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1.1

1.2

SERCTION 1 SENERAL INFORMATLION

INTRODUCTION

This section gives an ioverview of the project and
describes the necessity for computerizing the Moore
Supervisory System from: an economic and practical point
of view. It goes on to describe my personal achievement
and technological skill | derived from the design and
implementation of the project.

THE MOORE SYSTEM

1.2.1 FUNCTION

The existing Moore System is designed to remotely
supervise the status and functions of thirty major
U.H.F.radio stations within Eskoms main
telecommunication network. The Moore system was
commissioned in 1976 and lacks two important
fundamental aspects,namely, the inability to
communicate with Input/Output devices and the
absence of memory capabilities.

To accurately analyse the performance of a radio
systems, the supervisory system employed, must
have the ability to capture changing alarm
conditions and store this information in memory
for output at a later stage.The present system
only displays sustained alarms received from the
outstations.Operators, therefore, manually select
each outstation continually for alarm
information.Alarms or status variations occurring
between these manual scan operations are lost and
cannot be recovered.

The method of modulation for-data transmission is
based on the pulse duration technique and requires
communication links complying to C.C.I.T.T.
transmission channel specifications to ensure an
acceptable error rate. For economical reasons,
the Moore system operates on a sub-baseband
channel, whose group delay and attenuation
distortion are below the specified standards, thus
causing high error rates and sometimes complete
failure. A decision had to be made by Eskorn
Telecommunication Engineers whether to commission
a new system or upgrade the existing system.
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An option that only the master terminal be
replaced was rejected because on further
investigation, no compatible equipment existed on
the market. The next option was to replace the
entire system including the outstation units.
Implementing this option would cost the company in
excess of R300,000 for equipment excluding labour
and travelling costs. It would also require
extensive system downtime which Eskom cannot allow
due to the operational nature of the circuits
carried by the radio system.

After evaluating the possible options and
assessing the advantages and disadvantages of each
option, | was asked to investigate a satisfactory
alternative which could possibly avoid the above
expense and inconvenience.

1.2.3 DESIGN_FEATURES

| decided on a method of capturing digital signals
generated from the master and outstation units,
decoding the signals and transferring them to a
Laptop Processor. With this method the
replacement of existing equipment was avoided and
all the desired requirements as shown below were
achieved.

No replacement of existing equipment.

More accurate address and alarm decoding.

The sampling technique employed for decoding
the incoming digital signal made the error
rate less dependant on the transmission line
parameters, thus improving the reliability.
Improved error rate.

Failures decreased considerably.
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Less Preventative maintenance required.
Saving in manpower and travelling costs.

History of outstation alarms and system
failures are recorded on a printer thus
making it possible to monitor the performance
of the radio link. I ntermittent alarms and
system trends can be detected, thus upgrading
the reliability of the radio system which is
of critical importance to Eskom. Eskom rely
on this radio system for operation and the
opening and closing of power line breakers.
The channels are also used as a media of
communication for telemetering, supervisory
and speech.

No downtime time was required during
construction and no communication traffic
suffered any interruption.

The complete system is computer controlled
and operation is made easy by menu selection.
Operators need only collect a copy of the
system printout on a 24 hour basis rather
than manually scanning the system on a
continual basis.

The cost involved is much less than what it
would cost to replace the complete system

including the same features. This would
involve not only the replacement of the
master terminal but also all existing

outstation units. Excluding labour, a cost
estimate would be in the region of R300,000.
With reference to Appendix D
the development costs incurred by Eskom to
upgrade the present system amounted to
R9 851.This amount does not include the extra
labour costs incurred by myself.
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1.3 PERSONAL ACHIEVEMENT

| completed my T4 Engineering Diploma in December 1978
at the Witwatersrand Technikon and have since
specialized in analogue microwave and UHF Multi-channel
radio communication technology. Advanced technology
has since thrust modern radio communication into the
digital field. Microprocessors have become an integral
part of this new technology and many technicians,
Including myself, without any formal education in this
field, have experienced much difficulty.

Having been asked to identify the possible alternatives
and having determind a cost effective solution, |
requested permission to implement- the above project
which | saw as a means to further my knowledge in
microprocessors and supervisory systems. Seeing the
possible saving in the implementation of the project as
proposed by myself, Eskom agreed to transfer me to a
research center and incorporate the project as part of
my T5 Masters Diploma.

It would have been far easier for me to have developed
a high level project in my own field, namely radio
communication, but | would not have broadened my
technological skills and not benefited as regards
personal achievement. My personal objective was to use
this opportunity to gain as much knowledge and skill in
this vital field | knew very little of.

Coming from a background specializing in analogue
systems, my research was largely invested in Digital
Electronics, Microprocessors and supervisory Systems.
A great deal of my time was spent -in familiarizing and
the utilization of support equipment for the hardware
and software development. These included assemblers,
hardware and software simulators, programmable eprom
burners and logic analyses.
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1.4 PROGRAMMING

| had some exposure to the assembly programming of the
8051 Microprocessor but'not to depth required for the
project. It was therefore necessary to do extensive
reading and research in' assembly language and high
level programming techniques for the Laptop Processor.

Eskom only allowed me 400 hours in the Research Department
to complete the entire project. All the research and
groundwork including the documentation had to be done in my
own time. The entire project and documentation has amounted
to approximately 1100 HOURS.
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SECTION =2 SUPERVISORY SYSTEMS

2.1

2.2

INTRODUCTION

This section gives a general overview of supervisory
systems and  briefly describes the modern systems
available in comparison to the Moore System. The
information should provide the reader with a general
idea of supervisory systems in order to understand the
necessity for upgrading the Moore system. The relevant
Moore system information is included and therefore it
should not be necessary to consult a system handbook.

OVERVIEW OF SUPERVISORY SYSTEMS
Supervisory systems have two basic functions,i.e.
TELEMETERING:~ remote measurement and monitoring

generally
TELECONTROL: - remote control

0f these two closely related functions, the former is
longer established in practice.The purely supervisory
role was built up over the years and today the main
strength is a master station using the same address and
reply format for the two groups of digital signals
interchanged between the master and outstations.

The common address/reply or interrogation responder
action on which systems are based is operated as a
sequential process,and in the absence of control
instructions, the various outstation data sources are
interrogated in turn according to a fixed (hardware)
programme. This is essentially a time division scanning
or sampling form of multiplexing. Thus, during routine
scanning,each source receives its address at a specific
point in the scan period and, on acceptance, sends back
an appropriate encoded reply.

This is directly associated with the address which
called it up, and is consequently routed to its
individual recording or display point in the master
station.
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2.3 MODERN SYSTEMS

The planning and design‘ of modern supervisory systems
make wide use of computer technology for automation and
for storage of data. Routine scanning and similar
functions are permanently stored in an executive
program together with a software buildup of video
pages, especially for' the wider requirements for
enhanced colour graphic display.

On the recording side,the printer outputs a continual
tabular printout of all condition changes.

The system represent a ,reporting scheme in which each
remote station continuously generates binary codes
representing the state of its inputs. An earth on any
input indicates an active alarm. Codes are transmitted
on individual carrier frequencies from the various
outstations to a master terminal, where the status
reports are decoded and displayed. The outstation units
generate binary codes only in response to master
terminal interrogation as shown in Fig 2.1.

TX|0T
Im

'——
L [RX o1

MASTER X TX|OT

F—

TERMINAL |RX| L | RX |02

TX|OT

OT-OUTSTATION
TX-TRANSMIT
RX-RECEIVE

Figure 2.1 Half Duplex System
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2.4

The bidirectional exchange of information between
master and outstations is performed by trains of binary
pUIses, at a transmission rate of 50, 100, 150, 200,
300, 400, 500 or 1200 bands and occurs, typically, on
half-duplex or full-duplex links. The choice of the
transmission rate depends on the particul ar
requirements of the specific plant under consideration,
and on available transmission media.

The functions of the master unit is controlled by a
central processing unit (CPU). The CPU executes
instructions by analyzing units of information received
from outstations via the serial port.

The outstations consists of a microprocessor to control
remote functions and supervisory. The master scans the
outstations sequentially, and any change of state
conditions during scan times are stored in memory. The
stored information is reported back to the master when
the scan cycle returns to the particular outstation.

THE MOORE SYSTEM

The system can operate in half duplex or full duplex
mode at a baud rate of 200. The media of transmission
between master and remote is an analogue channel with a
frequency bandwidth of 3400 Hz. In this system, the
carrier frequency of 3120 Hz for the master and 2880 Hz
for the outstation is modulated plus and minus 85 Hz to
represent a positive duration or a negative duration.
Thus, the master frequency of 3035 Hz represents a
negative duration while a frequency of 3205 Hz
represents a positive duration as shown in Fig. 2.2 and
Fig 2.3. This method of modulation is commonly known as
Frequency-shift Keying (FSK).
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3120 Hz
3035Hz 3205 Hz
freq
Neg. Carrier POSe
Duration Duration

Figure 2.2 Master Transmission Bandwidth

2880 Hz
2795Hz 2965 Hz
| ! ! freq
Neg. Carrier POSe
Duration Duration

Figure 2.3 Outstation Transmission Bandwidth

-The demodulator has two bandpass filters each centered
to the upper and lower sideband frequencies. The output
of each band-pass filter is then rectified and the
signal subtracted from each other. This will leave a
signal with the data signal present together with
higher frequency components. These high frequencies are
filtered by the low pass filter which leaves only the
data signal as shown in Fig 2.4.
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——>—{ BPF

DATA
-3 SUM LPF > OUT

L—>—-| BPF

Figure 2.4 FSK Demodulator

On the master side, which is located at Simmerpan, the
FSK modulated 3120 Hz interrogation frequency is,split
and transmitted across different microwave channels.
On the receive, the 2880Hz carrier from the microwave
channels are first combined and then applied to the
receive modern of the master terminal as shown in Fig
2.5.
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>TO LINE 1
3120 HZ
MASTER
3120 HzZ
FSK TX > SPLITTER > >TO LINE 2
3120 HZ
MODEM
——>TO LINE 3
3120 HZ
< FROM LINE 1
2880 HzZ
MASTER
RX FSK X COMBINER |-< <-FROM LINE 2
2880 HZ 2880 HZ
MODEM
<-FROM LINE 3

2880 HZ

Fig 2.5 Matching the master terminal to
Multiple Microwave Routes
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TRANSHIT , 3 RECEIVER

1 7

Atoen Tapur5.

REMOTE STAT. ON

LOCAL
DISPLAY
| | DECODER LocaL COHHON
CARD . DISPLAY CARD
SYSTER SELECTOR

COTROLLER

MASTER TERMINAL

FIGURE 2.8 MOORE SYSTEM BEFORE COMPUTERISATTION
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2.6

7 SUPERVISORY SYSTEMSI

The system implements a double-transmission scheme in
which each word is transmitted twice. After being
received, the words are compared to see if they are
still identical. Received messages are also subjected
to a code format check that detects any pulse which is
too long or too short. Pulses are counted to detect
whether there are too many or too few. There is also
an odd party check. A report that fails any of these
checks is assumed to be invalid and is not accepted by
the receiving logic.

STANDARD CONFIGURATIONS

The basic building block is the alarm encoder unit and
the frequency shift keyed tone transmitter (FSK). The
encoder generates an alarm encoder address, encodes the
states of 32 inputs and sends all this information
through the FSK transmitter to the master terminal.

The Master terminal contains a command encoder unit
which has its own clock, and sequentially addresses the
Command Decoder Units at various outstation terminals
on a timed routine. A maximum of 100 remote stations
can be addressed of which Eskom only uses a maximum of
30. The maximum system capacity is 3200 alarm inputs
and 100 station addresses.

THE MASTER MESSAGE STRUCTURE

The message structure from the master to the outstation
Is as follows:

First of all, the master raises the carrier line
for a particular line, hence indicating to all of
the outstations on that particular line that a
message is about to commence.

On detection of an active carrier the outstation
must wait for a defined time period before the
first transition of the receive date line is
accepted as the beginning of a valid message.
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Ampl.

The message format uses the pulse duration

modulation principle. A "1" stretches the
duration of a mark or space for double the normal
time period of 7 Milli seconds. Therefore, a mark
or space duration of 14 Milli seconds will

indicate a "1". Refer to Fig.2.7

o2 2 Fl 712

| |
I !
7mSec 14mSec

Fig 2.7 Pulse width Modulation

The master initially sends the remote control
information of eight bits followed by an eight bit
identification address. The remote control and
address information is sent twice in the same
message.

The remote control and alarm information each
consist of eight duration periods. With reference
to Figure 2.8, the remote control information is
sent out before the address information. These
are then both duplicated in the same message as
shown in Figure 2.12. The remote control duration
periods InN Figure 2.8 are all 7m seconds.
Therefore, in this example remote control Hex "oo"
is sent to the outstation.
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The address also consists of eight duration periods of
which the least significant nibble contains the units
and the most significant nibble contains the tens.
With reference to the example shown in Figure 2.8,
duration period number 8 marked "*" in the address has
a duration period of 14mS. This then represents a
"I"in the units; Duration period number 3 in the
address marked "#" also has a 14mS duration which
represents a binary 2 in the tens. It should be clear

from this example that address number Hex"21" is sent
to the outstation.

ampl.
Request to Send (RTS TX)

TENS UNITS

Illl!lllil!#l}ill* TXD

00000000100 1 0000 1

Master control | Outstation Address No."21 Hex"

|
Function no."0O0"1

Fig 2.8 Master calling outstation address NO.21 for remote
indications

2.7 THE OUTSTATION MESSAGE STRUCTURE

The message structure from the outstation to the master
is as follows:

The outstation raises the RTS carrier Iline,
indicating to the master that it has identified
the reception of its own address and is about to
send its alarm information.
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Ampl.
L*———|

| S

Request to Send (RTS RX)

The first 32 bits contain alarm information

followed by its identification address byte.

The message is also pulse duration modulated.
|

The alarm and address information is sent twice by
the outstation in the same message.

With reference to Figure 2.9, all the alarm
duration periods are 7mS. Therefore, no alarms

are present at this outstation. Following the
example in the transmit message above, it should
be clear that the correct outstation

Hex"21"replied.

TENS UNITS
: t
010 mmmmeee e ——— 0jojojojo} 1 (0jo0}oi}o0O 1
32 Alarm Durations Address no."21"Hex:

Fig 2.9 Reply message structure from outstation No.21
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APPENDIX A.2

MOORE TRANSLATOR
COMPONENT LISTING

IC1 7805 5V REGULATOR

1C2 SN7407 NON INVERTING DRIVER

1C3 SN7408 QUAD TOTEM POLE AND GATE

IC4 INTEL 8031 MICROCONTROLLER

IC5 TL7705 VOLTAGE SUPERVISOR

1C6 SN74LS373 TRANSPARANT LATCH

|C7 Max 235 RS232 DRIVER

I8 HN482732 ERASABLE PROGRAMMABLE READ ONLY
MEMORY

Cl CAPACITOR |uF TANTALUM 35V

C2 CAPACITOR 10nF CERAMIC 10V

C3C4 CAPACITOR 30 pF CERAMIC 100V

C5 CAPACITOR 100nF CERAMIC 100V

Co CAPACITOR 1uF TANTALUM 16V

XI CRYSTAL 7.3728 Mhz

LEDLLED2 LIGHT EMMITTING DIODE BRIGHT RED

R1,R2,R3,R4

R5,R6,R7,R8 RESISTOR 10K Ohm 1/4 Waitt
CARBON

Swi PUSHBUTTON RESET SWITCH
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APPENDIX B.I
ASSEMBLER LISTING
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APPENDIX B.3

MONITOR BASIC
PROGRAM L ISTING

10 KEY OFF:DIM X(30):DIM Y/(30):DIM A(30):DIM
B(30):DIMS${40):DIM e(10)

20 DIM S{40,40,2): DIM Z(40):DIM A$(40):DIM N(30)

30 DI$=MID$(DATES4,3):D2%=L EFT$(DATES3):
D3$=RIGHT$ (DATES, 4}

40 ON ERROR GOTO 1690

50 GOSUB 1750:  REM READ RS232

60 GOSUB 1430:  REM OUTPUT INFO FROM FILE

80 SCREEN OKEY OFF: LOCATE , ,0

90 LET X=12:XL=70:XR=23LET M$="STATUS'

100 CLS
110 COLOR 0O,7: LOCATE 1,32.PRINT"MOORE SYSTEM"
120 COLOR 7,0.LOCATE 32:PRINT " STATUS

DATE STATIONS ~ ALARMS  SYSTEM EXIT"

130 COLOR 0,7: LOCATE 22,18PRINT "USE "jCHR$(27}j" "
jCHR $(26)j" TO MOVE HILITE THEN ENTER TO SELECT"

140 LOCATE 3,X :COLOR 0,7:PRINT M$

150 LET A$=INKEY$LOCATE 1,1.COLOR 0,7:PRINT DI$;D
26D3  $TIMESIF A$=" " THEN GOTO 150:

160 IF A$=CHR$(13) GOTO 210

170 LET A$=MID$A$2,1}

180 IF A$="M"THEN 00TO 450

190 IF A$="K"THEN GOTO 350

200 GOTO 150

210 IF M$="DATE'THEN GOTO 270

220 IF M$="STATIONS' THEN GOTO 1200

230.IF M$="EXIT'THEN SYSTEM

240 |F M$="SYSTEM"THEN 550

250 |F M$="STATUS'THEN 2670

200 |IF M$="ALARMS"THEN 970

270 LOCATE 10,10:PRINT"ENTER DATE ~ MM-DD-YY"

280 LOCATE 11,2LINPUT D$

200 DATE$=D$

300 LOCATE 12,10:PRINT"ENTER TIME ~ HHMM:
SS'LOCATE 132LINPUT T$

310 TIME$=T$

320 GOTO 30

330 PRINT'INCORRECT ENTRY--TRY AGAIN"

340 GOTO 270

350 REM CURSOR LEFT
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360 LET XR=X: LOCATE 3X:COLOR 7,0:PRINT M$
370 LET X=XL:IF X<12 THEN LET X=70

380 LET M$=""LET N$="":LET U=X

300 LETN$=CHR$(SCREEN(3U}}

400 IF N$=" "THEN GOTO 420

410 LET M$=N$+M$LET U=U-LGOTO 390

420 COLOR 0,7 :LOCATE -3U+L:PRINT M$COLOR 7,0
430 LET XL=U-5LET X=U+l

440 GOTO 150

450 REM CURSOR RIGHT

460 LET XL=XR-6LOCATE 3X:COLOR 7,0:PRINT M$
470 LET X=XRIF X>67 THEN LET X=12

480 LET M$="": LET N$="":LET U=X

490 LET N$=CHR$(SCREEN(3U}}

500 IF N$=" " THEN GOTO 520

510 LET M$=M$+N$LET U=U+1:GOTO 490

520 COLOR 0,7:LOCATE 3X:PRINT M$COLOR 7,0
530 LET XR=U+5

540 GOTO 150

5&) REM************ S'l'ATlON wUARE *kkkkkkkkikhkkk*k
560 SCREEN 2

570 CLS

580 LOCATE 1,30:PRINT"U.H.F RADIO SYSTEM"

500 LOCATE 2,30:PRINT"----nsnzmmmmema-

600 FOR Y=40 TO 180 STEP 33

610 FOR X=40 TO 610 STEP 100

620 PSET(X,Y}
630 DRAW"U15R60D15L60"
640 NEXT X
650 NEXT Y
660 LOCATE 36:PRINT S$(0);" ":8%(1);" "S$
(2);" (3);" ", 8%(4};" ", S$(5)
670 LOCAT(IEE;)YGPRINT S$(6):" " 8%(7);" "
":S$(9);" "-S$(10):" "-S$(11)
680 LOCATE 11,6:PRINT S$(12);" “/S$(13):"
S8(14); " mss(s)t "S$(16)
690 LOCATE 15,6:PRINT S$(18} ;" "-8%(9);"
g%((ZZ%) " ";S$(21);" ", S$(22) ;"
700 LOCATE 19,6:PRINT S$(24);" "-8$(25):"
,8$(26);" " S$(27);" " S$(28)

;8%$(29)
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710 REM ***#***NOSCAN CIRCLE****x* stk
720 R=0

730 M=l

740 FOR A=32 TO 180 STEP 33

750 L=l

760 FOR B=55 TO 610 STEP 100

770 IF N(R)=O THEN PAINT (B,A),0

780 CIRCLE(BA),8

79 IF N(R)=I THEN PAINT (B,A),l

800 X(L)=B:L=L+1:R=R+1

810 NEXT B:Y(M)=A:M=M+LNEXT A

820 REM********* ALARM ClRCLE‘k********
830 R=0

840 M=l

850 FOR P=32 TO 180 STEP 33

860 L=l

870 FOR Q=85 TO 610 STEP 100

880 IF A(R=O THEN PAINT (Q,P),0

890 CIRCLE(QP)8

900 IF A(R)=l THEN PAINT (Q,P),l

910 A(L)=Q:L=L+:R=R+

920 NEXT Q:B(M)=PM=M+LNEXT P

930 IF INKEY$=CHR$(27) THEN GOTO 80 ELSE 940
O35 REME#ERESEEESESRSSRESSE"

940 GOTO 1800:REM READ RS232

950 GOTO 710

960 REM

970 REM#**kxksxkeris T0 UPDATE ALARM ~ CHANGE*##ssks

*kk*

980 SCREEN.O

990 CLS

1000 OPEN "R" #1,"C:ALARMS8",10
1010 FIELD #1,10 AS K$

1020 OPEN "R", #2,"C:SCRATCHA",10
1030 FIELD #2,10 AS K2$

1040 NUM=|

1050 WHILE NUM<34

1060 GET # ,NUM

1070 PRINT K$

1080 INPUT 81$

1090 IF 81$=ttl THEN LSET K2$=K$:PUT #2NUM: GOTO 1120
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1100 LSET K2$=9%

1110 PUT #2NUM

1120 NUM = NUM+

1130 WEND

1140 CLOSE #1

1150 KILL"CALARMS'

1160 CLOSE #2

1170 NAME "C:SCRATCHA"AS'C:ALARMS'

1180 GOTO 30

1190 REM

1200 REM****x¥*xxk% TQ UPDATE STATION ~ CHANGE****xkxskx
*k*k*%k

1205 CLS

1210 SCREEN O

1220 CLS

1230 OPEN "R" #,"C:STATION",7

1240 FIELD #1,7 AS K$

1250 OPEN "R", #2"C:SCRATCH",7

1260 FIELD #2,7 AS K2$

1270 NUM=1

1280 WHILE NUM<31

1290 GET #,NUM

1300 PRINT K$

1310 INPUT SI$

1320 IF SI$="" THEN LSET K2%=K$:PUT #2NUM: GOTO 1350

1330 LSET K2$=9%

1340 PUT #2NUM

1350 NUM= NUMH+

1360 WEND

1370 CLOSE #1

1380 KILL"C:STATION"

1390 CLOSE #2

1400 NAME "C:SCRATCH"AS'C.STATIOQN"

1410 GOTO 30

1420 REM

1430 REM******** ROUTINE TO OUTPUT ALARM INFO
FROM FILE********

1440 X=1

1450 OPEN "R"#l,"C:ALARMS' O

1460 NUM =1
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1470 WHILE NUM<34

1480 FIELD #1,10 AS K$

1490 GET #,NUM

1500 NUM = NUM+1

1510 A$(X)=K$

1520 X=X+1

1530 WEND

1540 CLOSE #1

1550 REM*********%x ROUTINE TO OUTPUT STATION INFO
FROM FILE*********

1560 X=0
1570 OPEN "R"#1,"C:STATION",7
1580 NUM = 1

1590 WHILE NUM<3L

1600 FIELD #1,7 AS K$

1610 GET #,NUM

1620 NUM = NUM+1

1630 SH(X)=K$

1640 X=X+1

1650 WEND

1660 CLOSE #1

1670 RETURN

1680 REM

1690 IF ERR=57 THEN GOTO 1800

1700 IF ERR=5 THEN GOTO 330

1710 GOTO 30

1720 REM

1730 REM RS232 comMs ROUTINE

1740 REM

1750 CLOSE #3

1760 CLS :SCREEN 0

1770 OPEN "COM1:9600,N,8,1" FORINPUT AS &3

1780 CLOSE #3

1790 RETURN

1800 DI$=MID$(DATES4,3):D2$=L EFTSDATES3):
D3$=RIGHT$(DATES4)

1810 LOCATE 1,1:PRINT D1$D2$jD3$TIMES

1820 ON ERROR GOTO 1690

1830 CLOSE #3

1840 OPEN "COM1:9600,N,8,1" FOR INPUT AS #3
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1850 LET O=TIMERV :IF 0>60 THEN 1750

1860 IF EOF (3) THEN GOTO 1850

1870 FOR Q=1 TO 1000: NEXT Q

1880 0(0)=0:0(1)=0:0(2)=0:0(3)=0:
0(4)=0:0(5)=0:0(6)=0:0(7)=0

1890 Z = 0

1900 WHILE Z<8

1910 IF LOO(3)=0 THEN 1910

1920 B$=INPUT$H(1#3)

1930 O(2)=ASO(B$)

1940 Z=7+

1950 WEND

1960 IF INKEY$=CHR$(27) THEN GOTO 80 ELSE 1970:
REM**** "Eg:"**‘k***

1970 IF 0(0)=250 THEN GOTO 2050:

REM COMPLETE RX AND TX SUCCESSFUL
1980 IF C(0)=251 THEN GOTO 2050:REM NOSOAN
1990 IF C(0)=252 THEN GOTO 2020:REM NO TX
2000 LOCATE 12,20:

PRINT'INCORREOT MESSAGE C FROM 8031 C.P.U."
2010 06TO 1800
2020 OLSSCREEN 2KEY OFF
2030 LOCATE 12,30:PRINT" MASTER OUT OF SOAN"
2040 00TO 1800
2050 Q=C(7) AND 1

REM REARRANGE RECEIVE BYTES
2060 IF Q=0 THEN 2080
2070 O(3)=C(3)+128
2080 Q=C(7) AND 2
2090 IF Q=0 THEN 2110
2100 0(4)=C(4)+128
2110 Q=C(7) AND 4
2120 IF Q=0 THEN 2140
2130 0(5)=C(5)+128
2140 Q=C(7) AND 8
2150 IF Q=0 THEN 2170
2160 0(6)=C(6)+128
2170 A$=HEX$(C(1»B$=HEXH0(2»

2180 P=VAL(A$)
2190 PI=VAL(B$)
2200 REM IF P>29 THEN GOTO 3356 ELSE 3360
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2210 REM
PRINT" MAXIMUM OF 30 STATIONS
AVAILABLE"
2220 REM FOR D=l TO 5000 :NEXT D
2230 rREM GOTO 3024
2240 IF C(0)=251 THEN GOTO 2320:REM¥*¥* NO REPLY*****
2250 |IF P=P1 THEN GOTO 2290
2260 REM*****x* TX AND RX ADDRESS DONTMATCH******
2270 LPRINT"MASTER SCANNED ";
S$(P)," AND REMOTE ";S$(P1);" HAS REPLIED"
2280 GOTO 1800
2290 R3=AS:A(1)=C(3):A(2)=C(4):A(3)=C(5):A(4)=C(6)
2300 REM PRINT R$;A(1);A(2);A(3);A(4)
2310 GOTO 2360:
REM***** GO MAIN ROUTINE FOR ALARM DECODE*****
2320 REM *******NO REH_Y******
2330 S(P,33,1)=1
2340 N(P)=I: REM FOR SCREEN UPDATE
2350 GOTO 2500
2360 REM*******DECODE ALARM |NFO*******xx*
2370 S(P,33,1)=0
2380 N(P=O: = REM FOR SCREEN UPDATE
2390 Z(1)=1:Z(2)=2:2(3)=4:2(4)=8:Z(5)=16:
Z(6)=32:Z(7)=64.Z2(8)=128
2400 A(P=0O
2410 REM*****DECODE ALARM INFO A(1-4)
2420 M=1
2430 FOR N=| TO 4
2440 FOR R=I TO 8
2450 Q=A(N) AND Z(R)
2460 |F Q=0 THEN GOTO 2480 ELSE 2470
2470 S(P,M,1)=1:A(P)=I:GOTO 2490
2480S(P,M,1)=0
2490 M=M+1:NEXT RNEXT- N
2500 REM*****COMPARE OLD ALARM TO NEW#*****
2510 FO
2520 FOR X=l TO 33
2530 C=S(P,X,I) XOR S(P,X,2)
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2540 |F C=| THEN GOTO 2620

2550 NEXT X

2560 |F JO THEN 1800 ELSE 2580

2570 REM******TRANSFER NEW ALARMS IN STORE***#x

2580 FOR M=l TO 33

2500 S(P,M,2)=S(P,M,|)

2600 NEXT M

2610 GOTO 710

2620 J=I:1F S(P,X,1)=O THEN GOTO 2650 ELSE 2630

2625 REM*****UPDATE ALARM AND STORE*****

2630 LPRINT D1$:D2$;D3$ TIMES,S(P),A$(X),"ON"

2640 GOTO 2550

2650 LPRINT D1$D2%D3$, TIMES,SH(P),AS(X),"OFF"

2660 GOTO 2550

2670 REM ******QUTPUT PRESENT STATUSH****

2680 SCREEN O.CLS

2685 CLS

2690 PRINT

2695 PRINT" SYSTEM ALARM
STATUS'

2700 LPRINT" SYSTEM ALARM
STATUS'

2710 FOR U=0 TO 29

2720 FOR V=| TO 33

2730 IF S(U,V,)=O THEN 2740 ELSE 2820

2740 NEXT V

2750 NEXT U

2760 PRINT'END STATS'

2770 LPRINT'END STATS'

2780 FOR T=I TO 10000 .

2790 IF INKEY$=CHR$(27) THEN GoTo 550 ELSE 2800

2800 NEXT T

2810 GOTO 550

2820 PRINT S$(U),A$(V)

2830 LPRINT SHU),A$(V)

2840 GOTO 2740
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APPENDIX C.1

DERIVATION OF THE 8 BIT UART BAUD RATE CALCULATION

Bit $HOD in register PooN =0 on reset
'N'Prescaler = 32

TMOD5 =1
TMOD4 =0 For auto reload operation
TooN.6 =0 For timer running (baud rate

generator active)
IE.3 =0 Toprevent any unnecessary interrupts
BAUD RATE = OVERFLOW RATE / N

BUT N=32 and OVERFLOW RATE =00UNT RATE /(32* (256-
THI)

Therefore: BAUD RATE= OSC FREQ /(12*32*{256 -THI)

Thereforee OSC FREQ / BAUD RATE =12 *32 *(256 -THI)
=12 *32 256-12*32*THI

Therefore: 12*S2*THI=12*32*256-(OSC FREQ/BAUD
RATE)

Therefore: TH1 ={12*32*256-(0OSC FREQ/BAUD
RATE»/12* 32

={12*32*256-(7.372S* 10" =/ 2o ===
=254

For a baud rate of 9600 the value of 254 is loaded
into register THI ¢
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APPENDIX C.2

DERIVATION FOR A 5 SECOND TIME DELAY

Clock Frequency =7.3728Mh
Time for one cycle=1/7.3728 * 10”8 =135.6* 10"-9
seconds.

Instruction Times-DINZ 24 CYCLES
MOV ppTR 24 CYCLES
JB 24 CYCLES

MOV DPL 12 CYCLES

DNZ DPL$ MOV DPL  24*256+1356 * 10°-9
28331 * 10"-6s8C

JB
MOV
DNZ 24+12+24=60  256{(60*135.6 * 10"-9)+(833.1
10%-8) }
=215.4 k 10"-3 SEC
DINZ 24 "O5{(24*135.6 * 10"-9)+(215.4

*10%-3))

=5.36 EC
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APPENDIX C.3

NnERIVATION FOR A 10 MILLI SECOND TIME DELAY

DINZ 24 CYCLES

MOV DPTR 24 CYCLES

MOV DPL 12 CYCLES

INB 24 CYCLES

1 CYCLE = 135.6 * 10"-9

DINZ DPL.$

Time for above instruction = 24*256*135.6 * 10"-9

=833.1 * 10"-6

MOV +INB+DJINZ=12+24+24=60

HEX"OC'=DEC 12

COUNT=12{(60 * 135.6 * 10° =" ®3=* * 10"-6)}
=10.1 MILLI SECONDS
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APPENDIX D

ESTIMATE COST
COMPONENTS
8031 MICROCONTROLLER R16.00
7805 REGULATOR R03.20
SN 7407 INVERTOR RO1.55
HN482732 EPROM R17.50
MAXIM 235 RS232 DRIVER R09.50
SN 7407 BUFFER ROI.55
TL7705 RESET 1.C R02.65
SN 741373 LATCH ROI.75
CRYSTAL 7.3728 MHZ R17.00
2 X 30pF CAPACITORS R01.20
2 j: IUF CAPACITORS R04.20
1, 10nF CAPACITOR ROO.55
1 3 SWITCH R05.45
8  RESISTORS ROO.88
2 *LED'S ROI.90
EDGE. CONNECTOR RI1.50
10 ¥ PINS RO1.25
P.CBOARD R80.00
MOUNTING RACK RII0.00
R287.60
DEVELOPMENT COST R8733.00
DRAFTING COST R560.00
TOTAL COST R9581.00
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12:15:53 12-12=2012° ~ 'SPAN' TLOoWrvuLT
12:15:53 12-12-2012'-SPAN,SPARE
12:15:53 12-12-2012 ' SPAN . SPARE
12:15:53 12-12-2012 SPAN -, SPARE
12:15:53 12-12-2012- SPAN FIAINS FAIL
12:15:53 12-12-2012 SPAN MAST LIGHT
12:15:54 -12-12-2012 :*', SPAN : r'lUX"PS{NU)
12:15358 12-1-2-2012, " TX1 &
".12:15:54. ;-12-12":2012" L
12:15:54 12-12-2012'"
12:15:54 12-12-2012
12:15:54" 12-12-2012
12:15:54 -12-12-2012. "
.12:15:55 ™ 12-12-2012 " ,
12:15:55' 12-12-2012;,-"
12:15:55 12-12-2012" " SPAN PILOT:RXI
12:15:55 12-12-2012 SPAN .PILOT RX2
12:15:55 12-12-2012 SPAN PILOT RX3
12:15:55. 12-12-2012 SPAN PILOT .RX4
12:15:55 12-12-2012- SPAN .« PILOT. TX
,12:15:5512-12-2012 S P AN, : RADIO PS
12:15:56 12-12-2012 '. SPAN " RX ON I1AN
12:15:56 12-12-2012 SPAN TX ON [IAN
12:15:56 12-12-2012 SPAN GENERAL 1
12:15:56 12-12-2012 SPAN GENERAL 2
12:15:56 12-12-2012 S FP.A N - GENERAL 3
12:15:56 12-12-2012 SPAN GENERAL' 4
12:16:39 12-12-2012 SPAN NOSCAN
FIASTER SCANNED HEKPRT AND REr10TE SPAN HAS REPLIED
12:16:54 '12-12-2012 ALPHA NOSCAN
12:17:03 :12-12-2012 ." KOEBERG . ... NOSCAN
" % MAXIMUM OF 30 STATIONS AVAILABLE .
o ~en sivig ket seegye FTAXIMUM. OF 30,STATIONS...AVAILABLE .,
* FIAXH1Url OF 30 STATIONS AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE
FIAXHIUFl OF 30 STATIONS AVAILABLE
~-MAXINUIM OF 30 STATIONS AVAILABLE
". MAXINMUM OF 30 STATIONS AVAILABLE
¢ HMAXIMUM OF 30 STATIONS' AVAILABLE
MAXIMUM OF 30 STATIONS 'AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE
, MAXIMUI OF 30 STATIONS AVAILABLE
-1 MAXINUM OF 30 STATIONS'AVAILABLE
"7 MAXU1UI'L OF 30 STATIONS' AVAILABLE
: HAXIMUM OF 30 STATIONS-AVAILABLE
'MAXIMUM OF 30 STATIONS AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE
_MAXIMUM OF 30 STATIONS AVAILABLE
r-1AXIJ1Url OF 30 STATIONS AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE
FIAXHIUI'I OF 30 STATIONS AVAILABLE
FIAXHIUI'I OF 30 STATIONS AVAILABLE
FIAXHIU'1T OF 30 STATIONS AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED
MASTER SCANNED SPAN AND REMOTE ,SPAN HAS REPLIED
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED
1MMASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED

r’W;,::,‘. ¥ ,‘ﬁ_ .

“OFF' .

OFF
OFF
OFF
OFF
OFF

ON

ON
ON



15:16:32
15:16:32
15:16:33
15:16:33
15:16:33
15:16:33
15:16:33
15:154:33
15:16-:33
15:18:33
15:16:33
15:16:34
15: 16:34-
15:16:34
15:16:34
15-:14:34

END STATS
15:17:1¢
15:17318
15:17:20
15:17:-25
15:17:29

KOEBERG
ESKOHM
HAKPAN---
SRIDGE .
PLUTO'

END STATS
12-13-2012
12'":'13-2012
12-13-2012
12-13-2012
13-13-2012
13-12-2012
13-12-2012
13-12-2012

13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012
13-12-2012

13-12-2012
13-12-2012
13-12-2012
13-12-2012

MASTER SCANNED

13:15:8815

13-12-2012

12-13-2012 SPAN RX1.
12-13-2012 SPAN RX2
12-13-2012 SPAN RX3
12-13-2012 SPAN RX4
12-13-2012 SPAN PILOT RX1
12-13-2012 SPAN PILOT RX2
12-13-2012 SPAN PILOT RX3
12-13-2012 SPAN PILOT RX4
12-13-2012 SPAN' PILOT Tx
12-13:"2012 .SPAN' RADIO PS
12-13-2012 SPAN RX ON taN
12-13-2012 SPAN TX ON rIAN
12-13-2012 SPAN GENERAL 1
12-13-2012 SPAN GENERAL 2
12-13-20'12 SPAN GENERAL 3
12-13-2012 SPAN GENERAL 4

- SYSTEM ALARM STATUS
12-13-2012 KOEBERG NOSCAN
12-13-2012 ESKOM NOSCAN'
f2--13-2012' r-1AKPAN NOSCAN
12-13-20-12 SRIDGE NOSCAN
12-13-2012 PLUTO NOSCAN

, - SYSTEtHl ALARI1 STATUS

NOSCAN
NOSCAN - -
NOSCAN “~
NOSCAN
NOSCAN:
15:20: 12 [JTPORT NOSCAN
15:20:28 SPAN":- URGENT
15:20:-28 . “*  SPAN - MUX P8,
15:20:28 SPAN #i-pyy AG C
15:206:08 SPAN URGENT
15:23:04 SPAN nux P.S.
15:23:04 SPAN HMUXx A.G.C
15:23:04 SPAN CARR.GEN
15:23:52 SPAN URGENT
15:23:52 SPAN nux P.S.
15:23:53 SPAN Hux A.G.C
15:23:53 SPAN CARRGEN
15:23:53 SPAN HIGH VOLT
15:23:53 SPAN LOJ VOLT
15:23:53 SPAN SPARE
15:23:53 SPAN SPARE
15:23:53 SPAN SPARE
15:23:53 SPAN 11AINS FAIL
15:23:54 SPAN MAST LIGHT
15:23:54 SPAN nux PS(NU)
15:23:54 SPAN TXI
15:33:57 SPAN NOSCAN
15:34:01 SPAN NOSCAN
15:34:06 SPAN NOSCAN
15:34: 10 SPAN NOSCAN
SPAN AND R%IID‘EIIIE ELOFF HAS REPLIED
iggﬁf SPAN N8%N
15:34:50 SPAN URGENT

OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFE
OFF
OFF

ON

ON
ON
ON
oM

ON



~

~

~

v

~

~

v

A

143170 c

MAKPAN

, END STATS
14:19:55

,14:19:59

14:27:53

14:27:59

END STATS'

14:31:47
14:31:55
15:16:22
15:16:22
15:16:22
15:16:22

- '1S:16:22

15:16:22
15:16:23
15:15:23
15:16:23
15:16:23
15:16:23
15:16:23
15:16:23
15:16:23

15
.15
1S

:16:24.
:16:24 !
:16:24

15:16:24
15:16:24
15:16:24
15:16:24
15:16:24
15:16:25
15:16:25
15:16:25
15:156:25
15:16:25 .
, 15:148:25 .
15:16:25
15:16:25
15:16:26
15:16:26
15:16:30
15:16:30
15:16:31
15:16:31
15:16:31
15:16:31
15:16:31
15:16:31
15:16:31
15:16:31
15:16:32
15:16:32
15:16:32
15:16:32
15:16:32
15:16:32

bl AN e e

NOSCAN

12-13-2012
12-13-2012
'12-13-2012

12-13-2012"

{2-1{3-2012
12-13-2012
12-13-2012
12-13-2012
7::12-13-2012
.12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
'12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
.i12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012
12-13-2012

SYSTEM ALARM STATUS

ATLAS NOSCAN
ALPHA NOSCAN
SPAN NOSCAN
SPAN NOSCAN

SYSTEM ALARM STATUS
SPAN NOSCAN
SPAN NOSCAN
SPAN URGENT
SPAN 1ux P.S.

- SPAN, r{lUXA.G.C
SPAN CARR.GEN
SPAN HIGH VOLT

' SPAN LOW VOLT
SPAN SPARE
SPAN SPARE
SPAN SPARE

" SPAN rIAINS FAIL
SPAN rIAST LIGHT
. SPAN nux PS(NU)
SPAN TX1
SPAN TX2
SPAN- TX3
SPAN TX4
SPAN RXI
SPAN RX2
SPAN RX3
SPAN RX4
SPAN PILOT RXI
. SPAN- PILOT RX2
SPAN PILOT RX3
SPAN PILOT Rxa
SPAN PLOT TX
SPAN RADIO PS
SPAN RX ON rlAN
SPAN .TX ON rlAN
SPAN GENERAL 1
SPAN GENERAL 2
SPAN GENERAL 3
SPAN GENERAL 4
SPAN URGENT
SPAN MUxX P.S.
SPAN Ui A.G.C
SPAN CARR.GEN
SPAN HIGH VOLT
SPAN LOW VOLT
SPAN SPARE
SPAN SPARE
SPAN SPARE
SPAN HAINS FAIL
SPAN 1AST LIGHT
SPAN MUX PS(NUD
SPAN X1
SPAN TX2
SPAN T3
SPAN TX4
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MASTER SCANNED SPAN
MASTER SCANNED SPAN
MASTER SCANNED SPAN

11:35:51 12-13-2012
11:35:54 12-13-2012
11:35:56 12-13-2012
11:37:16 12-13-2012
11:37: 19 12-13-2012
11:37:22 12-13-2012
SPIONKP NOSCAN
HEKPRT '.'- NOSCAN
VKKOP. NOSCAN

END STATS

11:37:43 12-13-2012
11:37:46 .12.-13-2012
11:38:56', 12-13-2012
VRKOP NOSCAN
‘END STATS

11:40:52 12-13-2012
END STATS

11:46:04 - 12-13-2012
11:8546:08 12-13-2012
11:46: 17 12-13-2012
11:46:18 '12-13-2012
11:46:18 12-13-2012
11:46:18 12-13-2012.
11:46: 18 12-13-2012
11:46:18 12-13-2012
11:46: 18 12-13-2012
11:46:19 12-13-2012
11:46:19 12-13-2012
11:46: 19 - 12-13-2012
11:46: 19 12-13-2012
11:46:19 12-13-2012
11:46: 19 12-13-2012
11:44:19 12"13-2012
11:46: 19 12-13-2012
11:46: 19 12-13-2012
11:46:20 12-13-2012
11:46:20 12-13-2012
11:46:20 12-13-2012
11:46:20 12-13-2012
11:46:20 12-13-2012
11:46:20 12-13-2012
11:46:20 12-\3-2012
END STATS

12:32:16 12-13-2012
12:32:20 12-13-2012
12:32:25 12-13-2012
12:32:29 12-13-2012
12:32:34 12-13-2012
12:32:34 12-13-2012
12:32:34 12-13-2012
12:32:34 12-13-2012
12:32:35 12-13-2012
12:32:35 12-13-2012
12:37:35 17-13-2012

AND REMOTE SPAN
AND RErIOTE SPAN
AND ReEMOTE SPAN

DOORN
FMATIMBA
WITPORT
SPIONKP
HEKPRT
VKKOP

HAS REPLIED.
HAS REPLIED
HAS REPLIED

NOSCAN
NOSCAN
NOSCAN
NOSCAN
NOSCAN
NOSCAN

SYSTEM ALARM STATUS

ESKOM NOSCAN
WATERBG NOSCAN
VKKOP NOSCAN
SYSTEM ALARM STATUS
ESKOmM NOSCAN
SYSTEM ALARM STATUS
DOORN NOSCAN
FRANSIA NOSCAN
PHIL URGENT
PHIL nux P.S.
PHIL . nux A.G.C
PHIL CARR.GEN
PHIL HIGH VOLT
PHIL Low VOLT
PHIL SPARE
PHIL SPARE
PHIL SPARE
PHIL SIAINS FAIL
PHIL MAST LIGHT
PHIL nux PSCNU>
PHIL TXI
PHIL TX2.
PHIL TX3
PHIL 1X4
PHIL RX1
PHIL RX2
PHIL RX3
PHIL RX4
PHIL PILOT RXI
PHIL PILOT RX2
PHIL PILOT RX3
ATLAS NOSCAN
ALPHA NOSCAN
HEKPOOR NOSCAN
WATERBG NOSCAN
PHIL URGENT
PHIL nux P.S.
PHIL iUt A.G.C
PHIL CARR.GEN
PHIL HIGH VOLT
PHIL gg)w VOLT
PHIL - SPARE,
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