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Abstract

This report covers a multi-task program directed at improving tactical
voice communications by improving signaling and supervisory control (SSC)
through the use of semiautomatic signaling. Included is the consideration of
multiple -access discrete-address as a means of sharing channel communications
capacity. This report presents a suggested Signaling and Supervisory Control
(SSC) plan.

Indications are that the implementation of SSC incorporating semiautomatic
signalers should result in greatly improved tactical voice communications by
reducing the time needed for supervisory traffic, by using faster and more posi-
tive call establishment, and by allowing a more efficient sharing of available fre-
quencies and equipment. No major changes in either communications procedures
or existing radio equipment are proposed. Primary emphasis has been placed on
voice nets, although many forms of data and record traffic can benefit similarly.

An evolutionary program of improving SSC is feasible using signalers and is
recommended. Certain characteristics of tactical communications are presented,
SSC functions are defined and selected in order of priority; how signalers would
be utilized is described, a general implementation plan is presented, techniques
for estimating the grade of service and channel loading are included along with an

approach to combining functional nets on one or more channels.
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Research in Developing a Signaling and Supervisory

Control Plan for Tactical Navy Communications Systems

1. INTRODUCTION AND SUMMARY

1.1 Background and General Discussion

The SSC plan described in this report is the result of a search for a means to
significantly improve Tactical Navy Voice Communications in a practical and
evolutionary way without requiring massive injections of new radio equipment and
without major changes in general radiotelephone procedures. The resulting con-
cept essentially entails the substitution of digital signals for the call establishing
methods used with conventional radiotelephone voice supervisory signaling
(Foxtrot, this is Wagon Wheel, over) and the inclusion of a trunking capability by
way of providing a subscriber handy access to more than one radio channel. Thus,
the basic plan provides for the use of digital signaling and displays to achieve
faster and positive establishing of calls and more effective sharing of radio capa-
city among nets and subscribers,.

This report documents a recommended Signaling and Supervisory Control
(SSC) Plan for the implementation of semiautomatic digital signaling into Tactical
Navy Voice Communications. The plan described here calls for the incremental
and evolutionary introduction into the fleet of semiautomatic digital signalers and
in time the introduction of automated Self-Organizing Multiple-Access Discrete-

Address (SOMADA)! communications equipment. Automation is achieved by

1. See Glossary



incorporation of a special-purpose digital controller called a Traffic Control and
Switching Unit (T'CSU). The TCSU is so-called because it controls radio traffic
by servicing subscriber requests for access to a channel in accordance with the
communications annex to the operations order, the system is intended to improve
service, improve spectrum and radio equipment utilization and to facilitate the
training and employment of personnel involved in tactical communications.

The overall concept was formulated during an earlier program under Contract
No. Nonr 4334(00). The term SOMADA1 was derived to label the system. In that

program it was found that a disproportionate amount of circuit time was spent in

supervisory signaling2 as compared to the message exchange and that spectrum
utilization was poor. At times some tactical radio channels are completely over-
loaded while others have capacity to spare. This is attributable in part to the
practice of assigning each functional net (PRITAC, CI, etc.) to its own dedicated
channel andin parttothe excess time required to establish calls, particularly net
calls with authentication.

Under the present contract N00014—67—C-0425§ TCC was funded to pursue a
realization of the recommendations presented in its earlier work. This has been
accomplished through the use of laboratory experimentation, computer simulation,
and limited shipboard tests using twelve experimental semiautomatic signalers.
The communications signaling and supervisory control plan presented here is the

result of that work.

1.2 Some Definitions Related to Signaling and Supervisory Control (SSC)

We start with a few definitions upon which others depend.

A channel is usually synonymous with a radio frequency allocation. A circuit
may be the same as a channel or a number of circuits, such as teletype, may be
multiplexed on one channel.

A switch or switching unit is used to make connections between different
channels or circuits. Switching may take place at both audio and radio frequencies.
For the most part, audio level switching is implied in this report.

Semiautomatic signalers are devices permitting the operator to generate the ::
desired signals and to provide visual and audio displays and alarms, The signalers
transmit and receive digital and analog signals and serve as the interface between
the operator and the communication system.

Although SSC and other terms are defiﬁed in the Glossary it is important to
have, at the onset, a clear understanding of what some of them mean. In its
entirety SSC means everything it takes in the way of procedures, signals and
equipment to properly utilize the capacity of a communications system, exclusive
of the message text itself. In this case we are constraining the meaning of system

to those used for tactical voice communications.

"1. See Reference 1
2. See Glossary
3. See Reference 2



Independent of the type of information exchanged in a communication system
or its specific use, signaling and supervisory control essentially has to accomplish
a number of basic things. Primarily SSC is utilized to allocate capacity to those
subscribers who require it for the time they have to use it, to establish and break
calls, and to control the use of terminal devices. SSC also represents the where-
withal needed to lend organization to communication systems,.

Signaling is the way a communications system's supervisory control planis
implemented. A supervisory control system is one of the governing influences on
the percentage of time that must be allocated to signaling which in turn determines
the remaining percentage available for information exchange.

To be more specific, SSC embraces the signals and procedures needed to
identify and select channels, identify subscribers and nets, establish calls (ring-up
and ring-back), terminate calls, relinquish channels, achieve special functions,
etc. In short, it is all signals and traffic other than the information-bearing
message.

Improved signaling and supervisory control (SSC) should achieve, in particular:

1. Minimization of time on circuit through automatic signaling, thus increasing
the effective message capacity, improving speed and reliability, and reducing errors.

2, EBfficient sharing of the radio capacity, with the improvements mentioned
above,

3. Assuring positive and rapid call placement and completion.

4, Improved and more effective use of personnel involved in communications.

5. Utilization of fewer radios.

In realizing the above -mentioned objectives, the following considerations are
particularly important:

1. Since capacity is needed for a large number of potential subscribers, it
must be used in an optimum yet flexible manner to maximize the information trans-
fer per unit time, bandwidth, and power.

2. Interfacing with any reasonable form of radio frequency (RF) modulation,
coding, or terminal equipment, present or future, is essential; this involves
growth potential, but also immediate applicability to existing channels and
operations.

3. Minimal change in present procedures should take place; training require-
ments and unfamiliar operations must be minimized.

4, Interfacing with users of many forms of communication such as voice,
RATT, broadcast, joint operation command and control systems, long-haul traf-
fic (NCS, DCS), and other Service's communications must be assured.

5. The SSC function should not in any way constitute a weak link in the system

with respect to security, reliability, or vulnerability.



6. Setup time and ndr{information—bearing traffic must be reduced to a
minimum.

7. Traffic must be capable of flowing in any direction and among any number
of subscribers in net or individual arrangements. Channels may be used for net
calls, ¥ conference calls, 8 discrete calls, 4 or special calls such as radio tele-
type, data, or preformatted messages; the allocation of available capacity to
these uses should be flexible and easily changeable.

SSC functions to be considered for achieving the capabilities discussed above
are shown in Table 1. 1. A more detailed and inclusive listing of functions will be

found later in the report.

Table 1.1 Signaling Functions

No. Signaling Function

1 Net/channel Status (busy or free) and Selection
of free channel

2 Ring-up (net, conference, or individual)
, 3 Calling-party identification
4 Ring-back (manually initiated); authentication

code included

5 Ring-off/Release: positive indication of free
channel (for use with SOMADA TCSU)

6% Pre-empt: manually-initiated request to clear
channel, including identity of pre-emptor.

T3 - Hold -call (caller identity displayed even thoug
addressee busy) '

8% Pre-formatted Special messages (Emergency,
EMCON, etc.)

9 Channel claim: Signaling interpreted by all
signalers to decide the first caller in a first-
come, first-served situation.

* Further analysis is necessary to determine the applicability of this
function.

4, See Glossary




1.3 Navy Communication Traffic Considerations

Naval tactical communications are characterized by low individual duty
cycles. Users of such systems make relatively short duration calls; they need
fast access to the system with positive call-up and positive call-back and
authentication. Thus, it is particularly important that SSC be efficient. With a
large number of relatively short duration calls being made, an inefficient SSC
operation uses up a disproportionately larger segment of the time for SSC as com-
pared to a situation where there are relatively few calls but of long duration.

As is evident, the statistics of traffic utlization play a major role in deter -
mining what type of SSC is best. Using the two examples cited above, a system
serving users that make relatively few calls of long duration could tolerate a
relatively inefficient SSC scheme while maintaining a fairly high degree of overall
system efficiency. Where numerous short duration calls are made the communi-
cations system having an inefficient SSC scheme cannot provide efficient usage
because SSC requires too much spectrum usage per unit time,

The latter case is precisely what has happened to much of tactical voice nets.
The present forms of voice SSC (prowords) take up a large percent of the total
transmission time for each message because the information (text) part of most
tactical transmissions is short while the voice SSC is of a fixed minimum duration
regardless of the length of the text. Over a large number of short calls, voice
SSC requires over fifty per cent of the circuit capacity.

The other element of traffic statistics bearing on the problem is that of duty
cycles and sharing of capacity. The use of improved SSC should result in addi-
tional effective capacity that is made available for information exchange., It is
then possible to place additional subscribers (nets) on the channels and thus reduce

the number of channels needed to satisfy a given operational requirement.

1.4 Intent and Scope of the SSC Plan

From an organization viewpoint, one of the first things that SSC should do is
identify the users of a particular system. This may be accomplished through the
use of telephone numbers, by voice call signs, or by any other reasonable means
of identifying subscribers or terminal points within the system. Most military
communications plans further subdivide subscribers into subsets having similar
functional requirements. This is usually done on the basis of nets, each sub-
scriber to a net being assigned to the same channel. If a subscriber has to talk
to subscribers who are not on the same net, he must participate in more than one
net and on more than one channel. This leads to a situation where at some nodes
(CIC, etc.), there is either a subscriber or a number of subscribers who are par-

ticipants in more than one net and channel.



In the plan proposed here each subscriber station has both a three-digit
address and a voice call sign. There are also collective (group) call signs and

three-digit addresses to identify groups such as nets and various sub-groups.

The SSC plan provides a description of how subscribers are identified and
how different system organizations are handled. In an actual operation there is a
need to accommodate various operational configurations and mixes of equipment
including unequipped users.

The SSC plan also covers the specific signaling functions, their method of
implementation, and how they will be used. Other facets of the plan include topics
such as overall system implementation, assignment to channels, compatibility,
doctrine, and to a lesser extent the SOMADA concept. Primary emphasis is on

voice surface communications although satellite communications are also included.

1.5 Philosophy of lmplementation

The underlying philosophy behind the SSC Plan is one of gradual (evolutionary)
implementation of semiautomatic digital signalers without serious disruption of
communications planning and use. The plan calls for the equipment to be capable
of operating through an audio interface and under conditions where there are
equipped and unequipped units on the same channels and in the same operation.
Compatibility with different systems and with the automated SOMADA system is
also called for. Thus, the plan describes how a mix of semiautomatic (single
and bichannel) signalers, unequipped conventional operators, and SOMADA equipped
stations can be implemented and operate in a common environment,

A two-step program is recommended. The first step is to incorporate semi-

automatic digital signalers having bichannel capability on present channels. This

should reduce the signaling time significantly and provide limited trunking (Multiple

Access). The use of signalers will also permit the addition of more subscribers
per channel than is presently possible, the use of fewer channels spread farther
apart in frequency, and the use of the best RF equipment to support the fewer cir-
cuits rather than having numerous channels, many of them supported by poorer
quality equipment.

The second step is the addition of the SOMADA system using a smaller number
of conventional analog circuits combined with automatic control and the improved

form of digital signaling. The major difference between this system and the pre-

vious one is the incorporation of automatic control in the form of a Traffic
Control and Switching Unit (TCSU) to control the signaling process and the
selection of channels, thus providing multiple access by any subscriber to any
free channel on an "as available" basis. This will produce additional improve-
ments in the grade of service while actually reducing the number of required chan-

nels. Another advantage to this approach is the ability to provide telephone -type



service. The system would be compatible with those units using signalers alone.
An anticipated benefit from this addition would be a further reduction in the number

of antennas on board ships and the subsequent improvement of radiation patterns.



1.6 Summary of the Proposed Plan

The SSC plan recommended by TCC is one utilizing Signalers with different
capabilities with respect to signaling functions. Table 3. 2 is repeated here to
identify which signaling functions are associated with different model signalers.

The plan calls for substituting semiautomatic and fully automatic digital
signaling and switching for voice radiotelephone call establishing procedures and
in the case of SOMADA for the channel selecting operation. This SSC plan is
predicated on the advantages of digital signaling for the call establishment opera-
tion coupled with the ability to Have multiple access to more than one RF channel
from any given location.

Implementation of the proposed plan would permit any operator to have access
to different RF channels from one location using one basic device without the need
to change different hand sets and RPU's.

Higher channel loading is also incorporated in the plan. This coupled with
improved SSC should result in a reduction in the amount of RF channels and assoc -
iated equipment needed to provide a given service.

The plan calls for a compatible mix of signaling equipment in the fleet, Thus,
users equipped with the 200 and 300 model signalers may communicate with SOMADA
equipped users and all may communicate with unequipped users. The ability to
accommodate mixes of users with different model signalers or with those that are
unequipped is a paramount consideration with respect to providing a vehicle for an
orderly evolutionary implementation of the equipment into service.

The work to date has produced a functional description of various signaler
models and a suggested implementation plan. We offer here TCC's suggestions
for future work more concerned with detailed operational considerations.

First, field testing (at sea, if possible) should be performed at the earliest
opportunity to determine the utility of such untried features as channel claim,
subscriber busy, hold call, and preempt. Channel claim, in particular, requires
evaluation because it offers promise as the solution to the question of determining
who has the right of way in a first-come, first-served system. TCC has always
considered the other signaling functions mentioned above as desirable; we concede,
however, the very obvious condition that they are unproven in operational use.
Even dock-side testing should prove useful,

TCC feels that its TSK modem (proprietary) offers the best solution for the
audio signal generation and detection problem. The questions of error-correcting
codes and majority logic approaches incorporated in the digital logic must be
investigated to determine whether the features actually incorporated in the 12
experimental signalers are best suited for operational use in light of dock-side

tests currently being evaluated.




Table 3. 2

COMPARISON OF SIGNALING FUNCTIONS AND SIGNALER MODEL

Signaling Model Model | Ml%%zl f 1\/200%% ‘ SOMADA

Function/signal 300 200 | (Base) | (Remote) |
Ring-up X X 1 X ; X i X
Ring-back X X ; X ! X X
Subscriber Busy X { X
Hold Call X | i | X
Preempt X X
Channel Status X " ' X
Channel Claim* ? Al BRI o  x
Special Message X i x
Tone Signaling X X X X | X
End of Call X | X
Bichannel Operation b’e X ] NA
Internal Routing 1 !
& Distribution : %
Emission Control i | X
RF Terminal 1 3 |
Equipment Control * | X
Mis. Special Functions i i X

*This signal could be included in any of the signalers but further field test-
ing is needed to make that determination. See Paragraph 3. 1.1 for a discussion

of the channel claim signal as a channel status indicator and control.
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TCC also recommends that the questions of how a particular functional
signaler description is best realized in hardware should receive intense investiga-
tion. Navy communicators with extensive operational experience must be con-
sulted so that optimum size, weight, controls, etc. are achieved regardless of
the particular Signaler model. This is no small task; it is conceivable that con-
clusions reached in this phase of investigation may actually be profound enough
to affect the functional description of the Signaler model in question. In total, the
concept of the semiautomatic digital signalers and the SOMADA evolutionary

approach continue to show considerable promise.
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2. OBJECTIVES OF IMPROVED SSC

2.1 Areas of Improvement

Objectives of improved SSCareto improx}e communications service, to permit
more flexible and efficient use of equipment and radio spectrum, tc reduce the amount
of RF equipment, to reduce RFI, to reduce the number of communications personnel
presently required, and to ease the difficulty of training these personnel to com-
municate effectively.

Improvements are particularly desirable in the signaling operations used for
establishing calls. There is a need for positive call indication and positive
response under conditions of dim light, high noise level, and confusion.

Basically, call establishment consists of indicating to the addressee that a
call is present (ring-up), identifying the calling party, indicating if the call is dis-
crete, net, or conference and providing for a response to the calling party showing
that the called party is ready to accept the call (ring-back).

Secondly, there is a need to reduce holding time on circuits. The use of
voice prowords and standard radiotelephone procedures often requires a greater
portion of the total holding time than does the basic message. There is also a
good deal of uncertainty associated with voice signaling under adverse communi-
cation conditions. Mechanization of signaling will reduce SSC time to a fraction
of that presently required.

There appears to be a need for special functions not presently usedor available.
Included are items such as preempt, hold call, and subscriber busy. While not
considered part of normal signaling, many prowords also lend themselves to a
substitution of pre-formatted digital or analog signals. Some of these terms are
OVER, ROGER, WILCO, etc.

A uniform load distribution is desired on all channels used in a system as
compared to present distributions that overload some circuits at a moment in
time when other circuits have considerable unused capacity. This can be achieved
on conventional circuits to some extent by using traffic characteristics and ser-
vice requirements, as well as functional assignment and "the need to talk", as a
basis for assigning subscribers to a channel. The addition of signalers with
bichannel operation permits additional uniformity in loading. The SOMADA sys-

tem goes even further toward providing uniform loading.

2.2 Applicable SSC Funetions

Listed below are the broad and general functions of signaling and supervisory
control (SSC) that are involved in implementing improvements:
(a) channel definition, in which the separate channels or circuits are set up
and identified;
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(b) channel assignments and selection, in which these channels are assigned
temporarily or permanently;

(c) calling functions, which are signals used to establish and break calls:
ring-up, ring-back (acknowledgment), channel release, etc.;

(d) special functions, which are signals used for other purposes such as
prowords, preempt, hold call, subscriber busy, pre-formatted messages,
ete.

A more detailed listing of signaling functions follows. Table 2. 1 provides a com-
parison of how various signaling functions are accomplished using standard radio-
telephone procedures, signalers and the SOMADA TCSU.

2.3 Summary

Any proposed plan for improved SSC must be measured against the standard
of the desired end result: better service and improved utilization of the spectrum
available. All other manifestations of improved SSC are of secondary importance:
reduced RFI, reduced equipment inventofies, reduced manpower and training
requirements should not be ignored; but it should be emphasized that they are the
necessary outgrowth of a more important consideration, more efficient use of
the RF spectrum and better service.

One obvious way to measure spectrum efficiency is in terms of message
capacity per unit bandwidth. The SSC plan proposed in this report should increase
this message capacity by increasing message loading through the judicious com-
bination of functional nets onto a single channel. Increased capacity also comes
from the automation of much of the signaling required to establish a call. This
automation results in a decrease in system overhead thus increasing the message
capacity.

It should be noted that the potential for manpower reduction comes from two
aspects of improved system performance. The reduction of radio equipment
inventory means a reduction in supporting maintenance personnel; and a reduction
in system overhead means that opportunity exists to eliminate the talkers cur-

rently associated with a communications station.




Table 2.1 COMPARATIVE CHART OF SIGNALING FUNCTIONS

Func}:ion to be

Conventional Radio-

Single and Bichannel

SOMADA TCSU

Performed telephone procedure Signalers
Channel Frequency band (analog) Operates with any Same as signalers
Definition and in the future time channel, analog, digital,
slots or code division or code
Channel Listening for traffic Channel Busy light or . Channel Busy signal,
Status on channel listening claim and release signals

(Busy or Free)

(Operator has a busy light
as with signalers or has
option to listen).

Channel
Selection
and Acquisition

Pre-assigned, operator
has no choice (net control
may be used)

Single channel is pre-
assigned. Bichannel
has choice of two (net
control may be used)

Normally TCSU automati~
cally selects any free
channel (Operator may
override and select the
channel desired if it is free

Call (Ring-Up)

Voice call sign of called
and calling party. (Takes
about 4 seconds)

Digital message of
calling and called
addresses. (Operator
may use conventional
voice call signs if
desired)

Same as signalers

Ring-Back
Response
(Acknowledgment)

Voice response of called
party's call sign with
authentication code word

Digital message of complex
structure to insure identifi-
cation of called party

Same as signalers

€1



Text of

6. Voice Conversation i Voice Conversation Voice Conversation
Message l
- -] - _TI el e S
7. Exchange Voice prowords (a ;  Voice prowords or tone Voice prowords or tone
Control Functions proword takes about one | signals signals
(OVER, BREAK, second)
WILCO, etc.)
i
8. Preempt Voice call for channel l Digital preempt message. | Same as signalers
(Claim Channel) or silence on channel. (Takes about 7 seconds
(Takes about 15 seconds) | depending on count down)
!
9. Hold Call Not possible except to | Digital message, incoming Same as signalers
Indication of an break into conversation call is displayed as a
Incoming Call When "Hold call"
Channel or Sub-
scriber is Busy
| T
|
10, Subscriber is Not possible except to l Digital message initiated Same as signalers
Busy break off conversation by busy party (Push
and respond button switch)
!
11. Pre-formatted Not possible except by Digital message initiated Same as signalers
Messages (EMCON, use of canned code words , by subscriber using push |
EMERGENCY, or voice message. (Takes | button switch (Less than |
Special, etc. 4 to 7 seconds) |  one second)
_ Lex o - | -
12. Channel Proword "out" (About Digital signal initiated by Digital signal (manual

Release (EOQC)

one second)

subscriber or proword
"out" (About one second)

or automatic) (operator
may also use proword
"out" with operators
without SOMADA connec-
tions

At



13.

14,

Bichannel
Operation

Peripheral
Terminal Devices

Not normally used with
conventional procedures;
difficult to implement.

Rarely used on same
channel as voice.

Incoming is automatic.
Outgoing is operator
selected.

Tone signaling may be
used by operators. Tele-
type and similar terminal
devices mayuse signaler's
modem.

Fully automatic selection
of channels with manual
override.

Tone signalling may be
used by operators. Tele-~
type and similar terminal
devices may be switched
onto any channel and use
TCSU modem.

ST
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3. SEMIAUTOMATIC BIGITAL SIGNALING

3.1 Signaling Functions
3.1.1 DESCRIPTION OF FUNCTIONS

One of the major aspects of this program has been to identify, list, describe,
and recommend functions to consider for incorporation in a semiautomatic sig-
naler. It is worth noting that initially the list of possible functions was much
longer than the list of functions finally recommended for incorporation in sig-
nalers; it should be mentioned that some of the recommended functions require
further evaluation. Signaling functions are identifiable operations that must be
performed to establish and terminate calls as well as to control the system. The
functions are not completely described in order of importance but for the most
part in order of use.

There are a number of signaling functions which form the basis of signaling
and supervisory control. Most of these functions need to be incorporated in the
signaler and are described below.

The highest priority function is understandably concerned with call-
establishing; signals associated with establishing any call are ring-up and ring-
back (acknowledge).

1. The ring-up signaling notifies the subscriber of an incoming call. The
information content of the signaling is contained in the three parts of the trans-
mitted digital sequence. The first part of this message identifies the called sub-
scriber by his numeric address which may be either a discrete address ora group
address; group addresses may be either conference or net. The second part of
the message identifies the ring-up function and the third part identifies the ad-
dress of the calling subscriber. In the case of bichannel operation, the called
station's signaler also identifies over which of two channels the ring-up signaling
has been transmitted. Each station is assigned a unique discrete address; a
group address is common to all stations in the group.

2. The ring-back (acknowledge) signaling notifies the calling subscriber that
his ring-up signal has been received and that the called subscriber is ready to
proceed with the call. The information content of this signal is also contained in
a three-part message. The first part identifies the calling subscriber (the party
who initiated the ring-up) by his numeric address; the second part is the identifi-
cation of the ring-back nature of the signaling; the third part of the message
identifies the address of the called station. In the case of bichannel operation,
the calling station's signaler identifies over which of two channels the ring-back

has been transmitted.



18

3. The subscriber-busy signal is similar to the ring-back signal. In this

case, however, the signal is used to notify the calling subscriber that the called
subscriber is busy. This signaling sequence is provided so that the original
calling station may know that his ring-up has been received and that he will be
called back when the called station is no longer busy. The subscriber-busy
sequence is structured much the éame as the ring-back signal described in the
preceding paragraph. The subscriber-busy signal is a logical part of the hold-
call procedure which is described below.

4. The channel status function indicates whether a channel is busy or not.

This instrumentation is achieved by monitoring the audio output of the radio recei- '
ver; a visual display is then used to indicate the busy condition. Presently, the
channel status is monitored by listening; this means is, of course, still available
with the signaler. An alternate method for monitoring channel activity and indica-
tion of its status is to make use of a claim signal. This option is discussed in
greater detail in later paragraphs of this section.

In addition to the above basic functions, there are a number of other possible
functions and signals which are recommended. These are described below.

5. The bichannel (multiple access) function enables the operator to select
either of two channels for his transmission, provided the desired channel is not
busy. The selection is accomplished manually by means of a switch. The bi-
channel capability provides more efficient sharing of the system capacity. The
subscriber may receive a ring-up indication while he is busy on the other channel.
This may be a result of the hold-call procedure if it is in effect; it may not. In
any case, the subscriber-busy signal would be used on the appropriate channel.

6. The purpose of the preempt signal is to override an existing call and to
permit a higher priority call to be placed. The proposed preempt signal does not
cut the existing call off the air, it should be emphasized. Rather, an operational
procedure is proposed whereby, upon receipt of a preempt signal, the existing
callers have from 5 to 10 seconds to complete their call and clear the circuit.

The countdown time to call completion should be variable and would be chosen
according to the operational situation. This signal is implemented by transmitting
a digital sequence which all signalers recognize as a preempt rather than aring-up.

7. The hold-call procedure is designed to accommodate those subscribers
who are busy with a call and those subscribers who wish to contact these busy
subscribers, or who wish to contact a subscriber when the channel is busy. If the
addressee is known to be busy, the caller should wait for a pause in the
addressee's transmissions and then send his ring-up. If the channel is busy,
but not the desired addressee, waiting is less important since the receiver
will be active. However, to prevent the signal from being distorted by voice,
it is recommended that a communications pause be sought for the signaling.

If the addressee is busy, he will wait for his next transmission cycle
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and transmit the subscriber-busy signal. If he is not busy, he should listen for a
transmission pause in the same fashion as the caller and then transmit the sub-
scriber-busy signal to indicate that he has received the ring-up.

If the hold-call procedure should be accepted for oprational use in conjunction
with signaler installation, it may well be best to change the "subscriber-busy"
signaling to "busy" signaling. It will then be immaterial whether the addressee or
the channel is busy; the response to an incoming hold-call will be identical: the
busy signal will be transmitted by the addressee.

8. One possible implementation of the special signal function is to transmit

an audible code by keying a tone on and off. The code can indicate any agreed-
upon message. Another approach is semiautomatic generation of digital sequences
representing the common prowords.

9. Another signal which has been considered but not implemented in the
present signaler, and is required only for signalers operating in the SOMADA
system is an end-of-call or release signal. This signal would indicate to all
stations monitoring a channel that other parties have hung up and the channel is
clear.

10. A radio check procedure may be accomplished by using either a special
pre-formatted digital message or a variation of the ring-up and ring-back routine
preceded by a net call with appropriate explanation. The tone signal is also use-

ful in this respect.

11. A channel claim signal is tentatively recommended; investigation of this

signal should receive first consideration in any further test programs. Any sys-
tem which services subscribers on a first-come, first-served basis will occa-
sionally find the subscriber in dispute as to the first arrival. This will be more
likely to happen in stress situations where confusion is high. It is TCC's judg-
ment that introduction of a claim signal may ease this situation by establishing
the first arrival through the mechanism of a two-second lock-out on the operation
of all signalers receiving the channel claim signal. This two-second pause would
give the originator the opportunity to place his call without interference. The
lock-out would not affect the ability of a subscriber to transmit the preempt
sequence. Like any of the signaler operations, voice communications are com-
pletely unaffected.

Other possible functions which have been considered but are not recom-
mended are:

12. The priority function would indicate the priority class to which a parti-
cular message belonged. By use of this function the higher priority messages

could be expedited.

13. The talker identification signal would identify the address of the talking
party at all times,
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The increased complexity which would be caused by including the above latter
two functions does not seem warranted.
In addition, in a previous report, lrec analyzed a number of other signaling
functions, such as:
1. Request for service
Security
Invalid address
Wrong security
Called party release
Circuit quality

- O G s W N

Outage
The result of that investigation was a set of recommended signaling functions

for use in the SSC plan.
3.1.2 COMPARISON OF SIGNALING FUNCTIONS

The signaling functions incorporated in the semiautomatic signaler can be
divided into a hierachy consisting of successive layers of detail. Basically the
signaler has:

1. system monitoring functions (channel status indication; call indication)

2. call establishing function basically consisting of the ring-up and the ring-
back signals,

3. special message signaling, such as preempt, special signaling, hold call,
subscriber busy, and other pre-formatted messages;

4, tone signaling which may be used in a variety of ways.

Each of the above mentioned functions may be, in turn, evaluated from the
viewpoint of the signaler element needed to implement that function, For example,
the circuit monitoring function consists of a sensing circuit and a visual display.
One may also consider the speaker to be an audio circuit monitoring device.

The ring-up function is implemented by using an input device (switch), a
message generator, modems, a decoder, an audio alarm, a call indicator, a
calling party I. D.display, and a call type (net) indicator. The ring-back function
also consists of an input switch, message generator, modems, decoder, identifi-
cation display, audio alarm, and visual display.

For the most part, the same thing is true for any of the special messages
that might be generated. There has to be an input device, a means of formatting
that message, a modulation/demodulation technique, a means of interpreting the
signal, and a means of providing an output suitable for human acceptance (audio/

visual displays).

1. See Reference 1.
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When evaluating the many functions that comprise the signaler, it is impor-
tant to block out what elements are common to a number of functions. For exam-
ple, the digital modem is common to all digital message transmissions. With
respect to the hardware behind the front panel, it is desirable to make as much
common use of hardware as possible to enhance signaler reliability. The same is
not necessarily true with respect to input/output (I/O) elements because it is pos-
sible for multiple use of an I/O device to result in ambiguity and operator confu-
sion. Therefore, it is necessary that proper attention be given to human-factors
considerations in the design of a multi-function display plane. The same is true

of switches, audio signals, etc.

I/O ELEMENTS
Listed below are many of the I/O elements used with the 12 experimental
signalers:
1. Pre-selected address call switches
Special message switches (preempt, subscriber busy, special)
Address selector switches
Ring switch
Pre-select address input switch
Power on/off switch

Bichannel selection switches

R 3 O U s W N

Tone signaling switch
9. Push-to-talk switch (on handset rather than signaler box proper)
10. Power-on light
11. Incoming call indicator light (blinking)
12, Incoming call audio alarm (2 discernable modulations)
13. Calling party identification display
14, Circuit busy display
15. Call type display (net)
16. Acknowledgment display
17. Acknowledgment audio alert
18. Preempt display
19. Preempt audio alarm
20. Hold-call display
21. Subscriber busy display
22. Special message display
23. Bichannel incoming circuit indicator display
24. Tone signaling audio output (speaker/handset)
25. Display clear switches
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26. Display illumination control
27. Audio alarm volume control
28. Back-to-back test control (internal)

Notes: 1. 13, 18 and 20 above represent different functions but are implemented

with the same element; similarly for functions 12, 17, and 19.

Selection of specific functions for recommendation is based on a variety of
criteria, In some cases the function, ring-up for example, is needed to do basic
signaling. In other cases, selection is based on the degree of system improve -
ment gained by including the function, ring-back or bichannel operation for exam-
ple. In still other cases convenience, ease of operation, improved utilization of
personnel, etc. may be the governing factor.

It is not the intent of this report to document all of these considerations.
However, some of the major ones are provided below to indicate what factors
are involved and what the magnitude of change associated with a function might be.
Each function is discussed separately. Improvement factors were based on com-
puter simulation runs.

1. The ring-up signal is basic to the signaler and includes much of the hard-
ware needed to implement many of the other functions. Its implementation repre-
sents about 77 percent of the cost and equipment of the recommended signaler.

2. The ring-back (acknowledgment) signal represents about 2 percent of the
recommended signaler. Thus the ring~up and ring-back signals together repre-
sent 79 percent of the signaler. Improvement factors were 28% (grade of service)
and 51% (access delay). Signaling time decrease was 55%.

3. The bichannel function reflects about 6 percent of the signaler. Improve-
ment factors were 64% in grade of service and 38% in access delay. The three
signaling capabilities thus result in a 55% decrease in signaling time. Grade of
service then exhibited a decrease of 85% and access delay 70%.

4, The preempt function represents about 2. 5 percent of the signaler cost
and contributes a 12.5 percent reduction in access delay. Of greater importance,
it provides a means of gaining access to busy channels when it is necessary to
do so.

5. The hold-call function is primarily one of convenience. However, it
does provide a 15 percent reduction in access delays at a cost increase of about
2.5 percent. Subscriber busy is, of course, part of the hold-call function and is
included with it.

6. Pre-formatted message capability is a convenience factor and reflects an
ability to send out a message to several subscribers simultaneously. The pre-
formatted message might be "radio check”, "emergency" or any other. It repre-
sents a cost factor of about 2. 6 percent for each such message incorporated in the

signaler.
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7. Channel Release of End of Call (EOC) is needed when signalers are operating
with a SOMADA System. This function represents a factor of 2. 4 percent.

The equipment cost factor, improvements, advantages and disadvantages of
the above and other signaling functions are tabulated in Table 3. 1. It should be
noted that functions 11 (Talker Identification) and 12 (Message Priority) are not

recommended because of complexity, cost, and limited operational advantages.
3.1.3 RECOMMENDED SIGNALER CONFIGURATIONS AND FUNCTIONS

Based on the work to date, TCC's analysis indicates a need for signalers with
different levels of ability and complexity. The operationgl rationale for this recom-
mendation is found in the make-up of a Navy operational force: different classes of
ships and aircraft have widely varying demands for communications capabilities.
An ASW helicopter, for instance, may require ring-up and ring-back capabilities
for communication with only one other station, Mission Control on the mother
ship. Mission Control may have to communicate with any of 100 stations. Other
stations on the mother ship may require the capability for contacting up to 1000
addresses including nets, plus special signaling capabilities. A capital ship will
most likely require full SOMADA capability to most efficiently service its com-
munications needs.

In accordance with the above thinking, TCC has structured a number of hard-

ware configurations with the following capabilities:

Signaler Model 100 A - Minimum Signaler (base station) to work with
up to 100 Model 100 B Signalers

Signaler Model 100 B - Minimum Signaler (remote)
Signaler Model 200 - Limited Signaler

Signaler Model 300 - Maximum Signaler
SOMADA System - Complete Signaling System

In Table 3. 2 will be found a tabulation of suggested signaling capabilities for each
signaler model.

There are also a variety of implementation alternatives. Bichannel opera-
tion may be considered one although it was included as a signaling function.
Other alternatives are both the inclusion of and the number of the following:
pre-set discrete addresses, pre-set net addresses, number of addresses to be
generated, self-test controls, talker identification, etc. A comparison of the

above is shown with respect to the various signaler models in Table 3. 3 below.
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Table 3.2

COMPARISON OF SIGNALING FUNCTIONS AND SIGNALER MODEL

| ] |
confoing L, Mol | Mos | Goa | ioom - somapa
(Base) (Remote) i -
Ring-up X X X X 1 X
Ring-back X X l X X l X
Subscriber Busy b4 'I X
Hold Call ! X l X
Preempt | X ! X
Channel Status l X | X
Channel Claim?* | ? ? ? ? x
Special Message | X | | X
Tone Signaling X LoX : X | X ; x
End of Call x | | | o ox
i

Bichannel Operation i X b i NA

Internal Routing i 1
& Distribution

Emission Control l X
RF Terminal '

Equipment Control | X
Misc. Special Functions ' X

* This signal could be included in any of the signalers but further field test-
ing is needed to make that determination. See Paragraph 3.1.1 for a discussion

of the channel claim signal as a channel status indicator and control.




26

Table 3. 3

COMPARISON OF IMPLEMENTATION ALTERNATIVES

T I 1
. Model | Model | Model 100A Model 100B
Alternative 300 ‘ 200 Base Remote SOMADA
| ]
Pre-set Discrete l |
Addresses | 3 | 0 0 0 3
Pre-set Net |
Addresses 3 0 0 0 3
Addressing |
Capability 999 999 | 999 1 999
Number of l
Addresses to
Guard ‘ 2 1 1 1 999
Self-test ’ | |
Capability ' Yes Yes Yes No Yes
Talker Identification l No No No l No ! Yes

One measure of the complexity and sophistication of a signaler is the amount
of front panel equipment needed to fulfill its functions. This includes Input/Output
(I/O) devices, displays, etc. Table 3.4 identiﬁes what front panel elements would
be needed for the different model signalers. The table speaks for itself and should
serve as a guide for evaluating the different configurations.

In summary, different signaling functions and signaler elements are recom-
mended for different versions of the signalers. FEach version of course, has dif-

fererit degrees of capability and a slightly different concept of operational use.

3.2 Signaler Operation
3.2.1 INTRODUCTION

This section provides an over=-all description of Signaler operation; the dif-
ferent model Signalers are discussed individually where appropriate so that the
capabilities of each are clearly defined. The Model 300 Signaler is quite similar
to the Model SIG- 01 Signalers furnished on Contract No. N00014-67-C-0425,
Therefore, identification of controls and indicators incorporated on Model SIG-01
Signaler is included in this section. The reader who desires detailed operating
instructions will find the appropriate section of Model SIG-01 Signaler Operator's

Manual included as Appendix A to this report.
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3.2.2 SEQUENCE OF USER OPERATIONS

1. Operation and User Preparation - The only preparation required of a

Model 300 user, assuming that the signaler has been installed and connected, is as
follows. The user places into a pre-set address register the few pre-set addresses
used most often. He may set one to three net addresses into the registers allocated
for his pre-set addresses and he may select or insert one to three addresses into
the registers set aside for frequently -called discrete addresses (that is, addresses
of individual subscribers or stations). Each pre-set address is set in by three
numeric selectors. That is, in order to guard a net, the net address is set in by
the selectors. The user may also wish to write information on an address board.
He may wish to indicate what the nets are and what their functional relationships
are. Discrete addresses, other functional relationships, and useful information
may be added. For example, net 1 might be Red Beach Logistic Support; net 2
might be Boat Common.

Once the addresses are set in the pre-set register, the power turned on, etc.,
the user is now in a position to place and receive calls.

Other Signaler models do not have a capability for pre-set addresses and are
ready for use (after proper installation and interconnection) after power is applied.

2. Channel Status. "Prior to placing a call the user must determine whether

or not a channel is busy. There are different ways of doing this. The channel-
busy light (Model 300) indicates when there is modulation on the channel. It is
illuminated when there is audio exchange taking place on the channels or signaling.
The user may also listen to determine if a channel is busy. Assuming that the
channel is not busy, the user may place a call in a number of different ways. As
has been indicated previously, the channel claim signal may be incorporated in

all Signalers if operational evaluation justifies it. This will also provide an indi-
cation of channel status to the user.

In bichannel configuration (Models 300and 200), an additional step at this point
is to select the channel he desires to use from two available to him. That is, in
bichannel operation the bichannel signaler has access to two channels; and a chan-
nel is selected manually by means of a switch. If one channel is busy, the opera-
tor may select the other and place a call.

3. Calling

Model 300

Pre-set discrete ring-up

Assuming the user wishes to place a pre-set discrete call and assuming the
appropriate channel is not busy, he depresses the appropriate pre-set ring
switch. One of the switches having been depressed, the signaler automatically

keys the transmitter (through the radio control set) and transmits a ring-up
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signal consisting of called address, ring-up designator, and calling address. At
the receiving station, the message is received and verified. Assuming that the
message was correctly received, the Signaler call light begins to flash and the
audio alert begins to sound. These constitute the ring-up indication for the recip-

ient. The originator's address is shown on the address Display.

Non-pre-set discrete ring-up

Assuming that the calling party wishes to place a call to an address which is
not in his pre-set address register and assuming the appropriate channel is not
busy, he sets that addressin by the three numeric address selectors used for non- -
pre-set calls and pushes the ring button. System operation is now identical to

that described above for placing a pre-set discrete call.

Discrete call ring-back

The called party responds by depressing the ring-back (acknowledge) switch,
Depressing this switch causes the radio control set to key the transmitter and the
ring-back signal is transmitted. The ring-back signal is a functional inversion of
the ring-up signal with the ring-up designator replaced by a ring-back designator.

At the signaler of the calling party, the ring-back signaling is processed with
the same recognition logic as is used to accept ring-ups. After the ring-back sig-
nal is received and verified, three things happen at the calling party's signaler:

a) The ring-back indicator is activated;

b) The address of the signaler ringing-back is displayed;

¢) The audio alert is sounded.

These audio/visual indications are intended to show that the ring-back signal
originated at the intended station; they are extinguished in approximately 2 seconds
and the users are free to communicate. At the end of the call, both parties hang
up and the appropriate Channel Busy lights throughout the system are extinguished.

The called party can also respond to the ring-up by depressing his subscriber-
busy push-button if this response is appropriate. Audio/visual indications at the
originating signaler will be similar to those activated in a ring-back but will indi-
cate the addressee's subscriber-busy status.

NET ring-up and ring-back

Assuming the subscriber wishes to place a pre-set net call and assuming the
appropriate channel is not busy, he depresses the appropriate net ring switch.
The ring-up signal which is transmitted is identical in format to that used for a
discrete ring-up. The difference is that several stations will receive and respond
to the signal. Audio/visual indications will be augmented by an indicator denoting
the ring-up as a net call. This additional indicator also acts as a reminder that

the ring-back response requires a somewhat different procedure.
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For net calls, a ring-back routine is recommended such that all members of
the net respond in a round-robin. If the addresses of the parties acknowledging on
a net call are assigned to some logical sequence, this facilitates a quick acknow-
ledgment cycle around the net, each party pressing his ring-back switch after
seeing the address preceding his own in the pre-assigned sequence. This recom-
mended net ring-back procedure is quite similar to the response procedure cur-
rently used for a net call: the calling party asks for a series of acknowledgments

that all parties are either on the net or have received the message.
Model 200

Pre-set discrete ring-up

Model 200 Signaler does not have this capability.

Non-pre-set discrete ring-up

Non-pre-set discrete ring-ups are placed in an identical fashion to that
described above for the Model 300 Signaler.

Discrete call ring-back

Discrete call ring-back signaling is handled in an identical fashion to that
described above for the Model 300 Signaler except that subscriber-busy signaling
capability is not provided with the Model 200 Signaler.

NET ring-up and ring-back

Model 200 Signaler can guard but one net address, and, thus, can be a mem-
ber of only one net. In all other respects, however, net ring-up and ring-back is
identical to that described above for the Model 300 Signaler.

Model 100A

Pre-set discrete ring-up

Model 100A Signaler does not have this capability.

Non-pre-set discrete ring-up

Non-pre-set discrete ring-ups are placed in an identical fashion to that
described above for the Model 300 Signaler,

Discrete call ring-back

Discrete call ring-back signaling is handled in an identical fashion to that
described above for the Model 300 Signaler except that subscriber-busy signaling
capability is not provided with the Model 100 A Signaler.

Net ring-up and ring-back

Model 100A Signaler is designed to work primarily with Model 100 B Signalers.

Therefore its net ring-up/ring-back capability is restricted to one pre-setfactory-



31

wired net address since the Model 100 B Signalers are designed for economy.

The operator simply depresses the net ring switch to place a net call. The
ring-up signal is identical in format to that transmitted for a discrete ring-up.
All Model 100 B Signalers will receive audio/visual indications of the incoming
net call, No address will be displayed since only one originator is possible. Ring-
back responses will be round-robin as described above for the Model 300 Signaler,
Since the Model 100 B Signalers will receive each ring-back but has no address
display, it is suggested that the originator of the net call give occasional verbal
cues to a large net so that responses can be kept in the proper sequence. For a

small net these cues would not be necessary,

Model 100 B Signaler

Pre-set discrete ring-up

Non-pre-set discrete ring-up

Discrete ring-back

The Model 100 B Signaler has the capability to ring-up and ring-back to one
pre-set factory-wired address, that of the associated Model 100 A Signaler. Ring-
up and ring-back are initiated by depressing the appropriate switch as with any

other Signaler. The missing element is address selection.

NET call ring-up/ring back

The Model 100 B Signaler, as mentioned above, cannot initiate a net ring-up.

It can, however, respond to a net ring-up from the associated Model 100 A Signaler.
Since there is no address display on the Model 100 B Signaler, the operator must
rely on his memory or on verbal cues to insure that his response is in the proper
sequence.

4. Preempt (Model 300 Only)

Preempt is simple and easy to use. Assuming that the circuit is busy and the
user elects to preempt, he listens until such time as no one is transmitting and
pushes the preempt switch. If desired, he can preempt during a conversation,
repeating the preempt signal after a talker returns to a receive mode to assure
that all parties get the preempt signal. Depressing the preempt switch immediately
gives everyone on the channel an audio preempt signal that lasts for approximately
two seconds. At the same time, a preempt indicator is activated on all sub-
scriber's signalers and stays on for an eight-second countdown. Finally, the
audio alarm indicates the end of the eight-second countdown. This eight-second
sequence gives talkers time to complete their conversation. At the end of the
time period the light goes out. The subscriber electing to use the preempt then
proceeds to place his call and follow through on his conversation, assuming all

other parties have cleared the circuit.



32

5. Other Considerations for Model 300 Signaler

With the exception of proword signaling, all of the addressing is done by TSK
modulation at two frequencies selected to minimize interference with any type of
teletype or data transmissions.

When a subscriber is busy communicating and someone else wishes to call
him, as long as he is not in the process of transmission they may ring him in the
regular manner and his calling party address indicator indicates the identity of the
calling party and his "hold call" display is illuminated. Thus, one call may be
held for him. The busy subscriber then presses his subscriber busy switch to
indicate to the calling party that he received the call and will call back. As soon as
he finishes his current call he simply places a new call which tells the party wait-
ing to talk to him that he is ready to go ahead, and goes ahead with the conversa-
tion after receiving the ring-back.

It is important to note that a high percentage of the calls are placed simply by
pressing a switch. That is, any one of three (or more) nets or any one of three
(or more) discrete addresses are placed in call simply by pressing the appropriate
switch, waiting for the ring-back or not as the case may be, and communicating.
For the other addresses the subscriber may use, which are beyond the three net
and three discrete addresses, he simply sets the address in the address selector
and pushes the ring switch. The address selector may also be used as another
pre-set address by leaving it set up on a frequently called address, thus effectively
providing five pre-set addresses.

There is an annunciator which indicates the address of the calling party while
another display indicates the type of call (N) and other information such as a hold
call., There are both audio and visual busy signals. In addition, it is worth noting
that tests at TCC indicate that any one ofthree net calls or any one of the three
pre-selected calls may be placed very quickly in the time it takes to depress a
switch and get a signal out to the recipient. If the recipient is standing by his set,
acknowledgment or ringback also comes back quickly. Signaling time may be

lengthened when signaling in the presence of voice or other interference.
6. Special Signaling —
All Signaler Models

A number of special signals are desirable, primarily related to substituting

tone sequences for voice prowords. There are a variety of prowords that could
be accommodated by a very simple signaling procedure. The audio tone may be
triggered by depressing a pushbutton on the signaler. Rather than use the pro-
word "OVER" during the course of a call, the user might wish to send dash dot
dash (-. -) the conventional Morse code symbol for "OVER". A series of dots
could indicate an error and the intention to repeat the message. A dot dash dot
dash dot (. -. -.) could be substituted for end of message. Similar tone codes
could be used to substitute for ROGER, WILCO, etc.
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Model 300

Another approach to special signaling is semiautomatic generation of digital
code words representing the common prowords. One such code word may be trans-
mitted by means of the SPECIAL pushbutton on the signaler. At the receiving end
this is interpreted by logic circuits in the signaler, and the appropriate signal

annunciated visually.
3.2.3 CONTROLS AND INDICATORS

Figure 3.1 is a photograph of the Semiautomatic Digital Signaler furnished
under contract N00014-67-C-0425. The various items are numerically called out
and are identified by item number in Table 3. 2. Additionally, Table 3. 2 provides

a description of the function of each item which is called out in Figure 3. 1.

3.3 Signaling Specifications
3.3.1 GENERAL DISCUSSION

In the final analysis the Navy itself must decide what specifications, functions,
etc. are desired in signalers and in the SOMADA system. TCC has in this docu-
ment presented its recommendations based on the work to date. Considerably
more testing, field experimentation, and evaluation should be done. Much of the
evaluation is needed with respect to functions such as the channel claim operation,
talker identification, and the false alarm vs. signal detection coding used in the
signaler. Other work is needed to refine all functions.

At this point in the program, TCC recommends three levels of signaler con-
figuration as outlined in Section 3. 1. 2. This includes signaling functions, general
signaler configurations, and front panel elements. The experimental signalers
constructed under this program were not built with small size in mind. Rather,
they were constructed with a mind toward incorporating as many functions as pos-
sible for the lowest cost to test out the concept. Just how small they should be is
a decision that should be made based on a trade-off between front panel size, space
and form factor restrictions, and cost to reduce the size. Certainly their size

can be cut in half without any encroachments on state-of-the-art limitations.
3.3.2 ADVANTAGES OF SIGNALING FUNCTIONS

Table 3.5 provides a guide with respect to the operational advantages of dif-
ferent functions as related to different operational factors. No attempt has been
made to provide quantitative values as these have been documented in prior reports
which were based on laboratory experiments and not on field use. A "0" in the
Table 3.5 indicates that the function has no effect on a factor while a "+" indicates
an improvement. From this table it can be seen that the ring-up, ring-back, and

bichannel functions provide a majority of the advantages. While it is possible to
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expand the bichannel capability to four or more channels it is TCC's opinion that

an expansion beyond four channels should not be incorporated in signalers but in
the SOMADA approach.
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Table 3.5 SEMIAUTOMATIC DIGITAL SIGNALER CONTROLS AND INDICATORS

Item

Identification

Function

1

Address Display

Indicates the calling station address
(one or two digits)

CALL Indicator

Indicates incoming call by flashing
green light

Call Display

Indicates following call information

3A

ACK-OK

Acknowledgment OK (ring-back) indicates that
the called subscriber is ready to proceed

)
—

|

3B

HOLD CALL

Hold-call provides a busy subscriber with an
indication that he is being called by another
party, and the identification of the other caller.
He may send a subscriber-~busy signal, and
return the call as soon as practical.

3C

PREEMPT

Notifies the subscribers by audio and visual
indicators to clear the channel within eight
seconds.

3D

N1

The N1 indicator, in conjunction with
indicators (1), (2), (4), and (19) or (20),
indicates a net N1 call.

3E

N2

The N2 indicator, in conjunction with
indicators (1), (2), (4) and (19) or (20),

indicates a net N2 call. |

3F

SUBS BUSY

Indicates a subscriber busy response. It is |
used instead of acknowledgment to notify the
calling subscriber that the called subscriber t
is busy. The busy subscriber then returns ]
the call as soon as practical.

3G

SPEC

at
Visual indication of SPECIAL message repre- |
sented by digital code word, and can mean
whatever agreed upon such as, radio check
or emergency.

ALARM

Audio indication of an incoming call.

RESET

Reset display clears all audio/visual
indicators.

RESET

Reset audio, clears and stops audio alarm.

VOLUME

Controls audio alarm level.

ACK

Acknowledgment pushbutton initiates a ring-
back and is used to respond to a call. For
net acknowledgment, parties ring-back in a
round-robin, each observing the ring-back
preceding his as a display on his calling
party indicator. Each party ring-backs in
proper sequence.
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Table 3. 5 SEMIAUTOMATIC DIGITAL SIGNALER CONTROLS AND INDICATORS

(continued)
Item Identification Function
_-4_9 & D2“ - ] Pre—sét discrete ring pushbutton.
10 ” Dl - Pre-set discrete ring pushbutton.
—_11‘ i ;z Connector for the handset.
?— e JZ_ S _—C-or:nééto; for Radio Set Control. _
1;-—“ ¢—1\1 1~ I ;r-e——sc;t‘*neut_-ri;é pushb—11tt~o_n. N
14 N2 Pre-set net ring pushbutton.
:< 15_ | JUS__ o ] C(;nn—ector for bichannel cable.
* 1.6 _ I J4 Conne;c;r f‘C):E’;Ner;;:p—l;__m - |
——17 i INTENSITY HIGH - Maximum brightness of
indicator lamps.
ILOW - Minimum brightness of
_ indicator lamps.
_1;3 - Covered Panenlw—m T l;ré—sét address sel_éctsfs— atmnd-test/ope;z.at?_m
switch.
nl-8A - ;Z):_—I D - _ Pre—éetﬂrdi;c;ete addresswsél.eicrtor._—v L
B 18B ] 15-2 ~-1.D V f’re ~set d‘i;cre.‘;e add;ess—sc_alector.
i 1.8C " 1‘\1“1—‘“‘ - Pre-set net address selector. -
r 18D | N2  Pre-set net address selector. ) |
18E TEST/OIF;};EATE TEST - Self-test mode of operation.
OPERATE - Normal mode of operation.
19 CALL A Indicates call on Channel "A"
20 CALL B o Indicates call on Channel "B", -
21 BUSY A Channel busy indicator.
:2 BUSY B Channel busy indicator.
23 CHANNEL A Indicates signaler is connected to radio
frequency "A".
24 CHANNEL B Indicates signaler is connected to radio
frequency "B".
-—_2>5 o Channel Switch Selects "A" or "B,
; ;g | Tone—w- - Audio tone pushbutton.
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Table 3.5 SEMIAUTOMATIC DIGITAL SIGNALER CONTROLS AND INDICA TORS

(continued)
Item Identification Function
27 Rotary Switches Non-pre-set address selector.
28 RING Non-pre-set ring pushbutton.
29 SUBS BUSY SUBSCRIBER BUSY pushbutton.
30 PREEMPT PREEMPT pushbutton.
31 SPECIAL SPECIAL message pushbutton.
32 J5 Connector for remote audio tone pushbutton.
33 POWER POWER ON switch.

%

Not required in a production model Signaler.

1 Similar to items 18A and 18B in a production model Signaler.
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1. OPERATIONAL USE OF 'SEMIAUTOMATIC SIGNALERS

4.1 The Operational Plan

The communications annex to the operations order for an operation using
signalers requires no dramatic changes from the present form of the annex. There
is a need for additional information by way of address assignments and a few altera-
tions to the frequency plan, but little else is needed. Thus, use of the signalers
results in only a slight modification to the communications annex of the operations
order.

There are no changes with respect to net composition and membership. The
same functional nets are used as is presently the case and organizational member -
ship is not changed. Each net member is represented by a signaler as well as an
RPU or talker station. All net descriptions and designators remain the same
except that a three-digit net address is assigned in addition to a voice net call sign.

The table of call signs listed in the communications annex will also require a
three-digit discrete address for each subscriber station in addition to the voice
and CW call signs. Thisis explained in detail later in the SSC plan.

There is also a change in the frequency plan when bichannel signalers are used
and/or when more than one net is assigned to one or two RF channels. The fre-
quency plan must reflect the frequency (channel) or frequencies each net and
signaler is assigned to. Under the correct conditions, two thirds to one third the
number of channels will be needed with signalers, as compared to the conventional
use of a dedicated channel for each net.

It should be remembered that conventional voice call signs are still recorded
for use with unequipped stations or in case of failure of a signaler. It is expected
that unequipped stations will not be mixed with units having signalers, on the same
frequency, except when necessary. Therefore there are no changes in:

1. Task Force Designations
Task Organization
Unit Designation
Net Composition and Membership
Voice and CW Call Signs

Net Description and Designation

DO s W N

There are changes in:

1. The Frequency Assignment Plan

2. Identification of nets, units, and stations with a three-digit address.

As mentioned, the details of these changes are explained in the subsequent
sections of the SSC plan.
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4.2 Net Assignments

Net assignment information is taken directly from the list of net composition
and membership in the communications annex of the operations order. FEach unit
assigned to a net under standard procedures is identified, as in the past. Each
net is given a three-digit address as a collective (group) call in addition to its

voice call sign.

4.3 Address Assignments
4,3.1 GENERAL INTRODUCTION

Each signaler utilizes two different types of addresses: discrete (individual)
and net (group or collective). A discrete address represents a specific signaler
station or perhaps two stations if there are two locations at a node (unit such as a
ship) assigned to guard a specific functional net. A net address is analogous to a
net call sign and is an address used to make a net call. A net address may be
used for any other type of collective call such as a subset of a net or a special
group such as all screen units on a net.

The only requirement is that all stations calling each other must be using the
same RF channel or channels.

There is a major difference between discrete address assignments and con-
ventional voice call signs. In the standard communication annex, each unit is
given a call sign. For example, a particular ship or node has a voice call such
as "Foxtrot". That same unit call is used on each net because where a net is
dedicated to an RF channel, it is assumed that all voice calls for a specific unit
on a particular frequency are calls for that unit on that net. For example,
"Foxtrot" on channel 1 means a call for that ship on Red Beach Logistical Support
while "Foxtrot" on channel 2 means that particular ship on the Boat Common net.
Where nets are grouped together on the same or on two channels, it is no longer
possible to use the same general address for a unit (node) regardless of what net
is involved. Therefore, it is necessary to assign a separate and distinct address
to each signaler (station) on a ship (node). In other words, the same address can-

not be used to identify all signalers on a ship or at one major node.
4,3.2 DETERMINATION OF SUBSCRIBERS (SIGNALER STATIONS)

For purposes of assigning subscribers to nets and channels, a subscriber is
defined as the intersection of a functional net and a node. A functional net is a net
such as UDT Common, Search and Rescue, etc., with its conventional meaning.

A node is defined as a ship, Air Traffic Control Unit, DASC, (Direct Air Support

Center) etc., as usually designated in a communication annex.
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Where there may be two or more signaler stations at a node/net intersection
(bridge and CIC, for example), they must be considered two (or more) distinct
subscribers despite the fact that only one node/net intersection is involved. They
guard the same net address (as do all members of the net) but they must be con-
sidered distinct subscribers with unique discrete addresses because they are
functionally distinct entities. In most cases there will be only one signaler per
net/node intersection,

Stations may be assigned to guard a common address for conference call
purposes, in the case of the Model 300 Signaler, by virtue of the capability to
guard two local addresses. In this way, the station does not lose its functional
identity but is able to guard a common "local" address with other signalers.

As a general rule, it is desirable to have two signalers connect to the same
bichannel set of frequencies at a given location (bridge, CIC, SACC) whenever
simultaneous conversations on that pair of channels and the handling of two dif-

ferent net or discrete calls is desirable at the same time at that location.
4.3.3 ADDRESS CONSTRUCTION

The basic address structure is a three-digit sequence. These three-digit
net, discrete and party (conference) addresses may be made up in a number of
ways. There are no restrictions against having addresses with similar digits
adjacent to each other or similar in other respects as the error-correcting codes
used in the signalers protect against any such sensitivity. For example, two
addresses such as 721 and 720 do not have a higher likelihood of being decoded as
the same address than would the addresses 720 and 641.

This decoding capability permits address construction using mnemonic aids.
As an example, all nets for an operation may use as the first digit of the address
the Task Force or Task Group number and the next two digits could be the net
number.

Assume that the nets for Attack Carrier Strike Force 62 are being set up.
The Force consists of Strike Groups 62. 1 and 62. 9. One may select the number
6 as the first digit for all nets to be used by Strike Force 62. The next two digits
used will be the net number. Thus one net would have the address 601, another
would be 603; AAW Control for example would be 604, Carrier Air Traffic Control
would be 610, Command Conference would be 638, etc.

[t is doubtful that any operation would require more than 99 nets and there
should be little chance of running out of two digit net prefix designations. Another
advantage of using such an addressing system is the ease with which a unit joining
an operation may establish contact without needing to know what voice call signs
are being used. However, if for security reasons it is undesirable to use the plan

mentioned above, a special classified scheme for establishing addresses may be
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devised. A special address such as 000 could be used for check-in purposes by
units joining a force or group.

Subscriber (station) addresses may be constructed in a way similar to net
addresses. In the same example, assume that one is constructing addresses to
be assigned to the carriers of Task Unit 62. 1. 1. There are three carriers with
25 stations (signalers) on each carrier. All 62.1.1 discrete addresses would
begin with 1. Addresses 101 to 175 could be used. Twenty-five addresses would
be assigned to each carrier.

As another example, the addresses assigned to the Screen, Task Unit 62, 1. 3,
would all begin with the number 3. If there are eleven stations on each of eight
destroyers, the addresses would range from 301 to 388.

If desired, any arbitrary three-digit address scheme may be used. Similar
address construction plans may be used for conference calls or other collective
calls. For example, such collective (neither net nor discrete) addresses may
begin with the number 9.

Again, the basic caution or rule to follow is that there be no ambiguity among
any addresses used with signalers on the same frequency or frequencies. Thus
addresses used by subscribers having radio frequencies in common to their
respective signalers should not be duplicated except as appropriate for net and
collective calls.

Where there are no radio frequencies in common, one can, if desired, dupli-
cate addresses. For example, assume nets having addresses 601, 603, and 610
are sharing two RF frequencies f1 and f2. If desired, the same addresses could
be assigned to three other nets using radio frequencies f3 and f4. By the same
token, a discrete address used on frequency f2 only can be assigned to another

station restricted to frequency f3.

4.4 Assignment of Subscribers and Nets to Channels

One of the attributes of the signalers is their ability to facilitate adding in-
creased loads to channels while still providing adequate grade of service and access
delays. This is provided through the features of positive call establishment,
reduced holding times per message, and the bichannel capability. To properly
avail oneself of these features, it is important to pay particular attention to the
assignment of subscribers and nets to RF frequencies.

Historically, one functional net was assigned to its own dedicated frequency.
Where there were more subscribers on a net than could be reasonably accommo-~
dated, a secondary or back-up channel was provided. In some cases, the back-up
channel was assigned to satisfy other operational needs, such as having one VHF
and one HF channel for a net.
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Assignment of subscribers and nets to a system using signalers is somewhat
different although the concept of the functional net does not change. In the case of
single and bichannel systems, it is generally possible to increase the number of
users over those handled in the conventional manner. Further, it is often possible
to group two to five functional nets on a single or bichannel set of frequencies,
depending on the specific number and nets involved. Generally the following com-
binations can be arranged.

A) One functional net on one channel

B) More than one functional net on one channel

C) One functional net on two channels (bichannel operation)

D) More than one functional net in a bichannel arrangement.

BICHANNEL SIGNALER OPERATION

Access to more than one channel provides the user with an improved grade of
service and shorter mean access delays than would otherwise be the case, other
system parameters such as channel loading being equal. Signalers equipped with
the bichannel capability permit the subscriber to communicate with any other sub-
scriber having access to a common channel; the common channel must be free,
of course. All subscribers need not have both channels in common. It may even
be that some of the subscribers are equipped with one-channel signalers. When
this is the situation, subscribers need to know which subscribers are available on
what channels. Figure 4.1 shows some different possible arrangements of sub-
scribers on different channels. The channels are in pairs fl and f2, f3 and f4, and
f5 and f6' Both channels need not use the same frequency band; one channel may
be HF, the other UHF, for example.

BICHANNEL OPERATION
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It is assumed that any subscribers having to communicate with each other are
within radio range for the particular frequency in use. Subscriber groups Sl’ 52’
and S3 are in the conventional bichannel mode. Groups S4, SS’ and S6 are without
bichannel capability and may communicate only on their individual assigned
frequencies. Subscriber groups S7, S8’ and 89 are in a bichannel mode but are
connected to different frequency pairs from the S1 = S3 assignments. These groups
may communicate among each other on the frequency pairs they are connected to
and may talk to other families of subscribers only on the frequency they have in
common. For example, group S7 may communicate with each other on channels
f4 and f6 and may talk with groups 82 and S5 on f4, and with groups S1 and S4onf6.

While the bichannel capability permits a good deal of operational flexibility
not otherwise available because of the convenience resulting from the bichannel
signalers, there are cautions to be exercised. All subscribers having a capability
to communicate on frequencies not exclusive to themselves must know what sub-
scribers are on particular channels or channel pairs. In addition, it is necessary
to avoid situations where subscribers having common channels have similar ad-
dresses, both discrete and net. Thus the number of possible addresses needs to
be large enough to avoid duplication under the conditions outlined above; between
100 and 200 addresses should be adequate. ,

To make the specific assignment, the following factors are considered.

A) The operational function (functional nets)

B) The grade of service and access delays needed by that operational function,

C) Range requirements translated into the frequency band or bands to beused
(HF, VHF, UHF, satellite etc.)

D) Special considerations such as the need to be on a certain frequency band
for compatibility considerations, limit the radiation pattern, effectively
utilize available equipment, etc. Compatibility considerations are not
restricted to the unequipped subscriber but include the interface with
units external to the Task Force.

E) The number of subscribers on each functional net and the total number

that can be accommodated within the constraints of C and D above.

One of the first steps taken to assign subscribers is to make up that portion
of a communications annex that designates the functional nets and who is party to
them. Once net make-up is complete, the functional nets are grouped according
to the 12 categories listed below in Table 4. 1. Examples of functional nets

usually associated with each category are listed in Table 4. 2.



Table 4.1 Functional Net Categories
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10.

11.

12,

Logistics, coordination and control.
Boat and surface transport operations.
Helicopter transport operations.
Naval gun fire.

Close air support.

Beach and shore parties.

Special operations.

Command, Task Force/Group common, etc.
Combat information and intelligence.
Anti-Submarine warfare (ASW),
Anti-air warfare (AAW).

Airborne early warning (AEW),
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Table 4.2

Functional Area

Examples of Functional Nets
Associated With Each Functional Area

10.

11.

12.

Logistics, coordination and
control

Boat and Surface Trans-
port Operation

Helicopter Transport
Operations

Naval Gunfire

Close Air Support

Beach and Shore Parties

Special Operations

Command

Combat Information and
Intelligence

Anti-Submarine warfare

Anti-air warfare

Airborne early warning

Beach Logistics Support, Helo Support Team
Logistics

Boat Common, Control Ship Common, LST
Beaching Net, Beach Control

Helicopter Direction, Landing Zone Control,
Helicopter Request, Helo Launch/Land

Gunfire Control, AAW Gunfire Coordination,
Gunfire Spotting

Tactical Request, Tactical Air Direction,
Tactical Air Observation, Tactical Air Traffic
Control, Tactical Air Command

Beach Master Common, BeachOperations,
Beach Admin., Shore Party Command

SAR, UDT Common, Swimmer Common, [
Salvage

Local Broadcast, Task Force/Group
Common, Fleet Common, Command |
Conference

PRITAC, CI, CID, EW, SSSC, SNIP/CID,
SEC-TAC

Screen/SAU, HUK-ASW

HAWC, FAD, Carrier ATC, Command
Action !

AEW Control, AEW Relay
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Table 4. 3 shows the general traffic statistics associated with each of the 12
functional areas. The details of generating this table are found in Appendix B.
The grade of service and mean access delays recommended for busy conditions in
each functional area are shown in Table 4. 4.

As a general rule, each channel or bichannel should be loaded with subscribers
to the point where a limiting factor of either grade of service (GOS) or access
delay (AD) is reached or slightly exceeded during busy conditions (about 10%
maximum),

It seems appropriate at this point to define some terms which will appear in
the coming paragraphs, tables, and figures.

The first such term is "duty cycle". In past reports, TCC has used the
definition that the duty cycle of a channel is the proportion (as a percentage or as
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