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SYNOPSIS

Sentech is the common carrier signal distributor in South Africa for Television and Radio
programs. This radio telephone system is used by the company as a communications link
for voice and data between remote transmitter sites and the Transmitter Control Centre.
The system was installed in 1986 and consists of a mixture of fixed bases and mobile

units.

The location of these transmitting sites is mainly on top of mountains in remote, sparsely
populated areas. The use of cellular telephones for communicatiqn is impossible, as 80%
of the §ites fall outside the coverage area of the cells. Telkom infrastructure in these
areas is most of the time not available or censists of shared fan;l lines. Only in the big
metropolitan centres can data lines be considered at the main sites. It is not cost effective

to consider it for the small sites.

When the new system was instafled, it replaced a single repeater system that relayed
VHF radio signals from as far as 200 Km. The new -system was a major improvement
over the old system. Within a year it became apparent that it did not fulfif in all the needs
of the company. A telephone-patch and two-tone cell call was added to increase the
functionality. Data transfer and call-out systems were added to implement the new

telemetry system to the sites.

When the old handhelds became unreliable and the new units only use DTMF signafling,
it became apparent that the system had to be upgraded. The following options were

considered:

. Replacing the existing system at a cost of 4 million Rand
. Replacing the existing processor card at a cost of R100, 000.00

. Using Telkom lines to all the sites. (Lines cannot be installed at about 60% of the
sites)



. Using cellular telephones at all the sites. (Signals are not available at 80% of the
sites. At the sites that fall inside cellular network the cell-phones are unusable at

95% of these sites)

The option to develop and replace the microprocessor card was chosen, as the most cost

effective. At the same time the system will be enhanced and streamtined.

The following process was followed to implement the new microprocessor system:

- Modify the existing interface cards so that most of the alignments in the audio
paths could be eliminated.

. Design and develop the new processor card, replacing the old one and eliminating

hardware problems.

. Build two systems interface controllers as test rigs for testing hardware and
software.

. Develop the software modules to perform hardware testing and diagnostics, signal
éeneration for system alignments, system conﬁguratioh' for setting operating
parameters of the system and programming software to load the operating
software.

. Develop a windows based software package that will communicate with the control
software modules on the card. Design an integrated heip system that includes
diagrams and hardware test points of the microprocessor card.

»-  Reverse engineer the existing software and then develop the new operating
software that will control the system.

. Prepare the systems interface controller to accept the new processor card and
replace them at all sites.

. Test the software to eliminate bugs and then upgrade it to enhance the operation
of the phone-patch.

A total of 35 sites have been installed and the results indicate that the system is now
performing well with the new processor card. The set-up and alignment time have been

reduced from 16 hours to half an hour for the system interface controller alignment.

The conclusion is that with the new software and ultimately a new processor a system

can be cost effectively given a new lease on life.



CONTENTS

SOFTWARE REQUIREMENTS

1 THE PROBLEM STATEMENT

1.1 Introduction

1.2 Radio telephone system defects

1.21 Management problems

122 Software problems

1.2.3 Hardware defects

1.3 Objectives of the upgrade

1.3.1 Phase 1: Upgrading of existing hardware
132 Phase 2. Contral codes of the system
1.3.3 Phase 3: Interface of the telephone patch
1.34 Phase 4: Interface telemetry data transfer
1356 Phase 5: Automatic routing capabilities
1.4 Implementation steps of the upgrade

15 Structure of the thesis

2 LITERATURE REVIEW

21 RADIO TELEPHONE SYSTEM

211 Communication links and talk-through
212 Signalling methods

213 Radiotelephone services

214 Area coverage techniques

22 NETWORKING PROTOCOLS

221 Protocol layers

222 Protocol design

223 Flow control systems

224 Types of errors

225 Data format

23 LITERATURE REVIEW CONCLUSION

3 RADIO TELEPHCONE SYSTEM OPERATION
3.1 INTRODUCTION .

3.2 SYSTEM CONFIGURATION

3.2.1 System layout

3.22 Hardware layout

3.2.3 Software configuration

33 OPERATIONAL PROCEDURES

3.3.1 Access of site

3.3.2 Automatic routing

333 Remote control

334 Access of telephone patch

34 TELEMETRY DATA TRANSFER

341 Layout of network

342 Layers of network

343 Interaction of the radiotelephone and network
4 RADIO TELEPHONE SYSTEM UPGRADE
41 HARDWARE UPGRADE

411 MUPC Micro Controller Upgrade

412 Systems Interface Controller Madifications
5 AUDIO TEST RESULTS OF THE RESEARCH

vi

CR NN DO BN A e -

-
-

[N N TR N N N N G N I Y Gt §
S OWOWOMOM O b NN -

N
nN

] N N RN
BERBNNNREEBRNRR

w
[~]

) L
oo

[ &)
(<]



6.1
6.1.1
6.1.2
6.1.3
6.2
6.3

7.1
7.2

7.4

DIAGNOSTICS SOFTWARE

Computer mode
File Opfions
System test procedures
System configuration
Configure mode
Test mode
Basic RT mode

OPERATIONAL SOFTWARE

Access of sites
Automatic routing
Remaote control
Cell-call of handhelds

CONCLUSION OF RESEARCH RESULTS
LITERATURE REFERENCES

APPENDIX DESCRIPTIONS

APPENDIX A — The Microprocessor Board
APPENDIX B — Software Flowcharts
APPENDIX C — Software Source Code

APPENDIX D — Control Software

vii

40

40
40
42

45
46
47

48

48
48
49
49

50

50

52



LIST OF FIGURES

Figure 1: Radiotelephone frequency spectrum allocation [20]

Figure 2: Flow chart symbals for a protocol [8]

Figure 3: System layout

Figure 4: General hardware layout for a generic site

Figure 5: Encoder f Decoder network [ayout

Figure 6: Schematic showing the mapping of the network layers

Figure 7: MUPC controller functional block diagram

Figure 8: VHF controller block diagram showing the adjustment efimination points
Figure 9: UHF controller block diagram showing the adjustment elimination points
Figure 10: UHF mixer block diagram showing the adjustment elimination points
Figure 11: Flow diagram of computer mode diagnostics

Figure 12: Flow diagram of keyboard configure mode

Figure 13: Flow diagrams for keyboard test alignment mode

LIST OF TABLES

Table 1: Cape Town area site names

Table 2: Mixer impedance set to 14K for the UHF Node controller

Table 3: Mixer impedance set to 18K for the UHF Node controller .

Table 4: Mixer impedance set to 10K and different capacitor values for the KBS tone
Table 5: Mixer impedance set to 18K for the KBS tone

Table 6: DTMF tone level comparison on the mixer card

Table 7: UHF to UHF level comparison

wiii

13
19
23
24
28
29
31

33
34
35
41

45
46

23
36
37
37
38
38
39



CHAPTER 1

1

THE PROBLEM STATEMENT

1.1 INTRODUCTION

Sentech is the common carrier signal distributor in South Africa for Television and Radio
programs. The radio telephone system is used by Sentech in the Western Cape area for
voice and data communications between transmitter sites and the Transmitter Control
Centre. The system was installed in 1986 and consists of a mixture of fixed bases and
mobile units. The transmitters and receivers used in the system are off the shelf units
from Géneral Electric USA. The controller used to control the sysfem was developed in
South Africa and uses non-standard control signalling. The intent of this research is to
upgrade the existing controller to full automation, making the controlling signals standard
and more user-friendly. The connection of external equipment and the generai
maintenance of the system will also be addressed. The control of radiotelephone systems

has intemnationally been standardised to a large extent. It is not known if these control

codes can be implemented an the current system and used to automate it

The problems with the existing radio telephone system started from the day that it was
installed in the Cape Town, Vredendal and George regions. Because the radio telephone
systern was developed for Sentech in the Western Cape, there are only three systems in
the country. The company that developed # is no longer in existence, thus making it
difficult to implement changes. With the expansion of Sentech and the dereguiation of
broadcasting in South Africa, the load on the system has progressively increased. A
telephone patch was added to increase the functionality but due to the codes used, could
not be implemented in full. The transfer of telemetry data and a call-out system were also

added and increased the problems already experienced.



The benefit of this study is to broaden the in-house knowledge on automated control of
radiotelephone systems, increase the productivity in managing the maintenance centres
and to increase the data throughput of the telemetry system. The hypotheses to be tested
is, "can the system be upgraded and if so can a fully automated system be
implfemented based on the broad principles used in cellular car telephones”. The
concept of transferring data on the same carrier using inter system communication will

also be tested.

1.2 RADIO TELEPHONE SYSTEM DEFECTS

The following section describes the system problems and defects that were gathered.
The methods used were general discussions with staff and management, questionnaires
and problems mentioned in the weekly meetings held at the Transmitter Control Centres.

Out of these methods the following problems were formulated.

1.2.1 MANAGEMENT PROBLEMS

The following statements, as expressed by management, is an indication of the problems

they experience with the system.

. The current radio telephone system does not fulfil in the requirements for managing
the maintenance centres at Cape Town, George and Vredendal on a daily basis.
The current control codes used by the system are fimited and non-standard.

] The system does not allow easy expansion or interfacing to external equipment.
. Not all the functions of the stand-alone telephone patch are available,

. Voice priorities over telemetry data transfers are not fully operational throughout
the whole system.

. The call-out system does not call the new radiotelephone handheld.



1.2.2 SOFTWARE PROBLEMS

The following statements are an indication of the software problems that are experienced

with the system.

. The two versions of software that is used in the system sometimes causes
confusion - one for high sites and one for spur sites.

. if there is a change in the software the Erasable Programmable Read Only
Memory (EPROM) on site must be changed, taking care that the correct type for
the site is installed.

L]

. The routing tables that controls the limited auto route set-up of the system form
part of the compiled software and cannot be changed without recompiling and
installing EPROM's on all the sites,

. Due to the assignment and use of Dual Tone Multi Frequency (DTMF) signalling
control codes on the radiotelephone (RT) system, the codes 7,8,9 and O cannot be
used for addressing. Only a limited number of addresses can be assigned, using
only digits 1-6 and no address can be repeated in any of the three systems.

. The "+" has been assigned to shut the accessed sites down after a conversation
has been terminated. The phone patch uses the "+" as the attention code, thus
every {ime you want to issue a command to the phone patch, you shut the system

dowrn.

. The cell call system uses two tone signalling to cali a mobile or handheld. The new
handheld use DTMF signalling and cannot be contacted. The call-out system uses
the RT cell call to contact the person on standby and the old unrefiable handheld
must still be used to monitor the catl.

. There is no automated communication between the sic boxes, thus full automation

is not possible with the current system.

* When the radiotelephone system is accessed, a node controller inhibit line is set.
This is used to stop telemetry data transfer. The VHF channel inhibit is activated
every time the receiver receives audio, thus when data is sent on the VHF, the

receiving site stops its node controller to receive the data.

. When the system has been accessed, one person ¢an keep the system busy for an
indefinite time. All data transfers and other communications are then blocked.

. Any person can issue the termination command from any site and so cut a
conversation midway. All the users try to get their call through immediately by using
this method to gain access.



. By setting the address at the system’s interface controller to above 80 hex, the built
in tests are activated. These tests are used to align the system. To get back into
the normal operating mode the site address must be set again.

1.2.3 HARDWARE DEFECTS

The following staternents are an indication of the hardware problems that are experienced

with the system.

. The audio level alignment of the system is very critical as there is input and output
adjustments on each board. The resuit is that there js more than one adjustment
per signal path. The receiver output is a transformer and the effect is that any
change to the load will cause a change in level. This is so critical that two identical
boards, in the same system, are not interchangeable. Alignment of the system can
take up to two man-days per site.

. The Central Processor Unit (CPU) used in the system is an 8085 processor from
Intel Corporation. Support for the chip has been withdrawn since 1985.

. Two-tone signalling was added later by modifying the keyboard and DTMF
generation. The keyboards are now starting to fail and no replacements are
available.

. When the display stops working, the system stops in a loop, waiting for the display
to respond. The system will only start to operate once the display has been
replaced.

. The old handheld units use two-tone signalling for cell calls and the system was
programmed accordingly. The handheld units were replaced with new 12.5 kHz
channel spacing units, fo comply with the new international regulations. The new
unit's uses DTMF signalling that makes them not fully compatible with the current
system.

. The call-out system does not handshake with the RT system, with the result that a
call will be sent regardless if the RT is in use.



1.3 OBJECTIVES OF THE UPGRADE

The project can be broken up into five phases, each with its own objectives. These are
upgrading of existing hardware, control codes of the system, interfacing of the telephone

patch, interfacing of the telemetry data transfer and automatic routing capabilities.

1.3.1 PHASE 1: UPGRADING OF EXISTING HARDWARE

To improve the functionality of the current system, the hardy.rare has to be upgraded and
modified. The objective of phase one is fo improve the hardware. Only the micro
controller will be redesigned. All other hardware changes will mainly consist of component

value changes.

e Alignment Procedures

The current alignment of the system takes about two man-days per unit. The objective of
this step is to determine the current alignment procedures used and ways and means to
simplify and streamline them. It is assumed that some of the new alignment procedures

can be implemented in the current system.

. UHF Mixers

The mixers are used to link the UHF radiotelephone links with one another. The objective
of this step is ta modify the existing UHF channel audio mixers to eliminate some or all of

the alignment procedures on the board.

e  UHF and VHF Controllers

The two contrallers are used to interface the on site controls and handset to the radio
telephone system. The objective of this step is to modify the UHF and VHF
radiotelephone controllers to eliminate some or all of the alignment procedures on the

board.



. Micro Controller

The objective of this step is to redesign the micro controller board and incorporate the
existing modiﬂcaﬁons in the system. Also fo expand and improve the hardware
capabilities of the micro controller board. The existing micro controller used in the system
is based on the obsolete 8085 processor from Intel Corporation and will be replaced by

the more modem 8032 from the same company.

. Power Supply

The objective of this step is to evaluate and possibly redesign the current power supply

regulator, to cater for the increased power consumption of the new system.

1.3.2 PHASE 2: CONTROL CODES OF THE SYSTEM

The objectives of phase two are to improve the overali control of the system. The first
phase software has to interface with the existing system as it is currently in daily use and
cannot be taken out of commission for any length of time. Once all hardware

modifications have been completed, the second phase software can be implemented.

e Reverse Engineering of the current system in use

Analyse the current system sofiware to provide a better understanding of its operation,
providing flow diagrams of all procedures. Compile a list of the existing functions, codes

and shortcomings.

e Research on existing control code trends

Gather information on control codes and standards from industry. Research the
implementation of new codes on the radiotelephone system and what effect it will have on

the operational procedures of the maintenance centres.



. Implement a radiotelephone unit

Implement an experimental radio telephone unit that includes the functionality of the new
system that can communicate with the old system. Analyse the operational procedures of

the new unit.

1.3.3 PHASE 3: INTERFACE OF THE TELEPHONE PATCH

The objective of phase three is to review the operation of the telephone patch and how it
can be enhanced by software solutions. Analyse the cusrent hardware interface and

handshzking to the radio telephone system to improve overall operation.

1.34 PHASE 4: INTERFACE TELEMETRY DATA TRANSFER

The telemetry data is transferred on the radio telephone system-.by the Transmit Net
network node controller. The objective of phase four is to research and develop the
procedures needed to handshake with the Transmit Net controller, allowing proper
utilisation of the current channel capacity. Also to streamline and improve the call-out

system used by the telemetry.

1.3.5 PHASE 5: AUTOMATIC ROUTING CAPABILITIES

The objective of phase five is to implement automatic routing capabilities. The second

phase software will be implemented in this phase.

e  Experimental radiotelephone system

Implement an experimental radio telephone system as a test rig for testing the new codes
and procedures to be used in phase 2 software. Finalise the software to be installed on

the current system



e  Automatic routing

Research the procedures and protocols needed for automatic routing and re-routing and
what effect it will have on overall system performance. Develop the controlling software
and test it on the experimental system. Finalise hardware design and modifications to be

implemented on the new system.

e  Upgrade of the existing radiotelephone units

Complete production of the hardware units and modify all.radio telephone units in the

region to the new system with phase one software.

e  Automatic routing software

Install automatic routing software in Cape Town area and do ﬁeld studies on the

operational success. Finalise the software and install it in the whole region.

1.4 IMPLEMENTATION STEPS OF THE UPGRADE

To be able to implement the upgrade, the following steps were followed in the research

and development of the new system.

. Create a block diagram of the cument system interface controller to fully
understand the hardware functions of the system.

. Using the source code of the old processor draw a complete set of flow diagrams
to fully understand the software operations of the system.

. Gather and define the list of problems with the system and then compile a
specification list,

. Build fwo systems interface controllers as test rigs to be used in the development
of the hardware and software.

. Research, design and implement the modifications on the system to reduce the
alignment procedures and implement them as a preparation to the new
microprocessor board.



. Research, design and develop the new interface controller and manufacture two

prototype units to be used in the test rigs.

. Develop the diagnostics software and controiling software to test the new boards.
. Refine the micro controller and manufacture the pre-production boards for final
testing.

. Start with the development of the operational software and refine the diagnostics
software by adding the system test and set-up modules.

. Manufacture 40 units of the processor board to be implemented in the region.

. Compile 30 modification kits and instruction manuals to implement the
modifications to eliminate the alignment procedures in the Western Cape Region.
Co-ordinate the implementation of the modifications.

. Complete the first phase software and implement a new processor board in the
Cape Town region for field trials.

. Refine the software and compile the 30 installation kits to instalt the new processor
boards. Co-ordinate the installations and give training courses for staff at Cape

Town, Vredendal and George.

. Continue with software refinement, maintenance and functionality upgrades.

1.5 STRUCTURE OF THE THESIS

. The background to the upgrade is given in chapter one and as well as the
problems experienced with the radio telephones system.

. The description of the operation of the system modules and the functions that they
perform.

. The description of the functions of the new micro cor.\roller board and the hardware
modifications to eliminate the alignment procedures in the systems interface
controller.

. The description of the test results on the audio paths that were obtained during the

research into the alignment elimination process.
. The description and structure of the diagnostics and operational sdﬂware.
. The four appendices give the following information:
) Appendix A. Micro controfler circuit descriptions and diagrams.

3 Appendix B. The flow diagrams for the operationa! and diagnostics software.

9



Appendix C. Source code of the operational and diagnostics software.

Appendix D. Installation disk for the controlling software.

10



CHAPTER 2

2

21

LITERATURE REVIEW

The review is in two parts. The first section will deal with the radios and the second

section, where most of the research will be carried out, the controlling software.

1)

RADIO TELEPHONE SYSTEM

The first step in implementing a system is to decide' what the operational frequencies and
mode of operation of the radiotelephone (RT) system will be. The following four options
are avz;i!able 19]. If a single frequency is used, the system is said to be a simplex system.
Two modes of operation are possible: single direction simplex and two-direction simplex.
In both modes communication is in one direction at a time. Dual frequency half-duplex
where one frequency is used in one direction and the other in the opposite direction, but
transmission is in one direction at a time. This mode is most commonly used for mobile
vehicle radio systems. Dual frequency full duplex where both transmit and feceive
communications occur simultaneously. The current Sentech system is already in
existence using two modes of operation: dual frequency half duplex to mobile units and
dual frequency full duplex to fixed sites. The system uses a mixture of very high
frequency (VHF) and ultra high frequency (UHF) frequencies. Channel spacing is the
distance in hertz (Hz) that two carriers is from each other. This spacing is currently set to
12.5 kHz for VHF and 25 kHz for UHF. The original design of the system was for 25 kHz
spacing as used internationally at the time [5). The VHF spacing was later changed to
12.5 kHz as instructed by the then telecommunications regulator to set more channels

free for other users.
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211 COMMUNICATION LINKS AND TALK-THROUGH

Two possibilities exist that will connect the control centre with the remote site housing the
base station. These are landlines normally provided by a line telephone system, or by
radio links where poor infrastructure exists. The link path between the control centre and
base station is normally fixed “line of site®. The more demanding characteristics of UHF or

microwave frequencies can thus be accommodated.

in dual frequency, simplex operation mobile units can communicate with the control
centre but cannot communicate between each other. The rec‘luirement is thus for the base
station to re-transmit the received audio signal, so that the other mabile units can receive
it. This operation is known as talk-through. Inter mobile communication is one of the
advantages and the other is that in the event of a link failure, some sort of communication
still exists. Controlling the talk-through conditions has to be stricf to avoid unwanted

triggering at the base station.

2.1.2 SIGNALLING METHODS

"Selective-Calling” has been associated with more complex systems. This provides the
capability to identify a particular mobile or group of mobiles. This facility is vital in cellular
radiotelephone systems. The following techniques are generally employed based on two
types of signalling, "out of band” below 300 Hz and "in band" between 300 and 3500 Hz
[201. The out of band signalling is also known as Sub-audible tone signalling. This system
employs a continuous tone below 300 Hz to enable the selected receiver. The system is
known as either Continuous Tone Coded Sub-audible Sguelch (CTCSS) [20] or
Continuous Tone Controlled Signalling System (CTCSS) [15). This system is restricted in
the number of separate codes available for signalling and is frequently used with other

signalling schemes as an additional safeguard preventing the reception of unwanted

transmissions.

12
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Figure 1: Radiotelephone frequency spectrum allocation [20]

Single tone burst signalling is the simplest in band signalling method and uses a single
tone burst to address the receiver. As each receiver uses a frequency in the audio band,
a very limited number of receivers can be addressed. Allowing for tone separation the
scheme can accommodate up to 40 separate receivers [20]. An improvement on this
scheme is the sequential single tone system. This scheme uses a sequence of tones
consisting of two [14] to five tones [20]. The sequence of two tones give a theoretical limit
of 1600 receivers but practically a limit of 100 receivers can be reliably controlled [14).
Using a sequence of 5 tones to address the receiver, a theoretical limit of 100,000
receivers is reached. At present the commonest examples are Comit¢é Consultatif
International Radio Communication (CCIR), Zentralverband der Electrotechnischen
Industrie (ZVEl) Germany and Electronic Engineering Association (EEA) United Kingdom

[15][20].

Sequential dual tone systems use signalling tones known as Dual Tone Multi-frequency
(DTMF) tones. This standard originated on the public telephone systems and the
extended DTMF tones use the digits 0 to 8, *, # and A fo D. These digits are represented
by two-tone frequencies transmitted simuitaneously. To call a station, the tone pairs are
sent sequentially and can also be used on the public telephone network. To avoid false
triggering by voice, also known as "falsing", frequencies for each tone pair were chosen

carefully to represent a digit [20].

13



Digital selective calling can be used on both digital and analogue systems. Digital
techniques provide more addresses, higher transmission rates and error detection and
correction protocols. At present a system known as digital selective calling (DSC}) is being
implemented in the Global Maritime Distress and Safety System to be completed by 1999

[20].

Additional features become available when sequential tone systems are implemented. it
is often desirable to communicate with several mobiles simultaneously, known as group
calling [15]. A group tone or digit is transmitted in the place of some of the address codes
enabling calling of 10, 100 or 1000 units. Secondly it is often convenient o have
confirmation that a mobile has received the message. This is achieved by making the
mobile respond with its own code after receiving its own address. This process is

frequently referred to as "vehicle identification”.

-

213 RADIOTELEPHONE SERVICES

If a system is capable of accessing a local line network, it is a smali step to extend the
operation to the national telephone system. Total automatic connection between the
radiotelephone and line telephone systems are now commonplace, but was not available
when this project was started. The more common way was to provide an operator to do
the dialling and connecting. Implementing the system puts new constraints on the codes
and signalling techniques as, historically, radio telephones and line telephones developed

their own codes of practice, engineering philosophies and standards.

21.4 AREA COVERAGE TECHNIQUES

Most radiotelephone systems are required to operate over larger areas than can be
cavered by a single base station. To soive this problem, some kind of area coverage
technique must be implemented. Multiple transmitters are used to cover a given area and
generally simultaneous operation is better than sequential operation. A technigue known
as "quasi-synchronous operation® (also known as Simulcast) [15] is used for simultaneous

operation. It was assumed that due to the capture effect inherent in frequency modulated
14



(FM) receivers, the mobile would only respond to the strongest signal. Periods of equal
signal strength would be infrequent giving no reception. In practice, it was found that
unless both phase and amplitude of the modulating signals were carefully matched, good
performance could not be obtained. The matching was more easily achieved using radio
links rather than landlines. Using radio finks led to the phrase "backbone" where the links
between the base stations formed the backbone of the system with the hase stations

connected o it.

The alternative is to sequentially turn the fransmitters on at the base stations. However
the operator does not know where the mobile is and a mobile Jocation scheme or "voting"
system must be incorporated. This involves the sequential calling of the mobile from all
the base stations. On receipt of it's call code it automatically answers. All the base
stations that receive the signal will then decide between them on the optimum station, i.e.
the receivers "vote" as to the best station to use. When the mobile transmits first, the
"voting" will automatically select the optimum station. At UHF the range can be extended
by "on frequency” repeaters, but are not generally favoured due to the difficulty in

implementing them.

15



2.2 NETWORKING PROTOCOLS

As the Sentech radio telephone system is already in existence and limited control over
the system is available, the following sections of the literature that will be dealt with is

mainly on how to design protocols and types of protocols.

2.21 PROTOCOL LAYERS

Generally protocols are implemented in layers and each layer will then provide a specific
service for the layer above and use the services provided by the lower layers. The
scheme is used in all protocols and is known as the protocol stack. All protocols are made

up of five distinct parts and is known as the five elements of a protocol (8] and is:

()  The service to be provided by the protocol.

ii) i’he assumptions about the environment in which the protocol is executed.
(i) The vocabulary of messages used to implement the protocol.

(iv) The encoding (format) of each message in the vocabulary.

(v}  The procedure rules guarding the consistency of message exchanges.

The five elements form the basis for any kind of information transfer. between two

stations.

2.2.2 PROTOCOL DESIGN

The next step is the design of a protocol. The Intemational %tandards Organisation has a
model known as the Open Systems Interconnection (OSI) model and proposes a 7-layer
stack. This has been accepted internationally as a standard and nearly all protocols

implement it. The principles of the layers are as follow [18]:
(i} Alayer should be created where a different level of abstraction is needed.
(i)  Each layer should perform a well-defined function.

(i The function of each layer should be chasen with an eye towards defining
internationally standardised protocols.

16



(iv)

v}

The layer boundaries should be chosen to minimise the information flow across the
interfaces.

The number of layers should be large enough that distinct functions need not be
thrown together in the same layer out of necessity, and small enough that the
architecture does not become unwieldy.

The design issues for the layers [18], states that each layer must have a mechanism for

connection establishment, some form of addressing to specify the destination and a

mechanism to terminate the connection. The rules for data transfer must be laid down

and what type of error detection and correction control will be implemented. Some sort of

feedback is needed to stop a fast sending transmitter swamping a slow receiver and

breaking up long messages into smaller units. The ten rules [18] for designing a protoco!

is:

(i)

(ii)

(i)

(iv)

V)

(vi}

(vil)

i\)lake sure that the problem is well defined. All design criteria, requirements and
constraints, should be enumerated before a design is started.

Define the service to be performed at every level of abstraction before deciding
which structures should be used to realise these services (what comes before how)

Design external functionality before internal functionality. First consider the solution
as a black box and decide how it should interact with its environment. Then decide
how the btack box can be organised internally. It likely consists of smaller black
boxes that can be refined in a similar fashion.

Keep it simple. Fancy protocols are “buggier” than simple ones, harder to
implement, harder to verify, and often less efficient. There are few truly complex
problems in protocol design. Problems that appear complex are often just simple
problems huddled together. Our job as designers is to identify the simpler
problems, separate them, and then solve them individually.

Do not connect what is independent. Separate orthogonal concerns.

Do not intreduce what is immaterial. Do not restrict what is irelevant. A good
design is "open-ended,” i.e., easily extendible. A good design solves a class of

problems rather than a single instance.

Before implementing a design, build a high-level prototype and verify that the
design criteria are met.
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(viii) Implement the design, measure its performance, and if necessary, optimise it.

(ix) Check that the final optimised implementation is equivalent to the high-level design

that was verified.

(x} Don't skip Rules (i) to (vii)

The most frequently violated rule is Rule (x). When a protocol is designed it must be kept
in mind that they can fail under certain conditions. The ways that they can fail are [8]:

{i) Deadlocks - States in which no further protocol execution is possible, for instance
because all protocol processes are waiting for conditions that can never be fulfilled.

{i)y Livelocks - Execution sequences that can be repeated indefinitely. Often without
ever making effective progress.

(i) Improper terminations - the completion of a protocol execution without satisfying
the proper termination conditions.

-

These points form a good framework to use in implementing a control system between
the RT units as they can be seen as a "network” of controllers. When the research was
started no automated communication was possible between any of the controllers. With
the upgrading of the microprocessor, serial communications capabilities were added to
the hardware. Thus to be able to implement a fully automated system, proper structured

communications has to be designed and implemented between the controllers.

2.2,.3 FLOWCONTROL SYSTEMS

In order to show the flow of control in a protocol, some furm of flow-charting must be
used. Using a picture will highlight any flow control problems faster than trying to describe
them. The protoco! flowchart symbols deviate from the normal flowchart types and the six

different types given in figure 2 are:

()  Statement - assignments.
()  Boolean tests - expressions.
(i)  Wait conditions - receives.
{(iv) Internal events - timeouts.
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{v)} Message inputs

(vi) Message outputs

o

Internal > Input Quipuat

Figure 2: Flow chart symbols for a protocol [8]

To transfer messages between two points, a protoco! must have a method to control the
flow from one point to the next. This includes the acknowledgement of the received
messages or the rejection when errors are detected. It is also used to control the rate that
a transmitter can send messages to the receiver. The most widely used is the sliding
window protocol, where a certain number of message acknowledgements can be
outstanding. Another method is the "Ping Pong" method where a message is sent and the
next one will only be sent once an acknowledgement is received. The last type is the X-
on/X-off protocol, where the transmitter is controlled by the receiver, by means of an on or

off message. This protocol is currently used mainly between computers and serial

peripherals and not on networks itself, [5)8][18]

2.2.4 TYPES OF ERRORS

No protocol will ever operate without encountering errors while transferring messages
between transmitter and receiver. The loss and re-ordering of messages and time outs
are the most common errors that occur. The rate control of a protocol is set so that there
is a minimum of imeouts and re-transmissions, as this will decrease the data throughput.
When implementing sliding windows, the maximum window size can be reached when
there is a slow receiver. By using the negative and positive acknowledgements, dynamic
flow control can be implemented that will adjust the window size to the acknowledgement

rate. A way of increasing the rate is to block acknowledge messages. This invoives the
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sending of a range of messages and acknowledging only the range that was received

ermor free. [8][18]

225 DATA FORMAT

In order for a message to be sent from one point to the next, the format of the data must
be specified. The type of channel used is serial and the two types of encoding to
represent the data are asynchronous or synchronous. The data is transferred over the
channel, using one of three types of modulation - amplitude, frequency or phase, as
normal transmission lines do not transfer raw digital data easily. When transferring the
data, transmission errors will occur, These errors are introduced by the channel and
include the following types of errors. Insertion and deletion where bits are inserted or
removed from the data stream. Duplication or re-ordering is when complete messages
are duplicated or re-crdered. Normally when messages can follow more than one path to
the destination and distortion when noise is encountered on the channel itself. In order to
check that the data was received correctly, an error detection scheme can be

implemented. This will ensure that the messages are received "error free”.

The types of error detecting codes are:
(i) Block codes - all code words have the same length

(i) Convolution codes 2 depends on the data message and a given number of
previously encoded messages

(i)  Linear codes - every linear combination of valid cce words, produces another

valid code word (modulo-2 sum)
(iv) Cyclic codes - every cyclic shift of a valid code word, preduces a valid code word.

(v) Systematic code - each code word includes the data bits from the original
message unaltered. [8][15][18]
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2.3 LITERATURE REVIEW CONCLUSION

In the previous sections it can be seen that when implementing a radio telephone system,
a great deal of different facets have to be taken into account. Installing even a basic
system, planning it is of crucial importance. Expanding it into a system similar to the one
used currently by Sentech, increases the problem tenfold. Once the basic hardware is
installed and operational, controlling the system is of utmost importance. These systems
must be available 24 hours a day and is normally used in areas where there is no other
means of communication. The sites they service are in remote areas, on top of
mountains. Accesses to the sites are by hiking trails or two track 4x4 roads that are
travelled in all adverse weather conditions. Having a system with basic controls is useful
up to a point, but using a proper automated control system can enhance the functionality
of the §ystem. The control system will only operate successfully, if the basic design is
based on sound networking principals. Experience with the current radiotelephone
system and Sentech telemetry system, showed that when a protocol evolves without
proper design, a constant fixing of symptoms and not root problems wilt occur. This work
addresses these problems by sound research principals and designing the contro! system

properly.
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CHAPTER 3

3

3.1

3.2

RADIO TELEPHONE SYSTEM OPERATION

INTRODUCTION

During the early 1980's the old radio telephone sysiem was replaced with the one used
currently. The old system consisted of a repeater site at Table Mountain, which relayed
the signal from as far as Villiersdorp site. The current system was installed based on

imported radio equipment and a controlling system developed locally.

SYSTEM CONFIGURATION

The Cape Town radiotelephone system will be used to explain the general layout of the
sites and operation. The terminology that is used was given to the sites by the original
supplier and has been used ever since. The sites that have UHF and VHF sets are called
high sites and form the backbone of the system. The rest of the sites only have VHF sets
and are called spur sites. The mobile units consist of handheld sets and sets installed into

the fleet vehicles.

3.2.1 SYSTEM LAYOUT

The system is configured so that there is a permanent fr.e backbone on UHF, between
the high sites. The VHF radios at the high sites are used to communicate to mobile units
and spur sites. The VHF radios can be linked to the backbone to extend the range. This
operation is called VHF linking or VLINK. The VHF sets can alsc be made into a repeater,
for communication between two mobile units via the high site. All sets use different
frequencies for transmit and receive, enabling full duplex communication. The VLINK is
not a permanent link, making it possible to accommodate more than one call at a time,
without interfering with each other. The spur sites are fixed sites that communicate to the

nearest high site, via the VHF radio. If a mobile wishes to communicate to the spur site,
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it's transmit and recelve frequencies are swapped. With a mobile unit communicating to a
spur site and the spur site turned into a repeater, the coverage area of the system is
vastly increased. The layout of the Cape Town system is shown in figure 3 and the

different meanings of the codes of the sites are given in table 1.

CATPE TOWN RADIO TELEPHONE SYSTEM

€ BASE STATION

" | HIGH SITE

= @ | @ SPURSITE
c1.11
C13 | = UHFLINK
—=- VHF LINK
Figure 3: System layout
SITE DESCRIPTION
TCC Cape Town Transmitter Control Centre, Milnerton
C1 Constantiaberg

C1.1 Table Mountain

C1.2 Ritz Protea Hotel, Sea Paint
C13 Paari

Cl4 Simonstown

C1.5 Franschhoek

C1.6 Stellenbaosch

C17 Houtbay

C1.9 Tygerberg

C1.11 Fishhoek

C1.15 Grabouw

c2 Villiersdorp
C2.1 Hermanus
C3 Napier

C11 Piketberg
C12 Matjiesfontein
C124 Ceres

MF5 Klipheuwsl|

Table 1: Cape Town area site names
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3.2.2 HARDWARE LAYOUT

The hardware layout far all the high and spur sites is identical. The configuration of the
site determines what printed circuit boards will be installed. Figure 4 gives the layout of

the hardware and the following sections describe the basic operation of the boards.

RT SYSTEM HARDWARE LAYOUT
Y
i
UHF 1 ;; “h'l:’éEIR -
Y
wre [EEETE
\r —
uHF 3 X1 IMER
Y
UHF 4 [TXTIMIXERI=

Figure 4: Genera! hardware layout for a generic site

. MUPC Micro controller

The MUPC board that contains the microprocessor and software, controls the system.
The keyboard and display is connected directly to the board, for local system command
inputs and display of system status. The decoded DTMF signals on the UHF and VHF
radios are interpreted by the board and the system status displayed. The board
generates all tones and control signals. This board was completely redesigned and 40
were manufactured to replace the old processor boards. The name MUPC was retained

for the new board, to minimise confusion and was released as version 1.1.
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. VHF Controller

The controller is the interface between the VHF radio and the internal audio paths to the
handset, UHF radio's and Node controller. The VHF repeater and VHF to UHF VLINKing
are done on the board. The VHF press to talk from the handset, node controller and
MUPC is combined and sent to the VHF radio. The VHF DTMF tones are decoded on the
board z2nd the MUPC interrupted when a valid tone is decoded. The board is part of the
original system and the upgrade work done on it, consisted of the elimination of the

variable resistors by replacement of fixed resistors.

. UHF Controller

The controller is the interface between the UHF radios and the internal audio paths to the
handset, VHF radio and Node controller. The UHF DTMF tones and the key busy signal
are decoded on board and the MUPC interrupted, when a valid code is decoded. The
board is part of the original system and the upgrade work done on it, consisted of the

elimination of the variable resistors by replacement of fixed resistors.

. UHF Mixers

The UHF mixers combine the audio signals from the UHF radio's, VHF controller, UHF
handset, key busy signal generator, DTMF generator and Node controller. This combined
signal drives the UHF transmitter and the received signal from the receiver is buffered on
the board. There can be a maximum of four UHF radios on a site and the number of UHF
links to the site determines the number of mixers installed. The board is part of the
original system and the upgrade work done on it, consisted of the elimination of the

variable resistors by replacement of fixed resistors.

. Node controller

The Node controller implements a computer network on the radiotelephone system and is
based on a subset of the X.25 packet switching network protocols. it functions compietely

separate to the control of the radio telephone system, using only the radio cartiers. The
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node controller is used to transfer telemetry data from the sites to the Transmitter Control

Centre. These boards were developed as a separate project by the author of this paper.

3.2.3 SOFTWARE CONFIGURATION

3.3

There are three software modules that were used to control the radio telephone system.
These modules are programmed into an erasable read only memory (EPROM) that is on
the MUPC board. Changes to the software can only be implemented by reprogramming
of the EPROM. Mocdule one is the high site software that controls all operational functions
of the site. Module two is the spur site software that controls the operational functions of
the site. Module three is the diagnostic module that is used to align the radio telephone
system. A copy of it is programmed into the EPROM of the high and spur sites and is

activated by setting up a null address and resetting the MUPC.

OPERATIONAL PROCEDURES

The following section describes the basic operational procedures that are currently used

to access and control the operation of the radio telephone system.

3.3.1 ACCESS OF SITE

To access or 'ID' a site, the two digit site code of that site must be keyed and these codes
must be in DTMF format for it to be recognised. if the site is accessed and has
recognised the codes, a beep-baap tone is generated tc indicate that the operation was
successful. If a spur site is accessed transmit and receive frequencies is swapped in the

handheld.
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3.3.2 AUTOMATIC ROUTING

The system has routing lookup tables that are programmed into the EPROM and are
used to implement a semi-automatic routing protocol. if a high site is used to originate the
call and a remote spur site is accessed, the high site will automatically vlink the audio
path. If a spur site is used to access a remote high site, the local high site must first be

accessed before the remote high site can be accessed.

3.3.3 REMOTE CONTROL

The system has limited remote control capabilities that can be used to control external
equipment on site. Switching the MUPC into remote control mode, activates the output
control. To do this, access the site and ring the buzzer for longer than 5 seconds. A baap-
beep tone is generated and then by sending DTMF codes 1 to 6, the lines will go high as

long as the tone is there.

3.3.4 ACCESS OF TELEPHONE PATCH

The telephone patch is an external unit that was added to the system at a later stage.
The codes that is used to control it, conflict with the radio telephone system codes. The
result is that only a limited number of functions can be used. The "™ code is used to get
the phone patch attention and is also used by the radio telephone system as the
shutdown code. When keying the codes for the phone patch, the duration of each code
must be very short, to allow the phone patch to recognise it and the radiotelephone to

ignore them.

3.4 TELEMETRY DATA TRANSFER

The separate Transmit Net telemelry data transfer system uses only the audio paths to
transfer the data over the radiotelephone network. A network node controller is plugged
into the System Interface Controller of the radiotelephone and all data transfer and

routing is processed in it The node controller implements a computer network on the
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radio telephone system and is based on a subset of the X.25 protocols with minor

deviations at the lower levels.

3.4.1 LAYOUT OF NETWORK

The layout of Transmit Net is based on high sites and spur sites. The system is
configured so that there is a maximum of 15 high sites, each with 15 spur sites
communicating to them. The routing is calculated at each node using the source,
destination and local addresses. For this reason the high site address must end with a

one. See figure 5 below for the layout of the system.

TRANSMIT NET LAYOUT

baclbone

Figure 5: Encoder / Decoder network layout

3.4.2 LAYERS OF NETWORK

The data transfer system is based on a subset of the X.25 protocol implementing layers 1
to 3 of the protocol stack. The telemetry encoder and deceder protacol do not conform to
any standard protocols, thus 2 module in the node controller converts the packet into a
X.25 packet and from X.25 to the telemetry packet format. The data link layer uses a
SDLC synchronous protoco! on the UHF backbone and asynchronous protocol on the

VHF radios. Due to the amount of interference on the VHF radiotelephones the
28



asynchronous protocol was found to be more reliable than the synchronous protocol. See

figure 6 for the protocol layer mapping.

INTERNATIONAL STANDARDS ORGANIZATION
MODEL FOR OPEN SYSTERIS INTERCONNECT

TH = Transport headsr

HH = Hetwork headey
=SDLC flaz

4 = Addvess

C =Controle byts

fos = Frame Check Sequence

Apphcation layer
Presentation layer

Session layer

Encoder '/ Dec oder Transport layer

"E25pmtocal B e twork Layer
SDLC gﬁggg% ! Data link layer
FSK modem - Physical layer
UHF / VHF Rt

Figure8: Schematic showing the mapping of the netwark layers

34.3 INTERACTION OF THE RADIOTELEPHONE AND NETWORK

The radiotelephone system and the telemetry data transfer system are two independent
systems using the same carrier. The original specifications of the radiotelephone specify
that speech has priority over data. The UHF and VHF inhibit lines implement this and will

stop any data transfer as soon as the radiotelephone is used for speech.
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CHAPTER 4

4 RADIO TELEPHONE SYSTEM UPGRADE

41 HARDWARE UPGRADE

This section gives the description of the changes to the hardware that was implemented
in the radio telephone system. These changes include the upgrading of the hardware and

the changing of the alignment procedures.

4.1.1 MUPC MicrRo CONTROLLER UPGRADE

The original controller board was named MUPC. The name MUPC stands for
Microprocessor Unit Process Controller and has been retained to minimise the impact on
the staff that have fo use and repair the system. The new micro controller that is used in
the radio telephone system was developed to replace the old board, that became
obsolete. Modifications that were added to the system before the upgrade were
incorporated inte the new board. The micro controller plugs into the existing slot and the

pin-out functions are logically the same as the old board.

Functions of new card:

The following section describes the different functions of the board. Figure 7 gives a

layout of the sections of the board.

. Central Processor Unit

The CPU is the heart of the system and it consists of the CPU, control logic and memory.
Configuration switches switch in an EPROM that contains the diagnostics software or a
flash prom for the operational software. When in diagnostics mode, the flash prom is

mapped to the ram area, enabling the card to load the operational software. The
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operational parameters can be programmed into the card by the controlling software, or
from the keyboard, depending on the diagnostics mode selected. All operational
parameters are stored into a serial EEPROM on board. The processor enhances the
system as follows: program memory from 16 to 32 kilobytes, data memory from 2 to 8

kilobytes.

CONTROLLER BLOCK DIAGRAM

o

Input signials

Output signals

DTMF Data

Tones

DTMF Tones

Figure 7: MUPC controller functional block diagram

e Keyboard and Display

By adding a keyboard controller, the software scanning of the old, unobtainable keyboard
has been eliminated. This provided the electronics to interface commercially available
keyboards, which can directly plug into the micro controlle. board, to be used. The benefit
of this is that the system keyboard is now more dependent on a specific model of a

manufacturer. The display problems were solved in the software driver.

* Relays

The relays on the board provide output control signals and replace the TTL output control
signals of the old board. This eliminated the need to add buffering electronics to the
systems interface controller, so that the control lines could be used. The output control

capacity was increased from 6 ta 8 output lines
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. Input / Output lines

No change or enhancement was needed to the input and output lines that control the rest
of the unit. Extra input lines were provided for handshaking, so that more external

equiprnent couid be added to the systems interface controller.

) Tone & DTMF generation

Alert tone generation for UHF and VHF is now combined into one unit. The external
DTMF generator board was removed and the circuitry added to the CPU card. The output
levels can now be adjusted on the CPU card without removing it from the rack and the
sighals are combined and routed ta the UHF and VHF channels, as needed. The old
keyboard modification on the back plane of the systems interface controller could now be

removed.

. Serial communications

Three serial ports have been added to the micro controfler board. The first port is the
control port and is used to monitor the system or control the card when in diagnostics
mode. The control software to upload the operational software, to the card, also uses the
port A two-channel serial communications controller forms the second and third ports.
Channel A is connected to the modem that is used to send commands between the radio
telephone units on the backbone. Channel B is connected to 2 R$232 driver and is used
to communicate to external equipment. These two ports are not used in the first phase

software during the modification period of the systems inter"ace controller units.

. Conclusions

The upgrading of the micro controller enabled a number of the hardware and software
problems to be solved clearly. The replacement controller is able to plug directly into the
existing slot of the systems interface controller, as these units will not be replaced. The
software emulates all the functions and operations of the old card, as the system have to
stay alive while the upgrade process is in operation. Appendix A gives a detailed

description of the micro controller board that was implemented.
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4.1.2 SyYSTEMS INTERFACE CONTROLLER MODIFICATIONS

. VHF controller modifications

The VHF controller is the interface board between the VHF radio and the rest of the
system. The baard is part of the original system and was not redesigned. The upgrade of
the board consisted of compeonent changes, to eliminate the adjustment points on the

board.

The board combines all the functions needed to interface the audio and digita! signals to
and from the VHF radio and the micro controller board. Figure 8 shows the block diagram

of the board and the points where the adjustments were eliminated.

YHF CONTROLLER BLOCK DIAGRAM
VRHE _»;;ﬂ{ ; B> viF - UHF
—— ——)——er—-[>- VHF Node
J/tﬂh DTMF
roio € Decode

Repest S :@ Hand set
Tongs—®— ./

DIMF - - 2+ =
Noge —e—| > ’ P

"o VHF Tx

).
F’w.'ii

Mix 1
hinx 2
Mix 3
Mix 4

- Input removed
Electranic switch
83— Adiystment removed

Figure 8: VHF controller block diagram showing the adjustment elimination points

The changes to the board eliminated eleven adjustment points in the systems interface

cantroller.
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° UHF controller modifications

The UHF controller is the interface board between the UHF mixers and the rest of the
system. The board is part of the original system and was not redesigned. The upgrade of
the board caonsisted of component changes, to eliminate the adjustment points on the

board.

The board combines all the functions needed to interface the audio and digital signals to
and from the UHF mixers and the micro controller board. Figure 9 shows the block
diagram of the board and the points where the adjustments were eliminated. The
adjustment for the capture range of the phase locked loop, that detects the key busy

signal, was retained.

UHF CONTROLLER BLOCK DIAGRAM

EA DTMF
o £ Decode

Wt KBS
-+ Detector

o [

e—] IJHF Node

-8 Adusiment removed

—o—{ > U Mixers

Figure 9: UHF controller block diagram showing the adjustment elimination points

The changes to the board eliminated seven adjustment points in the systems interface

controller,
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CHAPTER 5

5 AUDIO TEST RESULTS OF THE RESEARCH

The following chapter gives the details and results that were obtained during the

adjustment eliminating process.

) UHF Node controller test results

The UHF node controller transmit audio level were set to give an output of ~11 dBm at
the output of the systems interface controller. Two values of input impedance were tested
and the results are given below. Table 2 gives the results of the output level changes
obtained with the input impedance set to 14K and the node controlier output level set to

+/- 250 mV P-P.

Table 3 gives the results of the output level changes, with the input impedance set to 18K
and the node controller cutput level set to +/- 300 mV P-P. The output level of the modem
had to be readjusted, when boards were removed or inserted, but not when they were

interchanged and is due to the node controller's high impedance output.

Mixer no Mix 1 Mix 2 Mix 3 Mix 4
Input capacitor value 470n 470n 470n 470n
Mix 1 cutput setto -11 dB -11.0 -11.2 -11.2 -11.2
Mix 2 output setto -11 dB -10.9 -11.0 -1 -11.1
Mix 3 output set to -11 dB -10.8 -11.0 -11.0 -11.0
Mix 4 cutput setto -11 dB -10.8 -11.0 -11.0 -11.0
Mix 1 cutput setto -11 dB -11.0 -11.2 -11.3 XXX
Mix 2 output setto -11 dB -10.8 -11.0 111 XXX
Mix 3 output setto -11 dB -10.8 -11.0 -11.0 XXX
Mix 1 output set to -11 dB -11.0 -11.2 XXX XXX
Mix 2 output set to -11 dB -10.8 -11.0 )00 XXX

Table 2: Mixer impedance set to 14K for the UHF Node controller
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Mixer no Mix 1 Mix 2 Mix 3 Mix 4
Input capacitor value 470n 470n 470n 470n
Mix 1 ocutput set to -11 dB -11.0 -11.1 -11.1 -11.1
Mix 2 output set to -11 dB -11.0 -11.Q 111 ~11.1
Mix 3 ocutput set to -11 dB -10.9 -11.0 -11.0 -11.0
Mix 4 output set to -11 dB -108 -11.0 -11.0 -11.0
Mix 1 output set to -11 dB -11.0 -11.1 -11.1 XXX
Mix 2 output set 10 -11 dB -11.0 -11.0 111 XXX
Mix 3 output setto -11 dB -10.9 -11.0 -11.0 XXX
Mix 1 output set to -11 dB -11.0 -11.1 XXX XXX
Mix 2 output set to -11 dB -10.9 -11.0 XXX XXX

Table 3: Mixer impedance set to 18K for the UHF Node controller

Removing, inserting or exchanging any board or pesition does not alter the output level
more than +/- 0.05 dB. The test results show that the input impedanée set to 18K gives

the best resuits.

. KBS Tone generator test results

The key busy signal (KBS) audio level were set to give an output of -11 dBm at the
output of the systems interface controller. Two values of input impedance were tested
and the results are given below. Table 4 gives the KBS output level changes, with the

input impedance set to 10K and different capacitor values used in the test.

Mixer no Mix 1 Mix 2 Mix 3 Mix 4
Input capacitor vatue 470n 22n 15n 22n
Mix 1 output setto -11 dB -11.0 -11.6 -11.8 -11.3

Table 4: Mixer impedance set to 10K and different capacitor values for the KBS tone

The input impedance values were changed to 18K and all the input capacitors set to the

same value. Table 5 gives the KBS output level changes with the new values.
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Mixer no Mix 1 Mix 2 Mix 3 Mix 4
Input capacitor value 470n 470n 470n 470n
Mix 1 output set to -11 dB -11.0 -11.1 -11.1 -11.1
Mix 2 output set to -11 dB -11.0 -11.0 -11.1 -11.1
Mix 3 output setto-11 dB -10.9 -11.0 -11.0 -11.0
Mix 4 output set to -11 dB -10.9 -11.0 -11.0 -11.0
Mix 1 output setto-11 dB -11.0 -11.1 -11.1 XXX
Mix 2 output set to -11 dB -10.9 -11.0 -11.1 XXX
Mix 3 output setto -11 dB -10.9 -11.0 -11.0 XXX
Mix 1 output set to -11 dB ~11.0 -11.1 XXX XXX
Mix 2 output set to -11 dB -10.9 -11.0 XXX XXX

Table 5: Mixer impedance set to 18K for the KBS tone

Removing, inserting or exchanging any board or position, does not alter the output level

more than +/- 0.05 dB. The test results show that the input impedance set to 18K gives

the best results.

. UHF DTMF generator results

The following test resulits are for the phase 1 hardware modifications on the mixer DTMF
input line. This input will be removed completely with the installation of the new
microprocessor board, as DTMF generation is now inco-rporated onto the board. Two
output levels were tested, as it became apparent during the previous tests, that the
changes are working. Table 6 gives the test results and a comparison of the different

output levels with the input impedance set to 18K on the new input to the mixer card.

Mixer no Mix 1 Mix 2 Mix 3 Mix 4
Input capacitor value 470n 470n 470n 470n
Mix 1 set-5dB DTMF -5.0 -5.1 -5.0 -5.1
Mix 2 set -11 dB KBS -11.0 -10.9 -10.9 -11.0

Table 6: DTMF tone level comparisan on the mixer card

Removing, inserting or exchanging any board or position does not alter the output level

more than +/- 0.05 dB. The test results show that changing the output test level did not

have any effect on the output levels.
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. UHF to UHF talk-through

The changes in level measured between the UHF sets are given in table 7. Cards cannot
be interchanged as a result of the output level, changing up to 0.5 dB per card removed
or inserted. Levels increased with 0.1 dB when the extender card was removed. With the
results obtained in the previous sections, a receiver buffer was added to the mixer card,
to provide a low impedance driver. This modification eliminated the large changes
observed when remaving, inserting or exchanging any board as the output level does not

change more than +/- 0.05 dB.

Channel No Mix 1 Mix 2 Mix 3 Mix 4
Mix 1-RV 13 1509 | 1480 |14.89 | 14.78
Mix 2 - RV 12 1515 | 1487 | 14.99 |14.86
Mix 3 - RV 11 1513 | 1484 | 1497 |14.84

Table 7: UHF to UHF level comparison

. Conclusions

The elimination of the level adjustments by ‘changing component values were successful,
The output and input levels are now set to -6dBm. The alignment time reguired were
drastically reduced and the time between maintenance checks increased, making the

system cheaper to maintain.
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CHAPTER 6

6

6.1

DIAGNOSTICS SOFTWARE

The diagnostics software is used to repair, test, align and configure the radio telephone
system. The following four sections describe the four modules in the software. By setting
dip switch one to the on position, the diagnostic software is now mapped to the code area
of the CPU and the Fiash prom to the RAM area. See appendix B pages 5 to 8 for the
detailed flow diagrams and appendix C for the diagnostics software source code.

Appendix D contains the installation disk for the controlling software.

COMPUTER MODE

The default module is the computer mode and the card is controlled via a RS232
interface. The Windows based controlling software is used to issue commands to the card
and receive responses from it. All the tests and configurations can be done in this mode.
A full description of the faultfinding procedures, testing paints and equipment needed, is
available in the controlling software help files. Figure 11 gives the flow diagrams for the

computer mode.

6.1.1 FiLe OPTIONS

This section of the software is used to control and program the: flash prom on the MUPC
board. The software data file must be in the Intel Hex format for the MUPC to be able to
program the flash prem.

¢ OpenFile

The screen is used to open the software data file and set-up the controlling software to

load it into the MUPC.
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Figure 11: Flow diagram of computer mode diagnostics

® Program Flash

The option sets the MUPC into programming mode. Dipswitch 2 on the MUPC is the
programming voltage enable switch and is checked before the MUPC goes into
programming mode. If switched off the status is reported back to the controlling software.

° Upload Hex File

This option starts the uploading process and loads the hex file one line at a time. The

flash prom is programmed with the line before the next one is loaded.

» Stop Programming

This option is used to abert the flash programming

° Erase Flash

The option is used to erase the flash orom before it is programmed with the new software
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6.1.2 SYSTEM TEST PROCEDURES

The following sections represent the screens in the test option of the controlling software.

3 Serial Control Port

The serial control port or communications port 1 is the port used by the diagnostics
software to communicate to the PC. This test is used to check the serial path between the

MUPCGC and the PC running the controliing software.

. CPU Test

The CPU test is used to check that the basic processor circuitry is working correctly. The
RAM, EPROM, CPU and contral circuitry are tested with this test. Once the first two tests

have been successfully completed, the rest of the circuitry can be tested.

. Display

The display test checks the cperation of the display and controlling circuitry. The display

is used to report the test selections that were issued to the MUPC card by the controlling

software.

o Dip Switches

The eight switches on the board are used to select the different diagnostics and set-up

options that are available. The test checks the operation of the switches and circuitry.

e  Keyboard

The screen is used for the keyboard circuitry and cperation. This option is also used to
check the connecticns to the keyboard as it displays the key that was pressed. Thus by

pressing a key and checking the displayed character the X & Y matrix lines of the

keyboard can be correctly connected.

42



b i e Aot «

. Tones

The screen is used to switch the signalling tones of the system on and off. The DTMF and

tone generator circuitry is tested and the audio paths to the UHF and VHF radios.

. Relay Control

There are eight relays on board that can be used as genera! output control signals. The

control and driver circuitry for the relays are tested with this screen.

. Output Lines

The output lines of the card are used for controlling and signalling of the other cards in

the system interface controller. This screen is used to toggle these lines high and low.

» Input Lines

~

The input lines of the card is used to sense actions performed by the other cards in the

system interface controller This screen is used to display the status of the lines.

. EEPROM

The Electrically Erasable Programmable Read Only Memory is used to store the system
parameters. These parameters are used for the normal operation of the system. This

screen is used to read, examine and verify the contents of the memory.

. Fiash Prom

The Flash prom is used to store the operational software of the system. The screen is the
same screen as that for the EEPROM and performs the same basic functions for
examining the memory areas. The screen can only display 128 characters at a time. To

view other areas of the Flash memcry, the base address from where the data is read

must be changed.
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) Modem & Com 2

The last screen of the tests is the screen that checks the operation of the onboard
modem and the auxiliary communications port com2. The modem is used to
communicate between two systems on the UHF backbone. The test is used to check the
operation and adjust the levels of the modem. The auxiliary communications port is not

currently in use but is available for future expansion of the system functionality.

6.1.3 SYSTEM CONFIGURATION

The system configuration screens are used to set the operational parameters of the

system.

. Type

The screen selects the operating mode of the system. There are three options available.
High for high site operation, Spur for spur site operation and Base for base site operation.

Only the High and Spur options are implemented at the current version of software.

. Address

The screen is used to set the site address of the system. Each unit must have a unique

address to allow for the accessing of the units.

e  Repeater

The screen is used to enable or disable the repeater mode when the type was selected
as a spur. This option is used to prevent system lock-up when a spur site can receive

more than one high site.

° Name

The scresn is usaed to enter the name of the site. A total of 16 bytes are avaifable for the

name.



i High Sites

The screen is used to enter the list of other high sites connected to the system. The list is
needed for automatic routing from VHF to UHF during the set-up phase of a call. A total

of eight sites can be entered.

. Spur Sites

The screen is used to enier the list of spur sites working to the high site. The list is
needed for automatic routing from UHF to VHF during the set-up phase of a call. A total

of eight sites can be entered.

6.2 CONFIGURE MODE

The configuration mode via the screen and keyboard is selected by switching dipswitch 3
on. Thi; option is used to configure the system without the aid of the Windows based
controlling software. The same options are available as with the diagnostics software.
Pressing the "™ on the keyboard will bring up a help screen and pressing the # will return
to the main screen. The following options are available in this mode of operation: RT
Type, RT Address, RT Repeater, RT Name, High site list and Spur site list. Figure 12

gives the flow diagrams for the keyboard configure mode

Figure 12: Flow diagram of keyboard configure mode
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6.3 TEST MODE

Switching dipswiich 4 to the on position activates the test mode option. These tests are
used to do the adjustment of the on site generated signal levels of the radio telephone
system. All adjustments of signals not generated by the site radiotelephone, were
eliminated in the upgrade. After the master deviation for speech was set the following rule
for all other signals was formulated for maximum reliability of the system operation.
"DTMF EQUALS SPEACH DEVIATION AND ALL OTHER SIGNALS MUST BE SET AT
HALF OF SPEACH DEVIATION'. This holds true for VHF at 2 kHz deviation and UHF at

3 kHz deviation. Figure 13 gives the flow diagrams for the keyboard test mode.

Figure 13: Flow diagrams for keyboard test alignment mode

B DTMF generation

The option generates the DTMF code 5 signal for the alignment of the VHF and UHF

levels.

B KBS generation

The option generates the 2.8 kHz tone for the key busy signal on the UHF backbone.

“ Repeater mode

This option switches the VHF section into repeater mode.
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. Viink mode

This option switches the VHF section into Vlink mode, connecting the VHF radio to the

UHF radio.

. 1K on VHF

This opticn generates a 1 kHz tone on the VHF radio to align the signal tones.

. Keyboard mode

The test enables the keyboard secticn. If the UHF radio is selected, pressing any key will
generate the DTMF tones and key busy signal is sent. If the VHF radic is selected the

transmittar will be activated and the DTMF sent.

6.4 BASIC RT MODE

The option enables the user to use the system as a basic radiotelephone, The scfiware
allows the following basic operations on the system.

s Access UHF and VHF sections.

o Vink between the UHF and VHF radios.

e Switch the VHF racio into repeater mode,

s Ring the buzzer on site.

e Terminate {hs gceess on sie.

This section was included in the diagnostics software to allow th= operator to gain some

control over the system, in the event that the operational software failed to load properly.
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CHAPTER 7

7 OPERATIONAL SOFTWARE

The operational software is loaded into the flash prom by the diaghostics software. It
confrols the normal operations of the system and is briefly lined out in the following
sections. See zppendix B page 4 for the detailed flow diagram and appendix C for the

software source code. The functions of the operational software are as follow:

. Provide access (o the site,

Provide fully automated routing and call set-up between any two units.

» Provide cefi-cell functionality at the sife.

. Provide seamless infegration between the t{elephone interface and the

radiotelephcne.

. Alicw ordinary handshaking between the radiofelephone and the telemetry data

transfers implementing speech priority over data.
. Generate the telemetry call-out segquence.
. Control the operation of the UHF and VHF radios.

. Centrol the output control relays.

7.1 ACCESS OF SITES

A two-digit code is issued to access the sites. This code must be the same as the 1D code
of the site and if correct the site will respond with a beep-baap acknowledge tone,
indicating that the cpearation was successful. The system is shutdown by sending the ™

DTMF codae,

7.2 AUTOMATIC ROUTING

Automatic routing is a function of the high sites oniy. The remote high site checks if the
spur site is in the entered list. If entered, it sets up the routing to the remote spur site. The

spur site |D's first digit must be the same as the high site’s first gigit for the routing to
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7.3

7.4

work. When a high site receives the first digit on the backbone, it Vlinks the VHF set and
also sends it out fo the spur sites. When the second digit is a spur site D, the high site
permanently enables the Vlink, the spur site is accessed and the route is set up. To
automatically route via a high site to another high site, the local high site must first be

accessed. The second high site ID is then entered and the reute is then set-up,

REMOTE CONTROL

Remote control on the sites is an added functionality that is used to coentrol external
equipment on the site. Accessing the site and then ringing the buzzer for longer than 5
seconds activates the remote control mode. By then sending DTMF codes 1 to 8 the

corresponding relay is activaied on the MUPC board while the code is present.

CELL-CALL OF HANDHELDS

All the new handhelds that are on the market {oday use DTMF signalling to access the
sets. The old system used two-tone signalling that is not compatible with current trends
and technoiogy. The new software implements DTMF signalling to access the units by

sending the desired DTMF data string out.
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CHAPTER 8

8 CONCLUSION OF RESEARCH RESULTS

The result of the research shows that with minimal cost a system could be upgraded,
giving it a new lease on life. An amount of +/- R 100 000.00 was spent on the upgrading
against the replacement cost of R 4 000 000.00, and resulted in a capital expenditure of

only 2.5% of the replacement cost.

The hardware changes that were done increased the functionality and reliability of the
system. When upgrading a system it is important to check and correct the impedances of
the system. This will result in stabilising the audio levels, resulting in the elimination of
level adjustments. By decreasing the maintenance time from 8 hours to 30 minutes on the

systems interface controller, a labour cost saving of 84% was achieved.

When designing a complicated system, diagnostics to repair the system must form part of
the overall design. Too often diagnostics are thought of afterwards, with the result that
limited or no diagnostics are Incorporated into the system. It is very important that
designers of radiotelephene systems must think of where these units are installed.
Normally in 2 small building or container on top ¢f a mountain. The MUPC is a
complicated board to faulind and repalr. With the help of the onkoard diagnostics
software and Windows based confroling sciiware, combined with the help files as a

guide, the problem of repairing the board was seived.

As the functionatity and cperating envirenment of the system change, it will become
necessary to upgrade the controlling software. When designing a system of any
reasonabie size that uses software tou contrel it the opticn of a hex loader program,
programming a0 EEPROM against repiacing an EPROM, must be censidered. it is easier
and more cost-effective tc =-mad ne nevw softwars 10 the usars, than sending them the
software in an EPROML. Tha cptien to loed the cparaling scftware was selected for this

system, as this methad is in line with the naw trends in designing of equipment.
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The research and upgrading of the system were a very useful and successful exercise
that saved money and manpeower. The upgrading was successfully implemented in Cape
Town, Vredendal and George areas and is successfully working as a system from

October 1989.



LITERATURE REFERENCES

(1

2]

3]

14)

(3]

18]

(71

(8}

(%]
(10}
i11]

2]

{13]

[14]

[15]

Bartee, Thomas. C. 1981, Digital Computer Fundamentals, Fifth Edition. McGraw-Hill

international Bocok Company.

Coughlin, Robert F. & Driscoll Frederick F. 1977. Operational amplifiers and linear

integrated circuits. Prentice-Hall International.
Crane, P.W. 1971, Electronics for Technicians. Pergamon Prass.

Deitel, Harvey. M. 1880. An Intreduction to Operating Systems. Addison-Wesley
Publishing Company.

Fox, Terry L. 1884. AX.25 Amateur Packet-Radio Link-Layer Protocol Version 2.
American Radio Relay League, Inc.

Franklin, F. Kuo. 1981, Protocols & Techniques for data communication networks.

Prentice-Hall International.
Garnett, Walt. 1992, Lan Tutgrial 2" edition, Miller Freeman Inc.

Holzmann, Gerard J. 1991, Design and validation of computer protocols. Prentice-Hall

Internaticnal.

IDC. 1995. Practical Radio Telemetry for Industry. Instrument Data Communications.
Intel @, 1991, 8-Bit Embedded Controtiers. Intel Corporation.

Intel ®. 1951, Embedded Applications. Intel Corporation.

Intel ®. 1983, MCS3-51 Macre Assembler User's Guide for DOS Systems. Intel

Carporation.

Lafrance, Pierre. 1980 Fundamental concepts in communication. Prentice-Hall

Internationzl.
Multisource. 1585, Systzms Interface Contreller Service Manua!l Unpublished.

Parsons, J.0 & Gardiner, J.G 1582 Mcbile communication systams. New York, Blackie
and Son Lic.

52



[16]

[171
[18]
(1]

[20]

Retief, P.J. 1989. Dedicated Radio-Communication system for Sogkor's oil exploration
along the South African coastline. Unpublished master's diploma theses. Cape Town,

Cape Technicon.

Robert, Cole. 1981, Computer Cammunications. The Macmilian Press Lid

Tanenbaum, Andrew S. 1989. Computer Networks. Prentice-Ha!l International.

Van 2Zyl, Louis 8. 1993. Transmit Net Computer Network. Service Manual. Unpublished.

Vincent, James. 1994, One-to-One Radiocomms. Electronics World + Wireless World,
100(1699), 466 — 471



APPENDIX DESCRIPTIONS

The following section gives a short description on the contents of the appendixes.

Appendix A - The Microprocessor Board

This appendix contzins the full descripticn and circuit diagrams of the MUPC

microprocessor board.

Appendix B - Software flowcharts

This appendix contains ali the detailed flow dizagrams of the radio telephone system. Both
the operational software and the diagnostics software fiow diagrams are contained in this
appendix. As these diagrams were generated in 2 DOS based program, the flowcharts

cannot be supplied on disc and thus are included in this appendix.

Appendix C - Software source code

This appendix is a 1.44-MB stiffy that contains all the scurce code of the operational and
diagnostics seftware. The code is written in Pascal and the System51 compiler was used
to generate the machine ccde. The scurce code can be viewed w” 1 Windows notepad.

The total amount of code is in excess of 10 thousand lines.

Appendix D - Control software

The appendix is a2 1.44-MB stiffy that coniains the control software installztion and this
software was written in Visual Basic version 3. To install the software Widows 3.1 or
better opzrating systern must be instailed on the computer. Insert the disc into the ‘A’

drive and then run Setup.
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1.

2.1

2.2

BOARD DESCRIPTION.

The MUPC is based on the Intel 8032 Micro contreller. The board has place for 8K RAM and one
block each of 32K Flash EEPROM and 32K EPROM. Serial communication is via a RS232 port to
external equipment and communication between boards is via a SCC connected to a FSK madem.
System configuration is stored in a 128 byte serial EEPROM. Programmable Peripheral Interface
Adapters connect external signals to and from the board, control the display operation and DTMF
generation. The keyboard scanner controls the keyboard functions and the three-channel timer
generates the fones needed by the system. Eight relays provide output control lines to external
equipment. The switches on the board are used for control and set-up. A watchdog timer checks

overall system functions and resets the CPU if needed.

CIRCUIT DESCRIPTION.

The following is a description of the circuit operation of the different sections that make up the

ricro controller of the radio telephone systern.

MicRO CONTROLLER.

U1 is the 8032 Micro controller. The 8032 contains 258 bytes of on-chip RAM, three 18 bit counter
/ timers, one asynchronous serial port, 6 interrupts with 2 interrupt levels and 32 VO lines in 4
ports. The 8032 has a 16-bit address bus and 8-bit data bus. The least significant address bits AD-
A7 and the data bits DO-D7 are multiplexed together onto port 0. Address lines A8 - Al5 are
implernented onto port 2. Three control lines, RD, WR, and PSEN partition the address space as
64K bytes each of program and data memory. The RD, WR, TO, T1, INTQ, INT1, RxD and TxD are
multipfexed onto port 3. Port 1 is a general 1/O port and is used for internal system controls.

MEMORY.

The memory of the board consists of four distinct sections that operate independent of each other.
The RAM memory of the board consists of one 6264 8K RAM chip U2 starting at focation 8000H to
9FFFH. Reading is done with the RD line and writing with the WR line. One 28F256 32K flash
EEPROM U3 contains the operating software that controls the normal system operations.
Addressing starts at program memory location 0000H to 7FFFH and reading is done with the
PSEN line. One 27C256 32K EPROM U4 contains ali the firmware that is used when aligning the
system and re-pregramming the operaticnal software. Addressing starts at program memory
location Q000H to 7FFFH and reading is done with the PSEN line when operating sofiware is
selected. When the firmware is selected U4 is enabled and U3 is re-mapped onto the RAM area

so that it can be programmed. Having separate memaory areas for data (RD tine) and program area
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2.2

BOARD DESCRIPTION.

The MUPC is based on the Intel 8032 Micro controller. The board has place for 8K RAM and one
block each of 32K Flash EEPROM and 32K EPROM. Serial communication is via a RS§232 port to
external equipment and communication between boards is via a SCC connected to a FSK modem.
System configuration is stored in a 128 byte serial EEPROM. Programmable Peripheral Interface
Adapters connect external signals to and from the board, control the display operation and DTMF
generation. The keyboard scanner controls the keyboard functions and the three-channel timer
generates the {ones needed by the system. Eight relays provide output control lines to external
equipment. The switches on the board are used for control and set-up. A watchdog timer checks

overall system functions and resets the CPU if needed.

CIRCUIT DESCRIPTION.

The fallowing is a description of the circuit operation of the different sections that make up the

micro controller of the radio telephone system.

MicrRO CONTROLLER.

U1 is the 8032 Micro controller. The 8032 contains 256 bytes of on-chip RAM, three 16 bit counter
f timers, one asynchronous serial port, 6 interrupts with 2 interrupt levels and 32 /O lines in 4
ports. The 8032 has a 16-bit address bus and 8-bit data bus. The least significant address bits AD-
A7 and the data bits D0-D7 are multiplexed together onto port 0. Address lines A8 - A15 are
implemented onto port 2. Three control lines, RD, WR, and PSEN partition the address space as
64K bytes each of program and data memoery. The RD, WR, TO, T1, INTQ, INT1, RxD and TxD are
multiplexed onto port 3. Port 1 is a general /O port and is used for internal system controls,

MEMORY.

The memory of the board consists of four distinct sections that operate independent of each other.
The RAM memory of the board consists of one 6264 8K RAM chip U2 starting at location 8000H to
9FFFH. Reading is done with the RD line and writing with the WR fine, One 28F256 32K flash
EEPROM U3 contains the operating software that cenirols the normal system operatiens.
Addressing starts at program memory location 000CH to 7FFFH and reading is done with the
PSEN line. One 27C256 32K EFROM U4 contains all the firmware that is used when aligning the
system and re-programming the cperaticnal software. Addressing starls at program memory
location 0000H to 7FFFH and reading is done with the PSEN line when operating software is
selected, When the firmware is selected U4 is enabled and U3 is re-mapped onto the RAM area

so that it can be pregrammed. Having separate memory areas for data (RD ling) and program area

1



2.3

2.4

2.5

(PSEN line), the address space for data and software can be overlapped. The last memary area is
a 128 byte EEPROM that is serially contrelled by P1.0 to P1.2 of the CPU and is used to store

system configuration information.

CONTROL LOGIC.

U6 is a 74HCA73 octal latch and latches the low arder address AQ to A7. The ALE signal from the
Micro controller is used to latch the low order address into US. UBA is 2 74HC13%9 andisa21i0 4
line decoder. Address line A15 is connected to the A Input. The program select line is connected to
the G input. This is used to enable U4 when the firmware is needed. U8B & USC decodes the
memory into 8K blocks above 32K. U27A decodes block COOCH into four 2K blocks and U27B
decodes block EQOOH into four 2K blocks.

U11 i.e. a 74L5153 dual 4 multiplexed inputs. [t multiplexes the memory select line, RAM read and
write lines and the EPROM read line to U3. This is controlled by SW1A to select between normal
operation and service operation. In normal cperation, U3 is mapped to the pragram area with U4
disabled. In the service aperation, U3 is mapped to the data area and U4 to the program area.

U25 is a 74HC245 that buffers the remaining switches SW1 C to H. These switches are used {o
set system options that can be selected by the user.

WATCHDOG TIMER.

The U7 is a MAXE90 dedicated watchdaeg timer and monitors activity on the P1.5 line. If there is no
activity for longer than 1.6 seconds then U7 will restart the processor. SW2 is a push to make
switch that will allow the user to manually restart the system.

PRIMARY & SECONDARY RS232 CHANNEL.

U12 is the primary RS232 channel (COM1) and is connectad to the serial port on U1 with P1.6 and
P1.7 controlling the RTS and CTS lines of the channel. U34 is the secondary RS232 channel
{COM2) connected to the B channel of the SCC U31. Both U12 and U34 are MAX232's and are
duzsl RS232 Transmitter / Receivers. The MAX232 has three sections, a dual transmitter, a dual
receiver and a +5V to +/- 10V dual charge pump voltage converter,

The power supply section contains two charge pumps. The first uses external capacitor C4 (C30)
to double the +5V input to +10V, with an output impedance of approximately 20GE. The second
charge pump uses external capacitor C5 {(C31) to invert the +10V to -10V, with an overall output
impedance of 450E. The +10V can be measured at pin 2 and the -10V at pin 6.



2.6

Each of the two transmitters is a CMOS inverter powered by the +- 10V internally generated
supplies. The input has a logic threshold of 1.3V. The open circuit oufput voltage swing is from (+V
- 0.6V) to -V. The ocutpuls are short circuit protected and can he short circuited to ground

indefinitely.

The two recsivers fully conform to RS232 specifications. Their input impedance is between 3K and
7K and can withstand up to +/- 30V inputs with or without power applied. The TTL / CMOS output
of the receiver will be low whenever the R8232 input is greater than 2.4V and high when the input
is fioating or driven between +0.8V and -30V.

MoDEM CHANNEL.

Serial communication between UHF sites is done in U31. This is a Sertal Communications
Controller (SCC) and has two independent full duplex Transmitters and Receivers. Channel A is
used for UHF and channe! B for the secondary RS232 channel.

The register set for each channel includes ten control {write) registers, Two synchronous character
(write) registers and four status (read) registers. In addition, each baud rate generator has two
(read/write) registers for holding the time constant that determines the baud rate. The interrupt
logic is a write register for the interrupt vector accessible through either channel. A write only
Master Interrupt Control register and three read registers: one containing the vector with status
information (Channel B only), one containing the vector without status (Channel A only) and one
containing the Interrupt Pending bits (Channel A only).

Transmit Data A (TXDA) is the data senal ouiput and is fed o the modem U32. Receive Data A
(RXDA) is the seral input for data from the modem to the SCC. Request To Send (RTSA) is used
to enahle the modem for normal operation. In channel B this sighal forms part of the normal
RS232 channel signals. Clear To Send signals the SCC that the channel is ready for transmission.
Carrier Detect from the modem is activated as soon as carrier is being received. The signal is

used to enable the receiver in the SCC.

U32 forms the modam channel and is based on the TCM3105 voice band modern. The transmitter
is a programmable frequency synthesizer, which provides two output frequencies representing the
“Marks" and "Spaces” of the digita! signal present on the TxD input. The receive section is
responsible for the de-modulation of the anaiogue signal. The section contains a2 group delay
equalizer and sutomatic gain control. The carrier detect level is adjusted by RV5 and the receiver
bizs distortion is adjusted by RVS. The maedem is cennected to channel A of the SCC U31. The
RTSA signal fram U31 centrol the operation of the medem switching it on or off. U33A is the output
buffer and the level is set by RV7, the signal is the fed to the UHF channel audio mixer U23A.
U338 is the input buffer and the input level is set by RV8.



d KEYBOARD CONTROL.

U20 is a MM74C923 20 key encoder. The key-encoder scans the keyboard and fully encodes the
keyboard connected to it. C8 forms the scan oscillator and C9 de-bounces the key closures. The
data available is "or'd" with the UHF and VHF DTMF signals by a 3 input NOR gate U21A to
provide an interrupt signal to the CPU. U21B and C decodes the chip select and read signals to
enable the data in U20. The keyboard is connected to P3 via a ribbon cable. See figure 11.1 for

the pin-out connections of the keyboard connector.

Keyboard pin-ouis
Col ¥1 1 . )

Keyhoard layout
Y1Y2Y3Y4 Y5

Figure 1: Keyboard connector pin-outs and scan lines.

2.8 DisPLAY CONTROL.

The display is connected to JP10 and RV1 sets the intensity of the display. The display data lines
are connected to PPl U13 port A and the display contral lines to port C lines 0,1 & 2.

Display pinouis

Display front
& 1

Figure 2: Display connector pin-outs for single or double line headers.



2.9 RELAYS & BuzzeER CONTROL.

The output control relay latch U28 is a 74HC573 and latches the refay control signals. U16 to U19
are DS75452 dual relay drivers that buffer the signal and drives the 8 output control relays RL1 to
RL8. The huzzer contrel signal is provided by U413 port BE. This signal is buffered by Q4 to control
RL9 that rings the buzzer and provides the remote signal.

2.10 DTMF GENERATION.

The Dual-Tone Multi-Frequency (DTMF) generator is 2 MV5089 U15. The generator tones are
controiled by the CPU via a 8255 PP1 U14 port A. The output of the port is connected to the row
and column inputs of U15. The generater output level can be set by VR2 fer the UHF channel and
RV3 for the VHF channel at the front of the board.

2.11 TONE GENERATION AND TIMERS.

The KBS signal and tones are generated in a programmable interval timer 8253 U22. Central of
the timer is via the CPU that sets up two timers TO and T1. The timers are set up in a 16 bit 50%
duty cycle autematic reload mode. The clock frequency is derived from a 1.8432 MHz crystal
oscillator X3. This signal is applied to the clock inputs of all three timers. The gate inputs of TO and
T1 is connected to U13 port C3 and is used to switch the timers on and off.

U24 is an MFB 6th order switched capacitor butter worth low pass filter. The ocutput of timer 1 is set
to 50 times tone frequency and is the clock input to the filter. This signal is buffered by R7, R8 and
Q2 before it is applied fo the filter. The cut-off frequency is set by the input clock to 4 kHz, Timer 0
output is set to the KBS frequency of 2.8 kHz or the tones. This is level shifted to 6V by C19, R9
and R10. The square wave is then filtered by UZ24 to preduce the tones. The output of the filter is
connected to the spare buffer on the chip and the cutput is fed to the UHF and VHF mixers. Timer
2 is set as an external timer to trigger the CPU internal timer 0. The two timers together forms a

general timer to be used by the system for cperational timing.

2.12 UHF Aubio MIXING AND SELECTION.

UZ23A is the UHF audio mixer that mixes the DTMF tcnes, medem tones and KBS fones. These
tones can be monitored on TP1. U29A is a CD4068 analogue switch that connects the tones to the
output buffer U30A. When tha tones are switched off U28C provides an earth signal to the cutput
buffers input. The centrol of the URF channel tone selection is done by U1 port 1.3



2.13 VHF Aupio MIXING AND SELECTION.

2.14

U23B is the VHF audio mixer that mixes the DTMF tones and function tones. These tones can be
monitored on TP2. U29B is 2 CD40866 analogue switch that connects the tones to the output buffer
U30B. When the tones are switched off U29D provides an earth signal to the output buffers input.
The control of the VHF channel tone selection is done by U1 port 1.4.

INPUT SIGNALS.

L14 is an 8255 PP! and port B & C provides &l the input signals from the other boards in the SIC
box. The UHF DTMF data is connected to port B 0 to 3 and the VHF DTMF datato port B4 to 7.
Port C contains general input signals. See 11.5 for more details on the input signals. UHF and
VHF DTMF data available signals are connecled io U13 pori C S & 6.

2.15 OUuUTPUT SIGNALS.

3.1

U13 is an 8255 PPl and port B lines 0 to 5 is the general cutput signals. See 11.5 for more details
on the output signals. Port B.7 signal is buffered by Q5 that drives LED2 and is the general alarm
LED.

BOARD SET-UP.

The folfowing procedures are used to set up the board for normal operation. Switch SW1.1 to on
and press the Reset bution. The board is now in computer controlied configuration and set-up
mode. To select configuration from the keyboard switch SW1.1 and SW1.3 to on and to enable the
test mode switch SW1.1 and SW1.4 to on. The "™ on the keyboard displays a help screen. If a ">"
or "<" is also displayed then there is more than on help screen. Use the "™ to cycle between the
screens. The "#" exits the help screens, but tests can be activated from within the help screens.

DisPLAY INTENSITY.

To adjust the display intensity, adjust RV1 next to the display connector until the characters on the

display can be read normally.



3.2

3.3

3.4

3.5

DTMF LEVEL.

Select test mode as in section 3. To activate the DTMF generator press "1". This will switch on the
generator generating DTMF code "5". Adjust RV2 for 3 kHz deviation on any UHF channel. Adjust
RV3 for 2 kHz deviation on the VHF channel. The "UHF/VHF" switch will select between the UHF
or VHF channel. Press "#" o stop the test.

KBS LEVEL.

Select test mode as in section 3. To activate the KBS generation press "2". This will switch the
KBS signal cn. Adjust RVS for 1.5 kHz deviation on any UHF channel. Press "#" to stop the test.

VHF ToNE LEVEL.

Select test mode as in section 3. To activate the VHF tone generation press "5". This will switch
the 1KHz signal on. Adjust RV10 for 1 kHz deviation on the VHF channel. Press "#" to stop the

test. -

MoDEM LEVELS.

Select test mode as in section 3. To activate the modem tone generation press "6". This will switch
the modem signal on. Adjust RV7 for 1.5 kHz deviation on any UHF channel. Press "#" to stop the

test.

For the receive signal inject a 1700 Hz tone at 1.5 kHz deviation into one of the UHF receivers.
Monitor on TP3 and adjust RV8 o -6 dBm. Reduce the input signal to 0.5 kHz deviation. Set the
camrier detect level by menitoring TP and adjust RVE for the signal to switch from low to high. On
any UHF connector remove the cable o the UHF RT and insert a loop plug. Now press "7" to
activate a 50% duty cycle signal. Monitor on TP4 and adjust RV6 for minimum distortion of the TTL
signal. Remove the plug and restore the UHF cable. Press "#" to stop tne test.



4.

EDGE CONNECTOR PIN OUTS.

The following pin-outs are available on the edge connector.

TOP CONNECTOR
Row A Row C
oV 01 |0V
+12V ]| 02 | H12V
03
04
UHF modem tones input | 05 | UHF modem tones input
Com2Txdata| 06 | Com2 Rxdata
Com 2 Request ToSend | 07 | Com 2 Clear To Send
UHF tones output | 08 | UHF tones output
Buzzer signal | 08 | Buzzer signal.
COM 2 Data Terminal Ready | 10 | Carrier Detect Com 2
11
Remote Buzzer common | 12 | Remote buzzer commeon
Remote buzzer normal closed | 13 | Remote buzzer normal closed
Remote buzzer normal open | 14 | Remote buzzer normal open
+12V ] 15 | +12V
16
OVi 17 [0V
+5V ] 18 | +5V
18 | UHF /VHF select
UHF node controlter busy input | 20 | VHF node controller busy input
UHF DTMF data2 | 21 | UHF DTMF data 3
UHFDTMF data 0] 22 | UHF DTMF data 1
VHF DTMF data2 | 23 | VHF DTMF data 3
VHF DTMF data0 | 24 | VHF DTMF data 1
UHF DTMF data available | 25 | VHF DTMF data available
KBS detected input | 26 | UHF HMT PTT input
Phone patch busy input{ 27 | VHF RUS input
VHF HMT PTT input | 28 | Mains fail input
Repeater enable output | 28 | VHF PTT output
VLink enable ¢ 30 | Phone patch inhibit
VHF telemetry modem inhibit [ 31 | UHF telemetry modem inhibit
0V | 32 | VHF tones output

Table 1:

Top edge connector pin-outs on the micro controller board.




BOTTOM CONNECTOR

Row a Row c
OV: 33 |0V
+Vi 34 468V
+5Vi 35 (| +5V
36
37
38
39
40
41
42
43
Relay 1 common | 44 | Relay 1 common
Relay 1 normal close | 45 | Relay 1 normal open
Relay 2 common | 46 | Relay 2 common
Relay 2 nomal clese | 47 | Relay 2 normal epen
Relay 3 common | 48 | Relay 3 commaon
Relay 3 normal close | 49 | Relay 3 normal ogpen
Relay 4 common | 50 | Relay 4 common
Relay 4 normal close | 51 | Relay 4 narmal open
Relay 1 output | 52 | Relay 2 output
Relay 3 output | 53 | Relay 4 output
Relay 5 output | 54 | Relay 6 qutput
Relay 7 output | 55 | Relay 8 cutput
Relay 5 common | 556 | Relay 5§ common
Relay 5 normal clese | 57 | Relay 5 normat open
Relay 6 common | 58 | Relay 6 common
Relay 6 normal close | 59 | Relay 6 normal open
Relay 7 common ' 60 | Relay 7 commgn
Relay 7 normal clgse | 61 i Relay 7 normal open
Relay 8 common | 62 | Relay 8 common
Relay 8 normal close | 63 | Relay 8 normal open
0V | 64 ’ A

Table 2:

Bottorn edge connector pin-outs on the micro controller board.
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52

PROGRAMMING SPECIFICATIONS.

The memory map of the board is as follows.

NORMAL OPERATION. { Sw1.1 OFF )

In normal operation, the flash prom is mapped to the first 32 kilobytes of code area and the data
area is not used. The random access memory used in the system is mapped between 32 kilobytes

and 40 kilobytes.

Address Size Data memory Program memory
00C0H - 1FFFH 8K Not used External EEPROM U3
2000H - 3FFFH 8K Not used Externa! EEPROM U3
4000H - 5FFFH 8K Not used External EEPROM U3
60004 - 7FFFH BK Not used External EEPROM U3
8000H - 9FFFH 8K External RAM U2,

Table 3: Code and data areas during normal aperation of the board.

SET-Ur OPERATION. ( SW1.1 ON)

In set-up operation, the flash prom is mapped to the first 32 kilobytes of data area and the
Diagnostics EEPROM to the code area. The random access memory used in the system is

mapped between 32 kilobytes and 40 kilobytes.

Address Size Data memory Program memaory
0000H - 1FFFH 8K External EEPROM U3 External EPROM U4
2000H - 3FFFH 8K External EEPROM U3 External EPRCOM U4
4000H - 5FFFH 8K External EEPROM U3 Exter-al EPROM U4
6000H - 7FFFH 8K External EEPROM U3 External EPROM U4
8000H - 9FFFH 8K | External RAM U2

Table 4: Code and data areas during set-up operation of the beard.

10




5.3

PERIPHERAL ADDRESSES.

All the peripherals are mapped in the data memory area above 32 kilcbytes. See section 2.3 for a

description on the address decoding for the peripherals.

Address Size Data memory
CO00H - C7FFH 2K 74573 U28 Relay latch.
C800H — CFFFH 2K 74245 U25 dip switches
DOOCH - D7FFH 2K 74C923 U20 Keyboard
D800H — DFFFH 2K 8253 U22 programmable interval timer.
D800H Timer counter 0
D801H Timer counter 1
D8O2H Timer counter 2
BBO3H Counter mode control register.
EQQCH - E7FFH 2K 74HC0O0 US Enable relays.
E800H — EFFFH 8K 8255 U14 programmable peripheral interface.
EQQOH Peort A
EQQ1H Port B
EQ02H Pert C
EQG3H Conirol register.
FOCQH - F7FFH 2K 8255 U13 programmable peripheral interface.
FOOOH Port A
FOQ1H PortB
FOG2H PortC
FOO3H Control register.
F8C0H — FFFFH 2K 82530 U31 8CC
F800H Channel B status read and parameter write.
FE01H Channel B data read and write.
Fa802H Channel A status read and parameter write.
F803H Channel A data read and write.

Table 5. Address map for the interface peripherals.

BOARD SPECIFICATIONS.

Power Requiremenis :  +12 Volt @ 430.0 mili Amps
+6 Volt @ 10.0 mili Amps
+5 Voit @ 450.0 miliAmps

0 Voit
Beard size : 235 mm x 160 rmm
DRAWINGS
Biock diagram Shest 1 of 9
Circuit diagram Sheet 2to5 of 9
Comgonent Jayout  Sheet 6 of 9
Cecmponent list Sheet 7to9 of g
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MUPC Micro Controller

Component list

Number Value Description
Ci-C2 27p Ceramic 0805 SMD
C3 100n Ceramic 1206 SMD
C4-C7 22u Tantalum 25V
C8 100n Ceramic 1206 SMD
C9o 1u Tantalum 25V
C10 100p Ceramic 0805 SMD
C11 100n Ceramic 1206 SMD
C12 560p Ceramic 1206 SMD
Cl13 100n Tantalum 25V
Ci4 100n Ceramic 1206 SMD
C15 560p Ceramic 1206 SMD
Cié6 100n Tantalum 25V
C17 100n Ceramic 1206 SMD
C18 Iu Tantalum 25V
CI19 100n Ceramic 1206 SMD
C20 4n7 Ceramic 0805 SMD
C21 10u Tantalum 25V
C22-C23 27p Ceramic 0805 SMD
C24 -C29 100n Ceramic 1206 SMD
C30-C35 22u Tantalum 25V
C34-C63 100n Ceramic 1206 SMD
D1 -DI1 IN4148 Diode Signal
D12 12V Diode 500mW Zener
D13 6.8V Diode 500mW Zener
LED1 LED GREEN PCB mounted
LED2 LED RED PCB mounted
QI-Q5 2N2222 Transistor NPN
R1 100K Resistor 2% -03W - 1206 - SAMD
R2 10K Resistor 2% -0.3W -1206 - SMD
R3 180K Resistor 2% -0.3W - 1206 - SMD
R4 270K Resistor 2% -0.3W -1206 -SMD
R3S 180K Resistor 2% - 0.3W - 1206 - SMD
R6 270K Resistor 2% -0.3W - 1206 - SMD
R7 4K7 Resistor 2% - 0.3W - 1206 - SMD
R8 2K2 Resistor 2% -0.3W - 1206 - SAMD
R9 10K Resistor 2% -03W - 1206 - SMD
R10 10K Resistor 2% -0.3W - 1206 - SMD
R11-R12 22K Resistor 2% -0.3W - 1206 - SMD
R13-RI5 10K Resistor 2% -0.3W - 1206 - SAID
R16 IK Resistor 2% -0.3W - 1206 - SMD
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Number Value Description
RI17 4K7 Resistor 2% - 0.3W - 1206 - SMD
RI8 1K Resistor 2% -0.3W - 1206 - SMD
R19-R21 10K Resistor 2% -0.3W - 1206 - SMD
R22 10E Resistor 2% -0.3W - 1206 - SMD
R23 - R24 10K Resjstor 2% - 0.3W - 1206 - SMD
R25 10E Resistor 2% -0.3W - 1206 - SMD
R26 - R27 270K Resistor 2% -0.3W - 1206 - SMD
R28 - R29 100K Resistor 2% -0.3W - 1206 - SMD
R30 270K Resistor 2% -03W -1206 - SMD
R31 1K Resistor 2% -0.3W-1206 - SMD
R32 10K Resistor 2% -0.3W - 1206 - SMD
R33 47E Resistor 2% -0.3W - 1206 - SMD
R34 - R37 10K Resistor 2% -0.3W - 1206 - SMD
RN1 - RN3 10K Resistor Resistor Network 8 x 1
RV] 10K Trim-pot Multi-Turn Model 67W
RV2-RV3 10K Trim-pot Multi-Turn Model 89P
RV5-RV8 100K Trim-pot Multi-Turn Model 89P
RV9 - RVIQ 10K Trim-pot Multi-Tum Model §89P
RL1-RLY Relays National HB2-12V
SW1 DS-08 Switch PCB 8 position shide switch
SwW2 Switch PCB miniature push to make

Ul 80C32 CPU

U2 6264 RAM 8K x 8 bits
U3 28F256 FLASH 32K x & bits
U4 27C256 EPROM 32K x 8 bits
Us NM93C46 | EEPROM 128 bits
Ub T4HCS573 Octal latch
U7 MAX650 Watchdog timer
US 74HC139 Dual 2 - 4 De-multiplexer
U9 74HCO00 Quad 2 Input NAND gate
Ul0 74HC74 Dual D flip-flop
Ul}l 74HC133 Dual 1 - 4 multiplexer
Ul2 MAX252 Coms Dual RS232 ransmitter / receiver
Ul3-Ul4 8255 PPl Interface Adapter
Uls MV5089 DTMF generator
Ul6-Ul9 75432 Dual Relay driver
U20 74C923 Keyvboard encoder
U21 74HC27 Trnple 3 Input NOR gate
U22 8233 Timer 3 Channel Counter
U23 LM338 Dual operational amplifier
U24 MEF6CN-30 Filter Switched capacitor filter
U2s 74HC245 QOctal buffer and line driver
U26 74HCO2 Quad 2 Input NOR gate
u27 74HC139 Dual 2 - 4 De-multiplexer
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Number Value Description
U28 74HC573 Octal latch
129 CD4066 Quad Bilateral Switch
U30 NE5532 Dual operational amplifier
U31 82530 Serial Communications Controller
U352 TCM3105N Voice band modem
U33 LM358 Dual operational amplifier
U34 MAX232 Coms Dual RS232 transmitter / receiver
X1 11.059 MHz Crystal CPU clock
X2 3.58 MHz Crystal DTMF generator clock
X3 1.8432 MHz Crystal Tone generator
X4 4.4336 MHz Crystal Voice band modem
Pl DB9 D-Type 9 pin D-Type DPL9/90
P2 HD10 2532/10 10 pin header connector
P3 HD14 2532/14 14 pin header connector
P4-P5 DIN41612 | A64-S1-111 PCB angled male connector
TP1 - TP6 Test pins
JP1 - JP8 Jumpers
3x 40 pin Tulip IC socket
Ix 32 pin Tulip IC socket
2x 28 pin Tulip IC socket
1x 24 pin Tulip IC socket
4x 20 pin Tulip IC socket
7x 16 pin Tulip IC socket
6x 14 pin Tulip IC socket
6% 3 pin Tulip IC socket
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1.

INTRODUCTION.

This appendix contains all the flow chart diagrams for the software that are
used in the radio telephone system. The modules are defined into
functional entities, that is, similar procedures are grouped together. The
source code of the system is written in Pascal using a native compiler that
generates the code for the micro-controller and can be found on the

diskette marked "TAPPENDIX B. SYSTEM FILES".

DIAGRAM NUMBERING.

The flow chart diagram file names are used in the numbering and cross
reference between the source code and the flow charting sheets. The
following table gives the reference between the source code file name and

the flowchart file name.

No Source Code Flow Chart
1 MUPCSOFT.PAS INIT-##x FCD
2 RT_MAIN.PAS MAINSEix FCD
3 MUPCDIAG.PAS DIAG##x FCD
4 RTTESTS.PAS TEST-##.FCD
5 RTCONFIG.PAS CONF #Hx.FCD
6 RTALIGN.PAS ALGN<Hx.FCD
7 RTDISPLY.PAS DISP-H#x.FCD
8 RTFLASH.PAS FLSH-#x.FCD
9 RTEEPROM.PAS PROM-#:.FCD
10 RTSERIAL.PAS COMSsH#x.FCD
11 RTUTIL.PAS UTIL#x.FCD
12 RT_INTR.PAS INTR-#x.FCD
13 RTDRIVER.ASM

Table 1 : Radio Telephone system file cross reference.




All the flowchart names are inserted into the source code at the position

where the chart starts in the following format:

{=== Flow chart file : XXXX-+##x.FCD ===

If a flow chart is over mulliple sheets, the x can be from A to Z.

The Headings on the flow chart sheets is in the following format:

Title Title of the flow chart sheet.
File Name of the flow chart sheet.
Date Date last modified.

Module Source code module applicable to flow chart.
Section Section in source code module.

A cross link is created between the flow charts and the source code to

make it easier to follow the program flow of the system.



3.

FLOW DIAGRAMS.

The first section gives the overall flow diagrams of the system software that

is currently implemented in the radio telephone system.

File Names Description Page
MAST-01A.FCD | Operational software. 4
MAST-02A.FCD | Diagnostics software. 5
MAST-02B.FCD | Basic radio telephone module. 6
MAST-02C.FCD | Keyboard alignment and configuration modules. 7
MAST-02D.FCD | Computer controled diagnostics module. 8

The following thirteen sections gives the software modules and the flow

charting sheets of the complete system software.
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{’- INITIALISATICN 1]

System Initialisation

and variable set-up

MUPC CARD . OPERATIONAL SOFTWARE

FILE : MAST-Q1A.FCD

DATE : 17-10-2022
MODULES : Appendix B
Secticn : 3.1 and 3.2
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System Initialisation

and variable set-up

MUPC CARD. BASIC RT SYSTEM

FILE : MAST-@28.FCD

BATE : 17-12-2002
MCODULE : Appendix 8

Section : 3.3
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3.1

SYSTEM MODULE.

The system module is the main start-up and initialisation module of the

operating software.

File Names Description Page
MUPCSOFT.PAS Pascal source file in appendix C. —
INTR-10A.FCD External Interrupt 0. 10
INTR-11A.FCD Timer O Interrupt. 11
INTR-12A.FCD Timer 1 Interrupt. 12
INIT-10A.FCD Main loop. 14
INIT-11A.FCD Delay procedure and hex function. 16
INIT-12A.FCD Initialisation of system. 17




MUPC CARD . INTERRUPT ROUTINE

FILE : INTR-1QA_FCD

DATE : 19-10-1995
MODULE : MUPCSOFT.PAS / RTDRIVER.ASM
Int @
Section 1.0 : External Interrupt @

¥
MUPCSOFT. PAS W
AT Driver

_ReadDTMF

Fm——-

)\ J

Get Interrupt
fines status

Set KeyStrobe
Reset DTMFSend
KeyBoard Yes Save Flags
line high ? p| Get Keyboard Value
Mask 8its @ - 4
Save Value to Xeylata

Recover Fiags

Set UHFStrobe
Save Flags
VHF DTMF Yes Get DTMF Value
Vine high ? ) Masx Bits ¢ - 3
Save Yalue to URFData

Recover Flags

Set YHFSwrobe
Save Flags
VYHF DTMWE Yes Cet CTUF ¥aiuce
lire high ? p{ MWask Bits 4 - 7
Snife Hign nithie tg low
Saye Yalue to viFData

Rezcver Flags

Y

( RT Driver \

kMUPCSCF .PAS )

P et o S e e ey T L M LA e R M e o e e i f e S Ay = R e e e A G mm RAt e me it T L e e o RE AN b e AAh b = i —
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‘ Timer @ '

Y

TH@ = FFH - High byte

TL2 = 9CH - Low byte

MUPC CARD . INTERRUPT ROUTINE

FILE =
DATE -
MODULE :

Section 1.1

ClearDown

timer > @

Lecrement

Clear Down Timer

INTR-T1A.FCD
11-12-1996
MUPCSOFT.PAS

Timer @ Interrupt

Clear Down Yes

timer =
19,8,6,4,2

Yes
UHF Access
set ?

Yes
NHF ACCe5y
sel 7

No

Ko Ko
Y
+
A
¥
Increment Seconds 4 Set UHFPiep tone
Set Seconds = @
Secands
Increment Minutes
<4 Set YrFPjep tone
"
Y
Yes
Set Minutes = @
No
¢‘
Yes

Set Alarm LED cn

=

Sat Ajlarm LED off

<

P p—

11




MUPC CARD . INTERRUPT ROUTINE

FILE : INTR-1ZA.FCD

DATE : 11-10-1996

MODULE : MUPCSOFT.PAS / RTDRIVER
Timer 1
Section 1.2 : Timer ! Interrupt

TH1 = A&H - High byte
TLY = ®@H - Low byte
\J

r’-MUPCSOFT.PAS 1\
. g
i RT Briver
1 I —
I _ReadInputlines
I
1
I
I
I Y Y Y
|
| Set Key Strobe Set Phone Patcn Set UHF HMT PTT
i

i | to PIAIC bit 4 to PIAZC bty © to PIAZC bit 4
: |

|
I
i
1 Y Y A
|
i Set UHF Strote Sat Rus Detect Set RemoteKBS
I
1 to PIAIC bit 5 to PIAZC bit 1 to PIAZC bit 5
!
f
I
!
t Y Y Y
|
[ Set YHF Strobe Set ¥HF HMY PTT Set UHF Node FPTT
i
| to PIAIC bit & to PIAZ2C Dit 2 to PIAZZ it 6
i
i
I
]
| Y \d A
i
I Set UV Flag Set Mzins Fail Set VHF Ngde PIT
I
] te PIAIC bit 7 to PIAZC bit 3 to PIAZ2C bit 7
|
i 1
i
|
|
I
i
i
!
i
i
I
I
|
| v
I
I
i

12




MUPC CARD . INTERRUPT ROUTINE

12A FILE : INTR-12B.FCD
DATE : 11-18-1995
WODULE : WMUPCSOFT.PAS / RT_INTR.PAS

Yy
MUPCSOFT.PAS \

Secticn 1.2 : Timer 1 Interrupt

-\\

RT_INTR.PAS

RealTimelInterrupt

Timer Decrement Timer
SnutDown

> Q7

Decrement Timer

KBS PTT Shut Down

Decrement Timer Yes Decrement Timer

UHFIDLimit

YHF PTT UHF ID Limit

Timer
UHF Ignore

Timer Decrement Timer

Yes Decrement Timer
AblCatll ]

> 97 All Caill >0 ? UHF Ignore
4
Timer Cecrement Timer Timer fes Decrement Timer

CeilCatll VHFICGLimit

> 8 7 Cell Call > 97 VAF 1D Limit
Yes Cezrement Tirer Cecrement Yimer
Cell Tene VHF [gnore
Ne
Tirer Yes Decrement Timar
Ringlelay
> @ 7 Ring Calay

A

( ZT_TNTR.PAS ’

‘ Return ’

e e e e e e e e | e R M L e e e Gl Lm e T T T e v . M S e e e . — —  — — — — o —_———

13




‘ Stari~-up ’

Y

Deiay 100 ms
wWait for U123 &

Ut4 to reset

Y

(’ﬁ FRCCEDURE i]

MUPC CARD .

INITIALISATION

Initialize System

108

mainSecsd_2

Mainfec4_3

MainSez4_4

FILE : INIT-1QA.FCD
DATE : 25-18-1996
MCDULE : MUPCSOFT.PAS
Section 1.9 : Main Loop
M MainSecli_o
Dispiay
Yes
"SPUR STATION ID=xx"" MR = 12 Main%eci_2
PYHF NO ID "
Iy No
4
oy
¥
MainSec2_9
Y
MainSec4_@
fes
MainSecd_1
No
;‘
Y
Yes
No
<
<4
Yes
N2
Y
Yes
MR = 44
ND
i
Li

14

Main%ecs5_o




MUPC CARD . INITIALISATION

Section 1.0 :

DATE :

HQOULE -

MainSeci_]

MainSeci_2

10A
A
Display
"UHF NC ID ID=xx"
"VHF NO ID "
'
L
¥
MainSecti_0
Yes
No
-
+
Yes
MR = 12
Yo
d
|
Y
MainSec2_9@
Yas
No

INIT-1@B.FCD
25-10-1996
MUPCSOFT.PAS

Mazin Loop

Yes
MainSec3_2
No
4
Yes
MainSec3_3
Ko
>
<+
HainSec3_4
No
Al
Y

MainSec4_0

Yes
¥ainSec4_1

N

:

Yes
HainSec4_2
No
(4
fes
MainSec4_3
No
F‘L
¥
Yes
MainSecd_&
Ko
A

|

¥ainSecs @

15




‘ Detay(Count) ’

Y

Locp counter = 1

MUPC CARD . INITIALISATION

FILE :

DATE

MORULE :

Sectioen 1,1

F 3

{oop
NG
counter = Count

?

Y

‘ Return ’

Increment Loop Counter

Change Watehdog lire

INIT-11A.FCD
12-1¢-19956
MUPCSOFT.PAS

Delay Procedure & Hex Function

‘ HEX{Byte) ’

Y

Isolate the {ower

nitble of the byte

X

Set HEX to the nex

character of byte

Y

‘ Return ’

16




MUPC CARD . INITIALISATION

FILE : INIT-12A.FCD

DATE : 28-¢8-1993

MODULE : MUPCSOFT.PAS

‘ Initialise ,

Secticn 1.2 : Initialisation of System

Y Y ¥
: Serial Ports r System Bootup Report Setup Interrupts
Initialise Com 1 Site Name XAXXXXARXXKE External ¢
Inftialise Modem to async Sicbox Mode X
Infitialise Com 2 Site Address @ xxxx Set EX@ - Enabte
: Repeater Mode XX XXX Reset PXQ - Level @
; / Set ITe - Edge trigger
 J Timer @ & Timer 1
; ™ Y
| System Bootup Report TMOD = I5H - 16 Bit
; System Variables THO = FFH - High byte
New | ine TL® = 9CH - Low byte
"RT System VYer : X.xX Call SetRelay(9,7alse) TR® = set - Start Timer
New t ipne Set Rt Enable = 3020 ET®@ = set - Intr. Overfiow
S Set Seconds = Q TH1 = B7H - High byte
Set Minutes =0 TL1 = B@H - Low bDyte
TR1 = set - Start Timer
Y ET1 = set - Intr. Qverftow
EA = set - E£nable all
Peripheral Interfaces Y
PIAl Contro! = 88H Flags z2i! set false
PIAT Port A = @0H 4
FIA1 Peort B = @¢H System Flags
FPIAY Port C = @3H Counter & Timers
RxFiag
PIAZ Control = 8BH C_iDCellCatl = @
PIAZ2 Port A = FFH - Tone Flags
T_KBSPTT = Q
UHiFBeepBaap VriFEeepBaap T_YHEPTT z @
UHF2aapBeep VHFBaapBeep T_UHFIDLImIt = @
Y UKFBusy VEFBusy T_VHFICLimit = @
URFFiep YHFPiep T._UHFIgncre = @
Hardware Timer URFShutDown YHFShutDcewn T_VHFIgnore = ¢
URFDTMFCH YHFDTMFon T_Cattlur = @
Timer Controt = 36H KESon ToneFlag T_ClearDown = ¢
Timer Control = 76H FirstTone SecondTone T_CetiCali = @
Timer Control = Bé&H RxCeltTone SendCetliCall T_Ringlelay =@
Timer @ Low = 91H CaliCut T_CellAliCalt = @
Timer 9 High = Q2n
Timer 1 Low = QEH 1D Flags
Timer 1 High = @34
Timer 2 Lew = 30 UHF_ABCD VYHF_ABCOD
Tirer 2 High = 484 UHFAccess VaFAccess
UHFFlag Y =FF lag
UkrSelect VrtSeject
UrRFStroneFlas VHFStirconeFlag
UrFClear VHFClaar
A J UrFCel | VHFCel |
Setup Dispfay UFFInnibit VAFInhibit
ViinkActive VrFRapeater
Cait DisplaywriteMsg{d) SpurRereater
Set LisgFlagl YLinkPTTFlas VHFFTTY
Reset {JispFiags
Set DigsFlags ASCDFag AjiCaliFiag
feset DiscFlagy Spurfilag coomsday

e A4

Setup EEPRCM

Cail  PReaciame

Cail ReagSicBoxType
Set 104 = "@"
Set I3 = '@’
Ser 152 = ‘@'
Sat I = "Qr
Call Feaztdzress
Call Esazlepsater
Catt Reaciighs
Catt Feaazspurs
falt  Reacvame
—

17




3.2

MAIN MODULE.

The main module is the system control section for the UHF and VHF

radios.

File Names Description Page
RT_MAIN.PAS Pascal source file in appendix C. -
MAIN-10A.FCD DTMF Activity. 19
MAIN-11A.FCD UHF DTMF Activity & First D code. 23
MAIN-12A.FCD VHF DTMF Activity & First ID code. 25
MAIN-20A.FCD Display & Timeout control. 26
MAIN-20B.FCD Cell Call control. 27
MAIN-20C.FCD VHF control. 28
MAIN-20D.FCD KBS control. 29
MAIN-30A.FCD UHF access control section. 30
MAIN-31A.FCD Respond to VLink code. 32
MAIN-32A.FCD Decode second digit of ID code. 33
MAIN-33A.FCD Test for ring code. 34
MAIN-34AFCD Respond to UHF DTMF A B C D codes. 35
MAIN-40A.FCD VVHF access control section. 37
MAIN-41A.FCD Respond to VLink and Repeater code. 38
MAIN-42AFCD Decode second digit of ID code. 39
MAIN-43A.FCD Test for ring code. 40
MAIN-44A.FCD Respond to VHF DTMF A B C D codes. 41
MAIN-50A.FCD UHF, VHF and System Cell Call. 43

18




Key Stirobe

set ?

No

MUPC CARD

FILE

OATE :

MODULE

Section 1.9

Get KeyBoard Data

. MAIN ROUTINE

MATN-1QA.FCD
15-97-1938
RT_MAIN.PAS

DTMF Activity

Key
DTMF = § &
UVFlag, UHFCel
vHFCell, Spurflag
VLinkActive,
VHFRepeater
clear 7

Set SysCeld

Set CellCail timer
= 5 seconds

Dispiay Cel) Cal

Send DTMF Tornes

URF
Channel
Selected ?

Send KBS Tone

Select UHF Channe

PTT ¥HF Rafio
Select YHF Channel
d
o
A
Y

Key Strobe
faise 7

¥

¥8S Tgnes

YHE PTT Timer = 3 sez

1238

1

S




10A

Y

MUPC CARD

FILE

DATE :

MODULE

Section 1.0

. MAIN ROUTINE

: MAIN-1@B.FCD
15-07-1958
: RT_MAIN,PAS

: DTMF Activity

SicType No

Set MainSec!_0 = 20

Spur 7

Send Cel)

flag set ?

Reset YHF DTMF val

VHF DTMF
strobe
ciear ?

ue

RusDetect
or
Temefrlag
= 717"

fes

VHF
Beep Baap
set 7

Seng YHF Beep Baesp

Y HF
Baap Beep
set ?

Yes
Seng¢ Yhf Baap Zeep

¥eF
Busy Tere
sey 7

Senz yHdf Busy Terne

¥hE
Piep Tone
set 7

‘F Pien Tcre

¥ar
Shat Tcwn
set 7

Serd voF Shut Down

v
-

8ranch to

Sectica 2.9

20
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MUPC CARD ,

FILE :
DATE :
MODULE -

Section 1.0

Both

MAIN ROUTINE

MAIN-10C.FCD
15-27-1998
RT_MAIN.PAS

DTMF Activity

UHF & VHF No
108 »{ DTMF strocbes 1¢D
clear 7
Yes
¥
Send Cell Reset UHF DTMF value
flag set ? Reset VHF DTMF value RusDetect Yes
or
TeneF | ag
=T 7
Y
UHF Yes VHF Yes
Eeep Baap Send UHF Beep Baap Beep Baap Send YHF Beep Baap
set ?
LT+
\4 T
UHF Yes
Bazp Beep Send UHF Baap Beep Baap Beep Seng VHF Baap Beep
set ? set ?
No
&
i 3 .
URF Yes
Busy Tone Send UkF Busy Tone Serd VHF Busy Tone
set ?
k ho
4 4
URF Yes YHE
Piep Tone Send UHE Piep Tone Piep Tcre Send ¥F Piep Tone
sat ?
]
4 +4
b4 Y
Yes Yes
Shutr Down Send UHF Snhut Dcown Send ¥#F Shut Down
set ?
Ko ho
Y
P>
>E4 !
Y

21

grarch to

Secrion 2.¢




MUPC CARD . MAIN ROUTINE

FILE : MAIN-1@D.FCD
DATE : 25-89-199¢
MODULE : RT_MAIN.PAS

Section 1.9 : DTMF Activity

UHF

» DTMF Strobe

Set 7

Yes

y

Get VHF DTMF value Ger UHF DTMF value

Y r

Set MainSecti_@ = 12 Set MainSecl @ = 1t

Branch to Branch to

Section 1.1 Section 1,2

22




MainSeci_i '

Y

MUPC CARD . MAIN ROUTINE

FILE : MAIN-T1A.FCD
DATE : 27-09-19%6
MODULE : RT_MAIN.PAS

Section 1.1

MainSecli_1 = 12

UAF Ignore

UHF DTMF Activity & First ID code

timer > & 7

UHF
DTMF <> #

and
RemoteKBS
Present

UHF_AZCD

A 4

and
UMFAccess
set 7

Set UHFFIlag

Set UHFICLImIt timer

H

Sec

NQ

UHF DTHE ho

= 1D2 7

23

\ 4

A4

Branch to

Secticn

1

.2




MUPC CARD . MAIN ROUTINE

FILE : MAIN-11B.FCD
DATE : 27-09-1996
MCDULE : RT_MAIN.PAS

Section 1.1 : UHF DTMF activity First ID code

UHF
access flag
set 2

Yes

YHF Zepeater
ant YLink
not attive 2

Yes

No

¥oke tre YLink ¥

PTT VHF Fadio Set UnF Fiag

St VLicd PTT flag Set ID Time Limit = 1 sec

(58S PTT Timer = 1 sec

Erancn o

Section 1.2

24




MUPC CARD . MAIN ROUTINE

FILE : MAIN-12A.FCD
DATE : 15-07-1998
MCDULE : RT_MAIN.PAS

Section 1.2 : VHF DTMF Activity & First ID code

‘ MainSect_2 ’

A

VHF Ignore

timer > @ Yes

Set MainSecl_2 = 20 or
VHF Strobe
ciear ?
Y HF
No ABCD flag Yes
or g
YHF Access
set ?
Y
¥HF
VHF DTMF Yes
DTMF code >
= D2 7
= g
P Set VHF Ignore timer = 2.9 sec
Y
VHF
Yes
flag set 7 » Set ¥HF PTT timer = 2,5 sec »-
No
Sat VPP Flag
Set Sour Regeater
Mace the regeater cennectizn
M PTT ihe JHF Raziz )
Serv ¥rF PTT fleag
Set ¥noFf PTT timer = 2.5 sec¢
Set VHF ID Limit timer = 1,5 sec
Y

Branch to

Sectign 2.0

25




‘ Mz2inSec2_9 ’

Y

Set MainSec2_©0 = 4@

MUPC CARD

FILE

DATE

MODULE :

Section 2.9 :

MainsFail

Set ?

| Display "M/F”

Clear "M/F™

F 3

RUS Detect

Set 7

Display "Rx"

Clear "RX™

F 3

UhFAccess Yes
clear & SicType

<> Spur 7

Display

"UHF NO IDT

YREFAccess

fiag set 7

Display
TYHE NDOIDT
4
N
”

. MAIN ROUTINE

MAIN-2QA.FCD
16-27-1998

RT_MAIN_FPAS

Disptay & Timeout Control

ID Limit = @
and
ACCESS =

clear

Raeset UHFFIlag

Reset UHFStrobeFlag

iID Limit = @

and

Access = clear

Reset VHFFlag

Reset VHFStrobeFiag

Down = @
VHF

Clear

ang UEF or
Access =

set

Set URF Ciear
Ciear

MzinSec2_2 = 32

26

208




MUPC CARD . MAIN ROUTINE

FILE : MAIN-208.FCD

OATE : 25-98-1598
MODULE : RT_MAIN,PAS

Section 2.9 : Cell Call control

Send

Iz

Cell flag set AllCall No Ceil Call
and flag set 7 counter Sena Cell Call
ALl Call timer 'y > 8 7

=@ 7

Sat Clear Down
timer = 1.3 min
Cecrement ID Counter
4
<4
Set AliCall timer = Ss
Y
Set UHF feepBaap UHF
Cell or
Set ¥Lirk Active AlicCalt
set ?
Make the Viink
%et YHF BeepZaap
VHF Celd
Set YHF Repeater
set 7
Make tha Repeater
\
Reset Send Cell fiag
Reset YRF Busy flag
4
o
Reset UnfF 3yusy flag
Set Cel! Cafl virer = @s
Y

Reset UEF Cell flag
Resety VHF Zell flag
Reset All Catl flag

Call
Cali and
All Call timer
anad ID Ceil Call
caodater = @ and (
UmnF or ¥HF or Sys

VmF AGCess
| Cisplay "VHF ID"
set 7

Feset First Tore flag
Reset Secenme Taore flas
Feset Rx Ceii Tore flajz

Cell cr AtliCalt Peset Seng Call flag
flag set ) Reset Sys <Lell flag
Set DispFiags

o

Gisplay "vrF NT IC

No
Cisazlay Yes
Jisplay "CONT.”
TELEMETEY CALLOUT
fes
!&3
No ICut
o Y Ca ) Y
set ?
¥
20C




MUPC CARD .

FILE :
DATE
MODULE

Section 2.@ :

MAIN ROUTINE

MAIN-Z20C.FCD
28-28-1998
RT_MAIN.PAS

VHF control

CablOut = set
and

Cal l0ut timer
7

Clear Call Out Flag

Make the VLIiRX

VHF PTT Timer = @
and
YHF PTT Flag set?

Staop VHF Radio PTT

Reset VHF PTT Flag

VHF
HMT PTT
or
{ RusDetect and
Repeater )
set ?

PTT VHF Radio

YHEF PTT Timer = 2.

is

SIC type = spur ?

Ne

22D




MUPC CARD . MAIN ROUTINE

- FILE
DATE
MODULE

Section 2.9

yLink PTT

Yes

MAIN~20D _FID
25-19-1996
RT_MAIN. PAS

KBS control

KBS present 7

flag set ?

YLink
Active &
Spur flags
set ?

Set vLinkPTT flag
Set KESPTT timer = 1 sec¢

PTT the VHF racio

P KBS PTT Timer =

sec

Y

Bisplay "BUSY"

| Set UHF [mhibit

STOP KBS tone

RUS

detected Yes

START KES tone

Set UHFSelect

L VlinkActive
set 7 N

UHF
F¥T PTT
pressed ?

k8% PTT
timer = @
L ¥iink PTT
flag
set ?

Stcp VHF Radic PTT

Reset VLinkPITFtag

STCP K85 tane

Reset UnfSslect

Yes

y

Break tre viink

Cisplay "BUSY™

Set UAF Irhibit

START XES tone

UnrFselect

h 4

A 4

HE

Irmibit
claar 7

Clear UHF

Y

Imtnitit Line




‘ MainSec3_0 ’

Y

Set MainSec3_0o =

Yes

MUPC CARD

FILE
DATE
MODULE

Section 3.9 :

MAIN ROUTINE

MAIN-3QA.FCD
25-¢3-1998

RT_MAIN.PAS

section

UHF access control

T_Shutlown =

®.2 sec

VLink
active set
?

| T_ShutDewn

= 1.¢ sec

Set UHFClear

Shut
Down timer

= & and
UHFCjiear
Set ?

UHF
Cell flag
set 7

Y y
Set MainSec3_© = 40
Break the VLink
Stop VHF Radio PTT
Reset VLIinkPTT flag
Reset AECD fiag
Reset Spur flag
Reset UHF ASCD flag
Reset UHF access flag
Reset UHF flag
Reset URF strobe fiag
Reset ¥YLinkActive flag
Reset UHF Ctlear flag
Reset UHF Cel! flag
Feset Call Qut flag
Set Disptay flagy 4
Reset First Tone fiag
Reset Second Tone flag
Reset RxCell Tone flag
Reset Send Ceil fiag
Set UKF ShutDown
Set IDCel ICall = @
Set ClearDown = 9
Reset UHF Iphibit
Feset Alarm LED
Y ¥
Brangn o Brarmch tz

Seciion 3.3

Sectizn 4.9

UHF
ABCD flag
set ?

| 328

UHF

access flag

Al Calt fiag

MainSeci_2 = 42
ICCellCall counter
ClearDocwn timer =

Alarm LED on

Q.

i

I52-13

min

Y Y

S-a~cn s Era~zn 1o

Section 4.9

30




30A

MUPC CARD . MAIN ROUTINE

FILE : MAIN-308.FCD
DATE : 16-07-1998
MODULE : RT_MAIN,FPAS

Section 3.0 : UHF access control section

UHF Strobe
&

access flag

Spur flag
False ?

Yes

Set MainSec3_@ = 32

strobe high 7 Display "UHF 1D”

strobe flag

. Yes No
Y Y
Set strooe flag Set MainSec3_e = 3! 4
¥
-+ Set MainSec3_@ = 42
Y ¥ Y
Branch to firanch to Branch to
Section 3.2 Section 4.9 Section 3.1

31




‘ MainSec3_1 ’

Yy

Set MainSec3_1 = 3@

Spur Flag Yes

MUPC CARD .

FILE : MAIN-31A.FCD

DATE : 16-27-1593

MODULE :

Section 3,t

RT_MAIN.PAS

Respond to VLINK code

MAIN ROUTINE

set 7

Set MainSec3_1 = 33

DTMF code No

YLINK

VHF
Repeater
or
RUS detect

VLINK Yes

flag set ?

Connect VLINK

Set URF Busy flag

Y

Dispiay "VLINK"

fiag set ?

Set YLINK flag
Set UHF Beep Baap flag

Set UHF inhibit fiag

RrRemote KBS

present ?

IYes

Y

Ser VLINK FTT flag
Set K33 PTT Timer =

PTT the VHF Radio

is

b4

Set UHF inhibit flag

4

granrch to

Sezcticn 3.3

Branch 10

Section 4.9




‘ MainSec3_2 '

¥

Set MainSec3_2 = 4@

UHF strobe No

MUPC CARD . MAIN ROUTINE

FILE : MAIN-32A.FCD
DATE : 16-07-1993
MODULE : RT_MAIN.FPAS

Section 3.2 : Decode second digit of ID code

nigh ?

UHF DIWF =
2nd ID digit
of High ?

UHF DTME =
2nd ID aigit

of Spur and
Repeater =
false ?

y

Set UMF access flag
Set Spur fiag

Reset UKF strobe flag
Set Y¥Link flag

Set ¥Link PTT flag
Mzke the VLink

PTT the VHF Radio

Set UHF access flag
Resel URF sirobe fiag
i
L
Set UHF Beep Baap flag
Cieardown Timer = 4 min
e
»
4

Branch to

Section 4.0

33




‘ MainSec3_3 '

Y

MUPC CARD

DATE :
MODULE :

Section 3.3 :

Set MainSeci_3 = 34
set ?
Y
Yes ABCDF | ag
clear and
UHF DTHKF
= #
Y
Set Ring Delay = &8s

Set ABCD flag

Yes Delay

Y

Reset ABCD fiag

Yes

ABCECFlag

Reset ABCD flag

Set UHF ABCD flag

Set UHFInhibit

Display "CONT.™

Set UHF Baap Beep

{ alical
= true
YLinkActive
and
UHAFDTHF

Y

UHF_ABCD

Ring

& UHF DTMF &
YHF DTMF
<> #

Ring Detlay
= @& and

and
ViinkActive

. MAIN ROUTINE

FILE :

MAIN-33A,FCD
20-97-19938
RT_MAIN.PAS

Test for ring code

Yes

> @

= true

\Flag
or
= false )

= &

Ring Bu

YHF DTMF = Yes

ring code

Y

zzar

Stop Buzzer

34

Branch to

Section 3.4




MUPC CARD . MAIN ROUTINE

FILE : MAIN-34A.FCD

DATE : ©8-12-19395

‘ MainSec3_4 ’ MODULE : RT_MAIN.PAS

Section 3.4 : Respond to UHF DTMF A B C D ccdes

Y
Set MainSeci_4 = 49

¥LinkActive

Yes

set ?
]
Responding to GTMF codes
-------------- e ' 2’ ,'D’ has heen disabled
in this vertion of software
URF Program flow is via the
o DTMF strobe
& remote KBS dotted line,
present 7 ha—
URF
Yes
DTMF code Set Relay no 1 o
= man
Yes
DTMF code Set Relay no 2 P
= mam”
Yes
OTMF code Set Relav na 3 »-
= e
DTMF cocde %et Relay no 4 :
= e
No
¥
>
_____________ b
Eranch to
¥
Secticn 4.9Q
348




MUPC CARD

FILE :
DATE :

a MODULE :
Section 3.4 :

UHF _ABCD,
UKFStrobe &

MAIN-34B.

FCo

10-09-19%8

RT_MAIN.PAS

Respond to UHF

. MAIN ROUTINE

DTMF A B € D codes

36

RemateKBS Set Relay no 1
set 7
No
Yes
Set Relay na 2 »
No
Y
Yes
Set Relay no 3 »
No
Yes
Set Reifay no 4 »
No
Yes
Sai Relay no 5 »
No
Y
Sat Reiay no 6 »-
Zet Relay no 7 »
Yes
Set Relay no 8 »
b
]NO
Y 8ranch o
— Reset Relays
Secticn 4.0




1

‘ MainSec4 @ ’

Y

MainSec4_@ = 50

MUPC CARD

Section 5.@

DATE : 20-27-1998

MCOULE

RT_MAIN.PAS

YHE access contrel

MAIN ROUTINE

FILE : MAIN-s@A.FCD

section

Shutdown timer

= @.2 seconds.

Set YHFClear

Shutdown timer

= 1.@ seconds,

Down timer

Shut

= @ and
VHFClear
Set ?

greak
Break
Stop

Reset
Reset
Reset
Reset
Feset
Reset
Peset

Reset
Reset
Reset
faset
Fesget
Set

Set
Set

the VLink
the Repeater
¥HF Radio PTT

ABCD flag

VHF access flag
VHF flag
VHFRepeater flag
¥LirkActive flag
VHF A3CD flag
VHF Clear fiag

YHF Cell flag
First Tone flag
SecondTone flag
RxCellTone filag
Send Cell fiag
Clear Down = @

¥HF Shut Down
MainSecq4_@¢ = 43

A

YHF Yes

A d

Cell flag
set 7

VHF
ABCD flag
set ?

Y

No

agccess flag

set 7

Yes

‘

Display "YrF 137

Sel sirohe flag

Y

Branch to

Section 4.3

Branch to

Secticon 4.3

E~anch %2

Sectijon 4.1
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v

T

Eranch to

Secticn 4.2

8ranch to

Section 5.@




MUPC CARD

FILE
DATE
MODULE

Section 4.1

‘ MainSec4_1 ’

A

Set MainSec4_?

Remote
¥BS present
7

and SicType
<> Spur

Y
Set VHF Busy

MAIN ROUTINE

MATN-41A.FCD

20-27-15%3

RT_MAIN.PAS

Respond to VLINK and Repeater code

YLink
Active and
¥HF Repeater
Flags clear 7

Set VLINK flag

Set VHF Beep Baap fiag

ViLink

Active and
VHF Repeater
Flags clear 7

Set VHF Repeater flag

Set YHF Beep Baap fiag

¥Lirk flag

set ?

Make the Viink

Display "VLINKT

F 3

Repeater

set ?7

flag

Make tre Repeat

Display "REP”

No

granch to

Secticnh 4.3
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MUPC CARD . MAIN ROUTINE

FILE : MAIN-492A.FCD
DATE : 20-@¢7-1993

MODULE = RT_MAIN.PAS

‘ MainSecs_2 ) Section 4.2 : Decode second digit of ID code

\J

Set MainSec4_2 = 50

VHF strcbe

high 7
UHF Reset VHF Flag
VHF DTWF = Yes
2nd ID digit ABCD fiag Reset VHF Strobe flag »
of High ?
set ? Set VHF Busy Tone flag
ko No
Set VRF access flag
Reset YHF strobe filag
Set VHF Eeep Baap flag
>
>
Reset Spur repeatsr fitag
Zilear the repeater mofe
Ciearcown Tirer = 4 min
Y
Set ¥oF atces. fiag
Sz Spur recezter fiag
Spur IC
= ID2 & YHFDTW? Sat ¥iiF repeater flag
and ]
SpurfFlag = false B HFeset VHF strohe flag
and Remote K85
= false ? Cleardcwn Timer = & min
Yof PTT Timer = @.5 sec
Cisplay "¥HF ID”
g
Y
8ranch to

Sectign 5.0
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]

MUPC CARD

FILE
DATE
MODULE

Section 4.3

' MainSecs 3 ’

¥

VHF_ABCD

Set MainSec4_3 44

set ?

ABCLCF | ag
clear and
VHF DTMF

Set Ring Delay =
Set ABCD flag

Ring
Delay > @
& UHF DTMF &
VHF DTMF
<> ®

Reset ABCD flag

Ring
Celay = @
& ABCCFlag se
L ViinkActive
VHFRepeater
= Clear 7

Yes

Reset ABCD flag (¢ AllCa
flag = szt )
Set  VHF ASCD flag { ¥YiLirkActive
VrFrRepeater = ¢!
Display TCONT.” -3
¥RFDTME

Set YuaF Baap Beep

. MAIN ROUTINE

MAIN-43A.FCD
20-87-1998
RT_MAIN.PAS

Testy for ring code

.
v

4

Rirg Buzzer

Y Y
Stcp Buzzer
[ i d
Ll
¥
Branch to
Section 4.
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‘ MainSecd_4 ’

Y
Set MainSec4_4 = 5@

YLUinkActive Yes

MUPC CARD

FILE
DATE
MCDULE

Section 4.4

. MAIN ROUTINE

MAIN-44A.FCD
@8-1¢-1998

RT_MAIN.PAS

: Respond to YHF DIWF A B € D codes

or
VHFRepeater

DTMF strobe

VHF
Tes
DTMF code

man

YHF
DTWF code

rgr

p—
Responding to DTWF codes
TA'..’D’ has been disableq
in this vertion of scfiware
Program flow is via the
dotted 1ine.
—
Set Relay no |1 »
Set Feiay no 2 »
Set Reiay rno 3 »
Set Reiay ro 4 »
¥

Brancn to

Secticn 5.4




|

[

and YHFStrohe

YHF_ABCD

set ?

Yes

MUPC CARD . MAIN ROUTINE

FILE
DATE :
MODULE :

Section 4.4 :

&

Y

iy

No

Yes

Yes

Yes

Yes

MATN-44B,FCD
19-09-13994
RTI_MAIN.PAS

Respond to YHF DTMF A B C D codes

Set Relay no 1

Set Relay no 2

Set Relay no 3

¥

Set Relay no 4

A4

Set Relay no §

Set Relay no &

4

Set Retay no 7

Set Retay no B

» Reset Retlays

Branch to

Section 1

.2




FILE : MAIN-50QA.FCD

; MUPC CARD . MAIN ROUTINE

DATE : 18-12-19358
MODULE : RT_MAIN.PAS

Section 5.¢ : UHF, YHF and System Cell call

“ MzinSecS_o ’

i Y

S2t MainSec5_ @ = 1@

VLinkActive

or
VHFRepeater

or
SpurFiag
set ?

VHF
Access set

UHF
Access set

UHF & VHF

& VHF DTMF
='9" 2

& Sys Cell
flag clear?

& UKF DTWF
= 19" 7

UHF ASCD YHF ABCD
Set UHFBusy flag 1 Set YRFBusy flag
set 7 set ?
No No
Y y
Set URFCell flag Set ¥HFCell fiag
Set RxCellTone flag Set RxCellTone f'ag
Set CeliCai) timer Set CellCail timer
= 5 saceonds = & seconds
Display "Cell Call™ Cisplay "Ceil Cail”
Y Y Y
il
Ll ]
Y
¥y
S0B Erancn to
Section 1.@
:====:::




UHF Cell

set ?

VHF Cel |

set ?

3ys Cell

set 7

MUPC CARD

FILE
DATE :
MODULE

Section 5.9 :

UHF Stroce

set 7

. MAIN ROUTINE

MAIN-5@B.FCD
25-08-1998
RT_MAIN.PAS

UHF, YHF System Cell call

Set the Tones (UHFDTMF)

Count tne Tones

Set Calllut fiag
Set Tone 1 = "A'

Set Tone 2 = "A'

Senc
CellFlag =
set ang
Tonel=G

Tone2=7
?

44

No

Set the Tones (YHFOTMF) >
Count the Tenes -
S2t the Tones (KeyDTMF) »-
> Count the Tones
Ll
Y
Brancgh to

Section 1.9




e

‘ Set Tones { ToneChar ))

|

Rxlel!
Tone clear
and Cell Tone
timer = @

No

First
Tone set
& Seconcg Tene
clear 7

MUPC CARD . MAIN ROUTINE

FILE
DATE
MODULE

Section 5.0

Set Tonei = ToneChar

Display Tonel Digit

First
Tone set
& Second Tane
set 7?7

No

Yes

Set Tone2 = TeneChar

Oisplay ToneZ Digit

d
e

¥

Set RxCellTone flag

———

Y

45

MAIN-S@C.FCD

18-12-19%98
RT_MAIN.PAS

Set Tones and Tore Count

(: Tones Counter ’

Rx Cell
Tone sat 7

No

First
Tone set
& Secand Tone
set 7

Set SendCell flag

First
Tone set
& Second Tone
clear 7

Set Second Tone flag

.

First
Tone Clear
& Saccnd Tone
ciear 7

fes

Set First Tone flag

Feset Ex Cell Tone f

= |

k4

Set CellTone

timer = 9,13




3.3

DIAGNOSTICS MODULE.

The diagnostics module is the system hardware testing and faultfinding

software. It is activated by setting dip switch 1 to on.

File Names Description Page
MUPCDIAG.PAS Pascal source file in appendix C. -
INIT-00A.FCD Interrupt and Genearal Routines. a7
INIT-C0B.FCD System Initialisation. 48
SYST-10A.FCD Basic RT KBS & RUS Service routine. 49
SYST-20A.FCD Basic RT UHF & VHF handset PTT. 50
SYST-30A.FCD Basic RT Keyboard service routine. 51
SYST-41A.FCD Basic RT Detected UHF DTMF service routine. | 52
SYST-42AFCD Basic RT Detected VHF DTMF service routine. 53
SYST-51AFCD Basic RT Buzzer service routine. 54

Basic RT VLink service routine.

Basic RT VHF PTT from RUS service routine.
SYST-54A.FCD Basic RT Send the Beep Baap tone. 55

Basic RT send the Busy tone.

Basic RT Send the Shutdown tone.
DIAG-10A.FCD Main Startup Routine. 56
DIAG-10B.FCD Keyboard Test Main Routine. 57
DIAG-10C.FCD Keyboard Configuration Main Routine, 58
DIAG-10D.FCD Main Routine Computer Configuraiion. 89

46




MUPC CARD . INITIALISATION

FILE : INIT-@QA.FCD

Section 8.0 : Interrupt and General Routines

( Interrupt Serial ’ (Interrupt Tiner @ )

¥ Y

Get byte from Reload Timer @
serial port delay values
v Y
Add byte to the Increment the
received string seconds count

4

(ﬁeturn Interrupt )

Seconds

coynt > 5972

(I”*-E"N-‘pt External 0)

Clear Seconds

Increment the

¥ minhutes count
‘ CALL PROCEDURE ‘
+
~ReacCTWF
Module : RTOHIVER

(Retum Interruct )

¥

( Retern Interrupt )
(Inter‘rt_pt Timer 1 ’

¥

Reicazg Timer !

delay values

_FReagInputiines

Module : ATDRIVER

(Return Interrupt '

JATE : 11-05-2000
MODULE : MUPCDIAG. PAS

( Celay { Count } )

Locp

reached the

caunt ?

Kick the Watchdog

¥

(Return Interrupt )

C HEX ( Byte } )

¥

Mask out high

nick!e of byte

iess than 19 ?

, '

Azd 43 Add 55
ta byte ta pyre
vatua ano valie ana
assign to 2ssign to
HEX HEX

¥

( Rerurn Int HEX )

47

C HexStr ( Byte ) )

Mask out high nibble
of byte and convert
low nibble to Hex

value.

Shifi high nibble
into fow nithle then
mask out high nibbie
and convert nibble

to Hex vaiue.

Hex5tr = Hex high +

hex low

¥

(P.er.urn Int HexStr )




(:7 Initiatise Tests '

Reset Serial Port

'

MUPC CARD ., INITIALISATION

FILE ¢ INIT-@@B.FCD
DATE = 11-95-2009
MODULE : MUPCDIAG.PAS

Section 2.@ : System Initialisation

Initialise the PIA s

PIA 1 Control = 388

PIA t Port & = 380 <@:=7> In

FIA | Port B = $00 <@:7> In

FIA 1 Pert C = $@3 ¢@:3> Out
<4:7> In

PIA 2 Contrel = $8B

FIA 2 Port A = SFF <0:7> Qut

PIh 2 Port B = $@@ <@:7> In

PIA 2 Port C = $QQ <@:7> In

1

Initialise the Hardware Timer

Timer @ Control = 336
Timer 1 Contreol = 376
Timer 2 Control = $25&
%]
]

Timer
Timer

low byie = %91
Hi byle = 302

Timer 1 Low byte = $3E
Timer 1 Hi byte = %20

Timer 2 Low byte = 320
Timer 2 Hi byte = %48

'

Initialise rest of hardware

Initialise the Display
Initiatise the EEPRCM
Felease all relays

Puise Relay enztle line

r— 1

Initialise variables

FrogMcce = DIP switch 3 value

TestMode = CIP switch 4 value

Tata PIA1S » 329

Seconds =9
Ninutes - @
e,

| 4
Initialise variables
AckTone = False
Attention = False
BusyTonre = Faise M
Buzzerdn = False
CTs = False
DispFlag 3 = False
DoomsDay = False
OTMFSend = False
KBSSend = False
XeyStrobe = False
RI = False
RUSDisplay = False
ToneF lag = False
UHFAccess = False
UHFShutDown = False
UHFDTMFan = Faise
URFF lag = Falise
UHFSelect = Fatse
VHFAccess = Faise
VHFOTMFon = False
VHFF fag = False
VHFPTT = Faise
VHFRepeater = False
VHFSelect = Fa|se
VLinkActive = False
Y

1

Injtialise Serial Ports

Initialise COMI
Initiatlise MODEM

Module : RTSERIAL
Initial ise COM2

Module : RTSERIAL

Initialisation

mode = @ 7

Initialise CPU Registers

EX@ = True
£Xd = False
ITe = Trye

TMCD = %35
TAY = $FF
TLa = 35C
TRY = True
ET3 = Trece
TH1 = $27
i1 = L3¢
TR = Trie
ETt = True
EA = Trye

Interrupt @

:Enazie Int @
tint Level @
sInt @ Edge Trig

Timer @ to 2

:TiTer 9 16 big
sTimer 2 High
:Timer @ Low
;Start Timer
:1at on ocverflow

iTimer | High
;Timer | Low
iStary Timer
tInt on cverflow

:Enable Al

Transmit con COMI

Newl ine

"System [iagnestics Vertion 3 x. xx"

New!ne

"Crerational Moce Ssiected

Terminal Connection

¥

Initialise CPY Registers

Exd = True

IT2 = True

THOD = $15
THd = §FF
TG = $3C
TAZ = True
ET2 = True
TH] = £37
TLY = %33
TRI = Troe
ETI = Tr_e
EA = Trie

FX3d = Faise

Interrvee @

Timer @ 5 2

:Tirer 3 168 Bt
Tiner @ High
:Timer ¢ Low
sStart Timer
:Int on overflgw

r 1 Higr
r 1 _C=
:Stare Trrer

tirt oo cverflow

cErapie Al

!

48
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Catay 12 m5

Y

‘ Return ’




MUPC CARD .BASIC RT SYSTEM

FILE : SYST-10A.FCD
DATE = 12-05-2000
MODULE : MUPCDIAG.PAS
Section 1.¢ : KBS & RUS Service routine

i BASIC RT '

Transmit on COMT
"8asic RT eontrel.”

Terminal Connection

y

Display

“F NO ID

Module = ATDISFLY

A

RisplaySiteID

Module : RTUTIL

Delay 1@ oS
Transmit on COMI
Esc kL

YISCCONT Command

KBS & RUS

Section 1,20

KBS = T and

DispFlagl =

Disptay_Busy

Module : RTDISPLY

KeyStirobe = F
and UHFHmtPtt = F
and Remotekds = F
and DispFlagd = T

CALL FPROCEDURE .

Display_IDxx

Module : RTDISPLY

Detect = True
and
RUSDispliay =

CALL PROCETURE

DisplayWriteMs3(33)
TRX”
Mogule ¢ RTOISPLY

Set RUSOisclay

&5

KeyStrope =
and UnFrnmirftt
and Remoiex8S
and DispFlazl

a4 %M

—mm

CAaLL PROCEZURE .

DisplayiriteMS5{34)

Mogule : RTDISPLY

Clear RUSUisplay

49
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MUPC CARD . BASIC RT SYSTEM

FILE = SYST-20A.FCD
DATE : 15-05-2002
124 MCDULE = MUPCDIAG.PAS

Section 2.@ : UHF & VHF Handset PTT

UHF & WHF PTT

Section 2.00

KeyStrobe = F
and KBSSend = T
and UHFRmtPit = F
and ViinkActive = F

Ciear Kg%Send flag

URFEmiFit = T
and e - me o ar omm  =o

KBSSend = F

SendKB5Tane{ XBSSena)
Module : RTUTIL

Display_IDxx
Moaule : RTDISPLY

Set KBSSend flag Clear UnFSelect flag

ZendKBSTone(KBSSend)
Modute : RTUTIL

Display_Busy
Module : RTDISPLY

Set UHFSelect flag b

>
-

VHEFHmiPLt = T

Na

and
VRFFTT = F

KESStrobe = F KESStrobe = F
ang VRFPTYT = T ans VHFPTT = T

and ¥HFmmtPtt = F ¥uFRepeater = T and VREFAmiPLy = F

' CALL PROCESURE I

SetVHFPTT({true}

ard Rusletect = F

H

Madule = RTUTIL

l CALL PROCEDURE ‘ CaLl PROCEDJRE

SelVSFPTT( false)

SetVmFPTT{fasa)

Moocle ¢ RTUTIL Mocufe : RTUTIL

F S

334




Keyboard service

Section 3.20

KeyStrobe =

True 2

MUPC CARD

DTMFSend =

False 2

No

FILE : SYST-3QA.FCD
DATE ; 16-25-2000

MODULE : MUPCDIAG. FAS

. BASIC RT SYSTEM

Section 3.@ : Keyboard service routine

GetKeyboargCode(KeyData)
and set KeyDTMF

P
SendDTMFTones(T,KeyDTMF}

Module : RTUTIL

SendV¥HFPtt(True)
Module : RTUTIL

Set VHFSelect

LVFlag = True ?

Set KBSSend fiag

SenakBSTore{KESSend)
Module : ATUTIL

BDisplay_Busy
Moduie : RTDISPLY

e e o - -

Set UnFSelect

Clear yHFSe

b = = - - -

Mocule =

SenaveFPtt{False}

fect

RTUTIL

Clear XBSSend
Ciear UnFSeiect
pr = oy ey P oA o oaIm S o = -
Tisplay_IDxx
Wodule @ RTDISPLY

No
Y
CTMFSend = Yes
True ?
Na
SencCTMFTones(F,' '}
Mcdule = RTUTIL
< T
SercKB5Tone{XE55end)
i Module : RYLTIL
+
1
414




' MUPC CARD . BASIC RT SYSTEM
' @ FILE : SYST-41A.FCD
DATE @ 17-25-2000
MODULE : MUPCOTAG. PAS

Section 4.1 : Detected UHF DYMF service routine

{vF DTHF service

Section 4.1¢

GetDTMFCode(UnFData)
UHFStrobe =
and set UHFDTMF
True ?
Module : RTUTIL

No
DisplayWriteMsg(22)
"UKF 10"
UHFOTMF Module : RTDISPLY
UHFOTME = IDL
='1' to '8’ and i —
UHFFlag set
Clear UNFFiag
Set UHF Access
Set UHFVHF Tone
Set Acktone
Set UHFFlag
DisplayWriteMsg(27) Set VL INKActive
UHFAccess = T
and UYL INKT Set UHFVHFTare
VYHF Repeater = F
Module RTOISPLY Set Acktone
Set UMFVHF Tane
Set Busytone
E
1 SetBuzzer(True)
H
i Tes Module @ RTUTIL
CHFhccess = True
Set Suzzerln
2o
>
Cisplaywrite .sg(21)
Clear LFFFlag
TURF NO IDT
Clear Ukficcess
Mcdule ¢ ATCISPLY
ULFITME = 'a* 2 Clear VIinkictive >
SetViink{False) Set LHFYAFTore
Modote @ RTUTIL Set URFShutTown
No
¥
424
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YiF DTMF service

Section 4.20

True ?

MUPC CARD . BASIC RT SYSTEM

FILE : SYST-42A.FCD

DATE : 18-05-2000

MODULE : MUPCDIAG. PAS

Section 4.2 : Detectec VHF DTMF service routine

VhFStrobe =

GetDTMFCode(VHFData)
and set VHFDTMF
Module : RTUTIL

-~

S1a

Set VHFFlag

YHFDTMF = ID1
and
VHFF 1ag set

DisplaywWriteMsg(24)
"“VHF ID"
Modute : RTDISPLY

Clear VHFFlag
Set VHFAccess
Clear UKFVHFTone

Set Acktone

VHF kecess = T

and
VHFRepeater = F

DisplaywriteMsg(3t)

Set VLIMNCActive

VHFAccess = T

VHFDTMF = '8 ?

ViinkActive = F

VAFAccess = True

Setviink{raise)

Mogule : RTUTIL

Ciear VrFRezeater
Clear UHFVHFTone

Set UHFShit Cown

"VLINKY Clear UHFVHFTone >
Modyle : RTDISPLY Set Acktane
Clear UHFVHFTone
Set Busylone
CisplaywriteMsg{32) Set V~f Repeater
ana “REP™ Clear UnFVKFTone >
Moduie = RTIISFLY Set Azkione
Clear UHFVAFTone
)
-
Set Busytorne
SetBuzzer{True)
Mazele @ RTUTIL
>
»
Set Buzzerln
3
>
Display#riteMsg(23} Ctear YHFFiag
“¥RF NO ID" Clear YHFAccess
Mcdule = RTCISPLY Crlear Viinkactive
»
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suzzer service

Section 5.19

LiHFStrobe = F
=~c RemoteKBS = F
a2 BuzzerOn = T and
‘-r3irobe = F and
RUSDetect =~ F

MUPC CARD . BASIC RT SYSTEM

SetBuzzer{False)
Module : RTUTIL

Clear BuzzerOn

¥

VYilink service

Section 5.290

LinkActive = T ?

RemoteXBs = T ?

FILE SYST-51A.FCD

DATE : 18-@5-2000
MODULE : MUPCDIAG.PAS
Section 5.1 : Buzzer service routine
Section 5.2 : VLink service routine

Section 5.3 : VHF PTT from RUS service routine

SetVHFPTT{True)
Module : ATUTIL fes
SetVHFPTT(False) Ho

Module : RTUTIL

Set  UHFSelect
Set KB8SSend
Set Acktone
Sendrk3STanel{ True)

Module : RTUTIL

Clear URFSefect
Sendk3sTone{False)

Moaule = RTUTIL

4
*

Y

RUS service

Section §5.32

Is

RSCetect = T
and
rFiepeater = T
and
Attention = F

LS PTIT(True)

Tt Attention

Is
RusDetect = F
and
VHFRegeater = T

and
Attention = T

SerLVHFPIT(False)
Module 1 RTYTIL

Clear Attention
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LIRS

Beep Baap Tone

Section 5.40

AckTone = True ?

¥

MUPC CARD . BASIC RT SYSTEM

Busy Tone

Section 5.50

Clear AckTone

FILE =

DATE
MODULE =
Section 5.4 :
Section 5.5 s
Section 5.6 :

SYST-544A.FCD

19-@5-2020

MUPCOIAG.PAS

Send the Beep Baap tone
Send the Busy tone

$end the Shutdown tone

Y

BusyTone = True ?

ShutOown Tene

Section 5.69

Clear BusyTone

~H¥ShutDewn = True

Kiek the wetchoag

r

GOTC START
OF LOQP

s

Clear URFEnutlown

Mocule ¢ RTUTIL

Set v
Setv-F®

Moo

LFSeglezt

SendBeepBaap(False)
Set UHFSelect
SenukBSTone{False)
SendkBSTone(True) Delay 1€@m3
Moduie : RIUTIL
Module : RTUTIL
Clear UHFSelect
SencBeepBaap(Faise)
Set VHFSelect
SetvHFPIT{False)
SetVHFPTT(True)
Mogule : RTIUTIL
Module : RTUTIL
Clear VHFSelect
€
SencBusy{False)
Set UHFSelect
Yes SenchBSTone(False?
SendKESTone(True) # Delay 100mS
Mccuie @ RTUTIL
Modufe : RTUTIL
1 Clear UHFSelect
SencBusy(False)
Set YHFSelect
SetvrFPTT(Falce)
SetyRFETT(True)
Module @ RTUTIL
Moc.ie @ RTLTIL
Ciear VrFSeject
SercShotfown{Fatse)
Set UrFSeiect
SenckBSTene(False)
Senck35Tone{True) P Celay 120mS
Msdute @ RTUTIU

Clear UrfSelazt

TT(True)

e z RTUTIL

SencihutCown(False)
SetVaFFTT{Faise)
Mzdule @ RTUTIL

Clear VAFSelect




MUPC CARD

FILE :
DATE =
MCDULE :

Section 1.9
CPU START
\d

Belay 12¢ ms
Wait for U133 &

Ut4 to reset

b4
e ~

ALt PROCEDURE

DIAGNOSTICS

DIAG-10A.FCD
Q8-05-2000

MUPCDIAG.PAS

: Main Startup Routine

Tramsmit on COMI

Initialise System

Diag_MUPC _Board
\— J

k4

Dalay 19 ms
Wait for Us

EEPROM reset

P

CALL PROCEDURE ‘\

Yes

Basic RT system

Diag_MUPC_Board

108

"Keyboard Test."”

Terminal Connection

Delay 19 ms

Transmit on CCMI
£s¢ H K

VISCONTRCL Command

{r;ALL P UCECURE ‘\

KeyboardTest

Mogule : RTTESTS

e 56




B . pe——

CALL PROCEDURE

MUPC CARD

FILE
DATE
MCDULE

Section 1.9 :

. DIAGNOSTICS

: DIAG-1@B.FCD
: @8-05-zpo2
i MUPCDIAG. PAS

Keyboard Test Main Routine

Dispiay Screen

Module : RTUTIL

Y

Wait for a Key

to be pressed.

Set Key = »
Set HelpFlag

TestFlag set ?

"System Tests. "

Terminzl Connection

Transmit on COMI .

Delay 19 ms

Transmit on COM1
Esc H N
VISCONTAOL Commana

I

Clear HelpFlag

4
—

Yes

Ne
Y

Yes
No

Yes
ho

Yes

Yes

Ne

"HHH'EIIIE" Yes

Ko

"Hllilii"Ygs

No

CALL PROCEDURE

DTMFCodeSTest >

Moduie @ RYALIGN

CALL PROCEDURE

KBSToneTest

b4

Module = RTALIGN

~—

oaL rroccoume )

CALL PROCEDURE

Clear HelpFlag

I CaLL PROCEDURE l

DispScreen

Module : RTUTIL

Ko

A4
F 3

RepeaterTest

Module : RTALIGN

CALL PROCEDURZ

¥

ViinkTest
Module : RTALIGN

Cali

PRCUCECCRE

v

YHF1KhzTest

Maduie ¢ RTALIGN

Call FROCECURE

KeyboardTest '

RTTESTS

Moosie .

o e )

CALL FROCEZ

Y

DTMFLeysTast

RTALIGN

Mocule = -

o e e )

CALL PROCESURE

RelarTest

Mocule ¢ RITESTS

N/

Set HelpFiag

Display

Display

4

b

HelpFlag

Clear 7

57




MUPC CARD . DIAGNOSTICS

FILE : DIAG-1QC.FCD
DATE : @9-05-2000
MODULE : MUPCDIAG.PAS

Section 1.9 : Keybsard Configuration Main Routine

Wait for a Key

to be pressed.

Ctear HelpFlag

H Transmit on COM1

"Keyboard Configuration”

Terminal Connectiaon

Pefay 1@ ms

y

Transmit on COMI
Esc H #

YISCONTROL Command

Yes

Key = 1 tc & Clear HelpFlag

4

CALL PROCEZURE

Yes

SetRTtype

Module : RTCONFIG

N~

(onis rroceoore )

Calt PROCESURE

Yes

h 4

SetRTaddress

Module : RICCNFIG

N

CALL PROCECURE

Ciear HelpFlag

' CALL PROCECURE ‘

No

SetATrepeater

Mocute : RTSONFIG

.

CALL PAROCEDURE

\ 4
F 8

DispScreen

Module © RTUTIL

SetfiTName

Moduie = ATCTAFIG

CALL PROCECLRE

Yes

v
4

SetATHignSite

Mocule = RYSONFIG

~———

CALL FROCITURE

Yes

Y

Key = 6§ 7

Display

1=Type  2=ACaress

Set HalpFiag

Display

Ciear He!pFiag

[}

HeipFlag

Clear ?

A

Yes

Ng




Transmit on CON1

"Cemputer Cantral Mode™

Terminal Connectian

MUPC CARD . DIAGNOSTICS

FILE : DIAG-1QD.FCG
DATE = 1¢-25-20028
MODULE = MUPCDIAG.PAS

Section 1.8 : Main Routine Computer Configuration

Delay 19 ms

Transmit on COM1
Esc H B
VISCONTROL Command

CALL FUNCTION

ScanSarialfert

Key = Received Char

Mooule : RTUTIL

Sei Attenticr Fiag

¥

Call FUNCTION

ScanSeriairartWait

Key = Receiyed Cher

Scczle » RTUTIL

Kick Watchdag 4

Clear Attenticn Flag

Attention set and

Key <> Rull

Key = A 2

Atention

Transmit on COM1
Esc H ¢
VISCONTROL Commans

Transmit on CCOM:
Esc HH
VISCONTROL Command

Key = E 2

Erase Flash

Transmit on COM!

Transmit on COMI
Esc H G
VISCONTROL Command

v

Transmit on COMI
€sc H D
VISCONTACGL Command

CaLl, FROCEDURE '

Esc H E

VISCONTROL Command

i
CALL PROCEZURE ‘

Erasefiashfroa

i

Madule @ ATFLASA

]

L
f CALL PROCETURE

Initiatise System

Diag MUPC_Scard

39

Sisplay Screen

Module = RILTIL

¥

Transmit cn COMY
Esc B F

FISCONTROL Command

h 4




Key = ¥ 2

Versicn
Numtar

Key = R ?
Reset CPU

Key = T 7
CPU Tests

MUPC CARD

. DIAGNOSTICS

FILE : DIAG-1QE.FCD
DATE & 11-Q35-200@
MODULE = MUPCDIAG. PAS

Section 1.9 : Main Routine Computer Tonfiguraticon

CALL PROCEDURE

ProgramFlash

RTFLASH

Module :

Transmit on CCM}
&TX Diag Version

VISCONTROL Command

150
3
CALL PROCEDURE CALL PROCEDURE
Initialise System » Display Screen —
Diag MUPC_Boara Macuie : ATUTIL
.

Transmit on CCHMI
Esc H A
VISCONTROL Command

CALL FUNCTICN ‘

ScanSerjalPortdait

XKey = Received Char

Maodule = RYUTIL

Key = C 2
Reset CPU

Key = D 7

Disslay

Delay 12 ms

fDisable Interrupts

Transmit on COM{
Ese C C
VISCCNTRIL Command

Delay 22 ms

CALL FROCESLRE

DigSwiterTest

Meaule @ RITESTS

CALL PROCECURS

KeyZoardTest

Moguie : RTTESTS

-~

CALL PROCEILRE

A 4

DisplayTest

Mosoie : RTTESTS

~—
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Key = C ?

Configure

MUPC CARD . DIAGNOSTICS

FILE : DTAG-12G.FCD

Section 1.2 : Main Routine Computer Configuration

CALL FUNCTION }

ScanberialPortWait

Key = Received Chsr

Magdule : RTUTIL

Key = R ?

Repeater

Yes
Na
Yes
»0
¥
Yes
No

DATE = 11-@5-2029
MODULE @ MUPCDIAG.FAS

CALL PROCEDURE

SetRTtype

Mooute : RTCONFIG

—

CALL PROCEDURE

h 4

SetfATaddress

Moduie : RTCONFIG

Call PROCEEURE

SetRTrepeater

Mocdule : RICONFIG

(vt rroceoume )

CALL PROCESURZ

h 4

SetRTname

Module : RTCONFIG

—

vt rroceoume )

Catl PROCESURE

SetRTspurll

Mco_le : RICGAFIS

Call FROCECLRE

Y

SetRTRignSite

Moduie : RTCONFID

|

Transmit on COMI

CALL FROCEZURE

VISCONTRIL Cormand

Dizplay Screen

Madule : RTUTIL

.

15F

62




3.4

SYSTEM TESTS MODULE.

The test module checks the operation of the diferent hardware sections on

the MUPC board.

File Names Description Page
RTTESTS.PAS Pascal source file in appendix C. -
TEST-10A.FCD CPU card DIP switch test routine. 64

CPU card Keyboard test routine.
TEST-10B.FCD CPU card Display test routine. 65
TEST-20A.FCD CPU card Function tone test routine. 66
TEST-30A.FCD CPU card Relay test routine. 69
TEST-40A.FCD CPU card Output lines test routine. 70
TEST40B.FCD CPU card Input lines test routine. 71
TEST-50A.FCD CPU card EEPROM test routine. 72
TEST-60A.FCD CPU card Modem and COM2 test routine. 73
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MUPC CARD

FILE =

DATE :
MODULE :
Section 1.9 :

Section 1.1 =

( DipSwitchTest '

¥
Dispiay

* DIP switches test. -

" Set 1 =pn 2 = off

Clear NewData

¥

Get the command

Read the DIP switch

Yes Set NewData tc the DIP
switch value + 1
fo "
<
<

Make the Bip switch

DIP switch data current

changed ? Send Esc + 5 + cdata

Deiay 5 ms

Kick the Watchdog Timer M

Na Command
=7
Yes

y

64

SYSTEM TESTS

TEST-19A, FCD

26-06-2000

RTTESTS. PAS

LPU card DIP switch fest routine

CPY card Keyboard test routine
‘ XeyBoardTest )

¥

Lisplay
' Keyboard test. :
* DTMF Code = ? '

Y

Get the command

Read the Xeyhoard

Send Esc + S + Key code

Display Key character

Command

=47

Kick the Watchdog Timer 4




( DispiayTest )

¥
Dispiay

v

' Display test,
* Press terminal keys®
Home the cursor

Clear display state

3
4

b 4

Get the hey code

MUPC CARD. SYSTEM TESTS

FILE : TEST~1QB.FCD
DATE : 26-0&-2000
MODULE : RTTESTS. PAS

Section 1.2 : CPU card Display test routine

Rispiay the character

Clear disslay state

Character

= 50H ?

Reset the display

Display 'Reset®

Clear display state

Character

= 5T¢ ?

kHome the cursers

Character

= Esc ?

—
Clear display state
Na
state ciear ? »
Sat Character o Nuf!
3

Set display state

Charagcter

<> Mull 2?2

Send Esc + O + Character

¥

Kick the Watcheog Timer M

Craracter

= Ese ?

aturmn

65




( ToneaTest '

Y

Display
! General Tones test.’
s .
Clear DTMF send flag
Clear DTNF detect flag

[

¥y

Get the command code

MUPC CARD

FILE
DATE
MODULE

Section 2.@

o

No

Na

Yes

Yes

Yes

Yes

Yes

Yes

. SYSTEM TESTS

+ TEST-Z0A.FCD
: 27-@6~-20038
: RTTESTS. PAS

: £PU card functien tone test roubine,

Clear the state flag
Switeh of f DTME tone
Switch on KBS tone

Bisplay
' General Tones test.'
' 2503 Hz KBS Tone on’

Switch of f KBS tone

Bisplay
' General Tones test.”

Clear the state flag
Switch off X3S tone
Switcn on DTMF coce §
Display

' DTMF S5 Tones on '

Switch off DTME tone

Display

l .

A4

A4

Switch of f KE3 tone
Switch of f DTMF tone
Set the State flag
Clear the K3Ssena flag

Dispiay
‘Use Kerbcard, NG KES7

Switch of f X85 tone
Switcn of f DTME tane
Set tre State flag
Set the XKESsend flag

Bisnlay .
' Use Keyboard. + X&S5

Clear the State flag
Clear the X35senc fiag

Display
* General Tones test.”

A 4

Sat [TMF detect flag

Set tne crannel to UhF

(=2}

6




MUPC CARD . SYSTEM TESTS

FILE : TEST-20B.FCD
DATE : 27-26-20QQ
MODULE : RTTESTS.PAS

Section 2.8 : CPU card function tene Lest routine.

2084 23 204
F
Clear UHF detect flag »
Set UHF detect fleg
Set the channel ta VHF i
Clear UHF getect flag :
- Switch URF channel on »
Switch UKHF channel off »
Switch VRF chanpel on '
Command ™ Yes
Cwiton VMF charnel off P
=y 7
Na
é
r
send Esc + T + cormmand
&
4
¥
v i

67




MUPC CARD . SYSTEM TESTS

FILE =
CATE =
MQDULE =

Section 2.9 =

KeyStrobe

92

seb

Switch DTMF tones off

switen KBS tone off

TEST-20C. FCD
27-06-2020
RTTESTS. PAS

CPY card functicn tone test routine,

Get the Xeyboard toce

£85%send

set ?

Switch KBS tons on

Switch the DTMF keyboard

code tone on

¥
&
-+
k4
DT™F code Yes Channel Yes
detected ? = UHF 2
No No

Get VHF channe| DTMF cage

Get UHF channel DIMF code

DTMF code

<> Null ?

Send Esc + T + DTWF coce

¥

Kick the Watchdog Timer

Yes

¥

Reset the hardware
Switch UrF Charnel off

Ewiteh VHF channetl aff

68




C RelayTest (_RLKey) )

Y

Display
' Relays test !
* Cutput relay | to 8'

Switch relays off

Keyboard

tests ?

l

Call computer test Cae!l keyboard test

RelayCompm RefayKey

\ 4

Redisplay the screen

Switch retays off

( RelayComp

k4

Get the command

Get the relay state

Set / Clear the relay

y

MUPC CARD . SYSTEM TESTS

FILE : TEST-3@A.FCD
DATE : 27-94-220¢
MODULE = RTTESTS. PAS

Section 3.@ : CPU card relay test routipne

G

¥

Clear Key code

Set Help state

\J

Kick the Watchacg timer

Set the rejay

Set all relays

Clear the relays

No Tes
¥ ¥
C smiay Lisplay
" Key 1 - 8 Refay con’ ' Xey | - B Hetay gn'
' G=Al} pn @=All off’ ' 9=Al} on @=AlY off"
Cilear Heip state Zlear Help state

Get the kayhoard czde

Kick the Welchicg timer &

i
.

¥

69




MUPC CARD . SYSTEM TESTS

FILE = TEST-4QA.FCD
DATE : 28-06-2090
MCAULE = RTTESTS.FPAS

Section 4.@ : CPU card cutput lines test routine.

( CutPutTest ’

Y
P Cet the command
Command
Yes |
=1 ta§? | Get the |ine state
¥ 1
Na
Case command
Yes
Command = 1 SetRepeater (state)
Yes
Command = 2 SetVLink (state)
i
Yes
Command = 3 » SetviFInhibit (state) -
Yes IE
Comsand = 4 SetVhFPTT (state) »- !
’ i
Yes :
Command = 5 » SetPranelnh {state) » [
Yes e l
fammand = & SetUHFInnibit {state) » i
|
Yes It
Command = 7 SetByzzer (state) P i
Yes i
Command = § SethiarmLED {state) - i;
li
!
Yes f
Command = § n
|
|
:
!
o Yes |
!
‘E:
i i i
Clear ajl the Set all the ;
cutsst lines outpt limesg o
fl
i
y Y 1 i
i
Kick the ¥atchdog timer b 15
]
|
i
i
|
Command i

=Q7?

Clear the auipur lines

Return

70 E




( InputlinesTest )

¥

Display
* Input lines test. °
* PIA2 C Lines 1 to &'

Clear ObdData

f

Get the command

Read the input !ines

MUPC CARD. SYSTEM TESTS

FILE : TEST-4@8.FCD
DATE : 28-06-2000
MODULE : RTTESTS.PAS

Section 4.

1 : CPU eard Input lines test routine

Input lines

changed ?

Make the Input 1ines
data current
Send Esc + I + data

Delay 1@ ms

Kick the Watchdog Timer M

Yes

71




EEFROMTest

C

)

Y

Display
' Serial EEPROM test.®

* Configure Data Area’

[
Ll

h 4

Get the command

MUPC CARD

FILE

DATE
MODULE
Section 5.0

Send 128 bytes of data
Send ETX + Prom

SYSTEM TESTS

TEST=50A.FCD

29-86-2000

RTTESTS. PAS

CPU card EEPROM test routine

Enabje write data
write characters @ to
127 to the EEPAOM

Disable write data

Send Esc + EW

hd

Enable write data
Erase the EEPROM
Disable write data

Seng Esc + EE

Enable write data
Write at Address @ *RT"
Disable write data

Send Esc + EC

h 4

Kick the Watchdog Timer

b d

-~

72




( NodemCom2Test

¥

Initalise variables
Display
* Control Modem and

* Com 2 test.

6eB

h

Get the command

668

MUPC CARD .

FILE :

DATE :

MQODULE =
Section 6.@ :

Get the command state

Command Yes

No

Command Yes

No

Command Yes

Command Yes

=47

Ne

Command Yes

SYSTEM TESTS

TEST-60A.FCD
29-26-2000
RTTESTS. PAS

CPU card Medem and COM2 test routine

State

set ?

No

State

set ?

No

State

set ?

No

State

set ?

Na

Yes

Yes

Yes

Yes

Yes

Switch

Modem send on

Switch

Modem send off

Switch

Modem receive on

¥

Switch

Modem receive of f

v

Switch

Modem on

h 4

Switeh

Modem of f

Switch

Com2 send on

Switch

Com2 send off

b4

Switch

Com2 receive on

A 4

Switch

Com2 receive aff

A 4

=67

No

Commangd Yes

Set Com2 DTR line on/off

hd

=77

No

648

73

Set Com2 RTS line on/foff

Y

Y

6ef




60A

6aC

60A

MUPC CARD

FILE
DATE
MODULE

Section 6.@

. SYSTEM TESTS

: TEST-4@B.FCD
: 29-06-2000
« RTTESTS. PAS

: CPU card Modem and COM2 test routine

Switch UHF channel on/off

GOA

Initialise the Modem

Initialise the Com2

Y

¥

&

Modem

send on ?

Yes Transmit 'M' on the modem

Delay 53 ms

receive on ?

If data received, send

Esc + L + data

Com2

send on ?

Yes

Transmit °R’

Ceiay 5@ ms

on Com2

TS changed

Send : Esc + LC@

Send : Esc + LC)

Y

CO changed

#

Send : Esc + LDQ

Send : Esc + LDt

Y

F 3

68C

74




608

receive on ?

MUPC CARD

FILE

DATE

MODULE
Sectian 5.@

If data received, send

Esc + L + data

\

Kick the Watchdog Timer

Initialise the Modem

Initialise the Com2

‘ Return '

75

SYSTEM TESTS

TEST-62C. FCD

29-06-2000

RTTESTS. PAS

CPU card Modem and COM2 test routine




3.5

SYSTEM CONFIGURATION MODULE.

The configuration module sets the operating parameters of the radio

telephone system.

File Names Description Page
RTCONFIG.PAS Pascal source file in appendix C. -
CONF-10A.FCD System type configuration routines. 77
CONF-20A.FCD System address configuration routines. 80
CONF-30A.FCD System repeater configuration routines. 83
CONF40A.FCD System name configuration routines. 86
CONF-50A.FCD System Spur sites 1D configuration routines. 90
CONF-60A.FCD System High sites 1D configuration routines. 93

76




MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-1@A.FCD
DATE : 20-06-2000
MCDULE : RTCONFIG. PAS

Section 1.2 : System type configuration routines

‘ SetRTtype ( _TypeXey ) ) (SetRTtype { _TypeKey )} )

¥ ¥
Risplay the sichox type Enable EEPROM write

Write Type to EEPROM
Disable EEPROM wriie
Delay 20 m5

Display Sicbox type

Keybeard

configure

¥

‘ Return ’
Call computer Call keyboard
configuration configuration
RTypeComp RTypeKey

|

Redisplay the screen

Yy -

‘ Return ’
( DisplaySicType )

]

Display

* RT system setup. 7
' Site Type = '

Read the type

Yes
Type = 'H I Display 'High'
Na
Yes
Type = 'S°* Display *"Spur’ »
Na
Yes
Type = 'B’ Display 'Base’ >
No
&

¥

‘ Return }

77




MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-1@B.FCD
DATE : 20-26~2000
MODULE : RTCONFIG.PAS

Section 1.8 : System type configuration routines

RTypeKey )

¥

Clear Key wvalue

Set Help flag

Key <> Null ?

[ Set Key to "H*

Y

Set Key to 'S’

Yes

h 4

Set Key to 'B’

Help flag

?

set

Write to dispiay
'1=High 2=Spur 3I=Base'
Clear the Help flag

b4

Display the Sicbox type
Set  the Hefp flag

F 3

Kay = Yes
| write the Sicbox type

H,S or B

?

Na

4
%

4

Kick the Watchdog timer

Read the keyboard

Return

78




C

RTypeComp )

Y

Send the Sicbox type

]

Wait for the command

MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-1@C.FCD
DATE : 20-06-2000
MODULE : RTCONFIS. PAS

Section 1.9 : System type configuration routines

Write the Sicbox type
Send the Sicbox type

¥

Kick the watchdog timer

No

Yes

79




MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-2QA.FCD
DATE : 20-06-2000@
MQDULE : RTCONFIG. PAS

Section 2.@ : System address configuration routines

(SetRTaddr-eas (._.Addrl(ey)) ‘ SendAddress )

Dispilay L

* RT system getup. ' Send string
' Site Address = '
STX + ID4 + ID3 + ID2 + IDI

Keyboard

configure

Cal |l caomputer Cal! keyboard ‘ DisplayAddress )
configuration configuration

RTaddressComp RTaddressKey

Display

v ID4, ID3, IC2 and IDY

Redisplay the screen

Set curser to next ID

-

Y ¥

‘ Return ’ ‘ Return ’

( WriteAddress )

A4
Enable EEPROM write

Write Lhe address to

the EEPROM
Disable EEPROM write
Delay 10 mS

¥

‘ Return '

80




MUPC CARD.

FILE =
DATE =

‘ RTeddressiey J MCDULE =

Section 2.9 :

h §

Set pointer to 1
Read the address
Display the address
Switch cursar on
Set Help flag
Clear the Key

SYSTEM CONFIGURATION

CONF-2@8B. FCD
20-06-2002
RTCONFIG, PAS

System address configuration routines

Help flag
ey = @ to
set ?

Help flag

set ?

Kick the Watchdog timer

Set ID4 ta Key

Increment pointer
and set to b if
greater than 4,

Display Address

Display
* Range is 111 - 999 -

Clear Help flag

Display
' Site Address = ’
Display the address

Set Help flag

Set IR3 to Key -

| Set ID2 to Key 4
Set ID! to Key ‘e
>

—

—»

Read the keyboard

Ho Yes _ Write the address

Switeh Cursor off

¥

‘ Return ’

81




MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-20C.FCD
DATE : 21-06-2000
MODULE : RTCONFIG. PAS

Section 2.9 : System address configuration routines

‘ RTaddressComp ’

¥

Set pointer to t
Display the address
Delay 20 mS

Read the address
Send the address
Set _Nu to @@

)

P Get the command

Read the Sichox address

Send the Sichox address

Wait for code & set ID4

set ID2
set IDt

¥Wait for code

-3

Wait for code & set ID3
3
i

Wait for code

Key = STX 2

h 4

Write the address
Read the address
No Send the address

Dispiay the address

-

L4
Kick the watchdog timer

No

82




(SetRTRepeater (_RepKey) '

Y

Dispiay repeater mode

Keybaard

conf igure

MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-3QA.FCD
DATE : 21-06-2000
MODULE : RTCONFIG. PAS

Seckion 3,9 : System repeater configuration routines
( WriteRepeater ’

Y
Enable EEFRCM write

Write the repeater

mode to the EEPROM
Disable EEPROM write
Dejay 20 mS

Display repeater mode

Call computer Call keyboard
configuration configeration
RTrepComp RTrepkey
¥

Redisplay the screen

Y

‘ Return ,

( DisplayRepeater )

3

Cisplay
* AT system setup. N
' Repeater = *

Read the repeater code

Ko
Yes
repeater sei

kd

Ho

Dispiay *Enable’

Display 'Disable’

‘ Return '

83




( RTrepKey

)

A

Clear Key value

Set Help flag

No

MUPC CARD.

Section 3.0 : System repeater configuralion routines

SYSTEM CONF IGURATION

FILE : CONF-368.FCD
BATE = 21-@6-2000
MODULE : RTCONFIG.PAS

Key <> Nafl ?

Set XKey to 'E’

L d

Set Key to 'D’

Help fiag

?

set

Write to display
' I=Enable 2=Disable '
Clear the Help flag

Y

Display rapeater mode

Set the Help flag

fey = Yes
EarD

w

} Write repeater mode

Y

Kick the Watchdog timer
Read the keyboard

84




MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-3@C.FCD
DATE : 21-06-2000
MODULE : RTCONFIG.PAS

Section 3.@ : System repeater configuration routines

( RTrepComp )

NoRepeat
Set hey to disable

?

set

Set key to enable

4
+
1]

Send the repeater mode

.

Y

Get the command

¥rite the repeater mode

Send the repeater mode

Y
Kick the watchdog timer

85




MUPC CARD . SYSTEM CONFIGURATION
FILE : CONF-4BA.FCD
DATE : 21-6-2000
MODULE : RTCONFIG.PAS

Section 4.@ : System name configuration routines

( SetRTName (_NameKey) ' ( SendNane )

1
Setup display peinter

Y

Display

Setup data pointer

' RT system name.

Yes

Keyboard pointer = 1 Send STX

configure

No
Cail computer Call keyboard
configuration configuration
SetRTNameComp SetRTHamekey b

Get two characters then

send and display them

Increment data pointer

Redisplay the screen

| 4

Set data pointer = 1
Return pointer = 3
Deiay 4@ mS

(o)

L 4
Enable EEPROM write

the data sent

Write the name string

to the EEFROM
Disable EEPROM write Kick the Watchdog timer

Yy Y

‘ Return ’ ‘ Return ’
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40C

‘ SetRTNameXey

)

¥

Set Help flag

Clear the kay

Read the sicbox name
Display the sicbox name
Switch the cursor on

Set the pointers

-
1]
A

Yes

Yes

Yes

fes

Yes

o (<D<

MUPC CARD .

SYSTEM CONFIGURATION

FILE : CONF-40B.FCD
DATE : 21-06-2000
MODULE : RTCONFIG. PAS
Section 4.0 : System name configuration routines
Move cursor |eft
Helg ftag Yes
If past left position
set ?
then wrap around
No
>
»
Move cursor right
Yes
If past right position
then wrap arcund
No
3
»
Display next character
Help flag Yes If > last character then
>
set ? display first in list
Reset the cursor
Ko
>
Display previous ¢har.
Help flag Yes If <« first character then
»
set ? dispiay last in list i
Reset the cursor
Na
3
Toggle the character
Help ftag Yes petween the upper and
set ? lawer case values
Reset the cursor
No
=
Chage the character to
Haip flag Yes
2 space -
sei ?
feset the cursor
No
>
Ll
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408

MUPC CARD

Help Fflag

sel

?

FILE
DATE
MODULE

Section 4.2

. SYSTEM CONFIGURATION

: CONF-4@C. FCD
: 21-Q6-2000
= RTCONF IG. PAS

: System name configuration routines

Switch cursor off

Display

4%

'Move:L-4 R-& U-2 D=8’

hd

‘CapsToggle-7 Space-9°
Clear Help flag

Display
* RT system name. r

Display the sicbox name

h 4

Reset the cursor
Switch the cursor on

Set Help flag

¥

Kick the Watchdog timer
Rezad the keyboard

Switch the cursor off

¥rite the sicbox name

¥

‘ Return ’
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( SetRtnameComp )

A 4

Defay 2@ mS

Send the sicbox name

.
»

¥

Get the character

Yes

MUPC CARD . SYSTEM

FILE : CONF-4@D.FCD
DATE : 21-06-2000
MODULE : RTCONFIG. PAS

Key = STX 2

Clear the name string

fieset the data pointer

CONF IGURATION

Section 4.@ : System name configuration routines

Insert character inte
the name string
Paint to next character

in the string

¥

Key = ETX ?

Write the sicbox name

Send the sichox name

Send Lhe sicbox name

L 4

Y

F 3

Y

Kick the watchdog timer
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MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-5QA.FCD
DATE : 22-06-2000
MODULE : RTCONFIG.PAS

Section 5.@ : System Spur sites ID configuration routines
(SatRTSpurID {_SpurKey) } ( PisplaySpurID )

) 4

¥

Display the Spur site
Displa
Py number In the 1ist

1]

> RT system setup.

Display the Spur site

ID number

Set the cursor position

Keyboard

configure

Call computer Call keyboard ( SendSpurlD )
configuration configuration
Display Display
' Spur Site ID’s °* ' Spur no ¢ ' 1 J
SpurIDComp SpurlbKey Delay 200 mS
J Setup data pointer

Redisplay the screen

Y

y Send the Spur ID

STX+ID4+IDI+ID2+100
Return
Point ta next Spur ID
( ReadSpurlID '

eight Spur ID's

Read the eight Spur

ID's from the EEPROM

Send ETX + Spur

¥
4

‘ Return ’
‘ Return ’
( WriteSpurlD '

Y
Enable EEPROM write
Write the eight Spur

I0's to the EEPROM
Disable EEPROM write

¥

‘ Return '
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MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-5QB.FCD
DATE : 22-06-2000
MODULE : RTCONFIG. PAS

Section 5.@ : System Spur sites ID configuration routines

( SpurlDKey )

L4
Read the Spur 1Db’s

Set the pointers
Display the Spur ID’s
Switch the cursar an

Clear the Key

Change the Spur ID

Move cursor to right

If last character then
wrap arcund to start

Display the Spur ID

Get the next Spur ID
If past last Spur ID
then get first Spur ID

4

Display the Spur ID

Get the previous Spur ID
If past first Spur ID

¥

then get last Spur ID
Display the Spur ID

Clear the Spur ID

¥

Display the Spur ID

Kick the Watchdog timer
Read the keyboard

) |I|
Yes

Switch the curser off

write the Spur ID's

Return

G
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MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-5&C.FCD
DATE : 22-Q06~2209
MODULE : RTCONFIG. PAS

Section 5.0 : System Spur sites ID configuration routines

‘ SpurlIDComp )

1
Delay 106 mS
Send the Spur ID's

¥

Get the characier

Yes

2 Send the Spur ID's

Yes Clear the receive siring

A 2

Set the data pointer

Insert character into

Yes the Spur site string

b 4

foint to next characier

in the string

Yeas Write the Spur ID's
a

Key = ETX ?

h 4

Send the Spur ID's

¥

Kick the watchdog timer
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TR S0

MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-60A.FCD
DATE : 22-96-2000
MODULE : RTCONFIG.PAS

Section 6.@ : System High sites ID configuration routines
‘ Se¢tRTHighSite (.J-lighKeyD ( pisplayHighlD )

¥
Display the High site

¥

Dispiay
number in the tist

* RT system sebup.
Display the High site

ID number

Set the cursor position

Keyboard

Y

‘ Return '

configure

Call computer Call keyboard ( SendHighID )
configuration configuration
Dispiay Display
* High Site ID's * * High no : ' ¥
HighIDComp HighIDKey Delay 208 mS

Setup data pointer

¥ -

Redisplay the screen

4
Send the High site ID

i

STX+ID4+ID3+ID2+1D1
Return
Paint to next High ID
‘ ReadHighID )

eight High ID's

Read the eight High
site ID's from the

EEPROM

Send ETX + High

¥

‘ Return ’
‘ Return ,
C WriteHighlID )

1

Enable EEPROM write
Write the eight High

ID*s to tne EEPAOM
Disable EEPROM write

) 4

‘ Return ’

93




MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-6Q8.FCD
DATE : 22-0&-2000
MODULE : RTCONFIG. PAS

Section 6.@ : System High sites ID configuration routines

C HighIDKey )

¥

Read the High site ID's
Set the pointers
Display the High site ID
Switch the curser on

Clear the Key

Change the High site ID

Move cursor to right

If last character then
wrap around to start

Display the High site ID

Get the next High ID

If past last High ID
then get first High ID

Display the High site ID

v

Get the previous High ID
If past first High ID

B
then get last High ID v
Display the High site ID
Clear the High site ID
.
Lall

Display the High site ID

Kick the Watchdog timer

Read the keybocard

- |I|
Yes

Switch the curser off

Write the High site ID's

Y

Return
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MUPC CARD . SYSTEM CONFIGURATION

FILE : CONF-8QC.FCD
DATE : 22-@6-2020
MODULE : RTCONFIG.PAS

Section 6.9 : System High sites ID configuration routines

(o)

L 4
Delay 10Q@ mS
Send the High site ID's

4

Get the character

Yes

Send the High 1ID’s

h 4

Yes Clear the receive string

h A
L 4

Set the data pointer

Insert character into

Yes the high site string

A4

Point to next character

in the string

Yes Write the High site ID's
Key = ETX ?

h 4
A 4

Send the High site ID's

v

Kick the watchdog timer
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3.6

SYSTEM ALIGNMENT MODULE.

The alignment module generates the tones that is used to align the radio

telephone system.
File Names Description Page
RTALIGN.PAS Pascal source file in appendix C. -—
ALGN-10A.FCD System alignment test signals. 97

96




' DTMFCadeSTest

)

¥
CALL PROCEDURE

\

DisplayWriteMsg (61)
" System Test ”

DisplayWriteMsg (62)
™ DTMF Code 5 on ™

L_HODULE = RTDISPLY

/

Transmit DTHF code §
Select the correct RT
channel

Clear key value

4 -

If channe! switch change
select the new channel
Get the key value
Kick the Watchdog

Switch DTMF code 5 off
Switch VHF PTT off
Deselect UHF channei
Deselect VHF channei

Pisplay main screen

Y

‘ Return ’

MUPC

CARD . SYSTEM ALIGNMENT

FILE : ALGN-1@A.FCD

DATE : 14-06-2200
MODULE : RTALIGN.PAS

Section 1.@ : System alignment test signals

C ¥B8SToneTest

¥

’

CALL PROCEDURE

~\

) C

DisplayWriteMsg (61)
" System Test ™

DisplayWriteMsg (63)

™ KBS Tones an UHF ™

MOQDULE = RTDISPLY

RepeaterTest ’

Y

( CALL PROCEDURE

DisplayWriteMsg {61)
” System Test ™

CisplayWriteMsg (64)
" Repeater mode ™

MODULE : RTDISPLY

J

Yy

Transmit XBS tone

Select the UHF channei

Clear key value

\

Y

Select repeater mode
PTT the VHF radio

Clear key value

Get the key value
Kick the watchdog

Get the key vaiue
Kick the Watchdog

Switch K85 tone off
Deselect UHF channel

Display main screen

Clear repeater mode
Switch WHF PTT off

Display main screen

Y

‘ Return }

97

¥

‘ Return ’




C VLinkTest ’

¥
( CALL PROCEDURE

DisplayWriteMsg (&1)
” System Test ”
DisplayWriteMsg (65)

* Yiink mode "

MODULE = RTDISPLY
« )

Y

Select VLink mode
PTT the VHF radia

Clear key value

Y
Get the key value

Kick the Watchdog

Clear VLink mode
Switch YHF PTT off

Display main screen

A

‘ Return ’

MUPC CARD . SYSTEM ALIGNMENT

FILE : ALGN-1@B.FCD
DATE : 14-06-200@
MODULE s RTALIGN.PAS

Section 1.Q : System alignment test signals

( VHF1KHzTest ’

¥
' A
CALL PROCEDURE

DisplayWriteMsg (61)
" System Test ~
DisplayWriteMsg (66)
" VHF 1KHz tone ™

MODULE : RTDISFLY

_/

¥

Transmit 1KHz tone

PTT the VHF radio
Sefect the VHF channel

Clear key value

Y

Get the key value

C

DTMFKeysTest ,

L

(

CALL PROCEDURE A

DisplayWriteMsg {69)

" DIMF Keys on "
DisplayWriteMsg {7@)

" RESET CPU TQ EXIT "

MODULE : RTDISPLY

_

L

4

Disptay the channel
that is sejected

Clear key value

Kick the Watchdog

Switch 1KHz tone off
Switch VHF PTT off
Deselect VHF channel

Dispiay main screen

b

‘ Return '

98

No

¥

Yes

y

Dispiay the channel
Switch DTMF off
Switch KBS off
Switch VHF PTT off

Assign channel flag

Get the Key
Select the chaanet

Send the DIMF tone

L

4

Kich the

Watchdog




3.7

DisPLAY MODULE.

The display module controls and displays all the system messages on the

LCD display of the radio telephone system.

File Names Description Page
RTDISPLY.PAS Pascal source file in appendix C. —
DISP-10A.FCD Display control routines. 100
DISP-20A.FCD Display messages for top line. 102
DISP-30A.FCD Display messages for bottom line. 104
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MUPC CARD . DISPLAY CONTROL

FILE : DISP-1QA.FCD
DATE : 19-05-2000
MODULE : RTDISPLY.PAS

Section 1.0 : Display control routines

l DisplayCommand (DCld)\ (Displayﬂr‘itellsg (Hsg)\
¥Writes a command byte Writes a flessage string
to the display to the display

Initiafise the Display

ToneFlag Yes

number = @ ?

set 2?2 Cali DispltayCommand (@1H)
Wait for display

No Call DisplayCommand (38H)
A

Wait for display
DispCont = @QH DispCont = @BH
Calil DisplayCommand (@6H)
Keep Tone Off Keep Tone On

Wait for display

Call DisptayCommand (QCH)

¥

¥rite message to dispiay
Start of write cycle

Command on data bus

. Disable Interrupts
Clock command into

Get the cursor position
the display

and move it

Get the message siring

¥

‘ Return ’

Y

DisplayWriteChar (DChr;] Get & character and
Writes a character byte write it to the display
to the display

ToneFlag

set. ? the characters
writtea ?
;
DispCont = @8H DispCont = @BH s
Keep Tone OffF Keep Tone On
¥ /
Start of write cycle Enable Interrupts
Character on data bus
Cleck character inte
the display
+
Y ¥

‘ Return ’ ‘ Return ’
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Display¥riteStr
{ Adr, DispStr )
Writes a string
to the display

Get the cursor position
and move it

Get the message string

Y

Get a character and

write it to the display

the characters

written ?

MUPC CARD

FILE
DATE
MODULE

Section 1.0

' CursorOn ’

Y

. DISPLAY CONTROL

: DISP-1@3.FCD
= 24-93-2000
= RTDISPLY. PAS

: Display control routines

(Have(:ursor (_HoveAdr)\

Moves the cursor to a
new display position

Switch cursor on

DisplayCommand (@FH)

Set the cursor pesition

and move it

DispiayComnand (_MoveAdr)

Y

Return

‘ Return '

CursorOff

¥

U

Switch curser off

DisplayCommand (QCH)

‘ Raturn ’
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MUPC CARD . DISPLAY CONTROL

FILE : DISP-20A.FCD
DATE : 24-05-2002
MOCULE : RTDISPLY.PAS

Section 2.8 : Display messages for top line

( Display_UHFNoID ) CDis‘play_,SpurStatiun ) ( Display_UHFCont )

Directive
Compile only
for AT system

Directive
Compile only
for RT system

Directive
Compile only
for RT system

DispFlag) DispFlag2

set ?

bGispFlagl

clear ? clear ?

¥Write Message : 2§ Write Message : 28 Write Message : 29
"UHF NO ID ID=" "SPUR STATION  ID=" PCONT, ™

write ID2, ID1 Write ID2, ID1 Set DispFlag2

Clear DispFlagl Clear DispFlagi

Clear DispFlag2 Clear DispFlag2

Clear CispFlags Clear DispFlags P

Y

.
' g
- Return
f ¥
‘ Return ’ ‘ Return ' ’

( Display_UHFID ) ( Display_UHFVI ink ) ( Display WF )

v

Directive
Compite only
for RT system

Directive
Compile only
for RY system

Directive
Compife only
for RY system

DispFlagl DispFlag2 DispFiag?

>

set ? set set ?

Write Message : 27 ¥rite Message : 37
SpurfFiag "VEINK™ *M/iF"
set ? Set  DispFlag? Set  DispFlag?
. Y ¥ g P
Write Message : 22 Write Message : 41 ' \J

"UKF IR - "YLINK 7O SPUR * ' Return ’ ‘ Return '

Y

Set DispFlagt
Clear DispFlag2
Clear DispFlagl2

[
La

4

' Return ’
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( Clear_KF

Directive
Compite anly
for- RT sysiem

DispFlag?

clear ?

Write Message : 35

- "

Clear DispFlag?

Directive
Compile anly
for RT system

Write Message : 47
TMCDEM"

Set DispFlagl2

.

¥

‘ Return ’

FILE : DISP-2Q@B.FCD

DATE & 26-@5-2000

MODULE : RTDISPLY.PAS

MUPC CARD . DISPLAY CONTROL

Section 2.@ : Display messages for top line

( Clear UHFModen

)

Directive
Compile onty
for RT system

DispFlagiz

clear ?

Write Message : 48

" ”

Clear DispFlagl2

.
P

¥

‘ Return '

( Display_Busy

Directive
Compile only
for RT system

DispFlag3

2

set

Write Message : 26
"BRUSY"
Set DispFlagd

>

Y

‘ Return ’

103

( Display. . IDxx

)

Directive
Compile anly
for RT system

Dispflagl

clear ?

Write Message = 25
uIp="
Write char : ID2, ID1

Clear DispFlagl

[

Y

‘ Return ’




( Display_VHFNeID )

Directive
Compile only
for RT system

DispFlag4

clear ?

MUPC CARD
FILE

DATE

MODULE

Section 3.0

DISPLAY CONTROL

DISP-3QA.FCD
26-Q05-2000
RTDISPLY.PAS

Bisplay messages for bottom Line

( Disptay_VHFID ) -

Yes

Write Message : 23
“VHF NG ID "

DispFlag4
DispFlag5
DispFlagb
DispFlag9

Clear
Clear
Clear
Clear

¥

Directive
Compile only
for RT system

DispFlag4

set

NoRepeat

set

i

rd

¥

Write Message : 24
"VYHF ID "

Write Message : 42
"WHF 10 NO REPEAT™

3

Yes
SpurRepeater

Write Message : 44
"REPEAT TO SPUR™

)

Set DispF
Clear DispF
Clear Dispf

{ag4
lags
1ag13

AllCalIFfag

clear ?

Clear DispFlag?

[
L

¥

‘ Raturn ’

104

( Pisplay_CelICall )

Directive
Compile onty
for RT system

DispFlag?

set ?

Write Message : 4@
"CELE CALL=%

Set DispFlag9

-
Lt

¥

‘ Return '

( Display_VHFV|ink )

Directive
Compile anly
for AT system

DispFilags

or
DispFiag?
set ?

¥Write Message = 31
“VEINK™

Set BispFlags

a

¥

‘ Return ’




( Display_VHFCont )

Directive
Compile only
for RT systiem

DispFlags

7

set

MoRepeat

i

set

¥

Y

MUPC CARD . DISPLAY CONTROL

FILE = DISP-30B.FCD
DATE : 26-05-2000
MODULE : RTDISPLY.PAS

Section 3.0 : Display messages for bottom line

( Display_VHAFModes )

Directive
Compile only
for RT system

DispFlagtl

7

set

Write Message : 49
"MODEM™
Set DispFlagil

Write Message : 30 Write Message

"CONT. " "CONT.

43

Set DispFlags

Y
-

f

‘ Return ’

( Clear_VHFModem )

Directive
Compile only
for RT system

DispFlag!3

clear ?

Write Message : 30

Clear DispFlagl3

»
>

¥

‘ Return '

105

( Display_CaliQut

Write Message : 45
"CELL CALL=9 ™

( Display_REP

Directive
Compile only
for RT system

DispFlagé

set ?

Write Message : 32
“REP*
Set DispFlagé

»
»

¥

‘ Return ’




‘ Display_RX

)

Directive
Compiie only
for RT system

Write Message : 313

WRX’!
Set DispFlagl®

»

¥y

‘ Return = )

t Clear_RX

Directive
Compile only
for RT system

DispFlagld

clear 2

Write Message : 34

Clear DispFlagi@

[
>

A

‘ Return '

MUPC CARD . DISPLAY CONTROL

FILE : DISP-30C.FCD
DATE : 25-05-20¢2
MOGULE : RYDISPLY.PAS

Section 3.8 : Display messages for bottom lise

( Display_TX

)

Directive
Compile only
for RT system

DispFiagll

set ?

Write Message : 33
Ty
Set DispFlagll

A 4

4

Return

‘ Clear_ TX

Directive
Coimpile only
for RT system

¥rite Message : 36

" o»

Clear DispFlagll

.
>

Y

‘ Return '

106




3.8 FLASH PRON PROGRAMMING MODULE.

The flash prom module tests and programs the flash prom where the

system operational software is stored for the radio telephone system.

File Names Description Page
RTFLASH.PAS Pascal source file in appendix C. -
FLSH-10A.FCD Flash prom erasure and test routines. 108
FLSH-20A.FCD Flash prom programming routines. 109

107




MUPC CARD . FLASH PROM CONTROL

FILE : FLSH-1@A.FCD
DATE : 13-06-2000
MODULE : RTFLASH.PAS

Section 1.@ : Flash prom erasure and test routines

C EraseFlashPFrom ) Receive the start ’ Get the byte
Char = R ? address for the read. Send STX+Byte hex value
Read Flash Send the header back 1 Paint to next byte
Y Wait 49 mS Get the byte

' CALL PROCEDURE l Nao Send Byte hex vaiue

Foint to next byte
_EraseFlash
. Wait 20 mS
Module : RTDRIVER

127 bytes

send ?

( FlashPromtest )

Send ETX + 'Prom’

Y /

(" CALL PROCEDURE A
Char = W ? Yes

DisplayWriteMsg (91)

Detay 20 mS
Send Volts off code

N Write Flash
™ Flash PROM Test. ”
DisplayWriteMsg (52)

No

™ Program Code Area "

Module : RTDISPLY

\. J

Switeh Atarm LED on
Write codes @0 - 7F hex

Send write complete

Switch Alarm LED off

hd

4

¥

Char = E ? Yes Program Dejay 2@ mS

Send Volts off code

h 4

Receive Character

F

Erase Flash volis on ?

Send Erasing Flash code

Erase the flash

Detay 2@ mS
Send Erasure Complete

Y

1

f

Char =D ? Yes Program

Send Volts off cede

b 4

ip Switch volts on ?

¥

| Send Volts on code

h 4

Kick the watchdag

—

CaLL PROCEDURE

No Char = Q 7 Yes
Quit

DispScreen

Module : RIDISELY

|

‘ Return ’
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C

ProgramFiash ’

Y

r

CALL PROCEDURE A

DisplayWriteMsg (67)

* PROGRAM FLASH PROM 7

DisplayWriteMsg (&8}

* System Ready
Modute = RTDISPLY

J

Program

volts on ?

Y

MUPC CARD . FLASH PROM CONTROL

FILE : FLSH~ZQA.FCD

DATE : 13-06-2002

MODULE : RTFLASH.PAS

Section 2.9 : Flash prom programming routines

‘ LoadSpaces )

y

toad &@ spaces into

the receive array

(e )

i

Send Volts off code

Send Ready code
Load Spaces

Disable interrupts

Clear the CRC value

Get the number of Hex
characters in the array
Get the flash address

Get the 1ine mode

Yes

data bytes

a»

Point to first
Hex pair

Yes

All bytes
programmed ?

Set the byte value

Set Flash address value

| 4

( CALL PROCEDURE

)

—PregramFlash
Module : RTDISPLY

Y

Point to next Hex pair

Point to next address

in the Flash prom

Kick the watchdog




Get received

character

MUPC CARD.

FILE :
DATE =
MODULE =

Secticn 2.0 :

FLASH PROM CONTROL

FLSH-20B. FCD
14-06-2000
RTFLASH. PAS

flash prom programming routines

Set count to 1

Switch Alarm LED on

Load Byte into the
receive array
Count point to next

byte in array

Program the flash
Switch Alarm LED Off

Clear the Receive array

Line mode

v

Charcter

« T2

Send Termination

Set Character = Q

. Send Acknowledge P
= data ?
Send Completed N
>
Set Character = Q
>
-

Na

r 3

¥

Kick the Watchdog

Yes

Enable Interrupts

h J

Return
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3.9 EEPROM PROGRAMMING MODULE.

The EEPROM module controls and programs the system parameters into

the EEPROM of the radio telephone system.

File Names Description Page
RTEEPROM.PAS Pascal source file in appendix C. —
PROM-10A.FCD EEPROM driver routines. 112

111




GeadDataByte( RAddr,RHi ,RLu} ’

y

Set command to read

Set address to RAddr
Call _EEFROM
Library s EEPROM
Set RHi to high byte
Set RLo to low byte

y

‘ Return ’
‘ EraseDataByte )

h 4

Set command to erase

Set address to EAddr
Call _EEPROM
Library : EEPROM

4

‘ Return ’

‘ ¥riteDataByte(WAddr WHi, I'LQD

L 4

Set command to write

Set address to WAddr
Set high byte to WHi
Set tow byte to ¥WLo
Call _EEPROM
Library : EEPROM

¥

' Return '
‘ Enab)e¥riteData )

1
Set cormand to enable
Cal | _EEFROM

Library = EEPRCM

h 4

‘ Return '

MUPC CARD . EEPROM ROUTINES

FILE : PROM-1QA.FCD
DATE : @1-06-2000
MODULE : RTEEPROM. PAS

Section 1,0 : EEPROM driver routines

( DisableWriteData )

) J

Set command to disable
Call _EEPROM
Library : EEPROM

Y

' Return ’

( EraseAl iData )

Y

Set command to erase-alf

Call _EEPROM
Library : EEFROM

¥y

‘ Return ,

( ¥WriteAl IData (AHi, ALo) )

Y

Set command to write-all
Set high byte to AHJI
Set low byte to Alo
Call _EEPROM

Library : EEPROM

Y

‘ Return ’

112




3.10

“SERIAL PORTS CONTROLLING MODULE.

The serial ports module controls the Modem and com2 ports of the radio

telephone system.

File Names Description Page
RTSERIAL.PAS Pascal source file in appendix C. -
COMS-10A.FCD Serial communications routines. 114

113




MUPC CARD . COMMUNICATIONS

FILE : COMS-T@A.FCD
DATE : 12-Q056-20020
MODULE = RTSERIAL.PAS

Section 1.0 : Serial communications routines

( InitSerial ( Channel }) ( Cou2linmes ( Line ) )

¥
Set _Channel to Channei

1 = MODEM 1200 BAUD Asyne
2 = WNODEM 1200 BAUD Syne, NRLT

3 = COM2 9602 BAUD Async

_Com2Tx = DTR on }p—m

Y
’ CALL PROCEDURE l

—InitsCC
Module : RTDRIVER

LCom2Tx = DTR of f p-p

_Com2Tx = RIS an |

Return

,[}

_Com2Tx = RTS of f }—P

¥

I CALL PROCEDURE

_ComiL ines

Module : RTDRIVER

¥

‘ Return ’
‘ EnableModem { Status )) (SetCoIZDTR { _DTRState D (s:tco-znts { _RTS5State D

No Yes DIRState Na Yes
Set ?
F i y 4 ' ¥ y
‘[ SALL PROCEDURE ‘ ( CALL PROCEDURE \ . .
Com2Lines (2) Com2lines (1} ComZLines (4) Com2Lines (3)
_ModemOff _ModemOn
. “adule : RTDRIVER Module : RTDRIVER

¥ ) 4

\ ' Return ’ ‘ Return ’

Return

114




3.11

SYSTEM UTILITY ROUTINES.

The utility module contains all the routines that perform controlling tasks in

the radio telephone system.

File Names Description Page
RTUTIL.PAS Pascal source file in appendix C. -—
UTIL-10A.FCD Utility routines. 116

115




UpCase ( _Ch )
Function

Change _Ch to upper case

UpCase = character

>
0 4

( Return UpCase )

( ReadAddress )

¥

DATE : 29-@5-200@
MODULE : RTUTIL.PAS

MUPC CARD . UTILITIES

FILE : UTIL-1@A.FCD

Section 1.@ : Utility routines

( ReadRepeater )

ReadDatzByte(RTrep, DH,_ DL}
Module : PROM
_Ch = chr{_DL)

Lh =
Yes
Disabled ?

Clear NoRepeat Set KoRepeat

ReadDataByte(RTAdd1,_DH,_DL)
Module : PROM

ID4 = _DH
I03 = DL

ReadlataByte(RTAdd2,_DH,_DL)
Module @ PROW

IDZ2 =« _OH
01 = DL

¥

' Return ’

( ReadSichoxType )

Y

( e )

Set Temp String
Set string pointer

8 words

loaded ?

ReadDataByte(RTType, DY, _DL)
Module : PROM
SicType = chr{_DL)

Y

' Return ’

fReadDataByte(_Mu, DH,_ DL}
Module : PROM

Load string with _DH

Point to next character

Load string with _DL

Point to next character
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‘ Return ’

( )

Set Temp String

Set string painter

16 words

lcaded ?

ReadDataByte(_Nu, DH,_DL)
Module : PAOM

Load string with _DH

Point to next character

Load string with _DL

Point to nexl character

Set string pointer

8 High

siltes |caded

Set string to
Q000"

4 bytes

loaded ?

Load the

address array

Load the byte

increment pointer




MUPC CARD . UTILITIES

FILE : UTIL-1QB.FCD
DATE : 30-@5-2080
MODULE : RTUTIL.PAS

Section 1.9 z Utility routines

( ReadSpurs ) GetSpurID(_SCh2,_SCh1l) ( DispSereen )
Function

¥ b

Clear GeatSpurlD Write Message : 1
Set Temp Siring .

"Western Cape "
Set string pointer -
WriteString(add,DiagVer)

vyl

Yes 8 spur
addresses

checked ?

Module : RTDISPLY

16 words

loaded ?
ProgMade
Ch2 = Spur 1D 2
flag set
Cht = Spur ID 1
ReadDat2Byte(_Nu, DH, DL} Write Message : 3 Write Message : 2
Module : PROM “Computer Mode "1 ]"Configure Help = w"
Load string with _DH Modute : RTDISPLY Module : RTCISPLY
Paint to next character
toad string with _DL
Point to next character
Set  GeiSpurId
HNo
¥ Set string pointer
Return GntSpur-ID)
Yes
GetHighID{ _HCh2,_HCh1}
Function Write Message : 4
*RY Tests Help = a"
L 4 Module : RYDISPLY
Clear GetHighlD
"
Set string to Tes 8 Spur
addresses Return
'eQoe’ chechked ?
( DisplaySitelD ’
th2 = High 1D 2
Cht = High ID 4
Load the Spurld r

Write Message : 25
10"
WriteString ( add, ID2 )

address array

No WriteString ( add, ID1 )

Madufe : RTDISPLY

Lload the byte

increment pointer Yes

4

Return
Set  GetHighlD ( )
! I
Return
( Return GetHighID )
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MUPC CARD . UTILITIES

FILE : UTIL-1@C.FCP
DATE : 3@-05-2000
MODULE = RYUTIL.FPAS

Section 1.9 : Utility routipes

( DisplayScreen ) GetKeyCodeWait ( _XeyWait) ScanSerialPortWait
Functicn Function

)

¥

Write Message : 55

"UHF NO ID ”

Set Delay counter

KeyStrobe

2

Write Message : 39 set
"YHE NO XD -
Moduie : RTDISPLY

DisplaySitelld
Module ¢ RTUTIL Disabie Interrupts o

GetKeyCodeWait =

GetKeyBoardCode {(_KeyWait)

¥

Kick the watchdog
Schr = SBUF
~Reaclnputtines
GetKeyBoardCode(_KeyData) Clear RI
Function Library : Hardware_Driver
Counter = 1
» Schr = Null
KeyStrobe
No
clear ?
r
Yes

Decrement counter

Enable Interrupts Kick the watchdoy

Case _KeyData

@ : GetKeyBoardCode = *1° Y

1 : GetKeyBoardCode = '2° ( Return GeieyCodeWait
A e R T )

2 1 GetKeyBocardCode = "3° Iy

3 : GetKeyBoardCode = '"A°

4 : GetKeyBoardCode = *4°' GetKeyCodeWait » Null

5 : GetKeyBoardCode = '35’

6 : GetKeyBoardCode = '"6°

7 : GetXeyBoardCode = ‘B’ -
b = o —----— - ScanSerialPort
8 : GetXeyBoardCode = "7" Function

9 : GetXeyBoardCode = "8 ( Return ScanSeris!PortWait )

1@ : GetXeyBoardCade = '97

11 : GetXeyBosrdCode = 'C*

12 : GetXeyBoardCode = *a' No

13 : GetKeyBoardCode » Q"

14 : GetKeyBoardCode = ' &°

Delay

counter = @

15 : GetKeyBoardCode = °0° Yes
¥ Schr = SBUF
Set DIMFSend Ciear RI

¥ Y

' Return GetXeyBoardCode ) (Return ScanSerislPort = SChD

| )

GetXeyBoardCode = Null Schr = Nutl
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GetDTHFCode { _DTMFData )
Function

UHFStrobe

or
VHFStrobe
set ?

Case _DTMFData
T : GetDTMFCode = *1°

2 : GetDTMFCode = *2°

3 : GetDTHFCode = *37

4 : GetDTMFCode = *4°

5 : GetDTMFCode = *5°

8§ : GetDINFCode = '8'

9 3 GetDTWFCode = '9”

19 : GetDTWFCode = '@’

11 : GetDTNFCode = "#°

S I R R

12 : CetDTHFCode = ' ¥

13 : GetDTMFCode = *A°

L L LT

14 : GetDTMFCode = "B’

15 : GetDTMFCode = 'C’

@ : GetDTMFCode = 'D*

UHFStrobe

set ?

| Set UMFDTMFCn

VHFStrobe

?

setb

Set VHFDTMFOn

¥

( Return GetDTNFCode )

P GetDTHFCode = Nulil

MUPC CARD . UTILITIES

FILE : UTIL-120.FCD
DATE = 31-05-2000
MODULE : RTUTIL.PAS

Section 1.@ : Utility routines

UHFDTMFCodeWait
Function

UHFDTMFon

clear ?

UHFDTMFCadaNait
= GetDTMFCode(UHFData)

Y
( Return UHFDTMFCodeWait )

I

UHFDTMFen = UHFStrobe

UHFDTMFCadeWait = Nutl

VHFDTHFCodeWait
Functica

VHFDTMFon

clear 7

VHFDTMFCodeWait
= GetDTMFCode{VHFData)

¥
( Return VHFDTWFCodeWait )
f |

VHFDTMFon = VHFStrobe

VHFDTMFCodeWait = Null
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( SendDTHFTones {_DTMFState, DTMFChr)} )

_DTMF5State

set ?

Case _DTIMFChr
1" : PIAZA = EEH

*2" : PIAZ_A = EDH
*3" : PIAZ_A = EBH
‘4" : PIAZ_A = DEH

'5' ¢ PIAZA = DDH

'6° : PIAZA = DBH

T : PIAZ_A = BEH

b = = e = = o -

else : PIAZ_A = FFH

KeyStrobe Clear DTMFSend

PIAZ_A « FFH

clear ?




(SendKESTone ( _XBSState ))

vy

Set ToneFlag = _KBSState
Set KBSon = _KBSState
Timer @ = KBS frequency

Timer 1 = Filter clock

ToneFlag

set ?

Set Tone off Set Tone on

v

‘ Return ,

(S!ndl KHzTone (_TKHzState ))

1 4
Set ToneFlag = _1KHzState

Timer @ = 1XHz freguency

Timer 1 = Filter clock

ToneF tag

set ?

MUPC CARD .UTILITIES

FILE : UTIL-1@E.FCD
DATE ¢ 31-05-2000
MODULE : RTUTIL.PAS

Section 1.9 : Wtility routines

‘ SetRepeater ( Jepstlg

_RepState

set ?

Write
Yes

SpurRepeater
clear ?

Hessage : 32

rREP*

Module = RTDISPLY

Clear Repeater bit

Set Repeater bit

Write Byte to port

\i
‘ Return .

( SetVLINK { _VLState } ‘

No Yes

Clear

G-tVHFInh ibit(_VHFInStatc))

the bit Set the bit

Set Tone off Set Tene on

Y

‘ Return '

Clear the bit

Set the bit

¥rite Byte to port

120

Write Byte to port

Y

‘ fetura ’




( SetVHFPTT ( _PTTState ) ‘

Y

_PTTState

set ?

MUPC CARD . UTILITIES

FILE = UTIL-19F.FCD
DATE : 91-06-2000
MODULE : RTUTIL.PAS

Section 1.0 : ULtility routines

GetUHFInh ibit(_UHFInState) '

4

No Yes

Clear_TX
Module :

Clear the bit

RTDISPLY { [ MWodule -

Display_TX
RTDISPLY
Set the bit

¥Write Byte to port

1

‘ Rsturn ’

(Sct!'hone!ah(__?holnhStateD

Y

_PholnhState

Yes

Clear the bit

Set the bit

Write Byte to port

‘ SetBuzzer { _BuzrState )} )

Y

BuzState

set ?

(Seular-L‘ED { _LEDState

)

=LEDState

set ?

| 4

Clear the bit

Set the bit

Clear the bit

Set the bit

Clear the bit

Set the bit

I

1

¥rite Byte to port

Write Byle to port

121

Write Byte to port

]

‘ Return '

(SetReI ay (_RelayNo, RelayState ))

~SetRelays

Library : HARDWARE_DRIVE

R

Return

DipSwitchNo{_Switchie)
Function

)

Y

_DipNo = _SwitchNo
_GetDipSwitch

Library : HARDWARE_DRIVE
DipSwitchNa = _DipState

R

¥

( Return DipSwitchie )




MUPC CARD . UTILITIES

FILE : UTIL-1QG.FCD
DATE : @1-@6-200@
MODULE : RTUTIL.FAS

Section 1.9 ¢ Utility routines

(:Sendseepsaap(_BeepStlte) l (:éendsaapseep(_ﬂa=PState) :)

¥

Clear VHFSelect Switch Tone on

SendKBSTone (True)
Set UHFSelect

Delay 300 mS
Clear VHFSeiect
_BaapState SendkBSTone (Trye)
set ? Set UHFSelect
Clear UHFSeiect Delay 32¢ mS
SetVHFPTT (True)
Set VHFSelect
Switch tone aon
Clear UHFSelect
+ SetVHFPTT (True)
v Set VHFSelect
5et Filter clock Switeh tone on
Set beep frequency P
wait 1 second‘ N
Set Fiiter clock ¥
Set baap frequency Set Filter clock
Wait 1 second Set baap freguency
Switch tone off wait 1 second

Set Filter clock
Set beep fregquency

¥ait 1 second

Switch tone off

Clear UHFBeepBaap
Clear UHFSelect

UHFBaapBeep Clear UHFBaapBeep

set ? Clear UHFSelect

Clear YHFEeepBaap
Clear VHFSelect

Set  VHFPIT

Set PTTimer = 2 sec

Clear YHFBaapBeep

VHf SaapBeep Clear VHFSelect

Set  VHFPTIT

r

set

Set PITimer = 2 sec
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( SendBusy (_BusyState) )

)

Switch Tone on

MUPC CARD

FILE
DATE
MODULE

Section 1.0

Clear VHFSelect
SendKB5Tone (True)
Set UHFSelect
Dalay 320 m5

Clear UHFSetect
SetVHFPTT {True)
Set VHFSelect

Switch tone on

s
bl

Y

Set Filter clock
Set busy frequency
¥ait 9.8 seconds
Switch tone off
Wait 0.1 seconds
Switch tone on
¥ait 9.3 seconds
Switch tone off

Ciear UHFBusy
Clear UHFSelect

Clear VHFBusy
Clear VHFSelect

Set VHFPTT

Set PTTimer = 2 sec

4
<

¥

t Return ’

UTILITIES

UTIL-12H.FCD

21-05-20002
RTUTIL.PAS

Utility routines

( SendPiep (_PiepState) )

~PiepState

set ?

Clear VHFSelect
SendK85Tone (True)
Set UHFSelect
Delay 300 mS

Clear UHFSelect
SetVHFPTT (True)
Set VHFSelect

Switch tone on

Y
<

¥

Set Filter clock
Set piep freguency
Wait 9.8 seconds

Switch tone off
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Clear UHFFPiep
Ciear UHFSelect

r

‘ Return '

Clear VHFPiep
Clear VHFSelect
Set  VHFPTT

Set PTYimer = 2 sec




(SendShutdolm (_Shutst-te))

ShutState

set ?

Clear UHFSelect
SetVHFPTT (True)
Set VHFSelect

Switch tone on

MUPC CARD

Section 1.@

( SendCel ICall )

UTILITIES

UTIL-1@I.FCB
Q1-06-2000
RYUTIL. PAS

Utility routines

( SendAtara

Clear VHFSelect
SendKBSTone (True)
Set UKHFSelect
Delay 300 mS

4
<

i

Set Filter clock
Set Shutdawn freq.
Wait 2.0 seconds

Switch tone off

UHFShut down

set ?

VHAFShutdown

set ?

Clear UHFShutdown

Clear UHFSelect

4

‘ Return ’

Clear UHFSelect
SetVHFPTT(True)

Set VHFSelect

Belay 2@ ms
Send0TMFTones (True,*9°*)
Delay 7@ ms

Switch tone off

Delay 7@ ms
SendOTNFTones (True,Tonel)
Delay 7@ ms

Switch tone off

Delay 70 ms
SendDTMFTones (True,Tone2)
Delay 70 ms

Switch tone off

bDelay 7¢ ms
SencDTMFTones (True,'#')
Cetay 70 ms

Switch tone off

Delay 72 ms
SendDTMFTones (True,ID3)
Delay 72 ms

Switch tone off

Detay 7@ ms
SendDTMFTones (True,ID2)
Delay 70 ms

Switch tone off

Celay 7@ ms
SendDTMFTones (True,ID1)
Detay 70 ms

Switch tone off

Clear UHFSelect

Clear VHFSelect

Set  VHFPTT

Set PTTimer = 2 sec

Clear UHFSelect
SetVHFPTT(True)
Set VHFSelect
Switch tone on
Set 1KHz tone

Set Filter clochk
Deiay 0.2 seconds
Switch tone off
Delay 0.1 secands
Switch tane on
Deiay 8.4 seconds
Switch tone off
Clear VHFSelect
Set  VHFPTT

Set PTTimer = 2 sec

Clear YHFShutdown
Clear VHFSelect

Set  VHFPTT

Set PTTimer = 2 sec

4
-

¥

‘ Return ’

¥

‘ Return ’
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‘ Return '




3.12

INTERRUPT SERVICE ROUTINES.

The Interrupt service module controls all the timer variables in the system

and is called every second.

File Names Description Page
RT_INTER.PAS Pascal source file in appendix C. -
INTR-00A.FCD System timers routine. 126
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MUPC CARD . REAL TIME INTERRUPT

FILE : INTR-@QA.FCD
DATE : Q1-06-2200
MODULE : RT_INTER.PAS

Section 1.@ : System timers routine

( Real|Timelnterrupt )

T_UHFIgnore Decrement T_UHFIgncre

Decrement T_CelbiAliCall

T_VHFIDLimit Decrement T_VHFIDLimit

T_CellCall Decrement T_CeliCall

>0 ?

Yes

Decrement T_CeiiTone T_VHFIgnore Decrement T_VHFIgnore

T_CeflTone

> B ?

Yas

Decrement T_RingDelay T_VHFPTT Decrement T_VHFRTT

T_Ringdelay

> 8 ?

A

Yes
Decrement T_ShutDown ‘ Return ’

T_ShutDown

>@7?

Decrement T_SysCeliCall

T_UNFIDLimit Pecrement T_UHFIDLImit
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3.13

SYSTEM HARDWARE DRIVER ROUTINES,

The system hardware driver module is a library of hardware control routines

that is used by the pascal routines.

File Names

Description

Page

RTDRIVER.ASM

Assembler source file in appendix C.
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