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PREFACE 

The Apollo Lunar Surface Experiment Package program levies unique 

operation concepts and support requirements on the remote sites, communi

cation facilities and the Mission Control Center. This document contains 

the references for those areas that require a knowledge of how the Manned 

Space Flight Network and the Mission Control Center is configured for the 

Apollo Lunar Surface Experiment Package and the Early Apollo Scientific 

Experiments Package. Included· are expl anations of the experiments and 

command/telemetry systems data flow. This accomplished by describing the 

operation of both software and hardware systems that are involved to pro

vide the individual functions. 

Comments and questions concerning this document are solicited and 

should be brought,to the attention of SEB/DSIS E. H. Clark or J. H. Wilson 

at 713-483-2603. 
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INTRODUCTION 

1.0 Apollo Lunar Surface Experiment Package 

The Apollo Lunar Surface Experiment Package (ALSEP) is a series of 

scientific experiments and support subsystems which will be deployed on 

the lunar surface during Apollo lunar landings. These experiments will 

be used to investigate and determine the composition and structure of the 

lunar surface, interior, and environment. The ALSEP will be installed in 

subpackages which will be mounted in the Scientific Equipment (SEQ) bay 

of the Lunar Module (LM), and will be mounted adjacent to the SEQ on the 

exterior of the LM. After landing on the lunar surface, the astronauts 

will remove the ALSEP from the LM, deploy instruments, and subsystems, and 

activate the power subsystem. The astronauts will then verify, with the 

Manned Space Flight Network (MSFN), that the receiving, processing, and 

power supply subsystems are operational. 

Four ALSEP's are being built for deployment during the first four 

lunar landings. ALSEP 2, which has been modified and redesignated Early 

Apollo Scientific Experiment Payload (EASEP), will be deployed during the 

first lunar landing. The remaining three ALSEP's will be assigned to 

specific Apollo missions at a later date. 

The ALSEP will be used to measure lunar physical and environmental 

characteristics and relay these .data to receiving stations on Earth. 

This data will then be used to derive information on the composition and 

structure of the lunar body, magnetic field, atmosphere, and the solar 

wind. Each ALSEP is a self-contained unit designed to transmit lunar 



selenophysical information to Earth via S-Band frequencies for periods 

of up to two years. (After two years, automatic shutdown will occur.) 

The unit consists of a Radiosotope Thermal Generator (RTG) power supply 

for ALSEP, solar array power supply for EASEP, central station, and the 

following experiments: 

Experiment 

Passive Seismic Experiment 

Active Seismic Experiment 

Lunar Surface Magnometer 

Solar Wind Spectrometer 

Suprathermal Ion Dectector 
Experiment (SIDE) 

Deployment Array 
ALSEP Flight Vehicle/Package 

Cold Cathode Gauge Experiment (CCGE) MSC 

Heat Flow Experiment 

A EASEP 
2 

X X 

X 

X 

X 

B 
3 

X 

X 

X 

C 
4 

X 

X 

X 

Charged Particle Lunar Environment 
Experiment X X 

Laser Ranging Retro-Reflector (LRRR) X 

The ALSEP will consist of the following subsystems: (1) structure/ 

thermal subsystem, (2) electrical power subsystem, (3) data subsystem, 

(4) Apollo hand tools, and (5) the experiment subsystems in varying com

binations for each flight. 
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1 .1 Early Apollo Sci enti fi c Experiments Package (EASEP) 

The EASEP contains a number of scientific and support subsystems 

which are deployed on the lunar surface by an Apollo astronaut. The 

equipment will measure the lunar seismic activity and transmit the data 

to Earth receiving stations. The equipment also includes a point reflec

tor for laser ranging. This technique provides precision measurement of 

the Moon-to-Earth distances. The data is used to derive information on 

composition and structure of the lunar body. 

EASEP consists of two independent self-contained experiment packages. 

The units are the Passive Seismic Experiment Package (PSEP) and the Laser 

Ranging Retro-Reflector (LRRR). After landing, the EASEP package is re

moved from the LM Scientific Equipment Bay by an Apollo crewman who will 

place the individual packages in position on the lunar surface. 

The PSEP consists of a structure/thermal subsystem, an electrical 

power system, a data subsystem, and a passive seismic experiment subsystem. 

The structure/thermal subsystem provides structural integrity and 

thermal protection of the PSEP during transportation and during stay in 

the lunar environment (-300°F to +250°F). A dust collector provides for 

monitoring of accumulation of lunar dust and a heater aids survival of 

the electronics during the lunar night. 

The electrical power subsystem generates 34 to 46 watts (16.5 VDC) 

of electrical power for operation of the PSEP. Power is developed by a 

solar panel array containing a total of 2520 solar cells. The power is 

regulated and converted to different voltage levels required by the 

other systems. 
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The Data Subsystem receives, decodes, and initiates logic commands 

from the MSFN. The subsystem also accepts and processes scientific data 

from the experiment and status data from all subsystems and transmits data 

to MSFN receiving stations. Switching and power distribution to the 

experiment and associated subsystem are performed by the Data Subsystem. 

The Passive Seismic Experiment Subsystem (PSE) measures the seismic 

activity of the Moon to obtain data on the lunar crust and interior pro

perties. The activity is monitored by long period and short period seis

mometers which measure the displacement of inertial masses from a zero 

position relative to sensitive transducers. The displacement is expected 

to result from meteroid impacts and/or deformation of the lunar crust. 

The Laser Ranging Retro-Reflector (LRRR) is a passive optical 

device containing 100 individual 1.5 inch diameter fused quartz cells. 

The unit is pointed toward the earth and serves as a reference point on 

the lunar surface. Laser radiation from Earth based sites is reflected 

toward the source of transmission on a nearly parallel path. The Air 

Force Electro-Optical Surveillance and Research Facility at Cloudcroft, 

New Mexico and the ARPA observatory at Haleakala, Maui, Hawaii are the 

Earth stations for laser ranging. 

4 



1.2 ALSEP Experiment Description 

1.2.1 Passive Seismic Experiment (PSE) 

The PSE provides data on lunar seismic activity, lunar free oscil

lation, and the properties of the lunar interior. The data from this 

experiment will help determine the strain regime and energy of the lunar 

interior, the overall elastic properties, and the correlation between 

seismic sources, and visible surface features. The PSE does this by 

monitoring the long period, low frequency, and the short period, high 

frequency energy associated with lunar quakes as well as measuring the 

direction and the distance to the seismic epicenters. 

1.2.2 Active Seismic Experiment (ASE) 

The ASE will provide data pertaining to the physical properties, 

structures, elasticity, and bearing strength of lunar surface and near 

lunar surface materials. The ASE does this by using explosive devices 

and a thumper to produce seismic waves which it can monitor. 

1.2.3 Lunar Surface Magnetometer Experiment (LSM) 

The LSM provides data pertaining to the magnitude and temporal 

variations of the lunar surface equatorial magnetic field vector. Data 

from this experiment will help determine whether or not the Moon has a 

molten core. The LSM does this by monitoring both the dc level and time 

variations of the magnetic field. 

1.2.4 Solar Wind Spectrometer Experiment (SWS) 

The SWS provides data pertaining to certain properties of the solar 

wind plasma, and information concerning (a) the interaction between the 
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Moon and the solar wind, (b) the lunar surface gross electrical conducti

vity, (c) the presence of a lunar atmosphere, (d) the effect of radia

tions on the surface through mechanisms of sputtering and charging, and 

(e) the effect of the Earth's magnetic field at 240,000 miles, as it 

exists at the lunar surface. 

1.2.5 Suprathermal Ion Detector. Experiment (SIDE) 

The SIDE will provide data pertaining to the density and the 

temperature of the lunar ionosphere as it exists near the lunar surface. 

SIDE measurements include ion counts as well as measurement of the velo

city and the energy associated with the detected particles. 

1.2.6 Cold Cathode Gage Experiment (CCGE) Manned Spacecraft Center (MSC) 

The CCGE will determine the neutral particle density at the lunar 

surface and any variations in that density associated with solar activity. 

Specifically, the CCGE will measure the density and temperature of the 

lunar environment, from which pressure is derived. 

1.2.7 Charged Particle Lunar Environment Experiment (CPLEE) 

The CPLEE will provide data pertaining to the solar wind, solar 

cosmic rays, and other particle phenomena. The CPLEE does this by 

measuring the energy of protons and electrons. The result of these 

measurement will provide information on a variety of partical phenomena. 

1.2.8 Heat Flow Experiment (HFE) 

The HFE will provide data pertaining to the structure, possible 

stratification, and heat balance of sub-surface materials. The HFE does 

this by using probes to measure the heat flux of the Moon's interior. 
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1.2.9 Laser Ranging Retro-Reflector Experiment (LRRR) 

The LRRR will be a target for Earth based laser beams. The LRRR 

experiment will precisely measure Earth-Moon distance over a period of 

several years from which fluctuations in the Earth's rotation rate, 

measurements of gravity influences on the Moon and other astronomical 

data can be derived. 
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2.1 MCC ALSEP Command Processing 

The ground Command System to be used in support of ALSEP operations 

is a modified version of the Apollo Universal Command System. The Univer

sal Command System (UCS) is a chain of computers systems interlinked to 

form a closed loop between the Mission Control Center (MCC) and the re

ceiving vehicle/package. The chain is composed of four basic units: (1) 

the MCC in Houston, Texas, (2) the Goddard Space Flight Center (GSFC) in 

Greenbelt, Maryland, (3) the remote sites which have the computers that 

receive, process, and uplink CMD data through the MSFN, and (4) into the 

receiving vehicle/packages. The basic difference will be in format defi

nition, Remote Site processing, and console modular configuration. 

Command information is initiated by the Flight Controllers (FC) at 

MCC utilizing one of two routes, the ALSEP Computer Subsystem (ALCS) into 

GSFC; or the ALCS via the Communications, Command, and Telemetry Subsystem 

(CCATS) into GSFC. CCATS will be up only in support of the manned Apollo 

mission. After the ALSEP package has been placed on the Moon and the 

spacecraft has returned to Earth, CCATS will no lo~ger support the ALSEP 

and all messages will be routed from the ALCS through the ALSEP Interface 

Control Unit (AICU) into the MSFN. Accordingly, when CCATS is up, all 

outgoing messages will have as a source code the CCATS source code; when 

CCATS is down all outgoing messages will use the ALSEP source code. 

However, all incoming messages, whether CCATS is up or down, will have 

as a destination code the ALSEP destination code. Figure 2.1-1 is a 

general block diagram of ALSEP CMD Data Flow through the MSFN. 
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Figure 2.1-1 ALSEP Command Data Flow 
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Commands will be initiated from MCC by the appropriate flight control 

console by thumbwheel selection of three numerical digits, and the sub

sequent depression of an Execute PBI, or by the Computer Address Matrix 

(CAM) procedure when operating in the FC mode and Mode 1* at the remote 

site. The three digit selection and the depression of the Execute PBI, 

transmitting CMD data between MCC and a MSFN CMD site, can be classed as 

either Command Execute Request (CER) or Computer Execute Function (CEF). 

The CER-type execute initiates the uplink of Real Time Commands (RTC) 

from the Remote Site ALSEP Processor (RSAP) to the ALSEP vehicle/packag~. 

CEF-type executes, do not initiate uplink of command functions, but rather 

instruct the RSAP to perform some specific operation, such as generation 

and transmission to MCC of an inventory summary message. All CER-type 

executes contain an octal three-digit code which specifies the RTC desired 

for uplink. All CEF-type executes contain an octal three-digit code speci

fying the computer function to be performed by the RSAP. 

The CER's or CEF's output· high-speed data messages to the RSAP from 

MCC by inserting single subblock messages, containing 30 data bits, 27 

polynomial error protection bits, and three filler bits for a total of 60 

binary bits, which are then packed into 600-bit NASCOM segment for data 

transfer via the Wide Band Data (WBD) facility to GSFC via the 50.0 kbps 

NASA Communication (NASCOM) link. Each 600-bit segment contains 120 header 

information bits and space for 480 command data bits. However, only the 

first 60 of the possible 480 data bits are used by command data messages. 

The 120 header bits provide for communications transfer, routing, descrip

tion, and control of command data throughout the network. On.1y one execute 

*Refer to RSAP processing page 13 
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message is transferred from MCC AlCS to the MSFN site as a result of the 

FC command execution. 

2.2 Goddard Space Flight Center (GSFC) 

The GSFC receives the high-speed 600-bit block via the NASCOM system 

50.0 Kbps wideband data lines from MCC. The 600-bit block enters GSFC thru 

a 3D3C Kbps modem whi ch routes the command data to a Polynomi aT Buffer Terminal 

(PST). The PST checks the 33-bits of polynomial error protection on the 

600-bit block and ·if no data error exists, the PST strips the polynomial 

and transfers the data to the GSFC 494 Communication Processor (CP) computer. 

The GSFC CP strips the header portion (first 60 bits) of the NASCOM 

segment and repacks the first 60 bits of the 480-bit data portion of the 

NASCOM segment into 10-bit bytes. Preceeding the 60 bits of data extracted 

from the data portion of the NASCOM segment, the GSFC adds two 8-bit sync 

words, one 8-bit Start of Message (SOM) word, one 8-bit length of Count 

(lOC) word, and adds one 10-bit End of Message (EOM) following the data. 

The CP transfers the highspeed data format in parallel to the Commu

nication line Terminal (ClT). The serial output of the ClT is routed to 

a 205S modem which transmits the data in a serial stream via 2.4 kbps link 

to the Remote Site. 

2.3 Remote Site Support 

Several of the existing MSFN remote sites will be used in support of 

ALSEP. Normal operations will be handled by the 3D-foot RS. However, 

when the Active Seismic Experiment (ASE) is being supported, the three 

85-foot stations will be used in order to obtain better circuit margins 

for the High Sit Rate data. Subsequently, Table 2 denotes the equipment 

stations and equipment configuration. 
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ALSEP SUPPORTING STATIONS, lOIs, AND ANTENNAS 

USB ANTENNA 0 c.. - 0::( 
V) 

:::.E Z c::: 
MSFN SITE >- L1.I 0 

Z -1 - c.. 
0 -1 (.!:) -1 I- L1.I c::: - 0::( - z - 0::( 0::( 0 >- V) 
u l!') :::> 0- 0:::> l- V) I- -1 
0::( coo ("I") V) ("1")0 V) ::c I- 0::( 

ASCENSION ACN X 75 X X X 

ANTIGUA ANG X 91 X X X 

BERMUDA BOA X 02 X X X 

CARNARVON CRO X 08 X X X 

CANARY I SLAN 0 CYI X 04 X X X 

GRAND BAHAMA GBM X 41 X X X 

GUAYMAS GYM X 14 X X X 

GOLDSTONE GDS X 28 X X X 

GUAM GWM X 24 X X X 

HAWAII HAW X 12 X X X 

HONEYSUCKLE CREEK HSK X 25 X X X 

MERRITT ISLAND MIL X 71 X X X 

MADRID MAD X 23 X X X 

TEXAS TEX X 16 X X X 

Table 1 
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No RS will be required to support both Apollo and ALSEP simultane

ously, since the computer programs used in the onsite 6428 computers are 

different. One of the two 6428 computers at each site will be designated 

the Remote Site ALSEP Processor (RSAP). The other 6428 computer will be 

used as a backup. The RSAP contains both the ALSEP command and telemetry 

programs. 

The existing Apollo configuration of each RS will basically be the 

same except different US8 frequencies will be used for ALSEP and the above 

computer program changes. All telemetry data will be transmitted to GSFC 

on one 2.4 kbps line. Command uplink processing can be initiated either 

from the RS or MCC. 

2.3.1 Command Data Processing 

Action which results in the uplink of CMD data, or determination 

of the status of CMD data within the RSAP can be initiated at either MCC 

or RS. Due to the complexity of the ALSEP system, it is essential to 

define the types of CMD data, the CMD uplink word structure, how the RSAP 

is configured (modes), and how CMD data is enabled for uplink or review. 

The mode that the RSAP is in determines who can access the RSAP. 

The mode can be changed by Computer Address Matrix (CAM) entry. Each RS 

can operate in one of two modes. In Mode 1, CMD uplink can be initiated 

only from the RS via CAM. To change to Mode 2 a CAM input must be made 

at the RS. In Mode 2, only HSD uplink requests will be honored. CAM 

inputs will not be honored. When the ALSEP program is initialized it 

will be in Mode 2 and also in the FC mode. In the FC mode, inputs from 

the 1232 I/O console which interfere with uplink processing are inhibited. 
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In the M&O mode, which can only be entered in Mode 1, the 1232 I/O 

console is enabled, all uplink requests are rejected, and any request 

to change to Mode 2 is rejected. 

Command data is uplinked to the ALSEP flight vehicle/package in 

the form of a 75 bit Real Time Command (RTC). These RTC's are not sub

bit encoded. Each RTC contains an ALSEP vehicle/decoder address, seven 

true data bits, the complement of the data bits, and filler "1" bits to 

makeup the 75 bit RTC. (Refer to the CDFCB for the detailed uplink for

mat structure.) These RTC's are uplinked serially on the 2119 MHz ALSEP 

uplink frequency. Each ALSEP flight vehicle/package contains two redun

dant decoders A and B each of which has a unique address. If one should 

fail RTC's could still be processed by the other. 

All RTC's are stored in permanent storage of the RSAP. There 

are two types of RTC's: normal and critical. Critical RTC's are those 

which would endanger the astronauts or the proper operation of the ALSEP. 

Those RTC's which are not deemed critical are called normal RTC's. In 

general, only normal RTC's are enabled in the RSAP for uplink. Critical 

RTC's are enabled by CAM entry in Mode 1 and M&O mode in groups as they 

are needed. There are four groups which are defined in Section 3.2 of 

the ALSEP CDFCB. When an RTC is enabled, the structure for that RTC is 

duplicated from permanent storage into the uplink storage area. RTC's 

can be cleared from the uplink storage area by RTC CLEAR CAM entry in 

Mode 1 and M&O mode. When an RTC CLEAR is entered the true data bits of 

the appropriate normal RTC or critical RTC group are replaced with a 

dummy data bit pattern in uplink storage. 
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The onsite personnel can review a specified RTC in uplink storage 

by RTC Review entry on the CAM in either ~1ode 1 or 2. The RTC review 

requests will not be honored if uplink is in process. A review of all 

RTC's in uplink storage can be requested either by CAM or HSD CEF. This 

is done by an RTC Inventory request. If the request was from the CAM a 

listing of all RTC's in uplink storage will be printed onsite in ascending 

order. If any RTC's have been cleared, their position in the listing will 

be occupied by the dummy data structure. If the request was via CEF, the 

listing will be output via DV to the MCC. 'An RTC Inventory request will 

not be honored if uplink or another RTC inventory is in progress. 

The MCC can initiate RTC uplink processing via GSFC HSD if the 

RSAP is in Mode 2. The polynomial encode 60-bit subblock is received 

serially at the 2058 data modem of the RS at 2.4 kbps and is routed to 

the Data Transmission Unit (DTU) which reformats the data and inputs it 

to the RSAP. These 60-bit subblocks are called CEF or CER's depending 

on whether or not a command is to be uplinked. The RSAP checks the 

polynomial encoding, site 10, and function to see if all are valid. If 

one or more of these checks fail a validation CAP will be transmitted to 

the MCC indicating which test failed. If all these checks are valid, 

additional checks .are performed. If the request is for a RTC Inventory 

Summary it will be honored if uplink or another inventory summary is not 

in progress. A HSD uplink request will be honored only if the RSAP is 

in Mode 2, FC mode, no uplink or MAP processing is in progress, the 

decoder address is legal, the requested command is in the RSAP uplink 

storage area, and one second has elapsed since the last uplink. If the 
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uplink request can or cannot be honored a Site Validation/RSAP Invalida

tion CAP will be generated and will indicate whether the request passed 

all checks and will be processed (RSAP VAL), passed gross checks but 

failed other checks and will not be processed (RSAP INVAL), or failed 

gross checks (RSAP REJECT). Refer to Section 2.4 of the CDFCB for CAP 

format structure. 

The RSAP will also accept inputs from the CAM and the 1232 I/O 

console. The CMD CAM is nominally prime with the TLM CAM as backup. CAM 

inputs are used to initiate command uplink requests in Mode 1 and FC mode; 

change command modes; and make command related function inputs. The 1232 

I/O console is used to change the MAP waiting time, check core contents, 

change ALSEP vehicle/decoder addresses, input system initialization con

stants, designate the prime CAM, and input offline command history para

meters. 

Before uplink processing of an RTC can be initiated either by 

CER or CAM entry that RTC must be in the enable condition and no other 

processing other than a carrier status check is in progress. CAM up

link requests are made in Mode 1 'and FC mode. 

When an RTC uplink request is honored either for a CER or CAM 

entry the data bits for that command are removed from uplink storage and 

are checked for correctness. The data bits are then formatted twice into 

the 75-bit command word. These two words are then compared. If both of 

the above checks pass the 75-bits are output through the 1299 Switchboard 

to the Up Data Buffer (UDB) 25 bits at a time. The actual transfer con

sists of 30 bits. The first 5 bits are control bits. The UDB samples 
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the 25 bits and enters them into the A REG in parallel for storage and 

transmission. The 5 control bits cause the UDB to select the USB carrier 

and the USB verification receiver. The data bits are output serially 

from the A REG to the 1 and 2 KC Phase Shift Key (PSK) Subsystem which 

then Phase Modulates (PM) baseband carrier (2119 MHz) to the receiving 

ALSEP. Each RTC is transmitted only once. The radiated signal is received 

by the USB Verification Receiver, the signal is demodulated, and the 

resulting data bits are compared by the RSAP with the original bits. If 

this test fails, or if the formatting or RTC retrieval test failed, a 

. ground reject is printed out onsite. If the RSAP is in Mode 2 a Ground 

Reject CAP will be transmitted to the MCC. However, if the Message 

Acceptance Pulse (MAP) is received before the termination of the MAP 

waiting period and the first two checks were valid, then an RF loop 

error will not cause a ground reject. 

A MAP is a unique bit structure downlinked by the ALSEP indicating 

that the command was received and decoded properly. The MAP waiting 

period is variable and depends on the location of the ALSEP and systems 

delays. Each CER or CAM uplink request contains a MAP or MAP Override 

Indication. In the MAP mode the RSAP must try to receive a MAP from the 

ALSEP. In the MAP OVRD mode no MAP is required. MAP's are transmitted 

once per received RTC by an ALSEP. 

If the RSAP is in the MAP mode and a MAP is received during the 

MAP waiting time and these data bits correspond with the true data bits 

that were uplinked, a spacecraft verification is printed out onsite. If 
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the RSAP is in Mode 2, a spacecraft verification CAP will be transmitted 

to MCC. If no MAP is received during the MAP waiting time and there is 

no ground reject, then a spacecraft reject is printed out onsite and if 

the RSAP is in Mode 2, a spacecraft reject CAP is transmitted to MCC. 

If the RSAP is in the MAP OVRO mode then as soon as the last 

bit has been uplinked a verification is printed out onsite and if the 

RSAP is in Mode 2 a verification CAP is sent to MCC. 

Each time a RTC is uplinked command history data is recorded on 

magnetic tape. This data includes ALSEP 10; octal of stored and radiated 

RTC; octal of MAP; English of the RTC; MAP, NO MAP, or MAP OVRO; GMT of 

RTC uplink request; initiating source; and vehicle/decoder indication. 

Two types of Command History are available from the RSAP offline. 

One is for a specified time interval and the other is for a specified 

vehicle. These outputs are available as a HSP onsite printout and/or 

TTY punched tape. The type of history and output is specified via the 

1232 I/O console. Command Histories as well as RTC Inventory summaries 

may be transmitted to the MCC via TTY. 

The RSAP Status can be obtained via either a HSO CEF or CAM 

entry. This causes a test pattern to be transmitted and verified via 

comparision on the RF Loop return. A RSAP Status CAP will be generated 

and output to MCC. The RSAP Status CAP contains the status of Mode 1/ 

Mode 2;. FC or M&O; and Enable/Disable condition of critical RTC's. 
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3.0 ALSEP Downlink Description 

One of two redundant Digital Data Processors onboard each ALSEP is 

used to assemble and downlink to a MSFN remote site a serial NRZC telem

etry data stream. The USB frequency that is used depends on the ALSEP 

vehicle/package. 

ALSEP Vehicle/Package 

EASEP 

ALSEP 1 

ALSEP 3 

ALSEP 4 

Frequency 

2276.5 MHz 

2278.5 MHz 

2275.5 MHz 

2278.5 MHz 

Each ALSEP vehicle package transmits PCM telemetry at a normal bit 

rate of 1.06 kbps. The downlink main frames for each ALSEP and the EASEP 

are shown in Figure 3. The 64 words in the main frame are assigned to 

experiments, synchronization patterns, command verification, housekeeping 

parameters, etc. There are many subcommutated and some supercommutated 

word slots. Figure 3 contains a summary of the word assignments. 

A contingency bit rate of .530 kbps is also used. The downlink 

format described above is used for both the normal and contingency bit 

rates. 

ALSEP 4 has an additional bit rate of 10.6 kbps which is used for 

the Active Seismic Experiment (ASE). An entirely different format is 
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1 2 ~ 4 5 6 

~~~C 
SYNC PSE PSE SYNC 10 
9 10 11 12 13 14 

PSE PSE PSE PSE PSE PSE 
17 18 19 20 21 22 

PSE PSE PSE 
25 26 ~7 28 29 30 

PSE PSE PSE PSE PSE PSE 
33 34 ~5 36 37 38 

HK PSE PSE PSE PSE PSE 
41 42 43 44 45 46 

PSE PSE PSE PSE PSE MAP 
49 50 51 52 53 54 

PSE PSE PSE 
57 58 59 60 61 62 

PSE PSE PSE PSE PSE PSE 
Each box contains one ten bit word 
Total bits ber frame = 10 X 64 = 640 bits 

Word Assignment Summary 

Data System 
PSE 
Not Assigned 

Total 

5 words 
43 words 
16 words 
64 words 

7 ~ 

PSE 
15 n6 

PSE 
23 24 

PSE 
31 32 

PSE 
39 40 

PSE 
47 48 

PSE 
55 56 

63 

PSE 

Figure 3A: EASEP Main Frame Word Assignment 
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1 2 3 4 5 ~ 

ISYNC SYNC f~~C PSE LSM PSE 
9 1.0 11 12 13 14 

PSE PSE PSE PSE PSE PSE 
17 18 19 20 21 22 

iLSM PSE LSM PSE LSM PSE 
25 26 27 28 29 30 

PSE PSE PSE PSE PSE PSE 
33 34 35 36 37 38 

HK PSE PSE PSE PSE PSE 
41 42 43 44 45 46 

PSE PSE PSE PSE PSE MAP 
49 50 51 52 53 54 

LSM PSE LSM PSE LSM PSE 
57 58 59 60 61 62 

PSE PSE PSE PSE PSE PSE 

Each box contains one ten bit word 
Total bits per frame = 10 X 64 = 640 bits 

Word Assignment Summary 

Data System 
LSM 
PSE 
SWS 
SIDE 
Total 

5 words 
7 words 

43 words 
4 words 
5 words 

64 words 

7 

SWS 
15 

SIDE 
23 

SWS 
31 

SIDE 
39 

SWS 
47 

SIDE 
55 

SWS 
63 

SIDE 

Figure 3B: ALSEP 1 Main Frame Word Assignment 
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8 

PSE 
16 

PSE 
24 

PSE 
32 

PSE 
40 

PSE 
48 

PSE 
56 

SIDE 
64 

PSE 



1 2 3 4 5 6 7 

SYNC SYNC 
~YNC 
I~D PSE MAP PSE CPLEE 

9 10 11 12 13 14 

PSE PSE PSE PSE PSE PSE 
17 18 19 20 21 22 

CPLEE PSE CPLEE PSE HFE PSE 
25 26 27 28 29 30 

PSE PSE PSE PSE PSE PSE -
33 34 35 36 31 38 

HK PSE PSE PSE PSE PSE 
41 42 42 44 45 46 

PSE PSE PSE PSE PSE PSE 
49 50 51 52 53 54 

PSE PSE PSE 
57 58 59 60 61 62 

PSE PSE PSE PSE PSE PSE 

Each box contains one ten bit word 
Total bits per frame = 10 X 64 = 640 bits 

Word Assignment Summary 

Data System 
PSE 
CPLEE 
CCGE 
HFE 
Not ASSigned 
Total 

5 words 
44 words 
6 words 
5 words 
1 word 
3 words 

64 words 

15 

CCGE 
23 

CPLEE 
31 < 

CCGE 
39 

CPLEE 
47 

CCGE 
55 

CPLEE 
63 

CCGE 

8 

PSE 
16 

PSE 
24 

PSE 
32 

PSE 
40 

PSE 
48 

PSE 
56 

CCGE 
64 

PSE 

Figure 3C: ALSEP 3 Main Frame Word Assignment 
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1 2 3 4 5 6 7 
SYNC 

SYNC SYNC 
AND 
10 PSE MAP PSE CPLEE 

9 10 11 12 13 14 15 

PSE PSE PSE PSE PSE PSE SIDE 
17 18 19 20 21 22 28 

CPLEE PSE CPLEE PSE PSE CPLEE 
25 26 27 2~ 29 30 31 

PSE PSE PSE PSE PSE PSE SIDE 
33 34 35 36 37 38 39 

HK PSE PSE PSE PSE PSE CPLEE 
41 42 43 44 45 46 47 

PSE PSE PSE PSE PSE PSE SIDE 
49 50 51 52 53 54 55 

PSE PSE PSE CPLEE 
57 58 59 60 61 62 63 

PSE PSE PSE PSE PSE PSE SIDE 

Each bit contains one ten bit word 
Total bits per frame = 10 X 64 = 640 bits 

Word Assignment Summary 

Data System 
PSE 
CPLEE 
SIDE 
Not Assigned 
Total 

5 words 
44 words 
6 words 
5 words 
4 words 

64 words 

8 

PSE 
16 

PSE 
24 

PSE 
32 

PSE 
40 

PSE 
48 

PSE 
56 

SIDE 
fb4 

PSE 

Figure 3D: ALSEP 4 Main Frame Word Assignment 
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used for the ASE bit rate. The ASE format is made up of ASE data 

(refer to the ALSEP TDFCB) and synchronization patterns. The ASE 

format is downlinked at 10.6 kbps or ten times as fast as the normal 

data rate. The frame is broken down into 32 20-bit words and each word 

consists of four 5-bit subwords. 

The characteristics of each downlink bit rate are summarized in 

Table 2. 

3.1 Telemetry Data Processing 

Each 30-foot dual RS is capable of receiving and recording telemetry 

data stream at normal and/or contingency bit rates from three ALSEP 

flight vehicle/packages simultaneously. However, the RSAP has the capa

bility to process only two of these data streams simultaneously. If a 

RS is supporting the ASE, the RS will not be required to support another 

vehicle simultaneously. 

The ALSEP telemetry data stream(s) are received by the USB receivers 

at RS. The USB receivers demodulate the received telemetry data streams 

and route the resulting PCM bit streams to the Decommutation System 

Distribution Unit (DSDU). The DSDU routes the PCM bit stream to the 

Magnetic Tape Units for recording and to a PCM Ground Station (GS). The 

PCM GS acquires sync on the PCM bit stream and forms two identical 30-bit 

parallel data streams which is routed to each of the 642B computers. Each 

30-bit word consists of a 10-bit downlink word plus other bits which 

indicate the status or type of the data word. (Refer to Figure 3-E for 

TLM data flow.) 

• 
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ALSEP Telemetry Data Flow 

r--

I MTU I RF 
USB D I 

S REC D 
U i------ PCM 

GS 
'---

-~-------

A 205B 
Modem CLT 

_GSFC ___ _ 
MCC 

50.0 
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DOWNLINK CHARACTERISTICS 

Nonnal Bi t Rate Contingenc~ Bit Rate ASE Bit Rate 

1060 bits/sec 530 bits/sec 10.6 kbps 
10 bits/word 10 bits/word 20 bits/word 
64 words/frame 64 words/frame 4 subwords/word 
640 bits/frame 640 bi ts/frame 5 bits/subword 
603.77 ms /frame 1.21 sec/frame 32 words/frame 

640 bits/frame 
.060377 sec/frame 

Most Significant Bit is transmitted first 

1 frame "" Nonnal bit rate = 10 bits/word X 64'words/frame X .60377 sec = 1060 bits/sec 

Contingency bit rate = 10 bits/word X 64 words/frame X ~ .~~a~c ~ 530 bits/sec 

1 frame ASE bit rate = 20 bits/word X 32 words/frame X .060377 sec ~ 10600 bits/sec 

ALSEP DOWNLINK MODES 

MODULATION PEAK CARRIER 
MODE BIT RATE TECHN IQUE DEVIATION (Rad) 

01 0.53 KBPS PCM/PM 1.25 +5% 
02 1.06 KBPS PCM/PM 1.25 +5% 
03 10.6 KBPS PCM/PM 1.25 +5% 

Table 2 

26 



The RSAP (6428 computer) receives the parallel data transfer and 

builds up a five downlink frame buffer for each vehicle. When these 

buffers are full the RSAP begins to fill another set of five-frame buffers 

and the data bits in the first set of buffers are transferred to an out

put buffer which consists of three HSD frames. 

Each HSD frame consists of 240 10-bit words. One HSD frame is out

put per second to MCC via GSFC. To do this the RSAP outputs each format 

in parallel lO-bit words to the Data Transmission Unit (DTU) which 

serializes the data and transmits the data through a 2058 data modem 

to GSFC via one 2.4 kbps line. 

The HSD output format for either normal or contingency bit rate data 

is made up of there HSD frames. The HSD format for ASE bit rate consists 

of one HSD frame. The RSAP at normal bit rate periodically transfers a 

static downlink frame to the output buffer to compensate for the time 

difference between input and output rates. In contingency bit rate, 

every other downlink frame transferred to the output buffer contains 

static data. When ASE data is being processed the RSAP reduces the down

linked sample rates to either 106, 17, or 2 samples per second and outputs 

this reduced data in a fixed format to the MCC (refer to the ALSEP 

TDFCB for format definition). Command Analysis Patterns (CAP) are output 

in every HSD frame. 

The telemetry processing ground rules followed by the RSAP are de

scribed below. Live and tape playback data for the same vehicle cannot 

be output in the same format. Any combination of live and playback data 

at normal or contingency bit rates for two vehicles can be output in the 
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same format. However, if no data for the second vehicle are present, 

the slots in the output format for that vehicle will contain fill data. 

The 1232 I/O console is used to change the type of output format. Current 

GMT will be used to time tag live data while the recorded GMT will be' 

used for playback data. 

3.2 Goddard Space Flight Center (GSFC) 

Each 2400-bit frame received at GSFC is checked for proper sync 

code, and data format code. The overhead information is then stripped 

off and the 2400 bit frame is reformatted into five 600-bit segments. 

Each segment consists of 120 header and 480 information bits. The 

120 header bits contain sync words, 'source code, destination code, data 

format code, message number, segment number, status, sequence number, 

and error polynomial. The 480 data bits are made up of the data content 

of the 2400 bit HSO frame. These segments are then transmitted to MCC 

vi a the 50.0 kbps prime 1 i ne. 

3.3 Mission Control Center (MCC) 

3.3.1 Facility Control Subsystem (FACS) 

All 50.0 kbps wide band lines are patched into the WBO facility at 

MCC. Wide band lines are patched from FACS to the Communication, Command, 

and Telemetry System (CCATS) and the ALCS. 
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3.3.2 ALSEP Computer Subsystem (ALCS) TLMProcessing 

The NASCOM data block is received at the ALCS. The ALCS will simul

taneously process a maximum of two ALSEP downlink streams in the normal 

or contingency data rates, but only one downlink in the ASE data rate mode. 

The ALCS will process data from a maximum of two RS simultaneously (e.g., 

ALSEP X and Y from site A and ALSEP X and Y from site B, assuming neither 

ALSEP is transmitting in the ASE data rate mode). The ALCS will not simul

taneously process live and playback data from the same ALSEP. 

3.3.3 ALCS Local Output Formats 

3.3.3.1 Digital-to-Analog Converter Output Formats 

The ALCS outputs to the Digital-to-Analog Converter Interface 

Unit (DACIU) serial continuous stream. The DACIU clocks the data out to 

the DAC unit at a rate which duplicates the timing of the ALSEP commutation 

scheme providing the buffer is loaded in the prescribed manner. The basic 

format of the output buffer for the normal or contingency bit rate is 

described below: 

a. Buffer Length. The length of one cycle of data to be metered 

out to the DAC's is 256 32-bit words. (Refer to the ATDFCB.) 

b. Assignment of Data Samples. There are four outputs for each 

of the 64-downlinked ALSEP words. These words may be addressed such that 

one ALSEP word can be sent to a maximum of four DAC's. The restriction 

on how many DAC's can be addressed with one ALSEP word depends upon the 

parameter required by the particular formats that are selected for the end 

devices. The two ALSEP streams are handled in the output buffer by 

assigning a portion of the four words alloted for each ALSEP downlink 

word to ALSEP A and the remaining to ALSEP B. 
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3.4 ALSEP MCC Data Routing 

The ALSEP data is routed by a portion of the equipment contained in 

the communication Facility Control Subsystem (FACS) and CCATS to the ALCS. 

If the Central Processing Unit (CPU) in CCATS is online, then ALSEP telem

etry data is routed through the CPU and FACS (WBD switch) equipment to the 

ALCS computer. If the ALCS is in a stand-alone configuration, then ALSEP 

data received over the MSFN is routed through FACS equipment directly to 

the ALCS. Data transfer over the interface between the ALCS and CCATS CPU 

is in serial format at a rate of 2.4 kbps, and consist of 600-bit messages. 

The basic message format consists of bits 0-11 synchronization word 1, 12-23 

synchronization word 2, 24-31 source code, 32-39 destination code, 40-47 

data format code, 48~53 message number 54-57 segment number, 58-59 status 

(the final item of the header portion of a message is this status), 60 fill, 

61-89 error protection code. The ALCS computer - composed header is removed 

and replaced with a standard CCATS header when the CCATS CPU is online. 

90-120 execute CMD, 130-539 filler bits, 540-545 acknowledge or filler, 

546-551 filler, 552-557 sequence number code, 558-566 filler and 567-599 

poly error control, are the remaining bits after bit 129 are fill bits. 

A message from ALSEP to CCATS does not use bit positions 540-551. An 

acknowledge message from the CCATS CPU to the ALCS uses bits 540 through 

545 to acknowledge receipt of ALSEP CMD. The sequence number code is 

provided by bits 552 through 556. A 33-bit polynomial code occupies bit 

position 567-599. The polynomial code ;s a data protection code for the 

preceeding 567 bits of the message. 
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The basic message format is also used for data transfer between the 

ALGS (refer to the Hardware Section 5.1) and the FAGS interface with the 

MSFN when the GGATS GPU is not online. For either operational configura

tion, the ALGS computer processes inputs, formats and provides ALSEP data 

to GGATS and GSFG. 
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4.0 NASCOM Network Facilities 

The NASCOM network consists of several systems of diversely routed 

full period communications channels leased from various domestic and 

foreign communications common carriers on a worldwide basis. These chan

nels are leased in landlines, submarine cables, and communications satel

lites wherever available, and in hf radio facilities where necessary to 

provide the access links. 

The system consists of both narrow and wideband channels. To the ex

tent possible, channels are diversified on routes available to minimize 

system degradation in the event of communications outages, and in instances 

where necessary, alternate routes or redundancy is provided to meet relia

bility criteria for critical mission operations. 

A primary switching cneter and intermediate switching and control 

points are established to provide centralized facility and technical con

trol, and switching operations under direct NASA control. 

Figure 4 illustrates the approximate geographic location and identi

fies important cable and communications satellite tie points, approximate 

location of the various types of Data Acquisition Network Stations, NASCOM 

Switching Centers, and Mission Control Centers. The design of the network 

evolves from data acquisition station existent, their equipment configura

tion and capabilities, the number and frequency of spacecraft using them 

and the resultant communications load determining the number and type of 

communications channels needed in and out of each site. 
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4.1 Manned Space Flight Network (MSFN) 

The MSFN is essentially a system of 30-foot and 85-foot high-gain 

unified S-Band, telemetry, and command (land, shipborne, and airborne) 

stations, maintained and operated by the GSFC Manned Flight Support Direc

torate. The primary purpose of this network is to support manned space 

missions, both earth-orbital and lunar, although it is called upon to sup

port other programs such as ALSEP. The term MSFN is often used, in the 

system sense, to also include the Mission Control Center (MCC) at Houston, 

which is part of the Manned Spacecraft Center, the launch operations facil

ities at the Kennedy Space Center, and also portions or particular config

urations of the NASCOM network which link the various remote MSFN stations 

with MCC. 

4.2 Teletype (TTY) Systems, Switching and Control 

The NASCOM network provides TTY communications between all overseas 

data acquisition sites, and control centers. Generally, these are full 

duplex (2-way simultaneous) circuits leased on a full-period basis, routed 

direct or via the switching centers to remote sites in accordance with the 

basic network arrangement. A few TTY circuits are arranged for simplex 

(l-way) or half duplex (2-way nonsimultaneous) mode of operation. Each 

TTY leased channel in the network can be identified (by carrier-assigned 

identification number, activation date, operating mode and speed, and 

terminal points) in Figure 4-A. 
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4.2.1 Speeds of Operation 

Circuit operation speeds are generally 100 wpm (75 Baud) on domestic 

and overseas circuits. Rates of 60 and 66 wpm are retained on some hf 

radio systems for reliability purposes, (all Telemetry Data is routed on 

100 wpm circuit) and in some instances where 100 wpm is not yet available. 

In some instances, where transitions between 100 wpm and 60 or 66 wpm 

circuits occur, NASCOM electromechanical or electronic speed change equip

ment is provided. 

4.3 Teletype Automatic Message Switching System 

TTY communications, being a record, or data form of communication, 

lends itself particularly well to circuit time sharing and automatic mes

sage switching through the use of store-and forward or buffer techniques. 

With minor exceptions, all leased TTY channels and TTY multiplex systems 

are hubbed on a Univac 494 Switching Computers (SC) system at GSFC. This 

system configuration is illustrated in Figure 4-A. The SC system is a 

realtime, solid state, software-oriented processor specifically designed~ 

applied, and programed for automatic switching of TTY and digital data 

messages. It is provided with a family of peripheral units for terminating 

communications lines and mass storage of traffic and other control systems. 

The system is provided with online redundancy for reliability and service 

continuity considerations. 

The system is equipped with peripheral multiplexed with 160 full

duplex TTY line terminations. In operation, each incoming teletype signal 

is connected to the inputs of both online SC·s separately; in this way, 
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both SC's operate simultaneously but independently on the incoming traffic. 

The output of only one SC is connected to outgoing teletype lines to avoid 

the possibility of both units sending signals to the lines at slightly 

different times. Monitor routines operate continuously to validate the 

proper functions of each system. If the active unit fails, all output 

channels are transferred to the standby unit without loss of traffic. 

Each SC contains a large, rapid-access core storage and operates with 

very short (less than a microsecond) cycle time. Each SC has considerable 

intermediate drum storage capacity. 

External TTY circuits interface with Communications line Terminals 

(ClT) which are connected through multiplexers that permit the lines to 

time share on input/output channels of the central processor. 

A Model 35 teletype automatic send and receive machine (35 ASR) is 

used for entering console instructions into the SC's. Two Model 35 receive

only page printers are provided to print out information from the SC's. 

An automated display system keeps communications operators continu

ously informed on the status of each channel and the internal functions of 

the SC. A technical control position is provided to allow individual 

channels to be changed to spare channels if an input/output Communications 

line Terminal fails. The technical control has specialized equipment to 

monitor and test communications facilities. 

4.4 Automatic High Speed Data Switching 

The Univac 494 system which terminates TTY lines on an automatic 

message switching basis, also terminates high speed lines through redundant 
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peripheral elT equipments. Similarly, as in TTY, message switching is 

accompl ished by software operating on routing and other header informa

ti on. 

A significant difference between TTY and high speed message switching 

is that there is no queuing of traffic and no message accounting with the 

basic routing header, unless a special control header is added. The sys

tem is designed strictly for realtime, high speed data operations. The 

switching system delivers data with a maximum delay of 750 ms. The major 

portion of high speed data traffic in the network is in the inward direc

tion (sites to GSFC). The system internal traffic handling capacity and 

major transfer links must be capable of handling all expected active inputs 

simultaneously or inputs must be inhibited or constrained not to exceed 

this capacity to avoid loss of data. Thus, the wide band interface with 

the MCC is designed to handle the maximum simultaneous traffic expected 

within the MSFN. However, the second (redundant, alternately routed) wide 

band channel is available to handle overflow traffic. 

4.4.1 Equipment Configuration 

As described for the TTY automatic switching system, the three 494 

Switching Computer's are arranged for dual standby redundancy with two 

operational systems; one online; the second in constant readiness for 

switching in the event of online system fault; the third is available for 

ALSEP. Switching Computer (SC) interface with 2.4 kbps high speed trans

mission channels in the NASCOM network is accomplished by the communica

tion subsystem which interfaces on the standard data interchange side of 
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the 205 modems. This subsystem is used to provide initial synchroniza

tion, buffering, serial-to-parallel conversion, and multiplexing of input 

channels. 

The communication subsystem consists of a CLT which buffers the in 

incoming serial input for parallel transfer to the processor or accepts 

parallel data from the processor for serial output to the transmission 

line~ and a multiplexing device which connects a number (up to 16) of 

high speed circuits to the central processor through an input/output 

channel on a time-shared basis. A capacity for terminating 80 high speed 

lines is provided~ with ability to expand, if necessary, by the addition 

of multiplexers and CLT's to the system. Decoder equipments are inter

jected between the CLT and 205 modems whe~the NASCOM network is required 

to provide error detection and error status indications to the user. On 

the redundant wide band interface with MCC, polynomial buffer terminals, 

operating on separate I/O channels, are provided. 

The system has expanded core and auxiliary drum storage capacity for 

handling the high speed message switching program, and console capability 

for program monitoring and program modification. In addition, CRT and 

hard copy displays are provided. These are operated through a display 

program under console control for central monitoring of the status of 

communications facilities at switching centers and remote sites. 

4.5 Mission Control Center (MCC) 

The MCC communication system processes and distributes all signals, 

except television, entering and leaving MCC and provides internal 
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communication capabilities for the MCC. The MCC is designed to provide 

the ALCS operations team with the necessary realtime data and associated 

reference data for rapid assessment of mission progress and rapid deci

sions in the event of abnormal or emergency situations. 

The Communications Processor (CP), the MCC message switching cen

ter, is a stored-program digital computer which processes large quaniti

ties of data on a realtime basis. Telemetry data is routed to a pulse 

code modulated (PCM) telemetry system for data processing and display. 

Teletype and facsimile traffic are routed through the teletype 

message center for distribution to printers for text and picture message 

The facility control system centralizes quality control and main

tenance for all high speed data, teletype, and audio frequency communica

tions circuits that enter and leave MCC. 

All of these external circuits terminate in the telephone company 

building at MSC and are extended by tie cables to the MCC, building 30. 
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5.0 Hardware 

5.1 Mission Control Center (MCC) 

The MCC provides command and control support for all ALSEP missions. 

The system was designed to operate in either at stand alone configuration 

or in a configuration which requires some support from Apollo MCC equip

ment. 

The ALSEP Interface Subsystem (AIS) is defined as the major communi

cation link between MCC subsystems which will be required for MCC ALSEP 

support. In the stand alone configuration the ALSEP Computer Subsystem 

(ALCS) interfaces directly with the MSFN through the Serial Transmit, RE

ceive, and Encoder Unit (STREU) and Interface Control Unit (ICU). When 

CCATS is active, CCATS will interface with GSFC for ALCS. CCATS will in

terface with ALCS through the ALSEP CCATS Interface Unit (ACIU). CCATS 

will provide message accountability for ALCS. CCATS will perform no other 

data processing for the ALCS. 

The ALCS does all of the realtime ALSEP telemetry data processing 

with the exception of some data reduction that the remote site must do 

on the Active Seismic Experiment (ASE) data. The ALCS performs data pro

cessing necessary to display the data to the appropriate personnel. Analog 

parameters are routed to the Digital-to-Analog Converter Interface Unit 

(DACIU) which in turn selects the proper Digital-to-Analog Converter Units 

(DACU). The DACU converts the digital input to an analog signal and out

puts it to the proper analog strip chart recorder, seismic recorder, or 

42 



meter~. These DACU' s in terface with the end di spl ay devi ces through the 

Analog Patch Rack. The ALCS also processes events. These events are 

routed to the Digital Display Driver Interface Unit (DDDIU) which selects 

the proper Digital Display Driver (DOD). The DOD drives the display 

device to the proper indication. 

The ALCS processes certain telemetry parameters for display via HSP. 

These parameters are also driven by the DOD's. These parameters are also 

driven by DOD's. 

The ALCS receives display requests, Real Time Command (RTC) uplink 

requests, and printer control data from the various console module via the 

ALSEP Computer Input Multiplexer (ALCIM). The RTC uplink requests are 

formatted into a 600-bit block. This block consists of l20-header bits 

(sync, message accountability, destination code, source code, etc.), a 

60-bit command data subblock, and 420-fill bits. If the ALCS is in a 

stand lone configuration, this block is output via the ICU or STREU, Wide 

Band Data switch and a data modem to GSFC. Otherwise the message is 

transferred to CCATS via the ACIU. CCATS strips the message accountability 

data off and replaces it with CCATS message accountability before out

putting the data to GSFC. 

The following will be a box by box description of the MCC hardware. 
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5.1.1 ALSEPC6mputerSubsystem(ALCS) 

5.1.1 .1 IBM' 2050-1 (360/50) Data Processor 

The IBM 2050-1 Data Processor is the Central Processing Unit for 

the Model 360/50. It contains data registers, interconnecting data p'aths, 

and sequence control s for addressing main storage, instruction fetching, 

and communications between main storage and I/O devices. The 360/50 cycle 

time is .5 microseconds. The Central Processing Unit has a main storage 

capacity of 524,288 8-bit bytes. 

5.1.1.2 Auxillary Storage 

5.1.1.2.1 Magnetic Tape Units 

5.1.1.2.1.1 IBM 2402-3 Magnetic Tape Unit 

The IBM 2402-3 Magnetic Tape Unit contains one 9-track read/ 

write tape drive with a maximum data rate of 90,000 bytes per second. 

5.1.1.2.1.2 IBM 2403-3 Magnetic Tape Unit and Control 

The IBM 2403-3 Magnetic Tape Unit and Control contains a single 

tape drive and a control unit. The control unit function can control up to 

eight tape drives (including the attached tape drive). The model 3 tape 

drive has nine tracks and has a maximum data rate of 90,000 bytes per 

second. 

5.1.1.2.1.3 IBM 2803 Tape Control 

The IBM 2803 Tape Control has the same function as the pre

scribed tape control unit of the 2403. 
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5.1.1.2.2 Disk Files 

5.1.1.2.2.1 IBM 2314 Disk Section 

The IBM 2314 Direct Access Storage Facility (DASF) disk file 

section contains nine drives; eight of which can be on line at any time. 

Each drive is an independent unit with operator assignable addresses. 

Twenty recording surfaces and 200 (plus three alternate) "cylinders" with 

a capacity of 7294 bytes per track. This provides a modular capacity of 

over 29 million bytes and a total of 233 million bytes per DASF. The con

trol unit section is similiar to the IBM 2841 storage control and performs 

the following functions: 

a. Transforms the data transferred between the System 360/50 

Selector Channel and the disk drives. 

b. Interprets and executes commands from the selector channel. 

c. Employs a cyclic code written for each data field to 

ensure accurate transfer of data. 

5.1.1.2.3 Large Core Storage 

5.1.1.2.3. 1 IBM 2361-2 Core Storage Units 

The IBM 2361-2 Core Storage Unit serves as an extension to 

the main storage and attaches to the Model 360/50 to provide an addi

tional 1,048,567 bytes of storage capacity. The basic 2361-2 storage 

access time is 8 microseconds. The information is transferred in units 

of four bytes to the 360/50. 
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5.1.1.3 Peripherals 

5.1.1.3.1 IBM l403-Nl Printer 

The IBM l403-Nl Printer is capable of printing 132 print posi

tions per line at up to 1100 lines per minute. This printer is equipped 

with an IBM 1416-1 Interchangeable Train Cartridge (63 character set). 

5.1.1.3.2 IBM 2540-1 Card Read Punch 

The IBM 2540-1 Card Real Punch can read up to 1000 cards per 

minute and punch up to 300 cards per minute. It attaches to the Model 50 

multiplexer channel via the IBM 2821 Control Unit. 

5.1.1.3.3 IBM 2821 Control Unit 

The IBM 2821 Control Unit is used to transmit information be

tween the CPU and the printers and card read punches. It contains the 

circuitry for controlling these devices and for buffering the information 

being transmitted. The 2821 is attached to the multiplexer channel of 

the Model 50. A 1,100 line-per-minute printer (1404-4 or 1403-Nl) can 

also be attached to the 2821. 

5.1.1.3.4 IBM l443-Nl Printer 

The IBM l443-Nl Printer attaches to the multiplexer channel, 

and has a selfcontained control unit. With the standard 52 character set 

it is capable of printing 120 print positions per line at up to 240 lines 

per minute. 

5.1.1.3.5 IBM 1052-7 Printer Keyboards 

The IBM 1052-7 Printer Keyboard attaches to the IBM 2050-1 

through a 1052 adapter and the multiplexer channel. It provides printed 
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page output at the Model 50 console and permits manual entries by an 

operator. Characters are transmitted from the 2050-1 at a rate of 14.8 

characters per second. 

5.1.1.4 Computer System Support Equipment 

5.1.1.4.1 IBM 2911-1 Switching Unit 

An IBM 2911-1 Switching Unit permits the switching of the Real 

Time Interface Subsystem (2902 MLA, 2701/ICU), the Computer Control Display 

(2848/2260's) and the Experiments Printer (2821/1403Nl) between the multi

plexer channel of the ALCS 360/50 and the multiplexer channel (via a data 

channel repeater link) of any selected 360/75 computer in the RTCC. The 

2911-1 is a passive device providing a two-by-one channel switch. Switch

ing is controlled by manually actuated pushbuttons on a top-mounted con

trol panel. 

5.1.1.4.2 IBM 2944 Data Channel Repeater 

The IBM 2944 Data Channel Repeater extends the System/360 chan

nel interface cable restriction of 200 feet. The 2944 consists of two 

units, the 2944-2 which is attached to the 2911-1 of the ALCS, and the 

2944-1 which is attached to the 2911-6 located in the RTCC. The 2944 will 

enable, through proper 2911 switching, the multiplexer channel of any RTCC 

computer to be connected to the Display and Control Interfaces of ALCS. 

5.1.1.5 Computer Control Display and Manual Entry 

The IBM 2260 Display Station is a compact cathode ray tube unit 

used for the local or remote display, in alphameric form, of data from the 

2050-1 processing unit. The 2260 is controlled and buffered by its IBM 2848 
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Display Control. The maximum data rate when the 2848 is attached di

rectly to a channel is 2,560 bytes per second. The alphameric keyboard 

allows the user to enter messages into the CPU storage. The message is 

displayed on the screen for verification or editing before it is trans

ferred from the display control to main storage. The 2848-3 allows 960 

characters (80 in each of 12 lines) to be displayed on the 4 by 9 inch 

area. In addition to buffering, the 2848 regenerates the display 30 times 

per second for maintenance of its visibility. 

5.1.1.6 Real Time Interface Subsystem 

5.1.1.6.1 IBM 2902 Multiplexer Line Adapter (MLA) 

The IBM 2902 MLA interfaces all of the real time interfaces 

(except Digital-to-Television) to the RTCC. All necessary bit/byte con

versi ons, data control, and matching of si gna.l level s and impedance in 

each adapter section are accomplished by the adapter. 

5.1.1.7 ALSEP/ICU Interface 

5.1.1.7.1 IBM 2701-1 Parallel Data Adapter Unit (PDA) 

The ALCS interfaces with the leU via the 2701 PDA. The PDA 

transmits data to the leU transmitter on a demand-response basis 32-bit 

data words plus one odd parity bit. Message length is either' 600 or 

1200 bits. The leU receiver transmits 32-bit data words and one odd parity 

bit on a demand-response basis to the PDA. Nineteen transfers are required 

for each 600-bit block. The 2701 is attached to the multiplexer cha.nnel 

of the ALeS. The data rate will depend on the channel characteristics 

and the number of peripheral units using the channel at once. 
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5.1.2 ALSEP Display/Control Subsystem 

5.1.2.1 Analog Display Eguipment Group. 

5.1.2.1.1 Digital~to-AnalogConverterIhterface Unit (DACIU) 

The DACIU provides the interfacing, address decoding, and data 

distribution required between the ALCS and the Digital-to-Analog Converter 

Units (DACU) within ALSEP. The ALCS outputs 32-bit words to the DACIU at 

13.568 kbps on a single IBM 2902 Serial Output Adapter. This transfer is 

accomplished when the ALCS transmits ready over the ready line to the DACIU 

and the DACIU replys over the Ready-to-Receive line. 

The DACIU can recognize and process data for a ten or eight bit 

DAC. The first 12 bits of the 32 bit transfer word are the DAC address. 

The first six of the 12 are X address and the second six are Y address. 

The second ten bits are a sync word. If the word is for a ten bit DAC, 

the next ten bits are DAC data; otherwise the next two bits are fill and 

the last eight are DAC data. 

The DACIU uses the 12 X and Y select bits to select the appro

priate DAC over 32 X and 32 Y select lines. The ten information bits are 

output over ten parallel data lines to the selected DAC. The DACIU indi

cates a transfer over the strobe line to each DACU. Each DACU provides 

two equipment status lines to the DACIU to indicate operational or test 

condition. The DACIU provides to each DACU three remote power control 

lines which consist of power on, power off, and common return lines. 

5.1.2.1.2 Digital-to-Analog Converter Unit (DACU) 

The DAC's provide the means to drive analog meter displays, 

analog strip chart recorder displays, and seismic recorder displays. The 
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DAC input is the output of the DACIU. Transfer words to the eight bit DAC's 

are on lines three through ten of the ten line parallel interface. The 

DAC converts the input bits to a zero to ten volt level which is accurate 

to one part in 256 for 8-bit DAC's and one part in 1024 for 10-bit DAC's. 

5.1.2.1.3 Analog Patch Rack 

The Analog Patch Rack provides a central point for routing ana

log data within the MCC. The Analog Patch Rack has as inputs all of the 

available DAC outputs. All analog devices, meters, and recorders are wired 

as outputs from the patch board. 

5.1.2.1.4 Seismic (Drum) Recorders 

The Drum Recorders are used to record the analog parameters which 

correspond to seismic experiments. There are eight Drum Recorders which 

are used to support two ALSEP's. The recorders receive their inputs from 

the 10-bit DAC's via a variable low pass filter. The speed of the recorder 

is fixed, but can be changed by replacing the speed control gears. 

5.1.2.1.5 Analog Strip Chart Recorders 

The four analog strip chart recorders are used to simultaneously 

record both analog parameters and time signals. 

up to eight analog parameters and two events. 

0.025 mm/sec to 100.0 mm/sec. 

5.1.2.1.6 Analog Meter Panels 

Each recorder can record 

The speed is variable from 

The analog meter panels provide the capability for monitoring 

preselected analog parameters. Each meter has a zero to ten volts range. 

There are three panels with 15 meters each. 
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5.1.2.2 Digital Display Eguipment 

5.1.2.2.1 Digital Display Driver Interface Unit (DDDIU) 

The DDDIU provides the interfacing and data distribution facili

ties required between the ALCS and the computer driven DOD's of the ALSEP 

Display Control System. The ALCS formats transfer data into blocks of 

36-bit words as they are needed. The first 12 bits are a DOD set address 

and the remaining 24 bits represent lamp illumination information to the 

DOD set. Thus each 36-bit word is completely addressed to allow selective 

updating of any digital display indicator set. These words are transferred 

at 40.8 kbps from the 2902 serial data subchanne1 to the DDDIU. 

The DDDIU has four types of outputs to the DOD's. One is a set 

of 40 X and 40 Y select lines. The DDIU uses the 12 address bits to deter

mine which X and Y lines to set in order to select the proper DOD set. 

Another output is a set of 24 parallel data lines on which the 24 lamp 

illumination bits are transferred to the DOD. Each DOD rack provides two 

status lines to the DDDIU which indicate operational or test condition. 

Another output is a set of three Remote Power Control lines which are 

paralleled to all the DOD racks. These three lines consist of a power on, 

power off, and a common return line. 

5.1.2.2.2 Digital Display Drivers (DOD) 

The DOD's provide the means to' drive Digital Readout Displays, 

Event Indicators, and ON/OFF Indicators. The input to the DOD's is the 

output of the DDDIU. There are 160 available addresses, in four racks, 

24 bits per address, a representing 3,840 individual lamp drivers. 
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5.1.2.2.3 Cable Termination Cabinet (CTC) 

The CTC provides the means to route the DOD outputs to the 

selected display devices in the ALSEP console subsystem. In addition, it 

provides the patch capability to output selected ALSEP events to display 

devices located on MCC MOCR consoles. 

5.1.2.3 Digital Television Conversion Equipment 

5.1.2.3.1 ALSEP Video Distribution Equipment 

The ALSEP video distribution equipment provides the facilities 

for routing vi.deo informati on in the four ALSEP D/TV converters and the 

ALSEP opaque television to various users throughout the MCC. In addition, 

it distributes video from the existing MCC video sources to ~he overhead 

utility monitors and ,ALSEP consoles. 

5.1.2.3.2 Sync Source 
I 

The existing MCC video sync generator provides the sync signals 

for ALSEP video. 

5.1.2.4 ALSEP Computer Input Multiplexer (ALCIM) 

The ,ALCIM accepts command and di spl ay request inputs from various 

encoders and transmits this data to the ALCS. The transfer to the ALCS 

is serially routed through an IBM 2902 MLA at a rate of 2400 bps. Each 

transfer word contains 36 bits. The inputs to the ALCIM are from the 

ALSEP Printer Format Select Keyboard (PFSK) Encoder, Analog Format Select 

Keyboard Encoders, Site Select Encoder, Command Enter True Encoder, and 

Command Enter Complement Encoder, Command Execute True Encoder, Command 
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Execute Complement Encoder, Command Status Encoder, Category Limit-Sense 

Encoder, Program Logic Control Encoders, and the All Ones Test Encoder. 

The ALCIM can accept inputs from a maximum of 42 encoders. 

5.1.2.5 APOLLO Manual Selection Keyboard Encoder (MSK) 

The MSK encoder provides the means to make display or· TV channel 

requests. To do this, the MSK encoder provides 23-data lines and 2-control 

lines to the MOCR CIM. One control line provides the Ready-to-Transmit 

indication and the other is a demand line. The data bits contain console 

monitor 10 (right, center, or left), mode 10 (TV channel select or display 

request), and a decimal digit selection code. In the TV channel selection 

mode, the MSK outputs BCD to the MOCR CIM which converts the BCD to a 

binary switch control signal and outputs this in turn to the MOCR VSM. In 

the Display Request mode the MSK outputs a binary display format code to 

the MOCR CIM which in turn routes the code to the RTCC. 

5.1.2.6 ALSEP Timing Equipment 

The ALSEP Timing Equipment generates the Serial Decimal Time (SOT) 

that is required by the analog strip chart recorders. The ALSEP Timing 

Equipment receives remote site GMT from the ALCS via the DACIU. The ALCS 

transfers the remote site GMT in three consecutive 32-bit words through 

an IBM 2902 to the OACIU at 13.568 kbps. The DACIU addresses each word 

before sending them to the ALSEP Timing Equipment. The timing equipment 

uses the minute hacks from the remote site GMT and internal counters to 

generate SOT. If no remote site GMT is received the timing equipment will 
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accept and throughput Master Instrumentation Timing Equipment (MITE) 

generated SDT. In either case one complete time word is output over a 

ten second interval to the analog chart recorders. 

5.1.2.7 ALSEP Experiments Printer 

The ALSEP Experiments Printer is used for hardcopy recording and 

printout of preselected computer data including Command Histories. It is 

the same as an IBM 1403-Nl Printer. Refer to the ALCS subsection. 

5.1.2.8 ALSEP Console Equipment 

5.1.2.8.1 ALSEP Computer Controller Console 

The ALSEP computer controller console provides voice communica

tion, site selection, console status reporting, selection of seismic and 

chart recorder analog parameters, display of digital data, selection of 

seismic analog parameters displayed on analog meters located on ALSEP 

Interface Controller Console and control of the ALCS program. The front 

panel contains two vertical-mounted keysets, a console-mounted speaker, a 

status report module, a site selector module, a command module, three con

trol/indicator modules, a load number indicator module, and seven event 

indicator modules. This console also serves as a Network Controller Console. 

5.1.2.8.2 ALSEP Interface Controller Console 

The ALSEP interface controller console provides voice communica

tion, analog displays, digital displays, selection and status of critical 

components, and selection of video source for overhead video monitors. 

The front panel contains a horizontal console-mounted keyset, three event 

indicator modules, two analog meter panels, two control/indicator modules, 

and a speaker assembly. 
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5.1.2.8.3 ALSEPExperimentAttiv;tYOffiteRepr~sen~at;v~,C9nsole 

This Console has been deleted. 

5.1.2.8.4 ALSEP Lunar Surface Program Office Representative Console 

The ALSEP lunar surface program office (LSPO) representative 

console provides voice communication, monitoring of ALSEP data on display 

devices, and console status reporting. The front panel of the console 

contains two video (Apollo data only) monitors, two vertical-mounted key

sets, a console-mounted speaker, two event indicator mudules, and a status 

report module. 

5.1.2.8.5 ALSEP System Flight Controller Console 

The ALSEP system flight controller console provides voice commu

nication, selection of chart recorder analog parameters, display of analog 

parameters, monitoring of ALSEP digital data, selection of printer format, 

formatting of ALSEP commands, and status of other ALSEP consoles. The 

front panel of the console contains two video (Apollo data only) monitors, 

two video source indicator modules, three analog meter panels, two verti

cal-mounted keysets, five event indicator modules, a speaker assembly, 

an MSK, four control/indicator modules, a digital select module, a command 

control module, and a status report module. 
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5.1.2.8.6 ALSEP Principal InveStigatotSConsole 

The ALSEP principal investigators console provides voice commu

nication, video monitoring of ALSEP data, and console status reporting, 

The front panel contains two vertical-mounted keysets, two video monitors, 

a console-mounted speaker, and a status report module. 

5.1.2.8.7 Console Modules 

5.1.2.8.7.1 Manual Select Keyboard (MSK) 

The MSK provides the means for the console operator to make 

MOCR TV channel selections or display requests. The MSK consists of a two 

mode selection PBI's (TV channel or display, request), four thumbwheel dials, 

and a monitor selection PBI panel. 

5.1.2.8.7.2 Printer Format Select Keyboard 

The Printer Format Select Keyboard is used to enter printed 

control information into the ALCS via the ALCIM. The depressed PBI will 
l 

be illuminated via DOD and will remain illuminated until another mode is 

selected. 

5.1.2.8.7.3 Analog Format Select Keyboard 

This module is used to select the format to be displayed on 

each of the analog chart recorders. Each PBI will be illuminated until 

another format has been selected for that analog chart recorder. 

5.1.2.8.7.4 18-PBI Event Indicator Module 

This module contains 18 solid or split-legend event indicators. 

These indicators illuminate or extinguish upon receipt of the status of the 

respective bileve1 events from the ALCS via the DOD's. 
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5.1.2.8.7.5 Precision TV Monitors 

These 945 line monitors shall display computer-generated data 

in predetermined formats from various video sources. The computer-generated 

data will be converted into video via D/TV. 

5.1.2.8.7.6 Communications Keyset 

This 48-button keyset shall provide the user verbal communica

tion with other personnel within the MCC. 

5.1.2.8.7.7 72-Event Module 

Thi,s module provides up to 72-event displays which are driven 

by DOD's. 

5.1.2.8.7.8 Console Speaker Module 

This module provides controllable audio information to the 

console operators. The audio sources are the monitor loops in the communi

cations keysets. 

5.1.2.8.7.9 15-Meter Indicator Panels 

These panels display selected analog parameters. These meters 

are driven by the DACU's. 

5.1.2.8.7.10 Critical Components Status Panel 

This panel is comprised of 18-PBI event indicator modules. 

It provides the capability to monitor the status of preselected critical 

areas in the ADCS. The Critical Components Status Panels provides the 

capabil ity to remotely switch to redundant units for those criti cal units 

requiring switchover. 
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5.1.2.8.7.11 Command Control Module 

The Command Control Module is used in conjunction with the 

Digital Select Matrix (DSM) and is interfaced with the ALCS via the ALCIM. 

The Command Control Module functions are explained below. If the Enable PBI 

is depressed the command will be output to GSFC or if the Disable PBI is 

depressed the command will be routed to the Test Execute Readouts on the 

RTC Select Matrix. The FC/M&O PBI disables the hardware, computer input, 

and computer driven indicators in the M&O position. The ALSEP Select 

PBI's (9) control the decoder address bits in the ALCIM command format. 

ALSEP CLEAR clears these locations in the ALCIM command word. 

The MAP OVERRIDE PBI controls one bit in the ALCIM Command 

format. The Site Val/Site Inval PBI gives remote site CAP status infor

mation to the console operator. The SIC REJ/GND REJ PBI is also CAP con

trolled. This PBI being illuminated or a verify CAP will extinguish the 

Site Val/Site Inval indicators. 

5.1.2.8.7.12 Digital Select Module (DSM) 

The DSM provides the display for the selected RTC number prior 

to transmission. The number is selected via the three digit thumbwheels of 

the DSM and the depressing of the ENTER PBI. This places the command in 

the ALCIM command register. To cause an output the EXECUTE PBI must be 

depressed. This panel also contains a SIC verify indication. 

5.1.2.8.7.13 Status/Status Report Module 

This module provides ALSEP console status via six indicators 

and one Abort Request Indicator. Status is given by three PBI's on each 

console which are not computer driven. 
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5.1.2.8.7.14 Status Report Module 

This module provides console status to the Status/Status 

Report Module via three manual PBI's. 

5.1.2.8.7.15 Load Number Indicator 

This module indicates command load numbers via a 4-digit 

numeric readout. The capability range is from 0000 to 9999. This display 

is DDD driven. 

5.1.2.8.7.16 TV Select Module 

The two PBI's on this module are used to designate the second 

or third floor TV as source and indicate which floor is active. This dis-

play is not computer driven. 

5.1.2.8.7.17 TV Source Indicator Module 

This ;s a single split-legend PBI which indicates whether 

second or third floor TV is active. This indication is not computer 

driven. 

5.1.2.8.7.18 Four-Meter Switch Panel 

This panel contains 4 meters with a split-legend alternate 

action PBI associated with each meter which are DAC driven. The PBI will 

switch the individual meter between the A and B section of the DACIU. The 

meters will normally be used to monitor Seismic Driven Recorder Signals. 

5.1.3 ALSEP MCC/GSFC WBD Interface 

5.1.3.1 Serial Transmit, Receive, and Encoder Unit (STREU) and Interface 
Control Unit (ICU) (Refer to Figure 5) 

In the ALSEP configuration, the ICU and a PST receive one 50.0 kbps 

input from a 303C data modem located in FACS via the Wide Band Switch 
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Matrix. The STREU and a PBT receive 50.0 kbps data from a 303C data modem 

via the Wide Band Switch Matrix in FACS. This line is the secondary line 

to the 50.0 kbps received by the leU. The 50.0 kbps line can contain both 

Apollo and ALSEP data. 

The PBT's check for good polynomial bit error protection and Apollo 

destination code, forwarding only good Apollo data to the Communications 

Processor. { CP.) . The ICU checks for good polynomi al error protecti on code 

and for ALSEP destination code, forwarding only good ALSEP data to the 

ALeS in 32-bit parallel words via the 2701 Parallel Data Adapter. The 

STREU checks for good polynomial error protection code and for ALSEP des

tination code and forwards only ALSEP data (good or bad) to the ALeS in 

a serial data stream via the 2902 Multiplex Line Adapter. The data is 

flagged as good or bad. The leu will also, add 8-bit field to each 600-bit 

message making a total of 608 bits transmitted to the ALeS. This field is 

used for status information. The STREU strips the 33-polynomial error 

protection bits from the 600-bits block and adds 8-fill bits and one flag 

bit (poly good or poly bad). 

5.1.3.2 3018 Data Modem 

This Section has been deleted. 
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5.1.3.3 303C Data Modem 

The 303C data modem is utilized in the NASCOM (GSFC/MCC) link, 

for transmission of serial, binary, synchronous polyencrypted data over 

"group" facilities. It is capable of transmitting over voice bandwidth 

circuits at 50 kbps and synchronous modes of operation. The synchronous 

mode is used with synchronous serial equipment such as magnetic tape units, 

computers, etc. 

5.1.3.4 Polynomial Buffer Terminal (PBT) 

The PBT consists of a common buffer section and control for two 

50.0 KHz line terminals that are switch selected to serve as either a 

serial/parallel, or a parallel/serial transmitter/receiver. In either 

the transmit or receive mode, the PBT selectable buffer collects wideband 

data in blocks of 240,600 or 1200 bits, adds on or strips off a 33 bit 

polynomial code, and performs polynomial error check for encoding. 

5.1.3.5 Wide Band Switch Matrix 

The Wide Band Switch Matrix is located in FACS and provides a 

central point within the MCC for receiving WBD from or transmission of WBD 

to GSFC. 
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5.1.4 Communications, Command and Telemetry System (General Description) 

The Communications, Command, and Telemetry System (CCATS) is the communi

cations data processing system which provides the interface between Mission 

Control Center and outside data circuits of MSFN. 

CCATS terminates outsi de data (nonvoi ce) ci rcuits and processes, 

records and routes incoming and outgoing TTY, high speed (HS) and wide 

band (WB) data. This includes normal message routing, decommutation of 

high speed telemetry data and special input interpretation and formatting 

functions relative to command data. Incoming data is monitored, validated, 

and converted for distribution to the RTCC. 

CCATS interfaces with AlCS whenever CCATS is active. This inter

face is through the AlSEPjCCATS Interface Unit (ACIU). CCATS essentially 

throughputs all AlSEP data from the MSFN to the AlCS or vice versa. CCATS 

makes only message accountability changes to the AlCS data blocks which 

it receives. From the ClT in Figure 5A the CCATS configuration is the 

Apollo CCATS configuration. 

CCATS is a computer oriented, realtime processing system comprised 

of the following major components: 

a. Facility Control Subsystem (FACS) - Provides circuit terminals, 

switch matrices, test and monitor bays, patch bays, and error control 

equipment for incoming and outgoing traffic. 

b. Standard Communications Subsystem (SCS) - Provides communica

tions line terminals and multiplexers which connect communications lines 

to the computers and converts serial communications data to parallel bit 

form and vice versa. 
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c. Communications Processor Subsystem (CP) - Provides processing 

and manipulating capability utilizing Univac 494 computers. 

d. RTCC and Display and Control Systems Interface Subsystem - Pro

vides the input/output adapters which allow data to flow between CCATS 

and RTCC and between CCATS and the Display and Control System. 

5.1.4.1 ALSEP CCATS Interface Unit (ACIU) 

The ACIU provides signal conversions and timing necessary to inter

face the ALCS and CCATS. The ACIU receives a ready signal, clock, and data 

at a 2.4 kbps rate from CCATS. The ACIU then converts the logic levels to 

those used by the ALCS and outputs data at 2.4 kbps, gated clock, ready 

signal, and interlock to the ALCS through the IBM 2902 MLA. In the other 

direction, the ACIU provides clock, ready to receive, and interlock signals 

to the IBM 2902 Multiplex Line Adapter (MLA). The ALCS then outputs data 

at 2.4 kbps, clock, and ready signals to the ACIU which converts them to 

CCATS logic levels and outputs data at 2.4 kbps, clock, and ready signals 

to CCATS through the HSD patch into an on-line CLT. 

5.1.4.2 Univac Computer, Type 494 

All digital data routed through CCATS is processed by one of the 

three Univac 494 computers. Normally, one computer supports the mission, 

as the MOC, one operates as DSC and one is available Offline. Only two 

of the three Univac 494 (A and B) are interchangeable via a realtime 

electronic switch. Univac 494 may be manually switched as a Dynamic Stand

by or Mission Operations Computer in the event of failure of the A or B 

systems. System C is usually used as an offline computer for program check

out and in-house operations. 
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The 494 is a stored program, binary computer that is designed to 

process large quantities of data in both batch processing and realtime 

modes. The 494 contains a random-access ferrite core memory, control 

section, storage section, arithmetic section, and registers which are 

used in the input/output processing of data. 

The 494 has a minimum of 12 input/output channels and a maximum 

of 6 groups of 4 field expandable memories. The 494 has a minimum memory 

capacity of 16,384 3D-bit words (plus a parity bit for each half word), 

and a field expandable memory of 131,072 3D-bit double-precision words, 

or (by means of the logical function) program selected bits of a word. 

The 494 has a memory cycle time of 750 nanoseconds and memory overlap 

permitting an effective cycle time of 350 nanoseconds. 

5.1.4.3 Communications and Configuration Console 

The Communications and Configuration Console (CACC) provides 

local operator monitoring and control of selected software and hardware 

functions applicable to communications and CP subsystem configuration. The 

CACC is a four-bay console containing the modules for monitor and control 

of the CP subsystem, two communications keyset units, and a manual entry 

device. 

5.1.4.4 High Speed Teleprinter 

The high speed teleprinter monitors requests initiated from the 

CACC and prints out the computer response. The high speed teleprinter 

converts digitally coded information into hard copy output. The high 

speed teleprinters are associated with Computer A and Computer B and are 

table mounted adjacent to the CACC. 
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The Computer Control Console (ceC) is an I/O device used to moni

tor and control the computer operations. Each computer has a desk-type 

control console that consists of a keyboard Manual Entry Device, a printer 

and a logic control unit. Computer C has in addition, an auxiliary console. 

5.1.4.5 Electronic Transfer Switch 

The electronic transfer switch is used to switch input and output 

channels between theA and B computers and the peripheral equipment. Any 

item of peripheral equipment can be separately selected or a set of peri

heral equipment can be group-selected to function with the A or B computers. 

The solid-state electronic transfer switch is contained in a single cabinet. 

5.1.4.6 System Configuration Unit 

The System Configuration Unit (SCU) provides the capability for 

interchanging on a group basis, anyone of the three groups of peripheral 

equipment. The SCU consists of six programing system patch frames. Pre

programed patch boards are inserted into these patch frames to establish 

the desired configuration. 

5.1.4.7 Magnetic Tape Units 

The magnetic tape units are used for initial loading of the opera

tional program into the computer and for logging data during operations. 

The magnetic tape units are also used for magnetic core and drum dumps. 

Each computer has four magnetic tape units in separate cabinets. Each 

unit contains read amplifiers and write drivers for each of seven channels, 

read and write heads, and the tape transport mechanism. 
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5.1.4.8 Card Processor 

The card processor reads information from cards into the computer 

memory, and prints out information from core memory, drum storage, and 

magnetic tape. Each computer has separate card processor, which is a 

self-contained unit consisting of a high-speed printer, a card reader, 

a magnetic core memory unit, a power supply and a maintenance panel. 

5.1.4.9 Communication line Terminal (ClT) 

The ClT is a combined serial/parallel data converter (for data 

to the 494) or parallel/serial data converter (for data from the 494). 

All low speed ClTls are 5-bit, and high speed or wide band ClTls are 6, 

8, 10, or 12 bits. 

The elT serves to establish word framing of data accepted from 

and transferred to serial communication lines. 

on the teletype code character framing basis. 

low speed ClTls operate 

For the input high speed 

and wide band ClTls, message framing is accomplished by synchronization 

character recognition. 

5.4.1.10 Data line Isolator 

Data line isolator is the interface between FACS and the standard 

communication subsystem ClTls and PBTls. These two units, a HSD line iso

lator and a WBD line isolator operate as follows: 

High speed input data, from the high speed data patch bay in 

FACS, flows to the HSD line isolator for computers A and B. The HSD line 

isolator functions as an impedance matching device and an output inhibit 
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switch. During the input mode, signals indicating that HSD 1S available 

for transfer are routed to the CLT unit associated with the selected A and 

B computer and vice versa. The HSD output for computer C is carried di

rectly from FACS, to the computer C CLT unit, bypassing the HSO line iso

lator. 

Wide band data enters the CP subsystem from FACS over coaxial 

cables, that carry ready, shift, interlock, and data signals. These sig

nals are terminated in the WBD line isolator for both computers A and B. 

Wide band data entering the CP subsystem for computer C bypasses the WBO 

line isolator and goes directly to the data handling peripheral. 

5.1.5 Real Time Com~uter Com~lex (RTCC) 

The RTCC 360/75 is a backup to the ALCS. The 360/75 can be loaded 

vJi til tll~ ALeS program in case the 36U/bU fails. The 360/75 interfaces 

with the rest of the ALSEP system through the 2911 switch units in the 

RTCC, 2944 Data Channel Repeater, and the 2911 Switch Unit in the ALSEP 

system. The RTCC drives Apollo displays for Mainline Apollo missions. 

These Apollo displays are available in the ALSEP IBM 2260 CRT1s. 

5.2 Goddard S~ace Flight Center (GSFC) 

Refer to Section 4.3. 
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5.3 Remote Site (Hardware) 

5.3.1 2058 Data Modem 

The 2058 wire1ine modem (GSFC/RS) is capable of transmitting digital 

data over NASCOM voice bandwidth circuits at 1200 bps, and 2400 bps. The 

modem has an 1800 Hz carrier frequency and employs synchronous 4-phase 

modulation at 1200 band regardless of the data rate. The data set can be 

used as a full-duplex terminal or as a regenerative repeater. As a terminal 

data set, it can operate at any of the three data rates idependent1y in 

either direction. 

5.3.2 Data Transmission Unit (DTU) 2008,2010 and 4024 

The DTU provides computer-controlled bidirectional interface between 

the 642B and the high speed data link. The DTU can provide 8 or 10-bit 

parallel transfer between itself and the RSAP. The transfer rate is deter

mined by the clock signals provided by the 205B modems. The DTU has a 

capacity of 80,000 bps, with adjustment. An additional function of the 

DTU is to provide the RSAP with Greenwich Mean Time (GMT) to the nearest 

second. 

5.3.3 Digital Data Distribution Switchboard (1299~ 

The 1299 SIB interconnects equipment of the computer complex. The 

switchboard provides a means of m.anually changing the system configuration. 

The switching function is easily performed through the 1299 SIB by the use 

of multiple switches, thereby avoiding extensive wiring modification. 

5.3.4 Interface System Adapter (ISA) 

The ISA includes the Dual GMT Buffer and the CAM Adapter. The Dual 

GMT Buffer inputs GMT from the site timing system to the 642B RSAP. 
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The CA~1 Adapter applies switch closure information to the computers and 

indicator outputs to the CAM keyboards. 

5.3.5 Computer Address Matrix (CAM) 

The CAM is a 5 x 5 matrix used for onsite inputs. The CAM serves 

only as an input request device to the RSAP. Command CAM are classified 

in three categories: 

Command uplink inputs 

Command mode input 

Command related function inputs 

A unique command CAM is required in order to select each command 

mode and command related function. 

5.3.6 642B Computer 

The 642B computer is a general purpose, stored program, digital com

puter. Internal operations of the computer are performed in a parallel 

mode using "one's complement," binary number notations. Binary calcula

tions and logical translations are static; and only the results (in the 

form of arithmetic results and control timing) are clocked. The computer 

word consists of 30 bits, with most operations possible on half words as 

well as on whole words. Single address logic is used in the format. The 

memory section consists of three basic memories: 

Main memory (destructive readout core storage) 

Control memory (destructive readout thin film storage) 

Bootstrap memory (nondestructive readout transformer controlled 

storage) . 
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The main memory contains 32,608 addressable storage locations with 

a cycle time in nanoseconds. Program instructions and constants are 

stored in the main memory. The control memory, consisting of 128 storage 

loc~tions with a cycle time in nanoseconds, is used primarily for I/O 

functions and for indexing. The bootstrap memory provided storage for 

two 32-word groups, each of which contains a program load routine, and 

only one of which can be used at a time. 

Computer input and output (I/O) is fully buffered, eliminating inter

ference of the main process of I/O operations. There are 16 I/O channels, 

plus provision for 81 unique interrupts. 

5.3.7 Inter Computer (IC) 

The IC subprogram controls the flow of data between the two 6428 

computers and sets up a flag if data is valid for subsequent activities. 

5.3. 8 Magnetic Tape Unit (MTU) Type 1540 /1541 

The MTU is a large capacity, medium speed, magnetic tape storage 

system capable of either receiving data from a computer and recording it 

on a magnetic tape, or calling up data from memory (retrieving) informa

tion previously recorded on tape and transferring it to a computer. 

5.3.9 Teletypewriter Adapter, Type 1259 

The 1259 teletype writer consists of a teletypewriter set, Model 

ASR 28, and a Type 1259 teletype adapter. The adapter modifies data to 

provide compatibility between the computer and the teletypewriter unit. 

The teletypewriter is an electromechanical apparatus which serves as a 

self-contained message originating and receiving center. 
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5.3.10 Input/Output Console~ Type 1232 

The 1232 Input/Output (I/O) console provides the 642B with an input/ 

output device. The I/O console consists of keyboard, printer, paper tape 

reader and punch, the logic circuitry necessary to control the above units, 

control panel and power supply assembly. Information that is either manu

ally input at the keyboard or read from punched tape by the tape reader, 

is applied to the computer. The computer output to the 1232 is either 

printed on a page printer or output as preforated tape. 

5.3.11 Unified S-Band System (USB) 

The USB system is used in support of ALSEP. The system is basically 

the same as the one used for Apollo. Only such things as uplink and down

link frequencies, subbit encoding, and signal modulation have been changed. 

The ground/spacecraft link consists of digital command and telemetry data. 

The following is a list of USB subsystems. A USB block diagram is pro

vided in Figure 5-C. 

5.3.11A Antenna System at Remote Sites 

The steerable, S-Band Antenna provides directional gain for both 

the transmitting and receiving functions. The antenna system is divided 

into four functional sUbsystems: antenna structure, hydraulic subsystem, 

servo subsystem, and airconditioning subsystem. The antenna structure 

supports parabolic reflectors with a quadrupod support for a secondary 

reflectory of the Cassegrain feed assembly. The antenna is positioned, 

through gears by the hydraulic subsystem. A transistorized electronic 
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USB Systems 
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servo system remotely controls the operation of the hydraulic subsystem. 

Position error signals are applied to the servo subsystem from either a 

manual control, a programmer, a scan generator or tracking receivers .. A 

specially designed airconditioning system maintains desirable ambient 

temperature conducive to continuous operation of the antenna's mechanical 

components. 

5.3.llB Acquisition System 

The acquisition system consist of acquisition zone selection equip

ment and an acquisition antenna. The system initially locates the space

craft and accomplishes rapid, automatic, two-way carrier lock during a 

spacecraft pass. 

The acquisition zone selection equipment is the means for offset

ting normal and operation frequencies of ground transmitting and receiving 

equipment to compensate for doppler frequency shift caused by a component 

of radial velocity between the ground equipment and the spacecraft trans

ponder. 

Controls for the zone selection equipment are located on the acqui

sition control panel and the exciter control panel. Acquisition control 

panel functions relate primarily to selection and application of zone fixed 

bias. Exciter control functions with respect to acquisition control relate 

primarily to selection and application of a sweep bias. 

For the 30-foot USB antennas, the acquisition is a 42-inch dia

meter paraboloid with a beam width of approximately 10 degrees. For the 

85-foot USB antennas the acquisition antenna is a 74.5 inch diameter para

boloid with a beam width of approximately 5 degrees. 
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5.3.llC Control Data System 

The Antenna Position Programmer (APP) provides antenna X-V steering 

signals by comparing the actual position with a predetermined (command) 

input and providing a analog output porportional to their difference. The 

APP receives accurate X- and Y- axis positional information from angle 

encoders which derive their inputs from resolvers mounted on two axis of 

the antenna. 

The antenna is capable of tracking in seven different modes. Three 

of these modes use the APP: auto track , program, and automatic program. 

In the autotrack (prime) mode, the data is compared with the actual antenna 

position and any difference is stored in the APP for use during the next 

period of program operation. In the program mode (used for acquisition and 

backup), the error signals for both antenna axis are generated by the APP 

as a function of time and supplied to the servo system. In the automatic 

program mode, a summed signal (RF and program) drives the antenna. 

X- and Y- Shaft Encoders 

The antenna position encoding subsystem receives two mechanical 

inputs representing the X- axis and Y- axis angles of the antenna. 

Two precision servos on each axis repeat the X- and Y- axis in

puts and position the encoders correspondingly. The real-angle output is 

converted into bits of digital data in binary form. Binary data, repre

senting the antenna position, is strobbed 10 times per second by the APP 

and is used to compute antenna steering signals. 



5.3.110 RF System 

.Cassegrain Feed System 

The Cassegrain system consists of a feed assembly positioned at 

the center of the main antenna reflector, a subreflector positioned near 

the focal point of the main antenna reflector, and a transmission filter 

located in the wave guide path between the transmitter and diplexer. RF 

energy from the waveguide is radiated from the feed assembly to the sub

reflector reflects the energy to the main reflector surface, which in turn 

reflects the energy into space . 

. Parametric Amplifier 

Low-noise parametric amplifiers (paramps) are employed between 

the antenna feed systems and the sum channel of the receivers to provide 

signal amplification with minimum noise. The amplifier is of solid-state 

design. There are two types: cooled and uncooled. The cooled paramp 

improves system sensitivity by 2db over that of the uncooled paramp. All 

MSFN stations have one uncooled paramp connected to the main antenna and 

another paramp connected to the acquisition antenna. The following stations 

have a cooled paramp available for use with the main antenna: GOS, MAD, 

HSK, HAW, GWM, CRO, NBE, and ASC . 

. Power Ampl i fi e r 

The power amplifiers at USB ground stations consits of a klystron 

high-power amplifier and its acsociated power supplies, controls, protective 

devices, and cooling units. The klystron is a water-cooled, five-cavity 
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tube tunable over a frequency range of 2090 to 2120 MHz. It is capable 

of over 20-kw continuous output power with a minimum 10 MHz bandwidth. 

The wide bandwidth permits simultaneous amplification to two signals 5 

MHz apart. When used for this dual-type transmission, however, the out

put at the 30-foot stations must be reduced to prevent excessive inter

modulation distortion. At the 85-foot stations, there are two 20-kw 

power amplifiers and a high-power combiner that permits transmission 

at full power. 

The output of the klystron is coupled by rigit and flexible 

waveguide to the antenna feed system . 

. High Power Combiner 

At each of the 85-foot stations, a high power combiner is pro

vided for dual 20-kw transmission without intermodulation distortion. 

This combiner receives two 20-kw continuous wave (cw) signals separated 

by approximately 5 MHz and combines them into a single output . 

. Verification System 

The verification system monitors the RF output of the power 

amplifier. The system comprises a verification receiver. 
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The receiver accepts and demodulates the high level phase modu

lated RF carrier from a directional coupler located in the feed assembly 

to the USB transmit antenna. The receiver output is fed to updata buf

fer for command verification. 

5.3.llE Receiver/Exciter System 

The receiver/exciter system provides phase modulation of uplink 

carrier with CMD and ranging signals while demodulating the spacecraft 

downlink. The modulated uplink signal is multiplied in frequency and 

used to drive the power amplifier. The downlink signal is demodulated 

in receiver portion to provide a broad baseband signal containing voice 

and telemetry information to the signal data demodulator and ranging in

formation to the MARK 1 ranging system. 

5.3.llF Uplink System 

The uplink signals (groundto-spacecraft) consists of CMD data. 

The command data is phase-modulated onto the S Band arrier. The basic 

components of the uplink system are the updata buffer and the exciter 

subsystem . 

. Updata Buffer 

The updata buffer interfaces the RSAP (modified 642B computer) 

with USB transmitter. It operates in simultaneous 
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transmit and receive modes. Parallel digital data from the computer is 

converted to a serial Phase Shift Keyed (PSK) audio signal and applied 

to the selected RF equipment for transmission to space vehicles. In the 

receiver portion, PSK audio signals from the verification system are de

modulated and reconstructed in digital format and then fed back to the 

computer. 

5.3.11G Signal Data Demodulation System (SODS) 

Telemetry data transmitted from the spacecraft is modulated di

rectly on the carrier. 

Demodulation is accomplished by the SDDS, which receives its input 

from either the main or the acquisition receiver via the telemetry channel 

receivers. The SDDS demodulates a video signal (10 Hz to 1.5 MHz) derived 

from the PM carrier. 

The video input from the USB receiver is applied to the peM telem

etry demodulator. 

5.3.12 Apollo Timing System 

The Apollo timing system accepts inputs from a standard frequency 

oscillator employing an atomic reference standard and derives from the 

frequency standard all the time signals required by a S-Band tracking 

facility. The system employs two identical time standards plus common 

time conversion and signal distribution circuits; also included is a time 

calibration facility employing a WWV receiver and a VLF receiver. 
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ACIU 
ADCS 
AICU 
AIS 
ALCIM 
ALCS 
ALSEP 
APP 
ASE 
CACC 
CAM 
CAP 
CCATS 
CCC 
CCGE 
CEF 
CIM 
CLT 
CMD 
CP 
CPLEE 
CPU 
CRT 
CTC 
DAC 
DACIU 
DACU 
DASF 
DOD 
DDDIU 
DSC 
DSDM 
DSM 
DTU 
EAO 
EASEP 
EOM 
FACS 
FC 
GS 

ACRONYMS AND ABBREVIATIONS 

ALSEP CCATS Interface Unit 
ALSEP Display Control Subsystem 
ALSEP Interface Control Unit 
ALSEP Interface Subsystem 
ALSEP Computer Input Multiplexer 
ALSEP Computer Subsystem 
Apollo Lunar Surafce Experiment Package 
Antenna Position Programmer 
Active Seismic Experiment 
Communications and Configuration Console 
Computer Address Matrix 
Command Analysis Pattern 
Communications, Command, and Telemetry Subsystem 
Computer Control Console 
Cold Cathode Gage Experiment 
Computer Execute Function 
Computer Input Multiplexer 
Communications Line Terminal 
Command 
Communication Processor 
Charged Particle Lunar Environment Experiment 
Central Processing Unit 
Cathode Ray Tube 
Cable Termination Cabinet 
Digital-to-Analog Converter 
Digital-to-Analog Converter Interface Unit 
Digital-to-Analog Units 
Direct Access Storage Facility 
Digital Display Driver 
Digital Display Driver Interface Unit 
Dynamic Standby Computer 
Decommutation System Distribution Unit 
Digital Select Matrix 
Data Transmission Unit 
Experiment Activity Office 
Early Apollo Scientific Experiment Payload 
End of Message 
Facility Control Subsystem 
Flight Controller 
Ground Station 

82 



Acronyms and Abbreviations (Continued) 

GSFC 
HFE 
HSO 
ICU 
I/O 
LM 
LOC 
LRRR 
LSM 
LSPO 
MAP 
MCC 
MITE 
MLA 
MOC 
MOCR 
MSC 
MSFN 
MSK 
MTU 
NASCOM 
NBE 
PBI 
PCM 
POA 
PFSK 
PM 
PSE 
PSEP 
PSK 
RF 
RS 
RSAP 
RTC 
RTG 
SC 
SCS 
SCU 
SODS 
SOT 
SEQ 

Goddard Space Flight Center 
Heat Flow Experiment 
High Speed Data 
Interface Control Unit 
Input/Output 
Lunar Module 
Length of Count 
Laser Ranging Retro-Reflector 
Lunar Surface Magnetometer Experiment 
Lunar Surface Program Office 
Message Acceptance Pulse 
Mission Control Center 
Master Instrumentation Timing Equipment 
Multiplexer Line Adapter 
Mission Operation Center 
Mission Operation Control Room 
Manned Spacecraft Center 
Manned Space Flight Network 
Manual Selection Keyboard 
Magnetic Tape Unit 
NASA Communications 
Honeysuckle Creek Wing 
Push Button Indicator 
Pulse Code Modulator 
Parallel Data Adapter Unit 
Printer Format Select Keyboard 
Phase Modul ates 
Passive Experiment Package 
Passive Seismic Experiment Package 
Phase Shi ft Key 
Radi 0 Frequency 
Remote Site 
Remote Site ALSEP Processor 
Real Time Command 
Radio Thermal Generator 
Switching Center 
Standard Communications Subsystem 
System Configuration Unit 
Signal Data Demodulation System 
Serial Decimal Time 
Scientific Equipment 
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Acronyms and Abbreviations (Continued) 

SIDE 
SOC 
SOM 
STREU 
SWS 
TLM 
TTY 
UCS 
UDB 
USB 
VSM 
WBD 

Suprathermal Ion Detector Experiment 
Subcarrier Oscillator 
Start of Message 
Serial Transmit, Receive, and Encoder Unit 
Solar Wind Spectrometer Experiment 
Tel emetry 
Tel etype 
Universal Command System 
Up Data Buffer 
Unified S-Band 
Video Select Matrix 
Wide Band Data 
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