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ABSTRACT

The application areas ol microprocessors hgﬁevbeén
growing receﬁtly. In addaition to various areas, efficient
aﬂd reliable results have been obtained in malitary appli;
cations,

The object of this thesis is to apply micr!pré—
cessor control on a device used in the Navy and thg réaiii—
ation of the necessary hardware and software and the obsei—

9
vation of the results.

In this study, the Dead Reckoning Table used on the
ships of the Navy was controlled and operated by micropro-
cessor., The Dead Reckdning Table is used for-recoraing
the movements of our ship and the others in the same ober4“
ation area. Many tactical and manoeuvre problems are solved‘
on this table. The preparing speed and thé?reliability of

the records are increased and the operator\mistakeT are

prevented with the aid of microprocessor. ,

‘ |
{
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OZET

Son yillarda mikrobilgisayarlarin uygulama séﬁalarl
hizla artmaktadir. Gegitli kullanim yerlerine ek olarak as-
keri uygulamalardada verimli ve glvenilir neticeler elde e-

dilmektedir.

ju tezin amaci mikroislemcinin Deniz Kuvvetlerinin
savag gemilerinde kullanilmakta olan bir aygita uygulanabi-
lirligine karar vermek ve pgerekli donanim ve yazilaimi ger-

9
ceklestirerek sonuglari incelemektir.

Yapilan qa11 mada Deniz Kuvvetlerine ait gcmTlerln
Savas Harekat Merko&lerlnde bulunan iz masalarlnln mlkr01$—,
lemci ile kontrolu ve galigmasi gerqeklestlrllmlstlr. 1z
masasinin gorevi kendi gemimiz ile birlikte harekat sahéL
.81nda bulunan difrer nemilérin blitin hareketlerini kagit u-
zerine isaretlemek, taktik ve manevra ile ilﬁili~problem—
lerin qozulm081ne yardimeci olmaktlr. Mlkr01slem01 ku lanil-

masi ile kajltldrln tutulmasinda: siirat ve guvenlllrlﬁk sag-

lanarak operator hatalari onlenmistir. ‘ }
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CHAPTER I - ?
INTRODUCTION

The Dead Reckoning Table (DRT) is used at ithe combat
Information Centers (CIC) of the Naval ships. Most of the

operation records in an exercise are prepared on this table,

The DRT is a projectiog_device with a transparent
plastic tep. A ship's position pointerlwhich is dr'veﬁ‘by
gears is projected through the plastic. A sheet of| translu-
cent peper, placed over the top and temporarily tabed down at
the corners, is marked by the operators with the position of
the ship at regular intervals. This paper may be con51dered
to be a map. The other ships in the same operation area can
also be plotted The geographlcal positions and mo ements
are displayed on the paper. When the ship's track uns out
of - the edge of the paper the pointer is placed to another
location and a new piece of paper is put on the table.

Many operation problems are solved\on this papee.
ThlS paper is the summary of an operation at the sTa. |

1
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The course and the speed of the ship are Ehé inputs
to IRT. These sipnals are transmitted from the gyro éompass
and the log as synchrg signals. The ship's position pointer
moves with these input sipnals and shows the position of

the ship.

In order to plot one or more target ships on the
same paper the operator finds oﬁt the bearing and the dis-
tance of them from his ship. Then he draws the bearing line
in the lenpth of the distance and plots the farget's posi-
tion, The operator also records the tihe at which the plot-
ting: is doné. T™e time intervals boetween tﬁe marks ig ad-
Justed by the operator.

The purpose of this thesis is to design &nd build a
microprocessor based DR1, Many improvements will be achived
by using the microprocessor control on the DRT, Primgrily,
these are: i

- No personrnel wili-be required for plotting,

~ 'he ship's position pen will automatically shift
Lo the opposite edee when running out of the paper.

- scale changes can ﬁe made by push button.

- kemote read oufs can be made avoilpble to’the other

parts of the ship. ‘ ‘

- Modifications or improvements 'vin softvare changes.
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|
- Intry and display of one or more targets.
. - . - i

- Plotter can print the time on the plot.
- Automatic printing of the data.
- Automatic changiing of the paper.

- solutions of the mronoeuvre and operation problems.
!

+

The small irast Tatrol Boats (iPP's) which hdve a
limited number of seaman onboard move with « very high speed
in the operation area, A microprocessor controlled DRT will .
be very useful for Pli's,

| |
In this study most of the itcms above were realized,

but some of them were congidered as a further work.

In addition to the plotting of the ships', the input
data and the calculated values such as ship's course and
target speed are transmitted to a teletype-writer which dis-
plays the situation. This information can be deliveged‘to

the other departments to inform the personnel about%the'oper—

ation,



CHAPTER 2 \ : .
6800 MICROCOMPUTER SYSTEM

System Components v L

The microcomputer system consists of:
1. Microprocessing Unit (MPU)
2. Clock Generator

%. Read Only Memory (1OM)

4. Random Access Memory (RAM)

5. Parallel Input/Output Interface

6. Asynchronous Serial Input/Output Interface
Fig. ©-1 shows the block diagram of the microcompu-

|

This block diagram represents all of the hardware.
IS

ter system.

required for a fully operational microcomputer'systeh;
The data bus is shared fully between all devices in theé ‘sys— "
tem. The control bus is shared by all devices which geﬁ
their own required signal from the bus. Different combina-
tions of sipnals may be received from the ad@ress bu' to
define where each device is located. The add%esskbus§selecté
" one byte or location from 64 K bytes or locations.

n



. . 3
CI.ocK(5«5-.n(:r¢)tm‘—__—_"_-a M PU
|
9 %
ROM % ol
c——
: _ }
RAM [ |
e
Psrallel I/0 [0 #

ya

Serial 10 r — I
y A

CONTROL DATA ADDRESS
BUS  BUS  BUS

]

|

!

Mig.2-1 Block Diagram of the Micyocomputér System.



Microprocessing Unit N

MCGEOO MPU is the heart of the system. It is a mono-
lithic 8-bit microprocessor performing the central control
function for the system. The MIU can execute 72 diffeTent
instructions including arithmetic, logical, shift, ro?ate,
load, store, conditional or unconditional bdbranch, jumﬁ; inter-
rupt and stack manipulation instructions.\4 The MPU has three
16-bit registers and three 8-bit repiters available for use
by the programmer. These are shown in fig.2-2. The brogram

counter points to the current program address. ‘

7 o
ACC A -
Accumulatar A
7 o)
[ ]
ACC B
Accumulator B
5 o]
I X :
Index Reaist'e,r
|5‘ . o }
PC | |
Progr'am Counter
15 o .
SP
Stack. Pointer
T fe)
({4 |H{I|N|ZIV]C o .
A ‘ Con;lition Code Register
H: Half Carey Z: Zero ‘ l
1: lnttrrufat AVE OVerfLow :
N: Negative C: Carry

Pig.2-2 The Repisters of MC €800 o
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The stack pointer contains the address of the next a&ailable
) |

location in the stack which is a RAM. Index registgr is used
to store data or a sixteen bit memory address for the indexed
mode of addressing. The two accumulators are used to hold
operands and results from the arithmetic logic unit (ALU).
The condition code registér indicates the results of|an ATU
operation. The bits of this register are used as tequble
conditions for the conditional branch instrucf&ons. Bit 4 is
the interrupt muék bit. The unused bits of the condition

code register are ones.

A preneral block diagram of the MC 6800 is shéwn in

Mig.2-%, The control and,timing signals repulate thegsystem

operation. AWTM“”B“’/P Ao
OQutput Buffers ¢
&,
D2 ‘
Reset Instruction ‘
ML ) Re3 isters !
. m_)‘ DCCOdQ . i
iRa cind " | PC,SP, IX, Rcc A, RecB, CCR :
TsC Control
[+1 14
BA €
VMAG— '
\ )
Instruction Data B“Gfer |
Register f '
P71 ¢Do / . i

Data Bus

Mg.2-% The Mlock Diagram of the MC G800.
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¢1 and ¢? are two-phase non-overlapping clock signals.[The
Tt input is used o stop the MPU. In the Halt mode all
three-state lines will be in threée~state mode. Three State
Control (TSC) input causes all of the address lines and the
R/W line to go into the high impedence state., R/W 1inelsig—
nals the peripherals and memory devices whether the MPU is

in Read or Write state, ‘ et

Valid Memory Address (VMA) output indicates to pe- |
ripheral deviceé that there is a valid address.on the ad—
dress bus, This 51gnu1 is applied to the enable or Cth select
inputs of each family device in order to disable data trans-
fer when VMA is low, Data Bus Enable (DBE) input is th; three
stéte control signal for the MPU data bus, Normally, this
signal will be ¢,, derived from the clock. Bus Available
(BA) signal will normally be in the low state; when acti-
vated, it will go to the high state indicating that the MPU
has stopped. The interrupt reguest (IRQ) is a 1eve1 geqol—
tive input which requests that an Jnterrupt sequence be gen~
erated with in the machine. If the interrupt mask bit in the
CCR is not set, the machine will begin an interrupt sequence,
A low-going edge on the Non-Maskable Interrupt (NMI)input
requesté that a non—muskabie inferrupf sequencé be gen T—
ated within the processor. The interrup? mask ﬂit in the CCR

has no effect on NMI, Reset input is used to reset.andastart



the MPU from a power down condition.

The MC €800 has seven,adaressing modes that can be
used by the programmer, with the addressing mode a functioﬁ
of both the type of the instruction. and the coding within
the instruction, In Accumulator‘Addresing mode, eithpr accu-
mulator A or accumulator B is specified, In Immediatg’Ad—
dressing, fhe.operund is contained in the second byte of in-
struction except LDS and LDX instructions which have the op-
‘erand in the second and third bytes of the iﬁstruction, |
In Direct Addressing mode, the address of the Operan? is
contained in the second byte of the instrﬁction? In Extended
Addressing, the address contained in the second byteiof
fhe instruction is used as the higher eight bits of fhe ad-
dress of the operand. The third byte of the instTuction is
used as the lower eight bits of the address for the operand.
In Indexed Addresing, the operand of the instruction, is
added to the index register to provide the address. In Im-
plied Addressing mode, the.;nemonic operator specifiqs oﬁe
or more registers which contain operands or in wﬁich results
are saved, In Relative Addressing, the address contained in
the second byte of the instruction is added to the program
counter's loweSt eight bits plus two. The carry or berow

is then added to the higher eight bits, j
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NMemory | .

The ROM scction is permanent data storage. The
IkOM keeps the data whether the power is on or not. The RAM

section will keep its stored data as long as power is sup-

plied to it and can be written into or read out of asidesired.
The ROM is used in order to storage the system start ﬁp’in—
structions,‘moﬁitor programming and all the necessary soft-
ware., The RAM will be used for temporary data and program
storage. o |

| | o

To read an information stored in the memory; Qhe R/W

line is placed in a read state, the address of the memory
ceil to be read is loaded onto the address lines, the mem-
ory is enabled by applying the proper signals to the chip
enable lines, after a lenght of time required to propagate
the information to the output, the data is read from tre

data out lines.

To write an information to the memory; the address

at which the data to be stored is applied to the address

bus, the memory is enabled, R/W line is placed’ in .write

state and the data to be written is applied to the datr

. . 1 j
in lines., .
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Input / OQutput Interface

The MC 6&21 leripheral Interface Ad:pter (I'TA) is
used as parallel I/0 interface. This device is capable of
interfacing the MI'U to peripherals through two 8-bit1bidi-
rectional peripheral data buses and four control ]inés.

The simplified block diagram of the 1IA is shown in Fig.2-4,

"A" CoNTROL REGISTER L—- CA i

"A" DATA DIRECTION REG. f—> CA2

DATA paor 1

A" DATA REGISTER p_:b PAO- PAT

ADDRESS )

"8" CONTROL REGISTER

k— caui
.

[——3ch%

CONTROL. —))

"8 DATA DIRECTION REG.

"B” DATA REGISTER (——> PBO- PBT
!
B PR S 4 Cimplified Floek Diapgrem of the I'TA,
The: L IA is programsed-by-the MiU-during-systeém initializa-
LoD, ich of th ripheral deta linés can be programmed

fovact as an. input r output and eazch of the four control
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or interrupt lines may be programmed for one of the seve-

ral control modes. The I'lA is programmable in the sense

that the MI'U can read and/or write into its internal re-

sisters. There are six 8-bit registersin the PIA. They are

seperated into an A and I side, each side contuining a

Control Legister, Pata Direction Register and a Data Regis-—

ter. To definc the operation of the I'TA control lines, an

8-bit control word is loaded into the control register and .

to define the peripheral data lines to be inputs or outputs,

an 8-bit word is londed into data direction register. Final-

ly, data being transferred to peripherals may be saved in

the I'IA data register.

R

The MC G850 Asynchronous Communications Interface

. 4
Adapter (ACTA) is shown in I'ig.2-5, It provides the data

TRANSMIT DATA REGISTER

DATA D

RECEIVE DATA REGISTER

——> Tr'ans;m'-t Data

le——— Receive Dota

i

ADDRESS : T
CoNTROL REGISTER

CONTROL.  ——

STATUS RE@ISTER

Clear +o Send

e—— Data Carrier Detect

-f;*>Requaﬂ;+o Send

'

!

rig. 2-5 The ACTIA Registers.
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formatting and control to interface serial asynchnpﬁous data
communications information to bus ‘orpanized systems; The
parallel data of the bus is seriaily transmitted or received
by the ACTA. The ACTA has four regintefs: Control, Status,
Transmit Dato and leceive Data.

!

The ACTA in programmed by loading an 8-bit word into
thc control roﬁTéter. The status and error conditions are
monitored by reading the status register. The data buffers
provide the storape of the déta to be’transmittéd or received.

_ ' - |

In M6EOO system I/0 devices are treated as a loca-
tion in the memory. The scparate I/0 instructions afe un-
hecessary since the memory can house either T/0 or memory
data in its Jocations. The microprocessor selects an I/0
port and recads the contents of the T,/0 port buffer in the

9

same way that data pets read out of memory.” This is called
' : |
" Memory Mapped I/0 ", . E
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CHAPTER 3 N
DESCRIPTION OF THE MICROPROCESSOR BASED DRT

Microprocessor Based System Design

The development of a microprocessor based system con-
tains some important steps. During development, the designer
performs the following steps to satisfy the system rﬁquire—

ments: ‘

!

1. System design criteria: This step include%.the
consideration of the cost of hardware, software, designing
effort, flexibility, compatibility, reliability, %peed and
availability.

2. The efficiency of the microprocessor than hard-

l
ware logic, .

3, Microprocessor selection critéria; In thié stép
the designer tukes the .viability, the system and the soft-
ware support and the upgrading potential of the micropro-
cessor into account. ' ‘ ‘ j
4, Designing the auxilary hardware. \

5. Software development. . : |

6. Integrating the hardware and the Softwarei

14
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7. Debugging and testing.

8? Developing the maintenancé facilities.,

System Layout

The gencral block diagram of the system is shpwn
in t"ig. 3-1. The system is built around the M6800 Based
Mlcrocomputer becau se 1t is extensively supported in the
university. A1l the necessary data inputs are simulated
- by developed cicuits. The input and the’output signals are

received or transmitted by the 6821 PIA's. |
' |

l :

The own course und the target bearing inputs are
ailowed to be eight-bit Gfay code. The own ship speedland
the target distance inputs are implemented as eigft-bit
binary signals. The binary word at the own speed input port
corresponds the velocity of the ship in miles per hour
(knots). The eight-bit blndry number at the t¢1get letﬂnce
input port is multiplied by 100 in order to find the real

distance in yards.

'or the reset input, two eight-bit ponts are re~
guired. One each for the two bytes representing desir d x
and y position to the full plotter range of cight bit%. The

‘ |
reset position is considered as a reference position qor



GYRO
(Course)

LOG
(speed)

RADAR
(Tar3et Beari/a)

RADAR
(Target Distance)

RESET

» A/D
» A/p
2 A0 My
: ¥ DfA :
N Micro r-l—ﬂi
r__”CanPuteI’ Y
K o/a H'1
A/D ] s

Plotter

Alarm Circuits

Fosiuon coodiran

SCALE

v

) ‘——” E(etspe-Writer

¥

[ig. 3-1 Block Diagram of the Microprocessor
Lased DRT, '

16
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: |
the plotting. This position should be chosen in accoFding
to the route of our ship. Ior example, the reference posi-

tion should be at any desired piace at north for a ship go-

ing southwards,

The sixteen-bit scale factor is required for‘the
trigonometric calculations. The different scales can%be
used for various operations. Two additional borts are re-
quired to output the eight-bit x and eight—bit'y coordi-
nates to the plotter. The digital outputs are converted to;

analog by eight-bit digital to analog converters. l
!
?

o The positions of the target and own ship are marked
with different figures on the plotter surface. If the posi-
tions mentioned above are outside of the plottiné area,
alarm circuits inform us about the situation. The data
about/the ships can. be printed and displayed by sending
the course and the épeed jpformation signals.to the ?ele—;

. |
type-writer. |



CHAPTER 4 ‘ .
INTERFACE CIRCUITS

Input Circuits

Own ship's course and the bearing of the target are
transmitted from the gyro and the radar, respectively. They

are synchr6 signals. In order to get the digital reersen—
‘ .

i
1

tation of the angle, the shaft encoder may be used.

The Gray code is useful for shaft encoders because
' ‘

the change of only 1 bit for each increment eliminates false
intermediate codes that could occur in natural binary con-
version, Gray code is closely related to binary in which the
bit-position does not siénify a numerical weighting. ?ray
code is a unit distance code. The unitAdistance propefty
means that 'in going from the coding for any integer I-to‘t
the coding for I+l only one bit changes, regardless of the

(

value of I, This property is usefully‘employed in transfer-

\

ring a coded variable reliably between a tranéducer aTd an

. . i
instrument input. :

18 .
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|
The general structure of an n-bit Gray code can be
- H

described by the following scheme:

1. Except for beginning and ending of the code the
least significant bit (L.SR) B, alternates two zeros, two
ones, two zeros etc., 4 alternates four zeros, four ones,

four zeros etec. and ) alternates 2k+1 ZEeTOos 2k+1 ones,
1

<
2k+1 zeros etce., - i.

2. The [irst transition from O to 1 for bit Blal
occurs right in the middle of the first string of ones for

bit g .

The results of Gray code and natufal binary code"
for optical shaft encoders with 4-bit resolution arééillus—
trated in Mig.4-1, Note that, with the Gray code conQerter,
there is only a 1-bit chaﬁge at each transition. If the edge
of a shaded area is slightly out of line, the coding will be
in error by a small»fraction of an ISE. In binary converter,
however, all 4 bits change at once at the 180-degree Fnd
“G0-degree transitions. If bit 2's shaded area were t% end
a little before from the 180-degree transition, the codey
in a small region, would be 0011, indicating the 67.5 degree
range. If the other shaded areas are out of line, there will
be a total of 15 combinations of wrong range findication,

In this thesis an 8-bit shaft encoder was dev%loped.
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Ffig.i-1. The results of Gray versus binary

encoding. a) Binary encoding, b) Gray code encoding.
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This encoder divides one revolution of its shaft inté 256

parts. The angle of each part is 45/%2 depree as shown i

o]

Mg, 4-2.

In order to perform the calculations in the WPU,

the Gray code is converted to the conventional binary code
1
1

by software. The conversion from the Gray code to thé binary
code can be simply formulated as fo]lows.6 Let

b=bnbn—1"‘b5b]b0 conventional binaryrnumber and

A R T o) Gray code equivalent

Then

b =6,

kzn-3

bn_j=®§ 6=, @ 6,1 €...0 g 4
where the operator @ sipnifies binary addition without carry,
i.e., exclusive or operation, The binary MSB will be the same
as the Gray code MEB, Then, continuing to read from MSB to
158, if the next bit is‘l, the next binary bit is th% comple-
ment of the previous binary-bit. lor example, Gray céde
0111000111 becomes 0101111010 in binary as shown bel&w:

Gray code 0111000111 |

Binury 0-150-1 151 +1 010

The coding wheel +in Fig, 4-2 .is usediin an instru-
mént as shown in Mg, 4-3. The output signalxof this Pevice

‘ L

is own ship course input to the systemn.
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L J
-

u]
u} E i
\\ / ::1 g
\ Y s |
\ / D d
\\ - / = g \ )
D Phototransistor
Array o Array

vig. 41-%, Shaft TFncoder Instrument.

N The position of the wheel is detected by Lhe ehoto-

transistors with the c1rcu1t in iMge st }

- |

Some current flows through the illuminated photo-
transistor. The voltage across the emitter resistor is com-
pared with a reference level by the LM 39 The TIT, level
output of the comparator IC is fed to the I'IA:port pxﬁgram—

med as input. The adjusment of the shaft encoder can be

made by the 47 K polentiometers. : i



5v &

teo Y/ ‘< BPW 14

he

Wy LM 339

13K

5V

>

\ $° 4he1nPut

i
|
s

Pol'

Fig, 4-4 A TLED-Fhototransistor Walx from the Array.

The other inputs to the system are; own ship's speed,

target bearing, target distance, reference coo*dlnates and

the scaleé factor. ''hese input signals are rcallued by sw1tch-

es except the scale deLor The scale factor is placed in a

memory 1ocat10n because there is not one more port 1n/the
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|
- o, S . . R . i
system. Bach of the signuls above occupies an 8-bits port of

the FIA's. The tarpet bearing sipnal is accepted as Gray

coded. It is converted to the binﬁry code by software.

Output Circuits

l
|

Thq positiqn coordinates calculated by the micro—
computer are tfansmittcd via the 6821 PIA arc in 8-bit digit-
al form. A and B ports of the PIA hold the X and Y coordi-
nates respectively. The 8-bit digital data are converted
to analog fo;m by MC 1408L8 digital-to-analog convcrﬁer.
The output current of the MC 140818 is a linear prodéct of
an 8-bit digital word and an analog reference voltagé. The
741 operational amplifier is used to obtain the voltage
level in proportion to the analog current of thev%utput of
‘the D-to-A converter. l"ig.4-5 shows the D-to-A converter

circuit. |

!

There are two digital to analog converter circuits,
one for the horizantal axis and the other for the vertical
axis. The output vbltages of the operational amplifiers are

applied to the inputs of the XY Tlotter.
. ‘ t .

. | |
The voltape level at the output of the D to A con-

verter is chosen as 1 volt when the digital word is FF in

soGazicl (JNNEquEsi KOTUPHANES



hexadecimal notation. - |

s5v
|I Ryy=56K
D"—'s “*“"W\/\—'——*Vref=5v i -
D‘__s Rls‘a “'(
i W R=1K
Dy —3 ! A
03_9 2
Dot MCIL0SLY - Io 3%
Dy —u 4 <= ‘
Dy —ti2 v,
le ' +o X/Y input.
! 4
jin ' l / _
i T ~5v

=5v

Mge 4-5 Digital fo Analog Converter Circuit. i
In order to calculate the corﬁﬁonent values the following
equations should be used:

The output current of the MC 140818 is:

i

I Dr . Do, Ps . De . D3 D, | Di Do
:.[0 = K [ 3 T A g YTt T3 + co T g 56
- | |

where K= __\_/_"g{_
: R4
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N ’
When all the bits of the word are logic ones:

Io"—'K—.Z-—SS_.
256

The output voltage of the op-amp is:
VO: IQ.R#
ir Rf is taken as 1 K, then

V. ‘ :
o= - 1 _
256 -3
= R I (o
Ry = Vee 5 = 4,99 K.

K~ {0039 |

A 5.6 K resistor is used 8S'R14 to pet a lower voltage than
- " |
1 volt at the output.

V= Vref pe.255 _ 5 4 255 _ 4% -
o Ruw T Z56 T 56 b2 = Q.83 V.

The pen drop/raise circuit is shown in I'ig. 4-6.
The CA2 pin of the MC 6821 PIA is connected to the bare of
the transistor Ql‘ Qlkand Qg are usecd as an eléctroniFs?‘ |
switch, The microcomputer can drop or raise the pen of the
XY plotter. At the beginning the pen is lifted up. When thé
pen holder goes to the appropriate X and Y coqrdinates a
high level voltage is appiied to the base of Ql by CA2 and

the pen drops down. CA2 goes low and the pen is raised when

the drawing is finished.
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qsv . ‘{
X
CAL —-___KZN 2222, " '
. +o -H‘)Q.
470 . | Q. pen! drop outlets
AN ‘ MJE 344 of +he plotter
\\s ] f p
| L .V
oK

Mg.4-6 Pen Drop/Raise Circuit.

The alarm circuits are used to generate the %ppro-
priate signals when the position of the marker pén i% out-
side of the wap. One of the two alarm signals indicatés
that the position of the target is outside and the other

warns us for our ship. These signals can be used for auto-
matic changing of the paper in further developments. I"ig.4-7

shows the alarm circuit..

5V

LED
cA2/ce2 '
300

Mg =7 Alarm Circuit.



Timing Circuit

The positions of the ship are marked at regular

intervals. Timing circuit generates an interrupt signal to

the CPU when the plotting time es reached. The processor

executes the interrupt service routine and the position of

the ship is marked on the paper,

\

!
]

In Pig.4-8 the 555 timer is connected for astable

operation,

3K

Re
2ToK

|
H

r

555

|,

i

. iI?oUm

in ==

3314%

Y

Tig.4-8 Timing Circuit

The period of the output signal is

T=O.693 (R.A +2RB). C

QSV
|
4 5 W i\
13
4
! |
T T4122
()
3 6 b——>_
4»}RQ




) Z -
T=0.693 (330:10°%42:270+107)3%+10"C
T=19,9 s.
The output of the 555 is fed to the 74122 Monostable
Multivibrator to pet the 10/As. length interrupt request

pulses, The waveforms are shown in TMg.4-9

ouhPu.{Log —H’)e_555' __________?— 20s —>
A
| |
i |
| |
— I I
IRQ L
|
|
N
10,45

Fig.4-9 VWaveforms

The time intervals between the position markings
may be changed by uéing,different resistors and capaéitors
in the timing circuit..Variéble plotting frequeﬁcies;areh

\

useful to mark the positions of the ships having rapid vari-
ations in‘éheir courses. if a 500 K potentiometer is used
instead of 270 K resistor the plotting interval mayy be ad-
justed in the range ofl 7430 Se The scale nquer should be

calculated after the adjustment of the time ihterval.

|

i
'



CHAPTER 5 o .
SOFTWARE DEVELOPMENT

|
l
|
|

The program of the system includes two parts: :Main
Program and Interrupt Service Routine., In this chapter the

two parts of the program will be described completely.

Main Program {
i
|
The processor will begin to execute the Main Program
when the system is turned on, The program initializes the
v
PIA's as shown in Pig.,5-1., The situations of the PIA's are
as follows:
DFOO  PlORA X output to the plotter.

DFO1  PICRA  Pen.drop signal (CA2)

Dro2 P10RB Y output to the plotter.
D03 P1CRB Own ship alarm indicator (CB2)
DFO4I P20RA 'Own course input

DFO5 P2CRA Tarpget alafm indicator (CA2)
DFO6 P20RB Own speed input \

DFOY P2CRB Spare alarm (CBR2)

DFO8  I30RA Reset x input

51
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o

DFO9  D3CRA
DI'OA P30RB Reset y input
DI'OB P3CRB

- DIPOC TUORA Target Bearing input
DI'OD PACRA

DI'OF, PAORB ~ Target Distance input

DO - PACRB

After initialization, data present on peripheral
lines programmed as inputs are transférred to fhe mMemory .
These are, own course, own speed, target bearing, target
distance and feset or reférence position inputs. Oneu%notﬁér‘
input to the system is the Scale., It would be desirabfe to
have selectable scales. The scale to be used is deterﬁined
by a combination of the size of the plotting surfa%e, 10"
by 10", and the fact that an 8-bit D to A converter is
selected, Using a scale of 500 yards per inch and a s%mple
time of 20 seconds results iq a scale factor 0,56666 %hich,
when multiplied by the spéed of the ship, gives the n@mbef
of bits to output for ship travel in a 20 second period of

time. The following equation shows this calculation:

|

5 Miles x 2000 Y‘:‘"dsx, I Hours , | Inches

Hour Mile 3600 Second \'; 500 \llarcl,

|

|

%20 Seconds x 25.5 DS 0.56666 x S Bits
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i
'

where S is the speed of the %hip. Becauge an elght—b;t con-

verter is uscd, 1 inch corres ponds 255 -25.5 bits on the

51

plotting surface.

The calculations for the target needs another scule.

Target Scale is calculated by a multiplication subroqtine

}
|

as follows:

)

100 D yards x -1 Inches ., » bits 1 B
a ‘ 500 - Yard % 253 Inches DXS{Blts‘

In this example 1 inch corresponds 500 yards, but
in different operations the various sc:les can be used i.e.
for a man-overboard operation 1 inchy200 yards, for a gun-

i

nery operation 1 inch694 yards, |

The own course and target bearing are in firay code
and must be converted to binary. The resulted binary number
“is between 0~-255. In order to find the real course befween
0-359, the binary number is multlplled by 560 1. 426%

The program clears the tdrget flag (TARGET) ;nd attrts to
the culculations for own ship. The first duty is to find :
the quadrant of the course. After determining the quadrant,
the course will be an angle between 05900.
| | \
Since the object of these calculations is tak@ng-

polar coordinates in and outputing cartesian coordinates,



| o4

t
ey . |
1t 1s necessury to do some triponometric operations..%ecause

the inputs are converted in whole degrees it is possible to
write.a program which makes all necessary operations with
only a table of sines from 0° to 90°, The use of a look~up
table increases the speed and provides reduction in instruc-
tions. |

After reducing the angle to less than 90° theytable
is accessed to get the sine, then the angle is subtracted
from 90° and the sine table again accéésed, buf this time
to get the cosine of the original angle. |

|

{

Because a 16 bit binary number is uscd to rep;esent
Lhe sine accurately, it is necessary to utilize a 16 blt by
16 bit multiplication routine. The scale factor, aS a 16 bit
binary number, is first multiplied by sine. The scaled sine
is multiplied by the speed in order to get the y component
of the departure of own ship. The same algorithm is reEeated
for x axis. Therefore, x and .y components of the movem?nt‘
in unit time, is ready for further calculations. The flow
charts of the algorithms above as shown in Iig.5-12,

The program returng back - to "AGAIN" point and epeats

same algorithm by loading the target bearing dnd dlstance to

the working registers. During this part of the program.Target



|
. ) | :
Scale is used as the scale factor in calculationss ﬁt the

end of this routine the x and y components of the distance

between own ship and the target are determined and stored.

The algorithm of the main program 1is compiefed by
clearing the interrupt mask bit. The processor ret%rns to
the "BEGIN" point and reads all the inputs again. éiﬁce
the execution time of the main progrém is very short, the
variations at the all inputs are detected immediately.

The calculated values are corrected/with the new data at .
the inputs. When there is no interrupt request sigﬁal the
system executes the main program repeatedly. The x}and‘the

.y components of the departure of both own ship and;the tar-

get are renewed by the latest input values.



SEGIN

( manw )

.

Initialize PIA's

Read Reset X,Reset Y
positions

Clear IFIRST

Read Own Course
Own Speed
Tarpet Bearing
Target Distance
Scale

A

Generate Target Scale
(Multiply Scale by 1.125)

!

Generate Own Course
in Binary

|

Generate Tﬁfget Bearing

in Einary

Clear TARGET flag
COUR e~ Own Course
OFD = Own Speed
GCA - &= Scale

%6
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rig. 5-2 o



Generation of target scale:

A

CARPAN o= 9
CARPLN < SCALE
IX &5

JL

CARP

TARSCHe= CARPM

v

Generation of own course/target bearing: ]

!

AccA« OWNCO/TARRBE

{ GRBIN }

CARPAN< TOCG2
CARPLN* $B400
' _];X - $11

OWCEH # CARTM

v

’



{; QUADL f] '

S1NE

MINUSe~0O
VIRT qal

¥
( MUT.T

N

COURILBe=90~COURLE

L

SINE

MINUSe=0
VERT « 1|

L
[i MULT j]

Pig., 5-4

29
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COURT.E< 90—COURT.B

v

SINE

PﬁiI\ITJsé 1
VERT < 1

MULT

.

COURLE « 90-COURLB

L

SINE

MINUSe O
VERT « O

J

[ . MULT }‘

40



Mp, 5-6

[ CTTADZ )

1 MINUS -1
VERT « 1

T voun

4

COURIBe 90-COURIE

4
'SINE

MINUS«1
VERT « O

4

( MUT.T | )

41



Mg, 5-7

| L QUAD2 ]

SINE

)

MINUE« O
VERT <=1

k

MULT

COURT.B& 90-COUKLE

- BINE

L'
MINUSe 1
VERT « O

( -~ MULT

J
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Acche COURLE-90°
AceB e COURNB-0°~¢

(

(Acen) \Y

{0

i

Negate AccA

COUR1.Pe Acch
COURHB« AccHB

)

o)

SINATRHe $08

SINADRL e~ 2XCOURLRB

1Xe=(SINADR)

ix<—((sINADR))

N
SINNIGeIXH
STIRTOWe—=1XT,

_[ ‘Rgs ]

43



L GRBIN ]

“et Shift Count to 7
©hift Teft Gray Number
(MEB into carry)

Bhift Left Pinary loc.
(Carry into b))

N

k'

“hift Left Gray Number
(MER into carry)

L

Carry¢—Cnrry€BbO,

i

“hift Left Binary loc.
(Carry into b))

Y

‘Deerement Shift Count

Fig. 5-9

By



[; CARP ]

Crear CARTMII
CARPMT,
Carry

Decrement Shift Count

RTS J

Mg, 5-10

Shift Right CARPM  §
Clear Carry

L

shift Right CARPAN

CARTM «<CARTM+CARI'TN

45



L MUT.p j

Clear the registers
Set the Shift Counterl to $:2

“ ¥

Decrement shitt Countl

Shift Right RESOTY

Clear Carry
Shift Right STNE

Y Carry
=0

N

BESUL T« RECULTHSCALE

\

CARPAN« (SPD)
CARTLN « (RESUTLT)
"IX e~ $A

—
CARP

%
Nisl'e CARFM |

Mg, 5-11 <ii) e

46



YPUS & (Nig)
SGYPOS <« (MINUS)

YoaR * (ML)

SGYTARe (MINUS) -

>

RTS

X10S < (NET)
SGXPOS & (MINUS)

]

Set TARGET flag
COUR« TABE
SPD« TARDI
SCA «-TARSC

Fig., 5-12

JJ

XTAR &+ (NLT
SGXTAR « (MINUS)

y

Shift Left XTAR

and YTAR three times

XTARC «XTAR
YTARC &Y TAF

|
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Interrupt Service Routine - N

-

When the ihterrupt request signal is detected, the
processor jumps'tb the service routine. The binary coded
inforhation about theycpurse and the speed of our sghip are
converted to Binary Coded Decimal (BCD) digits. The data
ebout own ship-are transmitted to the teletype in he fol-
lowing form: |

OWN .COURSE : 356

OWN SPEED : 015
where the unit of the course is degree and the unif of the

speed is mile per hour (knot).

The coordinates of the position of our shiﬁ are de-
termined by the addition of the departure comp;nent to the
reference coordinate if the movement is in positive direc-
tion, otherwise the depérture is subtracted from the refer-
ence coordinate. The p051t10n of the ship is ‘examined 1n ‘
order to learn whether it is inside of the plotter boundr
aries. If the position is outside of the plotter, CB2‘out—i=“
put of the PIA 1 is set to inform the alarm circuit and h
the processor returns from interrupt serv1ce routlne. If
the p081tlon is plottable, a square flgure\ls drowy by ‘
PLOTME subroutine. I

N /\‘4\
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- The reference for the target position is the posi-
tion of our ship. The coordinates of the’target iJsition
are calculated with the x and y -components of the distance.
These components are added to the coordinates of our ship
or subtracted from them. If the distance between the target
and our ship is.zerd, the system thinks that there'is not

any target ship in the area and returns from the interrupt

routine..

After calculating the target position, it is checked
if the position is inside of the plotter surface, If it is
outside, CA2 pin of the PIA 2 is set in order to t ansmit

an alarm signal.,

‘During the first pass through this routine, the
course and the speed of the target can not be determined
since there is not any knowledge about the previous posi-
tion, In order to understand whether this is the f‘rst pass
-or not, fhe "FIRST fiag-is checked. The situétion_of‘this.
flag is complemented during the first pass. During-thgise—
coﬂd or’ény other paéses, the difference between the pfe—‘ 
sent and the former position stored before is calculated.
After some trigonometric operétions the codrse'and.the
speed of'the target are ready fo be printei on the |[teletype

‘ o J _

paper in the following form: i



TARGET BEARING : 073% ) ~

TARGET DISTANCE : 01500

TARGET COURSE : 187 |

TARGET SPEED : 021
where the unit of the distance is yard, This routine is
finished by drawing a diamond shape on the position |of
the target. The. interrupt service routine fiowchartq are
shown in Iig,5-13 to 5-25,

During the target course and speed calculations,

Newton~Raphson method is used for computing the squﬂre—

roots. The general formula of this method is8: ' %
£y \ 0,1
X = X - N = s e
n+l n f'(xn) ’ | .
Tet x=cl/2, hence f(x)-.—.xg- c=0
(%)= 2%
and
- Xi— c c )
X =X - ————=0,5(x - —
| n+l n oy n X

n n



S THgl.5-13

[ INTERRUPT ]

v

Write

OWN COURSE: ¥XX

OWN SPEEFD :XXX
Using NAME and WRT -
Subroutines

!

Calculate
The Own Ship Position
(XTOT and YTOT)

51

PLOTME

Vi

Set P1CRB CB2

Take the own ship
position as reference
for the target
XTTe~XTOT

YTT<~YTOT

4

Calbulate

The Target's Position




o

s the target
position
inside of-
the plotter

et P2cra CA2

1
L=

CAL }'

|

PLOTAR ]

|

Store the last | - |
position of the , ’
target in XTT1 ‘
and YTT1 ;

v

Set FIRST flag *

[ RIT ]

LY

Pig. 5-14



FTO5S }

55

Add the departure
to the old value

value

Subtract| the depar-
ture from the old

se

Set CONT flag

Is the position
of our ship

inside of the
plotter

Fig.5-15




Fig.5-16
! ¢

L FPLOTMLE }'
b

Bring the pen

to the XTOT-YTOT
Position using
STORE and DETAY
subroutines

Drop the pen

Draw a square
onto the position

L

Bring the pen
to the starting
point by CILEAR

subroutine

-L
[ RTS ]

[ STORE ]

Y

P10RA«—(Acch)
P1ORB<-(AccB)

a

[ DELAY
) 2

(  R7S v]
-[ DELAY ~}

N

v
Set the counter‘]

al

e

l

i

necrement the count

or]

N

ount
Y

(o J
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Mg,5-17

' )
CLEAR ’

_ _J
STORE

v

‘Raise the pen

[ DETAY

L.

Clear
Accumulators

STORE

DELAY

[ rm

55



Mg,5-18

( PLOTAR J

Bring the pen to
the target position
by STORE and DELAY
subroutines

Drop the pen \

Draw a diamond
shape on the
position

CLEAR ]

( - RTS }
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o |

ind the x departure
of the target by
DITT subroutine

|

( SQUARE

¢ .

"ind the y departure
of the target by

DITFF subroutine

v

[ SQUARE
{

Add ¥° to y2 '
¥ .

" Tind Ehe 5()1uare—root ’

of (x“+ y°) by Newton
Raphson Method

A

Divide the departure
to the scale to find
the speed of the
target

Y

Fig.5-19 °

Departure
=0

N

Divide y departure
to the departure

to find the sine of
the angle

o7
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Take § TFITF as
Target course
to print '777!

Compare the sine with |

the terms of the sine
table to find the

value of the angle

Calculate the target cour%e

>

Write - |
TARGET BEARLING XXX
TARGET DISTANCE :XXXXX
TARGET COURSE  :XXX

TARGET SPEED 1 XXX
using NAME, WRI
and OUT subroutines

Is the 'I'x data
register of the ACIA
' empty

Store (AccA) an the j
Transmit Data Register

T“igc 5—20

( RTS J ?
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Get the character
from the string

Is the character
to be transmitted
ZeT0

Y |
W : |
BCD ] '
‘b v
[ BCD
N

Add $90(156)

1

to the number -

L | BCD

(

Add $138(%12)
xto the number

Nl g

o the number !

' t Lo



Mg, 5~

?

Transmit three
digits to the
teletype

[ RTS | }

Clear AccD

le

¥

Subtract $A from the
binary number

Is the binary
number negative

" Add 6 to AccR

“

o]

[

e

N

Add AccB to the
original binary
numberr

L
=)
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Tig.

[ DIFF ] |
|

Clear SIGN Loqation

Subtract the number

in D2,D1 from D4,D3

. of the result

Take 2's complement

|

Complement the SIGN

Storé the result in
D1,D2

The numbexr
after the decimal

: _point) 5

increment the result

:5.—2

A
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(A DIV J
.

Set shift count to
8, Clear Quot Reg.

2

Increment shift count

Left shift Divisor

'Fig. 5',-24(61)

Save shift count
for determining
the offset of the
Remainder _
Shift Divisor right

|

L.
Store$ T
in Quot

(‘ DIV5S
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Sl

63

N Y

)

Shift Quot left
with I.SB=1
DividendEMSB%:
Dividend (MSH
— Divisor

Dividend-
W

Shift Quot left
with TSB=0|

Decrement shift count

Shift Dividend left
with I.SB=0
MSB to Carry

Fig.5-24(b)



( DIVS ]

Subtract 9 from
the saved shift
count

64

Subtract 4

from

resul

the
t.i

VN
Store Result in
Remainder
Nisplacement

(=)

{i SQUARE ]
d

Store AccA
C@RPL and CARPAN

c

IXe=$ A

L

[. RTS )




CHAPTER 6
DISCUSSION

A sixteen-bit microprocessor will be very nseful
for this system. There are many,subroutines with 1p bit
operations in the program. A 1G-bit microprocessor will

decrease the execution time and provide reduction in in-

structions.

The use of an eight—bitidigitalﬁto analog ponvert-
er results some difficulties. The range of the plotter
is 255 bits with this cénverter. A ship having a depar-
}ture of 10 bits in a sampling period, reaches o0 the edge
of the paper at’the 25th mark. This number may be increased

using a sixteen bit D/A converter.

A ‘-
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CHWPTER 7 N
CONCLUSION “

The application of microprocessor control:on
the Dead Reckohing Table was realized at the end o .

this study.

The errors produced by the operators were pre-
vented and the correct résults for the operation problems

were obtained with the aid of microprocessor.

-

5

In future development, this plqttihg system can
De connected to a central computer on the ship, Therefore,
the other weapon control systems can be operated with the
data from the DRT,

The most important advantage of this syste .iév

the potential for future developments.

i

S ’ . ! i .
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APPENDIX A  PROGRAM LISTING

L.

MATIN PROGRAM

OOFD  1.DS #0100 8E Ob G0 INTTIATIZE STACK

0100 1.DX #DFO0 CE DI 00  POINTER.,INITIALIZE
0103 : . TDAA #TFT 86 FT PIA'S !

0105 T.DAB # $34 Cc6 34

0107 . CIR 1,X. 6F 01 o .
0109 STAA O,X A7 00 P1ORA OUTPUT PORT
010B ' .CIR 3,X 6F 03 -

010D STAA 2,X A7 02 P1ORB OUTPUT! PORT
O10F STAB 1,X E7 01 P1CRA2 CA2 RESET
0111 STAB '3, E7 03 P1CRB2 CBR RESET
0113 . .- CIR 5,X 61" 05 L o
0115 CIR 4,X 61 o4 "P20RA INPUT PORT
0117 CIR 7,X 6F 07 . -
0119 ~ CIR 6,X 6F 06 " P20RB INPUT PORT
011B STAB 5,X E7 05 P2CRA CA2! RESET
011D ' STAR 7,X E7 07 "~ P2CRB CR2 RESET
Ol11TF CLR 9,X 6F 09 o |
0121 : CIR 8,X 6F 08 P30RA INPUT PORT
0123 CIR B,X 6F OB ' .
0125 CIR A,X 6F OA P30RB INPUT PORT
0127 STAB 9,X E7 09 P3CRA CA2 RESET
0129 STAB B,X E7 OB P3CRB CB2|{ RESET
012B CIR D,X 6F OD

012D ' CLR C,X 6F 0C P4ORA INPUT PORT
0l12F CIR *,X '~ - 6F OF : R
0131 CIR E,X 6F OR P4ORB INPUT PORT
0133 STAB D,X E7 OD PACRA CA2' RESET o
0135 . STAB.F,X - E7 OF P4CRB CB2 RESET ' -
0137 TDAA P30RA ° B6 DFF 08  READRESET X REF
013A - STAA XTOTH 97 DY _ :
013C T.DAA P30RB B6 DF OA  RFAD RESET Y REF
013F v STAA YTOTH - 97 DF f :

0141 CLR XTOTIL 9?F 00 D8 \

o144 CIR YTOTL. 7T QO EO 1

o147 CTR TFIRST 7F 00 CO !

€9



O014A
014D
0141
0152
0154
0157
0159
015C
015E
0lel

0163 -

0165
0167
0169
0leB
0l6E
0171
0173

0175
0177
0174
017C
0l17E
0181
0183
0186
0189
018B
018D

018F

0191 .

0193
0195
0198
019A
019C
019F
01Al
01A4
01A7
0149

O1AB
O1AE
01B1
01B3

BEGIN

- AGATN

T.DAA P20RA
STAA OWNCO
TLDAA P20RB
STAA OWNSP
TDAA P4ORA
STAA TARBE
TDAA P4ORB
STAA TARDI
T.DX INSCAH
STX SCAHIG
LDAA #9
STAA CARPAN
IDX SCAHIG
STX CARPLH
LDX#5

JSR CARP
LDX CARPMH
STX TARSCH

TLDAA OWNCO
JSR GRBIN
LDAA 1OCG2
STAA CARPAN
T.DX #B4 00
STX CARPLH
LDX #11
JSR CARP
LDX CARPMH
STX COURHB
STX OWCBH

TDAA OWNSP
STAA SPD
TDAA TARBE
JSR GRBIN
LDAA T.OCG2
STAA CARPAN
TDX # B40O
STX CARPLH
DX %11
JSRCARD
1DX CARPMH
STX TABEH

CLR TARGET
JSR SUBSO

LDAB COURIB

INMI QUAD1

6

ok
06
oC

c2

05

65

00

11
7E

65

00

11
7E

E2
45

70

|

READ OWY |[COURSE
READ OWN SPEED

READ TARGET BEARING
READ TARGET DISTANCE
READ SCALE

MULTIPLY {SCALE BY

1.125 ANI) GENERATE
TARGET S!ALE

CONVERT GRAY CODED
OWN COURSE INTO
BINARY -

CONVERT
TARGET BE
BINARY

RAY CODED
ING INTO

E

|

BRANCH, TO| FIRST
QUADRANT CALCULATION

!
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|

01B5 JSR SUBOO ED 02 45 IF THE CO%RSE<:90°
01B8 LDAB COURHB D6 C8 BRANCH TO] FOURTH
01BA - BMI QUAD4 2B 46 QUADRANT CALCULA'LIQN
OLBC JSR SUB9O ~Bb 02 45 IF THE COURSE <180
O1BF TDAB COURHB b6 C8 BRANCH TO THIRD
01C1 EMI QUAD3 2B 65 QUADRANT CALCULATLON
Ii 1HE COURSE < 270
01C5% JSR SINE BD 02 55 THE COURSE S 270
01C6 CIR MINUS 'YF 00 CE  SECOND QUADRANT
01C9 TDAA ] 86 01 CALCULATION
01CB STAA VERT 9/ Ci
01CD JSR MULT BD 02 A3 :
010 LDAR # 5A 86 bHa i
0O1D2 .. HBUBA COURLB 90 C9
0104 STAA COURLB 97 C9
- 01D6 : SR SINE BD 02 55
0LD9 TDAA #1 86 01
O1DB : STAA MINUS 97 CE
01DD CTR VERw 7T 00 CF
0110 JMP MULT 7E 02 A3
0lE3 QUAD1 - JSK SINE BD 02 55  PLND SINE
01E6 CLR MINUS /1' OV CE
OLESD LbAA#L 86 01
OlEB sTAA VERT 97 CT
OlED - TSR MULT By 02 A3 |
0O1T0 LDAA#58 86 YA
01z SUBA COURLB 90 CY
OLT4 , STAA COURLB 9?7 C9 o
01F6 JSR - SINE BD 02 5%  [IND COSINE
01F9 CIR MINUS I 00 CE
011C CLR VERT - 9T 00 CF
O1FrF JUP MULT  97E 02 A3
0202  QUADA  LDAA#BA 86 5A
0204 SUBA COURIB 90 C9 . B
0206 STAA COURLB 97 C9 |
0208 JSR SINE BD 02 55 TFIND SIN
020B | LDAA =1 86 01
020D STAA MINUS 97 CE - . =
020T STAA VERT - 97 CT
0211 JSR MULT BD 02 A3
0214 " TDAA # SA 86 5SA B
0216 SUBA COURLB 90 C9 ; -
0218 STAA COURLB 97 €9 \ ’
021A - JSR SINE - BD 02 55  FIND COSINE
021D CIR MINUS . 7F 00 CE j

0220 - CLR VERT 7F 00 CIF ‘.



e

0223 JMP MULT DE 02" A3 .
0226 QUAD3  JSR SINE . BD 02 55 [IND SINE
0229 TDAA® 1 86 01 o
0228 STAA MINUS 97 CE
022D STAA VERT 97 CF
022F JSR MULT BD 02 A3
0232 LDAA # 5A 86 SA
0234 SUBA COURTB 90 €9
0236 - STAA COURLB 97 €9
0238 JSR SINE BD 02 55 TFIND COSINE
02%B LDAA #1 86 01 ,
023D . STAA MINUS 97 CE
023F . CIR VERT 7% 00 CT
o2h2 JVP MULT . 7E 02 A3
0245  SUBOO  TDAA COURLB 96 €9 SUBTRACT 90°FROM
0247 LDAB COURHB D6 C8 THE COURSE
0249 SUBA # 5A 80 SA
0248 - SBCB #00 . c2 00
024D BPL POS 2A 01 IF THE COf sn<9o
024T ' NEG A 450 NEGATE IT| -
0250 - POS STAA COURLB 97 €9
0252 STAB COURHB D7 C8
0254 RTS 39
0255  SINE LDAA #08 86 08 USING THE SINE TABLE
0257 STAA SINADH 97 CA GET THE SINE OF
0259 - LDAA COURLB 96 €9 THE ANGLE
0258 ASTA 48 |
025C STAA SINADL 97 CB
025E ILDX SINADE  DE CA
0260 DX 0,X EE 00
0262 STX SINHIG  DF CC
0264 _ RTS .. 29 _ -
0265 GRBIN  LDX %7 CE 00 07 CONVERT THE GRAY
0268  ASTA 48 CODED NUMBER, INTO
0269 ROL LOCG2 79 00 B4 BINARY, STORE THE
026C Gl ASTA 48 RESUTT IN 1L.OCG2 -
026D ROL LOCG1 79 00 B5
0270 . IDAB I0CGl  T6 00 B5 .
0273 TORB 10CG2  F8 00 Bk /
0276 ASRB 57 ’
0277 ROT, LOCG2 79 00 B4 |
027A DIEX 09 b v
0278 BNE Gl 26 'EF o : !

o2yn RTS 29



0271

0281
0284
0285
0286

0288

028B
028E
028F
0292
0294
0296
0298
0294
029¢
029E
02A0
0242

02A3%

0244

02A6

02A8 -

‘02AB
‘02AC
" O2AD

O2AF -

02B2
02B5
02B6
02B9
02BC

O2BE

02C0
o2c2
02C4

- 02C6
02C8 .

02CA

- 02CC .

02CE
02D0
02D2
- 02D4
02D7
02DA

CARP

CAL

CIX
MULT

NEW

THEN

CLLR CARPMH
CLR CARPML
CLC

DEX

BEQ -CIK
ROR CARPMH

" ROR CARPML

CLC

ROR CARPAN
BCC CAl
LDAA CARPML
LDAB CARPMH

ADDA CARPLL
- ADCB CARFPLH

STAA CARPML
STAB CARPMH
BRA CAl

RTS

CIRA |
STAA RESH
STAA RESL
LDX # 0012
CLC
DEX - -
BEQ THEN
ROR RESH
ROR RESL
CIC

ROR SINHIG
ROR SINLOW
BCC NEW .
LDAA RESL
LDAB RESH
ADDA SCATOW
ADCB SCAHIG
STAA RESL
STAB RESH
BRA NEW

"LDAA SPD

STAA CARPAN
LDX RESH

STX CARPLH

LDX #0A
JSR CARP
LDX CARPMH

B6
B7

B6
BY

B8

12

D1

CcC
CDb

'73,

MULTIPLY. NUMBER
IN CARPM BY CARPLN
AND STORE THE RESULT
IN CARPM ‘

CLEAR THE REGISTERS
FOR MULTIFLYING

" SINE BY SQALE

SET THE SHIFT COUNT
™$12 | .
DECREMENT |SHITT COUNT

.IF THE SHIFT COUNT IS

FQUAL TO ZERO GOTO THEN
SHIFT RIGHT RE$U'LT

SHIFT RIGHT SINE

IF CARRY CLEAR GOTO NEW

ADD SCALE |TO RESULT.

™~
Sy

MULTIPLY SPEED
RY RESULT WHICH

"Iﬁ SCALED SINE



03%29
03%2B

032F
0551

0%32 -

BA

BB.
BC

CA

cc

CD
L.OOP

STX NETH

IDAA MINUS
IDX NETH
LDAB VERT
BEQ BC

LDAB TARGET

BNE BA

STX YPOSH
STAA SGYPOS
BRA BB -
STX YTARH
STAA SGYTAR

- RTS

TDAB TARGET
BNE CA

STX XPOSH
STAA SGXPOS
BRA CC

STX XTARH
STAA SGXTAR
BRA CD
TDAA TARDI
STAA SPD
TDX TARSCH
STX SCAHIG
IDX TABEH
STX COURHB
TDAA # I'P
STAA TARGET
JMP AGAIN
TDAA #3

AST, XTARL
ROIL, XTARH
AST, YBARL

ROL YTARJ -

DEC A
BNE LOOP
LDX XTARH

STX XTARHC -

LDX YTARH
STX YTARHC
CLI

JMP BEGIN

DF

96
DE
D6
27
D6
26
DF

D2

CE
n2
cr
or
2
06
DC
DE
o4
A8

¥

(M ¢

E2
06
D4

D6

06
AB

E9

1

E4
Cl
DA
C4

E5

'Cc8

TP
E2
01
03
00
00
00
00

Fl
A6
L7
A8
EC

0l

AE

A7
A6
A9
A8

4A

D

STORE THE RESULT
IN NET
GET SIGN AND RESULT

STORE THEM FOR OWN
SHIP Y AXIS

STORE THEM FOR TARGET
Y AXIS i
RETURN FOR CALCULATTION

"ON X AXTS

STORE RESULTS I'OR OWN
SHIP X AXIS

STORE RESULTS FOR
TARGET X AXTS

GET THE TARGET .

INFORMATIO

9

SET TARGET FLAG

JUMP TO AGAIN TOR
TARGET CALCULATION
SHIPT LEFT, TARGET
COMPONENTS THREE
TIMES

CLEAR INT MASK
JUMP TO THE BEGINNING

\

i
1

, i
/
/



0400
0403
o406
0409
040C
O40FE
0410
0413
o416
0419
041C
O41F

o421

o423
o426

o429
o428
042D
0430
0433
o436
0439
O43B
O43E
o440
o442
o445
o447
o449
o443B
o44D
o450

o453

0456
0459
0450
O4SE

0460

o463
0465

o467
0469
046B

JisR CAL

75

INTERRUPT SERVICE ROUTINE N

LDX # 0886 CE 08 86 .

JSR NAME BD 06 75  PRINT "OWN"

LDX # 08C7 CE 08 C7

JSR NAME BD 06 75  PRINT "COURSE"

LUX OWCBH DE BB

STX 1B DF' BD ‘

JSR WRI BD 06 80 PRINT OWN| COURSE

DX # 08B6 CE 08 B6 .

JSR NAME BD 06 75  PRINT "OwN"

© 1,DX # O8CF CE 08 CT A

JSR NAME BD 06 75 PRINT "SPEED"

TDAA OWNSP 96 Bl

STAA IR 97 BE

CIR HB 7F 00 BD '

JSR WRI BD 06 80 PRINT OWN SPEED

IDAA # 54 86 34 RESET THE| FLAG

STAA CONT 99 BT : N

T.DX # OOD4 CE 00 D4

JSR TPOS BD O4 7E  TIND OWNSHIP X

DX #00DC CE 00 DC  VEPARTURE

JSR FPOS BD O4 7E  FIND OWNSHIP Y

TDAA CONT 96 BF DEPARTURE

STAA P1CRB B7 DF 03 e .

BITA #08 85 08 IF 1HE POSTTION

BNE CHANGE 26 3B OUTSIDE GOTO CHANGE

JSR PLOTME BD O4 AV PLOT OWN SHIP '

LUX XTOTH DE D7 GET THE OWN SHIP

STX XTH DF EA PUSLTION %S REFERENCE

ILDX YTOTH -  DE DF FOR TARGE! ,

STX YTTH. DF ET . o

T.DX #00E? CE 00 E7 - ' g

JSR ¥POS BD O4 7E  FIND THE [ARGET

DX # OOEC CE 00 EC ' DISTANCE ON X AXI1S

JSR -¥PUS BD O4 7E  TIND THE '‘ARGET ' '

TST TARDI . 7D 00 k4  DLSTANCE ON Y AXIS--

BEQ- CHANGE 27 1F IF THE TARGET DISTANCE

TDAA CONT 96 BF 1§ 7ZERO GOTO CHANGE

STAA PPCRA B7 DF Ob oo .

BITA # 08 8y 08 IF THE TARGEYL POSITION

BNE CHANGE 26 16 IS NOT PLOTTABLE GOTO

, CHANGE _

T.DAA TIRST 96 CO I THIS IS NOT THE

BEQ 1 1 27 03 PIRST PASE DO NOT
BD 05 28

CATCUTATE| TARGET

¢
} o
1



Il

CHANGE

IPos

re

_FB

- PLOTME

JHR PLOTAR
T.DX XUTH
S5TX XTTHL
DX YT
SIX YTTHL
LDAA # 111
STAA I'IRST
RT'T

TDAA 4,X
LDAB 3,X
ST 2,X

ENE 71

“ADDA 1,X

ATCB 0,X
PCS 3
BRA T2
SUBA 1,X
SECB 0,X
BGS T3
STAA L, X
STAB 3,X
ADDP #05
BCS T3
SUEB #0A
BCS T3
RTS

ILDAA  3C
STAA CONT
RTS

IDAA XTOTH
LDAB YTOTH
JSR STORE
JSR DELAY
TDAA #3C ©~
STAA PLCRA
JSR DETAY
TLDAA -XTOTH
ADDA#5
JSR STORE
ADDB #5
JSR STORE
TDAA XTOTH
JSR STORE
TDADZ YTOTH
JSR CLEAR
RTS

o4
A
Oy,

AT

96
1
CO

DF

1777

BT

DO

0l
DA

DO
1O

B

OWN SHIP jiSI@ION

¥

76

PLOT THES TARGEL

“TORT, THE TARGET
TOSITION FOR SECOND
PASS CALCULATIONS
SET FIRST FLAG

SERVICE ROUTINE IS
FINISHED |
FIND THE TIAST POSITION

I THE MoqION IS
POSITIVE ADD THE
DEPARTURE TO. THE
TAST POSITION

IF THE MOTION IS
NEGATIVE SUBTRACT
THE DEPARTURE FROM

 LAST LOCATION

PRST IF THE POSITION
IS PLOTTABLE

IT NOT, SET THE FLAG

BRING THE EEN‘TO THE

DROP THE DEN

DRAW A SQUARE -
ONTO THE POSITION

)

\

BRING THE [PEN TO THE
STARTING PFINT

\
‘
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O4b0 STORE STAA PLORA B7 DFr 00O  OUTPUT WIE CONTENTS

04D3 STAB PIORB 7 DF 02  OF ACCUMULATORS

046 JSR DELAY  BD O% DA  WAIT FOR THE RESTONSE
0419 RTS 39 OF THE PEN

O4DA  DELAY  IDX#8000 ~ CE 80 00 DELAY SUBROUTINE
O4DD Il TSHA 36

OUDE PUTA %2

OUDF DEX - 09

O4TO BNE T.1 26 TB

OUE2 RTS 39 ‘

O4E3 CLEAR  JSR STORE ~ BD O4 DO  CLFAR THE|OUTPUT
O4E6 . LDAA# 34 86 34 REGISTERS '

OLT8 STAA PICRA  B7 Dr Ol -

O4EB JSR DELAY  BD O4 DA

O4FE  CIRA 4T »

OATF CLIB 57

O4T0 JSR STORE ~ BD O4 DO

04T JSR DETAY ~ BD O4 DA

04T RTS 39

O4F7 ~ PLOTAR TDAA XTTH 96 EA

O4F9 IDAB YITH D6 EF o
OUTB JSR STORE BD O DO  BRING THE [PEN TO
" O4TE JSR DELAY  BD O4 DA  THE TARGET POSITION
0501 TDAA # 3C 86 30 , .

0503 STAA PICRA  B7 DF 01  DROP TIE PEN

0506 - JSR DELAY  BD O4 DA

0509 TDAA XTTH 96 EA l
0508 ADDA # 3 &B 03 DRAW A DIAMOND SHAPE
050D _ ADDB #3 CB 03 ONTO THE TARGET
050F - JSR STORE ~ BD OF DO POSITION | -

0512 IDAA XTTH 96 EA .

0514 ADDB#3 __ CB O3

0516 JSR STORE™  BD Ok DO

0519 . SUBA#3 80 03

0518 'SUBB #3 co 03 | e
051D - JSR STORE ~ BD Ok 10 LT
0520 ~ IDAA XTTH 96 EA =
0522 IDAB YITH D6 EF | o
0524  JSR CLEAR  ED O4 13 BRING THE PEN @
0527 RTS 39 | 70/ HE STARTING POINT
0528  CAL T0X XTTH DE EA VTND THE X DEPARTURE
0528 STX TOCD3  DF 9D OV TIE TARGET

052C LDX XPTHI DE 94 L

052E STX LOCDY DT OB
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05%0 - JB5R DIFF BD 06 E9

0533 ILDAA LOCNEG 96 OF -

0535 STAA XSIGN . 97 OA |

0537 LDAA TOCDL . 96 9B

0539 S1AA XTADEP 97 A3

053B JSR SQUARE BD 07 5¢ SQUARE X DEP
053E T.DX CARPMH DE B6

0540 STX SQUH DI* 98

0542 T.DX YTTH ‘DE EPF

0544 STX T.OCD3 DF 9D

0546 LDX YTTHI DE 96

0548 STX:LOCDL DI 9B ; «

O54A JSR DIFF BD 06 E9 TIND Y LEPARTURE
054D TDAA TOCNEG 96 OF )
OB4T © STAA YSIGN 97 A5

0551 LDAA LOCD1 96 9B

0553 STAA YTADEP = 97 A4

0555 : JSR SQUARE BD 07 5C SQUARE IT

0558 LDAA CARPMI. 96 B7 |

0554 - IDAB CARPMH D6 B6 0 g
055C ADDA SQUL 9B 99 ADD X° TO Y

O55E ‘ ADCB SQUH D9 98 .. .
0560 STAA SQUL 97 99

0562 STAB SQUH D7 98

0564 IDAA# 1 86 01 " FIND,THE SQUARE ROOT
0566 CMPB#64 . Cl 40  OPF(X%Y%) BY '
0568 BCC KARL 24 OA NEWTON-RAPHSON METIHOD
0564 | CMPB # 16 cl 10 IN ORDER TO FIND
056C BCC KAR2 21 08 THE DEPARTURE
O56E CMPB #1 . ¢1.01 o
0570 | BCC KAR3 24 06

0572 BRA KARL 20 06

0574  KAR1 ADDA # 40 8B 40

0576  KAR2 ADDA % 30 8B 30

0578  KAR3 ADDA #OF.. 8B OF

0574  KARE TOAB # OA C6 OA

057C KARS5 ~ STAA TEMPL 97 C7

057E STAA DVSR 97 AA

0580 - I.DX "SQUH DE 98 )
0582 BEQ KARG 27 16

0584 STX DVDNH DF AB

0586 ~ PSHB 37 E

0587 JSR DIV BD 07 09 |

0584 TDAB QUOTH D6 AD |

058C ; ILDAA QUOTL 96 AE

O58E. ADDA TEMPL 9B ¢7 j

0590 ADCB # 00 9 00



KARG
KAR?

RO1
RO2

NIN

RO3
RO4

ISR B

ROR A

PUL B

DEC B

BNE KARS
BRA KAR?Y
CIRA

STAA DEP
STAA DVIHNH
CLR DVDNL
LDAA INSCAH
STAA DVBR
JSR DIV
ILDAA QUOTL

" STAA TARSPD

LDAA DEP
BEQ NOCO
STaA DVSR
AN YTADEP
STaa DVDNH -
CLR DVDNL
JSR DIV
LDAA QUOTH
BEQ ROL
LDAA #5A
BRA NIN
ILDAA QUOTL
T.DX #O'/FTE
INX

1RX

CMPA 0,X
BHT RO2
STX TEMPI
T.DAA TEMPL
LSRA

SPAA TEMPL-
TDAB #5A
TDAA XSIGN
EORA YSIGN
BEQ RO5
ADDB TEMPL
BRA RO%*
SULE TEMPL
IDan XSIGN
BEQ ROY
CIRA

ADDB # B4
ADCA #00

54

s
33

26-

20
4y
97
97
7F
96
97
BD
96
97
96
27
97
96
97
'/F
ED
%
2"/
86

20 -

96
CE

08.

08
Al
22
DI
96
4ay
97
6
96
98
27
DB
20
DO
96
27
4T
CB
89

AC
09

79

DIVIDE THE DEPARTURE
T0 THE SCALE TO
FIND THE SPEED OF

THE ''ARGET

IP THE DEPARTURE IS
7FRO THE TARGET HAS
NO SPEKD AND COURSE

IF NOT DIVIDE Y

DISPARTURE TO THE
DEPARTURE TO FIND
YHE SINK OF THE
ANGLE (COURSE)

Q

COMPARE THE BINE
WITH THE TERMS ON THE
LOOK UP TABLE

CALCULATE
COURSE

HE TARGET
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ObEE  RO5 STAA TARCOH 9 AO

05¥F0 STAB TARCOL LY Al )
O5F2  BRA YAZ 20 05 \
054 NUCO LDX# P - CE FI' T TAKE $ FITF AS TARGED
05TF7 S1X TARCOH DF"AO COUkBr FUR PRINTING
Wepr 2O A4

OLK9  YAZ 1.DX #08BD CE 08 BD
05FC JSR NAME BD 06 75  DPRINT "TARGED™
O5TT ILDX #0876 CE 08 D6 -
0602 JSR NAME BD 06 75  PRINT VBEARING®
0605 TDX TABEH DE K5 PRINT “TARGET
0607 SUX HB DF BD BEARLING
0609 JH5R WRI By 06 80 3 1
060C : . T.0X # 08BD CE 08 8D -
060 JSR NAME BD 06 75 ~ PRINT "TARGET™
Ubl2 T.DX # 08DF CE 08 DF ‘
0615 JSR NAME "BD 06 7%  PRINT "UISTANCE"
0618 ' LUAA TARDI 96 L4
OblA STAA T.B 9/ BE -
061C CIR B 7F 00 BD '
OolF JBK WRT BD 06 80  PRINT TARGET DLS~
0622 . LUAA #30 86 50 - TANCE o
0624 JSR OUT BD 06 6A
0627 JSR OUT - BD 06 6A

- 0624 LDX #08BD CE 08 BD |
062D JSR NAME BD 06 75  FRINT "TARGET"
0630 1.DX # 08C7 CE 08 C7 |
0633 . JSR NAME BD 06 75  PRINT *"COURSE"
0636 LDX TARCOH DE AO
0638 STX HB DI BD
063A BPL YAl 2A 07
063C - IDAA HB - 96 BD
063E JSR THEX BD 06 BC
0641 BRA YA2 20 03 -
0643 YAl ~ JSR WRI ‘-  BD 06 80 .= PRINT TARGET COURSE
0646  YA2 -LDX # O8BD CE 08 ED -
0649 JSR NAME BD 06 75 PRINT "TARGET"
o64C | T.DX #08CF CE 08 CF vy
OB4T ~ JSR NAME BD 06 75  PRINT "SPEED"
0652 "LDAA TARSPD 96 A2 |
0654 STAA LB 97 BE \
0656 - CIR HB 7F 00 BD 1 |
0659 JER WRT BD 06 80  PRINT TARGET SPEED
065C LDAA #0OD 86 0D TRANSMIT QR AND

" O65E / JSR OUT BD 06 6A  TWO LF
0661 LDAA #0A 86 OA )

0663 JSR OUT BD 06 6A° /ul'i‘



0666
0669

066A
066D
O66E
066T
0671
0674

0675
0677
0679
067C
067D
067T

0680
0682
0684
0686
0688
068A
0680
. 068T
0691
0693
0695
0697
0699
069C
069E
06A0
0642
06A4
0616
06A8

OBAA -

O6AD
OBAT
06B1
06B?%
06B6
06B8
06BA

06BC
O6BE
06C0

06C3%

06C5

ouT

NAME

NAL
WRI

WR1

WR2

WR3

Rt
THEX

JSR OUT

RTS

LDAB ACIACR

AGRB
ASRB
BCC oOuT

STAA ACIADR

RTS

LDAA O,X
BEQ NAL
JSR OUT

- INX

BRA NAME
RTS

T.DAA TB
1.DAB HB
SUBA W 64
SBCB# 00
BPT, WR1
ADDA #64
JSR BCD
BRA WRL
SUDA # 64
SBCB # 00
BPI, WR2
ADDA # 64
JSR BCD
ADDB # 9C
ADCA # 00

PRA WR4 -

SUBA #64

SBCB#00.

BPL WR3
ADDA # 64
JSR BCD
ADDB # 38
ADCA #01
BRA WR4
JSR BCD
ADDE #-D4
ADCA #01
STAB LB

ANDA# OT
ADDA # 30
JSR OUT

LDAA: LB

ANDA #TI'0

06

DF

F9
DI

6A

10

11

6N

DA

DA

DA

DA

‘DA

81

TP TX DATA REG IS
EMPTY, OUTPUT THE
CHARACTER

GET THE CHARACTER
FROM THE STRING

IF IT IS NOT ZERO
TRANSMIT IT

GET NEW CHARACTER

IF IT IS ZERO RETURN
FROM SUBROUTINE
CONVERT THE BINARY
NUMBER BETWEEN 0-359
7O BCD

N

\

TRANSMIT THREE DIGITS
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06C7 LSRA 44

0608 LSRA i t
06C9 T.SRA uy
06CA T.SRA 4y
06CB ADDA # 30 8B 30
06CD JER OUT BD 06 6A
0610 TDAA IB 96 BE
06D2 ANDA #OF 84 OF
0GD4 ADDA # %0 83 30
0616 JSR OUT BD 06 6A
0619 RPS - 39
06DA  BCD CIR B 5P CONVERT THE BINARY
O6DB DLV . . SUBA# OA 80 OA NUMBER BETWEEN 0O-100
06DD DMI SON 2B Ok ~ INTO BCD »
06DF ADDB # 06 CB 06
06EL BRA DLV 20 T8
OGE3  SON - CIR A T,
06Tl ADDB 1B DB BE -
O6E6 ADCA" UB 99 BD
0618 RS 29
069  DIFF - CIR TOCNTG 2T 00 9F TDOUBLE PRECISION
06LC TDAA TOCDA 96 9OE SUBTRACTIGN
06RE LDAB 1OCD3 D6 9D
. 06T0 SUBA T.OCD2 90 9C
0672 SBCB TOCD1 D2 9B
0614 BCC DAL 24 09
0676 . CoOM A 3 o
06F7 coM B 5%
0618 ADDA=£01 8% 01
06TA ADCB #00 c9 00
06TC COM T.OCNEG 2% 00 OF
O6FF DAL STAB T.OCD1 D7 9B
0701 = STAA FOCD2 97 9C
070% EPL DA2 - 24 0%
0705 INC TOCD1 7C 00 9B
0708 DA2 RTS 39
0709 DIV T.DAB#08 c6 08 DIVIDE THE NUMBER -
070B CIR QUOTH ‘9% 00 AD IN DVDNH,DVDNL BY
070FE CIR QUOTL 9% 00 AL DVSR AND STORE THE
0711 DIV2 ~ INCB 5C 'RESULT IN QUOTH,
0712 CMPB # 16 Cc1 10 - QUOTT,
0714 | BCT DIVL o 34 \
0716 : AST, DVSR 78 00 AA )
0719 BCC DIV2 24 F6 J

071B STAB SHCO D7 AT



071D
0720
0722
o724
0726
0727
072A
072D
072r
0731
0733
0754
5757
0734

0758 -

073D
0735
07741
07444
0746
0748
O74A
074D
o741
0751
0753
0755
0757
0759
075B

075C
075E
0760
0763
0766
0769

DIV?
DIVE

DIV3

DIVY4

DIV1

DIVS

nIV8

SQUARE

ROR DVER
TDAA DVDRY
CMPA DVSK
ICS DIV3
ape

ROT, OUOTT,
ROT, QUOTH
SUBA DVSR
STAA DVDNI
ERA DIVH
CT.C

ROT, QUO'L
ROT, QUODI

. DICB

P1Q DIVS
CLC

ROT. DVDNL,
RO1, DVDNIH
T.DAA DVDNI
BCS DIV6
ERA DIV?
IDX # IFRE
STY QUOTH
TDAB SHCO
SURB# 9
CMPR # 4.
BCS DIVS
SUEB #4
STAB SIHCO
RTS

CTAA CARTIH
STAA CARTAN
CLR CARPLL
1.DX #0N

JSR CARP ~

VP

B9
R8
00
00
02

AA

AR

AT
AD

BA
OA
7T,

CALCULATE THE
SQUARE Ol THE
NUMBER IN ACC A

8%



0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
08A0
08B0

08B6
08BD
08C7
o8CI
08D6
o8ur

00

23

68
87
Al
BE
D4
E6
I3
¥C
FI

00

90
20

8D
3E
3B
16
78
1B
b7

Ol
28
1A
6C
8B
A7

D6
18
Ty
I'C
Iy

78
0C
D9
30
6D
3
S

B2

03
Cr

08
]:'15 Sl

"5

- 4]

52
u5
52

5}

GINE

" OD

30
55
70,

AE
Co
DB
B

1

e

TADLE

-DB
30

2F

2

CHARACTER TABLE

20

2 49

15
3A
4%
4T

00

45 54 20 00

3A
00
)

00
3A 00

43 45 34 00

8E

16
39
5B
7C
oA
B5
cC
DF
EE
19
0

CR ILF OWN SP NUL

1A
2D
S
80

B3
cr
2
o
FA
I

c2
ER
L6
0l

9B

26
1B
08
8F

67

1F

%3
42 4.2
64
83
Al
BB B9

E4 1.8
2 0D
FB 4B
FT AS

84

._.'70
80-150
160-230
240-310
320-399
uog ~4770
480-450
56°-63°
649-719
72°-790

70

' 880-900

CR LI TARGET SP NUL

- COURELE :

SPEED :
BEARING :
DISTANCE :

N

8L

NUL

NUL

NUL



- APPENDIX 8

MPU INSTRUCTIONS '
Accumulator and Memory Instructions ADDRESSING MODES BOOLEAN/ARITHMEYIC OPERATION COND.CODE REG,
’ IMMED DIRECT INOEX EXTND IMPLIED LAN segistor ladels s{s{32{1]0
OPERATIONS MNEMONIC] 0 ~ =jo0P ~ =|op ~ ={OP ~ szfoP ~ # toler 1o contants) Hituizvie
Add ' ADDA |88 2 2|98 3 2|AB 5 2{|BB 4.3 ' A+M=A tle|ttlsls
" ADDB ca 2 2|08 3 2|8 5 2{FB 4 3 BeM-B tiefsj|tit]e
Add Acmits ABA 1B 2 ) ]A+g=A tledsieis].
Add with Carry ADCA 39 2 2|99 3 2|A9 5 2{69 4 3 AtM+C—~A tieft)t{t}s
) ADCB 9 2 2|09 3 2(E3 5 2iF9 4 3 B¢M+C~B I CIRNKIRIES
And ' ANDA 84 2 20194 3 2/A8 5 2{B4 4 3 A'M=A efoftitinie
. ANDB C4 2 2|04 3 2[E4 5 2]F¢ 4 2 BeM-B eloftitin(e
Bt Test 8ITA 85 2 2)9 3 2]as 5 2|85 4 3] AM slejt{tinle
6IT8 €5 2 2[DS 3 2|€5 & ‘2[/Ff5 4 23 BeM oleititinle
Clear CLR 6F 1 2|7 6§ 3 00~M oleinisin|r
CLRA “la4F 2 v {o00-A eojeirlsir|R
CLAB SF 2 1 |o00-8 ole|RiS|R]R
Compars CMPA g1 2 2|9 3 2{Aa1 5 2j81 4 3 A-M oloftit]t]s
CHPB €1 2 2(01 3 2{€1 & 2/F1 & 3 B-M eloitltislt
Compare Acmltrs CBA . M2 1| A-8 ULIMRIRE R
Complement, 13 COM ‘ : 63 7 117N 6 13 B-m oleftitiR]S
COMA 3" 2 1| K- sieltitin]s
coms 53 2 1|8~ eleftitin]s
Complement, 2 NEG . 60 7 2{10 6 1 00~ MM ofe|t| s DD
{Negats) NEGA | . 40 2 1| 00-A-A Jolo|t1t DO
. NEGB : 50 2 t|00-8-8 elot]s|DQ
Dacimal Adjust, A DAA ' 19 2 1 | Converts Binary Add. of BCD Characters @ (@331 KD
' . into BCD Format
Decrement DEC 6A 7 217A 6 23 Mot-ob : elelt|t|4]e
DECA A2 1| A-1=aA sjo|titla]e
DECB SA 2 1 | B-1-8 ojo|t]tisle
Exclusive OR EORA 85 2 2198 3 2{A8 5 2|88 4 3 ADM A oleit|tinfe
EQRB c6 2 2{p8 3 20€8 5 2|F8 4 13 BAM -8 elejtitin}e
Incrament INC . 6C 7 211C & 3 Mel=M eleit|t|E)e
INGA |- 4C 2 1| As1=aA ofelt|t5Ne
INCB SC 2 1 |Be1~np : oje(titiDe
Load Acmite LOAA 86 2 2|9 3 2{A6 5 2]86 4 3 MeA o|e[t]t|nle
LDAB €6 2 2(06 3 2]E6 5. 2[F6 4 3 y M8 ole[t|tin]e
Or, Inclusive . ORAA | 8A 2 2|8A 3 2|AA 5§ 2/BA 4 13 ArM—~A oleftitin]e
. ORAB [ CA- 2 2|DA 3 2|€EA 5 2(FA 4 3 BYM-B oleftitin]e
Puth Data PSHA 3B 4 1§ A-+Mgp,SP-1-SP olejsjo]n|e
PSHB ' 37 4 )| B-oMgp, SP~ 1 5P olelsje]efe
Pull Oata PULA 4 32 4 1] SPe1—SP Ngp-A - jele|e|e|ele
PULB : 33 4 1| SPer-sP Msp—B eleloleleje]:
Rotats Lelt AoL 68 1 219 6 3 ' M eloft{tiENt
. RoLA o1 }t::‘m_n@ MMHHCH
ROLB . 9 2 118 ¢ 51 = OHRGL
Rotate Right ROA 66 7 2|7 6 3 u} o|o|titi@X?
AORA 6 2 V[A - sielt|ti@)t
AORB 6 2 1|8 C b7 o olefe|t|ti@]
Stult Leh, Arithmatic ast | 68 1 2[18 6 3 M - oleftltiExt
: ASLA 48 2 V| Ay 0O~ OIIOID-0 sleltiti®Nt
ASLE 8 2 118 ¢ b? 50 DRI G
Shift Right, Arithmatic ASR 6 1 2|N 6 3 ] - oleltitioM!?
ASRA a1 1] Ay -0 Helelt|tie)s
ASRB 51 2 148 Y] 0 ¢ JIHE G E
Shift Right, Logic LSR lea 1 2jM 6 2 M | - ojelR|tiEy?
. T OLSAA N “ 2 1]a 0~CIIIIIN -~ O " |s]efr]tkE)yt
‘ LSRB : : .2 1|8 o7 0 olefr|t|@)s
Store Acmltr., STAA 97 4 2[Ar 6°*2{82 5 23 A~M eolejtitin]e
STAB 07 4 2|81 6 2[F .58 3 B=M sleititinie|
Subtract SUBA 80 2- 2|8 3 2[A0 5 2|80 4 13 A-M=A ofeft]tisis]”
suss 0 2 2]00 3 2[{€ S5 2[{F0 & 3 B-M-B elojt|tt]t
Subtract Acmitrs, $BA 102 1| A-B-A LILIRRRERE RS
Subtr, with Carry SBCA .1 82 2 2192 3 2[{A2 % 2/82 ¢ 23 A-M-C~A ofe|tft]t]s
$BCB €2 2 2{02 31 2/€ S 2/F2 4 23 8-M-C~8 esleftititit]’
Teanster Acmlitrs TAB | - ’ 16§ 2 t]|A-~B elsitit|Rle
’ TBA : 2 1|8-a e|ojtitin]e
Teat, Zero or Minys ST 60 7 2(710 6 3 : ®-100 . eloil{t|R]|A
TSTA | : w2 t|a-o00 sfeft|tlnjn
TST8 02 1]|8-00 olejt|tinr]n
j Hitini2]v]e
. N ' . ' ’
LEGEND: ) CONDITION CODE SYMBOLS: .
o 0 Code (Haxadscimal); + Boo'san Inclusive OR;
~  Number of MPU Cycles; ©  Boolean Exclusive OR; H Halt-carry trom dit J;
#  Number of Program Bytes; R Complementof M; ] Interrupt mask ‘.
4 Arithmetic Plug; -~ Teealer Into;. N Negative Ltign bit)
-~ Arithmetic Minus; 0 8it* 2wo; 2 otyw .
. Boolean AND; : 00 Bytes 2er0; v Owertiow, 2t camplemant
Msp  Contents of memory focation pointed 1o be Stack Painter; ’ c Coery trgmbit 7 N
. R Rezst Always
Note ~ A 1 ddressing mede i long ars includad in the column for IMPLIED sddsessing S Sat Always ; : ,,./
. T Testand st e, civsred otherwiia A
B [ ] Not Atfected
- ava. |




B

Index Register and Stack Manipulation Instructions’ BOOLEAN/ARITHMETIC OPERATION COND. CODE REG.
IMMED DIRECT INDEX EXTND IMPLIED 5(4| 312110
POINTER OPERATIONS MNEMONIC | OP | ~] # |OP|~ | #}OP I~ | # OPI ~|l#|oP|~|#n !DOLEANIAHITHMETICOPERMIDJ’ H{lIN|Z|V[C
Compare lndu' Reg cPX BC{3) 3faCj4|2|ACi6}|2i8C|S {3 XH~MXL-(M+1) ole|lDjtDie
Oscremant Index Reg DEX {09410 Xet1-X olejeltiole
Decrament Stack Pntr OES BN RN SP~1-5P ojo]dlolele
Incremant Index Reg INX e8] 4|t X+1-X sleloitioie
Incremant Stack Paty INS afan “SP1-sP ~ ijele|eje|e]e|
Load Index Reg / Lox CE|3| J|OE| 4| 2|EE|6 | 2[FE[S5 |3 M= Xy, (Mo 1)~ X HOIU O HEIL
Load Stack Pats L0s 8E|3f af9e|a)2)ac)s] 2feels5]3 M=SPy, (M+ 1) 5P olo|@|tin|e
. Stors Index Reg. | st ofF[sj2lerlr]2|Frl6 |3 AR M, XL =M+ 1) sio[@ft|n]e
Store Stack Pate ) STS 9F| S| 2{AF1T[2]|BF|{6 |3 SPH =M, SPL~{M+1) o|o[@|t|R]|e
Indx Reg ~ Stack Patr XS - Bl X=-1-5p ojofole|efe
Stack Pntr — Indx Reg T8X 0i4¢1 SPel—~X ofo/ ojelo|e
Jump and Branch {nstructions ' coLD. CODE REG.
ARELATIVE INDEX EXTND IMPLIED 5{4/{3|2]|1{0D
OPERATIONS MNEMONIC OP |~ #{0P)~| #]0P|~| #)|OP|~ | # BRANCH TEST Bl IfN]|Z]V]C
Branch Atways . BRA 0412 None o|loiea|lelo]le
Branch |l Carry Clear Bce wiraj2y C»0 o/ olelelele
Branch 1t Carry Set B8CS 251 4 1_ C=1 o(o|e|e|e|e
Branch It = Zero BEQ 714 (2 R Z=1 oo (ejo|fo]|e
Branchit 2 Zera  ~ B8GE 142 NOVe0 sjo(e|lsjelew
Branch I > Zero BGY 61412 Z+INO VIO EIEIEIEKEE]
Branch H Higher BHI 2412 Ce¢2e0 . ejojo|nle]e
Branch I} < Zeto BLE 242 Z+INO VI ) o/ ojeo|e{e]|e
Branch |l Lower Or Same BLS 2314 |2 CeZ=t ol ojo|wleo|e
Branch If < Zero BLT wlal2 . NDVe] o/ ool o|ale
Branch If Minug oMl 042 Net o(lo|lojole|e
Branch Il Not Equal Zero \BNE 26|42 Z=0 oo |oj'0|e|e
Branch it Overflow Clear 8ve 28|42 V=0 o[o|o|o|ae
Branch It Overtlow Set BVS 29| 4% 2 vsi NI
Branch It Plus . BPL 2A1 412 N0 o oie]| ojale
Branch To Subroutine 8SR 80 )82 AEAIEIE K]
Jump IMP 6E] 4| 2|2€]| 3|3 See Special Operations o[ o]ol v
Jump To Subroutine JSR AD[ 8 2|BDfY9 [ ool el olelse
No Operation NOP )2 Advantes Prog. Cotr, Only o[ ool ele]e
Return From Intstrupt KN ' . B0 -
Return From Subrouting HTS ‘ISt ole
Saltware Interrupt SWi IF[12]1 Sae Specist Operations IR IEIR IR AR
Wait for Interrupt WAl IE(S | o/@@f o) ojefe
9
Condition Code Register Manipulation Instructions ’ ' COND. CODE REG.
IMPLIED S5]41312(1]0 .
OPERATIONS ©  MNEMONIC |OPj ~} # | BOOLEANOPERATION| W] I [N }Z |V ]| C
Clear Carry . cLe ocf2 | 0-C e|o|olo|e]ln
Clear interrupt Mask ot gE 12 |1 0! o|R|ejele|e
Clear Overllow CcLv 0A L2 | Y ejelo|oinfe - ~
Set Carry SEC 002t 1-+C ejeole|e]je|s N
Sel Interrupt Mask SEl OF |2 [ t-1 o|lS|o[m]|ei e
Sat Overflow SEV sl21(1 1-V ejo|{oile]|S]e
Fonlte A~ CCR TAP Jos) 211 A-—CCR ———
. Lceh—~Acmiv A TPA of2]1 CCR—A e[ejeje]e]e ) i
) \
COND.ITION CODE REGISTER NOTES:
{Bat sut of testis trus and cleatad otherwise) ) )

1 (Bit V) Test: Result = 100000007 . 1
2 {BItC)  Test: Result = 000000007 ' . f
k] {Bit €} Test: Decimal value of mast significant BCD Character greater than nine? {Not cleared l\' previously set.}
4 {8it V) Test: Operand = 10000000 prior to execution?

5 {8it V) Test: Operand = 01111111 priof to execution? : |
6 {8it V) Test: Set equat to result of NOC atter shift has occurred. ' )
7 (Bit N} Test: Sign bit o most significant (MS} byte = 1?7 . ;
8 {Bit VI Tast: 2's complement overllow from subtraction of MS bytes? '
9 . (BitN) Test: Aesultless than zer0? {Bit 15 = 1)

10 (Am Load Condition Code Register from Stack. {See Specia) Qperations)

11 (Bitd)  Set when inteirupt occurs. I praviously set, a Non-Maskable Intersupt is required to exit the wait state. )
12 (A Set according to the contents of Accumulator A, : !




APPENDIX C COST

a. Microcomputer Minimum System :

MPU | 5000 TL | .
EPROM B 2000 ' TL ;
RAM o 2000 TL
- PIA's o - 3000 TL
~ ACIA - 750 T
Miscellaneous | 10000 TL
| , 20750 TL
b. Interface Circuits g
Semiconductor Components bOOOjTL |
Miscellaneous ' 3000 TL : ,
8000 TL -
c. Engineering Cost ‘ . 5OOOQ5TL S
o T
’ {
87 I
: ~ i
\
]
L 'v \‘
RN
/ i <



APPENDIX D PRINTED CIRCUIT BOARDS

PacB2,
TARE
P2CA2
PIAL
Shaft epcoder and Own Speed Input BDoard
GMD
o+5|

¥

n

q

¢

OO OO B OGO WO
/-O-o-e-o-o-o-o—o-o-ﬁo-m‘
P3A RESX P38 RESY

TN ST

[l G- e O 0- O 00000

G

PIA3-PIAY

Sacket Sacket,

L an

b

P4

I L

TAROIL O pyA TARBE

Sacked Lecket

1

Timer and

Reset Coordinates,
Target Information
Input Board

o
o

E@lE

' °TL*-:_é§r
' o—&8%

88

PIA L

D/A Converter Board
|
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