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1.1 INTRODUCTION----_.....__.._---

GENERAL INFORMATION
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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 I derived from the design and
implementation of the project.

1.2 THE ~PORE .~YST~

1. 2.1 ~.fTIJ?~

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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1.2.2 OPTIONS-------

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,OOO 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, I was asked to investigate a satisfactory
alternative which could possibly avoid the above
expense and inconvenience.

1.2.3 DESIGN FEATURES...'..·__r_._.__~_.. ..._.__ ._~ __ r'

I 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. Intermittent 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
construction and no communication
suffered any interruption.

during
traffic

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,OOO.
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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I 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, I
requested permission to implement· the above project
which I 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 I 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 I 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..._-_._-~------

I 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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2.1 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.

2.2 OVERVIEW OF SUPERVISORY SYSTEMS

Supervisory systems have two basic functions, i.e.

~EL~~~~~R!~g:- remote measurement and monitoring
generally

~~~~~Q~~!Q~: - remote control

Of 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
called it up, and is consequently
individual recording or display point
station.

address which
routed to its
in the master
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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 ?isplay.

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.

r TX OT
~

L RX 01

~

MASTER TX
J

TX OT
~

TERMINAL RX L RX 02
~

J
TX OT
~L RX 03

OT-OUTSTATION

TX-TRANSMIT

RX-RECEIVE

Figure 2.1 Half Duplex System
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The bidirectional exchange of information between
master and outstations is performed by trains of binary
pUlses, 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 particular
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.

2.4 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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3035Hz

Neg.
Duration

3120 Hz

Carrier

3205 Hz

POSe

Duration

freq

Figure 2.2 Master Transmission Bandwidth

2795Hz

Neg.
Duration

2880 Hz

Carrier

2965 Hz

POSe

Duration

freq

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.



ISUPERVISORY SYSTEMSI .

-} SUM
DATA

> OUT

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

3120 HZ
~--->----~SPLITTER~>-+----->TO LINE 2

3120 HZ

'------>TO LINE 3
3120 HZ

< FROM LINE 1
2880 HZ

RX FSK

MODEM

~-< COMBINER -<
2880 HZ

<-FROM LINE 2
2880 HZ

<-FROM LINE 3
2880 HZ

Fig 2.5 Matching the master terminal to
Multiple Microwave Routes
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The system implements a double-transmission scheme in
which each word is transkitted 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.

2.5 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.

2.6 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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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

Ampl.

t

°A-=Yl_l_~
I I I
I I 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.

control and alarm information each
eight duration periods. With reference
2.8, the remote control information is

before the address information. These
both duplicated in the same message as

Figure 2.12. The remote control duration
in Figure 2.8 are all 7m seconds.
in this example remote control Hex "00"
the outstation.

The remote
consist of
to Figure
sent out
are then
shown in
periods
Therefore,
is sent to
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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
"l"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.

r------------------------t
Request to Send (RTS TX)

TENS UNITS
r---------t

TXD

o 0 0 0 0 0 0 010 0 1 0 0 0 0 1,
I

Master control IOutstation Address No."21 Hex"
I

Function no."OO"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
indicating to the master that it
the reception of its own address
send its alarm information.

carrier line,
has identified

and is about to
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The first 32 bits contain alarm information
followed by its identification address byte.

The message is also pulse duration modulated.
i

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.

Ampl.
'"

Request to Send (RTS RX)
L..- t

TENS UNITS

~-----~. ---------------
32 Alarm Durations Address no."21"Hex:

I
I

I
I

t

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

MOORE TRANSLATOR
COMPONENT LISTING

,, '

IC1
IC2
IC3
IC4
IC5
IC6
IC7
IC8,____

Cl
C2
C3,C4
C5
C6

Xl

7805 5V REGULATOR
SN7407 NON INVERTING DRIVER
SN7408 QUAD TOTEM POLE AND GATE
INTEL 8031 MICROCONTROLLER
TL7705 VOLTAGE SUPERVISOR
SN74LS373 TRANSPARANT LATCH
MAX 235 RS232 DRIVER
HN482732 ERASABLE PROGRAMMABLE READ ONLY
MEMORY

CAPACITOR luF TANTALUM 35V
CAPACITOR 10nF CERAMIC 10V
CAPACITOR 30 pF CERAMIC 100V
CAPACITOR 100nF CERAMIC 100V
CAPACITOR 1uF TANTALUM 16V

CRYSTAL 7.3728 Mhz

LED1,LED2 LIGHT EMMITTING DIODE BRIGHT RED

R1,R2,R3,R4
R5,R6,R7,R8
CARBON

RESISTOR 10K Ohm 1/4 Watt

SWl PUSHBUTTON RESET SWITCH
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ASSEMBLER LISTING

2500 A.D. a051 I.ero Assetbler - 'miol U3a

laput Filelale: p.asl
Oatp.t Fileille : p.obj

1 *** IIITIALISATIOR ROOTIIE ***1
I
3 0000
I .sy.boIs
I 0000 ORG OOOOIL, 0000 21 00 UKP 1m
! 0068 ALI IQO 681l JALARI-OI-BIT 01 POS DORATIOI
I 0069 ALII EQO 691l jALARI-O.-BIT 01 lEG DORATIOI
! 0020 rICOI EQO 2011 jfRAISllT eO..AID IIFORIATIOI
10 0021 moo EQO 21H jTlAISllT ADDRESS IIFORlATIOI
11 0026 EUDD IQU 2611 JEECEI'E ADDRESS liFO
II 002% RULlI IQO 22H jALARKS 1-8
13 00%3 RULU IQO m JALARIS 9-16
11 om RULl3 EQO UK jALARKS 11-24
11 0025 RULli EQO 25H ;!LARKS 25-32
U om 8m EQO %1Il JSTATOS BYrE.THIS COITAlIS
11 0028 UOB EQO 28H jlOST SIG.BITS 'ROI AI.II-4
18 jllfORlATIOI REGARDIIG SYSTEI
l! j-"- 10 TRAISIIT FROI lASTER
10 j-AA- 10 OOTSTATIOI RESPOISE
21 i-OO- TI AID RI SOCCESSFOL
11 0028 TIlE: EQO 28H jTIKER REGISTER
23 0100 OiG 100H
H 0100 15 81 60 lilT: lOY SP,f60H
II 0103 75 89 20 10' TlOD,,00100000B jlODE 1 OPIRATIOI
2i 0106 75 98 52 lOY SCOI,fOl010010B jSrRIAL PORT AS A8 BIT
2! jom
l! 0109 15 88 69 lOY TCOI,fl101001B
19 010e 1580 FE lOY TH1,US4 jSrf '0& 9600 BAOD
3~ 010F 02 BE SETS Til jSTART Tlln 1
31 Olll C2 AD CLK n.3
31 0113 02 AC SETS n.4
II 0115 CU8 CLK ALI
l! 0111 e2 69 CLR ALIIII 0119 21 2f UIP PROG
3f
17 *****10 TRAISIIT ,aol IASfEatt*t*

~

I



IASSIIILII LISTIIG I
38
39 OIlB 75 27 FC 10JI: KOY SUT,IFCI
40 om 5HD Acm Tim
u 0120 21 2T UKP PROG
42
43· U***IO OUTSTATIOI RKSPOISIUU*
H om
u 0122 75 2T FB 10_RI: lOY STAT,IlIH
n om 5HD Acm TRAIS
n
48
49
50
51 ****IASTER TRAISIIT lIFORXATIOI****
51
53 om
54 om n PROG: CLi A
55 0128 78 00 KOY RO,'OOl jREGISTER USID FOR BIT COURT
55 om 20 90 FD PROG1: JB P1.0,. jlAIT START OF lISSAGE
57 012D 15 28 25 nu: KOY TIU,USI JTRAISIIT TIKE DELAY ROOTIIE
5& 0130 so rr " DlU1: KOY DPTR,mm j5SEC
59 0133 05 &2 FD DlU2: Dm m,.
60 om 20 90 08 JB . p1.o,ns jiF REQOEST TO SERD(RTS-TII IGRORE DELAY
61 am 15S2rr 10V DPL,IFFH
62 013C D5 83 F4 Dm DPI,DILJ2
&3 om D5 28 n om TIU,DEU1
Sf om 21 18 UIP 10JI JGO 10 TRAISIIT ROOTIIE
65 OW D2 U m: SlTB P1.4 jSllTCH L.E.D. TRAISIIT lOll
66 0146 75 2T FA 10V STAT,ml ;SET STATOS BYTE FOR VALID TI '00'
n om 75 28 02 DlLJ3: lOY TIII,'021
68 QUe 90 n" ~iLJ4: lOY DPTR,mm
69 our 05 82 FO DEUS: om DPL,.
70 om 20 91 OB J8 n.i,coum jlAIT FOR FIRST BIT
T1 0155 15 82 " lOY DPL,IFFH
72 0158 D5 83 F4 Dm DPH,DILJ5
73 0158 0528 IE Dm TIU,DlLJ4
74 0151 21IB Am 10JI
15 0160 90 oe " eoom: m DPTR/,OC"I j'18 TilER FOR DECODIB.G
76 om DS 82 FD COUIT2: Dm DPL,$
11 0166 75 82 FF lOY DPL,Im
J8 0169 30 91 OJ JIB PI. I,CHECU ;POSITIVE OORATIOI lAS EIDED
79 oue 05 83 '4 Dm DPH/coum
&3 01&, U 63 SETB ALI jTltER HAS RIACHED 0THEREFORE
81 jA OlE DlUcm
82
83 0171 21 63 un eoum
84 om
85
86 om 20 68 03 eHICu: JB ALI/on jCHECI FOR ZERO OR DIE



IASSlllll1 LISTIIS I
87 om
88
89 0176 23 URO: it A jElm -0-
90 om
S1 om 21 7D AnP lEGI
92
93 om CU8 OlE: CLR ALI
9t 0178 23 RL A
IS onc Of IIC 1 jUTER-1-
9& OUD
n
98 **** IEGATI'I DOR1TIOI DICODIIC ****
99

100 onD 90 OC rr IIG1: lOY DPTR"OCFm
101 0180 D5 82 FD 1EG2: Dm DPL,S
102 0183 15 82 rr lOY DPL,mH
103 018& 20 91 07 JB P1.1,CHlCU jllD OF IICATIYI DORAflOI
104 0189 D5 83 F4 Dm DPH,IIC2
105 018C D269 sin ALII jCOOflR HAS fliiD LOIGIR
10& jfHAI10 IS

107 0181
108 0181 11 80 AJlP 1IC2
109
110
111 0190 20 &9 05 CIIlCU: JB ALII ,0111 iCHICI FOR llRO OR Oil
112
113 0193
111 0193 23 mOl: RL A jIRTER -o-
in om 08 IIC RO
m 0195 08 IRC RO
117 019& 211& AnP mc
118 0198 23 On!: it A jlmR -1-
m 0199 01 IIC A
120 ·0191 08 IIC RO
121 019B 08 IRC RO jCOOlf 10.DORAfI0IS
122 oue C269 CLR ALIt
123 om 2H2 AnP mc
121 ouo 21 &0 U2: m COOIfI
125 om 88 08 03 Blfe: cm RO.'08H,TIl JIO.OF BlfS fO BE COURTED
12& OUS '5 20 10V fICOl,A jfI CODAID IUORI.
127 om II CLR A
118 OU8 18 10 '5 TIl: CJlI RO.UOH,U2
129 OUB '5 21 R07 TIAIlD,A jiI ADDRESS lIFORI.
130 OUD
131 DUD
132 *** ROOfll1 FOR RICEIVI ***
133
134 OUD 20 90 'D PROG2: JB P1.0,$ iiAlf FOR RfS fI SICIAL fO lID



IASSIIILII LISTII; I
135 01BO eU4 CLR PI. I iSIITCR L.I.D. TIAISIIT 'orr'
136 om CU8 CLR ALI
131 0184 CU9 CLI ALII
138 0186 14 CLI A
139 om 7S00 lOY 10,100R illG. OSlO FOI COOITIIG
110 iPOS. AID IIG.DOIATIOIS
H1 om
lU iJIB P1.%,$ iiAIT FOI CAIIIIR DirECT
113 01B9 75 28 02 DIU: lOY rIll,102R iDILAY 100TIII FOR
141 ;OOTSTAfIOI RISPOlI or .
115 ;50018
116 OlBC
m 01BC 90 rr rr DILJl: lOY DPTI,fUm
us om 05 82 rD DlU2: Dm DPL,S
149 01C2 30 92 OB JIB P1.2,lESl ;RISPLY fROI OOTSTATIOI
150 ;IGIORI fill DILAY
151 01C5 75 82 rr lOY DPL,IFFH
152 01C8 D5 83 r. om DPR,DlLJ2
153 01CB D5 28 II om TIII,DlLj1
151 OICI 2121 AlIP 10jl
155 DIDO D2 95 IIS1: SlTB P1.5 ;SIlfCH L.I.D IICIIYI '01'
156 0102 75 28 02 DlLj3: lOY TIU,I02I
157 0105 90 rr rr DIUI: lOY DPTI,fUm
158 01D8 D5 81 rD 01U5: om OPL,S
159 010B 20 93 OB JB PI.3,COOIT ;IAIT 101 FOR fIRST
160 0101 75 82 rr lOY DPL,IFFH
161 0111 D5 83 fl om DPR,DlLJ5 ;IIClIYI BIT
162 om US 28 IX Dm fIU,DILjl
163 om UZ2 AlIP 10JI
1&1 0119 90 oc rr COOIr: lOY DPTI, tocrr!
165 011C D5 82 'D coom: Dm DPL,S ;ROOTIII AS TI ABOYI
166 om 75 82 rr lOY DPL,IFFH
167 om 30 93 07 JIB PI.3,CRlC13
168 om D5 83 'I Dm DPR,C00lf3
169 om DU8 SErB ALI
lTO om UIC UlP coom
171 oIre
m
173 me 20 68 03 ClIICU: JB ALI,om ;CHICI FOR %1&0 OR ORE
114 om
175 onf 23 m02: IL A ;nfER '0'
176 0200 H 06 ~.m !KG
177
178 0202 CU8 om: CLR ALI
179 0204 23 RL A ;ElfER III
180 0205 01 lie A
181



IASSlIBtII LISTIIG I
182 ·0206
183 0206 90 OC n JIG: 10l DPTi,'OCm jil IEGATIYI DUiATIOI
m 0209 DS 82 'D 1EG4: Dm DPL,.
18S 020C T5 82 rr lOY DPL,lJrH
186 om 20 93 07 JB PI.3,CDCU jiOUflll AS ABOYI
187 om DS 83 r4 Dm DPH,UG4
188 0215 D2 69 SETB ALII
189 om u 09 UlP IEG4
190
191 om 20 69 OS CHECU: JB iLl1,om jCIRCI fOi 1U0 Oi on
192 OUC
193 onc n ZEi03: it A jum'O'
191 om 08 IIC iO jCOU.f '0.0' DUiATIOIS
195 om 08 IIC iO
196 om un AJIP BITC1
197
198 om 23 0113: iL A jllfU'l'
199 om 04 IIC i
200 om 08 IIC iO
201 om 08 IIC iO jCOU.f 10.DUiAfI0IS
202 om C2 69 . CLR ALII
203 om U 2B UlP BITCI
204 om 21 19 iI5: AJIP coon
20S om Ba 08 03 BITcI: cm RO,'08R,iIl jFliSf itlRlS DEfECTED
206 j32-2S
207 om .'S 2S lOY RULI4,!
208 om E4 CLi i
209 0231
210 om 88 10 03 Ul: em iO,IIOH,RI1 ;ALAUS 2H8
Z1l om n 24 lOY RULl3,i
m 0236 E4 CLR i
Z13
2H om B8 18 03 R12: cm iO,t18R,m jALAIlKS 9-17
m om 1523 lOY RUm,l
216 mc E4 CLR A
m
218
ns om 88 20 03 R13: cm RO,t20H,RI4 jALAIlKS 8-1
120 ouo '5 22 lOY RIALll,l
m om E4 CLi A
222
m om
m om 88 28 13 RIf: cm RO,128H,R15 ;OUISfAIIOI ADDRISS RICEIYI
m om
Z26 om FS 26 lOY RUDD,!
m om E4 CLi A



IA88111L11 LI8TIIG I

m 0149 5140 !cm fRiIS
m DUB un un PROO
230
231 ****BlFORI TR&18118S101 TRAISFIR ALL lOST SIGIIFICAly***t
m ****ALARI BITS TO LAST fI REGISflR un
133
m
US .t
m OUD C295 fRAIS: CLi P1.5 iSllfCH L.I.D. RICIIYI 'OFF'
m om 15 28 00 10' WOt'OOH
138 om C3 CLi C
239 om 15Z5 lOY A,RULII
uo om 53 25 TF AIL iIALlI"Ol111111B iIAS( lOST SIG,BIT
m 0258 33 RLC 1
m om 15Z8 lOY A,ALOB
m om 33 iLC A
m mc F5Z8 lOY ALOB,A
m om
m om C3 eLi C
m om 15 2( 10' . A,RULn
us 0261 53 21 TF AIL il&Ll3,,01111111B
m om 33 iLC 1
250 om 15 28 lOY I,ALOB
251 om 33 iLC A
m 0268 F5 Z8 lOY ALOB,A
153
251 om C3 CLR C
m om 15 Z3 lOY A,U1L11
256 0260 53 Z3 fF AIL RIALl2,'01111111B
Z5f ouo 33 ' iLC A
m om IS 28 lOY A,ALOB
259 om 33 RLC A
260 om F5 28 . lOY &LOB,A
261
262 om C3 CLR C
m om ;;5 Z2 lOY A,RULII
m om 53 22 fF AIL RIALll,'01111111B
265 OUC 33 RLC A
266 0Z1D 15 28 lOY A,ALOB
261 om" 33 iLC A
268 0280 F5 28 lOY ALOB,A
m
110 om
m *ttSIRIAL OOY TO COIPOTIRtt*
m



173 om 30 99 'D IRABSl: JIB SCOI.I,S
m 0285 C299 CLK SCQI.l
m 0281 85 21 99 lOY SBO',Sm
2T6
2fT om 30 99 'D JIB SCOU,S
m om C299 CLi SCOI.I
m om 85 U 99 lOY Sm,THDD
280
281 0292 30 99 'D JIB SCOI.l,S
282 0295 cn9 CLi SCOI.l
283 0297 85 26 99 lOY sm,RUDD
284
285 om 30 99 'D JIB SCOR.I,$
286 om C2 99 CLi SCQI.l
m ou, 85 22 99 lOY SBO', Rmll
288
289 om 3099 'D JIB SCOI.l,S
290 om C2 99 CLK SCOI.l
Z9l om 85 Z3 99 lOY SBO',RULl2
292,
293 om 30 99 FD JIB SCOU,S
m OUD C2 99 CLK scou
295 021' 85 24 99 10' SBUr,RmK3
m
297 om 30 99 FD JIB SCO"l,$
298 om C299 CLK SCOI.l
299 om 85 25 99 lOY SBO',Kml.
300 om
301 om 30 99 'D JIB SCOI.I,$
302 om C2 99 CLK SCOU
303 om 85 28 99 lOY SBO',ALIIB
3D. 02C2 30 92 'D JIB PI. 2,S
305 02CS C2 95 eLK PI.S
306 02C1 22 Rn
307 02C8 KID: KID

I188111LII L18711& I

Liles ABBe.bled: 301 AsselbI, ErrorB: 0
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APPENDIX B.3

MONITOR BASIC
PROGRAM LISTING

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$(40):DIM N(30)
30 Dl$=MID$(DATE$,4,3):D2$=LEFT$(DATE$,3):

D3$=RIGHT$ (DATE$, 4}
40 ON ERROR GOTO 1690
50 GOSUB 1750: REM READ RS232
60 GOSUB 1430: REM OUTPUT INFO FROM FILE
80 SCREEN O:KEY OFF: LOCATE , ,0
90 LET X=12:XL=70:XR=23:LET M$="STATUS"
100 CLS
110 COLOR 0,7: LOCATE 1,32:PRINT"MOORE SYSTEM"
120 COLOR 7,0:LOCATE 3,2:PRINT " STATUS

DATE STATIONS ALARMS SYSTEM EXIT"
130 COLOR 0,7: LOCATE 22,18:PRINT "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 Dl$;D

2$jD3 $,TIME$:IF A$=" " THEN GOTO 150:
160 IF A$=CHR$(13) GOTO 210
170 LET A$=MID$(A$,2,1}
180 IF A$="M"THEN ooTO 450
190 IF A$="K"THEN GOTO 350
200 GOTO 150
210 IF M$="DATE"THEN GOTO 270
220 IF M$="STATIONS" THEN GOTO 1200
230.IF M$="EXIT"THEN SYSTEM
240 IF M$="SYSTEM"THEN 550
250 IF M$="STATUS"THEN 2670
260 IF M$="ALARftIS"THEN 970
270 LOCATE lO,10:PRINT"ENTER DATE MM-DD-YY"
280 LOCATE 11,21:INPUT D$
290 DATE$=D$
300 LOCATE 12,10:PRINT"ENTER TIME HH:MM:

SS":LOCATE 13,21:INPUT T$
310 TIME$=T$
320 GOTO 30
330 PRINT"INCORRECT ENTRY--TRY AGAIN"
340 GOTO 270
350 REM CURSOR LEFT



ILAPTOp LISTINGI

";S$
";S$(5)

"

";8$(25);"
" ;S$(28) j "

";8$(9);"
";S$(22) ;"

";8$(1);"
";8$(4};"
";8$(7);"

"
"

"

"
"

"

360 LET XR=X: LOCATE 3,X:COLOR 7,0:PRINT M$
370 LET X=XL:IF X<12 THEN LET X=70
380 LET M$="":LET N$="":LET U=X
390 LETN$=CHR$(SCREEN(3,U}}
400 IF N$=" "THEN GOTO 420
410 LET M$=N$+M$:LET U=U-1:GOTO 390
420 COLOR 0,7 :LOCATE ·3,U+1:PRINT M$:COLOR 7,0
430 LET XL=U-5:LET X=U+1
440 GOTO 150
450 REM CURSOR RIGHT
460 LET XL=XR-6:LOCATE 3,X:COLOR 7,0:PRINT M$
470 LET X=XR:IF X>67 THEN LET X=12
480 LET M$="": LET N$='''':LET U=X
490 LET N$=CHR$(SCREEN(3,U}}
500 IF N$=" " THEN GOTO 520
510 LET M$=M$+N$:LET U=U+1:GOTO 490
520 COLOR 0,7:LOCATE 3,X:PRINT M$:COLOR 7,0
530 LET XR=U+5
540 GOTO 150
550 REM************ STATION SQUARE *************
560 SCREEN 2
570 CLS
580 LOCATE 1,30:PRINT"U.H.F RADIO SYSTEM"
590 LOCATE 2,30:PRINT"------------------"
600 FOR Y=40 TO 180 STEP 33
610 FOR X=40 TO 610 STEP 100
620 PSET(X,Y}
630 DRAW"U15R60D15L60"
640 NEXT X
650 NEXT Y
660 LOCATE 3,6:PRINT S$(O);"

(2);" ";S$(3);"
670 LOCATE 7,6:PRINT S$(6);"

;S$(8);
" ";S$(9);" ";S$(10);" ";S$(11)

680 LOCATE 1l,6:PRINT S$(l2);" ";S$(13);"
;S$(14);" ";S$(15);" ";S$(16);"
;S$(17)

690 LOCATE 15,6:PRINT S$(18};"
;S$(20);" ";S$(21);"
;8$(23)

700 LOCATE 19,6:PRINT S$(24);"
;8$(26);" ";S$(27);"
;8$(29)



________________ILAPTOp LISTINGI

710 REM *******NOSCAN CIRCLE**********
720 R=O
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),O
780 CIRCLE(B,A),8
790 IF N(R)=l THEN PAINT (B,A),l
800 X(L)=B:L=L+1:R=R+1
810 NEXT B:Y(M)=A:M=M+1:NEXT A
820 REM********* ALARM CIRCLE*********
830 R=O
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),O
890 CIRCLE(Q,P),8
900 IF A(R)=l THEN PAINT (Q,P),l
910 A(L)=Q:L=L+l:R=R+l
920 NEXT Q:B(M)=P:M=M+1:NEXT P
930 IF INKEY$=CHR$(27) THEN GOTO 80 ELSE 940
935 REM####################"
940 GOTO 1800:REM READ RS232
950 GOTO 710
960 REM
970 REM************** TO UPDATE ALARM CHANGE*********

****
980 SCREEN.O
990 CLS
1000 OPEN "R" ,#1,"C:ALARM8",10
1010 FIELD #1,10 AS K$
1020 OPEN "R", #2, "C:SCRATCHA" , 10
1030 FIELD #2,10 AS K2$
1040 NUM=l
1050 WHILE NUM<34
1060 GET #l,NUM
1070 PRINT K$
1080 INPUT 81$
1090 IF 81$=lttl THEN LSET K2$=K$:PUT #2,NUM: GOTO 1120



________________ILAPTOP LISTINGI

1100 LSET K2$=Sl$
1110 PUT #2,NUM
1120 NUM = NUM+l
1130 WEND
1140 CLOSE #1
1150 KILL"C:ALARMS"
1160 CLOSE #2
1170 NAME "C:SCRATCHA"AS"C:ALARMS"
1180 GOTO 30
1190 REM
1200 REM*********** TO UPDATE STATION CHANGE*********

****
1205 CLS
1210 SCREEN 0
1220 CLS
1230 OPEN "R" ,#I,"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 #l,NUM
1300 PRINT K$
1310 INPUT SI$
1320 IF SI$="" THEN LSET K2$=K$:PUT #2,NUM: GOTO 1350
1330 LSET K2$=SI$
1340 PUT #2,NUM
1350 NUM= NUM+l
1360 WEND
1370 CLOSE #1
1380 KILL"C:STATION"
1390 CLOSE #2
1400 NAME "C:SCRATCH"AS"C:STATIQN"
1410 GOTO 30
1420 REM
1430 REM******** ROUTINE TO OUTPUT ALARM INFO

FROM FILE********
1440 X=1
1450 OPEN "R",#I,"C:ALARMS",lO
1460 NUM = 1



ILAPTOP LISTINGI

1470 WHILE NUM<34
1480 FIELD #1,10 AS K$
1490 GET #l,NUM
1500 HUM = HUM+1
1510 A$(X)=K$
1520 X=X+1
1530 WEND
1540 CLOSE #1
1550 REM********** ROUTINE TO OUTPUT STATION INFO

FROM FILE*********
1560 X=O
1570 OPEN "R",#1,"C:STATION",7
1580 HUM = 1
1590 WHILE NUM<31
1600 FIELD #1,7 AS K$
1610 GET #l,NUM
1620 NUM = NUM+1
1630 S$(X)=K$
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" FOR'INPUT AS #3
1780 CLOSE #3
1790 RETURN
1800 Dl$=MID$(DATE$,4,3):D2$=LEFT$(DATE$,3):

D3$=RIGHT$(DATE$,4)
1810 LOCATE 1,1:PRINT D1$jD2$jD3$,TIME$
1820 ON ERROR GOTO 1690
1830 CLOSE #3
1840 OPEN "COM1:9600,N,8,1" FOR INPUT AS #3



ILAPTOP LISTINGI

1850 LET O=TIMER-V :IF 0>60 THEN 1750
1860 IF EOF (3) THEN GOTO 1850
1870 FOR Q=l 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$=INPUT$(1,#3)
1930 O(Z)=ASO(B$)
1940 Z=Z+l
1950 WEND
1960 IF INKEY$=CHR$(27) THEN GOTO 80 ELSE 1970:

REM**** "ESC"******
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 ooTO 1800
2020 OLS:SCREEN 2:KEY OFF
2030 LOCATE 12,30:PRINT" MASTER OUT OF SOAN"
2040 ooTO 1800
2050 Q=C(7) AND 1

:REM REARRANGE RECEIVE BYTES
2060 IF Q=O THEN 2080
2070 O(3)=C(3)+128
2080 Q=C(7) AND 2
2090 IF Q=O THEN 2110
2100 0(4)=C(4)+128
2110 Q=C(7) AND 4
2120 IF Q=O THEN 2140
2130 0(5)=C(5)+128
2140 Q=C(7) AND 8
2150 IF Q=O THEN 2170
2160 0(6)=C(6)+128
2170 A$=HEX$(C(1»:B$=HEX$(0(2»
2180 P=VAL(A$)
2190 Pl=VAL(B$)
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 REM GOTO 3024
2240 IF C(0)=251 THEN GOTO 2320:REM**** NO REPLY*****
2250 IF P=P1 THEN GOTO 2290
2260 REM******* TX AND RX ADDRESS DON'TMATCH******
2270 LPRINT"MASTER SCANNED ";

S$(P);" AND REMOTE ";S$(P1);" HAS REPLIED"
2280 GOTO 1800
2290 R$=A$: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 REPLY******
2330 S(P,33,1)=1
2340 N(P)=l: REM FOR SCREEN UPDATE
2350 GOTO 2500
2360 REM*******DECODE ALARM INFO**********
2370 S(P,33,1)=0
2380 N(P)=O: REM FOR SCREEN UPDATE
2390 Z(1)=1:Z(2)=2:Z(3)=4:Z(4)=8:Z(5)=16:

Z(6)=32:Z(7)=64:Z(8)=128
2400 A(P)=O
2410 REM*****DECODE ALARM INFO A(1-4)
2420 M=l
2430 FOR N=l TO 4
2440 FOR R=l TO 8
2450 Q=A(N) AND Z(R)
2460 IF Q=O THEN GOTO 2480 ELSE 2470
2470 S(P,M,1)=1:A(P)=l :GOTO 2490
2480S(P,M,1)=0
2490 M=M+1:NEXT R:NEXT- N
2500 REM*****COMPARE OLD ALARM TO NEW******
2510 J=O
2520 FOR X=l TO 33
2530 C=S(P,X,l) XOR S(P,X,2)
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2540 IF C=l THEN GOTO 2620
2550 NEXT X
2560 IF J=O THEN 1800 ELSE 2580
2570 REM******TRANSFER NEW ALARMS IN STORE*******
2580 FOR M=l TO 33
2590 S(P,M,2)=S(P,M,l)
2600 NEXT M
2610 GOTO 710
2620 J=l:IF S(P,X,l)=O THEN GOTO 2650 ELSE 2630
2625 REM*****UPDATE ALARM AND STORE*****
2630 LPRINT D1$;D2$;D3$,TIME$,S$(P),A$(X),"ON"
2640 GOTO 2550
2650 LPRINT D1$jD2$jD3$,TIME$,S$(P),A$(X),"OFF"
2660 GOTO 2550
2670 REM ******OUTPUT PRESENT STATUS*******
2680 SCREEN O:CLS .
2685 CLS
2690 PRINT
2695 PRINT" SYSTEM ALARM

STATUS"
2700 LPRINT" SYSTEM ALARM

STATUS"
2710 FOR U=O TO 29
2720 FOR V=l TO 33
2730 IF S(U,V,l)=O THEN 2740 ELSE 2820
2740 NEXT V
2750 NEXT U
2760 PRINT"END STATS"
2770 LPRINT"END STATS"
2780 FOR T=l TO 10000
2790 IF INKEY$=CHR$(27) THEN GOro 550 ELSE 2800
2800 NEXT T
2810 GOTO 550
2820 PRINT S$(U),A$(V)
2830 LPRINT S$(U),A$(V)
2840 GOTO 2740
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APPENDIX C.1

DERIVATION OF THE 8 BIT UART BAUD RATE CALCULATION

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

TMOD.5 = 1
TMOD.4 = 0
TooN.6 = 0

For auto reload operation
For timer running (baud rate
generator active)

. .

IE.3 = 0 To prevent any unnecessary interrupts

BAUD RATE = OVERFLOW RATE / N

BUT N=32 and OVERFLOW RATE =ooUNT RATE /(32*(256
THl)

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

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

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

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

={12*32*256-(7.372S*10A6/9600»/12*32

=254

For a baud rate of 9600 the value of 254 is loaded
into register THI •
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24 CYCLES
24 CYCLES
24 CYCLES
12 CYCLES

APPENDIX C.2

DERIVATION FOR A 5 SECOND TIME DELAY

Clock Frequency =7.3728Mh
Time for one cycle=1/7.3728 * 10A6 =135.6* 10A-9

seconds.
Instruction Times:-DJNZ

MOV DPl'R
JB
MOV DPL

DJNZ DPL,$ MOV DPL

JB
MOV
DJNZ 24+12+24=60

24*256*135.6 * 10A-9

=833.1 * 10A-6SEC

256{(60*135.6 * 10A-9)+(833.1

* 10A - 6)}
=215.4 * 10A-3 SEC

DJNZ 24 "25{(24*135.6 * 10A-9)+(215.4

* 10A-3)}

=5.36 SEC
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..;

APPENDIX C.3

nERIVATION FOR A 10 MILLI SECOND TIME DELAY

DJNZ 24 CYCLES
MOV DPTR 24 CYCLES
MOV DPL 12 CYCLES
JNB 24 CYCLES

1 CYCLE = 135.6 * 10A-9

.- ~ ",

DJNZ DPL,$

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

MOV+JNB+DJNZ=12+24+24=60

HEX"OC"=DEC 12

COUNT=12{(60 * 135.6 * 10A-9)+(833.1 * 10A-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 R01.55
HN482732 EPROM R17.50
MAXIM 235 RS232 DRIVER R09.50

.' SN 7407 BUFFER ROl.55
(

TL7705 RESET I.C R02.65
SN 74LS373 LATCH ROl.75
CRYSTAL 7.3728 MHZ R17.00
2 * 30PF CAPACITORS R01.20, 2 * luF CAPACITORS R04.20
1 * 10nF CAPACITOR ROO.55
1 * SWITCH R05.45
8 * RESISTORS ROO.88
2 * L.E.D'S ROl.90
EDGE CONNECTOR Rl1.50
10 * PINS R01.25
P.C.BOARD R80.00
MOUNTING RACK RllO.OO

-------
R287.60

DEVELOPMENT COST R8733.00
DRAFTING COST R560.00

--------
TOTAL COST R9581.00

--------......
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I
I
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)

)

)

)

)

)

)

)

)

)

)

)

)

)

.>

r'1h ,r:.'." I~"
. -

12: 15:53 12-12...;.2012" - : 'SPAN' 'LOLJ.~'VULT
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 r'lAlNS FAIL
12:15:53 12-12-2012 SPAN MAST LIGHT
12: 15:54 ·12-12-2012 :', SPAN -. .: r'lUX"PS{NU)
12:"15:54 12-1-2-2012, ' SPAN'" TX1;~\

',i2:15':54: ;·12-12"':2012" SPAN· . TX:2",::-
12: 15:54 12-12-2012' '~'" SPAN .' TX3
12: 15:54 12-12-2012 SPAN TX4
12: 15:54' 12-12-2012 SPAN RXl
12: 15:54 ·12-12-2012. " SPAN . RX2; _._

. 12: 15:'55 '" 12":'12-2012. SPAN ',' RX3:: ,
12: 15:55' 12-12-2012;,·' SPAN 'RX4E:., .
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:I5:5512-12-2012 SPAN,': RADIO PS
12: 15:56 12-12-2012 '. SPAN ' RX ON I1AN
12: 15:56 12-12-2012 SPAN TX ON l'lAN
12:15:56 12-12-2012 SPAN GENERAL 1
12:15:56 12-12-2012 SPAN GENERAL 2
12: 15:56 12-12-2012 SPAN· GENERAL 3
12: 15:56 12-12-2012 SPAN GENERAL' 4
12: 16:39 12-12-2012 SPAN NOSCAN
r'lASTER SCANNED HEKPRT AND REr10TE SPAN HAS REPLIED
12:16:54 '12-12-2012 ALPHA NOSCAN
12: 17:03 ·12-12-2012 .' KOEBERG .... NOSCAN

. " . .'~-; MAXH1UI'l. OF 30 STATIONS AVAILABLE .
.'~,r·-.,. ':': .,;;.; . . 'i.-J :i.·,;;>HAXU1Ul'10F 30,STATIONS.:.AVAILABLE :,,_

" ., r'lAXH1Ur'l OF 30 STATIONS AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE
r'lAXHlUr'l OF 30 STATIONS AVAILABLE

,.)'lAXU1Ul'1 OF 30 STATIONS AVAILABLE
". r-lAXHlUr'l OF 30 STATIONS AVAILABLE
:' 'r'lAXH1Ur-J OF 30 STATIONS' AVAILABLE

r-lAXIMUr-J OF 30 STATIONS 'AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE

, f'lAXH1Ur-J OF 30 STATIONS AVAILABLE
. : .~';MAXHlur-l OF 30 STATIONS'AVAILABLE
,. ,MAXU1UI'1 OF 30 STATIONS' AVAILABLE

: MAXIr-lUt-l OF 30 STATIONS-AVAILABLE
'MAXIMUM OF 30 STATIONS AVAILABLE
MAXIMUM OF 30 STATIONS AVAILABLE
f'lAXIMUt-l OF 30 STATIONS AVAILABLE

,r'lAXUlUM OF 30 STATIONS AVAILABLE
.. r-1AXIJ·1Ur-l OF 30 STATIONS AVAILABLE

MAXIMUM OF 30 STATIONS AVAILABLE
r'lAXHlUI'l OF 30 STATIONS AVAILABLE
r'lAXHlUI'l OF 30 STATIONS AVAILABLE
r'lAXH1Ui'1 OF 30 STATIONS AVAILABLE
r'lAXHlUi'l OF 30 STATIONS AVAILABLE

MASTER SCANNED SPAN AND REi'lOTE SPAN HAS REPLIED
i'lASTER 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
i'lASTER 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

'.OFF' .
OFF
OFF
OFF
OFF
OFF
OFF. ':

'g~~': ,....;', ':
OFF" ,-
OFF
OFF

,OFF" ",
. OFF

OFF ,' ..
OFF
OFF
OFF
OFF. '
OFF
OFF
OFF
OFF
OFF

, OFF
OFF:
OFF
ON

ON
ON

: . '. ~ '''~'''',



15:16:32 12-13~20i2 SPAN RX1.:_ OFF., 15:16:32 12:-13-2012 SPAN RX2 OFF
15:16:33 12-13-2012 SPAN RX3 OFF
15: 16:33 12-13-2012 SPAN RX4 - OFF

) 15:16:33 12-13-2012 SPAN PILOT RX1 OFF
15:16:33 12-13-2012 SPAN PILOT RX2 OFF
15:16:33 12-13-2012 SPAN PILOT RX3 OFF

") 15: 16:33 12-13-2012 SPAN PILOT RX4 OFF
15: 16-:33 12-13"';'2()12 SPAN' PILOT IX OFF

-, 15:16:33 12-13:"2012 .SPAN' RADIO PS OFF
) 15:16:33 12-13-2012 SPAN RX ON tlAN OFF

15:16:34 12-13-2012 SPAN TX ON r'lAN OFF;I 15: 16:34- 12-13-2012 SPAN GENERAL 1 OFF., 15:16:34 12-13-2012 SPAN GENERAL 2 OF~

i 15: 16:34 12-13-20'12 SPAN GENE~AL 3 OFF

I 15-:16:34 - 12-13--20.12 SPAN _GENERAL 4 OFF
') -. SYSTEM ALARM STATUS

i END STATS
I 15:17:n- 12-13-2012 KOEBERG NOSCAN ON
I 15:17:16 12-13-2012 ESKGr-l NOSCAN' ON!

15: 17:20 f2--13-2012' r-1AKPAN NOSCAN ON
15: 17:-25 12-13-20-12 SRIDGE NOSCAN - ON

('
) 15: 17:29 12-13-2012 PLUTO NOSCAN ON

, -- SYSTEtl ALAR!'l STATUS

'\
KOEBERG NOSCAN

) ESKGr-l ~g~~~~ ::;-c tlAKPAN-·.-·
SRIDGE .. NOSCAN

) PLUTO' NOSCAN:
END STATS
1~-:13-2012 15:20: 12 lJITPORT NOSCAN ON

-j. 12"":'13-'2012 15:20:28 SPAN':- URGENT ON

I 12-13-2012 15:20:-28 , '.t SPAN '. - MUX P:S. ON
.:-,.::..:~;: 12-13-2012 15:20:28 SPAN :.-..: - MUX:A•G•C ON

I
-) 12-12-2012 15:28:Qa SPAN URGENT_ ON

13-12-2012 15:23:04 SPAN nux P.S. ON
13-12-2012 15:23:04 SPAN MUX A.G.C ON

I ) 13-12-2012 15:23:04 SPAN - CARR.GEN ON

I )

J 13-12-2012 15:23:52 SPAN URGENT ON
.13-12-2012 15:23:52 SPAN nux P.S. ON
13-12-2012 15:23:53 SPAN ('lUX A.G.C ON

!I
,) 13':12-2012 15:23:53 SPAN CARR.GEN ON

13-12-2012 15:23:53 SPAN HIGH VOLT ON
13-12-2012 15:23:53 SPAN LOlJ VOLT ON

) 13-12-2012 15:23:53 SPAN SPARE ON
13-12-2012 15:23:53 SPAN SPARE ON
13-12-2012 15:23:53 SPAN SPARE ON

) 13-12-2012 15:23:53 SPAN i"iAINS FAIL ON
13-12-2012 15:23:54 SPAN MAST LIGHT ON

·1 13-12-2012 15:23:54 SPAN nux PS(NU) ON
.J 13-12-2012 15:23:54 SPAN TXl ON

ON

) 13-12-2012 15:33:57 SPAN NOSCAN ON
13-12-2012 15:34:01 SPAN NOSCAN OFF
13-12-2012 15:34:06 SPAN NOSCAN ON
13-12-2012 15:34: 10 SPAN NOSCAN OFF
i"iASTER SCANNED SPAN AND REnOTE ELOFF HAS REPLIED
13-12-2012 15:34:37 SPAN NOSCAN ON
13-12-2012 15:34:41 SPAN NOSCAN OFF

)--
13-12-2012 15:34:50 SPAN URGENT ON



.1,+.17.LL _4- .~
_v __

") SYSTEr-l ALARt-l STATUS
r-lAKPAN NOSCAN

, END STATS
) 14:19:55 12-13-2012 ATLAS NOSCAN ON

, 14: 19:59 12-13-2012 ALPHA NOSCAN ON
14:27:53 ' 12-13-2012 SPAN NOSCAN ON

) 14:27:59 12-:-13-:-2012' SPAN NOSCAN OFF
" , ' SYSTEM ALARM STAT~S..

':'~ . -.'.~: ,

:END STATS . i:· ··i "

") 14:31:47 12-13~2012 SPAN NOSCAN ON
14:31:55 12-13-2012 SPAN NOSCAN OFF
15: 16:22 12-13-2012 SPAN URGENT ON

r ') 15: 16:22 12-13-2012 SPAN nux P.S. ON
15:16:22 '~d2-13-2012 - SPAN, ,; r·lUXA. G. C .. ON
15: 16:22 . '/12-13-2012 SPAN CARR.GEN ON·

)
. 'IS: 16:22 12-13-2012 SPAN HIGH VOLT ON

15: 16:22 12-13-2012 ' SPAN LOW VOLT ON
15: 16:23 12-13-2012 SPAN I SPARE ON

") 15: 15:23 12-13-2012 SPAN SPARE ON
f _.' 15: 16:23 12-13-2012 SPAN SPARE ON

15: 16:23 12-13-2012 ':'", SPAN r'lAINS FAIL ON
Oi ) 15: 16:23 12-13-2012 SPAN r'lAST LIGHT ON
'j 15:16:23 12-13-2012 . SPAN nux PS(NU) ONI,

-~. 15: 16:23 12-13-2012 SPAN TXl ON
I ) 15: 16:23 12-13-2012 SPAN TX2 ON
! _15: 16:24. 12-13-2012 SPAN· TX3 ON

.15: 16:24 .' 12-13-2012 SPAN TX4 ON
,") 'IS: 16:24 12-13-2012 SPAN RXI ON

,I 15:16:24 12-13-2012 SPAN RX2 ON
15: 16:24 12-13-2012 SPAN RX3 ON

I ) 15: 16:24 12-13-2012 SPAN RX4 ON,
j 15: 16:24 12.--13-2012 SPAN PILOT RXI ON

15:16:24 12-:-13~2012 . SPAN· PILOT RX2 ON
y·':~"'-~'~"":""~i ) 15: 16:25 12-13-2012 SPAN PILOT RX3 ON

15:16:25 12-13-2012 SPAN PILOT RX4 ON
15:16:25 12-13-2012 SPAN PILOT TX ON

..> 15: 16:25 12-13-2012 SPAN RADIO PS ON
15: 16:25 . 12-13-2012 SPAN RX ON r1AN ON

, 15: 16:25' . '12713-2012 SPAN . TX ON r'lAN ON
~ 15: 16:25 12~13:";2012 SPAN GENERAL 1 ON

c 15: 16:25 12-13-2012 SPAN GENERAL 2 ON
-: 15: 16:26 12-13-2012 SPAN GENERAL 3 ON

-",1 ) 15: 16:26 12-13-2012 SPAN GENERAL 4 ON,
i 15: 16:30 .'12-13-2012 SPAN URGENT OFF

15: 16:30 . '12-13-2012 SPAN nux P.S~'·' OFF
,) 15:16:31 12-13-2012 SPAN nux A.G.C OFF

15:16:31 12-13-2012 SPAN CARR.GEN OFF
15: 16:31 12-13-2012 SPAN HIGH VOLT OFF

) 15: 16:31 12-13-2012 SPAN LOW VOLT OFF
15: 16:31 12-13-2012 SPAN SPARE OFF
15: 16:31 12-13-2012 SPAN SPARE OFF

) 15:16:31 12-13-2012 SPAN SPARE OFF
15: 16:31 12-13-2012 SPAN r-JAlf'JS FAIL OFF
15: 16:32 12-13-2012 SPAN nAST LIGHT OFF

..> 15: 16:32 12-13-2012 SPAN r-JUX PS(NU> OFF
15:16:32 12-13-2012 SPAN TX1 OFF
15:16:32 12-13-2012 SPAN TX2 OFF

..> 15: 16:32 12-13-2012 SPAN TX3 OFF
15: 16:32 12-13-2012 SPAN TX4 OFF



r I - _..... --
MASTER SCANNED SPAN AND REMOTE SPAN HAS REPLIED.
MASTER SCANNED SPAN AND REr'lOTE SPAN HAS REPLIED

) MASTER SCANNED SPAN AND REf-10TE SPAN HAS REPLIED

') t:. 11:35:51 12-13-2012 DOORN NOSCAN ON
11:35:54 12-13-2012 r-lATU1BA NOSCAN ON
11:35:56 12-:-13-2012 WITPORT NOSCAN ON

) 11:37:16 12-13-2012 SPIONKP NOSCAN ON
11:37: 19 12-13-2012 HEKPRT NOSCAN ON
11:37:22 12-13-2012 VKKOP NOSCAN ON

)
SPIONKP

SYSTEM ALARM STATUS
NOSCAN

HEKPRT '.'- NOSCAN -.
VKKOP., NOSCAN - ,

J- )
END STATS
11:37:43 12-13-2012 ESKOtl NOSCAN ON

) 11:37:46 . 12.-13-2012 WATERBG NOSCAN ON
11:38:56', ;';12-13-2012 VKKOP NOSCAN ON

.I .~: ~.' .' SYSTEr-l ALARM STATUS
.> VKKOP NOSCAN

'END STATS
11: 40:52 12-13-2012 ESKOtl NOSCAN ONL_; ) SYSTEM ALARM STATUS

" END STATS .,

11:46:04 - 12-13-2012 DOORN NOSCAN ON
") 11,:46:08' 12-13-2012 FRANSr'lA NOSCAN ON

11:46: 17 12-13-2012 PHIL URGENT ' ON
11:46:18 '12-13-2012 PHIL nux P.S. ON../ -t 11:46:18 12-13-2012 PHIL .' nux A.G.C ON.>.j 11:46: 18 12';"'13-2012· PHIL CARR.GEN ONi
11:46: 18 12;"'13-2012 PHIL HIGH VOLT ON

... 11:46:18 12-13-2012 PHIL LOW VOLT ON
-;_-, ~,-.,:-:,:~~ 11:46: 18 12-13-2012 PHIL SPARE ON

11:46:19 11-13-2012 PHIL SPARE ON
) 11:46:19 12-13-2012 PHIL SPARE ON

11:46: 19 _12-13-2012 PHIL S'lAINS FAIL ON
11 :46: 19 12-13-:2012 PHIL HAST LIGHT ,: ON
11:46:19 12-13-2012 PHIL nux PSCNU> ON
11:46: 19 12-13-2012 PHIL TXl ON
11:46: 19 12':"13-2012 PHIL TX2. ON

" ) 11:46: 19 12-13-2012 PHIL TX3 ON
\ 11:46: 19 12-13-2012 PHIL 1X4 ON'.

11:46:20 12-13-2012 PHIL RX1 ON
) 11:46:20 12-13-2012 PHIL RX2 ON

11:46:20 12-13-2012 PHIL RX3 ON
11:46:20 12-13-2012 PHIL RX4 ON

) 11:46:20 12-13-2012 PHIL PILOT RXI ON
11:46:20 12-13-2012 PHIL PILOT RX2 ON
11:46:20 12-\3-2012 - PHIL PILOT RX3 ON

).
.

END STATS
12:32:16 12-13-2012 ATLAS NOSCAN ON

..) 12:32:20 12-13-2012 ALPHA NOSCAN ON
12:32:25 12-13-2012 HEKPOOR NOSCAN ON
12:32:29 12-13-2012 WATERBG NOSCAN ON

.> 12:32:34 12-13-2012 PHIL URGENT ON
12:32:34 12-13-2012 PHIL nux P.S. ON
12:32:34 12-13-2012 PHIL nux A.G.C ON

-! 12:32:34 12-13-2012 PHIL CARR.GEN ON
12:32:35 12-13-2012 PHIL HIGH VOLT ON
12:32:35 12-13-2012 PHIL LOW VOLT ON
12:3'):35 1?-ij-20i2 PHIL . SPARE, ON
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