
CHAPTER 2

SYSTEMS EQUIPMENT
CONFIGURATIONS

INTRODUCTION

In chapter 1, we discussed basic system requirements. In this chapter, we will look at each equipment
configuration. We will then link them together, forming a block diagram of the systems covered. We will
discuss naval equipment from extremely-low-frequency through super-high-frequency. We also will look at
microwave communications, the Single Audio System, teletype equipment, portable and pack radio
equipment, and the Communications Link Interface Planning System.

At various points in the chapter, we review basic principles associated with the larger topic. The purpose
of those reviews is to refresh your memory, in case you have not worked in the area for sometime.

After completing this chapter, you should be able to:

Identify system equipment configurations and how they link together

Recognize various extremely-low-frequency through super-high-frequency naval equipment

Compare a simplex relay system with a duplex relay system in microwave communications

Identify teletype equipment and portable and pack radio equipment

Identify the Communications Link Interface Planning System

SHIPBOARD COMMUNICATIONS
OVERVIEW

Shipboard communications are now highly
sophisticated. Nearly all the communications
requirements for a ship can be met with fewer, more
versatile, pieces of equipment. This versatility came
about through improved equipment design and
installation.

As communications equipment became more
capable and complex, the need for an orderly process
of identifying equipment by designation became
apparent. The process that was developed identified
equipment from the system level down to the part
level. The highest level designator, system, describes

pieces of equipment that work together for a specific
function. The lowest level designator, part, describes
one piece, like a resistor. The following paragraphs
describe the various levels in greater detail.

SYSTEM

Recall from chapter 1 that a communications
system is a collection of equipment used together to
satisfy a specific communications requirement. Further,
as the following paragraphs explain, a system is a
combination of sets, units, assemblies, subassemblies,
and parts. The requirement placed on the system could
be to send or receive voice, cw, or teletype information.
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Figure 2-1 illustrates the equipment included in a
typical system to meet these communication
requirements.

SET

A SET consists of a unit or units and the
assemblies, subassemblies, and parts connected to
perform a specific function. Two examples are radio
receiving sets and radio transmitting sets.

GROUP

A GROUP is a collection of units, assemblies,
subassemblies, and parts that (1) is a subdivision of a
set or system and (2) cannot perform a complete
operational function. A good example is an antenna
coupler group.

UNIT

A UNIT is a combination of parts, subassemblies,
and assemblies mounted together that can normally

operate independently of other equipment. An
example of a unit is the power supply.

ASSEMBLY/SUBASSEMBLY

An ASSEMBLY is a combination of two or more
subassemblies joined to perform a specific function. A
SUBASSEMBLY consists of two or more parts that
form a portion of an assembly. It can be replaced as a
whole, but some of its parts can be replaced
individually.

The distinction between an assembly and a
subassembly is not always clear. An assembly maybe
considered a subassembly when it is part of a larger or
more complex assembly. A computer keyboard is a
good example. By itself, it is an assembly. However,
it is also a subassembly in a total computer system.
Another example you are very familiar with is a circuit
card.

Figure 2-1.—Communications system pictorial view.
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PART size of elf transmitters and antennas makes
transmission from submarines impractical.

A PART is one component or a combination of two
or more components. A part cannot normally be
disassembled without being destroyed. Resistors,
capacitors, and transistors are examples of parts.

EQUIPMENT CONFIGURATIONS

The wide variety of communications equipment
aboard ship can be overwhelming. This section
separates that equipment into types of systems and
identifies typical equipment associated with each type
of system.

EXTREMELY-LOW-FREQUENCY/
VERY-LOW-FREQUENCY
COMMUNICATIONS

The extremely-low-frequency (elf)  com-
munications system is used to send short “phonetic
letter spelled out” (PLSO) messages from the
Continental United States (CONUS) to submarines
operating at normal mission speeds and depths. Elf can
penetrate ocean depths to several hundred feet with
little signal loss. This allows submarines to operate
below the surface, improving their survivability by
making detection more difficult.

The elf system is a one-way communications
system from CONUS to at-sea submarines. The large

The principal use of the very-low-frequency (vlf)
communications system is to provide fleet broadcasts
to the submarine fleet and associated ships and
activities thorughout the world. Additional uses are in
long-range navigation and time and frequency
broadcasts.

Vlf Transmit

Vlf transmission is normally considered a
broadcast; that is, a one--way transmission, with no
reply required. The extent and location of the area to be
covered determine the transmitter location and power
out.

For worldwide coverage, the Navy has installed
seven transmitters whose power out ranges from 0.25
to 2.0 megawatts. These transmitters, such as the
AN/FRT-87, can operate in either the interrupted
continuous wave (icw) or frequency shift keying (fsk)
mode. A typical vlf radio transmitting station is shown
in figure 2-2.

Vlf Receive

The vlf receive system receives fsk and icw radio
transmissions and then reproduces the intelligence that
was broadcast. Receivers used for vlf communications
are the AN/BRR-3, AN/FRR-21, AN/WRR-3, and

Figure 2-2.—Vlf radio transmitting station block diagram.
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URR-R389. Figure 2-3 illustrates a typical vlf
receiving system, using the AN/BRR-3 receiver. Most
surface ships no longer receive vlf broadcasts.
However, you will probably find one of these receivers
mounted somewhere in your message center or radio
room.

LOW-FREQUENCY COMMUNICATIONS

The low-frequency (lf) band occupies a very small
portion of the radio frequency spectrum. However, the

Navy’s requirement to provide the best possible
communications to the fleet requires operation on all
frequency bands. The low-frequency band is used for
long-range direction finding, encrypted medium- and
long-range communications, and aeronautical radio
navigation.

Lf Transmit

The low-frequency transmitter is a part of the Fleet
Multichannel Broadcast System, operating at high

Figure 2-3.—Typical vlf receiving system.
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power over long distances. It provides eight channels
of frequency-division multiplex rtty traffic on each
transmission. The AN/FRT-72 transmitter is designed
specifically for this purpose. It produces 50-kW peak-
envelope power (25-kW average power) and covers a
frequency range of 30 to 150 kHz. Low-frequency
transmitters are normally used only on shore stations.

Lf Receive

The low-frequency receive system receives lf
broadcasts and reproduces the intelligence that was
transmitted. A typical lf receive system is shown in
figure 2-4. The antennas receive the lf signal and send
it to the multicoupler and patch panel. The
multicoupler and patch panel (AN/SRA-17 and
AN/SRA-49) allow the operator to select different
antennas and connect them to various receivers. In the
system shown in figure 2-4, the receiver can be either
the AN/SRR-19A or the R-2368A/URR. These
receivers operate in the frequency ranges of 30 to 300
kHz and 14 kHz to 30 MHz, respectively.

The receiver audio is fed to the SB-973/SRR
receiver transfer switchboard. As we explained earlier,
this allows the received audio to be connected to
numerous pieces of equipment. In figure 2-4, the audio
is connected to either an AN/URA-17 or CV-2460
convertor comparator, which converts the received
signal to dc for use by the teletype (tty) equipment.
From the convertor, the dc signal is fed to a dc patch
panel (SB-1203/UG). The signal can then be sent to
any crypto equipment attached to the patch panel. The
crypto equipment decrypts the signal and routes it to
the red patch panel (SB-1210/UGQ). The signal can

then be patched to a teletype printer for plain text
printing, or to a reperforator, where a paper tape will be
punched and stored for later printing.

HIGH-FREQUENCY COMMUNICATIONS

The high-frequency (hf) band is shared by many
domestic and foreign users. Portions scattered
throughout the band are assigned to the military. The
Navy’s communications requirements have grown
rapidly, severely taxing its portion of the spectrum.
Satellite communications has relieved some of this
congestion and, for some types of service, has replaced
hf for long-distance communications, pushing hf into a
back-up role. However, even with the use of satellite
communications, hf will continue to be in high demand
for sometime. We will cover satellite communications
in chapter 3.

Naval communications within the hf band are
grouped into four general types: point-to-point, ship-
to-shore, ground-to-air, and fleet broadcast. All but the
fleet broadcast are normally operated two-way.

Point-to-Point

Point-to-point systems provide communications
over long-distance trunks or via links between fixed
terminals. A trunk is normally a message circuit
be tween  two  po in t s  us ing  cab le ,  f ibe r ,  o r
telephone circuits. A link is a transmitter/receiver
system connecting two locations. The two locations
normally use directional, high-gain antennas that
increase the effective radiated power, reduce the
chance of interference, and boost the sensitivity of the

Figure 2-4.—Lf receive.
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receiving system. With the path length and direction
fixed, propagation factors are simplified. This
provides highly reliable hf communications.

powered transmitters, lower noise receivers, and more
efficient antennas.

Fleet Broadcast
Ship-to-Shore

High-frequency atmospheric communications
between shore stations are relatively easy because
shore stations have sufficient space for efficient
omnidirectional antennas or arrays that provide hf
coverage of large areas. Ship-to-shore hf communica-
tions are more difficult because the ship is moving and
constantly changing direction. This change of
direction and severe space limitations aboard ships
make the installation of large, efficient hf antennas
impractical.

To overcome these problems, ship-to-shore
systems have two major differences from point-to-
point systems. First, shipboard antennas are omni-
directional. Second, several frequencies are usually
assigned for each circuit. If one frequency starts to
drop out, another can be selected to match the
propagation path conditions between the ship and the
shore terminal.

Ground-to-Air

The use of hf radio for ground-to-air com-
munications is similar to its use for ship-to-shore
communications. An additional problem is that an
aircraft moves much more rapidly than a ship. This
rapid movement (plus additional space limitations)
requires that all major circuit im-provements be made
at the ground stations. Examples of improvements that
can only be made to the ground station are higher

As the name implies, this service involves
broadcast area coverage from shorebased transmitters
to ships at sea. To overcome propagation problems,
messages are sent on several frequencies at the same
time (frequency-diversity). Space-diversity with
physically separated receive antennas also helps
overcome propagation problems.

Now let’s look at typical shipboard high-frequency
transmit and receive systems.

Shipboard HF Transmit

The high-frequency transmit signal can contain
either voice or teletype information. Figure 2-5 shows
a typical shipboard high-frequency transmit system.

The same equipment used to receive teletype
messages on low frequencies (teletype, DC Patch
Panel SB-1210/UGQ, crypto equipment, and DC
Patch Panel SB-1203/UG) are used to send teletype
messages on the high-frequency system; but of course,
in reverse order.

An AN/UCC-1(V) or CV-2460 telegraph terminal
converts a dc signal into a tone signal. This signal is fed
to the SB-988/SRT transmitter transfer switchboard. A
C1004 transmit keying and control/teletype is used to
key the transmitter during tty operation. Voice
communications also can be connected to the SB-988/
SRT switchboard. The voice communications are
developed at a handset connected to the C-1138 radio

Figure 2-5.—Shipboard hf transmit system.
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Figure 2-6.—Shipboard hf receive system.

set control. The output of the radio set control is then
fed to the switchboard.

The transmitter transfer switchboard allows
operators to select the proper transmitter for the
selected frequency. The AN/URT-23 transmitter
receives its input from the switchboard and changes
the signal to a modulated rf signal that is fed to the
AN/SRA-34, 56, 57, 58, or AN/URA-38 antenna
coupler. The antenna coupler matches the output
impedance of the transmitter to the input impedance of
the antenna. Antenna couplers also allow more than
one transmitter to be connected to the same antenna as
long as certain conditions are met. When the signal
reaches the antenna, it is radiated into the atmosphere.

Shipboard Hf Receive

A typical shipboard hf receive system is shown in
figure 2-6. A transmitted signal similar to the one
previously discussed is received by the antenna and
converted from electromagnetic energy to electrical
energy. The signal is fed to an antenna patch panel
where it can be distributed to any number of receivers.

In figure 2-6, a receiver (R-1051/URR, R-2368/
URR, or R-1903/URR) converts the rf signal into
either a teletype signal (fsk) or voice. The receiver
output is then fed to the SB-973/SRR receiver transfer
switchboard. The teletype signal from the switchboard
follows the same path used by the low-frequency
signal we discussed earlier. Identical pieces of
equipment are used. The voice signal from the receiver
switchboard is sent to the C-1138 radio set control and

Figure 2-7.—Vhf transmit and receive system.

fed to a handset. The voice signal also can be sent from
the switchboard to an AM-3729 remote speaker
amplifier and then to a speaker. This allows the user to
listen to the signal without having to hold the handset.

VERY-HIGH-FREQUENCY
COMMUNICATIONS

The Navy uses the very-high-frequency (vhf) band
for mobile communications such as bridge-to-bridge,
among boat crews, and for amphibious operations and
landing parties.

Vhf Transmit

A typical vhf transmit and receive system is shown
in figure 2-7. On the transmit side, the operator, at a
remote location, talks into the handset. The handset is
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connected to radio set control, C-1138. The radio set
control output is fed to transmitter transfer
switchboard, SB-988/SRT. The switchboard performs
the same function as it does in the lf and hf systems.
The output of the switchboard is connected to the
transmit side of the transmitter/receiver (transceiver),
AN/VRC-46 or AN/VRC-80. The transceiver converts
the input signal to an rf signal for transmission and the
rf is radiated into the atmosphere by the antenna.

in sight of each other, though the distance traveled
by the signal is much greater than for surface
communications.

The uhf system uses a transceiver. However, we
will still describe the transmit and receive functions
separately. Although this description pertains to voice
communications, uhf equipment can process tty data in
the same way that the hf system does.

Vhf Receive
Uhf Transmit

Again, look at figure 2-7. The incoming signal is
picked up by the antenna. This signal is fed to the
receive side of the transceiver. The transceiver output
is fed to the receiver transfer switchboard. The
switchboard output is connected to either radio set
control or to a speaker amplifier, AM-3729, or both,
depending on the user’s preference. The output of the
radio set control is fed to the handset and the speaker
amplifier output is routed to the speaker.

ULTRAHIGH-FREQUENCY
COMMUNICATIONS

The ultrahigh-frequency (uhf) band is used for
line-of-sight (short range) command and control
communications. As we stated earlier, line-of-sight
means that both antennas are aimed at one another,
with no obstruction in between.

This band is also used for satellite com-
munications. Satellite communications are line-of-
sight communications because the antennas remain

A basic block diagram of a uhf transmit system
is shown in figure 2-8. On the transmit side of the
nonsecure voice system, the operator at a remote
location talks into the handset. The handset is
connected to a C-1138 radio set control. The radio set
control is connected to an SB-988/SRT transmitter
transfer switchboard, which is connected to the
transmitter.

On the transmit side of the secure voice system, the
operator talks into the secure voice remote phone unit
(RPU). The RPU is connected to the secure voice
matrix, which is the tie point for the connection of
multiple remote phone units. The matrix output is fed
to the secure voice equipment that encrypts the
information. This encrypted information is then fed to
an SB-988/SRT transmitter transfer switchboard.

The transmitter switchboard performs the same
function we described for previous systems. The
switchboard output is connected to the transmit side of
the AN/SRC-20/21 or AN/WSC-3, which is connected

Figure 2-8.—Uhf transmit.
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to an AN/SRA-33 or OA-9123 antenna coupler. The
coupler output is then fed to an antenna.

Uhf Receive

A basic block diagram of a uhf receive system is
shown in figure 2-9. Most of the components are the
same as those used in the transmit function. We will,
therefore, identify by specific designator only the
components that are unique to the receive function.
The receive signal is picked up by the antenna and fed
to the receive side of the transceiver through the
antenna coupler. The receiver output is connected
to an SB-973/SRR receiver transfer switchboard. It is
then connected to either the nonsecure or secure voice
system, depending upon the received transmission
mode.

When a nonsecure signal is received, the output of
the receive transfer switchboard is fed to either the
radio set control or to the AM-3729 speaker amplifier,
or both, depending on user preference.

If a secure voice transmission is received, the
output of the switchboard is connected to the secure

voice equipment and decrypted. This output is fed to
the secure voice matrix. The secure voice matrix
output is fed to the RPU, where the signal is converted
back to its original form.

SUPERHIGH-FREQUENCY
COMMUNICATIONS

As we discussed in the previous chapter, two
primary uses of the superhigh-frequency (shf) band are
microwave and satellite communications. The
AN/FSC-79 SHF terminal and satellite com-
munications will be covered in the next chapter. In the
following paragraphs, we will discuss line-of-sight
and tropospheric scatter microwave communications.

MICROWAVE COMMUNICATION
SYSTEMS

Microwave systems, such as the AN/FRC-84 and
AN/FRC-170(V), are used to relay multiplex signals
from point to point. A simplex relay system pro-
vides one-way communications and consists of a
transmitting terminal, a certain number of repeaters,

Figure 2-9.—Uhf receive.
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Figure 2-10.—Basic microwave relay system.

and a receiving terminal. Figure 2-10A shows you such
a system. A duplex relay system (figure 2-10B)
provides two-way communications by using two
simplex systems, one transmitting in one direction
and the other transmitting in the opposite direction.
The duplex system is further refined by using a
single antenna for transmitting and receiving. This is
done by using different transmitting and receiving
frequencies and by using a duplexer in the
transmission line.

The rf equipment in terminal and repeater stations
are basically the same. Terminal equipment can be
converted to repeater equipment and vise versa. Let’s

take a look at a typical microwave transmitter and
receiver.

MICROWAVE TRANSMITTER

A typical microwave transmitters shown in figure
2-11. In operation, the output of a telephone multiplex
terminal, which consists of a frequency multiplexed
AM carrier signal, is applied to the terminal
transmitter. This input signal (baseband signal) also
could be a television signal or any other form of signal
to be transmitted. A pre-emphasis network accentuates
the high frequencies, relative to the low, to improve the
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Figure 2-11.—Typical microwave transmitter.

signal-to-noise ratio. The insertion amplifier accepts portion of the output power back to the klystron to
the signal, amplifies it, and then applies the signal to the compensate for its nonlinearity. This technique allows
klystron oscillator. With this method, the input signal for optimum performance with modulation densities as
directly modulates the carrier frequency, resulting in a high as 1200 channels. You should be aware that solid-
frequency-modulated wave. The “linearize” couples a state devices are replacing most klystrons.
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MICROWAVE RECEIVER

A typical microwave receiver is shown in figure
2-12. Though not shown, sensing and alarm functions
are integral to all microwave communications
equipment.

During system operation, the signal from the an-
tenna passes through a waveguide preselector that
eliminates interference from adjacent rf channels. The
signal then enters a waveguide filter tuned to its fre-
quency, which rejects all other unwanted frequencies.
Next, the signal passes through an isolator that minim-
izes intermodulation noise and holds the VSWR below
1.2:1. The signal is then mixed with the local oscillator
(LO) output to produce the standard 70-MHz inter-
mediate frequency (IF). The IF output is amplitude-
limited and applied to an automatic frequency control
(afc) discriminator, which controls the frequency of
the LO. The signal is also applied to an IF discrimina-
tor, a de-emphasis circuit, and a squelch circuit that
disconnects the baseband amplifier and demultiplex-
ing equipment if noise increases above a preset level.
After the squelch circuit, the signal passes through a
baseband amplifier and then to the demultiplexing
equipment, where the original intelligence is retrieved.

Microwave communications systems operating
in the shf portion of the frequency spectrum use the

principle that propagation approaches an optical
straight-line path. Propagation takes place in the lower
atmosphere and is affected by meteorological factors.
Communications in this medium are usually either
line-of-sight or tropospheric scatter.

LINE-OF-SIGHT (LOS)

A line-of sight microwave system consists of one
or more point-to-point hops. Each hop is designed to be
integrated into a worldwide communications network.
Los system characteristics are as follows:

Propagation—Free space as affected by the tro-
posphere.

 Communications Capacity/Bandwidth—Up to
600-4kHz voice channels; wideband, can accept TV.

 Range—Usually 50 to 150 km (31 to 95 statute
miles). This depends upon antenna height, earth curva-
ture, and intervening terrain.

 RF Power—Usually less than 10 watts.

 Antennas—Both transmitting and receiving
antennas are horn-driven paraboloids, providing high
gain and narrow beam widths. In some applications,
plane reflectors are used with the paraboloids.

Figure 2-12.—Typical microwave receiver.
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 Reliability—Designed to be operational more
than 99% of the time, including the periods of poor
propagation.

 Countermeasures—Because of antenna directiv-
ity, the system is difficult to jam. Additionally, the sys-
tem should not be susceptible to nuclear disturbances of
the ionosphere.

 Application—Because of the bandwidth capa-
bility and minimum site requirements, los is well
adapted to moderate distance point-to-point multichan-
nel communications (with repeaters), transmission of
closed circuit TV, transmission of radar information
from outlying sites, communications relay between
locations in congested areas, and “antenna farms.”

TROPOSPHERIC SCATTER SYSTEM

At microwave frequencies, the atmosphere has a
scattering effect on electromagnetic fields that allows
for over-the-horizon communications. This type of
communications is called tropospheric scatter, or
troposcatter for short. Troposcatter takes place mostly
at low altitudes, but some effect takes place at altitudes
of up to 10 miles. Under the right conditions,
troposcatter can take place over hundreds of miles.

A tropospheric scatter microwave system consists
of one or more point-to-point hops (or sections). Each
hop is designed so it can be integrated into the
worldwide communications network of the Defense
Communications System (DCS). Troposcatter links
have the following characteristics:

 Propagation—Free space as affected by the tro-
posphere.

 Communications capacity/bandwidth—Up to
600 4-kHz voice channels; wideband, can accept TV.

 Range—Up to 800 km (500 statute miles).

 RF Power—High; up to 75 kilowatts depending
upon bandwidth, quality, and range.

 Coverage—Point-to-point only.

 Antennas—Both transmitting and receiving
antennas are horn-driven paraboloids providing high
gain and narrow beam widths.

 Reliability—Designed to be operational more
than 99% of the time, including periods of poor propa-
gation.

Countermeasures—Extremely difficult to jam.
Should not be susceptible to nuclear disturbances of the
ionosphere.

Application—Meets the communications re-
quirements between HF sites within its minimum
skywave one-hop distance of about 400 miles and line-
of-site of about 30 miles. It is especially useful where
conditions prevent the use of line-of-sight communica-
tions or if adverse propagation conditions interfere with
other transmission methods.

MULTIPLEXING
As we mentioned earlier, the rf spectrum has

become very congested. The maximum number of
transmissions taking place in the rf spectrum is being
increased through the use of  m u l t i p l e x i n g .
Multiplexing refers to the simultaneous transmission
of two or more messages over the same medium or
channel at the same time. Multiplexing may be
achieved in various ways, but the most common meth-
ods are time-division multiplexing (tdm) and fre-
quency-division multiplexing (fdm). Although several
types of multiplexing equipment are available in the
fleet today, the AN/UCC-1D is the most common.

TIME-DIVISION MULTIPLEXING

Time-Division Multiplexing (Tdm) is a method of
combining analog signals for serial transfer. The signals
are sampled at intervals and interwoven for transmis-
sion. The speed of this multiplexed signal is faster than
the original individual channel speed by a multiple
equal to the number of combined signals. For example,
if 5 signals are multiplexed, the data speed of each sig-
nal must be multiplied by 5 to keep the signals in syn-
chronization. Tdm also results in an increase in the
signal bandwidth because of the increased data speed.

Time-division multiplexing also can be used with
digital signals, but this method is usually called
synchronous multiplexing.

FREQUENCY-DIVISION MULTIPLEXING

Unlike tdm, which samples a portion of the sine
wave, frequency-division multiplexing (fdm)
transmits and receives for the full 360 degrees of the
sine wave. A channel is subdivided into smaller
segments of equal size, called subchannels. Each
subchannel carries a separate signal. Fdm used by the
Navy can generally be divided into two categories,
voice and tty communications. You can find more
information on multiplexing in NEETS, volume 17.
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SINGLE AUDIO SYSTEM (SAS)

The Single Audio System (SAS) was developed to
fulfill the requirement for an integrated secure/non-
secure shipboard voice communications system. It
consists of telephone sets, voice-signal switching de-
vices, various control devices, and field changes to
existing equipment, in conjunction with other ele-
ments of the overall shipboard radio communications
system. The SAS is essentially the baseband (AM
and/or FM ) hf, vhf, or uhf audio subset of the ship-
board exterior communications system. It incorporates
voice communications circuits, user control over the
operating mode (both secure and nonsecure), and
various degrees of operator control over voice circuit
selection. Figure 2-13 shows the major equipment
groups, subsystems, and their interrelationship.

There are two versions of SAS: an automated
system (ASAS) and a manual system (MSAS). The
voice switching equipment and means provided for
user control over circuit selection are the two primary
differences. Information in this section applies to both
ASAS and MSAS, unless otherwise specified.

There is no specific list of equipment that makeup
every SAS installation. There can be different types
and quantities of equipment in each of the groups
identified in figure 2-13. Equipment types and
quantities are dictated by the communications
requirements of individual ships and ship classes. The
publication, Operation and Maintenance Instructions,
Single Audio System, NAVELEX  EE109-CA-OMI-
010/El10 SAS, identifies, in tables 1-1 and 1-2, the
SAS equipment commonly used in the fleet.

SYSTEM CAPABILITIES

The SAS incorporates basic capabilities for setting
up and operating voice communications circuits. An
SAS installation provides the unique capability to
communicate in a secure or nonsecure mode, at the
discretion of the operator, from a single telephone or
NTDS device. This single audio interface with various
crypto or plain subsystems is the essence of the SAS.
The SAS provides the following options:

The user can select the transmit operating mode
except for FLTSATCOM secure voice and
PLAIN configurations.

The system can notify the user of the transmit
operating mode selected, both visually and with
audio indications.

The system can notify the user by visual indica-
tion if the voice station equipment is not con-
nected to a crypto or plain subsystem.

The system can notify the user of any incoming
secure (CIPHER) signals by both visual and
audio indications except for the FLTSATCOM
secure voice configuration.

The user can select a voice channel and have it
indicated visually.

In addition to these capabilities, the ASAS version
has the following features:

 A processor controlled, programmable voice

Figure 2-13.—Single Audio System (SAS).

2-14



A voice switch self-test and fault location read-
out (built-in test).

An audio indication to the user when the voice
switch built-in-test (BIT) detects a trunk line
short.

A technical control monitor phone, incorpo-
rated into the voice switch, which can access all
voice channels.

SYSTEMS EQUIPMENT AND LOCATION

The following paragraphs provide a brief
description of the major equipment included in a
typical SAS installation. Figure 2-13 illustrates the
audio path of the system and the order in which we will
discuss the equipment.

User Station Equipment

User station equipment is located in operations
centers throughout the ship, like the bridge, combat
information center (CIC), flag plot, secondary corm,
and other stations where exterior voice com-
munications are required by the ship’s mission. This
equipment consists of telephone sets, audio amplifiers,
loudspeakers, headsets, recorders, audio jackboxes,
Naval Tactical Data System (NTDS) consoles and
intercom units, and local switching devices for added
system flexibility.

Voice Switching Equipment

The voice switching equipment is a major
component of the SAS. It is the interface and primary
switch between the user’s equipment and all crypto and
plain subsystems. It is designed for very high
interchannel isolation, which is a TEMPEST
requirement for all equipment that handle both secure
and nonsecure signals at the same time. (The ASAS
and MSAS use different switches for this purpose.)

Crypto and Plain Subsystems

The various crypto and plain subsystems are
located in the main communications spaces.
Cryptographic devices and other “red” equipment are
located in a secure area within these spaces. There are
five crypto and plain subsystems used within the SAS:
NESTOR, VINSON, PARKHILL, FLTSATCOM
secure voice, and PLAIN ONLY. Additional classified
information on these subsystems is available on a
need-to-know basis.

Transmitter and Receiver Transfer Switchboards

These equipment are part of the overall exterior
communications switching system and are located in
the main communications spaces, generally in the
vicinity of the technical control working area. The
switchboard equipment group interconnects crypto
and plain subsystem equipment with the appropriate
radio equipment. You should recall from chapter 1 that
these switchboards are also the interconnecting points
for other subsystems within the overall exterior
communications system. Therefore, they are not
unique to the SAS.

Transmit and Receive Radio Equipment

These equipment may be located in both the main
communications spaces and in separate rooms located
in various parts of the ship. This equipment group
consists of the various transceivers, transmitters, and
receivers used for voice nets. The more common
transceivers you will encounter are the AN/SRC-20
series, AN/VRC-46, AN/WSC-3(V)3 and (V)7,
AN/URC-93, and AN/WSC-6. Common transmitters
include the AN/URT-23, AN/URT-24, T-1322/SRC,
and AN/GRT-21. Common receivers are the R-1051
series, R-1903, and AN/GRR-23. For additional
information on individual equipment, refer to that
equipment’s technical manual.

TELETYPEWRITER/FACSIMILE EQUIPMENT
In chapter 1, we discussed different methods of

voice communications. Sometimes, the message is too
long for practical transmission by voice, so to get your
message or idea across, you may need to use a chart,
map, or photograph. Teletype (tty) and facsimile
(FAX) equipment allow us to do this.

In the following paragraphs, we will discuss some
common terms associated with tty and FAX
equipment. We will then look at some basic systems.

MODES OF OPERATION

There are two basic modes of teletypewriter
operation: asynchronous (start-stop) and synchronous.
The asynchronous mode is the most common. The
synchronous mode is used primarily in high-speed data
systems.

Asynchronous Mode

In this mode, the receiving device is only allowed
to run for one character and is then stopped to await the
start signal for the next character. Any differences in
speed between the transmitting and receiving devices
can only accumulate during the time assigned to one
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character. There is a penalty for this advantage.
Character length is increased to include the start
(space) and stop (mark) signals. These start and stop
signals are part of the five unit code (BAUDOT
CODE) shown in figure 2-14.

Synchronous Mode

Synchronous systems have an advantage over
asynchronous systems. The start and stop elements are
not used. This allows more room for information
transmission. Time is not wasted on start and stop
units. Additionally, this mode has a higher capacity to
accept distorted signals because it does not depend on
the start and stop signals for timing.

MODULATION RATE

The terms used in referring to tty modulation rates
or signaling speeds are baud, words per minute (wpm),
and bits per second (bps). Baud is the only term that is
technically accurate. The others are either ap-
proximations or require explanation.

Baud

By definition, the word baud is a unit of
modulation rate. To find the modulation rate of a signal
in bauds, divide 1 by the time interval of the shortest
unit in the signal. For example, 22 milliseconds (.022
see) is the time interval of the shortest unit in the five-
unit code at 60 wpm. To find the number of bauds equal
to 60 wpm, divide 1 by .022. Rounding off the results
provides the figure 45.5, which is the baud equivalent
of 60 wpm. You can see that increasing the wpm means
the unit time interval has decreased.

The most common baudot data speeds range from
45.45 to 100 bauds, or about 60 to 133 wpm. Higher
speeds are obtained using the American National
Standard Code for Information Exchange (ASCII).
This is a seven-unit digital code used for the
transmission of teleprinter information. ASCII is used
primarily with computer systems, but it is also used in
some teletypewriter applications. The Defense
Communications System standard speed for teletype
operation is 100 wpm or 75 baud.
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Words per minute is used only when speaking in
general terms about an approximation of speed. At a
speed of 100 wpm, 100 five-letter words with a space
between them can be transmitted in a 60-second
period. But, you can also get this wpm rate by varying
the modulation rate or the length of individual
characters. Because of this, the baud method of
reference rather than wpm is used.

Bit

In binary signals, the term bit is equivalent to one
place in a binary number. Because of the influence of
computer language, modulation rate is sometimes
expressed as bits per second (bps). When it is expressly
understood that each unit in the baudot character is the
same length, the modulation rate expressed in bps is
the same as the modulation rate expressed in baud.

DC CIRCUITS

The two most common methods of creating the
mark and space conditions are neutral and polar
operation. In neutral operation, current flow represents
the mark and no current flow represents the space. In
polar operation, current impulses of one polarity
represent the mark and impulses of the opposite polarity
represent the space.

Neutral circuits use the presence or absence of
current flow to convey information. These circuits use
high level (60/20 milliamperes) as the line current
value. (Low level operation uses (±6 vdc at 20 micro-
amps and can be balanced or unbalanced). A neutral
teletypewriter circuit consists of a transmitting device,
a current source, a variable resistor to control current, a
receiving device, and a transmission line.

Polar operation differs from neutral operation. In a
polar system information is always present in either a
positive or negative condition. The circuit composition
is the same, but polar operation requires an additional
current source. This current source is usually a solid-
state dc power supply that provides variable current to
the teletypewriters. The extra current source normally
provides current from the positive side for marks and
current from the negative side for spaces.

There are some advantages to using polar circuits
rather than neutral circuits. In a polar circuit, it is
almost impossible to distort a signal by high reactance,
low-line currents, or random patching of circuits or
equipment. A big advantage for the ET is that a com-
plete loss of current (a zero reading on the milliamme-Figure 2-14.—Mark and space signals in the teletypewriter-
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ter) quickly indicates line or equipment trouble. Using
neutral signaling, this may only indicate that a steady
space is being transmitted. This condition is known as
running open. The teletype appears to be running
because it is decoding the constant spaces that cause
the type hammer to continually strike the type box, but
there is no printing or movement across the page.

BASIC SYSTEMS
When teletypewriters are wire-connected

(looped), the exchange of information between them is
direct. When they are not physically joined, exchange
of information is more complex. Dc mark and space
intervals cannot be sent through the air. The gap
between the machines must be bridged using
transmitters and receivers. The transmitter carrier

wave is used to carry the mark and space information.
A keyer is used to change the dc pulses from the tty into
mark and space modulation for the transmitter carrier
wave. The receiver and a convertor are needed to
change the rf signal back to dc pulses.

RADIO ACTUATED TELETYPE
(RATT) SYSTEMS

The Navy’s two basic RATT systems are the tone
modulated system known as audio frequency tone shift
(AFTS), and the carrier frequency shift system known
as radio frequency carrier shift (RFCS). The RFCS sys-
tem is commonly called frequency shift keying (fsk).

For fsk systems, the transmitter provides a source
of rf excitation. Figure 2-15 illustrates a basic fsk

Figure 2-15.—Basic carrier frequency shift (RFCS) system.
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system. You will find that the keyer is part of the
transmitter in modern systems. The keyer shifts the
signal below or above the assigned frequency,
corresponding to the mark or space required for tty
transmission. Usually, the keyer is adjusted for 850 Hz
(425 Hz above and 425 Hz below the assigned
frequency). A space will be 425 Hz above and a mark
will be 425 Hz below the operating frequency.

AFTS systems use amplitude modulation to
change dc mark and space pulses into audio. A basic
tone-modulated system is shown in figure 2-16. The
audio conversion is done by an audio oscillator in the
tone convertor. Varying the tone according to the
characters transmitted from the tty equipment

amplitude-modulates the transmitter carrier wave. The

receiver demodulates this signal, separating the audio

signal from the carrier.

In both the RFCS and AFTS systems, the tty

signals pass through the panel that controls looping

current. Looping current is the current supplied by the

tty solid-state power supply. The tty panel integrates

the tone-modulated and carrier-frequency shift

systems. By allowing the tty equipment to be set up in

any configuration desired, this panel gives the

operators maximum operational flexibility with the

least amount of circuitry and equipment.

Figure 2-16.—Basic tone-modulated (AFTS) system.
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SIMPLEX RFCS TELETYPE SYSTEM

A simplex communications circuit consists of a
single channel, which may have two or more stations
communicating over it. However, they cannot
communicate at the same time. The stations have to
alternate using the channel.

RFCS teletype systems are used in the lf to hf band
for long-range communications. To reduce fading
and interference, the Navy uses two methods of
diversity reception called space diversity a n d
frequency diversity. In space diversity reception, the

transmitted signal is received by two or more antennas
spaced at distances greater than one wavelength.
Because of the spacing requirements, space diversity is
normally limited to shore stations. In frequency
diversity, two or more signals are transmitted on
differing frequencies, but carry the same intelligence.
Another type of frequency diversity is called a f
diversi ty  or tone diversi ty  and is used with
multichannel broadcasts.

A simplified block of a simplex RFCS system is
shown in figure 2-17.

Figure 2-17.—Simplex RFCS system.
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RFSC SEND Patch Panels

In the following paragraphs, we will discuss the
equipment shown in the RFCS transmit (send) system
in figure 2-18.

Teletypewriter Sets

The Model 28 family and the AN/UGC-143 series
are the two tty sets currently used by the Navy.
Although the AN/UGC-143 is not shown in figure
2-17, we will discuss its characteristics later. There are
several tty sets included in the Model 28 family with
varying weights and sizes. They feature high operating
speeds, quiet operation, and are particularly suited for
shipboard use under the severe conditions of roll,
vibration, and shock.

Model 28 tty’s may be composed of the following
components, depending upon their specific function: a
cabinet, keyboard, page printer, typing perforator,
transmitter distributor, typing reperforator, power
distribution panels, and power supply.

All equipment components are housed in the
cabinet. Transmissions are initiated through the
keyboard or transmitter distributor. Received signals
are printed on the page printer .  Monitored
transmissions can also be printed on the page printer.
The typing perforator and reperforator are used for
preparing tapes that can be stored for future
transmission through the transmitter distributor.

The AN/UGC-143A(V) is also known as the Navy
Standard Teleprinter (NST) and has the following
characteristics:

Fully automated

Accepts Baudot code or ASCII

Bulk storage unit contains tape drives similar to
those found in the AN/USH-26

Can be configured to interface with Navy
standard personal computers

Fully compatible with current crypto devices

Capable of supporting paper tape operations

Tty panels SB-1203/UG and SB-1210/UGQ
are used for interconnection and transfer of
shipboard tty equipment. The SB-1203/UG is a
general-use panel and the SB-1210/UGQ is intended
for use with crypto. In addition, tty panels furnish a
central point for connecting the dc supply into the
teletypewriter circuits. So, one source of supply can
be used for all the circuits passing through a
particular panel.

One procedural note: Anyone patching or
unpatching circuits from a tty panel must be sure to
pull the plug from the looping jack before
removing the other plug from the set (machine)
jack. Pulling the set jack first interrupts all tty
message traffic on that channel. I T  A L S O
PRODUCES A DANGEROUS DC VOLTAGE
ON THE EXPOSED PLUG!

Cryptographic Equipment

Cryptographic equipment is used to encode and
decode messages that require security handling. To do
this, the crypto equipment must be compatible on both
the transmit and receive ends.

Remote Transmitter Control

The remote transmitter control unit is mounted
close to the tty keyboard, and permits remote
control of the transmitter. For RFCS operation, the
operator sets the three-position rotary switch to
CFS SEND to transmit and CFS REC for receiv-
ing. The TONE S/R position is used for AFTS
transmit and receive.

Transmitter Switchboard

The SB-863/SRT switchboard is used in this
system to connect the remote transmitter control to the
transmitter to be used.

Transmitter

The transmitter is used to transmit the RFCS
signal. It is important that the operator tune the
transmitter to the proper frequency.
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Figure 2-18.
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RFCS RECEIVE SYSTEM

The RFCS receive system shown in figure 2-19 is
used to receive the transmitted signal and convert it
back to a usable tty output.

Antenna Filter

The antenna filter receives the rf signal from the
antenna and filters out any unwanted signals so only
the proper band of frequencies are passed on to the
receiver.

Radio Receiver

The receiver translates the rf signal to an audio
signal.

Receiver Transfer Switchboard

The switchboard is used to connect the receiver to
any one of the convertors in the convertor group.

Convertor/Comparator Group

The convertor/comparator group is used with
receivers in either space diversity or frequency
diversity operation to convert the frequency shift af
signal from the receiver into dc pulses that open and
close the dc loop according to the mark and space
characters received. When the system is not using
diversity operation, each convertor can be used with a
separate receiver.

Figure 2-19.—RFCS receive system.
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The comparator section of the convertor compares
the signals received in the diversity mode and allows
only the stronger signal to be passed on to the
communication patch panel.

Communication Patch Panel

The communication patch panel performs the
same function on the receive side as it does on the
transmit side.

Crypto Equipment

The crypto equipment decodes the received signal
so it can be printed out in its original form.

Teletype

The tty equipment converts the dc pulses from the
patch panel to a printed copy of the original message.
The tty shown is a page printer only and does not have
transmit capability.

AFTS SYSTEM

Figure 2-20 is a block diagram of a half-duplex uhf
system. Half-duplex communication can be in
either direction, but cannot happen at the same time.
The term half-duplex is qualified by adding send only,
receive only, or send or receive.

AFTS Transmit

Dc signals from the tty are sent to the com-
munications patch panel where they are fed to the tone
terminal set. The tone terminal set converts the dc
signals into audio tone-shift signals. The audio tone-
shift signals are patched to the transmit side of the
transceiver  through the transmitter  t ransfer
switchboard. The audio tone-shift signals are then used
to modulate the rf carrier for transmission.

AFTS Receive

The rf tone-modulated signals are received at the
antenna and then patched, via the multicoupler, to the
receive side of the transceiver, where demodulation to
audio tone-shift signals takes place. The signals are
then patched to the tone terminal set through the re-
ceiver transfer switchboard, where they are converted
back to dc signals. The dc signals are then patched
through the communication patch panel to the tty.

FACSIMILE

Facsimile (FAX) is a method of transmitting still
images over a communications system. The images
may be weather maps, photographs, sketches,
typewritten or printed text, or handwriting. Military

use of FAS is primarily limited to transmission and
reception of weather maps. Because of long
transmission times, its tactical uses are limited.

TEMPEST

Compromising emanations, generally called
TEMPEST, are unintentional data-related or
intelligence-bearing signals which, if intercepted or
analyzed, can disclose the classified information
transmitted, received, handled, or otherwise
processed by electrical information processing
equipment or systems.

The Navy uses MIL-STD-1680 (SHIPS),
Installation Criteria for Shipboard Secure Electrical
Processing Systems, as the guide for TEMPEST.
Within communications centers, ETs must understand
and be familiar with both RED and B L A C K
designated systems and equipment. The RED and
BLACK designations are explained in the following
paragraphs.

RED CRITERIA

The RED designation applies to all crypto

equipment, subscriber terminal equipment, and

interconnecting conductors involved in processing

classified plain language information. It also applies

Figure 2-20.—Half-dup1ex AFTS teletype system.
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to primary power circuits, dc circuits, control wiring,
and ground conductors serving cryptographic
equipment and subscriber terminal equipment that are
designated RED.

The RED designation also applies to junction
boxes, distribution frames, terminal boxes, conduit,
ducts, cable racks and hangers, patching and switching
panels, cabinets, power distribution panels (both ac
and dc), and other ancillary equipment serving the
conductors and equipment mentioned above.

Primary Red

Any conductor intended to carry classified plain
language terminating in RED equipment or the RED
side of crypto equipment is designated PRIMARY
RED.

Secondary Red

Any conductor, other than PRIMARY RED, that
connects to RED equipment, the RED side of crypto
equipment, or the RED side of isolation devices, and
does not intentionally carry classified information, but
because of the coupling mechanism with the RED
equipment might carry compromising information, is
designated SECONDARY RED. Some examples you
are probably familiar with are indicator lines, and
control and timing lines. Power distribution panels and

grounding systems serving RED conductors are also
designated SECONDARY RED.

BLACK CRITERIA

The BLACK designation applies to all conductors
and equipment involved in handling or processing
unclassified plain language and encrypted information
in electrical form. It also applies to all facilities and
circuits that are not designated RED.

PORTABLE AND PACK RADIO
EQUIPMENT

Because portable and pack radio sets must
be lightweight, compact, and self-contained, they
are usually battery- or generator-powered, have low
output power, and are either transceivers or
transmitter-receivers. Navy ships and Special Forces
carry a variety of these radio sets for amphibious and
emergency communications, with the equipment type
varying according to the needs of the ship or command.
The following paragraphs introduce some of these
equipment.

AN/CRT-3A

Radio transmitter AN/CRT-3A, popularly known
as the “Gibson girl,” is a rugged emergency transmitter
carried aboard ships and aircraft for use in lifeboats
and liferafts. Shown in figure 2-21, it operates on the

Figure 2-21.—Emergency Transmitter AN/CRT-3A.
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international distress frequency (500 kHz) and the
survival craft communication frequency (8363 kHz).
No receiving equipment is included.

AN/PRC-70

The AN/PRC-70 is a multimode (FM, CW, FSK,
SSB, AM) manpack radio set operating in the 2.0-to
75.9999-MHz frequency range.

AN/PRC-77

The AN/PRC-77, shown in figure 2-22, is an FM,
short-range, 920 channel vhf radio operating in the 30-
to 75.95-MHz frequency range. Figure 2-22 (view A)
shows the pack frame, the handset, and accessory
pouch. View B shows the transmitter-receiver. When
not in use, the equipment is stored in a special
aluminum case.

AN/PRC-96

The AN/PRC-96 portable transceiver, shown in
figure 2-23, is dual-channeled, battery-powered, and
provides homing and two-way voice communications
between liferafts and searching ships and aircraft, on
the 121.5 and 243 MHz “guard” channels.

AN/PRC-104

The AN/PRC-104, shown in figure 2-24, is a

lightweight radio transceiver that operates in the hf

band and can be tuned from 2.0 to 29.9999 MHz. It

operates in the ssb (usb or lsb) modes for voice

communications, CW for Morse code, and FSK for

Figure 2-22.—Radio Set AN/PRC-77. Figure 2-23.—Transceiver AN/PRC-96.

2-25



Figure 2-24.—Transceiver AN/PRC-104.

transmission of tty or other data. It can be used in the
man-pack configuration or can be configured for
vehicular or fixed station operation.

Unlike older radio sets, there are no front panel
meters or indicator lights on the AN/PRC-104. All
functions are monitored by the radio itself and
communicated through the handset in the form of
audio tones. This is extremely useful during tac-
tical black-out operations. Newer versions of the
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AN/PRC-104 have modified the R/T section of the
radio, but the above information still applies.

AN/PRC-113

The AN/PRC-l13 is a two-band (vhf and uhf)
amplitude modulated transmitter-receiver, which
operates at 116.0 through 149.975 MHz in the vhf band
and 225.0 through 399.975 Mhz in the uhf band.
When interfaced with TSEC/KY-57 crypto



equipment, this radio can operate in AM voice, or AM
secure voice.

AN/PRC-117

The AN/PRC-117 Full-Band Frequency-Hopping
VHF-FM Manpack Transceiver with integrated
COMSEC, shown in figure 2-25, operates in the 30-to

89.975-MHz frequency range and contains a built-in
COMSEC capability that is compatible with VINSON
KY-57/58 equipment.

Frequency-hopping is an advanced method of
ECCM (Electronic Counter-Counter-Measure). You
should remember that a standard FM transmission is
centered on a specific carrier frequency, which means
it can be easily detected, monitored, or jammed. In

Figure 2-25—Transceiver AN/PRC-117.
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frequency hopping, no single carrier is used. Instead,
the transmitter hops around the band in a random
pattern, spending only a few milliseconds on any one
frequency. This makes the signal difficult to detect and
extremely difficult to monitor or jam.

AN/PSC-3

Backpack radio set AN/PSC-3 is a portable,
battery-powered, half-duplex uhf transceiver operat-
ing in the 225.0- to 399.995-MHz range. It provides
two-way voice (secure and plain) and data com-
munications via satellite relay (SAT) or line-of-sight
(los) modes. Radio set AN/PSC-3 components are
shown in figure 2-26.

One important feature of the AN/PSC-3 is its
ability to interface directly with the AN/PRC-70,
AN/PRC-77, and other vhf-capable radios, which
provides a satellite link for vhf tactical equipment.
This provides away to retransmit vhf information from
one of these radios by (1) converting vhf to uhf, (2)
transmitting through a satellite to another AN/PRC-3,
(3) demodulating it and passing it directly to another

Figure 2-26.—Radio Set AN/PSC-3.
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AN/PRC-70/77, which could then (4) retransmit the
information as vhf. This greatly enhances com-
munications capability and extends the com-
munications range. A basic retransmission setup is
shown in figure 2-27.

DIGITAL MESSAGE DEVICE GROUP
(DMDG)

The DMDG is part of the Special Forces Burst
Communications System. It is used with radio sets
AN/PRC-70/74 and AN/PSC-3 to send and receive
messages. Messages are typed on the KY-879/P
keyboard (shown in figure 2-28), which displays the
message as it is being typed and stored in memory.
When the message is ready to be sent, the operator
selects the proper mode and the device converts the
message to digital information. The digital in-
formation is sent to one of the above radios for
transmission. After the information is received at the
other end, it is sent to another KY-879/P, where the
message can be read on the device’s display screen.

The device can send messages at 300 or 1200 baud
in the satellite mode and 266.6 baud when connected to
the AN/PRC-70/74.

INTRODUCTION TO
COMMUNICATIONS LINK

INTERFACE PLANNING SYSTEM
(CLIPS)

The Communications Link Interface Planning
System (CLIPS) was introduced to the Joint Special
Operations Community in 1986. CLIPS is a system
designed to help the communications planner

Figure 2-27.—Basic retransmission scheme.



Figure 2-28.—KY-879/P keyboard.

determine interoperability in joint operations
involving single-channel tactical radio equipment.

Equipment planning in the Special Operations
Community is complicated by the wide variety of
equipment used and the highly variable and rapidly
changing nature of the operational settings. Because
most communications requirements for  this
community are satisfied by single-channel, full-
duplex radio links, CLIPS was designed primarily to
help plan this type of communications link. Equipment
covered under CLIPS is specifically limited to radios,
modems, crypto devices, input/output data terminals,
and packet controllers normally used to establish these
radio links.

The CLIPS program is designed for use with IBM

PC or compatible computers using MS-DOS. It is

designed to provide solutions to equipment planning

and link configuration problems by considering all the

factors involved and automatically determining the

“best” system to be used by each participant in the

communications link. The CLIPS program in-

corporates the knowledge of experienced com-

munications personnel, equipment specifications,

circuit planning rules, and equipment inventories in a

way that makes communications planning straight-

forward, easy, and objective.
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