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ABSTRACT

The transportation vehicle for launching personnel and payloads into earth orbit during the
1980’s and subsequent years will be NASA’s space shuttle. The space shuttle flight
system consists of an orbiter, an external tank, and two solid rocket boosters. The orbiter,
a key element of the Space Shuttle, is launched into space like a conventional launch
vehicle, performs on-orbit payload missions, enters the atmosphere, and lands much like a
conventional commercial jet aircraft.

This paper provides an overview of the Space Shuttle avionics with prime emphasis on
how the orbiter’s on-board processing, monitoring, and telemetry systems function during
the on-orbit mission phase. Included is a description of the S-band and Ku-band RF
transmission link and its relationship to the ground systems, payload interfaces, and
support equipment. Also discussed are the flexibility of its instrumentation system
(including capability to provide formats), features of the on-board monitoring systems
(dedicated displays, cathode-ray tubes, and caution and warning systems), and methods for
storing and processing data (recorders, mass memory, and on-board computers). The
orbiter’s avionic services to the payloads and the future growth of the Space
Transportation System and the orbiter are also discussed briefly.



INTRODUCTION

The Space Shuttle

Data management, the task of monitoring, processing, and telemetry of data, is an
important aspect of the Space Shuttle System, as it is for other space programs. The Space
Shuttle is a manned space transportation system designed to reduce the cost and increase
the effectiveness of using space for commercial, scientific, and defense needs. The flight
system consists of an orbiter, an external tank (ET), and two solid rocket boosters
(SRB’s). The Space Shuttle vehicle is shown in Figure 1.

The Shuttle orbiter is a reusable, cargo-carrying combination of spacecraft and aircraft: it
is launched like a rocket and it lands like a plane. The SRB’s, which provide solid
propellants for supplemental lift-off thrust, arc jettisoned two minutes into ascent; they
parachute to the ocean where they are recovered for reuse. The ET, the source of liquid
fuel and oxidizer for the orbiter’s three main engines, separates from the orbiter just before
orbit insertion and is designed to disintegrate in the earth’s atmosphere.

A Space Shuttle flight starts from Kennedy Space Center in Florida or Vandenberg Air
Force Base in California (Figure 2). Launched vertically, the orbiter lifts off, enters a low
earth orbit, and then adjusts the orbit according to mission requirements. After the mission
is completed, it slows to less than orbital velocity and begins its descent into the
atmosphere. The orbiter lands like a conventional airplane at one of its launch sites, where
it undergoes maintenance and servicing, is loaded with a new cargo, and can be made
ready in two weeks for another mission.

Because of its versatility and its large cargo-carrying capability, the Shuttle can combine
missions. For example, on one trip into space, the orbiter might place a weather satellite
and an earth resources satellite into different orbits, then retrieve a communication satellite
and return it to earth for servicing. Or, if the communication satellite needs minor repair,
the orbiter may carry technicians who would repair it in orbit. Although most of its
payloads do not include personnel, the Shuttle orbiter can serve as an inhabited earth-
orbiting laboratory for up to 30 days.

The Avionic System
The versatility and capabilities of the Space Shuttle demand the support of a complex and
flexible avionic system. The Shuttle avionic system provides the following capabilities for
the orbiter, ET, and SRB’s: command functions and implementations displays and
controls; guidance, navigation, and control; communication; computation;
instrumentations; and electrical power distribution and control (Figure 3). The orbiter flight
deck is the center of both in-flight and ground activities except during hazardous servicing.



During mated checkout and prelaunch countdown, commands, targeting, initialization data,
and voice are transmitted from the ground to Space Shuttle and its payload by either hard
line or RF transmission. Health, status verification data, and voice communication from the
Shuttle and payload to the ground are also by wire or by RF links.

During ascent, the orbiter avionics manages subsystems, determines vehicle status and
operational readiness, and controls ET and SRB sequencing function. Although automatic
vehicle flight control is provided for all mission phases except docking, manual control
options are available at all times. A fail-operational/fail-safe capability is provided by a
combination of hardware and software redundancy.

The orbiter avionic system interfaces with payloads through the mission and payload
specialist stations by means of hard-wired controls and displays when the payloads are
attached to the orbiter; when payloads are detached, communication is through RF links. A
caution and warning system monitors payloads aboard the orbiter.

S-band communication links between the orbiter and ground stations permit the orbiter to
transmit voice and data and to receive commands, voice, and data in space. Both S-band
and Ku-band can be used for communication through the NASA tracking and data relay
satellite system (TDRSS). Communication during DOD missions is by S-band to stations
in the space ground link system (SGLS). Automatic fault detection is provided for all
vehicle flight-critical functional paths.

The avionic equipment is arranged to facilitate checkout and to allow easy access and
replacement with minimal disturbance to other subsystems (Figure 4). The majority of
orbiter electrical and electronic equipment is installed in four areas: the flight deck,
forward avionic equipment bays, mid fuselage, and aft avionic equipment bays. Redundant
subsystems are installed in separate bays whenever possible. Cooling by both forced air
and cold plate is available in the forward avionic equipment bays. All of the equipment in
the unpressurized aft avionics bays is mounted on cold plates. Inertial measurement units
on the navigation base are cooled by forced-air convection. Exposed equipment (e.g., star
sensors) is thermally protected by insulating material applied to exterior surfaces.

All antennas, except those used exclusively for satellite tracking and extravehicular activity
(EVA) communication, are flush-mounted on the top, bottom, and sides of the orbiter
forward fuselage. Four S-band antennas, for phrase modulation communication with SGLS
and space tracking and data network (STDN) ground stations, and the NASA tracking and
data relays are mounted on the forward fuselage, two on each side. One S-band FM
antenna is mounted on the top and one on the bottom surface of the forward fuselage. Four
C-band horns for the radar altimeter and a UHF antenna for EVA air traffic control voice
communication are also located on the underside of the forward fuselage.



Six (three each, top and bottom) L-band tactical air navigation (TACAN) antennas supply
three redundant on-board TACAN receivers. The top and bottom antennas provide
coverage to both landing site and side TACAN transmitters during vehicle roll and pitch
maneuvers. TACAN is capable of acquisition up to 130,000 feet.

Three Ku-band microwave scan-beam landing system antennas are mounted in the upper
surface of the orbiter nose. They provide precise asimuth angle, elevation angle, and range
information with respect to the runway. Antenna radiation patterns allow acquisition at
14,000 feet (minimum). A Ku-band rendezvous radar antenna, which is also used for
TDRS Ku-band communication, is located in the orbiter cargo bay. A second antenna/
communication kit can be added as a payload option. UHF voice communication for EVA
is accomplished by an antenna located in the orbiter airlock.

The Space Shuttle is a unique flight systems and the avionic hardware and software are
suited to its uniqueness. Of the various subsystems that make up the Shuttle avionic
system, the processing, monitoring, and telemetry subsystems are described sufficiently to
represent the complexity and flexibility of the flight system.

ON-BOARD PROCESSING AND MONITORING

The on-board processing and monitoring subsystems of the Shuttle avionic system consist
of data processing equipment, instrumentation, and monitoring devices and displays.

Data Processing Subsystem

The data processing subsystem (DPS) provides on-board data processing, data transfer,
data entry, and displays associated with orbiter avionic operations (Figure 5). The DPS
comprises the following:

• Major processing elements for guidance, navigation, and control; payload and system
management; sequencing; and communication and tracking

• Magnetic tape memories for bulk data storage of all operational software and records of
measured operational data and organization of information related to individual display
preparations

• Time-shared serial digital data buses to accommodate the data traffic between the
computers and the orbiter subsystems

• Remote interface units to convert and format data at the various interfacing subsystems



• Display units to monitor and control the orbiter and its mission by presentation,
insertion, or change of selected variables

• Dedicated payload interfaces

The DPS is organized around a set of five general-purpose computers (GPC’s) that are
interconnected so that they can operate either in a redundant set for critical service or
independent of each other. During the ascent and descent phases, four of the five
computers are operated in a redundant set (primary system) while the fifth computer is
allocated as a backup. The backup system has a separate, independent software design and
coding activity to protect against possible generic software failure in the primary computer
set. In the event of a major problem with the primary system, the backup system is
switched into operation; and the outputs from the primary system are inhibited. During the
on-orbit phase, one of the GPC’s is used as a system management and payload computer
while the vehicle is managed by one or more of the remaining four GPC’s. The mass
memory unit (to be discussed later) provides GPC memory reconfiguration capabilities.
Subsystem information is processed for crew visibility by a GPC configured for system
management. During the ascent and descent phases, selected system management
functions, including payload command and monitoring, are provided by the backup
computer.

The primary interface unit between the GPC and other subsystems is a multiplexer/
demultiplexer (MDM), shown in Figure 6. The MDM’s act as a GPC-to-orbiter format
conversion unit. They accept serial digital information from the GPC’s and convert or
format this information into analog, discrete, or serial digital form for transfer to Space
Shuttle subsystems. The MDM’s can also receive analog, discrete, or serial digital
information from the Space Shuttle subsystems and convert and format these data into
serial digital words for transfer to the GPC. In addition, MDM’s are used by the
instrumentation subsystems (discussed later) but only in a receive mode. Each MDM is
controlled through either the primary port connected to the primary serial data bus or
through the secondary port connected to the backup serial bus if failure is encountered
with the primary system.

The mass memory unit (MMU) is a digital magnetic tape storage device with a total
capacity of approximately 134 x 106 bits of data. Since this capacity well exceeds the
present storage estimates, it offers additional growth potential. The MMU serves as a large
storage medium for GPC operational and test programs, display skeletons, and bulk data
applications.



Two MMU’s arc available in the system in a dual, redundant configuration. Each MMU
has a specific address and is accessible to the five GPC’s for storage or retrieval of data.
In-flight recording (writing) of data in the MMU is allowed only on specific, preselected
tracks to protect critical data. Communication between an MMU and a GPC is by means
of an MMU-dedicated data bus.

The MMU responds to requests for service issued by the GPC’s over the data bus; it does
not initiate action on its own. When the MMU is not responding to a GPC request for
action, it downmodes itself to standby mode; and power is removed from all but the
essential MMU control functions. Receipt of a command initiates a power-up sequence
before the request is serviced.

The GPC can request four basic MMU operations:

• Position tape.

• Read or write data from or to tape.

• Transmit status registers.

• Transmit tape position data.

Digital data are stored on the MMU tape in serial longitudinal format on eight parallel
tracks; an additional track is used for control purposes. Eight files run the length of the
tape, and data in each file are recorded or read sequentially in alternating tape directions
from track to track in a serpentine pattern.

Instrumentation

Avionic instrumentation monitors performance, environment, and health; collects the
information; and stores it in various devices (discussed later in this section) for GPC
access. Avionic system instrumentation consists of transducers, signal conditioners, pulse-
code modulation (PCM) encoding equipment, frequency multiplex equipment, PCM
recorders, analog recorders, and timing equipment. This equipment derives from two
separate flight systems: operational instrumentation (OI) and development flight
instrumentation (DFI). The DFI (Figure 7) is used for development flights only and is
removed after the development phase of the program is concluded. The OI (Figure 8) and
DFI interface with companion components, other avionic subsystems, the ET, SRB’s, main
engines, and ground support equipment (GSE).



Sensors to monitor vibration, temperature, pressure, and strain are distributed throughout
the orbiter. Early in the Shuttle system development, a set of guidelines was established to
minimize the number of sensors used in OI and DFI. Each sensor deemed necessary was
given a number and stored in the Master Measurement Data Base (MMDB) along with a
description (range, sample rate, environment, etc.). A Master Measurement List was
derived from the MMDB to procure the transducers and signal conditioners used in the
orbiter. (Table 1 is a breakdown of orbiter vehicle measurements.)

Table 1.  Orbiter Measurements

Type

Quantity (approx)

Analog Discrete

OI PCM sensors (downlink)
OI GPC sensors (downlist)
OI GPC-deroved (downlist)
DFI wideband sensors
DFI PCM sensors

1024
421

7900
675

2535

1875
1245
7995
N/A

90

The OI is required to sense, acquire, condition, digitize, format, and distribute data for
display, telemetry, recording, and checkout. It provides PCM recording, voice recording,
and master timing for on-board subsystems. The equipment consists of two PCM master
units (PCMMU’s), two operational maintenance/loop recorders, one payload recorder, one
master timing unit, a payload data interleaver, and various MDM’s, signal conditioners,
and sensors.

The DFI, scheduled for development flights only, provides additional instrumentation,
similar to OI, to support certification and verification programs. The DFI is required to
monitor, acquire, condition, digitize, format, frequency-multiplex, distribute, and record
data. The equipment consists of two PCMMU’s, three recorders, nine frequency division
multiplexers (FDM’s), and various MDM’s, signal conditioners, and sensors.

PCMMU — OI sensor data (designated as downlink data) are acquired by the PCMMU
in conjunction with MDM’s (Figure 9). The MDM’s, under control of the PCMMU’s,
accept, encode, and store the data in a random access memory (RAM) located within the
PCMMU. The stored data are “refreshed” (updated) periodically under the control of a
preprogrammed read-only memory. This module is known as a “fetch PROM.”

GPC sensor and derived data (designated as downlist data) are acquired by GPC’s and
sent by a data bus to the PCMMU’s. The PCMMU provides a unique double-buffer
memory for each computer input, which allows data reception asynchronously while



synchronously outputting previously received data. This guarantees the homogeneity of the
data (i.e., output data are not overlaid by incoming data). Payload data are processed
through the PCMMU in the same manner as the OI sensor data except that the PCMMU
interfaces with a payload data interleaver (PDI).

The OI PCMMU — after accepting data from the MDM, computers, and PDI — formats
the data into a serial digital output stream for telemetry, recording, and GSE. Format
control is provided by the output formatter, which is programmable and can be modified
by a set of instructions from the computers. This set of instructions, identified as a
telemetry format load (TFL), is stored in the mass memory.

The PCMMU has a maximum output capability of 128 kilobits per second (kbps) for
purposes of telemetry, and on-board recording. The PCMMU, on command from the crew,
can send 64 kbps of information. This mode is primarily used in conjunction with the low
bit rate of the transmission system (S-band or Ku-band) and the TDRSS.

Requirements for the various formats are derived from a set of guidelines and are
documented in the MMDB. Once requirements are established, inputs are made to a
ground processing compiler that outputs a set of instructions (TFL’s) in tape form. The
tape is then loaded into the GPC mass memory.

Formats have been developed for the ascent phase, on-orbit phase, entry phase, and
ground checkout. As noted in Figure 9, one of the format memories is a 128-kbps PROM,
which is a fixed format and cannot be modified by the GPC. This format is used during
power-up of the orbiter and during the ascent phase. A fixed format is necessary because
loss of power to the PCMMU would result in loss of information from 64/128-kbps
RAM’s (volatile memory). The DFI PCM is identical to the OI PCM except that it does
not interface with the GPC’s.

Payload Data Interleaver — The programmable PCMMU can be modified from one
flight to the next. Since the Shuttle provides transportation for many types of payloads, a
programmable PDI was designed to interface with the PCMMU. The PDI (Figure 10) can
accept data simultaneously from five different payloads, select, and individually
decommutate the data for storage in a buffer memory. This memory is accessible to the
PCMMU, and the data are included with the orbiter PCM stream. The PDI is programmed
on board from the mass memory through the GPC, which is used to select specific data
from each payload PCM signal and transfer them to buffer memory locations.

Master Timing Unit — The MTU is a stable crystal-controlled frequency source that
provides serial time code outputs to selected Shuttle orbiter subsystems, including
computers, data acquisition systems (PCM and FDM), and displays. It includes separate



time accumulators for Greenwich Mean Time (GMT) and mission elapsed time (MET),
which can be set or updated by external control.

Operational Recorder — Two identical recorders are used for the loop and maintenance
recording function. The function performed by each recorder is controlled by the recorder
control program plugs and commanded by a primary and secondary 16-line binary code to
the recorders. The functions of the recorders can be interchanged by uplink command or
crew selection during flight. Uplink, launch processing system, or keyboard control of the
recorder is initiated by applying a continuous command at the recorder primary command
interface to prevent erroneous operation of panel control talk-back.

Three tracks of the No. 1 operational recorder are dedicated to parallel recording of 60-
kbps main engine digital data during the ascent period. This period starts at launch and
continues for up to 15 minutes. Operational recorder No. 2 simultaneously records OI
PCM data interleaved with two channels of digitized voice. (192 kbps). Eleven tracks of
operational recorder No. 2 are dedicated to serial recording of digital data, which may be
PCM only or PCM interleaved with digitized voice.

During postorbit insertion operation, the maintenance recorder records ten-second
“snapshot” samples of PCM data. This sample is initiated by the end of tape of the loop
recorder and terminated by the ten-second timer within the maintenance recorder. When
flight anomalies occur, loop-recorded data (temporary storage) are transferred to the
maintenance recorder for permanent record. Three tracks of the maintenance recorder are
reserved for use in performing the loop function in the event that recorder functions are
reversed. The maintenance recorder remains in the standby mode until actuated for
recording anomaly data, snapshot data, or crew voice digitized and interleaved with the
PCM data.
Three tracks of the loop recorder are dedicated to performing the square-loop function,
which is continuous recording of PCM data throughout the mission by switching
sequentially through three adjacent tracks. At the end of each track, the recorder reverses
tape direction and steps to the next track. When the loop recorder has completed recording
on the third track, the first track is erased to provide clean tape for restart of the three-track
sequence. The last recorded track is played back while the current track is recorded. The
following is a typical example of recording a 2.5-minute preanomaly and a 2.5-minute
postanomaly period. The recording time periods can be varied upon command within the
limits defined by control program plug wiring.

When an orbiter system anomaly occurs, the maintenance recorder’s delay timer is
activated; after 2.5 minutes, the maintenance recorder starts recording and causes the loop
recorder to reverse tape direction, whereupon recording is switched to the next track. The
data recorded on the loop during a 5-minute interval, time centered about the anomaly, are



transferred to the maintenance recorder in reverse time. If the loop reaches the end of tape
while the transfer is in progress, the loop track sequence is reverse-stepped so that the
desired data are permanently recorded. The maintenance recorder reaches maximum
storage capability when the first 11 tracks are full. The functions of the loop and
maintenance recorders can be reversed by command or crew selection, the unused
channels of the loop recorder storing the maintenance data.

The loop and maintenance recorder anomaly data are played back to GSE or on-board
transmitters at a data rate of five to one, relative to the record speed. The loop recorder’s
first three tracks of engine digital data are played back in serial format to GSE or on-board
transmitters at a data rate of 16 to 1, relative to record speed.

The data recording system uses wideband digital and analog magnetic tape recorders to
record and reproduce digital and analog signals. The magnetic tape recorder data storage
system consists of two components. The first component comprises the multitrack coaxial
reel-to-reel tape transport and its associated electronics, packaged in a hermetically sealed
container. The tape transport features negator spring tension and contains a minimum of
2400 usable feet of 0.5-inch by 1-mil magnetized tape. The transport can store a minimum
of 3.4 x 109 bits of digital data. The second component contains additional data
conditioning circuitry and all other control logic and associated electronics, packaged in a
separate electronics enclosure that is not hermetically sealed. The two component
packages are designed so that the recorder can be handled as a single item.

Payload Experiment Recorder — The payload recorder is identical to the operational
recorder in hardware design. Payload experiment data recording is provided via the
payload station panel. Predetermined patch panel wiring permits digital data recording in
either parallel (up to 14 tracks) or a combination of parallel-serial. Data rates from 25.5
kbps (lowest rate for tape speed of 6 inches per second-ips) to 1024 kbps (highest rate for
tape speed of 120 ips) can be selected from four tape speeds provided by premission
wiring of recorder program plugs.

Analog data can be recorded on up to 14 tracks in parallel with frequency from 1.9 kHz
(lowest frequency for 6 ips tape speed) to 1.6 MHz (highest frequency for 120 ips tape
speed) by premission program wiring. The basic recorder has the following
record/playback capabilities:



Data Rate
(kbps)

Freq Range
(kHz)

Selectable Tape Speed
(ips)

Time Per Track
(min)

64-128
128-256
256-512
512-1024

1.9-250
3.8-500
7.5-1000
1.5-1600

15
30
60

120

32
16
8
4

PCM Recording (DFI) — Development flight measurement data are processed by a
PCMMU and recorded on a continuous or sample basis by the PCM recorder dedicated to
DFI. The DFI PCM recorder records data at 128 kbps from the DFI PCMMU either
continuously or in timed intervals, depending on recorder controls selected. The 14 tracks
are used to record in a track-to-track serial sequence, the serial recording providing up to
8 hours of recording at a speed of 15 ips. The data are played back via hard line to GSE
only. Serial playback is at the rate of eight to one.

Wideband Recording (DFI) — Continuous frequency data, such as vibration, acoustic,
and flutter measurements, are frequency-multiplexed and recorded on the wideband
recorder. Each DFI wideband recorder provides up to 14 tracks for recording frequency-
multiplexed wideband analog data from the FDM outputs. Total recording time is 32
minutes at a programmed operating speed of 15 ips. The recorder can be operated
continuously or in a data sampling mode. Data are played back to GSE at a one-to-one
rate, relative to the record speed; and all 14 tracks are dumped simultaneously.

A second wideband recorder is used to provide 28 tracks for recording additional FDM
outputs. This recorder can be operated continuously or in a data sampling mode. The total
recording time on this recorder is two hours. At 15 ips, data are played back at a one-to-
one rate, relative to record speed. All 28 tracks are outputted simultaneously; but, because
of GSE restrictions, only 14 tracks can be processed simultaneously. Therefore, two
separate playback passes of the recorded data are required.

Displays and Controls

The displays and controls (D&C) subsystem provides the equipment and devices in the
orbiter crew compartment that allow the crew to supervise, control, and monitor the
Shuttle mission and vehicle. The subsystem consists of the D&C panels and instruments;
manual controllers; cathode-ray tube (CRT) displays, keyboards and associated
electronics; encoding, decoding, and conversion electronics associated with instruments
and manual controllers; crew compartment interior and integral lighting; exterior and
payload bay lighting; and the caution and warning (C&W) subsystem. Only the monitoring
phase of this system, including CRT displays and the C&W subsystem, is addressed here.



CRT Displays — The multifunction CRT display system (MCDS) provides a keyboard
for crew/system interaction and a CRT for visual display and program changes. A variety
of basic display formats that reside in the MMU can be selected by the operator. Display
data that are subject to change, such as vehicle airspeed or position, are provided by the
GPC as a result of real-time computation. Display formats are fixed, the various types
being predetermined and placed in memory.

The MCDS consists of three major units: the keyboard unit (KBU) for operator input; a
display unit consisting of a 5- by 7-inch CRT screen; and a display electronics unit (DEU),
which interfaces with the keyboard, display unit, and GPC and determines the characters
and symbols that appear on the display. (Figure 11 is a block diagram of the MCDS.)

The keyboard has a set of 32 keys to enter information into the GPC via the DEU and
allow the operator to determine the format of the CRT display. Keyboard characters may
be displayed on the screen for operator verification of messages to be sent to the GPC. In
this mode of operation, the bottom line of the CRT is reserved for use as a scratch pad.

The display unit uses a magnetic-deflected, electrostatic-focused CRT. The unit contains
two identical deflection amplifiers, a video amplifier, low-voltage power supply, and a
high-voltage power source. When supplied with X- and Y-deflection signals and video
inputs, the CRT displays alphanumeric and graphic (vector, circle) information. Individual
characters can be flashed and their brightness varied on the green phosphor CRT. A
typical CRT display is shown in Figure 12.

The DEU interprets the keyboard and GPC information to send proper deflection signals to
the CRT. It interfaces with the GPC via a multiplexer interface adapter (MIA) and one or
two keyboards. The DEU has a read/write memory that stores the symbols that are to
appear on a given display. It also contains a symbol generator that decodes the symbol
information and generates analog signals for deflection and intensity control of the CRT.

Caution and Warning Subsystem — The C&W subsystem (Figure 13) monitors selected
subsystems and alerts the crew via annunciator lights and audible alarms of pending
critical malfunctions. All C&W parameters require immediate crew attention to prevent
possible failure propagation into other subsystems. In descending order of priority, the
various degrees of criticality are emergency, warning, caution, and advisory. An
emergency condition identifies an immediate crew hazard (fire or rapid depressurization)
and requires immediate crew reaction. A warning condition informs crew of failure or
impending failure that could propagate to other systems, while a caution condition informs
the crew of an anomaly that would cause a lessened capability to continue the mission. The
advisory condition informs the crew of a low-priority subsystem anomaly. As noted in
Figure 13, the emergency parameters (e.g., smoke detection) are monitored by a



redundant, self-contained unit; the warning and caution parameters are dedicated signals;
and the advisory conditions are monitored by a computer.

TELEMETRY

Transmitting and receiving Shuttle flight data are functions of the communication and
tracking (C&T) subsystem. The portions of the C&T subsystem primarily used for data
telemetry are the S-band and Ku-band systems. Flight data telemetry is also supported by
the previously mentioned TDRS and STDN ground station (Figure 14). During space
flight, the Space Shuttle orbiter uses S-band and Ku-band links to provide audio/voice and
uplink commands from the ground.

S-Band — The S-band system (Figure 15) provides dual, full-duplex voice and uplink
commands as well as telemetry between the orbiter and the STDN ground stations and the
TDRSS. Network communications include a two-way phase-modulated PM link for voice,
uplink command and telemetry, and a direct FM downlink for medium-band data
transmission. Data on the PM link may be transmitted either directly to the STDN or
satellite control facility (SCF) ground stations or relayed through the TDRSS.

The S-band PM data are transmitted by any one of four antennas (quad antenna), which
can be switched either manually from the cockpit or by computer control; FM data are
transmitted by any one of two antennas (hemi antennas), which are also switchable. The
FM system is capable of transmitting data that the limited PCM telemetry data stream
cannot handle: television, digital data from the main engine (3 x 60 kbps), wideband (to
4 MHz) payload data, or digital data from recorder playback or payloads.

The system provides for several modes and data rates (Figure 16) for both the forward link
(ground to orbiter) and the return link (orbiter to ground). Coding is used in the TDRS
modes to improve bit error rates. In the high-rate mode, two full-duplex voice channels are
provided. The digitized voice is time-division-multiplexed with command data for a total
of 72 kbps on the forward link and 192 kbps voice and telemetry on the return link. In the
low-rate mode, only one full-duplex digital voice channel is multiplexed with data. The
forward link voice is reduced to 32 kbps and the return link telemetry is decreased to
96 kbps.

S-Band Payload Communication — The S-band payload subsystem (Figure 17) can
communicate with a wide variety of satellite systems. It will be used for such purposes as
checking the operation of a released payload before the orbiter leaves its immediate
vicinity and safing a satellite before taking it on board for repair or return to earth.



The receiver and transmitter are packaged in a line replaceable unit (LRU) called the
payload interrogator (PI). Signals are processed in both directions by the payload signal
processor (PSP). Redundant LRU’s are carried for both the PI and PSP. The PI provides
851 duplex channels for simultaneous reception and transmission of information with a
noncoherent frequency turnaround ratio of 205 to 256 in the space ground link system
mode (20 channels), and 221 to 240 in the STDN (808 channels) and deep space network
(23 channels) modes. In addition, it provides four receive-only and six transmit-only RF
channels in the deep space network mode.

Ku-Band — The Ku-band system operates as a radar unit during space rendezvous or can
be used as a two-way communication system. The Ku-band communication system
(Figure 18) is designed to operate through the TDRS to a ground station (Figure 14).
Separate frequency bands are used for transmitting and receiving functions. The link from
the ground to the orbiter via the TDRS is designated the forward link and operates in the
frequency band of 14.896 to 15.121 GHz. A key element of the Ku-band communication
equipment is a high-gain antenna, which can be steered for signal acquisition and has the
capability of automatic angle tracking of RF source. The high-gain antenna is attached to a
two-gimbal mount on the deployed assembly. The deployed assembly is mounted on a
deployable boom located in the payload bay; it is stowed under the payload bay doors
between the payload volume and the doors. Because of the stowage/deployment
requirements of the high-gain antenna(s), the Ku-band equipment is operable only when
the payload bay doors are open.

Payload Telemetry — The Space Shuttle orbiter is equipped to provide a variety of
telemetry services to both attached and detached payloads. Scientific data from attached
payload sensors and experiments can be transmitted to the STDN or SCF ground stations
by the orbiter S-band system or relayed through a TDRS by Ku-band. The orbiter can also
record and store scientific information sent over hard line from attached payloads, or relay
text and graphics sent from a TDRS ground station (Figure 19).

Engineering health and status data from both attached and free-flying payloads can be
monitored and recorded on board, sent to STDN or SCF ground stations (S-band), or
relayed through the TDRS. Engineering data from the ground can also be transferred to
attached payloads.

The orbiter audio subsystem is designed to permit three-way conversations among the
orbiter crew, the ground, and personnel aboard attached payloads. And it can constitute
part of the digital data stream to and from the orbiter. Video signals from attached
payloads can be monitored on board the orbiter or sent to the ground by either S-band or
Ku-band links. Ground-initiated commands for either attached or detached payloads can be 



transferred through the orbiter communication system, where the crew can monitor and
record them.

The orbiter can initialize five payload subsystems or update state vectors by using on-
board data or information transmitted from the ground. Data from attached payloads can
be monitored and recorded by the orbiter crew.

Up to five safety-critical status parameters can be hard-wired from an attached payload to
the orbiter. The orbiter crew monitors these parameters and can take the necessary and
timely remedial actions. Other parameters are also monitored and can be recorded as part
of the orbiter system management function. Payload C&W data can be transmitted to the
ground through the orbiter. The orbiter also sends master timing signals to attached
payloads. Rendezvous with detached payloads is accomplished through the orbiter Ku-
band rendezvous radar.

SUMMARY

The areas of the Shuttle avionic system chosen for discussion in this paper illustrate the
great complexity and flexibility required by the broad spectrum of Shuttle missions and
payloads. Consider the designing challenges proposed by the spacious orbiter cargo
bay—large enough to accommodate a fully equipped laboratory. A consortium of nine
European nations, working through the European Space Agency, is designing and
developing a habitable modular space laboratory for the cargo bay. The modular approach
permits great versatility in anticipation of experiments involving zero-g manufacturing
techniques, astronomical and earth observation, and pharmaceutical processing. The
Shuttle missions encompass such diverse tasks as carrying earth resources satellites and
laser optics into space to building enormous solar power and space stations.

The hardware and computer programs of the Shuttle avionic system that service the
orbiter, its anticipated payloads, and the crew are extremely sophisticated and yet versatile
enough to allow for the imaginable missions of a space transportation system that “flies by
wire” into space and lands like an airplane. This paper highlights the workings of a few of
its subsystems.



Figure 1.  The Space Shuttle Vehicle

Figure 2.  Typical Mission Profile



Figure 3.  Shuttle Avionic System

Figure 4.  Orbiter Equipment Installation Configuration



Figure 5.  Data Processing and Software Subsystem Block Diagram

Figure 6.  MDM System Block Diagram



Figure. 7.  DFI Block Diagram (Simplified)

Figure 8.  OI Block Diagram (Simplified)



Figure 9.  PCMMU Block Diagram

Figure 10.  PDI Block Diagram



Figure 11.  Functional Block Diagram of Multifunction CRT
Display Subsystem (MCDS)

Figure 12.  Typical CRT Display:  Entry Trajectory 1 Display Format



Figure 13.  C&W Subsystem

Figure 14.  Orbital Communications and Tracking Links



Figure 15.  S-Band Network Block Diagram



Figure 16.  S-Band Network Frequencies, Modes, and Data Rates



Figure 17.  S-Band Payload Block Diagram

Figure 18.  Ku-Band Subsystem Block Diagram



Figure 19.  Orbiter Avionic Services to Payloads

Table 1.  Orbiter Measurements

Type

Quantity (approx)

Analog Discrete

OI PCM sensors (downlink)
OI GPC sensors (downlist)
OI GPC-derived (downlist)
DFI wideband sensors
DFI PCM sensors

1025
421

7900
675

2535

1875
1245
7995
N/A

90


