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PREFACE

This manual serves to familiarize the reader with the
purpose and operation of the National Aeronautics and
Space Administration (NASA) Mission Control Center-
Houston (MCC-H) located near Houston, Texas. The
manual is primarily an orientation/indoctrination
guide and, in addition, furnishes a reference source
for information pertinent to the MCC-H systems, sub-
systems, and major components.

The manual discusses the MCC-H in general terms,
avoiding detailed technical descriptions, but with suf-
ficient detail to convey a clear understanding of the
purpose and operation of the MCC-H. A listing of
support manuals that provide detailed technical cover-
age of the MCC-H systems and interfaces is included
as a ready reference for anyone desiring increased
coverage of a particular area.

The manual is divided into five sections: General
Description, Functional System Equipment, Func-
tional System Operation, Support Facilities, and
Manning. Three appendices are included with the
manual: MCC-Houston Support Manuals, General
Description of Manned Spaceflight Network, and Gen-
eral Description of Apollo Simulation, Checkout, and
Training System (ASCATS). A glossary of abbrevia-~
tions used throughout this manual is presented below:

CCATS Communications, Command, and Telem-
etry System

GOSS Ground Operational Support Systems
GSFC Goddard Space Flight Center

KSC Kennedy Space Center

MBOA Mission Briefing and Observation
Auditorium

MCC-H Mission Control Center-~Houston

MOCR Mission Operations Control Room
MOW Mission Operations Wing

MSC Manned Spacecraft Center

NASA National Aeronautics and Space Adminis-
tration -

Osw Operations Support Wing

RCR Recovery Control Room

RTCC Real Time Computer Complex

SSR Staff Support Room

ASCATS Apollo Simulation, Checkout, and
Training System

This manual was prepared by Philco-Ford Education
and Technical Services Division, Technical Documen-
tation, Houston, under subcontract to Philco-Ford
Western Development Laboratories, Houston Opera-
tions. ‘

This manual is revised to include technical changes
resulting from all approved and completed modifica-
tions that have occurred from the date of original
publication to 30 June 1967.

v/vi
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SectionI
Paragraphs 1-1 to 1-4

SECTION |
GENERAL DESCRIPTION

This section provides a general description of the National Aeronautics and Space Admin-
istration (NASA) manned spaceflight Mission Control Center-Houston (MCC-H) located
near Houston, Texas. The purpose of the MCC-H is first defined and then the MCC-H
physical plant, functional systems, and overall operation during a typical mission are
described. This discussion is followed by a brief description of the purpose and function
of the Apollo Simulation, Checkout, and Training System (ASCATS).

1-1. PURPOSE OF MCC-HOUSTON

The MCC-H provides centralized control of NASA
manned spaceflight missions. The MCC-H is sup-
ported in this role by the Manned Spaceflight Network
(reference appendix B), a world-wide network of track-
ing and voice-data communications stations. The
MCC-H Manned Spaceflight Network combination is
referred to by the collective title of Manned Spaceflight
Ground Operational Support Systems (GOSS). MCC-H
functions include full mission control from launch
through recovery, and technical management in the
areas of vehicle systems, flight dynamics, life sys-
tems, flight crew activities, recovery support, and
GOSS operations. Figure 1-1 breaks down the MCC-H
functions for each phase of a typical mission, including
premission and postmission activities.

1-2. PHYSICAL PLANT

The MCC-H physical plant comprises buildings 30 and
48 of the NASA Manned Spacecraft Center (MSC). (See
figure 1-2.) Building 30 is referred to as the MCC-H
building. Building 48 is the emergency power building.
An underground utility tunnel, an extension of the MSC
central tunnel system, connects buildings 30 and 48.

A site plan for buildings 30 and 48 is shown in figure
1-2-1. This illustration is keyed to the floor plans of
the MCC-H, shown in figures 1-2~1-1 through 1-2-1-8.

The three-story MCC-H building consists of a Mission
Operations Wing (MOW), an Operations Support Wing
(OSW), and an interconnecting lobby wing. The MOW
contains all the technical equipment and facilities re-
quired to support the mission control and monitoring
functions of the MCC-H. The MOW is equipped with
two Mission Operations Control Rooms (MOCR's),
associated Staff Support Rooms (SSR's), and a Recov-
ery Control Room (RCR). These rooms provide the
proper environment for the comprehensive data dis-
plays and analyses required for detailed mission con-
trol. The OSW contains office, laboratory, and tech-
nical support areas, and a Mission Briefing and Ob-
servation Auditorium (MBOA) for the NASA-MSC
Flight Operations Directorate. The lobby wing inter-
connects the MOW and OSW and contains several of-
fices, dormitory facilities, and technical support
areas.

The single-story emergency power building houses all
standby electrical power, air conditioning, and ven-
tilation facilities for exclusive use by the MOW. An
electrical power substation pad, cooling towers, and
a diesel fuel and oil storage area are located adjacent
to the emergency power building.

1-3. FUNCTIONAL SYSTEMS

All MCC-H equipments that contribute directly to the
mission control capabilities of the MCC-H are grouped
into three functional systems: Commaunications, Com-
mand, and Telemetry System, Display/Control Sys-
tem, and a data processing system called the Real
Time Computer Complex (RTCC) System. These three
systems incorporate all the technical equipment in the
MOW with the exception of telephone termination and
distribution equipment. The systems interface with
the flight crew trainers in building 5, ASCATS in
building 422, and the Mission Operations Support Lab~
oratory (MOSL) in the OSW.

The functional systems, composed of complex elec~-
tronic or electromechanical equipment, enable the
MCC-H to communicate with spacecraft and the

_ Manned Spaceflight Network, initiate commands, and

display large quantities of data in numerous formats.
The equipments in each system are further grouped
into subsystems as shown in figure 1-3.

1-4. OPERATIONS

The MCC-H is the focal point for the world-wide
Manned Spaceflight Network. During the course of a
manned spaceflight mission, this network feeds enor-
mous quantities of information in various forms into
the MCC-H. Inreturn, the MCC-H feeds a large
amount of information-back to the network. The pri-
mary reason for this data exchange is to maintain
cognizance over the current status of the spacecraft
and flight crews involved in the mission. A byproduct
of the exchange is the compilation of data for histori-
cal purposes and postflight analyses.

A manned spaceflight mission consists of several con-
secutive phases: launch, earth orbit, translunar,

etc., depending upon the mission objectives. The
MCC-H flight controllers must know during all phases __
of the mission the location of the spacecraft involved

1-1
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and how the spacecraft and their crews are withstand -
ing the changing environment imposed upon them.

The Manned Spaceflight Network functions as a remote
arm of the MCC-H, constantly collecting the data that
will provide this required information to the MCC-H.
(See figure 1-4.) ‘

From the moment of lift-off, as a spacecraft is being
launched, the personnel in control of the mission must
be supplied with information regarding acceleration,
speed, and direction of the spacecraft to enable them
to make an almost immediate decision as to whether
or not a satisfactory trajectory is being maintained.
To accomplish this, high-speed data lines carry radar
tracking data from Bermuda and Kennedy Space Center
(KSC) to the RTCC at the MCC-H. The RTCC, in
turn, causes displays of the spacecraft trajectory pa-
rameters to be plotted only a few seconds behind the
actual spacecraft position. The predicted impact point
of the spacecraftf is also displayed during this fime so
that recovery forces can quickly converge on the
spacecraft landing area in the event of an abort.

During the launch phase, the condition of the space-
craft crew and critical vehicle systems, and the status
of critical mission events, must also be known. This
data is telemetered from the spacecraft, received at
several data acquisition stations, applied to data trans-
mission equipment at KSC, and routed over wide band
data lines to the MCC-H. At the MCC-H, the data is
used to produce event status displays, biomedical data
displays, and other pertinent displays required for
immediate evaluation.

1-2
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After the spacecraft has been successfully launched,
the RTCC system is used to determine the spatial po-
sition of the spacecraft. If the next phase is an earth
orbit, the RTCC will establish the orbital track of the
spacecraft utilizing tracking data coming from the
Manned Spaceflight Network. The RTCC maintains a
plot of the spacecraft position, predicts where it will
be at any predetermined time in the future, and sends
out acquisition messages to each tracking station that
tell the station where to point its tracking antenna and
at what time the station can expect to acquire the
spacecraft. The RTCC also causes predicted impact
points to be displayed throughout the orbital phase of
the mission so that recovery forces will have maxi-
mum reaction time in the event of an abort.

Throughout the mission, the physical well-being of the
flight crew is monitored via telemetry data and voice
communications. Telemetry data also enables the
performance of the spacecraft and related equipment
to be evaluated.

1-5. APOLLO SIMULATION, CHECKOUT, AND
TRAINING SYSTEM

The Apollo Simulation, Checkout, and Training System
(ASCATS) is a self -supporting facility that provides
the interfacing equipment and data for supporting sim-
ulated mission exercises. The ASCATS, located pri~
marily in building 422, is used for training the space-
craft flight crews, the MCC-H flight controllers, and
the remote site flight controllers. Refer to appendix
C for further details related to the ASCATS.
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Section II
Paragraphs 2-~1 to 2-1-2-1

SECTION i
FUNCTIONAL SYSTEM EQUIPMENT

This section describes the equipment complement of each MCC-H functional system. The
equipment composition and location is first given for each subsystem. This is followed by
a brief statement of the function or purpose of each equipment grouping or major compo-

nent.

2-1. COMMUNICATIONS, COMMAND, AND
TELEMETRY SYSTEM

The Communications, Command, and Telemetry Sys-
tem (CCATS) processes and distributes all signals,
except television, entering and leaving the MCC-H and
provides internal communication capabilities for the
MCC-H. The system is divided into seven subsys-
tems: Communications Facility Control, Voice Com-
munications, Command, Telemetry, Central Proc-
essor, Teletype and Facsimile, and Pneumatic Tube.

2-1-1. Communications Facility Control Subsystem

The Communications Facility Control Subsystem, lo-
cated in room 118, cenfralizes quality control and
maintenance for all wide band and high-speed data
circuits, all audio frequency communications circuits,
and most of the teletype circuits that enter and leave
the MCC-H. The U.S. Weather Bureau teletype cir-
cuits interface directly with the telephone company
facilities. Room 118 contains wide band data and high-~
speed data transfer and test equipment, a wide band
data and high~speed data recording facility, teletype
test and patch equipment, audio test and patch equip-
ment, and a countdown and status receiver. Figure
2-1-1 shows a composite photograph of the subsystem
equipment.

2-1-1-1. Wide Band Data and High-Speed Data Trans-
fer and Test Equipment

The wide band data and high-speed data transfer and
test equipment consists of test bays, patch bays,
modulator ~-demodulator units, data control units, high-
speed teleprinter equipment, transfer switch equip-
ment, checkout equipment, and line driver-terminator
units. This equipment is used to monitor and main-
tain the quality of wide band and high-speed data cir-
cuits.

2-1-1-2. Wide Band Data and High-Speed Data Re-
cording Facility

The wide band data and high-speed data recording
facility consists of magnetic tape recorders and re-
producers, and a digital time display unit. This
equipment is used to record and make available for
playback all wide band and high-speed data signals
that enter or leave the MCC-H.

2-1-1-3. Audio Test and Patch Equipment

The audio test and patch equipment consists of patch
and test bays. This equipment is used to monitor,
test, and maintain all audio circuits. The patch bays
also provide voice circuit status signals to the com-
munications line switching console in room 118A.

2-1-1-4. Teletype Test and Patch Equipment

The teletype test and patch equipment consists of patch
bays, a test bay, and a monitor console. The equip-
ment is used to monitor, test, and maintain the quality
of most teletype circuits that enter or leave the MCC-
H.

2-1-1-5. Countdown and Status Receiver

The countdown and status receiver consists of a
switching unit, a control panel, input/output logic,
and patching and output relays. This equipment is
used to receive and demultiplex for distribution the
countdown and status data messages from the count-
down and status transmitting equipment at the KSC.

2-1-2. Yoice Communications Subsystem

The Voice Communications Subsystem enables voice
communications between personnel within the MCC-H
and, also, between the MCC-H and the MSC flight crew
trainer facility, the Manned Spaceflight Network, and
the spacecraft. The subsystem is composed of voice
intercom equipment situated throughout the MCC-H
and the flight crew trainer facility, a communication
line switch console located in room 118A, public ad-
dress equipment situated throughout the MCC-H, pri-
vate automatic branch exchange equipment in the tele-
phone central exchange building and room 118A, and a
voice recording facility located in room 117A. A com-
posite photograph of the subsystem equipment is shown
in figure 2-1-2.

2-1-2-1, Voice Intercommunication Equipment

The basic element of the voice intercom equipment is
a station keyset unit. This unit (in various configura-
tions according to usage requirements) is mounted in
consoles, on desks, walls, or pedestals, and on
equipment racks situated throughout the MCC-H and

the flight crew trainer facility. Special lamp supply
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generators, which provide code-type signaling to the
keysets and other equipment in the form of a wink,
flash, or flutter presentation, are located in room
127A. Supervisory and signaling control circuits,
line circuits, and interconnecting networks for the
keysets are also located in room 127A. This room
also contains test and patch circuits necessary for
proper maintenance and operation of the equipment.
The keyset units, along with their associated control
and interconnection circuitry, provide an internal
communications network for the MCC-H and a voice
communications capability between the MCC-~H and
the flight crew trainer facility.

2-1-2-2. Communication Line Switch Console

The communication line switch console consists of a
two-position, manually operated switchboard, which
provides for control and termination of voice commu-
nication lines between the MCC-H and the Manned
Spaceflight Network. Line switching is accomplished
by utilizing a four-color illuminated keyboard and a
communication line switching matrix, which is an in~
tegral part of the console. The multicolor key lamps
present a steady, flashing, or winking indication. The
combination of lamp color and coded signaling indi-
cates the operational status of any input communica-
tion line. Interconnection circuitry and certain equip-
ments necessary for operation of the console are 1o~
cated in room 127A.

2-1-2-3. Air/Ground Control Equipment

The air/ground control equipment consists of tone
transmitters, tone receivers, and a logic sequencer.
This equipment turns on ground-to-air radio trans-
mitters at remote sites, allowing voice communica-
tions between the spacecraft and the MCC-H.

2-1-2-4. Public Address Equipment

The public address equipment is composed primarily
of audio amplifiers, located in room 127A, loud-
speakers and microphones that allow access to the
public address network, and the public address key
position on the voice intercom keyset units. This
equipment provides for total voice broadcast coverage
of the MCC-H. Voice circuitry, selection and switch-
ing equipment, and speaker muting and keying cir-
cuitry used in control and operation of the public ad-
dress network are located in room 127A. The OSW
auditorium has a separate, independent public address
system consisting of a microphone, a 35-watt power
amplifier, and six ceiling-mounted speakers. This
public address system is used only in the auditorium
for briefings and debriefings.

2-1-2-5. Private Automatic Branch Exchange Equip-
ment

The private automatic branch exchange equipment
consists of communication line circuitry arranged for
voice communications outside the MCC-H and an inter-
cept switchboard for operator control of selected cir-
cuits. This equipment provides access to the MSC
telephone dial system. The communication lines are
tied into the voice intercom keyset units for signaling
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and ringing at each station on incoming calls and for
dialing on outgoing calls.

2-1-2-6. Voice Recording Facility

Various magnetic tape recorder/reproducers and as-
sociated patch and monitor circuitry comprise the
voice recording facility. This equipment provides a
means of recording and playback of selected voice
communications and biomedical (FM/FM) data.

2-1-3. Command Subsystem

The Command Subsystem processes command data for
transmission from MCC-H to the Apollo command and
service module, the lunar excursion modules, or the
Saturn launch vehicle. The subsystem utilizes the
hardware of the CCATS, RTCC, and Display/Control
Systems.

2-1-4. Telemetry Subsystem

The Telemetry Subsystem equipment is located pri-
marily in room 129 with additional processing equip-
ment in rooms 216 and 316. The subsystem receives
wide band pulse-code-modulation (PCM) telemeiry
data from CCATS via the Communications Facility
Control Subsystem, provides independent operational
and dynamic standby processing of the received data
for up to two simultaneous missions, and distributes
the processed data to the two MOCR’s, SSR's and
CCATS display equipment. The subsystem also re-
ceives frequency modulation (FM) biomedical data
from the Voice Communications Subsystem, provides
independent processing of the received biomedical data
for up to two simultaneous missions, and distributes
the data representing the astronauts' heartbeat and
respiration to the life systems analysts. The subsys-~
tem is composed of pulse-code-modulation telemetry
equipment, telemetry monitor and processing equip-
ment, frequency modulation equipment, biomedical
processing equipment, output transfer switch equip-
ment, and telemetry analog and event distribution
equipment. A composite photograph of the subsystem
equipment is shown in figure 2-1-4.

2-1-4-1. Pulse-Code-Modulation Telemetry Ground
Station Equipment .

The pulse-code-modulation (PCM) telemetry equipment
consists of four PCM telemeiry ground stations, a te-
lemetry event decoder, a PCM telemetry signal simu-
lator, and a PCM telemetry patch board. The four
PCM telemetry ground stations provide independent,
operational and dynamic standby data processing for
the two MOCR's, SSR's, and CCATS display equip-
ment. Each ground station contains serial-to-parallel
converters, decommutation synchronization logic, a
data format program memory, digital-to-analog con-
verters, and various output registers. The PCM te-
lemetry ground stations receive pulse-coded input
signals and associated clock signals. The ground sta-
tions process the pulse-coded input signal and apply
data, data identification, and decommutation synchro-
nization and status signals to the output transfer switch
equipment.
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The telemetry event decoder consists of two similar
event decoding sections. Each event decoding section
processes data from an operational PCM tfelemetry
ground station and furnishes additional event data for
the associated MOCR, SSR, and CCATS display equip-~
ment. The PCM telemetry signal simulator generates
PCM telemetry test input signals and associated clock
signals for the four PCM telemetry ground stations.
In addition, the signal simulator is capable of per-
formance testing the PCM telemetry ground stations.

The PCM telemetry patch board provides the means
for selecting input data and clock signals to the PCM
telemeiry ground stations.

2-1-4-2. Telemetry Monitor and Processing Equip-
ment

The telemetry monitor and processing equipment mon-
itors the operation of the pulse-code-modulation te-
lemetry ground stations and the output transfer switch
equipment. The equipment consists of telemetry su-
pervisor console, logic equipment, and chart (analog)
and event recorders.

2-1-4-3. Frequency Modulation Equipment

Frequency modulation (FM) ground stations and asso-
ciated patch boards make up the frequency modulation
equipment. FM ground stations are composed, almost
entirely, of subcarrier discriminators, which receive
and segregate the telemetered biomedical information
by vehicle and type into specific channels. A separate
discriminator is included as a backup or testing unit
for the operational discriminator channels.

2-1-4-4. Biomedical Processing Equipment

The biomedical processing equipment consists of bio-
medical preprocessing equipment, biomedical com-
puter processing equipment, delay-loop recorder/
reproducer, and biomedical patch boards. Preproc-
essing equipment consists of pneumotachometers and
cardiotachometers, which convert the analog respira-
tion and heartbeat waveforms into digital form to drive
remote digital displays and the computer processing
equipment. The computer processing equipment con-
sists entirely of cardiotachometer/pneumotachometer
computer input buffers (cardio/pneumo CIB). The
buffers simultaneously sample the individual heartbeat
and breathing rates, combine the rates with data tags
from the remote control equipment, and then transmit
the data in high-speed format to the Communications
Facility Control Subsystem. Delay-loop recorder/
reproducers and associated patching equipment pro-
vide for post and/or present (30-second delay) analysis
of individual astronaut heart and respiration conditions.
Patch boards are used to manually select the specific
data channels for use by the biomedical processing
equipment.

2-1-4-5. Output Transfer Switch Equipment

The output transfer switch equipment routes decom-
mutated telemetry data through patching, switching,
and driver equipment to the chart (analog) and event
recorders and to the Computer Display/Control
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Interface Subsystem for MOCR, SSR, and CCATS dis-
plays. The equipment is composed of relay switch-
ing, logic switching, patch panels, and output relays
and drivers.

2-1-4-6. Telemetry Analog and Event Distribution
Equipment

The telemetry analog and event distribution equipment
is composed of telemetry event driver equipment that
routes bilevel event signals to the consoles in Com-
puter Display/Control Interface Subsystem for MOCR,
SSR, and CCATS displays. The telemetry analog and
event distribution equipment also contains the sub-
channel data distributor (SDD) and digital display
driver (DDD) equipments. The subchannel data dis-
tributor controls the distribution of digital data fo the
digital display driver equipment for bilevel event dis-
plays on modules and chart recorders in the MOCR,
SSR, and CCATS display areas.

2-1-5. Central Processor Subsystem

The Central Processor Subsystem receives, proc-
esses, and distributes all incoming and outgoing data
at the MCC-H. The subsystem comprises three com-
puters, communications interface equipment, storage
and recording equipment, transier switching equip-
ment, and monitor and control equipment, all located
in rooms 116 and 116B. A composite photograph of
the Central Processor Subsystem is shown in figure
2-1-5.

2-1-5-1. Computers

The three computers are stored program, high~-speed
digital processors utilizing an internal memory and 18
input/output channels to process large amounts of data
on a real time basis. A clock is associated with each
computer to automatically time stamp each message
and to provide synchronization signals for the com-
puters.

'2-1-5-2. Communications Interface Equipment

The communications interface equipment consists of
communications line terminals, communications mul-
tiplexers, polynomial buffered terminals, channel
scanners, ceniral processor/RTCC adapters, com-
puter input multiplexer/subchannel data distributor
adapters, and output inhibit switching circuitry. This
equipment permits the Central Processor Subsystem
to accept numerous data communications, and to route
the data to the assigned destination.

2-1-5-3. Storage and Recording Equipment

The storage and recording equipment associated with
each computer consists of two magnetic core memory
units, a magnetic drum, four magnetic tape units,
and a card processor. These units provide message
storage and rapid retrieval capabilities, printing out
information at any time on an as-requested basis.

2-1-5-4. Transfer Switching Equipment

The transfer switching equipment consists of an elec~
tronic transfer switch and a system configuration unit.
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The electronic transfer switch provides rapid switch~
ing between components with no loss of data. The
system configuration unit provides computer-to-
peripheral-unit configuration through use of pro-
grammed patch boards.

2-1-5-5. Monitor and Control Equipment

The monitor and control equipment consists of a com-
puter control console for each computer and a commu-
nications and configuration conscle. The computer
control consoles are used to control the operation and
to insert program changes into the computer. The
communications and configuration console is used to
establish the operational configuration of the Central
Processor Subsystem and to monitor its operation.

2-1-6. Teletype and Facsimile Subsystem

The Teletype and Facsimile Subsystem transmits and
receives teletype and meteorological data between the
MCC-H and the U.S. Weather Bureau, and between
the MCC-H and the Manned Spaceflight Network. The
subsystem is composed of teletype and facsimile
equipment located in the meteorological center, and
teletype equipment located throughout the MCC-H. A
composite photograph of the subsystem equipment is
shown in figure 2-1-6.

2-1-6-1. Teletype Equipment

The teletype equipment includes automatic send-
receive sets, receive-only typing reperforator units,
receive-only page printer units, transmitter distrib-
utor units, silent receive-only page printers, a tele-
type loop patch panel, and a teletype loop switchboard.
With the exception of the teletype loop patch panel and
the teletype loop switchboard, this equipment is used
to print out and transmit all incoming or outgoing tele-
type messages. The teletype loop patch panel is used
in the Recovery Control Room (RCR) to provide tele-
type equipment flexibility and the teletype loop switch-
board is used in the meteorological center for switch-
ing U.S. Weather Bureau teletype circuits between
the teletype equipment in the meteorological center.

2-1-6-2, Facsimile Equipment

The facsimile equipment includes a facsimile trans-
mitter, facsimile receiver/recorder, and a call direc-
tor. The facsimile equipment is used to transmit and
receive U.S. Weather Bureau meteorological data in
support of the meteorological center located in room
324. The call director is used to select the facsimile
circuits for interfacing with the facsimile equipment.

2-1-1. Pneumatic Tube Subsystem

The Pneumatic Tube Subsystem enables rapid hard-
copy message routing throughout the MCC-H. The
subsystem is composed of automatic and manual mes-
sage routing equipments located in various areas of
the MOW. A composite photograph of the subsystem
equipments, excluding pneumatic tube runs, is shown
in figure 2-1-7.
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2-1-7-1. Automatic Message Routing Equipment

The automatic message routing equipment is divided
into two independent networks capable of routing hard-
copy messages between an MOCR, the corresponding
SSR's, the RTCC, and other areas. Each network in-
cludes send and receive stations located in various
areas of the MOW, a rejected message receive and
retransmit station in the MCC-H message center
(room 116A), pneumatic tube runs that connect all
stations through a central exchanger located in room
130, cylindrical message carriers that are inserted
into the pneumatic tube runs to carry messages be-
fween stations, a control panel located in room 130,
and automatic deflection fittings and other accessories
that are located as required throughout the pneumatic
tube runs. Pneumatic tube runs to and from these
stations contain Y -switch units (deflection switches)
for diverting message carriers to selected stations.
A supervisory panel located in room 116A is also
common to both automatic message routing networks.
This panel provides the same indicators as on the
control panel in room 130.

2-1-7-2. Manual Message Routing Equipment

The manual message routing equipment consists of 12
send and receive stations located in various areas of
the MOW, pneumatic tube runs, and message carriers.
This equipment provides a point-to-point message
routing capability between the MCC-H message center
and send and receive stations in the MOCR's, opera-
tions and procedures SSR's, and between room 229A
and the third floor simulation control area (room 328).

2-2. DISPLAY/CONTROL SYSTEM

The Display/Control System displays selected data and
enables control of various command functions. The
system is divided into four subsystems: Computer
Display/Control Interface, Timing, Television, and
Group Display.

2-2-1. Computer Display/Control Interface Subsystem

The Computer Display/Control Interface Subsystem
interfaces the RTCC System and the Communications,
Command, and Telemetry System with the Display/
Control System to accomplish data request, data dis~
play, and control functions. The subsystem is com-
posed of computer request equipment, encoder-
multiplexer equipment, slide file equipment, digital-
to-television converter equipment, digital display
driver equipment, event and analog driver equipment,
and an MOCR switch unit. Some of the computer re-
quest, encoder-multiplexer, digital-to-television
converter, and converter slide file equipments are
used to support the dynamic standby computer in the
RTCC System. Those components that are used ex-
clusively in this manner are grouped together as aux-
iliary display equipment. The majority of the equip-
ment comprising the subsystem is located in rooms
216, 316, and 319. Additional equipment, such as
console keyboards, is located in the MOCR's and as-
sociated SSR's, in the RCR, the RTCC, and rooms
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118B, 227A, and 324. Figure 2-2-1 shows a com-
posite photograph of the subsystem equipment.

2-2-1-1. Computer Request Equipment

The computer request equipment consists of console-
mounted keyboards that permit mission control oper-
ators to request information from the RTCC and Cen-
tral Processor Subsystem, and to perform control
functions.

2-2-1-2. Encoder-Multiplexer Equipment

The encoder -multiplexer equipment is composed of
computer request encoders, (in general, one for each
computer request keyboard) and a computer input mul-
tipiexer. The encoders detect and encode into a digi-
tal format the requests initiated on the computer re-
quest keyboards. The computer input multiplexer
transmits the encoded requests over a single line to
the RTCC or Central Processor Subsystem on a con-
trolled access basis.

2-2-1-3. Slide File Equipment

The slide file equipment consists of converter slide
file data distributors, converter slide files, reference
slide files, and a set of slide-making equipment. The
data distributors control distribution of slide selection
data to the slide files and control data to the video
switching matrix of the Television Subsystem. The
converter slide files permit random access to photo-
graphic slides, which provide background information
for digital data that is included in composite video
displays produced by the digital-to-television con-
verter equipment. The reference slide files are iden-
tical to the converter slide files, except that the slides
contain reference information which is converted di-
rectly into video signals without the addition of dynamic
digital data. Generation of slides for the slide files is
accomplished with the slide-making equipment located
in room 212R of building 8.

2-2-1-4. Digital-to-Television Converter Equipment

The digital-to-television converter equipment includes
digital-to-television converter data distributors, buf-
fers, and display generators. The data distributors
control the distribution of display data from the RTCC
to the buffers. The buffers are storage devices that
apply the display data, upon demand, to the display
generators. The display generators produce compos-
ite video displays for television presentation consisting
of converted digital data and converter slide images.

2-2-1-5. Digital Display Driver Equipment

The digital display driver equipment comprises digital
display driver data distributors and digital display
drivers. The data distributors control the distribution
of computer generated time words to the Timing Sub-
system and of digital data to the digital display drivers,
which control computer driven lamps within the Com-
puter Display/Control Interface, Group Display, and
Television Subsystems.

Section II
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2~2-1-6. MOCR Switch Unit

The MOCR switch unit permits various areas of the
MOW that are common to both MOCR's (e.g., the
communications controller facility) to operate with
either MOCR. The switch unit consists of prepro-
grammed patch boards for each area. Switching from
one MOCR to the other is accomplished by changing
patch boards.

2-2-1-7. Auxiliary Display Equipment

The auxiliary display equipment consists of various
computer request keyboards, a converter slide file

and data distributor, a digital-to-television converter
data distributor, a buffer, and a display generator.

The auxiliary display equipment shares the encoder-
computer input multiplexer. These components, sim-
ilar to equipment previously described, handle dynamic
standby data. N

2-2-1-8. Console/Module Equipment

The console/module equipment consists of the con-
soles and the modules mounted on the various consoles
to fulfill specific mission requirements. The consoles
are grouped in five functional areas: mission com-
mand and confrol, mission command and control sup-
port, flight dynamics, systems operations, and public
affairs information control consoles. The mission
command and control consoles are located in the
MOCR's. The mission command and control support
consgoles are located in the MOCR's, the network in-
strumentation control room, the operations and pro-
cedures SSR's, the network SSR, the RCR, and the
meteorological center. The flight dynamics consoles
are located in the MOCR's and the flight dynamics
8SR's. The systems operations consoles are located
in the MOCR's, the vehicle systems SSR's, the flight
crew SSR's, and the life systems SSR's. A public af-
fairs officer console is located in each MOCR. Another
public affairs information control console is located in
room 319 for use by the public affairs television
editor.

2-2-1-8-1. Mission Command and Control Consoles

The consoles included within the mission command and
control group are the operations director, flight direc-
tor, assistant flight director, operations and proce-
dures officer, and the network controller consoles.
These consoles provide operational positions from
which the following functions are performed: monitor-
ing and analyzing mission status, implementing ap-
propriate actions to support flight plans and mission
objectives, and detailed directing and controlling of all
major elements involved in a manned spaceflight mis-
sion.

2-2-1-8-2. Mission Command and Control Support
Consoles

The mission command and control support consoles

consist of the consoles located in the operations and
procedures SSR, the network SSR, the meteorological
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center, the RCR, and the instrumentation control
room. These consoles provide operational positions
to lend detailed support to the personnel stationed at
the mission command and control consoles.

2-2-1-8-3. Flight Dynamics Consoles

The flight .dynamics consoles consist of the flight dy-
namics officer, retrofire officer, guidance officer,
and flight dynamics SSR consoles. These consoles
enable monitoring and evaluation of all aspects of
powered flight concerning crew safety and orbital in-
sertion, evaluation of orbital trajectories required to
meet mission objectives, and continuous updating of
retrofire information throughout a mission for both
planned and contingency reentry situations.

2-2-1-8-4. Systems Operations Consoles

The systems operations consoles include the life sys-
tems officer, the booster system engineer, the elec~
trical environmental communications engineer, the
guidance navigation computer engineer, the vehicle
systems SSR, and the flight crew SSR consoles. These
consoles enable monitoring and evaluation of flight
crew status; analyzing the performance of electrical,
mechanical, and life systems; and initiation of vehicle
systems commands.

2-2-1-8-5. Public Affairs Information Control Con-
soles

The public affairs information control consoles iinclude
the public affairs officer and public affairs television
editor consoles. The personnel stationed at these
consoles do not engage in mission command and con-
trol activities. Their purpose, during a mission, is
to coordinate public affairs information with commer-
cial news media and other interested groups. In this
respect, the public affairs information control con-
soles enable the monitoring of voice and television
communications and the controlled delivery of such,
along with appropriate comments, to the MBOA and
to a remote public affairs broadcast studio located in
a separate building.

2-2-2. Timing Subsystem

The Timing Subsystem is the MCC-H timing standard
and distributes timing data to all MCC-~H functional
systems. The subsystem is composed of master in-
strumentation timing equipment, an Atlantic missile
range countdown processor, two sets of relative time
accumulators, six sets of dual stop clock equipment,
two serial decimal time converters, three timing sig-
nal distributors, time display and control modules, a
timing interface unit, and wall clock equipment. The
master instrumentation timing equipment, countdown
processor, timing interface unit, and serial decimal
time converter are located in room 319. One relative
time accumulator set is in room 216, the other in
room 316. One timing signal distributor is in room
118 and two are in room 117A, three sets of dual stop
clock equipment are in each MOCR, the time display
and control modules and wall clocks are located
throughout the MCC-H. A composite photograph of
the subsystem equipment is shown in figure 2-2-2.
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2-2-2-1. Master Instrumentation Timing Equipment

The master instrumentation timing equipment is a dual
master timer synchronized to the National Bureau of
Standards radio station WWV. The master instrumen-
tation timing equipment generates pulse rate signals
and time code words for distribution throughout the
MCC-H to time index and synchronize actual and sim-~
ulated mission operations.

2-2-2-2. Atlantic Missile Range Countdown Processor

The Atlantic missile range countdown processor pro-
vides simulated countdown signals and processes
countdown data from KSC for the relative time accu~
mulators.

2-2-2-3. Relative Time Accumulators

Two identical sets of relative time accumulators are
used to accumulate countdown, mission, and general
purpose timing signals. One relative time accumula-
tor serves equipment on the second floor of the MOW,;
the other serves equipment on the third floor.

2-2-2-4. Dual Stop Clock Equipment

The dual stop clock equipment provides manually con-
trolled time-to-go or elapsed time presentation for
any selected event. There are two dual stop clock
equipments in each retrofire officer console and one
in each spacecraft communicator console.

2-2-2-5. Serial Decimal Time Converter

The serial decimal time converter receives binary-
coded-decimal Greenwich mean time signals from the
master instrumentation timing equipment, converts
the signals to pulse-coded-decimal Greenwich mean
time, and distributesthe signals to all chart recorders
within the MCC-H.

2-2-2-6. Timing Signal Distributors

The timing signal distributors receive specially for-
matted Greenwich mean time signals from the master
instrumentation timing equipment on unbalanced lines
and distribute the signals to all magnetic tape record-
ers and to some time display units on balanced lines.

2-2-2-7. Timing Interface Unit

The timing interface unit receives binary-coded-
decimal time signals from the master instrumentation
timing equipment and converts the time signals into

time words and synchronization signals for use by the
Central Processor Subsystem.

2-2-2-8. Time Display and Control Modules

The time display and control modules display the var-
ious time-code words generated by the Timing Sub-
system equipment. In addition, the modules provide
control of certain time-code words generated by the
subsystem.

2-2-2-9. Wall Clock Equipment

The wall clock equipment consists of a wall-mounted
master control unit in room 319 and associated wall
clocks spaced throughout the MCC-H. The master
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control unit is synchronized with radio station WWV
and supplies correction signals for the wall clocks.

2-2-3. Television Subsystem

The Television Subsystem generates, distributes, re-
cords, and displays television video information with
pictorial, graphic, or alphanumeric content. The
subsystem is composed of the following major com-
ponents of equipment groups: television camera equip-
ment; television viewers; television converter equip-
ment; landline interface equipment; standard resolution
(525-line scanning rate) and high resolution (945-line
scanning rate) synchronization, generation, and dis-
tribution equipment; television distribution equipment;
television recording equipment; and television remote
control equipment. The majority of the equipment
comprising the subsystem is located in rooms 118,
216, 231, 316, 319, and 330. Additional equipment,
such as opaque televisors, television viewers, cam-
eras, and associated control devices are located
throughout the MOW. Figure 2-2-3 shows a composite
photograph of the subsystem equipment.

2-2-3-1. Television Camera Equipment

The television camera equipment consists of television
camera, fixed focus lenses, zoom lenses and control
panels, pan and tilt mechanisms and control panels,
camera control units, remote control panels, matte
televisors, and opaque televisors. This equipment
provides for the controlled generation of closed-
cireuit video information within the MCC-H.

2-2-3-2. Television Viewers

The television viewers are composed of 5~-inch, dual
8-inch, 10-inch, 14-inch, 17-inch, and 21-inch tele-
vision viewers that are console-, cabinet-, wall-, or
ceiling-mounted. The viewers provide displays of
television video signals generated within and outside
the MCC-H.

2-2-3-3. Television Converter Equipment

The television converter equipment is composed of
television standard converters located in room 319 and
an analog-to-television converter and time display
converters located in rooms 216 and 316. The tele-
vision standard converters accept video signals at one
scanning rate and convert the video signals to a differ-
ent scanning rate while maintaining a standard frame
rate. The time display converters generate video
signals from illuminated time display readout panels.
Analog-to-television converter converts chart recorder
information to television video signals.

2-2-3-4. Landline Interface Equipment

The landline interface equipment consists of a 14-inch
television viewer, a video waveform monitor, video
jack panels, video distribution amplifiers, equalizing
amplifiers, and stabilizing amplifiers located in room
118. This equipment is used to monitor and manually
switch standard resolution video signals that enter or
leave the MCC-H.

Section II
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2-2-3-5. Synchronization Generation and Distribution
Equipment

The synchronization generation and distribution equip-
ment is located in room 319 and is divided into two
groups: standard resolution and high resolution. Both
groups consist of dual synchronizing generators,
switching facilities, pulse distribution amplifiers, and
pulse delay units. These two groups of equipment gen-
erate television timing and synchronizing pulses and
distribute the pulses to appropriate components of the
television subsystem located throughout the MOW.

2~2-3-6. Television Distribution Equipment

The television distribution equipment is composed of
high resolution video switching matrices and video
distribution amplifiers in rooms 216 and 316, and
standard resolution patch and distribution equipment
in room 319. Each high resolution video switching
matrix has 80 input channels and 160 output channels.
Each matrix provides selected television signals to
console~mounted television viewers and group display
television projectors and also distributes selected
television signals to recording and monitoring equip-
ment. The standard resolution patch and distribution
equipment supplies selected television signals to video
tape recorders, television viewers, and to the landline
interface equipment for distribution to areas outside
the MOW.

2-2-3-7. Television Recording Equipment

The television recording equipment consists of a video
tape recording facility in room 319 and hardcopy re-
cording equipment in rooms 216 and 316. The video
tape recording facility provides video tape recording
and editing facilities for standard resolution video sig-
nals. The hardcopy recording equipment consists of
video scanners and television hardcopy recorders.
The equipment provides a hardcopy reproduction of
selected televised images when manually requested.

2-2-3-8. Television Remote Control Equipment

The television remote control equipment consists of
console-mounted control modules located throughout
the MOW. The control modules provide remote con-
trols for video distribution equipment and video re-
cording equipment.

2-2-4. Group Display Subsystem

The Group Display Subsystem presents large-scale
displays of selected data for group viewing. The sub-
system is composed of components located in the two
MOCR's, the SSR's, the RCR, the RTCC, room 319,
and the MBOA. The components comprise six equipment
groups: plotting display equipment, projection plotting
display equipment, projection television display equip-
ment, transparency projection display equipment,
screens and mirrors, and group time and data display
equipment. A composite photograph of the components
included in the subsystem is shown in figure 2-2-4.

2-2-4-1. Plotting Display Equipment

The plotting display equipment includes plotting display"
data distributors and X-Y plotboards. The data dis-
tributors control the distribution of plotting data from
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the RTCC System to the X-~Y plotboards and the pro-
jection plotting display equipment. The X-Y plot-
boards contain dual pen-and-arm assemblies to per-
mit simultaneous plotting of two independent sets of
data.

2-2-4-2. Projection Plotting Display Equipment

The projection plotting display equipment consists of
various slide projectorsand associated automatic and
manual control devices. These equipments work in
conjunction withone another to producehighly accurate
wall-type displaysinthe MOCR's and the RCR of com-
puter and manually generated data plotted against
static backgrounds.

2-2-4-3. Projection Television Display Equipment

Large screen television projectors and console-
mounted control modules comprise the projection tel-
evision display equipment. This equipment projects
selected video signals, as pictures, onto group view-
ing screens in the MOCR's, the RCR, and MBOA.

2-2-4-4, Transparency Projection Display Equipment

The transparency projection display equipment, which
is located in the RCR, is composed of transparency
projectors, data files, and transparency processors.
This equipment permits rapid generation of trans-
parencies, or rapid access to previously generated
transparencies, and the display of same on group
viewing screens in the RCR.

2-2-4-5. Screens and Mirrors

The screens and mirrors provide the image and re-
flection surfaces, respectively, for the MOCR's and
the RCR projection displays. The screens are rear-
projection viewing screens, which permit favorable
illumination to be maintained in the control rooms.
The mirrors optically fold projected images to achieve
the optical throw distance required to display the
images properly on the screens.

2-2-4-6. Group Time and Data Display Equipment

The grouptime and data display equipment consists of
large-scale, alphanumeric readout assemblies and
display drivers. The time displays present various
types of reference timing and event indications to the
MCC-H control areas. The data displays present in-
formation concerning telemetfry, tracking, and com-
mand data to the MOCR's and the RTCC. A video
channel indication for the MOCR projection television
displays is also provided by this equipment group.

2-3. REAL TIME COMPUTER COMPLEX SYSTEM

The RTCC system performs operational mission real
time computation tasks required by the MCC-H and
generates test data in support of MCC-H checkout and
training programs. The computer complex constitutes
five, real time computing systems, each composed of
the following subsystems: Real Time Computer, Com-~
puter Control, and Auxiliary Data Processing. The
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equipments for all three subsystems are located in
room 112 of the MOW. One of the five computer sys-
tems is shown in figure 2-3-1.

2-3-1. Real Time Computer Subsystem

The Real Time Computer Subsystem receives incom-
ing data, stores and records the data as necessary,
performs computation and analyses on the data, and
transmits the data to user equipment. The subsystem
consists of five large-scale digital computers with
large auxiliary core memories, real time input/output
channels, and associated peripheral equipment. A
system selector unit, common to all five computers,
enables reliable and flexible switching of computer
functions. The specific components included with each
real time computer -peripheral equipment combination
are a central processing unit, a data input/output mul-~
tiplexer, a core storage unit, 2 data channels, 12
magnetic tape units, a disc storage unit, a printer, a
card reader, a direct data channel (dual), a data com-
munication channel, a core storage file, and a com-
puter controller multiplexer unit. These components
and the system selector unit are briefly described be-~
low.

2-3-1-1. Central Processing Unit

The central processing unit is a digital data computer
that performs high-speed data processing on a real
time basis. ‘

2-3~1-2. Data Input/Output Multiplexer

The data multiplexer is an input/output switching de-
vice that controls the flow of data and instructions be-
tween the central processing unit, input/output chan-
nels, and the core storage unit.

2-3-1-3. Core Storage Unit

The core storage unit is a fast, random access, mag-
netic memory core. The unit serves the central proc-
essing unit and the input/output channels with the cen-
tral processing unit controlling the storage access of
both.

2-3-1-4. Data Channels

The data channels, under the programmed direction of
the central processing unit, transfer data to and from
the core storage unit and the card reader, printer,
and magnetic tape units connected to the channels. The
card reader permits manual entry of data in punched-
card form into a data channel for subsequent process-
ing by the central processing unit. The printer pro-
vides rapid printouts of output data from an associated
data channel. The magnetic tape units record data on
magnetic tapes and permit entry of prerecorded data
into the data channels.

2-3-1-5. Direct Data Channel

The direct data channels connect the data multiplexer
with the core storage file unit (input and output) and,
through the system selector unit, with the Computer
Display/Control Interface Subsystem.
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2-3-1-6. Core Storage File

The storage file is a large capacity, random access,
storage device that permits rapid recall of data into
the core storage unit.

2-3-1-7. Data Communications Channel

The data communications channel is a multiplexing
device that connects one data input/output multiplexer
channel to several input and output data communica-
tions subchannels, a clock subchannel, and an interval
timer subchannel. The data communications subchan-
nels serially receive and transmit data. The clock
and interval timer subchannels provide selective sig-
naling and program interruptions at predetermined
times.

2-3-1-8. Computer Controller Multiplexer Unit

The computer controller multiplexer unit connects
manual computer input/output equipment of the Com-
puter Control Subsystem to subchannels of the data
communications channel and performs format struc-
ture adaptation so that the subchannels are compatible
with the manual input/output devices.

2-3-1-9. System Selector Unit

The system selector unit enables any of the five real
time computers to perform any of the functional as-
signments {(modes of operation) that may be assigned
to the RTCC. (In general, the modes of operation are
mission operations, dynamic standby, checkout and
training, and "off-line".)

2-3-2. Computer Control Subsystem

The Computer Control Subsystem enables RTCC op-
erating personnel to monitor computer performance
and manually control mission programs and data se-
lection. The subsystem consists of two control areas
with associated plotting displays and manual entry de-
vices. In addition, a control area junction unit,
standby digital driver unit, and system status display
unit are included with the subsystem. These units are
common to both control areas.

2-3-2-1. Control Area Operating Positions

Each of the two control areas incorporates the follow-
ing consoles: complex supervisor, tracking data se-
lection processing controller, flight dynamics proc-
essing controller, network and command processing
controller, telemetry processing controller, and
checkout systems processing controller. These

Section II
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consoles provide operating positions for monitoring
and controlling the real time computers. An RTCC
director/maintenance and operations supervisor con-
sole serves both control areas. This two-position
console provides operating positions for the RTCC
Director and the RTCC Maintenance and Operations
Supervisor to perform their respective duties, which
are primarily administrative.

2-3-2-2. Plotting Displays

Four X-Y plotboards, physically arranged and cabled
so that from one to four plotboards may be used with
either control area, are used to monitor plotting dis-
play control data.

2-3-2-3. Manual Entry Devices

The manual entry devices are teletype send-receive
units. These units are used by the operators in the
control areas to manually enter data and control in-
formation into or receive computer generated re-
sponses from the real time computers.

2-3-2-4. Control Area Junction Unit

The control area junction unit provides a central junc-
tion point between the Real Time Computer Subsystem
and manual computer input/output devices within the
Computer Control Subsystem.

2-3-2-5. Standby Digital Driver Unit

The standby digital driver unit is a combination de-
coder and driver unit that accepts selected outputs
from the real time computer operating in the dynamic
standby mode. The unit then decodes the outputs and
routes them to control area console-mounted displays
to allow a comparison to be made between the opera-
tional and the standby outputs.

2-3-2-6. System Status Display Unit

The system status display shows the functions assigned
to each real time computer and the status of the sub-
system that provides inputs to or receives outputs
from the computers.

2-3-3. Auxiliary Data Processing Subsystem -

The Auxiliary Data Processing Subsystem prepares
computer input data and records the data on magnetic
tapes for high-speed input to the Real Time Computer
Subsystem. Two identical groups of data processing
equipment comprise the subsystem. Each group in-
cludes a central processing unit, a console printer, a
card read-punch unit, printers, and magnetic tape
units.

2-9/2-10
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Central Processor

Subsystem

Figure 2-1-5.
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Figure 2-2-1. Computer Display/Control
Interface Subsystem (Sheet 2 of 5)
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Figure 2-2-3. Television Subsystem
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Section I
Paragraph 3-1

SECTION Il
FUNCTIONAL SYSTEM OPERATION

This_section describes the operation of the MCC -H functional systems.

The systems are

first discussed as they apply to the complete mission control configuration. Following
this, each system is discussed and a functional analysis of the ma;or component or equip-
ment group level is presented for each subsystem.

3-1. GENERAL

All information enters and leaves the MCC-~H over
commercial common carrier communications lines.
The communications lines are classed in five cate-
gories: wide band data, high-speed data, teletype,
video, and audio. (See figure 3-1.) The wide band
data lines handle the transmission and reception of
command, tracking, and acquisition data between the
MCC-H and GSFC and simulation data between ASCATS
in building 422 and MCC-H. An additional set of wide
band data lines bring the Apollo Launch Data System
data into the MCC-H from KSC. The high-speed data
lines carry ephemeris and Saturn IV B data from the
MCC-H to KSC and Impact Predictor data from KSC

to the MCC-H. Teletype data consists primarily of
radar acquisition data and textual message traffic.
The video lines carry television signals only. The
audio lines mainly handle voice communication inter-
changes between the MCC-H, the Manned Spaceflight
Network, and the spacecraft. Specially assigned audio
lines carry meteorological data to and from facsimile
machines at the MCC-H and the National Meteorology
Center at Suitland, Maryland. Other specially assigned
audio lines transmit biomedical data to the MCC-H.
Direct audio lines are available from the MCC-H to
the Department of Defense and the Department of State
to carry priority voice communiques when necessary.
All communications lines from sources external to the
MSC that interface with the MCC-H come through the
MSC telephone central exchange building to the MCC-H
telephone termination and distribution equipment room
and then, with two exceptions, converge on the Com-
munications, Command, and Telemetfry System. The
two exceptions are video transmission lines and pri-
vate telephone lines. Video transmission lines are
routed directly to the Display/Control System. Private
telephone lines are routed to the individual telephone
sets situated throughout the MCC-H. Some of these
private lines are routed through the Communications,
Command, and Telemetry System during missions so
that incoming calls may be intercepted and delayed, if
desired. Also, if required, the Communications,
Command, and Telemetry System can tie into the pri-
vate telephone system during periods of emergency
operations.

The Communications, Command, and Telemetry Sys-
tem monitors all incoming or outigoing voice and data
signals for quality, records and processes the signals
as necessary, and routes these signals to their as-
signed destinations. The system is the terminus for

all incoming voice communications, facsimile mes-
sages, and teletype textual message traffic and pro-
vides for internal voice and hardcopy communications.
All other incoming communications are routed to other
systems for generation of data displays. Incoming
telemetry data is processed through the Communica-
tions, Command, and Telemetry System and trans-
ferred to the RTCC for data display and message gen-
eration. Some of the processed data (such as analog,
event, and biomedical data) is routed directly to the
Display/Control System for direct monitoring by var-
ious flight controllers and medical specialists. In-
coming tracking data is sent to the RTCC for genera-
tion of dynamic display data and to aid in the computa-
tion of acquisifion data. All outgoing voice communi-
cations, facsimile messages, and teletype messages,
and most command data originate within the Communi-
cations, Command, and Telemetry System. The re-
maining outgoing communications are routed through
the Communications, Command, and Telemetry Sys-
tem for conversion to the proper format and assign-
ment to an outgoing line.

The Display/Control System presents large-scale and
individual console data displays and provides a data
display and control capability to mission control and
support personnel. The system also generates timing
pulses that are distributed within the system and to
other systems for time-correlation and synchroniza-
tion purposes. In addition, the system provides edited
public affairs television outputs for group receiving in
the MBOA and for broadcasting via commercial tele-
vision networks. Data is presented via digital readout
display devices, wall-type projection displays, and
individual console television monitors. The system
generates data displays upon receipt of display/control
data from the RTCC or upon receipt of selected telem-
etry data from the Communications, Command, and
Telemetry System. The display/conirol data from the
RTCC System is received only after request initiation
except for digital readout display data which is trans-
ferred automatically from the RTCC at a specific,
preprogrammed time.

The RTCC System performs real time processing of
incoming data and applies display/control data on re-
quest to the Display/Control System. The RTCC Sys-
tem also computes acquisition, ephemeris, and certain
command data for transmission to the Manned Space-
flight Network. Like all other functions of the MCC-H,
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the RTCC System is equipped to simultaneously sup-
port a dual mission.

3-2. COMMUNICATIONS, COMMAND, AND
TELEMETRY SYSTEM

The Communications, Command, and Telemetry Sys-
tem (figure 3-2) integrates the MCC-H with the real
time and remote sites of the Manned Spaceflight Net-
work. The system enables the MCC-H to communicate
with all elements of the network and the occupants of
manned spacecraft, and in general, provides all the
two-way communication capabilities required between
the MCC-H and external agencies and between person-
nel within the MCC-~H. The system handles all signals
that enter and leave the MCC-H except television sig-
nals, which are applied directly to the Television Sub-
system of the Display/Control System. The subsys-
tems comprising the system specialize in transmitting,
processing, recording, and storing the various types
of signals that are handled by the system. The system
receives tracking, telemetry, and supervisory mes-
sage traffic from the Manned Spaceflight Network, and
fransmits prelaunch, telemetry summary, digital
command, and other data to the network. In addition,
the system provides the MCC -H with teletype and fac-
simile links to external agencies. The system re-
ceives and transmits all data over commercial com-
mon carrier lines. Internal MCC-H communications
include wide band data and high-speed data transfer,
teletype, voice intercommunications, hardcopy mes-
sage delivery, and also historical recording and re-
production of all wide band data, high-speed data, and
voice communications.

3-2-1. Communications Facility Controi Subsystem

The Communications Facility Control Subsystem
(figure 3-2-1) centralizes operational control, monitor,
and test access to all wide band data, high-speed data,
teletype, and audio communication lines (except for a
few end-to-end secure circuits) entering and leaving
the MCC-H. The subsystem ensures dependable per-
formance of each critical circuit by providing inter-
connection flexibility and monitor and test access.

3-2-1-1. Wide Band Data and High-Speed Data Trans-
fer and Recording

The Communications Facility Control Subsystem mon-
itors the performance of wide band, high-speed, and
teletype data between the MCC-H and the GSFC on the
manned spaceflight communications network, and
wide band data between the MCC-H and the KSC on the
Apollo Launch Data System (ALDS) communications
network.

The wide band data transfer and test equipment in-
cludes the modulator-demodulator units, transfer
switching equipment, a test message generator/
receiver, and the checkout subchannel buffer. The
wide band data enters the MCC-H through telephone
lines, which terminate in modulator -demodulator
units referred to as modems. The modems route the
data to the transfer switching equipment. From this
point the data is routed to the Central Processor Sub-
system. Simultaneously, the data is also routed to
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the recording facility and recorded on magaetic tape,
providing historical records for postmission playback
and analysis. Output data from the MCC-H is proc-
essed in a similar manner from the Central Processor
Subsystem to the transfer equipment. The data is
then sent to the recording facility and to the modems
after which it is placed on telephone lines for trans-
mission to the network. The transfer switching equip-
ment is also used to route the output of the test mes-
sage generator/receiver through the transfer switch-
ing equipment for checkout purposes. The checkout
subchannel buffer is used to provide a testing interface

,between the Central Processor Subsystem and the

RTCC System, and between the network (via the trans-
fer switch) and the RTCC System for checkout of data
and software.

High-speed data being processed by the MCC-H con-
sists of Impact Predictor and Countdown and Status
data arriving from the KSC, and Saturn IV B telemetry
data transmitted to KSC. High-speed data signals en-
tering the MCC-H terminate in high-speed data mo-
dems. The modems demodulate the carrier signal and
apply the data to data control units which identify the
received data, detect transmission errors, if any, in
each data message, and route the data to the Central
Processor Subsystem. The countdown and status high-
speed data is fed through the high-speed data test and
patch equipment to the countdown and status receiver
that demultiplexes the incoming data for distribution
to the Timing Subsystem and the Computer Display/
Control Interface Subsystem. Outgoing high-speed
data is transmitted from the Central Processor Sub-
system through high-speed data patch bays and mo-
dems onto telephone lines.

Prior to demodulation in the receive modem, each
high-speed data signal is recorded on magnetic tape
by the recording facility. The recorder/reproducers
also record the outpuf of each transmit modem, and
the time~correlation signals originated by the Timing
Subsystem. These recordings provide historical rec-
ords and postmission playback and analysis.

The teletype test and patching equipment provides
cross-patching, monitoring, and testing access to all
receive, send, and internal teletype circuits within
the MCC-H, except for certain end~to-end secure cir-
cuits. Most teletype data is routed to the Central
Processor Subsystem except for special traffic, such
as weather data, which is routed directly to equipment
in the MCC-H meteorological center.

The high-speed teleprinters print out selected data
derived from low-speed, high-speed, and wide band
data processed by the Central Processor Subsystem.

3-2-1-2. Audio Patching and Monitoring

The audio test and patch equipment permits monitoring
of external and internal MCC-H voice communications
circuits that are patched through the audio patch bays.
The audio patch bays- also provide cross-patching
flexibility and house equipment for testing all contained
audio circuits. The audio test and patch bays interface
with the telephone company termination facility and

the Voice Communications Subsystem. The audio



PHO-FAMO001

patch bays also contain a tape recorder for recording
selected voice signals. The audio patch bays also
transmit voice line status signals to the communica-
tions line switch, and distribute timing signals to the
wide band and high-speed data recording facility.
Biomedical data inputs are received through the audio
patch bays, on specially assigned circuits, from the
Manned Spaceflight Network. These are frequency-
modulated subcarrier multiplex inputs that contain
telemetered biomedical data and are routed through
the Voice Communications Subsystem to the Telem-
etry Subsystem.

3-2-2. Yoice Communications Subsystem

The Voice Communications Subsystem (figure 3-2-2)
performs the following functions: internal voice com-
munications (voice intercom), communication line
monitoring and switching, local verbal announcement
broadcasting, tying into private telephone network on
an as~required basis, and recording and playing back
selected voice communications. The voice intercom
area of responsibility includes the keying of remote
ground-to-air transmitters for MCC-H spacecraft
voice transmission.

3-2-2-1. Internal Voice Communications

The voice intercom equipment constitutes an internal
voice communications network with operational control
provided by station keyset units. These units are op-
erated by pushbutton keys, which provide connections
to local conference loops or intersite loops. The key-
set unit can provide talk/listen or monitor only cir-
cuits, public address system, and the capability of
recording specific loops or keysets.

The voice intercom network is divided into five major
groups, each group operationally independent of the
others. With the exception of minimal interfacing with
comnmunication control equipment, each group is elec~
tronically isolated from the others. The major groups
are as follows: local loops, intersite trunks, private
automatic branch exchange, public address system,
and the test and patch bay. The local loop provides
communications within MCC-H only, but may be
patched to another local loop or an intersite trunk on
the test and patch bay. Each keyset is connected to
the local loop by operation of the proper talk/listen key
on the keyset unit. The intersite trunk is basically a
local loop, in function, with additional facilities to al-
low interface to another intersite trunk or a remote
location over a landline or radio link voice channel.
The private automatic branch exchange lines provide
keyset unit access to private telephone network cir-
cuits through a telephone central exchange for those
keysets equipped for dial service to outside commu-
nications. The public address loop is a two-wire,
transmit-only circuit providing talk access to public
address system. The test and patch bay provides
testing facilities for testing the local loops, intersite
trunks, and the communication line switch. The test
and patch bay also provides a patching facility for
local loops, intersite trunks, and the communication
line switch. Within the test and patch bay is the ex~
tension loop switching panel, which furnishes switching
capability on various loops providing communications
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for MOCR 1 and MOCR 2. By the use of the switch,
a loop may be switched to either MOCR 1 or MOCR 2.

Major special circuits include Public Affairs Officer,
Flight Crew Trainer, and Air-to-Ground Control.
These are special configurations of standard equip-
ment. The Public Affairs Officer circuits provide the
capability of releasing specific infernal loops onto the
Public Affairs Officer release loop. This circuit in-
terfaces with lines going to KSC press-site and the |
press-site of MCC-H. The loop being reieased can
also be put through a delay-loop recorder for the pur-
pose of editing releases. The Flight Crew Trainer
circuits provide communications that simulate real
time communication to the spacecraft. These also
have communication interfaces with the training con-
soles. The air-to-ground control circuit allows cer-
tain keyset units to be connected to control the air-to-
ground unit. This unit makes provision for keying
remote transmitters from certain keyset units.

An intercom loop similar to the local conference loop
having jack-only positions is assigned as a mainte-
nance loop for internal communications between main-
tenance personnel. The difference between this loop
and the local conference loop having jack-only posi-
tions is that selective signaling from the master sta-
tion to other stations within the loop is provided in the
form of one-digit dialing. This is the only signaling
éapability furnished for the maintenance loop; how-
ever, a push-to-talk capability between stations is
provided for all stations within the loop. ‘

3-2-2-2. Communication Line Monitoring and Switch-
ing .

The communication line switch is an automatic, man-
ually operated switchboard that has the following in-
terconnect capabilities: single party voice circuits
within the MCC-~H, conference circuits within the
MCC-H, and longline circuits from the Manned Space-
flight Network stations. The console is capable of
simultaneous and independent control of a real mission
operation and a checkout and training operation.

The basic function of the communication line switch is
to establish communication to simulation and real time
mission. This is accomplished with a cross-bar type
switching matrix. There are two console switchboard
positions that are multipled to provide independent line
access from either position to the switching matrix.
Control and supervision of the switchboard is provided
by illuminated pushbutton keys. The switching capa-
bilities of the switchboard include a conferencing abil-
ity. This is accomplished by the use of ten 10-party
conference keys. The conference connections pro-
vided by the switchboard allow lines to be added or
dropped from an established conference without af-
fecting other lines on the conference circuit. All con-
ference lines are identified on the switchboards.
Automatic ring-off is not provided on the console;
therefore, manual ring-off is necessary to release
longline circuits and internal circuits.

Biomedical telemetry data from the Communications
Facility Control Subsystem is fed into the communi-
cation line switch console for assignment to specific
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audio lines. The data is then routed to the Telemetry
Subsystem for processing, recording, and monitoring.

3-2-2-3. Internal Announcement Broadcasting

Total voice broadcast coverage of the MCC-H is pro-
vided by a public address network comprised of audio
amplifiers, ceiling-mounted loudspeakers, control
circuitry, and voice input components. The audio am-
plifiers receive verbal inputs either from station key-
set units or microphones. The audio inputs are am-
plified and distributed by the amplifiers to the loud-
speakers, which are located in various zones through-
out the MCC-H. Speaker selection, keying, and muting
circuits comprise the controlling circuitry for the
public address network. Broadcasting access to the
public address network is provided at specific console
positions and keyset units. Receive and monitor capa-
bilities, not broadcast, are extended to the two visi-
tors viewing areas on the MOW second and third
floors.

3-2-2-4. Private Automatic Branch Exchange

Tying into the MSC private telephone network on an
as-required basis is a function of the private automatic
branch exchange equipment. The private automatic
branch exchange circuits are routed from the MSC
telephone central exchange to the station keyset units
of the voice intercom network. Any private automatic
branch exchange station can be connected to any other
private automatic branch exchange station by means of
dial circuitry. These stations also have access to
stations external tothe MSC telephone central exchange
anywhere within range of commercial switching. Sixty
of the private automatic branch exchange circuits are
fed through an intercept switchboard, which affords op-
erator control of selected external lines. The switch-
board is a one-position, desk-mounted, cordless hoard
arranged for plug-in headset or handset, allowing op-
erator control on an individual basis for each station
line. The primary function of the intercept position is
to provide a capability of intercepting incoming calls
or allowing uninterrupted completion to the called sta-
tion. On an interrupted call, the operator can con-
verse with the calling party and determine if the call
should be connected to the affected station.

3-2-2-5. Voice Communications Recording

Voice recorder/reproducers and associated equipment
provide a central voice recording facility for perma-
nently recording conversations from selected loops of
the voice intercom network. The voice recorder/
reproducers accomplish continuous historical record-
ing of selected MCC-H loops, playback recorded tapes
for stenographic transcription and direct copying, and
aelay public affairs information for 5 seconds to allow
real time editing. Biomedical (FM/FM) data is re-
corded for historical analysis and post-pass playback.
Timing pulses are always recorded along with the
voice information for time-correlation purposes.

3-2-3. Command Subsystem

The Command Subsystem provides a means of trans-
mitting data and other information necessary for
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command purposes from MCC -H through Goddard
Space Flight Center and remote site(s) to the vehicles.
The Command Subsystem is a complex network of
computer centers interlinked to form a continuous
data chain from MCC-H to the receiving vehicle. (See
figure 3-2-3.) The command chain consists of four
fundamental sites: the Manned Spacecraft Center in
Houston, Texas; the Goddard Space Flight Center in
Greenbelt, Maryland; the remote sites; and the re-
ceiving vehicles. It should be noted that a remote site
is fully automatic in operation and is controlled from
MCC-H. The subsystem utilizes the hardware con-
tained in the CCATS, RTCC, and Display/Control
Systems at MCC-H. )

Information of a command category is routed from the
flight controller command modules at MCC~H through
the CCATS computers, the GSFC, the remote sites to
the vehicle. The command information is grouped
into command load, execute command request, and
computer execute function types. The command load
information is data that is generally used by the vehi-
cle onboard computer. The execute command request
information is instructions sent from the flight con-
trollers at MCC-H to the remote site directing the
transmission of command load or real time command
information to the vehicle. The computer execute
function information is instructions sent from MCC-H
to the remote site directing that a certain function is
to be performed by the remote site command com-
puter. The computer execute function information
does not cause initiation of uplink commands.

When the flight controller requests a command load
generation, the remote site or sites are specified to
which the load is to be sent, the type of load, and any
other detail that the computer command controller in
the RTCC or CCATS requires for the generation of the
load. In the regeneration of the command load, the
computer command controller may use data generated
by subroutines of the RTCC System command program.
The command load includes any additional quantities
that are required for the teletype translation message.
The data is routed to CCATS and formulated in the
Central Processor Subsystem and transmitted by tele-
type to the remote sites. .

After the command load generation is complete by the
RTCC System, the computer command controller and
the flight controller request a display of the command
load data. When the command load data is approved
by the flight controller, the computer command con-
troller transfers the command load to CCATS.

The command load ‘input routine in CCATS Central
Processor Subsystem checks for any errors in the
load. The Baudot coded load message is formatted

by a teletype translation routine and converted to a
load message. The command load is converted by the
high-speed output routine to a 5-bit key code for the
command and service module and lunar excursion
module commands. The 8-bit key code for the Saturn
launch vehicle commands does not require conversion.
The data is error checked and if the data is not valid,

the command load is dumped and an error printed out

on a high-speed teleprinter at the command load con-
troller position. If the data is valid, the command
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load is then transmitted through wide band data com-~
munications line terminal at a 40.8 Kbps rate on wide
band data lines to GSFC. Approximately 1 second
after command load transmission, the command load
is retransmitted. The CCATS waits approximately 5
seconds for a command analysis pattern validation
message from the remote site. If the site has not re-
turned a validation message within 5 seconds, CCATS
will again transmit two more command load messages
approximately 1 second apart and again CCATS will
wait approximately 5 seconds for a validation message.
This process will repeat the cycle once more and, if
the validation message is not received following this
transmission, the sequence stops. The load message
is routed through a low-speed communications line
terminal to GSFC on teletype transmission lines. The
entire sequence may be restarted by manual action on
the part of the CCATS command load controller.

The GSFC error checks the command load data, re-
formats the data, and transmits the data at a 2.4 Kbps
rate to the designated remote site. The command load
data is processed by the remote site command com-
puter. The high-speed command load subroutine vali-
dates the data and notifies MCC-H of all input data
validated as command analysis pattern (CAP) mes-
sages. If an error exists, a message is printed out
on a high-speed teleprinter to the CCATS command
load controller and the command load message is dis-
carded. If an error is not detected, the CCATS Cen-
tral Processor Subsystem sends a command load ac-
ceptance message to the RTCC indicating that the com-
mand load received is in proper format. The command
data is sent to CCATS by way of the high-speed data
and teletype lines. The data is then stored in the re-
mote site command computer to be uplmked to the ve-
hicle when requested.

When the command load contains errors, the remote
site command computer waits for the next command
load transmission approximately 5 seconds later. If
the command load still contains errors after two more
transmissions, the load is retransmitted by CCATS to
the remote site command computer or the remote site
station controller is directed to load the teletype com-
mand load tape into the remote site command com-
puter.

The execute command request or computer execute
function information messages are also transmitted
from MCC-H to the remote site command computer.
The execute command request information causes a
command load or a real time command stored in the
remote site command computer to be uplinked to the
vehicle. The computer execute function request in-
formation directs the remote site command computer
to perform a specific computer function or routine.
The execute command request or computer execute
function messages originate from the flight controlier
command modules in the MOCR's or CCATS area at
MCC-H. For either type of information, the message
is selected on the command module, converted into a
digital data word by the encoder-multiplexer equip-
ment, also known as the CIM, and routed to CCATS
Central Processor Subsystem. The CCATS command
program formats the information. The data is trans-
mitted to GSFC where the information is reformatted
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and transmitted to the appropriate remote site on a
2.4 Kbps data line. The remote site command com-
puter error checks the data and, if the data is valid,

a command analysis pattern message is sent to MCC -H
by way of the GSFC.

The command acceptance pattern message for any of
the three types of information messages from the re-
mote site command computer is transmitted on a 2.4
Kbps data line three times in successive telemetry
frames to the GSFC which, in turn, reformats and
routes the data to MCC-H on a 40. 8 Kbps data line.
The command acceptance pattern message information
is transmitted by the telemetry processor to the com-
mand processor in the CCATS Central Processor Sub-
system. The data is then driven by the CCATS digital
display drivers to light the appropriate indicators on
the console modules in the MOCR and/or CCATS area.
The data is also sent from the CCATS Central Proc-
essor Subsystem to a high-speed teleprinter in the
CCATS command control area.

3-2-4. Telemetry Subsystem

The Telemetry Subsystem (figure 3-2-4) provides in-
dependent operational and dynamic standby processing
of wide band pulse-code-modulation (PCM) telemetry
data received from the Communications Facility Con-
trol Subsystem for up to two simultaneous missions.
The subsystem also provides independent processing
of frequency modulation (FM), multiplexed biomedical
data received from the Voice Communications Sub-
system for up to two simultaneous missions. The
processed data is routed for display in the appropriate
MOCR, SSR, and CCATS flight controller areas.

3-2-4-1. PCM Telemetry Data Processing

The pulse-code-~modulation telemetry ground station
equipment receives serial digital telemetry data and
associated clock from the Central Processor Subsys-
tem by way of the Communications Facility Control
Subsystem. The serial data and clock signals are
connected to the appropriate ground station by PCM
Telemetry Patch Board. The serial data and clock
signals are transmitted at a maximum rate of 40.8
Kbps NRZ. Each ground station automatically syn-
chronizes to the serial input data format and output
data is provided to the user equipment. Each ground
station contains a program memory that is set up to
process incoming data with given formats. The pro-
gram memory controls the decommutation process.

As indicated in the preceding paragraph, the pulse-
code-modulated input signal to each ground station is
serial data (1's and 0's). This serial data is gener-
ated by commutation equipment at the data source.
The commutation equipment takes a given number of
data signals and feeds them sequentially online. Peri-
odically, the commutation equipment inserts synchro-
nization and data identification patterns (1's and 0's)
between appropriate and specific groups (words) of
data bits. The combination of data, synchronization,
and identification bits are transmitted to the selected
ground station in a predetermined format.
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When the synchronization circuits recognize the syn-
chronization patterns, commands from the program

‘memory transfer associated data words to the ground

station output circuits. Certain data words, which
contain gignals that have high fluctuation rates, are
converted into analog or bilevel (on-off) event signals.
Other data words undergo no further processing in the
ground stations.

As each data word is shifted from serial o parallel
and transferred to output circuits by the decommuta-
tion logic, the program memory unloads an identifi-

cation word that accompanies the associated data word.

In addition, fhe decommutation logic generates trans-
fer command signals that accompany individual or
groups of data words and other signals that indicate
the operating status of the synchronization logic cir-
cuitry.

Data multiplex and analog signals from the ground
stations are monitored for quality by the telemetry
supervisor console and logic equipment. The data
multiplex signals are then converted by the telemetry
event decoder to a maximum of 100 event signals and
sent to the output transfer switch equipment.

Each ground station can process and route 100 analog
and 125 bilevel event signals, control, and synchro-
nization signals to the output transfer switch equip-
ment. Therefore, each ground station and associated
event decoder equipment can process 100 analog and
225 bilevel event signals for routing te the output
transfer switch and finally to the MOCR, SSR, and
CCATS display equipment. A pulse-code-modulation
telemetry signal simulator is provided with the sub-
system for generating test signals to exercise the
pulse-code-modulation telemetry ground stations.

3-2-4-2. Biomedical Data Processing

The frequency modulation ground station is the main
artery for incoming biomedical data that has been
telemetered from the astronauts to a Manned Space-
flight Network station. The station receives biomed-
ical telemetry data from the Voice Communications
Subsystem over specifically assigned audio lines. The
equipment demodulates the incoming data and proc-
esses the individual astronaut's heart and respiration
analog waveforms into the formats required by the
digital display equipment and the Central Processor
Subsystem. The analog waveforms are also recorded
to provide the postanalysis of the individual astronaut's
well-being. The recorded analog waveforms are also
available to chart recorders in the remote display
equipment. The chart recorder data can be delayed
by 30 seconds to provide the life systems analysts
(rooms 212 and 312) with a data recall feature, This
feature allows the analyst to obtain an analog record-
ing of an abnormal (or normal) heartbeat or breathing
rate reading reflected by the remote digital displays.

The biomedical data is contained in subcarriers of the
3-kilohertz, frequency-modulated (FM) carrier signal
from the Voice Communications Subsystem. One car-
rier is assigned for the astronauts of each mission.
Each subcarrier contains heart or respiration analog
data for a particular astronaut in the command service
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module, or the lunar excursion module. The fre-
gquency modulation ground station separates the sub-
carriers by discriminator action, then demodulates
or extracts the analog data from the subcarriers.

The patch boards are manually configured, to mission
requirements, by connecting the appropriate
discriminator/demodulator channel output to the pre-
processing equipment and delay-~loop recorder/
reproducers.

Preprocessing is performed by cardiotachometers

and pneumotachometers, which use the individual
analog waveforms to generate rate data in digital,
binary, and analog forms.' Formatting of the data is
performed by cardio/pneumo CIB's in the computer
processing equipment before the digital data can be
accepted by the Central Processor Subsystem. The
cardio/pneumo CIB's receive instantaneous heartbeat
rate digital data from the cardiotachometers and aver-
age breathing rate digital data from the pneumotach-
ometers. The individual rate signals are sampled and
buffered, data tags are added from the remote control
equipment, and the composite data is routed, in high-
speed format, to the Central Processor Subsystem by
way of the Communications Facility Control Subsys-
tem.

The delay-loop recorder/reproducer receives and in-
dividually records the electrocardiogram analog wave-
forms output from the frequency modulation ground
stations. The recorder/reproducer can be manually
operated in the record, erase, reproduce, or normal
continuous-loop mode. The normal mode, providing
record and 30-second delay reproduction of the data,
is also econtrolled from the remote control equipment.
When the normal mode is selected in the remote con-
trol area, the desired analog waveforms, starting
with the one recorded 30 seconds previously, will be
reproduced and sent to a chart recorder at the selec-
tion source.

3-2-~4-3. Data Distribution

The output transfer switch equipment routes analog
data from the pulse-code-modulation telemetry ground
stations and biomedical data (analog) from the biomed-
ical processing equipment to indicating devices on
consoles and recording equipment in the Computer
Display/Control Interface Subsystem. The output
transfer switch also routes event data from the PCM
telemetry ground stations and associated telemetry
event decoder to the telemetry event driver (TED)
equipment for distribution to console-mounted indi-
cators in the Computer Display/Control Interface
Subsystem. Telemetry bilevel event parameters from
the Central Processor Subsystem are processed by
the subchannel data distributor (SDD) equipment. The
SDD output signals are driven by digital display driver
(DDD) equipment as bilevel event signals to console
indicating devices and event recorders. Biomedical
and telemetry data is sent from the Central Processor
Subsystem to the Real Time Computer Complex Sys-
tem. The computers perform engineering unit con-
version and provide digital data for the digital-to-
television converter and digital display driver equip-
ment in the Computer Display/Control Interface Sub-
system.
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The biomedical remote control equipment is contained
in the Computer Display/Control Interface Subsystem

" and provides the life systems analysts with the capa-
bility of verifying that the cardiotachometers and
pneumotachometers are calibrated. Readouts provided
by the remote display devices are in digital form as
follows: instantaneous and average heartbeat rates,
three digital indicators; average breathing rates, two
digital indicators; and out-of-limits heartbeat rates,
red warning indicators. The remote control equipment
interfaces with the recorder/reproducer and biomedi-
cal preprocessing equipment. The remote control
equipment also enables the life systems analysts to in-
sert vehicle, astronaut, and astronaut activity identi-
fication data tags into the individual rate streams ap-
‘plied to the Central Processor Subsystem. The activ-~
ity data tags identifies the astronaut activity: sleeping,
extra vehicular activity, suited or unsuited, etc.

3-2-5. Central Processor Subsystem .

The Central Processor Subsystem (figure 3-2-5) proc-
esses, error checks, and automatically routes all
MCC-H incoming and outgoing communications (except
video, direct voice, weather, and military communi-
cations) to the proper destination in real time or as
near to real time as possible. The subsystem accom-
plishes this message routing, using a store-and-
forward technique. This means that if a message is
received for a specific address and the addressed line
is in use, the message is stored and then forwarded
as the individual line becomes available. The mes-
sages sent to a specific address are consecutively
numbered to ensure receipt of all messages. All mes-
sages are recorded; therefore, a lost message can be
retrieved and retransmitted.

3-2-5-1. Message Routing
To accomplish its message routing functions, the

Central Processor Subsystem interfaces with the Com-
munications Facility Control Subsystem, the RTCC,

and the Computer Display/Control Interface Subsystem.

These interfaces provide six basic routes either into
or out of the Central Processor Subsystem for opera-
tional exercises. ‘

The first circuit provides routing for command, te-
lemetry, tracking, and checkout and training data to
the RTCC where it is processed and sent to users as
necessary. The second circuit routes low-speed tele-
types to and from the teletype and facsimile equipment
in the Communications Facility Control Subsystem.
The third circuit routes RTCC generated commands,
ephemeris, acquisitions, and telemetry summary data
to the Communica