
SOFTWARE REQUIREMENTS

FOR AUTOMATING A

RADIO TELEPHONE SYSTEM

by

Louis S, van Zyl

Date: June 2000



SOFTWARE REQUIREMENTS FOR AUTOMATING A RADIOTELEPHONE SYSTEM.

BY

LOUIS STEPHANUSVAN DER WALTVAN ZVL

NH D: IT

THESIS SUBMITTED FOR THE FULLFILMENT OF THE REQUIREMENTS FOR THE

MASTERS DEGREE IN INFORMATION TECHNOLOGY:

IN THE FACULTV OF BUSINESS INFORMATICS AT THE CAPE TECHNIKON

SUPERVISOR:

CO-SUPERVISOR:

CAPE TOWN

2000

PROF P J S BRUWER

PROF B MORTIMER



DECLARATION

I, the undersigned, hereby declare that the work contained in this thesis is my own

original work and has not previously in its entirety or in part been submitted at any

Technikon or University for a degree.

Signature:
/

Date:

The study leader, Professor P, J, S, Bruwer has accepted this final version of the thesis.

Signature:

ii

Date:



ACKNOWLEDGEMENTS

I would like to give thanks to Sentech for making time and resources available to

complete the research into the upgrading of the radio telephone system.

I would like to give special thanks to the Cape Technikon for the assistance and guidance

in completing this thesis.

Hi



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 communication is impossible, as 80%

of the sites fall outside the coverage area of the cells. Telkom infrastructure in these

areas is most of the time not available or consists of shared farm 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 installed, 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 fulfil 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 signalling,

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)
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• 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 streamlined.

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

generation for system alignments, system configuration' 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 help 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.
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CHAPTER 1

1 THE PROBLEM STATEMENT

1.1 INTRODUCTION

Sentech is the common carrier signal distributor in South Nrica for Television and Radio

programs. The radio telephone system is used by Sentech in the Westem 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 General Electric USA. The controller used to control the system 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 extemal equipment and the general

maintenance of the system will also be addressed. The control of radiotelephone systems

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

codes can be implemented on 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

system was developed for Sentech in the Westem Cape, tlere are only three systems in

the country. The company that developed it is no longer in existence, thus making it

difficult to implement changes. With the expansion of Sentech and the deregulation 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.
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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

implemented 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 limited and non-standard.

The system does not allow easy expansion or interfacing to extemal 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.
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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.

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 0 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 time you want to issue a command to the phone patch, you shut the system

down.

The cell call system uses two tone signalling to Call 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 unreliable handheld

must still be used to monitor the call.

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 can 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.
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•

1.2.3

By selling 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.

HARDWARE DEFECTS

The following statements 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 result is that there )s 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 a=rdingly. The handheld units were replaced with new 12.5 kHz

channel spacing units, to comply with the new international regulations. The new

unifs 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.
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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 hard~are has to be upgraded and

modified. The objective of phase one is to improve the hardware. Only the micro

controller will be redesigned. All other hardware changes will mainly consist of component

value changes.

• 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 to modify the eXisting UHF channel audio miY.ers to eliminate some or all of

the alignment procedures on the board.

• UHF and VHF Controllers

The two controllers 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.

5



• Micro Controller

The objective of this step is to redesign the micro centroller board and incorporate the

existing modifications in the system. Also to expand and improve the hardware

capabilities of the micro centroller 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 censumption of the new system.

1.3.2 PHASE 2: CONTROL CODES OF THE SYSTEM

The objectives of phase two are to improve the overall 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 cemmission for any length of time. Once all hardware

modifications have been cempleted, the secend phase software can be implemented.

• Reverse Engineering of the current system in use

Analyse the current system software to provide a better understanding of its operation,

providing flow diagrams of all procedures. Compile a list of the existing functions, codes

and shortcemings.

• Research on existing control code trends

Gather information on central cedes 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.
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• 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 current hardware interface and

handshaking to the radio telephone system to improve overall operation.

1.3.4 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.

• 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

7



• 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.

• 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.

• 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 current 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 two 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.
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• 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 controlling 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 install 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.:foller 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 software.

• The four appendices give the following information:

• Appendix A. Micro controller circuit descriptions and diagrams.

• Appendix B. The flow diagrams for the operational and diagnostics software.
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• Appendix C. Source code of the operational and diagnostics software.

• Appendix D. Installation disk for the controlling software.
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CHAPTER 2

2 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.

2.1 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 available [9]. 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 receive

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 intemationally at the time [9]. 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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2.1.1 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 requirement is thus for the base

station to re-transmit the received audio signal, so that the other mobile 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 strict 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

(20]. 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 Squelch (CTCSS) [20J 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.
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SIGNALLING TONES
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Figure 1: Radiotelephone frequency spectrum allocation [20J

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 [20J. An improvement on this

scheme is the sequential single tone system. This scheme uses a sequence of tones

consisting of two [14J 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 Comite Consultatif

Intemational Radio Communication (CCIR), Zentralverband der Electrotechnischen

Industrie (ZVEI) Genmany and Electronic Engineering Association (EEA) United Kingdom

[15][20J.

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 9, " #, and A to D. These digits are represented

by two-tone frequencies transmitted simultaneously. 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 [20J.
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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 to 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".

2.1.3 RADIOTELEPHONE SERVICES

If a system is capable of accessing a local line network, it is a small 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.

2.1.4 AREA COVERAGE TECHNIQUES

Most radiotelephone systems are required to operate over larger areas than can be

covered by a single base station. To solve 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 technique known

as "quasi-synchronous operation" (also known as Simulcast) [15J is used for simultaneous

operation. It was assumed that due to the capture effect inherent in frequency modulated
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(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 obta;ned. The matching was more easily achieved using radio

links rather than landlines. Using radio links led to the phrase "backbone" where the links

between the base stations formed the backbone of the system with the base stations

connected to it.

The altemative is to sequentially tum the transmitters on at the base stations. However

the operator does not know where the mobile is and a mobile location 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, Le.

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.
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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.

2.2.1 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:

(i) The service to be provided by the protocol.

(ii) The assumptions about t~e environment in which the protocol is executed.

(iii) 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 Standards Organisation has a

model known as the Open Systems Interconnection (OSI) model and proposes a 7-layer

stack. This has been accepted intemationally as a standard and nearly all protocols

implement it The principles of the layers are as follow [18]:

(i) A layer should be created where a different level of abstraction is needed.

(il) Each layer should perform a well-defined function.

(Ill) The function of each layer should be chosen with an eye towards defining

intemationally standardised protocols.
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(iv) The layer boundaries should be chosen to minimise the information flow across the

interfaces.

(v) 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 protocol

is:

(i) Make sure that the problem is well defined. All design criteria, requirements and

constraints, should be enumerated before a design is started.

(ii) 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)

(iii) Design extemal 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 black box can be organised internally. It likely consists of smaller black

boxes that can be refined in a similar fashion.

(iv) 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.

(v) Do not connect what is independent. Separate orthogonal concerns.

(Vi) Do not introduce what is immaterial. Do not restrict what is irrelevant. A good

design is "open-ended," i.e., easily extendible. A good design solves a class of

problems rather than a single instance.

(vii) 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.

(ii) Livelocks - Execution sequences that can be repeated indefinitely. Often without

ever making effective progress.

(iii) 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 FLOW CONTROL SYSTEMS

In order to show the flow of control in a protocol, some furm of f1ow-charting must be

used. Using a picture will highlight any flow control problems faster than trying to describe

them. The protocol flowchart symbols deviate from the normal flowchart types and the six

different types given in figure 2 are:

(i) Statement - assignments.

(H) Boolean tests - expressions.

(iii) Wait conditions - receives.

(iv) Intemal events - timeouts.
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(v) Message inputs

(vi) Message outputs

I Statement ~ C Wait )

o Internal 0 > Input < Output

Figure 2: Flow chart symbols for a protocol [81

To transfer messages between two points, a protocol 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

onlX-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][8J[18J

2.2.4 TYPES OF ERRORS

No protocol will ever operate without encountering errors Nhile 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 timeouts 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 involves the
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sending of a range of messages and acknowledging only the range that was received

error free. [8][18]

2.2.5 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-ordered. 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 worns have the same length

(ii) Convolution codes 2 depends on the data message and a given number of

previously encoded messages

(iii) Linear codes - every linear combination of valid cc1e words, produces another

valid code word (moduI0-2 sum)

(iv) Cyclic codes - every cyclic shift of a valid code word, produces 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 system. 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 will occur. This work

addresses these problems by sound research principals and designing the control system

properly.
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CHAPTER 3

3 RADIO TELEPHONE SYSTEM OPERATION

3.1 INTRODUCTION

During the early 1980's the old radio telephone system 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.

3.2 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 Ii' 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 VLlNK. The VHF sets can also 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 VLlNK 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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ifs transmit and receive frequencies are swapped. With a mobile unit communicating to a

spur site and the spur site tumed 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.

CAPE TOWN RADIO TELEPHONE SYSTE1\![

C1.2

C1.7

CH

C1.11

Figure 3: System layout

\
C1.5

C12

C3

• BASE STATION

t@HIGHSITE
.. SPUR SITE
= UHF LINK
~ VHF LINK

SITE DESCRIPTION

TCC Caoe Town Transmitter Control Centre, Milnerton
C1 Conslantiaberq
C1.1 Table Mountain
C1.2 Ritz Protea Hotel, Sea Point
C1.3 Paarl
C1.4 Simonstown
C1.5 Franschhoek
C1.6 Stellenbosch
C1.7 Houtbav
C1.9 Tyqerberq
C1.11 Fishhoek
C1.15 Grabouw
C2 Villiersdoro
C2.1 Hermanus
C3 Naoier
C11 Piketbera
C12 Matiiesfontein
C12.1 Ceres
MF5 K1ipheuwel

Table 1: Cape Town area site names
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3.2.2 HARDWARE LAYOUT

The hardware layout for 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

L.--.llM=U.:.P..:cjt-__~~l@j;m~~
78se
'0 0

•

UWJ" 11.,.
"'''''11010'

UHF
CONT. "-r-1'>-.VHF

UHF2

UHFl

UHF3

UHF .,

Figure 4: General 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 VLlNKing

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 and 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 insta'led. The board is part of the

original system and the upgrade work done on it, consisted of the elimination of the

variable resistors by repiacement 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 completely

separate to the control of the radio telephone system, using only the radio carriers. 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

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. Module 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.

3.3 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 '!D' 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 te 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 telemetry 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 beiow for the layout of the system.
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Figure 5: Encoder I 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 decoder protocol do not conform to

any standard protocols, thus a 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

SDLe synchronous protocol on the UHF backbone and asynchronous protocol on the

VHF radios. Due to the amount of interference on the VHF radiotelephones the
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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 SYSTIlIoJS INTERCONNECT

X.25 protocol

SDle protocol
A~ protocol

FSKmodem

UHf I VHf RI

TH =TraJ:1.Sport header
HH = Hetwork header
F = SDLe f4
A =Address
C = ControL:, b}'1.e
fes = Fra.!l'tE: Check Sequence

ITHIi' Data7l

fNHI D.t>.

Application layer

Presentation layer

Session layer

Network .layer

Data lirtk L:..yer

Physic.allayez

Figure-6: Schematic showing the mapping of the network layers

3.4.3 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

4.1 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 MICRO 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 to 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 into 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 DL4.GR~l\II

1--+l,f\'+fA~Ah+'"vv V MODEM

DTMF Data

COM2

DTMF Tones

Tanes

Input signals

Output signals

ROM

Relays

Display

I~L~~I

COM1

Figure 7: MUPC controller functional block diagram

• Keyboard and Display

By adding a keyboard controller the software scanning of the old, unobtainable keyboard

has been eliminated. This provided tne electronics to interface commercially available

keyboards, which can direc Iy 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 so'ved in he software driver.

• Relays

The relays on the board provide output con rol signals and replace the TIL output control

signals of the old board. This eliminated the need to add bUffering electronics to the

systems interface controller, so that the comrol lines could be used. The output control

capacity was increased from 6 to 8 output lines
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• Input I 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

equipment could 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

signals are combined and routed to 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 controller 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 a RS232 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

•

SYSTEMS INTERFACE CONTROLLER MODIFICATIONS

VHF controller modifications

The VHF controller is the interface board between the VHF radio and the rest of the

system. The board is part of the original system and was not redesigned. The upgrade of

the board consisted 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 VHF radio and the micro controller board. Figure 8 shows the block diagram

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

VHF CONIROLLER BLOCKDIAGRAlII

VHF
Rx

Repeal
Tones
DTMF ..•+.
Node

Mix 1
Mix 2
Mix 3
Mix 4

VHF -UHF

f.-----+---1---j:~VHF Node

DTMF
Decode

Hand set

f--+---4"'.:::li,[if1=-q.··~ VHF Tx

'-~ "

L:.-'-""'-J ..~. Input removed
1t><I t Electronic swach
--0- Adjustment 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

controller.
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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 consisted 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 CONlROLLffi BLOCK DIAGRAM

Mix 1
Mix 2
Mix 3
Mix 4

+- Adjust e

r---+---~--j- DTMF
JOSO Decode

K8S
Detector

Figure 9: UHF controller bloc diagram showing the adJustmen elimina ion POints

The changes to he board eliminated seven adjustment Doints in the systems interface

controller.
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CHAPTERS

5 AUDIO TEST RESULTS OF THE RESEARCH

The following chapter gives the detaiis 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 controller output level set to

+/- 250 mV poP.

Table 3 gives the results of the output level changes, with the input impedance set to 18K

and the node controller output level set to +/- 300 mV pop. 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 Mix2 Mix 3 Mix4

Input capacitor value 470n 470n 470n 470n

Mix 1 output set to -11 dB -11.0 -11.2 -11.2 -11.2

Mix 2 output sello -11 dB -10.9 -11.0 -11.1 -11.1

Mix 3 output set to -11 dB -10.8 -11.0 -11.0 -11.0

Mix 4 output set to -11 dB -10.8 -11.0 -11.0 -11.0

Mix 1 output set to -11 dB -11.0 -11.2 -11.3 XXX

Mix 2 output set to -11 dB -10.8 -11.0 -11.1 XXX
Mix 3 output set to -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 XXX 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 Mix4

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 set to -11 dB -10.9 -11.0 -11.0 -11.0

Mix 4 output setto -11 dB -10.9 -11.0 -11.0 -11.0

Mix 1 output set to -11 dB -11.0 -11.1 -11.1 XXX
Mix 2 output set to -11 dB -11.0 -11.0 -11.1 XXX
Mix 3 output set to -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 position does not alter the output level

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

the best results.

• 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 1OK and different capacitor values used in the test.

Mixer no Mix 1 Mix 2 Mix 3 Mix4

Input capacitor value 470n 22n 15n 22n

Mix 1 output set to -11 dB -11.0 -11.6 -11.8 -11.3

Table 4: Mixer impedance set to 1OK 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 Mix2 Mix3 Mix4

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 set to -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 set to -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 set to -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 results 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 incorporated 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 Mix3 Mix4

Input capacitor value 470n 470n 470n 470n

Mix 1 set -5 dB 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 comparison 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 removing, inserting or exchanging any board as the output level does not

change more than +/- 0.05 dB.

Channel No Mix 1 Mix2 Mix3 Mix 4

Mix 1 - RV 13 15.09 14.80 14.89 14.78

Mix2-RV12 1515 14.87 14.99 14.86

Mix 3 - RV 11 15.13 14.84 14.97 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 required were

drastically reduced and the time between maintenance checks increased, making the

system cheaper to maintain.
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CHAPTER 6

6 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 Flash 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.

6.1 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 points 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 th" 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 prom.

• Open File

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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Contents
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About

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 abort the flash programming

• Erase Flash

The option IS used [Q erase the flash oram 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.

• 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

MUPC and the PC running the controlling software.

• CPU Test

The CPU test is used to check that tr,e basic processor circuitry is working correctly. The

RAM, EPROM, CPU and control 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 operation 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.

• 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.

• Keyboard

The screen is used for the keyboard circuitry and operation. This option is also used to

check the connections 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.
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• 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 general 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.

• Flash 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 memory, the base address from where the data is read

must be changed.
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• Modem & Corn 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.

• 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 screen is used to enter the name of the site. A total of 16 bytes are available for the

name.

44



• 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 enter the list 01 spur sites working to the high site. The list is

needed lor 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. This 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

,lConfigure Mode I
I

r I I I I I
I~ Type JI~ Address IlRepeater 11f Name 111 Hig" Site II~ Spur Site I

Figure 12: Flow diagram o' keyboard configure mode
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6.3 TEST MODE

Switching dipswitch 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 rute

for all other signals was formulated for maximum reliability of the system operation.

"DTMF EQUALS SPEACH DEVIA nON AND ALL OTHER SIGNALS MUST BE SET AT

HALF OF SPEACH DEVIA nON'. 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.

I, RT TestMa
~

i
11

! !
F5 ~ [Repeater 11

Keyboard IIII Relays I
- [~~
[DTM~il];,

I! KBS lib: Vlink 111 1KHZ 11' Key Tones I

Figure 13: Flow diagrams for keyboard test alignment mode

• DTMF generation

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

levels.

• 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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• Vlink mode

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

UHF radio.

• 1K on VHF

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

• Keyboard mode

The test enables the keyboard section. If the UHF radio is selected, pressing any key will

generate the DTMF tones and key busy signal is sent. If the VHF radio is selected the

transmitter 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 software

allows the following basic operations on the system.

• Access UHF and VHF sections.

• Vlink between the UHF and VHF radios.

• Switch the VHF racio into repeater mode.

• Ring the buzzer on site.

• Termina:e the access on si:e.

This section was included in the diagnostics software to allow tre 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 diagnostics software. It

controls the normal operations of the system and is briefly lined out in the following

sections. See appendix 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 to the site.

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

• Provide cell-call functionality at the site.

• Provide seamless integration between the telephone interface and the

radiotelephone.

• Allow ordinary handshaking between the radiotelephone and the telemetry data

transfers implementing speech priority over data.

• Genera'e the telemetry call-out sequence.

• Control the operation of the UHF and VHF radios.

• Cc~trol the output centeel relays.

7.1 ACCESS OF SITES

A two-digit code is issued to access the sites. This code must be "le same as the ID code

of the site and if correct the site will respond with a beep-baap acknowledge tone,

indicating that the operation was successful. The system is Shutdown by sending the ,.'

DTMF code.

7.2 AUTOMATIC ROUTING

Automatic routing is a function ef 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 ID's first digit must be the same as the high site's first digit for the routing to
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work. When a high site receives the first digit on the backbone, it Vlinks the VHF set and

also sends it out to the spur sites. When the second digit is a spur site ID, 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 route is then set-up.

7.3 REMOTE CONTROL

Remote control on the sites is an added functionality that is used to control 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 activated on the MUPC board while the code is present.

7.4 CELL-CALL OF HANDHELDS

All the new handhelds that are on the market today use DTMF signalling to access the

sets. The old system used two-tone signalling that is not compatible with current trends

and technology. 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 ido !he system. It is veri important that

designers of radiotelephone systems must think of where these units are installed.

Normally "n a small bUild:ng or co~tainer on top of a mountain. The MUPC is a

complicated board to fault:ind and repair. With the help of the onboard diagnostics

software and Windows based ccntron:ng sc;';..;are. comb'ned with the help files as a

guide, the problem ef repa:ring the boa.rc '::as solved.

As the functionality and cperating e,~v:ronment of the system change, it will become

necessary to upgrade the contro'ling software. When designing a system of any

reasonable size that uses software tu control i!, the option of a hex loader program,

programm:ng an EEPROM against replacing an EPROM, must be considered. It is easier

and more cost-effecti'Je tc e-m;;,; ~ne .,e..;software to the users, than sending them the

software in an EPROL1. n,e c;;tlc~ to load the cperatlng scft,'I2re was selected for this

system, 25 t~;s me~hod is in line \,'.'::h the n2"'.' trends in des;g:l;ng af equi,pment.
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The research and upgrading of the system were a very useful and successful exercise

that saved money and manpower. The upgrading was successfully implemented in Cape

Town"Vredendal and George areas and is successfully working as a system from

October 1999.
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APPE~T])IX DESCRIPTIONS

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

Appendix A - The Microprocessor Board

This appendix contains the full description and circuit diagrams of the MUPC

microprocessor board.

Appendix 8 - Software flowcharts

This appendix contains all the detailed flow diagrams of the radio telephone system. Both

the operational software and the diagnostics software flow diagrams are contained in this

appendix. As these diagrams were generated in a 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 source code of the operational and

diagnostics software. The code is written in Pascal and the System51 compiler was used

to generate the macrine cede. The source code can be viewed '11;' 1 Windows notepad.

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

Appendix 0 - Control softvlare

The appendix is a 1.44-MB stiffy that contains the control software installation and this

software was written in Visual Basic version 3. To install the software Widows 3.1 or

better operating system must be installe:J on the computer. Insert the disc into the 'A'

drive and then run Setup.
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1. 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 RS232 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-ehanneJ timer

generates the tones 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.

2. CIRCUIT DESCRIPTION.

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

micro controller of the radio telephone system.

2.1 MICRO CONTROLLER.

U1 is the 8032 Micro controller. The 8032 contains 256 bytes of on-chip RAM, three 16 bit counter

I timers, one asynchronous serial port, 6 interrupts with 2 interrupt levels and 32 I/O lines in 4

ports. The 8032 has a 16-bit address bus and 8-bit data bus. The least significant address bits AO­

A7 and the data bits DO-D7 are multiplexed together onto port O. 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 memory. The RD, WR, TO, T1, INTO, INT1, RxD and TxD are

multiplexed onto port 3. Port 1 is a general 110 port and is used for internal system controls.

2.2 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 line. One 28F256 32K ftash

EEPROM U3 contains the operating software that controls the normal system operations.

Addressing starts at program memory location OOOOH to 7FFFH and reading is done with the

PSEN line. One 27C256 32K EPROM U4 contains all the firmware that is used when aligning the

system and re-programming the operaticnal software. Addressing starts at program memory

location OOOOH 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 programmed. Having separate memory areas for data (RD line) and program area
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1. 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 RS232 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 tones 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.

2. CIRCUIT DESCRIPTION.

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

micro controller of the radio telephone system.

2.1 MICRO CONTROLLER.

U1 is the 8032 Micro controller. The 8032 contains 256 bytes of on-chip RAM, three 16 bit counter

J timers, one asynchronous serial port, 6 interrupts with 2 interrupt levels and 32 I/O lir1es in 4

ports. The 8032 has a 16-bit address bus and 8-bit data bus. The least significar1t address bits AO­

A7 and the data bits 00-07 are multiplexed together onto port O. Address lines A8 - A15 are

implemented onto port 2. Three control lines, RO, WR, and PSEN partition the address space as

64K bytes each of program and data memory. The RD, WR, TO, T1, INTO, INn. RxD and TxD are

multiplexed onto port 3. Port 1 is a generalIJO port ar1d is used for internal system cOr1trols.

2.2 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 t~e RD line and writing with the WR line. One 28F256 32K flash

EEPROM U3 contains the operating software that controls the r10rmal system operations.

Addressing starts at program memory location OOOOH to 7FFFH and reading is done with the

PSEN line. One 27C256 32K EPROM U4 contains all the firmware that is used when aligning the

system and re-programming the operational software. Addressing starts at program memory

location OOOOH 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 programmed. Having separate memory areas for data (RD line) and program area
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(PSEN line), the address space for data and software can be overlapped. The last memory area is

a 128 byte EEPROM that is serially controlled by P1.0 to P1.2 of the CPU and is used to store

system configuration information.

2.3 CONTROL LOGIc.

U6 is a 74HC573 octal latch and latches the low order address AO to A7. The ALE signal from the

Micro controller is used to latch the low order address into U6. USA is a 74HC139 and is a 2 to 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. U88 & U9C decodes the

memory into 8K blocks above 32K. U27A decodes block COOOH into four 2K blocks and U27B

decodes block EOOOH into four 2K blocks.

U11 Le. a 74LS153 dual4 mUltiplexed inputs. It 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 operation, U3 is mapped to the program area with U4

disabled. In,the service operation, 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 to

set system options that can be selected by the user.

2.4 WATCHDOG TIMER.

The U7 is a MAX690 dedicated watchdog 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 aiiow the user to manually restart the system.

2.5 PRIMARY & SECONDARY RS232 CHANNEL.

U12 is the primary RS232 channel (COM1) and is connected to the serial port on U1 with P16 and

P1.7 controlling the RTS and CTS lines of the channel. U34 is the secondary RS232 channel

(COM2) connected to the 8 channel of the SCC U31. 80th U12 and U34 are MAX232's and are

dual 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 200E. The second

charge pump uses external capacitor C5 (C31) to invert the +1QV to -1QV, with an overail output

impedance of 450E. The +1 QV can be measured at pin 2 and the -1 DV at pin 6.
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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 output voltage swing is from (+V

- O.6V) to -v. The outputs are short circuit protected and can be short circuited to ground

indefinitely.

The two receivers fully confonn 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 RS232 input is greater than 2.4V and high when the input

is floating or driven between +O.8V and -30V.

2.6 MODEM CHANNEL.

Serial communication between UHF sites is done in U31. This is a Serial Communications

Controller (SCC) and has two independent full duplex Transmitters and Receivers. Channel A is

used for UHF and channel 8 for the secondary RS232 channel.

The register set for each channel includes ten control (write) registers, Two synchronous character

(write) regisiers 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

infonnation (Channel 8 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 serial output and is fed to the modem U32. Receive Data A

(RXDA) is the serial input for data from the modem to the SCC. Request To Send (RTSA) is used

to enable the modem for nonnal operation. In channel 8 this signal fonns 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 fonns the modem channel and is based on the TCM3105 voice band modem. The transmitter

is a programmable frequency synthesizer, which provides two output frequencies representing the

"Marks" and "Spaces" of the digital signal present on the TxD input. The receive section is

responsible for the de-modulation of the analogue signal. The section contains a group delay

equalizer and automatic gain control. The carrier detect level is adjusted by RV5 and the receiver

bias distortion is adjusted by RV6. The modem is connected to channel A of the SCC U31. The

RTSA signal from U31 control the operation of the modem switching it on or off. U33A is the output

buffer and the level is set by RV?, 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.
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2.7 KEYBOARD CONTROL.

U20 is a MM74C923 20 key encoder. The key-encoder scans the keyboard and fully encodes the

keyboard connected to it. CB 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. U21 Band 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.

KeyboardpiJI-outs

Col Y1 1 0 2 Y2 Col
Col Y33 4 Y4CoI
Col YS S _ 6 X1 Row
Row X2 7 8 X3 Row
Row}(4 9 10

- ,...:...::
1 2 3 A ~
4 5 6 B ~
7 8 9 C ~

* 0 # 0 ~

XI
X2
X3

X4

Keyboard hyoul
Y1 Y?Y3Y4 YS

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 PPI U13 port A and the display control lines to port C lines 0,1 & 2.

DisphypiJtouis

~ ~I~!!iii~iiiiliii,
~: i=!ii~m§R~~ii
j;:; 5: :<ii:iS!:Si co:.5il

21Q! 1
DIsplay from

14E?Z0ij$s00SGe0@1

Figure 2: Display connector pin-outs for single or double line headers.
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2.9 RELAYS & BUZZER CONTROL.

The output control relay latch U28 is a 74HC573 and latches the relay control signals. U16 to U19

are D575452 dual relay drivers that buffer the signal and drives the 8 output control relays RL1 to

RL8. The buzzer control signal is provided by U13 port B6. This signal is buffered by 04 to control

RL9 that rings the buzzer and provides the remote signal.

2.10 DTMF GENERATION.

The Dual-Tone Multi-Frequency (DTMF) generator is a MV5089 U15. The generator tones are

controlled by the CPU via a 8255 PPI U14 port A. The output of the port is connected to the row

and column inputs of U15. The generator output level can be set by VR2 for the UHF channel and

RV3 for the VHF channel at the front of the board.

2.11 TONE GENERATION AND TIMERS.

The KB5 signal and tones are generated in a programmable interval timer 8253 U22. Ccntrol 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 automatic 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 MF6 6th order switched capacitor butter worth low pass filter. The output 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

02 before it is applied to 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 U24 to produce the tones. The output of the filter is

connected to the spare buffer on the chip and the output is fed to the UHF and VHF mixers. Timer

2 is set as an external timer to trigger the CPU internal timer O. The two timers together forms a

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

2.12 UHF AUDIO MIXING AND SELECTION.

U23A is t~e UHF audio mixer that mixes the DTMF tcnes, modem tones and KBS tones. These

tones can be monitored on TP1. U29A is a CD4066 analogue switch that connects the tones to the

output buffer U30A. When the tones are switched off U29C provides an earth signal to the output

buffers input. The control of the UHF chanrel tone selection is done by U1 port 1.3.
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2.13 VHF AUDIo MIXING AND SELECTION.

U238 is the VHF audio mixer that mixes the DTMF tones and function tones. These tones can be

monitored on TP2. U298 is a CD4066 analogue switch that connects the tones to the output buffer

U308. 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.

2.14 INPUT SIGNALS.

U14 is an 8255 PPI and port B & C provides all 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 data to port B 4 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 connected to U13 port C 5 & 6.

2.15 OUTPUT SIGNALS.

U13 is an 8255 PPI and port B lines 0 to 5 is the general output signals. See 11.5 for more details

on the output signals. Port 8.7 signal is buffered by 05 that drives LED2 and is the general alarm

LED.

3. BOARD SET-UP.

The following procedures are used to set up the board for normal operation. Switch SW1.1 to on

and press the Reset button. The board is now in computer controlled 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 ''t!'' exits the help screens, but tests can be activated from within the help screens.

3.1 DISPLAY INTENSITY.

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

display can be read normally.

6



3.2 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 "UHFNHF" switch will select between the UHF

or VHF channel. Press "#" to stop the test.

3.3 KBS LEVEL.

Select test mode as in section 3. To activate the KBS generation press "2". This will switch the

KBS signal on. Adjust RV9 for 1.5 kHz deviation on any UHF channel. Press "#" to stop the test.

3.4 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.

3.5 MODEM LEVELS.

Select test mode as in section 3. To activate tihe modem tone generation press "6". This will switch

the modem signal on. Adjust RV? 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 to -6 dBm. Reduce the input signal to 0.5 kHz deviation. Set the

carrier detect level by monitoring TP5 and adjust RV5 for tihe signal to switch from low to high. On

any UHF connector remove tihe cable to tihe 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.
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4. EDGE CONNECTOR PIN OUTS.

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

TOP CONNECTOR

Row A RowC

DV 01 DV

+12 V 02 +12 V

03

04

UHF modem tones input 05 UHF modem tones input

Corn 2 Txdata 06 Corn 2 Rx data

Corn 2 RequestTo Send 07 Corn 2 Clear To Send

UHF tones output 08 UHF tones outout

Buzzer siqnai 09 Buzzer siqna!.

COM 2 Data Terminal Readv 10 Carrier Detect Corn 2

11

Remote Buzzer common 12 Remote buzzer common

Remote buzzer normal closed 13 Remote buzzer normal closed

Remote buzzer normal open 14 Remote buzzer normal ooen

+12 V 15 +12V

16

DV 17 DV
+5 V I 18 +5 V

19 UHF I VHF select

UHF node controller busv inout 20 VHF node controller busv inout

UHF DTMF data 2 21 UHF DTMF data 3

UHF DTMF data 0 22 UHF DTMF data 1

VHF DTMF data 2 23 VHF DTMF data 3

VHF DTMF data 0 24 VHF DTMF data 1 I
UHF DTMF data available 25 VHF DTMF data available

KBS detected input 26 UHF HMT PTT input

Phone patch busv inout 27 VHF RUS inout

VHF HMT PTT input 28 Mains fail inout

Repeater enable output 29 VHF PTT output

VLink enable 30 Phone patch inhibit

VHF telemetrv modem inhibit I 31 UHF telemetry modem inhibit I
DV 32 VHF tones outout

Table 1: Top edge connector pin-outs on the micro controller board.
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BOTTOM CONNECTOR

Row a Rowc

DV 33 DV

+6V 34 +6V

+5V 35 +5V

36

37

38

39

40

41

42

43

RelaY 1 common 44 Relay 1 common

Relay 1 normal close 45 Relay 1 nonmal ooen

RelaY 2 common 46 RelaY 2 common

Relay 2 nonmal close 47 Relay 2 nonmal open

RelaY 3 common 48 RelaY 3 common

RelaY 3 nonmal close 49 RelaY 3 normal open

RelaY 4 common 50 Relay 4 common

Relay 4 nonmal close 51 RelaY 4 nonmal ooen

Relay 1 output 52 Relay 2 outout

RelaY 3 output 53 RelaY 4 output

Relay 5 output 54 Relay 6 output

RelaY 7 output 55 RelaY 8 output

Relay 5 common 56 RelaY 5 common

Relay 5 nonmal close 57 Relay 5 normal ooen

Relay 6 common 58 Relay 6 common

RelaY 6 nonmal close 59 RelaY 6 nonmal ooen

Relay 7 common 60 RelaY 7 common

Relay 7 normal close 61 Relay 7 nonmal ooen

RelaY 8 common 62 Relay 8 common

RelaY 8 nonmal close 63 RelaY 8 nonmal ooen

ovl 64 DV

Table 2: Bottom edge connector pin-outs on the micro controller board.
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5. PROGRAMMING SPECIFICATIONS.

The memory map of the board is as follows.

5.1 NORMAL OPERATION. ( Sw1.1 OFF)

In normal operation, the fiash 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

OOOOH - 1FFFH BK Not used Extemal EEPROM U3
2000H - 3FFFH BK Not used Extemal EEPROM U3
4000H - 5FFFH BK Not used Extemal EEPROM U3
6000H - 7FFFH BK Not used External EEPROM U3
BOQOH - 9FFFH BK External RAM U2.

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

5.2 SET-UP OPERATION. ( Sw1.1 ON)

In set-up operation, the fiash 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 memory

OOOOH - 1FFFH BK External EEPROM U3 External EPROM U4
2000H - 3FFFH BK External EEPROM U3 External EPROM U4
4000H - 5FFFH BK . External EEPROM U3 Exter',al EPROM U4
6000H - 7FFFH BK External EEPROM U3 External EPROM U4
BOOOH - 9FFFH BK External RAM U2.

Table 4: Code and data areas during set-up operation of the board.
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5.3 PERIPHERAL ADDRESSES.

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

description on the address decoding for tihe peripherals.

Address Size Data memory

COOOH - C7FFH 2K 74573 U28 RelaY latch.
C800H - CFFFH 2K 74245 U25 dip switches
DOOOH - D7FFH 2K 74C923 U20 Keyboard
0800H - OFFFH 2K 8253 U22 proarammable interval timer.
0800H Timer counter 0
0801H Timer counter 1
0802H Timer counter 2
0803H Counter mode control reaister.
EOOOH - E7FFH 2K 74HCOO U9 Enable relaYs.
E800H - EFFFH 8K 8255 U14 proarammable peripheral interface.
EOOOH PortA
E001H Port B
E002H PortC
E003H Control reaister.
FOOOH - F7FFH 2K 8255 U13 proarammable peripheral interface.
FOOOH PortA
F001H Port B
F002H Port C
F003H Control reaister.
F800H - FFFFH I 2K 82530 U31 SCC
F800H Channel B status read and parameter write.
F801H Channel B data read and write.
F802H Channel A status read and parameter write.
F803H Channel A data read and write.

Table 5: Address map for tihe interface peripherals.

6. BOARD SPECIFICATIONS.
Power Requirements : +12 Volt @ 430.0 miliAmps

+6 Volt @ 10.0 miliAmps

+5 Volt @ 450.0 miliAmps

0 Volt

Board size 235 mm x 160 mm

7. DRAWINGS
Block diagram Sheet 1 of 9
Circuit diagram Sheet 2 to 5 of 9
Component layout Sheet 6 of 9
Component list Sheet 7 to 9 of 9
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MUPC Micro Controller
Component list

Number Value Description

Cl-C2 270 Ceramic 0805 SMD
C3 lOOn Ceramic 1206 SMD

C4-C7 22u Tantalum 25V
C8 lOOn Ceramic 1206 SMD
C9 lu Tantalum 25V

ClO lOOp Ceramic 0805 SMD
Cll lOOn Ceramic 1206 SMD
C12 560p Ceramic 1206 SMD
C13 lOOn Tantalum 25V
C14 lOOn Ceramic 1206 SMD
C15 560p Ceramic 1206 SMO
C16 lOOn Tantalum 25V
C17 lOOn Ceramic 1206 SMO
C18 lu Tantalum 25V
09 lOOn Ceramic 1206 SMD
C20 4n7 Ceramic 0805 SMO
C2l IOu Tantalum 25V

C22 - C23 27p Ceramic 0805 SMO
C24 - C29 lOOn Ceramic 1206 SMO
C30 - C33 22u Tantalum 25V
C34 - C63 lOOn Ceramic 1206 S~1D

O1-Dll 1~4l48 Diode Sii!nal
012 l2V Diode 500mW Zener
013 6.8V Diode 500mW Zener

LEDl LED GREEN PCS mounted
LED2 LED RED PCS mounted

Ql-Q5 2N2222 Transistor NPN
RI lOOK Resistor 2% - 0.3W - 1206 - S~1D
R2 10K Resistor 2% - O.3W - 1206 - SMD
R3 l80K Resistor 2% - O.3W - 1206 - S~1D
R4 270K Resistor 2% - O.3W - 1206 - S~lO
R5 l80K Resistor 2% - 0.3W - 1206 - SMD
R6 270K Resistor 2% - 0.3W - 1206 - S1\lO
R7 4K7 Resistor 2% - 0.3W - 1206 - SMO
R8 2K2 Resistor 2% - O.3W - 1206 - S~1D
R9 10K Resistor 2% - 0.3W - 1206 - S~1D

RIO 10K Resistor 2% - 0.3\V - 1206 - S.\!D
Rll - R12 22K Resistor 2% - 0.3W - 1206 - SMD
R13 - R15 10K Resistor 2% - 0.3W - 1206 - S~!D

R16 lK Resistor 2% - 0.3\V - 1206 - S~1D
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Number Value Description

RI7 4K7 Resistor 2% - O.3W - 1206 - SMD
RI8 IK Resistor 2% - 0.3W - 1206 - SMD

RI9 - R21 10K Resistor 2% - O.3W - 1206 - SMD
R22 10E Resistor 2% - O.3W - 1206 - SMD

R23 - R24 IOK Resistor 2% - O.3W - 1206 - SMD
R25 10E Resistor 2% - 0.3W - 1206 - SMD

R26 - R27 270K Resistor 2% - 0.3W - 1206 - SMD

R28 - R29 lOOK Resistor 2% - O.3W - 1206 - SMD
R30 270K Resistor 2% - 0.3W - 1206 - SMD
R31 IK Resistor 2% - O.3W - 1206 - SMD
R32 IOK Resistor 2% - O.3W - 1206 - SMD
R33 47E Resistor 2% - 0.3W - 1206 - SMD

R34 - R37 10K Resistor 2% - 0.3W - 1206 - SMD

RNI-RN3 10K Resistor Resistor Network 8 x I
RVI IOK Trim-pot Multi-Turn Model67W

RV2-RV3 IOK Trim-pot Multi-Turn Model 89P
RV5-RV8 lOOK Trim-pot Multi-Turn Model 89P

RV9 - RVIO 10K Trim-pot Multi-Turn Model 89P
RLI-RL9 Relays National HB2-12V

SWI DS-08 S\\itch PCB 8 position slide switch
SW2 S\\itch PCB miniature push to make

UI 80C32 CPU
U2 6264 RAM 8K x 8 bits
U3 28F256 FLASH 32K x 8 bits
U4 27C256 EPRm.1 32K x 8 bits
U5 l\~193C46 EEPROM 128 bits
U6 74HC573 Octal latch
U7 MAX690 Watchdog timer
U8 74HC139 Dual 2 - 4 De-multiplexer
U9 74HCOO Quad 2 Input ~A~D gate

UIO 74HC74 Dual D flip-flop
UlI 74HCI53 I Dual I - 4 multiplexer
UI2 MAX232 Corns Dual RS232 Iansminer / receiver

Ul3 - UI4 87 -- PPI Interface Adapter-))

U15 iv1V5089 DTMF aenerator
Ul6 - U19 75452 I Dual Relay driver

U20 74C923 I Keyboard encoder
U21 74HC27 Triple 3 Input NOR gate
U22 8253 Timer 3 Channel Counter
023 L~1358 Dual operational amplifier
024 MF6C~-50 Filter S\\itched capacitor filter
U25 74HC245 Octal buffer and line driver
U26 74HC02 Quad 2 Input NOR gate
U27 7-+HC139 I Dual 2 - 4 De-multiplexer
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Number Value Description

U28 74HC573 Octal latch
U29 CD4066 Quad Bilateral Switch
U30 NE5532 Dual operational amplifier
U3l 82530 Serial Communications Controller
U32 TCM3l0SN Voice band modem
U33 LM358 Dual operational amplifier
U34 MAX232 Corns Dual RS232 transmitter I receiver

Xl 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

PI DB9 D-Type 9 pin D-Type DPL9/90
P2 HOlO 2532110 10 pin header connector
P3 H014 2532114 14 pin header connector

P4-P5 DIN4l6l2 A64-SI-lll PCB angled male connector
TPI - TP6 Test pins
JPl - JP8 Jumpers

3x 40 pin Tulip lC socket
Ix 32 pin Tulip lC socket
2x 28 pin Tulip lC socket
Ix 24 pin Tulip lC socket
4x 20 pin Tulip IC socket
7x 16 pin Tulip IC socket
6x 14 pin Tulip IC socket
6x 8 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 "APPENDIX B. SYSTEM FILES".

2. 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 MAIN-##x.FCD

3 MUPCDIAG.PAS DIAG-##x.FCD

4 RTIESTS.PAS TEST-##x.FCD

5 RTCONFIG.PAS CONF #X.FCD

6 RTALlGN.PAS ALGN-##x.FCD

7 RTDISPLY.PAS DISP-##x.FCD

8 RTFLASH.PAS FLSH-##x.FCD

9 RTEEPROM.PAS PROM-##x.FCD

10 RTSERIAL.PAS COMS-##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.
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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 multiple 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.

2



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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MUPC CARD OPERATIONAL SOFTWARE

i;
:1
";;
"

I

il
I

FILE MAST 01A FeD, -

( Operational ) DATE , 17-10-20~0

MODULES , Appendix B

Section , 3. , ,cd 3.2

INITIALISATION

System Initialisalion

and variable set-up

DTMF Activity

""\ Check. fo, DTMF and

keyboard activity.

Ye.
U"F OTMF ,

No

,
Cell Call Control UHF OTMF Activity VHF om Activity

Set-up the Creek UeF DTl,lF 3rd Checl< V..,F GTiolF and

UHF detected call, ,'ead firs t ID CQ~e. read f j 1"'S t ID CQ~e.

VHF detected call,

Keyboard entered

eel I call

System Control

Control d i SP Il!!Jy,

Ti~rs, eel \ CBI \.

VHF lra'lsmitter and

Key 0<..:5Y S '9"3 I.

t
Yes

'Vl-'f section ?

'0, ,
U~F Access Codro! VriP Access Control

Rea:! secc"c! !O cc::e, ,~eaj: seeD'v::!. !O ccc'!!;,

,·es.=ond to VL;.1~ , respond to 'fLinlt

Test fc, ring eeCe, ace re>:eat.er caee,

il:.1C res;:cnc " t~.e Test fcr rir; ceae

re:ay cC'1trol ccees "d res;:ond to l,..1!.'

:-e\ay oc..,,:ro: c::~~s

4



DIAGNOSTICS SOFTWAREMUPC CARD ,
( Diagnostics ) FILE , MAST-02A.FCD

DATE , 17-10-2000

MODULE , Appendix B

Section , 3.3, 3.4 aod 3.5

INITIALISATION

Syst.em Init.ial isat.ion

and variable set-up

Basic RT Ye'
Basic RT section

se Iected ? I St.ay in procedur-e I
Cont.rol syst.em ;0 unt, I system reset

ba~,c RT mc::l~

No

RT system Ye'
System AIignment

al ignment ? I Stay in proced'..lre I
Select and gener8le unt i I syst.em reset

a! ignment signals
No

from the keyboard.

RT system Ye' System Configuration

set-up ? I Stay in procecure I
Select and con figure unt, I system reset

system operational

'" parameters from "e

keyboard.

Receive the control

string and process.

?ro;rc'!1'T!in; Ye'
System Progr~ing

string?
Sele~t anc pro<;ram

tr,e syster.1 ... j lh toe
'0 o;Jer-at,o'1a l soft.are

Dj a:;nos li cs Y., System Di~g~ostics

st.rin; ?
to inte'-nal system

diagncst.ics an=
-'0

syste~ tests.

Con f i ;ure y., Systen Cor.figlration

string?
System cperat; ana I

carG~eters sel-up.

""

.:::-- 5-



MUPC CARD , BASIC RT SYSTEM
FILE , MAST-02B.FCD

T
DATE , 17-t0-2000

MODULE , Appendix 8

Section , 3.3

INITIAlISATION ,
System Initial isation

and variable set-up

I' ......
,./

I
KBS & RUS Serv i ce Detect VHF DT~F I

Service t.he key busy 5eryice th, VHF DTMF

5 jgnal and the signals eod decode

receiver unsque I sh the received code.

signal. Access th, si le ; f

correct ID caces.

~
UHF & VHF Handset ,I

System Control I
Service lne UHF and 1

VHF handsets press Buzzer service,
It
'I

to talk signals. 'ilL ink. ser'"v j ce, 11
!:

VhF PTT serv i ce 'I
I',
I1

Keyboard Service itI,
System Tones !I

Service th, keyboard 11
il

signals ~d decoce Acknc.... l e<::-;e '.er'e, :i
the '" pressec. System t:;;sy tone. ,I

Shutdo ..n lone

I1
11

I1

Detect UHF DTWF

I1Service the UHF DTMF 'I
sisnals eod decode H

"
the received code. ,j
Access the site ;f ii
correct " codes. '1

I

I
ii
I1
:1

:1
;'
i!
',;

I
:1
ii
it
I'
i
i
1

il
"it'I
11

6 11
.. =-- !)
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MUPC CARD AL I GNMENT & CONF I GURAT I ON

( Configure )

\.,

~

Key 1

Se J ect lh, RT type

Key 2

S'l lh, site address

Key 3

S,l lh, repeater ~"

Ke, 4

S,l lh, site oam,

Ke, 5

Enter re"'.ole hj~h

5 i les 00 tl-e sylem

Ke, 6

E:r~e:- Ieee i S::;W1""

site' 00 tr,e system

Section 3.3

,

9
Key I

Generate 01)4F code 5"

Key 2

Generale KBS lone

l
Key 3

Activate repeater

Key 4

Activate Vlinll

l
Key 5

Generate 1 KhZ tone

Key 6

Test the keyboard

Key 7

Keyboard 01)lF test

I,
Key 8

wlpt.:l re jays lest

:i
:1
I1

ii
ii
iI
!i
":1
'Iii
,I
i!
I'
:1
'I7 I1

===============~========~-- --'!I

FILE MAST-02C.fCD

DATE 17-10-2000

MODULE Appendix B



MUPC CARD DIAGNOSTICS

"il
"

I1
'I

I:
I',I
Ii
I,

FILE ~AST-02D.FCD

DATE 17 10 2000, - -

( o i agnost i C~ ) MODULE , Appendix B

~
Sect i on , 3.3

,
(onmand = 'A' COOIlIand = 'T>' Ccmnand = 'TE' CClI1Jland = 'CS'

Send attent ion code Initiate the test , Initiate the test , Con figure system ,
DIP sw. tcnes EEPROM test local spur site

a.ddress J ; st.

t
Coornand = 'D' Coornand = 'TK' COOJlland = 'TF'

Ccmnand = 'CH'
Send the status of Initiate the t.est , Initiate the test. ,
the DIP s_itches Keyboard control flash PRCM test Con (i g\.:re system ,

RerllOle high site

t ! "dcress I Fos t.

COOJTIand = 'E' Cocmand = 'TD' Ccmnand = 'TN'

Erase the f I asl1 PR"" Initiate the test , Ir. i t i ate tP"".e test ,
Displa)' control MQdem , (CM2 tests

tCarmand = 'F'
Coomand = 'TT' Carrr:and = 'CT'

Load the operat icna I

software .od program Init,ate '."e test , Ccnfi"ure system ,
flash PRQIoI. Tones general ;C'1 RT 5; le type

!
Ccr.mand = 'V' Ca:Jnand = 'TR' (OOl:land = 'CA'

Senc the software :c it-,ate t'",e test , (:;In f; :;'.l~e slS~'?'" ,
lIer-sion nwr.cer. Relay CC"'l~rol :;::- site <!::::cress

I i,
Carmand = 'R' Cor.T.land = 'TO' Ccn:land = 'CR'

Send the co::e foc Initiate t~·e test , Cc-::;_re systec:1

CPU res;:cnse. Cut~""t co:-~~ol : i ...:es F,T ....e;:ea~er "'.cCe

I I I, , ,
eocmand = 'Te Ccr.r.and = 'n' Cxrnad = 'CN'

Reset t!":e CPU :."Iitiate lre tes~ , C~r: f: ;c:re !:yste"l ,
I!r,:l,-,t c:o!"trc:: : I : r.-S R: 5: " rta."'e

LJI
It
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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-10AFCD External Interrupt O. 10

INTR-11AFCD Timer 0 Interrupt. 11

INTR-12A.FCD Timer 1 Interrupt. 12

INIT-10AFCD Main loop. 14

INIT-11AFCD Delay procedure and hex function. 16

INIT-12A.FCD Initialisation of system. 17
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MUPC CARD INTERRUPT ROUTINE
FILE INTR-10A.FCD

DATE 10-10-1996

External Interrupt 0

MUPCSOFT.PAS I RTDRIVER.ASMMODULE

Sect j on 1.0
( lnt '3

t.4UPCSOFT.PAS
-

RT Ori ver-------_.
_ReadDTMF

I

r---- ------------------------------------------------------------------~-------------l
I I
I I
I I
I I
I I
I I
I I
I , I
I I
I Get Interrupt I
I lines status I
I I
I I
I I
I I
I I
I I
I Set KeyStrobe r
I Reset On.tFSend I
I Yes Save Fla;s I
I Get Keyboard Value I
I Mask Bits0-4 J

I Save Value to KeyData I
} Recover Flags I
I I
I I
I I
I I
I I
I I
I I
I I
I Set UHFStrobe I
I Save Flags I
I Yes Get OTMF Value I
I ""as \( 'C its 0 - 3 I
I Save Vall-:e to UHFData I
I Recover Fla;s I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I Set ih~S~ro~e I
I 5z'I€ Flags J

I Yes Get CTl,4r Value !
I loIask BitS4-7 I
I ~~tft Hlg~ ni~~(e to low I
I Save Value to VrFData I
I P.e~cve' Fla~s I
I I
I No I
I I
I I
I I
I I
I , I
I I
I RT Driver I
~ ~--------------~.-------------~-------------------.---- __ ~ ~ J

MfJPCSC:=-T.PAS

I,
( Return )

-------'

10
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MUPC CARD INTERRUPT ROUTINE
FILE

(__T_;m"'Te_r_0__)"

DATE

MODULE

Sect i on 1.1

INTR-l1A.FCD

11-10-1996

MUPCSOFT. PAS

Timer 0 Interrupt

TH0 FFH - High byte

TL0 9CH - Low byte

!
Yes Decrement Yes

Clear Down Timer

No No

Yes

Yes
Set ~~FPiep tone

Set UHFPiep tone

Set Seconds = I.'

Set Minutes 0

Increment Minutes

Yes

Yes

Yes
>----~ Set AI arm LEO en

I ncrement Seconds

INO,
Set Al arm LE:> off

,
( Re:;.!rn )

--~

.~ 11

.~=========~-----------



MUPC CARD, INTERRUPT ROUTINE
FILE: INTR-12A.FCD

DATE: 11-10-1996

MODULE: MUPCSQFT.PAS I RTDRIVER

Section 1.2 : Timer 1 Interrupt

THI . A6H - High byte
TU . 00H - Low byte

~
MUPCSOFT.PAS

__________ J

Set RemoteKBS

to PIA2C bit 5

~
Set UHF ~ode PTT

to PIA2:: b,t 6

r-----~----------------i---------------------------------------------------------------------------~----,
I RT Or j ver I
I -------- I
I _ReadInputLines J

I I

I 1 II I
I I
I , I
I I
I Set Key Strobe Set Phone PatcrJ Set UHF HMT prT I
I I
I to PIA1C bit 4 to PIA2C bit 0 to PIA2C bit 4 J

I I

I 1 II I
I I
I , I
I I
I Set UHF Str9De Set R~5 Cetect J

I I
I to PIA1C bit 5 to PIA2C bit 1 I
I I
I I
I I
I I
I I
I I
I Set VHF Strobe Set VHF HMT PH I
I I
I to PIA1C bit 6 toPIt..Z::bit2 r
I I

I I II I
I I
I , I
I I
I Set UV Flag Set Mains Fai I Set VHF ,'j(;,de PTT J

I I
I to PIA1C bit 7 to PIA2C bit 3 to PIA2C bit 7 I
I I

I I II I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I , I
I I
I RI :;r I '.. er I
~---------------------------------------------------------------------------

I
c3

=============1=2======= -------l1



t.4UPCSOFT.PAS

MUPC CARD
FILE

DATE

MODULE

Sect ion 1.2

INTERRUPT ROUTINE
INTR-12B.FCD

11-10-1996

MUPCSOFT.PA$ I RT_INTR.PAS

Timer 1 Interrupt

,

VHF PH

J<8S PTT

All Call

Yes Decrement Timer

Yes Decrement Timer

Yes Decre~ent Timer

RealTimelnterrupt

r-----~----------------i--------------------------------------------------------------------------------,
RT_INTR.PAS I

I
I
I
I
I
I
I
I
I

Decrement Timer I
I

Shu t Down J

I
I
I
I
I
I
I
\

Decrement Timer I
I

UHF ID limit I
I
I
I
I
I
I
I
I

Decrement Timer I
I

UHF Ignore I
I
I
I
I
I
I
I
I

Decrement Timer I
I

'IMF ID li:ni t I
I
I
I
I
I
I
I
I

Se,:rerre'lt Tir:1er I
I

'iHF Ig'lGre I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I Yes Decremer;t Timer
I
I Cell Call
I
I
I
I
I
I
I
I
I Yes Ce~re:-ent Tirer
I
I Cell Tene
I
I
I
I
I
I
I
I
1 Yes Secre-e:1t Tir:.e'"
I
I Rin;Ce12Y
I
I
I No
I
I
I
I
I
I
I
I
I

~~---------------------.---------------------------------~--------------__i-----------------------------J
M~:"'CSC:::T.p,;S

I
L 13

( Return )
"'--_-J
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Start-up

Delay 100 ms

Wa it for U13 &

Ul4 to reset

PROCEDURE

Initialize System

MUPC CARD
FILE

DATE

MODULE

Section 1.0

Display

"SPUR STATION
"VHF NO ID

INITIALISATION
INIT-lfJA.FCD

25-10-1996

MUPCSOFT.PAS

Main Loop

Ma i nSec 1_0

Yes

No

,

No

Yes Yes

Yes

Yes

Yes

14

\0

,
Ma i nSecS C



MUPC CARD
FILE

DATE

MODULE

Sect ion 1.0

IN I I1ALI SAIl ON
INIT-10B.FCD

25-10-1996

MUPCSOFT .PAS

Main Loop

lOA

Di5pJay

"UHF NO ID
"VHF NO ID

,

ID=xx"

Yes
,--------j>{MR • 32}---~

Yes

Yes

No

Ma i nSec3_4

MainSecl_,! MainSec4_"

,

Yes

Yes

Yes

Yes

Yes

Yes

,

,

15



Delay(Count)

,
Loop counter

MUPC CARD
FILE

DATE

MODuLE

Sect i on 1.1

No Increment loop Counter

Change Watch cog I ir.e

INITIAL! SATION
INIT-11A.FCD

10-10-1996

MUPCSOFT.PAS

Delay Procedure & Hex Function

HEXCByte)

Isolate the lower

nibble of the byte

Set HEX to the nex

character of byte

( Return )

( Return )-------

16
=-""==============================='1



!
MUPC CARD , INITIALISATION

j FI LE , INIT-12A.FCD

DATE , 28-08-1998

( )
MODULE , MUPCSQFT.PAS

Initialise
Sect i on 1.2 , Initial isation of System

, ~
Serial Ports System BoOlup Report Setup Interrupts

10 t i al j se Corn 1 Si le Name , xxxxxxxxxxx External •
10 t i al i se !.lodem to async Sicbox Mode , x
10 t i al ise Corn 2 5 i le Address , xxxx Set EX0 - Enab I e

Repeater MOde , xxxxxx Reset PX' - Level 0

~
Set IT0 - Edge trigger

Timer • & Timer 1

System Bootup Report TMOD · 15H - 16 Bit
System Variables Th0 · FFH - High byte

New r ine H0 · 9CH - Low byte
"RT System Ver , x.xx Call SetRelay(9,false) TR0 · ,et - Start rimer
New I i ne Set RL Enable . $00 ET0 · ,.t - Intr. Overflow

Set Seconds . 0 TH1 · B7H - High byte
Set Minutes = 0 H 1 = B0H - Lo. byte

TR1 = ,et - Slart Timer
ETl = se t - Intr. Overflow
EA = set - Enab I e all

Peripheral Interfaces

PIA 1 Control : 88H Flags all set false

i
PIA 1 Fort A = 00H
PIA 1 POit B : 00H System Flags
PIA 1 Port C : 03H Counter & Timers

RxFJag
PIA2 Control = 86H C- IDCellCal1 · 0
PIA2 Po,-l A = FFH - Tone Flags

T _KBSPTT · 0

~
UHFEeepga~;:> 'JhF8eepEaap T VHfPTT · 0
UHFBaapBeep VHFBaap3eep T_UHFIQLlmi t · 0
UHFEusy VhF8wsy T VHFIDLimi t · 0
UHFPiep VHFPiep T_UHFIgncre = 0

Hardware Timer UHFShu tDown VHFShutDcwn T_VHFIgnore = 0
UI"'.FDH,4FOn VHFDTl,4Fon T_Cal !OU~ · 0

Timer Contra I = 36H KESon ToneF I 2g T_C I earDo ...n · 0
Tir.1er Contra t = 76H FirstTone Secon<jTone T_Celleal I · 0
Timer Control = 56H RxCe I I Tone SendCellCall T_Rir,gJelay = 0
Timer 0 Low = 91H CallOut T_CeIIA1ICall · •
Time. 0 High = 02H
T irne. I Lo. : .EH ID Flags
Ti:r.er I High = O"H
Timer- 2 Lew = 30H UHF_ABC:> V~F_A8C8
Ti:-rer 2 Hign = 48~ Uf-;FAccess 'hFAccess

UHFFlag ',c:FF! 2g
u!"FSelect V"'==-Seiect
Uf.FStro:-eF I a:l V"'fS~rO:JeF ) a;
U~fC I ear '1HFCI,=ar
Ut-:FCel I VH;:"Ce I I

Setup Display U:-:F!r.n i bit ·/;-jF"Ir•."libit
VLinkAct i 'le Vr:F~.e;>eater

Cc I I o i s;:: I ayWr i teMsg(") S;J'..::-Re~eater

Set G,s~FJagl VLir.il:.PTTFI~:;: "'~FFTT

Rese t o i spF 12193
Set Dis;Flag4 A3::~elag AIIC21IFlag:
qeset D,spFlag7 Sp:..rFlag :C)Ccr.S=Zi

~
Setup EEPROW

C~d I P.eacSa!'-E
Cal I ReacSi cBoxT'Ype
Set ID4 . '0'
Set 12'3 = '0'
Set 1:2 .: '0'
Set Dl . '0'
Cal I Fieac~j::reSS

Call F.eac~e~eater
Cal! ReaC'1i;:hs
Cal I Re2::S;:J~rs
Ca) J Rea::'iame

,
( Pet_r:-l )

=- 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-10AFCD DTMF Activity. 19

MAIN-11AFCD UHF DTMF Activity & First ID code. 23

MAIN-12A.FCD VHF DTMF Activity & First ID code. 25

MAIN-20AFCD Display & Timeout control. 26

MAIN-20B.FCD Cell Call control. 27

MAIN-20C.FCD VHF controI. 28

MAIN-20D.FCD KBS control. 29

MAIN-30AFCD UHF access control section. 30

MAIN-31AFCD Respond to VLink code. 32

MAIN-32AFCD Decode second digit of ID code. 33

MAIN-33AFCD Test for ring code. 34

MAIN-34AFCD Respond to UHF DTMF AB C 0 codes. 35

MAIN-40AFCD VHF access control section. 37

MAIN-41AFCD Respond to VLink and Repeater code. 38

MAIN-42A.FCD Decode second digit of ID code. 39

MAIN-43AFCD Test for ring code. 40

MAIN-44AFCD Respond to VHF DTMF A B C D codes. 41

MAIN-50AFCD IUHF, VHF and System Cell Call. 43

18



MUPC CARD MA IN ROUII NE
FILE

DATE

~ODULE

~AI"i-10A.FCD

15-07-1998

RT_l.4AIN.PAS

Section 1.0 DTMF Activity
Mai nSect_0

Display Cell Call

Set SysCe I1
Ye'

l------.tSet Ce11Ca11 timer
=0 5 seconds

)-----.t Get KeyBoard Data I---K

No

No

Ye'
Send DT!>lF Tor.es

No

Ye' Send KBS Tone

Select UHF (har.nel

PTT VHF Racio

Select Vr.F Channel

,
No

,
Desele:t C~F Cnanne!

5t0~ STl,F T<.::res

StG;l 1':35 Tcnes

Set VH~ PTT Tj~er z S se:

19



MUPC CARD MA I N ROUTI NE

No
)---------1~ 100

No
)------~ 10C

Yes

Send YHF Beep 8aap

MAIN-10B.FCD

1$-07-1998

RT_MA! N. PAS

DTMF Activity

FILE

MODULE

DATE

Section 1.0

Reset VHF OTMF value

No

20

'es

. ~,o

1,
Br a:'"',C:1 to

Sect ic'1 Z.'J

20



MUPC CARD MA IN ROUTI NE
FILE

DATE

MODULE

t.4AIN-10C-FCD

15-07-1998

RT_MAIN.PAS

Section 1.0 DHIF Activity

108 r------------I>{
No

100

Yes

Senj y~~ Pie~ To~e

Se~j V~F Busy Tc~e

Yes

yes

Yes

Yes

Yes

Yes

,

,

I
T

Send UHF Bee~ Baap

Send U~F Busy Tone

Sen1 tJ~F

Reset VHF DTMF value

Reset UHF DTMF value

Yes

Yes

,
=ra~ch 'to

Se:tion 2.0

21



MUPC CARD
FILE

DATE

MODULE

Section 1.0

MAIN ROUTINE
t.4AIN-10D.FCD

25-09-1996

RT~MAIN.PAS

DTMF Activity

Yes

,
Get VHF DTMF value

No

Yes

,
Get UHF DTMF value

No

Branch to

Sect i 0:1 1.1

22

Branch to

Sect ion 1.2



MainSecl_' 121------.{

MUPC CARD
FILE

DATE

MODULE

Section 1.1

Yes

No

Yes

Yes

r

MA IN ROUII NE
.MAI N-l1 A. FeD

27-09-1996

RT_MAIN.PAS

UHF DTMF Activity & First ID code

Set UHFFlag

Set UHFIDLimit time; s 1 sec

'es

'es

,
5ra~ch to

Se::tic;"l 1.2

I
!I
i

=======Z3==========o!11



MUPC CARD MA IN ROUT INE
FILE MAIN-lIB.FeD

DATE 27-09-1996

MODULE RT_MAIN.PAS

Section l.1 UHF DTMF activity First ID code

lIA

No

Wake Be VLink

?-:-T VHF Radio

Set VL:~i:. PTT flag

~SS PTT Timer >= 1 sec

I,
Set t;~F F:a~

Set ID Ti-~ Limit 1 se~

,
Se:::tio~ 1.2

===~24===11



MUPC CARD
FILE

DATE

MODULE

Section 1.2

Set MainSecl_2 201------{

MAIN ROUTINE
MAIN-12A.FCD

15-07-1998

VHF DTMF Activity & First ID code

Yes

Yes

Set V~F I;r.ore li~er E 2.0 sec

Yes
Set V~= PTT tir.er

Set Vr~ FiG';

0.5 sec

25

Set VrF PTT fl2g

Set. V"F PH timer

Set Y~F ID limi t timer

0.5 sec

1.5 sec
I

11, I,
I

Brancti to

I

Section 2.0 )



MUPC CARD
FILE

DATE

MODULE

Section 2.0

MA IN ROUTI NE
I.IAIN-20A.FCD

16-07-1998

RT_MAIN.PAS

Display & Timeout Control

Reset VHFStrobeFlag

~eset UHFFlag

Reset UHFStrobeFlag

No

Yes Reset VHFF I ag

YesYes

Yes

}---1>1 0 i sp lay "M/F"

}---1>1 D i sp I ay "RX"

No

No

,

Clear "M/F"

Clear "RX"

Yes

Yes Display

No

"UHF NO ID"

Display

""Hi=" 1\0 !J"

,
Set i";;';F Clear

Set '/1--;:- (Iea;-

,
3:ar::~ t.o

Se~tiorl 3.0

26

I

I



MUPC CARD MAIN ROUTINE
FI LE ~AIN-209.FCD

DATE

MODULE

Section 2.121

No

25-1218-1998

eel I Cal I control

Yes

No
Send Cell Cal I

No

Set Clear Down

timer=1.5min

Cecrement ID Counter

Set AIJCal1 timer:: Ss

Set UHF aeepBaap

Set VL i j,p:, Act j 'le H----(

Make the VLinK

No

Set VHF Beep5aap
Yes

Set VHF Re?eater H-------{

Make th= Re~eate.

No,
Reset Send Ce 1I fl ag

Reset VhF Busy flag

Reset Ut<.F 3:...;sy flag

Set Ce I j Ca i I -:. i::-e ~ Cs
I

Yes

Yes

)...--....ICispJat "n··F ID"
First Tc~e fJag
Secc~C ~~~e flag
Rx (el I To~e flag
Se:1c! Cell fla;
Sys Cell flag:
D i s;:F I 2g4

:' es

Reset U;.... F Cell flag
Reset 'In;:" Cell fla;
Reset Al I Ca! I flag

27

Reset
Reset
Reset
Reset
Reset
Set

Dis;.J!2-,! .. 'J ..... F S'J

Displa,

No



MUPC CARD MA IN ROUTI NE

PH VHF Radio

V~F PTT Timer:: O.ls

Clear Ca! lOut Flag

Make the Vlink

MAIN-20C.FCD

28-08-1998

RT_MAIN.PAS

VHF control

FI LE

DATE

MODULE

Section 2.0

Stop VHF Radio PTT

Reset VHF PTT Flag

No

Section 4.0

,

8
L=====l...=~2~8======11



MUPC CARD MAIN ROUTINE

?
FILE MAIN-2JD _ F::D

DATE 25-10-1996

MODULE RT_MAIN. P.AS

Section 2.0 K6S centrol

Yes
}-.:..:.-------------------I>ll<BS PH Timer

Yes
Set VLinkPTTflcg

Set K5SpTT timer", 1 sec 1--"","--.1
PTT trE!" VHF racio

1 sec

Display "BUSY"

Set UHF Inhibit

STOP K6S tone

S7A:qT l<8S tone

UHSelect

UHFSe) eet

START KES tone

C:SpI3Y "BUSY"

Display "gGSY"

set

Set urlP !rhibit

Set

Set t'"'F !:-,r.ibit

['0;;:: at ":::~xx"

Yes

Step VHF Radio prT

Reset VLinkPTTffag

Yes Yes

Clear UHF

I~"i:it Lire

YES "0
I, ,

I
::::- a~:::- :; 6ra:lcr"l to I

l Se:::: 1 cC', 3. \} l Sect I 0=1 4.0

11
29

Reset L'!-tFSelect

STep KSS tone

Yes

Break tre '<Lir,i(

L=========~



MUPC CARD MAIN ROUTINE

1.0 sec

Yes

Yes

Set UHF access fla:J

Set All Cal I flag

Set MalnSec3- 0 . 4 •

Set ICCellCa11 ccunt.er . I:)2 - 1

Set ClearDcwn timer . •• J min

Set Alarm LEO on

No

No

Yes

UHF access control section

MAIN~30A_FCD

25-08-1998

RT_MAIN.PAS

0.2 sec 1+---(

FILE

DATE

MODULE

No

Section 3.0

,

Set UHFClear

the VLink.
VHF Radio PTT
VLinl.:.PTT flag

A6C9 frag
SpLlr flag
UI1F AS CD flag
UHF access flag
UHF flag
UHF strobe flag
VLinkActive flag
UHF Clear flag

UHF Cell flag
Call Out flag
Dis~lay fla~ 4
First Tone flag
Second Tone flag
RxCel I Tone flag
Send Cel I flag
UHF ShutCow'l
IDCellCall 0
Cl earDo·".n 0

Reset UHF Inhibit
Reset A I arm LED

Break
Stop
Reset

Reset
Reset
Reset
Reset
Reset
Reset
Reset
Reset

Reset
Reset
Set
Reset
Reset
Reset
Reset
Set
Set
Set

, , , ,
:rcr:C:rl to S:a~c!"l t·:; S-a~c~, t:: 2ra~:" to

Sect i on J.3 Secticn 4 •• Secti::n 3.3 Se:tiOt1 4 .•

- 30



MUPC CARD
FILE

DATE

MODULE

Section 3.0

Ves

No

Set MainSec3_0 32

MAIN ROUTINE
MAIN-306.FCD

16-07-1998

RT_MAIN.PAS

UHF access control section

'es

Display "UHF ID"

Ves No

Set strcbe flzg 31

, "
Branch to S,anch to Branch to

Section 3.2 Section 4.0 Section 3.1



MUPC CARD MA I N ROUTI NE
FILE

DATE

MODULE

Section 3,1

MAIN-31A.FCD

16-07-1998

RT_MAIN.PAS

Respond to VlINK code

,
Yes

No

,
Yes

1Yes,
No

Set. YL!\K PTT flag

Set KSS PH Time, 1s

PTT the VHF Radio

)---~Set UHF Busy flag

Set VL!NK fJag

Set UHF Beep eaa~ flag

Set UHF inhibit flag
Set Uhr j~h;bit flag

, ,
Branch to

Secti::n 3.3 Section 4,0

32



T

MUPC CARD
FILE

DATE

MODULE

Section 3.2

MA IN ROUII NE
),;AIN-32A.FCD

16-07-1998

RT_t-tAIN.PAS

Decode second digit of ID code

Ye,

Set UHF access flag

Set SPL:f f! ag

Reset UHF strobe flag

Set VLink flag

Set VLink PTT flag

Make the VLir,!<

PTT the VHr Rajjo

Set UHF access flag

Reset UHF strobe flag

Set UHF Beep Baap flag

Cleardown Timer = 4 min

T

6r~nc~ to

SeCtion 4.0

33



MUPC CARD MA I N ROUTI NE
FILE

DATE

MODULE

MAIN-33A.FCD

20-07-1998

RT_MAIN.PAS

Section 3.3 Test for ring code

'es

,

Reset ABeD flag

o i sp Jay "CONT. It

Yes

No

,

No

'es

Yes

"s

UHFlnhibi t

UHF Baa? Seep

,

Set ABeD flag

Set Ring Delay 5s

Set

Set

Reset A5CD flag

Set UHF ABeD flag

Ring S'(.:zzer Stop Buzzer

Branch to

Section 3.4

34



MUPC CARD
FILE

DATE

1.40DULE

Section 3.4

MAIN ROUTINE
MAIN-34A.FCD

08-10-1996

RT_MAIN.PAS

Respond to UHF DTMF A BeD codes

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I !'to
I
I
I
~- w ~

Responding to DTMF codes

'A' .. 'D' has been disabled

in tnis vert ion of software

Program flow is via the

dotted line.

Set ReI ay no ,

Set Relay no 2

Set Relav 00 3

Set Rei ay :.0 4

,
Br.an::h to

Sectic!"'t 4.0

35



MUPC CARD
FILE

DATE

MODULE

Section 3.4

Yes

Yes

Yes

Yes

Yes

Yes

MAIN ROUTINE
MAIN-34B.FCD

10-09-1996

RT_MAIN.PAS

Respond to UHF DTMF A BeD codes

Set Relay no 1

Set Relay no 2

Set Relay no 3

Set Relay no 4

Set Relay n~ 5

Set Relay no 6

Set Relay no 7



MUPC CARD MA IN ROUTI NE
FILE

DATE

MODULE

MAIN-40A.FCD

20-07-1998

Section 4.0

Shu tcown timer

No

VHF access control section

Yes

'" 1.0 seconds.

Shutdown timer

'" 0.2 seconds.

Set VHFC J ear

,

Set VHF Shut Down
Set MainSec4_0 = 43

Reset ABeD flag
Reset VHF access flag
Reset VHF flag
Reset VHFRe?eater flag
Reset YLj~kActive flag
Reset VHF ABeD flag
Peset VHF Clear flag

No

Yes

,flag
fJag
flag
flag
flag
• •

the VLink
the Repeater
VHF Radio PTT

VHF Cell
First Tone
SecondTone
RxCeJ ITone
Send Cell
Clear Down

areak
Break
Stop

Reset
Reset
Reset
Reset
?eset
Set

, , ,
Bran;:h to Bra'1ch to ::- a~c.'" co 5ranCl to Branch to

Sect; on 4.3 Section 4.3 Section 4. ! Secticn 4.2 Section 5.0

~

37



MUPC CARD
FILE

DATE

MODULE

MA I N ROUII NE
MAIN-41A.FCD

20-07-1998

RT_l,lAIN.PAS

Respond to VLINK and Repeater codeSection 4.1

Set VHF Busy

tlo

Ves Set VLINK flag

Set VHF Seep 8aap flag

No

No

Ves

Ves

Ves

Make tne Hink

Display " ... !..ISK"

Display "R:::P"

Ves Set VHF Repeater flag

Set VHF Beep Baap flag

,
Branch to

l
Sectlcn 4.3 I

11- 38



Set MainSec4_2 50

MUPC CARD
FILE

DATE

MODULE

Section 4.2

MA I N ROUTI NE
MAIN-42A.FCD

20-07-1998

RT_MAIN.PAS

Decode second digit of ID code

Yes
Reset VHF Flag

Reset VHF Strobe flag

Set VHF Busy Tone flag

Set VHF access fJag

Reset VHF strobe flag

Set VHF Beep Baap flag

Reset S~ur repeater flag

Clear the repeater ~~se

Clearc~wn Ti~er = 4 min

No

Yes

39

Set ','~~ a::ces. f! ag

S~t S~~r re~eater flag

Set VroF re~€ater flag

Reset VrF 5tro~e flag

Cleardown Ti~er : 4 min

Vr.r PTT Timer: 0.5 sec

Display "VHF ID"

,
Sranch to

Sect ion 5.0

""....._-----'



Yes

Yes

Vf-:F ASCD f I a9

Reset ABeD ffag

,

Set Mai nSec4_3 44

Reset ABeD f l--ag

Set ABeD fl ag

Set Ring Delay 55

Set

Display "CONT."

Set VHF Baap Beep

1 MUPC CARD MAIN ROUTINE
I
! FILE MAIN-43A.FCD

DATE 20-07-1998

MODULE RT_MAIN.PAS

Sect i on 4.3 Test for ring code

IYes, ,
R: i r,g Suzzer Step !3:.1Zzer

Branch to

Section 4.4

40
,

-l



n,

Mai nSec4_4

Set MainSec4_4 50

MUPC CARD
FILE

DATE

MODULE

Section 4.4

MA IN ROUT! NE
MAIN-44A.FCD

08-10-1996

RT~MAIN.PAS

Respond to VHf DTMF A BeD codes

,

in this vert ion of sof~ware

...

Yes

,--------------1...........­
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I No
I
I
L .,.

r3

Responding to DTMF codes

'A' .. 'D' has been disablea

Program flow is via the

dotted line.

Set Relay no 1

Set Relay no 2

Set Relay r,Q 3

Set Relay r.o 4

L
41

::;ancn to

S~:::tio'j 5_~

I

11



MUPC CARD MA I N ROUTI NE
FILE ~AIN-44B.FCD

DATE 19~09-1996

MODULE RT_MAIN.PAS

Section 4.4 Respond to VHF DTMF A BeD codes

Yes
Set Relay no 1

Yas
Set Rei ay no 2

Yes
Set Relay no 3

Set Relay no 4

,
Yes

Set Relay no 5

Yes
Set Relay no 6

Yes
Set Relat :'.~ 7

""=""===========~~==============o!.



MUPC CARD
FI LE

DATE

MODULE

Section 5.0

MAIN ROUTINE
MAIN-S0A.FCD

RT_MAIN.PAS

UHF, VHF and System Cel I call

No

Yes

r---.' Set UHFBusy f) ag

Set UHFCell fJag

Set RxCellTone fl~S

Set CellCall timer
:0 5 seconds

Display Meet I Cal I~

,

43

Set '1~FCell f J 29

Set RxCellTone f'ag

Set (ellCall ti::~ej

= 6 5 eccr.ds

Display "(el I Ca! ".

Set ~~FBusy flag

Sett i on 1.0



No

Yes

MUPC CARD
F I LE

DATE

MODULE

Section 5.0

Yes

MAIN ROUTINE
!.lAIN-50S. FeD

25-08-1998

RT_MAIN.PAS

UHF. VHF System Ce I1 cal I

Count the Tones

Set CallOut flag

Set Tone 'A'

Set Tone 2 'A'

'es

No

No

,

No

Yes

Yes

Yes
}--------HSet the TGnes (VHFDTt.lF) 1--------....

No

COl:nt tr-e Tcnes

Yes
}-------J~Set tr.e Tones (KeyDHlF)

set ?

Count :r.e Tones

li

l
Bi~nc!'1 to

11

Section 1.0

~
44



Set Tones ( ToneChar )

No

,
S~t RxCel ITone flag

(Return)

MUPC CARD
FILE

DATE

MODULE

Section 5.0

Set Tone! = ToneChar

Display Tone1 Digit

Set Tone2 = ToneChar

Display Tone2 Digit

45

MA I N ROUTI NE
MAIN-50C.FCD

18-10-1996

Set Tones and Tone Count

Tones Counter

,
Reset Rx Cel t Tone flag]

I,
Set CellTone til"1er 0.15

I,
(Retucn )

Set Sendee I I flag

Set Second Tone flag

Set First Tone fl~g



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-DDAFCD Interrupt and Genearal Routines. 47

INIT-DDB.FCD System Initialisation. 48

SYST-1DAFCD Basic RT KBS & RUS Service routine. 49

SYST-20AFCD Basic RT UHF & VHF handset PD. 50

SYST-30AFCD Basic RT Keyboard service routine. 51

SYST-41AFCD Basic RT Detected UHF DTMF service routine. 52

SYST-42A.FCD 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-54AFCD Basic RT Send the Beep Baap tone. 55

Basic RT send the Busy tone.

Basic RT Send the Shutdown tone.

DIAG-1DAFCD 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 Configura.ion. 59

46



MUPC CARD
FILE

DATE

Io4CDUlE

Section 0.0

INITIAL! SATION
INIT-00A.FCJ

11-05-2000

MUPCDIAG.PAS

Int.errupt and General Routines

~ Interrupt Serial)

Get. byte from

serial port

,
Add by le t.o the

received st.ring

( Ret.urn Int.errupt. )

~:JteI"TL:pt. External 0)

CALL PROCEDURE

_ReadC1lolF

IoiQc~le , RTDR!lJER

l "ell,;rn Int~rrupt )

Reload Timer 0

delay values

Increment the

seconds count

,,,

Clear Seconds

Increment the

minutes count

( RetL:rn Interr,-"pl )

Delay {Count}

No

Kick the Watchdog

HEX ( Byte)

"'ask out. high

nibble of by le

HexStr ( Byte ) )

lo4ask out high nibble

of byt.e and convert

101li nibble to Hex

value.

Sh i ft. high nibble

into 10< nibble then

mask oul high nibtlle

a~d convert nibtlle

to Hex value.

HexStr .. ,,, h:"h .
h" 10<

( F.eturn 1nl Hex5tr )

A"j 48 ,I,::l"j "
la tlyte to tlyte

"'a1l.,;e ar.c ... a I '..e a"
ass i gn la ass;g'l la

HEX HEX

I

,
Reload Ti<ner

celay values

_Reac~nput:';nes

1
( Return !nterr:Jpt )

,

( Ret;.:rn ~nt HEX )

I
"I'
11
I,
'I
1

1

1

1

II,
"I
I
1

!!
ii
i',
"

"n

47



MUPC CARD , INITIALI SATION
( Initial ise Tests ) FILE , INIT-008.FCO

DATE , 11-05-2000

MODULE , MUPCDIAG.PAS

Sect ion 0.0 , System Initial isatio(l

Reset Serial Port

!
Initial ise the PIA's Initial ise variables Inithd ise Serial Port,

PIA 1 Control · .88 AckTone · False I'1itial ise COI'l
PIA 1 Port A · .00 <0:7> 10 Attention · False
PIA 1 Por-t B · .00 <0: 7> 10 Initial ise 1oI0DEt-l
PIA 1 Part C · '03 <0: 3> 04' BusyTone · False

<4:]> 10 BuzzerOn · False t-!Odu I e , RTSERIAL

?lA 2 Control · .86 CTS = False Injtial ise CGM2
FlA 2 Port A · 'FF <0:7> Out
PIA 2 Port B · .00 <0: 7> 10 DispF lag 3 = False Module , RTSERIAL
?lA 2 Port e · '00 <0:7> 10 DoomsDay · fal se

DTMFSend · False

KBS5end · Fal se
KeySlrobe · Fal se

RI · False
RUSDisplay 0 False

Initial in the Hal""dw;lre ti.er- ToneFlag · False

UHF Access · False
Timer 0 Contr-ol - .36 UHFShutDo",n · False
Timer 1 Contre I 0 .16 UHFDTMFon = False
Timer 2 Cont.rol - S!!6 UhFFlag · False In,tie.lisation '0

UHFSelect · False
Timer 0 Low byte - $9l """ . 0 ?
Timer • HI byte 0 '02 VHF .... ccess · False

\lfiFDTJotFon · False
Timer 1 Low byte -$OE VHFFlag .. False
Timer 1 HI byte . $0. VHFPTT · False

- VHFRepeater · False V"

I1
Ti:ner 2 Low byte . S:!0 VHFSelecl · Fal se
Timer 2 HI byte - $48 VLinkActive · Fal se

11

I:
Transm i t. COMIon

IInitiill jse rest of hilrdware In i t iill i se CPU Registel""s NewL ine

"System D,agnostics Vel""tion , x.xx"

iInitial ise the Display Interrupt 0
Ne." 1ine

I'1itialise th. EEPROM EX0 · True :Ena~le In t 0 iFX0 0 Fal se : Int Le"el 0 ":::"erat ; O'1a I Iobee Selected , ..
R~lease all relaY$ IT0 · True dnt 0 Ease Tr;g

"Terminal Connect; on
PUlse RelaY enat: I e line I

Ti.er • to 2 ,I
noCD .. .15 :Ti.':"er • ,. bit

.,

!
T.+J · $FF :T;11:er • High

I,TL. 0 $ge : Tir:1er 0 Low
IR0 · Tr>.>e :'5tart Timer

]i
ET0 0 Trl.:e : In:. 00 everflow

Initiill ;se var i ab Ies THl -.27 :T imer 1 Hig'1

)-T:..l · SEC : T irr:er 1 Low

liTi\l · rn.e :S:art Ti~er

Fr090lcce • DIP s..,i tch 3 value ET! 0 Tn.e : rr,t on o"erflo" Celay I. .S
I!

':"estMode . CIP s"i tch 4 ",alue EA · True :E:-,able All "!,

"
~.::'a P!A18 .. S~"

11
!!

::econcs -0 ! 11

"'inutes
I,.. •
i'Initialise CPU Registers ( Ret~rn )

1

I
rnterr\.:~t 0

,

"EX3 .. .
;=rc;~:e in t • !!

c.e I'FX. · Fa:!>e : Ir. t Level • ilIT> · :r..!e ; :r:~ 0 E::::;e ;rig

ri.er 0 to 2 '1
11

TJ<OO · .15 :TiJ:er • ,. e; t. I1!"i0 · St=F :Tiner • l'iiS;!1
TL0 .. S:;C :T imer 0 Lo« I'
Tri" · Tree :Start Timer

I!::T~ 0 Tr;,;e :!nt 00 over-flo",

Irq · $37 :T:-,;e:- 1 Hi;ro I'
7'-1 · 't=~ ~ T::-;e'" \ .c_ 'iT,,1 · T n •e ; S:.art T:Ter IET! · .c"e : i:-: 0:-, ~"erflc"

"

OA 0 :n.e : Ei"a:>: e .t.; , if

48



MUPC CARD BAS I C RT SYSTEM
FILE SYST-10A.FCD

DATE 12-05-2000

MODULE MUPCDIAG.PAS

Section 1.0 KBS & RUS Service routine

( ) '55 & RUS
BASIC RT

Section 1. 00

Transmi t on COMl I,
Remote

"Sas le RT control." KeyStrobe . F CALL PROCE8URE
'55 . T and No and UHFhmtPlt · F ,,,

Terminal Cortnecl; on and RemoteKBS · F Display IOxx
DispFlag3 . and DispFlag3 · T

Module , RTDISPL Y

1
False ?

,.,
No

Display
----._-------------.
Uif NO ID m",xx
-----------..------- CALL PROCEL:lUFiE:
'.r.f NO ID
------------.------- DisptayJL!sy

~odu [e , RTDI5PL y Module , RTDISPLY

CALL PROCEDURE
Is

DisplaySiteID RUS
KeyStrO:le . F CA~L PI\OCE:::.;;;E

Module , RTUTIL Detect . True No and UI-:FnmVtt · F '.s
and and Rer:".oleJ<SS · F DisplayNriteMSG(34)

RUSDispJay . and o i spF Ia;3 · T .. ..
False ?

Module , RTDISPlY

Yes
No

Delay 10 mS

Transmi t on (OMJ

'se H l CALL PROC=:::URE

VISCCNT COI"J!:and
Clear R:.JS:Ji~;)lay

Di~~layWri~e~s;(33)

"RX"

,""oau I e , RT~I5PLY

START

(NAIlt lOOP Set RUSJiSi=lay

S01

,
S01 l6J

1
,

1
1

11

"J,
j,

1I

!I
I'
I!
I'
1
'

1'
1
'i\
iI
I'
1

I1

!I
I,

I!
1)
11

I,
1I
'II,
li

,>-"",============~4,;,9==============~li



MUPC CARD BASIC RI SYSTEM
FILE SYST-20A. FCD

DATE

MODULE

Secti on 2.0

15-05-2000

MUPCDIAG.PAS

UHF & VHF Handset PTT

UHF & VHF PH

Section 2.00

SendKS5Tone(KBSSend)
Iolodu le: RTUTI L

Display_IDxx
Maoule : RTDISPLY

CI ear KBSSend flag
y"

~-----*----------

No

Set KBSSend flag Clear UhFSelect fJag

SendKBSTooe(KBSSend)
Module: RTUTIL

DisplayJ!usy
Module: RTDI5PLY

.. _--------
Set UHFSelect fJag

CALL PROCE;'JP.E

SetVhF?TT (true)

Moch.:le: RTUTIL

No

No

h

KBSStrobe F
ano vhFPTT T

and VHFk1ltPtl F
No

1
1

I',I

I1
'I

Yes Ye.

CAL.L PRXDo..:;:;=

SetV"iFPTT( false)

!l4o:::",le : RTUTIL MOC'..lle :lTUTIL.

T

50



MUPC CARD BASIC RI SYSTEM
fILE sYsr-30A.FCD

DATE 16-05-2000

MODULE MUPCDIAG.PAS

Section 3.0 Keyboard service routine

Keyboard service

Secl ion 3.00

No No

GelKeyboardCode(KeyDataJ

and set KeyDTMF

SendDTMFTones(T,KeyDTMF)

Iolodu le; RTUTI L

SendVHFPtt{True)

Module: RTl.!TIL

Set VlifSelecl

No
I,;Vf I 039 • True ?

Ye'

Set KBSSe-ne flag

SenjKESTone(KESSend)
Module; RTUTlL

Oisplay_Ewsy
Iolodule : RTDISPLY

Set UhFSe I ect

No

Y"

Ser.cC~FTones(F.· ')

Moc\.: le: R1'UT!:"

C!ear '''';FSele~t

SenaV~FPtt{False}

Mocule : RTL!TIL

Ye'

C: ear KBSSe'1d

Clear UHFSeiecl

Wcdule : RT:rSPlY

I
1I

I1
H
'II

1+---+- - - - - - - - - - t+----.l--------------I
Se~cK5S7one(K~55er.d)

Wed'..! Ie : RT1..:7:l.

51
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S~c~ion 4.1 Detected UHF DTMF service routine

FILE SYST-41A.FCD

DATE 17-05-2000

MODULE MUPCDIAG.PAS

MUPC CARD BASIC RT SYSTEM

~hF DTMF service

Section 4.10

GetOTMfCode(UHFOata)

and set UHFOTMF

Modu le: RTUTI L

No

DisplayWriteMsg(22l

"UHF ID'·

Module: RTDISPLY
Ye.}---*---------

Clear UHFFlag

Sel UHF Access

Set UI-iFVHFTone

Set Acl<.lone

Set UHFFlag

"bdul~ , RTUTIL

Sel8uzzer(Tr",e)

Set BllzzerCn

Cispla'(iI':-i lE: .5;(21)
Clear l:;';FFlag

"U.,F NO I~"

Clear UI-:F,l.ccess
IJc;::'uie , f:CC ISPL Y

Clear Vlink.Act;ve

SelVI ir:k{~alse) Set L'HFVHFTone

,",0= ...1 e , ;TU~IL Sot lJhFShutSown

Ye.

i,

I
!
!,
I

ii
'I
ii
11

11
I,
!i
!l
11

I:
"'i

I:
!I
I
I,
i
'I

"'I
;j

'I
11

!I
----------------------------';152

Dis~layWriteMsg(27) Set VUI'tKAcl ive
Ye.

"VL [NI(" Set UHFVf-iFTore

Module RTDISPLY Set Acl<. tone

No No

Set UHFVHFTone

Set Busy tone

No



Section 4.2 Detected VHF DTMF service routine

FILE SYST-42A.FCO

DATE 18-05-2000

MODULE MUPCDIAG.PAS

MUPC CARD BASIC RI SYSTEM

'./1'.1' DTMF ser-vic:e

Sect i on 4.20

GetDTMFCode(VHFData)

and set VHFDTMF

Module; RTUTJl

No

i

I
'!

"'cklone

VLP,KActive

Clear UHFVhFTone

SH

SH

Clear UHfVHFTone

Set Ad,tone

Module; RTDISPlr

DisplayWriteMsg(24)

"VHF 10"

Clear VHFFlag

Set VHFAccess

}-->t-----------

"VLlNK"

ModlJle : RTDISPLY

Displayfl'rite~sg(31 }

Set VtiFF I ag

No NO

Clea" l;HFVHFTone

Set B..:s~tor.e

y"
·'REP··

Module: RTJrSPlY

Set V.,FRepeater

Clear UhFVhFTone

Set Ack tone

C Iear UHFV...iFT::me

$et UHF5hu:So~n

Clear VrlFRe~ea:er

Clear C~FVHFTone

Clear VhFflag

Clear VHFAccess

Set B...zzerOn

SetSc.!zzer( True)

5et\ll ;:->ldPalse)

MO:!'.Jle : RTUTIL

53

No



42A

3:.lzzer- service

Se~tion5.10

MUPC CARD
F!LE

DATE

MODULE

Section 5. t

Section 5.2

Section 5.3

BASIC RT SYSTEM
SYST-51A.FCD

18-05-2000

MUPCDIAG.PAS

Buzze~ service routine

VL;nk service routine

VHF PTT from RUS service routine

,

No

,
VUnk service

Section 5.20

RiJS s erv i ee

Section 5.30

SetBuzz~r(False)

Modu le: RTUTIl

Clear Buzzer-On

SetVhFPTT(True)

Mocwle , RTUTIl

SetVHFPTT(False)

IolodwJe : RTUTll

Set LJHFSelect

Set. K85Sen(j

Set Ac~tone

Sen?f5STone(T r ue)

~OGul e : RTuTrl

Cfear UhFSelect

Senc~=STone{False)

,",ooule : RT'';T!!..

1

1

I
I
11

I

I
I

I

It
11r,
:i
[I

li
:1
i!
I1

il
;1

!I,
"li
,I

,
".;-;rPTT(Trl.-el

"':;<:..:Ie : RTUT!L

~~: A:te;"ltion

,,, SetVMFPTT(False)

l.4od·.J le: R~'Ji!l

Clear Attention

54



MUPC CARD BASIC RT SYSTEM

7 FILE SYST-54A. FeD

DATE 19-05-2000

MODULE MUPCDIAG.PAS

Section 5.4 Send the Beep Baap tone

Seep Baap TOl'le Sect ion 5.5 Send the Busy tone

Sect j on 5.4121 Sect j on 5.6 Send the Shutdown tone

,
'\ SendEeepEaap[False)

!> " Set tJHFSeI ecl
y" Yes

~ 100rnS~
SenaKBSTone(False)

AckTone . True ? UHFVHFTone · T ? SendK6STone(True) Delay -
Modu I e , RruTIl

Module , RTUTIl / Clear UHFSeleet

No No

SendgeepBaap(False)
Set Vi-IFSelecl

SetVHFPTT(false}

1----+Set Vl-iFPTT( True)
MOdule , RTUTIL

Module , R.TUTIl
Clear VHFSe I eel

Busy fone
- Clear AckTone

Section 5.5121

.

""'\ Senc3w5y(False)
I, I, Set U,YFSe! eel

Ye. Ye'
f-----> 100mS~

Senc~9STone(False)

BusyTone . True ? UHFVHFTone · T ? SendKESTone(True) Delay r--
Mocule , RTuTIl

Modu re , RWTH. / C I ear UHFSeJect.

No No

Senc:6usy(False)
Set VriFSelect.

Set~~FPTT(False)

r-.Set. '1'irprr(T:'~e J
r.tcd·j Ie , R. :'J:r~

~:Jc,,;e RTLT:l
Clea~ VriFSeiect

ShutOQ...n Tone - Clear BusyTone
Section 5.60

"'~
Se~cS~~~C:Jwn(False)

I, r, Se:: L'hF5eiect
Ye' Yes

f----->
Senc~5STcne(False)

-H,:::-Shu tDc",i'1 . True L:riF"I-:FT::HH~ · T ,
Senc~3STone(Tf~e) Delay -

I
~cd~le , RT;,;T:,-

? !o!oc"le , RTiJEl
Clee,f ur;FSelect

No No

SencShut:o",n(False)
Set \'"i=Se Ie:::t

Set\~~FT;(False)

--+Set.V':"'f=:>TT{Tr-ue}
~:::cule , RWTE..

Klck ire f1iatchcog MC:::~le , RT'...!T!:...
Cl ear V'"i:=Selecl

I - Clear ur;FSh~tJown,

55
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CPU START

Delay 100 ms

Wait for U13 &

U14 to reset

,
CALL PROCEDURE

Initialise System

Diag_MUPC_Board

,

MUPC CARD
FILE

DATE

MODULE

Section 1.0

DIAGNOSTI CS
DIAG-10A.FCD

08-05-2000

MUPCDIAG.PAS

Main Startup Routine

Transmit on COMI

"Keyboard Test."

Terminal Connection

Delay 10 ms

Wait for US

EEPROM reset Delay 10 ms

No

Yes

Yes

CALL PROCED\J!'!E

Basic RT system

DiaS_M!J?C_Board

,
Traf1s.'!1i t on eCMI

Ese H K

VISCQNTRC~ Cc~~and

,
CAL~ p;- ;CEC'''':.=1E

Keybo2rdTest

MaCule: RTTE:STS

1

:\'

k==========56~=========~.



MUPC CARD DIAGNOSTICS
10A FILE DIAG-10B.FeD

DATE 08-05-2000

MODULE MUPCDIAG.PAS

Section 1.0 Keyboard Test Main Routine

CALL PROCEDURE

Display Screen

1I

1\
"11

ilI

I,

il

!,
11
11

I'

I
11

ii
I'

Key • It ?

Clear l-iel;::Flag

DispScr-een

CAll PROCEDURE

Clear HelpFlag

Nodule: RTUTIl

Di:5pl~y

No

Vf-iF1KhzTest

F.ela~Test

CALL FROCE~:";"E

Set HelpFlag

Clear HelpFJag

KBSToneTest

DT~FKeYsTe5t

VLinHest

CALL PROCEDURE

Module: RTALIGN

CALL PROCEDURE

CALL PROCEDUR!::

DTMFCaC/eSTest

"lodule : RTALIGN

RepeaterTest

,",odule : RTALIGN

Module , RTA~!GN

Module: RiAlIGN

MOG~le : RTAl!GN

57

,

Wait fel" a Key

to be pressed.

Esc H N

Set Key = " ,.,

,

,

y"

,
8

Set. HelpFlag

"'cdu le: RTUTIl

Delay 10 ms

Terminal Connection

Transmit on COMI

"System Tests_"

V!SCCNT~OL Commano

Transmit O~ COMl

l



AfUPC CARD DIAGNOSTICS
FILE

DATE

MODULE

DIAG-10C.FCO

09-05-2000

MUPCOIAG.FAS

i

I
I
1

1

I',

Yes

OisPScl'een

"'01'-1 le: RTUT Il

CALL PRXECUil.E

Clear Helpflag

Set ~el~Flag Clear HelpFlag

Keyboard Configuration Wain Routine

SelRradcress

'0

CAll PROCE::iURE

C.... LL PROCEi::'JRE

CALL PROCECL:RE

SetRTH i >;~.S j le

e,t.LL FROCE~iJP£

Clear HelpFlag

SelRTrepeater

Nocule : RT~CNF!G

Macule : RTCC~FIG

SetRTlype

~dule ; RTCONFIG

Module; RTCCNFIG

58

Section t.0

Wa it for a !l;ey

lo be pressed.

Clear HelpFtag:

Transmi l on COMl

Trans!lli t on COMI

,

No

Esc H at

VISCCNTROL Command

Delay 10 IllS

,..

~Keyboard Configuration"

Terminal Connection

I
I1-------

I 1
! reI
l



AfUPC CARD DIAGNOSTICS
FILE DIAG-10D.FCQ

DATE 10-05-2000

~ODUlE MUPCDIAG.PAS

Section 1.0 Main Routine Computer Config~~ation

Transmit on CaMt

~Ccmputei Contiol Wade"

Terminal Connection r-- Kick Watchdog +-- Clear Atlention Fla1

No

Delay ,. ms ') Is

.J Attention sel eod

K" " Nuj I

,

Transmit on CON'

Esc H B

VISCONTROl Comrand

" Trans~it on COMl
Key . , , Yes \

Delay 10 ms
J

Esc H C
Atent ion

VrSCQNTROl Comman~

Pl~ No
./

- Tr"'nsmi t on CCM'

Esc H H

CAll Ft!NCTION Yes VISCONTROL Command

ScanSel"" i a I Port
hy '" 0 , Yes

Key - Received Char Switch on ,
DI' switch

~aule , RTUTIL
2

No Transmi l on CCM'
No

Esc H G

VISCCNTROl Command

No
Key· Esc ,

Transm: t co 'CM'
It:ey '" E , 'es No

o:? s .. ,lch 2 Esc H D

'es Erase F Iash
an , YISCC1"JTRGl Corrnand,

!lio 'es

Set Attent. ien Flag

(.ALL PROCEDURE
Transmit on CGMI

Esc H E !J i s~ I ay Screen

VISCCN7"Ol COlTJlland !o4od... le , "-TI.:T IL
CAll FlJNCTION

SCaMSerialPortWait

~ I
Key - F:~e i ved c.'":ar

,
Wccule , RTUT!l CALL PRX:::cR£ Trar:5~j t cn ''''',

E5C H F
Erase:FfashFrcr:r

Y!SCO~~ROL C~~a~d

Mod"le , R7FLA5r!

I,
CALL PRXE:L:i\E

:~itial ise System

Di~;""\l:':?C_5ca!""d,
8 15£

59

I1

li

,I

I,
I'
rl
I1
ii



MUPC CARD DIAGNOSTICS
I'

I

150

CALL PROCEDURE

Display Screen

Module: RTUTIl

1----+1 Di sab Ie Interrupts

CALL PROCEDU~

o i agJolUPCJ3oard

Delay 10 ms

1-----l'!Inil lOll ise System 1----1'1

Section 1.0 Main Routine Compuler Configuration

FILE DIAG-10E.FCD

DATE 11-05"-2000

MODULE MUPCOIAG.FAS

ProgramF Iash

Module: RTFLASH

CALL PROCEDURE

STX Diag Version

VISCONTROL Corrmand

Transmi t on CCIoIl

Transmit on CCM1

Esc H A.

VISCONTROL Command

Ye,

Yes

Yes



MUPC CARD DIAGNOSTICS
FILE OIAG-10G.fCD

DATE 11-05-2000

MODULE MUPCDIAG.FAS

Section 1.0 Main Routine Computer Configuration

C.... lL FUNCTION

ScanSerialPortWait
Ye.)-""::'----01 Key .. Received Char

)fodule : RTUTIL

15F

i:
"

1
1

:1

11
li

1
''I
"Ii
II
1\
11

"::
:1

,
"11
'I

li
1
1

'I

'/
I:
i
j;
1
'·1

11
1I
11

11
li

I,
""ii
li

ii
I1
1

CALL P~OCE::L:R=

Ioklcule : RTLlTIL

Display Screen

CALL PROCEDUR!::

T~ansm1t on COWl

CALL PR'XECt..:~

CALL PROCE~UR=

V!SCCNTR:l Co~and

Esc Z

Set;U5~·..:r:D

Module: RTCONFIG

CAll P"XE:JURE

5etRTaddress

SetRTrepeater

5etRina.-ne

CALL FROCECURE

SetRTlype

Mo~~le : RTCQNFIG

Module: RTCQNFIG

SetRiri S'"ISite

~cc~le : R;C~~f~3

62
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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-10AFCD CPU card DIP switch test routine. 64

CPU card Keyboard test routine.

TEST-10B.FCD CPU card Display test routine. 65

TEST-20AFCD CPU card Function tone test routine. 66

TESr-30AFCD CPU card Relay test routine. 69

TEST-40AFCD CPU card Output lines test routine. 70

TEST-40B.FCD CPU card Input lines test routine. 71

TEST-50AFCD CPU card EEPROM test routine. 72

TEST-60AFCD CPU card Modem and COM2 test routine. 73

63



MUPC CARD SYSTEM TESTS
FILE TEST-10A.FCD

DATE 26-06-2000

NODULE RTTEST5.PAS

Se~tjon 1.0 CPU card DIP switch test routine

Se~tion 1.1 CPU card Keyboard test ro~tine

DipSwftchTest (... K_'_Y_Ba_ar_d_T_"_' ~)

l
Display

DIP sWitches test.

Set 1 • on 2" off'

Display

Keyboard test.

DTIoIF Code· ?

Clear NewDala

data current

Make the Dip switch

I
I,

I

I

I1

Send Es~ + S + Key code

Display Key character

KiCK the Watchdog Timer

No

Get the colmtand

Read the Keyboard

switch vall:e + 1

Delay 5 r.'IS

Send Esc + S + data

Sel NewData to the DIP

No

Get the COllllland

Read lhe DIP switch

Kick the Watchdog TL~r Y"

No

( •• ,"CO )

(Return)

64



MUPC CARD SYSTEM TESTS

)

FILE TEST-1~B.FCD

OATE 2&-06-2000

MODULE RITESTS. PA.S

Section 1.2 CPU card Display test routine

Display

Display test.

Press terminal keys'

Home t.he cursor

Clear display state

II

I
[

Display the character

Clear display state

Reset the display

Display •Reset'
"

.,
Clear display state

il
1,

/1
Ii

home the cursor
I1Clear display state
11

1
I

"

I
I'
!I
!i

No 1I

li

"0 i[
11

ISet Cna~acte~ to N~II ,I
Set display state 'I

II,
"I,,I

!:
'i

reo ;1
Send Esc + D + Crarecter 11

Ij

11

It
I'i'I
jJ
I'

11
11[,
,I

(
!l

1:etu.."1"I ;i
"

"'- 65 I1



MUPC CARD SYSTEM TESTS 11,

(,,--_T_O'j_T"_' )

FILE TfST-20A.FCD

DATE 27-06-2000

~DULE RTTESTS. PAS

Section 2.0 CPU card function tone lest routine.

Display

General Tanes lest.·

Clear DTMF send flag

C I ear OTMF detect f I a9

,
;1

"
"II
I!
I1

itI,
"iI
il

li,I
I:
f:

,
8

Clear the slate fJag
Switch off DT~F tone
Switch on KBS lone

Display
• General Tones lest..·

Display
• General Tones test.'
• 2eC~ Hz KBS Tone on'

Display

• OT~F 5 Tones on

S.itch off DTMF lone

Clear the slate flag
S~ilch off KB5 tone
SWitcn on CTMF COCe 5

Switch off KBS lone

S*itc~ off ~BS to~e

S.;tc~ off DT~F tone
Set l~e Sla:e fla;
Set t.'"'e KB5send fi a;

Dis?Jey
, Use Keyboard. + K5S'

Set the c~a;,nel to ~hF

SwitCh off K85 tone
Switch off DTMF tone
Sel lMe Slate fla~

Clear the KBSsend ftag

Set ~TWF cetect (Iag

Dis;::lay
• Genera.! T~nes last.·

Display
'~se Keyboard. NO KeS'

Clear the Slate (lag
Clear the K3Ssend flag

66
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20A

MUPC CARD SYSTEM TESTS
FILE TEST-20B. FeD

DATE 27-06-2000

MODULE RTIESTS. PAS

S,=ction 2,0 CPU card function tone t.est routine.

20A

Clea~ UHF detect flag

Set VHF detect flag

Set the channel lo VHF

Clea~ VHF detect flag

Switch UHF channel on

Switch UHF channel off

Switch VhF char-net en

Ne

,
Send Esc + T + ccmnand

!1.,
"

11

1\.,
il
Ii

67
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MUPC CARD SYSTEM TESTS
FILE TEST-20C. FeD

DATE 27-06-2000

1ol0DUlE RTTESTS. PAS

Section 2.0 CPU card function to'1e test routine.

1
1

1
1

11

11

I

11
i'

I:
II

11

11,I
jl

1I
I

1I

i;
I,
Ij
i',I
"I;
I',I
[,
"'I
I'
"\'i

11
[:
,I
fi
I1
I'
!

!i
ii
I'
!I

:
1

I!
I'
I!,
I'
:1
I'
"
.1,
if
"'I
ii
';
"

-

S""i tch KBS ton~ en

code tone on

Swi tch the DTIolF keyboard
1+----'

Send Ese + T + D~F COGe

'es

'os

68
-- -

Yss
)C~-------cMGet UHF chan~el DTNF code

No

Switch OTMF tones off

Switch K8S tone off

Gel VHF channel CTloIF coce

Yes

Yes

I,
( Return )

,

,

No

No

No

5"ilch WE channel off

Reset the har-:::ware

Swit.ch UI..f" C!":at!r:el off

I j( i ell. the Yiatd1eog Ti ~er- (

!



MUPC CARD SYSTEM TESTS
FILE TEST-30A.FCD

DATE 27-06-2~00

~ODULE RTTESTS.PAS

11

I'
Section 3.0 CPU card relay lest routine.

RelayTest (-RLKey) ( RelOllyKey )......._....,....-----
!

Display

Relays test

Output relay 1 to 8'

Switch relays off

Clear Key code

Set Help ste.te

i!
"!I
li
I',I
"11

11

'I
"I,
i\
'I

I1
1

1I,
I'
1I
1!
"
";i
li
"

I
1Ii

"

,

ii

9..... 11 on 0· ... 11 off'

Clear Help state

Set the relay

Set al I relays

Clear the relays

y"

y"

9 ..... 11 on 0 ..... 11 off'

c: spl ay

K~y - 8 Relay en'

Clear Help state

y"

I'"
+

,

'or

69

( Rebrn )

Kjc~ the Watchcc~ timer

Ca I I keyboard tes t

RelayKey

(Re~crn )

Get the relay state

Redisplay the screen

(R.tuC" )

Switch relays off

Set I Clear the relay

Call computer test

Re IayComp



MUPC CARD SYSTEM TESTS
FILE TEST-40A.FCD

DATE 28-06-2000

MODULE RTTESTS.PAS

Section 4.0 CPU card output lines lest routine.

C... O_U_..._ut_T_~_t ..)

!
rl Gel lne c:ofll'lland I

Ce<m>and
Ye. I

line slale I. 1 lo 9 ? '1 Get. lhe

~
No

Case c:ollllland

Ye. r
(slate) "1Corrrnand .. 1 SetRepeater

Ye. [
(state) ICcrrrnand .. 2 "l SetVlink

Y.,
_I SetV~Flnhibil (slate) :Corrmand .. ,

Ye.
~- SellifiFPTT (slate) ;COrJ"l'r.and .. 4

-
Ye.

Corrmand .. 5 -[ SetPhone!:1h (slate) I

Ye. r (stateJiCorm:and .. • SetuHFInhibil

Ye, I (slate) ICOIIII1and .. 7 '1 SelBuzzer

Ye. [ I
CO!l'ITland .. 8 -[ SelAlarl'l'lEO (state) I

Yes
Corrmand .. 9

No Ye,
slale s~l

,

,
Clear all the Set. all "e

c'..:t~ .. t I jr;es o...:tp'.-t I ; r.es

, t
lick the 'later-dog

- I
tImer r

No COfl'l"i.al"ld

.. Q ?

Yes

(Clear lheout;:ruo:. lines

(Rel~~ )

70



MUPC CARD SYSTEM TESTS

Display

Input. I foes test.

PIA2 C Lines 1 to 8'

Clear OldOata

Get. t.he cOIlIYIand

Read the input lines

FILE TEST-40B. FeD

DATE 28-06-2000

MODULE RTTESTS. PAS

Section 4.1 CPU card Input I ines test routine

Yos

Make the Input lines

data current

Send Esc + I + data

Delay 10 ms

Kicll the 'iat:::.hc!og Timer

No

'IYes I,

I( Return ) I

71



MUPC CARD
FILE

DATE

MODULE

Section 5.0

Display

Serial EEPROM test.'

Configure Data Area'

Get the command

SYSTEM TESTS
TEST-50A. FeD

29-06-2000

RTTESTS.PAS

CPU card EEPRC»ol test rout ine

Yes Send 128 bytes of dat.a

Send ETX + Prom

Enable write data

Write characters 0 to

127 to the EEPROM

Disable write data

Send Esc + EW

Enable write data

Yes Erase the EEPROM

Disable write data

Send Esc + EE

Enable write data

Yes Writ.e at Address 0 'RT'

Disable write data

Send Esc + EO

No

Kick the Watchdog Timer

No

72



NodellCo.2Test

Initalise variables

Display

Control Modem and

Corn 2 test..

Get the corrmand

MUPC CARD
FILE

DATE

MODULE

Section 6.0

SYSTEM TESTS
TEST-60A.FCD

29-06-2000

RTTESTS.PAS

CPU card Modem and COM2 test routine

606

73

Set Com2 RiS I ine on/off



MUPC CARD SYSTEM TESTS
FILE

DATE

MODULE

Section 6.0

TEST-60B.FCD

29-06-2000

RTTESTS.PAS

CPU card Modem and COM2 lest routine

Initial ise the Com2

Initial ise the Modem
Yes

}-----------------~SwilchUHF channel on/off

60A60A

Yes If data received, send

Esc + L + data

Yes Transmit 'R' on Cam2

Delay 50 ms

Esc + lOt

Send Esc + lel

Send Esc + L00

Send

Send Esc + lC0
Yes

Yes

No

CD

Low?

Yes Transmit 'N' on the modem

Delay 50 ms

Yes

No

60C 60C

74



606

MUPC CARD
FILE

DATE

MODULE

Section 6.0

Yes If dat.a received. send

Esc + L + data

SYSTEM TESTS
TEST-60C. FeD

29-06-2000

RTTESTS.PAS

CPU card Modem and CON2 lest routine

No

Kick the Watchdog Timer

No

Yes

Initial ise the Modem

In j li a I i se the Com2

75



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-30AFCD System repeater configuration routines. 83

CONF-40AFCD System name configuration routines. 86

CONf-50A.FCD System Spur sites ID configuration routines. 90

CONF-60AFCD System High sites ID configuration routines. 93

76



MUPC CARD SYSTEM CONFIGURATION

Call computer
configuration

RType(omp

Ca I I keyboard
configuration

RTypeKey

FILE CONF-10A.FCD

DATE 20-06-2000

MODULE RTCONFIG.PAS

Section 1.0 System type configuration routines

SetRTtype ( _TypeKey ) )

Enable EEPRON write

Wrile Type t.o EEPROM

Disable EEPROM write

Delay 20 mS

DisplaY Sicbox type

(Return)

DisplaySicType

Display

RT system setup.
Site Type-

Read the type

Yes
Display 'High'

Yes
Display 'Spur'

Yes
Display 'Base'

No

77



Clear Key value

Set. Help flag

MUPC CARD
FILE

DATE

~ODULE

Sect. ion 1.0

SYSTEM CONFIGURATION
CONF-10B. FeD

20-06-2000

RTCONFIG.PAS

System type configuration rout.ines

No

No

No

Ye'

Set Key to 'H'

Set Key to '5'

Set Key to 'B'

Ye,

Writ.e the Sicbox type

Write to display

'I-High 2-Spur 3-Base'

Clear the Help flag

Display the Sicbox type

Set the Help flag

Kick the Watchdog timer

Read the keyboard

No

Ye'

78



Send the Sicbox type

Wait for the conmand

No

Kick the watchdog timer

MUPC CARD
FILE

DATE

NODULE

Section 1.0

Write the Sicbox type

Send the Sicbox type

SYSTEM CONFIGURATION
CQNF-10C.FCD

20-06-2000

RTCONFIG. PAS

System type configuration routines

No

Yes

79



MUPC CARD SYSTEM CONFIGURATION

Display

RT system setup.
Site Address -

FILE CONF-20A. FCD

DATE 20-06-2000

NODULE RTCONFIG. PAS

Section 2.0 System address configuration routines

Send string

STX ~ ID4 + ID3 + ID2 + IDI

Cal I computer
con f i gurat i on

RTaddressComp

Ca I I keyboard
configuration

RTaddressKey

Displ~yAddress

( Wr iteAddress )

Enable EEPROM write

Write the address to

the EEPROM

Disable e:EPRON write

Delay 10 m5

( Return )

Display

ID4, ID3, ID2 and IDJ

Set cursor to next ID

CReturn)

80



MOPC CARD SYSTEM CONFIGURATION
FILE CONF-20B. FCD

DATE 20-06-2000

RTeddressKe)'

Set pointer to 1

Read the address

Display the address

Switch cursor on

Se\. Help flag

Clear the Key

MODULE

Section 2.0

RTCONFIG.PAS

System address configuration routines

,-----i'( Key - 0 to 9

No

Ye, Ye, Pointer Ye'

Ye'

Ye'

Ye,

Set 104 to Key

Set ID3 to Key

Set ID2 to-· Key

Set IDl to Key

Yes

Increment pointer
and set to I If
greater than 4.

Display Address

Display

• Range is 111 - 999 •

Clear Help flag

No

Kick the ~atchdog timer

Read the keyboard

No
Display

• Site Address -

Display the address

Set Help flag

No Yes Write the address

Switch Cursor off

81



MUPc CARD SYSTEM CONFIGURATION
FILE CONF-20C. FeD

DATE 21-06-2000

NODULE RTCONFIG.PAS

Section 2.0 System address configuration routines

Set pointer to 1

Display the address

Delay 20 mS

Read the address

Send the address

Set .-Nu to 00

Get the command

Read the Sicbox address

Send the Sicbox address

Yes

Wait for code , set ID.

Wait for code , set ID3

Wait for code , set ID2

Yes Wait for code , set ID!

Write the address

Read the address

No Send the address

Display the address

Kick the watchdog timer

No

Yes

82



MUPC CARD SYSTEM CONFIGURATION
FILE CONF-30A.FCD

DATE 21-06-2000

NODULE RTCONFIG.PAS

Section 3;0 System repeater configuration routines

WriteRepeater J

Enable EEPRO~ write

Write the repeater

mode to the EEPRQN

Disable EEPRON write

Delay 20 m5

Display repeater mode

Cal I computer
configuration

Ca 1I keyboard
confi gurat ion

( Return)

RlrepComp RlrepKey

(Return)

Display

RI system setup.

Repeater ..

Read the repeater code

Ves
Display 'Disable'

Display 'Enable'

83



Clear Key value

Sel Help flag

MUPC CARD
FILE

DATE

MODULE

Seclion 3.0

SYSTEM CONFIGURATION
CONF-30B.FCD

21-06-2000

RTCONFIG.P",S

Syslem repealer configuralion roulines

No

No

Hs

Sel Key to 'E'

Sel Key lo '0'

Wrile lo display
'es

I I-Enable 2-0isable

Clear lhe Help flag

No

Oisplay repealer mode

Sel lhe Help flag

Wrile repealer mode

Kick the Walchdog timer

Read the keyboard

Yes

84



No

Set. key lo enable

Ye'

MUPC CARD
FILE

DATE

NODULE

Section 3.0

Set key to disable

SYSTEM CONFIGURATION
CONF-30C. FeD

21-06-2000

RTCONFIG. PAS

System repeater configuration routines

Send the repeater mode

Gel the cOlllJ1and

No

Ye, Wrile the repeater mode

Send the repeater mode

Kick the watchdog limer

No

Ye'

85



MUPC CARD
FILE

DATE

J,40DULE

Section 4.0

SYSTEM CONFIGURATION
CONF--40A. FCD

21-06-2000

RTCONFIG. PAS

System name configuration routines

SetRTNa.e (-HameKey)

Display

• RT system name.

Setup display pointer

Setup data pointer

No

Call computer
configuration

SetRnlameComp

Ca I J keyboard
configuration

SetRTN.ameKey

Ye'
Send STX

Get two characters then

send and display them

Increment data pointer

Ye.

No

Set data pointer· 1

Delay 040 mS

Enab I e EEP.RoCM .r i le

Write the name string

to the EEPROM

No

Ye,

Disable EEPRON write Kick the Watchdog timer

( Return )

86



MUPC CARD SYSTEM CONFIGURATION
FILE

DATE

MQOULE

Section -4.0

CONF--40B. FeD

21-06-2000

RTCONFIG. PAS

System name configuration routines

Set Help flag

CI ear the key

Read the sicbox name

Display the sicbox name

Switch the cursor on

Set the pointers

Move cursor right
Yes

If past right position

then wrap around

Display next character

Yes If ) last character then
I-----+l

display first in J 1st

Reset the cursor

Display previous char.

Yes If < first character then

display last in list 1-------+1
Reset the cursor

Move cursor left.

If past left position

then wrap around

Chage the character to

a space

Reset the cursor

Toggle the character

belween the upper and

lower case values

Reset the cursor

Yes

Yes

Yes

40C 40C

87



406

No

Kick the Watchdog timer

Read the keyboard

MUPC CARD
FILE

DATE

tolODULE

Sed ion 4,0

Yes

No

SYSTEM CONFIGURATION
CONF-40C.FCD

2t-06-2000

RTCONFIG. PAS

System name configuration routines

406

Swi tch cursor off

Display

'Move:L-4 R-6 U-2 0-8'

'CapsToggle-7 Space-9'

Clear Help flag

Display

• Ri system name.

Display the sicbox name

Reset the cursor

Switch the cursor on

Set Help flag

No

Yes

S.j tch the cur-sor- off

Write the sicbox name

88



Delay 20 mS

Send the sicbox name

MUPC CARD
FILE

OnE

MODULE

Section 4.0

SYSTEM CONFIGURATION
CONF-40D.FCD

21-06-2000

RTCONFIG. PAS

System name configuration routines

No

Kick the watchdog timer

Clea~ the name string

Reset the data pointer

Insert character into

the name string

Point to next character

in the string

Write the sicbox name

Send the sicbox name

Send the si cbox name

No

89



MUPC CARD SYSTEM CONFIGURATION
FILE CONF-S0A.FCD

DATE 22-06-2000

MODULE RTCONFIG.PAS

Section 5.0 System Spur sites ID configuration routines

SelRTSpurID (_Spur-Key)

Display

• RT system setup.

Display the Spur site

number in the list.

Display the Spur site

ID number

Set. the cursor position

Cal [ computer
configuration

Display

Spur Site ID's

SpurIOComp

Call keyboard
configuration

Display

Spur no

Spur-JOKey Delay 200 mS

Setup data pointer

Send the Spur ID

STX+ID~+ID3+rD2+IOl

Point to next Spur ID

ReadSpurID

! No

Read the eight Spur
v"

ID's from the EEPRQIl4

!
( Return )

Return )

( WriteSpurID

Enable EEPRCM write

Write the eight Spur

ID's to the EEPRON

Disable EEPRC»l write

( Retur, ")

90



SpurIDK.ey

Read the Spur ID's

Set the pointers

Display the Spur ID's

Switch the cursar an

CIear the Key

MUPC CARD
fILE

DATE

IoIODUlE

Section 5.0

SYSTEM CONFIGURATION
CONF-50B.FCD

22-06-2000

RTCONFIG.PAS

System Spur sites ID configuration routines

No

Kick the Watchdog timer

Read the keyboard

Change the Spur ID

Move cursor to right

If last character then

wrap around to start

Display the Spur ID

Get the next Spur ID

If past last Spur ID

then get fi rst Spur ID

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 Spu~ ID

Display the Spur ID

No

Switch the cursor off

Write the Spur ID's

91



Delay 100 m5

Send the Spur ID' s

Get the character

MUPC CARD
FILE

DATE

MODULE

Section 5.0

SYSTEM CONFIGURATION
CONF-50C. FeD

22-06-2000

RTCONFIG. PAS

System Spu~ sites ID configuration routines

Yes

Ves

Yes

Ves

Send the Spur ID's

Clear the receive slri~g

t----~
Set the data pointer

Insert character into

the Spur site string

Point to ne~t character

in the st.ring

Write the Spur ID's

Send the Spur ID's

No

Kick the watchdog timer

No

'es

92



MUPC CARD SYSTEM CONFIGURATION
FILE CONF-60A.FCO

DATE 22-06-2000

MODULE RTCONFIG.PA$

Section 6.0 System High sites ID configu~ation routines

SetRTHighSite LHighKey) DisplayHighID

1
Display

• RT system setup.

Display the High site

number in the list

Display the High site

ID number

Set the cursor position

1
( Return "1

Call computer
configuration

Display

High Site ID's

HighIDComp

Ca I I keyboard
configuration

Display

High no

HighIDKey

SendHighID

Delay 200 mS

Setup data pointer

Send the High site ID

STX~I04+ID3+ID2+IOl

Point to next High ID

( ReadHighID )

Read the eight High

site ID's from the

EEPRC»II

( Retum )

WriteHighID

Enable EEPRQIt wr-ite

Write the eight High

ID's to the EEPRa-4

Disable EEPRQN write

( Return )

Ye'

Send fTX + High

93
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MUPC CARD SYSTEM CONFIGURATION

( HighIOKey

r
)

FILE CONF-60B.FCO

DATE 22-06-2000

MODULE RTCONFIG. PAS

Section 6.0 System High sites ID configuration routines

Read the High site ID's

Set the pointers

Display the High site ID

S~ltch the cursor on

CI ear the Key

Ye'

Yoe

Yoe

Yoe

Change the High site ID

~ove cursor to right.

If last character then

wrap around lo 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

Get the previous High ID

If past first High ID

then get last High ID

Display the High site ID

Clear the High site ID

Display the High site ID

No

Kick the Watchdog timer

Read the keyboard

No

Yoe

Switch the cursor off

Write the High site ID's
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Delay 100 enS

Send the High site lO's

Get the character

MUPC CARD
FILE

DATE

MODULE

Section 6.0

SYSTEM CONFIGURATION
CONF-60C. FeD

22-06-2000

RTCONFIG. PAS

System High sites 10 configuration routines

Yes

Yes

Yes

Yes

Send the High ID's

Clear the receive string
1-----.1

Set the data pointer

Insert character into

the high site string

Point to next character

in the string

Write the High site 10's
/----+1

Send the High site ID's

No

Kick the watchdog timer

No

Yes

(Retu,n )
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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

RTALlGN.PAS Pascal source file in appendix C. --
ALGN-10A.FCD System alignment test signals. 97
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MUPC CARD SYSTEM ALIGNMENT
FILE ALGN-10A.FCD

DATE 14-06-2000

MODULE RTALIGN.PAS

Section 1.0 System alignment test signals

DTWFCodeSTest

CAll PROCEDURE

DisplayWriteMsg (61)

.. System Test ..

DisplayWriteMsg (62)

.. DTNF Code 5 on ..

NODULE: RTDISPLY

Troos.mi t. OtMF eod~ 5

Select the correct RT

channel

Clear key value

,

If channel swi tch change

select the n•• channel
+-

G.t the k.y value

Kick the Watchdog

,.y
No

value - • ?

'.s

Switch DTMF code 5 off

Swi tch VHF PH off

Deselect UHF channel

Deselect VHF channel

Display main screen

( Relurn )

( KBSToneTest

CALL PROCEDURE

DisplayWriteMsg (61)

.. System Test ..

Disp layWri teMsg (63)

.. KBS Tones on UHF ..

MODULE , RTDISPLY

Transll'li t \(BS t.one

Select the UHF channel

Clear key value

Get the key value
~Kick the Watchdog

'.y
No

value - • ?

Yes

Switch K8S tone off

Deselect UHF channel

Display ~in screen

( Relurn

( RepeaterTest )

CALL PROCEDURE

DisplayWriteMsg (61)

.. System Test ..

DisplayWriteMsg (64)

.. Repeater mode ..

MODULE , RTDISPLY

Select repeater mode

PTT the VHF radio

Clear key value

Get the keY value

Kick the Watchdog
+-

'.y
No

value - • ?

Yes

CIear repeat.er mod.

Sw itch VHF PH off

Dis.play main screen

( Return )
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MUPC CARD SYSTEM ALIGNMENT

( VLinkTest

CALL PROCEDURE

DisplayWriteMsg (61)

.. System Test ..

DisplayWriteMsg (65)

.. Vlink mode ..

NODUL.E ; R1DISPl '{

Select VLink mode

PIT the VHF radio

Clear key value

-

Gel the key value
+-

Kick the Watchdog

'ey
No

value .. • ?

Yes

Clear VLink mode

Switch VHF PIT of(

Display main screen

( Return )

FILE ALGN-10B.FCD

DAlE 14-06-2000

NODULE RTALIGN.PAS

Section 1.0 System al ignment test signals

( VHF1 KHzTest ) DTMFKeysTest )

CALL PROCEDURE CAll PROCEDURE

DisplayWriteMsg (61) OisplayWrileMsg (69)

.. System Test .. .. OTMF Keys on "

DisplayWrileMsg (66) DispJayWrileMsg (70)

.. VHF tKHz tone .. .. RESET CPU TO EXIT "
MODULE , RTDISPlY MODULE ; RTOISPlY

Transmit 1KHz tone Display the channel

PTT the VHF radio that is se! eeted

Select the VHF channel Clear key value

Clear key value

Gel lhe key .... alue
+-

Kick the Watchdog
No Keystrobe Yes

set ?

Display the channel Get the Key

'ey Switch DTMf of( Se Iect the channel
No

value· • ? Switch KBS oH Send the OTMf tone

Sw itch VHf PTT 0((

Ass i 9n channe I flag
'es

Switch 1KHz tone off

Switch VHf PH of(
Kick lhe Watchdog

Deselect VHF channel

Display main screen

( Return )
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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-10AFCD Display control routines. 100

DISP-20AFCD Display messages for top line. 102

DISP-30AFCD Display messages for bottom line. 104
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MUPC CARD DISPLAY CONTROL
FILE DISP-10A.FCD

DATE 19-05-2000

MODUl.E RTDISPLY. PA.S

Section 1.0 Display control routines

DisplayWriteMsg (Msg)

Writes a command byte
to the display

Writes a message string
to the display

lhe display

Wait for display

Wait for display

Cal I DisplayCommand (01H)

Call DisplayCommand (0CH)

Cal I OisplayCommand (38H)

Wait for display

Call DisplayCommand (06H)

No

Message

number'" 0 ?

Disable Interrupts

Get the cursor position

and II'IOve it

Get the message string

Write .essage to display

DispCont - 0BH

Keep Tone On

Start of write cycle

COllIlIand on data bus

Clock co~d into

DispConl • 00H

Keep Tone Off

Wriles a characler byte
lo the display

Get a character and

write it to the display

written?

All

the characters No
~------'

OispConl • 00H

Keep Tone Off

DispCont - 0eH

Keep Tone On
Ye'

Start of write cycle Enable Interrupts

Character on data bus

Clock character into

the display

(Return)
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MUPC CARD, DISPLAY CONTROL
FILE: DISP-10B.FCD

DATE : 2~-05-2000

NODULE: RTDISPLY.PAS

Section 1.0 ; Display control routines

Displ.yWl"'iteSlr
( Adr, DispSt.r )

Writes a string
to the display

(cursor-on) NoveCursor (-MoveAdr)

Noves the cursor to 8
new display position

Get the cursor position Set the cursor position
Switch cursor on

and move it and move ;t
OisplayCommand (0FH)

Get the message string Di spl ayCOImland (JloveAdr)

Get a character and

write it to the display

All

( Return J ( Ret.urn )

the characters

wrillen ?

'es

( Return)

No
( cursor-Off)

Switch cursor off

DisplayCommand (0CH)

( Return)
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MUPC CARD DISPLAY CONTROL
FILE

O.... TE

MODULE

DISP-20A.FCD

24-05-2000

RTDISPlY.PAS

Section 2.0 Display messages fo~ top J ine

Write Nessage 21 Wr j le Message , 28 Write Message 29

"UHF NO ID ID·" "SPUR STATION ID·" "CONT,"

write 102, ID. Write 102, ID' Set DispFlag2

Clear DispFlagl Clear DispFlagl
Clear OispFlag2 Clear DlspFlagl
Clear DispFlag8 Clear DispFlag8

"1JLINK"

37

OispFlag7

"M IF"

Writ.e Message

Set

27

DispFlagl

Write Message

Set

Wri le Message

"UHF ID

22 Write Message : 41

"VLINK TO SPUR .. (Return)

set
Clear
Clear

o spFlagl
o spFlag2
o spFJag12
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MUPC CARD
FILE

DATE

NODULE

Sect. ion 2.0

DISPLAY CONTROL
DISP-20B.FCD

26-05-2000

RTDISPlY.PAS

Display messages for t.op line

Wr i te Message 38 Write Message 48 Write Message 25

Clear DispFlag7

Wri t.e Message 47

"NOOEN"

Set. DispFlagt2

Clear OispFlag12

Write Message 26

"BUSY"

Set DispFlag3

103

"ID·"

Write char; 102, 101

Clear DispFlag3



MUPC CARD DISPLAY CONTROL
FILE

DATE

MODULE

DISP-30A.FCO

26-05-2000

RTDISPLY.PAS

Section 3.0 Display messages for bollom line

DispFlag9

"CELL CALL-9

Wrile Mes~age : 40

5.'

Wrile Message: 42

"VHF ID NO REPEAT""VHF ID

Wrile Message

23Write Message

"VHF NO ID

Clear 0 spFlag4
Clear 0 spFlag5
Clear D spFlag6
Clear 0 spFlag9

DispFlagS

"VLINK"

W1" i te Message 31

5.'
Clear DispFlag9

"REPEAT TO SPUR"

Wrile Message: 44

DispFlag4
DispFlagS
DispFlagl3

5.'
Clear
Clear
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MOPC CARD
FILE

DATE

MODULE

Section 3.0

DISPLAY CONTROL
DISP-30B.FCO

26-05-2000

RTDISPLY.PAS

oisp Iay messages for bot tom I ine

Write Message: 45

"CELL CALL-9

Write Message 49

"MODEM"

Set OispFlag13

Wr i te Message

"CONT.

3.Write Message

"CONT."

Se' DispFlag5

Write Message s. Wr i te Mess~ge 32

Clear OispFlag13

"REP"

Set Dispflag6
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MUPC CARD
FILE

DATE

r.fOOULE

Section 3.0

DISPLAY CONTROL
DISP-30C.FCD

26-05-2000

RTDISPLY.PAS

Display messages for boltom line

Wr i t~ to4essage 33 Wr i le Message 35

"RX"

Set DispFlag10

"TX"

Set DispFlagll

Wr i te Message

Clear OispFlag10

Wrile Message

Clear DispFlagl1

36
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3.8 FLASH PROM 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
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MUPC CARD
FILE

CATE

MODULE

Section 1.0

FLASH PROM CONTROL
FLSH-10A.FCD

13-06-2000

RTFLASH.PAS

Flash prom erasure and test routines

( EI"'~seFla:shPl"'o. )

CALL PROCEDURE

..EraseF Iash

Module: RTDRIVER

( Return )

No

Receive th, start Get the byte

address for th, read. Send STX+Byte hex value

Send the header back Point to next byte

Wait 40 m5 Get the byte

Send Byte hex value

Point to next byte

Wait. 20 mS

No

',s

Send ETX • ' Prom'

CALL PROCEDURE

OisplayWriteNsg (91)

" Flash PROM Test.

DisplayWriteNsg (92)

Program Code Area

Module: RTDISPLY

Receive Character

V's

No

V's

No

No

Kick the watchdog

',s

No

No

Delay 20 m5

Send Vo I lS off code

Switch Alarm LEO on

Wr i le codes 00 - 7F hex

Send WI'" i le comp Iele

Switch AlaMl'l LED off

Delay 20 mS

Send Vo Its off code

Send Erasing Flash code

Er-ase the (I ash

Delay 20 mS

Send Erasur-e Complete

Send Vo Its 0(( code

Send Vo Its on code

No V's

CALL PROCEDURE

DispScreen

Module: RTOISPLY

108
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MUPC CARD FLASH PROM CONTROL

CALL PROCEDURE

DisplayWriteWsg (67)

.. PROGRAW FLASH PRON

DisplayWriteMsg (68)

.. System Ready

Module: RTDISPLY

No

Ye'

Send Vo I ts of( code

Send Ready code

Load Spaces

Disable interrupts

FILE FLSH-20A. FCD

DATE 13-06-2000

IolODULE RTFLASH. PAS

Sect.ion 2.0 Flash prom prograrrming rout.ines

LoadSpaces

Load 80 spaces int.o

'he receive array

( Ret.urn )

( HexLoad )

Clear t.he CRC value

Get the number of Hex

characters ;n 'he array

Ge' 'he flash address

Ge' 'he line mode

l(
Yu

;..; Point 1data bytes to first
Hex pair

) 0 ?

No

Yes All bytes No Set FI8sh address v8lue
progrMllled ?

Set the byte value

CALL PROCEDURE

_ProgramF I ash

Iolodule : RTDISPLY

Point '0 next Hex pai r

Point '0 next address

;n 'he Flash prom

Kick the watchdog

206 ( Return )
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MUPC

20A

Gel rece i ved

character

CARD
FILE

DATE

NODULE

Section 2.0

FLASH PROM CONTROL
FLSH-20B. FeD

14-06-2000

RTFlA5H. PAS

Flash prom programming routines

'e.

'e.

'e.

Set count to

Swi lch Al ann LEO on

load Byte into the

receive array

Count point lo next

byte in array

Program the flash

Switch Alarm LED Ofr

Clear the Receive array

'e.
Send Acknowledge

No

No

Kick the Watchdog

'e. Send Termination

Set Character • Q

No

Send Completed

Set Character • 0

No

'e.

Enable Interrupts

110



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-1OA.FCD EEPROM driver routines. 112
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MUPC CARD EEPROM ROUTINES
FILE PRON-10A.FCO

DATE 01-06-2000

~OOULE RTEEPRON.PAS

Section 1.0 EEPRON d~iver routines

ReadOataByte(RAdd~.RHi,RLo>

!
Sel cOll'l1\and lo ~ead

Sel add~ess lo RAdd~

Ca I I --EEPROM

Lib~a~y ; EEPROM

Sel RH, lo high byte

Sel RLo lo low byte

!
(Retu~n )

Set command to erase

Set add~ess to EAddr

Ca I I --EEPRON

Libra~y ; EEPROM

( Wr-iteOat.~Byte(WAdd~.WHi, WLo»

Sel .""""",d to write

Sel add~ess to WAdd~

Sel high byte to WHi

Sel low byte to WLo

Cal I --EEPROM

Lib~.~y ; EEPRON

( Return )

( Enab JeW~ j bDat.a

Set coamand to enable

Ca I I --EEPRON

Library; EEPROW

(Relurn )

DlsableW~iteData

Set command to disable

Call -.EEPROM

Libra~y ; EEPROM

!
(Return)

EraseAllOat.a )

Set command to erase-a I t

Ca 1I -.EEPROM

Library: EEPROM

( Return )

( WriteAllData (AHi,ALo) )

Sel cOlmland to write-all

Sel high byte lo "Hi

Sel low byte lo ALo

Call -EEPRON

Library: EEPRON

( Return )
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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
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MUPC CARD COMMUNICATIONS
FILE CONS-10A.FCD

DATE 12-06-2000

MODULE RTSERIAL. PAS

Section 1.0 Serial conmunications routines

Y..
~=--i~ _Com2Tx • DTR on

Y..
"\'-=---.,oI_Com2Tx • OTR of(

Ye.
}-c:.-+l_Com2Tx • RTS of(

'e.}---+l_Corn2Tx • RTS on

( InitSerial ( Channel »

Set _Channel to Channel
------------------._-----_._.
1 - NODEtol t 200 BAUD ""sync

2 .. MODEM 1200 B"UO Sync, NRZl

3 - C042 9600 BAUD Async

CALL PROCEDURE

_lnilSCC

Nodule ; RTDRIVER

( Return )

No

CAll PROCEDURE

_Com2lines

Nodule; RTORIVER

EnableMode. ( Status) SetCc.ZDTR ( -DTRState ) SelCo.2RTS ( -RTSSt.t. )

CALL PROCEDURE CALL PROCEDURE
Com2lines (2) Com2lines (1) Com2Li Res (4) Com2l ines (3)

JlodemQff

'~ l,lOCUI e : RTDRIVER

JIodemOn

Nodule: RTORIVER
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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
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MUPC CARD UTILITIES
FILE

DATE

MODULE

UTIL-10A.FCD

29-05-2000

RTUTIL. PAS

Section 1.0 Uti I ity routines

upCase ( _Ch
function

ReadRepeater Ru.dHighs

No
ReadDataByte{RTrep,J)H._Ol)

Module; PROM

_Ch - chr{J)L)

Set Temp String

Set string pointer

Yes

Change _Ch to upper case

Upease • characler

Yes

No

Load the

address array

Set string to

No

Yes

......

No

Sel string pointer

ReadDataByte(-Nu,-DH,J)L)

Module: PRCJ,t

Load string with _CL

Point to nexl character

load string with J)H

Point to next character

Load the byte

increment pointer

NoRepeatSet

Yes

No

Set Temp String

Set string pointer

ReadOataByte(-Nu.J'H,.JJL}

Nodule; PRC»4

Load string with .JJL

load string with .JJH

Point to next character

Point to next character

Clear NoRepeat

Return UpCase

( ReadAddress )

ReadDataByle(RTAddl,-PH,-PL)
Module; PROIo4

104 • -OH
103 • J'l

ReadOalaByle(RTAdd2,-PH.J'L)
Module: PROW

102 • J)H
lOt - J'L

( Relurn )

( ReadS i cboxType )

ReadOataByle(RTType.J)H.J)l)

Module; PROM

SicType - chr(J)l)

CRelurn )
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MUPC CARD UTILITIES
FILE

DATE

MODULE

Section 1.0

UTIl-10B.FCD

30-05-2000

RTUTIl. PAS

Uti lity routines

."Help

Module: RTDISPlY

Wr ile Message : 2

"Conrigure

'es

RTDISPlY

3

DispScreen

Module

"x. xx"

Wr i te Mes5age :

"Wes tern Cape

WriteString(add,OiagVer)

Write Message

"Computer Mode

Nodule: RTDISPlY

Ch2 - Spur ID 2

ChI - Spur ID

Set string poinler

Set Temp String

Set string pointer

Ves

No

ReadOataByteLNu,JlH ,-Cl)

Nodule; PRC»>I

load string with -PH
Poinl lo nexl characler

load string with -Dl

Poinl to next character

."Help

Write Message : ~

Module: RYOISPlY

"RT Tests

( DisplaySiteID )

Wrile Message: 25

.. ID....

WrileString ( add. ID' )

WrileString , add, IDI )

Module: RTOISPlY

( Relurn )

Return GetHighID

Ch2 - High ID 2

Ch1 - High ID
load lhe SpurID

address array

No

No

Set slring to

'0000'

Ve.

Load the byte

incremenl pointer
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MUPC CARD UTILITIES
FILE

DATE

NODULE

UTIl-10C.FCD

30-05-2000

RTUTIL. PAS

Section 1.0 Utility r"oulines

( Di sp IaySc:reen GetKeyCodeWait (JeyWait)
Function

Sc.nSeri.IPortW.it
Function

Writ.e Message SS

"UHF NO ID

Wrile Message 59

"VHF NO ID

Nodule: RTDISPlY

DisplaySiteID

Nodule: RTUTIL

No

Disable Interrupts

GelleyCodeWait ­

GetKeyBoardCode <_KeyWait)

Set Delay counter

No

(Return) 'es

Decrement counter

Kick the watchdog

No

Schr • SBUF

Clear RI

Counter·

GetKeyCodeW.it • Nuj I

library; Hardware-Driver

Kick the watchdog

-ReadInputlines

1 : GetKeyBoal"'dCode - '2'

3 ; QelKeyBoardCode - tA'

No

2 ; GetKeyBoardCode - • 3'

Case JeyDala

'es

... : GetKeyBo."dCode - ....

o : GetKeyBoardCode - 'I'

5 : GetleyBoardCode .. '5'

GetKeyBoa"dCode(-XeyOata)
Function

6 ; GetKeyBoardCode • '6' 'es

7 ; GetKeyBoardCode - 'B'

8 : GetXeyBoardCode - '7'
Sc.nSeri.IPort

Function

9 : GetKeyBoardCode - •8'

10 : GetKeyBoardCode .. •9'

11 ; GetKeyBoa"dCode - 'C'

12 ; GetKeyBoardCode .. • *'

13 : GetKeyBoardCode • '0'

14 : GetKeyBo.,.dCode • • /I'

No

15 : GetKeyBoardCode - '0' 'es

Schr • SBUF

Set DlllFSend Clear RI

Schr - Null
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MUPC CARD UTILITIES
FILE

DATE

MODULE

UTIl-10D.FCD

31-05-2000

RTUTIL. PAS

Section 1.0 Util ity routines

Ge~DTNFCode ( -DTNFOat.
Function

UHFDTMFCodeWait
Function

SendDTNFTones (-DTNFState,-DTNFChr)

No No

Yu

No

Yu

Case -CTNFOata UHFDTNFCodeWait Case JlTMFChr

1 : Ge~OTNFCode - '1' • GetDTMFCode(UHFData) 'I' : PIALA - EEH

2 : Ge~OTNFCode - '2' '2' : PIAt." - EOH

3 : GetOTNFCode - '3' '3' : PIALA - EBH

4 : GetDTMFCode - '4'

S : GetDTMFCode - '5'
Return UHFDTNFCodeW.it

'4' : PIALA - DEH

'5' : PIAt." - DOH

6 : GetDTNFCode - '6' '6' : PIALA· DSH

7 : GetDTNFCode - '7' '7' : PIALA • BEH

8 : GetDTNFCode - '8' UHFDTMFon - UHFStrobe '8' : PIALA - BOH

9 : GetOTNFCode ~- '9' UHFDTMFCodeWait - Null '9' = PIALA • BBH

10 = GetDTNFCode - '0' '0' : PIALA - 7EH

11 = GetDTNFCode - '.' '.' : PIALA - 7DH

12 ; eetDTNFCode - ',' • I' : PIALA • 7BH

13 : GetDTNFCode - 'A'

14 : GetDTNFCode - 'B'

YHFDTNFCodeWait
Function

'A' : PIAU • E7H

'a' : PIAU • D7H

lS ; GetDTNFCode - 'C' 'c' : PIALA - B7H

o : GetOTMFCode - '0' '0' : PIALA • 77H

No

PIAU • FFH

Cfear oTNFSend

else: PIALA • FFH

- GetDTNFCode(VHFoala)

Ye,

No

Relurn VHFDTMFCodeWait

YHFoTNFCodeWait

VHFDnlFon - VHFStrobe

YHFOTMFCodeWait - Null

Set UHFDnlFOn

Set VHFDnlFOn

Return GetDTNFCode

GetDTMFCode • Nu II

119
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MUPC CARD
FILE

DATE

WODUlE

Sedion 1.0

UTILITIES
UTIl-10E.FCD

31-05-2000

RTUTIL. PAS

Utility routines

SendKBSTone ( -XBSState )

Set ToneFlag - -KBSState

Set KBSon - _KBSState

Timer 0 - KBS frequency

Timer - Fi Iter clock

SetRepeater ( -RepState )

Yes
Write Message 32

"REP"

Nodule: RTDISPLY

No

Clear Repeater bit

No

Set Repeater bit ~ --J

Set Tone off Set Tone on
Wr i te Byte to port ~ --J

Set ToneFlag • _IKHzState

Timer 0 - 1KHz frequency

Timer - Fi Iter clock

SetVLINK ( _VLState ) S.tVHFlnhibjt(_VHFIn$tat.}

Clear the bit Set the bit Clear the bit Set the bi t

Write Byte to port Write Byte to port

Set Tone off Set Tone on
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MUPC CARD UTILITIES
FILE

DATE

MODULE

UTIL-10F.FCD

01-06-2000

RTUTIL. PAS

Section 1.0 Uti I ity routines

SetVHFPTT ( -PTTState )

Clear tne bit

SetUHFInhibit(_UHFInState)

Clear the bitDisplay_TX

Nodule: RTDISPLY

Clear_TX

Nodule: RTDISPLY

Clear the bit Set the bit

Write Byte to port

Write Byte to port. Write Byte t.o port

Clear the bit

SetBuzzer ( -BuzState )

Clear the bit

!
_SetRelaY5

Library: HARDWARE-ORIVER

!
( Return)

DipSwitehNo(_SwitchNo)
Function

Wr i te Byte t.o port Write Byte to port !
J)ipNo • _SwitchNo

_GetD ipSw i ten

Library: HARDWARE-DRIVER

DipSwitchNo • -OipState

!
( Return DlpSwitchMo )
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MOPC CARD UTILITIES
FILE

DATE

MODULE

Section 1.0

UTIl-10G.FCD

01-06-2000

RTUTIl. PAS

Utility ~outines

SendBeepBaap(-BeepState) Send~apBeep{-aaapState)

No

Clear UHFSelect

SetVHFPTT (True)

Set VHFSelect

Switch tone on

Ye.

CI ear VHFSe I ecl

SendKBSTone (T~ue)

Set UHFSe I ect

Delay 300 ms

Swi tch Tone on

No

Ye.

Clear VHFSelect

SendKBSTone (True)

Set UHFSelect

Delay 300 mS

Set Fi Iter clock

Set baap frequency

Wal t 1 second

Set Filter clock

Set beep frequency

Wail 1 second

Swi tch tone off

Clear UHFSelecl

SetVHFPTT (True)

Set VHFSelect

Sw! tch tone on

Ye. Clear UHFBeepBaap

Clear UHFSelect

No

'e. Clear UHFBaapBeep

Clear UHFSelect

No

Clear VHFBeepBaap

Ye. Clear VHFSelect

Set VHFPTT

Sel PTTimer • 2 sec

No Clear VHFBaapBeep

Ye. Clear VHFSelect

Set VHFPTT

Set PTTimer • 2 sec

No

Set Filter clock

Set beep frequency

Wa i t 1 second

Set Filter clock

Set baap frequency

Wa i t 1 second

Switch tone off
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SendBusy (-BusyState)

Switch Tone on

MUPC CARD
FILE

DATE

Iol00UlE

Sect.ion 1,0

UTILITIES
UTIl-10H.FCD

01-06-2000

RTUTIl. PAS

Ut.i I ily routines

SendPiep (-PiepSt.te)

No

CIear UHFSe Iect

SetVHFPTT (True)

Set VHFSelect.

Swi t.ch tone on

Ves

Ctear VHFSe I ecl

SendKBSTone (True)

Sel UHFSelect

Delay 300 mS

No

Clear UHFSelecl

SetVHFPTT (True)

Sel VHFSelecl

Switch tone on

Ves

Clear VHFSelect.

SendKBSTone (True)

Set UHFSelect

Delay 300 mS

Set Fi Iter clock

Set busy frequency

Wait 0.8 seconds

Switch tone off

Wait 0.1 seconds

Sw itch t.one on

Wai t 0.8 seconds

Swi tch lone off

Set Fi Iter clock

Set piep frequency

Wail 0.8 seconds

Switch tone orr

No

No

Ves

Ves

Clear UHFBusy

Clear UHFSelect.

Clear VHFBusy

Clear VHFSelect

Set VHfPTT

Set PTTimer - 2 sec

No

No

Ves

Ves

Clear UHFPiep

Clear UHFSelect

Clear VHFPiep

Clear VHFSelect

Set VHFPTT

Sel PTTimer • 2 sec
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SendShut.down (_Shut.Stat.e)

MUPC CARD UTILITIES
FILE UTIL-10I.FCD

D....TE 01-06-2000

MODULE RTUTIL. PAS

Section 1.0 Util ity routines

( SendCellCal1 ) ( SendAlar. )

Clear UHFSelect

SetVHFPTT(True}

Set. VHFSelect

Swi tch tone on

Sol 1KHz tone

Sol Fi Iter clock

Delay 0.Z seconds

Switch tone off

Delay 0.t seconds

Switch t.one on

Delay 0.4 seconds

Swi tch tone off

Clear VHFSelect

Sel VHFPTT

Sol PTTimer • 2 sec

( Ret.urn )

VHFPTT

Set PTTimer • 2 sec

Sel

Clear UHFSelect

Set.VHFPTT(True}

Set VHFSelect

Delay 20 ms

SendDTNFTones (True, '9')

Delay 70 ms

Swi t.ch tone off

Delay 70 IllS

SendOTMFTones (True.Tonel)

Delay 70 ms

Switch tone off

Delay 70 IllS

SendDTMFTones (True.ToneZ)

Delay 70 IllS

Switch tone off

Delay 70 IllS

SendDTNFTones (True.·.·)

Delay 70 ms

Swi tch tone off

Delay 70 ms

SendDTMfTones (True,ID3)

Delay 70 ms

Swi t.ch tone off

Delay 70 lII5

SendDTMFTones (True.I02)

Delay 70 inS

Switch tone off

Delay 70 lII5

SendOTWFTones (True,I01)

Delay 70 ms

Swi t.ch tone off

CIear UHfSe I ect

CIear VHFSe I ect

Clear VHFSelect

SendKBSTone (True)

Set UHFSelect

Delay 300 mS

Clear UHFShutdown

Clear UHFSe I eet

Yes

Yes

No

No

Clear UHFSelect.

SetVHFPTT (True)

Set VHFSe Ieet

Sw itch tone on

Set Fi Iter clock

Set Shutdown freq.

Wait 2.0 seconds

Switch tone off

Yes

Clear VHFShutdown

Clear VHFSelect

Set VHFPTT

Set PTTimer - Z sec

(Ret.urn )

No
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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-OOAFCD System timers routine. 126
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MOPC CARD
FILE

DATE

,wOOUlE

Sect.ion 1.0

REAL TIME INTERRUPT
INTR-00A.FCD

01-06-2000

RT_INTER. PAS

System timers routine

Decr~enl T_UHFIsnore

Decrement T_VHFIOLimit
Yes

Yes

Yes

Yes

No

Oecrement T_eellTone

Decrement T_CellCall

Decrement. T_RingDelay

Decrement T-ShulOown

Decrement T_Cell .... 1leall

Decrement T-SysCellCall

Decrement T_UHFIOLimil

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No
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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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