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1. INTRODUCTION

The Advanced Computer Conmtrols ITC-32 Intelligent
Touch-Tone Control FEoard offers low cost, compact, high
performance remote control and status monmitorinag capability.
Microcomputer control provides a level of capability and
flexibility not possible in discrete logic desians.

The ITC-32 control board provides 28 remote control
logic outputs which may be commanded remotely using standard
Touch-Tone signalling over a radio link or a dial wup
telephone 1line. Urnique +tone response messages for each
command verify correct command entry, and allow
interrogation of logic output states without changing them.
Logic sense inputs may be interroaated remotely as well.
Alarm inputs may cause the control board to key a radio
transmitter and send a3 tone encoded alarm message, or
autodial ouwt over the telephone line to one or more
prestored telephone numbers.

In addition to the ITC-32 control board’s remote
control and monitorine capabilities, several additional
specialized functions are provided imcluding a2 basic two-way
radio repeater COR, identifier, and timer function, plus
support for frequency synthesized remote base, or radio
linking applications.

The characteristics of the ITC-32 are field
programmable through a "Personality PROM", which may
optionally customize many of the characteristics of the
control board. The format of the Personality FROM is fully
documented in this manuwal to allow the user to make changes
to his system independant of the factory (factory support
also available).

The ITC-32 control board uses a state of the art CMOS
digital DTMF tone decoder for fast, reliable decoding with
virtually no falsing. The 1logie I/0 is desigred for
simplest interface to a variety of equipment and sensors.

The ITC-32 control board is well suited for wse in
industrial control and wmonitoring applications such as
vtilities, pipelines, irrigation systems, and cable TV
operations. Security applications include remote site alarm
reporting, such as wvalve and pump station, agricultural
systems, computer rooms, and cold storage facilities.
Additional applications include commercial and amateur
repeater and remote base station control.

1-1 vi.z, 7/83)
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*

*

*

2. FEATURES AND SPECIFICATIONS

2.1 Standard Features
Microcomputer controlled
State-of-the-art tore decodina
Easy to interface
28 remotely commandable outputs, high/low/pulse
4 remote sense / alarm inputs
Command outputs individually or in groups

Comtrol and monitor over radio or telephone

Telephone auto-answer (with Telephone Interface Board)

Morse or torne encoded response messages

Support for off-board speech synthesizer for
voice response messages

Repeater COR/ID/Timer functions, remote base
frequency programming

2.2 Personality FROM

Optionally available from factory or user proarammable

Fully documented for wser reprogaramming in the field

Custom command codes for each function
Custom response messages

Custom alarm autodial telephone numbers
Repeater ID messaae, timer values

Compatible with 2716, 2732, 2764 EFROMs

2.3 Telephone Interface EBoard
Direct interface to telephone line
Ring detect, offhook control, audio in/out

Received audio aqc, electromic hybrid

2-1 (vi.z,

7/83)
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Touch-

Audio

Z2+4 Specifications

Tone Receiver?
Mitel MTBB40/65
146 digit (standard 2 of 8)
Dynamic Range - 30 db
Twist - +-10 dg
Acceptable S/N - 12 dB
Decode Time - 40 ms
Excellent voice talkoff

Input?
Impedance - 100K
Level - 70 mV to 2.5 V pesk to peak

Telephome Interface (optionsl):

Loagic

L.ogic

Logic

Logic

Morse

Via ACC’s FCC registered or non-registered
Telephone Interface EBoard

Outputs:
8 remote control, buffered
20 remote control, unbuffered
Fush-to-Talk (for response messages and
repeater functioms, buffered)
Mute (during Touch-Tome transmission, buffered)
Morse Code keying

Output Characteristics?
Buffered - 100 mA, 60V, open "collector" VMOS
TTL Level -~ low = .8 volt max at 2.0 mA
high = 2.4 volt min at -400 uA

Irputst
4 remote status monitor / alarm
Carrier Operated Switch (repeater function)
FL (repeater functiorn)

Input Characteristics!
10K input impedarce
Low = .8 volts max
High = 2.4 volts min
Compatible with TTL, 5/12 volt CMOS, etc.

Code / Tone Output!
1 volt p-p, 20K output impedance

Command Codes!t

Configurable wp to 15 diait

2-2 (Vvi.2,

7/83)
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Fersonality FROM (optional)!?
Available from factory
Fully documented for user reprogramming
Compatible with 2716, 2732, 2744 EFROM devices
Individual custom command codes for each function
Customized respornse and alarm messages
Alarm autodial phone numbers
Repeater ID messages
Repeater timer values

Repeater Control Functions:

COR, ID, courtesy tone, hang timer, timeout timer,
carrier/FL operation,; repeater on/off

Remote Ease Furnctions:@

Remote Ease on/off, receive only / tramsmit / off
3 digit EBCD logic outputs plus offset bits for
frequency synthesizer

Alarm Gereration?
Autodial phorie numbers (up to 20 digit including pauses),
or transmitter keying with alarm messages

Fower: +8 to +14 volis DC, 250 mA typical, 400 mA max
(low current version available for special applications)

Operating Temperature Kange:
0 - 70 degrees C (-30 to +85 degree range available)

Size! 4.5" x 6.5

Cormector! 44 pin dual row 156" (Vector Ré44 or equiv.)

=
2.5

Elock Diagram

ITC-32 INTELLIGENT TOUCH-TONE CONTROL BOARD

ﬁ‘uplﬂg e e ] %> Open Collector Outputs*
Touch-Tone Receiver
(gl et Command Decoder 5> TTL Level Outputs
\ l“"p‘ of Morse/Tone Response Generator G: Universal logic level
1 a::daz | Alarm Gener ator alarm/status monitor inputs
e = e e o o Repeater Control Functions L PTT*
1/0 Buffers le— COS
; Voltage Regulator [ PL
telephone line Personality PROM ——= Morse/Tone
+8 10 14V e King

4

*High voitage, high current buffered

2-3 (vi.2, 7/83)
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3. FPHYSICAL CHARACTERISTICS

3.1 ITC-32 Board Layout

TELEPHONE INTERFACE
CDN,I:IECTOR (91)

- 4,50 — —-
250 —9= |- 4,07 —i=

AN

Ay

-0cs J1

£
1
| 9]
Va
B —

UE

s - PERSONALITY EPROM SELECT
EPROM ¢

JUMPER 2-1 2716
JUMPER 2-3 2732, 2764

5.6C
;
El .
PERSONALITY | i 6.5
EPROM ED DIP SWITCH FUNCTIONS i 5
TYPE SELECT 3 i
1 ON - Repeater Mode On !
OFF- Repeater Mode Off |
2 ON - Tone Encoded Response :
bIP i OFF- Morse Code Response g
SWITCH ‘E‘.) 3 ON - FCC Registered Telephone Interface
4 OFF- Non-registered Telephone Interface !
300 —- 3.90 i
140 '
A fF’I 25 ¥ /
<
ol 1 J ¥

|
1/0 CONHECTOR (P1) (Z)

3-1 (vi.2, 7/83)
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3.2 Telephone Interface EBoard Lasout

<t oc

g 5.5

et
Fary
\Y

e
P - A3
J1 i
__TELEPHONE LINE g3
CONNECTOR ‘
2,75 ! L
| ITC-32 INTERFACE [
32 5| CONNECTOR - k
i ]
| |
* e 5 J
L
\{

3-2 (vi.,2, 7/83)
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3.3 I/0 Connector Finouwt (F1)

TOP
1 22
A z
BOTTOM
EUNCTION PIN EUNCTION R
+8 70 14V A ouT 9 Y
GROUND 1,2 0UT 10 21
AUDIO IN 6 ouT 11 X
RESET B ouT 12 20
ouT 13 W
PTT L ouT 14 19
cos c ouT 15 v
PL z ouT 16 18
MUTE 11
MORSE KEYING p ouT 17 u
MORSE/TONE 3 0uT 18 17
OUT 19 T
ALARM/SENSE 1 D ouT 20 16
ALARM/SENSE 2 4 ouT 21 S
ALARM/SENSE 3 E ouT 22 15
ALARM/SENSE 4 5 ouT 23 R
ouT 24 14
ouT 1 7
ouT 2 F ouT 25 M
ouT 3 H OUT 26 12
g% g g ouT 27 N
ouT 28 13
OUT 6 9
ouT 7 K CONNECT 22
ouT 8 10 "o

3-3 (vi.2, 7/83)
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3.4 Telephone Interface Connector Finowt (J1)

975531

i

108642

I

FUNCTION

GROUND

+12V

AUDIO TO PHONE
AUDIO FROM PHONE
RING

OFFHOOK

NO CONNECT

e
—
=

L 00~ O U RO
-
0
-
—
o

'S

3-4 (Vi.2, 7/83)
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4. INSTALLATION
4.1 Fower

The ITC-32 control board operates from 2 single dc
power supply, which may range from +8 to +14 volts. An on-
bosrd voltage requlator supplies the regulated § volts
required for the wmicrocomputer, logic, and Touwch-Tone
receiver. Current drain is 400 mA maximum, and 250 nmA
typical. A version of +the ITC-32 control board with CHOS
microcomputer and I/0 devices is available for low power
applications (contact factory).

4.2 Audio Input

Audio may be applied to the control board from a3 radio
receiver or other audio source. The audio level should be
in the rarnge of 75 mv to 2.5 volts peak to pesk. Optimum
Touch-Tone level is approximately one volt peak-to-peak.

AUDIO ..fiJ
1.2 ITC-32
b Lo )

4.3 Telephone Line

The ITC-32 control board may be optionally connected
to a telephone 1line for control, monitoring, and alarm
functions over the phone through wuwse of the Telephone
Interface Eoard. Connection is made throuwgh a3 10 conductor
ribbon cable from J1 of the ITC-32 control board to J3 of
the Telephone Interface Eoard. The cable must be installed
so that pin 1 orientations match.

Connector J1 of the Telephone Interface EBoard may
connect directly to tip and ring of the phone line.

The ITC-32 control board in congjunction with the
Telephorne Interface EBoard provides auvto-answer for control
and monitoring over the phone, and auvtodizl out on alarm
conditiorn for alarm generation over the phone.

TEL. TELEPHONE
93 ‘gp, I LINE

ITc-32 J2

J

4-1 (v1.2, 7/83)
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4.4 HRewmote Cortrol Logic Outputs

The ITC-32 control board Provides 28 remotely
corntrollable logic outputs. Eight of the outputs are
buffered for high current high wvoltage drive with power
VFETs. These outputs (OUT1-0UTB) may drive high current
loads, such as relay coils, keying lines; etc., directly.
The other 20 outputs (DUT9-0UTZ8) are TTL logic levels and
#ayg interface to other loaic or TTL compatible equipment.

ouT 1-8
E ' D—g-— ouT 9-28

4.3 Alarm/Sense Inputs

The slarm/sense inputs accept TTL and CMOS type logic
levels in the range of 0 to approximately 15 volts. The
logic inputs are internally pulled down to a logic 0, so a
contact closure to a 5 or 12 volt supply could also drive
the logic inputs. Optionally, a pullup resistor with a
contact closure to ground could be the basis of an alarm or
SEnSor . 45V

10K
ALARM/SENSE INPUTS

4.4 Morse / Tone Dutput =

Morse code or tone encoded response and alarm messages
are available for driving a radio transmitter’s asudio input.
The output from the control board is approximately 1 wvolt
peak to peak, at 20K output impedance, and may be injected
into the transmitter at an appropriate point.

10K 10K

+ 1

MORSE/TONE

4.7 Fush-to-Talk

. A Fush-to-Talk (FTT), or transmitter keging signal is
available to turn on the transmitter during a response or
alarm message. The PTT logic ouwtput is buffered for high
current high wvoltage drive, and provides a solid state

4-2 (vi.2, 7/83)
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"contact closure" to ground during 8 mMessage. The output
may typically be paralleled with the primary keging line to
the transmitter, in & "wired or" configuration, to ensure
that the transmitter is held up during a response messaqe.

-7

4.8 Reset Switch

An optional switch to reset the microcomputer may be
connected between the Reset pin and ground. The board
contains an automatic power-—on-reset circuit, and 3 watchdog
timer for asutomatic reset in case of soft error, however in
many systems it is desirable to have a8 front panel reset
button. Reset restores 311 buffered outputs to their off
state, and the wunbuffered owtputs to their low states,
except as defimed in the Fersonality FROM.

4.9 Repeater / Remote Ease Functions

Various repeater and remote base functions are
supported, using the FTT output, COS irnput, Morse code audio
output, etec. Chapter 7 describes these functions in detail,
including installation.

L
RESET )i
SWITCH _L

P

4-3 (Vi.2, 7/83)
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S+ OFERATION
9.1 Overview

The ITC-32 comtrol board comstantly monitors audio at
its input for Touch-Tone sianals sent to the board. Touch-
Tone digits are collected in 8 buffer in wmemory, and are
evaluated at the Command Evaluation point (defined below).

The telephone ring sianal from the Telephone Interface
Eoard causes the board to answer the phorne after an answer
delay period (nominally 1-2 rinags, configurable in  the
Fersomality FROM) and provide a tone prompt to the calling
party., The board can then receive Touch-Torne commands
entered over the phone for controlling functions of the
board. The board automatically hangs up if 3 period of one
minute elapses after a valid command entry.

The alarm logic inputs, when activated, either cause
the transmitter to be kegyed with a3 tone or Morse code
message, or causes an autodial out over the phone to one or
more pre-stored phone numbers (stored in Fersonality FROM).
The board may contirwe to call the pre-stored phone numbers
periodically until the alarm status is cleared.

5.2 Command Decoder

Touch-Tone diaits received are stored until a Command
' Evaluation occurs. The Command Evaluation is performed

1) After receipt of a "X" key (may be re-configured to another
key using the Fersonality FROM), OR
2) On the trailing edge of the COS (carrier-operated-switch)
logic input.

For example, commands entered over the phone should be
terminated with the x key to cause a3 command evaluation.
Commands entered over a radio receiver mwmay be entered
without & terminatine X by connecting the board’s COS logic
input to the receiver’s carrier-operated switch (or sauelch
open) sianal, If the CO0S signal is not readily available
from the receiver, the X key may 3gain be uwsed to force =
command evaluation at the end of each command entered over a
radio receiver. If it is desirable to use the "x" hrey as
part of command code sequences, the Command Evaluation hkey
may be redefined to be any Touch-Torne value wsing the
Fersonality FROM.

A command which has been partially entered incorrectly
may be cancelled using the "#" key. The Touch-Torme digits
sent prior to the # are cancelled, and only those following

the # are evaluated at the Command Evaluation. The Cancel
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{ey may be redefined using the Personality FROM to be other
than the # key, in case it is desired to use the # as part
of command code sequences.

The Command Decoder is in software, and is carefully
desigrned to provide reliable decoding of valid commands,
while igroring invalid ones. It inherently provides "wrona
digit reset", "wrong digit lockout", "wrong digit reject",
etc, An interdigit timer, rnominally 3 seconds, disaqualifies
a command if greater than 3 seconds elapses between digits.

5.3 Command Structure

Commands consist of a8 command code prefix wunique to
each ITC-32 board, followed by predefined '"root" codes which
define the particular function to be performed. Command
"root" codes exist for commanding each logic output hiagh,
low, or pulse, aroup outputs to particular values, and for
interrogating the state uf sense inputs, control outputs,
and output aroup values. "lock" command may cause the
board to ignore all cnnﬂgggs until an "unlock" command is
received, td enhance the security of the sustem. Alarms may
he“EIEEred and disabled, arnd other miscellaneous interrnal
functions may be performed.

The addition of a "Fersonality FROM" allows the wuser
to customize each of the command codes irndependantly. Short
codes may be assianed to some functions, while longer, more
secure commands may be assigned to more critical functions.

5.4 Remote Control Logic Outputs

The 28 logic outputs may be commanded remotels wsing
Touch-Tone commands . Each output May be commanded
individually for on/off type controls, A/E select, valve
opern/close, etc. When commanded, the comtrol board responds
with a hiagh or a low beep, indicating on/off or high/low
logic state, followed by the logic output rnumber in Morse
code or tome encoding., Function number tone encoding (an
alternative to Morse code) is defined below!

- veree

. .

.. —

‘e —tre

DBWHNH=O
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e e

Hiah/low beep encoding is defined below!

BUFFERED QUTFUTS
on High Eeep
off Low Eeep
Fulse (off/on/off) Low/High/Low Eeep

w
1
[
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UNEUFFERED OUTFUTS AND SENSE INFUTS

High High Eeep
Low Low Eeep
Fulse (1/h/1) Low/High/Low Eeep

For example, commanding function 19 high results in 3
response of "hiagh torne" followed by _eees e

The state of the control outputs may be interrogated
as well, without affecting the output state, with 2 similar
readback.

4]
1
w
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Outputs may also be commanded in  Qroups, as defined
below!

16 15 14 13 12 11 10 9 GROUF 1 (8 bits, 0-255)
21 20 19 18 17 GROUF 2 (S bits, 0-31)

25 24 23 22 GROUF 3 (4 bits, 0-15)

28 27 26 GROUF 4 (3 bits, 0-7)

Response to group command or araoup interroaate
consists of a Morse or tone encoded message conveying the
value of the group.

Response messages for the high and low states of each
individual output mMay be cgiﬁaﬁized as se code or
speech message indicsting the mesming of the 3 state,
Usine the Fersonality FPROM. In the Fersonality FROM
selectable "Speech" Mode, the control bosrd drives off-board
Digitalker speech synthesizer chips with the fumction rnumber
or aroup value in speech, or a custom message as defined 1in
the Fersonality FROM.

5.5 Alarm / Status Monitor Inputs

The 4 slarm / status monitor inputs wmay function
either as remotely sensed inputs or as alarms which mayg key
the tramsmitter or asutodial out over the phone line to
several prestored phone numbers. Autodial ouwt requires &
Fersonality FROM for storage of phone numbers. Without =&
Fersonality FROM, the functions of the alarm / sense inputs
are defined below!

ALARM/SENSE 1 ALARM, TRANSMITTER
ALARM/SENSE Z ALARM, TRANSMITTER
ALARM/SENSE 3 SENSE (INTERROGATE H/L)
ALARM/SENSE 4 SENSE (INTERROGATE H/L)

With 2 Fersonality FROM, each input may be defined as
a sense input, or 38larm with transmitter key or autodiazl.
The response and alarm messages may also be customized with
the Fersonality FROM.

Over the air alarms cause the transmitter to be keged
approximately every 10 seconds with the message stored in
the Personzlity FROM, or & defsult "ALL" throwgh "ALA4"
messaqe. The alarm state may be cleared by the "Alarm
Clear" command. = -

Telephone autodial alarms require storage of one or
two phone numbers for each alarm in the Fersonality FROM.
Or alarm condition, the board pulse disls each nunmber,
announcing the alarm condition several times for
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approximately one minute. The phone numbers are then
redialed &t five minute intervals until the slarm condition
is cleared. Arny  Touch-Tone command over the phone

(including simply the Command Evaluation key) cancels the
alarm,

5.6 Reset

A reset sianal is applied to the microcomputer briefly
on powerup, or when the "Reset" pin a3t F1 is grownded.
While the reset sianal is applied, the buffered remote
control logic owtputs are in their on, or arounded state.
The wnbuffered ouwtputs Float, and so their state is
dependant on what type of circwitry they are connected to.
Immediately after the reset sianal is removed, the buffered
logic outputs are initislized to the off state, and the
unbuffered owtputs to the low state.

The owutput states which follow 3 reset may be
redefined using the optional Fersonality FROM.

5.7 Repeater Control Functions

The operation of the ITC-3Z2 control board’s repeater
and remote base furnctions are described inm Chapter 7.

5.8 Fersonality FROM

The optional "Fersonality PROM" allows the wuser to
customize wmany of the aspects of the controller bosard
without the need to modify the microcomputer firmware. Suoch
characteristics as command codes for each function, response
messages, alarm autodial numbers, and certain timer wvalues
may be modified from their default values defined in the
firmware. The Fersonality FROM allows field
reprogrammability, and customization of the cortrol board
for the user’s particular application. Appendix I defines
the format for the Fersornality PROM.

5.9 Control Over the Telephone

The ITC-32 control board may be controlled over the
telephone when wsed with ACC’s Telephone Interface EBoard.
The control board detects ring, and after a rominal delay of
15 seconds, answers the phone. The caller may enter Touch-
Tone commands (terminated with the Command Evaluation hkey),
and command interrnal and external functions of the board.

Whern the phone is answered, the caller wmust enter &
valid command within 10 seconds to prevent the board from
hamnging wp. After the first commend has been entered,
additional commands must be entered within one minute of
each other to prevent auvtomatic hangup.
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The board may be commanded to hang wup manually |.-.|:i.t.h
the # key followed by the Command Evaluation key (i.e. #x).
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6. INTERFACING

6.1 Remote Control

The aspplications of remote control of equipment wusing
Touch-Tone sigrnalling over radio or telephone links are wide
ranging. This section describes some interfacina examples
for the remote control ouwtputs to the real world.

Eight of the 28 remote control outputs are buffered
on-board with high voltage high current transistors. When
the output is commanded "on", the transistor conducts,
providing a dc path to ground. The outputs can drive relay
coils, solenoids, and opto-couplers directly. They can also
drive power transistors for switching heavy dc loads.

Figure é.1 illustrates the ITC-32 control board
buffered outputs driving various types of loads for remote
control applications. Relay coils may be driven directly,
assuming the current and voltage requirements are within the
100 mA / 60 volt limitations of the buffered outputs. A
diode should be connected across the relay coil as shown to
protect the driver transistors against inductive kick-back
voltage spikes when switchima. The relay can be commanded
to either state remotely with Touch=Tone commands which
lateh the commanded state.

A latechirng relay can be driven by two of the control
board‘s outputs. Latching relags have the advantage of
"remembering' maanetically the last state requested. They
require no power to drive the coil except when commanded to
change state, so that they consume less power than non=
latching relays. The latching relays may be commanded using
the "pulse" Touch-=Tone commands.

The control board can drive loads which need to be
electrically isolated because of grounding considerations,

level tranmslatiorn, or transient protection. Opto-couplers
consist of am LED and photo-transistor inm 2 single packaqe,
electrically isolated from each other. The control board

can directly drive the LED in the coupler, and the photo-
transistor, which is completely isolated from the control
board, may interface to other circuitry.

AC power loads may be controlled wsing solid state
relays, such as available from Magnecraft and others, which
may be driven directly by the ITC-32 buffered outputs.

Finally, the buffered ouwtputs may interface to TTL or
CMOS 1logic inputs directly, with the addition of a pullup
resistor to defirme 2 logic one voltaae compatible with the
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logic irnput’s requirements.

Figure 6.1. Buffered Logic Output Interface

V+ v+ V+
e & I | &3¢
INTERFACE N
SET RESET
v+ LATCHING
RELAY
INTERFACE
s e
| M([ +5
OPTO-COUPLER .
= INTERFACE TO TTL INPUT
+12
TTL INTERFACE
10K

T0 12V CMOS INPUT
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-4 (vi.z2, 7/83)



ITC-32 Intelligent Towch-Tore Control EBoard Owner’s Manual

The remaining 20 TTL compatible level remote control
outputs may interface to TTL or CMOS loagic, digital-to-
analog converters, etc. Figure 4.2 illustrates interface of
the TTL level outputs to a variety of circuitry.

The interface to TTL is direct, with ro other
components required. Fanout is orne TTL load, or 4 Low Fower
Schottky loads. Interface to 5 volt CMOS requires only a
pullup resistor to S volts to guarantee a valid logic orne
level. Twelve volt CMOS reaquires level translation, through
a device such as the 4504E IC.

The control board’s group outputs cam drive digital-
to-analog converters directly, which allows eass remote
control of analog levels. Control of analog levels is
useful for contreolling rotator direction, audio levels,
squelch settings, or power levels,

The group outputs also allow easy "one-of-n" selection
of functions with a one-of-n logic decoder, such as a
74L5138 one-of-B or a 74LS154 one-of-14 decoder. In this
way, the rumber of outputs controllable by one ITC-32
control board can be expanded into the hundreds.

Figure 6.2. Unbuffered Logic Output Interface 7415138
|>—D— T0 TIL INPUT D—D- A p—
O—
+5 Cc—
B Cc—
O_
TO 5V CMOS c—
INPUT c O—
+5 +12 Cc—
) TO 12V CMOS 1-0F-8 SELECT
D %5043
[
///, .
GROUP L DAC ANALOG VOLTAGE
OUTPUTS .
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4.2 FRemote Status Momitoring

The ITC-32 control board’s 4 status logic inputs allow
remote interrogation of conditions st a remote site. For
emample, sensors could provide information on  tank level,
indicate if there is snow on the ground, or if lights are on
in a building. Interrogating the board with Touch-Tone
commands causes a readback indicating 2 high or low state at
the status inputs.

The status logic inputs are compatible with TTL and
5/12 wvolt CMOS levels, pull-up resistors with contact
closures to qround, etc. Various types of sensors which may
be deployed at a remote site include temperature, fluid
level, smoke detector, pressure, and light. Fiqure 6.3
illustrates some interfacing examples with typical sensors
for status monitoring.

Figure 6.3. Sensor Interfacing
V+

SENSOR SWITCH ‘l " [
i v+ — —0 LM335 f
1 1

V+

OVER-TEMPERATURE
1 DETECTOR
k= V+
SENSOR v+
SWITCH
LIGHT
DETECTOR

FLUID DETECTOR
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4.3 Alarm Generation

Many of the sensors suitable for alarm generation are
similar +to those described in the previous section. Alarm
capability is particularly wvaluable for events such as
intrusior, over-temperature, under-voltage, water on the
floor, and fire.

Logic inputs definmed as alarms are activated by 2 hiah
level logic signal. The high level is debounced to prevent
false triagering, and is latched, activatina the alarm. For
example, & limit switch sctivating momentarily on intrusion
will generate a2 latched alarm condition in  the ITC-3Z2
control board, with the autodial out or keved transmitier
alarm generation.

6+4 Touch-Tone Audioc Imput

Since the ITC-32 control board is controlled wsing
Touch-Tore signallimg, it’‘s important to apply the source of
sudio correctly for reliasble operation. Section &5
describes telephone interfacing, while this section assumes
audio is derived exclusively from a radio receiver or
similar source.

The Touch-Tone receiver has a2 wide dynamic ranae, but
for most reliable results, the sudio level should be roughly
in the one volt peak-to-pesk range., It 1is important that
the frequerncy response of +the sudio path be fairly flat,
since a8 significant difference between low tone and high
tone levels mwmakes the Touch-Torne difficult to decode. The
distortion through the path should also be minimized, since
distortion causes harmonic and intermodulation distortion
which can confuse the decoder.

6.5 Telephone Line Interface

Interface throuwah the telephorne line is handled
directly by the Telephone Interface Eoard (either the FCC
registered or non-registered board). The ITC-32 / Telephone
Interface EBoard combination detects phone ring and avto-
answers, and can dial out (10 pulse per second dizl pulse)
on alarm condition.

If the control board is wused with both telephone
interface and radio receiver audio input, the nominal input
audio voltage range rises to approximately two volts pesak to
peak, The receiver audio is mixed with the telephone audio
into the Touch-Tore receiver, after the board auto-answers.
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4.4 Morse Code / Tone Audio Output

The Morse / tone audio genersted by the comtrol board
mas be injected into & transmitter auwdio input stage for
sernding response and alarm messaqges over the radio link.
Coupling to the phone line is automatically handled by the
Telephone Interface Board.

The awdie characteristics of the tone output are
approximately 20K impedance, with a level of about one volt
peak to peak. The level can be reduced with 3 resistor from
the audio owutput to aqround. The audio showld drive &
relatively high impedance irnput to the transmitter sudio
stage.

é&.7 Mute Output

The Mute output from the control board provides =
solid state contact closure to ground during the time that
Touch-Tore signalling is being sent to the bosrd (while the
telephone is om—hook). The output may be used to mute asudio
retransmitted over a duplex radio link for code security.
The ouwtput may connect through a capacitor to & fairly high
impedance poimt in the transmitter audio staqge.

6.8 Eattery Eackup

Sirnce the power requirements of the ITC-32 control
board are modest, am 8 or 12 volt Gel-Cell can provide many
hours of operation in case of failure of the main supply.
Figure 6.4 illustrates diode isolation for battery backup,
with continwous trickle charging of the batteryg.

For special applications requiring extremely low power
consumption, 8 low power version of the ITC-32 control board
is available (contact factory).

6.9 Synthesized Speech Readbachk

Interface of the Digitalker speech synthesizer chip

set to the ITC-32 control board is detailed in Appendix IL.

Figure 6.4. Battery Backup

+12V SUPPLY
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7+ REFEATER / REMOTE EBASE OFERATION AND INTERFACE
7.1 Overview

The ITC-32 control board can serve as a3 basic
controller for simple repeaters, providing the COR, ID,
courtesy torne, hang timer, and timeout timer functions. The
control board can also select carrier or FL access, and
repeater on/off. Audio mixing functions must be handled
externally,

The control board also provides a8 synthesized remote
base capability, consisting of a remote base transceiver COS
input and FTT owtput, and EBCD frequency programming
information supplied inm response to Touch-Torne commands.
These functions are in addition to the control board’s
remote control, status monitoring, anmnd alarm capabilities,
but "use uwp" some of the board’s inputs and ouwtputs. The
repeater mode is selected by DIF switch 1 "On".

In the Repeater Mode, certain I/0 functions are
redefined as described below!

ouT 8 Link PTT (active low)
ALARM/SENSE 4 Link COS (active low)
ALARM/SENSE 2 ID Select (low=ID1, high=ID2)
ouT 13-28 Link Frequency (parallel mode)
ouUT 6,7 Link Frequency (serial mode)

Marny of the repeater’s parameters may be changed from
their default values through the optional Fersonality FROM,
including ID messaqe, timer values, and tone pitch.

7.2 COR Timine

The PTT ouwtput is keyed (active low) in response to an
active (low) COS input. When the COS sigrnal qoes away, a
courtesy tore is gernerated and the FTT remains keyed for the
hana time period. The delay to the courtesy +tone is
nominally .6 second, and the hang time is § seconds.

7+.3 ID Timing

The control board ID’s within 10 seconds of a new COS
signal after a3 vperiod of insctivity., It continues to ID
periodically during rnormal sctivity, and will ID after the
last activity is complete.

The control board attempts to ID at the end of the
hang time if aqiven the opportunity, If not, it tries
betweern user transmissions, and finally forces an ID on top
of & user transmission if necessary within 10 mirnuwtes of the
last ID.
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7+4 Operation Modes

Touch-Tone commands allow selection of repeater
enable/disable, link (remote base) enable/disable, carrier
or PL access, timer enable/disable, and short or long timer
select.

7.8 Link Function

Touch-Tone commands allow enablinge or disabling 2 link
function, which causes the 1link PTT to be keged when a
signal is received on the main receiver C0S, and the main
transmitter to be hkeyed when a3 signzl is received on the
link COS. The link may be another repeater at the site, or
3 transceiver, allowing linking the repester over the air to
other repeaters or simplex frequencies as a3 remote base.

In addition to enabling or disabling the link function
with Touch-Torne commands, the frequency of the 1link
transceiver may be proarammed, with the ECD frequency value
present 3t +the control board’s outputs, in parallel or
serial format, The BCD ouwtputs may interface to the link
transceiver’s frequency synthesizer to allow remote control
of the remote base frequency. Readback of the freauerncy
entered verifies command entry.

The parallel format (selectable with the Personalityg
FROM) provides all 1é frequency bits (3 BCD digits plus
offset and on/off bits) directly a3t logic outputs. The
serial format conserves functiomn owtputs by serially
shifting information out of two logic outputs as shown in
Figure 7.1, External shift registers capture the dats
shifted out the control board, and a2t the same time may
perform any level translation required in interfacing to a
particular radio. (The serial format is compatible with the
RC-850 Repeater Controller.) A clock and data signal are
present a3t OUT &6 and OUT 7, freeing wp OUT 13 through OUT 28
for remote control functions.

Figure 7.2 shows circuitry suitable for capturing the

serial frequency information for interface to an ICOM IC-2Z2U
two meter transceiver a3s & synthesized remote base.
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7.6 Interface Signals

REFEATER MODE - SWITCH 1 ON

Repeater Function Sianal Name Connector Fin
PTT (active low) FTT L
C0S (active hiah) cos c
FL (active high) FL Z
LINK FTT (active low) ouT 8 10
LINK COS (active high) ALARM/SENSE 4 S

LINK FREQUENCY - FARALLEL MODE (ACTIVE HIGH OUTFUTS)
xxx REQUIRES FERSONALITY PROM SELECTION xxx

MHz 8 ouT 28 13
MHz 4 ouT 27 N
MHZ 2 ouT 26 12
MHz 1 ouT 25 M
100KHZ 8 ouT 24 14
100KHz 4 ouT 23 R
100KHZ 2 ouT 22 15
100KHz 1 ouT 21 -]
10KHz 8 ouT ‘20 16
10KHz 4 ouT 19 T
10KHz 2 ouT 18 17
10KHz 1 ouT 17 u
ONC(H) /OFF (L) ouT 16 i8
S(H)/0(L) KHz ouT 195 v
SIM(H)/DUF (L) ouT 14 19
+(H)/-(L) OFFST OUT 13 W

LINK FREQUENCY - SERIAL MODE

DATA ouT 7 {
CLOCK ouT & ?
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8, PRINCIFLES OF OFERATION

8.1 ITC-32 Control Eoard

The ITC-32 control board is based on an  B80BIAH
microprocessor, in  conjunction with two 8155H I/0 and RAM
devices, arnd up to two EFROMs. The 8085 CFU clock input is
derived from the Touch-Torne receiver chip 3.58 MHz
oscillator. The CFU’s multiplexed address/data bus is de-
multiplexed by a 74HC373 octal latch which recovers the low
half of the address bus. A 74HC138 decoder provides address
decoding and qenerates chip select signals for the 8155's
and the EFROHMs.

The 8155 I/0 and RAM chips provide the board’s control
outputs, and alarm / sense inputs, Eiaght of the control
outputs are buffered with UMOS power transistors for direct
high current high voltage drive capability, The alarm /
sense inputs are buffered with an integrated transistor
array, The two B155’s provide 512 bytes of RAM for program
temporary storage and stack wusaqe. On  chip programmable
timers develop 2 periodic interrupt signal to the CFU which
forms the basis of the operating system, and 3 much longer
period signal for wuse as a watchdoa timer. In the event
that the proaram fails to periodically clear the second
programmable timer, the timer times out, resetting the CFU
causing a recovery from soft error.

The EFPROM devices maws range from 2K to 8K byte devices
(2714, 2732, or 2764). Each is decoded into an BK byte
location inm the microcomputer’s memory map.

Morse code or torne encoded audio is generated in
software at the CFU‘s SO0D output, and is filtered to remove
harmonic content.

Touch-Tore audio is applied to the Touch-Tone receiver
chip set input. The MT8865 filter chip separates the Touch-
Tore sianzl imto its low torne and hieh tone, and squares up
the audio sieral for presentation to the MTB860 digital
decoder chip. The filter also removes 60 Hz, dial tone, and
CTCSS audio components. The digital decoder analyzes the
high and low group tones, and decides when valid Touch-Tene
audio is present. Valid Touwch-Tone causes an interrupt to
the CFU, which causes the program to read the irput port
cornected to the Touch-Tone receiver binaryg outputs.
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A voltsge regulator IC sccepts +8 to +14 volts at the
input to the board and converts it to the +5 volts reauired
by the circuitry for proper operastion.

8.2 Telephone Interface Eoard

The Telephorne Interface EBoard provides the interface
betweer the circuwitry on the ITC-32 control board and the
telephone line. The interface consists of isoeolation for
protection from hazardous voltages and transients, impedarnce

matching, on/off hook contreol, and ring detect. In
addition, the Telephone Interface Eoard provides a received
audio aqc, and an  electronic hygbrid (not wsed in this

application).

The FCC reqistered interface board wuses a Novation
Fhore Line Interface Module for automatic FCC reaistration
of the board, which permits legal direct cornnect to the U.S.
phone network. The non-registered board replaces the
Novation module with & discrete transformer, relay, and
opto-coupler to provide the idemtical function at a lower
cost, but without the FCC registration.
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9. SERVICE AND MAINTENANCE

?.1 Gerneral Maintenance

The ITC-32 control board is fully solid stste with no
electro~mechanical or moving parts. As such, no maintenarnce
should be required over the life of the board.

As with all electronic equipment, temperature extremes
should be avolded to lengthen the life of the solid-stiate
circuitry on the board. The board shouwld be protected from
moisture and dirty or corrosive environments.

2.2 Troubleshooting

The ITC-32 control board is based on an g08s
microprocessor. Although microprocessor based, the ITC-32
control board contains vastly fewer components than less
capable discrete logic desiagns. Therefore, the relisbility
will equal or exceed that of conventionzl Touch-Torne decoder
boards and systems.

A failure in 3 microcomputer based system such as this
is extremely rare, but would germerally fz2ll into one of two
cateqories - one which causes the microcomputer itself to
rot functionm (i.e. not execute its program), or one where
peripheral circuitry is damaged and so does not perform
certain of the board’s I/0 functions.

If the board appears to operate with the exception of
certain input or owtput functiorns, check the buffer devices
or the 8155 I/0 devices. Also check for good quslity Touch-
Tone signals, proper command entry, and proper Fersonalityg
FROM contents if used.

If the board is totally nmon-functional, check for
presence of the irput power swupply, and the regulated S
volts on the board. Check. for the 3.58 MHz oscillator
signal from the Touch-Tone receiver chip set. Look for
microcomputer bus activity, amd activity at the CFU’s ALE
pirie

Check also for hot comporents, or IC’s nrnot properly
seated in their sockets.

?-1 (Vi.z2, 7/83)
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OSCILLATOR U4-1
(10X SCOPE PROBE)
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STD (U7-15)
(INDICATING VALID
TOUCH-TONE DECODE)
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AFFENDIX I - PERSONALITY PROM SFECIFICATION

The Fersonality FROM optionally allows the wuser to
customize many of the parameters of tne ITC-32 coantrol board
without the need to modify the firmware. Changes can be
made in the field independant of +the factory, althouah
factory support is also available.

Equipment required for field programming of the
Fersonality FROM is amy EFROM programmer capable of
proaramming sirngle supply 27146, 2732, or 2764 EFROMs, and =2
Uy eraser. The format of the Fersonality FROM is defired
below.



MODE SELECTS

0010H

0011H

0012H
0013H
0014H
0015H
0016H
0017H
MORSE /

0020H

0021H,0022H

0023H,0024H

Digitalker Speech installed 00H
Speech not installed FFH*
Remote Ease Frequency Information

Farallel ("uses up" OUT 13-28) 00H
Serial ("wses wp" OUT &, 7) FFH *
Alarm/Status 1 Alarm 00H
Alarm/Status 2 Status 01iH
Alarm/Status 3 Default FFH
Alarm/Status 4 (see section 5.5)
Command Evaluation Key TOUCH-TONE KEY
Cancel Key TOUCH-TONE KEY

TONE FARAMETERS

Morse Speed (10,15.20‘.25HPH) WORDS FER MINUTE
Example 15 WFM

15=0FH

Address 0020H=0FH

Morse/Tone Pitch ) FITCH
Example 1000 Hz peecy
FERIOD = 1000 ws o
PITCH = 2 x ((1000-108)/26.8) = 66.57 ba.
67=0043H
Address 0021H=43H, 0022ZH=00H

Courtesy Tone Duration ¥ CYCLES
Example 100 ms at 440 Hz OF TONE BURST
440 Hz = 2.27 ms,
100 ms = 44 cycles
44=002CH
Address 0023H=2CH, 0024H=00H

0025H,00246H Repeater Courtesy Torne Pitch F72.. 1« FITCH
0027H,0028H Link Courtesy Torne Fitch b1 : FITCH
¥ Default
FITCH = 2 x ((PERIOD(us) - 108us) / 246.8us)



TIMERS

0030H Interdigit SECONDS
Example 5 seconds
S=05H
Address 0030H=05H

0031H Repeater Hang Time SECONDS
Example 4 seconds
4=04H
Address 0031H=04H

0032H,0033H Repester Timeout Time (Long) SECONDS
Example 180 seconds (3 minutes)
180=00E4H 30k ZOM
Address 0032H=B4H, 0033H=00H

0034H,003SH Repeater Timeout Time (Short) SECONDS
Example 45 seconds
45=002DH R4 i
Address 0034H=2DH, 0035H=00H

0036H,0037H Delay to Courtesy Tane MILLISECONDS
Example 600 ms
400=0258H < e
Address 0034H=58H, 003SH=02H

0038H Fhore Answer Delay Time SECONDS

INITIALIZATION FARAMETERS

MS LS *
0040H ouT 1-8 8 7 &6 5 4 3 2 4 O0=on, 1=off
0041H ouT 9-16 16 15 14 13 12 11 10 9 O=hiah, 1=1lou™®
0042H ouT 17-24 24 23 22 21 20 1% 18 17 " "
0043H ouT 25-28 KM XX MH xx 28 27 25 25 L "

The following apply to Repeater Mode orly.

0044H Repeater Enable =

Ernable FFH

Disable 00H
0045H Remote Ease Ensble

Enable FFH®

Disable 00H
0046H Carrier / FL Operation

Carrier FFH*

PL 00H
0047H Repeater Timer Enable

Enable FFH®

Disable : 00H
0048H Repeater Timer Select

Lorg Timer FFH™

Short Timer 00H



RESFONSE MESSAGES
FORMAT: (PREFIX) (CHARACTER/WORD STRING) (TERMINATOR)

FREFIX = 0 (MORSE CODE)
1 (SPEECH?

STRING = LIST OF CODES FROM MORSE CODE ASCII HEX VALUES
DR SFEECH MASTER WORD LIST (AFFENDIX II)

TERMINATOR = FFH

Example Morse "HI FWR"
00H,48H,49H,20H,50H,57H,53H,FFH

Example Speech "Control wp"

01H,4EH,8DH,FFH
0080H REFEATER ID #1 (AL3 LOW)
00%90H REFEATER ID #Z (AL3 HIGH) 01F8H OUT 16 HIGH
00A0H REFEATER FORCED CW ID 0Z200H 0OUT 17 LOW
0100H OUT 1 OFF 0208H OUT 17 HIGH
0108H OUT 1 ON 0Z210H OUT 18 LOW
0110H OUT 2 OFF 0218H OUT 18 HIGH
0118H oUT 2 ON 022Z0H OUT 19 LOW
0120H OuT 3 OFF 0228H OUT 19 HIGH
0128H OuUT 3 ON 0230H OUT 20 LOW
0130H OUT 4 OFF 0238H OUT 20 HIGH
0138H OuUT 4 DN 0Z40H OUT 21 LOW
0140H OUT S§ OFF 0248H OUT 22 HIGH
0148H ouUT S ON 0Z50H OUT 22 LOW
0150H oQuUT & OFF 0258H OUT 22 HIGH
0158H OUT &6 ON 0260H OUT 23 LOW
0140H OuT 7 OFF 0268H OUT 23 HIGH
0148H OUT 7 ON 027 0H OUT 24 LOW
0170H OuUT 8 OFF 0278H OUT 24 HIGH
0178H OUT 8 ON 0280H 0OUT 25 LOW
0180H OuUT 9 LOW 0Z288H OUT 23 HIGH
0188H OUT 9 HIGH 0290H OUT 26 LOW
0190H OUT 10 LOW 0298H OUT 26 HIGH
0198H OUT 10 HIGH 02A0H OUT 27 LOW
01A0H OUT 11 LOW 0ZABH OUT 27 HIGH
01A8BH OUT 11 HIGH 02E0H OUT 28 LOW
01E0H OUT 12 LOW 02E8H OUT 28 HIGH
01E8H OUT 12 HIGH
01COH OUT 13 LOW 0ZCO0H STATUS 1 LOW
01C8H OUT 13 HIGH 02C8H ALARM 1 / STATUS 1 HIGH
01D0H OUT 14 LOW 02D0H STATUS Z LOW
01D8BH OUT 14 HIGH 02D8H ALARM 2 / STATUS 2 HIGH
01EOH  OUT 15 LOW D2E0H  STATUS 3 LOW
01EBH 0UT 15 HIGH 02E8H ALARM 3 / STATUS 3 HIGH
01FOH OUT 16 LOW 02FO0H STATUS 4 LOW

0ZF8H ALARM 4 / STATUS 4 HIGH



COMMAND CODE FREFIXES NOTESD  PRESENCE OF ANY PP COMMAND CODE FREFLX CANC

FORMAT ¢

0600H
0620H
0640H
0660H
0680H
06A0H
06COH
046E0H

FORMAT $

FIRMWARE DEFINED FREFIX FOR ALL COMMANDS - FREFIX
MUST BE DEFINED FOR ALL FUNCTIONS TO BE USED.

(COMMAND CODE STRING) (TERMINATOR)

STRING = TOUCH-TONE HEX REFRESENTATION
TERMINATOR = FFH

Example 3A7...

03H,0DH, 07H,FFH
0300H ouT 1 0460H ouT 23
0310H ouT 2 0470H ouT 24
0320H ouT 3 0480H ouT 25
0330H ouT 4 0490H ouT 26
0340H ouT S 04A0H ouT 27
0350H OuT 6 04E0H ouT 28
03640H ouT 7
0370H ouT B 04CO0H GROUF 1
0380H ouT ¢ 04D0H GROUF Z
0390H ouT 10 04E0H GROUF 3
03A0H ouT 11 04F0H GROUF 4
03E0H ouT 12
03CO0H ouT 13 0500H STATUS 1
03D0H ouT 14 ! 0510H STATUS 2

03E0H ouT 15
03F0H ouT 16
0400H ouT 17
0410H ouT 18
0420H ouT 19

0520H STATUS 3
0530H STATUS 4

0540H ALARM

0430H ouT 20 05S50H REFEATER CONTROL
0440H ouT 21 OFERATOR
0450H ouT 22 0S60H REFEATER REMOTE EBASE

057 0H LOCK / UNLOCK
0580H INITIALTZE

ALARM AUTODIAL FHONE NUMEERS

ALARM 1 #1
ALARM 1 #2
ALARM 2 #1
ALARM 2 #2
ALARM 3 #1
ALARM 3 #2
ALARM 4 #1
ALARM 4 #2

(FHONE NUMEER STRING) (TERMINATOR)

STRING = TOUCH-TONE HEX REFRESENTATION
(FAUSE = 0EH)
TERMINATOR = FFH

Example Alarm 2 phore #1 = 253-8085, phorne #2 not used
Address 0640H=02H,05H;03H,08H,00H,08H,05H,FFH
Address 0440H=FFH



HEXADECIMAL-DECIMAL CONVERSION

The followng able 1 for hesadecimal 16 decimal
werwon. To find the devs
adecimal number 1n (he o
devimal numbers

nd devimal 10 hexadesimal con
al equnalent of a hesadevimal number. lov:

cate the hex
et posinion and noie the decimal equisalent. Add the

To find ihe heradevimal equnalent of & decimal number, lovate the nest lower

in ihe 1able and umBer 3nd its posion Sub-
1ract the decimal number from the 1able from the varung number. Find the dif-
ference in the 1able. Continue this provess uibl there 1 no dil lerence.
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MORSE CODE CHARACTER ASCII HEX VALUES

A 41 0 30

E 2 1 31

[ 43 2 32

D 44 3 33

E 45 4 34

F 44 5 35

G 47 3 36

H 48 7 37

I 49 8 38

J 44 9 39

K 4E

L 4C

M 4D

N 4E

0 4F WORD SFACE 20
F S50 WAIT (AS) 22
Q 51 END OF MSG (AR) 24
R 52 END OF LINE (SK) 25
-] 53 FARENTHESIS 28
T 54 COMMA (,) 2c
u 59 DASH (=) 2D
v =T) FERIOD (.) 2E
W 57 SLANT EBAR (/) 2F
X 58 COLON () 34
Y 59 SEMICOLON (3) 3E
74 Sa QUESTION (?) 3F

TOUCH-TONE DIGIT REFRESENTATION IN HEX
(For Command Frefimxes and Command Evaluation and Cancel Kess)

0 00 8 08
1 01 9 0%
L 0z x 0E
3 03 # oc
4 04 A oD
S 05 B 0E
é 06 C 0F
7 07 D 0A



APPENDIX II Speech Synthesizer Interface
(National Semiconductor Digitalker DT1050)
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MASTER WORD LIST

M pix  Bimity C Nexe  Dimaky Jee- HEX  Dimaty
ZEROQ 00 oo 00000000 w 084 3¢ 00110110 MILLI 108 £ 01101100
ONE o1 o) 00000001 x 085 57 00110111 MINUS 108 &) 01101101
WO o ox 00000010 ¥ 058 3f 00111000 WINUTE 10 ¢£ 01101110
THREE 003 o5 00000011 z 087 35 00111001 NEAR 11 4F 01101911
FOUR 004 o+ 00000100 AGAIN 058 34 00111010 NUMBER 112 70 01110000
FIVE 008 c5 00000101 AMPERE 0% 32 00111011 oF 137 01110001
s 008 ot 00000110 AND 080 3¢ 00111100  OFF 114 9201110010
SEVEN 007 ¢7 00000111 AT 081 D 00111101  OM 18 77 01110011
EXGHT 008 «f 00001000 CANCEL 082 3€ 00111110  OUT 118 9+ 01110100
NINE 008 ©1 00001001 CASE 083 3F 00111111  OVER 17 2y 01110101
TEN 00 4 00001010  CENT 084 yo 01000000 PARENTHESIS 18 % 01110110
ELEVEN 011 43 00001011  400HERTZ TONE 088 t 01000001  PERCENT 19 77 01110111
TWELVE 012 c¢ 00001100, SOMERTZ TONE 01000010( PLEASE 120 77 01111000
THIRTEEN 013 & 00001101 20MS SILENCE 01000011 PLUS 121 ¥ 01111001
FOURTEEN 014 o 00001110|  4OMS SILENCE 01000100| POINT 122 4 01111010
FIFTEEN 018 2 00001111| BOMS SILENCE 01000101 POUND 123438 01117011

233338843
ER§iEgage

SIXTEEN 018 A+ 00010000| 180MS SILENCE 01000110  PULSES 124 7¢. 01111100
SEVENTEEN 017 1 00010001| 320MS SILENCE 01000111  RATE 126 9 01111101
EIGHTEEN 018 12 00010010 CENTI 01001000 RE 128 7€ 01111110
NINETEEN oM 1 00010011| CHECK 01001001  READY 127 7F 01111111
TWENTY 020 & 000101001 COMMA 01001010  RIGHT 128 2 10000000
THIRTY a1 iy 00010101  CONTROL 078 45 01001011 S8 (Note 1) 128 PI 10000001
FORTY 022 /4 000107110  DANGER OT6 4C 01001100, SECOND 130 £ 10000010
FIFTY 023 /7 0001G111  DEGREE oTT ¥} 01001701 SET 131 #1 10000011
STy 024 ;4 00011000 DOLLAR o8 € 01001110 SPACE 132 ¥ 10000100
SEVENTY 028 /5 00011001 DOWN ome #F 01001111 SPEED 133 P 10000101
EIGHTY 02 4 00011010 EQUAL 080 S® 01010000 STAR 134 7¢ 10000110
NINETY Qz7 43 00011011  ERROA 081 51 01010001 STAAT 138 ¢y 10000111
HUNDRED 028 )< 00011100  FEET o&2 51 01010010 STOP 138 ¥¢ 10001000
THOUSAND 0290 3 00011101, FLOW 083 53 01010011| THAN 137 ™ 10001001
MILLION 00 /& 00011110  FUEL os4 vv 01010100 THE 1% £ 10001010
A 032 3o 00100000 GALLON 086 55 01010101| TIME 12 2§ 10001011
[ ] 033 20 00100001 G0 086 ST 01010110 TRY 140 FC 10001100
[ 034 23 00100010, GRAM 087 55 01010111 up 141 ¥D 10001101
-] [ A oowuun‘ GREAT 0% <F 01011000 YOUT 142 ¥£ 10001110
E 038 ¥ 00100100 GREATER 088 59 01011001  WEKGHT (Note2 143 £ 10001111
F 037 37 00100101 MHAVE 000 5% 01011010

] 03 2/ 00100110  HiIGH %1 55 01011011

L] o0® 27 00100111 HIGHER 082 < 01011100

! 040 2F 00101000  MOUR 08352 01011101

J 041 21 00901001 N 084 S€ 01011110

K 042 24 00101010  INCHES 008 ST 01011111

L 043 25 00101011 ] 096 <2 01100000

L] 044 22 001071100 m 087 61 01100001

N 045 3) 00101101 o 008 ¢ 01100010

o 046 3£ 00101110  LgFT 094 01100011

P 047 2F 00101111 LESS 100 ¢/ 01100100

Q 048 7+ 00110000 LESSER 101 £ 01100101

R 049 31 0011000 T 102 (¢ 01100110

s 050 52 00110010 047 01100111

T 081 35 00110011 LOwER 104 € 01101000

v 082 3/ 00110100  mARK 108 {7 01101001 |

v 083

IS 00110101  METER 108 c4 01101010
MILE 10745 01101011 )

Mote 1: "SS5 makes any singular word plural

Note 2 Address 14313 INe las! legal address in this particular word list. Excesding address 143 in an exlernal processor applicalion will progucs pieces
of uninteiligible invalid spsech data

* Digitalker IC's available from Jameco Electronics, (415) 592=8097,
or any National Semiconductor distributor,

* Voice Response mode defined in Personality PROM status byte.

* QUT 20 - OUT 28, and ALARM/SENSE 3 redefined in Voice Response mode
to support speech hardware.



AFPENDIX III - COMMAND CODES

FW = Firmware supplied Command Code Frefix.

FF = Personality PROM defined Command Code Frefix.

xxx Fersonality FROM codes override Firmware codes Xxx
xxxX Any Command Code Frefix defined in Personality
FPROM CANCELS Firmware Frefix for ALL commands Xxx

INDIVIDUAL OUTFUT FORCE / INTERROGATE

FW () (%) PF ()

|—‘:Uutput $¥01-28
0=Low, 1=High,

2=Fulse, Empty=

Interrogate
GROUF OUTFUT FORCE / INTERROGATE
FH 4 () (e Gd)) PE () ))
‘—|:l3roup ¥1-4 I
0-255=Value, Empty=
Interrogate
STATUS INFUT INTERROGATE
FW 3 (x) FF

‘_ Irnput #1-4

ALARM

FW S (%) (0 FP (x) ()

Alarm #1-4 _I

0=Disable,l1=Enable,
2=Clear

(Any command over phone cancels dial out alarm -
i.e. "X", assuming % is command evaluation key.)

(vi.2, 7/83)



REFEATER CONTROL OFERATOR

FW 6 1 4 ()

NMONOCDIUNE o

REFEATER REMOTE EASE

FH 7 ()

L

SRS N

FW 7 (MHTOF)

(-

M
. H
T
0
F
LOCK / UNLOCK
INITIALIZE
HANGUF FHONE
¥ (x)

PF (0

Repeater Ei'ual:\le———————l

Repeater Disable
Remote Ease Enable
Remote Ease Disable
Carrier Access

FL Access

Repeater Timer Enable
Repeater Timer Disable
Long Repeater Timer
Short Repeater Timer

FF (x)

Receive Only —,

Transmit
off

FF (MHTOF)

Megahertz
Hurdreds MHz
Tens MHz
Ones MHz (0/5)
Transnit Offset
1 Minus
2 Simplex
3 Flus

PF ()

0=Unlock, 1=Lock —I

P

¥ (x)

(vi.2, 7/83)



