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THE EASY CHAIR 

M&y :s , t 9so 

WHAT IS IT? 

Microprocessor control l ed wheelchair 
- A1d t o handicapped (cerebral palsy victims) 

Learning tool for children wi t h inexperience in mobility 
Effective means of introduction to powe red mobil i ty 

- ~unded by Tr,e Wabash Center ( for handicapped children) 
in Wes t Laf a yette, Indiana 

I 

SPECIFICATIONS 

- ·Must a<l<l saf egcwrds to power ed mobi 1 i ty 
Mu!!t .int roduce a "force-free" method of input 

- Should be remo v able without defacing the wheelchair 
- Shoul d be adaptabl e as chi l d devel ops mntor skills 

DESCRIPTIONS , 

Overail bloc~ diagram 1 
' > Touch pad - crtr' 
::r > Ultrasoni c s 
G > Computer ~ ~~ 
1 > Tone genera tor 
' > Mot·dr con~rol 
::r > Power supply 

TEST RESULTS 

c 
c 

. ; 
•' - Touch 

' , > 

> 
Motor 

> 

Pad .. ~ Ultras onics 
Verif1ed hardware operat ion <general) 
Used sof twar.e tes t . routinas 
contn;,l . 
M~nitored with · osciltoscope 

= I~itial design produced incorrect references 
= ~edified to better meet speci~ications, and 

.allow ,for cfff!i'C!t l< range ,\ld j ustments 
- Power supply · 

> Monitored battery voltage wi t h stora ge ' scope 
_,,.._.. = Developed plots and determine d that curre nt 

-~ · design was suffic i ent 
- Regulator moved outside of enclosur e for 

·reduced temperatur e 

TIME ACT I ON PLAN 

~ - Maj~r port ion c ompleted on time <or ahead of schedule) 

COST 

O~valopment cost slightly e xceeded pro; e c ted cost (due to 
mi sc:e.ll aneoGs development e :< penses) 

. ... ., 
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WHAT I S IT? 

Microprocessor controlled wheelchair 
- Aid to hand1capped (cerebral palsy victims> 

Learning tool for children with inexperience in mobility 
Effect1ve means of introduction to powered mobility 

- Funded by The Wabash Center (for handicapped ch1ldrenl 
in West Lafayet te , Inqiana 

SPECIFICATIONS 

-Must add safegaurds to powered mob ility 
- Must introduce a " f or ce-free" method of input 

Should be removable without defacing the wheelchair 
Should be adaptable as child develops motor ski l ls 

DESCRIPTIONS 

Overall block diagram 
> Touch pad 
> Ultrusonics 
> Computer 
> Tone generator 
> Motor control 
~ Power supply 

TEST RESULTS 

- Touch Pad • Ultrasonics 
> Ver1fied hardware operation Cgenerall 
> Used software t est routines 

Motor control 
> Monitored with oscilloscope 

= Ini tial de5ign produced incorrect references 
= Modified to better meet specificat ions, and 

allow for offset & range adjustments 
- F'ower supp l y 

> Monitored battery voltage with storage 'scope 
= Developed plots and determined that current 

design was suFficient 
= Regulator moved outside of enclosur e for 

reduced temperature 

TIME ACTION PLAN 

COST 

- Major portion completed on time (or ahead of schedule> 

Development cost sl1qhtly exceeded projected cost Cdue to 
miscelldn~ous development expenses) 

• 
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ABSTRACT 

The Easy Chair is a microprocessor controlled el~ctric 
wheelchair for small childrer1 witt1 muscular disorder •· . 

Bec~use of the uniqU!I 1nethods of control, this s prci a l 
wheelchair c~n be used by children with bot h limited muscular 
dexterity and streng th . 

Also, because of sevQr·nl mafegaurds i ncorporated into t he 
design , even chi l dren with limited experience in mubility can 
operate the powerful wheelchai r safely. 

The following report details the design and theory of The 
Easv Ch~ir. It is assumed that the reader has some degree of 
knowledge 1n the field of electrical engineering . 

FigLlre l.C• T~l8 Easy Chai r 
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I NTRODUCTION 

Thf? development of Tha E-".SY C:llni ,- is a vF.r·y sign i fi cant 
advancement for three main reasons. First of all , for· m.~ny years 
small children with musct•lar disord~•-s have had severly limited 
opportunit1es to acquire ~ny e~perience in mob1lity. Secondly , 
this lack of mobility lind ted thr opporturd tir:?s to inili<.1t.e 
communiCi;:\ti.on with o ·ttH:ws. Thirdl y , this li.ICk o ·f communicati on 
li mi t ed further their learning capabilities. 

The original idea for such a wheelchair belongs to Professor 
George Karlin of the Special Education department at Purdue 
University. Professor Kar·lin first conceived such a device •~hile 
working with cerebral palsy victims at The Wa bash Center, 
Lafayette, Ind iana . George Karlin also acted as a n intermediator 
bet wee n the desi gners and the physical therapists at the cen t e r . 

_ThE~ ide,\ behind a microprocessor· controlled •~h~•el chair <The 
Easy Chair) is to provide a safe mode of transportation for young 
children •~i th muscular· disor-ders surh c>.s cert?br·ul palsy. Because 
the users will be so youn'), typiCi'llly b~o to si:: years old , the 
chair was envi$ioned as being equippBd with a var iet y of special 
devices. Th~se devices ~Juuld nc:rt only allo1·1 them t·o cc·1ntrol 
wheelchair movement with only limited musclJlar fore~ , but will 
also protect them from any undesireable circumstances. 

The original electr·ic NhF.>el ch·:ti r· cnmw;; l:'fl"ippr--d ~1\ til a 
Damaco 088 Add-On pol,llJr unit. Thir; unit inclL\tfes battE'ries, the 
drive units (motors and controllers), and a proportionAl joystick 
ccm·t:roll er·. 

Figure 1. 1 Tl 1e Or i g i 1'\/.11 El ectr· i c: l•lheel c:h a i r 
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The Ea s y Chair consists of this origi na l wh e e lcha ir , wi th 
the add i tion of three e xtra devices : 

( 1 ) rm in r r •trcd l:!:!uch p •. •d 
<2 > An ultrasonic ranging ~yatem 
(3) A computer cuntrol system 

These three additiorH.'I l devicaE; m:1t o 11 l y n1a l.: o operation b y 
h a nd i capped c h i ldren more feasable, but they al s o give the 
wheelch a ir a n added measure of control a n d safety . 

Figun1 t . 2 
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Shown below is a general block diagram for The Easy Chair 
which should give t he reader ~m overall irlea or how thP dlfferent 
dev1ce3 interract. 

A' 

Motor.s 

Figure 1.3 The Easy Chair Block Diagram 

l)l ho.sm;c 
Modv..l t.s 

This repor t begins IHth the discussion of the inf r ared t ouch 
pad, 1ncluding thoughts about why such a dev1ce was chosen . Then 
it explores the design and theory of the ultrasonic ranging 
system. Finally, it addressPs the computer crn1trol svstem , along 
with the circui tr y requ1red to control the ortginal wheelchai r . 
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THE INFRARED TOUCH PAD 

SPEC IF I CATI ONS 

The infrared touch pad is to be known as the input system 
for the control of the chair. It is thought of as the only 
real-time method of input to the computer control system. 
Therefore, it must meet several requi r eme nts which will allow 1t 
to be used to alter the current system c onfigurations, or just to 
control the chair . 

Speci f i cat ions for t he Easy Chair were outlined b y a n 
Occupational Therapist , Ph y s ical Th e r ap i st, and a c lassroo m 
teache r fr om The Wabash Center in Lafayet te , Indiana . Th i s 
outlining was assist e d by George Karlin, Special Education 
project coordinator at Purdue Un1versity, Lafayette , Indiana. 

!) ,L ~as deter~ined ~het a touch senstt1ve :nout sur,aca 
recuir:r.g ~111~al pre ssure ~oul~ bes: s u1t t,2 n~eds of ~h~ 

s~a:l cn:~dren. T~e srste~ reedec t~ t e 6da~t4b!e to 
dif'erent ch:ldren, s~me of whom are incaoaole of generatin g 
high response force . 

2) The touch-pad should use a common medium for set-up , to 
1nc rease the indepen~an c e of the system and 1ts user s . Th is 
is t o sa y thi t i t s hou l d be poss1ble to s imply plug in or 
unplug the touc~-pad 1 and to sw1tch be tween the pad and th2 
curr ent joyst1ck Mith l1ttle or no ef'ort . 

~~ It should be totally se lf-contained as a unit , elec t ronic s 
an d a l l. Again, thi s would increas e the :ndepen danc e of the 
s ystem. 

4l The touch-pad should be constructed in such a way that it 
could be a ttached t o th e c~rrent center of'-set zount1ng ar m 
o; the whee!chal' (which swings out of the way of the userl, 
with the opt1on of r esting on the lap tra y of the cha1r . 
These two ~ethods Will result 1n the touch- pad be:ng as 
a~bidextrous as poss ibl e. 

51 Th~ un1t should be lar ge enough to be eas ily viewed and 
touched, but small enough so as not to be o'trusive to the 
user and the ~heelch ai r . A geniral touch - pad area of t en 
inch es by ten 1nches was set for Initial dir~rsions. 

~) -~~ s1:e a~d l~:at~o~s =: t~2 i~~~o!s ~, t~e t~~=~-~ad !use~ 

~~ ccrtrc: t~e ~tr;::~ei-~ ~~s~ be crc~r:=~et!e. - h:: w:~l 
a~ :~moda~2 d1f'erer~ ~anqes of ~ct1c~. 
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7) The touch pad ~ust be Qoi st ure pr oof . Chi ldren with s uc h 
hand i caps as cerebral pa l s y f r equen tl y h av~ ora l motor 
pr oblems whi ch r esult in e : ce ssive dr ool i ng. Any reasonabl e 
amount of moistur e shou l d not ca use t he whee l chair to 
111al f unction . 

Page 6 

I n th e early desi g n stages, it had been thought t hat a t o t al 
hardware solut ion wa s t he onost rel1'"'ble and consi st.o:on t s o l ution 
to the probl e ms p r esen t ed for a t o uch pad. However aft e r 
car efull y studying that rout e, a n d t esting the results , it was 
determi ned that a combination el f <:•ppro::imately equc>l a mounts of 
har dware and software would al l ow the mos t fl e:: ible des ign . Th e 
following sections descr i b e the p r esent s o l ution , and how it i s 
i mplemented. 

I' I 
STOP 

• 

F1gure 2 . 0 The Infrared Tootch F"..:lcl 
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BLOCK DIAGRAM 

The bl oc k diagram for the touc h pad is shewn below. It 
consists of six main blocks wt1ich includ• the row decoding 
(selecting) block, the column decoding b lock , the extra decoding 
block <which includes the menu-select decoding! , the touch-pad 
bl ac k , the r aw/column detec t block, and the menu-select detect 
block . Each of these blocks will be d iscussed in g reat er detail 
in the following sections. CSee also F i gure 2 . 4 Schematics) 

sees- ss 
MltROCOMPVTtR 

!".TURN 

TOVCH·PAD 

Figure 2 . 1 Touch Pad Bloc k Diagram 

I . THE ROW DECODING BLOCK 

ROW /t:.OL 
TOUtH ~t.flttT 

MitNU $ELH1 

T'OVt.N DtTE.tT 

The row decoding bloc k is one such block whor e t h~ suvon bit 
control wo rd wh ich is sent to the touch-p a d circuitry is 
interpreted to select a certa i n LED/phototransistor pair. 

The decoding is accompl ished by sen~ing the lower four bi t s 
of the s~Nen bit toucil-p <.ld wor·d tc> t t1 ~~ pad. Th i.s nibble gives a 
zero through fifteen CF Hexl count which is used to select one of 
the si x t een roN , column or extra LEDs . Then by using the upper 
three bits, one o f thr·e~? ch:lp s~~le r.:t line<;; i ~5 br--CJughl: h :i. gh . 
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\... 
~ ......, 
~ 
~ 

E 
0 
u 

Figure 

B. 
B, 

Dl 
63 

B'f 

Bs 
Bt. 

y sa 
pA.·,r S,,),d Word 

RD\IJ 5o l<~.d 

C.o\wnn Seled 

E-L trA. 5t.\t.et 

( ~l) Rd u. r 1"1 

Touch Pad Control Word D1agram 

Page 8 

To accompl1sh thi s , a 74154 4 t o 16 l ine decoder is used. 
The out puts of this 74154 are low when they are selected , so they 
are used to provide a g r ound path for the infrared LEOs and 
phototransistors, thus allowing them to be turned on only when 
they are selected . 

It is appropr1ate at this time to accent the fact t hat the 
select lines are used to select both an LED and a photo­
transistor. With this scheme, if there is nothing bloc king the 
beam path from the LED to the phototransi stor, then the 
p~ototransistor shoul d be turned on . 

II. THE COLUMN DECODI NG BLOCK 

The column decoding bloc• functions in almost the same 
fashion as the row decoding block. The only difference 1s that 
of the select l1ne which is used to select the column decoding 
chip . Of the three s e lc t lines (which correspond to the upper 
three bits of the touch-pad word), one i s used to select the row 
decoding chip, one the column decoding chip, and one the extra 
decoding chip. The select lines use a 'positive logic', so for 
instance to select the column pairs, the column select bit must 
be h lQh 1+5 vo l t , ) . 

!igai r . in t.h£' sa.rr.a -f ~shion "·s t 'le row decod l , g. thi-.5 block 
sel~c ts cert~1 n LED / phototrans• s tor pairs wh1ch are then 
mon1tored by the touch detect1on circuitry. 

III . THE EXTRA DECODING BLOCK 

Again , the basic funct ion of the eMtra decodin g b loc k is the 
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same as that of the row and column decoding blocks. However, 
this block serves no one single function such as row or column 
decoding. 

The term e xtra is meant to r eflect the odd or ' extra ' 
decoding that is done by th1s block. At the present time, it 
serves to select one of the f1ve menu- select LED/phototransistor 
pa1rs for observation. 

In refering to figure 2.4, it should be noted that the three 
'menu select' l ines are passed through tri-state buffers before 
they are connected to the LED/phototransistor pairs. This 1s 
because small er LEOs and phototrans i stors had to be used for the 
five menu select pairs Ito fit between the column pairs in the 
pad) . 

These s maller phototrans istors had lower of f -state 
resistance, which caused problems when t~ey were not selec~ed. 

Nor mally whe, a pa1r :s not selecte d , +5 volts 1s c o n nec ted t o 
the c a thode of the LED and to the emttter of t~e photo~rans1stor. 
Th1 s would not a l l ow either t o be turned on. W1th these f1 vu 
menu select pairs however, the +5 volts (seen when not selected ) 
cause d the menu-select detect circuitry to s end a touch message 
t o the computer. Therefor e, the tri-state buffers were used, 
wh i ch present an open circuit in their non-selected state. 

IV . THE TOUCH PAD BLOCK 

This bloc k contains the actual touch-pad w1th the LEOs a nd 
pho totrans1stors mounted in 1t , and the slot for the selec t ed 
me nus to be inserted into <see f1gure 41. Along the vertical and 
horizontal sides of the s unken touch area , are alternately 
mounted 32 infrared LEOs a nd 32 phototransistors, one across from 
aach LED. These pairs were alternated to reduce the amount of 
l1ght be ing rec ei ved in error. 

The LEOs a nd phototransistors were carefull y al1gned so as 
t o achieve the max imum signal rec1eved when a s1gnal is sent. 
Ea ch of the cathodes of the LEOs along with the emitters of the 
phototransistors across from them, are tied to the select lines 
of the 74 154s <see also The Row Decoder Bloc k and The Column 
Dr,Jcode!~ Bl ock) . 

The touch -pad also c ontai ns fi ve seperate pairs which are 
mounte d oerpendicular to the row a nd co lumn pa1rs , al o~g the edge 
of t - e o ad. Thesz serve t~e pu-pose o~ al!ow1ng the computer to 
~et.:c~ ""h - =~ nen"-' tiJ ,., tbe o~.d • .,..!-'le pc.oer menus h~va -£-i·./e 
corr e socnding holes whlc~ can be cut ooen o r :eft intact 
<closed ) , rep resent1ng zer o s and ones . 

The anodes of all of the i nfrared LEOs <bo th row/column LEOs 
a nd menu-select LEDsl are tied high through a single s er ies 



Tha Ea&y Chai r : THE INFRARED TOUCH PAD Page 10 

l1m1ting resistor . Also, the cathode of each LED is connected to 
the emitter of its correspond1ng phototrans1stor . Therefore, 
when the pair is selected, and the cathode and the emitter are 
both t aken to ground, t ur n ing o n the LED and a ll owing the 
photot r ansistor to be turned on . 

V. THE ROW/COLUMN DETECT BLOCK 

This block i s where the status of each phototransistor is 
transformed into a level that can be interpreted by the computer . 
With this signal , the computer can determine whether the beam is 
obstruc ted or not lcorrespond1ng to a touch or no touch>. 

As mentioned previousl y , the collectors of all of the 
p hototransistors are ti e d together and pulled h1gh through a 
s1ngle pul l - up resistor 1100~ o h ms ) . When any o ne of the 
LED/phototrans1 stor pairs is selected, an 1nf r are d light beam f r~m t he 
•~lected LE~ s h ould turn the photot ransisto r on , bring i ng t h e c ollector 
voltage somewhere near ground . 1f whil e one pair i~ selectee , 
the beam is bloc ked, the phototr ansistor will remain turn ed o f f . In this 
case , the coll e ctor volt ug e a pproaches +5 volts because of the 
p u ll-up resistor. 

+V 

I SOn 

Fr om r() w /t!Dlu..mn 
s~ led cJrcu.itry 

lOO k A 

To row/co/u.Nin 
dt. fed ct' rc.u..i lry 

F 1g ure =-~ Sample LED/Trans1stor S1rcuitrv 

Seca•-tse o f ':he change 1 n co! 1 e ctor vo~ tage from when a be2.m 
lS tilocled to 1--1he n one 1 5 not blockad , the collactors a re used as 
t ho the 1,out t ~ tne row/co l umn detect c irc u1try . Thl$ circu1t-v 
begins with t wo comp arators which h a ve adjustable r efer ences. 

The first comparator is set up in an inverting fashion, so 
that when any coll ector voltage is below the reference (no beam 
bloc ked), the output of the comparator i s at positive saturation . 
However, if any col lector voltage swings above the reference , the 
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output goes to negative saturation (close to ground). This 
output is then used as the input to the second comparator. 

This second comparator uses the same reference voltage as 
the first one, however, it is set up in a non-inverting fashion . 
The main purpose of the second comparator is to clean-up the 
signal. 

When the selected beam i s n o t broken , the output of the 
first c omparator (which i s t he input to the second) is high. This 
also sends t h e s e c o n d conpar a t or i n t o positive satura tion . The 
out put of t h e second comparat or , i s th e n sent through an OR gat e 
which has o ne inp u t t ied low, to fur t h e r cl ean i t up. 

This signal is then fur t her conditioned by the status of the 
row or column selects, to become the RCRET (row/column return) 
signal . This RCRET signal is then combined with the MSRET signal 
(menu-select return) to provide one single RET (return) signal 
for the computer. This signal is polled by the software as a 
s1ngle bit input to a port. By polling in this fashion, the 
computer can continuously look for a touch, and process one 
accordingly if it is encountered . 

VI . THE ME NU- SELECT DETECT BLOCK 

The circui try in the menu-select detect block is almost the 
same as the row/column detect block. The only real differences 
are first of all the size of the pull-up resistor for the 
phototransistor, and secondly the extra select signal is used 
instead of the row/column selects <for conditioning). 

It is appropriate at this time to note the reason for 
combining the three different chip selects <row select, column 
select, extra select) with the RCRET and the MSRET signals (see 
also the Touch-Pad Schematic). Normally if neither the row or 
column chip is selected, then the RCRET signal is high, falsely 
signaling a beam being broken. The same problem is encountered 
when the menu- select chip is not selected, the MSRET s ignal is 
high, falsely signaling a beam being broken. 

To elevi ate this problem, the row and column chip selects 
are AND'ed with the RCRET signal, and the e x tra chip select is 
AND'ed with the MSRET signal . With this conditioning, RCRET can 
on l y go high when either the 'row' or ' column ' ch ips are 
selected. Also, MSRET can on l y go high when the 'extra' chip is 
selected. 

The resulting signals are OR'd together to form a single RET 
li ne which is high whenever any selected beam is broken. This 
leaves the computer free to select either a row, column or 
menu-select (extra) beam, and then determine by polling one line 
CRETI whether or not that beam is being broken. 
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Shown below is a photograph of the printed circui t board 
used inside the touch pad . s~veral of the main i ntegrated 
circuits are labeled t:o hel p the u ser· loc:<.lt€~ <.~ny c!:llnponents on 
the board . 

Figure 2 . 5 F'rint.c~d Ci l-cui t Bo,e~r·d <.111d Component.s 
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GENERAL DISCUSSION 

As was mentioned earl1er in the scope of the project, the 
original thought had been that a total hardware system would be 
best. With such a system, the computer would only have to 
respond to some sort of interrupt from the touch-pad. During its 
service request, the computer could then s1mply read which 
location had been touched. Th1s would tend to leave the computer 
more free to do other tasks. 

Very briefly , all of this could have been provided by using 
a hardware clock to run several counters . These counters could 
in turn select each row pair , then each column pair, and finally 
each menu-select pair Ca process now handled by the computer) . 

The major disadvantage to this method was that the scan 
process would be set in one certain fashion, unable to change if 
a better process was discovered. With the present method, the 
computer suppl!es the count to the pad . W1th this system, the 
count can be supolied in any order, able to change with only 
m1nor software changes. 

Th e current method of using infrared light beams (instead of 
some other form of detection) was decided upon for various 
reasons. 

tl Other touch-pad scheaes such as capicitive touch sensing , and 
pr essure sensttive •e•brane type keypads, are all affected by 
water, or saliva in this case. 

21 Mos t important, breaking a light beaQ requires the least 
amount of pressure of any method studied. 

The decision to use identical circuits for the RCRET and the 
MSRET may at f1rst seem redundant. However, because of the 
lim1ted amount of physical space between the column LEOs and 
phototransistors, smaller optical components had to be used. 
These smaller components required the same type of detection 
c1rcui try, w1th only the change of the pull-up resistor. 

So, because the two blocks need to be electrically isol ated, 
and because the needed gates and comparators (for duplicate 
circuitry) were in fact available, it was decided to duplicate 
t~e row/column detection for the menu-select detection . 
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THE ULTRASONIC RANGING SYSTEM 

SPECIFICATIONS 

The ul t rasonic rang i ng s y stem i s c o n s ide r e d a p r otect ive 
dev ice. Its ma j or function is to prevent damage to t he chair or 
injury to its operator. It is also necesary to protect other 
young children who mi ght be in the general area of the chair 
(innocent bystanders). 

When designing the ultrasonic ranging system, the following 
specifications were used as guidelines. 

tl The system should be able to sense any object within 
approximately four feet of the chair, from any of four 
di fferent directions. 

2) It should aud i bl y war n t he user of these obs t r ucti on s, s o as 
to al l ow t i me t o take c orrec t ive actions. 

3) I t shou l d also be possib l e to turn thi s audible feedbac k of f. 

4l If corrective actions are not taken in time to avoid a 
col li sion, t he chai r s hould stop automa t ically. 

5l It should be possible to place the ultrasonic units in any 
desired location on the wheelchair, and should should not 
deface it in any manner. 

b) If a major failure should occur, it s hould be possible to 
remove and retire the complete sytem without effecting normal 
operation of the wheelchair. 

71 Without a ma j or failure, it should be possible to turn the 
ranging system off . 

Sl Other than stopping the chair in an emergency, the system is 
not to take offensive control at anytime as this would det er 
the user from learning to be in complete control of the 
wheelchair. !It is antic i pated that after some practice, the 
user will be able to control t he wheel cha i r without th~ use 
of t he rangi nq s ystem. ) 

Wit h these spec ifi c ations in mind, t h e u l trasonic system 
general l y performs two main f unct i ons : It provides f eedba ck tc 
the uoar as to the approach of obstacles~ ~nd i t provides a 
failsafe trethod of stopping the chair shculd the ch1 ld fai~ to 
respond to the system·s warning. 
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Figure 3. 1) 
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BLOCK DIAGRAM 

The block diagram for th e Llltrasonic system (shown below) 
consists of four pri ncipal parts. These in~ludo four directional 
transducers, the tone generator, a timer to aid in distance 
calculations , and the additional I / 0 board wh1ch is the system's 
interface to t he computer . Each of these bloclcs will be 
discuss~d in g reater d r!tai l in the fo llowing sections. 

U I t r~ son;c. 
Tr~n£.du.cers 

11:.~~~ 
I I~ II L,-l 

\- . .- ~}' "" . -4: - 10 - v - 0 <:, .:Z. "' ::t., 'Z ' 
;) :...' :,) ') 

:r:N;?' F.· ,r;i C£. 

PI/I '6 ' 

SZ5 !I fJ C.oMpl)i.e~ Tt:>/"IE 

N 
Gf.N. 

~ 
Ill 
~ 

1- Stopw().tch 
Timu 

Figure 3 . 1 Ultrasonic System Block Diagram 

I . THE DIRECTIONAL TRANSDUCER BLOCK 

I J' 
l 

The directional transducer block is the heart of the r anging 
system. It consi ts of four compl rte and ~eper~te rsnqinq 
module5. Each module contains a 50 kH=, ~00 volt elertro~tatic 
transducer, and a small amount or drive circ uity. Eaclt module is 
capable of rang~ng from four inches to appro:· 1matelv 35 feet with 
less than two percent maximum error. <See also Figure ~.2 Ranging 
Module Schematic> 

Each ranging modulo contains a Texas Instruments 5N28827 
sonar ranging module . This T. I . module provides the 150 volt 
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bias fer the transducer and pulses the transducer with 16 cycles 
of a 50 kHz , 300 vol t waveform. This pulse can actually be heard 
with the naked ear , as it sounds like a short click. Thi& 
ultrasonic wav~form travels at the speed of sour1d <0.9 ms/foot) 
until it strikes an obstac le and its echo returns tc the 
transducer at t he same s~J8edM 

The modul e provides a control a bl a blanking period to a l low 
transducer vibration to disapate before it is enabled to wa i t for 
a return ing echo . All control signals are TTL compatible , but the 
echo output is of open collector typ e and needs a pull-up 
resistor in order to get a reliable TTL signal. 

There are three main control signals . The !NIT• input 
starts the ranging process by sending out t he cliclc. The 8LNK* 
input defeates the internal echo blanking. And the ECHO• output 
signal s when the cli c k is r eturned. All t hree signals are active 
low , and their relati o nshi ps to e achother are demon~trated below 
in Figure 3 . 3 Timing Diagram. 

vee• ----I 
START <:.ycfe ,-

INIT ----.J 
•cLtCK" 

I" 
TRAN SMIT 

(INTERNAL! _j I I 16 PULSES 

BLNK LOW 

BINH LOW 

INTERNAL I I 
8LANI<ING ----.L44- Z~ M$ ... 1.----------------------

~c.HO .R~bJRNE"D 

I J:)i!>T"NCE. ;.~----------. 
ECH0 ·----~'-----·~0~·~9~~~~~/~E~t~~~~~---~~~ 

) 

·EXAMPLE OF A SINGLE-ECHO -M ODE CYCLE WITHOUT BLANKING INPUT 

Figure 3 . 3 T iming Diagram 

ThE1 only devat i on ·frc>m Te:·: e.s In~;tr· umem1:s de:;:;iqn c<,;\s thi~.t 
a large capacitor was added i n parallel with the power 
connectiCJns ~:\s they enter f.~C"~.Ch tran'::;ducc~r ' s driver .. T l·'li.S ~-~~.5 done 
in order to supply the rated 2000 mA each transducer needs during 
t t1e 326 uS transmit period . This is such a rapid drain that the 
power supply could not source it through six feet o f cab ling. 
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II. THE TO NE GENERATOR BLOCK 

The tone gener ator bloc k consi sts mainly of the XR2206 
functton generator chip (capabale of switchtng between two 
selected tones) and an LM2002 , etght watt audio power ampli fter 
chip. <See also Figure 3 . 4 Tone Generator Schemati c) 

The XR2206 has the ablitiy to output two selectable tones . 
These tones are selected by switchtng the TTL l e vel at the FSY 
input. Thi s allows several types of warnings to be generated . The 
two tones are seperatl y adjustable and independent. These 
adjustments are made to R4 and R6. See Figure 3.4 Tone Generator 
Schematic . The potentiometer R7 is a vol u me adjustment . 

Turning the tone off is done with the Amplitude Modulatton 
input. If the AM input is hel d at hal f the supply voltage, the 
output will be turned off. Control was accomplished by switching 
a voltage div ider in and out. This voltage divider has two equal 
r~5:.Lances (in seri2sl to g~ound, creattng a reference of one 
hal~ ~t1at c~ t~P supply. The JUncltcn between the two resis~ors 
is connected to the AM i r.put to t~e c'"li o. An NP"J tr 'lnsi stor 1 s 
used to shunt the bottom resistor of the dtvtder when 1t is 
turned on, thus turning the output on Cor offl . Thia transistor 
is control led by a TTL level sent from the computer, allowing the 
sound to be tur'"led on and off . 

III. THE ADDITONAL PIA AND TIMER BLOCKS 

To supp ly the n~eded output for the t one circu1t and the 
ultrasonic units, a second 8255 programable port had to be added. 
It as configured to have 20 b its of out put and 4 bits of input . 
Ports A, B, and the lower four bits of C are defined as output. 
The higher four bit s of port C defined as 1nput . 

Por t A controls the ul trasonics INIT* and BLNK* of each 
transducer. Port 8 outputs a digital word to be used by the motor 
control circtuts •or direction and speed control . Port C 
controls the tone generator with its upper half and receives the 
ECHO* from the transduc~rs on the lower half . <See also Figure 
3.5 Addit ional Parallel Groupl 

The timer block consists of three programmable timers w1thin 
an s=s~ timer chip. The 8253 1s part of the SCCS-85 comouter. 
<See also F1gure 4.4 T1mer Group. I/0 Addressang Group>. 

The fist tLmer 1s canfi gurRd to count down from 65, 535 IOFFF 
He': l a1·d is usLd 2s a sttJp watch dLwing the rang1ng C'ICle. The 
·o;eco'"ld is used f::~r the gr.nerettion of the 16 tines b'l.Ud c:ock 
needed by ~~e e:s1 Lor RS-~32C communicatton. The last of the 
three timers on the chtp is used for what lS termed a 'he artbeat' 
ti mer. With the help of a relay, if the t1mer counts out it will 
return the chair t o the joystick configuration . So if the 
computer should fail, within 80 milliseconds the ti mer wi ll count 
out, and control will return to the j o ystitl . 
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GENERAL DISCUSSION 

The ranging system seems to perform very well. The 
transducer modules are fairly simp le to use, and they are 
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both accurate and reliable. The only noticable drawback to the 
ultrason1 c un1ts would be the audib le click when the transducer 
f1res . This sound could become annoying after time, but one 
should remember tha~ they can be shut o~f after they are no 
longer needed. 

From a des1gners standpoint, using a prebu1lt module for the 
units was defin i tely better than trying to design the modules 
themselves . Because they were not familiar, this made 
troubleshooting harder in the few instances they failed to wor k . 
After time, however, t hat was no longer a prob lem because of more 
familiarity. 

Far reasons of f!e~ib1l1ty and pleasing tones, the dec1sion 
was made to des1gn our own tone c1rcuit. Th1s was chosen instead 
of buv1ng small tone transducers such as pie:o bu::ers . 

The main problem encountered here was in attempting to drive 
the eight ohm load of the speaker . After trying to use several 
voltage amps, current amps, transformers and push-pull amps, it 
was decided to use an LM2002 . This is a self contained amplifier 
chip which is specifically made for such a purpose . 

The addit1onal I/0 board was constructed using a 
point-to- point soldering technique . This method was chosen 
because it took less time than to create a pr1nted circuit board, 
and it is a more reliable method that wire wrapping. 

The I/0 board contains the circui ts for the tone generator, 
the motor control, the power supply (conditioning), the 
additional parallel port, and the status LED c1rcuitry . 
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COMPUTER AND MOTOR CONTROL 

SPECIFICATIONS 

The computer and motor control systems are posa1blv the most 
improtant parts of the Easy Cha1r system. A failure 1n either of 
these two s ystems could render the entire system inoperative. 

The follow1ng guidel1nes were used when choos1ng the 
computer for The Easy Chair: 

11 As is the case with all of the compon ents , the computer mus t 
be extremely rugged. 

21 Also, it aust be usable 1n the sense that : t ts user 
friendly, allowing anyone to alter several different 
charactertsttcs of the chair . 

31 It should have an RS-232C serial interiace to allow it to 
co~mun1:ate w:th ctner devtces. 

41 It should be designed so that s hould the computer fail, the 
chair would revert bac k to control by joystick. 

51 It should have the capability to •remember" several settings, 
even after the power has been reaoved. 

bl It should have th e capability to perform s ome limited 
self - diagnostics, t o identify possible probl ems . 

The computer dec1ded upon was the SCCS-85 single board 
computer, available at Purdue Un1versity. Th1s is an 8085 based 
computer with ma~y options for memory and I/0. 

It was chosen because of its flexib1l1ty, the ease of use, 
and the fact that several faculty members 1n the Electrical 
Engineer1ng Technology department at Purdue Univers1tv are very 
fam1l1ar with 1t. 
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BLOCK DIAGRAM 

COMPUTER 0 / A 

Zero 

ond 

Span 

______ E_~ge 21 

Damaco 

088 

Motors 

MOTOR CONTROL 

DETAILED BLOCK DESCRIPT I ONS 

I. THE COMPUTER BLOCK 

The computer wa!; Lntti-3:11-.l b••tlt a.ccnr'trn'l to t-h,.,. m-.nt•~l 

prov1ded. ()fter opperd1. 1cn W'i'.S vctifi•,•d, Ill<? follo•·•ing ~h;:lllges 

•~ere made. 

'T'h E1 r: 1 nc I ~ Sp£~(·?d N.:l ~:~ i f'l c rf::~a r;;p(l t· 0 spr•r,ld t""!~ -::~c l~l t. i ( \f I t i fUr:'·\" 

~~(~OlOr"y c:onf'igurc.;tions l'l<"re i"-ltered l:o 0\~: rrHnrJrJ,,d·e cialol: I ilobytcs 
of EPRON <for startup sequenc e ancl monitor). <>.nd eight ~1lobvtes 
of NOVRAM (non-volatile battery baclup R~tl1) fnr variahlr c;toragP, 
progr;>m development , and touch p-~d mm>ll info• m.1+-u::-n. lllr• 14UVRAI1 
•~ill allow tt1e s y s tem to be r~~confi.gtor-ed by ~nvrJnE! , ,:,d;, -~nv ti me. 
(See a lso Figures 4 . 2-4 . 71 

l-.J ith thr~ c:otnptttmr" Jn IH,lrrni.\ l upur,·,tion .. i\ m.Jjr•r 1tUl'~i, l rr;_".1l i ll l l 

1s the softwar e . This s•.Jftl~are 1nrlu•jes r·mtl in"'s ~·llor.tl pror~cs-:; 

1nput from the touch p<~d. monitor prrimet· • ~· •Hth the ,...'\nQll>g 
system, control the motor-:; through rligit,•J-t-n- ~n'\l ug Cli''Ltti try . 

Aside from those "n"-'11·- ti rne" rr>£>ponslh i 11 L~e!s c1-1- tiH~ 
comput e r , it will a lso ~ll ow tha usMr to ~lt~r ~uch sm~tlnga ~s 
the rangi.ng distances, tlo(~ c.-.ud:iblC? fec-~db>rl··, the ''T~''.d "rtt ings. 
durat i ons , and menus whi c h cont<.>in the settlllfJS men'·inncd . 

Under normal oper at an . the t •SI"I waul d first ~"'1 cct '' menu 
to be u~;~d for the Clpcr·<ttion. Ont:<) !:hat: ;~t~nt.• IJ''I':i i r1snrl·prj 'into 
t h e tou ch p.:.'d , t t; e comp tttur would 1· •~coq ni ~!.! i' ".nd td tt?t" •:,ct.ti. n q"; 
to mat ch t.host: rJ ·f t h e mc•nu . Wi 1· 11 i ' mr,.-•nu. in IJ l •.H:fZ!, Lhe u<:;t?l' can 
•;r>l ect .:11'1)' lief i ned <:lreil on the mE·''"', end tht• t c•mput·•r , .• ; 1 l mo·.-e 
lhe chair· 111 the direction definPrl f•Jr that .,r.-..;o . •.~tnl~ •·to<? 



cha•r ts mO'-'lng, the computer Hill we. t'l~ 11Jtoa-:;onic r:onotng 
sys t t"m ta ~ 1 t'r t 1:he user o·f ;o1nv I'Jbst-row~ ion 

All nf i· hi s lu t·\ CCf:"l1lnl i :;:;ht~d i_llr··,,urll ~ · r 1 .: camplt-": t~ .. M-r·mblv 
lc.>.nauaae snr~_Nar£'. Outl ines for th'- -;aftw.>re r·n br- f'Jilnd tn 
Appt>oldi:< 8· Softo~ar£' Outl·••""S. Th".~= "'d:lliH':. w1ll GfFr>o "-" 
CJV€:~1.-t\ ll vir-\w n ·f he>ll" t.hP • . l \\::\11 t'j (-nnll q) '! Pf l,. F 'tH f•J I ll;r""r rlr-;ot.: t';'-i.J , 
onP •..:an ccmsul t the '"ctual ~;ourcC? •:ucJ•~ found in Apl1~"'1!dj :' C: 
Soft••are Li~ttng. This ~cda i~ eff~c1-tlely commented ti'J offer 
the mnst pussible tnsl.ght • nto the d1 ( ~~7rf?nt roulines. 

1 1. THE MOTOR CONTROL BLOCK 

The motor control blork coo1"ains al l Ul£ necessary ctrc<.ntry 
to switch con t rol betwuen joyut1ck and the computRr, an~ rhen to 
allow the computer to replace the joystick electrontcallv. 

The motor c:ont:rol ci rc:ui t u<;es ;:>. ";i ng 1 P he:-: urlf.!C i nw 1 
bytu to cont. o"t'l l both mot.tll--s. ~J:i. t: h fm.lr hit,; pc·•r mut:ur th·i s gi v0~s 
16 cliffen~nt speeds ; eiyht -;;pec•ds for~J.::wd and eigl1t <'rJeerJs in 
reve>rse. (U ~hough ei gilt t>oeeds m<Ow not at f 1 rst seem 111 e much, 
when COfllfJ<ll"d to the rn<;alutic.m of t:hC? joys~1ck tt·. allnw:; for 
rnany t:liffer t'f'lt speed opi :o.ons. 

Oper<.~t-inn of tile controll•'r is f.-•irl-. -:oto·a•ght rt.•rN•'\Id . TI·JO 
AD558 dic_ll L.ll to analog conv"o ters .. ,r E? used 1 rl r:n•.,,t.e ·~ d i.q i t-'111. y 
c::onlrr.t1l.Etd vc>ltaqr which i~;; vao•"ia!Jlt·' -1-r-o::Hn U-·2 voiL$;. floi:; r.>!.,_tp~olt. 

is t·.ht~n ut-.;.od ~s t.he 'input to a. M-·rar-o ~nd Sp.o!n r:ir·r~utt . •rllil.:h 
~llows the c • ..omput~·• genet ''ed volt.::.-.JE! l:o bt <ltliu~t.-.rj ~o ttt=1t 1t 
ri;)n cff.,.,(_L1-./tlly r ~~plar.~ Ill:_, inv,iir_' .. 

II<; J rHJ t . .-.st equipmcnl: , t·!)e vnl { >t1"' pnt•·•~o• i ~·J- n' Uor• tnys~i cl~ 

pot-:; We're rilf'd.SUrQd. The ;.-era r.•nd '";() ,,, r;i: :•ti tt- '- ...... i ;tc-; ... rrj t-o 
mv.tc:h nat onlv t.h, .. .; pl-2"1 .. ·'"" rl="'(•'rr.=llCP, b1...1t .. 1t~~~J lht·"': 11'1"' 

av;li.l.ilb l &• l'>lit.ll th1:1 joy~':>ti,·k<;;, (!"'~!E2 -1.l <,q Fl•!•.••" 'I .. H 11-l l<>r r:.-ml'r·ol 
Schematic:) 
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GENERAL DI SCUSSION 

~~he>n e::per i mPnti no ,., t h di f f •' "" L t p .. , of m""'"' -,·. EEr·r~Ot1' s 
were u~~Pd for a 'Short t' tnf"'. ftcn..,r ''/Pt- . tH't, c:ltt~n of t-' .n' "'J prr:>h I ems, 
th e RI'\M v1as changed to N0\1RAI·I's, !hi-::; , :; "HJt to s<>'f that t.hr• 
NO\JR!'\I•I's :~re without fi,'l.l\t, llul.. <:Jflr'r".) i.:i.on 1:; F<"stE?r :mrJ mr:wf' 
rr.;!l i<~blf'' th ,:i!n t.h~~t o-f t i H::~ EEF'RUI'I '"• · 

As is mentioned in the software outl1ncs . the ~nftwarc can 
detert sevpral different types of r'rrors w1th the ~ystem . 
err·or<; c.-an inclurJ<;! sornellnng as cornpl<?:< --. •; c> llad chip , to 
something a s simp l e as M menu net fu l ly in place . 

rhese 

This en- or check1ng •loftwar P cll~o Lv::;es <:;orne sp~"'cial voltagp 
loops 111 the d1fferent rtJIInector-;. These> inops art' ll'•'-'d to 
deterrntnn whethPr or not the connPr tion ~ arn tntar t, If thev are 
not (for ~•hatever r ·oasonl the snf l.w<•re wJ I I siqn.z~l t!\n err-or by 
1 ighl:: 'iiiCl th~c? cnrr··c~c \: l.l7.1') , -.-.nd i qnl'l'•·-~ 1·1;c t:•H t"r--~s p<:lntl>.I10 rlr~v·ice . 

(St?-~~ bc•lu•~, Fi l,Jl.lrC? 4.ln E>tal:uz LCD':; anti Control r··,.,i t.r.: h2sl 

Fi(lLlr"C' '1· • . LO Ut·-.11:"~:; L r:D '. ·ond Lunl1 Ill '.> ' II I • l l"'l 

The motor control clrr:uitr'· U\"' 11odif1t'd f:nm f1 <"i<::J•••. 
de!'Sl{]ll""i, to gjv, dddt?d r·nnta·(l\ ~0 thr~ sian·,J.-· .. (,. ,,,.,,. in, ·r~d 

previOLtSly 1 tht~r·c an:~ lit>\J o71t l_iuslm•.H> t :; f o1 tJ(.)LI I l•!;r> ;• t ' l r> ;<nrl ;:purl 
CJ •f thP out pt.~t•:; f t "CIIIl t hH DtA c:onvo:~r·tr)r- ~; .. rhi ·~ i ·;; .in l" l:lnl:r·e!·;t t·_r) 

the C:ll'"iq\nal decign wh ich <.1-fforclc'W onlv ;:c• <• •off--• t• ,di'..lStf•lent, 
but 110 ndjustmli!nts for· I he Sp.?n rJI '""!IIJC! r1f t-11·! -,,, n 1 1 ~;. 



CONCLUSION 

o ' e r t 2s a w~ol e r a n v e rv s~oot , ly . 
wa ·:; "~ •= -c an I i n s ame ~~ s~s s u rpass ed . I e wor k was 

c amp :! · ~ri 

~<= .du i ~: _ 
.<;\ .t.: l e ,'3.s t 0 1 ·: me ~ w;th much o f i t co p }sted h ead o i 

~s ~ - ~ware i s ~ on c er ~d ! th2 ori g i nal n cn ' t r 
i"Q ~- ~- :,:; ;11 the 8 CGS 8 5 C' m • .. : 1: '" it.a s · be~<: 11 k -f ,- ed 1_: ;_J r ··-_(h .iC -

.tn?~ 'ed Th ~ .. 1 o ·f che r- o u t : ~""lCi!Z >:.1 · o r 'trul t;ll? C:)\'~1 e>.: !. 
-::7 -.'s -t·:f.-n . ~-~r e : c.cr .... ~ r_! t ·:: .. -. 1!.1 a l s o ':5-e \.:E:::- r- ~ ~ m -~ l l i:: e::s t :-- rT., '.- 1 -·~~~£. T ! ~ :5e 

l::, c-:.~ ~·~: :---·ou:t ' 1GtS t-:z.~ er· c· _.=J e e :::~i:.: t·~ _., ~ · .. ht;!· st:~ pe r .. .. ~.te · r:: m·~ all~ 1 t ~:; o · ·1-·,e 
-::··ri t: I~ Il t-:1 a.:s.:::. ~..:r '? 1:!"\.:?: t '-he ~· a r e wo · '-::i n ';! ~c:t-r- SJ r - . v . 

t' 1:!\ .n ::.nt i on eLl e.':!.\1'"' 1 i i::'.i l"" ~ ch s ,_,_ssi O f"' (,.,f t .e saf tt a n -.! ·j 1'1 .a te~~ t 
F .~ ,TI , W·J· t J, d ~ "£::' " ·"' · y d i f f :i. c u::. f at~ t h~ ·" r:?ad e r t o 1 nd~rst .:;m d _ F o1~ 

':: ~ ;...::; r-~ .J?.,~o • t .l-, e s-;;·f t WCJ. r .., is el'-p ! a i n~d ,t , : ' !?sof t wa r e OL t l . :e = 
f c,,_ _, d : r f.tp De:!di :-: B ,~ \.1f 1:t.>J f.H-- ~-? 0 t. t~~:t n e. ·, Th ~:;e "O f t ~ .. r·~ :JUt - i, ES 

- '·'-' &! : q€~1if?r a! ' t::. n g l, :i s ~1 l a nguag e- ' f o l-m<? . ..:. .. 1~ .::~ -i..:t-. e ~~ t l<'Ho f low char t ~~ 

r-; r· d aq - .-- IllS . {::) t••i.: t..tdl ~ub i,... .OU inf.; c':\n d ·t.::triable rhnLS .2.1r-(.;:, L S ~ d lrl 
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408E CDDF49 

4091 ll9A52 
40'14 CD3F49 
4097 CDJ247 

409A CD024A 

4090 FEOO 
409F CABE40 
40A2 118E40 
40AS D5 
40Ao FE3F 
40AB CADD40 

40AB 67 
40AC CDD247 

40AF C0024A 
40B:? oF 
-iOB3 CDEE49 
4086 0115 50 
4089 OA 
40BA 57 
4088 03 
40BC OA 
4090 SF 
40BE 03 
408F CDFFe7 
40C2 CA0040 
40C:S 03 
40C6 03 
40C7 7A 
40C8 83 
40C9 C2B940 
40CC CDA849 
40CF C9 

4t)D0 3EFF 
40D2 323o5A 
40D5 OA 
40Do SF 
40D7 03 
40D8 OA 
4009 :57 

LXI 
CALL 

D,USRRAII 
MTO 

ON RESET/PONER UP 

COMMAND LEVEL - GET CHARACTER; JUMP TO APPROPRIATE ROUTINE 

COMNO: CALL SETJMP ;RUBOUT ABORTED COMNDS COME HERE 

LXI D,PRMPT ;PRINT COMMAND PROMPT 
CALL I'SG 
CALL CI j 

ANI 7FH ;PUT !N IF UCASE TAKEN OUT 
CALL UCASE :CONVERT LOW TO UP CASE l< STRIPS PARITY 

SEQUENCE BE~OW IS KLU~SE TO ALLO~ CR A'D ? AS ONE CHAR C!JMNOS 

NOtol 

CPI 
JZ 
LXI 
PUSH 
CPI 
JZ 

FOR THE 

MOV 
CALL 
ANI 
CALL 
110V 
CALL 
LXI 

CMDNXT: LDAX 
I'IOV 
INX 
LOAX 
MOV 
INX 
CALL 
JZ 
INX 
INX 
PIOV 
ORA 
JNZ 

ERRER: CALL 
RET 

; 
CMDFND: MVI 

STA 
LDAX 
PIOV 
INX 
LDAX 
MOV 

CR ;SPECIAL CASE, <CRJ IS NOP THAT DOES NOT 
COM tiD ; CLEAR THE ANSWER 
D I COM'ID ;AODR FOR PSEUDO CALL COMPLET~D BY PCHL 
D ; 
'?' ;SPECIAL CASE . , . 

. ' MUST NOT CLEAR 
ASK ; ANSWER FIRST. 

REAL COMIIANDS ... 

H,A 
CI 
07FH 
UCASE 
L,A 
SPACE 
8 1 CMDS 
9 
D,A 
B 
9 
E,A 
B 
CMP!o 
CMDFND 
B 
8 
A,O 
E 
CPIDNXT 
PRBAD 

A,EOL 
MISC9F 
8 
E,A 
8 
8 
D,A 

;PUT FIRST CHAR INTO H 
;GET SECOND CHAR 
:UNCOMMENT IF CALL UCASE qEMOV:D 

:PUT SEC~NO CHAR INTO L 
;GOO KNOWS WHAT FOR .. . 
;SCAN COMMA~D TABLE ... COMND IN H~L 

:GET CCMMAND FROM -ABLE 
SET FIRST _:TT~~ 
POINT TO SECOND LETTER 
SET SECOND LETTER 

POINT TO LOWER BYTE OF ADDRESS 
;COMPARE TO COMND TYPED 
;FOUND IT 
;SKIP OVER ADDR OF COMMAND JUST CHECKED 
:POI NT TO UPPER BYTE OF ADOR THEN ~XT CMD 
;CHECK FOR END OF TABLE 
; 
;NOT END .•. TRV NEXT ENTRY 
;PRINT ERRER MESSAGE AND RETURN. "COMND" 

IS ON ST~CK AS RETURN AODR FOR COPII'IAND 
NOTE ALL THE COMMANDS USE ERRER LABEL. 

;CLEAR ANSWER 
; 
;GET LOWER BYTE OF ADDRESS 
j 

;POINT TO LOWER BYTE 
; GET UPPER BYTE 
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400A 7C 
400B EB 
40DC E9 

4000 CDEE49 
40EO 113bSA 
40E3 CD3F49 
40E6 C9 

40E7 1190!51 
40EA CD~F49 
40ED C9 

40EE CDD948 
41)Fl O~CC4 0 

41)F4 COS849 
40F7 OS 
4!JFB ES 
40F9 CDOC4 B 
40FC AF 
40FD COF247 
4100 CDF247 
41 03 El 
410 4 E9 

41 05 CD7848 
4!08 DACC40 
41 08 EB 
4!0C CI:S849 
41 0F DA7741 
4112 4C 
4113 oc 
4114 0600 
4116 C5 
4117 0600 
4119 62 
411A 68 

; 

110V 
XCH6 
PCHL 

A,H ;COMMAND EXPECTS FIRST LETTER IN A REG 

;**•***~********~* END OF COMMAND LEV;L ************************ 

; 
ASK: 

; HELP 
I'ELP: 

PRINT 

CALL 
LXI 
CALL 
RET 

LXI 
CALL 
RET 

ONE BYTE 

SPACE 
D,MISCBF 
MS6 

D.PHELP 
MSG 

NOTE LEFT BY LA3T CO MM AND 

;***************•*******END OF HELP *******•**~*+*********** ** **** 

; *•***************•••••• BEGINNING OF GDTOt••**********~****••**** 
; 
; GO TO ROUTINE - STARTS EXECUTION IN MEM ORY LOCATION 

GOTO: CALL GI'W ; GEi HEX WORD 
JC ERRER 
CALL DKCK 
RC 
i'USH H 
CALL CRLF 
XRA A 
CALL co 
CALL CD 
POP H 
PCHL AND GO 

' ; ***********************BEGINNING OF MEMTST ttt+tltttt+tttt••***** 

11E"'TST: CALL FROM TO ;GET FROM AND TO ADDRESSES 
JC ERRER 
XCHG 
CALL OKCK ;CHECK WITH USER BEFORE STARTING 
JC IHEND ; 

rHO ; MD V C, H ;STOP AT XX?? WHE RE XX-I IS THE 
INR c ;UPPER BY TE OF THE USERS TO ADDR 
MV I B,OOH ; ALSO USE OF COUNTER 
PUSH B 
MVI B, O ; CLEAR B PATTERN MODIFIER 

11T I : 110V H,D 
MD V L,E 
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4118 70 
411C AC 
4110 AB 
411E 77 
411F 23 
4120 7C 
4121 89 
4122 C21B41 

MTF!LL: MDV 
XRA 
XRA 
NOV 
INX 
MDV 
CMP 
J ~lZ 

A,L 
H 
B 
M,A 
H 
A,H 
c 
MTFILL 

READ AND CHECK TEST DATA 

4125 62 
4126 68 
4127 70 
4128 AC 
4129 AS 
412A CS 
4129 47 
4!2C 7E 
4120 88 
4!2E C25941 
413! Cl 
4132 23 
4133 iC 
4134 B9 
4135 C22741 
4138 3A015A 
4138 37 
413C 17 
4130 3i 
413E 1 7 
413F AO 
4140 CCOC48 
4143 04 
4144 EB 
4145 3E21 
4147 CDF247 
414A EB 
4!4B C1 
414C 05 
4140 C5 
414E C21941 
4151 C1 
4152 112351 
4155 CD3F49 
4158 C9 
4159 113A51 
415C CD3F49 
415F CD7849 
4162 !!SCSI 
4165 C03F49 
4168 CD8349 
4168 115351 
416E CD3F49 
4171 78 
4172 CD8349 

MDV 
MDV 

MTTST: MDV 
XRA 
XRA 
PUSH 
MDV 
MDV 
CMP 
JNZ 
POP 
INX 
MDV 
CMP 
JNZ 
LOA 
STC 
RAL 
STC 
RAL 
ANA 
cz 
INR 
XCHG 
MVI 
CALL 
XCHG 
POP 
OCR 
PUSH 
JNZ 
POP 
LXI 
CALL 
RET 

MTFXIT: LXI 
CALL 
CALL 
LXI 
CALL 
CALL 
LXI 
CALL 
MDV 
CALL 

H,D 
L,E 
A,L 
H 
B 
B 
B,A 
A,i'l 
l3 
M TFX IT 
B 
H 
A,H 
c 
MTTST 
WIDTH 

B 
CRLF 
B 

A'. I. 
co 

B 
B 
B 
MT1 
B 
O,MTSOOD 
MSS 

O,MTERR 
MSG 
PHW 
D,MTREAD 
MSG 
PHB 
D ,IIHIROT 
1'156 
A,B 
PHB 

;LOW BYTE TO ACCUM. 
;XOR WITH HIGH BYTE 
;XOR WITH PATTERN 
;STORE IN ADDR 
; ltlCREMENT ADDR 

Page 59 

;LOAD HIGH BYTE OF AODR 
;COMPARE WITH STOP ADDR 
;LOOP IF NOT DONE 

;GET STARTING AODR 
; GET LOW BYTE 
;XOR WITH HIGH BYTE 
;XOR WITH MODIFiER 

;COMPARE WITH MEMORY LOCATION 
;ERRER EXIT 

;UPDATE MEMORY ADDRESS 
; GET HIGH BYTE 
;COMPARE WITH STOP ADOR 
;LOOP BACK 
;GENERATE ((WIDTH+ll*4)-1 

; 
;CHECK FOR TIME FOR CRLF 
;CRLF IF RUNNING OUT OF LINE 
;UPDATE MODIFIER 

;PRINT PASS DONE MESSAGE 

;RESTART WITH NEW MODIFIER 

; FOR 255 TIMES THEN TO CMOS 
;PRINT ERRER ADDRESS 
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4175 C1 
4176 Cl 

41 77 C9 

4178 CDOC48 
4178 115750 
417E C03F49 

4181 3E77 
4183 0323 
4185 3EB7 
4187 0323 
4189 97 
41BA 0.321 
4 1 ec 0322 
418E 3E20 
4190 0321 
4192 0322 

4l94 3EBO 
4196 0313 
4198 0343 
419A 3£30 
419C 0323 
419E 0310 
4!AO 0312 

41A2 D341 
41A4 3C 
41AS CDOE4A 
41AB C39E41 

41A!l 115350 
41AE C03F49 

4191 CDD948 
4184 D2C041 

4187 FE2F 
4189 CB 

41BA CDAB49 
4180 C3A841 

POP 
POP 

rnnw: RET 

; 

B 
B 

;RETURN TO COMMAND LOOP 

i*****************END OF MEMTSTt t1 ************************* 

;*****************BEGINNING OF TEST BOARD* ************•**** 

TSTBRD: CALL 
LXI 
CALL 

MV! 
OUT 
MV! 
OUT 
SUB 
OUT 
OUT 
MV! 
OUT 
OUT 

MVI 
OUT 
OUT 
MVI 
OUT 

LOOPA: OUT 
OUT 

OUT 
!NR 
CALL 
JMP 

CRLF 
D,MTSBRD 
MSG 

A, 77H 
T I MCTL 
A,OB7H 
TIMCTL 
A 
Tli'IE! 
TIME2 
A,20H 
TIME! 
TIME2 

A,BOH 
P!ACNTL 
PIBCNTL 
A,30H 
T!MCTL 
PIAA 
P!AC 

P!AE 
A 
HRTBEAT 
LOOPA 

;THIS ROUTINE ALLOWS THE 
;USER TO DO A HARDWARE 
;CHECK OF THE PIAS AND 
;TIMER CHIPS 

;TIMER 

; TIMER 2 
;TO DIVIDE BY 

;SET PIAA 
;AND P!AB TO 

;LOOP THROUGH 
; SHOULD APPEAR 
;AS STAIRSTEP ON 
;LOGIC ANALIZER 

;LOOP FOREVER 

i * ********~*******END Of TEST BOARD **************** ***** 

;•****************BEGINNING OF MEMED*** ** ***•*****f****** ** 
; 
; MEMED - HEXADECIMAL MEMORY ED ITOR 
; 
MEMED: LX I 

CALL 

CALL 
JNC 

CP ! 
RZ 

CALL 
JI1P 

D,£01'12 ;PRINT "CR, Lf, (" 
MSG 

GHW 
OK 

, I, 

PRBAD 
I'IEMED 

;SET HEX ~ORO INTO HL 1 JUMP IF VALID 

;BAD CHAR RECEIVED - WAS IT "/" 
;GO BACK TO COMMAND LEVEL If 50 

;PRINT "WHAT ?• 
;THEN TRY AGAIN 
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4!CO C03642 
41C3 CDC941 
41C6 C3AB4 1 

4!C9 COF048 
4!CC 02F441 
41CF FE27 
4101 CAEF41 
41D4 FE5E 
4:D6 C2F041 
41 D9 CDD247 
41DC Eb7F 
410E FE40 
41EC DA2042 
41E3 FEbO 
41E5 DAEA41 
41E8 D620 
41EA 0640 
41EC C3F44l 
4!EF CDD247 
41F2 E67F 
411'4 77 
4! F5 CDEE49 

41F8 CDD247 
4!FB E67F 
41"'0 F:OOO 
41FF C20642 
4202 23 
4203 C32342 
4206 FE20 
4208 C20F42 
4209 23 
420C C32342 
420F FE2E 
4211 CA2342 
4214 FE2D 
4216 C21042 
4219 28 
42!A C32342 
4210 FE2F 
42tF ca 
4220 CDAB49 
4223 CD2942 
4226 C3C941 

4229 115350 

OK: CA LL 
CALL 
JMP 

DISCON 
ED IT 
ME MED 

END 11E11ED 

;DISPLAY CONTENTS OF LOCATION 
; THEN BEGIN EDITING 
;LOOP IF EDIT RETURNS 

GET EITHER A NEW HEX BYTE TO BE ~RITTEN ~HERE HL ?DINTS, 
FOLLOWED BY ANOTHER COMMAND, OR JUST ANOTHER COMMAND . 

I 

EDIT: CALL 
JNC 
CPI 
JZ 
CPI 
JIH 
CALL 
ANI 
CPI 
JC 
CPI 
JC 
SUI 

EDUC: SUI 
JMP 

EDLIT: CALL 
ANI 

EDBYTE: MOV 
CALL 

CALL 
ANI 

NEXT : CPI 
JNZ 
INX 
JMP 

E I: CP I 
JNZ 
INX 
JI'IP 

E2: CPI 
JZ 

E3: CPI 
JNZ 
DCX 
JIIP 

E4: CPI 
RZ 

EDBAD: CALL 
PR: CALL 

JMP 

GHB 
EOBYTE 
027H 
EDLIT 
'A' 

NEXT 
CI 
07FH 
040H 
EDBAD 
060H 
EOUC 
020H 
040H 
EDBYTE 
Cl 
07FH 
M,A 
SPACE 

C I 
7FH 
CR 
El 
H 
PR 

E2 
H 
PR 

PR 

£4 
H 
PR 
. I. 

PRBAD 
DISMEM 
EDIT 

;GET THE NEW HEX BYTE IF TYPED 
;GOOD BYTE TYPED - PUT IN MEMORY 
;DOES USER WANT LITERAL CHARACTER ? 
; YEP, , , 
;DOES USER ~ANT CONTROL CHARACTER ? 

;NOFE •.. I'IUST BE COMMAND OR ERRER ... 
:SET CHAR 
;STR!P PARITY 
;SEE IF MAKES SENSE.,, 
;DUMMY 
;FIGURE OUT WHAT TO SUBTRACT •.. 
;IS UPPER CASE ... OK AS IS 
;LOWER CASE .•. MUST BE MOVED DOWN 
;CONVERT TO CONTROL CHAR 

; GET CHAR 
:BETTER STRIP PARITY 
;ELSE STORE IT IN MEMORY 
;SP4CE TO REI~fORCE THAT ONCE T~O OISITS 
; HRE ENTERED, LOCATION IS CHANGED. 
;AND GET ANOTHER CHAR & ECHO IT 
;KILL TOP BIT 
;CARRIAGE RETURN? 

;YES- PRINT NEXT LOCATION 
; OR BLANK 

;YES- DO THE SAME 
; PERIOD? 
;PRINT CURRENT LOCATION 
; !lASH? 

;YES - PRINT PREVIOUS LOCATION 
;SLASH? 
;EDIT ALL DONE IF SO 
; IF NONE OF THE ABOVE, PRINT "WHAT ?' 
;DISPLAY THE NEW CURRE NT MEMORY LOCATION 
;AND LO OP 

; PRINT CR, LF THEN AN ( FOLLOWED BY THE CONTENTS OF HL IN HEX. 

DISIIEM: Lxr D1 EDM2 ;DO CR,LF, • c• 
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422C C03F4 9 
422F CD7849 
4232 CD3642 
4235 C9 

4236 114E50 
4239 CD3F49 
423C 7E 
4230 CDS349 
4240 114F50 
4243 CD3F49 
4246 ES 
4247 CD454B 
424A 7C 
424B CDF247 
424E 70 
424F COF247 
4252 E1 
4253 COEE49 
4256 C9 

4257 COA048 
425A DACC40 
4250 22025A 
4260 CD5849 
4263 08 
4264 3A005A 
4267 32385A 
426A 3E11 
426C 32005A 
426F CDF247 
4272 CD9642 
4275 B7 
4276 3E47 
4278 CA8242 
4278 7A 
427C 97 
4270 CA7242 
4280 3E42 
4282 32365A 
4285 3EFF 
4287 32375A 
428A 3A385A 
4280 32005A 
4290 3E13 
4292 CDF247 

CALL 
CALL 
CALL 
RET 

MSG 
PHW 
D!SCCN 

**** D!SCCN *•*• 

PRINT ') = ' FOLLOWED BY THE CONTENTS OF THE MEMORY LOC. 
POINTED TO BY HL 

' O!SCON: J 'I T 
~ j\J. 

CALL 
MDV 
CALL 
LXI 
CALL 
PUSH 
CALL 
MOV 
CALL 
MDV 
CALL 
POP 
CALL 
RET 

D,EDMI 
MSG 
A 1M 
PHB 
D,EDM3 
I'ISG 
H 
DISASC 
A,H 
co 
A, L 
co 
H 
SPACE 

j 

;GET CONTENTS OF MEM LOC. 
;PRINT IT 

j 

;SAVE ADDRESS 
;CONVERT TO PRINTABLE 
;PRINT ' ' OR ' " ' 
j 

;PRINT CHARACTER 

; **********************BEGINNING OF LOADER********************** 

' ; HEX-FORMAT LOADER 
; NOTE: RECORD LENGTH = 00 TAKEN AS EOF 

;BET BIAS LOADER: CALL SBIAS 

LOAD I: 

DONE: 

JC 
SHLD 
CALL 
RC 
LDA 
STA 
MVI 
STA 
CALL 
CALL 
ORA 
MVI 
JZ 
MOV 
ORA 
JZ 
II VI 
STA 

ERRER 
BIAS 
OKCI< 

;BAD CHAR - QUIT 
;STORE BIAS 
;CHECK WITH US ER BE FO RE JUMPING 
; 

ECHOFL ;SAVE ECHO FLAG 
MISCBF+2;M!SCBF & MISCBF+I USED BY ANSWER 
A,XON ;START DATA COMING 
ECHOFL ;NON-ZERO VALUE IXONI TURNS OFF ECHO 
co ; 
GETREC ;READ IN ONE REC, IAI : RECORD LENGTH 
A ;SET Z-FLAG ON RECORD LENGTH 
A, 'G' ;ANSWER TO QUESTION : GOOD 
DONE ; IF LENGTH= 0 THEN DONE 
A,D ; IDI = ERRER FLAG ON GETREC RETURN 
A ;SEE IF THE "ERRER" FLAG IS NON-ZERO. 
LOAD! ; IF NOT, GO DO NEXT RECORD 
A, 'B' ;STORE "BAD" FLAG IN ANSWER TO QUESTION 
MISCBF ;STORE GOOD/BAD STRING 

MVI A, EOL ; 
STA IIISCBF+I; 
LOA MISCBF+2;RESTORE ECHO FLAG 
STA ECHOFL ; 
MVI A1 XO FF ;STOP FURTHER OUTPUT 
CALL CO 
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4295 C9 

429b CDS742 

4299 CDD142 
429C 4F 
4290 CDD142 
4:~o o7 
42AI CDD142 
42A4 6F 
42A5 05 
42At EB 
42A7 2A025A 
42AII 19 
42AB Dl 
42AC CD0142 
42AF CDC442 

4282 CDD142 
4235 79 
429b C9 

4287 CDD247 
42BA E67F 
428C FE3A 
428E C28742 
42Cl 1600 
42C3 C9 

42C4 41 
42C5 78 
42C6 87 
42C7 CS 
42C8 05 
42C9 CDD142 
42CC 77 
42CD 23 
42CE C3C542 

RET ;RETURN TO COMMAND LEVEL 

END LOADER 

*** GETREC *** READ IN ONE RECORD 

GETREC: CALL 

CALL 
MOY 
CAll 
MOY 
CALL 
NOV 
PUSH 
XCHG 
_t'LD 
DAD 
POP 
CALL 
CALL 

CALL 
':~V 

RET 

FNDMRK 

LGH9 
C. A 
LSHB 
H1 A 
LGHB 
L,A 
!) 

SIPS 
D 
D 
LGHB 
DATA 

LSHB 
A,C 

;SKIP TO RECORD ~ARK 

:G~T THE RECORD LENGTH 
; INTO THE C REG. 
;GET LOAD ADDRESS fiE~D INTO H & l 

; 
:SAVE D!<E 
; 
:ADD BIAS 

;RESTORE Ot.E 
;GET THE RECORD-TYPE BY-E AND lENORE 
:PUT THE NEXT CC) BYTES INTO MEMORY 
;STA~TING WHERE HL POINTS 
;READ THE CHECKSUM BYTE 
;PUT T~E RECORD LENGTH BACK INTO A RES. 
; ~ETURN FROM SETREC. COl CONTAINS THE 

SUM Off ALL HEX BYTES READ, AND 50 
IS EFFECTIVELY AN ERRER FLAG 

END GETREC 

*** FNDHRK ttt - FINO RECORD ~ARK 

; 
FNDMRK: CALL 

ANI 
CPI 
JNZ 
MVI 
RET 

IGNORES ALL TEXT UNTIL •:• FOUND, THEN RET 

Cl ;GET CHARACTER 
07FH ;STRIP OFF BTH BIT 
, : . ; 
FNDMRK ;NOT RECORD MARK - SET NEXT CHAR 
0,0 ;CLEAR D REGISTER IERRER ACCUMULATOR> 

END FNDHRK 

*** DATA *** - INPUT All DATA BYTES 

j 

DATA: 
LOOP: 

DATAl: 

MDV 
i'!OV 
ORA 
RZ 
OCR 
CALL 
MOY 
INX 
JMP 

!Cl = NUMBER OF BYTES TO READ IN 
!Dl = ERRER FLAG ACCUMULATOR MAI~TAINED BY LSHB 

B,C 
A,B 
A 

B 
LSHB 
H,A 
H 
LOOP 

;COPY C REG. TO B 
;GET REMAINING BYTE COUNT 
;GET FLAGS 
; RETUR N FROM SUBR. IF NONE LEFT 
;ELSE DECREMENT B RES. 
;GET BYTE FROM DATA FIELD 
;STORE IN MEMORY 
;BUMP POINTER 
;GO BACK FOR NEXT CHAR. 
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42D1 CDF 048 
4204 FS 
4205 82 
4206 57 
4207 fl 
4208 C9 

4209 C07949 
'2DC DACC40 
4?!lF CD5849 
~2E: DB 
42E3 3AO!SA 
42£6 47 
42£7 2F 
42E8 AS 
42E9 6F 
4:!EA 7B 
42E3 BO 
42EC SF 
42ED E5 
42EE COFb49 
42FI 2B 
42F2 Dl 
42F3 EB 
42F4 CDOC48 
42F7 CD7849 
42FA E5 
42FB 21365A 
42FE E3 

42FF 7E 
4300 23 
4301 CDEE49 
4304 CD8349 
4307 Eo7F 
4309 FE20 

END OATA 

••• LGHB *** - LOADER GET HEX 3YTE 

LGHB: CALL 
PUSH 
ADD 
110V 
POP 
RET 

END 
j 

SAME AS SHB EXCEPT ADDS BYTE GOTTEN TO ERRER 
ACCUMULATOR IN 0 REGISTER 

GHB ;GET BYTE 
PSW ;SAVE BYTE 
D ;ADD TO !Dl 
D,A ;PUT SUM IN D-REG 
PSW ;RESTORE BYTE 

LGHB 

i **** **** *****•~*****•*•END OF LOADER•~••~ ********** *~******•• ••• 
j 

;**********•************ BEGINNING OF DUMP•••••• ••••*********•**** 

; DUMP! IS AN ENTRY POINT FOR EXTERNAL USE OF ROUT! NE 
; 
DUMP: CALL FROMTO ;GET BEGINNING ADDR ESS AND BYTE COUNT 

JC ERRER ;NON HEX CHAR ~YPEO - WHAT ?? ? ?? ? 
CALL OKCK ;CHECK WITH USER BEFORE CONTINUING 
RC ; 

OUMP 1: LOA WIDTH ;GET WIDTH 
MDV B,A ; 
CMA ;ROUND omm STARTING ADDRESS 
ANA L 
MOV L,A ; 
MDV A,E ;ROUND UP ENDING ADDR ESS 
ORA B 
MDV E,A ; 
PUSH H ;D&E=START-ENDING-1 
CALL SUB16 
ocx H 
POP D 
XCHG ; 
CALL CRLF :GO TO NEW LINE 
CALL PHW ;PRINT MEMORY ADDRESS 
PUSH H ;PUT RAM ADDRESS ON STACK 
LXI H,MISCBF;GET BUFFER ADDRESS 
XTHL ;PUT BUFFER ADDRESS ON STACK 

;SET RAM ADDRESS OFF 

AT THIS POINT TOP OF STACK HAS BUFFER ADDRESS 
H&L HAS RAM ADDRESS 

0 II : MDV A,M ; GET BYTE 
INX H ;POINT TO NEXT BYTE IN RAil 
CALL SPACE j 

CALL PHB ; PRINT BYTE IN HEX 
ANI 07FH ; STRIP PARITY 
CPI 020H ;CHECK FOR PRINTABLE 
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4308 OA1343 
430E FE7F 
4310 C21543 
4313 3E2E 
4315 E3 
4316 77 
4317 23 
4318 E3 
4:19 13 
431A 70 
4318 i\0 
431C C2FF42 
431F E3 
4320 36FF 
4322 21365A 
4325 E3 
43:::6 CDEE49 
4329 CDEE49 
4:::2C DS 
4320 11365P 
4330 CD3F49 
4333 01 
4334 78 
4335 82 
4336 Ci\4243 
4339 CDOC48 
433C CD7849 
433F C3FF42 
4:::4~ El 
4343 3EFF 
4345 323651\ 
4348 C9 

4349 CDF04B 
434C DACC40 
434F 323851\ 
4352 3EC9 
4354 32395A 
4357 CCEE49 
435A CDD247 
4350 CDOZ4A 
4360 CDEE49 
4363 FE52 
4365 C26C43 
4368 CD7E43 
4368 C9 
43bC FES7 
436E C27543 
4371 CD9E43 
4374 C9 

JC 
DI2: CPI 

JNZ 
OI3: MVI 
DI4: XTHL 

MDV 
INX 
XTHL 
INX 
MO'J 
ANA 
JNZ 

OMPLI N: X THL 
MV! 
LXI 
XT'!L 
CALL 
CALL 
PUSH 
LXI 
CALL 
POP 
MDV 
ORA 
JZ 
CALL 
CALL 
JMP 

OMPENO: "OP 
MVI 
STA 
RET 

; 

OI3 
07FH 
014 
A' ' 

M,A 
H 

0 
A,L 
8 
DI1 

;NOT PRINTABLE- PRINT ' , 
;MAY BE PRINTABLE- CHECK FOR RUBOUT 
; .~OPE .. OK 
;NOT PRINTABLE - REPLACE WITH SPACE 
:GET BUFFER ADDRESS 
;PUT CHAR OR SPACE IH BUFFER 
j 

;PUT BUFFER ADDRESS BACK 
:OECREHE~T COUN- OF NUMBER OF BYTES LEFT 
, 
;END OF LINE- PRINT ASCII AND CRLF 
;KEEP GOINS IF NO T AT END OF LINE 
;GET BUFFER ADDRESS 

M,EOL ;TERMINATE STRING 
H,MISCBF;POINT BACK TO START OF BUFFER 

:PUT BUFFER AOCRESS BACK ON STACK 
SPACE ;SPACE ov=R A COUPLE 
SPACE 
0 ; 
D,MISCBF;POINT TO BEGINNING OF ASCII BUFFER 
MSG ;PRINT ASCII BUFFER 
0 
A,E 
0 
DMPEND 
CRLF 
PHW 

, 
;DONE 
; 
:PRINT H~HORY ADORESS 

D I 1 ; 
H :CLEAN OFF STACK 
A,EOL ;CLEAR ANSWER . . , 
MISCBF 

; •• ****• ** ~** •** *~•••• ••END OF DUMP ***** ** **** **** ***** * **~ **** ** 
, 
; ******************'''**BEGINNING OF !OPORTt t ttttt t tttt t4ttttt+tt 
; 
; !0 - 1/0 PORT MANIPULATION 

' IOPORT: CALL 
JC 
STA 
MVI 
STA 
CALL 
CAL~ 

CALL 
CALL 
CPI 
JNZ 
CALL 
RET 

IOPI: CPI 
JNZ 
CALL 
RET 

GHB 
ERRER 
MISCBF+2 
A,OC9H 
111SCBF+3 
SPACE 
Cl 
UCASE 
SPACE 
'R' 
lOP I 
IOPR 

·w· 
IOP2 
IOPII 

;GET PORT NUMBER 
, 
;DON'T TROMP ON EOL 
;STORE RETURN 

i 
;SET IOPORT COMMAND 
;STRIP PARITY 

' ;IF NOT R, CHECK OTHERS 
i 
;IOPORT READ ROUT INE 

' ;IF NOT II, CHECK 11 

' ;IOPORT IIRITE ROUTINE 
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4375 FE4D 
4377 C2CC40 
437A CDB943 
4370 C'l 

437E 3EDB 
4380 32375A 
4;;93 C0375A 
~386 11E850 
438'1 C03F49 
438C C08349 
43BF CDEE49 
4392 C0454B 
4395 7C 
4396 CDF247 
4399 70 
43'1A CDF247 
4390 C9 

4;;9E 1! £950 
4;:At CD3F49 
4}A4 CDF04B 
43A7 OACC40 
43AA CD5849 
43AD 08 
43AE F5 
43AF 3ED3 
4391 32375A 
4384 Fl 
4385 CD375A 
4388 C9 

4399 11EF50 
4:C.BC CD3F49 
43Bf CDF04B 
43C2 DACC40 
43C5 CD5S49 
43CB DB 
43C9 4F 
43CA CDOC48 
43CD 3C:OB 
43CF 32375A 
4302 1600 
4304 CD375A 
4307 CD834'1 
430A CDEE49 
4300 CD4548 
43EO 7C 
43EI CDF247 

l OP2: CPI 
JNZ 
CALL 
RET 
E~D 

' M' 
ERRER 
IOPM 

H!PORT 

IDPR - IOPORT READ SUBCOMMAND 
i 
IOPR: MVI 

STA 
CALL 
LXI 
CALL 
CALL 
CALL 
CALL 
MDV 
CALL 
110V 
CALL 
RET 

A,ODBH 
MISCBF+l 
tHSCBF+ I 
D,IOPOA 
MSG 
PHB 
SPACE 
DISASC 
A,H 
co 
A,L 
co 

IOPW - IOPORT WRITE COMMAND 
i 
IOPW: LXI 

CALL 
CALL 
JC 
CALL 
RC 
PUSH 
MVI 

POP 
CALL 
RET 

D,IOPOA 
MSG 
fiHB 
ERRER 
OKCK 

PSW 
A,OD3H 
MiSCB>'+I 
PSW 
MISCBF+l 

IOPM - IOPORT MONITOR COMMAND 
; 
IOPI1 : LXI 

CALL 
CALL 
JC 
CALL 
RC 
~ov 

CALL 
MVI 
STA 
MVI 

IOPMI: CALL 
CALL 
CALL 
CALL 
HOV 
CALL 

D,IOPIHI 
MSS 
SHB 
ERRER 
OKCK 

C,A 
CRLF 
A,ODBH 
MISCBF+I 
D,O 
I'IISCBF+I 
PHS 
SPACE 
DISASC 
A, H 
co 
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;IF NOT 11, THEN WHAT DO 
; YOU WANT ? 
;IOPORT MONITOR ROUTINE 
; 
;MAIN PROGRAM 

;STORE "IN" HJST 
i 
;GET BYTE FROM PORT 
;PR:NT 'DATA= . 

;PRINT BYTE IN HEX 

;PRINT BYTE IN ASCII 

;PRINT 'DATA = ' 

; 
;BAD CHAR TYPED. , , 
;CHECK TO BE SURE 
;MUST HAVE GOOFED ... 
;SAVE DATA 
;STORE "OUT" I~s· 

;GET DATA BACK 
;WRITE DATA 

;PRINT '@ 50115 f 

' ; BAD CHAR ... 
;GIVE ESCAPE A CHANCE ..• 
; 
; MOULD YOU BELEIVE C FOR COUNT~R? 
i 
; STORE "IN" INST 

;BET BYTE FROM PORT 
;PRINT BYTE IN HEX 

' ;PRINT BYTE IN ASCII 



43E4 70 
43E5 CDF2 47 
43E8 11 F950 
43EB CD.3F49 
43EE 41 
43EF 04 
43FO 05 
4;:iFI CAFA43 
4::F4 Cll1548 
43F7 C3F043 
43FA 14 
43FB 3A01 5A 
43FE 97 
43FF IF 
4400 A2 
4401 CCOC48 
4404 C30443 

4407 CDOE4A 
440A ~EOO 

HOC D340 
440E 0322 
4410 0322 
441:! 3E01 
4414 0340 
4416 115000 
4419 CDB747 
441C 3E03 
441E 0340 
44:!0 3A!25A 
4423 47 
4424 CD4445 
4427 7C 
44::!8 89 
442'1 DA3744 
442C EOO 
442E 0340 
4430 210000 
4433 22105A 
44::i6 C9 

4437 0842 
4439 E601 
4438 FEO! 
4430 C22044 
4440 3EOO 
4442 D340 
4444 CD4445 
4447 CDS345 
444A CD5345 

MDV 
CALL 
LXI 
CALL 
IIOV 
INR 

IOPII2: OCR 
JZ 
CALL 
JIIP 

IOPM3: INR 

; 

LOA 
ORA 
RAR 
A'iA 
cz 
J~P 

A,L 
co 
D,IOPSM 
MSG 
B,C 
B 
8 
IOPI13 
DSOMS 
IOP I1 2 

·D 
WIDTH 
A 

D 
CRLF 
lOP~! 

; 
;PRINT 
; 
;WAIT !Cl • SOMS 
;CHECK FOR ZERO 

; 
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;CHECK TO SEE IF IT IS TIME 
; FOR A ROUSfNG ROUNO OF CRLF 
;CLEAR CARRY 
; CUT DOWN ONE 

:••********•***•*•*+++ +• END oc !0 PORT COMMAND**********•* * 
; 
: • •** ********************** *** *** *****4**** ****** *** ** *~*** 
; t BEGINNING OF ULTRASONIC ROUTINE • 
; ***** **** *******~· ·· ·· •* ***•* *** ******** ** ** ******** *** * ** 

USFNT: CALL 
'lVI 
OUT 
ou~ 

OUT 
MVI 
OUT 
LXI 
CALL 
MVI 
OUT 

LOOPD: c..DA 
I'OV 
CALL 
110'1 
CMP 
JC 
!'lVI 
OUT 
LXI 
SHLD 
RET 

NEXTA: IN 
ANI 
CPI 
JNZ 
IIVI 
OUT 
CALL 
CALL 
CALL 

HRTBEAT 
A,OO-i 
PIAD 
TIME2 
TIME2 
A, OIH 
PIAD 
D,OOSOH 
DELAYD 
A,03H 
PIAD 
t!AXFNT 
B,A 
CNTCK 
A,H 
B 
NEXT A 
A,OOH 
P!AD 
H,OOOOH 
FNTDST 

PIAF 
OlH 
OIH 
LOOPD 
A,OOH 
PIAD 
CNTCK 
BEEP 
BEEP 

;RELO~D HEARTBEAT 

;RESET !NIT LINE ON SDN!CS 
;ZERO '158 OF COUN-

LSB OF COUNT 

;SEND OUT SONIC BOOM 
;DELAY FOR< 1 MILLISEC. 
• OFF TO DELAY 
;SEND OUT BLANK INHIBIT 
; BUT KEEP BOOM HISH 
;SET MAX FRONT DIST. 

;FIND OUT HOW LONG 

; BOOM HAS BEEN GONE 
; IF SO FORGET IT 

;RESET EVERYTHING 
; CLEAR DIST. 

;TEST FOR 80011 
; MASK OFF DIRECTION 
; TEST FOR DIRECTION 
;I F NOT BOOM THEN WAIT 

;RESET !NIT LINE 
;SET COUNTER IN HL 
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4440 CD7245 
4450 22105A 
4453 C9 

4454 CDOE4A 
4457 3EBO 
4459 0323 
4458 3EOO 
4450 DHO 
445F 0322 
4461 D322 
4463 3E04 
4455 0340 
44o7 ttsooo 
446A CD8747 
4460 :::EOC 
446F ll340 
447! :A!SSA 
4474 47 
4475 CD444S 
4478 7C 
4479 BB 
447A DA9844 
4470 3EOO 
447F 0340 
448! 2!0000 
4484 22!35A 
4487 C9 

4488 DB42 
HSA Eo O<: 
448C F!:02 
USE C27!4 4 
4491 :EOO 
4493 0340 
4495 CD4445 
4498 CD5345 
4498 CD5345 
449E CD7245 
44Al 2213SA 
441l4 C9 

44A5 CDOE4A 
44A8 3EBO 
44AA 0323 
44AC 3EOO 
44AE 0340 
4480 0322 
4482 0322 
4494 3E10 
44Bb D340 
44BB 115000 
44B8 C08747 
44BE 3E30 
44CO 0340 
44C2 3A185A 

CALL 
SHLD 
RET 

USBACK: CALL 
MVI 
OUT 
MVI 
OUT 
OUT 
OUT 
I'V: 
OUT 
LXI 
CALL 
I'II/I 
OUT 

LOOPF: LOA 
~01/ 

CALL 
MO l/ 
CMP 
JC 
MVI 
ou­
LXI 
SHLD 
RET 

NEXTil: IN 
ANI 
CPI 
JNZ 
MVI 
OUT 
CALL 
CALL 
CALL 
CALL 
SHLD 
RET 

USRT : CALL 
III/I 
OUT 
'1VI 
OUT 
OUT 
OUT 
111/l 
OUT 
LXI 
CALL 
III/I 
OUT 

LOOPH: LOA 

FNDDT 
FNTDST 

HRTBSA­
A,OBOH 
T I MCTL 
A,OOH 
P!AD 
TIME2 
TI'IE2 
P,O~H 

P!AD 
D1 0050H 
DELAYO 
A,OCH 
P!AD 
MAXBAK 
i!,A 
CNTCK 
A,H 
B 
~I E XTB 

A,OOH 
PI AD 
H,OOOOH 
BAKtlST 

PIAF 
02H 
02H 
'-OOPF 
A,OOH 
PI Ail 
CNTCK 
BEEP 
BEEP 
FNDDT 
BAKDST 

HRTBEAT 
A,OBOH 
TIIICTL 
A,OOH 
PIAD 
TIME2 
T li1E2 
A, 1 OH 
PIAD 
D1 0050H 
DELAYD 
A1 30H 
PIAD 
MAXRT 
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;F IND DISTANCE 
: STORE AS FRONT 

:RELOAD HEARTB!:AT 
;INITIALIZE 6253 COUNTER 
;TIMER2 BINARY COUNT IIDDE 0 

;RESET !NIT LINE ON SON!CS 
;ZERO MSB o• COUNT 

LSB OF COUNT 

;SEND OUT SONIC BOOM 
;DELAY FOR < 1 MI LLISEC . 
, OFF TO DELAY 
;SEND OUT BLANK INHIBIT 
; BUT ~EEP BOOM HIGH 
;SET MAX B~CK uls-. 

;FIND OUT HOW LONG 

; BOOM HAS BEEN GONE 
; IF SO FORGET !T 

;RESET EVERYTHING 

;TEST FOR 80011 
;MASK OFF O:RECT ION 
:~Es~ FOR DIRECTION 
;IF NO- BOOM -HE~ WAIT 

; RESET !NIT LINE 
;GET COUNTER IN HL 

;FIND DISTANCE 
;AND STORE AS 
;BACt( DIST. 

;RELOAD HEAR TBEAT 
;INITIALIZE 8253 COUNTER 
: Tii1ER2 BINARY COUNT HOOE 0 

;RESET !NIT Ll~E ON SON!CS 
;ZERO MSB OF COUNT 

LSB OF COUNT 

;SEND OUT SONIC BOOM 
;DELAY FOR < I MILLISEC. 
; OFF TO DELAY 
;SEND OUT BLANK INHIBIT 
; BUT KEEP BOOM HIGH 
;GET MAX RIGHT DIST, 
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44C5 47 MOV B,A 
44C6 C04445 CALL CNTCK ;FIND OUT HOW LONG 
44C9 7C t'IOV A,H 
44CA 88 CMP 8 ; BOOM HAS BEEN GONE 
44CB DAD944 JC NEXTC ; IF SO FORGET IT 
44CE 3EOO MVI A1 00H 
4400 0340 OUT PIAD ;RESET EVERYTHING 
4402 2!0000 LX ! H,OOOOH 
4405 221b5A SHLD RTOST 
4408 C9 RET 

44D9 0842 NEXTC: IN PIAF ;TEST FOR BOOM 
HDB Eb04 ANI 04H ;MASK OFF DIRECTION 
4400 FE04 CPI 04H ;TEST FOR DIRECTION 
44DF C2C244 JtiZ LOOPH ;IF NOT BOOM THEN WAIT 
44E2 3EOO MY! A,OOH 
44E4 0340 OUT PIAD : f\ESET !NIT L;tiE 
4dE6 ~04445 CALL CNTCK ; 6iOT COU•HER IN HL 
~4E9 CD5345 CALL BEEP 
44EC CD7245 C.~LL FNDDT ;SET DISHNCE 
44EF 22165A SHLD RTDST ;STORE AS RIGHT 
44f2 C9 RET 

44F3 CDO E4A USLFT: CALL HRTBEAT ; RELOAD HEARTBEAT 
4F6 3EBO MVI A,OBOH ;INITIALIZE 8253 COUNTER 
44F8 0323 OUT TIMCTL : TI MER2 BINARY COUNT ~ODE 0 
44FII 3EOO MVI A,OOH 
44FC 0340 CJUT PIAD ;RESET !N IT LINE ON SO NICS 
44FE 0.,.., ... 

"-'-L OUT TIME2 :ZERO MSB OF CO'JNT 
4500 032:! OUT TIME2 LSB OF COUNT 
4502 3E40 l1VI A,40H 
4~04 0340 OUT PIAD ;SEND OUT SONIC BOOM 
4506 115000 LXI o, oo~oH ;DELAY FOR < I M!LLISEC. 
4~,9 CDS747 CALL DEL AYO ; OFF TO DELAY 
4~0C 3ECO IIVI A,OCOH ;SEND OUT BLANK INHIBIT 
450E 0340 OUT PIAD ; BUT KEEP BOOM Hi6H 
4~!0 3A!B5A LOOPJ: LOA IIAXLFT ;SET MAX LEFT OIST . 
4513 47 110V B,A 
4514 CD4445 CALL CNTCK ;FINO OUT HOW LONG 
4517 7C MD V A1 H 
4518 ae CMP B i IF SEATER 
4519 DA2745 JC tiE XTO 

' 
IF SO FORGET IT 

451C 3EOO MVI A,OOH 
451E DHO OUT PIAD ;RESET EVERYTHING 
4520 210000 LXI H, OOOOH 
4523 22195A SHL!> LFTOST 
4526 C9 RET 

4527 OB42 NEXTO: IN PIAF ;TEST FOR BOON 
4529 E608 ANI OBH ;MASK OFF DIRECTION 
4528 FEOB CPI OBH ;TEST FOR DIRECTION 
4520 C21045 JNZ LOOPJ ;IF NOT BOOM THEN WAIT 
4530 3EOO MVI A, OOH 
4532 0340 OUT PIAD ;RESET !NIT LINE 
4534 C04445 CALL CNTCK ;SET COUNTER IN HL 
4537 CD5345 CALL BEEP 
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453A CD5345 
4530 CD7245 
4540 22195A 
4543 C'l 

4544 f5 
4545 3£80 
4547 0323 
4549 0822 
4548 2F 
454C 6F 
4540 0822 
454F 2F 
4550 67 
4551 Fl 
4552 C9 

4553 3A20SA 
4556 £602 
4558 FE02 
455A CO 
4558 3E40 
45!:0 0342 
455F 54 
~560 so 
4561 CD8747 
4!:6& 3ECO 
4566 0342 
4568 54 
45:.9 50 
4::6A C08747 
4560 3~00 
4SbF 0342 
4571 !:9 

4572 1 !FOOO 
4575 O!FFFF 
4578 03 
4579 CDF649 
457C 027845 
457F 69 
4590 60 
4581 C9 

4582 3A205A 
4585 E604 
~587 FE04 
4589 co 
458A OBI! 
458C E608 
458E FEOB 
4590 CA'IB45 
4593 3E20 
4595 CDF04A 
4598 C3C945 
4598 3E20 

CALL 
CALL 
SHLD 
RET 

CNEK: PUSH 
MVI 
OUT 
IN 
CMA 
'ICV 
IN 
CMA 
MOV 
POP 
RET 

BE::?: LDA 
ANI 
CPI 
RNZ 
MVI 
OUT 
MO V 
110V 
CALL 
MVI 
OUT 
MO V 
MOV 
CALL 
MVI 
OUT 
RET 

FNDDT : LXI 
LXI 

LOOPM: INX 
CALL 
JNC 
110V 
MOV 
RET 

ULTRA : LOA 
Mil 
CPI 
RNZ 
IN 
ANI 
CPI 
JZ 
11VI 
CALL 
JI1P 

FUSOK : MVI 

BEEP 
FNDDT 
LFTDST 

PSW 
A, BOH 
TIMCTL 
TIME2 

L,A 
TIME2 

H,i\ 
PSW 

11ENCTRL 
SONOFF 
SONOFF 

A1 40H 
PIAF 
D.H 
E,L 
DELAVD 
A,OCOH 
PIAF 
D1 H 
E,L 
DELAYD 
A,OOH 
PIAF 

01 00FOH 
B,OFFFFH 
B 
SU816 
LOOP11 
L,C 
H,B 

MENC TRL 
RO NOFF 
RONOFf 

PIAB 
FUSLOOP 
FUSLDDP 
FUSOK 
A,FUSLED 
SET ERR 
ULTRA! 
A,FUSLED 

;GET DISTANCE 
:STORE AS LEFT 

;LATCH CURRENT COUNT 
;GET LSB 
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; FLIP IT TO REAL TIME 

;GET MSB 
; FLIP TO REAL TIME 

;3E- SOUND FLAa 
;r.Asr TO SEE IF SOU~D ON 

IS IT ON ? 
, IF NOT FOGET IT 

;TURN 011 TONE 
;DELAY FOR 
; OlST.COUNT 
; liAI- FOR IT 
;CHANGE TONE 

;DELAY FOR 
;DIST COUNT 

;NOW TURN EVERV-HINS OFF 

;COUNT TO DIST. RATIO 
; ZERO BC 

;HL=HL-OE 
; DONE YEP 
;!'lOVE BC TO HL 

;SET MENU CONTROL ~ORD 
;MASK TO SEE IF RANGING ON 

;RETURN IF RANGING OFF 
;GET +5 VOLT DATA <LOOP) FROM CONN. 
;MASK TO GET FRONT CONNECTOR STATUS 
;AFTER COMPARE, Z SET =CONNECTED 
;CONTINUE IF CONNECTED 
;GET DATA TO LIGHT FRONT US ERROR LED 
;LIGHT THE FRONT US ERROR LEO 

;CLEAR LED ERROR 



Appe~d;x C: SOFTWARE LISTING 

4590 CDFC4A 
4:SAO C00744 
45A3 2AIC5A 
45A6 EB 
45A7 CD8747 
45AA 2AIOSA 
45AD 7C 
45AE BS 
45AF FEOO 
4581 CAC945 
4584 113555 
4587 CD3F49 
45BA CD7849 
4580 CDOC48 
45CO 7D 
4:5C! FEOC 
'5C3 D2C945 
45C6 CD£949 
45C9 DB!l 
45CB EblO 
45CD F!010 
4~CF CADA45 
4502 3£10 
4~04 COF04A 
4507 C30846 
45DA 3E10 
450C COrC4A 
4SOF C:>5444 
45E2 2A!C5A 
4SE5 EB 
45E6 CD8747 
4SE9 2A135A 
45EC 7C 
45EO 35 
45EE FEOO 
4:5FO CA0846 
45F3 113E55 
45F6 CD3F49 
45F9 CD7849 
45FC CDOC48 
45FF 70 
4600 FEOC 
4602 D20846 
4605 COEB48 
4608 DBII 
460A Eb20 
460C FE20 
460E CA1946 
4611 3E08 
4613 CDF04A 
4616 C34746 
4619 3E08 
4618 CDFC4A 
461E CDA544 
4621 2AICSA 
4624 EB 

CALL 
CALL 
LHLD 
XCHG 
CALL 
LHLD 
i'IOV 
ORA 
CPI 
JZ 
LXI 
CALL 
CALL 
CALL 
MOV 
CP! 
iNC 
CALL 

ULT'~A1: IN 
ANI 
CPI 
JZ 
NV! 
CALL 
JMP 

3USOK: MV! 
CAL 
:ALL 
LHLD 
XCHB 
CALL 
LHLO 
'\OV 
ORA 
CPI 
JZ 
LXI 
CALL 
CALL 
CALL 
i'IOV 
CPI 
JNC 
CALL 

Ul.RA2: IN 
ANI 
CP! 
JZ 
I'I VI 
CALL 
JMP 

RUSOK : 11V I 
CALL 
CALL 
LHLD 
XCHS 

CLRERR 
USFNT 
TIMDL Y 

DELAYD 
FNTDST 
A,H 
L 
OOH 
ULTRA 1 
D,FNTMSG 
I'ISG 
PHW 
CRLF 
A,L 
USSTOP 
ULTRA! 
STOP 
PIAB 
BUSLOOP 
BUSLOOP 
BUS OK 
A,BUSLEO 
SETERR 
ULTRA2 
A,BUSLED 
CLRERR 
US SACK 
TIMDLY 

DELAYD 
BAKDST 
A,H 
L 
OOH 
ULTRA2 
O,BAKPISS 
MSG 
PHW 
CRLF 
A,L 
US STOP 
ULTRA2 
STOP 
PIAB 
RUSLOOP 
RUSLOOP 
RUSOK 
A,RUSLED 
SETERR 
ULTRA3 
A,RUSLED 
CLRERR 
USRT 
T It!DL Y 
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; 
;ULTRASONIC RANGING FRONT 
; DELAY FOR SCAN 

;MAX FRONT DIST. 

;IF GREATER THAN XAX 
THEN FORGET IT 
PRINT RANGE DIST. 
MESS AGE 
AND FRONT DIST. VA LUE 

:CHECK FOR UNSAFE DIST 
;IF GREATER -HEN ULTRA STOP 
: THEN CONT. 
; IF LESS STOP 
;GET +5 VOLT DATA <LOOPl FROM CONN. 
;MASK TO GET BACK CONNECTOR STATUS 
;AFTER COMPARE, Z SET = CONNECTED 
;CONTINUE IF CONNECTED 
;SET DATA TO LIGHT BACK US ERROR LED 
;LIEHT THE BACK US ERROR LED 

;SET DATA TO CLEAR BACK US ERROR LED 

;ULTRASONIC RANGE BACK 
; DELAY FOR SCAN 

;MAX BACK DIST. 

;IF GREATER THAN MAX 
:THEN FORGET IT 
; PRINT RANGE DIST . 
; MESSA GE 
; AND FRONT D!ST . VALUE 

;CHECK FOR UNSA FE D!ST 
;IF GREATER THEN ULTRA STOP 
; THEN CONT. 
; IF LESS STOP 
;SET +5 VOLT DATA <LOOP ) FROH CONN. 
;MASK TO GET RIGHT CONNECTOR STATUS 
;AFTER COPIPARE, Z SET = CONNECTED 
;CONTINUE IF CONNECTED 
;GET DATA TO LIGHT RIGHT US ERROR LED 
;LIGHT THE RIGHT US ERROR LED 

;GET DATA TO CLEAR RIGHT US ERROR LED 

DELAY FOR SCAt! 
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4625 CD8747 
4b28 2Alb5A 
4b2B 7C 
4c2C es 
4620 i'EOO 
462F CA4746 
4632 114655 
4b35 C03F49 
4638 CD7849 
4638 COOC48 
463£ 70 
463F FEOC 
4641 024746 
4644 CDEB4B 
4647 DB11 
4b49 Eb40 
4649 FE40 
4640 CAS846 
Ho50 3E04 
4652 COFO&A 
4655 C38646 
465!! 3E04 
46SA CDFC4A 
4650 CDF344 
4660 2A1C5A 
46o3 EB 
4664 C08747 
4667 2A195A 
46bA 7C 
4669 BS 
466C FEOO 
466E CAB646 
46il l!LFSS 
4674 CD3F49 
4677 CD7B49 
467A CDOC48 
4670 70 
467E FEOC 
4680 028646 
4683 CilEB4B 
4686 C9 

4687 310060 
468A 3E82 
46BC 0313 

468E 3EBO 

CALL 
LHLD 
IIOV 
ORA 
CPI 
JZ 
LXI 
CALL 
CALL 
CALL 
MOV 
CPI 
JNC 
CALL 

UL TRA3: IN 
ANI 
CPI 
JZ 
MV: 
CALL 
JMP 

LUSDK : HV I 
CALL 
CALL 
LHLD 
XCHG 
CALL 
LHLD 
MOV 
ORA 
CPI 
JZ 
LXI 
CALL 
CALL 
CALL 
r!OV 
CPI 
JIIC 
CALL 

ULTRA4: RET 

DEL AYD 
RTDST 
A,H 
L 
OOH 
UL TRA3 
D,RTMSG 
MSG 
PHW 
CRLF 
A,L 
USE TOP 
ULiRA3 
SiOP 
PIAB 
LUSLOOP 
LUSLOOP 
LUSOK 
A.LUSLEO 
SET ERR 
ULT RA4 
A,LUSLEO 
CLRERR 
USLFT 
TIMDLY 

DEL AYO 
LFTDST 
A,H 
L 
OOH 
ULTRA4 
D, LFTMSG 
IISG 
PHW 
CRLF 
A,L 
USSTOP 
ULTRA4 
STOP 

;MAX RIGHi DIST. 

;IF SREATER T~AN IIAX 
THEN FORGET IT 
PRINT RANGE DIST. 
ME SSAGE 
AND FRONT DIST. VALUE 

;CHECK FOR UNSAFE DIST 
;IF GREATER THEN ULTRA STOP 
; THEN corn. 
; IF LESS STOP 
;GET +5 VOLT DATA (LOOP! FROM CONN. 
;MASK TO GET LEFT CONNECTOR STATUS 
;AFTER COMPARE, Z SET • CONNECTED 
:CON-INUE I> CONNECTED 
;GET ~ATA TO LISHT LEFT US ERROR LED 
;LIGHT THE LEFT US ERROR LED 

;SET DATA TO CLEAR RIGHT US ERROR LED 

;ULTRASONIC RANGE LEFT 
; DELAY FOR SCAN ilEL~Y 

;MAX LEFT DIST. 

;IF GREATER THAN MAX 
THEN FORGET IT 
PRINT RANGE DiST. 
MESSAGE 
AND FRONT DIST . VALUE 

;CHECK FOR UNSAFE DIST 
;IF GREATER THEN ULTRA STOP 
; THEN CONT. 
; IF LESS STOP 
;GO BACK TO CALLING 

ROUTINE 

; •*********'**'~*** END OF SONICS ROUTINE ********•******** 
; 
:******~********** BEGINNING OF CHAIR PR05RAHS •~********* 
; 
; INITIAL - ROUTINE TO INITIALIZE THE CHAIR UPON STARTUP 
; 
INITIAL : LXI 

MVI 
OUT 

MVI 

SP,ENDRAI'!+l 
A,!OOOOO!OB 
PIACNTL 

A,OBOH 

;RESET STACK POINTER 
;PORT A: OUTPUT 
;PORT B: INPUT 
;PORT C <UPPER! : OUTPUT 
;PORT C (LONER!: OUTPUT 
; INITIALIZE B253 COUNTER 
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4690 0323 
4692 3EBI 
4694 0343 

46% 3EOB 
4698 322ESA 
4698 322D5A 
469E 322C5A 
46AI 322BSA 
46A4 07 
46A5 07 
46A6 07 
46A7 07 
461\8 F608 
46AA 0341 
46AC 3E30 
461'E 0323 
4680 210008 
46B3 221C5A 
4686 111~55 

4689 CO:F49 
468C 11F254 
46BF CD3F49 

46C2 00 
46C3 00 
46C4 00 
46C5 3EFF 
46C7 32355A 
46CA COOE4A 

46CD CD!54A 

4600 CD8245 
4603 CDA44A 

4606 CD5048 

4609 3A205A 
46DC E601 
46DE FEOI 
46EO C2E946 
46E3 CDEB48 
46E6 C3C246 
46E9 3A315A 
46EC FEOO 
46EE C2F746 

SOFTWAR" LISTING 

OUT 
11VI 
OUT 

IIVI 
STA 
STA 
STA 
STA 
RLC 
RLC 
RLC 
RLC 
OR! 
OUT 
MVI 
OUT 
LXI 
SHLD 
LXI 
CALL 
LXI 
CALL 

TIMCTL 
A,BIH 
PIBCNTL 

A,IITRS-CP 
RIICS 
LMCS 
RMTS 
L11TS 

MTRSTOP 
PIAE 
A,30H 
ii MCTL 
H,0800H 
TIMDLY 
D,CLS 
1'1SG 
D,MSG! 
MSG 

Page 73 

;TIMER2 BINARY COUNT MODE 0 
;8255 PIA D• IN E•IN 
;c=OUT 

;GET VALUE TO STOP MOTORS 
; SET MOTOR OUTPUT 
; TO STOP AT FIRST 

;ROTATE TO MS NIBBLE 

;COMBINE FOR BOTH L & R MOTORS 
;SEND STOPS TO MOTORS 
;SET UP TIMER 0 FOR 

HEARTBEAT PROTECTION 
SET SCAN DELAY 
FOR DELAYING ULTRA SAMPLE 
CLEAR SCREEN 

PRINT A MESSAGE SO 
WE KNOW WE MADE IT 

R~NCHR - MAIN SDFT~ARE LOOP. REPEAT LOOP CO~STA~TLY, REGArtDLESS 
OF THE PAD/JOYSTICK SETTING, BUT DO NOT UPDATE HEARTBEAT 
IF SWITCHED TO JOYSTICK 

; 
; *f*•••*·~·•******•***•*••••* 

RU NCHR: 'lOF 
NOP 
NOP 
MVI A, TRUE 
STA HEARTON 
CALL HRTBEAT ;CHECK PAD/JOYSTICK S~ITCH 1 UPDATE 

;HEARTBEAT IF SNITCHED TO PAD 
CALL !'1ENCHK ;DETERMINE MENU NUBER, READ GLOBAL 

;MENU PARAMETERS 
CALL ULTRA ;CALL U.S . RANGING ROUTINE 
CALL PADCHK ;CHECK PAD FOR TOUCH, READ DATA NEEDED 

; IF A VALID TOUCH. PROGRAM MENU IF 
;APPROPRIATE. 

CALL EXTCHK ; SEE !F USER HAS RS-232 CONNECTED 
; AND IF T~EY WANT THE IION;TOR PRG. 

LOA MENCTRL ;GET MENU CONTROL ~ORO 
ANI EM PTMEN ;MASK TO SEE IF EMPTY MENU 
CPI EIIPTMEN j 

JNZ AOK! ;UPDATE IF MENU NOT EMP TY 
CALL STOP ;OTHERWISE, STOP MOTORS 
JMP RUNCHR 

AOK 1: LilA DURATION 
CPI OOH 
JNZ AOK2 
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46Ft COE84i! 
46F4 C3C246 
46F7 C0854B 

46FA c:;C24o 

'6FO 2!0000 
·POO OEOO 
4 702 0605 
4704 05 
4705 78 
4706 F640 
4708 0310 
470A IIAOOO 
4700 C08747 
4710 OBI! 
4712 E601 
4714 84 
4715 17 
4716 67 
47!7 78 
4718 F£00 

47!A CZ0447 
4710 7'; 
471E IF 
47tF o7 
4720 FEOO 
4722 C22A 47 
4725 2640 
4727 C38547 
472A FEIF 
472C C2H47 
472F 2640 
q31 C38547 

4734 OEOO 
4736 0610 
4738 05 
4739 78 
473A F610 
473C 0310 
473E l!AOOO 
4741 CD8747 
4744 OBI! 
4746 E601 
4748 FEOO 
4 74A CA564 7 
4740 78 

STOP 
RUtiCHR 

AOK2: 

CALL 
JI1P 
CALL UPDATI1TR ;UPDAT MOTORS IF APPROPRIATE (AT CORRECT 

;TIME SO AS TO RAI1Pl. 
JI1P RUNCHR 

;*************************•** 
; END OF MAIN LOOP 
;*********************•****** 
; 
; PADRO - ROUTINE TO CHECK THE PAD, DETERMINE ERROR STATUS, RETURN 

TOUCH LOCATION OF THERE IS ONE. 

PADRO: 
MENU: LX I 

"'V: 
MYI 

LOOP3: OCR 
110\1 
OR! 
OUT 
LXI 
CALL 
IN 
ANI 
ORA 
RAL 
'10V 
110'1 
CP! 

Jtll 
'iOY 
RAR 
M0\1 

ERR!: CP! 
JNZ 
MY! 
JIIP 

ERR2: CP! 
JNZ 
I'Wl 
JI1P 

SCAN: IWI 
RON: tlYI 
LOOP A; OCR 

MOV 
OR! 
OUT 
LXI 
CALL 
IN 
ANI 
CPI 
JZ 
IIOY 

H,OOH 
C.OOH 
B,OSH 
B 
A,B 
EXT 11SK 
PIAA 
D,OAOH 
DELAYD 
PIAB 
BEAMSK 
H 

~,A 

A,B 
OOH 

LOOP3 
A,H 

H,A 
OOH 
ERR2 
H,MENERR 
PN TD AT 
IFH 
SCAN 
H,I'IENERR 
PNTilAT 

C,OOH 
B I 1 OH 
8 
A, B 
ROWMSK 
PIAA 
D,OAOH 
OELAYD 
PIAB 
BEAMSK 
OOH 
COUNT3 
A,B 

; 
;RESET Hl FOR NEW DATA/STATUS INFO 
;~ESET (Cl FOR ~E~ TJUCH LOCATION 
;LDAD ,ENU SELECT CCUNTER•: 
;DECREMENT COUNT~R OF MENU SELECT BITS 
;TRANSFER tBl TO (Al FOR OUTPUT 
;MASK FOR EXTRA DEMU~ SELECT 
;OUTPUT COUNT TO SELECT MENU SELECT BIT 
;SET UP DELAY COUNT 
;SHORT DELAY 
;INPUT TRANSIS TOR STATUS 
;PREPARE INPUT DATA (MASKl 
;OR CURRENT tHl DATA WITH LED STATUSL 
;ROTATE THE (Al LEFT TO MOVE BITS ONE 
;TRANSFER ~ESULT TO (Hl AGA!N 
;CHECK COUNT TO SEE IF = 0 
, 

;REPEAT PROCESS :F 5 PAIRS NOT YET SCANNED 
;VALIDA TE MENU DATA 
;REPOSITION THE MENU DATA (ROTATED) 
; 
;CHECK FOR NO BEAMS BLOCKED tNO' MEN U! 
;CHECK FOR NEXT ERROR IF NOT ERR OR 
;SIGNAL MENU ERROR 
;FI NISH AND PRINT MSGS 
;CHECK FOR ALL BEAMS BROKEN {fALSE MENU ! 
;CONTINUE SCAN IF NO MENU ERRORS 
;S:GNAL MENU ERROR 
;~INISH AND PRINT 11SGS 

;CLEAR ROW/COL REGISTER 
;l~ITIAL COUNTER VALUE OF lb LEOS+ 1 
;DECREMENT COUNTER 
;TRANSFER COUNT TO ACCUM 
;PREPARE FOR ROW SELECT (MASK! 
;OUTPUT RO~ LEO/TRANSISTOR SELECT 
;LOAD DELAY COUNTER 
;SHORT DELAY 
;GET TRANSISTOR STATUS 
;PREPARE INPUT FROM TRANSISTOR (MASKJ 
;SET ZERO FLAG 
;CONTINUE LOOP IF NO TOUCH ('1 ' =TOUCH! 
;TRANSFER COUNT TO ACCUII 
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4 74E 17 
4 74F I 7 
4750 17 
4 75 I 17 
4752 4f 
4753 C35D47 

4751> 78 
4757 FEOO 
4759 C23847 
47SC C9 

4750 QbFF 
475F 04 
4760 78 
4761 F620 
476) 0310 
4i65 IIAOOO 
4768 CD8747 
4769 0811 
4760 EbOI 
476F FEOO 
4771 CA7E47 
4 774 78 
4 775 B I 
4 776 4F 

4 7i7 7C 
4779 1'680 
477A 67 
4776 C38547 

4 77E 78 
477F FEOF 
4 781 ce 
4782 C25F47 
4785 69 
4786 C9 

Rill 
RAL 
'lAL 
RAL 
MOV 
JMP 

COUNi3 : MOV 
CPI 
JNZ 
RET 

COL: i'IV I 
LOOP2: INR 

MDV 
OR! 
OUT 
LXI 
CALL 
iN 
ANI 
CPI 
JZ 
MOV 
OR~ 

MOV 

IIOY 
OR! 
~ov 
JI'IP 

COUNT4 : MOV 
CPI 
RZ 
JNZ 

PNTOAT: MOV 
RET 

C,A 
COL 

A,B 
OOH 
LOOP4 

B1 0FFH 
B 
A,B 
COLMSr 
pJqA 
D,OAOH 
DELAYD 
PIAB 
BEAMSK 
OOH 
COUNT4 
A1 8 
c 
C1 A 

A1H 
TOUCH 
H1 A 
PNTDAT 

A1 8 
OFH 

LODP2 
L1 C 
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;ROTATE COUNT VALUE TO MS NIBBLE 

;SAVE ROW IN ROW/COL REGISTER 
;JUMP TO COL SCAN BECAUSE ROW TOUCHED 

;MOUE COUNT TO 'A' TO DO ZERO CHECK 
;REPEAT UNLESS CURRENTLY ZERO 
;CONTINUE LOOP IF NOT COUNTED OUT 
;RETURN IF LOOP COMPLETED WINO TOUCH 

;LO?D COLUMN COUNTER - I 
; INCREMENT COLUMN COUNTER 
;TRANSFER COL COUNT TO ACCUII 
;PREPARE CN LED/TRANSISTOR SELECT IMASKI 
;SELECT LED/TRANSISTOR 
;LOAD DELAY COUNTER 
;CALL SHORT DELAY 
;INPUT TRANSISTOR STATUS 
;PREPARE INPUT FOR USE IMASKI 
; SET ZERO FLAG 
;REPEAT LOOP IF NO TOUCH !'l' =T OUCHI 
;TRANSFER COUNT TO ACCUM 
;COMPLETE ROW/COL DATA IN ACCUM 
;SAVE ROW/COL DATA IN 'C' 
;HISH NIBBLE: ROW 
;LOW NIBBLE: COLUMN 
:MASK IHl TO SHOW A VALID TOUCH 

' ;PRINT MESSAGE 

;CHECK TO SEE IF COUNT=16 DECIMAL 
; SCANNED ALL 16 LEOS? 

;CONTINUE LOOP 2 TO CHECK FOR COL TOUCH 

;•****** ***** **~** * * END OF PAD READ ROUTINE • ~••• * *'****** 

4787 3A355A 
478A FEOO 
478C CA9247 
478F CDOE4A 
4792 19 
4793 7A 
4794 B3 
4795 C29247 
4798 3A355A 
4798 FEOO 
4790 ce 
479E CDOE4A 
47AI C9 

DELAYO: LOA 
CPI 
JZ 
CALL 

DELAYE: DCX 
MDV 
ORA 
J NZ 
LOA 
CPI 
RZ 
CALL 
RET 

HEAR TON 
FALSE 
OELAYE 
HRTBEAT 
D 
A1 D 
E 
DELAYE 
HEARTON 
FALSE 

HRTBEAT 

;DON ' T LET HEARTBEAT DIE I I 

;DECREMENT DELAY COUNT 
;COMPARE D AND E 
;CHECK TO SEE IF DE=O 
; REPEAT IF <>O 
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47A2 C5 
47A3 D5 
471\4 54 
47A5 50 
47A6 2600 
47AS 0600 
47AA ?A 
47AB OF 
47AC OF 
47AD OF 
47AE OF 
47AF EI>OF 
47BI 6F 
47B2 C04F49 
4785 7A 
47B6 E60F 
47BS 4F 
47B9 09 
47BA CD4F49 
4 790 7B 
47BE OF 
478F OF 
47CO OF 
4 7C 1 OF 
47C2 E60F 
47C4 4F 
47C5 09 
47C6 C04F49 
47C9 7B 
47CA E60F 
47CC 4F 
47CD 09 
47CE Dl 
47CF Cl 
4700 C9 

4701 E9 

4702 DB01 
4704 E602 
4706 CAD247 
4709 DBOO 

;********************************************************** 
;+ UTILiTY ROUTINES - * 
;********************************************************** 
; BCDTBIN - CONVERT BCD IN H•L TO BINARY IN H.L 
; ONLY H&L CHANGED 
BCDTBIN:PUSH B 

PUSH D 
MDV 
MDV 
liVI 
MVI 
MDV 
RRC 
RRC 
RRC 
RRC 
ANI 
MOV 
CALL 
MDV 
ANI 
110V 
DAD 
CALL 
110V 
RRC 
RRC 
RRC 
RRC 
ANI 
MDV 
DAD 
CALL 
MOV 
ANI 
MDV 
DAD 
POP 
POP 
RET 
END 

D,H 
E,l 
H,O 
B,O 
A,D 

OFH 
L,A 
MULT10 
A,ll 
OFH 
C,A 
B 
MULT10 
A1 E 

OFH 
C,A 
B 
MULT 1 0 
A,E 
OFH 
C,A 
B 
D 
B 

BCDTBIN 

;COPY ORIGINAL 
; 
;INITIALIZE UPPER PART OF RESULT 
; INITIAL UPPER PART OF B&C 
;GET UPP ER DIGIT 

; 
;START RESULT 
;SHIFT UP ONE DIGIT IN BASE 10 
;GET NEXT TO TOP DIGIT 

; 
;COMBINE WITH TOP DIGIT 
;SHIFT UP ONE DIGIT IN BASE 10 
;GET NEXT TO BOTTOM DIGIT 

; 
;COMBINE WITH TOP TWO DIGITS 
;SHIFT UP ONE DIGIT IN BASE 10 
;GET BOTTOM DIGIT 

; 
;COMBINE WITH TOP THREE DIGiTS 

CALLIN - INDIRECT CALL TO ( Hl<Ll 
; 
CALLI N: PCHL 

END CALLIN 

I/0 ROUTINES 
; 
c I: IN SERCON ; WAIT FOR DATA READY 

ANI 2 
JZ CI ; 
IN SERDAT ;GET BYTE 
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4708 F:S 
470C 3AOO:SA 
47DF 87 
<~.:rEv C2FD47 
•7t3 Fl 
47E4 FS 
47E5 C3F347 

47EB cs 
47E9 FS 
47EA D!IOI 
47EC Eo02 
47EE Cl 
47EF 78 
47FO Cl 
47Ft C'l 

47F2 F5 
47F: 0801 
47F5 OF 
47Fo D2F347 
J7'9 Fl 
47FA FS 
47"8 o::oo 
~-FO Fl 
47FE C'l 

47FF ES 
4800 FS 
4801 7C 
480:! 92 
J803 C20848 
480o 10 
4807 93 
4808 El 
480'1 7C 
480A El 
4808 C9 

4BOC 05 
4800 11EFS4 
4810 CD3F49 
4813 Dl 
4814 C'l 

SDFTWARE Lis-:~s Page 77 

PUSH PSW ;SAVE PSII 
LDA ECHOFL ;CHECK ECHO FLAG 
ORA A : 
JNZ COEND ; IF NOT ZERO ECHO-'\ET ON CO 
POP PSW ;ECHO CHARACTER 
PUSH PSW 
JMP Cl ;60 ECHO CHARACTER 

CISTAT - RETURNS NON-ZERO IN A IF RECIEVER BUFFER HAS A CHAR 

C!STiH : PUSH B 
PUSH PSW 
IN SERCON 
ANI 2 
POP B 
MOV A.B 
POP 8 
RET 

i**** CO CONSOLE OUTPUT- OESTqQYS ONLY FLAGS .. , 

' CO: 
c 1 : 

PUSH 
IN 
RRC 

PSW 
SERCON 

J ~IC C I 
POP PSW 
PliSH PSII 
OUT SERDAT 

CCEND: POP PSII 
RE T ; 

;****** CMP!6 tf lo BIT COMPARE H~l AND D&E **'4**************** 

; 

IF( H!<L = Dt.E 
IF ( Ht.L > D&E 
IF < H&L < D!<E 

CMP16: PUSH H 
PUSH 
MOV 
SUB 
JNZ 
110V 
SUB 

CI'1Pl6E: POP 

' CRLF: 

MOV 
POP 
RET 
END 
PUSH 
LXI 
CALL 
POP 
RET 

PSW 
A,H 
0 
CMPloE 
A,L 
E 
H 
A,H 
H 

Cl'1016 
D 
D,HCRLF 
HSG 
0 

Z=l, CY=O 
Z=O, CY=O 
Z=O, CY=l 

;SAVE PSW It H&L 

' ;IF H = D ENOUGH INFO FOUND 

;iF H=D THEN COMPARE LO~ER BYTES 

DSOMS - DELAY FOR ~0 ~ILLI-SECONOS 
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48 !5 F5 
4816 E5 
4817 2AOASA 
481A E~ 

481B E3 
48 1C E3 
4810 E3 
481E ES 
481F E1 
4820 28 
4821 23 
4822 28 
4823 7C 
4824 85 
4825 C21A48 
48:!8 El 
4829 F1 
482A C9 

482B E5 
482C FS 
482D 210103 
4830 70 
4831 84 
48:!2 28 
'833 C::-!3048 
4836 Fl 
4337 El 
4838 C9 

4839 cs 
483A 0664 
483C COI548 
483F 05 
4840 C23C48 
4843 Cl 
'844 C9 

4845 F5 
4846 E67F 
4848 2620 
484A FE20 
484C 025348 
484F 265E 
4851 C640 
4853 FE7F 
4855 C25A48 

j 

050115: PUS:i 
PUSH 
LHLD 

DSOI'ISL: XTHL 
XTHL 
XTHL 
XTHL 
PUSH 
POP 
DCX 
INX 
DCX 
IIOV 
ORA 
JNZ 
POP 
POP 
RET 

PSII 
H 
DSOOIV 

H 
H 
H 
H 
H 
A,H 
L 
DSOMSL 
H 
PSW 

DIOMS - DELAY 10 MS 
I 

011)115: 

OTWIOL: 

PUSH 
PUSH 
LXI 
MOV 
ORA 
&ex 
JNZ 
PO? 
POP 
RET 

H 
PSW 
H,769 
A1 L 
H 
H 
DT'~IO~ 

PSW 
H 

END 010115 

;SAVE PSII 
;SAVE H&L 

' ;ta 
j 1 s 
;19 
; 18 
; 11 
j 1 0 

5 
5 
5 
5 

; 4 
; l 1 

;~0.01 SECONDS 0~ A 2 MHZ 8085 
!CPU CLOCK FF.EQl 

8085/8080 
-orAL 

" w 

4 
10 

7/!0 
26129 

D5SEC - DELAY 5 SECONDS 
; 
D55EC : PUSH 

11VI 
ON16W1: CALL 

OCR 
JNZ 
POP 
RET 
END 

8 
B,064H 
D5011S 
8 
ON16W1 
8 

DSSEC 

' ;WAIT S SECOND FOR +25 SWITCHING 
;REGULATOR TO TURN ON OR OFf. 

OISASC - DISPLAY ASCII A-RES INTO H~L 

; 
DISASC: PUSH 

ANI 
MVI 
CPI 
JNC 
I'IVI 
AD! 

OA!: CPI 
JNZ 

PSW 
07FH 
H 1 020H 
020H 
OA! 
H,O:SEH 
040H 
07FH 
DA2 

;SAVE PS14 
;STRIP PARITY 
;PUT SPACE IN H-RES 
;CHAR < 020H ? 
;NO-IS PRINTABLE 
;NOT PRINTABLE - C = 'A' 

;MAKE PRINTABLE 
; IS RUBOUT ., 
; NOPE .•• AOK 
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4858 3E20 
485A 6F 
4!35B Fl 
485C C9 

4850 090! 
485F E602 

4861 cs 
4862 DBOO 
4864 FE45 
4866 CA4040 
4869 C9 

4B6A D5 
48bB ES 
486C CIJ7B48 
486F DA9048 
4872 ES 
4873 CDF649 
4876 01 
4877 2B 
4878 C39648 

487B DS 
487C E5 
4870 116951 
4880 CD3F49 
4883 CDD948 
4886 DA9D48 
4889 116451 
488C CD3F49 
488F EB 
4890 CDD948 
4893 DA9D48 
4896 EB 
4897 E3 
4898 El 
4899 E3 
489A El 
4899 B7 
489C C9 
4890 El 
489E D! 
4B9F C9 

DA2: 
HVI 
MOV 
POP 
RET 

A,020H ;YEP- MAKE SPACE 
L, A ; 
PSW ;RESTORE PSW 

;******** ************************************************** 
; * EXIT TO MONITOR ROUTINE * 
;********************************************************** 

EXTCHK: IN 
ANI 

RZ 
IN 
CPI 
JZ 
RET 

SERCON ;SEE IF THERE IS A CHAR 
02H 

SEROAT 
45H 
START 

; IF ZERO THEN NONE 
; IF NO CHAR . THEN FORGET IT 
;GET CHAR. FROM CONSDL 
, IS IT ' E' FOR EXIT 
;OFF TO MONITOR THEN 

:*** ** *** ** *** *** ********* * ***** ***** ******* * ~*** **** ** *** * 
; FRMCNT - ASKS " FROM "X XX X" TO "YYYY 1t 

;***** ***************************************************** 

FRMCNT: PUSH 
PUSH 
CALL 
JC 
PUSH 
CALL 
POP 
DCX 
JMP 
END 

D 
H 
FROM TO 
FRTOE 
H 
SUB16 
0 
H 
FRCLN 
FROM TO 

i 
;CALC NUMBER OF BYTES TO BE PROCESSED 

' ;H&L = NEGATIVE OF NUMBER OF BYTES 
;THIS DOES XCHG & CLEANS OFF STACK ... 

FROMTO - " FROM "XXXI" TO "YYYY 
i 
FROMTO; PUSH 

PUSH 
LXI 
CALL 
CALL 
JC 
LXI 
CALL 
XCHS 
CALL 
JC 

FRCLN : XCHS 
XTHL 
PDP 
XTHL 
POP 
ORA 
RET 

FRTOE: POP 
POP 
RET 

D 
H 
D,PLO 
MSG 
GHiol 
FRTOE 
O,PHI 
MSB 

GHW 
FRTOE 

H 

H 
A 

H 
D 

; 
;PROMPT FOR LO LIMIT 

; 
;RETURN IF ERRER 
;PRO~PT FOR HI LIMIT 

, 
;GET CRAP OFF OF STACK 

; 
; BETTER BE SURE CARRY IS CLEAR 
i RETURN •• • 
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48AO FS 
48A1 ES 
4BA2 05 
48A3 117051 
48A6 C03F49 
4BA9 CDD948 
48AC D2CC48 
48AF FE2D 
4881 CABF48 
4884 FEOD 
4886 C20448 
4889 210000 
48BC C3CC48 
~SBF CDD948 
48C:! DAD448 
4BC5 110000 
48CB E8 
48C9 CDFo49 
48CC CDOC48 
48CF Dl 
4BDO Fl 
<18D1 Fl 
4BD2 87 
4803 C9 
48D4 Dl 
~eos Et 
~806 F1 
48&7 3i 
48:>9 C9 

4809 C!5 
4BDA FS 
48DB CDF04B 
48DE DAED48 
48EI 67 
48E2 CCFOAS 
48E5 DAE048 
48EB 6F 
48E9 C1 
48EA 78 
4SEB Cl 
48EC C9 
48EO Cl 
48EE Cl 
48EF C9 

4BFO C5 
48Ft CD0549 

: GBIAS - SET 16 BIT BIAS 

GBIAS: PUSH 
PUSH 
PUSH 
LXI 
CALL 
CALL 
JNC 
CP! 
JZ 
CPt 
JNZ 
LXI 
JIIP 

SBIASI: CALL 
JC 
LXI 
XCHG 
CALL 

GBIAS2: CALL 
POP 
POP 
POP 
ORA 
RET 

G9IASE: POP 
POP 
POP 
STC 
RET 

PSW 
H 
0 
D,PBIAS 
MSG 
GHW 
GBIAS2 

GBIASI 
CR 
GBIASE 
H,O 
GBIAS~ 

GHW 
GBIASE 
D,O 

SUB16 
CRLF 
D 
PSW 
PSW 
A 

0 
H 
?SW 

GHW - GET HEX WORD 
; 
GHW: PUSH 

PUSH 
CALL 
JC 
l10V 
CALL 
JC 
l10V 
POP 
l10V 
POP 
RET 

GHW END: POP 
POP 
RET 
END 

B 
PSW 
GHB 
GHWEND 
H,A 
GHB 
GH,.E~D 

L,A 
B 
A,B 
B 

B 
8 

GHW 

GHS - GET HEX BYTE 
; 
GHB: PUSH 

CALL 
B 
GHD 

;SAVE PSW 
AND H!<L 

; AND DS.E 
;PRINT BIAS MESSAGE 

;GET BIAS 

Pace SO 

; IF NO CARRY GOOD BIAS ENTERED 
;CHECK FOR NEGATIVE BIAS 
;OHHH- WAN T NEGATIVE NUMBER •.. 
;CARRIAGE RETURN ? 

; NOPE ERRER 
;AHHHH - NO BIAS 

' ;GET NEGATI VE BIAS 
; SA) CHAR ... BYE 

;SET UP SUBTRACTION FROM ZERO 
;NEGA TE BIAS 
;PREVE NT A MESS 
; RESTORE 0 
;LOOSE ORIGINAL H~L 
;RESTORE PSW 
;CLEAR CARRY 

:RESTORE Dt.E 
;RESTORE ORIGI~AL M&L 
:~ESTORE PSM 
:SET CARRY 

GET FIRST BYTE IN A-REGISTER 
RETURN IF BAD CHAR 
MOVE BYTE TO FINAL DESTINATION 
SET SECOND BYTE 

DO NOT RESTORE A 

SAVE BS.C 
SET FIRST HEX DISIT IN A-REG 
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48F4 DA0349 
4BF7 07 
48F8 07 
4BF9 07 
48FA 07 
48FB 47 
48FC CD0549 
48FF DA0349 
4902 80 
490;:'. C1 
4904 C9 

JC 
RLC 
RLC 
RLC 
RLC 
t10 V 
CALL 
JC 
ORA 

GHBEND: POP 
RET 
END 

GHBEND 

e,A 
6HD 
GHBEND 
B 
B 

GHB 

GHD - GET HEX DIGIT 

4905 CD0247 

4908 CJ024A 

4908 FE30 
4'100 DB 
HOE FE3A 
4910 DAIC49 
4913 FE41 
4915 DB 
4'H6 >"E47 
4918 ;:'.F 

4919 DB 
49 U\ 0607 
491C il630 
491 E C9 

' GHO: 

AT"' : 

GHD2: 

CALL 
ANI 
CALL 

CPI 
RC 
CP I 
JC 
CP! 
RC 
CP! 
CMC 

SUI 
SUI 
RET 
END 

Cl 
07FH 
UCASE 

. 0. 

. : 
GHD2 
• A. 

. 6 . 

07H 
·o· 

GHD 
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IF BAD CHAR QUIT AND PASS BACK 
SHIFT TO UPPER HALF OF BYTE 

SAVE FIRST DIGIT 
GET SECOND DIGIT 
BAD CHAR READ, RET IT ro CALLER 
COMBI~E FIRST AND SECC~D DIGITS 
RESTORE ORIGINAL B&C 

GET CHA~ACTER ~ ECHO 
PUT IN IF UCASE -AKEN OUT 
~A? LOWER TO UPPER CASE AND 

STRIP PAF!ITY. 

NON-HEX CHARACTER 
!F (A) •< '9 '+1 

' 0'-'9' TYPED - CONVERT 
IF <A > < ' A' 

NON-HEX CHARACTER 
IF <A> >• ' G' 

NON-HEX CHARACTER 
SHIFT ' A'- ' F' DOWN 
CONVERT 

M50128 - MULTIPLY BY 50/129 

491F 0601 
4921 COCA49 
4924 CDBF49 
4927 54 
4928 50 
4929 29 
492A 29 
4928 44 
492C 40 
4920 29 
492E 09 
492F EB 
4930 0601 
4932 CDCA49 
4935 19 
4936 0604 
4938 COCA49 
4938 CDBF49 
493E C9 

i 
t150128: IIVI 

CALL 
CALL 
110V 
110V 
DAD 
DAD 
~ov 
t10V 
DAD 
OAD 
XCH6 
11VI 
CALL 
DAD 
11VI 
CALL 
CALL 
RET 
END 

B I 1 
SHRHL 
RNDHL 
D,H 
E,L 
H 
H 
B,H 
C,L 
H 
8 

B, 1 
SHRHL 
D 
8,4 
SHRHL 
RNDHL 

1150129 

;DIVIDE BY TWO SO * 12.5 
WILL FIT IN lb BITS. 

, AND ROUND 
;SAVE * 1 
; 
; t 2 
; H 
;SAVE t4 IN O~E 
; 
; ~ 8 

; t 12 
;GENERATE t 0.5 

i 
; *1 2 + *0 . 5 
;D!VIDE H~L BY 16 
j 

;ROUND 



qppenrlix C: SOFTWARE LISTI~G Page 92 

; MSG -
493F FS 1156: PUSH PSW 
4941) lA LOUPE: LOAX 0 i GET CHAR 
494: FEFF CPI EOL : E'IO OF STRING? 
4943 13 INX 0 ;BUMP POINTER 
4944 CA4049 JZ 110N ;JUMP IF SO 
4947 CDF247 CALL co i ELSE PRINT IT 
494A C34049 JMP LOUPE ; DO IT AGAIN 
494D Fl MDN: POP PSW 
494E C9 RET 

i MULT!O - ,ULTIPLv H&L BY 10 
494F OS MULT!O: PUSH D ; 
4950 29 DAD H ;•2 
4951 54 MOV O,H :SAVE *2 
4952 5D MOV E,L ; 
4953 29 DAD H ;*4 
4'154 29 DAD H :~8 
4955 19 DAD D :•10 
4956 Dl POP D 
4957 C9 RET 

i 
4958 OS DKCK : PUSH 0 
4959 F5 PUSH PSW 
49~A 111051 LXI D,MOK 
495i) CD3F49 :ALL 1156 
4960 C00247 CALL Cl 
4963 E6iF ANI 07FH 
4965 FEOO CPI CR 
4967 CA7149 JZ OKCKEND 
496A 113850 LXI O,ABORT 
4960 C03F49 CALL 1156 
4970 >7 STC 
4971 CDOC48 OKCKEND:C ALL CRLF 
4974 Dl POP D 
4975 7A MOV A,D 
4976 Dl POP 0 
4977 C9 RET 

END OKCK 

i PHW - PRINT HEX WORD 
4978 F5 PHW: PUSH PSW SA VE A-REGISTER AND FLAGS 
4979 7C MOV A,H 
497A CD8349 CALL PHB PRINT HIGH-ORDER BYTE 
497D 70 110V A,L 
497E CD8349 CALL PHB PRINT LON-ORDER BYTE 
4991 Fl POP PSN RESTORE A-REGISTER AND FLAGS 
4992 C9 RET 

END PHW 

; PHB - PRINT HEX BYTE 
4993 F5 PHB: PUSH PSW SAVE PSW 
4984 cs PUSH B SAVE BS.C 
4985 47 110V B,A SAVE LOWER NIBBLE 
4986 OF RRC SHIFT TO LOWER HALF OF BYTE 
4987 OF RRC 
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4988 OF 
4989 OF 
49BA CD9549 
<l'I8D 78 
49BE CD9549 
4991 78 
4992 Cl 
4993 Fl 
4994 C'l 

4995 F5 
4996 E60F 
<1998 C630 
499A F~SA 
499C OAII149 
499F C507 
49AI COF~47 

4'1A4 Fl 
4'1A5 C9 

49A6 El 
4'1117 E'l 

4'1AB 114650 
4'1AB CD3F49 
4'1AE C9 

491\f 22045A 
4982 2AObSA 
4985 f9 
4986 2A045A 
4989 ES 
49SA 2A085A 
4980 E3 
491iE C9 

49BF F5 
49CO 7D 
49C1 CEOO 
49C3 6F 
49C4 7C 
49CS CEOO 
49C7 67 
49GB Fl 

SOFTWARE i..l ST: 'IS Pao'? 83 

RRC 
RRC 
CALL PHD PRINT UPPER HEX DIGIT 
MDV A,B GET LOWER NIBBLE 
CALL PHD ... AND PRINT 
MDV A,B RESTORE ORIGINAL BViE TO A 
POP B RESTORE Bf<C 
POP PSII RESTORE PSII 
RET 
END PHB 

PHD - PRINT HEX DIGIT 
PHD: PUSH PSW ;SAVE PSW 

ANI OFH MASK OFF LOWER NIBBLE 
AD! . 0. CONVERT ·o.- · q. TO ASCII 
CPI '9. +I IF . 0 . - . 9 . 
JC PHD! THEN DOllE 
AD! 'II'- COllVER~ . A, - . =. 

Pl<l I : CALL co PRINT DIGIT 
POP PS:-1 
RET 
END PHD 

POPPC - POP THE °C INTO H&L 
j - ON RETURN (!i!tl) " ADDRESS RETURNED TO 
POPPC: POP H 

PCHL 

. ,. .... PRBAD PRINT WHAT ? ' tl!flf DEST~OYS J&E **** 
PRBAD: LXI D,BAD 

CALL MSG 
RET 
END PRBAD 

RETJMP - RETURN JUMP 
SETS STACK POINTER TO IRJSPl AND PC TO IRJVECT l 

; DOES NOT DESTROY ANY REGISTERS 
RETJMP: SHLD RJSAV 

LHLD RJSP 
SPHL 
LHLD RJSAV 
PUSH H 
LHLD RJVECT 
XTHL 
RET 

RNOHL - ADO CARRY FLAG TO H~l TO ROU~D AFTER USI~G 
1 SHRHL TO DIVIDE BY A POWER OF 2 
RNDHL: PUSH PSW 

MDV A,L 
AC I 0 
MDV l 1 A 
110V A,H 
ACI 0 
110V H 1 A 
POP PSM 

; 
;ROUND 
j 

;PROPAGATE POSSIBLE ROUND-UP 
CARRY INTO H. 
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4'1C9 C9 RET 

SHRHL - SHIFT RIGHT H&L - ZERO FILL ON LEFT 
SHIFTS (8) BITS 

49C~ ,.-
..,;) SHRHL: PUSH 8 :SAVE 8 

49C8 F5 PUSH PSW ;SAVE A 
4'1CC 04 INR B ;CHECK FOR NO MORE BITS TO SHIFT 
49CD 05 SHRHll : OCR B 
49CE CADB4'1 JZ SHRHLE i 
4901 87 ORA A :CLEAR CARRY FLAG 
4902 7C MOV A,H ;GET H 
4'103 If RAR :SHIF- RIGrT 
4904 67 110V H,A :PUT H BACK 
4'105 70 MOV A1 L ;GET L 
4906 IF RAR ;SHIFT RIGHT 
4907 6F MO'J L,A ;PUT L BACK 
4908 C3C:l49 Jr'P SHRHLL ; BACK .. . 
400B C! SHRULE : POP B ;RESTORE A 
4?DC 79 MOV A,il i 
49DD Cl POP B ;RESTORE B 
490E C9 RET ; BYE . .. 

END SHRHL 

SETJMP - SET SP AND PC FOR RETJMP 
j DOES NOT DESTROY ANY REGIS-ERS 

49DF £5 SET,::l1?: PUSH H j 

49EO 210400 LXI H1 04 ;GET SP BEFORE PUSH H AND RET ADDR 
49E3 39 OAD SP 
49E4 22065A SHLD RJSP j 

49£7 El POP H i GET HH BACK 
49EB E3 XTHL ;GET RET ADOR 
49E9 220EI5A SHLO RJVE:T ;SQUIREL AWAY 
49EC E3 XPiL ;PUT FET ADDR BAC<. 
49ED C'l RET 

i *•*** SPACE ****' PRI NT SPACE 
49EE F5 SPACE : PUSH PSW 
49EF 3E20 11VI A, . 
49Ft CJF247 CALL co 
49F4 Fl POP PSW 
49~5 C9 RET 

***** SUB!o ** * *~ to BIT SUBTRACT (H~Ll <- !Ht.Ll - <Dt.El 
IF <OI<El < ( H!.Ll CY = 1 
IF !Or.El >= < H!l Ll CY = 0 

49F6 ()5 SU8!6: PUSH 0 
49F7 FS PJSH PS~ 

49F8 70 MO'J A1 L 
49F9 93 SUB E 
49FA oF MO'J L,A 
49FB 7C 110V A1H 
49FC 9A SBB 0 
49FD 67 110V H,A 
49FE 01 POP D 
49FF 7A MDV A1 0 
4AOO Dl POP D 
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4AOI C9 

41\02 E67F 
4A04 FE61 
4A06 3F 
4A07 DO 
4A08 FE7B 
4AOA DO 
4AOB D620 
4AOD C9 

4AOE 3EOO 
4Al0 0320 
4A12 D32? 
4A14 C9 

4A15 0911 
4Al7 E680 
~A19 FESO 
4AIB CA2C 4A 
4A!E 3EOI 
4A20 CDF04A 
41\23 3E40 
41\25 CDFC4A 
4A28 CDEB4B 
4A2B C9 
4A2C 3EOI 
4A2E CDFC4A 
4A31 CDF046 
4A34 7C 
4A35 E640 
41137 FE40 
4A39 C2454A 
4A3C 3E02 
4A3E CDF04A 
4A41 CDEB4B 
4A44 C9 
4A45 3E02 
4A47 CDFC4A 
4A4A 7C 
4A4B E601 
4A40 FEOI 
4A4F C2564A 
4A52 CD504C 
4A55 C9 

RET 

UCASE - SUBROUTINE WHICH CHECKS THE A RES FOR A LOWER CASE 
ASCI I LETTER. IF ONE PRESENT, IT IS CONVERTED TO UPPER CAS£. 

; IF NOT PRESENT, NOTHING DONE. STRIPS PARITY FIRST. 
UCASE: AN I 07FH ; STRIP PARITY 

CPI 61H 
CMC 
RNC ;DON'T CONVERT IF BEFORE 'A' 
CPI 7BH 
RNC ; DON'T CONVERT IF AFTER 'Z' 
SUI 20H ;CONVERT LOWER TO UPP ER 
RET 

HRTBEAT- SUBROUTINE WHICH REFRESHES THE HEARTBEAT COUNTER <TIMEO l. 
; 
HRTBEAT: 1'1VI 

OUT 
OUT 
RET 

A,OOH 
TIM EO 
TII'IEO 

;LONGEST AVAILABLE COUNTER VALUE 
;LEAST SIG BYTE OF TIMER 
;MOST SIS BYTE OF TIMER 

HENCHK - SUBROUTINE TO CHECK THE MENU NUMBER, AND DO ONE OF THE 
FOLLOW!NG: SIGNAL AN ERROR AND STOP THE CHAIR IF IT !5 
AN INCORRECT MENU <O OR 321, CALL THE PROGRAM MENU IF 
APPLICABLE, OR READ THE GLOBAL MENU VARIA BLES FOR THE 
SELECTED MENU, AND R~TURN THE ,ENU NUMBER. 

HENCHK: IN 
ANI 
!:PI 
JZ 
I'! VI 
CALL 
MVI 
CALL 
CALL 
RET 

PADOKl: 11\II 
CALL 
CALL 
MOV 
ANI 
CPI 
JNI 
11VI 
CALL 
CALL 
RET 

PADOK2: MVI 
CALL 
MDV 
ANI 
CPI 
JNZ 
CALL 
RET 

giAB ;READ THE +5 LOOP FROM THE PAD CONNECTOR 
PADLOOP ;MASK TO DETERMINE -HE CONNECTCR STPTUS 
PADLOOP :VALUE READ, l=CON~ECTED. O=DISCONNE:TEJ 
PADOKI ;CONTINUE IF PAD CONNECTED 
A,PADLED ;GET DATA TO LIGHT PAD ERROR LED 
SETERR ;LIGHT THE PAD ERROR LED 
A,MENERR; PAD ERROR WILL GIVE MENU ERROR 
CLRERR ; 50 CLEAR MENU LED 
STOP ; STOP THE CHAIR !RAMP DOWN! IF DISCONN. 

A1 PADLED ;GET DATA TO CLEAR PAD LED 
CLRERR ;CLEAR THE PAD LED (A LL IS OKJ 
PADRO ;DETERMINE MENU NUMBER OR STATUS ( IF ERROR ! 
A,H ;PUT 11ENU NUI1BER <STATUS ! IN CAl 
~ENERR ;MASK FOR MENU ERROR 
MENERR ;MASK FOR MENU ERROR 
PADOK2 ;IF VALID MENU, THEN PROCEED, OTHERWISE ... 
A1 MENLED ;GET DATA TO LIGHT THE MENU ERROR LED 
SETERR ;LIGHT THE MENU ERROR LED 
STOP ; STOP THE CHAIR CRA MP DOWN ! IF MENU ERROR 

A,MENLED ;GET DATA TO CLEAR THE MENU LED 
CLRERR ;CLEAR MENU ERROR LED 
A,H ; PUT MENU NUMBER !STATUS) IN (A) 
PROMSK ;MASK PROGRAM MENU NUMBER 
PROMSK ;HASK TO SEE IF PROGRAMMING MENU IN PAD 
IFTBLl ;SEE IF MENU 1 IF NOT PROGRAMMING MENU 
PROMEN ;CALL ROUTINE TO ALLOW TABLE UPDATES 
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~ASo 7C 
4'157 E6! E 
4AS9 IF 
4ASA FEOl 
4ASC C2664A 
~ASF 210956 
4A62 CD7F4A 
4A65 C9 

4A66 0602 
4A68 CD754A 
4~69 54 
4AI>C SO 
4A6D 21Ll05B 
4A 70 19 
4A71 CD7F4A 
4A74 C9 

4A7S 2~0000 

4A78 6F 
4.479 29 
4A7A 29 
4A7B 29 
4A7C ~9 

4A7D 29 
~A7E C9 

4A7F 22~~5A 

4AB2 7E 
4A83 322D5A 
4ABb 23 
4A87 7E 
4A88 321~5A 

4A99 23 
4A8C iE 
4A8D 32155A 
4A90 2: 
4A91 7E 
4A92 32125A 
4A95 Z3 
4A96 7E 
4A97 321BSA 
4A9A 23 
4A9B 7E 
4A9C 3218SA 
4A9F 23 

I FTBLI: MOV 
ANI 
RAR 
CPI 
JNZ 
LXI 
CALL 
RET 

OTHERS: 

SUI 
CALL 
'10V 
i"OV 
LXI 
DAD 
CALL 
RET 

A,H :PUT MENU NUMBER IN CAl 
VALMEN ;MASK FOR VALID MENU NUMBERS (0-161 

;ROTATE TO USE ONLY 4 OF THE 5 MENU BITS 
OIH ;CHECK TO SEE IF MENU NUMBER ! <SAMPLE MENU J 
OTHERS ;CHECK FOR NUMBER 3 <TABLE 21 IF ~OT 2 
H,SAMPLE ;PUT STARTCNG ADDRESS OF SAMPLE TBL IN (HLJ 
GETVARS :GE T GLOBAL VARIABLES FROM TABLE 

;BEGIN BY DETERMINING TH~ STARTING ADDRESS OF TABLE 
;FDR~ULA TO CALCULATE OFFSET IS AS FOLLOWS ... 
; <MENU NUMBER - 21 (SOl = OFFSET 
;NOTE THAT THE MENU TABLES ARE 50 BYTES LONG, 
;MENU 0 IS INVALID, AND MENU NUMBER I IS THE 
;SAMPLE MENU <HARD COOED>. 

' 02H ;SUBT~ACi 2 FRO~ ME~U NUI"BER <SEE ABOVE> 
~ULTSO ;MULTIPLY A BY SC <SEE ABOVE! 
D.H :TEMP9RARY STORE OF HL IN OE 
E,L ; <SA ME I 
H,USRRAM ;GET STARTING ADDRESS OF FIRST TABLE 
D ;ADD OFFSET TO TABLE START ADDRESS 
GETVARS ;GET SLOSAL VARIABLES FROM TABLE 

MULTSO - ROUT:NE TO MULTIPLY A BY SOD 13:!Hl . RESULT WILL 
BE 0 LACED ;N HL, AND til ARE 7HE ONLY REGISTERS DESTROYED. 

MJ>.T50: :..xr H,OOOOH ;CLEAR HL FOR THE RESULT 
MDV L,A ; PUT ~lUMBER IN L FOR iN!T!AL ADO 
DAD H ;DAD 5 TIMES TO ~ULTIPLY BY 32H (50Dl 
DAD H 
DAD H 
DAD :i 
DAD u 

" RET 

GETVARS: SHLD SBLTBL ;PUT STARTING ADDRESS It~ GLOBAL POINTER 
MOV A,M ;PUT MENU CONTROL WORD IN A 
STA MENCTRL ;STORE CONTROL ~ORO IN VARIABLE 
INX H ;STEP POINTER UP ONE 
MDV A,M ;PUT RAMP RATE I II A 
STA RAMPCNT ;STORE RAMP RATE IN VARIABLE 
INX H ; <CONT INUE W/SAME ...•. l 
11 0V A,:1 ; 
STA 11AX9AI( :BACK u.s. DlSTANCE 
I ~~X H 
HOV A,~ 

STA MAXFNT ;FRONT u.s. DISTANCE 
INX H 
MO V A,M ; 
STA MAXLFT ; LEFT u. 5. DISTANCE 
INX H 
MOV A,!l ; 
STA HAXRT ;RIGHT u.s. DISTANCE 
:·u H 
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4AAO 22~'5A 
4AA3 C9 

4AA4 DBII 
4AA6 E680 
4AA8 FEBO 
4AAA CABB4A 
4AAD 3EOI 
4AAF CDFOdA 
4A82 3E40 
4AB4 CD FC4A 
4AB7 CDE84B 
4ABA C9 
4ABB 3EOI 
4ABD CDFC4A 
4ACO CDFD4o 
4AC'S 7C 
4AC 4 Eo80 
4AC6 FE80 
4AC9 CO 
4AC9 C00948 

4ACF FEOO 
AAD I C8 
4A02 3A32:5A 
4AD5 47 
4AD6 3A265A 
4AD9 BS 
4ADA C2E64A 
4ADD 2A27SA 
4AEO 23 
4AE I 7E 
4AE~ 3:!315A 
4~ES C9 
4AE6 3A26:SA 
4AE9 3232:5A 
4AEC CD664B 
4AEF C9 

SHLD 
RET 

BEGTBL ;STORE ADDRESS OF ENTRY :N BEGIN POINTER 

PADCHK - SUBROUTINE TO DETERM INE THE STATUS OF THE PAD. IF THE 
PAD IS NOT BEING TOUCHED, THEN IT WILL SIMPLY RETURN WITH 
NO ACTION. IF THE PAD WAS TOUCHED, IT WILL CALL A ROUTINE 
TO DETERMINE IF THE LOCATION WAS AMONG VALID LOCATIONS FOR 
T KE CURRENT MENU. IF SO, Ii ill ILL CALL ANOTHER RO UTINE TO 
INITIALIZE THE MOTOR PARAMETERS. 

; 
PADCHK: I~ 

ANI 
CPI 
JZ 
IIV l 
CAL 
MV! 
CALL 
CALL 
RET 

PADOK3: MVI 
CALL 
CALL 
MOV 
ANI 
CPI 
RNZ 
CALL 

LOA 

CP! 
RZ 
LOA 
MDV 
LDA 
CliP 
JNZ 
LHLD 
INX 
MOV 
STA 
RET 

PADOK4: LDA 
STA 
CALL 
RET 

PIAB ;READ THE +5 LOOP FROM THE PAD CONNECTOR 
PADLOOP ;MASK TO DETERMINE THE CONNECTOR STATUS 
PADLOOP : VALUE READ, !:CONNECTED, O:OI SCONNECTED 
PADOK3 ;CONTINUE IF PAD CONNECTED 
A,PADLED ;GET DATA TO LIGHT 0 AO ERROR LED 
SE-ERR ;LIGHT THE PAD ERROR LED 
A1 "ENERR; PAD ERROR WIL~ GIVE "ENU ERROR 
CLRERR ; SO CLEAR MENU LED 
ST~P ; STOP THE CHAIR IRAIIP DOWN> IF DISCONN. 

A,PADLED ;GET DATA TO CLEAR PAD ERROR LED 
CLRERR 
PADRO 
A,H 
TOUCH 
TOUCH 

CHKTBL 

ENTRY 

OOH 

LAST! 
B1 A 
ENTRY 
B 
PADOK4 
MTRADDR 
H 
A,M 
DURATION 

ENTRY 
LAST! 

:SCAN THE PAD FOR A TOUCH 
;PUT PAD STATUS WORD IN A 

; 
:RET URN IF NO TOUCH 
;DETERMINE IF TOUCH WAS A VAL ID LOCATION 
;FOR THIS CURRENT MENU !CHECK TABLEJ 
:GET THE TABLE ENTRY NUrSER 
:0 S!SNALS ~0 TABLE ENTRY VALID W/TOUCH 
;ENTRY OF 1-10 MEANS A MATCH FOUND 
:SEE IF THE ENTRY IS 0 
;RETURN IF NO TABLE ENTRY MATCH FOUND 
;SEE IF SAME AS LAST ENTRY 

;IF NOT SAME AS LAST, GET NEW VARS 
;IF SAME AS LAST, REINIT DURATION 

INITMTR : IF VALID ENTRY MATC H, INIT. MOTOR VARS . 

SETERR - ROUTINE TO TAKE THE ERROR BIT PASSED IN THE ACC . AND 
UPDATE THE ERROR LEOS TO REFLECT THE NEW ERROR. THIS WILL 
USE THE VAR IABLE ERRWRD !ERROR WORD> TO STORE THE CURRENT 
SYSTEM ERRORS. WITH THIS, SEVERAL ERRORS CAN BE DISPLAYED 
DISPLAYED AT THE SAME TIME. 
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4AFO 47 
4AFI 3A215A 
4AF4 80 
4AF5 32215A 
4AF8 2F 
4AF9 0312 
4AFB C9 

4HFC 2F 
4AFO 47 
4AFE 3A21SA 
4BC 1 AC 
4802 32215A 
4905 2F 
4806 031: 
4809 C9 

4809 0600 
4809 3EOO 
4BOD 32265A 
4910 54 
4811 50 
4812 2A245A 

4815 7E 
4816 E6FO 
4818 4F 
4Bl9 78 
4B1A E6FO 
4B1C 89 
4810 DA5A4B 

4820 7E 
4821 EbOF 
4823 4F 
4824 7B 
4825 E60F 
4827 89 
4828 DA5A4B 

4828 23 
4B2C 7E 
4820 E6FO 
4B2F 4F 
4830 78 
4831 E6FO 

SETERR: MDV 
LOA 
ORA 
STA 
CMA 
OUT 
RET 

B,A 
ERRWRD 
B 
ERRWRD 

PIAC 

;PUT THE NEW ERROR WORD IN 8 
;SET THE CURRENT ERROR WORD 
;COMBINE THE CURRENT ERRORS WITH THE NEW 
;UPDATE ERROR WORD 
;COMP LEMENT FOR NEGATIVE LOGIC 
;LIGHT THE CORRECT ERROR LEOS 

CLRERR - ROUTINE TO COMPLEMENT SETERR. THIS ROUTINE WILL TAKE 
THE ERROR BIT (LED) TO BE CLEARED <PASSED IN A) AND CLEAR 
THAT LED WHILE LEAVING THE REST ON <SETl. 

CLRERR: CMA 
MOV 
LilA 
ANA 
STA 
CMA 
!JUT 
RET 

B,A 
ERRWRO 
e 
ERRWRD 

PIAC 

;COMPLEMENT THE BIT TO BE CLEARED 
;PUT THE ERROR CLEAR WORD IN B 
;SET THE CURRENT ERROR WORD 
;COMBINE THE CLEAR WORD WITH THE CURRENT 
;UPDATE ERROR WORD 
;COMPLEMTN FOR NEGATIVE LOGIC 
;LIGHT <OR TUR N OFF> THE CORRECT LEDS 

CHKTBL - ROUTINE TO DETERMINE WHETHER DR NOT THE LOCATION 
TOUCHED IS AMONG THE VALID LOCATIONS FOR THE CURRENT MENU. 
THE TABLE ENTRY NUMBER (OUT OF !Cl WILL BE RETURNED IN 
THE VARIABLE ENTRY. IF NOT VALID, ENTRY WILL BE 0 1 ELSE 
ENTRY WILL BE 1-10 . 

j 
CHKTBL: MVI 

MVI 
STA 
MDV 
MDV 
LHLD 

ROWMIN: MDV 
ANI 
NOV 
MDV 
ANI 
CMP 
JC 

COL/1! N: MOV 
ANI 
MDV 
MOV 
ANI 
CMP 
JC 

ROWMAX: INX 
MDV 
ANI 
MDV 
MDV 
ANI 

B,OOH 
A,COH 
ENTRY 
D,H 
E,L 
BEGTBL 

A,M 
OFOH 
C,A 
A,E 
OFOH 
c 
NXTENT1 

A,M 
OFH 
C,A 
A1 E 
OFH 
c 
NXT ENT I 

H 
A,M 
OFOH 
C,A 
A,E 
OFOH 

;CLEAR B TO STORE ENTRY NUMBER 
;CLEAR A 
;CLEAR ENTRY TO BEBIN 
;MOVE HL TO DE SO HL CAN BE US ED iO POINT 

;GET STARTING ADDRESS OF MENU DATA TABLE 

;GET ROW/COL FROM TABLE 
;MASK OFF ROW 
;SAVE THIS IN C 
;GET ROW/COL FROM PAD 
;MASK OFF ROW 
;IS PAD ROW< TABLE ROW? 
; IF SO FORGET IT 

;GET ROW/COL FROM TABLE 
;MASK OFF COL 
;SAVE THIS IN C 
;GET ROW/COL FROM PAD 
;MASK OFF COL 
;IS PAD COL< TAB LE COL? 
;IF SO FORGET IT 

;NEXT TABLE LOCATION 
;GET ROW/COL FROM TABLE 
;I'IASK OFF ROW 
;SAVE THIS IN C 
;GET ROW/COL FROH PAD 
;NASK OFF ROW 
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4833 B9 
4934 DA3D4B 
4837 CA3048 
483A C3584B 

4830 7E 
4B3E E60F 
4840 4F 
4841 78 
4842 E60F 
4844 89 
4845 DA4E4B 
4848 CA4E4B 
4848 C3584B 

484 E 23 
4e4F 22275A 
4852 04 
4853 78 
4BS4 3226SA 
4857 62 
4858 6B 
4859 C9 

4BSA 23 
ABSB 23 
495C 23 
4B5D 23 
485E 04 
4B5F 78 
4860 FEOA 
4862 C21548 
48b5 C9 

4B66 2A275A 
4869 7E 
4B6A E60F 
4B6C 322C5A 
486F 7E 
4B70 E6FO 
4872 OF 
4873 OF 
4874 OF 
4875 OF 
4B7& 32285A 
4879 '>T 

L~ 

487A 7E 
4879 32315A 
487E 3AiFSA 
4881 32335A 
4B84 C9 

CMP 
JC 
JZ 
JttP 

COL11AX: MOV 
ANI 
MOV 
MDV 
ANI 
CliP 
JC 
JZ 
J11P 

VALID : INX 
SHLD 
ItiR 
I!OV 
STA 
MOV 
I'IOV 
RET 

NXTENT1: INX 
'lXTENT2: INX 

INX 
INX 
!NR 
MDV 
CPI 
JI>Z 
RE~ 

C ;IS PAD ROW >TABLE ROW? 
COLMAX ;IF SO ONWARD 
COLMAX :IF EQUAL ONWARD 
NXTENT2 ; IF NEITHER THEN FORGET IT 

A,M ;SET ROW/COL FROM TABLE 
OFH ;MASK OFF COL 
C,A ;SAVE THIS IN C 
A,E ;SET ROW/COL FROM PAD 
OFH ;MASK OFF COL 
C ;IS PAD COL > TABLE COL? 
VALID :IF SO ONWARD 
VALID ; IF EQUAL ONWARD 
NXTENT2 ;IF NEITHER THEN FORGET IT 

H 
MTRADDR 
B 
A,il 
ENTRY ;S-ORE ENTRY NUMBER 
H,D ;RESTORE HL FROM DE 
L,E 

H 
H 
H 
H 
a 
A,B 
OAH 
ROtlM Ill 

;INCREMENT POINTER TO TABLE DATA FOR NEXT 
;ENTRY ROW/COL ,IN:MUM. 

I 

; INCREMENT ENTRY COUNTER 
;CHECK TO SEE IF COMPLETELY THROUGH !0 ENTRIES 
; 
; TRY ~IEXT ENTRY 
:NO VAL:D TOUCH, RETURN 

INITMTR - ROUTINE TO INITIALIZE THE MOTOR VARIABLES <GET THE DATA 
FROM MEMORY!. 

; 
INITMTR: LHLD HTRADDR ;SET STARTING ADDRESS OF MOTOR DATA 

IIOV A,ll ;PUT LEFT/RIGHT IIOTOR DATA IN A 
ANI OFH ;MASK FOR RIGHT MOTOR DATA ONLY 
STA RMTS :STORE SPEED IN RIGHT MOTOR TARGET SPEED 
MDV A,l'l ;GET LEFT/RIGHT MOTOR DATA AGAIN 
ANI OFOH ;MASK FOR LEFT MOTOR DATA ONLY 
RRC ;ROTATE LEFT MOTOR DATA TO LS NIBBLE 
RRC 
RRC 
RRC j 

STA LMTS ;STORE SPEED IN LEFT MOTOR TARGET SPE~D 
INX H ;IIDVE POINTER TO DURATION DATA 
MDV A,M ;PUT DURATION IN A 
STA DURATION ;STORE MOTION DURATION 
LDA RAMPCNT 
STA CNTRAIIP 
RET 

UPDA TI1TR - ROUTINE TO DETERMINE THE NEXT VALUE TO BE SENT TO THE 
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4885 3A335A 
4888 FE OO 
488A C2Eb48 

4880 :::A2C5A 
4890 32305A 
4893 47 
4894 3A2E5A 
4897 88 
4898 CAA74B 
4898 021\448 
489E CD2D4C 
4BA 1 C3A748 
48A4 CD354C 
48A7 .3A2B5A 
4BAA 322F5A 
4B AD 47 
4BAE 3A2 D5A 
4 8 B 1 98 
4BB2 CAC 14B 
4885 D2BE49 
4BB8 C0304C 
48PB C.3C!48 
483E CJ454C 
<~BC! 3A31SA 
4BC4 30 
48C5 .323!5A 
4BC8 3A305A 
4BCB 322E5A 
4BCE '3A2F5A 
4801 322D5A 
4804 07 
4805 07 
4806 07 
4807 07 
4808 47 
4809 3A2E:SA 
4BOC 80 
4BDD 03&1 
49DF 3At>5A 
4BE2 32335A 
4BE5 C9 
48E6 30 
4BE7 32335A 
4BEA C9 

4BEB 3E08 
4BED 322C5A 
4BFO 32285A 

MOTOR SO THAT IT CAN EFFEC TIVELY RAMP UP TO iHE ~ARGE T SPEED. 
THIS WILL THEN SEND THE PROP~R CODE -o THE MOTOR 0/A CIRCU:T, 
OR STOP THE MOTORS iF THE DURATION HAS BEN FULFILLED. 

j 

UPDAHITR : 
RAMP I: LOA 

CPI 
JNZ 

RS!CHI<: LOA 
STA 
MOIJ 
LOA 
CMP 
JZ 
JNC 
CALL 
JMP 

LBLl: CALL 
LSICHK: LOA 

STA 
MOV 
LOA 
CMP 
JZ 
JNC 
CALL 
JMP 

l3L2: CALL 
LBU : LOA 

OCR 
SiA 
LOA 
STA 
LOA 
STA 
RLC 
RLC 
RLC 
RLC 
!'IOV 
LOA 
ORA 
OUT 
LOA 
STA 
RET 

LBL4: DCR 
STA 
RET 

CNTRAMP ;GET THE CURRENT RAMP COUNTER <FOR RATE ) 
OOH ;CHECK TO SEE IF IT IS COUNTED OUT 
LBL4 ; lF NOT, THEN CONTINUE !OCR RAMP COUNT> 

RMTS 
RMOTOR 
8 1A 
RMCS 
8 
LSICHII 
LI!LI 
RGTF~D 

LSICHK 
RGTREV 
LMTS 
U10TOR 
B,A 
LMCS 
B 
LBL3 
LBL2 
LFT"\IID 
LBU 

;GET THE RIGHT MOTOR TARGET SPEED 
;SET DEFAULT RIGHT MOTOR VALUE 
;TRANSFER TO 9 
:GET RIGHT MOTOR CURRENT SPEED 
;COMPARE RMTS TO RMCS 
;IF RHTS = RMCS THE~ CHECr LEFT DATA 
;IF RMCS > RMTS -HE~ TO LBLI 
:~~CS < RMTS SO INCREMENT FWD 
j 

: RMCS ) RMTS SO INCREMENT REV 
:GET THE LEFT MOTOR TARGET SPEED 
;SET DEFAULT LEFT MOTOR VALUE 
;TRANSFER TO B 
;GET LEFT MOT OR CURRENT SPEED 
;COMPARE LMTS TO LMCS 
;IF LMTS = LMCS THEN CHECK DURATION 
;IF LMCS > LMTS T~EN TO LBL2 
: LMCS < LMTS SO !NCREMENT F~O 

LFTREV ;~MCS > LMTS SO INCREMENT ~EV 
DURATION ;GET THE CURRENT DURATION COUN7EK 
A ;DE~REMENT T~E DURA-ION COUNTER 
DURATION ;STORE -HE CHANGE IN VARIABLE 
RMOTOR ;GET NEW MOTOR VALUE 
RMCS ;UPDATE THE CURRENT SPEED 
LMOT OR 
LMCS 

B,A 
RMCS 
B 
PIAE 
RAI'IPCNT 
CNTRAI'IP 

' ;ROTATE LEFT MOT OR DATA TO MS NIBBLE 

;TEMPCRARY TRANSFER TO 8 
;SET NE~ RIGHT MOTOR DATA 
;COMBINE LEFT AND RIGH- MOTOR DA- A 
;OUTPUT NEN MOTOR DATA TO D/A CKT 

A ;DECREMENT THE RAMP COUNT 
CN TRAMP ;UPDATE THE RA MP COUN TER 

STOP - ROUTINE TO STOP THE MOTORS, USING A RAMP TO THE STOP. 
; 
STOP: MVI 

STA 
STA 

A1MTRSTOP 
RIITS 
LilTS 
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4BF3 3A2ESA 
4BFb 4 7 
4BF7 3A2D5A 
4BFA 88 
4BFB C2024C 
4BFE 3E08 
4COO BB 
4CO 1 ca 
4C02 3E04 
4C04 32335A 
4C07 321FSA 
4COA l!OOOA 
4COO CDS74 7 
4CIO CD854B 
4C13 3A2E5A 
4Cib 47 
4CI7 3A2DSA 
4CI>I 89 
4C!B C20A4C 
4CIE 3C:09 
4C20 BS 
4C21 C20A4C 
4C24 3EOO 
4C2b 32315A 
4C29 32325A 
4C2C C9 

4C2!l 3A2!;5A 
~C30 3C 
4C3l 32305A 
4C34 C9 

4C35 3A2E5A 
4C38 30 
4C39 32305A 
4C3C C9 

4C3D 3A2J5A 
4C40 3C 
4C41 322F5A 
4C44 C9 

4C45 3A2DSA 
4C48 3D 
4C49 322F5A 
4C4C C9 

LDA 
MOV 
LDA 
CI1P 
JNZ 
IIVI 
CMP 
RZ 

STOP2: MVI 
STA 
STA 

STOP!: LXI 
CALL 
CALL 
LOA 
I'IOV 
LDA 
Ci'IP 
JNZ 
MVI 
CMP 
JNZ 
MVI 
STA 
STA 
RET 

RIICS 
B,A 
LMCS 
B 
STOP2 
A,I1TRSTOP 
B 

A,STOPRMP 
CNTRAMP 
RAMPCNT 
D,OAOOH 
DELAYD 
UPDATI'ITR 
RMCS 
B,A 
U1CS 
B 
STOP! 
A, I'ITRSTOP 
B 
STOP! 
A1 00H ;ALLOW THE NEXT PAD INPUT TO BE USED 
DURATION 
LAST! 

RGTFWD - ROUTINE TO DETERMINE RMOTOR WHICH WILL ALTER RMCS 
TO MOVE FORWARD . 

RGTFIID: LDA 
INR 
STA 
RET 

RMCS ;OTnERWISE IF 0, SET ~EW SPEED 
A ;STEP SPEED UP BY I 
RMOTOR ;STORE IN RI'IOTOR TO BE SENT TO MOTOR 

RGTREV - SAME, BUT TO REVERSE. 
; 
RGTREV: LDA 

DCR 
STA 
RET 

RIICS 
A 
RMOTOR 

;OTHERWISE IF 0, GET NEW SPEED 
;STEP SPEED DOWN BY I 
;STORE IN RHOTOn TO 9E SENT TO MOTOR 

LF TFWD - SAME, BUT FORWARD MOTION FOR LEFT MOTOR. 

LFTF:.O: LOA 
INR 
STA 
RET 

LIICS ;OTHE~~ISE IF 0 1 SET NEW SPEED 
A ;S-EP SPEED UP BY I 
LMOTOR ;STORE IN LHOTOR TO BE SENT TO MOTOR 

LFTREV - SAME, BUT FOR REVERSE. 
; 
LFTREV: LDA 

DCR 
STA 
RET 

LIICS 
A 
LI10TOR 

;OTHERWISE IF 0 1 SET NEll SPEED 
;STEP SPEED DOWN BY I 
;STORE lN LMOTOR TO BE SENT TO MOTOR 
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4C4D CDEB4F 
4C50 3EOO 
4C52 323551\ 
4C55 3EOO 
4C57 32265A 
4CSA 3EOO 
4C5C 322F5A 
4C5F 32305A 
4C62 CD734F 
4C65 3A3451\ 
4C68 FEOO 
4CoA ce 
4C6B E5 
4C6C 7C 
4Cb0 Eb!E 
4C6F FE02 
4C71 CA4D4C 
4C 7 4 1 F 
4C75 CD664A 

4C79 El 
4C79 70 
4C7A FE21 
4C7C C297 4C 
ac 7F 3E02 
4C81 CD574F 
4CS4 C~5A4C 
4Ca7 FE31 
4C89 C2944C 
4C8C 3E04 
4CBE CD574F 
4C91 C35A4C 
4C94 FE4 ! 
4C9b C2854C 
4C99 CilFC4F 
4C9C 3Et:E 
4C9E CDD04E 
4CA I 4 7 
4CA2 E6FO 
4CA4 FEOO 
4CA6 C24D4C 

4CA9 78 
4CAA CbOI 
4CAC CD4E4F 
4CAF CD0250 
4CB2 C35A4C 
4CB5 FE71 
4CB7 C2DA4C 
4CBA CDFC4F 
4CBD 3EEE 

PROM EN - ROUTINE TO ALLOW THE USER TO CREATE, RESET OR EDIT ANY 
ONE OF THE 14 POSSIBLE MENUS. IT WILL ALLOW THEM TO UPDATE 
ANV OF THE GLOBAL PARAMETERS, OR THE INDIVIDUAL AREA DATA. 

I 

PROERR: CALL 
PRO MEN: MVI 

STA 
MVI 
STA 

PR02HEN: ttVI 
STA 
STA 
CALL 
LOA 
CPI 
RZ 
PUSH 
110V 
ANI 
CPI 
JZ 
RAR 
CALL 

POP 
l'IOV 

SNOCHK: CPI 
JNZ 
MVI 
CALL 
JHP 

RANCHK : CPI 
JNZ 
MVI 
CALL 
JMP 

RRCHK : CPI 
JNZ 
CALL 
MVI 
CALL 
MOV 
ANI 
CPI 
JNZ 

110V 
AD! 
CALL 
CALL 
JMP 

LRD : CPI 
JNZ 
CALL 
NV! 

RASBER 
A1 FALSE 
HEAR TON 
A,OOH 
ENTRY 
A100H 
UIOTOR 
RMOTOR 
POLL 
PADFLS 
FALSE 

;SOUND ER ROR TONE IF NEEDED 

;0 OUT ENTRY VAR 

;WAIT FOR PAD TOUCH 
;GET PAD/MENU STATUS FLAG 
;SEE IF PAD OK 

~ :SAVE TOUC~ LOCATION INFO FOR LATER 
A,H ;PUT VALID MENU NUMBER IN A 
000111108 ;MASK TO SET THE MENU NUMBER 
000000108 ;TRYING TO CHANGE THE SAMPLE ME NU? 
PROERR ; IF SO, SOUND ERROR AND RETURN, OTHERWISE ... 

;ROTATE TO GET MENU NUMBER 
OTHERS ;SET LOCATIONS OF GLOBAL VARIABLES, 

; AND START OF MENU TABLE 
H ;RESTORE TOUCH LOCAT:ON DATA 
A,L ;PUT TOUCH LOC. IN A FOR COMPARISONS 
SOUND ;SOUND ON/OFF SELECTED? 
RANCHK ;CHECK RANGING IF NOT 
A1 SONOFF :GET SOUND ON/OFF MASK 
ONO~F ;TOGGLE FROM ON TO OFF, VISA VERSA 
PR02MEN 
RANGE ;RANG:NG ON/OFF SELECTED? 
RRCHK ;CHECK RAttP-RATE IF NOT 
A,RONOFF ;GET RANGING ON/OFF MASK 
ONO FF ;TOGGLE FROM ON TO OFF, VISA VERSA 
PR0211EN 
RAMP ;RAMP RATE SELECTED? 
LRD ;CHECK LEFT RANGING DISTANCE IF NOT 
HORN! ;HIGH BEEP 
A1 BAR2BEG ;GET BEGINNING ROW/COLUMN OF BAR 2 
BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0-10 IN A 
B,A ;TEMPORARY XFER TO 8 
OFOH ;MASK TO SEE IF ANY VALUE IN MS NIBBLE 
OOH 
PROERR 

A,B 
O!H 
RRATE 
HOR N2 
PR02ttEN 

j 

; IF ANYTHING IN MS NIBBLE, THE~ THERE ~AS 
;AN INVALID TOUCH, SO SOUND ERROR AND RETURN 
;RESTORE A TO B 
;ADD ONE TO THE RATE, 'CAUSE 0 RATE NO GOOD 
;UPDATE TABLE VALUE OF RAMP RATE 
;LOW BEEP 

LEFTR ;LEFT RANGING SELECTED 
RRD ;CHECK MOTOR DURATION IF NOT 
HORN! ;HIGH BEEP 
A,BAR2BEG ;GET BEGINNING ROW/COLUMN OF BAR 2 
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4CBF CDD04E 
4CC2 47 
4CC3 E6FO 
4CCS FEOO 
4CC7 C24!>4C 

4CCA 78 
4CCB 87 
4CCC CbOC 
4CCE 2A225A 
4CD! CDCA4E 
4CD4 CD0250 
4CD7 C35A4C 
4COA FEB! 
4CDC C2FF4C 
4CDF CDFC4F 
4CE2 3EEE 
4CE4 CDD04E 
4CE7 47 
4CEB E6FO 
4CEA FEOO 
4CEC C24D4C 

4.CEF 78 
4C~' O 87 
4CFI C60C 
4CF3 2A225A 
4CF6 COC94E 
4CF9 CD0250 
4CFC C35A4C 
4CFF F~61 
400! C22440 
'J04 COi'C4f 
4007 3EEE 
4009 COD04E 
4DOC 47 
4DOO E6FO 
400F FEOO 
4011 C24D4C 

4014 78 
4015 87 
4D16 C60C 
4019 2A225A 
4018 CDCF4E 
40!E CD0250 
4ll2! C35A4C 
4024 FE51 
4D26 C24940 
4029 CDFC4F 
402C 3EEE 
4D2E CD004E 
4 031 4 7 
4032 E6f0 
4034 FEOO 
4036 C2404C 

RRD : 

FRO: 

BRD: 

CALL 
MOV 
ANI 
CPI 
J~Z 

MDV 
ADD 
ADI 
LHLD 
CAL~ 

CALL 
JIIP 
CPI 
JNZ 
CALL 
MVI 
CALL 
MOV 
ANI 
CPI 
JNZ 

~ov 

ADD 
AOI 
LHLD 
CALL 
CALL 
JMP 
CPI 
JNZ 
CALL 
MVI 
CALL 
HOY 
ANI 
CPI 
JNZ 

110V 
ADD 
AD! 
LHLD 
CALL 
CALL 
JI1P 
CPI 
JNZ 
CALL 
MVI 
CALL 
MOV 
ANI 
CPI 
JNZ 
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BARREAO ;WAIT FOR PAD TOUCH , RETURN VALUE OF 0- 10 IN A 
e,A ;TEMPORARY XFER TO B 
OFOH ;MASK TO SEE IF ANY VALUE IN MS NIBBLE 
OOH 
PROERR 

A,B 
A 
USSTOP 
GBLTBL 
LRUDATE 
HOR1l2 
PR02MEN 

' j IF ~NYTHING IN ~S ~~9~LE 1 THEN THERE ~AS 
;AN INVALID TOUCH, 50 SOUND ERROR AND RETURN 
;RESTORE A TO B 
:DOUBLE VALUE FOR RANGING DISTANCE 
;ADO 0 'CAUSE 0 NO 6000 
;PUT START OF TABLE ADDRESS IN POINTER 
;UPDATE L~FT RANGING VALUE IN TABLE 
:LOW BEP 

RIGHTR ;LEFT RANGING SELECTED 
FRD ;CHECK MOTOR DURATION IF NOT 
HORN! ;HIGH BEEP 
A,BAR2BEG ;GET BEGINNING ROW/COLUMN OF BAR 2 
BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0- 10 IN A 
B.A :TEMPORARY XFER TO B 
OFOH ;MASK TO SEE IF ANY VALUE IN ~5 NIBBLE 
OOH 
PROERR 

A1 B 
A 
USSTOP 
GBLTBL 
RRUOATE 
HOR N2 
PRD211EN 

j 

;IF ANYThiNG IN MS NIBBLE, THEN TH ERE WAS 
;AN INVALID TOUCH, SO SOUND ERROR AND RETURN 
;RESTORE A TO B 
;DOUBLE VALUE FOR RANGING DISTANCE 
;ADD 0 ' CAUSE 0 NO 6000 
;PUT START OF TABLE ADDRESS IN POINTER 
;UPDATE LEFT RANGING VALUE IN ~ABLE 
;LOW BEEP 

FRONTR ;LEFT RANGING SELECTED 
BRD ;C~ECK ~OTOR DURATION IF NOT 
HORN! ; HIGH :lEEP 
A,BAR28E6 ;GET BESINNI~G ROW / COLUMN OF BAR 2 
BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0- 10 IN A 
S,A ;TEMPORARY XFER TO B 
OFOH ;MASK TO SEE IF ANY VALUE IN MS NIBBLE 
OOH 
PROERR 

A,9 
A 
USSTDP 
SBLTBL 
FRUDATE 
HORN2 
PR02MEN 

; IF ANYTHING IN MS NIBBLE, THEN THERE 
;AN INVALID TOUCH, SO SOUND ERROR AND 
;RESTORE A TO B 
;DOUBLE VALUE FOR RAN GING DISTANCE 
;ADD 0 'CAUSE 0 NO GOOD 
;PUT START OF TABLE ADDRESS IN POINTER 
;UPDATE LEFT RANGING VALUE I~ TABLE 
:LOW BEEP 

8ACKR ;LEFT RANGING SELECTED 
DEFAREA ;CHECK MOTOR DURATION IF NOT 
HOR N! ;HIGH BEEP 
A,BAR2BEG ;GET BEGINNING ROW/COLU MN OF BAR 2 

WAS 
RETURN 

BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE Of 0-10 IN A 
B,A ;TEHPORARY XFER TO 8 
OFOH ;11ASK TO SEE IF ANY VALUE IN liS NIBBLE 
OOH ; 
PROERR ;IF ANYTHING IN ~5 NIBBLE, THEN THERE WAS 
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4039 78 
4D3A 87 
4038 C60C 
4030 2A225A 
4[~0 COCC4E 
4'43 CD0250 
4046 C3SA4C 
4049 FEAt 
40<18 C2A240 
404E CDFC4F 
4051 3EEE 
4053 CDD04E 
4051> 47 
4D57 EbFO 
4059 FEOO 
4058 C2404C 

40SE 78 
4D::;F FEOO 
4Dbl C2674D 
4064 C3404C 
4067 CDFC4F 
4D6A 32265A 
4060 CD734F 
4070 CDFC~F 
4073 55 
4074 OS 
4075 CD734F 
4079 01 
4079 so 
407A 3A265A 
4070 2A245A 
4080 0601 
4082 FEOO 
4084 CABF4D 
4087 23 
4088 23 
4089 23 
408A 23 
4088 30 
4DBC C3824D 
4D8F 2229SA 
4D92 72 
4093 23 
4094 73 
4095 CD0250 
4098 2A225A 
4098 7E 
4D9C E6FE 
4D9E 77 
409F C35A4C 
4DA2 FEB! 
4DA4 C2E140 
4DA7 CDFC4F 
40AA 3EEE 

MDV 
ADD 
AD! 
:..HLD 
CALL 
CALL 
JltP 

DEFAREA: CPI 
JNZ 
CALL 
ltV! 
CALL 
ltOV 
ANI 
CPI 
JNZ 

110V 
CPI 
JNZ 
JMP 

OEFOK 1: CALL 
STA 
CALL 
CALL 
110V 
PUSH 
CALL 
POP 
MDV 
LOA 
LHLD 
SUI 

OEFOK2: CPI 
JZ 
INX 
INX 
INX 
!NX 
OCR 
JMP 

DEFOK3: SHLD 
ltOV 
!NX 
"DV 
CALL 
LHLD 
110V 
ANI 
MDV 
JI1P 

SELAREA: CPI 
JNZ 
CALL 
MVI 

A,B 
A 
:C SSTOP 
GSLTBL 
BRUDATE 
HORN2 
PR0211EN 
DEFINE 
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;AN INVALID TOUCH, SO SOU~~ ERR OR AND RETURN 
;RESTORE A TO 8 
;DOUoLE VALUE FOR RANGING DISTANCE 
;ADO 0 'CAUSE 0 NO GOOD 
;PUT START OF TABLE ADDRESS IN POINTER 
;UPDATE LEFT RANGING VALUE IN TABLE 
;LOW BEEP 

;DEFINE M~NU SELECTED? 
SELAREA ;CHECK SELECT AREA IF NOT 
HORN! 
A,BAR2BEG ;GET BEGINNING ROW/COLUMN OF BAR 2 
BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0-!0 IN A 
B,A ;TEMPORARY XFER TO 8 
OFOH ;MASK TO SEE IF ANY VALUE IN MS NIBBLE 
OOH 
PROERR 

A,B 
OOH 
DEFOK! 
PROERR 
HORN I 
ENT RY 
POLL 
HORN! 
D,L 
D 
POLL 
D 
E,L 
ENT RY 
BEGTBL 
01H 
OOH 
DEFOK3 
H 
H 
H 
H 

;IF ANYTHING I, MS NIBBLE, THEN THERE WAS 
;AN INVALID TOUCH, SO SOUND ERROR AND RETURN 
;RESTORE A TO B 
;SEE IF 0 SELECTED AS ENTRY NU11BER 11-10 OKl 
;IF 0 NOT SELECTED, THEN CONTINUE 
;OTHERWISE CALL RASBERRIES, RETUR N TO PROMEN 

;STORE 1-10 NUMBER TEMPORARILY IN ENTRY VAR 
;GET UPPER LEFT CORNER OF 30X (MIN VALUES> 

;PUT HIN VALUES IN D 
;SAVE FIRST TOUCH LOCATION 
;GET LOWER RIGHT CORNER OF BOX <MA~ VALUES! 
;GET FIRST TOUCH LOCATION !MIN VALSl 
;PUT MAX DATA IN E 
;GET THE CUR RENT ENTRY NUMBER FROM MEM 
;SET MEM POINTER AT START OF ENTRIES 
;REDUCE ENTRY NUMBER BY 1, TO GET ~OOP CNTq 
;IS A DOWN TO 0 YET? 
; IF SO, THE~ POIN'ER IS AT CURRENT E~TRY 
;OTHERWISE INCREMENT POINTER 4 TIMES TO 
;BET TO NEXT ENTRY IN TABLE 

A ;DECREMENT ENTRY COUNTER INOW AT NEXT ENTRYI 
DEFOK2 ;REPEAT CHECK 
POINTER ;SAVE STARTING ADDRESS OF ?Ol~TER 
M,O ;PUT MIN VALS IN TABLE 
H ;INCREME~T POINTER TO MAX vAL _uCATION 
M,E ;PUT , AX VALS IN TABLE 
HORN2 ;SOUND LOW IFI,!SHl HORN 
GBLTBL ;GET START ADDRESS OF TABLE 
A,~ ;GET TABLE CONTROL WORD 
111111!08 ;CLEAR BIT 0 TO SIGNAL MENU NOT EMPTY 
M,A ;RESTORE THE CONTROL WORD 
PR02MEN ;RETURN W/OUT ZEROING OUT ENTRY 
SELECT ;SELECT AREA SELECTED? 
LMTR ;CHECK LEFT MOTOR SPEED IF NOT 
HORN! 
A,BAR2BEG ;GET BESINNING ROW/COLUMN OF BAR 2 
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40AC C0004E 
40AF 47 
4080 EoFO 
4082 FEOO 
4084 C24D4C 

4087 78 
4088 fEOO 
4DBA C2C040 
4080 C3404C 
4DCO COFC4F 
4DC3 322o5A 
40Co 2A245A 
4DC9 OoOI 
~oca FEOO 
4:>CD CA0840 
4000 23 
4001 23 
4002 23 
4003 23 
4004 30 
4005 C3CB40 
4008 2229SA 
4008 C002SO 
4DDE C35A4C 
4DEI FECI 
40£3 C2Fb40 
40E6 3EFF 
4DES 32:?F5A 
4DEB :A2o:SA 
4D~E FEOO 
40FC C20B4E 
4DF3 C3404C 
40F6 FEDI 
4DFB C24A4E 
40FB 3EOO 
4DFD 322FSA 
4EOO 3A265A 
4E03 FEOO 
4E05 C20B4E 
4E08 C3404C 
4E08 CDFC4F 
4EvE 3EEB 
4EIO CDD04E 
4E 13 47 
4E14 E6FO 
4E16 FEOO 
4E18 C2404C 

4EIB 2A295A 
4EIE 23 
4E 1F 23 
4E20 3A2F5A 
4E23 FEOO 
4E25 CA384E 
4E28 78 

CALL 
110V 
ANI 
CPI 
JNZ 

MD V 
CPI 
JNZ 
JMP 

SELOKI: CALL 
STA 
LHLD 
SUI 

SELOK2: CPI 
Jl 
I ~;X 
INX 
INX 
INX 
OCR 
JMP 

SELOK3: SHLD 
CALL 
JMP 

UHR : CPI 
JNZ 
MVI 
s-A 
LOA 
CPI 
JNZ 
JMP 

RMTR: CPI 
JNZ 
MVI 
STA 
LOA 
CPI 
JNZ 
JMP 

1'01:1: CALL 
MVI 
CALL 
MOV 
ANI 
CPI 
JNZ 

LHLO 
INX 
INX 
LOA 
CPI 
JZ 
HOY 

BARRE AD 
B,A 
OFOH 
OOH 
PRO ERR 

A,B 
OOH 
SELOKI 
PROERR 
HORN! 
ENTRY 
BES-BL 
OIH 
OOH 
SE-OK3 
fi 
H 
H 
H 
A 
SELOK2 
POINTER 
HOR N2 
PR02MEN 
LEFTM 
RIITR 
A, TRUE 
LMOTOR 
ENTRY 
OOH 
MOKI 
PROERR 
RIGH Ti'l 
OUR 
A,FALSE 
LMOTOR 
ENTRY 
OOH 
110Kl 
PROERR 
HOR~II 
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:WAIT FOR PAD TOUCH, RETURN VALUE oc 0- 10 IN A 
;TEMPORARY XFER TO B 
;MASK TO SEE IF ANY VALUE IN MS NIBBLE 
; 
; IF ANYTH ING IN MS NIBBLE, THEN THERE WAS 
;AN INVALID TOUCH, SO SOUND ERROR AND RETURN 
;RESTORE A TO B 
;SEE IF 0 SELECTED AS ENTRY NUM BER 11 - 10 OKl 
; IF 0 NOT SELECTED, THEN CONTINUE 
;OTHERWISE CALL RASBERRIES, RETURN TO PROIIEN 

;STOR£ IN ENTRY VAR FOR TIME BEING 
;SET ~EM POINTER AT START OF ENTRIES 
;REDUCE ENTRY NUMBER BY I, TO SET LOOP CNTR 
;IS A DOWN TO 0 YET? 
;IF SO, THEN POI~TER IS AT CUR~ENT ~NTRY 
;OTHERWISE INCREMENT POINTER 4 TIMES TO 
;GET TO NEXT ENTRY IN T~BLE 

;DECREMENT ENT RY COUNTER INOW AT NEXT ENTRY ! 
;REPEAT CHECK 
;SAVE STARTING ADDRESS OF POINTER 
;LOW BEEP IFINISH I 
;RETURN W/OUT ZEROING OUT ENTRY 
;WAS LEFT MOTOR SETTING SELECTED? 
;IF NOT, CHECK THE RIGHT MOTOR LOCAT :ON 
;SET FLAG FOR LEFT MOTOR DATA 

:GET THE TABLE ENTRY VALUE 
;SEE IF CURRENT ENTRY IS 0 !SHOULD NOT BEl 
;IF NOT 0 1 THEN CONTINUE 
:OTHERWISE SOUND ALARM AND RETURN 
;WAS LEFT MOTOR SETTING SELECTED? 
; IF NOT, CHECK THE RIGHT MOTOR LOCATION 
;CLEAR FLAG FOR LEFT MOTOR DATA 

;GET THE TABLE ENTRY VALUE 
;SEE IF CURRENT ENTRY IS 0 
; IF NOT O, THEN CONTINUE 
;OTHERWISE SOUND ALAR~ AND 

<SHOULD NOT BE l 

RETURN 

A,SARIBEG ;GET B:SINN!N6 ROW/COLUMN OF BAR 1 
BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0- 10 IN ~ 
B,A ;TEMPORARY XFER TO B 
OFOH ;MASK TO SEE IF ~NY VALUE IN 115 NIBBLE 
OOH 
PROERR 

POINTER 
H 

;IF ANYTHING IN tiS NIBBLE , THEN THERE 
;AN INVALI D TOUCH, SO SOUND ERROR AND 
;SET MEM POINTER TO CORRECT ENTRY 
;GET TO LEFT MOTOR DATA 

WAS 
RETURN 

H 
LMOTOR 
FALSE 
RSET 
A,B 

;SET LEFT MOTOR SETTING FLAG 
;IF FALSE, TH EN ENTERING RIGHT 
;60 TO SET RIGHT MOTOR SPEED 
;SET BAR INPUT BACK 

MOTOR DATA 
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4E29 C603 
4E2B 07 
4E2C 07 
4E20 07 
4E2E 07 
4E2F 47 
4E30 7E 
4E31 E60F 
4E33 BO 
4£34 77 
4E35 CD0250 
4E3B C35A4C 
4E3B 79 
4E3C C603 
4E3E 47 
4 E3F 7E 
4E40 :bFO 
4E42 BO 
lE4J 77 
4E44 CD0250 
4E47 C35A4C 
4E4A FEE! 
4E4C C27F4E 
4E4F 3A26SA 
4E52 =:oo 
4E54 C25A4E 
4E57 C34D4C 
4ESA CDFC4F 
4E5D 3EEE 
4ESF CDD04E 
4E62 47 
4E63 E6FO 
4E65 FEQO 
4E67 C2404C 

4EoA 78 
4E6B 2600 
4E60 6F 
4E6E CD4F49 
4E71 70 
4E7:? 2A295A 
4E7S 23 
4E7b 23 
4E77 n 
4E78 77 
4E79 C002SO 
4E7C C35A4C 
4E7F FE09 
4E81 C2404C 

4E84 CDFC4F 
4E87 CD734F 
4E8A 70 
4EBB FE09 
4EBD C24D4C 
4E90 CDFC4F 

RSET: 

OUR: 

OOK!: 

AD! 
RLC 
RLC 
RLC 
RLC 
MDV 
MOV 
ANI 
ORA 
MOV 
CALL 
JMP 
MOV 
ADI 
I'IOV 
MDV 
ANI 
ORA 
I'IOV 
CALL 
JMP 
CPI 
JNZ 
LDA 
CPI 
JNZ 
J:'IP 
CALL 
MVI 
CALL 
MDV 
AN! 
CPI 
JNZ 

MDV 
11VI 
MDV 
CALL 
IIOV 
LHLD 
INX 
INX 
INX 
MOV 
CALL 
J '1P 

RES MEN: CPI 
JNZ 

CALL 
CALL 
MDV 
CP! 
JtH 
CALL 
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03H ;ADD 3 TO GET CORRECT MOTOR DATA 
; SWITCH NIBBLES 

B,A 
A,l1 
OFH 
B 
I'I,A 
HORN2 
PR0211EN 
A,B 
03H 
B,A 
A,M 
OFOH 
e 
I'I,A 
HORN2 
PR02MEN 
TIME 
RESMEN 
ENTRY 
OOH 
DOK! 
PRO ERR 
HORN! 

;PUT IN B AGAIN 
;GET CURRENT KOTOR SETTING 
;CLEAR OUT OLD LEFT MOTOR DATA 
;COMBINE NEW LEFT DATA W/OLD RIGHT 
;RESTORE IN TABLE 
; LOW BEEP <FINISH> 

;GET BAR INPUT BACK 
;ADD 3 TO GET CORRECT MOTOR DATA 
;P UT BACK IN B AGAIN 

DATA 

;GET OLD MOTOR DATA !CURRENT SETTINGS! 
;CLEAR OUT OLD RIGHT MOTOR DATA 
;CO~B:NE OLD LEFT DATA N/NEW RIGHT 
:RESTORE IN r~BLE 
;LOW BEEP !FINISH> 

;DURATION AREA SELECTED? 
;CHECK RESET ME NU SELECTION 
;GET THE TABLE ENTRY VALUE 
;SEE IF CURRENT E~TRY IS 0 !SHOULD NOT BEl 
; IF NOT O, THEN CON-!NUE 
;OTHERWISE SOUND ALARM AND RETURN 

A,BAR2BEG :GET BEGINNING ROW/COLUMN OF BAR 2 
BARREAD : WAIT FOR PAD TOUCH, RETURN VALUE OF 0-10 IN A 
S,A : TEMPORARY XFER TO B 
OFOH ;rASr TO SEE IF ANY VALUE IN liS •IBBLE 
OOH 
PRO ERR 

A,B 
H,OOH 
L,A 
HUL T10 
A,L 
POINTER 
H 
H 
H 
M,A 
HORN2 
PR02HE~ 

RESET 
PRO ERR 

HORN! 
POLL 
A,L 
RESET 
PROERR 
HORN! 

; IF ANYTH ING IN I'IS NIBBLE, THEN THERE WAS 
;AN INVALID TOUCH, SO SOUND ERROR AND RETURN 
;RESTORE TOUCH BAR VALUE 
;0 OUT H FOR HULT 
;PUT VALUE IN L FOR HULT 
;MULTIPLY TOUCHED BAR VALUE BY 10 
;GET VALUEt! O FROM L <NEVER > FFHl 
;SET HEM POINTER AT CORRECT ENTRY IN TABLE 
;MOVE POINTER TO DURATION LOCATION IN TABLE 

;PUT NEW DURATION IN TABLE 
;LON BEEP !FINISH> 

;WAS THE RESET MENU FUNCTION SELECTED? 
;RETURN AND SOUND ERROR IF NO MENU CHOICE 
; WAS SELECTED <BAD TOUCH! 
;BEEP TO ACKNOWLEDGE THE FIRST TOUCH 
;WAIT FOR SECOND RESET TO VERIFY 

;WAS THE RESET vERIFIED? 
;RETURN WITH ERROR SOUND IF NOT. 
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4E93 2A22SA 
4E90 3E07 

4E98 77 
4£99 23 
4E9A 3E04 
4E9C 77 
4E9D 23 
4E9E 3EOA 
4EAO 77 
4E:Al 23 
4EA2 77 
4EA3 23 
4EA4 77 
4EAS 23 
4EA6 77 
4EA7 23 

4EA8 060A 
4EAA 3EOO 
4EAC i7 
4EAD 23 
4EAE 77 
4EAF 23 
4EBO 3£08 
4EB2 07 
4EB3 07 
4£94 07 
4EB5 07 
4E96 F608 
4EB 8 77 
4ES9 23 
4EBA 3EOO 
4EBC 77 
4EBD 23 
4EBE 05 
4EBF BB 
4ECO C2AA4E 
4EC3 CD0250 
4EC6 C35A4C 

4EC9 23 
4ECA 23 
4ECB 23 
4ECC 23 
4ECD 23 
4ECE 77 
4ECF C9 

LHLD 
MVI 

MO V 
HIX 
MVI 
MOV 
INX 
i'I'J I 
MDV 
INX 
MDV 
INX 
MDV 
INX 
MOV 
INX 

MVI 
DEFLT: MV I 

MOV 
INX 
MOV 
INX 
MVI 
RLC 
RLC 
RLC 
RLC 
ORI 
MOV 
INX 
MVI 
MOV 
I NX 
DCR 
CMP 
JNZ 
CALL 
JMP 

GBLTBL ;OTHERWISE, RESET MENU 
A,OOOOO II IB ;SET CONTROL WORD FOR RESET MEN U, 

t1 I A 
H 
A,04H 
M,A 
H 

; SOUND ON, RANGING ON. 
;STORE MENU CONTROL WORD IN TABLE 

;DEFAULT RAMP RATE 

A,OAH ;DEFAULT A, B, C AND D RA NGI NG DISTANCES 
M,A 
H 
M,A 
H 
M,A 
H 
11,A 
H 

B,l)AH 
A,OOH 
M,A 
H 
M,A 
H 

;DO NE WITH GLOBAL VARS CA LL DEF AULT NOWI 
;LOAD COUNTER FOR TEN ME NU AREAA TO DEFAULT 
;STORE 0'5 IN ROW/COL MIN /MAX FOR DE FAULTS 

A,MTRSTOP ;SET SPEED DEFAULTS CL EFT /R IGHT) AT STOP 

MTRSiOP 
N,A 
H 
A,OOH 
M,A 
H 
B 
B 
DEFLT 
HORN2 
PR02MEN 

;DEFA ULT DURATION TO 0 

;DECREMENT TABLE EN TRY COUNTER 
;IS COUNT DOWN TO ZERO? 
;REPEAT FOR NEXT ENTRY IF NOT 
;CALL LOW TONE TO SIGNAL DONE 

RRUDATE, LRUDATE, FRU DATE, BRUDATE - ROUT INES TO MODIFY THE EXISTING 
VALUES FOR RANGING DISTANCE (RRUDATE~RIGHT RANGE UPDATE> 

; 
RRUDATE: INX H ;POINTER AT DESIRED RANGE IN TABLE 
LRUDATE: INX H 
FRUDATE: INX H 
BRUDATE: INX H 

INX H 
MOV M,A ;PUT NEW RANGING DISTANCE IN TABLE 
RET 
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BARREAD - ROUTINE TO TAKE THE ROW/COLUMN START OF THE BAR, 
AND RETURN A NUMBER 1-11 CORRESPONDING TO BAR LOCATIONS 
0-!0. THIS VLUE CAN THEN BE MANIPULATED TO DO WHATEVER. 

; 
4EDO FS BARREAO: PUSH PSi<! 
4EDI CD734F CALL POLL ;~AIT FOR PAD TOUCH 
4ED~ ~~ POP PSll 
4EDS BD RRO: CMP L ;TOUCHED WHERE ON THE BAR? 
4EDb C2DC4E JNZ RRI ;IF NOT, CHECK THE NEXT 
4ED9 3EOO MVI A,OOH ;RETURN VALUE TOUCHED ON THE BAR 
4EDB C9 RET 
4EDC CD444F RRI: CALL MSNDCR :DECREMENT 115 NIBBLE 
4EDF BD CI1P l ;TOUCHED WHERE ON THE 11AR? 
4E!::O C2£b4!:: .J 't z RR2 ; IF NOT, CHE:K THE NEXT 
4EE3 3EO! MVI A101H ;RETURN VALUE TOUCHED ON THE BAR 
4EE5 C9 RET 
4EE6 CD444F RR2 : CALL MSNDCR ;DECREMENT MS NIBBLE 
4EE9 BD CMP L ;TOUCHED WHERE ON THE BAR? 
4EEA C2F04E JNZ RR3 ;IF NOT, CHECK THE NEXT 
4EED 3E02 11VI A,02H ;RETURN VALUE TOUCHED ON THE BAR 
4'"cr S9 RET 
4EFO CD444F R!i3 : CALL MSNDCR ;DECREMENT MS NIBBLE 
4EF3 B!l C:1P L ;TOUCHED WHERE ON THE BAR? 
4EF4 C2FA4E JNZ RR4 : IF NOT, CHECK THE NEXT 
4EF7 3EC3 MVI A,03H ;RETURN VALUE TOUCHED ON THE BAR 
4EF'I C9 RET 
4EFA CD444F RR4: CALL 11SNDCR :DECREM~N· 115 NIBBLE 
4EFD 3:> CMP I 

~ ;TOUC~ED WHERE ON ·~E SA~? 

4EFE C2044F JNZ RRS ;IF NOT, CHECK THE ~EXT 

4F01 3E04 MVI A1 04H ;RETURN VA LUE TOUCHED ON THE BAR 
4F03 C9 RET 
4F04 C0444F RR5: CALL MSNDCR ;DECREMENT MS NIBBLE 
4F07 BD CMP L ;TOUCHED WHERE ON THE BAR? 
4FOB C20E4F JNZ RRb ;IF ~OT, CHECK THE NEXT 
4FOB 3EOS MVI A,OSH ;RETURN VALUE TOUCHED ON THE BAR 
4FOD C9 RET 
4FOE C0444F RR6: CALL HSNOCR ;DECREMENT 115 NIBBLE 
4Fll 80 CMP L ;TOUCHED WHERE ON THE BAR? 
4F12 C21S4F JNZ RR7 ; IF NOT, CHECK THE NEXT 
4F!5 3E06 11VI A106H ;RETURN VALUE TOUCHED ON THE BAR 
4FI7 C'l RET 
4FI8 CD444F RR7 : CALL 11SNDCR ;DECREMENT MS NISBL£ 
4Fl8 BD CMP L ;TOUCHED WHERE ON THE BAR? 
4FIC C2224F JNZ RRB ; IF NOT, CHECK THE NEXT 
4F1F 3E07 MVI A,07H ;RETURN VALUE TOUCHED ON THE BAR 
4F21 C'l RET 
4F22 CD444F RRS: CALL MSNDCR ;DECREMENT 115 NIBBLE 
4F25 BD C11P L ;TOUCHED WHERE ON THE BAR? 
4F26 C22C4F JNZ RR9 ;IF NOT, CHECK THE NEXT 
4F29 3EOB 11VI A,OSH ;RETURN VALUE TOUCHED ON THE BAR 
4F2B C'l RET 
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4F2C CD444F 
4F2F BD 
4F30 C2364F 
4F33 3E09 
4F35 C9 
4F36 CD444f 
4F39 BD 
4F3A C2404f 
4F3D 3EOA 
4F3F C9 
4f40 CDEB4F 
4F43 C9 

4F44 OF 
4F45 OF 
4F4o OF 
4F47 OF 
4F48 3D 
4F49 07 
4F4A 07 
4F4B 07 
4F4C Oi 
4F4D C9 

4F4E 2A225A 
4F51 23 
4F52 77 
4F53 C00250 
4FS6 C9 

4FSi 47 
4F58 2A225A 
4F5B 4E 
4FSC 79 
4F5D AO 
4FSE 88 
4F5F CA694f 
4F62 79 
4Fb3 BO 
4F64 77 
4F65 CDFC4F 
4F68 C9 
4Fb9 78 
4F6A 2F 
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RR9: CALL MSNDCR ;DECREMENT MS NIBBLE 
CMP L ;TOUCHED WH ERE ON THE BAR? 
JNZ RRIO ;IF NOT, CHECK THE NEXT 
MVI A1 09H ;RETURN VALUE TOUCHED ON THE BAR 
RET 

RR10: CALL MSNDCR ;DECREMENT MS NIBBLE 
Ci'IP L ;TOUCHED WHERE ON THE BAR? 
JNZ BADENTI ;IF NOT, SOUND ALARM AND RETURN 
MVI A,OAH ;RETURN VALUE TOUCHED ON THE BAR 
RET 

BADENTl: CALL RASBER ;S OUND RASBERRIES (BAD ENTRY NOISE) 
RET 

MSNDCR - ROUTINE TO DECREMENT THE MS NIBBLE OF A BYTE 
; 
MSNOCR: RRC 

~RC 

RRC 
RRC 
OCR 

; ' 

RLC 
RLC 
RLC 
RLC 
RET 

;PUT HIGH NIBBLE IN LOW 

A ;DECREMENT HIGH NIBBLE 
;RETURN HIGH NIBBLE TO HIGH SPOT 

RRATE - ROUTINE TO MODIFY THE RAMP RATE VALUE IN THE CURRENT. 

' RRATE : LHLD 
INX 
MDV 
CALL 
RET 

G9LTBL ;SET STARTING LOCATION OF THE TAB LE 
H ;MOVE POINTER TO RAMP RATE 
M,A ;PUT NEW RAMP RATE IN TAB LE 
HORN2 ;LOW BEEP TO SIGNAL DONE 

ONDFF - RO UTINE TO TOGGLE THE STATUS OF THE BIT PASSED IN A 
IN THE MENU CONTROL NORD, TURNING SOUND /RANGING, ON/OFF. 

; 
ONOFF : MD'I 

LH LD 
MOV 
MDV 
ANA 
CMP 
JZ 

TURNON : MDV 
ORA 
MOV 
CALL 
RET 

TURNOFF: MDV 
CMA 

B,A ;XFER MASK TO B 
GBLTBL ;POINT TO FIRST LOCATION OF CURRENT TABLE 
C,M ;PUT CURRENT MENU CONTROL WORD IN C 
A' c ; PUT II IC IJ !I A 
B ;AND SELECTED BIT WITH CONTROl WORD 
B ;COMPARE WITH SELECTED BIT 
TURNOFF ; IF SELECTED BIT IS A 1, THEN MAKE A 0 
A,C ;PUT CURRENT MENU CONTROL WORD BACK IN A 
B ;SET SELECTED BIT HIGH . 
M,A ;RESTORE CONTROL WORD TO TABLE 
HORN! ;HIGH BEEP TO SIGNAL ON 

A,B ;GET SELECTED BIT MASK 
;COMPLEMENT SELECTED BIT MASK 
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4F6B 47 
4F6C 79 
HoD AO 
4F6E 77 
4"6F CD0250 
4F72 C9 

4F73 CD5048 
4F7b C09C4F 

4F79 3A345A 
4F7C FEOO 
4F7E ca 
4"7F 7C 
4F80 E680 
4F82 F~BO 
4FB4 C2734F 
4F87 05 
4FBB 110002 
4FSB 1B 
4FBC 7A 
4"80 83 
AFBE C:!8e4F 
4f91 01 
4F92 OBI! 
4F94 E601 
4F96 FEOI 
4F98 CA874F 
4F9B C9 

4F9C 3EFF 
4F'1E 32345A 
4FA! DB!! 
4FA3 E680 
4FA5 FESO 
4FA7 CABA4F 
4FAA 3EOI 
4FAC CDF04A 
4FAF 3E 40 
4FBI CDFC4A 
4FB4 3EOO 
4FB6 32345A 
4FB9 C9 
4FB!l 3EOI 
4FBC CDFC4A 

HOV 
MOV 
ANA 
MOV 
CALL 
RET 

B,A 
A,C 
B 
M,A 
HORN2 

; PUT BACK IN 8 
;PUT CURRENT MENU CONTROL WORD IN A 
;AND COMPLEMENT OF SELECTED BIT MASK WITH A 
;RESTORE CONTROL WORD TO TABLE 
;LOW BEEP TO SIGNAL OFF 

POLL - POL. THE TOUCH-PAD TO WAlT FOR A TOLCH, AND THEN WAIT FOR 
A NO TOUCH <THE OBJECT REMOVED FROM THE PAD>. 

; 
POLL: CALL 

CALL 

LDA 
CPI 
RZ 
IIOV 
ANI 
CPI 
JNZ 

NTCH: PUSH 
LXI 

DELAYG: DCX 
MDV 
ORA 
J ~,z 
POP 
IN 
ANI 
CPI 
JZ 
RET 

EXTCHK ;CHECK FOR 'E' FROM CONSOL 
PDMNCHK ;CHECK FOR PAD, MENU ERROR AND SEE IF 

;STILL THE PROGRAM MENU. 
PADFLG ;SET PAD/MENU STATUS FLAG 
FALSE :SEE IF 0 AO OK 

A,H :GE. TOUCH STATUS NORD 
TOUCH :CHECK FOR A TOUCH 
TOUCH 
POLL 
D 
o,o200H 
D 
A,D 

0Et..PY6 
D 

;DECREMENT DELAY COUNT 
;COMPARE D AND E 
;CHECK TO SEE IF DE=O 
;R:CPEAT IF < 0 

P!AB ;WAIT FOR NO TOUCH 
BEAMSK 
BEAMSK 
NTCH ;IF TOUCH, CONTINUE TO LOOP 

POMNCHK - ROUTINE TO CHEK THE PAD AND MENU, SIS~AL ERRORS AND LOOP 
IF THERE ARE ANY, OR CONTiNUE IF NOT. ALSO, THIS WILL 
CHECK TO SEE THAT THE PRO~EN MENU IS STILL IN PLACE, AND 
RETURN IF NOT. 

PDMNCHK: MVI A, TRUE ;SET PAD/MENU OK FLAG TO TRUE (BEGINNING > 
STA PADFLG ; 
IN PIAB ;READ THE +5 LOOP FROM THE PAD CONNECTOR 
ANI PADLOOP ;IIASK TO DETERIIINE -HE CONNECTOR STATUS 
CPI PADLOOP ; VALUE READ, I=CONNEC-ED, O=DISCONNECTED 
JZ PAD OKS ;CONTINUE iF PAD CONNECTED 
MVI A1 PADLED ;SET DATA TO LIGHT PAD ERROR LED 
CALL SET ERR ;LIGHT THE PAD ERROR LED 
MVI A,MENERR; PAD ERROR WILL GIVE MENU ERROR 
CALL CLRERR ; SO CLEAR MENU LED 
MVI A,FALSE ;SIGNAL PAD/MENU OK FLAG AS rlOT OK 
STA PADFLS 
RET 

PADOKS: MVI A,PADLED ;GET DATA TO CLEAR PAD LED 
CALL CLRERR ;CLEAR THE PAD LEO <ALL IS CKl 
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4FBF CDFD46 
4FC2 7C 
4FC3 £640 
4FC5 FE40 
4FC7 C2054F 
4FCA 3£02 
4FCC CDF04A 
4FCF 3EOO 
4FD1 32345A 
4FC4 C9 
4FD5 3£02 
4Fi!7 CDFC4A 
4F!lA 7C 
4FDB E601 
4FDD FEOl 
4FDF CS 
4>::o 3EOO 
4c-E2 3=34SA 
4F::s 3E02 
4FE7 C~F04A 
4fEA C9 

4FEB F5 
4FEC 3E04 
4FEE COFC4F 
4FFI CD0250 
4FF4 3D 
4F=-s F!:OO 
4FF7 C2EE4F 
4FFA ~ ~ r. 
4FFB C9 

4~'FC FS 
4FFD 3E40 
4FFF C30550 
5002 F5 
500~ 3EGO 
5005 0342 
~007 05 
500!! II 0030 
!iOOB CD8747 
SOOE 3EOO 
5010 0342 
5012 01 
5013 F1 
50H C9 

CALL 
I'IOV 
ANI 
CPI 
JNZ 
MVI 
CALL 
MVI 
STA 
RET 

PADOK6: MVI 
CALL 
110V 
ANI 
CPI 
RZ 
!1Vt 
STP 
MVI 
: ALL 
RET 

PADRO ;DETERMINE MENU NUMBER OR STATUS <IF ERROR ) 
A,H ;PUT MENU NUMBER <STATUS) IN (A) 
MEN~RR ;MASK FO~ MENU ERROR 
I'IENERR ;MASK FOR MENU ERROR 
PADOK6 ; IF VALID MENU, THEN PROCEED, OTHERWISE .•. 
A,I'IENLED ;GET DATA TO LIGHT THE MENU ERROR LED 
SETERR ;LIGHT THE ~ENU ERROR LED 
A,FALSE ;SIGNAL PAD/MENU OK FLAG AS NOT OK 
PADFLG 

A,MENLED :SE T DAiA TO CLEAR THE MENU LEO 
CLRERR ;CLEAR MENU ERROR LEO 
A,H ;PUT MENU NUMBER <S TATUS ) IN (A) 
PROMSK ;MASK PROGRAM MENU NUMBER 
PR OMSK ;MASK TO SEE IF PROGRAMMING MENU IN PAD 

;RETURN IF ALL OK, AND STILL PROMEN "ENU 
A,FALSE ;S!GNAL PAC/ME,U OK FLAG AS NOT OK 
PAOFL6 ; 
A,"ENLED 
SETER'l 

RASBER- SUBROUTINE TO SOUND A ' RASBERIES ' TONE TO ALERT T~E USER 
OF AN ERROR IN MENU EN7RY IFRO" PROPENl 

RASBER : PUSH PSW 
MVI A, 04H ;SOUND RASBERRY COUNTER 

RASI: CALL HORN! ;SOUND LOW BEEP ONCE 
CALL HORN2 ;SOUND HIGH BEEP ONCE 
DCR A 
CPI OOH ;IS RASBERRY COUNTER ZERO? 
JNZ RASI : REP EAT IF NOT COUNTED ou.,. 
POP PSW ;OTHERWISE RETURN 
RET 

HORN! - ROUT UIE TO SOUND THE FIRST OF TWO TONES 
i 
HOR'i l: PUSH PSW 

MVI A1 40H ;LOAD T~E VALUE FOR FIRST TONE 
JMP HORN A 

HORN2: PUSH PSW 
NVI A,OCOH ;LOAD VA LUE FOR SECOND TONE 

HORNA: OUT PIAF ;SEND VALUE TO SOUND CIRCUiT 
PUSn 0 
LXI D, ! OOOH ;SHORi DELAY 
!:ALL OELAYD 
MVI A1 00H 
OUT PIAF 
POP D 
POP PS\Ii 
RET 
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; ROM CONSTANT 

: COl111AND TABLE 
5015 4440 Cl1!lS: DB 
5017 D942 DW 
5019 444C 08 
5018 5742 DW 
SOlD 4540 08 
501F AB41 DW 
5021 474F DB 
5023 EE40 DW 
5025 4845 DB 
5027 E740 Dill 
5029 494F ilB 
'5029 4943 OM 
5020 5442 OB 
502F 7841 OW 
5031 544D DB 
5033 0541 ow 
5035 524:; DB 
5037 9746 DW 
5039 0000 DB 

I MESSAGES .•• 
503B 2041~24FS2ABORT: DB 
5045 FF DS 
50'6 ZC574S4!S4BAD: DB 
::o4o r= 
504E 29 
504= 2030::0 
5052 F~' 

5053 OOOA 
5055 29 
5056 FF 

E~M!: 
ED:13: 

EDM2 : 

5057 OOOA MTSBRD 
5059 5445535449 
5077 4C4F4F4B20 
SOAS 444 1544120 
50CF 494E204120 
50E7 FF 
SOEB 4441S44 13DIOPDA: 
SOEE FF 
SOEF 402035:C6DIOP~H : 
SOFB FF 

DB 
DE 
:iii 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

50F9 
SOFC 
SOFD 
SOFF 
511 c 
5110 
5122 
5123 
5125 
5137 
S13A 
51:C 

2C2020 I OPSII : DB 
FF DB 
ODOA GCLKM: DB 
454E544552 DB 
FF DB 
20 4F48203FMOK: DB 
FF DB 
ODOA MTGOOD: DB 
4D4S4D4F52 DB 
ODOAFF DB 
ODOA I'ITERR : 
4D454D4F52 

DB 
DB 
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AL~OCA. ION · ALPHABETICAL ORDER <SORTOFl 
- FUNCTIONAL ORDER TOO 

'01'1' ; DUMP 11E'10RY 
DU MP ; 
' DL' ;DOWN LOAD 
LOADER j 

' EM ' ;EDIT MEMO RY 
11EMED ; 
'GO' ;GO 

GOTO j 

'HE' ;HELP COMMAND 
HELP ; 
'10' ;10 PORT R/11/11 
IOPORT j 

'TB' ;TEST TIMERS A liD PORTS ON BOARD 
TSTBRD 
'TM' 

ME!'1T5T 
'RC' 
IN IT IAL 
010 

' ABORTE D 
EOL 

WHAT ?' 
EOL 
' ) . 
EOL 
CR 1 LF 
' ( ' 

EOL 
CR 1 LF 

; 
; l EST MEMORY 
; 
; RUN WHEELCHAIR 

; END OF TAB LE MARK 

' TESTING TIMERS AND PIA PORTS' 1CR 1LF 
'LOOK FOR 1000HZ SQUAREWA VE ON TI MER OUTPUTS' ,CR1LF 
'DATA ANALIZER SHO ULD SHOW PORTS COUNTING' 1CR 1LF 
'!N A STAIRSTEP FASTION ' 1CR 1LF 
EOL 
'!lATA: 
EOL 
'@ :so.s 4 

EOL 
I 

EOL 
CR,LF 
' ENTER CPU CLK FRE~ XXXX KHZ : ' 
EOL 
' OK ?' 
EOL 
CR 1 LF 
' IIEHORY TEST PASSED' 

CR 1LF 1EOL 
CR 1 LF 
'M EMORY TEST FAILED AT 
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5152 FF DB 
5153 3A2057524FMT~ROT: DB 
5158 FF DB 
S!5C 2C20524541HTREAD : 
5!63 FF 
5164 20544F20 PHI : 
5168 FF 
5169 2046524F4DPLO: 
5!6F FF 
~170 4F46465345PBIAS: 
517F FF 
5130 ODOAOAOAOAPHEL? : 
5188 2020202057 
51AC ODOA 
51AE 2020544845 
51D4 OOOA 
!:106 2020202020 
51~0 ODOAODOA 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
oe 
DB 
DB 
DB 

SIF4 ~4~0202044 DB 
5203 ODOA DB 
5205 444C202044 DB 
5223 ODOA DB 
522!: 454D202045 DB 
5234 ODOA DB 
5236 e74F:020 47 DB 
52:;£ ODOA OS 
5240 494F202049 DB 
5252 ODOA DB 
52S4 5442202054 OS 
526A ODOA DB 
S26C S44C202054 DB 
527B ODOA DB 
S27D 5243202052 DB 
5292 ODOA DB 
5294 ODOAOAOAOA DB 
5299 FF DB 
529A ODOA PRMPT: DB 
529C 4541535936 DB 
52 A I ODOA DB 
52A3 203E 08 
S2A5 FF DB 
52A6 2A2A2A2A2ASTMSG: DB 
52CF ODOA DB 
S2DI 2A2A2A2020 DB 
52FA ODOA DB 
szcc 2A2A2A2A2A DB 
5325 ODOA DB 
5327 ODOA DB 
~329 2020544849 DB 
5347 ODOAOA DB 
S34A 2020202020 DB 
5361 ODOA DB 
5363 2020202020 DB 
5372 ODOA DB 
5374 2020202020 DB 
538A ODOAOA DB 

EOL 
' : WROTE 
EOL 
·, READ 
ECL 

TO ' 
EOL 
' FROM 
EOL 
'OFFSET VALUE ? 
EOL 
CR,LF,LF,LF,LF,LF,LF,LF 
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WELCOME TO THE EAS YCHA!R MDNl iOR' 
CR,LF 

THE FOLLOWING TWO CHARACTER COMMANDS' 
CR,LF 

ARE AVA !LISLE 
CR.LF,CR,!..F 
'DM JuQp Me•ory' 
CR,LF 
'DL Down Load from dev. system' 
CR,LF 
'EI1 Edit Memory 
CR,LF 
'GO SOto 
CR,LF 
'IO l/0 port r/~/m' 
CR,LF 
' TB Test Board ut;tily' 
CR,LF 
'TI1 Test Memory· 
CR,LF 
'RC Run Chair prograo' 
CR,LF 
CR,LF,LF,LF,LF 
EOL 
CR,LF 
'EASY6' 
CR.LF 

>. 
EOL 
' **********~•**********•*··~··************' 
CR 1 LF 
' *** EASYCHA!R CONTROLER V 6.0 **• ' 
CR,LF 

· ··~··••****************•················· · 
C~,LF 

CR,LF 
THIS SYSTEM WAS CREATED BY 

CR,LF,LF 
JAMES WILL IAMS 

CR,LF 
AND' 

CR,LF 
GREGORY WELCH' 

CR ,LF, LF 



538D 2020495420 
53AF ODOA 
5381 204F504552 
53DB OOOA 
S3DA 414E442040 
5401 ODOA 

DB 
DB 
DB 
DB 
DB 
DB 

S403 2054484953 DB 
5426 ODOA DB 
5428 2054434520 DB 
5448 ODOA DB 
544D 2045414348 DB 
54 72 ODOA DB 
5474 204153204E DB 
547F ODOA DB 
5481 204!4C4C20 DB 
54A7 OOOA DB 
54A9 20~44845~0 DB 
54CF ODOA DB 
54D1 2C:C202020 DB 
54EF OOOAFF MCRLF; DB 
54F2 574845454CMS61: DB 
5517 ODOAFF DB 
SSIA OAOAOAOAOACLS : DB 
5528 OAOAOAOAOA DB 
55;5 46524F4E54FNT~SG: DB 
553E 4241434B~OBAKMS6: DB 
5546 ~2494748~4RTMSG: 
55~' 4C45465420LFTMSG: 
SS~7 4C4~44:F54ROWERR : 
557B 4C45442F54COLERR: 
55A2 5041442054TC HMSG : 
559C 424547494EINTMSG: 
55E2 454E44204FEN DMSG: 
5609 06 SAMPLE : 
560A 02 
5608 10 
560C I 0 
5600 I 0 
560E I 0 

:S60F 00 
5610 44 
5611 AC 
5612 1 0 

5613 OS 
5614 4A 
56 15 cc 
5616 10 

5617 OB 
5618 4F 
5619 CA 
561 A I 0 

5618 50 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 

DB 

IT IS THE CONTROLER PROGRAM ~HAT' 

CR,LF 
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' OPERATES THE ULTRASONICS, LIGHT BOARD, ' 
CR,LF 
'AND MOTORS OF THE EASYCHAIR WH EELCHAIR . ' 
CR,LF 

THIS PROGRAM ALSO ALLONS ~ENUS FOR' 
CR,LF 

T~E L!GH- BOARD TO BE CREATED FOR ' 
CR,LF 
' EACH CHILD AND ADDED TO AND CHANGED 
CR,LF 

AS NEEDED. ' 
CR,LF 

ALL ATTE MP TS WERE MADE TO FORESEE ALL' 
CR,LF 

THE POSSIBLE PROBLEMS T~AT ~~y ARISE. ' 
CR, ... F 

HOWEVER, - NO- PROriSES.' 
CR , LF,EOL 
'WHEELCHAIR NOW UND ER COMP UTER CONTROL' 
CR, LF,EOL 
LF 1 LF, LF,LF, LF,LF,LF 1 LF1 LF 1 LF,LF, LF, LF,LF 
LF 1 LF ,LF 1 LF,LF , LF, LF 1 LF , LF 1 LF,LF,HOME , EOL 
' FRONT = ',EOL 
'BACK = ' , EOL 
'RIGHT = ' 1 EOL 
'L~FT = ', EOL 
' LED/7RANSISTOR ER ROR IN ROW (0-Fl: ', EOL 
'LED /TRANSISTOR ER ROR IN COLU MN (I)-f ) : ' ,EOL 
'PAD TOUCHED AT LOCATI ON: ,EOL 
'BEGIN INFRA-RE D TOUCH PAD DIAGNOSTICS ' 1 EOL 
'END OF INFRA-R ED TOUCH PAD O!AGNOSTIC5' 1 EOL 
000001108 ;ftENU CONTROL WORD 
02H ;RAMP RATE 
IOH ;BAK,FNT,LfT,RST RANFGINS DlST 
IOH 
IOH 
10H 

OOH 
44H 
OACH 
10H 

05H 
4AH 
OCCH 
IOH 

OBH 
4fH 
OCAH 
10H 

SOH 

;BEGIN ENTRY 1 
;ROW/COL MIN 
;ROW /COL MAX 
;MOTOR SPEEDS IL/Rl 
;DURATION 
:NEXT ENTRIES 
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561C A4 DB OA4H 
56!0 8C DB BCH 
561E 10 DB IOH 

:56 IF 55 DB SSH 
5620 AA DB OAAH 
!;621 88 09 BBH 
56:!2 10 DB IOH 

5623 58 DB SBH 
5624 AF DB OAFH 
5625 C8 DB OC8H 
5626 10 DB !OH 

5627 80 DB OBOH 
5628 F4 DB OF4H 
56~9 46 DB 46h 
~c2A 10 OB IOH 

5628 BS DB OBSH 
562C FA DB OFAH 
562D 44 DB 44H 
562E 10 DB !OH 

~6:F BB DB OBBH 
s~:o FF DB OF"H 
5631 64 DB 64H 
503: 10 ilB lOH 

563~ 00 DB OOH 
5634 00 DB OOH 
5635 88 DB BBH 
563b 01 DB OIH 

;END OF SAMPLE TABLE DEFINITIONS 

RM ALLOCATION IN ALPHABETICAL AND FUNCTIONAL ORDER 

SAOO ORG I'IONRAI'I ;BEGINNING OF MONITOR RAM 
i 

5AOO ECHOFL: OS 1 ; ECHO FLAG: O=ECHO !=NO ECHO 
SAO! WIDTH: OS I ;WIDTH+! =NUMBER OF BYTES PER LINE 
5A02 BIAS: OS 2 ;BIAS FOR LOAD 
SA04 RJSAV : OS 2 ;TEMP SAVE AREA FOR RETJMP 
5~06 RJSP: DS 2 ;RETURN JUMP STACK POINTER 
SA08 RJVECT: OS 2 ;RETURN JUMP VECTOR (PCJ 
SAOA DSODIV: OS 2 ;COU~TER FOR Tl,ING OF 50115 PULSE 
5AOC CLKBC D: OS 2 ;CLOCK FREQUENCY IN BCD 
SAOE CLKBIN: OS 2 ;CLOCK FREQUENCY IN BINARY 
SAIO FNTDST : DS 2 ;ULTRASONIC FNT D!ST. 
5A12 I'IAXFNT: OS 1 MAX FRONT 0 !ST. 
SA13 BAKDST: OS 2 BliCK DIST. 
5A15 I'IAXBAK: OS 1 I'IAX BACK DIST. 
SAle RT 05 T: OS 2 RIGHT O!ST. 
5A18 MAXRT: OS 1 MAX RIGHT DIST. 
SA19 LFTDST : OS 2 LEFT DIST. 
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SAUl 
5AIC 
SAlE 
SA IF 
5A20 
SA21 
5A22 
5A24 
5A26 
5A2i 
51\29 
5A2B 
5A2C 
5A2D 
5A2~ 
SH2F 
5A30 
5A31 
5A32 
:5A33 
SA34 
SA35 
SA36 

5A47 

SOFTWARE LISTING 

MAXLFT: OS 
TI MOLY : DS 
HONOFF: DS 
RAI1 PCNT: DS 
MENCTRL: OS 
ERRWRD: DS 
GBLTBL: DS 
BEGTBL: OS 
ENT RY: DS 
MTRADOR : OS 
POINTER: OS 
LMTS ~ OS 
RMTS : OS 
LMCS: OS 
RMCS : OS 
LMO TOR: DS 
RMOTOR : OS 
OURATI ON: DS 
LAST!: OS 
CNTRAMP: 05 
PADFLG: OS 
1-'EARTON: OS 
MISCBF: OS 

I 
2 
1 
1 
1 
1 
2 
2 

2 
2 

1 
17 

;END OF 

; MAX LEFT O!ST. 
; DELAY Tl ME 
;HIGH SPEED FLAG 
;RAMP RATE 
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;MENU CONTROL WORD !FLAGS .• • l 
;CURRENT ERROR WO RD ISETERR,CLRERR I 
;S TARTING ADDRESS OF GLOBAL MEN VA RS 
;STARTING ADDRESS OF TABLE ENTRIES 
;CURRENT ENTRY NU HBER liN DATA TABLESl 
;ADDRESS OF CURRENT ENTRY DATA 
;PO INTER USED IN PROM EN TO UPDATE TABLE 
;LEFT MOTOR TARGET SPEED 
;RIGHT MOTOR TARGET SPEED 
;LEFT MOTOR CURRENT SPEED 
;RIGHT MOTOR CURRENT SPEED 
;VALUES TO BE SENT TO L • R MOTORS 

;DeRATION OF MOTOR ACTION 
;LAST ENTRY NU MBER 
; !MED IATE RAMP COUNT 
;PAD/MENU OK FLAG 
;HEARTBEAT ON/OFF FLAG 
;BUFFER FOR USE BY COMMANDS 
;PUT LAST SO AN OVERRUN WON ' T BOMB 
;SYSTEM 

EASYCHAIR MONITOR 

;+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
END 
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THE INFRARED TOUCH PAD 

40 - Infrared LEOS 
40 Infrared phototransistors 

1 Miscellaneous wood/plastlc 
1 - Electronic components 
1 Electron1c cable 
1 - Miscellaneous hardware 

ULTRASONIC RANGING 

4 Ultrasonic 
1 - Electronic 
1 - Electroni c 

transducers 
components 
cable 

COMPUTER AND MOTOR CONTROL 

1 - Working 8085 based computer 
1 - Additional 8255 P IA 
1 2816A EEPROM 
2 - 051225 SK NOVRAM 
2 - AD55S D/A Converters 
1 - Electronic components 
1 Power s upply components 

MISCELLANEOUS COSTS 

1 M1scellaneous 
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jf. 26.00 
22.00 
60.00 
85.00 
27 . 00 
75.00 

295.00 

375. r)O 
50.00 
32 .. 00 

457.00 

400 . 00 
17.00 
16. 00 
3::.oo 
15.00 
15.00 
27.00 

522.00 

55.61 

~======================~==== 
GRAND TOTAL $ 1329.61 
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