@ https://ntrs.nasa.gov/search.jsp?R=19720014232 2020-03-11T18:53:37+00:00Z

B'S

SPAGE STATI

MODULAR SPACE STATION
DETAILED PRELIMINARY DESIGN

Volume
Sections 4.9 Through €

CONTRACT NAS8-2514(0

. & -

o (naSA-CR~
éETAILED P 5
GECTIONS 4.
pstropautic
¢cscL 228

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY

MARTIN MARIETTA CORPORATION [BIV{ inter 1 B Machines Corp MCDONNELL DOUGL@‘

Reproduced by CORPORATION

INFORMATION SERVIcS
| SERVICE

3k C)P
Cur 3/

U S Department of Commerce
Springfield VA 22151



CONTRACT NAS8-25140

/ MSFC-DPD-235/DR NO. SE-04
i 5; MODULAR SPACE STATION
MCDONNELL
DOUGLAS DETAILED PRELIMINARY DESIGN
Volume HI
Sections 4.9 Through 6
NOVEMBER 1971 MDC G2582

APPROVED BY:

VERN D. KIRKLAND

PROGRAM INTEGRATION/OPERATIONS
DIRECTOR

SPACE STATICN PROGRAM

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY
5301 Bolsa Avenue, Huntington Beach, CA 92647









PRECEDING PAGE BLANK NOT FILMED

PREFACE

The work described in this document was performed under the Space Station
Phase B Extension Period Study (Contract NAS8-25140)., The purpose of the
extension period has been to develop the Phase B definition of the Modular
Space Station. The modular approach selected during the option period
(characterized by low initial cost and incremental manning) was evaluated,
requirements were defined, and program definition and design were accom-

plished to the depth necessary for departure from Phase B.

The initial 2-1/2-month effort of the extension period was used for analyses
of the requirements associated with Modular Space Station Program options.
During this time, a baseline, incrementally manned program and attendant
experiment program options were derived. In addition, the features of the
program that significantly affect initial development and early operating
costs were identified, and their impacts on the program were assessed.
This assessment, together with a recommended program, was submitted for

NASA review and approval on 15 April 1971,

The second phase of the study (15 April to 3 December 1971) consists of the
program definition and preliminary design of the approved Modular Space

Station configuration,

A subject reference matrix is included on page v to indicate the relationship

of the study tasks to the documentation.

This report is submitted as Data Requirement SE-04, Volume III; Volume I

contains Sections 1 through 4. 4; Volume II contains Sections 4, 5 through 4, 8,
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4.9 COMMUNICATIONS SUBSYSTEM

The communications subsystem provides radio frequency (RF) communications
between the Initial Space Station (ISS) and the ground, either directly to the
NASA ground network or through the NASA data relay satellite system (DRSS).
Communications are also provided between the ISS and Space Shuttle during
rendezvous and docking operations and for crewman engaged in extravehicular
activity (EVA). The ISS RF communications channel requirements and
frequency allocations are summarized in Figure 4, 9-1. In addition to these
capabilities, the Growth Space Station (GSS) will incorporate the capability to

support free-flying experiment modules (FFM's),

The internal communications system provides nominal voice communications
between crew quarters, equipment compartments, duty stations, and docked
modules. Emergency voice communications, public address, and entertain-

ment audio reception capabilities are also provided.

The definition and preliminary design of the communications subsystem was
supported by the Collins Radio Company and Radiation, Incorporated under
funded subcontracts., Collins Radio provided analytical support and the
assemblylevel descriptions for the RF and internal communications system.
Radiation, Inc., performed the blockage analysis and provided definition of

the high gain antenna system,

4,9,1 Summarz

The RF communications system operating frequencies, radiated power, and
by the results of trade studies and analyses that were performed. The results
of the communications network trade study showed that the experiment data
requirements could be satisfied by implementing the K,;-band system on the
ISS and thus utilizing the DRSS wideband capability, The results of the
high-gain antenna blockage analysis revealed that blockage due to the docked
modules could be eliminated by proper antenna selection and switchover, It

was also determined that the effect of the solar arrays would be minimal,

The RF communications system operating frequencies, radiated power, and

receiving system sensitivities are often dictated by the characteristics and
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capabilities of existing program support elements, such as the NASA ground
network, and planned support such as the NASA DRSS, These characteristics
were utilized in conjunction with the operational communications range
requirements to perform detailed RF link analyses. The results of these
trade studies and analyses were utilized to define the RF communications
system described as follows. An assembly group breakdown of the communi-

cations subsystem is shown in Figure 4. 9-2 and is described as follows.

Direct communications with the ground stations are provided by a 1 watt
S-band transponder which receives voice, commands, and ranging informa-
tion at approximately 2,1 GHz and transmits voice, telemetry, and ranging
data at a frequency between 2,2 and 2,3 GHz. An S-band FM exciter and
power amplifier having a power output of 20 watts operating between 2,2 and
2,3 GHz is also provided for the transmission of video and digital experiment
data, Two-way voice, low rate data, and ranging communications with the
Shuttle are also provided by the same S-band transponder used for direct
ground communications., However, a 20-watt power amplifier operating in
conjunction with the transponder is required to provide simultaneous voice,
data and ranging at ranges up to 200 kilometers, A common, low-gain S-band
antenna system will be utilized for communications with both the ground and
the Shuttle,

Communications with the DRS are provided by K -band transmitting and
receiving systems operating in the 14,4 to 15,35 GHz and 13,4 to 14.2 GHz
frequency bands respectively., A power output of 20 watts operating in con-
junction with an 8-ft diameter high-gain antenna is required to provide for
commercial quality television or up to 10 Mbps digital data transmissions
through the DRSS, Multiple voice channels, medium data rates up to

100 kbps, and turned-around ranging transmissions are provided simul-
taneously with the wideband transmission on a separate carrier., A receiving
system noise temperature of approximately 1,000° Kelvin is required for the
reception of television from the relay satellite. Simultaneous reception of

multiple voice, medium rate data, and ranging information is also provided.

Two-way voice and up to 10 kbps low data rate communications between the

Space Station and DRSS are also provided in the VHF band at frequencies
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between 126 and 130 MHz and 136 to 144 MHz., These links utilize a low-gain
antenna system which will provide nearly omnidirectional coverage. A power
output of 20 watts per channel is required for the voice and data transmissions

to the DRSS,

Full duplex voice communications with crewmen engaged in extravehicular
activity (EVA) and the reception of crew biomedical telemetry are provided,
These channels will utilize frequencies in the 250 to 300 MHz band and will

be multiplexed into the VHF antenna system used for relay satellite communi-

cations,

In addition to the RF comimunications system trade studies and analyses, the
internal communications trade study performed during the 33-ft Space Station
study was reevaluated, It was determined that the internal communications
system should be configured as a frequency division multiplexed (FDM)

system. This is the same result that was obtained in the original study.

The subsystem design concept is within the current state-of-the-art with the
possible exception of the 1, 000° Kelvin Ku- band receiving system noise
temperature, However, lower noise receiver front end device development
is progressing rapidly, and suitable devices should be available in the very
near future, The selection of the most optimum high gain antenna system
acquisition and tracking technique and the development of the required opera-

tional procedures are other areas that will require more detailed study.

4,9,2 Requirements

The key program and project level requirements affecting the design of the
communications subsystem as specified in the Space Station Program
(Modular) Specification (DR-CM-01) and Space Station Project (Modular)
Specification (DR-CM-02) are listed in Table 4. 9-1 by paragraph number,

The RF communications requirements have been established by the operational
support requirements, experiment data transmission requirements, and the
NASA guidelines and constraints, An analysis of the experiment data require-
ments can be found in Section 4.9.4.,3. The internal communications require-
ments are directly dependent on the level of manning and the number of

modules utilized,



Table 4. 9-1
COMMUNICATIONS REQUIREMENTS

Space Station Program (Modular) Specification (DR-CM-01)
3.1.3.10 The capability shall be provided for monitoring the
Space Station in an unmanned condition to confirm the existence of
a habitable environment and the functional capabilities of critical
life sustaining subsystems,

3.1,3.13 The Initial Space Station must provide communications
with the ground and other cooperating spacecraft, but not neces-
sarily simultaneously., Interruptions in data communications with
the ground network for as long as 5 hrs will be acceptable for the
Initial Space Station,

3.1.3.14 Nearly continuous duplex voice communications with the
ground must be provided beginning with the initial manned flight,

A synchronous satellite communications system will be available
and provide wideband data as well as voice bandwidth communica-
tions, (A description of this system will be furnished by NASA.)
Reception of wideband data, as required, should be divided between
ground network stations and the synchronous satellite communica-
tions system, This division will be determined by cost considera-
tions (see 3,1,1.3) and experiment requirements,

3.1.3.15 A synchronous satellite communication system will be
available to support the first MSS launch. The system will operate
in VHF (136 MHz) and Ku (15 GHz) bands,

3.7.1.4,12 As a goal, no orientation restrictions will be imposed
by subsystems; i, e., electrical power, thermal control, communi-
cations.

Space Station Project (Modular) Specification (DR CM-02)
3.1.3.1.11 During unmanned phases of operations, ground-based
mission operations shall provide ephemeris updates based on
ground network tracking data; monitor and support major buildup
and activation activities associated with the orbiting vehicle; and
maintain the responsibility for final approval of each launch to the
Space Station configuration,




Table 4. 9-1
COMMUNICATIONS REQUIREMENTS (Cont)

3.1.3.1.13 The orbital position and ephemeris data of the ISS
Space Station shall be determined by the ground network, with the
Station module configuration providing tracking transponders.

3.1.3.2.13 Mission operations shall provide the capability of
activating and commanding on-orbit subsystems for selected
operations,

3.1.3.3,10 During buildup and. sustained operations, all unmanned
orbital configurations shall provide those subsystem operations
(including data, command, and control) necessary to provide
successful manning and activation,

3.2.1.1,9 Space Station information management shall be com-
patible with all station module derivatives, experiments, experi-
ment modules, logistic vehicles, tugs, relay satellite, and ground
communication systems,

3.2,1.1.10 System, experiment, and mission status information
shall be available onboard, on the ground, or both onboard and on
the ground, as required. This information may be processed or
raw, and real-time or delayed.

3.2.1.1.12 The Space Station shall provide continuous tracking
capability for terminal rendezvous, docking, and other orbital
operations,

3.2.1.2.3 Full redundant duplex communications capability shall
be provided between the activation crewmen and the Shuttle crew,




4.9.2.1 RF Communications Requirements
The detailed RF communications requirements for each of the links are

described in the following sections,

4,9,2.1.1 Space Station to Ground (Via DRSS)
These RF links will be utilized primarily to provide wideband video, digital
data, and multiple voice transmission and reception, Alternate links will
also provide duplex voice and low rate data, These links will be designed to
meet the following requirements:
Mode 1: One full duplex channel, consisting of the following:
A, Up to 100 kbps of digital data having a bit error rate (BER)
of 10"5 or less,
B. Up to eight voice channels, each having a 90 percent word
intelligibility,
C. A pseudo random noise (PRN) ranging code.
Mode 2: One full duplex color television channel to International Radio
Consultative Committee (CCIR) commercial standards with a 39 db
peak -to-peak signal to weighted rms noise ratio and a single voice

channel having a 90 percent word intelligibility.

Mode 3: One downlink 10 Mbps digital data channel time-shared with

the downlink television channel of Mode 2 having a BER of 10-5 or less,

Mode 4: One uplink channel consisting of multiple voice and entertain-

ment audio time-shared with the uplink channel of Mode 2,

Mode 5: One full duplex voice channel with a 90 percent word intelli-
gibility,
Mode 6: Oné downlink 10 kbps data channel having a BER of 10—5 or less.

Mode 7: One uplink 10 kbps command channel having a BER 10~6 or less.

4,9,2,1.2 Space Station-to-Ground (Direct) ‘

The Space Stétion-to-Ground network link, which is a direct link bypassing
the DRSS, utilizes two RF transmission modes. Mode 1 will be utilized during
the module buildup process to provide duplex voice, tracking and ranging,

telemetry, and command capability, During the initial mission phases, the



ground will primarily be utilized to provide Space Station position information,

Mode 2 will be utilized to support backup experiment data transmissions in

the event of relay satellite outages. The following signal qualities are

required.

Mode 1:

Mode 2:

One full duplex voice channel with 90 percent word intelligibility.
One down telemetry channel with up to 51. 2 kbps capacity and
a BER of 10”° or less. .
One up command channel and 1 kbps data rate and a BER of
-6
10 = or less,
One turnaround ranging channel compatible with the MSFN PRN

ranging system,

One down video channel having a 3 MHz maximum frequency
response, The predetection rms signal-to-rms noise will be
20 db or greater,.

One down digital data channel time-shared with the video with

up to 1 Mbps capacity and a BER of 10"5 or less.

4,9.2.1.3 Space Station-to-Space Shuttle

These circuits will be utilized during the Space Station buildup process and

logistics resupply or crew transfer operations., These circuits are very

similar to those of 4.9,2,1.2. Simultaneous operation of the channels

defined in Mode 1 is required after manning. During unmanned operations,

only the channels defined in Mode 2 are required,

Mode 1:

Mode 2:

One full duplex voice channel with a 90 percent word intelli-
gibility,

One telemetry channel with up to 10 kbps capacity and a BER
0f 10™° or less.

One command channel with up to a 1 kbps capacity and a BER
of 107 or less,

One turnaround PRN ranging channel

The telemetry, command, and ranging channels defined in
Mode 1.



4,9.2.1.4 Modular Space Station to EVA
The following circuits are required to support EVA operations:
Mode 1: One full duplex voice channel for each crewman with a
90 percent word intelligibility,

One up to seven analog data channels from each crewman,

Mode 2: One simplex voice channel with a 90 percent word intelligibility,

4.9,2,2 Internal Communications Requirements
The internal communications system will provide the capability of accommo-
dating up to 36 channels for the distribution of telephone, public address, and
emergency signals between various terminals within the Modular Space
Station and to docked logistics modules and RAM's, The onboard telephone
system will provide the same privacy afforded telephone users on the Earth,
No requirements have been identified to date to provide ''secure'' voice
communications, The internal communications requirements in terms of the
number of audio channels required are shown below,

A. An emergency call and public address capability to all modules

simultaneously.
B. A selective module paging capability, This will require a minimum

of nine channels (one per ISS module plus one per docked module),

C. Two channels dedicated for EVA communications.

D. Two channels dedicated for Shuttle communications,
Two channels dedicated for VHF and S-band communications to the
ground,

F. Two channels minimum dedicated to power module,

G. Nine channels minimum dedicated to crew/operations module,

H., Three channels minimum dedicated to the GPL module,

I. One channel dedicated to each of six docked modules,

J. One audio reference channel,

The total channel requirements have thus determined to be one baseband and

36 dedicated channels,
4,.9,3 Selected Subsystem Design

The selected subsystem désign described in this section is capable of satisfy-

ing the requirements defined in the previous section. The operating

10



frequencies, type of antenna system, radiated power levels, and receiving-
system sensitivities are determined by the characteristics of the NASA DRSS,
ground stations, and Shuttle, and the operational requirements and quality

and quantity of information to be transmitted and received. The frequency,
information rates, modulation techniques, signal quality required, trans-
mitter power, antenna gain, and link margin for each channel are summarized
in Table 4, 9-2. The detailed calculations for each channel are presented in
Section 4. 9. 4. 2.

4.9.3.1 Subsystem Description

The VHF and S-band equipments utilized for communications with the DRSS,
Shuttle, NASA ground stations, and EVA are-located in the Power/Subsystems
Module. A block diagram showing the VHF and S-band equipment, including
low-gain (omni) antennas, transmitters, receivers, modems and audio

terminals is presented in Figure 4. 9-3.

The Ky-band and S-band equipments required to provide wideband data trans-
mission and reception with the DRSS are located in the Crew/Operations
Module. A block diagram depicting the high-gain antenna system, power
amplifiers, exciters, receivers, and modems is shown in Figure 4. 9-4. The
analog sync/test unit which generates the reference signals required for
operation of the onboard telephone system and audio terminals located in this

module are also shown,

The total complement of RF equipments is contained within the Power/
Subsystem and Crew/Operations Modules. However, additional audio

terminals are required in the GPL and docked modules.

Descriptions and lower-level block diagrams of the high- and low-gain antenna

systems, RF system, and internal communications system are provided in the

following sections,
4,9,3.1.1 Antenna System Description

Descriptions of the Ku-band high-gain and VHF and S-band low-gain antenna

assembly groups are presented in the following sections,

11
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High-Gain Antenna Assembly Group

The high-gain antenna assembly group consists of three independently
controlled 8-ft parabolic reflectors which are located on the crew/operations
module and are separated by 120 degrees, They are located at 60,180, and
300 degrees referenced to the +Z axis, This assembly group consists of the
main and acquisition aid antennas, feed subassembly, pseudo-monopulse
comparators, couplers, diplexers and switches, low noise tunnel diode
amplifiers, mixer and local oscillator, power amplifiers and exciters and

drive system which are located at the end of the antenna mast.

The following high-gain antenna assembly group design information was pro-
vided by Radiation, Incorporated. The design was based on the performance

requirements shown below:

Nominal transmit frequency 14.5 GHz
Nominal receive frequency 13.5 GHz
Minimum G/T (including all losses) 15.0 db/°K
Minimum EIRP (including all losses) 60. 0 dbw
Minimum antenna RF bandwidth 20,0 MHz

The mast-mounted equipment performance is summarized below:

Transmit
Power amplifier output (20 watts) 13 dbw
System loss (maximum) 1.5 db
Antenna gain (minimum) 50.0 db
EIRP (minimum) 61.5 dbw

Receive

Antenna gain (minimum) 49.4 db
System loss (maximum) 2,0 db
System temperature (maximum) 30. 0 db/°K
(6.5 db noise figure)
G/Tg (minimum) 17.4 db/°K

18



Acquisition
Antenna gain (minimum 29 db

Insertion loss (maximum) 1.7 db

The anticipated system performance margins are based on the current state-
of-the-art for RF components. The detailed performance breakdown of the
transmit, receiver, and acquisition portions of the system are presented in
Figures 4, 9-5, -6, and -7. The preliminary weight estimates of the mast

mounted equipment are given below in Table 4. 9-3,

The feed system selection is the shaped-subreflector Cassegrain approach
using a multimode monopulse primary horn with pseudomonopulse tracking.
The transmit signal is coupled in through the diplexer, which is an orthomode
transducer since the transmit and receive circular polarizations are ortho-
gonal, The orthomode transducer provides about 20 db of isolation between
the transmit and receive circuits, An additional 80 to 100 db can be pro-
vided by a bandpass filter with very small insertion loss. A single bandpass
filter is used after the coupler instead of three bandpass filters (sum,

azimuth difference, and elevation difference lines) prior to the coupler

Table 4, 9-3
MAST MOUNTED EQUIPMENT WEIGHT ESTIMATE

Reflector 15 1b
Subreflector 2 1b
Subreflector support 2 1b
Microwave network 10 1b
Feed support 12 1b
Positioner/gimbal structure 30 1b
Preamplifiers (2) 10 1b
Tracking receiver (2) 10 1b
T TA power amplifiers (2) 20 1b
Transmitter exciters (2) 6 1b
Thermal control 10 1b
Miscellaneous waveguide, coax,
wiring, etc. 15 1b
Total Weight (Excluding the Mast) 142 1b
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because of the difficulty of obtaining identical phase characteristics in all
three filters, The comparator provides about 30 db of isolation between sum
and difference ports, which reduces the power into the scanner to an accept-

able level,

The acquisition antenna system is located behind the subreflector and is a
1-ft diameter paraboloidal reflector fed by a five-horn apex feed. All
pseudomonopulse components are located behind the subreflector, and a
single waveguide is routed down a single spar to the preamplifier. A well-
insulated housing for the scanner will be located between the subreflector

and the paraboloidal reflector,

The subreflector, along with the acquisition antenna system, will be
supported from the feed support cone by a conical radome. The acquisition
antenna transmission lines will be routed down a single spar to the rear of

the reflector.

Detailed RF and Mechanical Design

Feed Support Cone Design—The feed will consist of a Cassegrain-type feed
system with the microwave network packaged in the feed support cone and a
lightweight composite subreflector supported by a conical radome of low
dielectric materials. The use of lightweight construction in the feed package

has resulted in a total weight of approximately 12 1b.

The feed support structure is conical and extends from the dish hub to the
multihorn feed. This truncated cone configuration is a laminate, constructed
of graphite fibers and epoxy. This material is selected because of its high

specific strength and specific modulus.

Subreflector and Acquisition Feed — The subreflector and acquisition feed is

approximately 12 in. in dia., and is constructed using extremely lightweight

fabrication techniques,

The back side of the subreflector may be a parabolic-shaped aluminum foil

surface that functions as the reflector for an acquisition antenna. The
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reflector is fed from an apex feed supported by spars that are attached to

the outside edge at the 12 in, dia,
The acquisition feed would be a lightweight, multihorn feed connected by coax
cable to the preamps. A remote switching mechanism is used to switch from

the high gain to the acquisition antenna.

The weight of the subreflector with acquisition feed is approximately 2 lb

or less,

Dielectric Subreflector Support — The dielectric subreflector support which

positions the subreflector at the focal point of the reflector is constructed of
a single thin-wall, low-loss, composite structure weighing approximately

2 1b,

Microwave Network — The microwave network is enclosed in the feed cone

support, The microwave network will consist of a multihorn feed, compara-
tor network, scanner, polarizers, and coupler. This network will be
designed to be packaged in modules to decrease weight and increase package-
ability, By using this multiple-component manufacturing technique, weight
is decreased due to the decrease in the number of flanges and waveguide wall
thickness to obtain a system weight of approximately 10 lb or less, Also the
ability to package the feed in a more dense package is increased. This
lowers the RF line loss between the horns and receiver and also lowers the

projected aspect ratio of the feed cone, which causes secondary blockage.

Operational Procedures

The high-gain antenna system acquisition, handover, and switchover proced-
ures required to initiate and to maintain RF communications with the data

relay satellites are described as follows,

The acquisition and tracking procedure requires initial pointing information
generated by the onboard computer. Upon acquisition and lock of an RF signal
transmitted by the DRSS by the high-gain antenna pseudomonopulse tracking

system, the drive information from the computer is terminated. In the event
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that the RF tracking signal ""drops out' during a communications pass, the
computer will be called upon to drive the antenna until the RF signal is

reacquired,

Prior to an anticipated communications contact with a relay satellite, the
computer will be required to run a prepass simulation to determine the look
angles to the DRSS, It is estimated that the look-angle predications should
be performed in 30-sec to 1-min increments, Each look angle will then be
tested to determine which antennas are blocked by the docked modules and
solar arrays as a function of time, The optimum antenna for providing
communications during the next pass will then be selected. In the event that
the prepass simulation shows that switchover from one antenna to another is
required during a communications pass to eliminate blockage due to the
docked modules, the second antenna will be slewed into position and acquire
the DRSS RF signal prior to the time that the blockage will occur, Since the
blockage analysis has shown that there is overlapping coverage for the docked
modules, it is anticipated that the switchover procedure will cause little or

no loss of communications,

The computational and storage requirements imposed by the antenna selection
and pointing procedure and the other communications functions should be well
within the 10, 000 operations per second computation rate and 15, 000 words

of storage allocated for the communications subsystem,

Low-Gain Antenna Assembly Group

The low-gain antenna assembly group consists of separate VHF and S-band
antenna systems. Both of these systems consist of flushmounted, slot-type
antenna elements located on the power module and separated by 120 degrees.
They are located approximately at 60, 180, and 300 deg referenced to the
+Z axis. The performance characteristics of the low-gain antenna system

are summarized in Table 4, 9-4,
The VHF system consists of three '""dumbbell' circumferential slot antennas,

diplexers, a multiplexer and power divider, and a multiplexer and switching

assembly, The multiplexer and power divider assembly allows the three
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Table 4.9-4

LOW-GAIN ANTENNA PERFORMANCE CHARACTERISTICS

VHEF System
Gain
Individually 0 db minimum over a 120 deg beam-
width referenced to a right-hand
circularly polarized (RCP) source.
Simultaneously -10 db minimum over 90 percent of

Insertion loss

sphere referenced to an RCP source,

Individually 2 db (maximum)
Simultaneously 7 db (maximum)
Impedance 50 ohm (nominal)

S-band System

Gain
Individually -3 db minimum over a 120 deg beam-
width referenced to a RCP source.
Simultaneously -13 db minimum over 90 percent of a

Insertion loss

sphere referenced to an RCP source.

Individually 2 db (maximum)
Simultaneously 7 db (maximum)
Impedance 50 ohms (nominal)

antennas to be fed simultaneously, thus eliminating any requirement for
antenna switching during EVA operations, The link margins are more than
adequate to compensate for the multipath effects produced by feeding the
antennas simultaneously, However, for normal voice and low data-rate
communications with the DRSS, the multiplexer and switching assembly will
allow the optimum antenna to be selected. It will also be capable of switching

in all three antennas simultaneously in a contingency mode.
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The S-band system consists of three circumferential slot antennas which can
be selected individually or fed simultaneously. The triplexer allows for the

simultaneous reception of one carrier and the transmission of two carriers.

The selection of the optimum VHF and S-band low-gain antennas and their
locations cannot be made until either subscale or full-scale antenna pattern

measurements are performed.

4.9,3,1.2 RF Assembly Descriptions

The RF assemblies for the VHF, S-band and Ku-band systems are described
in this section., Block diagram, functional descriptions, monitor outputs,
and physical characteristic summaries are provided for each assembly, The

following descriptions were provided by the Collins Radio Company.

A. EVA VHF Voice Transmitter/Receiver — The EVA VHF voice trans-
mitter/receiver (line replaceable units) LRU's provide for the
transmission and reception of voice communications between
personnel engaged in EVA and the Space Station. It also provides
for simultaneous reception of biomedical data from the EVA units,
The transmitter provides an output of 1 milliwatt, frequency modu-
lated with 6 kHz peak-to-peak baseband voice signals from the EVA
voice transmitter/receiver modem. The receiver has a noise
figure of 4 db and a predetection bandwidi:h of 50 kHz, A block dia-
gram of the LRU is shown in Figure 4, 9-8,

The receiver demodulates the incoming frequency-modulated signals
consisting of baseband voice and biomedical data subcarriers and
provides the composite signal as an output to the EVA voice trans-

mitter/receiver modem,
Monitoring outputs are provided for control functions, VCO and
crystal oscillator output, transmitter and receiver modulation

levels, transmitter rf output, output VSWR, and receiver AGC level,

The LRU weighs 2 1b and needs 3 watts of power. The estimated
MTBF is 640,000 hr,
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B. EVA Voice Transmitter/Receiver Modem — The EVA voice trans-
mitter/receiver modem LRU provides an interface between a group
of three transmitters and receivers used to handle EVA voice and
biomed signals, and the analog/digital data bus., A block diagram

of the unit is shown in Figure 4, 9-9,

The unit contains circuitry similar to that of the audio terminal
units discussed later, to enable the unit to be dialing up from any
other audio terminal unit in the station, and to provide the composite
voice signals from the three receivers as an output on that same

circuit.

Two of the receiver inputs contain biomedical data signals in the
form of modulated subcarriers, and circuitry is provided to separ-
ate them from the voice signals, demodulate them, and provide the

data as outputs to a digital data terminal,

Conferencing is accomplished (by means of commands received via
the digital data terminal) by routing the voice signal received from
one crew member to the audio output associated with the transmitter
tuned to the second crew member's receiver., Squelch circuitry is
provided to suppress noise in the circuits when they are not in

actual use; however, override capability is provided.

Voice signals originating from the onboard controller can be used to

modulate any or all of the audio outputs,

Monitor outputs are provided to verify the presence of biomedical
data subcarriers audio inputs and outputs, and the status of the

various mode switches,

The LRU weighs 10 1b and requires 10 watts of primary power,
The estimated MTBF is 385, 000 hr,

C. VHF Data Transmitter/Receiver — The VHF data transmitter/

receiver LRU provides digital data communications between the Space
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Station and a relay satellite in the frequency band from 126 MHz to
144 MHz. Frequency modulation is used on both transmission and
reception. A block diagram is shown in Figure 4.9-10., The trans-
mitter provides a 20 watt RF output, with data rates up to 10 kbps,
and deviations of up to 10 kHz peak to peak. The receiver accepts
inputs having the same modulation characteristics and provides the
detected signals as an output to a digital data terminal, The
receiver will have a noise figure of 4 db and a 50 kHz predetection

bandwidth,

Monitor outputs are provided for the control functions, VCO and
crystal oscillator output, transmitter and receiver modulation
levels, for the rf power output level, VSWR on the output, and for

the receiver AGC level,

The unit weighs 13 1b and requires a maximum of 42 watts, The

MTBF is estimated to be 640, 000 hr,

VHF Voice Transmitter/Receiver — The VHF voice transmitter/
receiver LRU provides voice communications between the Space
Station and a relay satellite in the 126 MHz to 144 MHz frequency
band. Frequency modulation is used on both transmission and
reception. A block diagram is shown in Figure 4.9-11, The trans-
mitter provides a 20 watt RF output, with baseband voice modulation
and a peak-to-peak diviation of 6 kHz. The receiver accepts an
input having the same modulation characteristics and provides the
detected voice signal as an output, The receiver will have a noise
figure of 4 db and a 50 kHz predetection bandwidth, Control of the
LRU is by means of an associated digital data terminal; however,
the LRU contains circuitry similar to that in the audio terminal unit
which interfaces directly with the analog data bus and enables any
audio terminal unit on the bus to access the RF channel by simply

dialing its assigned number.
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Monitor outputs are provided for the control functions, VCO and
crystal oscillator outputs, modulation input, transmitter modulation

output, the output level, the VSWR on the output.

The unit weighs 15 1b and requires a maximum of 48 watts., The

estimated MTBF is 170, 000 hr,

S-Band PM Transponder — The S-band PM transponder is the LRU
which provides for the transmission and reception of voice, data,

and ranging signal b'etween the Space Station and Shuttle, and between
Space Station and ground station. The voice and data subcarrier
frequencies are identical to those used on the Apollo command

module,

A block diagram of the unit is shown in Figure 4,9-12, The unit
contains circuitry similar to the audio terminal units to select one
of the voice channels on the analog data bus for transmission and
reception over the RF circuits. The selection of the channel, as
well as all other control functions and the readout of monitor data
is done over the digital data bus via a digital data terminal. The
digital data terminal is also the interface between the bus and
both the incoming digital data on a 70 kHz subcarrier and the out-
going digital data which is transmitted as biphase modulation on a

1,024 MHz subcarrier.

The unit also interfaces with the ranging unit to receive and trans-

mit baseboard PRN ranging signals.
Table 4, 9-5 summarizes the signal-handling capability.

All of the above subcarriers are transmitted and received as PM

modulation of the S-band carrier.

The RF circuitry consists of a solid-state, phase-lock trans-
ponder, with an output power of 1 watt and a receiver noise

figure of 7 db.
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Table 4. 9-5
SIGNAL-HANDLING CAPABILITY

One voice channel input and output, Transmitted as FM modulation
ona l.25 MHz subcarrier, received as FM modulation on a

30 kHz subcarrier.

One data channel output of 51,2 kbps, transmitted as biphase

modulation on a 1. 024 MHz subcarrier,

One data channel input of kbps, received as FM modulation on a

70 kHz subcarrier. The signal on the subcarrier consists of a

biphase modulated 2 kHz tone plus a 1 kHz reference tone,

PRN ranging signals transmitted and received as baseband PM

modulation of the S-band carrier,

Monitor outputs are provided for the control functions, sub-
carrier outputs, demodulation outputs, phase modulator output,
receiver AGC level, output power level and VSWR and phase-lock

loop status.

This LRU wéighs 23 1b and requires 36 watts of power. The
estimated MTBF is 42, 600 hr,

S-Band FM Exciter — The S-band FM exciter LRU generates a 40 to
100 milliwatt RF signal to drive the S-band power amplifier, and
frequency modulates it with either a wideband digital data signal or
a television signal. A block diagram of the unit is shown in

Figure 4.9-~13. The unit interfaces with a digital data terminal
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S-band FM Exciter — (Cont)

for control and monitor functions, and receives its digital data
input from that source, It also interfaces directly with the analog
data bus to obtain the television signal input, The LRU contains the
channel selection circuitry necessary to side-step the desired

channel down to baseband for transmission,

Monitor outputs are provided for the control functions, Lo output,
harmonic generator output, modulation detector, video channel

selection, and the RF output level,

The LRU weighs 3 1b and requires 5 watts of primary power; the
estimated MTBF is 310, 000 hr,

S-Band Power Amplifier — The S-band power amplifier LRU pro-
vides amplification of the 40 to 100 milliwatt input from the S-band
FM exciter to the 20-watt output level necessary to support wideband
data transmissions. The required power level is generated through
a hybrid arrangement of power transistors as shown in the block

diagram of Figure 4,9-14,

Monitor outputs are provided for the RF input and output levels,

VSWR on the output, temperature,. and the ON/OFF control.

The LRU weighs 5 1b and requires 60 watts of primary power. The
estimated MTBF is 200, 000 hr,

S-Band Wideband Receiver — The S-band wideband receiver LRU's
provide for the reception of signals (from a relay satellite), which

have been down converted from Ku-band.

The incoming signal is frequency modulated with a baseband video
signal plus a 4.5 MHz subcarrier frequency modulated with a voice
signal, or an FDM signal consisting of 36 SSB voice signals in the

band from 60 kHz to 204 kHz, plus entertainment channel
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subcarriers at 1,0 MHz, 1.35 MHz, and 1.7 MHz, Figure 4,9-15

shows the block diagram.

In the video mode, the incoming video signal is side-stepped to
desired analog data bus channel and placed on the bus with the
4,5 MHz subcarrier, In the voice mode, the demodulated voice
and entertainment channel spectrum is placed on the analog data

bus,

Monitoring outputs are provided for the control functions, crystal
oscillator output, FM detector output, receiver AGC level, and the

selected analog data bus video channel

The LRU weighs 25 1b and uses 35 watts of power., The estimated
MTBF is 120, 000 hr,

S-Band Narrow-band Receiver — The S-band narrow-band receiver
provides for the reception of signals (from a relay satellite) which
have been down coverted from Ku-band. The incoming information
is in the form of PCM/PSK modulation of a subcarrier, multiple-
voice channels, frequency modulated on a 4, 5 MHz subcarrier, and
a baseband pseudorandom ranging code, A block diagram is shown

in Figure 4, 9-16,

The receiver phase locks to the incoming S-band signal and
coherently detects the ranging signal (which is provided to the Ku-
band exciter for retransmission) and the modultited subcarriers, The
PSK detector extracts the digital data on a subcarrier and provides
the information as an output to a digital data terminal. An FM
discriminator detects the multiple voice channels on the 4,5 MHz

subcarrier and provides the voice as an output to the analog databus,
Monitoring outputs are provided to the control functions, crystal

oscillator output, detector output, loop lock status, data and voice

subcarrier presence, and the receiver AGC level.
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The unit weighs 20 1b and consumes 24 watts of power. The
estimated MTBF is 89,000 hr.

Ku-Band Power Amplifier — The Ku-band power amplifier LRU
provides amplification of a 20 to 50 milliwatt input from the Ku-band
exciter to the 20-watt output level necessary to support wideband
signal transmissions to Earth via a relay satellite, The LRU con-
tains both the TWT amplifier and its associated power supplies,

The amplifier has a 0, 5 db bandwidth of 40 MHz, A block diagram

of the unit is shown in Figure 4, 9-17,

Monitor outputs are provided for the RF output power level, VSWR on
the output, power supply voltages, tempetrature, and the ON/OFF

and warm-up cycle status.

The LRU weighs 10 1b and requires 80 watts of power, The
estimated MTBF is 70, 000 hr.

Ku—Band Exciter — The Ku-ba.nd exciter LRU generates a

50 milliwatt Ku-band RF signal to drive the Ku-—band power amplifier,
and incorporates provision for either phase or frequency modulating
that carrier with digital or analog data. Inputs are provided for
digital signals from the ranging unit and a digital data terminal, and
for a wideband analog signal from a signal modem, It will output
digital data rates up to 10 MBPS and analog signals over the range
from 10 Hz to 7. 75 MHz. The modulation level extends to 10 MHz
peak-to-peak on FM and 2 radians peak-to-peak on PM, A block

diagram of the unit is shown in Figure 4, 9-18,

Monitor outputs are provided for the control functions, oscillator
output, 400-MHz amplifier output modulation level, VSWR, and the RF
output level,

The LRU weighs 3 1b and requires 5 watts of primary power, The

estimated MTBF is 920, 000 hr.
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Ky-Band Exciter Modem—The K,-band exciter modem LRU
provides an interface between the analog/digital data bus and the
K,-band exciter, for the control and processing of analog signals.
A block diagram of the unit is shown in Figure 4.9-19. Under
direction of commands received from a digital data terminal, the
unit sidesteps and inverts the selected television channel so that it
appears as a vestigial lower sideband signal with the carrier
centered at 6.5 MHz. The FDM voice spectrum which was separa-
ted from the rest of the signals on the bus by the 500 kHz lowpass
filter, is then added back in to form a composite signal consisting
of all the voice channels but just the one selected video channel.
The composite signal is then provided as an output to the K,;-band

exciter.

Monitor outputs are provided to indicate the selected channel,
ON/OFF status, and the modulation levels.

The LRU weighs 6 lb and will require 6 watts of power, The
estimated MTBF is 300, 000 hr,.

Ranging Unit

The ranging unit LRU operates in conjunction with the S-band PM
transponder (and a cooperative ranging system in the Shuttle) to
determine the range to that vehicle. It also operates in conjunction
with the K;-band exciter/PA system, cooperative ranging system
in the FFM's, and the S-band data receiver (and its associated
Ky-band front-end circuitry) to determine the range to those
vehicles, The unit provides ranging out to 1, 850 kilometers with a
resolution of 120 meters and an accuracy of 75 meters, A block

diagram of the unit is shown in Figure 4, 9-20,
The unit generates a pseudofandom coded NRZ signal and provides

it as an output to either one or two transmitters. It accepts the

returned PRN code from one of five receivers and from the delay
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as a function of time determines range and range rate to the
cooperating vehicle. The range and range rate information is

provided as an output to a digital data terminal.

Monitor outputs are provided for the control functions, code and
clock output levels, selected transmitter/receiver combination, and

the ranging acquisition/tracking status.

The unit weighs 7 1b and uses 11 watts of power, The estimated
MTBF is 225,000 hr.

4.9.3.1.3 Internal Communications System Description

Functionally, the intercommunications system for the modular space station
closely resembles a standard Bell Telephone system. Except for special
circuits which may be deliberately locked out of some terminals to restrict
operational access, each terminal unit can obtain private access to any other
terminal unit by simply ''dialing'' it. Conference capability is provided under

control of the called terminal.

Communications between the various terminal units are carried on a common
analog/digital data bus in a frequency division multiplex (FDM ) format.
Thirty-six 300 to 3,000 Hz channels are provided. Each of the decks in the
Space Station will have one of these channels assigned to it for a public
address function unique to that deck. In addition, the baseband 300 to

3,000 Hz channel on the bus is common to all terminals on all decks for use

as a public address or emergency ''all stations'' circuit.

As described previously, all the features of the intercom system are
extended to the ground when K -band DRSS communications are available, so
that a ground terminal can ''dial' any terminal in the Space Station and vice

versa.

The voice bandwidth channels can, of course, be used for data phone,

facsimile, or teletype service if so desired.
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In addition to the voice channels, the audio terminal units are configured to
receive any one of three wide-band (50 Hz to 15,000 Hz) channels assigned

to entertainment use.

The intercommunications signals are distributed throughout the Space Station
on an analog bus which also carriestelevision information. The format of sig-
nals on the bus is shown in Figure 4,9-21. The voice signals are transmitted
in the form of single~sideband suppressed carrier amplitude modulation on
channels spaced 4 kHz apart in the band from 60 to 204 kHz. The entertain-
ment signals are transmitted in the form of frequency modulation on sub-

carriers of 1.0, 1.35, and 1. 7 MHz.

The selection of the FDM format for the Space Station internal communica-
tion was the subject of tradeoff studies early in the Space Station program
and a subsequent reevaluation study for the Modular Space Stations. The
FDM system was chosen (among other reasons) for the ease with which it
could grow and interface with added terminals as the Space Station grew in

modular increments.

As the station is built up, expansion of the intercommunication system is
accomplished the instant the analog bus of the new section is tied to that of
the old, and all that is required is expansion of the directories to include the

added terminal numbers.

Physically, each audio terminal unit is an LRU, and at this time includes the
channel selection mechanism (touch-tone keys). Electrical interfaces are
provided for primary power, connection to the analog bus, and connectors

to a microphone and headphc’:ne/spéaker or other terminal equipment such

as a teletype or dataphone station. The unit would weigh 4 1b and require

4 watts of power. The MTBF is estimated as 188, 000 hr.

In addition to channel select, controls would be included for VOX/PTT

operation, conference mode selection, and emergency alert tone actuation.

A block diagram of the audio terminal unit is shown in Figure 4, 9-22,
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The heart of the voice channel system is the telephone LSB-SC-AM trans-
ceiver, which is tunable (by means of 10 push-button touch-tone matrix) in
4 kHz increments to any of the 36 channels located in the band from 60 to
204 kHz, The transmit and receive functions are tuned to the same fre-
quency source of their own, they are all normally referenced to a 4 kHz
reference tone on the analog data bus. The reference tone is provided
by a separate sync tone gemerator unit, Dialing another station number
results in tuning your station to the unique "home' frequency of the
provided by a separate sync tone generator unit. Dialing another station
number results in tuning your station to the unique "home' frequency of the
called station. If the called station is off-hook, a busy signal will be
received, and no connection can be made unless the called station selects
conference mode. All of the supervisory signals are compatible with Bell-

system practice.

Microphone input signals are normally blocked until a VOX threshold level is
reached, in order to prevent noise buildup in the channel when several termi-
nals are conferenced. The VOX switch may be overridden in the selectable

PTT mode of operation, however. Transmit sidetone is provided.

Automatic gain control (AGC) of received signals is provided in order to main-

tain nearly constant audio output levels over a wide range of input signal levels,

Operation of the entertainment receiver is straightforward, consisting simply
of tuning of the receiver to the selected subcarrier frequency and demodula-

ting the FM signal present on that subcarrier.

The public address/emergency call/emergency alert transceiver provides for
transmission and reception of audio signals in the 300 to 3, 000 Hz baseband
channel on the analog/digital data bus., The microphone VOX/PTT operation

and receiver AGC functions described above also apply to this channel,

Actuation of the emergency call control at any station enables that station to

transmit to all other stations on the bus., At the same time, a 5-kHz tone is
placed on the analog data bus which, when received by any station, causes a

visual indicator to be energized,
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Actuation of the emergency alert control at any station causes a 6-kHz tone to
be transmitted on the analog data bus which, when detected by any station on
the bus, causes them to emit an aural alert signal over the headphone/speaker

system.

Since the audio terminal units normally interface directly with a human oper-

ator who can immediately assess their performance, monitoring is inherent,

Analog Sync/Test Unit

Provisions for automatic testing and generation of synchronizing signals for
the internal communications system are incorporated in the analog sync/test

unit whose block diagram is shown in Figure 4. 9-23,

The unit provides two synchronizing tones as outputs on the analbg/digital data
bus, a 4-kHz reference for the audio terminal units, and a 4 MHz reference
for the television signals on the bus, Both of these reference signals on the
bus are continually monitored for amplitude and frequency stability, and an
out-of-tolerance condition will automatically result in replacing the faulty sig-
nal on the bus with a signal from backup generators contained within the unit.

The status of the reference signals is provided as a monitor output,

In addition to the generation of synchronizing signals, the unit provides two
basic test functions. For the television receivers on the bus, it provides (on
a dedicated test channel as shown in Figure 4. 9-21) a selection of test patterns

for alignment and checkout,

For checkout of the audio terminal units, a double loop test is established, in
which the test unit transmits a test tone on the home channel frequency of a
selected audio terminal unit and in reply receives a test tone bank on the base-
band channel, A loopis also established over the same channels in the other
direction to verify the operation of the other transmit and receive functions,.
Either manual selection of the channel to be tested or automatic sequencing
through all channels can be accomplished. The test unit automatically evalu-

ates the status of the channel and provides the data as an output.

The sync/test unit is a single LRU weighing 5 lb. The power consumption
will not exceed 10 watts, and the estimated MTBEF is 174, 000 hr,
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4.9.3.2 Interfaces
The communications subsystem interfaces with the other program and
project elements and with the other Space Station subsystems are described

in the following sections.

4.9.3.2.1 External Interfaces
. The radio frequency interfaces between the ISS and the ground (either directly '
or indirectly via the DRSS, the Shuttle Orbiter, and EVA crewman) have been
described in the previous section and will not be repeated here. During ISS
buildup, the Space Station module analog data bus must be connected to the
Shuttle Orbiter intercom system in order to provide voice communications

between the module activation crew and the Orbiter crew.

Voice communications between the ISS and attached RAM's and Logistics
Modules are provided by the interconnected analog data buses, The
reference signals required for proper operation of the audio terminal units
located in the RAM's and Logistics Modules are provided by the analog sync/

test unit located in the Crew/Operations Module,

Experiment data generated in the attached RAM's will be transferred via the
interconnected digital data bus. Therefore, an RF interface with these mod-

-ules is not required.

4.9.3.2.2 Internal Interfaces

The transmitters and receivers associated with each antenna system are
located as close to the antennas as possible in order to minimize the trans-
mission line losses. Therefore, there is no transfer of RFenergy between
modules. All voice, video, and digital data are transferr.ed between modules

on either the analog or digital data bus.

The RF systems located in the Power/Subsystems and Crew/Operations Mod-
ules i-'nterface primarily with the data management subsystem (DMS). The
remote data acquisition units (RDAU's) provide discrete command outputs
which control the operation of the RF and antenna systems.b The RDAU's also
accept analog and bilevel outputs which are utilized for monitoring opera-

tional status or readiness, verifying performance, and isolating faulty units.
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Digital words are provided by digital data terminals which select the
optimum high- and low-gain antennas, and control the pointing of the high-
gain antennas during a relay satellite acquisition or handover. Digital
experiment data is provided to the transmitters by a digital data modem.
Video information interfaces directly with the analog data bus and is routed

to or from video recorders, cameras, and monitors.

Guidance, navigation, and attitude information is required by the computer
in order to select and point the antennas. However, there is no direct inter-

face with the subsystem providing this information.

4.9.3.3 Operations
The communications subsystem will support Space Station operations during
deployment, station buildup prior to manning, and normal manned on-orbit

operations.

4.9.3.3.1 Deployment Operations

During the period when the Space Station modules are in the process of being
activated prior to being released, voice communications will be provided
between crewman in the deployed module and the Shuttle Orbiter crew. The
baseband voice channel normally utilized for public address or emergency
voice communications is used to provide this capability. This capability is

available in all modules.

Prior to deployment of the Power/Subsystems Module, the VHF and S-band
transmitters, receivers, and low-gain antenna system will be checked out to
verify performance., After deployment, and open-loop S-band RF link will be

employed as a backup to the hardline voice communications,

Prior to deployment of the Crew/Operations Module, the Ku-band equipments
will be checked out. After module deployment, the three high-gain antenna
masts will be raised to their normal positions. As$ a minimum, a visual
inspection of the antennas will be made to insure that no physical damage has
occurred, Backup RF communications are not available for this module until

it is docked to the Power/Subsystems Module,
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The GPL does not contain any RF equipment; however, hardline voice

communications are available as in the previous modules orbited.

4.9.3.3.2 Buildup Operations

Prior to launch of the Crew/Operations and subsequent modules, the mod-
ule(s) already in orbit will be checked out by the ground via the VHF and
S-band RF equipment located in the Power/Subsystems Module to verify
vehicle status and \safety. Uplink command capability will be available for
control and to effect subsystem reconfiguration if necessary, Orbit deter-
mination will be provided by the ground tracking stations utilizing the coherent

turnaround capability of the S-band PM transponder.,

During Shuttle Orbiter rendezvous and docking operations with the unmanned
Station, the Station is capable of receiving command and control information,
transmitting telemetry status data, and turning around a Shuttle Orbiter
initiated ranging code at ranges up to 300 km over the S-band link. After
docking, the S-band RF system can provide open-loop backup voice communi-
cations. Near-continuous two-way data communications contact with the
ground via the VHF link through the DRSS are also available to support
buildup operations. Due to the low data rates encountered during this phase,

operation of the high-gain antenna system is not required.

While the Station is unmanned, there are two methods for controlling the
operations of the communications subsystem. The first method requires that
both the VHF and S-band receivers be left in a stand-by or '"ON"' condition.
The transmitters are then energized by ground commands. The second
method utilizes stored program commands generated by the computer to

cycle operation of the transmitters and receivers on a scheduled basis.

4.9.3.3.3 Normal On-Orbit Operations
During normal on-orbit operations, the communications subsystem provides
for the transmission and reception of the following types of information.
A. Direct Ground Link
1. Command, voice, and ranging reception.

2. Telemetry, voice, and ranging transmission.
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B. DRSS Link
1. Television, multiple-voice, entertainment audio, digital data,
and ré,nging reception.
2. Television, experiment data, multiple-voice, digital data. and
ranging transmission.

C. Shuttle Orbiter Link

L. Voice, command, and ranging reception.

2. Voice, telemetry, and ranging transmission.
D. EVA Link

1. Voice and Biomedical Telemetry Reception.

2. Voice Transmission.

The primary function of the direct to ground communications link during
normal operations will be to track the Space Station and to provide position
updating information. The command, voice, telemetry, and experiment data
dumps can be utilized during relay satellite system down periods or outages.
It is expected that ground station support can be phased out after the opera-
tional procedures required for communications with the DRSS are established

to a high degree of confidence.

The high-gain antenna system is utilized primarily for support of experiment
operations by providing a wideband uplink and downlink capability. Experi-
ment data transmissions can be handled on a scheduled basis or can be called
up on short notice by the VHF voice link through the relay satellite. In order
to establish a solid wideband RF link with the DRSS, it will be necessary to

perform a cooperative high-gain acquisition procedure.

During manned operations, the VHF link through the DRSS will primarily be
utilized for administrative and procedural voice and low data-rate traffic
between the station commander and ground flight controller. In addition to
the data and ranging links described in section 4.9. 3.1.2, duplex voice
communications will also be available during Shuttle Orbiter rendezvous and
docking operations. Simultaneous voice, data, and ranging capability can be

provided at ranges up to 200 km.
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During EVA operatidns, duplex voice communications are available between
the station commander and EVA crewmen. The capability to receive bio-
medical and pressure suit telemetry information which can be displayed on

the display and control console is included.

The internal communications system provides voice communications within
the ISS and the docked modules. Normal voice communications are provided
by an onboard telephone which is compatible with and similar in operation to
the Bell Telephone system. Public address and individual module paging
capability is also provided. A '"direct dial" capability is also available
between personnel on the Station and the ground when the high-gain antennas

are operating.

4.9.3,3.4 Contingency Operations

During contingency operations the crew will have the capability to communi-
cate with the ground directly on an intermittent basis using the S-band system
or through the DRSS on a nearly continuous basis using the VHF system. The
operation of the S-band or VHF transmitting and receiving equipments can be
controlled by either the portable display and control consoles or by hardwired
control lines which are available at each docking port. Voice communica-
tions are available from any of the core modules or attached modules by
utilizing the audio terminals which access the transmitters and receivers
through the analog data bus. In addition, hardwired voice capability to the
VHF and S-band equipments is available at each docking port. Duplex voice
and low-rate communications utilizing the S-band system will consume a

peak prime power of 52 watts. The VHF system will require a peak power of
112 watts. If only VHF voice is required, then 67 watts of prime power will

be required.

4.9.3.4 GSS Considerations

The main impact on the baseline ISS communications subsystem is the
requirement to support free-flying experiment modules (FFM's). The
location and size of the FFM station-keeping loop will determine the maxi-
mum range of which communications are required and the type of coverage
which must be provided by the Space Station antenna system. The number of

modules that are required to be supported simultaneously will also influence
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the antenna system coverage (beamwidth) and determine the number of
receivers required. At a minimum, the GSS communications subsystem
must provide the following capabilities.
A. Transmit command control information and a ranging code.
B. Receive the turned-around ranging code and determine FFM range
and range rate.

C. Receive video and digital experiment data and vehicle status data.

During the 33-ft Space Station study, it was determined that a Ku-band
medium-gain antenna system having a gain of 24 db and a beamwidth of

10 deg was required to support the FFM's in the station-keeping that was
located behind the Space Station and had a maximum range of 1, 850 kilome-
ters. In the normal horizontal attitude, the high-gain antenna system
located on the Crew /Operations Module would be blocked by the solar arrays
on the second power module. This blockage can be eliminated by locating a
medium-gain antenna system on the end of the solar array mast. The
additional Ku-band power amplifier, exciter, and low-noise receivers and
the S-band video and data receivers would also be located in the second
Power/Subsystems Module, It is estimated that the additional equipment

required to support the FFM's would weigh less than 200 1b,

The additional GSS modules will contain additional audio terminal units,
which in turn will require more dedicated audio channels on the analog data
bus. The ease with which the frequency division multiplex (FDM) system
could be expanded was one reason an FDM system was chosen over a TDM
system. It is estimated that 12 additional audio terminals and 12 additional
channels on the analog data bus will be required to support operations in the

additional Crew/Operations and Power Subsystems Modules,

4,9.4 Design Analyses and Trade Studies

4,9.4.1 High-Gain Antenna System Blockage Analysis

The purpose of the high-gain antenna system blockage analysis was to assess
the amount of communications outage time with the DRSS that can be expected.
The communications link between the DRSS may be broken because c;f one or

more of the following orbit or configuration dependent factors.
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A. The communications line-of-sight (LOS) may be blocked by one of
the docked modules. _

B. The line-of-sight may be blocked by the large solar panels.

C. The Earth blocks the line-of-sight to one or both of the relay
satellites during each orbit.

D. Some amount of outage time may occur during antenna, RF, and
data acquisition and possibly during hand-over.

E. The gimbal system used for positioning the antenna may experience
gimbal lock or rate limitations due to the keyhole effect when

certain tracking trajectories are encountered.

A system design goal is the limitation of outage time due to all of the above

effects to less than 10 percent of the total time.

A Space Station orbit inclination of 55 deg and altitude of 455 km were used
in the analysis. Figure 4.9-24 shows the Earth occultation criteria used.
A minimum angular separation of 5 deg between the line-of-sight to the
relay satellite and the line tangent to the Earth's surface was used so that
atmospheric refraction and attenuation effects and multipath interference
will not affect link performance. Utilization of the 5 deg angular separation
results in a LLOS to the relay satellite that lies 15 deg below the Space
Station local horizontal at Earth occultation. The maximum percentage of
the time that the Earth blocks the LOS to two satellites separated by 130 deg
as a function of the angular separation discussed above is shown in

Figure 4. 9-25. It can be seen that a maximum blockage due to the Earth of

8. 6 percent results from using the 5 deg angular separation.

The blockage due to docked modules was isolated from considerations of
orbital mechanics by developing a computer program which generates a
series of locations for the position of the synchronous relay satellite that are
equivalent to a complete elevation and azimuth scan. The Space Station
coordinates used are described as follows:
A. The +X axis is aligned with the vehicle axis and is in the direction
of the Space Station motion.

B. The +Z axis is defined by the vector from the center of the Earth.
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C. The +Y axis is perpendicular to the Y-Z plane and is directed
toward the right if observer is facing forward and standing on

the top side of the Space Station,

The Space Station configuration in Figure 4, 9-26 shows the locations of the
three high-gain antennas, It was assumed in the analysis that all docked

modules were 14 ft in diameter and 45 ft long,

The evaluation of module blockage was accomplished in two stages. The
first sta‘ge was the determination of a four-sided figure which represents the
module shape when observed from the antenna position. This four-sided
figure was generated for each of the docked modules with respect to each of
the docked modules with respect to each of the three antennas. Then using a
technique developed by Swofford, (1) the interception of the vector from the
antenna location to the relay satellite and the quadrilateral determined above

were assessed.

Several antenna locations were investigated with this computer program,

For the ISS configuration, the three antennas were configured with 20-ft
booms and were mounted 20 ft aft of the intersection of the Power/Subsystems
and Crew/Operations Modules at the locations shown in Figure 4,9-26. A
data generator was used to create a vector corresponding to the DRS position,
and that vector was scanned through all combinations of aximuth (AZ) and
elevation (EL) where 0=AZ<180° & 0<EL<90°. The AZ and EL angles are
shown in Figure 4. 9-27, and the X-Y-Z axés correspond to the spacecraft

coordinate system.

Determining the effect of solar array blockage is complicated by the fact
that the array position is a function of the sun angle relative to the Space

Station attitude and also varies with time and season.

(1 )Doyle P. Swofford. A Method for the Thermal Analysis of Spacecraft
Including All Multiple Reflections and Shading Among Diffuse, Gray
Surfaces. NASA TND-5910, July 1970.
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The ''static'’ blockage due to the solar panels in their worst-case position
(normal to the Space Station X-axis) has been computed to be less than

6 percent.

A flight simulation program was also run to determine if there were any
viewing angles which were not required to be covered due to orbital con-
straints and to determine the maximum azimuth and elevation rates that
would be encountered. The highest rates observed in the data generated

were less than 0.1 deg/second.

A composite plot of the required antenna viewing angles and blockage due to
the docked modules and solar arrays for the top and one of the side antennas
when the Space Station is in the normal horizontal attitude is shown in

Figure 4.9-28.

This plot shows that the antennas are not required to point below an elevation
angle 15 deg below the local vehicle horizontal between azimuth angles from
0 to 55 deg and 125 to 180 deg. Pointing of the antennas inside the ""semi-
circle' is not required. This is due to the orbital inclination, and was
determined by the flight path simulations. The ''clear'' area represents
simultaneous coverage by both the top and one of the side antennas. The
"single-hatched' areas represent those viewing angles where one of the
antennas, but not both simultaneously, is blocked by a docked module. The
""double-hatched'' areas represent blockage of two antennas simultaneously
due to the solar arrays. The area shown is the maximum possible area
swept by the arrays but does not truly represent the blockage at any given
time. In order for the solar arrays to be oriented so that they present the
maximum blockage, the sun, the relay satellite, and Space Station X-axis
must line up or be nearly in line. A cursory examination of the Space
Station trajectory and relay satellite locations revealed that this is a very
unlikely occurrence. It can therefore be tentatively concluded that, although
the solar arrays blockage envelope appears rather large, the effect of the

solar arrays on communications should be minimal.

Based on the results of the blockage analysis, the gimbal system must

satisfy the antenna tracking requirements and ideally utilize the Space

68



R260

REQUIRED

X
XK
KRR
ele%
ERRRRKKS

S334930 - NOILVAI™

69

TRACKING

ENVELOPE

.v"'Q
S
Q%
%0

IXRKS

10 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160
AZIMUTH - DEGREES

ONE ANTENNA BLOCKED 24 ALL ANTENNAS BLOCKED R

CLEARC]

Figure 4.9-28. High-Gain Antenna System Viewing Angles




Station blockage and predicted ephemeric patterns to minimize the '"keyhole'"

problem and simplify the design.

The large blocked area under the Space Station forces a substantially
different operation for the side antennas compared with the top antenna.

A. Top Antenna—The top antenna can continuously track a significant
percentage of all transmission passes, providing it has the capa-
bility to point below the fore—and-aft horizon. This operational
constraint can be easily met with an X-Y type antenna mount. The
gimbal lock position (keyhole) for this configuration is on the Space
Station horizon at = 90 deg azimuth and is well out of any viewed
areas.

B. Side Antennas—The side antennas have almost no requirement to
look to the side (in the region of + 90° AX, 0° EL). A gimbal con-
figuration which uses this constraint to good advantage is an AZ-EL-
type mount with the '"keyhole'' off the end of the mast.

C. General—Neither of the proposed gimballing systems requi.res
unlimited angular freedom. This is an important feature which
eliminates a requirement for slip rings to provide signals and

power to the outer gimbal or antenna.

Figure 4. 9-29 illustrates a polar projection of the antenna coverage when

~ antenna mechanical constraints are imposed.

Based on the results of the study, the following conclusions have been
reached:
A, Blockage due to docked modules can be eliminated by antenna
switchover during a transmission pass.

B. Blockage due to the solar arrays is not significant.
Computer simulations have also revealed that about 65 percent of the

transmission passes can be handled continuously (no handoffs) by one or the

other of the side antennas,
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4.9.4.2 Radio Frequency (RF) Link Analysis

During the study, RF link analyses were performed for each of the ISS RF
links. The pertinent RF communications characteristics are summarized
in Table 4. 9-2. This includes type of information and rate, modulation
technique, carrier-to-noise spectral density ratio (i.e., a measure of
signal quality), RF power output, antenna gain and margin (i.e., signal-to-

noise ratio above or below that required for satisfactory link performance).

The RF power requirement for each link is determined by the equivalent
isotropically radiated power (EIRP), which is the product of the antenna
system gain and the transmitter output power. The per-channel EIRP

required for a link is given by:

(C/Ng)LMk
(G/T)

EIRP

Expressed in db, this becomes:

EIRP (dBW) = (C/Ng)+ L+ M+ k - (G/T)

where
C/N, = desired carrier power-to-noise density ratio (db-Hz)
L, = total losses in the link (db) .
M = desired margin (db), usually taken as 3 db
k = Boltzmann's constant: 1.38 x 10-23 joules/°K
= -228.6 dbw/Hz°K
G/T = receiver gain-to-temperature ratio (db/°K)

The detailed link calculations for all links except the uplink directly from
the ground—which is very strong—are shown in Tables 4.9-6, 4.9-7, 4.9-8,
4,9-9, 4.9-10, and 4.9-11.

It should be noted that all links exhibit positive margins using the stipulated

transmitter powers and antenna gains.
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Table 4.9-6

RF LINK CALCULATION—-ISS TO/FROM DRSS

ISS to DRSS DRSS to ISS

Parameter Television Television
Frequency (GHz) 14.5 13.5
Total C/No desired (db-Hz) 85.0 85.0
Link C/N0 desired (db-Hz) 88.0 85.2
Path loss (db) (42, 600 km) 208.2 207.6
Polarization and pointing 1.5 1.5
loss (db)
Repeater noise (db) -- 0.5
Circuit loss (db) 3.0 2.0
Modulation loss (db) 0.0 0.0
Margin desired (db) 3.0 3.0
Receive G/T (db/°K) 14.0 18.2
EIRP required (dbw) 61.1 53.0
Transmitter antenna gain (db) 48.8 --
Transmitter power required (dbw) 12.3 --
Transmitter power required (w) 17.0 --
EIRP available (dbw) 61.8 52.0
Excess margin (db) +0.7 -1.0
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Table 4, 9-7
RF LINK CALCULATION-—-ISS TO/FROM DRSS

Parameter ISS to DRSS DRSS to 1SS
Frequency (GHz) 0.136 0.136 0.130 0. 130
Total C/No desired (db-Hz) 50. 8 51.6 50. 8 51.6
Link C/No desired (db-Hz) 53. 8 54.6 51.0 51.8
Path loss (db) (42, 600 km) 167.7 167.7 167.3 167.3
Polarization and pointing loss (db) 4.0 4.0 4.0 4.0
Repeater noise (db) -- -- 0.5 0.5
Circuit loss (db) 2.0 2.0 2.0 2.0
Modulation loss (db) 0.0 0.0 0.0 0.0
Margin desired (db) 3.0 3.0 3.0 3.0
Receive G/T (db/°K) : -13.4 -13.4 -27.0 -27.0
EIRP required (dbw) 15.3 16.1 26.2 26.0
Transmitter antenna gain (db) +3.0 +3.0 - --
Transmitter power required (dbw) 12.3 13.1 -- --
Transmitter power required (w) 17.0 20.4 - --
EIRP available dbw) 13.0 13.0 30.0 27.0
Excess margin (db) +0.7 -0.1 +3. 8 +1.0
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Table 4. 9-8
RF LINK CALCULATION-ISS TO SHUTTLE

Voice Data Ranging
Frequency (GHz) 2.3 2.3 2.3
Total C/No desired (db-Hz) 50. 8 51.6 32.0
Link C/N0 desired (db-Hz) 50. 8 51.6 32,0
Path Loss (db) (200 km) 145, 8 145.8 145, 8
Polarization and pointing loss (db) 4.0 4.0 4.0
Repeater noise (db) -- -- 1.0
Circuit loss (db) 4.0 4.0 4,0
Modulation loss (db) 7.3 6.2 18.2
Margin desired (db) 3.0 3.0 3.0
Receive G/T (db/°K) -27.0 -27.0 -27.0
EIRP required (dbw) 13.3 13.0 6.4
Transmitter antenna gain (db) 0.0 0.0 0.0
Transmitter power required (dbw) 13.3 13.0 6.4
Transmitter power required (w) 21.4 20.0 4.4
EIRP available (dbw) 13.0 13.0 13.0
Excess margin (db) -0.3 0.0 +6. 6
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Table 4. 9-9

RF LINK CALCULATION—SHUTTLE TO ISS

Parameter Voice Data Ranging

Frequency (GHz) 2.1 2.1 2.1
Total C/N, desired (db-Hz) 50. 8 42.4 32.0
Link C/N, desired (db-Hz) 50. 8 42. 4 32.0
Path loss (db) (200 km) 145.0 145.0 145.0
Polarization and pointing 4.0 4.0 4.0
loss (db)

Repeater noise (db) - - -
Circuit loss (db) 4.0 4.0 4.0
Modulation loss (db) 3.6 11.8 20.1
Margin desired (db) 3.0 3.0 3.0
Receive G/ T (db/°K) -30.0 -30.0 -30.0
EIRP required (dbw) 11.8 11.6 9.5
Transmitter antenna gain (db) +3.0 +3.0 +3.0
Transmitter power required (dbw) - 8.8 8.6 6.5
Transmitter power required (w) 7.6 7.2 4.5
EIRP available (dbw) ' 13.0 13.0 13.0
Excess margin (db) +1.2 +1.4 +3.5
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Table 4.9-10
RF LINK CALCULATION-—ISS TO GROUND (DIRECT)

Parameter Video Voice Data Ranging
Frequency (GHz) 2.3 2.3 2.3 2.3
Total C/No desired (db-Hz) 83.0 53.0 60.5 32. 0
Link C/No desired (db-Hz) 83.0 53.0 60.5 32.0
Path loss (db) (2,200 km) 166. 6 166. 6 166. 6 166.6
Polarization and pointing loss (db) 4.0 4.0 4.0 4.0
Repeater noise (db) -- -- -- 1.0
Circuit loss (db) 2._0 2.0 2.0 2.0
Modulation loss (db) 0.0 11.0 3.5 25.3
Margin desired (db) 3.0 3.0 3.0 3.0
Receive G/T (db/°K) 19.7 19.7 19. 7 19.7
EIRP required (dbw) 10.3 -8.7 -8.7 -14,4
Transmitter antenna gain (db) 0.0 0.0 0.0 0.0
Transmitter power required (dbw) 10.3 -8.7 -8.7 -14.4
Transmitter power required (w) 10.7 0.14 0. 14 0.04
EIRP available (dbw) 13.0 0.0 0.0 0.0
Excess margin (db) +2.3 +8.7 +8. 7 +14.4
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Table 4. 9-11
RF LINK CALCULATION-ISS TO/FROM EVA

1SS to EVA EVA to ISS

Parameter Voice Voice Telemetry
Frequency (GHz) 0. 300 0. 250 0. 250
Total C/N, desired (db-Hz) 50. 8 50. 8 61.8
Link C/N, desired (db-Hz) 50. 8 50. 8 61.8
Path loss (db) (100m) 62.1 60, 5 60.5
Polarization and pointing 6.0 6.0 6.0
loss (db)
Repeater noise (db) - - -
Circuit loss (db) 9.0 9.0 9.0
Modulation loss (db) 0.0 ~ 13.8 2.9
Margin desired (db) 3.0 3.0 3.0
Receive G/T (db/°K) -35.4 -39.4 -39.4
EIRP required (dbw) -62.3 -46.1 -46, 2
Transmitter antenna gain (db) -10.0 -6.0 -6.0
Transmitter power required -52.3 -40,1 -40. 2
(dbw)
Transmitter power available (w) 0. 001 0.001 0. 001
EIRP available (dbw) -40.0 -36.0 -36.0
Excess margin (db) +12.3 +4.1 +4.2
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4.9.4.3 Communications Network Trade Study

The quantity and quality of experiment data to be returned to the ground in
real-time, near-real-time, or on a delayed-dump basis strongly influence
the ISS communications subsystem configuration. The basic question that
will be resolved is whether to utilize the DRSS wideband Ku-band capability
during the ISS or to delay implementation of the Ku-band capability until the
GSS. Other factors that were considered in the trade study were the overall
system capabilities, overall system costs, and qualitative considerations.
In the trade study it was assumed that the timely return of the experiment

data to the data processing center was required.

4.9.4.3.1 Network Options
The following network options or configurations were considered in the
study:
A. Optionl —Seven ground stations (basic network plus Guam and
Hawaii).
B. Option II —Five ground stations (basic network, consisting of
Goldstone, Rosman, Madrid, Canberra, and Fairbanks).
C. Option III— Three ground stations (Goldstone, Rosman, and MILA).
D. Option IV—-DRSS (two satellites and one ground station).

The DRSS and ground network characteristics as defined in NASA letter
PD-SS-M(71-28), dated 1 June 1971, were utilized. The DRSS system
includes two synchronous relay satellites located at longitudes 15° West and
145° West. These two satellites will provide for VHF and wide bandwidth
Ku-band communications between the Space Station and the ground greater
than 90 percent of the time. The ground stations will have the capability to
receive digital data at rates up to 1 Mbps and Apollo-quality television.
The data rate from the remote stations to the continental United States is

limited to only 72 kbps.
A computer program was utilized to determine the coverage gaps and the

average daily coverage time for each of the options. The results are

summarized in Table 4.9-12., It can be seen that Option I is the only option
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Table 4.9-12
COVERAGE GAPS AND COVERAGE TIME

Coverage Gaps

Option
Gap I I 111 IV

Longest 1.5 HR 7.2 HR 11.8 HR =9 to 10 MIN
Second

longest 1.45 HR 5.65 HR 10. 0 HR

Third

longest 1.4 HR 5.65 HR 10. 0 HR

‘Average Daily Coverage (MINIMUM)

Option 2-Deg ELEVATION 5-Deg ELEVATION

I 309 232

II 239 177

111 102 78

IV =1, 300

of the three ground station options that is capable of satisfying the 5-hr

maximum interruption requirement of Table 4. 9-1.

4.9.4.3.2 Experiment Data Requirements

The RF video and digital data requirements were derived from the NASA.
furnished ""Blue Book' and the '""Green Book'" which was prepared by MMC,
A summary of the ISS experiment data requirements and allocations is
provided in Table 4. 9-13, The experiment scheduling was performed by
the MDAC WICK program, which takes into account the available resources,
such as electrical power, crew time, program cost, etc. The RF video and
digital data requirements for case 534G are plotted as a function of time in

Figures 4. 9-30 and 4,9-31.

The video data transmission requirements of Figure 4. 9-30 are compared
with the three, five, and seven ground station capability along with the

two data relay satellite system capability. The initial video load is largely
due to the LLS-1A requirements. This can be accommodated by the ground

station capabilities. However, the addition of the MS-3 video load, starting

80



R260

ISS | GSS
| _ZTDRSCAPABILITY | __ _ |
!
1 h [ (PEAKL
L e
— | [ Td
= 500 | '
S i (AVERAGD
= ) !
a |
= 7 GROUND | STATION CAPABILITY
— R R L e e e
= 20 5 GROUND | STATION CAPABILITY —
zZ T T ———=
< !
= I
o J
a 100 .
> | __3GROUND ST'?.T_'Q’.“,_C.A_".‘.‘.%EY_;__ —
|
50 j
|
!
|
|
|
20
0 2 4 6 8 10

YEARS

Figure 4.9-30. Video Data Requirements

81



R260

1000

]r'mm ‘rmj'm.
7 GROUND STATION CAPAB!LITY @ 1 MBPS

—————— et sl s ket
5 GROUND STATION CAPABILITY @1l MBPS

|
5 |

}—-_—d——-—-—-—.l_-.q-‘.— o Qe o ey

3 CONUS STATION CAPABILITY @ 1 MBPS

s
o

2 TDRS CAPAEILITY € 10 MBPS ]
-210RS CAPABILITY € JOMEFS.
500 |
ISS || oss

= |
= |
S 200 ,
= |
O*m l
S 100 e
3 I
— |
= 50 i
U
= |
<C
~ |
= 20 |
<
o
oned
=
O
5

0 2 4 6 8 10

Figure 4.9-31. Digital Data Requirements

82



Table 4, 9-13
EXPERIMENT DATA REQUIREMENTS AND ALLOCATIONS

Data New Blue Book MDAC/MMC/IBM
Experiment Type Requirements Allocations
LS-1A Video 24 hr/day TV for full 60 min/day
life science ''core"
A-4C Video 60 min/day 64 min/day
MS-3 Video 212 min/day (MINIMUM) 280 min/day
920 min/day (MAXIMUM)
ES-1G Digital 9 x 1010 bpd gen 9 x 1010 bpd gen
(RF unspecified) (16 percent RF)
P-4B Digital 2,2 x 1010 ppd gen 2.2 x 1010 bpd gen
(RF unspecified) (10 percent RF)

in ISS quarter 13, extends the requirements considerably beyond the seven-
station capability. The data presented are a composite of real-time and
orbital-dump requirements. The GSS experiment program still exceeds the

seven station capability, but does not require full-time utilization of the

relay satellite system.

The ISS digital data transmission requirements are principally due to

ES-1G. The capability of Space Station transmission direct to the ground is
shown in Figure 4.,9-31 for three, five, and seven ground stations, along
with the two data relay satellite capabilities, This shows that even with the
ground station capability of 1 Mbps, the ability to meet the ISS experiment
program requirements is marginal. However, with a two relay satellite
system configuration, the ISS and GSS experiment programs can be accom -

modated with a moderate load on the relay satellite system.

4,9.4.3.3 System Cost Impacts

An important consideration in the evaluation of the alternate candidates is

the impact on overall system cost. The following system cost assumptions

were utilized in the study.
A, The DRSS and wideband lines to the data processing center are

institutional costs that are not chargeable to the Space Station

Program,
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The basic ground network consisting of five stations and the

72 kbps lines are also institutional costs.

The maintenance and operations (M&O) costs for additional ground
stations are $7.5 million per station per year.

The Intelsat IV lease costs are $11 million per year per 36 MHz
transponder channel. Two channels per year are required for the
5-year period.

Additional color video and 10 Mbps digital data recorders are -
$87, 000 per station,

The ground station bandwidth modification costs are expected to be
small and have not been included.

The commercial leased line costs for color video, monochrome
video, and 1.34 Mbps are $70, $35, and $25 per mile per month

respectively.

In addition to these costs, the additional cost of implementing the Ku-band

capability on the ISS must also be calculated. These costs are broken down

as follows:

AO

B.

The launch weight and power will cause the ISS cost to increase
by $900, 000.

By utilizing the cost discounting principle, it is estimated that
$3.9 million can be saved by delaying implementation to the GSS.

This is based on a Ku-band system cost of $15 million.

Based on these factors, the total delta cost to the program (ISS plus GSS) is
$4. 6 million and the total delta cost to the ISS is $15.9 million.

The costs for each of the four options are summarized in Table 4. 9-14,

This summary shows that the five- and seven-ground station options are not

cost-effective due to the high costs associated with timely data return when

the commercial satellites and leased lines are utilized. It can therefore be

concluded that the three ground station and DRSS options are the only cost-

effective options.
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Table 4.9-14
NETWORK CONFIGURATION OPTIONS FACTORS

Ground
INTELSAT Commercial Station
IV Leased Line M&O and MOD ISS
Lease Costs C?ogts Costs Cost
Options ‘(millions) (millions) ($1, 000) ($1, 000)
Three ground None None $261 $261
stations
Five ground $110 $12.5 $435 $122, 900
stations (wideband)
Seven ground $110 $12.5 $75, 600 $198,100
stations (wideband)
DRSS None None None $15, 900

(two satellites)

Costs are totals for 5 years.

4,.9,4,3.4 Qualitative Factors

In addition to the quantitative factors, there are other factors which influence

the selection but are difficult to quantify. These include expanded experiment
support, support of onboard personnel, public and scientific support, and
system simplifications.

Expanded Experiment Support

Two aspects of experiment support which can be addressed are (1) research
reference library and (2) interactive support. By research reference
library, we mean providing the library capability, which is normal to any
research facility, via a high-rate uplink capability coupled to library facili-
ties on the ground. Providing the scientist with random access to large
quantities of scientific information which involves more than voice contact
will considerably enhance his value in performing onboard tasks. Interactive
support via a full-time wideband information link allows consultation between
the onboard scientist and his peers to handle unusual events or unexpected
tasks, e.g. a pointing task or a dissection. Since the nature of the Space

Station task is experimental, the occurrence of events which do not fall

within the experience of the crew, and on which consultation is required,

should be expected.
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Support of Onboard Support
Three areas fall within this classification: (1) workload sharing, (2) safety,

and (3) crew diversion.

The sharing of tasks to reduce the workload imposed on onboard personnel
takes on greater significance when the value of onboard crew time is consid-
ered. A high-rate information transfer system with appropriate input and

output devices will facilitate this workload sharing.

A full-time high-rate information transfer system allows monitoring of
anomalies and trends at a ground central location. This reduces the need
for complex sensing and prediction systems onboard and reduces the chance
of an undetected failure during crew sleep periods or between station over-
flights. The uplink capability of the DRSS also allows ground personnel to
demonstrate remedial actions required under emergency situations using
demonstrations and simulations. Such a full-time uplink capability would .
have been of great value during the Apollo XIII mission in modification of the

LEM CO2 removal system.,

Crew diversion involves providing a substitute for the normal input of
information available on a day-to-day basis. During nonflight operations,
this information is derived from newspapers, magazines, books, movies,
television, and other sources. Since the majority of information received
by individuals is far more than that available over the radio or by telephone
and the scope of information is far more than just entertainment, it appears
that this need can only be satisfied by a high-rate information system from
the ground to the Space Station which is possible only with DRSS. The prin-
ciple common complaint expressed by crews involved in the TEKTITE II
experiments concerning lack of information from the outside world supports

this need.

Public and Scientific Support

Public support of the space program requires public knowledge gained
largely through the availability of quality information. The value of this
being available in real time as opposed to recorded on film is arguable.

Nevertheless, the popularity of real-time coverage of previous space
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operations from Mercury through Apollo and from prelaunch to splashdown
should be kept in mind as well as the public's desire for real-time pictorial
coverage of daily news events when determining the desirability of the
DRSS.

Scientific involvement presents a different picture in that (1) the Space
Station is intended specifically to support the scientific community, and

(2) the ground-based scientist must be able to operate in an interactive
manner with the experiment in which he is involved rather than just viewing
results. This is not possible with a voice-grade communication system or
an intermittent system which would exist when the ground network is

utilized,

System Simplification

Two ways in which potential system simplification is achieved with the
DRSS are (1) data transfer and storage, and (2) operational reference

availability.

The data transfer system simplification with a DRSS results from the direct
communication capability rather than upon stored and retransmitted infor-
mation. The direct system removes the requirement for keeping track of
whether a station is due to be passed, what its capability for instantaneous
data transfer is, what its capability for total data transfer is, and the delays
which may accrue from transmission between the particular remote ground
station and a central ground support facility. Other simplifications which
result from the direct transfer system are reduction of record and playback
hardware and a reduced requirement to keep track of recorded data to assure

a first-in/first-out capability or satisfaction of priority requirements.

Operational references which must be available on a full-time basis include
repair instructions, schematics, procedures and other material normally
made available to crew members in written form. Also included is infor-
mation which is generated (partially or wholly) by crew members. This
includes operating and maintenance logs, inventory level and reorder infor-

mation, etc. With a full time uplink and downlink capability, this information

87



does not have to be stored onboard but can be readily accessed and updated

using state-of-the-art display and keyboard systems.

4.9,3.4.5 Summary and Recommendations
Based on the results of the study the following conclusions have been
reached:

A, The DRSS and three ground station options are the only cost
effective options.

B. The three ground station option provides only 6 to 7 percent cover-
age and has coverage gaps of up to 11.8 hr., This option does not
satisfy the experiment data transmission requires and provides
only a very limited uplink capability.

C. The DRSS option provides nearly continuous coverage, satisfies
the experiment requirements, and provides a wideband uplink

capability,

It has been concluded that the DRSS wideband capability is required during
the ISS and therefore it is recommended that the Ku-band system be incor-

porated on the ISS.

4.9. 3.5 Internal Communications

Based on Initial Space Station internal voice communications requirements
defined in Section 4. 9. 2. 2, a tradeoff study was performed to determine
whether the internal voice communications system should be configured as a
frequency division multiplex (FDM), time division multiplex (TDM), space
division multiplex (SDM), or a hybrid system combining FDM, TDM, and
SDM techniques. The results of the tradeoff study showed that the system
should be configured as a FDM system. This is in agreement with the 33-ft

Space Station baseline approach. Alternate systems are described in more

detail in the following paragraphs.

4,9.3,5,1 FDM System

The FDM system shown in Figure 4.9-32 is the same basic system selected
for the 33-ft Space Station. The system consists of an FDM bus routed
through the Station. Interfacing terminals are connected to the bus through-

out its length. All internal distribution of telephone, TV, emergency alert,

88



R260

AUDIO SHUTTLE

TERMINAL MODEM

AUDIO * MSFN

TERMINAL . MODEM

AUDIO DRSS

TERMINAL FDM MODEM

Bus

AUDIO EMERGENCY

TERMINAL ' g ALERT SYSTEM

AUDIO 4KHz REF.

TERMINAL GENERATOR

-~
AUDIO 1 AUDIO
TERMINAL TERMINAL
Basic Station *
B Expan.ded Stati‘on + - - - B
|
Mavplo | SO
LTERMINAL - | — T T 71 TERMINAL i
______ S |

| AUDIO o _ — — _1 auomo !

TERMINAL TERMINAL
e - . ! Mol BN

A~

Faworo U _ _ 1 _ _ _Tawo 71
I TERMINAL — ' | 1 TERMINAL i
[ | e e - - - |

Figure 4.9-32. FDM System

89



public address, and entertainment channels is via this common bus with

each system allotted a portion of the frequency spectrum.

A total of 64 channels is provided on the bus for the audio distribution system.
This would provide for 48 audio terminals, RF mode interface, and spare
channels for growth. The channels are spaced at 4 KHz intervals between 60
and 316 KHz, with each carrier phase-locked to a 4-KHz reference. Lower
single sideband suppressed carrier amplitude modulation (LSB-SC-AM) are

used to provide a minimum bandwidth system.,

Each subscriber terminal is configured as a tunable transceiver with each
subscriber assigned a '""home'' frequency on which to receive calls. This is
his normal terminal frequency assignment whenever he is not originating a
call. Communications with another subscriber is established by the origin-
ating terminal (#1) locally tuning his transceiver to the '"home' frequency of
the subscriber (#2) he wishes to call. He then would send an inband tone or
pulse on subscriber #2 frequency to notify subscriber #2 that a call is on the
line. Subscriber #2 then comes off-hook and both subscribers converse on

subscriber #2 frequency.

Touch tone control is provided for compatibility with the earth Bell system.

In-band signaling is used for supervisory functions and control.

The use of SS-SC-AM modulation provides a convenient means of confer-
encing. This modulation technique allows multiple terminals to transmit on
the same channel without interference. In practice, it has been possible for
any number of subscribers to conference on a single channel. To conference,
one of the subscriber channels is selected as the conference channel. All

other conference transceivers are tuned to the conference channel.

All single channel communication link modems are configured as a normal
audio terminal with the RF equipment replacing the headset. Access to the
RF links is established by the originating terminal ''dialing" the "home"
frequency of the RF modem. Uplink communication is established by the

ground operator dialing the number of the onboard audio station he wishes.
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Conference calls, with the ground operator as one of the participants, could
be initiated either onboard or from the ground. The DRSS modem allows all
telephone channels to be transmitted simultaneously to the ground where they
may be interfaced with the Bell system. Emergency alert and total station
public address are placed on the bus at baseband. Module public address is
provided by assigning dedicated channels to each module. A dedicated

receiver tuned to this channel is required at each audio terminal.

4.9.3.5,2 TDM System

The TDM system shown in Figure 4.9-33 consists of a TDM bus routed
throughout the station. Interfacing terminals are connected to the bus
throughout its length. Each audio system interfacing with the bus would be
assigned a time interval (time slot) per each time period within which to

transmit information,

Each subscriber terminal would be assigned a dedicated time slot to which to
transmit calls., To establish a call with another subscriber, the calling
terminal would dial the number of the called station. The calling terminal
would then monitor the called terminals time slot to determine if the line is
available. If the called terminals are available, a ring down supervisory
word consisting of supervisory bits and the address of the called terminals
will be transmitted. The called terminal would be monitoring all time slots
when not in use. Upon receiving a ring down supervisory word containing its
address, the called terminal would generate a ringing signal to the local
operator and would transmit its time slot, a supervisory word telling the
calling station that it has received the call and is ringing, When the called
station comes "off-hook, ' the ring back supervisory word will be discontin-
ued and voice circuit completed. The circuit would remain closed until
either of the parties terminate the call by returning to the ""on-hook"

condition.

Supervisory and voice transmission would be time shared within the same
time slot. Supervisory information would be transmitted until the circuit is
completed. After the circuit is completed, only digital voice would be

transmitted.
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Delta modulation techniques. would be used for A to D and D to A conversion,
This technique provided a digital signal of minimum sampling rate and very
simple circuitry requirements. By using delta modulation and time sharing
of supervisory and digital voice data, a 64 channel system with a bit rate of

512 Bit per second can be provided.

Conferencing would be provided by a special purpose modem. Conference
terminals would transmit to the conference modem. The modem would
convert the inputs from each conference to analog voice, combine the analog
voice on to one channel, reconvert to digital voice, and transmit the
combined digital voice over its assigned time_slot. The conference termin-
als would transmit in their assigned time slot and receive on the confer-

encing modems time slot.

As in the FDM system, the single channel RF link modems would be accessed
in the same manner as an audio terminal. The DRSS link would require a
modem capable of demultiplexing the channels required for transmitting and
converting the signal to a format compatible with the modulation technique

used on the RF link,

Emergency alert, TV, and entertainment would require a separate distribu-

tion system such as an FDM bus.

Synchronization would be provided through the use of a separate clock bus.

Both frame and bit synchronization would be provided by this bus.

4.9.3.5.3 SDM System

The SDM system shown in Figure 4. 9-34 would consist of one or more
central exchanges accessed by wired-in connections. A multiple central
exchange system would seem to meet the need of a modular station concept.
Central exchanges would be provided in each crew module, Each central
exchange would service, as local terminals, all audio and RF voice links
located in that module and provide the capability of servicing terminals
located in an attached power module, general lab module, and two experiment
modules. The central exchanges within the system would be interconnected

by hard wired 'long distance'" lines.
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In-band touch tone signaling would be used. Each exchange would be
assigned an exchange number and each terminal service by an exchange
would be assigned a terminal number. To access a local terminal only the
terminal number would be dialed. To access a terminal on a different

exchange, the exchange number and terminal number would be dialed.

Fach telphone contains an audio transmitter and receiver plus certain super-
visory signaling functions. Other supervisory signaling functions may be
generated at the central switch. Supervisory signals are required for dial

tone, busy tone, ring-down/back tone, and on-off hook indications.

The local exchanges would interface directly with the RF equipment and
provide baseband voice. The modems would be required to configure the

baseband voice to a form compatible with the RF Link modulation.

Emergency alert would be routed through the exchanges to all audio term-

inals. TV and entertainment would require a separate distribution system,

4,9.3.5.4 Evaluation of the Candidate Configurations

A summary of the characteristics of the three candidate configurations is

provided in Table 4, 9-15, Based on these characteristics, the candidate

configurations were ranked as to their applicability to the requirements of

the five options.

4.9.3.5.5 Selection and Recommendation of the Preferred Approach
The results of the trade-off study on the candidate systems show that the
audio distribution system should be configured as a frequency division

multiplexed (FDM) system.

The FDM system provides the best overall compatibility with the interfacing
systems. The use of touch tone dialing and SS-SC-AM modulation techniques
make the DM system directly compatible with the Earth Bell Telephone
System. The RF link modems would be simple and of straight forward
design., For the single voice channel RF links, such as MSFN, the link
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modem would be configured as a normal audio terminal with the RF
equipment replacing the headset, The modem would provide baseband voice
to and receive baseband voice from the RF equipment. The multichannel
DRSS link modem becomes very simple in that the portion of the frequency
spectron in which the audio channels are located can be stripped from the
common bus and transmitted down link directly. In addition, the FDM bus

can be used to distribute the TV and entertainment channels.

The FDM system provides the greatest capability of growth of all systems
evaluated, The FDM bus provides a simple distribution system which can be
expanded simply by adding to its length, Terminals can be added to the
system throughout its length with little, if any, disruption of system opera-
tion. The amount of overbuild required to provide growth potential is very
small., The bus provides capacity well beyond the maximum assumed
capacity of the modular station. The tunable transceiver within the audio
terminal can easibly be designed to provide the required chgnnel capacity,

Terminals are now available with a 600 channel capacity.

The use of SS-SC-AM modulation provides a convenient means of confer-
encing, This modulation technique allows multiple terminals to transmit on
the same channel without interference. In practice, it has been possible for
any number of subscribers to conference on a single channel. No special

purpose modem is required for conferencing.

Public address and emergency alert functions can be provided for in the
same system. Station public address and emergency alert can be placed on
the FDM bus at baseband. A simple receiver at each audio terminal can be
provided to detect this baseband signal. Module level public address could
be provided by assigning a telephone channel to each module or area that
you wish to cover. A simple fixed frequency receiver would be required at

each audio terminal for this function.
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4.10 DATA MANAGEMENT SUBSYSTEM

4,10,1 Summary

The data management subsystem (DMS) provides data acquisition control,
transfer, storage, and processing for Modular Space Station users, sub-
systems, and experiments, Control of ISS operation is provided through
standard data bus terminals and appropriate digital and analog interface
equipments under computer control, Crew access to computer operations

is provided through keyboard and display equipment,

4,10,1;1 Selected Design

Two computer complexes are provided, one in the Power/Subsystems Module
for subsystems operations and the other in the GPL Module for experiment
operations, Each of the computer complexes is a modular multiprocessor,

A primary advantage of this configuration for the Modular Space Station is

its ease of re-configuration or growth as Space Station modules and Research
and Application Modules (RAM's) are added, A secondary advantage is the
continuous computational support provided by graceful degradation failure
modes. For additional computational backup the experiment multiprocessor

can be rapidly reconfigured to perform the subsystem operation functions,

The computer's auxiliary memories provide the capability for reading a
variety of stored programs into the computer main memory on an as-needed
basis, The programs will have been prepared in advance and kept in storage
in anticipation of the above, or new programs will be generated, as required,
on the ground and transmitted (via RF links) or carried (via a logistics
module flight) to the modular Space Station, The crew can also initiate pro-

gram changes through the alpha-numeric keyboards,

Intermodule communications (data distribution) are accomplished under com-
puter control of the data buses. Terminal-to-terminal transfer of data may
also occur within a module, The data bus concept employs a hybrid time
division multiplex (TDM) frequency division multiplex (FDM) technique for

transfer and FDM techniques for analog data and digital data transfer,
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Control is accomplished by a computer input output controller using standard
control words which provide terminal addressing and instructions (a terminal
is defined here as any device directly sending or receiving data from a data
bus),

Data acquisition is implemented by analog and digital terminals which have
the ability to handle eight standard interfaces., The number of channels of a
digital terminal may be effectively expanded to 512 by connecting a remote
data acquisition unit (RDAU) to each standard interface, Each RDAU will
accept up to 48 (analog or discrete) inputs and output 16 discrete commands,:
Digital data acquisition is initiated by a computer instruction to an input out-
put controller which enters a command word with an appropriate digital ter-
minal address onto the digital data bus. The digital terminal which is
addressed responds by placing its data on the data bus; the requesting input
output controller then either stores the data in the computer main memory
for processing or routes it to another terminal for subsystem/experiment
use or storage. Analog terminals are used to multiplex non-sampled experi-
ment data onto analog bus subcarriers. The analog bus also carries wide-

band video on individual subcarriers.

Bulk data storage utilizes ultra-high density magnetic tape recording techni-
ques and is configured to meet high data volume storage and relatively slow

access speed requirements. Storage is used primarily for digital data prior
to onboard processing or return to Earth via logistics module/shuttle orbiter

for ground processing.

Image processing equipment provides a capability for selected processing of
high-resolution video data, for transforming film data into electronic signals,
or both, Tape storage for experiment video is also provided., Timing anno-
tations on the tape will allow a crewman to play back selected portions of the
recording, Portable audio recorders are used for crew notes, A simplified

DMS block diagramis shown in Figure 4, 10-1,
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4.10.1.2 Key Issues

The key issues for the Modular Space Station DMS are as follows:
A, Computer configuration,
B. Data bus implementation.

C. Equipment allocation to modules,

4,10,1,3 Analysis and Trades
DMS trade studies performed on the Phase B study for the 33-ft diameter
station and the first follow-on option for the Modular Station were reviewed
for application to the subsystem selection performed in this study phase. A
matrix chart showing these trades and the resulting conclusions is shown in
Figure 4, 10-2, Also shown in a summary of additional trade studies per-
formed where further trade comparisons were felt necessary for the Modular
Station., A trade study of electronic equipment packaging and installation
approaches is also included in this section, The selected approach is appli-
cable to electronic equipment in other subsystems in addition to data manage-
ment, The program require‘menfs for expansion and growth of the 33-ft
diameter Space Station provided a base for trade studies which are directly
applicable to the Modular Space Station, Overall Information Managément
analysis and trade studies, including onboard versus ground processing, are
reported in MP-01, No significant changes in the conclusions of these trade
studies were found, However, factors producing minor changes were:

A, Changes in onboard data processing reqﬁirements due to the

modular buildup process,
B. Performance of most RAMS experiment data processing within the
RAMS modules,
C. Changes in the MSS launch data and experiment schedules,

Consideration of these factors resulted in the consolitation of onboard data
processing equipment into two multiprocessing computing facilities: one

dedicated to subsystem support; the other primarily for supporting experi-
ment operations but providing a capability to perform subsystem operations
in the event that the subsystem computing facility is not operational, Both

facilities will be capable of modular buildup to efficiently accommodate the
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R260
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Figure 4.10-2. DMS Trade Study Summary
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increase in subsystem and experiment -computing requirements during the
10-year lifetime of the program, The modular buildup capability in the
experiment data processing facility will permit the accommodation of signifi-
cant variations in the experiment program as this program becomes better
defined,

Postponement of the MSS launch date and changes in the experiment program
schedules will allow the utilization of more capable onboard and ground-
computing equipment than was cons.idered in the 33-ft diameter Space Station
study. Advances in the onboard computing system and MSS to ground com-
munications capabilities will enable a more efficient and more timely experi-
ment program. Improvements in ground data processing and ground com- '
munications capabilities will enable a more thorough reduction of data prior

to its dissemination to users.

The International Business Machines Corporation provided funded support in
the areas of experiment requirements analysis, review of 33-ft Space Station
study DMS trade studies, and preliminary design of the computational
assemblies and associated onboard software and the data bus concept included

in this report,

4. 10,2 Requirements

Data Management subsystem requirements were derived from analysis of
Modular Space Station experiment and subsystem support requirements with
efforts concentrated on those areas which were significantly different from
the 33-ft Space Station. Data acquisition, distribution, and processing
requirements were obtained primarily from the information management
system analysis described in MP-01 and summarized in Section 4. 10, 4. 1.
The DMS requirements are summarized into three categories: (1) functional,
(2) performance, and (3) operational. The key requirements which influenced
the selected DMS design are shown in Table 4, 10-1.

4,10. 2.1 Functional Requirements
Functions allocated to the DMS provide the capability to acquire, process,

control, and transfer data from various subsystem and experiment sources,
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Table 4, 10-1
KEY SUBSYSTEM DESIGN REQUIREMENTS

Requirements

DMS Design Features

® Project Specification

No, RS02927, Para., 3.2,1,1,9
Space Station information
management shall be compatible
with all Station module deriva-
tives, experiments, experiment
modules, logistics vehicles,
tugs, relay satellite, and
ground communication systems,

Project Specification

No, RS02927, Para, 3,2.6.2.1
and Program Specification

No. RS02925, Para, 3.2.6,2,2

e Processing capabilityis sized for

the ISS and provides for modular
growth to the GSS. A standard-
ized data acquisition and distri-
bution interface is implemented
by data bus terminals and remote
data acquisition units.

The computation complexes and
the two display and control con-
soles are in separate modules

enabling Station operations to be

conducted from either the Crew/
Operations or GPL module.

The Space Station shall be
divided into at least two pressur-
ized habitable volumes so that
any damaged module can be
isolated as required, Accessible
modules will be equipped and
provisioned so that the crew can
safely continue a degraded mis-
sion and take corrective action
to either repair or replace the
damaged module,

as well as from ground control and other program and project elements,
These functions enable the Modular Space Station crew to command and con-
trol all onboard resources and provide both the crew and user with informa-
tion sorted and annotated so as to minimize distribution and analysis

problems,

A breakout of the DMS functional requirements with definitions is listed in
Table 4, 10-2, The functions are essentially identical for the 33-ft Station
and the Modular Station, but with some differing in degree due to a smaller
crew and the more limited ISS experimental program. Also, the rendezvous
and docking control function is required only at the GSS level for free-flying

RAM's since other dockings are controlled from the Shuttle.
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Table 4, 10-2
DMS FUNCTION REQUIREMENTS

SUBSYSTEM (COMPUTATION) SUPPORT

Subsystem Control and Scheduling — Master control of automated sub-
system and experiment operations,

Display Generation and Control — Control of integrated subsystem
displays and the generation of display routines.

Data Bus Control — Timing and control of data reception and trans-
mission via the data bus,

TM Formatting — Selection and scheduling of downlink data
transmittal,

Data Acquisition Formatting — Sequencing, encoding, and scheduling
of subsystem data,

Decommutation — Retrieval and reconstitution of encoded subsystem
data to its original, or to some other desired form,

Storage — Control of subsystem data accumulation and retrieval,

Command — Command validation, storage, and execution for sub-
systems.

Data Computation — Redundancy reduction, trend extrapolation, and
general data manipulation in support of subsystems,

Antenna Control — Selection and pointing of antennas,

Navigation — Maintain continuous onboard orbital posit