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RC640 — a new f.m mobile radio
C. J. Marscheider, B.Sc(Hons),

J. M. Turner B.Sc(Hons)

Summary The RC640 is a v.h.f, f.m mobile radio which, by the use of microprocessors, has greater operational
flexibility than other commercial mobile radios. This flexibility is enhanced by a frequency management systemn
which can alter the functions and channel frequencies. These changes can be made using a data fill gun after the

radio has been installed in a vehicle.

Ancillary equipment allows the radio to be reconfigured to fill most of the roles that a mobile radio system may

require of it.

Introduction

Following the World Administrative
Radio Conference [(WARC) in
1979, the frequency spectrum was
reassigned and the RC690 was
designed to fulfil the UK Home
Office a.m requiremnents for police
and fire services. It subsequently
formed part of the largest single
order ever placed by the Home
Office for mobile radio,

The RC640 is an fm mobile
which was designed in parallel with
the RC690. It has already been
ordered by a UK regional health
authority for its first-lne emergency
ambulances. The extensive com-
monality between the RC640 and
RC690 reduces costs and shortens
delivery times,

This article deals specifically with
the RC640.

The RCB40 comptises a control
head which is mounted in, or near,
the dashboard of a vehicle, and a
transceiver unit located in the boot
(trunk), the two units being con-
nected by a multi-way cable.

The microprocessor-based con-
trol head, in conjunction with the
micro-processor-based,  synthe-
sized transceiver, provides opera-
tional flexibility allowing access to a
large number of channels in differ-
ent operational modes. Up to 255
channels are possible and they may
be allocated frequencies anywhere
within the operational bandwidth of
the equipment. The ability to isolate
the transmit and receive functions
electronically further increases the
flexibility of the radio. In addition,
all major interfaces and control
functions are provided through a
15-way faciliies connector to allow
the use of external equipment such

as modems or speech security sys-
terns. Audio interfaces are provided
through this connector at 600£L

Control head

The control head circuitry is con-
tained on three printed-circuit
boards connected by ribbon cable
(figure 1). Each board has a specific
function, viz. control board (provid-
ing the interface with the user), a
microprocessor board and an audio
processing board (figure 2).
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Control board

This is located immediately behind
the front panel and houses a
keypad, used for entering channel
numbers, a 5-digit display and vari-
ous other controls (figure 3).
Switches and displays on the front
panel are connected to the micro-
processor via a bi-directional bus
and are fully programmable.

Microprocessor board
This accepts the input from the front
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Fig. 3. Front panel layout of Control Head

panel, controls the control board
locally, and communicates with a
microprocessor in the transceiver
via the multiway cable. Selective
calling (Selcall) transmit and receive
circuitry is accommodated on this
board.

Audio processing board

This contains the transmit and
receive audio amplifiers. The
transmit audio is amplified, with
automatic gain control, limited to
maintain a high average level of
deviation with a low level of distor-
tion. It is connected to the trans-
ceiver via the multiway cable.

On the receiver side, the audio
signal is taken from the transceiver
via the multiway cable and is fed
into earpiece and loudspeaker
amplifiers, the output levels of both
being controlled by the main vol-
ume control.

Transceiver

Transmitter section

This section houses the regulators,
synthesizer and power amplifier
(figure 4).

Fig. 4. Block diagram of Transceiver
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The transmitter drive is derived at
half frequency from a synthesized
source. The synthesizer is directly
modulated wusing a two-point
method to ensure a flat frequency
response and low distortion. The
frequency is then doubled and fil-
tered to reduce both the spurious
outputs and the wideband noise
level that would otherwise
adversely affect adjacent receivers.
The signal out of the synthesizer is
amplified by a wideband modular
power amplifier to provide a carrier
power of 25W. The output is
passed through a harmonic filter
and an antenna changeover relay
which allows for simplex or duplex
working.

Recelver section

The receiver section comprises
another synthesizer, which pro-
vides the local oscillator for the
recelver, a microprocessor and the
recelver. The synthesizer is similar
to the one in the transmitter.

The receiver has a narrow-band
r.f amplifier which is varactor-tuned
to provide wideband operation
without sacrificing high-level signal
handling. The input signal is ampli-
fied by the r.f amplifier and then
mixed with the signal from a
synthesized local oscillator to give a
first i.f of 10-TMHz. This is then
filtered, amplified and downcon-
verted to the second i.f of 455kHz.
This signal is then amplified, limited
and applied to a demodulator to
recover the audio.

The microprocessor controls the
functions of the transceiver. It
communicates with the control
head processor which loads the
transmit and receive synthesizers
and checks that they are in lock.
The frequency for the synthesizers
comes from information held either
in EFROM ar battery-backed-up
RAM. If the information is held in
RAM the frequency program of the
radio can be re-programmed in the
field using a data fill gun which is
part of an overall frequency man-

agement system.

Frequency
management system
This comprises a microcomputer,
with programs specified by the cus-
tomer, and a fill gun,

The software for the manage-

ment system enables the user to
programme items for the channel
memory within the radio, i.e chan-
nel number in relation to frequency,
with overhead codes to specify the
operation of the channel and time-
out imer, presence of repeat chan-
nel, scanning, etc. Extra items can
be added depending on the appli-
cation of the equipment. A typical
file would be:

Channel

Receiver frequency

Normal/reverse

Simplex/duplex

Repeat frequency

Scanning frequency

Time-out timer

Selcall number

Fill gun

The fill gun is used as a data trans-
porter between the microcomputer
and the radio and replaces the con-
trol head for programming, via the
contral connector on the radio,
enabling re-programming in situ or
on the bench. The data transported
determines the frequency vis-a-vis
the channel number.

Selective Calling

This is a 5-tone signalling system
using tones within the audio band.
The RC640 can use any recognized
standard of Selective Calling (Sel-
call), the main systems being E.E.A,
C.C.LR, and Z.V.E.I. Each radio is
given a unique code to which it will
respond when called. On transmit,
each mobile transmits its own code,
with status if required. The status
can be programmed from the front
panel or be permanently program-
med into one of the customer
option buttons, Selcall can also be
used to control the mobile, which is
very useful in remote conditions
since the channel can be changed
as well as the maode of operation.

The transmit Selcall is generated
by a pseudo sine-wawve generator
that is serially-fed from an output
port of the control head processor.
The receive Selcallis decoded using
a purpose-made integrated circuit
that consists of digital filters decod-
ing each tone and passing the
information to the control head
processor. This circuitry is con-
tained on the processor and audio
boards of the control head.

Fixed Mobile and

Remote Control Unit

Fixed mobile

The RC64() can be used as a base
station, in which case itis referred to
as a fixed mobile. For convenience,
the RCe64( is fitted into a 3-unit
high, 19in rack-mounted unit, For
conversion into a fixed mobile the
control board is removed and,
instead, an interface board is con-
nected to the control head and to
the wiringloom of the unit, connect-
ing the controls on the front panel of
the fixed mobile to the micro-
processor in the control head. The
only modification to the transceiver
is to change the radio’s ‘type’ by
connection of the fill gun. Channel
change is by means of thumbwheel
switches, There is also an internal
power supply (to allow a.c opera-
tion) and a line interface board
which allows connection of a 2-wire
or 4-wire d.c line (for simplex or
duplex respectively) for remote
operation. By means of a switch on
the front panel, the fixed mobile can
be controlled locally or remotely, or
can be used in intercom mode to
communicate with the control
centre.

Remote Control Unit

The fixed mobile can be operated
remotely by a control unit that is
suitable for desk mounting.

The remote or operator control
unit comprises a power supply, line
interface and audio boards. Front
panel switches control the fixed
mobile remotely.

The fixed mobile and the remote
control unit can be connected by a
single 6001} d.c line pair with the
remote unit signalling press-to-talk
(p.tt) by a 50V d.c signal super-
imposed on the audio. For duplex
operation a second pair of wires is
added and links set to connect this
pair to the line interface. The p.t.t
signalling is as for simplex opera-
tion. Channel change can be
achieved by addition of an extra
cable which can be up to 100m in
length.

Repeater

In order to provide communication
from a lower power handportable
radio back to base station, the radio
is capable of working as a repeater



Fi
|F1

F1

Fi
Fa

w
o
b

Fig. 5. Repeater using three channels

(figure 5). The mobile operates inits
normal mode, transmitting to the
base station on frequency F2 and
receiving on frequency F1. When
the occupant wishes to leave the
vehicle he would take with him a
low-power handportable which will
receive on F1 but transmit on F3.
The wvehicle-mounted equipment
will, at this time, be selected to
receive on F3 and retransmit to the
base station on F2. This systern has
the advantage that a low-cost,
low-power portable can be used. In
areas of bad reception another fre-
quency, F4, can be used. Thisis the

2

receive frequency of the handpont-
able so that the message from the
base station can be repeated to the
handportable on F4 (see figure 6).

If there is more than one vehicle
within the catchment area of the
handportable, swiiched to the
repeat mode, then the portable
may access more than one mobile
and cause interference. In order to
prevent this, a wvehicle identity
encoder that is recognizable by the
mobile would need to be fitted to
the handportable.

When in the repeat mode, the
mobile has the capability of scan-

-

Fig. 6. Repeater using four channels
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ning both the base station transmit
frequency F1 and the handportable
transmit frequency F3. By spending
the minimum time necessary on F3
the mobile can still receive F1 so
that the radio in the vehicle can con-
tinue to monitor the main scheme.
On reception of the identity from
the comect handportable, the
mobile will lock onto the repeat
mode and sidetone can be heard by
the vehicle occupant, if required.
Following transmission, the mobile
returns to scanning frequencies F1
and F3.

When the mobile repeats both
sides of the conversation the same
principles apply.

The mobile can also be used as a
repeater when a group of hand-
portables needs a base station in a
remote area or in an area not
covered by a base station. It can be
programmed to react either to a car-
rier or to the use of Selcall.

Scanning mobile

In areas of bad coverage, or ‘holes”,
the difficulty of communication can
be owercome with a low-power
base station on another frequency
to that of the main base station, The
RC&40 can scan between the two
frequencies, i.e, the main scheme
transmit and the lower power base
station transmit. The radio will lock
onto the channel that opens the
mute. When the transmission is
finished, the mobile reverts to scan-
ning. As the transmit frequency of
both channels in the mobile is the
same, both the main scheme and
the low-power base station receive
frequencies are the same. Scanning
can be extended to three channels,
Le, two channel or main schemes
and one low-power base channel.

Voting

A multi-level mute is fitted to the
receiver so that the radio can vote
aswell as scan. The mobile contains
a d-level mute (i.e, nomal, 3uV,
10V and 30uV). The receiver can
scan the channels that open the
normal mute, find the strongest
signal and lock on to it

Applications

Two typical systems will serve to
illustrate the applications to which
the RC640 may be put.
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System for ambulance service
The first, in use with an ambulance
service, is fully duplex and operates
in the following modes.

Control mode This provides two-
way communication between a
vehicle and the ambulance control
centre on a selected control
channel.

Handportable mode This enables
an ambulance man entering a build-
ing {e.g a high-rise block of flats) to
attend an incident to communicate,
via a handportable radio, with the
ambulance driver. This saves valu-
able time and, in a serious
emergency, probably also saves
lives,

In this mode the mobile monitors
the control channel so that mes-
sages from the control centre can be
heard whilst the mobile is scanning
the handportable channel for a min-
imal period. When a message from
a handportable is detected, the
mobile locks on to its frequency for
the duration of the message. After
the mobile has sent its reply it
returns to the scanning mode,
listening to the control channel
whilst scanning the handportable
channel.

Repeat mode It is imperative that
ambulance men are able to keep in
communication with the control
centre even after they have left the
ambulance, so that they may seek
medical advice and keep the con-
tral centre advised of the situation.

It is very often impossible to
communicate from a low-power
handportable direct to the control
centre, which may be some dis-
tance away, perhaps from Inside a
steel-framed building,

RESUME
Le RC&4) est une radic mobile m.f pour
hyperfréquences qui, par l'ufilisation de
microprocesseurs, posséde une plus grande
souplesse opérationnelle que les autres
radios mobiles commerclales. Cette soup-
lesse et encore augrnentée par un systéme
de gestion de fréquence qui peut modifier
les fonctions et les fréquences des canauy,
Cez changements peuvent étre effectués en
utlisart un introducteur de données apres
avoir installé la radio dans un wehicule.
Les équipements auxilisires permettent
de reconfigurer la radio afin de remplir la
plupart des réles exigés par un systéme &
radio mobile. 7
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In the repeat mode the ambul-
ance can be parked near to the
building and the mobile used as a
repeater to relay messages from a
handportable, through the mobile,
to the control centre and vice versa.

The high-power capability of the
mobile is combined with an efficient
antenna on the roof of the ambul-
ance to maintain communication
with both control centre and hand-
portables,

This v.h.f-v.h.f repeat concept is
cheaper than the v h.f-u.h.f system
it supersedes.

Talkthrough mode In this mode the
mobile is used as a stand-alone
repeater to enable communication
between several handportables and
works Independently of the control
centre. It is used primarily at major
incidents such as motorway
crashes.

System using CTCSS
The second application example
makes extensive use of the con-
tinuous tone-coded signalling sys-
tem [CTCSS) facilities in the radio.
The software programme provides
different CTCSS functions auto-
matically on channel selection.
The systemn is configured such
that communications are available
from:
a) mobile to control centre on
three channels. These channels are
2-frequency simplex. The mobile
transmits a CTCSS tone on p.t.tin
order to prevent access to base sta-
tions not fitted with the relevant
tone decoder. The mobile receivers
are open channel and monitor all
communications on the channel,
b} mobile to control centre on the
emergency channel for out-of-area

RESUMEN
El RCB40 a5 un radio rmdwil rmuf de hiper-
frecuencia qua, mediante &l empleo de mic-
roprocesadores, fiene mayor flexibilidad
funcional gue cualquier ofro sisterna de
radic mavil comersial. Esta flexibilidad se
incrementa en virtud de un sistemna de
ajuste de frecuencia que puede alterar las
funciones v las frecuencias de canales.
Estos cambios pueden hacerse utilizando
un disparador de relleno de datos tras
haberse instalada el radio en un vehlculo,
El equipo auxiliar permite que el radio
que ha de reconfigurarse safisfaga la
mayoria de las funcliones que un sistema de
radic mdvill pueda requerir de aquél

use. This works open channel (no
CTCSS) 2-frequency simplex so
that any mobile on the correct fre-
quency can communicate with the
control cenire and the control
centre can communicate with any
mobile,

c) mobile-to-mobile communica-
tions on one single-frequency sim-
plex channel. CTCSS operates on
both transmit and receive In order
that only mobile-to-mobile com-
munications are available,

d} mobile can be used on one
channel for communication with a
separate handportable scheme.
This is single-frequency simplex,
open-channel working.

Conclusion

The RCe40) mobile radio is micro-
processor-controlled  for  opera-
tional flexibility, It is intended that
this one type of radio will be cap-
able of meeting all the requirements
of fm users both in the UK and
overseas. The radio is supplied to
the customer with the software
required for his particular applica-
tion, but this soffware can be mod-
ified to include additional faciliies
to meet the customers’ ewver-
changing mobile communications
requirements.

Technology now  becoming
available means that the size and
component count of the radio can
be reduced considerably. With the
increasing use of surface mount,
printed-circuit board assembly
technigues, it will be possible to
reduce the size of the existing cir-
cultry so that extra facilities can be
incorporated.

ZUSAMMENFASSUNG
Das Gerat RCH40 ist eine fiir FM-Betrieb
elngerichtete VHF Mobilfunkanlage, in
welcher  durch  Mikroprozessoren  elne
groBere Anpassungsfahighkelt als bel ande-
ren  handelsiiblichen Mobilfunkanlagen
arreicht wird, Ein Frequen:z-
Managementsystern, welches Funktionen
und Kanalfrequenzen Sndem kann, erhiht
die Anpassungsfihigkelt noch weiter. Diese
Anderungen kéinnen nach Einbau des
Gerdts im Fahrzeug mit einer sogenannten
Datenladepistole ausgefiihrt werden.
Durch entsprendes Zubehér kann die
Anlagenauslequng aweckmiaBig umgestallt
werden, um die meksten, von elnem Mobil-
funksystern geforderen. Rollen zu splelen.



