
-----------------1 
FOP \REFERENCE I 

MICROPROCESSOR BASED 
DEAD RECKONING TABLE 

by 

Tayfun EVREN 

Submitted to the Paculty of the School 

of EnC;incering in Partial Fulfillment of 

the Requiremer:~s for the Degree of 

IVJAS~I.'E1~ Oli' fCIENCE 

in 

ELEC2.'lUCAIJ ENGINEEIUNG 

Bogazici University Library 

1111 II ~IIIIIIIIIIIIIIIIIIIIIII ~ 1II1I1 ;! 
39001100315905 . 

]~ol':azic;i Uni versi ty 

1983 



This thesis has been approved 

Yard.Doc.Dr. Orner CERiD 
(Thesis Supervisor) 

Yard.Doc.Dr. Avni MORGOL 

Yard.Doc.Dr. Oguz TOSUN 

1816{\'! iJ. , 

... 

! ' 

• 



ACKNOWLEDGEMENT 

I would pnrticularly like to thank my thesis 

supervisor, Dr. Orner Cerid, for fiis useful 

and guidance. 

commentr 

I 
! 

I am also grateful to Mehmet TemizyDrek for 

his friendly support. 

I would like to thank my wire for her 

typing and patience. 



.. 

ABSTRACT 

J 

The appllcation areas or microprocessors h~ve been 

r~rowing recently. In aaai tion to varlOUS areas, efficient 

nnd rellable results have been obtalned HI ml11tary appli-

cations. 

I 
'1'11e object of this thesis is to apply micrrPro-

cessor control on a device used in the Navy and thp realiz

ation of the necessary hardware and software and the obser-
• 

vation of the results. 

In this study, the Dead Reckoning Table USrd on the 

ships of the Navy was' co-p,:trolled and operated by micrQpro-
-I' , 

cessor. 'J'he Dead Heckoning Table is used for recor41ing 

the movements of our ship and the others in the same oper~ 

ation area. Many tactical and manoeuvre problems are solved 

on this table. The pre~aring speed and the)reliability of 

prevented with the aid of 

and the operator\ mistakej' 
• I mlcroprocessor. - . 

are the records are increased 

. 
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OZET 

f:)o~ y~llarda mikrobilgisayarlarln uYl';ulama s~halar~ 

hlzla artmaktadlr. Ge9itli kullanlm yerlerine ek olarak as-

keri uygulamalardnda verimli ve r.;ilvenilir netieeler elde e

dilmektedir. 

Bu tezin amacl. milcroi~lemcinin Deniz Kuvvetltridin 

sava9 gemilerinde lmllanllmakta olan bir ayglta uygutanabi

lirligine knrar vermek ve gerekli donan~m ve yaz~l~m~ ger-

Qekle9tirerek sonuQlarl ineelemektir. 

Yapllan Qal1.GmadaDeniz Kuvvetlerine ait gemtlerin 

SavaG Barekat Merkezlerlnd~_bulunan iz masalarlnln rntknO~G

lemei ile kontrolu ve QallGmas~ gerQekleGtirilmiGtir~ !z 
.. ' 

masasln~n ~Brevi kendi gemimiz ile birlikte harekat saha

slnda bulunan di~er ~emilerin bfitfin hareketlerini ka~lt li

zerine i 9aretlemek, takt~k ve manevrn ile ildili· problem-
I . 

leI'i~ QBzlilmesine yardlmcl olmaktlr. MikrOi 9\emci kU1lanll-

mas~ ile kaYl tlarln tutulmaslnda' siirat ve gfi.Jeni.lirl~k saf't-

lanarak operatBr lwtalarl BnlenmiGtir. I 
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CHAPTER I 

I NTRODUCT I ON 

The Dead Reckoning Table (DRT) is used at ~he combat 

Information Centers (CIC) of the Naval ships. Most of the 

operation records in an exercise are prepared on this tab~e. 

The DRT is a projection device with a tran parent 
/ 

plastic top. A ship's position pointer which is 

gears is projected through the plastic. A sheet of translu-
, 

cent paper, placed over the top and temporarily taped down at 

the corners, is marked by the operators with t:t\e position of 

the ship at regular intervals. This paper may be considered 
I 

to be a map. The ,other ships in the same operation- area can 

also be plotted. The geographical positions and mo~em~~ts 
are displayed on the paper. v/hen the ship's track ~uns out 

of the ~dge of the PClper the pointer is placed to another. i " 

location and a nevI piece of paper is put on the table. 
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, 
The course and the speed of the ship are the inputs .. 

to llTlfI'. ~'bese sip;nnls are transmitted from the c;yro compass 

und the lo~ as synchr~ si~nals. Th~ ship's position pointer 

moves with tlwse .j nput sif,:nals and shows the position of 

the ship. 

In order to plot one or more target ships on the 

nlillle paper the operator finds out the bearing and the dis-

tancc of thelJl from hin ship. Then he draws the bearing line 

in the len{';th of the distance and plots the target's posi

tion. f1'he operato]' nlso records the time nt \vhich the plot-
I 

tin!,; is done. The time intervals between the marks i p ad-

;justed by the operator. 

IJlbe purpo~~e of this thesis i.s to desil~n ~nd build a 

micropI'oces~:;or base.! lllxfl'. \V:any improvements will be achived 

by usin(~ the microprocessor control on the Dr~ll\. l'.[·imarily, 

these are: 

- No personnel will be required for plottulp;. 

- I.Phe ship's position pen wiD automatically shiTt 

Lo the opposite: eci{':e when runn:inr~ out of the paper. 

- :~calc chanp;es can be made by push ·l;>ut~on. 

- 1':cllIote read outs can be made Ilvn j] ~bl e to the other 

parts of the ship. 

- f' od i licn t j on~:; 0 I' improvement~3 'vi:J softvare changes. 
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- Entry <Jnd display of one or more tUI'r;ets.! 
. .. 

- Plotter CilrJ print the ·time on the plot. 

- Aut.o!"ati e printinc; 01' the dutD. 

- J\utornntic c:h:,ng:inc; of the paper. 

- r:ol u I; ion:; 0 l' Lhe m:' Tloeuvre D nd operation problems. 
I 
, 

'l'he small ;"ast I'Dtrol ])oats (FT'B'!;;) which have a 

lilllited IlUlflb()r of ~;eaman onboard move with <t very high speed 

in the operution urea. l\. microprocessor controlled DH'l' will 

be very useful Cor !"l'L' s. 

! 
In this sturly most of the items above were realize~ 

but f;ome of' them were considered as a further work. 

In (.Jdd itioll to the plotting of the ships·,' the input 

dutu and the calculnted values such as ship's course and 

tarl';et speed are transmitted to a teletype-vJri ter which dis-
. I 

plays the situation. This information cun be delivered to 

the other departments to inform the personnel about the oper-

ation. 



CHAPTER 2 
M6800 MICROCOMPUTER SYSTEM 

System Components 

The microcomputer system consi.sts or: 

1. Microprocessing Unit (MPU) 

2. Clock Generator 

:J. Head Only Memory (110M) 

4. Random Access Memory (RAM) 

',). 1'a1'a11el Input/Output Inte,rfnce 

c. Asynchronous f;erinl Input/Output Interface " 

Ii'ir;. ;)-1 shows the block d ingram of the microcompu-

ter sy~~tem. 

'l'h is block diagram represents all of the har~ware 
I 2 

a fully operational microcomputer ·syste~. required for 

rrho data bus is shnred fully between all devices in thesys-

tern. rrhe control bus is shared by all devices which get 

their own required Sir'nD~ from the bus. Differept combina

tions of si~nals may be received from the address bUr to . 

define where each device is located. The addtess busi selects , . 
, \ 
one byte or location from 64 K bytes or locations. i 
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l"iC;.2-1 Block Dingrmn of the f'1ic:r;ocornputer System. 
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MicroprocessinB Unit ... I 

MCGaOO fVI.I'U is the heart of tbe system. It is a mono-

lithic 8-bit microprocessor peri'orminr.:, the central control 

function for the system. The MIU can execute 72 diffeyent 

instructions including arithmetic, lo~icnl, shift, ro~ate, 
I 

load, store, conditionul or unconditional brunch, jump; inter-

t d t k . . 1 t· . t t . 'L~ Th MPU h th rup. nn s BC monlpu.B .lon lns rUC-lons. e· as ree 

l6-bit registers and three 8-bit re~iters available for use 

by the prop;rurnmcr. rphc[~e nre shown in Fig. 2-2. fJ.'he program 

counter points to the current program address. 

7 0 

1 
Ace A 

1 
7 0 

1 
ACe. B 

1 
15 0 

1 
,I X. 

·1 
IS" 0 

1 
Pc 

1 
IS' 0 

I SP 
1 

7 0 

l'I"I+I+:Hcl 
14: HaL~ <:.ar"!:J Z: Ze .... o 
1: Inu-I"r"u.pt V: o"e. .. ~low 
N: Ne.~-U"e. c: Carr!j . 

" .. 

Fig.2-2 The Registers of MC (800 

Accu.mu.La~Q'" A 

• 

Inde~ Re~ist~ 
I 
i 

Slade.. Point.er-

Conc;ii c.on Code. R~~st:-'1.I" 
I 
! 
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rjlhe stclck pointer contains the address of the next available 
.. I 

I 

location in the stack which is a RAM. Index register' is used 

to store data or a sixteen bit memory address for the indexed 

mode of addressing. ~Phe two D.cculllulators are used to hold 

operands and results from the arithmetic IO[,;ic unit (ALU). 

The condition Goda register indicates the results orlan ALU 
. I 

operation. ~~e bits of this register are used as testable 
_ 1 J 

conditions·for the conditional branch instructions. Eit 4 is 

the interrupt musk bit. The unused bits of the condition 

code register are ones. 

11. !';eneral blocl< diag;ram of the r'lc 6noo is 
I 

shown ,in 
I 

Jo':L~;.2-3. r.Phe contr'o1 Llnd,timine; sir;nals rec;ulnte thelsystem 

(iper'otion. 

Ou ~ pu.-l BUoffe,,.,s • 

$, 
Sh 

RCiet. 
;;;;:;. 
H.I.i. 
jiQ 
1'5C 
D.1i. 

~ 

In~t,.",c:tiQn 

De~ode. 

Clnd 

Control 

,i'ig.:?-3 'llhe Plock Di;Jgram of the IViC ()SOO. 
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c1ll and <1>2 nre two-phuse non-overlapping clock sie)nal~. '1'he 

Halt input is used to stop the MPU. In the Halt mode all 

three-state lines will be in thr~~-state mode. Three State 

Control (TSC) input causes all of the address lines and the 

n/W line to c;o into the high impedence state. H/W line sig-
I 

nals the peripherals and memory devices whether the MPf is 

in Read or Write state. I j 

Valid JVlemory Address (VMA) output indicates to pe-

l'ipheral devices thel t there is a valid address on the ad-

dress bus. Th~S signal is applied to the enable or Chif select 

inputs of each famil,Y device in order to disable data trans-
I 

fer when VMA is low. Data Bus Enable (DBE) input is the three 

state control signal for the JVIPU data bus. Normally, this 

signal will be ~2' derived from the clock. Bus Avu!lable 

(BA) signal will normally be in the low state; when acti

verGed, it will (~o to ~he high state indicating that thj MPU 

has stopped. The interrupt reguest (TIm') is u level selilsi~ 
I 

tive input which requests that an interrupt sequence b~ gen-
I 

erated with in the machine. If the interrupt mask bit in the 

ccn is not set, the machine will begin an interrupt sequence. 

A low-going edge on the Non-Maskable Interrupt )(NM~)input 

req~ests that a non-muskable interrupt sequenc~ be gen1r

ated within the processor. The interrupt mask bit in t11e CCR 
! 

has no effec't on NMI. Reset input is used to reset, and Istart 

I , 
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> 

the MPU from 0. power down condition. 

The Me 6800 has seven addressinc; modes that can be 

used by the programmer, with the addressinc; mode a function 

of both the type of the instruction. and the coding within 
1 

the instruction. In AccumuI~torAd~r~Sing mode, e~thrr accu-

mulator A 01' accumulator B 1S spec1f1ed. In Immed1ate J Ad-
. I 

dressing, the operand is contained in the second byte of in

struction except I,D:::; and LDX instructions \oJhich have the op-

orand in the second and third bytes of the instruction. 

In Direct Addressing mode, the address of the operanf is 

contained in the second byte of the instruction. In Exte'nded . I 
Addressing, the address contained in the second by tel of 

the instruction is used as the higher eight bits of the ad

dress of the operand. The third byte of the instruction is 

used as the lower eight bits of the address for the operand. 

In Indexed Addresin(:,;, the 9perand of the instruction1is 

added to the index register to provide the address. ~n Im

plied Addressing mode, the·~nemonic operator specifi~s one 
I 

or more resisters which contain operands or in which res~lts 

are saved. In Relative Addressing, the address contained in 

the second byte of the instruction is added to tpe program 

counter's lowest eiGht bits plus two. The ca-r;ry or 

is then added to the higher eight bits, 

/ 
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I 
Memory I 

.. ! 

~\he HOf'lI section is permanent data storage. ~\he 

nOM keeps the data whether the power is on or not. The HAM 

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

plied to it and can be written into or read out of as desired. 

The ROM is used in order to storage the system start ~~ in

structions, monitor programming and all the necessary soft

\-Jure. ~\he BAM will be used for temporary data and program 

storage. 

To read an information stored in the memory; the n,/r.l 
I 

line is placed in a read state, the address of the memory 

cell 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 ~ lenght of time required to propagate 

the information to tl,e output, the data is read from 

data out lines. 

1\0 \jri te 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/tV line is placediin,write 

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

" 1" 1 ln . lnes. 
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Input / Output Interface 

'l'he JVIC he.;11 I er'i.phernl Interfnce J\di pteI' (1IA) is 

used as p':J.rnJlel I/O int ,rfac e . rrhis dev i c e is capable of 

interfacinc the !V!] IU to peripherals through two 8 - b i t b idi
I 

rectional peripheral data buses and four control lin~s . 
I 

'[,he simplified block diagram of the IIA is shown in Fig . 2 - 4 . 

"A#f CONT~O'- RINI$TIi.~ 
.; 

"' CAi 

.,. If ... 
A DATA blll&CT'ON IUiCi. "' .. CA2. 

OATA -~ ... 
01 .. A ... 
A DATA. R~<iISTE~ :~ 

I~ 
~ 

PAO- PAT 

A 

... 

" ... 
e CONTROl.. A.i<iI~TE~ ... CSl 

CONTROL- • 
--" .. -t 

B OATA 1)lA.£'CT'ON REG>. - , 

.a&#f 
.... .... 

PAT A REGISTER 
, 

"'f .. PBo-P&7 

'_j I. I · • "" I 
I - • 
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or interrupt l:i. nes lIl~ty be pror:rarnrned for one 0 f the seve-

r;oll control IIloder;. '1'11e 10

] 11 is pro[,;r::;ll1l111Ubl e ill the sense 

thnt the f''lJ.'U cun rend and/or write into its internal re-

:-';lsters. 'J'hore are ~;ix 8-bi t rcgistersin the PIli. '.rhey are 

:3epcratedinto nn 1\ nllcl E !,"ide, ench side contuining! a 

Control Iier;istcr, I'll Lu Dircc [;ion negi.ster und a Data: Regis-

tor. ~10 define 0 the operation of the PIli control lines, an 

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

to define the peripheral data lines to be inputs o~ outputs~ 

on 8-bit word is ] o~lded into dDta direction register • .J!'inal-

ly, data being transfcrred to peripherals J1!:)y be saVfd in 

thal)IA data rep;i:-:;tcr. 

The ~C 6850 lIsynchronous Communications Interrace 
• 

i\c\.lpLc:r (i\CTi\) is sllOvJD in "'ig.2-5. It provides the data 

r 

T,qAI\.I~MIT OATA REGHSTfi~ 

DATil 
... . -

---,.... 
RE"CEIIIE DATA R£(;ISTE5l. .. 

ADDRESS ----1/ I' 

cQ~·n~oL. A.E<iPlsn.A. 

'" 
... 

CONTROL.. - ---,.. 

ST~TUS R.ltCiU ~ ,. R 
r 

\ 

l"iC;. 2-5 "'he ,~CIi\ Hegisters. 
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I 

formatting and corli:rol to interrace serial as;ynchronous data .. , 

communications informuti on to bi.1BOl'gnnized systems. 1J.1he 
' .. 

[Ji!I'nl] e1 data of the bus is serially trnnsmi tted or received 

b,Y the ACTA. 'I'he ACTII. haD four J'c(r,ifitcrr;: Cont.rol, Status, 

'l'rDnsmit Datil Dnd I:cccive T):ltn. 

, 

'l'he ACTA i;; progrnmrned by londi nc; an 8-bi t word into 

the control rCI':i::;h) ['. ~[lhe ntatu5 0 nd error conditions are 

monitored by rendin~the status register. ~~e data buffers 

provide the stor:l{l;e of the data to be trDnsmitted or received. 

In MGBOO system I/O devices are treated as a 106a-

t ion in the memory. '1'he separate I/O instructions are un-

necessary since the mcmory can house either I/O or memory 

dilt,) in its 1 ocati om-;. '{lhn microprocessor sclect~ an I/O 

port and rcads the contents of the I/O port burfer in the 

~.:;arne \'Jily thnt do ta(,:ets 

II !,"Iomory [V'lapped I/n " •. 

read out of memory.9 'llhis is called 
I 
! 



CHAPTER 3 .. 
DESCRI PT I ON OF THE ~1I CROPROCESSOR BASED DRT 

Microprocessor 13ased fiystem Desip;n 

The (1 evelopmont of a microprocessor based system con

t:lins some important stopa. During development, the designer 

performs the following steps to sntisfy the system r,qui~e-

ments: I 
1. System design criteria: This step includes the 

consideration of the cost of hardware, software, designing 
#/ 

effort, flexibility, compatibility, reliability, speed and 

LlvailClbility. 

2. The efficiency of the microprocessor than Ihard-

ware logic. I 
I 

3. Microprocessor selection criteria; In thi~ step 

_ the designer takes the viability, the system and the sofi-

ware support and the upgrading potential of the micropro-

cessor into account. 

4. Designing the auxilary hardware. 

5. Software development. 

6. Integrating the hardware and the softvmre. 

14 



in l!'i(!;. 

7. Debucging and testing. 

8. Developing the maintenance facilities. 
( 

System I,ayout 

The ~eneI.·1.)]. l)lock d" f th t " hi D lagrum 0 - e sys em 1S s fwn 

3-1. The system is built around the M6800 Based 

Microcomputer because it is extensively supported in the 

university. All th(~ necessary datu inputs ure simulated 

15 

by developed cicuits. The input and th~ output signals are 

received or tr~nsmitted by the 6821 PIA's. 

'1'he own course and the turr.~et. bearing inputs are 

ul10wed to be eight-bit Gray code. The own ship speed and 

the target distance inputs are implemented as eigrtt-bit 

binary signals. The binary word at the own speed input port 

corresponds the velocity of the ship in miles per hour 

(Imot s ) • 'Phe eight -bit binary number at the targ;et diftance 

input port is multiplied by 100 in order to find the teal 
I 

distance in, yards. 

l!'or the reset input, two ei[':ht-bit po~ts ~re re~ 

quired. One each for the two bytes representi~g desir1d x 

and y position to the full plotter range of o:i;ght bit~. The 
• I 

I 

reset position is considered as a reference position ~or 
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(CO\A.I'se.) 

LOG 
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RADAA 
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RESET 
polOition cooalAU:: 

SCA1.E 

, .. 
~ AID 

-'. 

AID I-

~ AID 
"' ~ 1>/" ~ X 4 
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r-l Campu-tel" PLoHer 

r-l Lr 
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, O/A ., 
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• Alarm Circ.uits 
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Te,(et~ pe-Writer . 
. -

, 

Fig. 3-1 Block Dia~l~m of the Microprocessor 

1',a5 ed DHT. 

16 
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I 
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\ 

the plotting. ':Phis 1)osi tion shoul d be chosen in aCG.o~ding 
to the route of our ship. II'or example, the reference posi

tion should be at uny desired p]nce at north for a ship go-

ing southwards. 

The sixteen-bit scale factor is required I 
fori the 

can 1 be 
! 

trigonometric calculations. The different scales 

used for various operations. Two additional ports 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. 

~~e 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 plotting area, 

alarm circuits inform us about the situation. The data 

about the ships can. be printed and displayed by 

the course and the speed information signals to 

type-writer. 

I ( 

sendtng 

the ifele-
I 



CHAPTER 4 
INTERFACE CIRCUITS 

Input Circujts 

.. 

Own ship's course and the bearing of the target are 

transmitted from the f:!;yro and the radar, respectively. They 

are synchr6 signals. In order to get the digital reprpsen-
1 ' 

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

1'he GI'ClY code is useful for shaft encoders because 
iI 

the change of only 1 bit for each increment eliminates false 

intermediate codes that could occur in natural binary con-

version. Gray code ~s closely 

bit-position does not signify 

code .is a unit distance code. 

related to binary in Whtch the 

a numerical\veighting. fray 

The unit distance property 

meons·that 'in going from the coding for any integer T to 

the coding for 1+1 only one bit changes, regardless of the 

value of I. This propertY,is usefully employed in transfer- ( 
I 

ri·ng a coded variable reliably between a transducer an 

instrument input. 

18 

I , 
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; 

i 11he gennI'ul ~)tructure 0 r an n-bi t Gruy code can be .. 
described b,Y tbe !'ollowing scheme: 

1. Except for bec;inning and ending of the code the 

lenst signifi cnnt bit (Ilf,r,) go alternates tvJO zeros, two 

ones, 

four 

')k+l 
t.. 

two "er'op, (~·t:c., o· ''It t f f u _. . t:'l Cl 'er-na ,es our zeros, . our ones, 

zeros etc. and [';1 alternutes 2k+l zeros, 2k+l o~es, 
{ 1 

I 
etc. ! , zeros 

2. 'J'he first tranGi tion from 0 to 1 for bit gk+l 

occurs J'ight i.n trw middle of the first string of ones for 

I 
'rho results of Gray code and natural binary code' 

i 

for optical shaft encoders \"?ith II-bit resolution areillus-

trated in Illig./l-l. r'~ote thDt, with the Gray code converter, 

there is only a I-bit change at each tr'\Tlsition. ~f the edge 

of a shaded [lrea is slightly out of line, the coding will be 

i.n error by a small fraction of an T,SE. In binary converter, 

I however, all 11· bits change at once at the JSO-degree and 
. . :> I 

~GO-degree transitions. If bit 2's shnded area were tp end 

a little b~fore from the ISO-decree transition, the code,' 

in a small region, would be 0011, indicating the 67.5 degree 

runge. If the other shaded areas are out of line~ there will 

be. a total of 15 cOlnl)in3.tions of wronlj range lindication. 
\ \ 

In this thesis an 8-bit shaft encoder was dev~loped. 



IS 0 

.' 

It 4 

Fig.l~-l. The results of Gray versus binary 

encoding. a) Binary encoding, b) Gray code encoding. 

20 
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I 
~(1his encode!' eli vi d(,;. one revol uti on of it;. Dhnft irrto 256 

parts. 'Jlhe anc:1(~ 0 r ench part i.s 4-5/32 d cr':re(~ as shown in 

Jo'jg. '+-2. 

In oreier- to peT'for-m the cu lculations in the ~nJ, 
i 

the Gray code is converted to the conventional binnry code 
o 
I 

by software. The conversion from the Gray code to the binaI~ 

code can be simply formulated as foJlows. 6 ~et 

'11hert 

b=bnbn _1 - •• h 2b] b O 

C:=Q;nCn-l· • 'l~2C;1 C;o 

conventional bin,u'y number and 

Gray code equivalent 

where the operator e sic;nifies binary addition without carry, • 
i.e., exclusive or operation. The b~nary M8B will be the same 

DS the Cray code I\'ir~l). 'l°hen, continuinr:; to read from MSB to 

T,rm, if -the next bit is 1, the next binary bit is th~ comple
! 

ment of thepreviou::.; hi nary -bit. For exnmple, Gray code 

0111000111 becomes 0101111010 in binary 3S shown below: 

Gray code 0 1 1 1 0 0 0 1 1 1 

'1'he coding \.;11eo1 -in Ti'ig. 4--2 -is used in an instru-

ment as shown in F:ig. 1~-3. The output signn1 of this \device 
I 

is own ship course input to the syste~. : 



l"ig.ll-2 .. Eig;bt-bi t Optical Shaft Encoder. 

\ 
I 

... I 

22 
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Coding 

... ,,~\vheel ~ 
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\ 

I 
I 

l,ED ~ 
Array 

~'\ir;. 11-3. S,hnft Encoder Instrument. 
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.. 

~ 
T'hototI'nnsistor 
Array 

~ The position of the wheel is detected by the fhoto-

tr::msistors vIi th the ci rcui t in LI\i.(';.l~_ll' ~ 

Some current flows through the illuminated photo-' 

transistor. The volta~e across the emitter resistor is com-

pared vIi th a reference level by the IJf'-1 339. 'r'he '11,'111, level 

output of the comparator IC is fed 

med as input. 'llhe adjusrnent of the 

made by the 47 K potentiometers. 

to the 1'1A \port pI'igram

shaft encoder can ~e 
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.. 

sv ~--------- 5\1 

LED 
3.3 J<.. 

5V 

• 

l,'ig. 11-4 fI. T,ED-Phototransistor I'air from the Array. 

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

target bearing, tarr;et distance, reference coordinates.and 
I 

the scale fuctoro IJ1hese input signals are realized by \svli tch-
I 

es except the scnle factor. The scale factor is placed in a 
I 

memory location because ther;e is not one more port in the 
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i 
I 

system. Euch of the sil';nuls above occupi es an 8-bi 1.;. port of 

the PIA's. '1'he ta.I'{':et beurine; 81 r;nal is accepted as Gray 

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

Output Circuits 

I 

The positio~ coordinates calculated by the m~cro-

computer [lr(~ transmitted via the 6821 PIA are in 8-bit digit-

HI fOJ~n. A and B vorts of the PIA hold the X and Y coordi-

flutes respectively. 'Phe 8-bi t dic;itnl data nrc converted 

to analog form by !ViC 1408L8 digi tal-to-anulog conver1er. 

'J'he output currellt of the MC 1408L8 is a linear prod~ct of 
! 

an 8-bi t diei tul \rioI'd and an nnalog refe,rence voltage. The 

741 operational amplifier is used to obtain the voltage 
, 

level in proportion to the analog current of the output of 

the D-to-A cOllverter. Fie.l~-5 shows the D-to-A converter 

circuit. 

There are two dicital to annlo~ converter ci~cuits, 

one for the horizantal axis and the other for the vertic~l 

axis. The output voltages of the operational amplifiers are 

applied to the inputs of the XY Plotter. 

I 
l1.'ho voltac:e level at the output of the D to f\ COD-

! 

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

BOG'AZicl ONlvERSiTESi I<OTUPHANES 
. ! 
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hexadecimal notLl Lion. 
... 

sv 

. R'lf = 5.61<. 
D7 13 

S l'r Y,.ef = 5V 
0, 

R,s.:: 0<. 
DS IS ~ 1 Rf= i K.. 
D" J 

1)3 .2. 
02- MCJ4{)8L8 to 
1), It-
Do Va 

16 +0 x/y l'npU.t.. 
Ttl') ! 

-Sv 

• 

~I'i.g. LI--5 J!igitul to Analog Converter Circuit. 

Tn order to colcuJnte the component values the following 

equations should be used: 

The output current of the ~1C lLI08J.8 is: 

I - K.[.J?L+~+2L+...J2L+~+~~2L.+--9.!L] 
. 0 - .2. 4 R 16 32 ,'to! I:z.~ 2.'56 

I . , ! 

where 

I , 

V re-{' 

RI'r 

I 



When all the bits of the word are logic ones: 

IJ1he 

I.e 

10 = k 2.SS 
.2.56 

output voltoge of the op-amp is: 

Va: Ia' R;. 
Hf is taken a e 

.) 1 K, then 

l a = Va = l mAo ·RL. - t .103 

K.= 25' . {. (O-~-_ 100-:1.9 A 
.. 2.55 · .;;1 M • 

RI't = V~c: £ = __ 5"__ 4 
" j.oo39: .9<6 K. 

A 5.6 K resistcir is used BsR14 to get a lower 

1 volt at the output. 

= .-L .~. 2.55 :: 
5.~ 2.SG 

The pen ci.rcuit is shown in 

I 
voltage 

I 

II 

0, ~9 V. 
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than 

4,-6. drop/raise Fig. 

The CA2 pin of the lV;C 6821 PIA is connected to . the b+e of 

tbe transistor Ql· Q] and Q2 are used as on el ectroniF . 

switch. Th~ microcomputer can drop or raise the pen of the 

XY plotter. At the beGinning the pen is lifted up. When the 

pen holder goes to the appropriate X and Y c09rcl~nates a 

high level voltage i'" eJ.pplied to the base of Ql ::i::f and "".) 

, 

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

the drawing is finished. 

I , 
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.. 
5V 

CA2.---_k' 

4-a +he. 
47o.n. per"l! df'Or Ou."-\~-\:s 

li'ie;.ll--6 ren Drop/Huise Circuit. 
I 

'llhe u.l.::.trrn circuits are used to generate the ~ppro-
I 

priate sienals when the position of the marker pen i~ out-

side of th~ mop. One of tho two alarm signals indicates 

that the position of the target is outside and th~ other 

warns us for our shi.p. 'l'hese signals can be used for auto-

lIIutic changinc: of the puper in further developments. Ji'ig.4-7 

shows the alarm cireui t .. 5V 
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Timjnp; Circuit 

'11he positions of the ship are marked at rec.;ular 

intervals. Timine; circuit generates an interrupt signal to 

the CPU when the plotting ,time es reached. 'llhe 

executes the interrupt service routine and l the 

the ship is marked on the paper. 

In PiC;. L\·-8 the 555 timer is connected 

operation. 
5V 

RA 
3~K 8 

~3K 
T 

t~ 
R& 

170K. {n 

" C Z. H 

5 -L I 

processor 

o to! f POS1' l.pn 0 

\ 
! , 

for astable 

5\/ 

LIt 

• 

33,. I 
555 . r~Olr 1 74-12.2-

~ 3 

Fig.4-8 Timing Circuit 

The period of the output signal is 

T:=O.093 (HA +2Rn)· C 

I , 

b ~ 

-b IRQ 



T::: 0.693 (330 '103+2' 270 '103) . 33~'10-6 
T::: 19.9 s. 

I 
\ 

\ 

.. I 

30 

< •. 

The output of the 555 is fed to the 74122 Monostable 

!Vlul ti vibrator to get the lOr s. length interrupt request 

pulses. The waveforms nre shown in Fig.4-9 

20s--~)o 

f 
-IR.Q 

lJ 
• 

Fig.4-9 Waveforms 

The time intervals between the position markings 

may be chanc;ed by using ,different resistors [lnd capaditors 

in the timing circuit. Variable plotting frequencies lare 

useful to mark the positions of the ships having rapid vari~ 

ations in their courses. If a 500 K potentiometer is used 

instead of 270 K resistor the plotting interovf11 ~ay be ad

justed in the range of 7-30 s. The scale number should be 

calculated after the adjustment of the time ~nterval.\ 
I 
I 



CHAPTER 5 .. 
SOF1WARE DEVELOPMENT 

'11ho ,proc:ram or the system includes two parts: -Main 

Program and Interrupt Service Routine. In this chapter the 

two parts of the proc;ram \oJill be described completely. 

Main Program 

The processor will begin to execute the Main ~ogram 

when the system is turned on. The proe;ram initializes the 

PIA's as shown in lfig.5-1. The situations of the PIA's are 

as follows: 

DFOO PIORA X output to the plotter. 

DFOI PIcnA Pen_drop signal (CA2) 

DF02 PIORB "+ output to the plotter. 

DF03 I)lCHI3 O\oJn ship alarm indicator (CB2) 

DF04 P20RA Own course input 
, 

DF05 P2CRA Ta.rget alarm indicator' (CA2) 

DF06 lJ20H13 Own speed input 

DF07 F2CRB Spare alarm (CB2, 

DF08 P30I~A Reset x input 

31 
I , 



DF09 P3CRA , 

DFOA P30RB Reset y input 

DFOB P3CRB 

IWOC Pl/OHA Target Bearing input 

mi'on l'ljC](/\ 

DJI'OE pl/-orm 'Pn r(';et Di.stance input 

Dli'Olj' PJ~Cl\l3 

After initialization, data present on peripheral 

lines programmed as inputs are transferred to the memory. 

32 

These are, own course, own speed, target bearing, tar,et . 

distance and reset or reference position inputs. One~nother 
! 

input to the system is the Scale. It would be desirable to 
! 

have selectable scales. The scale to be used is determined 

• by a combination of the size of the plotting surface, 10" 

by 10", and the fact that an 8-bit D to A converter is 

selected. Using a seQ-Ie of 500 yards per inch and a sample 
I 

time of 20 seconds results in a scale factor 0.56666 ~hich, 
I 

when multiplied by the speed of the ship, gives the n"ll;mber 

of bits to 9utput for ship travel in a 20 second period of 

time. The following equation shows this calculation: 

5 MiLes y. .2000 Y~,..ds )( ___ ,",oU-l".5 X. \_'--_ 

l4oI..A.r Mile. 3600 Second, 500 

X20 Seconds)( 25.5 
bi~S· _ 
inch - 0.56666 X 5 Bit.s 

IncheS 

lard. 
I 
! 
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I 

I 
where S is the speed of tho ship. Bectluse an eight-b~t con-, , 

I 

verter is us(~cl, 1 inch corresponds 255 _25.5 bits on the 
-W-

plotting surface. 

The calcu]uti.ons for the tarBct needs another scale. 
I 

~l'arget Ecale is calculated by a Hlul tiplication subr09tine 

as follows: . ! 

100 x [) ~~rd6 X __ 
gOO 

It''lche.s X 25.5 
Yar-d 

= D ~ 5.i Bits 

In this exuTlIple 1. inch corresponds 500 yards, but 

in different operations the various sc(~les can be used i.e. 
! for a man-overboard operation 1 inch~OO yardS, for ~ gun-

nnry operation I inch¥i94 yards. 

The own course And target bearing are in ~ray code 

and mllst be converted to binary. The resulted binary number 

is between 0-255. In order to find the real course be~ween 
I 

0-359, the binary milllbel~ is multiplied by 360.=1. l I265. 
256 I 

The program clears the target flag (TlIRGET) and starts to 
I 

the culculqtions for o~n ship. The first duty is to find: 

the quadrant of the course. lifter determining the quadrant, 
o the course will be nn angle between 0-90. 

Since the object of these calculations is tak~ng 
\ 

poJar coordinqtes in and outputing c~rtesian coo~dina~es, 

I ( 
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! 
it is necessury to do some tri('~onornetric operations ... Because 

! 
the inputs are converted in whole ~e~rees it is po~sible to 

write a program which makes all necessary operations with 

only a table of sines from 00 to 900
• The use of a look-up 

table increases the speed and provides reduction in instruc

tions. 

After reducing the angle to less than 900 the table 

is accessed to get the sine, then the angle is subtracted 

from 900 and the sine table a(5ain accessed, but this time 

to get the cosine of the oriBinal angle. 

Because a 16 bit binary number is used to represent 

the sine accurately, it is necessary to utilize a 16 bit by 

16 bit multiplication routine. The scale factor, ah a 16 bit 

binary number, is first multiplied by sine. The scaled sine 

is multiplied by the speed in order to get the y comporent 

of the departure of own ship. The same algorithm is repeated 

for x axis. 'llherefore, x and .y pomponents of the movement 
i 

in unit tim~, is ready for further calculations. The flow: 

churts of the algorithms above as shown in Ii'; g. 5-12. 

The pro(~ram returns back to "AGAIN" pO'int and repeats 

same algorithm by loading the target beaTing and distapce to 
. I 

the working registers. During this part of the programl Target 

I , 
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i 
I 

Scale is used ns the scale fnctor in calculati6nsl ~t the 

end of this routine the x and y F6mpone~ts of the distance 

between own ship nnd the target are determlned and stored. 

The ulgori thm of the main program is comple1ted by 
1 

clearing the interrupt mask bit. The processor returns to 
I 

the "I3EGI~1I point and reads all the inputs again. S,ince 

the execution time of the main program is very short, the 

variations at the all inputs are detected immediately. 

The calculated values are corrected with the new data at 

the inputs~ vfuen there is no interrupt request sig,al the 
I . 

system executes the main program repeatedly. The xiand the 

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

get are renev/ed by the latest input vaJ ues. 



Inititllize PIA-' s 

Read Reset X,Reset Y 
positions 

Clear FIRf.iT 

Read Own Course 
Own Speed 
Tarp:et Bearine; 
Tarr;et Distance 
Scale 

Generate Target Scale 
(Multiply Scale by 1.125) 

Gener~te Own Course 
in Binary 

Generate Target Bearing 
in Eim.l.ry 

Clear TARGET flae 
COUR... Own Cours e 
f~J)D ~ Own Speed 
ECA ... Scale 

I , J"ig. 5-1 

36 

• 
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.. 

QUADl 

QUAD4-

CUAD3 

Hig. 5-2 



I , 

Generation of target scale: 

~. 

CARPAN4-9 
CARPLN ... SCArlE 

IX .-5 

TARSCH" CARPM 

Generat10n of own course/target bearing: 

AccA4f- OvINCO/TARBE 

CAHPAN'- TlOCG2 
CARPLN" $B400 
. IX ... $11 

} 
. I 
OWCBH" CARPM \ 

I. , 

• 

-~. 

38 
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Mnms .... o· 
VERT ... 1 

COUH1,B.-90-COURI,B 

MINUS-O 

VERT .... 1 

39 
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li'ig. 5-5 

COURI,R+- gO-Cmmr,B 

j\nFUS~ 1 

VERT .- 1 

comU,B" go-coum~B 

fJIINUS .... CD 

VERT ... 0 

. ..MULT 

40 

.. 

, 

'\ 



PiC;. 5-6 

j\lINUB~l 

VEHT .... 1 

COlHUJB+- 90-Ccnffil JB 

IV1INUS+-1 

VERT ... 0 

MUJ,T 

41 

... 

.. 

( 



l"ig. 5-7 

MINUS~ 0 

VERT ~l 

f-'JINUS.,...l 

VJERT ... 0 



li'ig. 5-8 

AccA~ COUHLE-90o 

AccB .... COUHHB-Oo -0 

OOURJ,B.- AccA 
COUHHB ... AccB 

y 

BINJ\DRH..-$08 
SINADRL+- 2XCOUHI,B 

} 

\, 

• 
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, Pig., 5-9 

I I 

Set Shift Count to 7 
C,hift Left Gray Number 
(r'l[~B into carry) 

r;hift IJeft Binary 1 ,oc. 
(CarrY'into b

o
) 

r:hift l,eft Gray Number 
(fvlLiR into carry) 

CarryCo- Cnrrye b o. 

P.hift 1Jeft Binary l,oc. 
(Carry into b o ) 

'Decrement Shift Count 

.. 



l~ig. 5-10 

I ( 

OJ. ear OJ\Hl'MII 
OARHITJ 
Carry 

Decrement Shift Count 

y 

Shift f?ip;ht CAl\PM 
Clear Carry 

Bhift Right CAHPAN 

y 

" 



Fig. 5-11 

I ( 

Clear the registers 
Set -the r:;hift Counter1 to $12 

Decrement ~h1rt Count1 

y 

~h1ft Right R [~8UI.'1~ 

Clear 
Shift 

y 

SINE 

CA]\PnN+- (SPIJ) 
CAHrlIN .... (RE~ !JIlT) 
. IX ..... $A 

46 
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y 

y PUS ~ (N~~l') 
EGYPOS .... (MINUS) 

X]-)OC' ~ (N1i'T-) _. l..j .I:, 

SGXPOS "- (MINUS) 

Set 'l'ARGET flag 
COUR+-TABE 
SPD'fIooI}'ATIDI 
SCA ... TAESC 

li'ig. 5-12 

Y'l'ATI .... (NE'l' 
SGy/rAR+- (MINUS) 

X/lIAR .... (NETI 
SGXTAR .. (MINUS) 

Shift IJeft XTAR 

4'1 

and YTAR three times 
XTARC --X TAR 
YTARC ... YTA 
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Interrupt Service Routine .. 

vfuen the interrupt request signal is detected, the 

processor jumps·to the service routine. The binary coded 

in.f.ormation about the course and the speed of our 

converted to Binary Coded Decimal (BCD) digits. Th data 

about own ship· are transmitted to the teletype in . . 

lowing form: 

OWN ,COURSE 356 

OWN SPEED 015 

where the unit of the course is degree and the uni of the 

speed is mile per hour (knot). 

The coordinates of the position of our ship are de

• termined'by the addition of the departure component to the 

reference coordinate if the movement is in positive direc-

tion, otherwise the departure is subtracted rrom t·e refer

ence coordinate. The post~ion or the ship is "exami ed~n. 
;.' , 

order to learn whether it is inside or the plotter bound~ 

aries. rf the position is outside of the plotter, CB2" out

put of the PIA 1 is set to inform the alarm circuit and 

the processor returns from interrupt servi~e routine. If 
I • 

the position is plottable, a square figure \ is drOWl" by 

PLOTME subroutine. . :. 

I , 



The reference for the target 

tion of our ship. The coordinates of 

ll-9 

i ' 
posi tion :Uj lhe posi-

the target position 

are calculated with the x and y~components of the distance. 

These components are added t6 the coordinates of our ship 

or subtracted from them. If the distance between the target 

and our ship is zero, the system thinks that 

any target ship in the area and returns from 

routine •. 

therei is not 

the ir~erruPt 

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 \'1hether this is the fIrst pass 

-or not, the "FIRST" flag-is checked. The situation of:this 

flag is complemented during the first pass. During,the se--
I __ 

cond or any other passes, the difference between the pre-

sent and the former position stored before is calculated. 

After some trigonometric operations 
) 

the course and the 
\ 

speed of the target are ready to be printe~ on the teletype 
! 

paper in the following form: 



I 

TAHCET BEA1UNG 073 , I 
TAHGET DISTANCE 01500 

TARGET C01THt::i,r.; 187 

TARGET BPEED 021 

where the unit of the distance is yard. This routinl is 

finished by drawin~ a diamond shape on the position of 

the target. The· interrupt service routine flowcharts rire 
I 

shown in .I~ig. 5-13 to 5-25. 

During the target course and speed calculat10ns, 

Newton-Raphson method is used for computing the 

roots. The general formula of this method is8 : 

and 

n=O,l ••• 

1/2 x=c , hence f(x):; x2 _ c =0 

of' (x)= 2x 

x - x -n+l- n 

2 x - c c 
----n~-==0.5(xn- -) 

2xn xn 

I , 

• 

50 



li'ig.5-l3 

Write 
OitlN COURST~: XXX 
O\oJN SPEED : XXX 
Usin(j NAME Hnd \<lHI 
Subroutines 

Calculate 
The Own Ship Position 
(X'l'OT and YTO~l') 

'l'ake the own ship 
position as reference 
for the target 
XTT~XTOT 
YTrr~YTOT 

Calculate 
The Ta~~et's Position 

y 

51 

.. 

Set PICRE CB2 

• 



-

)}'ig. 5-ll~ 

I , 

Store the last 
position of the 
target in XTTl 
and YTTl 

Set ]'IRST flag 

52 

.. 

r:et P2cra CA2 



I , 

Add the departure 
to the old value 

Set CONT flag 

li'ig.5-15 

I 
I 

I .. I 

53 

Subtract the d.epar
ture fro the old 
value 



J.i'ig.5-16 
I I 

( PltOTME J . 

1 
Bring the pen 
to the XTOT-YTOT 
Position using 
S,]lOTIE and DELAY 
subroutines 

l 
Drop the pen 

L 
Draw a square 
onto the position 

l 
Bring the pen 
to the starting 
point by CI,F.AR 
subroutine 

1 
( TITS 

P.10TIA~(AccA) 
P10HB~(AccB) 

DELAY 

J 

the counter 

counter 
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.Fig.5-l7 

Raise the pen 

Clear 
Accumulators 

55 
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Fig. 5-18 

I I 

Bring the pen to 
the target position 
by ·l1TOm~ and DEI,AY 
subroutines 

Drop the pen 

Draw a diamond 
shape on the 
position 

56 



Fig. 5-19 

1,lind the x departure 
of the target by 
DIli'F subroutine 

1~J.nd the y departure 
of the target by 
DIFF subroutine 

Find. 2he 2Quare-root . 
of ex + y ) by Newton 
Raphson Method 

Divide the departure 
to the scale to find 
the speed of the 
tar~et 

Divide y departure 
to the departure 
to find the sine of 
the angle· 

57 
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Take $ FFJ~F as 
Target course 
to print '?"'?' 

Illig. 5-20 

Compare the sine wlth 
the terms of the Slne 
table to find the 
value of the angle~ 

Calculate the target cour~e 

..J 

VJrlte 
TARGET BF..ATHNG 
'l'ARGET DIS'llANCE 
~I.'ARGET CmmSE 

TARGET SPEED 
uSlng NAME, ~'ffiI 

:XXX 
:XXXXX 
: XXX 
: XXX 

and ~U'l' subroutines 

1 
( RTS 

OUT 

Store CACCA) ln the 
Transmlt Data Register 

1 
• 

58 



NAME 

Get the character 
from the string 

y 

Add $90 ( 156') 
to the number 

Fig. 5-21 

Add $lD'-l-( l~68) 
to the number 

\ 

, 
" 

59 

Add $138(312) 
to the number 



y 

Transmit three 
digits to the 
teletype 

Clear AccB 

Subtract $A from the 
binary number 

Ad.<l 6 to AccD 

Add AccB to the 
original binary 
number 

60 



Pig. 5-23 

Clear SIGN Location 

f,ubtract the number 
in D2,Dl from nL~,D3 

y 

IJ'ake 2' s complement 
of the result 

Complement the SIGN 

/ 

Store the result in 
Dl,D2 

Increment the result 

61 



·Fig.5~24(a) 

Set shift count to 
8, Clear Quo~ Reg. 

Increment shift count 

Left shift Divisor 

N 

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

Btore$;FF 
in Quot 

62 



Shift Quot left 
with l,SE = 1 
Dividend(MSD) = 
Dividend(MSB) 
- Divisor 

]i'ig. 5-2ll- (b) 

y 

Decrement shift co"unt 

v 

Shift Dividend left 
with J,SB=O 
1'-18B to Carry 

v N 

Bhift Quot left 
with l,S13 = 0 \ 

63 



]i'ig.5-25 

I , 

Subtract 9 from 
the saved shift 
count 

N 

Store Result in 
Remainder 
nis lacement 

Store AccA 
CARPL and CARPAN 

IX+-$ A 

64 

.. 

SUbttact 4 
from the 
resu t; 

--"'~. 



CHAPTER 6 
DISCUSSION 

... 

A sixteen-bit microprocessor will be very rseful 

for this system. There are many subroutines \'lith ll,bit 

operations in"the program. A 16-bit microprocessor will 

decrease the execution time and provide reduction in in-

structions. 

The use of an eight-bit digital" to analog onvert-

er results some difficulties. The range of the ter, 

is 255 bits with this converter. A ship having a depar

ture of 10 bits in a sampling period, reaches ~o the edge 

of the paper at the 25th mark. This number may be increased 

using a sixteen bit D/A conventer. 
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CHAPTER 7 
CONCLUSION 

.. 

The application of microprocessor control':'rn 

the Dead Reckoning Table was realized at the end oj. 

this study. 

The errors produced by the operators were pre

vented and the correct results for the operation problems 

were obtained with the aid of micropro~essor. 

In future development, this plotting system can 

be connect!8d t,o a central computer on the shipo Therefo~e, 

the other weapon control systems can be operated with the 

data from the DTIT. 

The most importaift advantage of this syste is" 

th~ potential for future developments. 

I 
I 

\ 
i 
\ 

j 
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APPENDIX A PROGRAM LISTING .. 

MAIN PROGHAM 

. ~. OOFD T,DS =/I ODOO 8E Ob 00 INITIALIZ" STACK 
0100 IJDX o#DFOO CE DP 00 POINTER,! ITIALIZ,E 
0103 I,DAA #. Fli' 86 FF PIA'S I 
0105 J,DAB #$34 C6 34 

1 0107 CI,R 1,X . 6F 01 
P10RA OUTPUT PORT 0109 STAA O,X A7 00 

010B .CLR 3,X 6F 03 
010D STAA 2,X A7 02 P10RB OUTPUUF~ PORill 
010F STAB 1,X E7 01 P1CRA2 CA2 RESET 
0111 STAB 3,X E7 03 PICRB2 CB~ R~ET 
0113 CTJR 5,X 6Il' 05 
0115 CI,R 4,X 611' 04 P20RA INP T PORT 
0117 CIJR 7,X 6F 07 . . 

0119 CLR 6,X 6F 06 P20RB INPPT PORT 
011B STAB 5,X E7 05 P2CRA CA2, BESET 
01lD STAB 7,X E7 07 P2CBB CB2 BESET 
011F CLR 9,X 6F 09 

P30RA
Q
INPUT PORT 0121 CLR 8,X 6F 08 

0123 Cl~R B,X 6F OB 
0125 CIIRA,X 6F OA P30RB INPUT PORT 
0127 STAB 9,X E7 09 P3CRA CA2 RESET 
0129 f'~TAB B,X E7013 P3CR13 CB2RESET 
012B CIJR D,X 6F OD 
012D CI,B C;,X 6F OC 
012F CIJR F,X .- 6F OF 
0131 CIJR E,X 6F OE p40RB INP T PORT 
0133 STAB D,X E70D P4CRA CA2 RESET 
0135 ( STAB-F,X E7 OF p4CRB CB2 RESET ... 

'. ~-

0137 IJDAA P30RA ' B6 DF 08 HEAD RESET X REF 
013A STAA XTOTH 97 D7 
013C I,DAA P30RB 136 DF OA RF..AD . RESET Y. REF 
013F S']'AA YTOTH 97 Dll' i 

0141 Cl~R XTOTL 7F 00 D8 
0144 CI,R YTOTL 7F 00' EO 
0147 Cl,B FIRST 7F 00 CO 

'- , 

~ 

r",\ 
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Ol'~A BEGIN l,DAA P20RA B6 ])[j' 04 HEAD O~Jlf COUBSE 
Oll~D STAA OWNCO 97 BO 
014F TJDAA P20RB B6 DF 06 READ Q\.JN SPEED 
0152 STAA OVJNSP 97 Bl 
0154 TJDAA P40RA B6 DF OC READ TARGET BEARiNG 
0157 STAA TARBE 97 B2 
0159 TJDAA P'4-0RB B6 DF'OE READ TARGET DISTANCE 
015C STAA TARDI 97 El~ 
015E IJDX INSCAH FE 00 C2 RF..AD SC1E . 0161 STX SCAHIG DF .. C4 
0163 . TJDAA:#9 8609 MULTIPLY SCAJ~ BY 
0165 STAA CARPAN 97 B8 1.125 AN GENERATE 
0167 I,DX SCAHIG DE CL~ TARGET SALE 
0169 STX CARPLH DF B9 I . 
016B LDX::/P5 CE 00 05 
016E JSR CARP BD 02 7E 
0171 IJDX CARPMH DE B6 
0173 ~TX TARscn DF DA 

0175 IJDAA Q\'lNCO 96 BO CONVERT GRAY CODED 
0177 JSR GRBIN BP 02 65 OWN COUR E INTO 
017A LDAA LOCG2 96 Bl{. BINARY 
017C STAA CARPAN 97 B8 
017E J,DX :#:B4 00 CE B4 00 
0181 STX CARPLH DF B9 
0183 LDX~11 CE 00 11 
0186 JSR CARP BD 02 7E 
0189 LDX CARPMH DE B6 
018B STX COURHB DF 'C8 
018D STX OWCBH DF BB 

018F JJDAA O\vNSP 96 B1 
0191 STAA SPD 97 C1 
0193 t!DAA TARBE 96 B2 CONYERT ~Y CODED 
0195 JSR GRBIN BD 02 65 ~~~~ B' . n;G .. ' INTO 0198 LDAA LOCG2 96 B4 
019A STAA CARPAN 97 B8 
019c LDX #B400 CE B4 00 
019F STX CARRl! DF B9 ' ' , 
01A1 LDX--#11. CE 00 11 
01A4 JSRCARP , BD 02 7E 
01A7 IJDX CARPMH DE B6 
01A9 STX TABEH DF E5 

i 
01AB CTJR TARGET 7F 00 E2 

\ ~ 01AE . AGAIN JSR SUB90 BD 02 45 
01B1 IJDAB COURHB D6 C8 B:f{ANCH TO FIRST 
01B3 EMI QUAD1 2B 2E· QU~n.~A~T . ~CULATION 

" >" I /\ 
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I 
01135 JOSH ~)U13/90 ED 02 l~5 IF THE CO~SE ~ 900 0 

01B8 LDAB COURHB D6 C8 BRANCH ~~ FOURTH 
01BA 13MI QUAW 213 lI-6 QUADRANT CALCULATIgN 
OlBC ,JSR SUB90 13ll 02 lI-5 IF THE COURS!!: ~ 180 
OlBF IJDAB COlIDHB 1J6 C8 BRANCH TO THIRD 
OlCl TIMI QUAD3 2B 6, QUADRANT CA1JCULATIgN 

II" 'l'HE COURSE ~ 270 
OlC, JSH SINE TID 02 55 THE COURoE /' 2700 

01C6 CT,n MINUS 'IF 00 CE SECOND QUADRANT 
01C9 T,DAA~:i 86 01 CALCUI-ATr· 01CE ~'iTAA VEHT 9'/ Cll' 
OlCD JSH MtJ1JT ED 02 A3 
OIDO JdJAA #5A 86 7A 
01V2 nUBA COURI,B 90 09 
01D4 STAA COlmTJB 97 c9 01 

01]6 J8H olI\TE 1m 02 55 ! 

01]9 T,DAA #1 86 01 
01DB f~TAA MINUS 97 CE 
01DD rr.LR Vh'R'l' 7F 00 CF 
OlEO JMP MUI.T 7E 02 A3 

01E3 QUADI 00 JSH SINE BD 02 55 FJ.ND SINr 01E6 CLR MINUs '/l" 00 vE 
0J..l!,'9 lJ1)AA #1 86 01 
OlEH l::)'l'AA V~R'll 97 CF 
01ElJ ~Tt>H MULT 13lJ 02 A3 
Olli'O IIDAA #5A 86 5A 
0111'2 bUBA coum:J13 90 C9 
OIFlI- S'l'AA COUR1,B Y7 c9 • 
01F6 Jt>R SINE ED 02 75 li'.lND COSINE 
01F9 CLR MII\1JS '/.F 00 CK 
01FC Ci,l:{ VERT 7F 00 GIl' 
01Fll' JMP MULT 7E 02 A3 

FIND sJ 
. 

Oc02 QUADlt- ~DAA:#. 5A 86 5A 
0204· SUBA COlffiI,E 90 c9 ;::' 

0206 STAll. COUBLB 97 C9 
0208 JSR SINE 13D 02 55 
020B ! 1,DAA4I: 1 86 01 
020D STAk MINUS 97 CE 
020F STAll. VERT 97 CF 
0211 JSR l'-'IUTJT ED 02 11.3 
0214 IJDAA# 5A 86 511. ) 
0216 SUBA COUBLE 90 c9 f 

0218 STAll. COURL13 97 c9 \ 
02111. JSR SINE 13D 02 55 FIND COSI • 
021D CLR MINUS . 7F 00 CE \ 

J 
0220 CLB VERT 7F 00 .eF (! 

I , 
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0223 JMP MUI,T 7E 02~A3 ~ 

0226 QUAD3 JSR SINE ED 02 55 Ji'IND SINE 
0229 I,DAA:4 1 86 01 
022B STAA MINUS 97 CE 
022D STAA VERT 97 CF 
022F .TSR MUI,T ED 02 A3 
0232 LDAA:fJ 5A 86 5A 
0234 SUEA COURI,B 90 c9 

I 0236 STAA COUH1JB 97 C9 
0238 JSR SINE BD 02 55 FIND COSINE 
023B IJDAA #"1 86 01 I J 023D STAA MINUS 97 CE 
023F CIJR VERT 7F 00 CF 
0242 JMP MUIJT 7E 02 A3 

02L~5 SUB90 IJDAA COURLB 96 C9 SUBTRACT 90oFROM 
0247 IJDAB COURHB D6 C8 THE COlmSE 
0249 STIBA:H5A 80 5A 
024B , SBCB #00 . C2 00 
02Lt·D BPL POS 2A 01 . IF THE corSE($OO 
024F NEG A 40 NEGATE IT . 
0250 POS STAA COURLB 97 c9 
0252 STAB COURHB D7 C8 

.0254 RTS 39 

0255 SINE LDAA'II:08 86 08 USING THE SINE TABLE 
0257 STAA SINADH 97 CA GET TILE SiNE OF 
0259 LDAA COURLB 96 C9 THE ANGLE 
0258 ASLA 48 
025C STAA SINADL 97 CB 
025E LDX SINADH DE CA 
0260 LDX O,X EE 00 

CONVERT T~ GRAY 

0262 STX S:{:NHIG DF CC 
0264 RTS 39 

0265 GRBIN LDX-:lJ:7 CE 00 07 
0268 ASIJA 48 CODED NUMBER. INTO 
0269 ! ROL LOCG2 79 00 B4 BINARY. STORE' THE. 
026C G1 ASLA 11-8 ImSUIJT IN IJOCG2 .. . -

026D ROL LOCG1 79 00 B5 
0270 I,DAB LOCG1 F6 00 B5 

) 0273 EORB LQCG2 F8 00 B4 
0276 ASRB 57 

. I 

0277 ROIJ LOCG2 79 00 B4 \ 
027A DEX 09 J 027B ENE Gl 26 ·EF 

I 

027D RTf} 39 

" . 
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02DC STX NETH Dll' D2 STORE THE RESUIH' 
IN NET 

.. 
02DE I,DJ\A MINUS 96 CE GET SIGN AND RESULT 
02EO J,DX NErrn DE D2 
02E2 I,DAB VERT D6 -011' 
02E4 BEQ BC 27 OF 
02E6 LDAB TARGET D6 E2 
02E8 BNE BA 26 06 
02EA STX YPOfjH DF DC STORE THE FOR O\!JN 
02EC STAA SGYPOS 97 DE SHIP Y AX S 
02EE BRA BB 20 04 
02FO BA STX YTARH DF A8 STORE THE FOR TARGET 
02F2 STAA SGYTAR 97 EE Y AXIS 
0211'4 BB, . RTS 39 RETURN FO \I CALCUT.JATION 
02F5 BC IJDAB TARGET D6 E2 ON X AXIS 
02F7 BNE CA 26 06 
02F9 STX XPOSH DF D4 STORE RESULTS FOR o\VN 
02FB STAA SGXPOS 97 D6 SHIP X AXIS 
02FD BRA CC 20 06 
02FF CA S'l'X XTARH DF A6 STORE RESULTS FOR 
0301 STAA SGXTAR 97,E9 TARGET X XIS 
0303 BRA CD 20 13 
0305 CC I,DAA TARDI 96 E4 GET THE T GET 
0307 S'1'AA SPD 97 C1 INPORMATIQ 
0309 J,DX TARSCH DE DA 

,030B STX SCAHIG DF C4 
030D T.JDX TABEH DE E5 
030F S'l'X COURHB DF'C8 
0311 LDAA ,t(FF 86 FF \) 

0313 STAA TARGET 97 E2 SET TARGET FLAG 
0315 JMP AGAIN 7E 01 AE JUMP TO AGAIN FOR 
0318 CD IJDAA #3 86 03 TARGET CALCULATION 
031A LOOP ASL XTARL 78 00 A7 SnD'T I'El TARGET 031D nOIJ XTARH 7tj 00 A6 COMPONENT THREE 
0320 AST.J Y~ARL 78 00 A9 TIMES 
0323 HOL YTARH- 79 00 A8 . . 

0326 DEC A 4A 
0327 BNE LOOP 26 F1 
0329 LDX XTARH DE A6 : I 

032B '- STX XTARHC . DF E7 
032D LDX YTARH ,DE A8 
032F STX YTARHC DF EC 
0331 CLI OE CLEAR INT MASK 
0332 JMP BEGIN 7E 01 4A JTlMP TO THI:: BEGINNING 

\ 
i 
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INTERRUPT S@VICE ROUTINE .. 

". 

0400 LDX:/I. 08B6 CE 08 £6 
04-03 JSR NAME BD 06 75 PRINT "OvIN " 
0406 LDX4I08C7 CE 08 C7 
0409 JBR NAME BD 06 75 PRINT "COURSE" 
OLl-OC 1,VX OWCBH DE BB 
040E STX lIB DF BD 
0410 JSR WEI BD 06 80 PRINT OvJN COURSE 
0413 I,DX #08Bo CE 08 B6 

.j 0416 JSR NAME BD 06 75 PRINT "0\ 
0419 I,DX~08CF CE 08 CF 
041C J~R NAME BD 06 75 PRINT "SPEED" 
041F TIDAA OWNSP 96 Bl 
0421 STAA LB 97 BE 
0423 CI,R HB 7F 00 BD 
0426 JSR WRI BD 06 80 PRINT OvJN SJ;EED 

• 
Olt29 TJDAA :Il34 86 34 RESET TllE

f 
FL~G 

042B STAA CONT 97 BF 
042D TJDX NrOOD4 CE 00 D4 
0430 JSR FPOS BD 04 7E FIND OWNS IP X 
Olt33 LDX I&!-OODC CE 00 DC DEPARTURE 
0436 JSH FPOS BD 04 7E FIND OWNSHIP Y 
OLt39 I,DAA CONT 96 BF DEPARTURE 
043B STAA PICRB B7 DF 03 0 

043E BITA r#08 85 08 IF '.rH.r.; POSITION 
04,40 BNE CHANGE 20 3B OUTSIDE GOTO CHANGE 
0442 JSR PIJOTME BD 04 A'/ PLOT OWN SHIP 
0445 LUX XTOTH DE D7 GET THE OWN SHIP 
04-47 STX XT'I'H DF ~A POSITION ~ REFERENCE 
0449 LDX Y!1'OTH DE DF FOR TARGE . 
04-4-B STX YTTH._ DF EF " . 
Oll4D I,DX =ltOOE7 CE 00 E7 • . 't;,' . 

0450 JSR l!'POS ED 04 7E FIND THE ARGET 
0453 LDX'II OOEC CE 00 EC ' DIl::)TANCE ON ,.1\ aXIS 
01l,~6 

! JSH -l!'puS lW 04 7E FIND THE 'l'ARGET 
0459 TST TAHDI 7D 00 .r.;LI- DIl::)TANCE ON y' AXIS" 
OLl-5C 13E~· CHANGE 27 IF IF THE TARGET DISTANCE 
045E I,DAA caNT 96 BF 1~ Z~O GOTO CllANG~ 
0460 STAA P;2CRA B7 TIF O~ 
0463 BITA #- 08 e? O~ IF THE 'l'ARtiE'I' POSITIuN i 
0405 .l:5NE CHANG.r.; 26 16 IS NOT PL TTAl:ILE GOTO 

C~IANGE . 
OLl-67 T,DAA FIRS'I' 96 CO IF THIS I~ NOT TH.r.; 
04b9 BEQ 1 1- 27 03 FiRS~ PAl::)' DO NOT 
04-oB J~H CAL BD 05 28 CAI,CUIIA'l'E 'l'ARGl!."T 

I , 
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Oll-bE 11 .r: m T'T,O'P Ali 13n Oll- F'7 l'l,O~' 'l'HE~ ~J\RGE'l' 
0/171 J,nX X/liTH DE EA 
OWl; f:~TX XTTH.l J) Lt' 9L!- F"J.'ORJi; THE r.r~ARGET 
Ol~75 T,]lX yrr~'II DEJ;P T'Of)J'l'ION HOR SECOND 
Ol~77 f"['X Y TTl 11 mil 96 Pi\f:S CAI,CUJ,ATIONS 
Oll-79 1, ])AA '* L,'li' 86 J"l" BET .I,'IlmT PJJAG 
04713 S~'AA FIRST 97 CO 
Oll-7D CHANGE n~l'I 3B fmHVICE ROUlJ.'INE IS 

Ij'INISlIED . 
Oll7E li'POD TIDAA ll· ,x A6 Ol~ ji'IND 1'HE tST POSITION 
olmo TITIAB 3, X E6 03 
Oll-82 'rST 2,X 6D 02 

,0118lj· l;NE li'1 26 08 IF THE MO~I6N IS 
Ol~86 . AnDA 1, X A13 01 POSITIVE ~DD THE 
Olj-88 Ancn o,X J~9 00 DEPARTURE TO. THE 
OL~8A BCS 1i'3 25 15 T,AST POSITION 
048C BRA F2 20 06 
048E F1 SUBA 1,X AO 01 IF' THE MOTION IS 
Ol~90 BECB O,X E2 00 NEGATIVE SUBTRACT 
Olj·92 nc.8 F3 25 OD ~PHE DEPARTURE FROM 
0494 F2 f:.TAA 4,X A70lj· IJAST LOCAlJ.YON. 
0496 8'1'AB 3,x E7 03 
OLI-98 AnDE :11:05 CB 05 'rEST IF Tlli: POSITION 
OL~9A BCS F3 25·.,05 IS PLOTTAi E. . 
049C SUBB #OA CO OA 

. Oll-9E BCS F3 25 01 
04AO RTS 39 
04A1 F3 I,DAA 3C 86 3C IF NOT9 SET THE FLAG 
Olj·A3 STAA CONT B7 00 BF 
04A6 RTS 39 

Ol~A7 PLOTME I,DAA XTOTH 96 D7 
Olj·A9 LDAB YTOTH D6 DF 

BRING THE ~EN TO Tlill 04A13 JSR STORE BD 04 DO 
Olj·AE JSR D:gLAY BD 04 DA O\;iN SHIP lSITION 
04131 1,DAA #3C :~ 86 3C 
0'-I-B3 f'/l'AA P1 CRA 137 DF 01 DROP THE . 'N 
Olj·B6 JSR DEIJAY 13D Oll- DA 
olm9 IIDAA -XTOTH 96 D7 
Oll-BB AnDA 4J 5 8B 05 DRAltl A SQUARE 
04BD JSR STORE ED 04 DO ONTO THE POSITION 
04CO ADDB #5 C13 05 
04C2 JSR STORE 13D 04 DO 
04C5 1,DAA XTOTH 96 D7 
04C7 JSR STORE 13D 04 DO 

H~~NG TUE ~EN TO THE 
04CA 1IDA13 YTOTH D6 DF 
04CC Jf:.H CLEAR 13D 04 E3, 
04CF R'J~S 39 STAR'l'~NG lINT 
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Olj·DO STORE fi~rAA P10RA B7 DF 00 OUTPUT 'PH J CONTENTf, 
04D3 STAB P10RB It'7 DF 02 OF ACCTJM ATORS 
04D6 JSR DEI,AY BD Ol~ DA \~AlT li'OR THE RESPONSE 
04D9 TITS 39 OF THE PEN 

04D;A DELAY I,DX#8000 CE 80 00 DELAY SUBROUTINE 
04DD IJl rSHA 36 
04DE PULA 32 
Ol~DF DEX 09 
04EO BNE 1;1 26 FB 
0'+E2 RTS 39 

Olj·E3 cr,EAR JSR STORE BD 04 DO 
:. 

CIJEAR THE OUTPUT 
04E6 I,DAA# 34 86 34 REGISTERS, 
04E8 8TAA P1CRA B7 DF 01 
OlmB JGR DELAY BD 04 DA 
04EE Cl,RA 4F 
Oll·EF cnm 5F 
O'.J.FO JSR STORE BD 04 DO 
04F3 Jf1R DEIJAY 13D 04 DA 
04F6 RTS 39' . 
04F7 PI,oTAR T,DAA XTTH 96 EA 
04F9 I,DAB YTTH D6 EF 
OltJPB JSR STORE' BD 04 DO BRING THE PEN TO 

. 04FE JSB DELAY BD Ol~ DA THE TARGE POSITION 
0501 I,DAA #3C 86 3C 
0503 STAA PICRA B7 DF 01 DROP 'lUTE PEN 
0506 J SE Dl.!."'LAY BD Ol~ DA 
0509 I,DAA XTTH 96 EA 
050B ADDA"# 3 8B 03 DRAVI A DIAMOND SHAPE 
050D ,- ADDB 113 CB 03 ONTO THE TARGET 
050F JSR STORE 13D Ol~ DO POSITION 
0512 I,DAA XTTH 96 EA 
0514 AJ)DB #·3 C13 03 " . 
0516 • TSR STORE· BD 04 DO i:,:, , 

0519 SUBA ~3 80 03 
05113 SUBB#3 CO 03 

~ ~ .. 
051D JSR STORE BD 04 DO • ", I I._ 

. - -

0520 I,DAA XTTH ,96 EA --0522 I,DA13 Y'l'TH D6 EF 
0524 JSR CJ;EAR BD 04 E3 BR;rNG THE PEN : 
0527 BTS 39 TO, 'l'HE STARTING POINT 

I 

0528 CAT; LOX XT'l'H DE EA W:DND TIlE 1 DEPARTURE. 
052A S'l'X T,OCD3 DIi' 9D Oli') TIlE ~ARGET , 
052C I,DX X'l'THI DE 94 i. I • 1 . 

052E srl'X l,oCD1 DF 9B , 
; '\ 

" \ 
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0530 J})R DIlj'li' BD 06 E9 
0533 I,DAA I.JOONEG 96 9F 

, 

0535 ETAA XSIGN 97 9A 
0537 TDAA I,OODI 96 9B 
0539 f)']IAA XTADEP 97 11.3 
053B JSR SQUARE BD 07 50 SQUARE X DEP 
053E LDX OARPMH DE B6 
0540 BTX SQUH D]' 98 
05l~2 J,nx Y'fTH -DE EF 
05 ll-4 f~~I.'X LOCD3 DF 9D 
0511·6 I,DX YTTHI DE 96 
0548 STX:.LOODI DF 9B 
05l~A JSR DIFJ! BD 06 E9 "FIND Y EPARTURE 
05l~D J,l1AA I"OCNEG 96 9F 
054F ETAA YSIGN 97 11.5 
0551 J~DAA LOODI 96 9B 
0553 BTAA YTADEP 97 11.4 
0555 JSRSQUARE BD 07 5C SQUARE IT 
0558 J.JDAA OARPML 96 B7 
05511. J,DAB CARPMH D6 B6 

ADD x2 T.o y2 055C A{)DA SQUL 9B 99 
055E ADOB SQUH D998 
0560 _ STAll. SQUL 97 99 
0562 STAB SQUH D7 98 

0564 LDAA:# 1 86 01 FIND2T SQUARE ROOT 
0566' CMPB:tt 64 Cl 40 op(x +Y ) BY 
0568 BCC KARl 24 011. NEWTON-RAPHSON METHOD 
056A CMPB #16 ClIO IN O~DER TO FIND 
056C BCC KAR2 24 08 THE DEPARTURE 
056E CMPB 411 ClcOl 
0570 BCC KAR3 24 06 
0572 BRA KAR4 20 06 
0574 KARl ADDA#lW 8B 40 
0576 KAR2 ADDA'f# 30 8B 30 
0578 KAR3 ADDA ;rOF-. 8B OF 
057A KAR4 LOAB#OA C6 011. 
057C KAR5 STAll. TEMPL 97 C7 
057E STAll. DVSR 97 All. " '" 
0580 ! IJDX 'SQIDr DE 98 
0582 BEQ KAR6 27 16 
.0584 STX DVDNH DF AB 
0586 PSHB 37 ) 
0587 JSR DIV ED 07 09 I 
05811. T,DAB QUOTH- D6 AD \ 058C T,DAA QUOTL 96 AE I 

058E ADDA TEMPI.J 9B c7 I 

) 

059q ADCB#OO 09 00 " . I. , 

l 
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0592 I,flR B 54 , 
0593 ROR A 46 
0594 PUTJ B 33 
0595 DEC B 5A 
0'?96 ENE KAR5 26"El~ 

0598 BHA KAR7 20 01 
059A KAR6 OLRA lm 
059B KAR7 STAA DEI' 97 B3 
0'?9D 8TAA DVJ)NH 97 AB 
O,?IjF CIJR DVDNL 7F 00 AC 
05A2 I,DAA INSCAH 96 C2 
05A4- STAA DVSR - 97 AA 
05A6 <TSR DIV BD 07',09 DIVIDE TF • DEPARTURE 
05A9 I,DAA QUOTL 96 AE '1'0 THE SCA : E '1'0 
05AB p,~rJ\.1\. TARSI'D 97 1\.2 l?lND THJ~ SP~D OF 
O,?AD I,DAADEP 96 B3 TIm 'l'AR GET 
O,?AF BEQ NOCO 27 43 Il~ 'JIBE DEPARTURE IS 
05Bl f:/r(~A Dv~:m 97 AA ZERO THE TARG1~T HAS 
05B? Jd)J\.1\. YTAPEP 96 A4 NO SPEED AND COURBE 
0,?B5 f,TAA DVDNH' 97 A1:) 

, 

05B7 Cl,n DVDNI, '/F 00 AO 
. Ili' NOT DIVkDE .Y 051:)A aSH DIV TID 07 09 

05BD 1,1)AA QUOTH 96 AD lJ.I~;PAH'l'1mE ~u THE 
05BF l:H:Q ROI 2'1 Ol(. DEPARTURE ·0 FIND 
05Cl I,Df\A:It 5A 86 ,:)A ~IHE SINE of THE 

.05C3 BRA NIN 20 ·10 ANGI,E (COuRSE) 
05C5 ROl I,D"\A Quo'rL 96 AE 
05C7 I,DX ,*O'll!'E CE 07 FE Q 
O,?CA IW2 INX Olj 
05CB HJX 08 
O,?CC CJVIPA O,X Al 00 COMPAIm TEl!; DINE 
05CE BrIl R02 22 FA \VITII THE TERMS ON 'I'HE 
05DO F'l'X 'l'EMPJl Dli' C6 LuuK UP TA ·LE 
05>D2 1/D1IA TEMPL 96 C7 
05D'l- IJSRA 44 
05D5 NIN B'l'AA 'l'EMPL- 97 C7 
0,?D7 T,DAB ~5A CG 5A 
05D9 1,1)AA XSIGN 96 9A CALcnL/NI'E HE TARGET 
05DB EORA YSIGN 98 A5 cmmSE 

,. 

05DD BEQ HO? 27 04 
05DF A DDB 'l'EMPL DB 07 
05El BHA R04 20 02 
05E3 R03 }-3UDB 'l'EMP1.J DO 07 
O'jE5 ROLl- J,DAI\. XSLGN 96 9A 
05E7 BEQ HO,? 27 05 
O,?E'9' CI,HA 4]' 
O'jEA AnDB vJ:H4 CB B4 
O,?EC ADCA #-00 89 00 

I . 

~~. 

I , 
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O~EE R05 STAA TARCOH 9'1 AO - , 
05FO S':J.lAH TAHCOL D'I Al 
05F2 BRA YAZ 20 05 

TAKE $ Fli'FF AS TARG.!!:!' 05F4 NUCO LDX =# l(l"I"F CE Fli' FF 
0~F7 S'l'X TARCOH DF'-AO COUW::i].!; 1"uR P.HIN'l'ING 

"'r·t? " 
0~1"9 YAZ J/DX #oe.l:HJ CE OB BD 
05FC Jl:jH NAME HD 06 75 PRINT "TARGE'~'" 
O?FF I/DX #08P6 CE 08 D6 
Ob02 JoR NAME 1m 06 7';) PRINT liB. ' lUNG" 
060~ T,])X TABEH DE E5 PRINT .'TA GET 
Ob07 S'l'X HB lJF HU BEARING 
0609 J~m WRI 13lJ 06 80 
ObOC I,DX # 08BD CE oe BD 
ObOF JSH NAME BD 06 75 PlUNT "TAHGl!.'T" 
U012 LDX #08D.Il CE 08 UP 
0615 JSH NA1V[l!: BD 06 75 PlUNT. II DISTANCE" 
Ob18 LJJAA TARDI 96 E4-
DolA f,TAA IJB Y'I BE 
061C CIIR IIB 7F 00 ED 
OblF J3H WEI BD.Ob eo PRIN'l' 'lIAR ET Dlc-
0022 !JlJAA # 30 8b 30 'l'ANCE 
0624- .]SR OUT BD 06 6A 
0627 JSR OUT BD 06 6A 

062A LDX H08ED CE 08 BD 
062D JSR NAME BD 06 75 PRINT II TARGET " 
0630 I,DX :It 08C7 CE 08 C7 

PRINT ~"COURSE" 0633 JSR NAME BD 06 75 
0636 I/DX TARCOH DE AO 
0638 S~'X HE UF BD 
063A BPII YAI 2A 07 
063c - I,DAA HB 96 ED 
063E JSR THEX BD 06 BC 
0641 BRA YA2 20 03 
061~3 YAI JSR \11<I '- BD 06 80 PRINT TAR ETCOURSE 
0646 YA2 -I/DX:lf08BD CE 08 BD 
0649 JSR NAME BD 06 75 PRINT "TA GET" 
064C , IJDX ~08CF CE 08 CF ~ . {~ 

064F JSR NAME BD 06 75 PRINT "SPEED"-
-'-~'-. -

0652 I/DAA TARSPD '96 A2 
0654 STAA LB 97 BE 
0656 CI/R HB 7F 00 BD J 
0659 JPR \oJRJ! BD 06 80 PRINT'TARGET SPEED 
065C I.JDAA #OD 86 OD TJfANSMIT RAND 
065E JSR OUT BD 06 6A TltJ,O LF 
0661 I,DAA #OA 86 OA ) 
0663 JSR OUT BD 06 6A' I_ , 
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0666 JSR OUT BD 06 6A ~ 

0669 RTS 39 

066A OUT I,DAB ACIACR F6.DF 10 
066D ASRB 57 
066E ASRB 57 
066F BCC OUT 2'+ li'9 IF TXDATA REG IS 
0671 S'rflA ACIADR B7 Dl!' 11 ]~MPTY, OUTPUT THE 
067l~ RTS 39 CHARACTER ! 
0675 NAr-'JE I,DAA O,X A6 00 GET TIlE Cl ARACTER 
0677 ImQ NA1 27 06 WHOM THE ~ TRING 
0679 .TSR OUT BD06 6A IF IT IS OT ZERO 
067C INX 08 ']IRANSMIT 1'1' 
067D TIHA NAME 20 F6 GET NEW CHARACTER 
067F NA1 R'IIS 39 ITt' IT IS ZERO RETURN 

l"ROM SUBROUTINE 
0680 WRI I,DAA IJB 96 BE CONVERT THE BINARY, 
0682 ] ,DAB lIB D6 BD NUMBER BETWEEN 0-359 
0684· SUBA~ 64 80 6L1- rl10 BCD 
0686 SnCB-#' 00 C2'00 
0688 BPI, ItIR1 2A07 
068A ADDA *'64, 8B 64 
068C JSR BCD ED 06 DA 

.068F BRA \llRll· 20 29 
0691 \'JR1 SlJBA#64 80 64 
0693 SBCB'II'OO C2 00 
0695 Bl)I, \'lR2 2A OB 
0697 ADDA =h64 8B 64 
0699 JSR BCD 1m 06 DA 
069C ADD13#9C CB 9C 
069E ADCA :JF00 89 00 
06AO EHA \VRl~ 20 18 
06A2 hlR2 SUTIA tt6l l· 80 64 
06A4 SBCB#OO .• C2 00 '~ 

06A6 BPI, \ffi3 2A OB ';,' , 

06A8 ADDA #6L1- 8B 64 
06AA .ISR BCD BD 06 DA . , 
06AD '. ADDB~38 ,CE 38 
06AF ADCA #01 ,89 01 
06B1 DBA \'JR4 20 07 
06B3 VJR3 JER BCD ED 06 DA 
06B6 1\ nnE-#-'P4 CB D'+ 
06B8 !I DCA it01 89 01 
06BA WRL~ STAB LB D7 BE , 

06BC THEX ANDAiJ OF 84, 01" 'll~ANSMIT HREEDIGITS 
06BE ADDA #30 8B 30' ,. J • ! 

06CO J'SR OUT BD 06DA 
06C3' I,DAA,:,LB 96 BE 
.o6C5 ANDA #FO 84 l~O 

, 
-~ 

I , 
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0607 I,SRA 44 
0608 LSRA 44 

.. 
0609 l,SRA 44 
060A U:)RA l~ 

060B ADDA:li:30 8B'30" 
060D asn OUT 1m 06 6A 
06DO J,DAA I.JB 96 BE 
06D2 ANDA -nOli' 84 Oli' 
06D4 ADDA# 30 BB 30 

CONVERT Tt. BINARY 

06D6 JEm OUT BD 06 6A 
06D9 R'llS 39 

06DA BOD Ol,B B 5J? 
06DB DEV SUBA# OA 80 OA NUMBER BE~vffiEN 0-100 
06DD 1)]\1I SON 2B OLI- INTO BOD 
06DF ADDB#06 OB 06 
06El lmA DEV 20 F8 
06E3 SON CU~ A 4F 
06E4 ADDB l,B DB BE 
06E6 A DCA \ I-IB 99 BD 
06E8 R1l8 39 I 
0603 DIPF· Cl,B IJOCNBG 7F 00 9F DOUBLE PR~ISION 
06EC LDAA I,oODLI- 96 9E SUBTRAOTI N 
06EE LDAB LOOD:? D6 9D ! 

- 06FO SUEA IJOOD2 90 90 
06F2 SRCB LOCDl D2 9B 
06F4 Boe .·DAl 24 09 
06F6 COM' A 43 
06F7 OOM B 53 
06li'8 AT11)A-#OI 8B 01 
06FA ADOB#OO C9 00 
06FC COM LOCI\'EG 73 00 9F 
061i'F DAl S1AB lJOCDl D7 9B 
0701 STAA ~OCD2 97 90 
0703 BPL DA2 -- 2A 03 \.-, . 

0705 INC I,OCD1 7C 00 9B 
0708 DA2 RTS 39 

! 
\ I 

0709 DIV IJDAB408 C6 08 DIVIDE THE NUMBER . "-. 

070B Cl,R QUOTH '7F 00 AD IN DVDI\~,DVDNIJ BY 
070E CLB QUOTL 71~ 00 AE DVSR AND STORE THE 
0711 DIV2 INCB 50 RE,SUL';r IN QUOTH, 
0712 CMI'B iiJ:6 ClIO QUOTL 
071.Lt BGT DIV1 2E 34- \ 
0716 AST, DVSR 78 OOAA 
0719 BCC DIV2 24- F6 
071B STAB SHCO D7 AF , /.1 

I 

I . 
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0711) lWH Dv[',n 7EJ 00 fill. ~ 

0720 T,1)/\A Dvmm 96 AB 
0722 DIV7 C~1PA. nVGR 91 I\A 
°72ll· rc:~ DIV3 25.0D 
0726 DIV6 r~I.·;c OD 
0727 l?OJ, 0TJm'I, 79 00 AE 
0'72A nOli QUOTH 79 00 AD 
072D [::UBA DVBR 90 AA 
0'72 Ii' [:.'.1'AA DVDNII 97 AB 
0731 BIIA DIV'I 20 07 
0733 DIV3 CT,C OC 
07?)IJ. UOJ, QUo/pI, 79 00 AF. 
3737 UOJ, QU01'1f 79 00 AD 
073A DIVll· D};CB 5A 
073B m·:cJ. DIV5 27 12 
073D Cl,C OC 
073E ROT, nVDNIJ 79 00 AC 
0741 l?OL DV1)NH 79 00 AB 
07l l-ll· I,nAA nVDNII 96 AB 
07J{-6 BCS DIV6 25 DE 
0748 IinA DIV7 20 D8 
07JlA nrV1 J,DX # J.i'F'l:i'l~ CE ]i' },' Ji'Jf 
07'-1·D f,1'X QUO'l'IJ DP AD 
07'Hi' DIV5 TIDAB SHCO D6 Al!' 
0751 SUB13# 9 co 09 

·0753 CMPB #:[1· C1 04 
0755 BCS DIV8 25 02 
0757 SUBB =11:"4 CO 04 
0759 DIV8 f:i~'AJ1 SIICO D7 Al!' 
07513 R'l'S 39 

075c B(~Ufl.lm L~rl'I\A CAnrLH 97 139 C ALCUI ,A 'JIE 'l1I-lE 
075J~ [?I'j\A CAnpl\N 97 B8 Sf) lIARE M rill 0760 crlR CARPLI, 71i' 00 BA NUJVIBER IN CC A 
07G3 I,DX #:01'0. CE 00 OA 
0766 .TSH CAHP . - JiD 02 7E 
0769 ]{1]lf~ 39 

I I 



SINE TABLE 

080000 00 Ol~ 78 08 EP OD 66 II-DB 16 50 lA C2 ·111' 33 
0810 23 Al 28 OC 2C 7l~ 30 D9 35 3A 39 96 3D EE 4·2 4·2 
0820 46 90 4·A D9 4]' IB 53 58 57 8E 5B BE 51i' E6 64 07 
0830 68 20 6C 30 70 39 7l l· 38 78 211' 7C lC 80 01 83 D9 
0840 87 A8 8B 6D 8]' 27 92 D5 96 78 9A 10 9D'9B Al 1A 
0850 A4 8D A 7 1i'3 AB ll-C AE 97 Bl D4 B5 Ol~ B8 26 BB f9 
0860 BE 3E C1 34· C4 lA Cb F2 C9 BA ec 73 eF 1B D1 3 
0870 ~~ 3E D6 B2 D9 18 DB 6E DD B3 DF E6 E2 08 E4 8 
0880 E6 16 Ee 03 E9 DD EB A5 ED 5B EE FE FO 8F ]'2 D 
0890 F3 78 FLI- CFli'6 ILl· li'7 ll·6 11'8 6l~ li'9 6l1'fi'A 67 FB ~I·H 
08AO FC IE Fe 'DS 1i'D 811!'E 16 li'E 98 l!'Ii' 06 l!'F 5F F'.Ii' 1\5 
08BO FIi' D7 FF F5V'F II'li' 

• 

CH1\H1\C~P]:'R 'l'1\HLE 

08BG OD 01\ LUi' 5'1 ll·E 20 00 OR LF OltlN SP NUL 

84 

D8BD OD 01\ 5lt· '1·1 ,)2 LI7 11,5 54 20 00 
08C7 43 ~~F 55 52 53 l~5 31\ 00 

en L1I' TAHGE'l' SP NUlJ 
COURSE : NrJL 

08CIi' 53 )0 LI·5 11-5 Ljl~ 3A 00 
08])6 4·2 ll·5 LH 52 L!-9 lm L'·7 31\ 00 
OBn]!' 4l~ L~9 53 5"· Ln LIE· l~3 l~5 31\ 00 

I ( 

SPEED : T\TUI, 
BEARING : NUL 
DIS'l'ANCE : NUL 



Accumulator and Memory Instructions 

APPENDlXB 
MPU INSTRUCTIONS 

ADDRESSING MODES 

IMMED DIRECT INDEX EXTNO IMPLIED 

OPERATIONS MNEMONIC 0' - 11 0' - 11 0' - ,. 0' - " D. -
Add ADOA 8B 2 2 9B 3' 2 AB 5 2 BB 4 3 " 

AOOB tB 2 2 DB 3 2 EB 5 2 fB 4 3 
Add Aemll .. ABA IB 2 
Add "ith CollY AOtA 89 2 2 99 3 2 A9 5 2 B9 4 3 

AOt8 t9 2 2 09 3 2 E9 5 2 F9 4 3 
And ANOA 81 2 2 94 3 2 A4 ~ 2 B4 4 3 

ANOB C4 2 2 04 3 2 E4 ~ 2 f4 4 3 
Bit Tilt BITA 85 2 2 95 3 2 AS 5 2 B5 4 3 

' .. 
BITB C5 2 2 05 3 2 E5 5 2 F5 4 3 

CI .. , CLR 6f 7 2 7f 6 3 
CLRA 4f 2 
CLAB 5f 2 

Co",po,. CMPA 81 2 2 " 3 2 Al 5 2 81 4 3 
tMPB Cl 2 2 01 3 2 El ~ 2 fl 4 3 

Compo" Aemll .. t8A 11 2 
COmpl .... nl. 1'1 COM 63 7 2 73 6 3 

COMA 43' 2 
COMB 53 2 

COmpl.monl, 2'1 NEG 60 7 2 70 6 3 
(NIfI'" NEGA 40 2 

NEGB 50 2 
Oltima! Adlu", A OAA 19 2 

DlCflmenl DEC 6A 7 2 7A 6 3 
OECA 4A 2 
OECB SA 2 

hduli .. OR EORA 68 2 2 98 3 2 A8 5 2 B8 4 3 
EORB CB 2 2 08 3 2 E8 5 2 F8 4 3 

In'''IMn' INC &C 7 2 7C 8 3 
INCA 4C 2 
INC8 5C 2 

Lo.d Aemll, LOAA 86 2 2 96 3 2 A6 5 2 ,B6 4 3 
LOAB C6 2 2 06 3 2. E6 5 2 F6 4 3 ,. 

O',lncluliWl DRAA 8A 2 2 9A 3 2 AA 5 2 BA 4 3 
ORA8 CA· 2 2 OA 3 2 EA 5 2 FA 4 3 

Pu\ll 0.11 PSHA 3& 4 
PSHB 37 4 

Pull 0,," 'ULA 32 4 
PUL8 33 4 

ROllt. L.II ROL 69 7 2 79 8 3 
ROLA 49 2 
ROLB 59 2 

ROlli. Rlgh' ROR 66 7 2 76 & 3 
RORA 46 2 
RORB 56 2 

.SlIIII L.II, A,ilh""lle ASL 66 7 2 78 6 3 
ASLA 48 ~. 

ASLB 68 2 
Shiff Righi, Afllh""lie ASR &1 7 2 77 & 3 

ASRA 47 2 
ASR8 51 2 

Shill Riv/ll, Logoe LSR 64 7 2 74 & 3 
LSRA 

" 

44 2 
LSR8 " 2 

Slo'l Aeml .. , STAA 97 4 2 A7 6 • 2 87 5 3 
STAB 07 4 2 El 6 2 F7 • 5. 3 

Sub"lCl SU8A 80 2 2 90 3 2 AD 5 ? BO 4 3 
SUBB co 2 2 DO 3 2 EO 5 2 FO 4 3 

Sub"",, Ae",I1 .. , SBA 10 2 
Subl, .... Ih Cony SBtA 82 2 2 92 3 2 A2 5 2 B2 4 3 

SBtB C2 2 2 02 3 2 E2 S 2 F2 4 3 
TllnllOf Aemlln TAB 1& l 
". TBA 11 2 

Till. Zero or Minul TST 60 1 2 70 6 3 
TSTA 40 ,2 
TSTB 50 l 

.... 
LEGEND: 

0' Opt,""on Codo (Hu.dteimo"; , + Boo!un Incluti .. OR; 
Numbo, of MPU Cyd .. ; 0 Boolun helut ... OR: 

# Nu",!Itt of "09"lm Byl .. ; M Complem.nl 01 M: 
+/ Atilhmtlic Plus: T,c,"l .. In~o;_ 

Atilhmtllc Minu.; 0 B11' l,ro: 
Bootan AND: 00 Byle • Zero; 

lisp Cont"''' 01 'l't1llOlY localion poinl.d to b. Slick POlnll,; 

110" - Acar ... III01 "'drIDin' ... do In.lluCllon, II. ill<lud.d in lilt column,fo. IM'LIED Iddlllll"l 

100LEAN/ARITHMETIC O'ERATION COND CODE REG 

(AII,.,Uf laMIs 5 4 312 I 0 

11 ,of .. \a C .. llolI' H I N' Z Y C 

A.M-A I • r I I 

" 
B t IA-B I • I I I I 

1 A'B-A I ~ I I I I 
AtMtC-A I • III I I 
BtlA'C-B I • I' I I I 
A'IA"A • • I I 11 • 
B' IA-B • • I I 11 • 
A'M • • I I R • 
B'M • • I I R • 
OO-M • • R S R R 

1 OO-A • • R S R R 
I OO-B • • R S R R 

A-IA • • I I I I 
8 - M • • I I I I 

I A-8 • • I I I I 
D-M • • I I R S 

1 X"A • • I I R S 
1 (-B • • I I R S 

OO-II"M • • I I 

~i 1 OO-A-A • • I I 
I 00 - B-B • • I I ~ I Convelll BillllY Add. 01 BCD ChII.ClOf. • • I I 

Into BCD Fo,mol 
II-I-II • • I I 4, • 

1 A-I-A • • I I 4 • 
1 B -1-B • • I I 4 • 

A(j)M-A • • I I R • 
B$M-B • • I I 

i~ 11.1-11 • • I I 
1 A.l-A • • I I 
1 B +1-B • • I I 

II-A • • t I R • 
II-B • • I I 11 • 
AtM-A • • I I R • 
8 +II-B • • t I R • 

1 A"lIsp,SP-l-SP • • • • · .. 
1 8 -lisp, SP - I-SP • • •• • • 
1 SP .I-SP. liSp-A • • • • • • 
1 SP+l-SP.lIsp-B • • • • • • 
n ~ -~~I!.!II~ • • I :1 I 

1 • • I I 
1 • • I I 

~} CO _""",,;::J • • I I t 
1 • • I I I 
1 8 t b7 - bO \) .. I I I 

:} - • • 1 I I 
I' a- a:LLLUD-O • • I I I 
1 C b7 bO • • I I I 

~} OrnTn-j"j - a 
• • I I I 

I • • I I I 
1 8 b7 bO C • • 1 I I 

n \ - • • R I I 
I a-' 111 "'" - C • • R I I 
1 bl bO C 

• • R I I 
A-M • • I I n • 
B-II • • I I R • 
A-M-A • • I I I I 
B-M-B • • 1 I I I 

I A-B-A • • I 1 I I 
A-M-C-A • • I I 1 I 
B-M-C~B • • 1 I I I 

1 A-B • • I I R • 
1 8-A • • I I R • 

M -00 • • I I R R 
I A -00 • • I I R R 
1 B -00 • • I I R R 

} H 1 N Z V C 

CONDITION CODE SiM.DLI: 

H H.I1......, I,om !MIl; 
I InIOf,,,,,1 mo\l< \ 
N ,..live (Iitn bil) 
~ Z .. o (by,,1 ' 
V Dvtrllow. 2', compltlMfll 
C Cor/V 110m bil 7 
R Re/ll AIwoY' 
S Stl AIwoya 
I Ttll.nd III " I, .. , dllttd otMlwi .. 
• NOI Al1Kltd ' 
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Index Register and Stock Manipulation Instructions' BOOLEAN/ARITHMETIC OPERATION CONO CODE REG 

IMMED DIRECT INDEX EUND IMPLIED 

BOOLEAN/ARITHMETIC OPERATIOJ 

5 4 3 Z I 0 

POINTER OPERATIONS MNEMONIC D_P - /I OP - /I OP - /I OP - /I OP - /I H I N Z V C 
Comp'" Ind .. R.g CPX 8C 3 3 9C 4 2 AC 6 2 8C 5 3 XH - M. XL -1M-II 
O""lI\Inl Indi. R.g OEX 09, ,4 1 X-I~X 

Oltum.nl Slltk Pnll DES 34 4 1 SP-I ~SP 
In,,"monl Inclt. R.g INX 08 4 1 X _I ~X 
Intrtmonl SI.tk Pnll INS 31 4 I SP-I~SP 

Load Ind .. R'g I LOX CE 3 3 DE 4 2 EE 6 2 FE 5 3 M ~ XH.IM - 11 ~ XL 
laid SlItk Pnll LOS 8E 3 3 9E 4 2 AE 6 2. BE 5 3 M ~SPH.IM -II "SPL 
SIOrt Index RIg, STX OF 5 2 EF 7 2 FF 6 3 /XH~M. XL ~IM-1I 
Sioft SlICk Pnll STS 9F 5 2 AF 7 2 BF 6 3 SPH ~ M, SPL "1M - 11 
Ind. R.g ~ Slltk Pnll TXS 

. ...--. 
3S 4 I X -I ~SP 

Slltk Pn .. ~ Ind. R.g TSX 30 4 I SP+I~X 

Jump and BrDnch Instructions 

RElATIVE INDEX EXTNO IMPLIED 

OPERATIONS MNEMONIC OP - /I OP - /I OP - /I OP - /I BRANCH TEST 

Branth AlwIY, UIlA 2U 4 2 Non. 
Brtnth II Cxrry CIII! BCC 24 4 2 C'O 
Branth II Corry Sol acs 25 4 2 C'I 
ar.nc;h If • Zero BED 27 4 2 Z'I 
Branth II ;;. Zoro ~ BUE 2C 4 2 N CD V' 0 
Branth II > Zilo BOT n 4 2 Z + IN CD VI' 0 
Oranth II Hlghll Bill 22 4 2 C+Z'O 
Brallth II ..; ZIfO BLE 2f 4 2 Z +IN CD VI' I 

t 

Branth II Lo ..... r Or Sarno BLS 2J 4 2 C + Z' I 
Brtnth II <Zoro BLT 20 4 2 NCD V'I 
B,.nch II Minus BMI 2U 4 2 N'I 
Bronth II NUl EqUlI 2110 ,8NE 26 4 2 Z'O 
Bunch II Owtrllow CI .. , BVC 28 4 2 V'O 
Brtnth II O.lrtlow Sol BVS 29 4' 2 V'I 
Br.nth II Plul BPL 2A 4 2 N'O 
Bronth To Subroulin. OSR BU 8 2 

} Jump JMP 6E 4 2 1£ J 3 S .. Splcl,l Oprr.llonl 
Jump To SubrouUnl JSR AD 8 2 BO 9 J 
No Operation NOr 02 2 I AdYlntll PloD, Cnlr. Only 
n.lur" from Intlrrupt HTI 3B 10 1 
A.lum Froln Subroutine IlTS 39 5 I 

} SoIIMII Intlrrupt SWI 3F 12 I S .. Sp"iol Opllllloni 
W.illor Inltuupl IVAI 3E 9 I 

Condition Code Registor Manipulution Instructions CO NO. CODE REG. 

IMPLIED 5 4 J Z I 0 

OPERATIONS , MNEMONIC OP - It BOOLEAN OPERATION H I N Z V C 

Cln, C.flY CLC DC 2 I o-·c • • • • • R 
011' In11rrupt Mask Clr OE 2 I O~I • R • • • • 
O .. r Ovtrllow CLV OA 2 I O~V • • 0 ., R • 
Sol Cxuy SEC 00 ,2 I I~C • • • • • S 
SCI Inteflupl Mlsk SEI OF 2 I '~I • S • • • • 
Set Overflow SEV DB 2 I I~V • • • • S • 
I.; ,niH A -to teR TAP 06 2 1 A~CCR --@--
CCH ~Atmlll A TPA 01 2 I CCR~A • 1 • 1 • _L· 1 • I • 

CONDITION CODE REGISTER NOTES: 

7 
B 
9 
10 
11 
12 

IBII VI 
IBII CI 
16il CI 
18il VI 
IBil VI 
IBil VI 
IBII NI 
IBII VI 
IBil HI 
IAIII 
1O.ln 
IAIII 

1611 UII' tlSl is trul and ,llIlId OlhlrwiH) 
T "I: Relull • 1000000P? 
Till: Relull • 000000001 
TeS1: Decim.' ~.Iue 01 mosl signiliClnlBCO Chlllelet' grlllir thin nin.1lNot dllred ~ previously SlI.) 
TOIl: Oplllnd • 10000000 prior 10 .lIcullon? 
TISt: Opeund • 01111111 prior 10 .... cution? ~ 
T,": SOl .quallo ltSull 01 NCDC .1101 Ihlll hOI o"uutd. ! 
TOIl: Sign bil 01 moll signilltlnllMSI by" • 11 ' 
Till: 2'1 tompl.menl ovtfllow hom jubllltlio" 01 MS bylOl? 
Till: Rlluilleu lhin ltIo?IBilIS • " 
LOld Condllion Code ROilillOl hom Slltk.ISot Spltial Optralion" 
Set whln int.ffupt oecun. II pftviousiy SIt •• Non·Mllk.bl, Intlrrupt is required to llillM Mit st.t •. 
Set according to the conl.nll 01 Accumulator A. 

• • ill I fJ) • • • • I • .. 

• • " . • • • • • I • • , • • • • • • .. . ®I R • 

• • ® I R • 

• .@I R • 

• • ®I R • 

• • • • • • • • .. . · .. 

CO~O COOE REG 

5 4 3 2 I 0 

H I N Z V C 

• ·1 , • • • .. :i • • • • .. • • • • 
• • • • • • 
• • • • • • 
• • • • ., • 
• • • • • • 
• • • • • • 
• • • • • • 
• • • • • '. • • • • • • 
• • · '. • • 
• • • • • • 
• " • • • • 
• • • • • • 
• • • • • • 
• • • • • • 
• • • • • • 
• • • • • • 

1--<1])-'--
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APPENDIX C COST 

a. Microcomputer Minimum System : 

MPU 
EPHOM 
RAM 
PIAls 
ACIA 
Miscellaneous 

• 

b. Interface Circu~ts 

3000 :TIJ 
2000 TL 
2000 TL 
3000 'IlL 

750 TL 
10000 'TL 

Semiconductor Components ~OOOTL 

j 

20';50 TL . 

. ' 

Miscellaneous ,3000 TL' 
~OOO TL 

c. Engineering Cost 50000TL 
,"'\ 

, I 

( 
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APPENDIX D PRINTED CIRCUIT BOARDS 

Socket:. ,--___ ...::<O..:.;.:I-ID=---_-./ 
P.2.C82. 

Shaft c\;lcoder and Own Speed Input Board 

_ v ...... 
Socke~ Soct.cl. 

-... 7 P!A AES)I. 0 P~& R6SY 

+5: IIIlIllI'III.IIII(, GIl 

J r I I I I I I7 tIl II rn 
..A f'ttS TAAQ~ 0 P'tA 'TAAo~ T" 

, 
SQc:.".~ ,£.ckct. 

-

~~ .. S'SS' 1'tIU 
1..0 4 i t ! w • ~ mil J 

PXA3·PlA't 

Timer and 
Reset Co~rdinates, 
Target Information 
Input Bonrd 

D/A Converter Board 
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