets are to be continuously
available at the stations through encounter, which will requilre
the retransmission of the DSP-R sets every three days. The

ldentification and transmission schedule for these sets are
contalned in Appendix C.

The predictions generated during the LSU period will be
transmitted as soon as they are generated and will be available
as backup to the nominal trajectory sets.

7.1.9 DELIVERY OF PREDICTS TO THE RSST

The general strategy of the predicts delivery will be to
deliver any encounter predict sets as soon as they become
availlable. The delivery of the DSP/ODA radio science, tracking,
antenna pointing, and uplink ramping will consist of both a
hardcopy (SIGMA 5) and a magnetic tape (VAX generated). The
wideband Dbackup open-loop and closed-loop receiver ramping

7-4
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predicts will be made available 1in the radio science consolidated
TWX (see Section 7.6). An IOM which contains further detalls
will be provided per the interface agreements.

7.1.10 SPACECRAFT TRAJECTORY DATA

Celestial Reference Set (CRS) tapes are generated by the
Navigation Team; they contailn spacecraft trajectory vectors for
use 1in data analysis by the experimenters. These tapes are
delivered +to the RSST by NAV via a tape interface at the IPC
Library. The RSST copiles the tapes at the IPC facility,
archives +them i1n the RODAN Library, and ships copies to the
experimenters.

Delivery details of +the CRS tape which covers the period
encounter will be contained in an IONM.

7.2 OPERATIONAL VERIFICATION TESTS (OVT)

OVTs may be run during the month prior to encounter. These
are DSN tests for operational training and do not officially
involve <the Voyager project. However, a member of the Voyager
RSST may be 1n to observe the OVT. To facilitate communication
between the test conductor and the RSST, the RSC COORD voice line
should be made available. The radio sclence advisors net
(RADSCI) should be scheduled up for these OVT to allow the RSST
to monitor the conduct of the test and to answer any questions by
DSCC operations personnel.

7.3 PRE-ENCOUNTER SYSTEM PERFORMANCE TEST (SPT)

Details for a pre-encounter SPT will be coordinated by the
Radio Science SCOE.

7.4 ENCOUNTER STRATEGY REVIEW MEETING

A pre-encounter radlo scilence strategy review meeting will
be held as part of the Near Encounter Week Operations Strategy
Review Meeting. Members of the RSST will present major toplcs of
the planned encounter strategy to Voyager Project and DSN
personnel. Suggestions for improvement will be accepted and
implemented as necessary. This meeting 1s currently scheduled
for January 15 at 1:30 PST.
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7.5 DAILY BRIEFING STRATEGY

The dally briefings between the RSST and the on-site radio
sclence representatives will begin several days prior to ORT 4
scheduled on January 1l and continue through encounter. These
briefings will be conducted from the radio science desk in the
Voyager Mission Support Area and will utilize the Radlio Science
Advisor Net (RADSCI). At least one member of the RSST encounter
team will be in attendance. The general agenda is contained in
Table 7-2.

7.6 RADIO SCIENCE CONSOLIDATED TWX

The radio science encounter operations will require that
vast amounts of information be transmitted to the station which
must be clearly understood and immediately accessable. Therefore,
a TWX which contains the information formerly scattered in
several TWX's will be sent as soon as the information is
avalilable but no later than two days prior to the encounter. The
information which will be included in this TWX is the predicts
normally sent by TWX (Parkes ODA, Rover, and closed-loop receiver
ramping), predict didentifications, and changes or special
requests to +the planned operationms. Additional items may be
added as necessary. The radio science NOPE will be responsible
for transmitting the TWX.

7.7 STATION CONFIGURATION CONFIRMATION STRATEGY

Three tables have been devised to ensure proper station
configuration for the encounter. These are contained in Appendix
A as Tables A-1 through A-3, which corresponds to the DSS 42, DSS
43 and Parkes configuration respectively. The tables contain
specific information for all applicable subsystems (refer to
Section 3.2 for descriptions of the DSCC subsystems).

Compliance with each configuration table will be done in

two ways for the encounter. The confirmation of selected items
will Dbe done during the pre-encounter briefing between the RSST
and the on-site radlo science representatives. In addition, the

ISOE will call for configuration confirmation which will be
relayed from the the DSCC to +the NOCC via the standard
operational network (DSCC to OPCH/TRARON).
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7.8 OPEN-LOOP RECORDING SYSTEM PRE-PASS CALIBRATION

The recorded open-lo0p receiver signals are the prime data
type for the Uranus atmosphere and ring occultation experiments.
For this reason, it is extremely important that the open-loop
system be properly configured prior to the recording period,
and +that it be callbrated to the expected maximum signal levels.
These pre-cals will also serve as a calibration of the results of
the experiment. The details for the calibrations are contained
in Appendix B.

7.9 NOCC PRE-PASS RADIO SCIENCE OPERATIONS

The NOCC radio science operations during the encounter pre-
pass period will comsist of the verification of the volce net
configuration, +the reload of the NOCC display system, and the
assignment of these displays. The display configurations
requested by the RSST are contained in Appendix F. The ISOE
specifies when the varlious events are to occur. A member of the
RSST will be available during this period to monitor this
activity.
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PREDICTS GENERATION INTERFACE AGREEMENT LIST

PREDICT TYPE
CELESTIAL REFERENCE SET
(CRS)
RADIO SCIENCE (DSP-R)
TRACKING
UPLINK RAMPING

WIDEBAND BACKUP
OPEN-LOOP RECEIVER

CLOSED-LOOP RECEIVER
RAMPING

ESTIMATE OF VOYAGER
USO FREQUENCY

SOURCE

NAV

DSN
DSN
DSN
DSN

DSN

RSST

USER

RSST

RSST
RSST
RSST
RSST

RSST

DSN

INTERFACE AGREEMENT
NAV-37

NOCT-21
NOCT-31
NOCT-32
NOCT-41

NOCT-40

RSST-04
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TABLE 7-2

DAILY RSST/DSCC BRIEFING AGENDA

Station Inputs

1.

General Station Status and Weather Report

2. Radio Science System Status

3. Shift-Briefing Status

4, Concerns at Station

5. Information Required by Station
JPL Inputs

il General Voyager Status

2. Updates to Radlo Science Operations Plan
3. ISOE Updates

4. Open-Loop Predicts Set Status

5. Update to Predictions Time Offset
6. Date and Time of Next Briefing

1/24/86
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This section covers those operations during the Voyager
encounter pass over DSCC 40 beginning with AOS on January 24,
1986 (DOY 024) and ending with the conclusion of +the radio
science events on January 25 (DOY 025). Elements of the Radio
Science Support Team (RSST), Mission Control Team (MCT), Deep
Space Network (DSN) operations staff, and NOCC Operations
Control Team (NOCT) will be deeply involved in radio scilence
real-time operations. The encounter events are broken into three
parts: those events beginning with AOS but prior to the
Uranian occultation open-loop recording period, the critical
events surrounding +the open-loop recording period itself, and
those events following the open-loop recording period but prior
to LOS.

8.1 ENCOUNTER OPERATIONS PERIOD

The early part of the pass prior to the prime recording
period will Dbe used to check configurations and operation of the
ground data systenmn. This activity will also include a pre-
encounter briefing ©between the on-site radio sclence
representatives and the RSST. Confirmation of the voice 1line
and NOCC DTV configurations will be done prior to AOS to reduce
the amount of activity during this critical period.

There will be two open-loop recording periods during the

encounter. The first period is currently scheduled from
024/1920 until 024/2000 UTC and corresponds to the Miranda mass
determlnation recording period. The second, critical open-loop

recording period will capture the Uranian ring and atmosphere
occultations and extends from 024/2115 until 025/0245 UTC. The
start of the critical events period for the encounter will be
20:15 UTC on DOY 024. This event signifies the start of the
period in which the critical radio sclence operations control
functions may be relayed to the on-site advisors via the RADSCI
voice net. The RSST also has priority access to the NOCC display
system at that time.

The period following the recording session will contain a
post-encounter debriefing session and a playback of the the prime
open-loop data if deemed necessary. The post-encounter
debriefing will be conducted between the on-site radio science
representatives and +the RSST and will conclude the real-time
radio science encounter activitlies. The narrow-band ODR playback
and data delivery issues are discussed in Section 9.
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8.2 VOICE NET COMMUNICATIONS

8.2.1 VOICE NET IDENTIFICATION

An overview of the voilce net structure which will be used
is shown in Figure 8-1 and the description of these nets 1s in
Table 8-1. In order to ensure that the voice communications
during the radio science events proceed smoothly, all personnel
using the radio science voice nets must properly identify

themselves. Call signs have been created which will be used
during radio sclence events. These call signs are summarized in
Table 8-2.

8.2.2 RADIO SCIENCE CONTROL FUNCTIONS

Due +to the dynamic nature of the Uranus radio occultation
and ring-scattering experiments, it is important that
communications be established which can provide for the rapid and
precise control of complicated equipment at locatlons remote from

JPL. As a means of relleving the strain on +the standard
operations volce nets and providing quicker response tlmes
during observatlons, a net has been designated to provide for a

direct voilce link between the RSST and radio sclence
representatives at DSCC 40 and Parkes. This net 1s designated
the Radio Science Advisor Net (RADSCI).

The danger exists that confusion can arise 1f conflicting
inputs are given to the tracking station over more than one net.
Thus, +the RSST inputs via the Radlo Sclence Advisor Net are
carefully regulated. Six specific radio sclence control
functions have been identified which are critical for successful
radio sclence operations. These six control function are
itemized in Table 8-3 and will be exerclised via +the RADSCI
net during the critical events period only. Specifically, the
Science Advisor will be responsible for makling the requests to
the on-site radio science representatives who will then relay the
request to the DSCC 40 or Parkes Shift Supervisor. However, the
Science Advisor may transfer control to another RSST member on-
line in the Mission Support Area if the need arises to do so.
During other operational periods, the RSST will request mneeded
changes through the standard Radilo Sclence Operations
Coordinator-to-ACE-t0o-OPCH-t0-DSCC communications link.

An initial set of parameters for these control functions
will be provided to the station both in the sequence of events
and during the RSST/On-Site Represesentatives briefings.
However, due to experimental uncertainties or system fallures,
the need for real-time changes may arise unpredictably.
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8.3 SEQUENCE OF EVENTS CONFIRMATIONS

The Voyager Integrated Sequence of Events (ISOE) will be the
controlling document for the conduct of the real-time operations
during the encounter pass. A subset of this ISOE will be
transmitted to the station by the DSN. This special radio
sclence SOE should contain all spacecraft and ground data system
events necessary for station support. :

Due to the spacecraft Late Stored Update sequence activity,
the final ISOE will not be transmitted to the station until a few
hours prior to AOS. The spacecraft and ground events which have
been moved by this update will be distinguished in the ISOE by a
"RSS-M" 1n the S/C SBSYS (spacecraft subsystem) column. It is
planned that the only ground system change which will be required
due to the LSU movable block is the Parkes refocusing of the
prime focus cage Just prior to ring occultation egress.

The confirmation of the ISOE line items will be done via the
standard DSCC/DSN/Voyager voice communication loops. The "action
by>>to" field in the ISOE indicates who is responsible for each
confirmation. Due to the complexity of the ceritical operations
during the encounter, the confirmation of ISOE items must be done
as closely as possible to the tinme specified. These
confirmations also provide visibility into the status of the
ground data system at the station and will be ¢losely monitored
by the RSST.

8.4 PRE-ENCOUNTER BRIEFING

This briefing will be conducted between the on-site radio
sclence advisors and the RSST. It is held shortly after AOS and
provides an opportunity to pass along last-minute information on
the status of the ground data system and to raise any questions
OT concerns. Of particular importance will be any change to the
predicts time offset. For the encounter pass the briefing is
scheduled for DOY 024, 17:30 UTC, at which time the encounter
operations radio scilence team will be on-line in the Voyager MSA.
The items to be covered during this briefing are contained in
Table 8-4.

8.5 ANTENNA POINTING STRATEGY

The planned antenna polnting strategy is to turn CONSCAN off
at DSS 43/42 during the critical radio science recordling period.
During this time, the subreflector will be moved and fixed for a
64 degree elevation for the X, Y, and 2 axzes at DSS 43 and the 2
axls at DSS 42 (X and Y axes will remain in auto focusing mode).

8-4
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This strategy will necessitate the use of the CONSCAN offset
tables bulilt for 64 degrees elevation residing in the APA. The
pointing mode priority for DSS 43 is understood to be Precision
1, Precision 2 and computer, in that order.

The times for the antenna pointing activity will be
specified in the SOE. If changes are required due to unforeseen
circumstances, the updated strategy will be documented 1n the
radio science consolidated TWX.

8.6 UPLINK TUNING STRATEGY

Uplink tuning predicts which have been generated from the
POEAS PCT tape will be available for DSS 63/61, DSS 14, and DSS
42/43. The uplink strategy at DSS 63 will support the spacecraft
late stored update sequencs. The DSS 14 uplink will provide the
real-time TWNC off command desired <£for the Mlranda mass
measurement. And the DSS 43 uplink will be used for the real-
time TWNC off command which will be used for additional Uranian
mass measurements after the occultation period.

8.7 TRACKING SYSTEM OPERATIONS

The detalls of the tracking system configuration are
contained 4in Appendix A and the predicts summary 1s contained in
Appendix C. The ISOE will specify when configuration changes
are required.

8.7.1 CLOSED-LOOP RECEIVER CONFIGURATION

During the encounter beginning with the entry of
atmospheric occultation, the received signal power (AGC) will
drop steadily and the recelved frequency will be changing as
fast as 3 Hz/sec at S-band. To maintain receiver lock as long
as possible, it will be necessary to ramp the closed-loop
receivers along the predicted frequency profile.

The static phase error (SPE) in the recelvers should be
zeroed out prior to the first recelver ramp. Preliminary ramps
are not avallable at this time. The actual ramps will be sent to
the station via the radio science consolidated TWX (see Section
7.6). The DSS 43 Block IV rates will be given in Hz/sec at the
POCA 1level.

The appropriate AGC calibration curves must be loaded into
the receivers to allow these values to be calculated. The AGC

8-5



618-837 V. 1 1/24/86

bandwidths will be specified in the ISOE. If a real-time change
is necessary, this request will be coordinated through the
standard communication link.

The Block IV recelvers should be configured with 10 and
30 Hz loop bandwlidths for S- and X-band respectively. The narrow
mode should be selected, which will retain the option of reducing
the bandwldths during the experiment. The Block 1III receilver
loop bandwidths should be 12 and 48 Hz for S- and X-band
respectively.

8.7.2 MDA OPERATIONS

The MDA at both DSS 42 and DSS 43 will be up and running
with S- and X-band channels enabled. The default sample rate will
be 1 per 5 seconds outside the prime open-loop recording period
and 10 per second within this period. The specific times will be
ldentified in the ISOE.

The required tracking predicts sets will include one, two
and three-way doppler modes. Both DSS 42 and 43 will require
these predicts during the radio sclence events. Since both the
radio science and tracking predicts were generated from the same
POEAS PCT, the tracking predicts will be adjusted by a time
offset - of the same magnitude as that used in the DSP. However,
the sign of the time offset will be opposite in the two systems,
due to the way in which the software applies these offsets to the
predicts.

8.7.3 PPM OPERATIONS

The PPM at DSCC 40 will estimate the systenm noilse
temperatures and signal levels from DSS 42 and DSS 43 for both S-
band and ZX-band. The S- and X-band system temperature data
collection will require the automatic switching capability of the
NAR Dbetween the two bands. The SLE configuration will have one
assigned +to the DSS 43 link and the other assigned to the DSS 42
link.

The integration times for the NARs and SLEs are specified in
Tables A-1 and A-2 for DSS 42 and DSS 43, respectively and will
also be contained in +the ISOE encounter pass configuration
information.
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8.8 RADIO SCIENCE SYSTEM OPERATIONS

Radio sclence system operations during the Voyager =<
Uranus encounter will consist primarily of continuous open-loor
recelver recordings. The occultation period recordings will Dbe
done with both the prime DSP-R recording system and the backur
open-loop recording system (ROVER) at DSCC 40. The Parkes open-
loop recording system will also be used to obtain additionmal X-
band data during this time (see Section 8.9). The Miranda mass
recordings will only be done with the DSP-R recording system.

8.8.1 MMR CONFIGURATION

The MMR at DSCC 40 will be configured with 4 input signals.
These four receiver channels will contain the DSS 43 SRCP, DSS 4=
SRCP, DSS 43 XRCP and DSS 42 XRCP signals. The bandpass fllters
which will be used are 20 KHz for both DSS 43 S- and X-band (DSt
42's filters are fixed in the Voyager configuration). The prime
recording system (DSP-R) will record each channel at a sample
rate of 50 KHz with 8 bit quantization.

8.8.2 MMR TUNING PREDICTS

The radio scilence predicts strategy currently planned foI
encounter 1s modified from that which bhas been used during
the testing cycle. This strategy will require three distinct
radlo science receiver tuning predict sets instead of four. The
three sets will be comprised of a mixed-mode set which includes
all the expected doppler mode changes during the pass, a ome-way
USO set and a one-way AUX OSC set. The backup mixed-mode set
requirement has been deleted.

The mixed-mode set will be used for encounter unless
otherwise requested by the RSST. This set will continue to be
used in the event where the backup mixed-mode set would have beer
used, namely the falilure of the real-time TWNC off strategy
surrounding Miranda recording. In the event that TWNC does not
go off as planned, either due to transmitter failure or the
incorrect estimation of the best lock frequency, a frequency
offset will be used to locate the noncoherent signal during the
coherent period assumed 1in the mixed-mode predicts. It 1is
believed that using a frequency offset instead of changing the
predict set will simplify +the station operatlions 1n this
contingency case.

It 1s planned to use the nominal encounter trajectory

predicts for encounter, adjJusted by a time offset. There will be
two additional predict generation and transmission cycles, one

8-7
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for each navigational update during the LSU activity. These
predicts will only be used if there is a significant error in the
spacecraft trajectory. The prediction status and strategy will
be Dbe discussed as part of the daily briefings.

8.8.3 SPECTRUM PROCESSOR ASSEMBLY (SPA)

The recording and monitoring configuration of the SPA are
determined by OCI's. The recording configuration is included in
Table A-2 and the Voyager ISOE. The preliminary monitoring
configuration 1s called out in Table A-2 and the Voyager ISOE
will contain the nominal strategy. Deviations from the ISOE may
be required in real-time and will be requested via the
appropriate channels.

The SPA will be run with a time offset as discussed 1in
Section 8.8.2. Since time offsets can only be entered while the
DSP 1s in IDLE, any changes to this offset will be passed along
during the pre-encounter briefing prior to the DSP RUN start time
for Miranda mass recording.

8.8.4 VWIDEBAND BACKUP OPEN-LOOP RECEIVER CONFIGURATION

The wideband backup recording system will be used during the
five and ome half hour occultation recording period. The first
LO noncoherent and coherent frequencies will be contained in the
radlio sclence consolidated TWX. Appendix C contains the second
LO frequencies. The noncoherent first LO frequency will be used
for the entire recording period since the TWNC will go on shortly
into this period. The presence of the S-band signals from both
DSS 42 and DSS 43 will be checked using the SSI several times
prior to and during the recording period.

8.8.5 SSI OPERATIONS

The SSI strategy is meant to closely monitor the performance
of the radio sclence system during the radio science critical
events. The SSI configuration is optimized for expected downlink
frequency and amplitude changes, in addition to the periodic
verification of signal presence. Nominal SSI operations are
specified in +the ISOE. However, it may be necessary to deviate
from the ISOE instructions for real-time trouble-shooting of the
open-loop system. In that situation, SSI 4instructions will
be communicated from the Radio Science Adviser in the MSA to
the on-site radlo science representative at DSCC 40 via the
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RADSCI volce net during the critical events period and through
the standard voice channels at other times.

A summary of the input signal assignments into the SSI is
included in Table 8-5.

8.8.8 ROVER PLAYBACK INTO THE SSI

Currently there are no plans to play the X-band signals
recorded by the ROVER system back into the SSI. However, this
may be requested in real-time and would be done shortly after the
recording period ends. This would require a playback of &
portion of the ROVER tape into the SSI at one-quarter speed (3C
ips).

8.8.7 TAPE LABELING PROCEDURES

The prime recording system open-loop data tapes will be
generated approximately every 8 minutes for a 5 hour and 3C
minute period. It is important that tape labels be placed on
these tapes as they are generated to minimize confusion
concerning the contents of each tape. The DSP-R generates tape
label- information including tape start and stop times. This
information 1s sent over to a CMC line printer at the end of
each tape. This means that this printer must be on and stay on
during the entire open-loop recording period to allow this
information +to be printed. Since this method may be unreliable
for actual label generation, a hand-generated label may be used
which contains the same informatlon. A preliminary tape 1log
which includes the start and stop times for each of these tapes
will be relayed to JPL shortly after LOS, with a TWX tape 1log
report to follow. See Section 9 for further detalls.

The wideband backup open-loop recording system will generate
tapes approximately every 15 minutes. These tapes willl De
overlapped by approximately 5 minutes, which leaves 5 minutes to
perform the tape rewind, tape head cleaning, mnew tape load and
labelling of the finished tape. The tape 1labels must be
generated by hand and should include the same information as the
DSP-R tapes.
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8.9 PARKES OPERATIONS

8.9.1 BRIEFING STRATEGY

Dally briefings will be held between the RSST and the on-
site radio sclence represenatives for both DSCC 40 and Parkes,
unless otherwise agreed to in advance. The agenda for these
daily briefings 1is contained in Table 7-2. On the day of
encounter, the final briefing will be held at 17:30 UTC, which is
approximately one hour prior to Parkes AOS. The pre-encounter
briefing agenda is contained in Table 8-4. :

8.9.2 ANTENNA POINTING

The strategy at Parkes will be to move and fix the prime
focus cage twice. The first time occurs at the start of critical
radio socience activities and will be for an elevation of 75

degrees. The second update occurs at the end of the atmospheric
occulation Just prior to the ring occultation egress and will be
for an elevation of 55 degrees. This second prime focus cage

update 1s the only ground data system change which will be
shifted as a result of the LSU process and the final time will be
included in the final ISOE transmitted to the station. The time
will also be confirmed in the pre-encounter briefing.

8.9.3 ODA OPERATIONS

The predicts for the ODA will be sent via the radio science
consolidated TWX. Three manually generated sets will be created:
& one way set for the entire pass, a three way set for the entire
bass and another ome way set which will be optimized for the
recording period to make full use of the 14 predict polnts
avallable 1in the ODA. The full-pass one way and three way sets
will Dbe used to confirm the radio science system prior +to the
recording period. Ten minutes prior to start of recording the
ODA will be taken to IDLE, the recording-span one way set
loaded, and the ODA put back into RUN. Since the sequenced TWNC
on command 1s within the LSU movable block, the signal will not
be seen until this instruction takes effect. The nominal time of
this event is currently 12 minutes after recording starts.

The ODA will be run with a time offset to the predicts.
This offset will be of the same magnitude but of opposite sign
from that which will be used in the DSP. This is due to the way
the software handles these offsets in each system. This offset
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will be passed along in the pre-encounter briefing via the RADSCI
voice net.

The ODA radio sclence recording parameters are contained in
Table A-3.

8.9.4 REAL-TIME CONFIRMATIONS DURING RECORDING PERIODS

The ISOE will contain the station radio sclence recording
configuration confirmation requests and the requests for periodic
confirmations of signal presence in the open-loop receilver. Other
requests for information may also be made in real-time. The
station 1s requested to keep the RSST and NOCT apprised of any
changes to the station equipment which may impact the progress of
the data collection.

8.10 GRAPHICS DISPLAYS AND HARDCOPY DATA COLLECTION

The DTV displays avallable to the RSST in the MSA and on the
third floor provide the principal data gsource for monitoring
the operation of the encounter. Due to the complexity of events
and the large body of data available, proper
organization and coordination of the DTV data displays are
essential. It will be the responsibility of the Radio Science
Operations Engineer to lnteract with the MCT and the NOPE/NAT
TRE to ensure the proper selection and display of data on the
DTVs.

There will be five primary display subsystems used by the
RSST during support for the encounter. They are the Project'’'s
TTS, MCCC's RTDS, and the NOCC’'s NRV, NTK, and VAP subsystems.
The desired NOCC displays are speclfied in detall in the NOCC
display request forms included in Appendix F.

All hardcoples of DIV displays made by the RSST will be
collected and organlized by the Operations Coordinator at the end
of the radio sclence operations perilod. Coples will be produced
and delivered to the Science Advisor, and the originals will be
archived at JPL.

The requirements for real-time monlitoring have been shown to
push the NOCC display system to its limit. In an attempt +to
alleviate some of the problems seen during previous radio science
supports, 1t has been suggested that the display system be
reloaded prior to the critical events. This will be done prior
to AOS for encounter and 1is specified in the ISOE. The systems
to be reloaded are the NTK, NRV, VAP and DDP.
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8.11 POST-ENCOUNTER DEBRIEFING

A post-encounter debriefing will provide a means for
wrapping up +the encounter activities. This debriefing will
begin approximately one half hour after the end of the open-
loop recordings. At this +time, the RSST will identify the
desired perlods of open-loop data to be played back over the
wideband data lines. Any remaining open items can be
resolved during this debriefing. The post-encounter debriefing
agenda 1is given 1n Table 8-6.

8.12 CONTINGENCY PLANNING

In the course of real-time operations during the encounter,
the potential exists for a variety of equipment failures or
problems. Whille it is impossible to list all potential problems,
major fallure modes which are considered most likely to affect
the radio science effort will be covered here. Each contingency
rlan will contain a discussion of the major steps required for
recovery of the desired fall-back position if the problem is
unsolvable 1n real time. It is anticipated that the station
personnel will have inputs to the contingency plans and a revised
version wlll be issued 1f necessary.

The RSST must be apprised of any failures in any equipment
affecting the radio science experiment. During critical events,
the Radio Scilence Advisor on-line in the Voyager MSA must have
the 1information avallable to evaluate the impact to the science
return. The contingency chosen wlll depend not only on the type
of fallure, but when 1t occurs during the experiment.

In the event that there several problems during the radio
science events with limited station resources, the following
priorities should be followed.

PRIORITY
SCIENCE OBSERVATION DATA SYSTEM
Uranus Atmospheric Occultation Open-loop
(XPOCC)
Ring Occultation (XROCC) Open-lo0p
Miranda Mass Determination (XMMASS) Closed-loop
Uranus Gravity Field (XPGRAV) Closed-loop
Celestial Mechanics Redshift (XSCEL) Closed-loop
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8.12.1 SOFTWARE HALTS

Any reload which may impact data collection must be
coordinated +through the OPS Chief, Voyager ACE, and RSST. A
summary of the applicable software follows.

DSCC 40 PARKES NOCC
APA oDA NRV

DSP NTK

MDA VAP

LMC (DSS 43/42)

CMC

8.12.2 HARDWARE FAILURE

It 1s expected that any fallure of hardware will be dealt
with by the appropriate engineering and maintenance personnel.
Adequate spares imn good condition must be available should
replacement be deemed necessary or the most expedient.

8.12.3 ANTENNA

One possible failure is that of the auto collimator, which
should be swapped if possible. Another is with the Precision 1
antenna pointing mode at DSS 43, whereupon Precision 2 and then
computer mode should be used. The inability to the load the
fixed subreflector offset table into the APA may require that the
subreflector be moved and fixed at several points during the
periods of least impact. Finally, if predicts are lost entirely,
it may Dbe necessary to go into the planetary predicts mode or
sideral mode to continue tracking.

8.12.4 TRANSMITTER

The +transmitter contingency if the high power <transmitter
fails at DSS 43 will be to go to the low power transmitter at DSS
43 and if that falls to go to the low power transmitter at DSS
42.
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8.12.5 EZXCITER

The exciter contingency will be to swap to the DSS 42
exciter if DSS 43 has an exciter problem. The DSS 42 ezxciter
will be ramped along the uplink profile during the period the DSS
43 exciter 1s in use to ensure minimal switch over time if the
DSS 43 exciter fails.

8.12.6 MMR

If there is a fallure in any of the DSS 43 filters, the RSST
may request that the filter or the inputs to the filters be
swapped. This would be dependent on the period in which the
fallure occurred. Another possibility may be to go to the next
filter size down. If 1t appears as though the DSP NBOC A/D
converters are close to saturating, it may be expected that the
MMR attenuator settings will be adjusted. A failure of the MMR
POCA will require a swap to the spare POCA.

8.12.7 DSP

A halt of the DSP will be handled as other software halts at
the station. If the NBOC phase-lock loop drops lock, the station
is to bring it back in lock as soon as possible. Any NBOC sync
alarms should be passed along to the RSST shortly after

occurence. A fallure of one of the tape drives during the
recording perliod may necessitate the use of only one drive as was
done during SCOT 4. However, during the atmospheric occultation

period, a request may be made to swap to a narrower MMR filter
and a lower sample rate in order to reduce the number of tape
changes required.

8.12.8 SSI

The backup SSI at SPC 40 is requested to be brought into use
if the prime SSI fails.

8.12.9 CLOSED-LOOP RECEIVERS

As 1in the case of a failure in the MMR, +this Plan would be
based on when the faillure occurs. During +the atmospheric
occultation, the receipt of the S-band signals with the closed-
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loop system has priority. Therefore, a fallure in elther of the
S-band receivers would require a reconfiguration to replace the
falled receiver with the receiver which had been assigned to X-
band.

8.12.10 LOSS OF RADIO SCIENCE PREDICT SETS

As a last resort, the MMR POCA may be taken to manual mode
and the ramps entered via the front panel. A contingency set of
limited ramps will be made available in this circumstance.

8.12.11 LOSS OF SIGNAL AT PARKES

The spectrum analyzer at Parkes should be made available
during the critical radio science recording period to assist in
trouble-shooting the system.

NOTE: Due t0 an ODA anomaly, run-time frequency or time
offsets are not to be entered after day change during the
occultation recording period.

8.12.12 LOSS OF VOICE LINE TO STATIONS

During +the period of the outage, +the on-site radio sclence
representatives will continue the encounter sequence based on the
latest available information.

8.12.13 LOSS OF DATA LINE TO STATIONS

The encounter operations should contlnue as planned while
the outage occurs. Thlis circumstance will necessitate more
reliance on verbal reporting from the stations.

8.12.14 SPACECRAFT USO FAILURE

A fallure 1in the USO would result in the loss of a very
stable signal whose frequency is known qulite precisely. The RSST
would request a switch to the predict sets for the auxilliary
oscilllator. Since the AUX OSC frequency is =not well known,
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frequency offsets may be required to find and center the signal
in the open-loop receivers at DSCC 40 and Parkes.

8.12.15 UNEXPECTED DOWNLINK MODE

If the downlink is in a different mode than was expected
when the mixed-mode predicts were generated, a frequency offset
will have to be entered into the DSP. The difference between the
coherent and noncoherent frequencies will be included 4in the

radlio science consolidated TWX. If the discrepancy i1s due to a
change in the planned transmitter activity, considerable advanced
notice will be given. However, 1f 1t 1s due +to0 unknown

spacecraft response, it will have to be detected and responded to
in real-time.

8.12.16 UNAVAILABILITY OF KEY RADIO SCIENCE PERSONNEL

A vacancy 1in the real-time operations assignments will be
filled by the Radio Science Team Chief and the RSST ATR Engineer
in +that order. Other positions may have to be reassigned to
reduce the impact to the encounter support.:
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Post pass operations for the Voyager 2 Uranus Encounter
will span the three-month period beginning with LOS on the
Encounter pass. During this period the primary radio scilence
related activity will be data delivery to the RSST. The
quick-look processing and analysis of the dats for
evaluation 1is discussed in Section 10. The following sections
detall procedures and operation schedules for this period.

9.1 POST-ENCOUNTER THREE-MONTH PERIOD

As with the pre-Encounter period, the post-Encounter +three
month period will involve minimal real-time operations activity.
The RSST may require some post-Encounter calibrations at DSCC
40 1f problems arise during the Encounter. Otherwise, post-
Encounter operations will be comprised primarily of data
delivery (hardcopy and tapes) and preliminary processing of that
data.

9.2 POST-ENCOUNTER TAPE LOGGING PROCEDURE

Dﬁe to the large number of tapes generated, and the distance
between JPL and DSCC 40, 1t is essential to establish appropriate
logging procedures for all station-generated radio science tapes.

For Encounter there will be three categories of open-
loop tapes to be logged: +the DSP NBODR tapes, the ROVER WBODR
tapes, and the Parkes PODR tapes. During the post-pass period,
all DSCC 40 +tape ID numbers and start and stop times will be
reported by DSCC 40 to the Track Controller via the TRACK-1 Net
as standard operating procedure. It will be the responslbility of
the Radlo Science NOPE to monitor this report, and log all tape
ID numbers and start and stop times for the RSST.

Requests will be made for duplication of NBODRsS covering
reriods of interest immediately after the pass, to be hand-
carried back to Stanford University by special courier. Also for
Encounter full duplication of all of the NBODRS , WBODRs and
PODRs is required. These duplicates will be shipped to JPL while
the original tapes will remain at DSCC 40 until the duplicates
are delivered to the RSST and have been validated. If the radio
science SCOE requests a post-Encounter SPT be run on some of the
data, additional duplicates should be made available to perform
the SPT.

Upon completion of the recording period, a complete written
report will be prepared. This report will be sent to JPL via
TWX, and will contain tape ID numbers, recording times, and
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tape drive 1ID numbers. In addition to the tapes described
above, the report will include ID numbers of all duplicate tapes.

9.3 DELIVERY OF QUICK-LOOK NBODRs TO STANFORD UNIVERSITY

The nominal plan for obtaining selected portions of
Encounter open-loop recorded data of immediate interest is hand
delivery to Stanford University of duplicates of the NBODRs by
special courier within 30 hours of the end of the encounter pass.
However, GCF wideband 1lines will be scheduled up for the
period immediately following the pass, and in the case of any
anomalous events the RSST may request playback of several minutes
of the open-loop data after the pass.

The RSST will identify the NBODRs to be immediately
duplicated for the special courier and, if necessary, the
portions of the recorded open-loop data for playback to NOCC
during the post-Encounter debriefing period. NBIDRs of this
playback data will be generated on the DRG in NOCC and will Dbe
delivered to the RSST within 24 hours of +the playback. The
duplicate NBODRS will be delivered by the special courier
directly to Stanford University within 30 hours

9.4 PLAYBACK OF SELECTED PORTIONS OF THE PARKES PODRs VIA GCF

Nominally, it 4is not anticipated that any playback of <the
Parkes data will be required for Encounter. However, in the case
that any anomalous events do occur, the RSST may rTequest that
several minutes of the Parkes open-loop recorded data be
played-back. The RSST will identify portions of +the recorded
Parkes open-loop data for playback +to NOCC during +the post-
Encounter debriefing period. All the Encounter Parkes Original
Data Records (PODRs ) will be transported from Parkes to DSCC 40
within 24 hours following the Encounter. There duplicates of all
PODRs wlll be made to be shipped to JPL by expedited means. The
original PODRs will be held at DSCC 40 until the duplicates
arrive at JPL and have been validated by the RSST. Upon request
by the RSST they will be sent with the other original tapes in
the 2nd Expedited Shipment.

If necessary, GCF wideband 1lines will be scheduled for
playback of the Parkes data following the PODRs arrival at DSCC
40. Parkes Intermediate Data Records (PIDRs ) of this playback
data will be generated on the DRG in NOCC and will be delivered
to the RSST within 24 hours of the playback.
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9.5 POST-ENCOUNTER CALIBRATIONS

It 1s possible that post-cals of the open-loop receiving
equipment may be required for Encounter. If this procedure 1is
required, the request will be made by the RSST over the Radio
Sclence Advisor Net (RADSCI) during the Encounter or during the
post-Encounter debriefing period.

9.6 POST-PASS SYSTEM PERFORMANCE TEST

There is no requirement for a post-Encounter SPT. However,
one may be requested by the Radio Science SCOE. If this 1is
the case the original tapes will be on hand (duplicates of all
data tapes will be shipped to JPL before any originals) to
make additional duplicates to perform the SPT.

9.7 TAPE DUPLICATION AND DELIVERY

The Encounter strategy will require the duplication of all
NBODRs , WBODRs , and PODRs after Encounter. These duplicates
will be sent to JPL, NDC attention: F. Donivan, in an expedited
shipment as soon as possible. The original tapes will be kept on
hand at DSCC 40 until the duplicates have arrived at JPL and have
been validated. Once the arrival and validlity of the duplicates
has been confirmed by the RSST, the original tapes will be sent
to JPL in a RSST requested, expedited shipment. This process
including validation may take up to 3 months.

In addition, extra duplicates will be made of several RSST
selected NBODRs during the post-Encounter debriefing to be hand-
carried by special courier to Stanford University within 30 hours
of Encounter. These Stanford tapes must be duplicated immediately
after Encounter to ensure delivery to Stanford within 30 hours.

9.7.1 CLOSED-LOOP TRACKING DATA

A special Tracking IDR will be delivered to the RSST
directly from the DSN within 1 hour of DSS 43 LOS, which covers
the period 024/1645 to 025/0535. A normal Track IDR coverlng the
sameé period (refer +to Interface Agreement NOCT-35) will be
delivered within 1 day of the Encounter. For any other periods of
interest, the RSST will request copies of tracking IDRs from
the DSN delivered per normal procedures.
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If tracking data in the form of ATDFs is desired, the RSST
will request these from the Navigation Team. Using Voyager
mission-bullt software, IDRs can be stripped into an ATDF format
onto tape(s) either at the IPC or on one of the navigation VAXs ,
and then verified with a routine named TDF PRINT. The output of
TDF PRINT is a time-ordered listing of the tracking data over the
time period of interest. These tapes would then be delivered to
the RSST RODAN facility (264-365).

9.7.2 MONITOR IDR DATA

Monitor 5-9 data in the form of a Monitor IDR will be
delivered to the RSST directly from the DSN covering the perlod
from 024/1635 to 025/0535 (refer to Interface Agreement NOCT-
36). The delivery schedule for the Monitor IDR is within 24 hours
of Encounter.

9.7.3 NARROW-BAND OPEN-LOOP DATA

The narrow-band open-loop data is recorded at DSCC 40 on ©
track 6250 bpl tapes known as NBODRs . The tape contains the four
channels of digitized receiver data from the MMR and POCA tuning
information, as well as +timing, configuration and status
information.- In the OP-B delivery of DSP-R it will also include
PPM data.

All the NBODRs generated at Encounter will be duplicated as
soon as possible after the pass. The duplicate tapes are to be
shipped to JPL, NDC attention: F. Donivan, via expedited means.
It is very important that these coples arrive at JPL ASAP because
they are to be validated by the RSST before any of the original
NBODRs walting at DSCC 40 are to be shipped to JPL. Once at JPL,
the tapes are delivered to the RSST where they are logged in
and given RSST tape IDs . Once the arrival and valldity of the
duplicates has been confirmed by the RSST, the RSST will request
delivery of the original NBODRs in the 2nd Expedited Shipment.

Extra duplicates of 2 NBODRs must be made immediately after
being selected by the RSST during the post-Encounter debriefilng

period, to ensure delivery to Stanford by special courier within
30 hours of Encounter.

9.7.4 PARKES OPEN-LOOP DATA

Narrow-band open-loop data is recorded at DSS 49 (Parkes)
on 1600 bpi tapes known as Parkes Original Data Records (PODRs ).
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The tapes contain 1 channel of digitized receiver information,
each tape covering approximately a six minute and forty second
time period. These tapes must be shipped to DSCC 40 within 24
hours of Encounter. At DSCC 40 duplicates of the PODRsS will be
made, and included in the 1st Expedited Shipment with the other
duplicate tapes. Once the duplicate PODRs have arrived at
JPL and bhave been validated, +the original PODRs and other
original tapes will be sent from DSCC 40 to JPL in the 2nd
Expedited Shipment, only upon request by the RSST.

If any anomalous events occur during Encounter, several
minutes of PODR data may be selected by the RSST for playback
over wideband data lines as soon as possible after Encounter. If
this should occur PIDRs would be generated at NOCC and will be
delivered to the RSST within 24 hours of the playback. On
delivery to the RSST the tapes are logged in and given RSST tape
ID numbers.

9.7.5 ROVER DRA OPEN-LOOP ODR DATA

The Rover DRA open-loop ODR data is recorded at DSCC 40 on
1 inch instrumentation tapes known as WBODRs . The tape contains
the four channels of digitized receiver data from +the wideband
backup receiver as well as timing information.

All the V¥BODRs will be duplicated at DSCC 40 as soon as
possible’ after the pass. These duplicates are to be shipped to
JPL 1in the 1st Expedited Shipment with the other duplicated
NBODR and PODR tapes. It is very important that the tapes arrive
at JPL ASAP because they must be bandwidth reduced at the BRF
in CTA-21 to produce computer compatible 1600 bpi tapes which
are called Videband Intermediate Data Records (WBIDRS ). Once
the computer compatible WBIDRS are generated, they are delivered
to the RSST where they are 1logged in and given RSST tape IDs

Once the duplicate WBODRs arrival and validity have been
confirmed by the RSST, the original WBODRs will be sent only
vhen requested by the RSST in the 2nd Expedited Shipment with the
other original tapes.

9.7.6 SPACECRAFT TRAJECTORY DATA

The Celestial Reference Set (CRS) tapes contain spacecraft
trajectory vectors for use in data analysis by the experimenters.
The format and contents of the tapes are described in Interface
Agreement NAV-37.
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For Encounter four CRS tapes will be required :

(1) Delivered to the RSST within 24 hours of the Navigation
Results Meeting for the Late Ephemeris Update which 1s
is 4 Days 18 Hours before Encounter.

(2) Delivered to the RSST within 12 hours of +the 2nd
Navigation Results Meeting for the Late Stored Update
which is 18 Hours before Encounter.

(3) Delivered to the RSST within 2 weeks of Encounter using
reconstructed Encounter trajectory data .

(4) Delivered to the RSST after the Encounter using the best
reconstructed Encounter trajectory data, after all known
sources of error have been removed.

9.7.7 SPACECRAFT ENGINEERING DATA

Radlo Sclence System Engineering Data Record (RSSEDR) tapes
contain the spacecraft engineering and mnecessary monitor data
which are used by the RSST to evaluate overall spacecraft
performance during radio sclence events (most notably, data are
provided for the USO and RFS subsystems). A  RSSEDR tape
will be generated for Encounter by the Sclence Data Team (SDT)
due to submission of a RSSEDR request form by +the RSST as
specified in Interface Agreement SDT-363. The requirement for
delivery of the tape is within one week following the Encounter.

9.7.8 MANEUVER DESIGN AND RECONSTRUCTION DATA

Procedures for the delivery and collection of +the Maneuver
design Files and the Limb Track Maneuver Reconstruction have been
established between the RSST and the Spacecraft Team (SCT) 4in
Interface Agreements RSST-01 and SCT-20 respectively. The
delivery schedule for the Limb Track Maneuver Reconstruction tape
is nominally within 30 days of Encounter as specified i1n the
requesting RSST IOM. However, the delivery 1ln any case will not
be made until correctlon is made for all the known sources of
error affecting Maneuver reconstruction accuracy.
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9.8 HARDCOPY DATA
9.8.1 DSCC HARDCOPY DATA

"Hardcopy data" are defined to be those data (LMC Log,
notes, graphs, logs, stripcharts, etc.) which are generated by
DSCC hardware and operators in support of the radio science
experiments. For Encounter the hardcopy data set includes:

LMC Log - Diagnosis of DSP subsystem
problems.
Pre-Pass Countdown Log - Establishes station configura-

tion for data reduction purposes.

Tape Log - Provides a primary-source listing
of the data tapes.
9.8.1 DSCC HARDCOPY DATA

The hardcopy data will be shipped to JPL with the duplicate
tapes in the 1lst Expedited Shipment.

9.8.2 PARKES HARDCOPY DATA

"Hardcopy data" are defined to be those data which are
generated by the DSS 49 hardware and operators in support of the
Radlo Science events. For Encounter the hardcopy set includes:

Parkes Log - Post Encounter evaluations

Parkes PCTA Strip - Analysils of the received Signal
Chart Recording strength during Encounter

Parkes Nolse Adding - Calibration of the Gain and Noise
Radlometer (NAR) Fluctuations in Ground Data System

Hardcopy & Floppy Disk

The hardcopy data will be sent to DSCC 40 with the PODRS and
shipped to JPL with the lst Expedited shipment of the duplicated
tapes.

9.8.3 NOCC HARDCOPY DATA

The NOCC Hardcopy Data of interest 4is the (Network
Operations) Controller’'s Logs and the Tracking System Pass
Summaries (NAT TRK Logs). This hardcopy data shall be made
avallable to the RSST within 24 hours of the Encounter.
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DATA PRODUCT DELIVERY STRATEGY AND SCHEDULE

DATA TYPE

TRK IDR

MON IDR

Quick-look
Wideband
Playback
NBIDR

NOCC Hard-Copy
-Controller's
Logs

-NAT TRK Logs

CRS Tape
(4 tapes)

DELIVERY STRATEGY

Tape delivery from NDC
to RSST RODAN Facility
(Bldg. 264, Rm. 365).

Tape IDs communicated to

the RSST via the NOPE.

Delivery from DSN by
Special pick-up by a
RSST member.

Tape delivery from NDC
to RSST RODAN Facility
(Bldg. 264, Rm. 3685).

Contingency basis only
Tape delivery from NDC
to RSST RODAN Facllity,
Bldg. 264, Rm. 365.

Hardcopy delivery from
NDC to RSST RODAN
Facility, Bldg. 264,
Rm. 365

Delivery from NAV to
RSST via tape inter-
face at IPC.

DELIVERY SCHEDULE

A Normal IDR de-
livered within one
day following LOS
at 025/05:35 UTC

A special IDR is

required covering
DSS 42/43 encntr

pass, and must be
delivered within

1 hour of LOS

All IDRs to be de-
livered wlthin one
day following LOS
at 025/05:35 UTC

Only if necessary,
Start NBIDR wide-
band playback pro-
cedure after LOS
at 025/05:35 UTC
Delivery to RSST
within 24 Hours

Delivery to RSST
will be within 1
day following LOS
at 025/05:35 UTC

(1) Predict tape
delivered to RSST
by 020/22:00 UTC

(2) Predict tape
dellvered to RSST
by 023/23:00 UTC

(3) Reconstn tape
delivered to RSST
by 039/05:35 UTC

(4) Reconstn tape
of final OD soln
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DATA TYPE

1

TABLE 9-1 (continued)

DELIVERY STRATEGY

RSSEDR

NBODRs

Parkes
Narrowband
PODRs

Parkes
¥ideband
Playback
PIDRs

Delivery from GSDT by
pickup by RSST member.

(1) Duplicate 2-3 Extra
NBODRs at LOS, Delivery by
Special Courier to Stanford

(2) Duplicate all NBODRs
immediately after Encounter
Send in the lst Expedited
Shipment expedited to NDC,
JPL, attan: F. Donivan, for
final delivery to the RSST

(3) Original NBODRS sent
only on RSST request after
arrival & validation of the
Duplicates by the RSST, in
the 2nd Expedited Shipment

After the Critical Events
Period, the Parkes PODRs
ID numbers will be relayed
to the RSST via the Radio
Sclence Net (RADSCI).

(1) Duplicate all PODRs at
DSCC 40, Send Duplicates in
1st Expedited Shipment

with the other Duplicates

(2) Ship Original PODRs 4in
2nd Expedited Shipment with
the other Original tapes

On Contingency basis only,
Tape delivery from NDC

to RSST RODAN facility
Bldg. 264, Rm. 365.

2-10
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DELIVERY SCHEDULE

EDR delivered in 1
week of Encounter

(1) Extra NBODR Duplic-
cates arrlive Stanford
30 hours of Encounter

(2) NBODR Duplicates
in the 1lst Expedited
Shipment delivered to
the RSST within 2 weeks
of the Encounter

(3) NBODR Originals

in the 2nd Expedited
Shipment on request by
the RSST

All PODRs delivered to
DSCC 40 within 24 hours
of the Encounter

(1) PODR Duplicates

in the 1lst Expedited
Shipment within 2 weeks
of the Encounter

(2) PODR Originals
in 2nd Expedited Ship-
ment on RSST request

If necessary, Playback
ASAP when PODRs reach
DSSC 40, Deliver PIDRs
in 1 day of Playback
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TABLE 9-1 (continued)

DATA TYPE DELIVERY STRATEGY

ROVER VWide- (1) Duplicate WBODRs after

band WBODRs Encounter, Send Duplicates
in 1st Expedited Shipment
with other Duplicate tapes

(2) Send Original WBODRsS

in 2nd Expedited Shipment
with other Original tapes

Limb Track Delivery from Univac 1100

Maneuver Library to RSST, after
Reconstru- notification by the SCT
tion tape
DSCC Hard- Send in the 1lst Expedited
Copy Data: Shipment with all other
Duplicated tapes

~-LMC Log

-Pre-Pass

Countdown

Log

Parkes Hard- Send in the lst Expedited

Copy Data: Shipment with all other
Duplicated tapes

-Parkes Log

-Parkes Strip
Chart Output

-Parkes NAR
Hardcopy &
Floppy Disk

1/24/86

DELIVERY SCHEDULE

(1) WBODR Duplicates
in the 1lst Expedited
Shipment within 2 wee
of the Encounter

(2) WBODR Originals
in 2nd Expedited Ship
ment on RSST request

Tape delivered within
30 days of Encounter

DSCC Hardcopy in 1lst
Expedited Shipment du
2 weeks after Encount

Parkes Hardcopy in 1ls
Expedited Shipment du
2 weeks after Encount
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SECTION 10

POST ENCOUNTER DATA PROCESSING AND VALIDATION

10.1 DSN SYSTEM PERFORMANCE TESTS
10.2 RSST DATA PRODUCTION SYSTEM
10.3 DATA PROCESSING, VALIDATION AND DELIVERY
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This chapter is primarily concerned with what is done with
Radio Sclence data after it is delivered to the RSST, but
includes the validation of data that is done by the DSN's System
Performance Test (SPT) Program.

As the final link in the Radio Science Ground Data System,
this section will describe the RSST Data Production System, the
data processing and validation, and the quick-look and final data
strateglies required to support radio science investigations.

10.1 DSN SYSTEM PERFORMANCE TESTS

In addition +to the processing and validation done by the
RSST there are a number of System Performance Tests that will be
done at the stationm. The exact procedures to be used to run the
SPT programs are described elsewhere, but it is possible that a
selection of the SPTs will be run pre-pass to verify hardware

readlness, and a different selection may be run post-pass on
copies of the data tapes in order to inform station personnel of
problems as soon as possible. SPTs wlll be performed at the

directlion of the SCOE.

10.1.1- SPT PROGRAM DESCRIPTION

The DSN Radio Science SPT Program runs on the same computer
and uses the same tape drives as the DSP recording system, but it
operates independently. The SPT program will be used to perform
& preliminary analysis of the DSP recordings. The SPT programnm
has four main functions available:

1. Header analysis

Displays and lists information recorded in the header
such as record number, POCA frequency, time tags, and
PPM/SLE data.

2. FFT

Uses a Fast Fourler transform to derive spectra from
the recorded A/D sample data. Signal frequency,
amplitude, spurious signal evaluation and noilse level
estimates are extracted from the derived spectra.

3. Phase

A phase lock loop acquires the signal recorded in the
A/D data and evaluates the amplitude and phase
stabllity of the system.
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4. Quantization

This function is intended to evaluate the performance
of the A/D converters and requires a "clean" input
sigral into the DSP. Quantization phase matches ar
accurate estimate of the recorded signal to the
recorded A/D data and sums any errors for each A/I
level.

10.2 RSST DATA PRODUCTION SYSTEM

The RSST Data Production System includes the software and
procedures required to emnsure that the data collected in support
of radilo sclence observations 1s usable by the science
investigation team. Pigure 10-1 4is a block diagram of
this system. The figure is arranged such that the data sources
are to the left, the final data destinations are to the right,
and the required processing and library facilitles are ir
between. The following subsections describe those elements of
the RSST Data Production System.

10.2.1 DATA SOURCES

The radio science data sources shown in Figure 10-1 are DSCC
40, Parkes, the NOCC, the Voyager Navigation Team (NAV Team), the
Voyager Spacecraft Team (SCT), and the General Science Data Tear
(GSDT). The data types generated by each of these entities are
shown on the figure and are described 1n detail in Section 10.¢
below.

10.2.2 DATA PROCESSING AND LIBRARY FACILITIES

The facllities required to tramsport and process the various
radio science data types are scattered throughout the JPL organ-
izatlion. These facilities include the DSN Network Data Center
(NDC) in Building 230 through which all DSN data must be releasec
to the Project, the IBM 360 library in Building 230, the Informa-
tion Processing Center (IPC) 1100/81 computer and library whick
are located off-Lab, the DSNs VTF/CTA-21 facility in Bullding
125, and the Radlo Occultation Data Analysis (RODAN) Facilitys
Prime computer and library in Building 264. The role of each of
these processing and 1library facilities 1n the collectlon,
processing, validation, and delivery of each of the radio science
data types 1s described in Section 10.3.
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10.2.3 DATA DESTINATIONS

After completion of all data preparation processes, the data
products must be archived at JPL and shipped to the Voyager Radio
Science Team (RST) investigators who are located at Stanford
University, and JPL. The detalls of the validation and delivery
procedure for each of the radio sclence data types is
described in Section 10.3.

10.3 DATA PROCESSING, VALIDATION AND DELIVERY

The following subsections describe the flow of each radio
sclence data type through the RSST Data Records System. This
flow of data products from collection, through processing and
validation, to delivery 4is shown in a left-to-right semse in
Figure 10-1.

10.3.1 CLOSED-LOOP TRACKING DATA

Procedures for the collection and delivery of Tracking
Intermediate Data Records (IDRs ) have been established in
Interface Agreement NOCT-35 between the DSN and the RSST. The
NOCT will provide for the delivery of the Tracking IDRs for the
purpose of obtaining a permanent record of the downlink frequency
and signal level(s). Delivery of the Tracking IDRs will be at
the request of the RSST. The DRS will process the IDRs and make
them available for pickup by a MCCC library representative within
one hour. The MCCC library will have the tapes available for
pickup by the RSST Staff Assistant. The RSST Staff Assistant will
process the documentation for the IDR tapes transfer through NDC
(Bldg.230 Room 109).

Procedures for collection and delivery of the Archival
Tracking Data Files (ATDFs ) to the RSST have been established in
Interface Agreement NAV-25 between NAV and the RSST. If tracking
data in +the form of ATDFs is desired, +the RSST will request
these from the Navigation Team. Using Voyager mission-built
software, IDRs can be stripped into an ATDF format onto tape(s)
elther at IPC or on one of the Navigation VAXs , and then
verified with a routine called "TDFPRINT". The output of TDFPRINT
ls a time-ordered 1listing of the tracking data over the time
period of interest. These ATDF tapes would then be delivered to
the RSST RODAN facility in Bldg. 264-365.

Validation processing for the Closed-loop Tracking data is
also done using the "TREKPRINT" program, which extracts data from
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2-14 or 2-15 format Tracking IDRs or ATDFs for storage on a
RODAN Disk File. The data stored takes the form of Doppler
Counts, Residuals and Noise, Angular Residuals, Derived Power tc
Noise Ratios, Differenced Range vs. Integrated Doppler Data,
Range Data and Radio Metric Validation data (2-14 format only).
For a detalled description of the data types and formats of the
Tracking IDRs, refer to the DSN Interface Change Authorization
820-13 Module TRK-2-14 and TRK-2-15 documents. For similar
detalls on the ATDFs refer to the IDR Stripper Program Set Users
Manual Rev. 4 (4/26/1984).

10.3.2 NARROW-BAND OPEN-LOOP DATA

Procedures for the delivery and collectlion of +the Narrow
Band Original Data Records (NBODRs ) and the Narrow Band
Intermediate Data Records (NBIDRs ) have been established betweer
the DSN and the RSST in Interface Agreements NOCT-13 and NOCT-33,
respectively.

Validation processing of both the Mark IV NBODRs and
NBIDRS 1s accomplished under five programs:

1. Header Analysis

Program "NBHDR" reads tape record header data such as A/L

2 - Converter Mode, Sample Rate, and Time Tags, POCA Tlme
Tags Frequency, and Status for storage in a RODAN disk
File for analysis.

2. A/D Converter Channel Samples Plots

Program “"NBSMPLS" plots graphs of A/D Converter Sample
Voltages vs. Sample Numbers, with Mean and Sigma values
from any of four A/D Converter channels as CRT Displays
or hardcopies for analysis.

3. Recelved Signal Power Spectra Plots

Program “NBFFT" performs a Fast Fourler Transform (FFT)
on any of four A/D Converter Sample values to produce &
Power Spectrum of the received signal strength, averages
a requested number of spectra, then plots a graph of the
averaged Power Spectra as a CRT Display or Hardcopy.

4. Precision Power Monitor Analysis
Program "NBPPM" reads tape record Precision Power Monitor
(PPM) data such as Receiver ID, Antenna ID, Integration

Time, A/D Converter and PPM Time Tags, System Noise Temp-
erature and Sigma, for storage in a RODAN disk File.
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5. POCA Data Analysis

Program "NBPOCDMP" reads tape record Programed Oscillator
Control Assemply (POCA) data such as tape record number,
POCA Time Tags, POCA Frequency, POCA Rate, as well tape
header data, for storage in a RODAN disk File.

10.3.3 PARKES OPEN-LOOP DATA

Procedures for the delivery and the collection of the Parkes
open-loop Original Data Records (PODRs ) and the Parkes
Intermediate Data Records (PIDRs ) have been established in
Interface Agreement NOCT-42 between the DSN and the RSST.

Validation processing of both the Mark III PODRs and
PIDRs is accomplished under three progranms:

1. Header Analysis

Program "PHDR" reads tape record header data such as A/D
Converter Mode, Sample Rate, and Time Tags, POCA Time
Tags, Rate, Frequency, and Status for storage in a RODAN
disk Flle for analysis. ®

2. A/D Converter Channel Samples Plots

Program "PFFT" plots graphs of A/D Converter Sample
Voltages vs. Sample Numbers, with Mean and Sigma values
from any of two A/D Converter channels as CRT Displays
or hardcoples for analysis.

3. Received Signal Power Spectra Plots

Program "“PFFT" performs a Fast Fourier Transform (FFT)
on any of two A/D Converter Sample values to produce a
Power Spectrum of the received signal strength, averages
& requested number of spectra, then plots a graph of the
averaged Power Spectra as a CRT Display or Hardcopy.

4. POCA Data Analysis

Program "PPOCPLT" reads tape record Programed Oscillator

Control Assemply (POCA) data such as tape record number,
POCA Time Tags, POCA Frequency, POCA Rate, as well tape
header data, for storage in a RODAN disk File. It then
pPlots a graph of POCA Frequency vs Time as a CRT display
or Hardcopy.
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10.3.4 WIDEBAND BACKUP ROVER DATA

Procedures for the delivery and collection of the Wideband
"ROVER" Original Data Records (WBODRs ) and the CTA-21 V¥ideband
Intermediate Data Records (WBIDRs ) have been established in
Interface Agreement NOCT-30 between the DSN and the RSST. The
format of the tapes is described in sub-section IDR 12-2 of the
820-13 document. The tapes will be delivered to CTA-21 Room B-17
in Bldg. 125, Monday through Friday between 08:00 and 16:00 hours
PST. The RSST will supply a hand receipt system to determine the
location of the tapes. Accompanying the tapes will be
instructions indicating what portion of the recorded data are to
be processed and what resultant products are to be returned to
the RSST. The timing requirement for delivery of these services
and products is as soon as possble following Encounter.

validation of the WBODRs is done indirectly by validation
of the reduced WBIDRs constructed from them.

validation processing of the WBIDRs is accomplished under
one program:

1. Header Analysis

Program "WBFFT" reads tape record header data such as

Bandwidth Reduction Filter (BRF) Status, DSS Number, Tlme

Tags, Sample Rate and Frequencles, for storage in a RODAN
- - disk File for analysis.

2. Power Spectra Plots

Program "WBFFT" performs & Fast Fourler Transform (FFT)
to produce a Power Spectrum of the received signal
strength, averages a requested number of spectra, then
plots a graph of the averaged Power Spectral Demnsity vs
Frequency as a CRT Display or Hardcopy.

10.3.5 SPACECRAFT TRAJECTORY DATA

Procedures for the delivery and collection of the Celestial
Reference Set (CRS) tapes have been established between the
Navigation (NAV) team and the RSST in Interface Agreement NAV-37.
The data format required is defined by SIS 4-60003-4, Rev. A.
The CRS tapes will be validated by comparison with the trajectory
print from TWIST. Formal statistics will be provided on request
by the RSST.
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10.3.6 SPACECRAFT ENGINEERING DATA

Procedures for the delivery and collection of the Radio
Science Engineering Data Record (RSSEDR) tapes have been
established between the General Science Data Team (GSDT) and the
RSST 1n Interface Agreement SDT-363. The format of the RSSEDRs
is defined in SIS 4-7009-01. The delivery of the tape is within
one week following Encounter as specified in the requesting IOM
submitted by the RSST.

10.3.7 MANEUVER DESIGN AND RECONSTRUCTION DATA

Procedures for delivery and collection of the Maneuver
Design Files and the Maneuver Reconstruction tapes have been
established between the Spacecraft Team (SCT) and the RSST in
Interface Agreements RSST-Ol1 and SCT-20 respectively. The format
of the Polnting Vector Design File is described in Software
Interface Specification (SIS) # 4-8003-22. The format of the
delivered Limb Track Maneuver Reconstruction tape is described in
SIS # 4-8003-19. The nominal delivery schedule for the tape will
be within 30 days of Encounter, as requested by the RSST in the
IOM. 1In any case delivery will not be made before correction of
all known error sources affecting Maneuver execution accuracies.

10.3.8 HARDCOPY DATA

Procedures for the delivery and collection of hardcopy
data from DSSC 40 have been established between the Deep Space
Network (DSN) and the RSST in Interface Agreement NOCT-13.
Procedures for the delivery and collection of Network Operations
Control Center (NOCC) hardcopy data have been established between
the NOCC and the RSST in Interface Agreement NOCT-39. Delivery of
the Parkes hardcopy to DSCC 40 will occur with +the PODRs
within 24 hours of Encounter. The Parkes Hardcopy will be sent
in the 1st Expedited Shipment with all the duplicate tapes. A new
Interface Agreement NOCT-42 between the DSN and and the RSST to
cover the Parkes hardcopy delivery procedure 1s in effect.

10.3.9 MONITOR IDR DATA

Procedures for +the delivery and collection of Monitor
Intermediate Data Record (IDR) tapes have been established
between the DSN and the RSST in Interface Agreement NOCT-36.
The 1IDR delivery will be at the request of +the RSST.
The DRS will process the IDR and make it available
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to be picked up by a MCCC Library representative within onmne
hour. The MCCC Library will have tape(s) available for pickup by
the RSST Staff Assistant (Bldg 230-Library). The RSST Staff
Assistant will process the documentation for the IDRs through
NDC (Bldg. 230-Room 130).

vValidation and processing of the Monitor 5-9 format IDRs is
accomplished using program "PPMPLOT". The program reads Time Tags
and Precision Power Monitor (PPM) data in the form of System
Noise Temperature values from a Monitor 5-9 IDR, and plots graphs
of System Noise Temperature vs Time in ERT-UTC as a CRT display
or as Hardcopy.
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TABLE 10-1

DATA PRODUCT INTERFACE AGREEMENT LIST

DATA PRODUCT TYPE

Closed-loop
Tracking Data

Archival
Tracking Data

Narrowband
Open-Loop Data

Narrowband Play-
back Intermediate
Data

Parkes Narrowband
Original Data

Parkes Narrowband
Intermedliate Data

Wideband Backup
"ROVER" Data

Spacecraft
Trajectory Data

Spacecraft
Engineering Data

SOURCE

NAV

DSN

DSN

DSN

DSN

DSN

NAV

GSDT

USER

RSST

RSST

RSST

RSST

RSST

RSST

RSST

RSST

RSST

10-11

FORMAT

TRK 2-15,
820-13

Standard
Format

RSC 11-9,
Mark IV
820-13

RSC 11-4,
Mark IV
820-13

RSC 11-9,
Mark III,
1/11/1982
820-13

RSC 11-4,
Mark III,
7/1/1981
820-13

RSC 11-1,
820-13,
IDR 12-2

SIS #
4-60003-4
REV A.

SIS #
4-7009-01

1/24/86

NOCT-35

NAV-25

NOCT-13

NOCT-33

NOCT-42

NOCT-42

NOCT-30

NAV-37

SDT-363
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DATA PRODUCT TYPE

Maneuver Design
& Reconstruction
Data

DSCC Hardcopy
Data

NOCC Hardcopy
Data

Parkes Hardcopy
Data

Monitor IDR
Data

TABLE 10-1 (continued)

SOURCE

DSN

DSN

DSN

DSN

USER

RSST

RSST

RSST

RSST

RSST

10-12

FORMAT

SIS #s
4-8003-21
4-8003-22

Hardcopy

Hardcopy

Hardcopy

MON 5-9,
820-13,
IDR 12-1

1/24/86

RSST-01

NOCT-13

NOCT-39

NOCT-42

NOCT-36
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11.1
11.2

11.3

SECTION 11°

TEST SUPPORT SYSTEM

OVERVIEVW
STARTUP AND TAKEDOWN PROCEDURES
DISPLAY GENERATORS

11-1
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The Test Support System is a real time dlsplay system that
displays information of primary interest to the Radio Science
Support Team on graphics terminals connected to the RODAN computer
facility.

The displays provided by the TSS are different from the
displays provided by the NOCC display system, although there is
some overlap. Both systems will be used at Encounter.

11.1 OVERVIEW

The overall structure of the TSS is shown in figure 11-1. It
is expected that there will be no further changes in the overall
structure as shown, but we intend to continue to refine the details
of the implementation.

11.1.1 GCF LINE TO DSN

The digital lines in the DSN's GCF are shown in figure 11-2.
The line to RODAN 1s a receive only tap from a splitter in the link
from the ECS to the NCE. There are two such splitters located in
the basement of building 230.

The output of RODAN's splitter goes directly to a line driver
which is connected to a line receiver in the RODAN computer room.
The output of the line receiver is an RS-232 signal which is input
to RODAN's front end filter computer.

11.1.2 DATA FLOVW

¥ithin RODAN, data proceeds sequentially through successive
processes until it 1s 1logged on disk by the Farmer. These disk
flles constitute a database that i1s accessed as needed by the
display programs. The processes that handle the data in RODAN are
described below.
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11.1.2.1 H. P. SERIAL INTERFACE

A Hewlett-Packard 98691A Programmable Serial Interface h
been modified for use with the DSN's communications protocols.
includes a 280 microprocessor which manages twenty 4800-bit blo
buffers.

11.1.2.2 H. P. 9000

A Hewlett-Packard 9920 computer reads data from the interfa
and checks to -see 1f the data type 1s one that is of interest
RODAN. If so then it is sent on to the Prlme via IEEE 488 parall
interface.

11.1.2.3 HPIN

HPIN is a small phantom in the Prlme that receives data fr
the IEEE interface into a 100 block circular buffer in shar
memory. It also generates warning messages 1f no data 1s recelve

-  Purther detalls are avallable in the section on intern
interfaces. '

11.1.2.4 FARMER

The Farmer 1s a process that determines what kind of data
received and unpacks it into the appropriate Prlme machine forma
The data is then written into the appropriate disk file for th
data type.

11.1.2.5 DISPLAYS

There are a number of different display programs that inspe
the disk files for specific data for graphic display, and also
few that display text data. These programs may be run on a
appropriate graphics terminal connected to RODAN. Experlence h
shown that only about five such displays can be supported befo
the system response time becomes unacceptably sluggish.
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11.2 SETUP AND TAKEDOWN PROCEDURES FOR DATA LOGGING

This section describes how to start up the data logging
portion of the Test Support System, and how to take it down at the
end of the pass. If you only intend to run the display generators
and are not responsible for starting and stopping the TSS then you
do not need to read this section.

11.2.1 STARTUP SEQUENCING

The Prlme and the HP computers can be set up in either order.
If the Prime 1is started first then HPIN will generate DMA timeout
warnings until the HP begins sending data to the Prlme. (It may do
that anyway if there is little data coming 4in.) If the HP is
started first then it will hang as soon as it receives a block that
it wants to send to the Prlme. The hang will probably cause a
receive overrun error as the H.P.'s buffers fill up, but it will
resume normal operation as soon as the Prlme begins accepting data.

On the Prime, HPIN, the Farmer, and any display programs must
be started in +that order. Each of them initializes its interface
with the next process in the chain, and cannot do so0o 4if the
interface is already in use. For example: the Farmer cannot set
the read-write lock on a file that is already open by a display
driver process, even if that file is empty.

The TSS.INITxx.COMI command file may be run either before or
after HPIN is started.

If anything goes wrong during startup on the Prlme (e. g. a
display program 1s started before the Farmer) stop execution of all
display programs and the Farmer. Then either 1logout those
terminals or do a C -ALL on all those terminals before retrying the
step that failed.

11.2.1.1 H.P. SETUP

The Hewlett-Packard 9920 computer used as the front end of the
TSS 1s located in the bottom of the Array Processor rack which 1is
the leftmost equipment rack.
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11.2.1.1.1 G.C.F. LINE

Call the Comm Chief (X5800) and request "Please connect ¢
RODAN computer 1line to the ECS computer handling complex XX
where XX is 10, 40, or 60 according to which one you want da
from. You can verify that you are connected to the proper ECS fr
the Farmer display when you get that program started.

11.2.1.1.2 POWER SWITCHES

Turn on the power switches for the main box, the floppy di
drives, the printer, and the monltor.

If the H.P. 1is already on then you may instead press SHI
RST. If the H.P. does not boot properly, then try cycling powe

11.2.1.1.3 TSS: GREEN OPERATIONAL DISK

Insert the microfloppy with the green label that says "TS
Stand Alone T.S.S. Operational Disk." Walt for the cold boot
finish. (The screen will show “"Command:...." 1n the top left, a
the disk'’'s activity light will go out.) The metal cover goes in
the drive, and the label goes on the top. )

This disk should stay in the drive or next to it at all time
although the Support Engineer has backup coples. Also it shou
always be write protected. (The red thingy should be pushed do
so you can’'t see it through the hole from the top.)

11.2.1.1.4 PROGRAM STARTUP

Execute the filter program by pressing EXEC, then ty
FILTER(cr), then type the select code of the interface current
being used.

If you choose an unconnected interface, or 1f there is
hardware problem you will immediately get a message "! NO RECET
CLOCK !!!]lt111" Check that data is coming over the line, and th
you used the correct select code.

You can determine whether data and clock are present on t
GCF line by 1looking at the meter on the grey line driver on t
back of the equipment rack with the H.P. 1in 1t. Set the directi
switch to REC, and set the line switch to position 4. If the met
reads a steady value that is not full left, +then clock 1is Dbei
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received. Set the 1line switch to position 3. If +the meter
twitches from full left to about where the clock signal was then
you are getting data blocks.

You can determine the interface select code by looking at the
back of the H.P. to0 see which interface has the cable plugged into
it. The relevant interfaces are numbered 20 through 22 and are in
the left half of the backplane.

Only if the problem cannot be located locally should you call
the Comm Chief (X5800) and report that the line is not working
properly. The most likely source of a problem, 1f the H.P. 1is set
up properly, is a cable not completely plugged back in when our
line was reconnected by the Comm Chief.

If you wish you may execute the program MONITOR first to get
some indication of the kind of data blocks on the line. Execute it
the same way as FILTER. Programs are stopped by pressing SHIFT
STOP. This returns you to the same command line you get after a
cold boot.

11.2.1.2 HPIN

Login to the Prlme as HPIN. While still attached to the main
TSS directory type "PH HPIN". That will start a phantom called
HPIN (the name you logged in as) running the file HPIN.CPL (the
name you typed after the PH command).

The status of the phantom can be checked to some extent with
STAT US, and STAT SEM. The former should show a phantom named HPIN
with device GPO assigned. The latter should show semaphore number
1 with a value between 177634 and O. (The number is s negative 16
bit integer displayed 4in octal. The value is the number of data
blocks in shared memory waiting for the farmer to read them.)

Once the phantom is started you may logout.
11.2.1.3 FILE INITIALIZATION

Login to the Prlme as TSS. Preferably you should do this on a
character only terminal, such as the H.D.S., that will not be
wanted for displays while the TSS is operating.

¥hile still attached to the main TSS directory type one of the
following:
CO TSS.INIT10.COM CO TSS.INIT40.COMI
CO TSS.INIT60.COMI CO TSS.INITALL.COMI

These command files delete the contents of all +the relevant TSS
data files. They will not work 1f any of these files are open.

11-8
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11.2.1.4 FARMER

While still attached to the main TSS directory type "S
FARMER".

The program will then ask you for a file describing what da
to look for. The four files that are set up in TSS for use he
are F_10, F_40, F_60, and F_ALL. The last file will accept a
data from all complexes. The other three will accept data fror
single complex. All files will only accept data related to Voyag
2. Type the filename that you want.

11.2.2 TAKE-DOWN PROCEDURES

At the end of a pass the Farmer should be stopped by typi
control-P, followed by LO to logout that terminal.

Then the HPIN phantom should be stopped. Do this by loggi
back in as HPIN, then type STAT ME. Two users should be liste
The first one should be your terminal, and the second one should
marked as “phant" in the line number column. Then type LO -# whe
¥ is the user number from just left of where 1t said "phant", th
logout. It 1s very important to logout the HPIN phantom when t
Farmer is not working.

It is not strictly necessary, but it would be nice to stop t
filter program on the H.P. 9920, and start the monitor progr
instead. See the H.P. Program Startup section for detalls.

11.3 DISPLAY GENERATORS

This section describes how to run a T.S.S. display progra

Once the data logging portion of the TSS 1s operating a
appropriately configured NEC personal computer connected to ROL
can be used to display data. Simply 1login to RODAN wusing t
appropriate version of +the ESCl140 program and execute the displ
program for the type of data you want to display.

The three primary display programs are NRVTEXT, SSIREAD, a

TRE. The delivered coplies of all three programs are ln the t
level TSS directory.

11-9



618-837 V.1 1/24/86
11.3.1 N.E.C. CONSIDERATIONS

The proper terminal to use with the TSS is an N.E.C. A.P.C.
running a speclally modified version of the ESC140 terminal
emulator. Eight inch floppy disks configured to auto-load the
proper version of ESC140 are kept 1n a beige case in the upper
right cabinet above the desk on the north wall of 264-365A.
(That’'s the cabinet in Don Sweetnam’'s office with all the computer
manuals in it.) Labels for the special function keys on the
keyboard are also in that box. These disks should be returned when
you are through with them.

. The NEC has internal display memory for three graphics
displays (numbered from 1, not from O) and a text display, all
completely independent. The user can select any one graphics
display and/or the text display without affecting the running of
the display progran.

Different display programs put different data in different
display memories. NRVTEXT uses only the text page. SSIREAD uses
graphics pages 1 and 2, but not the text page. TRK uses all three
graphics pages, but not the text page.

11.3.2 BASIC PROGRAM OPERATION

To start one of +the programs +type “SEG progname" while
attached to the top level TSS directory. All programs ask a few
basic questions while they are getting started like what station or
complex you want %o look at. These questions are mostly
self-explanatory and will not be described in detail.

The NRVTEXT display asks for start time (in 3I2 fortran
format, so the / for default values will not work). That input is
a cheap substitute for <the graphics Realtime command described
below. Generally you will enter six zeros for the start time.

Since NRVTEXT does not have the normal Quit command it must be
stopped with control-P. You MUST follow the quit with a C -ALL
command t0 close 1ts input file. It also 4is wuseful +to hit the
RESET function key on the NEC terminal (above the 8).

The SSIREAD display always starts at the beginning of the
file. The use of the Realtime command is recommended, but you
should wait until the program has fully initialized both graphics
pages 1, and 2 before +the command is given. SSIREAD puts the
current SSI spectrum on graphics page 1, and a summary of peak
frequency and power goes on graphics page 2.

The TRK display program will draw two graphs on each of the

three graphlcs pages. Each page refers to a single frequency at a
single station. Any two of the known characteristics of that
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signal may be graphed on any page. The user inputs are the da
type for each graph (e. g. AGC, and pseudoresiduals), and ¢
station and frequency for each page (e. g. 43 X-band).

11.3.3 PLOT CONTROL

Once the display program has been started and configured, ¥y
can control what data in the NEC is displayed and what portion
the data file is plotted. Parameters such as station numb
are determined when the program is started and cannot
changed later.

11.3.3.1 GENERAL

Display programs spend their +time trying to update t
display, rather than walting for commands. Before a display wi
accept a command from the keyboard, you must attract its attenti
with the break key, or control-P. It should respond by printing
menu of avallable commands in the top left cormer of +the scree
Once you have the menu displayed with the cursor after it you c
type any one of the commands described here, but the display wi
not update while the program 1s waiting for a command.

Most commands are a single character followed by a carra
return.

The Continue command (type C and a return, nothing else) tel
the display program to continue processing data from where it w
interrupted.

The Quit command tells the display program you are done. T
program closes all files and exits to the operating system.

The Realtime command 1s a variation on +the continue comma
that forces the program to continue from close to the end of t
input file -- that 1s close to the most recent data availlabl
Plot scales will be updated if needed. This command is especlal
useful 1f you are starting up a display well after the beginning
the pass.

11.3.3.2 NEC/ESC140 DISPLAY CONTROL

There is a row of special function keys across the top of t
NEC keyboard. Only three or four of them are used by the TSS.
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The key labeled TEXT ON/OFF controls display of the text page.
It may be needed just after starting a graphics display to avoid
confusion.

The key labeled GRAPH ON/OFF operates similarly for the
graphics portion of the NEC display.

The key labeled ALT GR PAGE cycles through the three graphics
rages. This key is purely a local display function. It has no
effect on program operation.

To control which graphics page will be operated on by a
display program command, you must use the Viewpage command. The
command is given after a ctl-P, and consists of the 1letter V,
followed by a space, followed by a 1, 2, or 3, followed by a
carrage return.

11.3.3.3 PLOT AXIS CONTROL, AND FILE SEARCHING

The two commands that are used to change plot axes are Frame
and Limit. Both commands are implemented to act on the entire
input file. You can ignore the fact that only a portion of the
file is kept in memory at a time, although.you may notice that
certaln kinds of changes are slower than others.

The Limit command erases the menu and prompts for the axis
limits you want.

The Frame command enables the mouse and displays a crosshair
that can be moved with the mouse. Pressing the left mouse button
marks the point at the crosshairs. A Dbox within the current
display can be magnified to fill the entire display by marking the
two opposite corners of that box.

If a point outslide the current grid is marked, then +the size
of the current grid is doubled in that direction. So the Frame
command can be used to pull in data from outside the current
display limits. Generally the Limit command works better if you
want to look at something outside the current display.

If two grids are shown on the graphics page belng framed, then
a box will be requested for each grid. You can bypass action on
either or both grids by pressing the center mouse button for the
corresponding prompt. The right mouse button returns you
immediately to the main menu.
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TABLE 8-1

VOICE NET COMMUNICATIONS

MICON-1: Project’'s operational net for communications between
MSA personnel and the ACE.

MICON-2: MCT’'s internal net for communication between Space-
craft subsystem analysts and the Cognizant Systems
Engineer.

MISD-3: Mission Director’'s net reserved for internal RSST

communications during the encounter period.

RSC-COORD: Radio Science Support Team net to NOCC for communi-
cation with the NOPE, NOA and NAT TRACK. Formerly
called TRK ANAL2.

INTER-1: Standard Project operational net to NOCC for communi-
cation between the ACE and the OPS Chief.

CDSCC-1: Standard NOCC-to-DSN Complex control net.

CDSCC-2: Coordination net used to exchange information not
directly applicable to the ongoing tracking activities.

RADSCI - The Radio Science Advisor Net has a special function
and is described in detail in Section 8.2.2.

TABLE 8-2

VOICE NET CALL SIGNS

CALL SIGN AGENCY LOCATION
RADIO SCIENCE VOYAGER PROJECT 264/MSA (JPL)
RADIO SCIENCE NOPE DSN 230/NOCC (JPL)
VOYAGER NOPE DSN 230/NOCC (JPL)
40 SCIENCE DSN DSCC 40 (AUSTRALIA)
PARKES SCIENCE DSN PARKES (AUSTRALIA)
SUPPORT TEAM VOYAGER PROJECT 264/365 (JPL)
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TABLE 8-3

RADIO SCIENCE CONTROL FUNCTIONS
DURING CRITICAL EVENT PERIODS

Selection
Selection
Selection
Selection
Selectlon

Selection

of
of
of
of
of
of

DSP/ODA predict sets
DSP/ODA time offsets
DSP/ODA frequency offsets
DSP/ODA run/idle modes
SSI configurations

PPM noise diode and integration time

TABLE 8-4

PRE-ENCOUNTER BRIEFING AGENDA

Updates to Predicts Time Offset

Status of Ground Data System

Pre-pass Calibration Results

Confirmation of Statlion Configuration

Parkes Status

Open-loop Predicts Set ID’s

Updates to ISOE

Station Questions or Concerns
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NOCC DIS
SRCP
SLCP
XRCP
XLCP
ODAN/A
ODAN/B
ODAN/C
ODAN/D
ODAM

TABLE 8-5

SSI SPECTRUM IDENTIFICATION

PLAY SSI PORT NUMBER SIGNAL SOURCE

5 DSS 43 S-BAND FROM MMR
DSS 42 S-BAND FROM MMR
DSS 43 X-BAND FROM MMR
DSS 42 X-BAND FROM MMR
DSS 43 S-BAND FROM NBOC
DSS 42 S-BAND FROM NBOC
DSS 43 X-BAND FROM NBOC

© © ©O© ©O© oo N o

DSS 42 X-BAND FROM NBOC

10 ROVER (SIGNAL DETERMINED
BY CENTER FREQUENCY)

TABLE 8-6

POST-ENCOUNTER DEBRIEFING AGENDA

RSST's Data Playback Request (if applicable)

Operational Open Items

Tape-Log Report
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A-1
A-2
A-3

APPENDIX A

APPENDIX A

DSS 42 STATION CONFIGURATION
DSS 43 STATION CONFIGURATION
PARKES STATION CONFIGURATION
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TABLE A-1

DSS 42 STATION CONFIGURATION

1. Closed-Loop System Configuration

a. Recelvers

S-band: SRCP RCVR 3
2BLO 12 Hz
AGC = Narrow, unless otherwise
specified in the ISOE.

X-band: XRCP = RCVR 4
2BLO = 48 Hz
AGC = Narrow, unless otherwise
specified in the ISOE
xx NOTE x%x

Generate AGC calibration curves for RCVR’'s 3 and ¢
for the DSS 42 calibration signal levels in Appendix B

b. MDA - TRK Predict Sets - Uplink: . TBD
Coherent Downlink: TBD
Noncoherent Downlink: TBD

Doppler sample rate: 1 per 5 second, unless
otherwise specified in the ISOE.

S-band and X-band channels enabled

¢. BLK III Doppler Extractors:
COH periods: referenced to BLK III exciter
NCOH periods: referenced to SIM synthesizer
Voyager 2 USO TSF in SIM synthesizer
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)

TABLE A-1 (continued)

d. PPM - NAR: Two channel configuration monitor S-band
and X-band RCP system noise temperatures
for DSS 42.

Noise diode = 0.25 degrees
Integration time = 60 sec
Switching between S-band and X-band will
be done automatically by the PPM every
60 seconds

SLE: Assign one SLE to DSS 42

Manually select the integration time for
SLE to equal 120 seconds.

Switching between S-band and X-band will
be done automatically by the SLE every
120 seconds

. Open-Loop Subsystem

- .Open-loop checks for DSS 42 are specified in Table A-23,
part 2.a.
Microwave Subsystem
Downlink signal to Maser Configuration:

Prime Block III = SRCP
Block I = XRCP

. Antenna Subsystem

Antenna pointing strategy 1s defined in section 8.5.

. Frequency and Timing Subsystem

Station frequency standard should be the same hydrogen
maser used as the DSS 43 standard.
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TABLE A-2

DSS 43 STATION CONFIGURATION

1. Closed-Loop System Checks

a. Recelvers - S-band: SRCP
2BLO

RCVR 1

10 Hz, in NARROW mode
unless otherwise
specified in the ISOE
AGC = Narrow, unless otherwise
specified in the ISOE

X-band: XRCP = RCVR 2
2BLO 30 Hz, in NARROW mode
unless otherwise
specified in the ISOE
AGC = Narrow, unless otherwise
specified in the ISOE

X NOTE %
Generate AGC calibration curves for RCVR’s 1 and 2
for the DSS 43 calibration signal levels in Appendix B

b. MDA - Predict Sets - Uplink: TBD
Coherent Downlink: TBD
Noncoherent Downlink: TBD

S and X-band channels enabled.

Doppler sample rate: 1 per 5 second, unless
otherwise specified in the ISOE.
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TABLE A-2 (continued)

c¢. BLK IV Doppler Extractors:
COE periods: referenced to BLK IV exclter
NCOH periods: referenced to SIM syntheslzer
Voyager 2 USO TSF in SIM synthesizer
d. PPM - NAR: Two channel configuration, monitor S-band
and X-band RCP system noise temperatures for
DSS 435.
Noise diode = 0.25 degrees
Integration time = 15 sec
Switching between S-band and X-band will
be done automatically by the PPM every
15 seconds
SLE: Assign one SLE to DSS 43

Manually select the integration time for
SLE to equal 120 seconds.

Switching between S-band and X-band will
be done automatically by the SLE every
120 seconds.
2. Open-Loop System Checks
a. MMR Prime Receiver
DSS 43 S-band Filter Select = 8
DSS 43 X-band Filter Select = 8
(No filter selection capability for DSS 42)

Bandwildth: S-band = 20 kHz
X-band = 20 kHz

Frequency Reference: CRG
Ensure IF selection 1s set to RS position

Calibration information is in Appendix B
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TABLE A-2 (continued)

b. Backup Open-loop Receiver
Calibration information is in Appendix B
Syntheslizer frequencies are in Appendix C
c. SPA - Configure for narrow-band recording, pass-dependent
parameters are:
CHNA=1B=2C=3D=24
MOD MODE = 1 RATE = 8 RESOL = 8
PRD = TBD (see Appendix C)

Set tape recorders to 6250 bpi recording density

d. DRA wide-band recorder, IPS = 120
e. SSI - As per ISOCE.

3. Milcrowave Subsystem

Prime Block IIA (XROl) = ZXRCP
Prime Block IV (SPD) = SRCP
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TABLE A-2 (continued)

4. Antenna Subsystem
The antenna strategy is described 1n Section 8.5.

5. Transmitter Subsystem
The uplink tuning strategy is in Section 8.6.

6. Frequency and Timing Subsystem

Station frequency reference will be a hydrogen maser
unless one is unavailable.
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TABLE A-3

DSS 49 (PAREES) STATION CONFIGURATION

3*3#*NOTE#I*3*

SEE THE PARKES USER'S GUIDE FOR MORE DETAILS

L OPEN-LOOP SUBSYSTEM
a. Open-Loop Receiver
Bandwidth = 35 KHz
Calibration information is in Appendix B
b. ODA - Recording Parameters
CHEN 1
MOD 2 7 8
DSS 43
SCN 32
PRD (manually entered one-way set)
RUN NB 024 2115 025 0245

Predict set information is in Appendix C

2. MICROWAVE SUBSYSTEM
a. Prime Block IIA type = ZXRCP
b. NAR configuration
integration time = 15 seconds

noise diode = 0.25 degrees Kelvin
configure to record SNT data on disk

3. ANTENNA SUBSYSTEM
Antenna pointing predicts contain the spacecraft position

in Right Ascension and Declination (RA/DEC) coordinates.
Section 8.9 contalns Parkes antenna detaills.

4. FREQUENCY AND TIMING SUBSYSTEM

Station frequency reference will be a cesium with a
crystal clean-up loop (see figures in section 3).
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APPENDIX B
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B.1 OPEN LOOP RECORDING SYSTEM PRE-PASS CALIBRATION (GENERAL
INFORMATION)

This appendix addresses the pre-pass calibration of the open
loop recording systems at DSCC 40 and Parkes. There are currently
three types of open loop precals needed to support the scheduled
DSN support of Voyager radio sclence activities at Uranus
encounter. They are:

1. Open loop receiver level precals to avoid saturating the
analog to digital converters,

2. Open loop receiver phase, frequency and amplitude
response calibrations,

5. Analog to digital converter performance precals.

The recorded open-loop receiver signals are the prime data
type for the Uranus atmosphere and ring occultation experiments.
For this reason, 1t is extremely important that the open-loop
system be properly configured prior to the recording pass, and
that 1t be calibrated to the expected maximum signal levels. The
The following paragraphs describe these calibrations.

B.1.1 Open Loop Receiver Level Precals

The open-loop receiver level calibrations are performed to
establish the output of the open-loop receivers at a level that
will not saturate the input ¢to the analog to digital
converters. To achleve +this goal, the calibration 1s done
using a test signal generated by the exciter/translator that is
set to the mazimum predicted signal level for the upcoming
pass. Then the output level of the receivers video band
spectrum envelope 1s adjusted to the level determined by the
equation:

/ \
SNR + 1

l/2
2SNR + 2k (2SNR) + k*k
\ /

|
S =1L
|
|

¥here: S = receiver output level (volts rms)
SNR = expected received SNR
k = pumber of sigma (saturation margin)
L = A/D converter saturation level

The value chosen for k for all of the Voyager radio sclence
events 1s 5. A plot of S versus SNR is shown in Figure B-1.
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The three bit A/D converters in the wideband backup system's
DRA are companded converters designed for an optimal signal level
of 1 volt rms. Due to the wide recorded bandwidth and the
resulting low SNR, the receiver output signal is almost all noise
and 1s thus directly proportional to system temperature.

Table B-1 contalns the summary of the precal information
needed to set the open loop receiver attenuators at each of the
stations for the encounter. The following is a description of the
contents of the columns in Table B-1.

COL# COL HEADING CONTENTS

1 DSS This is the ID of the station scheduled to
support the encounter.

2 BAND This indlcates the band, S-band or X-band,
which the information in this row is
applicable to.

3 MMR FILTR This 1s the bandwidth in Hz of the S-band
S&X and X-band MMR fllters to be used during
open loop recording period.

4 SIGNAL LEVEL This column contains the maximum expected
in dBm signal levels for S-band and X-band for
the open loop recording period. These are
the levels which are to be used to set
the attenuator settings during precals.

5 SIGNAL + COLD This is the rms voltage from the OLR into
SKY RMS VOLTS the NBOC during the precal period when the
antenna is looking at cold sky and the test
signal level is set to the value in column

4.
6 MMR ATTN This 1s a column the personel performing
SETTING the precal will £1ill in. This column is

intended to contain the S-band and X-band
MMR attenuator settings resulting from
performing the cold sky + calibration
signal precal. It should not be necessary
to add any extra attenuation to this
because all the open loop recordings
occur at high elevation angles.

B.1.2 Open Loop Receiver Phase Frequency and Amplitude
Calibration
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The purpose of this part of the calibration is to provide
data that will establish baseline values for the phase,
frequency, and anmplitude stability and performance of the open
loop systems at DSCC 40 and Parkes. The procedure basically
consists of stepping a test signal across the bandpass of the
open loop receiver filters and recording +this data on the
applicable open loop recording subsystem.

B.1.3 Analog to Digital Converter Performance Calibration

A calibration procedure has been created to allow monitoring
and calibration of +the particulars of the analog to digital
process performed by the NBOC's at DSCC 40 and Parkes. This
procedure involves basically attaching a stable external
synthesizer to +the NBOC, configuring the NBOC in the mode in
which it will be used at the encounter and recording the
digitized synthesizer frequency on a tape.

B.2 DSCC 40
B.2.1 DSCC 40 Open Loop Receiver Level Precals

The purpose of this type of precal 1s to adjust the receiver
attenuators so as to not exceed the input range of the analog to
digital converters which are digitizing the recelver output
voltages. The precal information necessary to perform this task
for the MMR is summarized in Table B-1. The description as to the
contents of each of the columns in the table can be found in
section B.1l.1.

The Rover or backup open loop recording system wlll be used
for +the encounter to provide a backup recording mechanism to the
MMR and DSP. Therefore level precals must be performed on this
subsystem prior to its usage at the encounter. Unfortunately due
to time constraints the Rover precals cannot be addressed 1ln any
detail here. The Rover calibration strategy developed by Greg
Milford at DSCC 40 should be used. If possible this strategy
should be adjusted to the signal levels specified in Table B-1
however updating this strategy should not be considered critical
because the signal levels have only changed by about a dB.

B.2.2 DSCC 40 Open Loop Receiver Phase, Frequency and
Amplitude Calibration

The purpose of this part of the calibration i1s to provide
data that will establish baseline values for the phase,
frequency, and amplitude stability and performance of the open
loop system. In order to achieve this goal it is necessary to
step the test signal across the bandpass of the DSCC 40 open loop
receiver filters and record this data at the DSP.
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Both the 42 and 43 MMR channels need to be calibrated in
thls manner. The S-band and X-band signal 1levels for this
recording should be the same as the calibration signal levels
specified in Table B-1. The stepping increments of the test
signal are listed in Table B-2. The step sizes are due to fact
that the 20 KHz S-band and X-band MMR filters are equal in
bandwidth.

Each tone should be recorded for 30 seconds and then the
test +translator or whatever exciter source is being used to
generate +the +tones should be stepped to the next tone. The
recording or dwell time at each frequency should be approximately
30 seconds. All the predict points in the predict set used during
this recording should have the same frequency. The frequency to
use 1s +the S-band frequency specified at the end of Table B-2.
The DSP mode for this recording should be the Uranus encounter
mode as specified in appendix A.

B.2.3 DSCC 40 NBOC Performance Calibration

In order to monitor and calibrate the particulars of the
analog to digital process performed by the DSCC 40 NBOC, it is
requested that the following precal procedure be performed. This
procedure involves basically attaching an external synthesizer to
the NBOC, configuring the NBOC in the mode in which 1t will be
used at the encounter and recording the digitized synthesizer
frequency on one tape.

1. Use as stable a synthesizer as is avallable and attach it
to the NBOC.
2. Set the synthesizer frequency to 11100 Hgz.

3. Set the peak to peak voltage into the NBOC to be in the 5
to 7 volt range.

4. Use the CHN OCI to assign the synthesizer input to all
four ADC’'s in the NBOC such as CHN A=2B=2C=2D=23
if the synthesizer were attached to J2.

5. Use a MOD OCI of MOD MODE = 1 RATE = 8 RESOL = 8
to configure the NBOC in the Uranus configuration.

6. Select any predict set which covers the current time

7. Ensure the tape recorders are set to +the 6250 bpi
recording density.

8. Record one tape in this configuration.

9. Disconnect the synthesizer from the NBOC and reconnect
any disconnected MMR cables.
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B.3 PARKES
B.3.1 PARKES Open Loop Receiver Level Precal

The purpose of this type of precal is to adjust the receiver
attenuators so as to not exceed the input range of the analog %o
digital converters which are digitizing the receiver output
voltages. The precal information necessary to perform this task
is summarized in Table B-1. The description as to the contents of
each of the columns in the table can be found in sectlion B.1l.1.

B.3.2 PARKES Open Loop Recelver Phase, Frequency and Amplitude
Calibration

The purpose of this part of the calibration is to provide
data that will establish baseline values for the phase,
frequency, and amplitude stability and performance of the open
loop system. In order to achieve this goal it is necessary to
step the test signal across the bandpass of the Parkes open loop
receiver filter and record this data at the ODA.

The stepping of the frequency of the test signal 1s 1listed
in Table B-3. Each tone should be recorded for approximately 30
seconds and then the test signal should be stepped to the next
tone. The X-band signal level for this recording should be the
same as the calibration signal level speciflied in Table B-1. All
the predict points in the predict set used during this recording
should have the same frequency. The frequency to use 1s the OLR
POCA frequency specified at the end of Table B-3. The algorithm
for generating Parkes Radio Sclence predictions from X-band
frequencies 4is specified in section 2.4.2 of the Parkes User's
Guide. The ODA mode for this recording should be +the Uranus
encounter mode.

B.3.3 PARKES NBOC Performance Calibration

In order to monitor and calibrate the particulars of the
analog to digital process performed by the Mark III type NBOC at
Parkes 1t 1s requested that the following precal procedure be
performed. This procedure involves basically attaching an
external synthesizer to the NBOC, configuring the NBOC in the
mode in which it will be used at the encounter and recording the
digitized synthesizer frequency on one tape.

1. Use as stable a synthesizer as is available and attach 1t
to the NBOC.
2. Set the synthesizer frequency to 8100 Hz.

3. Set the peak to peak voltage into the NBOC to be in the B
to 7 volt range.
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4.

Use +the CHN OCI to assign the synthesizer input to all

four ADC's in the NBOC such as CHN 2 1f the synthesizer
were attached to J2.

5.

Use a MOD OCI of MOD 2 7 8 to configure the NBOC

in the Uranus configuration.

6.
7.
8.
9.

Select a station ID of 43 and a spacecraft id of 32.
Select any predict set which covers the current time
Record one tape in this configuration (08:40 length).

Disconnect the synthesizer from the NBOC and reconnect

any dlsconnected receiver cables.
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TABLE B-1

**ENCOUNTER OL RCVR PRECAL TABLE**

| OLR |SIGNALISIGNAL + | MMR
IFILTRILEVEL ICOLD SKY | ATTN

DSS | BAND 1S & XIin dBm!RMS VOLTS|SETTING
L X 8 ] | E R R & |ttt*t|tttttt|tt#ttlt*t|t**tttt
42 | S | 20K | -155 | 1.0 !
I X | 20K | =143 | 1.1 |
_____ | mmmmmm | e e
43 | S | 20K | =149 | 1.0 I
| X | 20K | =137 | 1.4 |
.__| __.[ i i R S S VS S -
49 | X | 36K | =137 | 1.2 |
VGR TWT Power Mode Switches
SHI = SLO + 4.7 dB
XHI

= XI0O + 2.2 dB

Assumes the following cold sky zenith SNT's:

42 S-band = 24
42 X-band = 24
43 S-band = 22
43 X-band = 23
49 X-band = 21
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TABLE B-2

DSCC 40 OPEN LOOP CALIBRATION FREQUENCY STEPS

S-BAND FREQ
RELATIVE TO CENTER OF
STEP 20 KHZ S-BAND MMR FILTER

LR £ EXEXXXEXXEETXRNEERRNEXREK R TR K X %
1 -10000
2 -8000
3 -6000
4 -4000
5 -2750
6 -2200
7 -1650
8 -1100
9 -550

10 0
11 550
12 1100
13 1650
14 2200
15 2750
16 4000
17 6000
18 8000
19 10000

The S-band downlink frequency to use as the 0 Hz frequency 1n the
table 1s 2296465000 Hz.
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TABLE B-3

PARKES OPEN LOOP CALIBRATION FREQUENCY STEPS

X-BAND FREQ
RELATIVE TO CENTER OF

STEP 35 KHZ X-BAND OLR FILTER

X2 EX I ST TS EEEE R R RS S E R E R R AR RS R B
1 ~-17500
-14000
-10500
-7000
-3500
0]
3500
7000
10500
14000
17500

HOOOYIOOP AV

(e

The X-band downlink frequency to use as the 0 Hz frequency in the
table 1s 8420370000 Hz. The corresponding Parkes open 1loop
receiver POCA frequency 1s 45764013.78 Hz
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ENCOUNTER PREDICT SETS SUMMARY

A) PRIME RADIO SCIENCE SYSTEM (DSP-R)

SET ID CONTENTS USE
TBD Mixed mode, contains all expected Prime
Doppler modes, USO reference for
noncoherent mode, uplink ramps
modeled in for coherent mode
TBD One way only, USO reference Backup

TBD One way only, AUX OSC reference Backup

B) WIDEBAND BACKUP OPEN-LOOP RECEIVER
FIRST LO SYNTHESIZER:

Noncoherent = 4lxxxxzxx.X HZ
Coherent = 41xxxxXxXxX.X HZ

" SECOND LO SYNTHESIZERS:

Channel 1 = DSS 43 SRCP, 2nd LO = 209.5Y2 MIz
Channel 2 = DSS 42 SRCP, 2nd LO = 298.715 MHz
Channel 3 = DSS 43 XRCP, 2nd LO = 206.715 MHz
Channel 4 = DSS 42 XRCP, 2nd LO = 293.572 MHz
c) PARKES RADIO SCIENCE (ODA)
CONTENTS USE
1) One way only, USO reference, Prime
spans occultation recording period
2) One way only, USO reference, System Check
spans entire pass
3) Three way only, spans entlre pass System Check

NOTE: See Radio Science Consolidated TWX for
frequencies to be used in the generation
of these predlicts at Parkes.

D)  TRACKING (MDA)
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DOPPLER MODES:

DSS 43 One Way (USO reference)
DSS 42 One Way (USO reference)

DSS 43 One Way (AUX OSC reference)
DSS 42 One Way (AUX OSC reference)

DSS 43 Two Way (coherent)
DSS 42 Two Way (coherent)

DSS 43 Three Way with DSS 63/61/14/12/42
DSS 42 Three Way with DSS 63/61/14/12/43

E) CLOSED-LOOP RECEIVER RAMPING
Ramping Period: 024/2310 TO 025/0100 UTC

F) UPLINK RAMPING

Generated from POEAS PCT tape for DSS 43/42, DSS 63/61,
and DSS 14/12.
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X-BAND PREDICTED RECEIVED
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X-BAND PREDICTED RECEIVED
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POWER

POWER

POWER

POWER

POWER

POWER
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EQUATION FOR ESTIMATION OF POCA FREQUENCY
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TABLE E-1

CALCULATION OF OPEN-LOOP ANTENNA FREQUENCY

Using the 20 KHz Narrow-Band Filters at SPC-40
fs = 4.5 * fpo + 2.1 GHz + folrs - 50 KHz
fx = 16.5 * fpo + 7.7 GHz + folrx - 150 KHz

Using the Parkes radio science subsystem

fx = 7.0 * fpo + 8.1 GHz + folrx

Vhere: :
fs = Antenna frequency at S-band in Hertz
fx = Antenna frequency at X-band in Hertz
fpo = POCA frequency in Hertz
folrs = Signal frequency in the recorded S-band
channels in Hertz
folrx = Signal frequency in the recorded X-band
channels in Hertz
Note:

fpo = approximately 43.7 MHz at SPC-40
fpo = approximately 45.7 MHz at Parkes

fx/fs = 11/3 for all tracking modes
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TABLE E-2

EQUATION FOR ESTIMATION OF POCA FREQUENCY

At DSCC 40:
Fpo = (S-BAND PRED - 1800 MHz)/4.5 + FLTR/4.5 + FRO/4.5

V¥here:
S-BAND PRED is the current predict frequency at S-band
FLTR is the filter offset at S-band
is +37.5 KHz for the 20 KHz MMR filters
FRO 1is the current frequency offset entered
(this entry 1s treated as an S-band number)

At Parkes:

Fpo = PRED - 85.2 Hz + FRO/48

Where: PRED is the current predicted POCA frequency
85.2 is actually 4090/48 (see Parkes User's Guide,
page 34, for an explanation)
FRO 1s the current frequency offset entered
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TABLE E-3

EQUATIONS FOR CALCULATING SIGNAL POSITION IN SSI
Using channels 5 (43 S-band) or 6 (42 S-band)
Fssi = 2100 MHz + Fpo * 4.5 - SBND

Using channels 7 (43 X-band) or 8 (42 X-band)
Fssi = 7700 MHz + Fpo * 16.5 - XBND

**NOTICE**
POSITIVE FRO MOVES Fssi TO THE RIGHT

B

Using channel 9 (ODAN), SSS = A or SSS
Fssi = SBND - 2100 MHz - Fpo * 4.5 + 50 KHz

Using -channel 9 (ODAN), SSS = C or SSS = D
Fssi = XBND - 7700 MHz - Fpo * 16.5 + 150 KHz

**NOTICE**
POSITIVE FRO MOVES Fssi TO THE LEFT

Where: Fssi = Signal frequency in the SSI display
(At NOCC: MAX PWR POINT FREQ )
(At DSCC 40: SSI cursor frequency readout)
Fpo = MMR POCA frequency
SBND = Receilved S-band downlink frequency
XBND = Received X-band downlink frequency
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Yhere:

TABLE E-4

EQUATION FOR SSI UPDATE INTERVAL

XFORM * NAVG

UPDATE INTERVAL = ——————————————m
5.12 * BW

XFORM is the SSI tranform size
NAVG is the number of averages
BY is the SSI bandwidth
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NOCC DTV DISPLAY REQUEST

DATE APPLICABLE _/7[2_1,L£6__ RELOAD ORDER __|  oF _ £

NOCC CHANNEL NUMBER _ .32/ MCCC CAMERA NUMBER _ J)7

DISPLAY PERIOD (UTC): START _az#lﬂ.f_ END aa;[a;/,:

DISPLAY AVAILABILITY: _) _  CONTINUOUS UPON REQUE

GRAPHICS X; S

DISPLAY TYPE: ALPHANUMERIC

QUADRANT(S) __ ALl
DSS 47,
BAND A{/ﬁ

ALPHANUMERIC
FORMAT +#

ALPHANUMERIC
DESCRIPTION

GRAPHICS
DESCRIPTION

LOWVER VALUE

DELTA VALUE

START TIME

DELTA TIME

COMMENTS:

PREPARED BY _ AL X
DATE 11/ 26
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NOCC DIV DISPLAY REQUEST

DATE APPLICABLE _¢LZ/£6_ RELOAD ORDER _ 2  OF _pP
4
NOCC CHANNEL NUMBER _,Li_ MCCC CAMERA NUMBER _ /]3 =

DISPLAY PERIOD (UTC): START _dz_‘i/_AL‘i.\'__ END _aL:;Za.U_.L

DISPLAY AVAILABILITY: _22__ CONTINUOUS UPON REQUEST

DISPLAY TYPE: _ )X ALPHANUMERIC GRAPHICS SSI
QUADRANT(S) / 2 = o

DSS Yo Y0 27, Y3
BAND x/8 7. VY774 S
ALPHANUMERIC

FORMAT # 209 206 7227 607

ALPHANUMERIC p3P STAIW RS EVENTS m-_mz‘ _LOPPLLR 2ATR
DESCRIPTION

GRAPHICS
DESCRIPTION

LOWER VALUE

DELTA VALUE

START TIME
DELTA TIME
COMMENTS : RMAY RLo RE RBSSTEMED TD Aocs SCREEN ¥/

_(0AmELA 12) T0 mINImIE ImemcT 1o mer-rEs

PREPARED BY _ L. L &

DATE ..4[42_4,




618-837 V. 1 APPENDIX F 1/24/86

NOCC DTV DISPLAY REQUEST

DATE APPLICABLE _[,Q#;ﬁé__ RELOAD ORDER _ 3 _ OF _&

NOCC CHANNEL NUMBER _ 26 MCCC CAMERA NUMBER _ ///
DISPLAY PERIOD (UTC): START _p_z_%bﬂ_r_ END _&z;[a_fu‘;
DISPLAY AVAILABILITY: _/X _ CONTINUOUS ______ UPON REQUE
DISPLAY TYPE: ALPHANUMERIC __X _ GRAPHICS S
QUADRANT(S) /%2 2vY

DSS Y3 Y2

BAND X X

ALPHANUMERIC

FORMAT #

ALPHANUMERIC

DESCRIPTION

GRAPHICS Asl ALl

DESCRIPTION

LOWER VALUE _~—/AT/0 /2.0

DELTA VALUE + /6.0 + /60

START TIME 1600 /4600

DELTA TIME [ _Hour | _HouR

COMMENTS : PARAMETERS mAY 1L2E CHRNEED IN RERC- TTm.
RY RsST,

PREPARED BY A:é 22

DATE 1)1/ L b
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NOCC DTV DISPLAY REQUEST

DATE APPLICABLE __ //2Y)f6  RELOAD ORDER __ Y oF _L_

NOCC CHANNEL NUMBER _ /& MCCC CAMERA NUMBER
DISPLAY PERIOD (UTC): START _azi/u‘_qr_ _QLJ;ZGJLS'_
DISPLAY AVAILABILITY: CONTINUOUS _X  UPON REQUEST
DISPLAY TYPE: _)X _  ALPHANUMERIC GRAPHICS _____ ssI
QUADRANT(S) 7 // - L =4

/Y/43/63
DSS (Uplinking Gadie) Y3 Y2 Y2
BAND )7 X K X
ALPHANUMERIC
FORMAT + 409 60?7 bo? b7

ALPHANUMERIC WPLIZAK S7ATUS _DIPPLEE DRTR _DOPRIER HATH — DoPPLEX DATH.
DESCRIPTION

GRAPHICS
DESCRIPTION

LOWER VALUE

DELTA VALUE

START TIME

DELTA TIME

COMMENTS:

PREPARED BY _4. é i
DATE LfL) é
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NOCC DTV DISPLAY REQUEST

DATE APPLICABLE _M:ﬁL_ RELOAD ORDER _ .S OF _.F°

NOCC CHANNEL NUMBER __ L7 MCCC CAMERA NUMBER /1Y

DISPLAY PERIOD (UTC): START _QZ_‘ZILLLQ.L END _sz_‘/io_ch_

DISPLAY AVAILABILITY: _J  CONTINUOUS ______ UPON REQUE

DISPLAY TYPE: ALPHANUMERIC _)X  GRAPHICS s

QUADRANT(S) /42 v

DSS ¥3 Y3

BAND J =

ALPHANUMERIC

FORMAT #

ALPHANUMERIC

DESCRIPTION

GRAPHICS DopreEr Rs L

DESCRIPTION PsEuse RESZas

LOWER VALUE - —/60.0

DELTA VALUE /0.0 * 7.0

START TIME __ /400 1600

DELTA TIME | Houw L _Houk

COMMENTS : E ERC- &
&Y RrRITT

PREPARED BY . 2 22
DATE /f/ L) Pe
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NOCC DTV DISPLAY REQUEST

DATE APPLICABLE //7 y& RELOAD ORDER _ b OF _L

NOCC CHANNEL NUMBER __ <5 MCCC CAMERA NUMBER

DISPLAY PERIOD (UTC): START _ez,_sgiz.n-_cLL _a;gla_u,r_

DISPLAY AVAILABILITY: _)X _ CONTINUOUS UPON REQUEST

DISPLAY TYPE: ALPHANUMERIC _X _ GRAPHICS SSI
QUADRANT(S) )42 vy

DSS ¢3 Y2

BAND X X
ALPHANUMERIC

FORMAT +

ALPHANUMERIC

DESCRIPTION

GRAPHICS _DOLALER
DESCRIPTION &m PsBuoe XESTOr
LOWER VALUE -5 -S. 0
DELTA VALUE /0.0 + /0.0
START TIME 1600 2600

DELTA TIME [ Hour L Houk

COMMENTS: PARAMETERS MAY DPE LHWMNEED TN AERL= FTmmE
RBY psc7

PREPARED BY 4. L7

DATE ZZ;!/‘fé
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NOCC DTV DISPLAY REQUEST

DATE APPLICABLE _{,/2 o JPE RELOAD ORDER _ 7  OF _&
NOCC CHANNEL NUMBER __ /2 MCCC CAMERA NUMBER __ //S
DISPLAY PERIOD (UTC): START _QL%ZAE‘AL END _p25/ous
DISPLAY AVAILABILITY: CONTINUOUS _/  UPON REQUE
DISPLAY TYPE: _)  ALPHANUMERIC  ____ GRAPHICS S
QUADRANT(S) / 2 L Y

DSS A ¥3 Y2 Y3
BAND ~/A M/A N/R X
ALPHANUMERIC

FORMAT # b1/ o< 61/

ALPEANUMERIC 72K AN6LE  TRK EVENTS  TRK ANGLE = Dorrcgr DA7
DESCRIPTION _p#r% DATR

GRAPHICS

DESCRIPTION

LOWER VALUE

DELTA VALUE

START TIME

DELTA TIME

COMMENTS :

PREPARED BY _ 4 2 A&
DATE L/1/ek
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NOCC DTV DISPLAY REQUEST

DATE APPLICABLE __4/.&,[&6_ RELOAD ORDER _ &  OF _&£
NOCC CHANNEL NUMBER _ 32 MCCC CAMERA NUMBER __ /19

DISPLAY PERIOD (UTC): START _QI.#LL'{I'_ END ‘QL#Q,ZL.L_

DISPLAY AVAILABILITY: _X _ CONTINUOUS UPON REQUEST

DISPLAY TYPE: ALPHANUMERIC _ X  GRAPHICS ______ ssI

QUADRANT(S) /22 Jr Yy

DSS Y2 Y2

BAND S S

ALPHANUMERIC

FORMAT # Y

ALPHANUMERIC

DESCRIPTION

GRAPHICS boprLEX REL

DESCRIPTION Psgvpo RESTDS

LOWER VALUE S ) —/lbb.O

DELTA VALUE *ib.D + 7.0

START TIME Zbpo 1400

DELTA TIME | MHouL _ ) Moue

COMMENTS : 7 - £
RY PRsSsST.

PREPARED BY .A:é Z
DATE _ L/ jhé




618-837 V.

APPENDIX G

TABLE G-1

PHONE NUMBERS OF KEY RADIO SCIENCE PERSONNEL
AND OPERATIONS STATIONS

NAME

wayHgRODnwwHQZE >IN W

Barclay
Borutzki
Caswell
Connally
Donivan
Eshe
Fogle

. Hale

Ham
Hamilton

. Hotz

Jolly
Klazand
Kinslow
Rursinski
Moyd
Sweetnam

EKEY RADIO SCIENCE PERSONNEL

WORK PHONE

167-9497
0661

167-6552/167-6566
0662
5549
0663

167-9635
2614
4830
2081
0664
2614
2170
0708
0666
o707
0227

Tyler (Stanford) 0629/(415)497-3535

.- Wisniewskl
SST messages

248-0890/5409/2294
0629

HOME

(818)
(818)
(714)
(818)
(818)
(818)
(714)
(818)
(818)
(818)
(818)

(818)
(714)
(818)
(818)
(818)
(415)
(818)

OPERATIONS STATIONS

STATION

Comm Chief

NATTRK

NOPE Console

Ops Chief

Ops Con

PAG

Radlio Sclence/MCT
Radio Science/RSST
Telecom/MCT

Track Controller
Voyager ACE

Beeper (working hours)
Beeper (after hours)

PHONE

335-6934
559-1282
989-4450
357-2850
355-8922
798-3935
624-6003
5352-2535
794-4934
798-6801
957-2173

286-6142
960-3865
249-5126
794-7336
790-6154
327-7648
897-8040

WORK PHONE

5800

7810/7911

7989
7990
7903
7810
0666
0666
7871
5858
7882

3430
3530

1/24/86

BEEPER

L268
L639

L5574

Le42
L549
L589
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TABLE G-2

RADIO SCIENCE SUPPORT TEAM

Susan Borutzki,
Mick Connally,
Paula Eshe,
Hank Hotz,
Scott Kinslow,
Rob EKursinski,
Kathy Moyd,

Don Sweetnan,

Operations Engineer

Asst. Experiment Representative
Staff Assistant

Software Engineer

Data Production Engineer

Ground Data System Engineer

ATR Engineer

Team Chief

RADIO SCIENCE INTERFACE WORKING GROUP

Bill Barclay,
Susan Borutzki,
Ray Caswell,
Mick Connally,
Frank Donivan,
Tom Fogle,

Hank Hotz,
North Ham,
Scott Kinslow,
Bahman Kiazand,
Rob Kursinski,
Don Sweetnam,

John Wisnlewski,

Radlio Science NOPE
RSST

Radio Science SCOE
RSST

Radio Sclence System Engineer(430)
Voyager NOPE

RSST

Radlo Science CDE
RSST

Radio Science NOA
RSST

RSST

DSP CDE
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ABBREVIATIONS AND ACRONYMS

A/D Analog-to-Digital Converter

AAT All Axes Intertial

ACE Voyager Mission Controller

ADC Analog to Digital Converter

AGC Automatic Gain Control signal level

AOS Acquisition Of Signal at a DSS

ASAP Standard Radio Science Time Requirement
ASCAL Antenna-Sun-Sensor calibration (spacecraft)
ATDF Archival Tracking Data File tape

ATR All The Rest

AUX OSC One of two auxiliary oscillators in the spacecraft

BLF Best-Lock Frequency (spacecraft recelver)
BLK IIT Closed-loop receiver (design phase III)
BLK IV Closed-loop receiver (design phase IV)

BPI Bits Per Inch

BRF Bandwlidth Reduction Fllter
BRP Bandwidth Reduction Processor
C/A Closest Approach

CBM Cured By Magic

CDU Command Detector Unit

cMe - Complex Monitor and Control
COH Coherent downlink '

CONSCAN Computation of antenna pointing angles from signal-
level informatlion

CRS CTA-21 Radio System Subsystem

CRS Celestial Reference Set orblt determination tape
CST Canopus Star Tracker

CTA-21 DSS mock-up at JPL

D/A Digital-to-Analog converter

D1 Predicted one-way downlink frequency
DAC Digital to Analog Converter

DC Direct Current (frequency equals zero)
DCO Digitally Controlled Oscillator

DIS Digital Information Subsystem

DMC DSCC Monitor and Control

DOY Day Of Year (UTC)

DR Discrepency Report (see CBM)

DRA Digital Recording Assembly

DRG Data Records Generator

DRS Data Records Speclalist

DRS DSS Radlio Science Subsystem

DScCC Deep Space Communications Complex
DSN Deep Space Network

DSP Digital Spectrum Processor

DSS Deep Space Station

DTV Video data monitoring display device

H-1
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ERT Earth Receive Time

ESP Extra-Sensual Perception (an RSST prerequisite)
FDS Flight Data System

FPGP Multi-mission tuning predict gemneration software
FRO Frequency Offset

FTS Frequency and Timing Subsystem

GCF Ground Communications Facility

GCR Group Coded Recording

GDS Ground Data System

HGA High-Gain Antenna (spacecraft)

IA Interface Agreement

IDR Intermediate Data Records tape

IDR Idiotic Design Reporst

IMC Image Motion Compensation (spacecraft manuever)
IPC Information Processing Center (JPL computer facility)
IPS Inches Per Second

ISOE Integrated Sequence of Events

JPL Jet Propulsion Laboratory

JST Voyager 1

Jsu Voyager 2 (Uranus Option)

ILCP Left-handed Circularly Polarized

ILMC - Link Monitor and Control

Lo Local Oscillator :

1Los Loss Of Signal at a DSS

MCCC Mission Control Computer Center

MCT Voyager Mission Control Team

MDA Metric Data Assembly

MISD Mission Director’'s Voice Net

MMR Multi-Mission Receiver (open-loop)

MSA Mission Support Area (Voyager)

MTITS Mission Test and Telemetry Subsystem
NAR Noise Adding Radiometer

NAV Voyager Navigation Teanm

NB Narrow-Band .

NBIDR Narrow-Band Intermediate Data Record
NBOC Narrow-Band Occultation Converter

NBODR Narrow-Band Original Data Record

NCOH Non-coherent downlink

NDC Network Data Center

NDPT Network Data Processing Team

NDS Network Display Subsystem

NMP Network Monitor Processor display system
NOA Network Operations Analyst

NOCC Network Operations Control Center

NOCG Network Operations Control Group

NOCT Network Operations Control Team
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NOP
NOPE
NOSG
NRV
NRZ
NSP
NTK

OCI
OCT
OD
ODA
ODR
O/L
OLR
OO0PS
OPCH
ORT
ovT
OWLT

PCT
PCTA
PE
PIDR
POCA
PODR
POEAS

PPM
PRA

RCP
RF
RFS
RODAN
ROVER
RSIVG
RSS
RSSEDR
RSST
RST
RIDS
RTLT
RTM

SCOE
SCOT
SCSO
SCT
SDT
SEP
SEQGEN

Voyager Network Operations Plan (618-700)
Network Operations Project Englneer
Network Operations Scheduling Group

NOCC Radio Science/VLBI Display System
Non-Return to 2Zero

NASA Support Plan

Network Tracking Display System

Operator Coatrol Input

Occultation Configuration Test

Orbit Determination by the Project’s Navigation Team
Occultation Data Assembly

Original Data Records tape

Open-Loop

Open-Loop Receilver

Technical term used by RSST for errors in OPS plan
DSN Operations Chief

Operational Readiness Test

Operational Verificatlion Test

One-way Light Time

Polynomial Coefficlent Tape

Parkes Canberra Telemetry Array

Phase Encoded

Parkes Intermediate Data Record

Programmable Oscillator Control Assembly

Parkes Original Data Record S

Planned Orbiter Error Analysis Software Program
(Software used to generate tuning predicts during
atmospheric occultation)

Precision Power Monitor

Planetary Ranging Assembly

Right-handed Circularly Polarized

Radio Frequency

Radio Frequency Subsystem (spacecraft)

Radio Occultation Data Analysis Computer Facllity
Wide-band backup recording system

Radio Science Interface Working Group

Radio Scilence System

Radlio Science System Engineering Data Record
Radio Science Support Team

Radio Science Team (investigators)

Real-Time Display System

Round-Trip Light-Time between Earth and the spacecraft
Real-Time Monitor (supplies data to NOCC graphics/
display systems)

System Cognizant Operations Engineer
Solar Conjunction Occultation Test
Solar Conjunction Science Observation
Voyager Spacecraft Team

Voyager Science Data Team

Sun-Earth Probe

VGR sequence of events program
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SIRD Support Instrumentation Requirements Documents

SLE Signal Level Estimator

SNR Signal-to-Noise Ratio

SNT System Noise Temperature

SOM Software Operations Manual

SOP Standard Operations Procedures

SPA Spectrum Processor Assembly

SPE Static Phase Error

SPR System Performance Record

SPT System Performance Test

SSA S-band Solid State Amplifier

SSI Spectral Signal Indicator

STARAC Star Acquisition

SUNAC Sun Acquisition

TBD To Be Determined, since we don’'t know the answer

TCM Trajectory Correction Maneuver

TCT Time Code Translator

TLC Tracking Loop Capacitor

MO Time Offset

TMU Telemetry Modulation Unit

TPAP Telemetry Prediction and Analysis Program

TSS Test Support System (RSST)

TTS Test and Telemetry System

TWM Traveling Wave Maser

TWNC Two-Way Non-Coherent switch (spacecraft)

TWT Traveling Wave Tube

TWTA _ Traveling Wave Tube Amplifier (spacecraft)

WX . Teletype message

TXR DSS transmitter

Uso Ultra-stable oscillator (spacecraft)

UTC Universal Time, Coordinated

VAP Video Assembly Processor

vCco Voltage Controlled Oscillator

VGR 1 Voyager 1 (JST)

VGR 2 Voyager 2 (JSU)

VIR Video Tape Recorder

WB W¥ide-Band

WBIDR Wide-Band Intermediate Data Records tape (open—loop,
computer compatible)

¥BODR Wide-band Original Data Records tape (open-loop,

non-computer compatible)

XA Doppler-compensated ground -transmitter VCO frequency
for spacecraft recelver'’'s best-lock frequency

XCASCAL Radlo scilence mini-ascal

XHDELAY Radio science relativistic delay measurement

XHOCTEST Radlio science occultation-like test

XHPLASMA Radlo science sun’'s plasma density measurement

XMMASS Radio sclence Miranda mass determination experiment
XPGRAV Radio science Uranus mass determination experiment
XPOCC Radio sclence Saturn occultation experiment
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XROCC Radio science ring-scattering experiment
XSCEL Radlo science celestial mechanics experiment
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I-1 ORT 4 SPACECRAFT EVENTS TIME ORDERED LISTING

VOYAGER 2 RADIO SCIENCE ORT #4
SPACECRAFT EVENTS TIME-ORDERED LISTING

Date: January 11, and January 12, 1986 (DOY Oll and 012)
Time: 21:20 to 04:30 (UTC) earth received time
18:35 to 01:45 spacecraft event time

SPACECRAFT ACTIVITY S/C EVENT TIME EARTH RECEIVED
TIME

TWNC ON 011/19:37:36 011/22:22:36
AAT 19:40:00 22:25:00
X-BAND RANGE CHANNEL OFF 19:40:48 22:25:48
TELEMETRY MODULATION 19:44:48 22:29:48
UNIT OFF

X-BAND ITWT LOW POWER 20:54:24 23:39:24
S-BAND TWT HIGH POVWER 20:55:12 23:40:12
S-BAND TWT LOW POWER 23:02:24 012/01:47:24
X-BAND TWT HIGH POWER 25:03:12 01:48:12
TELEMETRY MODULATION 012/00:31:12 03:16:12
UNIT ON

X-BAND RANGE CHANNEL ON 00:32:00 03:17:00
SUN ACQUIRE 00:35:08 03:20:08
STAR ACQUIRE 00:37:53 03:22:54

END OF RADIO SCIENCE ORT #4 SPACECRAFT SEQUENCE
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I-2 ORT 4 GROUND EVENTS TIME ORDERED LISTING

VOYAGER 2 URANUS RADIO SCIENCE ORT #4
GROUND EVENTS TIME-ORDERED LISTING

*x* _ EVENTS MARKED BY ASTERISKS ARE SPACECRAFT EVENTS

+++ — EVENTS MARKED BY PLUSES ARE TIED TO GEOMETRIC EVENTS AS
THEY WOULD OCCUR IF THIS WERE THE ACTUAL ENCOUNTER.

PREPASS

011/12:35:00 BEGIN DSCC 40 PRECAL PERIOD
RADIO SCIENCE PRECALS:
MMR PRECALS
MMR FILTER = #8 (S AND X BAND)
NBOC PRECALS
ROVER/WB BACKUP RCVR PRECALS

DSS-43:

CLOSED LOOP RECEIVER CONFIGURATION:
S-BAND RECEIVER BW = 10 HZ
X-BAND RECEIVER BW = 30 HZ
USE NARROW MODE

PPM CONFIGURATION:

NAR AUTO SWITCHING ENABLED

NAR INTEGRATION TIME = 15 SEC
NOISE DIODE = 0.25 DEGREES

SLE AUTO SWITCHING ENABLED

SLE RCVR 1 INTEG TIME = 120 SEC
SLE RCVR 2 INTEG TIME = 120 SEC

DSS-42:

CLOSED LOOP RECEIVER CONFIGURATION:
S-BAND RECEIVER BW = 12 HZ
X-BAND RECEIVER BW = 48 HZ

PPM CONFIGURATION:

NAR AUTO SWITCHING ENABLED

NAR INTEGRATION TIME = 60 SEC
NOISE DIODE = 0.25 DEGREES

SLE AUTO SWITCHING ENABLED

SLE RCVR 3 INTEG TIME = 120 SEC
SLE RCVR 4 INTEG TIME = 120 SEC
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BEGIN PARKES PRECALS
RADIO SCIENCE PRECALS:
ODA PRECALS
RUN ODA/POCA SELF DIAGNOSTICS

COMCHIEF: VERIFY VOICE NET CONFIGURATION
AS DESCRIBED IN RADIO SCIENCE
OPERATIONS PLAN SECTION 8.2

COMCHIEF: RELOAD VAP, DDP, NTK, NRV

CONFIGURE NOCC DISPLAYS PER RADIO SCIENCE
OPERATIONS PLAN

BEGIN ORT #4 PASS

AOS DSS-43:
START 1/SEC DOPPLER SAMPLE RATE

AOS DSS-42:
START 1/SEC DOPPLER SAMPLE RATE

DSS-43: CONFIRM PPM CONFIGURATION
DSS-42: CONFIRM PPM CONFIGURATION
DSS-14 TRANSFER TO DSS-43

CONFIRM DSP CONFIGURATION
CEN A = 1 B=2 C=3 D=4
MOD MODE = 1 RATE = 8 RESOL = 8
FRO = +333 HZ
PRD = (USE APPLICABLE PREDICT SET)
- DSP TAPE RECORDERS SET TO 6250
BPI RECORDING DENSITY
- ALL TAPES HAVE WRITE RINGS
- DSP TRANSMISSION TO NOCC ENABLED
RTM INTERVAL = 5 SEC
SSI INTERVAL = 20 SEC

- VERIFY MMR IF/VF CONVERTER
SELECTED FOR RADIO SCIENCE
(OCI: CFG R64M) AT LOCAL TERMINAL
- VERIFY MMR INPUT SWITCH
(RACK 4159/RCV 112/AS5)
IS IN NORMAL POSITION
— REPORT MMR/ROVER ATTENUATOR SETTINGS

CONFIRM SSI AND NRV DATA DISPLAYED AT NOCC

PRETEST BRIEFING BETWEEN RSST
AND ON-SITE ADVISORS
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19:15:00 CONFIRM SSI CONFIGURATION
PORT = B
B/W = 50 KHZ XFORM = 1024
CFr = 37.85 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN MMR'S
DSS-43 20 KHZ S-BAND FILTER)

19:20:00 ENTER INTO DSP TIME OFFSET PROVIDED DURING
BRIEFING

PUT DSP IN RUN MODE WITH DELAYED TAPE RECORDIN
START TIME: 20:10:00
STOP TIME: 20:50:00

19:25:00 PARKES: CONFIRM ODA CONFIGURATION
CHN 1
MOD 2 7 8
DSS 43
SCN 32

PRD (USE COHERENT SET)
RUN NB 011 2215 012 0330
- REPORT OPEN LOOP RECEIVER ATTENUATOR

SETTINGS .
19:35:00 AOS DSS-49 (PARKES OBSERVATORY)
19:35:00 CONFIRM SSI CONFIGURATION
PORT = 6
B/W = 50 EKHZ XFORM = 1024
CF = 37.5 EHZ NAVG = 512

(VERIFY SIGNAL PRESENCE IN MMR'S
DSS-42 20 KHZ S-BAND FILTER)

19:40:00 CONFIRM SSI CONFIGURATION
PORT = 7
B/W = 50 KHZ XFORM = 1024
CF = 137.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN MMR'S
DSS-43 20 KHZ X-BAND FILTER)

19:45:00 CONFIRM SSI CONFIGURATION
PORT = 8
B/W = 50 KHZ XFORM = 1024
CF = 137.5 KHZ NAVG = 512

(VERIFY SIGNAL PRESENCE IN MMR'S
DSS-42 20 KHZ X-BAND FILTER)

19:47:00 CONFIRM WB BACKUP RCVR FIRST LO
SYNTHESIZER SET TO COHERENT FREQUENCY
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CONFIRM SSI CONFIGURATION
PORT = 10
B/W = 10 KHZ XFORM = 1024
CF = 428 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-43 S-BAND FILTER)

CONFIRM SSI CONFIGURATION
PORT = 10
B/W = 10 KHZ XFORM = 1024
CF = 1285 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-42 S~BAND FILTER)

** X-BAND MODULATION INDEX CHANGE **
Sty TO 77 DEG EXPECT 1.2 DB bl
** DECREASE X-BAND SIGNAL LEVEL **

CONFIRM SSI CONFIGURATION
PORT = 9 SSS = A
B/W = 10 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS 43 S-BAND FILTER)

PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR PASS BAND

-CONFIRM DSP RECORDING STARTED

"START XMMASS"

CONFIRM DSP RECORDING ENDED
AND DSP IS IN IDLE MODE

LOS DSCC 10

I TN S N N I N I S S S S e S S S T A S S S S SR =

=== BEGIN CRITICAL RADIO SCIENCE EVENTS ===
=== RSST HAS NOCC DISPLAY PRIORITY ===

PUT DSP IN RUN MODE WITH DELAYED TAPE RECORDING
START TIME: 011/22:05:00
STOP TIME: 012/03:35:00

CONFIRM SSI CONFIGURATION
PORT = 9 SSS = A
B/W = 10 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS 43 S-BAND FILTER)
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21:20:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS = B
B/W = 10 KHZ IFORM = 1024
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS 42 S-BAND FILTER)

21:30:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS = C
B/W = 10 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS 43 X-BAND FILTER)

21:40:00 CONFIRM SSI CONFIGURATION
PORT = 9 S§S = D
B/W = 10 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS 42 X-BAND FILTER)

21:50:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS = C
B/W = 5 KHZ XFORM = 1024

CF = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP’'S
DSS 43 X-BAND FILTER)

21:50:00 PARKES: SET ODA TO IDLE, LOAD
NONCOHERENT RECORDING-SPAN
PREDICTS, SET ODA TO RUN.
(RUN NB 011 2205 012 0335)
11l WARNING: SIGNAL WILL NOT APPEAR !!!
1 IN PASS BAND UNTIL TWNC ON 1l

22:00:00 CONFIRM WB BACKUP RCVR FIRST LO SYNTHESIZER
SET TO NONCOHERENT FREQUENCY

22:05:00 CONFIRM DSP AND ROVER RECORDINGS STARTED

22:05:00 CONFIRM PARKES RECORDING STARTED

22:10:00 DSS-43: TURN CONSCAN OFF,

MOVE AND FIX SUBREFLECTOR X/Y/Z
AXES FOR 64 DEGREE ELEVATION.

22:10:00 DSS-42: TURN CONSCAN OFF,
MOVE AND FIX SUBREFLECTOR 2
AXTS FOR 64 DEGREE ELEVATION,
X/Y¥ AXES IN AUTO FOCUS MODE.

22:10:00 PARKES: MOVE AND FIX PRIME FOCUS CAGE,
OPTIMIZE FOCUS FOR 75 DEG ELEV.

I-v
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22:15:00 DSS-43: START 10/SEC DOPPLER SAMPLE RATE
22:15:00 DSS-42: START 10/SEC DOPPLER SAMPLE RATE
22:18:37 *** TWNC ON #*==
22:20:00 CONFIRM SSI CONFIGURATION

PORT = 9 SSS = A

B/W = 5 KHZ XFORM = 1024

CF = 12.5 KHZ NAVG = 256

(VERIFY SIGNAL PRESENCE IN DSP’S
DSS-43 S-BAND FILTER)

22:25:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS = B
B/W = 5 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 256

(VERIFY SIGNAL PRESENCE IN DSP'S
DSS-42 S-BAND FILTER)

22:25:01 . *** SPACECRAFT GOES AAI ***
22:25:50 *+* SPACECRAFT X-BAND RANGING ***
21 CHANNEL OFF sxs

0.2 4B INCREASE IN-
X-BAND SIGNAL LEVEL

22:29:850 *** SPACECRAFT TELEMETRY ***
*** MODULATION UNIT OFF ***
4.8 dB INCREASE IN
S-BAND SIGNAL LEVEL
10.2 dB INCREASE IN
X-BAND SIGNAL LEVEL

22:30:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS = D
B/W = 5 KHZ XFORM = 1024

Cr = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP'S
DSS 42 X-BAND FILTER)

22:32:00 DSS-43: REPORT SIM SYNTHESIZER SETTING
22:32:00 DSS-42: REPORT SIM SYNTHESIZER SETTING
22:35:00 PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR PASS BAND
22:35:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS = C
B/W = 5 KHZ XFORM = 1024

CF = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP’S
DSS-43 X-BAND FILTER)
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22:45:00 CONFIRM SSI CONFIGURATION
PORT = 10
B/W = 10 KHZ XFORM = 1024
CF = 428 KHZ NAVG = 512

(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-43 S-BAND FILTER)

22:50:00 CONFIRM SSI CONFIGURATION
PORT = 10
B/W = 10 KHZ XFORM = 1024

CF = 1285 KHZ NAVG = 512
(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-42 S-BAND FILTER)

22:52:54 +++ RADIO SCIENCE RING +++
+++ OCCULTATION BEGINS (INGRESS) +++
22:54:00 PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS -
22:55:00- CONFIRM SSI CONFIGURATION
PORT = 9 SSS = C

B/W = 5 KHZ XFORM = 1024
CP = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP'S

DSS-43 X-BAND FILTER)

23:39:24 +++ RADIO SCIENCE ATMOSPHERIC +++
+++ OCCULTATION BEGINS +++
23:39:24 *** SPACECRAFT X-BAND TWT *3**

S EL¥ GOES TO LOW POWER % SI¥
2.3 dB DECREASE IN
X-BAND SIGNAL LEVEL

23:40:12 **x SPACECRAFT S-BAND TWT =***
*** GOES TO HIGH POWER il
4.8 dB INCREASE IN
S-BAND SIGNAL LEVEL

23:45:00 PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS

23:47:00 CONFIRM SSI CONFIGURATION
PORT = 9 SSS = B
B/W = 5 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 256
(VERIFY SIGNAL PRESENCE IN DSP’S
DSS—-42 S-BAND FILTER)
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CONFIRM SSI CONFIGURATION

PORT = 9 SSS = A
B/W = 65 KHZ XFORM = 1024
CF = 12.6 KHZ NAVG = 256

(VERIFY SIGNAL PRESENCE IN DSP'S
DSS~43 S-BAND FILTER)

DSS-43:

BEGIN S- AND X-BAND RECEIVER RAMPING

VERIFY RCVR SPE ZEROED OUT

DAY CHANGE »>»>> DOY 012

PARKES:
PARKES:

DSS-43:
PARKES:

LR X 4
*ex

xxx
LR B ]

+++
+++
+++

PARKES:

VERIFY ODA STATUS NOMINAL

CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS

END CLOSED LOOP RECEIVER RAMPING

MOVE AND FIX PRIME FOCUS CAGE
FOR 55 DEGREE ELEVATION ANGLE

SPACECRAFT S-BAND TWT ***
GOES TO LOW POWER e
4.8 dB DECREASE IN
S-BAND SIGNAL LEVEL

SPACECRAFT X-BAND TVWT ***
GOES TO HIGH POVWER 4
2.3 4AB INCREASE IN
X-BAND SIGNAL LEVEL

RADIO SCIENCE ATMOSPHERIC +4++
OCCULTATION ENDS +++
EGRESS RING OCCULTATION BEGINS +++

CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS

CONFIRM SSI CONFIGURATION

PORT = 9 SSS = D
B/¥ = 5 KHZ IFORM = 1024
CF = 12.5 KHZ NAVG = 256

(VERIFY SIGNAL PRESENCE IN DSP’S
DSS 42 X-BAND FILTER)

CONFIRM SSI CONFIGURATION

PORT = 9 SSs = C
B/W = 5 KHZ XFORM = 1024
CF = 12.5 KHZ NAVG = 256

(VERIFY SIGNAL PRESENCE IN DSP'S
DSS-43 X-BAND FILTER)

I-10
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PARKES: CONFIRM SIGNAL PRESENCE IN
OPEN LOOP RCVR BANDPASS

+++ RADIO SCIENCE RING +++
+++ OCCULTATION ENDS +++

*** SPACECRAFT TELEMETRY ***
**x MODULATION UNIT ON ***
4.8 dB DECREASE IN
S-BAND SIGNAL LEVEL
10.2 dB DECREASE IN
X-BAND SIGNAL LEVEL

*** SPACECRAFT X-BAND RANGING ***
LLh) CHANNEL ON xxx
0.2 dB DECREASE IN
X-BAND SIGNAL LEVEL
SPACECRAFT SUN ACQUIRE
SPACECRAFT STAR ACQUIRE
CONFIRM DSP AND ROVER RECORDINGS ENDED
(MAINTAIN DSP IN IDLE MODE FOR SSI
DATA TRANSMISSION TO NOCC)
PARKES: CONFIRM ODA RECORDING ENDED
CONFIGURE ROVER FOR PLAYBACK INTO SSI

DSS-43: TURN CONSCAN ON
RESUME AUTO SUBREFLECTOR FOCUSING

DSS-42: TURN CONSCAN ON
RESUME AUTO SUBREFLECTOR FOCUSING

DSS-43: START 1/ SEC DOPP SAMP RATE
DSS-42: START 1/ SEC DOPP SAMP RATE

PLAY PORTION OF ROVER DATA BACK AT 1/4 SPEED
(30 IPS) INTO THE SSI

CONFIRM SSI CONFIGURATION
PORT = 10
B/W = 10 KHZ XFORM = 1024
CF = 821 KHZ NAVG = 512

(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-43 X-BAND FILTER)

CONFIRM SIGNAL PRESENCE IN SSI AT NOCC
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CONFIRM SSI CONFIGURATION

PORT = 10
B/W = 10 KHZ XFORM = 1024
CF = 1607 KHZ NAVG = 512

(VERIFY SIGNAL PRESENCE IN ROVER'S
DSS-42 X-BAND FILTER)

CONFIRM SIGNAL PRESENCE IN SSI AT NOCC
END PLAYBACK OF ROVER DATA INTO SSI
LOS DSS-49 (PARKES OBSERVATORY)

END RADIO SCIENCE CRITICAL EVENTS

POST TEST DEBRIEFING
(SEE RADIO SCIENCE OPS PLAN SECTION 8.10)

PLAYBACK SELECTED PORTION OF DSP ODR'S

POST PASS

SHIP PARKES ODR’'S TO DSCC-40
GENERATE POST PASS DSP ODR CALIBRATION TAPE

SHIP EXPEDITED TO NDC:
DSP ODR'S
ROVER TAPES
LMC PRINTOUT
STRIP CHART RECORDINGS
PREPASS COUNTDOWN LOG
TAPE LOG

PLAYBACK PARKES DATA

SHIP EXPEDITED TO NDC:
PARKES ODR'S

GENERATE COMPUTER COMPATIBLE BANDWIDTH REDUCED
IDR'S ON THE BRF AT CTA-21 FROM THE ROVER TAPES
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DATA PRODUCT DELIVERY STRATEGY AND SCHEDULE

DATA TYPE

TRE IDR

Quick-Look
¥ideband
Playback
NBIDR

MON IDR

NOCC Hard-Copy

Data:
~-Controller’'s
logs

-NAT TRK logs

CRS Tape

RSSEDR

DELIVERY STRATEGY

Tape delivery from NDC
to RSST RODAN Facility

(Bldg. 264, Rm. 365).
Tape IDs will be com-
municated to the RSST
at (x0663 or x5376)
via the NOPE.

Ref: IA # NOCT-35

Tape delivery from NDC
to RSST RODAN Facility,

Bldg. 264, Rm. 365.
Ref: IA # NOCT-33

Tape delivery from NDC
to RSST RODAN Facility

(Bldg. 264, Rm. 365).
Ref: IA # NOCT-38

Hardcopy delivery from

NDC to RSST RODAN
Facility, Bldg. 264,
Rm. 365

Ref: IA # NOCT-39

Delivery from NAV to
RSST via tape inter-
face at IPC.

Ref: IA # NAV-37.

Delivery from GSDT by

plckup by RSST member.

Ref: IA # SDT-363

DELIVERY SCHEDULE

All IDRs to be de-
livered within one
day following the
completion of the
radio science events
at 012/04:30 UTC.

Start NBIDR wide-
band playback pro-
cedure at approx-
imately 012/03:45
UTC. Delivery to
RSST will be within
one day following
the completion of
each playback data
set.

All IDRs to be de-
livered within one
day following the
completion of the
radio sclence events
at 012/04:30 UTC.

Delivery to RSST
will be within one
day following the
completion of the
radio sclence events
at 012/04:30 UTC.

CRS Tape - Late
predict trajectory
delivered to RSST
by 1/4/85.

All EDR's delivered
within 1 week of the
completion of ORT 4.



618-837 V. 1

DATA TYPE

NBODR's
(approx.
40 tapes)

Parkes
Narrowband
PODR's
(approx.
45 tapes)

Parkes
¥ideband
Playback
PIDR’s

Backup wlde-
band DRA ODRs

DSCC Hard-
Copy Data:
-LMC Log
-Pre-Pass
Countdown Log

Parkes Hard-
Copy Data:
-Parkes Log
-Parkes NAR
-Parkes Strip
Chart Output

APPENDIX I

DELIVERY STRATEGY

Following the Radilo

Sclence
DSCC 40

ORT events, the
on-site advisor

relays NBODR ID numbers
to the RSST via the Radio

Sclence
station
ment of

Net (RADSCI). The
will expedite ship-
the NBODR's to

NDC, JPL, attn: T. Fogle.
For final delivery to the
RSST RODAN Facility, Bldg.

264, Rm.

Ref: IA

365.
¥ NOCT-13

Following the Radio Science
ORT events,the Parkes Shift
Supervisor relays PODR ID

numbers

to0 the RSST via the

Radio Science Net (RADSCI).
The PODR‘s will be delivered

to DSCC

40 prior to playback

and expedited shipment to
JPL. Ref: IA # NOCT-42

Tape delivery from NDC

to RSST
Bldg.

RODAN facility

264, Rm. 365.

Ref: TA # NOCT-42

Deliver
NBODR'S
Ref: IA

Deliver
NBODR's
Ref: IA

Deliver
PODR's
Ref: IA

with expedited
# NOCT-30
with expedited
t NOCT-13

with expedited
# NOCT-42

1/24/86

DELIVERY SCHEDULE

Delivery of expe-
dited data should
be within two weeks
following the ORT
events. A desirable
goal is to have the
date at JPL within
one week.

Delivery from Parkes
to DSCC 40 within
24 hours following
the ORT. Delivery
from DSCC 40 ASAP
after the playback.

PODR delivery from
Parkes to DSCC 40
within 24 hours of
the ORT for playback
at time TBD. Deliv-
ery of PIDR within
24 hours of playback.

Same as NBODR's

Same as NBODR's

Delivery to DSCC

40 within 24 hours
of the ORT. Delivery
to RSST with PODR's.



g 3
g = fu
ERE
g = s§
3 s e S?a
E ,_.rzagﬁd
: 225=§§¥
<1 -3 ag §i
EREEELEE on caiART T
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1915 = AOS DSS 49 (PARKES) — —|—

20:00 ~ D55 43/&2 START | /3EC
DOPPLER SAMPLE RATE  &5' ~=

2010 = START DSP RECORDING — —-
202619 ~ START XMMASS — —-

20:50 = STOF DEP RECORDING — ——
21:00 ~ LOS D5CC 10 == =
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21145 = BEGIN CRITICAL RADIO 2\
SCIENCE EVENTS -
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DSS 43/42 START 1/SEC DOPPLER SAMPLE RATE ~ 17115

START DSP RECORDING = 17:25

START XMMASS = 1714116
-

— STOP DSP RECORDING - 18:05 E

3
-
<
F
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BEGIN CRITICAL RADIO SCIENCE EVENTS - 18:00

DOPPLER SAMPLE RATE
22120 = START DSP ROVER AND —,
PARKES RECORDING _/
22122:3% = TWNC ON /¢ 3
22:2900 = AA| J
22:2049 = X-BAND BANGING CHANNEL OFF -|
22:32:49 ~ TELEMETRY MODULATION OFF a T

2540124 = RADIO SCIENCE IING -\

"OCCULTATION BEGINS (INGRESS)
RADIO SCIENCE ATMOSPHERIC
OCCULTATION BEGINS
23143124 = X-BAND TWT LOW POWER —3
23144114 = S-BAND TWT HIGH POWER -2 _|

01:51:26 = S=BAND TWT LOW POWER

01:52:12 = X=8AND TWT HIGH POWER

01:52:12 - RADIO SCIENCE ATMOSPHERIC —g =
§

OCCULTATION ENDS
EGRESS RING OCCULTATION BEGINS

00:03:24 - RADIO SCIENCE RING
OCCULTATION ENDS
@:07:50 - TELEMETRY MODULATION ON —g =
@:10:36 = X-BAND RANGING CHANNEL ON — =
0:20:12 = SUN ACQUIRE — s
:21:51 - STAR ACQUIRE — _|]
03:30 = END DSP, ROVER AND PARKES
RECORDING
@145 - DSS 43/42 START 1/MIN DOPPLER
SAMPLE RATE

04:25 =~ LOS DSS 49 (PARKES) — _|
04:30 ~ END RADIO SCIENCE — —]
CRITICAL EVENTS
END ORT 4
04¢30 - POST TEST DEBRIEFING —3 _|

1

~— D55 43/42 - START 10/SEC DOPPLER SAMPLE RATE ~ 19:20

~—START D5P, ROVER AND PARKES RECORDING = %35

~—TWNC ON - 13733

S—=AAl = 144

\= X-8AND LANGING CHANNEL OFF = 1didé
TELEMETRY MODULATION OFF = | $:48:46

;AD!Oz‘leE RING OCCULTATION BEGINS (INGRESS) «
£ RADIO SCIENCE ATMOSPHERIC OCCULTATION HEGINS -
o 20e58:21

X=BAND TWT LOW POWER ~ 20:58:21

S~8AND TWT HiGH POWER - 2G:5%:11

1-WAY

S=BAND TWT LOW POWER ~ 23:0&23
/. X-BAND TWT HIGH POWER - 23:(00: 09
— lz;%l?oo’SCIENCE ATMOSPHERIC OCCULTATION ENDS -
s @7x
EGRESS FING OCCULTATION BEGINS - 22107109

_—EADIO SCIENCE RING OCCULTATION ENDS = 00 18:21
“— TELEMETRY MODULATION ON = 00:24143
~— X=BAND RANGING CHANNEL ON = 00x35:33
tsw ACQUIRE = 00:35:09
s STAR ACQUIRE - 00:34:48

END DSP, ROVER AND PARKES RECORDING = 00i45
= OS5 43/42 START |/MIN DOPFLER SAMPLE RATE - 01:00

= END RADIO SCIENCE CRITICAL EVENTS END ORT 4 - 01145
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