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ABSTRACT 

-ne follow1ng report 1s a g~neral synoos1s of ideas and 
oes1gns used 1n the oevE>lopmttnt of the Easy Cha1r, a 
m1croprocessor cont r·olled wheelctoalr for sma ll ch1ldren w1th 
muscular dlsorders . 

The 1n1t1al wneelcha1r come5 equ1ppeo w1th a Oamaco 088 
Add- On power un1t . Thls un 1t come s complete w1th toatter1es, t he 
0r1ve un 1ts <motors an d con t rollers>, an d a proport1 onal Joystlck 
controll e r . The touch-pad, ult r asonic k lt, and the compute r are 
the th r ee e x tra components to be added f or additional contr o l and 
safety . 

Spec1f1cat1 o ns f or the Easy Cha1r were ou t l 1 ned by an 
Occupat1onal Therap 1st, Phys1cal Therap1 st, and a cl ass room 
teacher f rom The Wabash Center 1n Lafayette, Ind1ana . Th1 s 
outl1n1ng was ass1sted toy George Karl1n, Spec 1al Education 
proJeCt coor01nator at Purdue Un1vers1ty, Lafayette, lndlana. 

The or1g1nal 1dea for the whe~lcha1r was conce1v~d by G~orge 
E:arlln, wh1le wcorl(lrog w1tto srroall toarodlcapp.d ctnldr·en b·~th at 
Purdue Un1vers1ty a nd The Wabash Center . George Karl in also 
a cted as a po-between for the des1gners and therap1sts, 
throughout the des1gn . 

The touch-pa d 1s v a lue d at ar o u nd $213, the unltrason1c 
system at a round $342, and the computer at aroun d $363, wit h a 
total cost of around $1 053 . All of the development components 
a re be1ng be1ng paid f or by The Wabash Center, w1th the f1nal 
prototype be1ng released to them. 

The tnrwe sect1ons reported on hereafter, all work very wel 
seper~tely . The ultrason1cs prwsently convey per1meter 
1nfornoat1oro, the touch-pad can to• used to conf ~ gur-e the systeno, 
and the computer- 1s runn1ng, controlling the other systems . 

What rema1ns 1n the proJeCt IS toas1cally t o complet~ the 
mo tor con tr' ol system , to comb1ne, test a nd modify t he seperate 
components, to package the result 1ng hardware, and to polish off 
the syste m softwar-e so that 1t w1 ll a llow the users to conf1gure 
the cha1r for the 1 r spec 1f1c needs . 
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INTRODUCTION 

For many years, smal' ch1ldren w1th muscular dtsorders h~ve 
had severly l1m1ted opportun1t1es to acqu1 re any amount of 
noab1l1ty . Because of th 1s lac~ of mob1l1ty, they nave a lso had 
l1m1ted opportunit1es to 1n1t1ate commun1cat1on w1th others, 
i1m1t1ng furttoer ttoetr learnHoQ Capato1 l1t1es . 

The 1dea behind a m1croprocessor controlled wheelcha1r ( the 
Easy Cha1rl 1s to prov1de a mode of transportat1on for very young 
Chlldren w1th muscular d1sorders . Because the users will be so 
young, typically two to s1x years old, the cha1r should be 
equ1pped w1th a var1ety of dev1ces which w1ll not only allow them 
to control movement w1th lim1ted muscular force, but will also 
protect them from any undes1reable c1rcumstances. 

Such devices include a method of 1nput such as a toucn-pad, 
lrequ1r1ng m1n1mal or no muscular for ce to actua te> , an 
ultrason1c rano1ng Eystem to mon1tor tne chalr 1 s per1meters, and 
a computer to control these oev1ces 1n a fash1on wh1ch 1s 
transparent to the user, <see F1gure 1). 

From th1s point on, there w1ll three majo r sections to the 
report . The f1rst sect1oro w1ll cover the touch-pad, the second 
w1ll cover the ultrason1c rang1ng, and the th1rd w1ll cover the 
computer and the motor control. 
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THE INFRARED TOUCH-PAD 

SCOPE 

The Infrared touch-pad 1s to be kroown as the 1nput system 
far the control of the cha1r. It 1s currently thought of as the 
only d1rect method of 1roput wh1~h w1ll be assoc1ated w1th the 
f1nal whee lchalr. Therefore, 1t must meet many requ1rement~ 
wn1ch allow 1t to alter the current system conf1gurations, or 
just to control the cha1r . 

In conce1v1ng the 1dea for the touch-pad, the follow1ng 
spec1fica t1ons were used as gu1del1nes to facilitate design . 

It was determined that a touch sens1t1ve 1nput surface 
requ1r1ng m1n1mal pressure would best suit the needs of the small 
children . The system needed to be adaptab le to different 
ch 1 ldren, som~ of whom are 1ncapable of generating h 1gh response 
force. 

Tne touch-pad should use a common med1um for set- up, to 
1ncrease the 1ndependance of the system and 1ts users. Th1~ 1s 
to say that 1t should be possible to s1mply plug 1n or unplug the 
t ouch-pad, and to switch between the pad and the current JOystick 
wlth l1ttle or no effort . It should be totally self-contalned as 
a un1t, e l ectron 1cs and al l . Aga1n, th1s would 1ncrease the 
lndependance of the system. 

The touch-pad should be constructed 1n such a way that it 
could be attached to the current center off-set mounting arm of 
the wheelcha1r (whlch sw1ngs out of the way of the user>, w1th 
the opt1on of rest1ng on the lap tray of the chalr. These two 
methods w1l 1 result 1n the touch-pad be1ng as ambidex trous ~s 
posSible. 

The un1t should be large enough to be ~as1ly v1ewed and 
touched, but small enough so as not to be obtrus1ve to the us~r 
and the wheelcha1r. A general touch-pad area of ten 1nches by 
ten 1ncnes was set For 1n1t 1al d1mensions . 

The Sl~e and locat1ons of the symbols on the 
to control the wheelchair) must be programmable . 
acconoodate d1fferent ranges of noot1on . 

touch- pad (used 
Th1s w1ll 

The touch-pad must be mo1sture proof. Children with such 
nana·~~ts as c~rebral pdlsy frequenTly have ural nootor prub l~ms 
w~lCh r es ~l~ 1 n excess1v~ dro~.l~~. Any reasona ·l~ amount oi 
n1ol~tur·~ s~ould not c~u~~ tt1e wt·~~l ·:h~lr tv n.~1TUf•'~-~r,. 

In the past, 1t toad been thought that a total hardware 
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solut1on was the most ~el 1 able and cons1stant route to take . 
Howeve~. afte~ carefully study1ng that ~oute, and testtng the 
resu l ts, 1t was determ1ned that a comb1nat1on of approx1ma t ely 
equal amounts of hardware and software would al l ow the most 
fle x lble o:leslgfl . The fol 1 0Wll19 secti<•riS descr·lt.>e the present 
solutlOfl, and how 1t 1s 1mplemwnted. 

BODY 

BLOCK DIAGRAM 

The block d1agram for t he touch- p a d con s ists of s1 x main 
blocks . These blocks 1nclude the ~ow decod1ng t s elect1ngl block, 
the column decoding block, t he extra decod1ng block <wh1ch 
1nclude s the menu- select decod 1ng a nd the ul t r a sound direc t 1on 
llght decod1ngl, the touch- pad block, the row/column de tect 
block, and the menu-select detect block . Ea ch of thes e blocks 
w1l l be d1scussed further 1n the follow1ng sect1ons <se e also 
&1~ure 2, Bl oc k D1agram l . 

1 • THE ROW DECOD I N13 BLOCI ' 

The row decod1ng block 1s one such block where the 
seven b1t control word wh1ch 1 s sent to the touch- pad 
c1rcu1try 1s 1nterpreted to select a ce~ta1n 

LED/phototranslstor pa 1r . 

The de c odlng 1s ac~omp l 1 s hed by s e nding the least 
s1gn1f1cant four of t he seven b1ts as a nibble which g1ves a 
zero through f1fteen <F Hew) count, and then br1ng1ng one of 
three ch1p select l1nes h1gh, 1n part1cular the row decoder 
Chlp select line ( see f1gure 3-1> . To accompl1sh th1s, a 
74154 4 to 16 l1ne decode r 1s used. The outputs of tllll 
74154 a~e low when they are selected, so they are used to 
prov1de a ground path fo r the 1nfrared LEOs and 
Dhototr an~1st ors , thus al l ow1ng them to oe turned on on l y 
when they are selected . 

It 1s appropr1ate at this time to re- state the fact 
that the select l1nes are used t o select both an LED and a 
phototrans1stor . W1th th1s scheme, 1f the~e 1s noth1ng 
block1ng the bea m pa t h from the LED to t he phototrans1stor, 
t hen the phototrans1stor should be turned on. 

II . THE COLUMN DECODING BLOCK 

T"~ -:olutT1fl o~ c <•O i rt? l••.:•ci~ ..=-u rJC: tl ons : r1 ;-.s. lnro!: "t 'the s a nt E
~aS~lO~ a s the ~o~ o e: o~ - ~9 b 1 oCi' . The only d lff~ r e ~~~ 1 -
tt,a t <•f t~ • ., se- lec t l 1ne wh 1c ~' 1s useei to s '" l t:<. t the <: (•l •~mn 

decod1np ch1p, also a 74154 . Of the three se l ct l1nes 



<btts> from the seven b1t word mentioned, one 1s used to 
select the row decoding chtp, one the column decod1ng chip, 
and one the e x tra decoding ch1p . To select the column 
pa1rs, the .:col Ulllro s<?le•:t b1t must b.;, high . 

Aga1n, 1 n the sam" fQ.shloro as the row decod1ng, t.~olS. 

t• l ock select!> certatro LED/ptovt•:.tranststc<~" pau·s to t•e 
observed by the detect1on c1rcu1try . 

I II. THE EXTRA DECOD I NG BLOCK 

Again, the baste f unct1on of the extra decod 1 ng block 
1s the same a s t ha t o f t he row a nd col umn deco d ing blo c ks . 
However, this block serves no one s 1ngle f unc t ion such a s 
row or column decod 1 ng . 

The term extra 1s mean t t o reflect the odd or ' extra 
decod1ng that 1s done by thl~ block. At th~ present time, 
1t serves two ma1n furocttons; to select oroe of the f1ve 
menu-select LED/phototrans1stor pa1rs for observation. and 
also to momentarily select other dev1ces sue~ as l 1ghts 
whiCh w1ll ass1st ttoe user 1n determ1n1ng whlch per1meters 
are be1ng warned about by the ultrason1cs . 

I n refertng to f 1gure 3-1, 1t should be noted that the 
five ' menu select ~ l1nes are passed through trt-state 
buffers before they are connected to t he LED/phototra n s istor 
pa1rs . Th1s 1s because smaller LEDs an~ phototra ns1stors 
had to be used for the ftve menu select patrs (to f1t 
between the column pa1rs 1n the paa) . These smaller 
phototranststors had lower off-state resistance, wh1ch 
caused problems when they were not selected . Normally when 
a patr 1s not selected, +5 volts ~~ connected to the cathode 
o~ the LED and to the em1 t te r oF the phototrans1stor . Th 1s 
would not allow etther to be turned on . W1th these ftve 
menu select pairs however, the +5 volts <seen when not 
selected) caused the menu-select detect circu1try to send • 
touch message to the computer . Therefore, the trt-state 
buffers were used, wh1ch present a n open c1rcuit 1n the1r 
non-selected st a te . 

This extra decoding devtce could be thought of a s an 
e x tra computer port, with the only difference <whtch is a 
atsadvantage) be1ng that the outputs are not latched •n 
thetr selected states . However, for the present t1m~, th1• 
1s ro~· t rot- c ..:: ssar·y, a roc rroonoent-::tr y s&lctlo:•ro Wlll wo:•r· ;-· flro&. 

Th1s ~lock contains the actual touch-pad w1th the LEDs 
and phototrans1stors mounted 1n 1t, and the slot for the 
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selected merous to be 1nserted 1nto (see f1gure 4 ) . Along 
the vert1cal a nd hor1:ontal sides of the sunken touch area, 
are al t ernate l y mounted 32 1nfra red LEOs and 32 
phototrans1stors, one a cross from eac h LED . These pairs were 
alternated to reduce the amount of light being rece1ved 1n 
error . The LEOs a nd photot r ans1stors we re c a re f ully a l1gned 
£o as to ach1eve the ma•1mum s1gnal rec1e~~o when a s1gnal 
1s sent . Each of the cathodes of tne LEOs a long w1th the 
em1tte rs o f the phototrans1stors ac ross from them, are t1ed 
t o the select l ines of t he 7 4154s <see a lso The Row Decoder 
Bloc k and The Column Dec oder Block) . 

The t ouch-pad a l so contains f1ve seperate pa1r s wh1ch 
are mounted perpendicular t o the row and column pairs, along 
the edge of the pad. These serve the purp o se of a llow1ng 
the computer t o detect wh1ch menu 1s 1n the pad . The paper 
menus h ave f1ve c orrespond1ng holes wh 1ch c a n be cut open or 
left 1ntact <closed), represent1ng zeros and ones . 

The anodes of a ll of the infrared LEOs (both 
r·ow/column LEDs a nd menu-select LEOs) are t1ed high through 
a s1ngla ser1es l1m1t1ng res1stor . Therefore, a ga1n when 
the pa1r is sel ected , and the cathode lS taken to ground, 
tho= LED turns on . 

Eventually, all of t he select a nd the detect c1rcu1try 
w1l l be packaged a long the lef t a nd r 1ght s1de o f the 
t oucro- pad, a nd a ll C•f th1s w1ll be enclosed 1n one case . 
Th 1s w1 ll allow t h e t ouch-pad to be tota lly se lf-contalned 
l indepe nd ant l . It w1ll be t1ed to the computer by a ten 
conductor c ab le wh 1ch w1ll 1nclude the f our pair select 
1 iroes, the thr·ee ch1~· !'>elect b1ts, onE- touch return l1ne, +5 
volts and ground . 

V. THE ROW/COLUMN DETECT BLOCK 

Th1s block is where the phototrans1stor status 1s 
t ransformed 1nto a level that can be 1nterprete d by the 
computer . 

The co lle ctors of • 1 1 of the phototrans1stors are t1ed 
togethe r, because only one 1s selected at a time . These are 
then pulle6 h 19h through a s1ngle pull-up res1stor 1100k 
ohms) . When any one of the 32 row/column phototrans1stors 
1s selected, an 1nfrared beam of l1ght from the pa1red ~ED 
shou d Turn ~~ on, putt!ng the col e~tor voltage somcw~er. 
n~ar ~rour1d . -~ ~th: le on~ lS ~electe~~ the bean: 1! ~~ocK~d, 

t'rt~ ~.'tP .. •t<•t ,..oar·SJ.S·tOr- Wl ll l;)-: tur·nerj of-'i . Wt1~n Or't"., ttr~ 

co11e(.tor V•)ltag c=- appr t:·~·:Jtt;-!· +5 volt! t•t-cause.- of :t.~ pu11-'.JP 
resl~t' .;:.r. 



Because of the change 1n collector voltage from when a 
beam 1s blocked to when one 1s not blocked, the collectors 
a re the 1nput to the row/column detect circu1try . Th1 s 
c1rcu1 t ry uses a pair of comparators, wit h re fe rences set by 
a 20k ohm potent1ometer set up as a vol tage d i v1der . 

The f1rst compara tor 1s set up in a n 1nvert1ng 
fash1 o n, so tha t when any coll e ctor vol t age is below the 
reference <no beam b locked>, the ou tput of the comparator is 
at positive saturation . However, 1f any coll ect or voltage 
swi ngs a bove the reference, the ou tput go es t o negat1ve 
saturation <close to ground >. This output 1s then used as 
the 1nput t o the second comparator . 

This second comparator has the s a me r eference voltage 
as t he first one, however, 1t is set up in a non-invert1ng 
fa sh1on . I t is used to clean-up the comparator signal . 
Whe n the selected bea m 1s not b roken, the outp ut of t he 
f1 rst comparator Cwh1ch 1s the 1nput to the second> 1s h1gh, 
wh1 ch a l so send s the second conparator 1nto pos1t1 ve 
saturat1on. This second output s1groal, called RCRET 
Crow/column ret ur n), 1s then passed through an OR gate wh 1ch 
h a s one input tied low, to cl ean it up . 

Th1s cond 1t1oned RCRET s1gnal 1s the n comb1ned wit h 
the MSRET s 1gnal <menu- select return> to prov1de one single 
RET <return) signal for the computer . This signal does not 
prov1de a hardware 1nterrupt, but is 1nstead polled by the 
s oftware as a sing le b1t 1 npu t t o a port. 

VI . THE MENU-S ELECT DETECT BLOCK 

The menu-se lect detect block has almost the same 
circu1try as the row/column detect block, w1th t he only real 
d1 fference be1ng the s1ze of the pull-up res1stor needed for 
the five smaller phototrans1stors (men u-select pa irs> . 
Otherwise, the opera t1on 1s the same, w1t h the same 
circu1try repeate d s1mply to 1solate the menu-select return 
IMSRET I from t he row/column return <RCRET I . 

I t is appropriate at this time to note the reason for 
combining the three decoding chip selects w1th both the 
row/column detect and the menu- se lect detec t <see f1gure 4, 
SCHEMATIC >. The reason 1s that 1f the neither the row or 
column ch1p is selected, then the RCRET s1gnal is high, 
falsely sign~l1ng a beam be1ng broken. The same problem 1s 
<=r .. :•:o.Jnter·.;o.j wtr.,n t ~~~ merou-s.,'<?o:t ·=lo1t• lS root s.,l~cted, tt·e 
MSRET s1gnal 1s high, fals.::ly s1gnal1ng a t>eam being brol(ert. 
To el1v1at<? this problem, the row and column ch1p selects 
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are AND ' ed with the RCRET signal, and the extra chip select 
1s AND ' ed with the MSRET s1gnal. W1th this method, RCRET 
can only go h1gh when e1ther the row or column chips are 
selected. Also, MSRET can only go h1gh when the extra ch1p 
1s selected . 

The result1ng s1gnals are OR ' d together to form a 
s1ngle RET l1ne wh1ch 1s h1gh whenever a selected beam 1s 
broken. This l eaves the computer free to select e1the r a 
row, column or menu-select beam, and then determine w1th one 
line <RET> whether or not that beam is being broken . 

e 



GENERAL DISCUSSION 

As was ment1oned earl1er 1n the scope of t he project, the 
or1g1nal thou~ht had been that a total hardware system would be 
bast . W1th such a system, the computer would only have to 
respond to an 1nterrupt by the touch- pad, and dur1ng 1ts servace 
r·equest, c~oecl· the pad to see wn1ch locat1 on had been touched. 

Al l of th1s cou l d have been prov1ded by sett1ng up a 
h a rdware clock which ran several counters . These counters would 
in turn select e a ch row pa i r, then e a ch column pair, a nd finally 
each menu- select pair . The maJOr disadvantage to this method was 
that the scan process would be set in one cer t ain fashion, unable 
to change as bet t er processes were discovered . W1th t he present 
method, the compute r supplies the count to the pa d, so i f 1t sees 
that the RET <return) line is hagh, then 1t knows that the beam 
Cpair) selected has been 1nterrupted or blocked . 

The current metho~ of us1ng anfrared l1ght beams, was 
dec1ded upon for v a r1ous reasons. Farst of all, other touch-pad 
schemes such as cap1c1t1va touch sensang, and pressure sens1t1ve 
membrQne type keypads, are all open to problems be c ause they are 
affected by water, or saliva in this case . Secondly land most 
lmportantl, breaking a l1ght beam raquares the least amount of 
pressure of any method stud1ed . 

The approach of us1ng 1dent1cal c1rcu1ts for the RCRET and 
the MSRET may at first seem redundant . Howeve r, because of the 
l1m1ted a mount of phys1cal space between the column LEOs and 
phototrans1stors, smaller vers1ons had to be used. These smaller 
vers1ons requ1red the same type o f detect1on c1rcu1try, w1th only 
a change an one res1stor. So, because the two blocks need to be 
electron1cally 1solated, and because the needed gat~s and 
•:on,paratc•rs (for du~•l1cate ciro:ultry) wer·e 1n fact av;;ulable, 1t 
was decided to dupl1cate the row/column detection for the 
menu-s~lect detection. 

Other reasons for choos1ng to duplacate the detect1on scheme 
are, not only the fact that no add1tional components were 
requ1red, but also that the or1g1nal scheme wa s tested and 
work1ng well. 

It is thought that 1n the future, there m1ght be the 
poss1b1 l1 ty of 1nterfac1ng a small lap- top computer which would 
allow the users to much more read1ly re-configure the touch-pad. 
With such a dev1ce, proorarns could be wratten in BASIC to ma~e 
~:Jr·c·gr·.;o.rmro lfl g OoUCto more u_ er-.:r 1erod . v . 
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ULTRASONIC RANGING SYSTEM 

SCOPE 

The ultrasonic rancting system is cons1dered Cl protective 
dev1ce. Its maJor funct1on 1s to prevent damage to the cha1r or 
inJury to its operator. It is also necesarv to protect other 
young children who maght be in Lhe operating C<rea of the chaar. 

In conce1v1ng the 1dea for the ultrasonic system, the 
follow1ng speclf1cat1ons were used as gu1del1nes to facil1tate 
design. 

The system is nol intended to be an intelligent system. That 
is, it 1s not to take offensive control at anytime as this would 
deter the user from learning to be 1n complete control of the 
wheelchair . It is hoped eveRtually the devlopment of the users 
sk1lls will allow the user full control w1thout per1meter 
sens1ng. 

The svstem should have some k1nd of aud1o and vtsual 
feedbac~. warn1ng the user of obstacles. caus1ng the cha1r t~ 
slow or stop. As loud no1ses c"'n become botht>rsome, th1s optt.:Jro 
should be selectable. 

The system should sense any obstacle enter1nq into an 
approxamantly 2 foot d1stance suround1ng the chair, and should 
slow down accordtngly to allow the cha1r user to have more t1me 
to ma~e correct1ve act1ons. If correct1ve act1ons are not made 1n 
time, the cha1r will stop just before contact~ng the obstacle < 
less than 4 inches}. 

The ultr-asonic system as well as thE' other- systems should 
not destr-oy or deface the wheelchair in any manner. If any one 
part uf the chair is rnndered 1noppprative, the chetr 1tself 
cennot becomP useless. Jf a maJor failure occured, 1l should be 
easily possible to remove and ret1re the complete svtem. 

The ultrc<sonic system. as specified, per+orms ~wo funct1ons. 
It prov1des feedback to the user as to the approach of obstacles 
and 1t prov ides a failsafe for stopping cha1r movement if the 
ch1ld does not respond to the approach warning. 



BODY 

BLOCK DIAGRAM 

The bloc~ d1agram for the ultrasonic system consists of four 
pr1ncipal parts. These include four directional transducers, the 
tone generator, the time base qenerator for d1 s tance calculat1on, 
and the interfac e t o the computer svstem. Eclc h of these bloc l s 
wtll be dtscussed tn the f o llowing sections (see also f1qure 1. 
EASYCHAIR BLOCI' DIAGRAM l . 

I . THE DIRECTIONAL TRANSDUCER BLOC~ 

The directional transducer block is the heart 
of the ranging s y s t e m. It consits of four complete 
and sep e rate rang ing transducers . Each of which 
contains a 50-kHz 300-volt electros tatic trans ducer 
and a small amount of drive circuity. Each 
transducer ts capable of ranging from 4 tnches to 
appro.< cot 1 y 35 feet v•i th 1 ess than 2/. mi' 1 mum error. 
(see fiq ure 5 l 

Th~ drive circuity constts of Tex as 
Instrument s SN28827 sonar ranoing module. Th1s 
module provides the 150-volt bias for the 
transducer and pulses the transducer with 16 cycles 
of 50-IH: 300-volt waveform. <see ftgure 6l. This 
man1fests 1tself as short audiable cltcl. Th1s 
ultrasonic click trcovel at the speed of sound (0.9 
ms/foot l unttl 1t striles an obstacle and 1ts echo 
returns to the transducer at the same speed. The 
module provtdes a controlable blanktng pertod to 
allow transducer vibration to dtsapate before it IS 

enabled to wait for a returning echo. All control 
s ignels a r e TTL compatible, but the echo output 1s 
of ope n collec tor t ype a n d needs a p u ll-Ltp 
resistor 1n order to g e t d r eliable TTL ~1 gna l . 

Ther P. i' r e t h ree me1 n contr o l stgn~ls. Th e 
INIT* tnpu t starts the ranq1ng process by send1ng 
out the cl1ck . The BLNK* 1nput defeates lhe 
internal echo blanking . And the ECHO* output 
signals when the click is returned . All three 
signals are active low and their relationship to 
all the rest of the control l1ne is shown 1n figure 
6. 

'The only devat1on f ro•n Tt->: c<S I n ~ tr ument-;

destgn w.s 1n edd:ng d l ~ rae c~pdc: t o• 1n p a rell e l 
with the powt>r :O!.tl:•p1v S 1t <?nter~ €'c<Ch 
transducer's dr1ver . Th 1 • Wc< S done 1n orde r to 
suppl y t h P rat e d 2 00111 mA e.a ch t ransducer needs 
during the 326 •uS tr~nsnoit per1od. Thi~ 1~ ~uch a 
rapp1d dratn that the power supply could not source 
it through 6ft of cabl1ng. 

f1 



II . THE TONE GENERATOR BLOCK 

The tone generator block consists of the 
XR2206 function generator ch1p which is capabale of 
switching between two selPcted tones, and an LM2002 
8 watt audio power ampl1f1er ch1p that amplifies 
the tone s1gnC\l and drives the 8 ohm speaker. <se>e 
fiqure8). 

The XR2206 has the abl 1tiy to output a stable 
tone and change to anothe r t one b y switching the 
TTL leve l at the FSK input . Th1s allows several 
types of warnings to be generate d . The t wo tone s 
are seperatly adJusta ble and inde pendent . These 
adjustments a r e made to R4 and R6 in f lgure 8 . The 
potentiometer <R7l in the f igur e is a volume 
adjustme nt allowing t he overall loudness to be 
changed . 

Turn1ng the tone off ~11 togther 1s done w1th 
the Amplitude Modulation 1nput witch 1f held at 
half the supply voltage to the chip will stop the 
output of the tone. What was done here WdS to butld 
a voltage div1der w1th t wo equal res1stances 
therefore a voltage at half the s upply . then 
parrallel a 2N3904 to ground. now the base of the 
trans1stor can accept a TTL s1gnal and s w1tch the 
tone on or off, 

III . THE ADDITONAL PIA AND TIMER BLOCKS 

The interface block necessa tated a s econd 8255 
programable port. It is conf1oured to have 24 bits 
of output and 4 b1ts o~ Input. W1th port A and B 
be1no output ports alono with the h1oher 4 b1ts of 
port C. The lowe>r 4 b1ts of port C are the input 
btts. Port A controls the ultrasonics INITt and 
BLNKI of each transducer. Port B output a d1gitMl 
word to be use by the motor control c1rciuts for 
d1rect1on and speed control. Port C controls the 
tone gene rator w1th its upper half and rece1ves the 
ECHO• from theo transducers on the 1 ower half. <see 
flgure 15) 

The time base block consists of three 
programmable counterlt1mer~ 1n the 8253 on the 
SCCR-R~. Th~ f t timer •• configured to count down 
frcJm :,5. 5:;5 \k:•TTtHf al"'\d 1 s used eos ct 1..to.., wC!tch 
~~·· ll"1C! the r.;ongu g cyCJt:. The second f~•nct1on OT 

the 8~5~ !B gPner?tlon of the lo&baud clock nwedPd 
for R8-232C coroomLonC'cat 1 on. Tt•e 1 ast counter is Lt'!'t?d 
for a heartbeal 1nterupt . This w1ll return the 
chair to the joystick conf1guration 1f the computer 
be comes inopperat1ve or is turned off . 

12 



GENERAL DISCUSSION 

The ultrasonic ~ystem and it parts have all been bread
boarded and tested. All parts worl as expected, and the ranging 
system. 1n partlcL•lc.r . out performs what was expected of it. The 
ul trason1 c system 1 s very easy to use and 1 s e >:treml y accure<te 
c~nd rel1ab1e . Th~ one dnd only d1sadvantaoe lo ultrasonics as 
opposed to other ranging methods would be the perceivable cl1c~ 
when the transducer f 1 res . 

From a designers standpoint, using a prebLtilt module fo r the 
units was def1n1tely better than trying t o des1gn the modules 
themselves . This made troubleshooting the modules harder 1f the y 
failed to work <they often did) because of not be1ng exactly sure 
of what the module was tring to do. A lot o f t he solut1ons to 
those problems came about from tr1al and error and a b1t of luck. 

The desi gn of the tone generator and additonal PIA/t1mer 
configuration was much more stra1ght forward and the results more 
along the l1nes of whe~t was e>·pected. The onlv problen• e~r1s1no 
here "'as dr1 v1 ng the 8 ohm 1 oad of the spec<l er . After trv1 ng to 
use voltaoe and current amps 1741 and 3900), and transformers and 
push- pull amps, 1t was decided to use the LM2002 wh1ch 1s made 
for suc~1 a purpose. 

What is left for these parts 1s for a s1nqle PC board for 
the PIA, tone generator, power supply and motor control c1rcuits 
to be made and tested . The software for the control of these 
circuits has been done to the e>:tent that tes.ting required, but 
has a long way to go before the Easy Chair is completed. 

13 



THE COMPUTER AND MOTOR CONTROL BLOCKS 

SCOPE 

The compute~ and motor control systems n~e poss1bly the most 
1mprotant parts of the Easy Chen~ system. A fa1lure 1n e1ther of 
these two svstems could ~ender the ent1re system lnopperative. 
Therefo~e. durabil1tv and usablttY are two maJor conce~ns. The 
computer svstem was chosen due to its ablit1es and because of the 
knowledqe and familiar1ty of the EET staff w1th th1s product. So 
far it has filled the need and lived up to its expectations. 

The motor control system 1s the weakest part of the total 
system as 1t stands now. This was due to the l1mited amount of 
t1me spent w1th the wheelchair 1tself. Arrangements have already 
been made to speed a great deal of time on th 1 s port 1 on ne>: t 
semeste~ . 

BODY 

I . THE C011PUTER BLOCI/ 

The computer bloc~ 1s made from the 8085 based 
s1nqle card compute~ system avalible from Purdue. 
The computer was built acco~ding to the manual 
p~ovided . After opperation was verified, the 
following changes were made. Clock speed was 
1ncreased to speed execut1on t1me but no 
apprec1able increase has been noted . The memory 
conf1gurat1on for the computer cons1sts of th~ee 
types: 8K of EPROM for start\.IP sequence and 
monitor, 8K of static RAM fo~ data storage and 
program development, and 2K of EEPROM memory used 
to store the mPnu 1nformat1on and other 'hard' 
vari,.bles. ThE' EEPROM 1s P pected to be conf·ourPd 
to allow anvone to make easy and permanent chances 
1n the menus o~ parameters. (see f1gures 10-16> 

II. THE MOTOR CONTROL BLOCV 

The motor control blocl. conta1ns all the 
necessary electron1cs to switch control of the 
ch~lr over to the Easy Cha1r controller . When this 
happens , the l1ght pad and ultrason1c systems 
become the controller replacing the Joystick . The 
mote~ control c1rcuit uses a single 2 d1git 
he"adec1mal value to control both motors in 
~PP~~ . Jmately ~Jqht spP•d~ forward, and e1ght 
'"f:",eds ~Pver""• Tlus sho•ua o<llow not only for 
cmooth ~pPed ctoeroaes. but ,lso. start1ng .,rod 
stopp · rg s oOl<l d root bt- roullh or J t-rl ". 

Operation of the controller is falrly stralqht 
forward . Two A0558 digital to analog converters are 
used to create a digitally controlled voltage 
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variable from 0-2 volts . This output is summed w1th 
a 7 volt reference to produce an overall output 
controllable from 7 to 9 volts . The joyst1cl pots 
hC\ve been measured to be i't these ootent1al5 dur1ng 
operatton of the cha1r. Although this has not been 
fully tested. it is bell eved to be "' solmd 
design. <see figure 9) 

IS 



GENERAL DISCUSSION 

The computer system lS worl: ing as e xpected and software 
is the only th1ng planned to be added to 1t at thls t1me . It 
1s e xepected that an add1t1onal EEPROM will be add 1n the 
future to allow greater pr ogram ~lexibility and poss1blv an 
increase 1n the number and qual1ty of the menus. The add1 t ion 
of the extra 8255 caused no problems with the system and was 
easily added by using the available selects on the computer 
board . 

The motor control system is the part of the Easy Chair 
wh1ch the most effort is currently being put forth on. The 
design should wor k theoret1cally, but there are concerns such 
as no1se and dr1ft , which must be addressed ne>:t semester . 
Along with software. motor control is where most efforts will 
be concentrated next semester. 

'' 



CONCLUSION 

The proJect as a whole seems to be running very smoothly, 1n 
fact, ahead of schedule. Each of t he separat e blocks 1s 
1ndependantly work1ng, w1th almost all fu nction1ng togethe r as a 
systen •. 

As far as software 1s concerned, the or1g1 nal mon1tor 
program used 1n the SCCS-85 computer has be e n mod1f1ed to 1nclude 
seve r al small test rou t1nes . These routines currently e x erc1se 
only the seperate b lock s to assure that they are working 
corre c tly. 

The des1gners felt that at this point, the software was only 
in an experiment a l stage, a nd that t he more serious software work 
woul d take place during the second semester o f the 1985-86 school 
year at Purdue. For that reas on , this r eport •H•l y 1 nc l•Jdes a 
s1ngle list1ng of the current monitor program <see Appendi x Bl 
and no 1n- depth d1scuss1on concern1ng each separate rou ti ne . 
There 1s, however, general discuss1on 1n the form of comments 
w1th 1 n the code . 

A maJo r reccomendation for the futu re woul d be to always 
c heck second ven dors for supp lies . For 1ns tance, after check 1ng 
with Polaro1d f or the ul trason1c t r ansducers, they were later 
f oun d for a lmost one th1rd t he origina l cost at a nother vendor . 
Also, the cost of LEOs and ph oto t r ansistors could be kept down by 
buying from a large whol esale d 1stributor, b~cause of the 
quantity . 

Another thought would be that 1f the touch-pad we re 
constructed JUSt s l1ghtly l a rger, the same LEOs a nd tra ns1stors 
could be used for all o f the detectton . Th ts would eliminate th e 
need for spec1al menu-selec t detect c1rcuitry, and obv iously the 
spec1al LEOs and transistors . 

Again, 1t wou ld seem worthwh 1le to ment t on the fact that the 
pr OJec t seems to be rea lly runn 1 ng ahead of schedule . Not only 
has the class goal f or EET 490 been met, but most of the system 
blocks are already integ r ated t o gether in test pr og rams, 
ach1evi ng a good head-star t 1nto EET 4 91 . 

Ove r a ll for the prOJect, hav1ng two people work 1ng t ogether 
seems to greatly enhance not only product 1v ity, but also the 
enthustasm. The only major difficulty encountered wtth a JOint 
proJeCt was a t1me problem when integrattng the individual 
reoorts to fo rm one slngle, flowtng, an d conc1 se report . 
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E. E.T. 490/491 SENIOR DESIGN PRO~ECT 

THE EASY CHAIR 

APPENDIX B: CURRENT SOFTWARE 



2188 : 
3788 : 
lFFF = 
me = 
me= 
eaFF = 
~u· = 
u~;; = 
9iiA = 
UIC = 
~liB = 
em = 
Ul3 = 
Ull = 
SUF = 

me= 
m1 = 
mz = 
m: = 
me = 
0811 : 
11812 : 
uu: 
it41 : 
fll42 : 
am = 
em = 
m1 = 
sees= 
lli1i l : 
iff l : 
;aaa = 
lila : 
8828: 
em = 

UBi= 
U48 = 
use= 
0t28 = 
feFF = 
me = 
itl8 : 
talA = 
em = 
UIE = 
ms = 

jlllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
; I EASYCIIAIR THE BEST IN CIIAIRS I 
jlllllllllllllllllllllllllllllllllllllllllllllllllltllltttll 

i 
BASE EQU 
ftONRAII EQU 
ENDRAft EQU 
~RSIZ EOU 
um~~ <:Qu 
E:L E:iJ 
oE. E<U 
CR EQL 
LF EQU 
HOKE EQU 
ESC EQU 
RUB EQU 
tOFF EQU 
XON EQU 
IIWIDTH EQU 

TIIIEI EGU 
mEt ew 
"!liE: EGU 
T I~Cil EQU 
PI~A EQU 
PIAB EQU 
PIAC EQU 
mo EW 
PI~ EQU 
PIAF EQ\1 
Pl3tNTl EQU 
PIACNTL EQU 
SERCON EQU 
SERDAT EQU 
FPO~SK EOU 
BEAIISK E !lU 
aAVIISK EUU 
RGiiiiSK EQII 
COLIISK EQU 
EmSK EQU 

TOUCH EQU 
IIENERR EQU 
ERRLEO EQU 
PADERR EQU 
TRUE EQU 
FwLSE EQU 
!EiiO EQU 
3~t EW 
TWO EQU 
THREE EQU 
FOUR EQU 

2188H ;BASE ADDRESS Of IIONITOR 
3788H ;BASE ADDRESS OF ftRSIZ BYTES FOR ftONITOR 
3FFFH ;END OF RAil ftEIIORY 
i!BSH ; liON !TOR RAK SIZE 
IICMR~~+ If~H ;FIFST BYTE OF US<:R ~o~ 
~tt~ ;END oF or::~S li~E I C"":Ac·~~ 

m : BEEEEEEEE:tEuP 
3Cn ; c•RR I ~6E RETURN 
iAH ;LINE FEED 
31CH ;CURSOR UP AND lEFT 
SIBH ;ESCAPE 
i7fH ; RUBOUT 
mH ; DC3 ll-Di'FI 
iiiH ; DCI U-DMJ 
SFH ;CONTROLS THE WIDTH Of 'DUftP' 'PUNCH' 

;COftft~NDS: 

iFH • lb BYTES, 52 COLUnNS 
i7H = 8 BYTES. 28 COLUnNS 

1iiH : 8:<53 finE!! l ERO 
Zlii : ' I"ER ~~E 
ZcH : TI ~ER "¥0 
2•H ;8253 CONTROL RESISTER 
iiSH ;PIA ~ DATA RESISTER 
SIIH ;PIA B DATA REGISTER 
812H ;PIA C DATA RESISTER 
i~SH ;PIA D DATA REGISTER 
341H ;PIA E DATA RESISTER 
842H ;PIA F DATA REGISTER 
943H :12 PIA CONTROL RESISTER 
i13H ;t l PIA CON1ROL RESISTER 
91H ;ACIA CONTROL REGISTER 
iSH ;ASIA DATA REGISTER 
~eeamtB ;I'FOSRAft ftE.NU DETECT 
IUmiiB ;AASl: FOil DETECT IPI.<B Bil 
liiilfliiB ;"CSK FOR pqo ERROR IPIAA 871 
SSillSiliB :nASK FOR ROM SElECT IPiAAI 
i818888iB COLUnN SELECT IPIAAJ 
memes ; EXTRA SELECT IPIAAI 

;EITRA SElECT INCLUDES: 
;ftENU SRECT LEOS/TRAMS. 

l ilutUB 
meum 
J888UUB 
UISUUB 
SFFH 
SSH 
I~H 

IAH 
ICH 
IEH 
J8H 

;IA.TRASOIIIID OIRECTIOII LEDS 
; AASK FOR A TOUCII £Hl l 
;"ASK ftENU ERROR 
i "ENU ERROR LED IIASK 
;ftASK LED/TRANS. ERROR 
i TRUE IS ff HEX 
;F4LSE IS ea HEX 
; l ERO LOCATION 
:O~E 

;TW 
; Tl!REE 
;FOUR 



8f3A • FIVE EQU 3AH ;FIVE 
lflt. SII EQU 3tH ;Sil 
fflE • S£YEN EQU 3£H ;S£YEN 
HSS • EI611T EIIU S8H ;E16HT 
U~A • MIME EQU 5AH ;MIME 
usc = 
em· 
me· 
997A • 
~97t • 
at7E = 
m:. 
it75 • 
UAD • 
tiA9 • 
UC9 • 
UCD • 
9836 • 
U56. 
3816 • .. ~~.. 
mo = 

3m· 
~aas • 
3819 • 
3818 • 
3828 • 
38£4 • 
:;m • 
382C • 
:;a3a • 
:;a;~ • 
3838 • 
j93C • 

ma 
me mt~a 
21il &39721 
Zlf6 U 
21i7 u 

2188 
2188 C38939 
21es mmem 

2111 
me cmoa 
2113 emmm 

2118 

AH£.1 EQU 5tH ;A nEMl IN HEI 
BHEX EQU SEH ;B IELEYENI 
CHEX EQU 78H ;C mELVEl 
OHEX EOU 7AH j D HHIRTEENl 
EHEX EOU 7CH ;E !FOURTEEN! 
FHEX £2U 7EH ;F IFI FlEENl 
TO &liN e;u i2ri 
-:cstff e;u 'SH 
RI6HT EIIU fADH 
LEFT EQU mw 
FRONT EQU tt~H 
BACK EQU 8CDH 
RAN6E EOU 36H 
SPEED EOU 56H 
SOUND EOU 16H 
RRATE EQU 96H 
SDE!J<Y EOU mH 
; :=:::::::::a~:a::a:::::::::;;::::::::aa••••••::::::::::z:::::: 

; vECTOFS FOR HARDWARE INTERoUPTS 
~STi EOU USRRAII+ 9Sil!i ; MDT USED - IIONITOR RESET 
RSTI EW USRRAII+ ea&H 
RST2 EQU USRRAII+ Sl8H 
RSTl EQU USRRAII+ BISH 
RST4 EQU USRRAII+ mH 
TRAP EQU USRRAII+ 324H 
RST5 EQU USRRAII+ il28H 
RSTSS £QU USRRA/1+ i2CH 
mo EQU USRliAII+ 93SII 
RST6S EOO USRRAII+ f34H 
RST7 EQU USRRAII+ i 38H 
RSP5 EQU USRRAII+ mH 
;==~==:::::aaaaaaaa::::::::::======~~•zzaaz:z::::::::::::::: aa 

RST 8 ENTRY POI NT - POMER UP RESET ;RST 8 
OR6 BASE+i 
LXI SP.~OI!R~II+IIRSIZ ; TEIIP I NIT OF S? 
JftP ENTRY 
HOP 
IIQP 

; ::::.aaaa~aaaaaaaaaa%ZS:s------=:::~zaaaaa .. aa~a:=a:::::::::S#SS 

; RST 1 ENTRY POINT 
DRS BASE+88H ; RST I 
JIIP RSTI 
DB e,e,e,e,e 

; RST 2 ENTRY POINT 
o•s SASE+I8H : m 2 
JllP ~ST2 

os e,u.a.a 

; RST 3 ENTRY POINT 
DRS BASE+!SH ; RST 3 



2118 Cl1838 
2118 ......... . 

2121 
2121 C32838 
2123 u 

Zl24 
m~ c;:m 
2!21 u 

2128 
2128 Cl2838 
2128 u 

212C 
me t32CJB 
21ZF ii 

ma 
ms mm 
2133 as 

2134 
2134 C334~ 
2137 ill 

2138 
:11:s c"•sJs 
ms ja 

me 
21:c C33Cl8 
ZI3F ft 

Jill' 
DB 

RST3 
. ,. ,t,t,t 

; RST 4 ENTRY POUlT 
OR6 BASE+2111 
Jill' RST4 
MOP 

; RST4 

1 ==~=========·=============================================~== 
TRAP ENTRY PO INT 

O~G BASE+24H : TRAP 
"liP 1~AP 

NOP 

RSi 5 ENTRY POI NT 
OR6 SASE•28H ; RST 5 
Jill' RST5 
HOP 

;============·==···====================·==·· =================== 
; RST 5.5 ENTRY POINT 

ORG BASE+2CH i RST 5.5 
Jill' mss 
MOP 

; RSi o ENTP.Y POINT 
OR& BASE+3iH : RST o 
Jill' RSTo 
HOP 

;=======·==·=·=·····X#·=========·==~==······=·=============== 
; RST 6.5 ENTRY POINT 

DRS 8ASE+J4H I RST o.S 
Jill' RST65 
MOP 

; RST 7 ENTRY POINT 
ORG BASE+38H ; RST 7 
Jill' RST7 
MOP 

; RST 7.5 EHTRV POINT ;RST 5.5 
ORG 8ASE+3CH 
Jill' RST75 
MOP 

2149 OR6 BASE+4fH 
; J~P TABLE FOR "ONITOR SUBROUTINES 

ALL REFERENCES TO THESE LABELS SHOULD GO THROUGH THIS 
SO THAT CHANGES IN THE ACTUAL ROUTINE 'S LOCATION IN 
FUTURE VERSIONS OF THE "ONITOR DO NOT EFFECT HOM-~MITOR 

PR06RAftS. THESE LOCATIONS ~Ill NEVER CHANGE. 
21 U ~am Jill' CI 
:m C3Dll8 JIIP :o 
Zl 4o i:.102C 
21 49 Cl452D 
214C C3SC2D 
2!4F C3712D 
2152 C3A82D 

CRlf :PRINTS ICRI ILFI 
6~W ;WORD RET IN H~ OR CV•I ~ SAD CHAR IN ri 
6HB ;BYTE RET IN A OR CY•I • BAD CHAR IN A 
6HD ; DIGIT RET I" A OR CY•I • BAD CHAR IN A 
"SS ;ADDRESS OF EOL TER"INATED "56 IN OlE 



2155 C3E420 JI!P PHN ;IIORO PASSED IN Hll 
2158 C3EF20 J"' PHB ;BYTE PASSED IN A 
ma CJ812E J~ PHD ; DIGIT PASSED IN A 
215E C35A2E Jll' SPACE ;PRINT SPACE 
2161 C3742E J"' SU816 ; l~ll <- !Hlll - !DlEI 
2164 C38i2E Jllf UCASE ;UPPER TO lOIIER CASE C!IHVERS!tlll 
2167 C37420 m ATH ;ASCII TO HEX CONVERSION 
:t6A C3ED2! J"P WARI!ST ;BE61NM!N6 OF I!ON!TOR COI!nAND LOOP 

;;<OTH!NG RESET · STACK OR ANY I!OM RAil 
:!leD c~:i<C ZMP C~P!6 ;UNCOftMENT ~HEN CMP!o ~DUT!HE INCLUDED 
~:;a c:iEt.! m CUXP! ; ~EftCF.Y DUKP 
:li~ ~:r::~ JMP lCADI ;INTEl lC~UER 
Womm Jll? mED ; I!EI!U~Y ED IT OR 
2179 czcm JIIP CISTAT ;RtTURMS NON-ZERO IF REC BUFFER FUll 
:m C3122E JIIP POP PC ;RETURNS WITH RETURN ADDRESS IN Hil 
217F C3B22B JIIP CAl liN ;INDIRECT CAll TO !Hill 
2182 C3362E m SHRHl ;SHIFT RIGHT Hll 
2185 C3282E J/IP RNOHl ;ADO CARRY flAG TO Hll 
2188 C3832B JIIP BCOTBIN ;CONVERT BCD IN Hll TO BINARY IN Hil 
2188 Cl182A J/IP PADCX ; PAD DIAG. 
2!8£ C39827 JIIP ULTRA ;UlTRASONIC BUI!PER 
mt c;m2 Jll? ISTBRD ; CHECK BOARD 
=194 C37E<Z JftP /!EMS" ; lWI 1\E"ORY ·EsT 

; POXER-UP ~~D RESET INITIALIZATION 

; NOV INITIALIZE USART CHIP 

2197 lE82 ENTRY; /!VI A,SBZH .:FORCE USART TO EXPECT CftNO VORD 
2!99 D3t! OUT SEPCON 
Z!9B3EU I\ VI A,tUH ;~ ftAKE USART TO EIPECT ftODE WORD 
2!9D om OUT SERCO" 
Z!9F 3ECE 1\VI A,fCEH ; ItO DE BYTE · 
2!Al 038! OUT SERCON ; !lii l!IS 
21A3 3E37 ftVI A,937H ;COMAND BYTE -
2!A5 DlSI OUT SERCON ; 80!19111 

l~ITIAlllE Ti llER CHIP TO GENERATE 161 BAUDRATE FOR 

2IA7 mm LXI H,IUEH ; 72J8 BAUD 
;ll/!161728tll/ll/3.2 ftHZ I 

2111A 3E76 ftYI A,76H ;!~IT Tl~ I TO DIVIDE BY H 
me om OUT TII!CTl 
21AE 70 nov A,l 
21AF 0321 OUT TillE I 
2!81 7C nov A,H 
2!82 0321 OUT TillE I 

i 
; INITIAlllE ftONITOR RAft PERTAININS TO CONSOlE 1/0 

2!8~ ~f tRA A ;ft~KE A ZERO 
2!85 321!37 m DlYAAII ; HlJIIBER Of 1m DELAYS till <CR> 
2188 328237 m ECHOFl ; 8•ECHO !•NO ECHO 
2!88 3ESF 1\VI A,nWIDTH INITIALIZE WIDTH 
2180 329337 STA WI DTH 



21c& mm STA COCOOk i &=COOKED I =RAM 
j 
; PRINT STARTUP 1\ESSAGE - ALSO EFFECTIVE NAY TO WAIT A FEN 

CHAR PERIODS WHILE DOUBLE BUFFERED 
INPUT SETTlES. 

21C3 IISA31 Lll D,START ;PRINT STARTUP 1\ESSAGE 
21Co CDAB2D CALL 1\SS ; 
21C9 DBBB IN SERDAT ;EAT POSSIBLE GARBAGE CHARACTER 

INITlAllZE RE~AifiDER OF liOIH"OR RAil MiD STACK POINTER 

21CB AF XRA " ; ON POWER UP SET TO LOAD 
21CC ;;28637 STA VFYFL6 ; e=LOAD, !=VERIFY 
2tCF mm STA COCOOK ; 0=COOKED !=RAM 
21D2 3EFF 1\VI A,EOL ; ON POWER UP NO ANSMER 
2104 322637 STA 1\ISCBF i 
2107 2186211 LXI H, 2e&f!l i INITIALIZE 
2tOA mm SHLD CLKBCD ;CLOCK FRE9 IN BCD 
2100 2!Dee7 LXI H,2S88 
21Ee 221m SHLO CLKBIN i AND BIHARY 
21E3 23 INX H ; PULSE TilliNG VERY SI\All IN 
21£• mm SHLD D53DIV j CASE SOliETHING GOES ~RONG 
2lE7 CDIS2A CALL PADCK ; PAD TEST ON PONERUP 

Ul H,ENDRAI\ ;UNCOI\1\ENT FOR 1\EI\ TEST 
LXI D,USRRAI\ ; ON RESET/POWER UP 
CALL m 

21EA CD622E CAll STACK! ;REAl INITIALIZATION OF SP 
i 
; PRINT MARIISTART 1\ESSAGE ••• 

NOTHING INITIALIZED 

21ED 114(33 WARI\ST: LX I D,STKAT ;PRINT LOCATION OF STACK 
21F3 CDAB2D CitlL ~ss 

21F3 2leeil0 LXI H,f 
2!F6 39 DAD SP 
21F7 COE42D CALL PHN 

; COI\1\AND l EVEL - GET CHARACTER: JUI\P TO APPROPRIATE ROUTINE 

21FA C04B2E COKND: Citll SETJftP ;RUBOUT ABORTED CO~HDS COllE HERE 

21FD 117E3l LXI D,PRKPT ;PRINT COIIHAND PROHPT 
2288 COAB2D CAll 1\SG 
22e3 CDB328 CALL Cl i 

ANI 7FH ;PUT IN IF UCASE TAKEN OUT 
2286 CDBII2E CAll UCASE ;CONVERT LOW TO UP CASE \ STRIPS PARITY 

; SEQUENCE BELOW IS KlUDGE TO ~LLOW CR AND ? AS ONE CHAR COHNDS 

2209 FEeD CPI CR ;SPECIAL CASE, ICR l IS NOP THAT DOES HOT 
2288 CAFA21 Jl COHND ; ClEAR THE ANSWER 
218£ IIFA21 LXI D,COHND ;ADDR FOR PSEUDO CALL COI\PLETED BY PCHL 
2211 05 PIJSH D i 
2212 FE3F CPI . ?' ;SPECIAL CASE'?', HUST NOT ClEAR 



2214 CA4922 

2217 67 
2218 CD832B 

2218 coam 
221E oF 
:w mm 
m: mm 
2m 0A 
2226 57 
Z2'17 il 
ms lA 
2129 5F 
222A t3 
222s come 
222E CA3C22 
2231 93 
2232 93 
2233 7A 
1234 83 
=m ci!:m 
me cotm 
n:iB C9 

223C 3EFF 
me 322637 
zm ~A 
2242 5f 
2243 93 
2244 SA 
2245 57 
me. 7C 
:m EB 
2248 E9 

2249 CD5A2E 
224C 112637 
224F CDAB2D 
2252 C9 

JZ ASK ; ANSNER FIRST. 
i 
i 11011 FOR THE REAL COIIIIAIIDS ••• 

NOV H,A ;PUT FIRST CHAR IMTO H 
CALL Cl ;SET SECOKD CHAR 
ANI t7FH ;UNCOKftENT IF CAll UCASE RE"OVED 
CALL UCASE ; 
nov LA :PUT SECOND CHAR INTO l 
CALL SPACE ;GOO KNOWS ~HAT FOR .. , 
Ul S.CMDS :SC~N CO~ftA~D TASLE ••• CO~ND IM H&l 

CIIDNIT: LOA I 8 ;EEl COftft4NO FROll TABLE 
ftOV D,A GET fiRST LETTER 
INI B POINT TO SECO~O LETTER 
lOAl a GET SECOND lETTER 
ftOY E,A 
INI B j POINT TO LOVER BYTE OF ADDRESS 
CAll CliP16 ;CO"PARE TO CO"HD TYPED 
JZ CftDFNO ;FOUND IT 
INX 8 ;SKIP OVER ADDR OF COftftAND JUST CHECKED 
INI 8 ;POINT TO UPPER BYTE OF ADDR THEN HIT CND 
NOV A,D ;CHECK FOR END OF TABLE 
CRA E 
JMZ CNONIT ;NOT END ••• iRY ~EtT ENTRY 

ERRER: C4ll PRBAO :PRINT ERRER liESSASE AND RETURN. 'COftND' 
RET ; IS ON STACK AS RETURN ~DDR fOR CDftftAND 

i NOTE All THE COfti\ANDS USE ERRER LABEl. 
j 

CI\DFND: 1\VI A,EOL ; CLEAR ANSWER 
STA 1\ISCBF . ; 
LDAX a ;SET l0¥£R BYTE OF ADDRESS 
1\0Y E,A j . 
INI a ;POINT TO lONER BYTE 
lDAl 9 ;GET UPPER BYTE 
ftOV O,A j . 
ftOV A,H ;COI\ftAND EXPECTS FIRST LETTER IH A RES 
ICHB 
PC tiL 

; 11111111111111111 END OF COftftAKD lEVEl ll ttt ltt l llt tt lt tl ltl t tl 

; 11111111111111111111118E61NMIH6 Of ASK IIIIIIIIIIIIIIIIIIIIIIIII 

PRINT ONE BYTE NOTE LEFT BY LAST COftMND 

ASK: CALL 
Lll 
CAll 
RET 

SPACE 
o,mcaF 
m 

;IIIIIIIIIIIIIIIIIIIIIIIEND OF ASKIIIIIII IIIIIIIIIIIIIIIIIIIIIIII 

;t ll llll llt lll l ll lt ii iiiBESIMHIHG Of KElP IIIIII IIIIIl ll llll lll l ll 
; 
; IIElP 

2253 118m HELP: LXi D,PH£LP 
2256 CDAB2D CALL 1\SG 



2259 C9 

22~A CD452D 
mo JA3822 
ma como 
2:03 ua 
z:e~ ES 
ms IHm 
2268 CDAB2D 
2268 21t2iS 
226E 39 
226F como 
2272 CD2D2C 
2275 AF 
2276 CDD32B 
2279 CDD328 
227C El 
mo E9 

227E CD8F2C 
2281 DA3822 
228~ EB 
2285 como 
2288 DAfi22 
ms ~c 
;:;:sc ac 
Z28D em 
Zi:8F CS 
ms~m 
229< 112 
2293 68 
2294 7D 
ms Ac 
2296 AS 
2297 77 
2298 23 
2299 7C 
22911 89 
2299 C29422 

zm 62 
Z:9F oB 

""a 10 
22AI ~ 
22A2 ~8 
22A3 cs 

RET 
;IIIIIIIIIIII&&&&&&&&II&EHD OF HElPII&&&I&&&I&&II&IIIIII&&&&&I&&I 

;lllllllllllllllllli&IIIBE61MM ING OF 60TOI&IIIIIIIIIIII&lllllllll 
; 
; GOTO ROUTINE - STARTS EIECUTIOM IN ftEIIORY LOCATION 

6GTO: CALl 6HW ;SET HEX WORD 
JC Ei\RER 
CALL OICK 
RC 
•USH H :SAVE 60TO ADDRESS 
l1l D.STKAT ;SET STACKPOINTER AND FRINi 
CALL ft56 
lll H,i2 
DAD SP 
CALL PHW 
CAll CRLF ; 
IRA A ;PRINT DUftftY CHARACTER SO THAT PROGRAft 
CAll co ;CANNOT PREVENT END OF CRLF FROft PRINTING 
CAll co 
PCP H ;GEl ~OGRESS .. , 
PCHL ~ND 60 

;l ll ltt l ll l ll ll ll llt lt tiEND OF SOTOilll ll llt ll ll lll lll ll llltlllll 

;llll ll ltl ll lll llll t ll llPEGIKHIN6 OF ftEftTSTI Illl lll ll ll ll lll l llll 
j 

ftEIITST: CALl FROftTO ;SET FRDII AND TO ADDRESSES 
JC ERRER 
XCHS 
CAll OKCK ;CHECK WITH USER BEFORE STARTING 
JC mHO 

liTe: IIOY C,H ;STOP AT IX'' WHERE Il-l IS THE 
INR c ;UPPER BYTE OF THE USERS TO ADDR 
ftVI B.ttH ; ;lSO USE Of COUNTER 
PUSH B 
IIVI e,a :CLEAR B PATTERN IIODIFIER 

IITI : IIOV H,D 
IIOV l ,E 

miLL: /IOV A,l ;lOW BYTE TO ACCU~. 
lRA H ;XOR MITH HI6H BYTE 
IRA B ;lOR VITH PATTERN 
IIOY II,A ;STORE IN ADDR 
INI H ; IHCREIIENT AOOR 

IIOY A,H ;LOAD HIGH BYTE OF ADDR 
CliP c ;COftPARE WITH STOP ADOR 
JNZ IITFill ;lOOP IF NOT DONE 

; READ AND CHECK TEST DATA 

, OV H,D 
,ov l,E ;SET STARTING ADDR 

IIHST: IIOY ~.l : GH lOll BYTE 
lRA H :lOR WITH HI6H BYTE 
IRA B :XOR WITH ftODIFIER 
PUSH 8 



22A4 47 IIOY B,A 
22A5 7E IIOY A,K 
22AO BB CliP B ;CGftPARE ~ITH IIEIIORY LOCATION 
22A7 C20222 JMZ mm ;ERRER EJIT 
22AA Cl POP B 
22AB 23 INI H ;UPDATE ftEKORY ADDRESS 
22AC 7C IIOY A,H :SET HISH BYTE 
mo sv CliP c :COIIPARE WITH STOP ADDR 
22AE mm JNZ IITTST :LOOP BACK 
~281 3A0337 LOA WI~TH ;GENERATE !!MIDTH+llt41-l 
2i84 i7 STC 
m~ 11 F4L 
2~so 37 STC 
2297 t 7 ~ 
2288 ~~ AHA a ;CHECK FOR liKE FOR CRlf 
22BV CC2D2C cz CRLF ;CRLF IF RUNIIIHS OUT OF LIKE 
228C 14 IIIR 8 :UPDATE IIODIFIER 
2280 EB XCH6 
228E 3E21 IIYI A, I II ;PRINT PASS DONE IIESSASE 
22C8 C00328 CALL co 
22C3 EB lCHS 
m~ ct POP 8 
ms as Dell a 
fiCo CS PUSH B 
:zc1 mm m lift :1\tSTAAT WITH NEW nGDIFIER 
22CA Cl POP 8 
:12C8 JIAA2F LXI D111T6DOD 
22CE CDAB2D CAll IISS 
2201 C9 RET : FOR 255 TillES THEN TO CIIOS 
2202 I 1C12F IITFI!T: LXI O,IITERR. ;PRINT ERRER ADDRESS 
2ZOS COA82D CAll m 
2208 CtE42D CAll PI!W 
ma t!E32F lll D, IIHiEliD 
220E CDAB20 em 1156 
22EI CDEF2D CAll PHB 
22E4 JlOA2F Ul D.IITMROT 
'L~E7 CDA82D CALL IISG 
22E~ 78 IIOY A,B 
:2EB como CAll PHS 
22EE Cl POP 8 
22EF CJ POP 8 

; 
22F8 C9 IITE!ID: RET ;RETURN TO COIIKAHD LOOP 

j 
; IIIIIIIIIIIIIIIIIEND OF IIEIITSTIIIIIIIIIIIIIIIIIIIIIIIIIIII 

jiiiii1111111111118ESINMIN6 OF TEST BOARDIIIIIIIIIIIIIIIIII 

:2FI CD2D2C IS TEllO: CALL CRLF 
nnmm lii O.IITmD 
<:r- 0Aa2D CAL 1156 
2ZFA 3E37 IIYI A,37H 
me om OUT TIIICTL 
22FE sm IIYI A,77H 



me Ol2l OUT TIIICTL 
2312 3ES7 ltV I A1fS7H 
2314 0323 OUT TIIICTl 
2316 97 sus A 
2387 0321 OUT nnEJ 
2389 0321 OUT mEl 
23811 0322 OUT TII!E2 
mo ~E2~ I!YI A,2ell 
::;iF Jm QUi TII!Ei 
., ... , rl"""'• 
-~ •• :J~.:.. OUT r:nE! 
::;1:; m: OUT 111!£2 

2315 3E6i I!YI A,88H 
2317 0313 OUT PIACIITL 
2319 ~343 OUT PIBCIITL 
231B om LOOPA: OUT PJAA 
2310 0311 OUT PIAB 
23JF 0312 OUT PIAC 
2321 om OUT mo 
zm &l-41 GUT PIA£ 
ms om OUT PI AD 
2327 iF RRC 
ms C31B23 JI!P LOOP A 

;IIIIIIIIIIIIIIIIIEHO OF TEST BOARD 111111111111111111111 

;111111111111111116£61KMJH6 OF I!EI!EDIIIIIIIIIIIIIIIIIIIIIII 
; 
; I!EI!ED - HEIADECII!AL I!EI!ORY EDITOR 
; 

2328 IIDA2E liE/tED: LXI O,EDI!2 .;PRINT ' CR, LF, I ' 
mE CDAS2D CAll I!SG 

23JI CD4S2D CALL GHil 
2334 024823 JNC OK ;SET HEX WORD INTO Hl, JUI!P IF VALID 

7337 fEZF CPI 'I' ;BAD CHAR RECEIVED -WAS IT ' / ' 
:::;? ca RZ :GO ~ TO COI!ftA~D lEVEl IF SO 

23:iA CD142E CAll PRBAD ;PRINT 'WHAT ?' 
2330 C32B23 JI!P I!EHED ;THE~ TRY AGAIN 

234& CDB623 OK: CALL OISCOH ;DISPLAY COHTEJHS OF LOCATION 
2343 C04923 CALL EDIT ; THEil B£6111 EDITIH6 
m6 mm JIIP I!Em ;LOUPE IF EDIT RETURNS 

END mED 

l 
; GET EITKER A NEW HEX BYTE TO BE WRITTEN WHERE Hl POINTS, 
; FOLLONED BY ANOTHER COI!I!AND, OR JUST ANOTHER COI!I!AND. 

2349 CDSC20 EDIT: CALL 6HB ;SET THE NEW HEX BYTE IF TYPED 
2:i4C {127423 JNC EDBYTE ;GOOD BYTE TYPED - PUT IH ftEKORY 
:;4f F£27 C?l f27H ;OOES USER VAMT LITERAL CHARACTER ? 
2351 mm JZ EDLIT j IEP ... 
2354 FESE CPI ' .. ;DOES USER WANT CONTROL CHARACTER ' 



2JSo C27D23 JNZ NEXT ;NOPE ••• IIUST BE COIIIIAND OR ERRER ••• 
2359 CDB32B CAll. Cl ;6£1 CIII1R 
me Em Alii f 7Fll ;STRIP PARITY 
23SE FEU CPI 141M ;SEE IF "AKES SEJISE ... 
m e DAA823 JC ED BAD ; DUIIIIY 
2363 FE6i CPI 868H ;FI6URE OUT NHAT TO SUBTRACT •.• 
2365 DA6A23 JC EDUC ; IS UPPER CASE ... OK AS IS 
ma om SUI mH :LOWER CASE ••• IIUSi BE !lOVED OO¥N 
z:.4 o.~e EC-oC: J:JI 11~8H :CC~ERT iO CCWTPUL Co~R 
::.c c:7lZj N EOBt"£ 
::;oF CD83:B EOLI": rALL Cl ;SET CHAR 
2371WF ~NI 97FH ;BETTER STRIP PARITY 
2374 7i EOSYTE: ~OV II,A :ELSE STORE II IN IIEIIORY 
2375 cu~2f CAll SPACE ;SPACE TO REIIlfOl!C£ THAT Oh'CE TllO OISITS 

j ME ENTERED, lOCATION IS CHAMSED. 
2378 CDB32B CALL Cl ;AND SET ANOTHER CHAR ~ ECHO IT 
2379 E67F ANI 7FH ;KILl TOP BIT 
2370 FEBO NEXT: CPI CR ;CARRIAGE RETURN? 
237f C28623 JHl El 
t:;82 23 INI H 
:383 clAm JIIP PR ;YES· PRINT NEXT lOCATION 
23So FE1f El: CPI •• ;OR BLANK 
2388 C2Sf2l JHl E2 
me 21 INX H 
me c~ml JIIP PR :YES· DO THE S~ 
2:;e; rm E2: CPI •• ; PERIOD' 
2391 CAii323 Jl PR ;PRINT CURRENT LOCATION 
2394 FE2D E3: CPI ' -· ; DASH? 
2396 C29D23 JNZ E4 
2399 2a OCI H 
m~ C3A323 JI!P PR ;YES -PRINT PREVIOUS LOCATION 
239D FE2F E4: CPJ 'I' :SLASH' 
239F ca RZ ;EDIT All DONE IF SO 
23A9 COH2E EOBAD: CALL PRBAD : IF NONE OF THE ABOVE, PRINT '~HAT'' 
23A3 CDA923 PR: CALL DISIIEII ;DISPLAY THE HEN CURRENT IIEIIORY LOCATION 
:;;.6 mm JltP EDIT ; A~O lOOP 

; PRINT CR, LF TKEH ~ I FOLLO~EO BY THE CONTENTS OF Hl IN HEI. 

23A9 IIDA2E O!Sm: LXI o,m2 ;OOCR,LF, 'I' 
23AC CDAB2D CALL 1156 
231if como C:.LL PHV 
2382 CDBo23 CALL DISCON 
2395 C9 RET 

; 1111 DISCON 1111 

; 
i PRINT 'l • ' FOLLOWED BY THE CONTENTS OF THE IIEftORY LOC. 
i POINTED TO BY Hl 

mo IID52E OISCON: lii D,EDIII 
2389 COAB2D CALL m 
me 7E IIOV A,ll :GET CONTENTS Of ftEII LOC. 
Z3BD CDEF2D CALL PHB ;PiHNT IT 
ma 11om LII 0,£0113 
z:cJ camo t•LL IISS 
23C6 E5 PUSH H ;SAVE ADDRESS 



23C7 CD662C CALL DISASC ;CONVERT TO PRINTABL< 
23CA 7C nov A,H ;PRINT ' ' OR ••• 
23CB COD328 CALL co l 
23CE 70 IIOY A,L ;PRINT CHARACTER 
23CF coma CALL co 
2302 El POP H 
2303 CD5A2E CALL SPACE 
23Do C9 RET 

; 
;tllltlltllllllllllllllEHD Of ~E~ED II !II Illlllll lllllll ll lllllll 

;lt llllltllllllllllllttSEGt~INS OF LOADERIIIIIIIIII!t tt lllt lllt 

; li£1-FOR/IA T LOADER 
~OTE: RECORD LEit6TH = 88 TAnH AS EGf 

23D7 C0842C LOADER: CALL GBIAS ;GEl BIAS 
2lDA DA3822 JC ERRER ; BAD CHAR - llU IT 
2300 229437 SHLD BIAS ;STORE BIAS 
me como CALL OKCK ;CHECK WITH USER BEFORE JUKP ING 
23E3 DB RC ; 
23E4 3A9237 LDA ECHOFL ; SAVE ECIIO FLAG 
2~E7 32Z837 STA "ISCBF+2;KISCoF ~ KISCBF+I USED BY ANSWEP 
mA ;w ftVI ~.tON :START DATA COftiNG 
::ec ~zez37 STA ECHOFL :NOH-ZERO ~ALUE llOHI TURNS OFF ECHO 
~:EF coma CAll co ; 
:;Fz COlA=~ LOAD I: CALL mm ;REHD IN ONE REC, !AI = RECORD LENGTH 
ms 87 ORA A ;SET Z-FLAS ON RECORD LENGTH 
23F6 3£47 KYI A, 'G' ;AHSNER TO QUESTION • 6000 
23F8 CAS224 Jl DONE ;IF LENGTH= S THEN DONE 
23F8 7A KOY A,D ; (OJ = ERRER FLAG ON GETREC RETURN 
2lFC 87 ORA A ;SEE IF THE 'ERRER' FLAG IS NON-ZERO. 
2lFD CAF223 JZ LOAD! ;IF MOT. 60 DO NEXT RECDRD 
z•es 3E42 "VI A, '8' ;STOFE 'BAD' FLA6 IN ANSWER TO QUESTION 
2m 322637 vllliE: STA ftiSCBF ;STORE 6000/BAD STRING 
ZHS JEFF "VI ~.EOL ; • 
2197322137 m KISCBF+I; 
24SA 3A2837 LOA "ISC8F+2;RESTORE ECHO FLAG 
2480 328237 STA ECHOFL i . 
Zl!S AF IRA A :SET BACK TO 'LOAD' ftODE 
WI 3286;j7 STA VFYFLG i . 
1414 3EI3 "VI A,IOFF ;STOP FURTHER OUTPUT 
2416 COD32B CALL co i 
2419 C9 RET i REllJRN TO COKIIANO LEVEl 

EI!D LDADER 

j 

; Ill GETREC Ill READ IN ONE RECORD 
i 

241A C03824 oETREC: CALL FNOK~K ;SKIP TO RECORD ftAAK 

:410 CD6C24 CALL L61f8 : 6El THE RECORD LEN6TH 
me 4F "av C,A ; INTO TKE C RE6. 
2421 CD6C24 Crill LSHB ;SET LDAD ADDRESS FIELD INTO H. L 
24:4 67 MY H,A 
ms CD6C24 CAll LSHB 



2428 6F ft OY L,A j 

2429 05 PUSH 0 ;SAYE D~E 
242A EB XCII6 ; 
2428 2A8437 LlllD BIAS ;ADD BIAS 
242E 19 DAD 0 j 

242F 01 POP 0 ;RESTORE D~E 
243i C06C24 CALL LSHB ;SET THE RECORD-TYPE BYTE AND IGNORE 
2m CD4824 em DATA ;PUT THE ~EXT ICI BYTES INTO ftE"ORY 

;STARTING W~ERE Hl POINTS 
W6 CD6CZ4 CALL LGHB ;READ 7HE CHECKSUK BYTE 
=m n ~OY ~.c ;PUT !HE RECORD lENGTH BACK IHTO A RES. 
:~:H CQ RET :RETURH FROK SETREC. IDJ CO~TAINS THE 

SUft Off All HEt BYTES READ • • HD SO 
i IS EFFECTIVELY AN ERRER FlAO 

EIID SETREC 

i 
i Ill FNDKRK Ill - FIND RECORD ftARK 

IGNORES All TEXT UNTil ':' FOUND, THEN RET 

2438 CDB32B FNDftRJ( 1 CAll Cl ;SET CHARACTER 
2<~;;e EoiF ~NI i1FH ;STRIP OFF 8TH BIT 
zu s FE;;A CPI I : I i 
z<~~< CnB2£ •Hz FNOft~K ;ROT RECORD ~K - SET ~Ell CHAR 
Z4~5 loilt "VI M ;CLEAR D RESISTER IERRER ACCUftULATGRl 
24•7 C9 RET 

END FNDKRK 

; Ill DATA Il l - INPUT All DATA BYTES 
ICI • HUftBER OF BYTES TO READ IN 
IDI • ERRER fVIG ~UftUI.ATOR MINTAINED aY l6HB 

i 
we 41 OATA: ftOY S,C ;COPY C RES. TO 8 
2449 78 lOOP: ftOY A,B ;SET REKAINIMG BYTE COUNT 
:~~~ 87 ORA 11 ;GET fLAGS 
ZHB CB RZ ;RETURN FRO~ SUBR. IF NONE lEfT 
24~C es OCR B ;ELSE DECREftENT 8 RES. 
zm 3Aem LOA YFYFlB ;HON-ZERO ftEANS VERIFY ONLY 
me s1 ORA ~ 

1451 C25824 JNZ lYFY 
2m CD6C24 CAll l6KB ;SET BYTE FRDII DATA FIELD 
2457 77 ftOY ft,A i STORE IN 1\EKORY 
2458 C36824 Jill' DATAl i 
2458 CD6C24 LVFY1 CAll L6HB ;SET BYTE FROII DATA FIElD 
24SE 96 SUB " ;CDftPARE TO 1\E~RY 
245F CA6824 JZ DATAl ;GOOD ... 
2462 322937 STA ftiSCBF+3;FLA6 WHERE WE ARE COlliNG FROII 

;IS NONZERO OR WOUlDN'T BE HERE 
2465 CDIB1E CALL REmP 
~<~os :s D~TAI 1 INX H 1BLIIIP POINTER 
zm czm4 JIU' LOOP ;SJ RPCK FOR NEXT CHAR. 

m DATA 



; Ill l6HB Ill - LOADER SET HEX BYTE 
SA~ AS GHB EXCEPT ADDS BYTE GOTTEN TO ERRER 
ACCUHULATOR IN D REGISTER 

246C CDSC2D l6H8: CAll GHB ;GET BYTE 
246F FS PUSH PSW ;SAYE BYTE 
2479 82 ADD D ;ADD TO tDl 
2471 57 HOY D,A ;PUT SUH iN D-REG 
2472 Fl POP PSW ; RESTORE BYTE 
m:; c1 RET 

END l~HB 

j 

; IIIIIIIIIIIIIIIIIIIIIIIENO OF LOADERI IIIIIIIIIIIIIIIIIIIIIIIIIII 
j 

; IIIIIIIIIIIIIIIIIIIIIIIBEGIMNINS OF OUnPIIIIIIIIIIIIIIIIIIIIIIII 
j 

; OU"Pl IS AN ENTRY POINT FOR EXTERNAL USE OF ROUTINE 
j 

2474 CD8F2C OUHP: CALL FROHTO :SET BEGINNING ADDRESS AND BYTE COUNT 
2477 DA3822 JC ERRER ;NON HEX CHAR TYPED - WHAT ?? ? ?? ? 
247A CDC42D CALL OKCK ;CHECK WI TH USER BEFORE CONTINUING 
2470 OS RC 
2m 3A6337 DU"Pt: LOA WI DTH ;GET WIDTH 
248! 47 HOY B,A 
2482 2F CHA ;ROUND DOWN STARTING ADDRESS 
2483 AS AliA l 
2484 6F HOY L,A j 

2485 78 nov A,E ;ROUND UP ENDI NG ADDRESS 
2486 ae ORA 8 , j 

2487 SF nov E,A j 

2488 ES PUSH H ;D~E=START-ENDINS-t 

2489 CD742E CALL SUB!6 
248C 28 OCX H 
2480 Dt POP D 
24BE EB XCHS j 

24SF CD2D2C CALL CRLF ;SO TO NEN LINE 
2492 CDE42D CAll PHil ;PRINT "EnORY ADDRESS 
zm E5 PUSH H :PUT RAn ADDRESS ON STACK 
2496 212037 LXI H, n tSCBF i GET BUFFER ADDRESS 
2499 E3 XTHl ;PUT BUFFER ADDRESS ON STACK 

;GET RAil ADDRESS OFF 
i 
; AT THIS POINT TOP OF STACK HAS BUFFER ADDRESS 

Hll HAS RAn ADDRESS 

249A 7E Dlt: /IOV A,ll ;GET BYTE 
2498 23 !NX H ;PO INT TO NEXT BYTE IN RA" 
249C CDSA2E CALL SPACE j 

249F CDEF2D CAll PHB ;PRINT BYTE IN HEX 
24A2 Em ANI 37FH ;STRIP PARITY 
24A4 me CPI 82SH ;CHECK FOR PRINTABLE 
24A6 DAAE24 JC Dl3 ;HOT PRINTABLE - PRINT' . ' 
24A9 F£7F 0!2: CPI S7FH ;IIAY BE PRINTABlE - CHECK FOR RUBOUT 
24AB C2B824 JHZ 014 ;NOPE .. OK 
24AE 3E2E 013: IIYI A ' , 

I ' ;HOT PRINTABLE - REPLACE WITH SPACE 



m e El 014: XTil ;SET BUFFER ADDRESS 
2481 77 IIOY "'A ;PUT CHAR OR SPACE IN BUFFER 
24B2 23 INX H l 
24B3 E3 ITHl ;PUT BUFFER ADDRESS BACK 
24B4 13 INX D ; DECREIDT COOIIT OF HUIIBER OF BYTES LEFT 
2485 70 IIDY A,L 
24Bo Ae m B ;END OF LIKE · PRINT ASCII AND CRlF 
24B7 C29A24 JNZ 011 ;KEEP GOINS IF NOT AT END OF LINE 
24BA E3 DIIPUN: HHL ;SET BUFFER ADDRESS 
i'BP :>oFF II VI UOL ;TERMINATE STRING 
:m :m:;; LXI ",MI3CBF;FOINT PACK TO START OF BUFFER 
24C& E:i H~l ;PUT ilUFFER ADuRESS BACK 0'1 STACK 
i:lCI CD5A2E CM.L SPACE : SP~CE O'•ER A COUPLE 
24C4 COSA2E em SPACE 
24C7 OS PUSH 0 
24t8 112637 Lll D,"ISCBF;POINT TO BE61NMIH6 OF ASCII BUFFER 
24CB como CALL "ss ;PRINT ASCII BUFFER 
24CE 01 POP D 
24CF 7B IIOY A,E 
2m B2 ORA 0 j 
2401 CA0024 JZ DIIPEND :001\E 
Z4DJ CO.G2C CAtl CRLF 
2m como CAll PH~ :PRINT IIEIIORY ADDRESS 
24DA cm14 Jill' Oil i 
2'00 El DIIPEliD: POP ri :ClE~M OFF STACK 
me :m llvl A,EOL ;CLEAR ANSWER ... 
memm STA IIISCBF 
24£3 C9 RET 

i 
;lfllfllll lfiiiiiiii1111END OF DUIIPIIIIIIIIIIIIIIIIIIIIIIIIflllfl 
i 
;111111111111111111111118E61NHIKS OF IOPORTIIIIIIIIt tt lllllllllll 

; 10 · l/0 PGRT IIAMIPULATION 

:m mm IUPORT: CALL GloB ;SET PORT NU"BER 
:m DAlB22 JC ERRER 
24EA 322837 STA mCBF+2 :DON'T TRO"P ON EOL 
24ED 3EC9 MVI A,9C9H :STORE RETURN 
mr mm STA mceF•3 
24f2 CDSA2E CALL SPACE j 

24f5 COBl2B Cllli. Cl : 6Ei IOPORT COPJIAND 
24F& coam CALL UCASE ;STRIP PARITY 
24f8 CD5A2E CALL SPAt£ ; 
24FE FE52 CPI ' R' ;IF MDT R, CHECK OTHERS 
2598 C28725 JNZ lOP I ; 
2583 CDI925 CAL.L IOPR ; IOPORT READ ROUTIHE 
2586 C9 RET i 
2587 FE57 lOP I: CPI ' W' ;IF NOT ~, CHECK" 
:589 C21t25 JNl IOP2 ; 
258C C03925 C~LL IOPM ;IOPORT WR ITE ROUTIKE 
25i~ C9 RET 
memo 10?2: CPI ·~· ; IF HOT "' TIIEN IIHAT ila 
2512 C23822 JNZ ERRE~ j YOU WANT ? 

2515 CD5425 CALL lOP" ;IDPORT IIONITOR ROUTINE 
2518 C9 RET 



EIID IOPORT ;ftAIN PROGRAII 
; 
1 IOPR - IOPORT READ SUBalMAND 
j 

2519 3EDB IOPR: IIYI A11DBH ;STORE 'IN' INST 
2518 322737 STA mCBFH j 

251E CD2737 CALL ftiSCBF+I ;GET BYTE fROII PORT 
zs21 llof:F lii D,IOP~A ;PRINT '04TA• ' 
:s:-1 CC~B2D c:.u ~:s 

:~:7 G::F1~ em P~S : r~INi an IN r'El 
:s:~ CDS.12E em SPACE 
2520 CDbb2C em DISASC :PRINT BYTE IN ASCII 
2SJ3 7C ftGV A,H 
2531 C~Dm em co 
25~4 iD ltllY ~.L 
2535 CDD32B CAU co 
2538 C9 RET 

j 

; lOP¥ - IOPORT NRITE CDftiiAND 

2539 116F2F IOPM: Lll D,IOPDA :PRINT 'DATA• ' 
253C CDAB2D CALL ftS6 
2S3F CDSC2D CALL 6HB 
:542 DASB22 JC ERRER ;BAD CHAR TYPED •.• 
2545 cccm CALL om ;CHECK TO BE SURE 
:s•s oa •c ;~Si HAVE SGOFED ••• 
:m F5 PUSH PSW :SAVE DATA 
2S4A 3ED3 ftVI A,tD3H ;STORE 'OUT' !liST 
254C 322737 STA ftiSCBF•t ; 
2S4f Fl POP PSII ;SET DATA BACK 
'ISSS C021l7 CAll ftiSCBF+I ;II'RITE DATA 
2~53 C9 m 

i 
; IOPft - IOPORT ftONITOR COftftAND 
i 

2554 ! 1762F IOPft: lll D, IOPftll ;PRINT 'i SiftS I ' 

:m co~m GLL 1156 
:ssA mc:o CALL GnB i 
2S5D OA3a22 JC ERRER ; BAD CHAR ... 
2509 CDC42D CALL OKCK ;GIVE ESCAPE A CHANCE ••• 
2563 DB RC i 
2564 4F IIOY C,A ;WOUlD YOU SElEIYE C FOR COUNTER? 
2565 CDE02C CAll 6ClKFQ ;CHECK TO SEE IS WE CAN TillE IT ••• 
2568 CD2D2C CALL CRLF i 
2568 3EDB ftYl A, 80BH ;STORE ' IN' INST 
256o mm STA IIISCBF+I 
2578 16!18 IIYI D,t 
2572 C02137 IOPIII: CAll ftiStBF+I ;GET BYTE FROft PORT 
2575 COEF2D CitU PHB ;PRINT BYTE IN HEX 
ms cosm CAU SPACE I 
2578 CD062C CALL OISASC ;PRINT BYTE IN ASCII 
257E 7C ftOV A,H 
:JIF CGD32B CALL co 
<582 -o I!OY A,L 
;se3 coom em co 
2586 !!8&2f LXI D,IOPSft ;PRINT ' , ' 



2589 CDAB2D CALL ftS6 ; 
2S8C 41 "OY s,c ; NAil (CII5m 
2SBD S4 INR B ; CHECK FOR ZERO 
258E fS 10Pft2: DCR B 
258F CAmS Jl 10Pft3 
2592 CD302C CALL DSSftS 
2595 C38E25 JftP 10Pft2 ; 
2596 14 IOPII3: INR 0 ;CHECK TO SEE IF IT IS TlftE 
2399 3A8337 LOA WIDTH ; fOR A RGUSING ~OUND OF CRLF 
me Bi ORA r. ; CLEAR CARRY 
2590 IF R~R ; CUT OOMN ONE 
259£ il2 ANA 0 
259F CC202C cz CRLf 
25A2 C37225 JftP IOPftl 

; lttltttlttttlltttltllltEND OF 10 PORT COftftANDillllllllllll 
j 

;llllllllllllllt l l t lllllllllllllllllllllllllllllllllllllll l 
; I BEGINNING OF ULTRASONIC ROUTINE I 
;lllllllllllllll l l llll lllllllllllllllllllllllllllllllllllll 

25A5 3E~9 USFHT: liYI A,00H 
25A7 om OUT PI AD ;RESET !NIT LINE ON SONICS 
25~9 0322 OUT TIHE2 ;ZERO ftSB OF COUNT 
c~AB 0322 OUT TH\E2 LSB OF COUNT 
25AD SE01 /lVI A181H 
25AF 0349 OUT PI AD ;SEND OUT SONIC 860ft 
2581 115&&9 LXI o,eeseH ;DELAY FOR < 1 ftiLLISEC. 
2584 CDSC2A CALL DELAYD ; OFF TO DELAY 
2587 3E93 liYI A,113H ;SEND OUT BLANK INHIBIT 
2589 0348 OUT PI AD ; BUT KEEP 800ft HIGH 
2588 3AI537 LOOPO: LOA ftAXFMT ;GET ftAl FRONT OIST. 
25BE 47 !lOY B,A 
25Sf CD0626 CALL CNTCK ;FINO OUT HOW LONG 
25C2 7C ftOY A,H 
25C3 BB C~P B ; BOO" HAS BEEN GONE 
25C4 OA0225 JC NEXT A ; iF SO FORGET IT 
2SC7 3E96 liVI A1 0SH 
2sc9 om OUT PI AD ;RESET EVERYTHiNG 
2SCB msse LXI H, eseeH ; CLEAR OIST. 
25CE 221337 SHLD FNTDST 
2501 C9 RET 

2502 0842 NEXTA: IM PIAF ; TEST FOR 800ft 
2504 E6SI ANI 81H ;liASK OFF DIRECTION 
2506 FESI CPI 81H ;TEST FOR DIRECTION 
2508 C2BB25 JNZ LOOPO ;IF NOT BOOK THEH MAlT 
2508 Jm liYI A198H 
2500 0349 OUT PI AD ;RESET !NIT LINE 
25DF COD626 CALL CNTCK ; GET COUNTER IN HL 
2SE2 COES26 CALL BEEP 
25E5 CDE526 CAll BEEP 
2SE8 CDI627 CAll FNDOT 
25EB 221337 SHlD FHTOST 
25EE C9 RET 



2SEF lEBf US BACK: /lV I A,tBIH ;INITIALIZE 8253 COUNTER 
25FI 0323 OUT TIIICTL ;TinER2 BINARY COUNT ftODE i 
25F3 lEtt /lVI A,HH 
25Fs om OUT PI AD ;RESET !NIT LINE 011 SONICS 
25F7 0322 OUT Tlft£2 ;ZERO ftSB OF COUNT 
2SF9 0322 OUT Tim LSB OF COUNT 
25FB 3m /lV I A184H 
mo om OUT PI AD ;SEND OUT SONIC BOOft 
:5FF , 15iii li! D. ii!S!II :DELAY FOR 1 muste. 
:,~~ ::ac~~ ::~lt Oh.YD ; GFF TO UHlir 
~.~s me ft'l A,aCH :SEND OUT BLANK INHIBIT 
zm om OUT PI AD i BUT ~EE? 800H HIGH 
2689 3A1837 LOOPF: LOA IIAXBAK :GET ftAI BACK DIST. 
26at 41 ftOV B,A 
26ilD CDD626 CALL CIITCX ;FIND OUT HOM lONG 
2618 7C lfOY A,H 
2611 88 CftP 8 i 800ft HAS BEEN GONE 
2612 OA2S26 JC NEXTB ; IF S1l FORGET IT 
2615 lESi /IV! A,UH 
2017 D34S OUT mo ;RESET EVERYTHING 
2619 mm Ul H.meH 
261C 22163i SHLD BA~DST 

261F C9 RET 

:o~J ~B•2 NEXTB: IN PI~ :TEST FoR SOO~ 
:c:2 Em ANI i2il ;ftASK OFF Dl~ECT!GM 
:o24 Fti12 CPl 82H ;TEST FOR DIRECTION 
2626 mm JNI lOOPF ;IF NOT BOO/I THEN WAIT 
2629 3ESS /lVI A,UH 
me om OUT PI AD :RESET !NIT LINE 
:o2D croo26 CALl CIITCX :6ET COUNTER IN Hl 
2638 CDE526 CHLL BEEP 
2633 CfrE526 CALL BEEP 
2636 CDI627 CAll FNDOT 
2639 221637 SHlO BA~DST 
263C C9 •ET 

:olD 'itEi USRT: IIVl A,i89H :IHITIAl!IE S25l COUNTER 
mr om OUT mm ;Tl11ER2 BINARY COUNT "ODE e 
2641 3£98 nvt A,S9H 
2643 om OUT PI AD ;RESET !HIT liNE ON SONICS 
2645 0322 OUT Tlft£2 ;ZERO "58 OF COUNT 
2647 om OUT T!ME2 lSB OF COUNT 
2649 JEJe /lVI A118H 
2648 om OUT PI AD ;SEND OUT SONIC BOO" 
26~0 115fte LXI D,USSH ;DELAY FOR < I "ILLISEC. 
me coam CAll DEL AYO ; OFF TO DELAY 
2653 3E3i IIYI A,liH ; SEND OOT aLAIIK INHIBIT 
2655 034& OUT PI AD ; BUT KEEP BGOft Hl6H 
2657 lAIB37 LOOPH: LOA IIAIRT :SET IIAX RIGHT DIST. 
265A H MY B,A 
2658 COD626 CALL CNTCk ;FIND OUT HON LONG 
me 1c ~ov A,H 
2oSF aa CliP 8 ; 80011 HAS SEEM GllNE 
2668 :iAoE26 JC ~me ; IF SO FORGET IT 
2663 ~m IIYI A,96H 



2665 0348 OUT PI AD ;RESET EYERYTHIMG 
2667 211118 UI H,iiiiH 
266A 221937 SIU RTDST 
2660 C9 RET 

266E 0842 ~EXTC: IM PIAF ; TEST FOR 80011 
2679 E684 ANI i4H ;IIASK OFF DIRECTION 
2o72 °Ei4 C?l f4H ;TEST FOR OIRECTIOH 
~6 "4 CZS726 J~i LOOP~ ;IF NOT FGO" '~EN 4A I" 
:,r :rae , Yl .l,m 
2o7q JHJ OUT PIAD ;PESET INIT l!HE 
:m CDDo26 C!oll CIITCk ;SET COUNTER lN HL 
zm como C.:LL BEEP 
2681 COI627 CAll FNDDT 
268' 221937 Slilll RTOST 
2687 C9 Rtf 

2688 me USLFT: IIVI U88H ;INITIAliZE 8253 COUNTER 
268A 0323 OUT TIIICTL ;TIIIER2 BINARY COUMT IIODE 8 
ZoSc sm IIYI UiH 
m E me OUT PI AD ;RESET !NIT LI NE OM SOMICS 
2693 0322 OUT TIME2 ;ZERO 1158 OF COUNT 
20920322 OUT TIIIE2 lSB OF COUNT 
2694 :E4i IIVI A.49H 
11>~6 0;';40 OUT mo ;SEND OUT SUNIC 800ft 
:o~s ll~m lll l,U~mi ;DELAY FOR < I llllliSEC. 
2698 mczA Citll OELAYD ; OFF TO DElAY 
269£ 3EC9 IIVI A,SCiH ; SEND OUT BLANK INHIBIT 
26A8 0349 OUT PI AD ; BUT KEEP 80011 HIGH 
26A2 3AIE37 lOOPJ: lOA IIAXLFT ;6ET IIAX lEFT OIST. 
26A5 4/ nov B,A 
26A6 CGD626 Crill CMTCK ;FIND OUT HOW lONG 
26A9 7C nov A,H 
26AA BS CliP B ; IF SEATER 
26AB DA8926 JC HEllO ; IF SO FORGET IT 
=&A< :m "YI A.89H 
2oEi &;Ja cUT Pi AD ;RESET EVERYTHIII6 
2o82 2!8fii Ul H,iiei!H 
~6oS 221C;i7 SHLO lFTDST 
me C9 RET 

2689 DS.2 HEXTD: IN PIAF ; TEST FOR BOOII 
2688 Eoi8 ANI fBH ;KASK OFF DIRECTION 
26BD me CPI tBH ;TEST FOR DIRECTION 
26BF C2A226 JNZ l OOPJ ;If NOT 80011 THE.H WAIT 
2oc2 lm IIY I A,etH 
26C4 D34i OUT PI AD ;RESET !NIT li ME 
26&6 CDD626 CALl CIITCK ;SET COUNTER IN Hl 
26C9 COE526 CAll BEEP 
26CC CD£526 CALl BEEP 
26CF COI627 CAll FHDOT 
2602 221C31 S~lD LFTDST 
~>05 C9 m 

:ooo rs CNTCK: PIJSH m 
2607 3E8il IIVI A,aeH 



2609 0323 OUT TIIICTl ;lATCK CURRENT COUNT 
26DB DB22 IN mE2 ;6ET lSB 
2600 2f CIIA ; fliP IT TO REAl liKE 
26DE 6F MY l,A 
260F 0822 IN TlnE2 ;GET ftS8 
26E1 2F CftA ; FLIP TO REAl TlftE 
26E2 67 "OV H,A 
zm n POP PS~ 
:oE4 c~ ::· 

:m :.<2m BEE?: LeA SONOFF 
ms F£F> CPI TRUE 
26EA C9 RHl 
1oES ;;w /lVI A,UH 
26ED om OUT P!AF ; TURN ON TONE 
2oEF 54 /lOY D,H 
26Fe SD ftOV E,L 
26F1 CD8C2A CALL DElAYD ;WAIT FOR IT 
26F4 lECS IIYI A,tCSH ; CHANGE TOME 
26F6 om OUT PIAF 
26FB S4 ~ov D,H 
<6F~ :D IIOV E,l 
2oFA CDSC2A CALl DElAYO 
mo sm ftVl A,~SH :NOW iURN EVERYTHING OFF 
:m :m2 OUT PIAF 
2;;1 c; lit-

2782 3EC8 HORN!: ftVI A,SCSH ; TURN ON TONE I 
~784 C3S927 JftP HORNA 
2787 Jm HORN: ftYI A.4iH : TURN OH TONE 2 
:m D3~2 H()RNA: OUT PIAF 
2788 llilll58 Lll D,SiiSH 
mE CDBC2A CAll DELAYD 
2711 3Eee ftYI A,UH ; TURN IT OFF 
2713 0342 OUT PIAF 
:m :9 ~E-

27lo IIFUS FHDDT: lll O,SSFSH :COUNT TO O!ST. RATIO 
2719 31FFFF Lll 8, SFFFFH ; ZERO BC 
271C il3 LOOP/I: !Nl B 
mo mm CAll SUBib ;Hl=Hl-GE 
2728 D21C27 m lOOf'ft ; llOIIE YET? I 
2723 69 IIOV l,C 
2724 68 IIOV H,B 
2725 C9 RET 

2726 21SUI SETDEF: lll H,JifiH 
2729 221Fl7 SlilD TlftliU 
me 3£21 IIYI ~.2SH 

me mm STA ~AXFHT 
2731 3E2i IIYI A.2iH 
2;:;3 321837 m HUSAK 
:1:o :E2~ /IYI ~.2aH 
ma 321837 STA ~AIRT 

2738 ms /lVI A,2SH 



2730 321E37 STA IIAXLFT 
2748 C9 RET 

2741 mm SETTift: LXI 01 TIIIQUE 
2m como CALL 1156 
2747 CD932A CALL INPAD 
274A 1>1 IIOY H,C 
2748 E5 PUSH H 
:He C:JQJ2il C~lL !~PAD 
:7:;: t! p;p H 
r'sa 01 ft(j\1 L,C 
2751 2:1F37 SHLD TIMDL'I 
2754 CD202C C~ll CRLF 
2757 C9 RET 

2758 IISS34 SET FliT: lll D,FNTQUE 
2758 CDAB2D CALL IISG 
27SE CD932A CALL INPAO 
mt 321537 STA IIAIFNT 
2764 C0202C Citll CRlf 
271>7 C9 RET 

2708 111834 SETBAK: LXI O.BAXOUE 
~·oa como CAll MS6 
:·aE oDmA Crtll !~PAD 

27'1 :2!al7 m IIAIBAK 
277~ CD202C CAll CRLF 
2777 C9 RET 

2778 ll2A34 SETRT: Lll O,RTQUE . 
2778 COAB2D Citll liSS 
:·1e comA em lliPAO 
21a1 321m STA IIAIRT 
2784 CD202C CAll CRlf 
2781 C9 RET 

:·sa mo:;l SETlfi: u: J.li"OUE 
:768 Ci1AB2D CAll !ISS 
:m comA CAll IHPAD 
2791 321E37 STA IIAXLFT 
2794 CD202C CALL CRLF 
2797 C9 RET 

2798 CDA525 UlTRA: CAll USFIIT 
2798 2AIF37 lHlD mOLY 
279E EB lCHS 
279F C08C2A CALL DELAYD 
27A2 2AI337 LIU FNTOST 
27AS 7C IIOV A,H 
27A6 85 ORA L 
27A7 FE30 CPI UH 
27A9 CAB827 Jl UlTRA I 
me 118533 Lll O,FHTIISS 
27AF COAB20 C~ll "56 
2"82 CDE42D CALL PH~ 

2785 m827 J~P UlTRA! 



2788 CDEF25 ULTRA I: CALL USBAtK 
27BB 2Atm LHLD TIIIDLY 
27BE E8 lCII6 
27BF CDBC2A CALL OEL.AYD 
27C2 2Aio37 lHI.O BAKDST 
27C5 7C IIOV A1H 
27t6 BS ORA L 
27!:7 fEgli CPI iSH 
~itq c:~s2 .. Ji Ill TP~2 
:":C ~ l!iFj~ _u D.SiiKIIS& 
~7CF CDmO CALl HSG 
:102 como CALL PHW 
2705 CD3D26 UlTR~2: CALL USRT 
21os mm LliLD TIIIDLY 
2708 fB ICHG 
27DC CDBC2A CALL OELAYO 
27DF 2A1937 U!LD RTDST 
27E2 7C 1\0V A,H 
27El 85 ORA L 
27E4 FEiii Cl'l IIH 
27£6 CAF227 Jl UlTRA3 
Z7E9 !1CA33 Lll o.mss 
27EC CDAB20 CAll 1\SG 
27EF como CALL PlfW 
nz co!iB2o ~'t TP.;l: em USLFT 
27F5 2~1m llfLD mOLY 
:7F8 E8 lCIIG 
27F9 CD8C2A CALL DELAYD 
27FC 2AIC37 LHLO LFTDST 
Z7ff 7C IIOY A,H 
zm ss OAA L 
ZSII Fm CPI UH 
2893 c,;ms JZ ULTRA4 
Z8S6 110833 LXI O,LFTI\56 
2889 COAB2D CAll m 
mcmm C.;LL PH~ 

:m mm U'.TPA!: CALl CPLF 
1812 C9 i\H 

;111 11111111111 1111 END OF SOHICS ROUTINE 11111111111111111 
j 
jllllll lllll llllll BEGINN ING OF CHAIR PROGRAIIS 11111111111 

2813 3E82 RUNCHR: II VI A,IHetf lfB ;PORT A: OUTPUT 
2815 0313 OUT PIACNTL : PORT B: INPUT 

;PORT C IUPPERl : OUTPUT 
; PORT C ILOIIER l : OUTPUT 

1817 JEBS IIYI A, I Bill ;INITIALIZE 8253 COUNTER 
1819 0323 OUT TIIIC!l ;TIIIER2 BINARY COUNT IIODE 8 
2818 3E81 HVI A,SIH ;8255 PIA D•IN E=IH 
:m om OUT PIBCNTL :F•OUT 

ZalF C02o21 Crill SETCEF ;SET UP ULTRASONIC PHRAft . 
:&:2 lEili ftYI A.F~LSE 

2824 321537 STA FLGERR 



2827 JEFF ftVI A, TRUE 
2829 322237 STA RONOFF 
282C 322137 STA SONOFF 
282F 3A22J7 CHAIR I: l.DA RONOFF 
2832 FEFF CPI TRUE 
2m C23A28 JNZ CI!AIR2 
:837 CD9827 CAll ULTRA ; C~LL U.S.RANSINS 
283A CD5E29 CHAIR2: C~LL PADRO 
2830 7C ~ov A,H 
283E Eo~3 ~N! ~EN ERR :CHECK FOR ~ENU ERROR 
~a4~ ;m :FI ~ENERR 

:al2 ms2a JH! ,E~o• :~E~U IS ()K ' 
2345 :D4229 CALL ~ENUER :fLASH LED/HORN 
1848 C32F28 ,)liP CHAIR I ;IF NOT START OVER 

2848 7C "EiiOK: 1\0V A,H 
284C FEfl CPI PROI\SK 
mE C22F2B JNZ CHAIR! ;IF NOT COUNTINUE SCAN 
2851 CD5728 CALL PROIIEN ;CALL PROSRAI\1\ INS 1\ENU PROS 
2854 C32F28 JIIP CHAIR I ;REPEAT WHOLE PROCESS 

:&Si CDSE~9 0 ROI\Eii: C~LL PAiiRii ;SET A 9-F PAD INPUT 
Z85H 7C ~OY ~.H 

:ass Eola ~~~ 1\ENERR 
:m•m C?l ,EI<RR 
:asF C2662B JNZ ftENOKI ;IIENU OK 
Z862 CD4229 C~LL 1\ENUER ;BEEP HORN OR LISHT LED 
2865 C9 RET ;REPEAT CHAIR! PROCESS 

2866 7C MENOKI: 1\0Y A,H ;CHECK FOR CORRECT PROGRAII 
2867 ma ANI TOUCH 
2869 FESt CPI TOUCH 
Z86e mna JNZ PFOIIEN ; If NOT VALID J()UCH ' ll£liU 
286E 7D 1\0V A,L ;IIOVE TOUCH LGC. TO A RES 

:&of FE16 SNDCHK: CPI SOUND ;CHECK f()R SOUND ON/OFF 
WI C28328 JNZ RNGCHK 
::m CDS727 CALl HORN 
1877 212137 Lll H, SONOFF :PO INT TO SOUND FLAS 
:&7A CDIF2q CALL ~NOFF ; SELECT ON/OFF 
2870 CDi227 CHLL HORN I 
28Bi C3572B JJU> PROIIEN 

2883 FE3o R•stHK: CPI RANGE ;CHECK f()R RAM61N6 011/0fF 
2885 C29728 JNZ SPDCHIC j 

2888 coem CALL HORN ;BEEP 
2888 212237 LXI H,RONOFF ;POINT TO RANGING FLAG 
288E CDIF29 em ONOFF ; ~Al l FOR 011 OR OFF TOUCH 
2891 CD8227 CALL HORN I ; L()N BEEnP 
269• C3S128 J"P PROIIEN 

28~7 FE56 S?OCHK: CPI SPEED ;CHEC~ FOR HIGH SI'EED ()N/Off 
<m ma2s JNZ RIIPCHK 
289C COf727 CALL HORN ;BEEP 
289F 212337 LXI H,HONGFF ;POINT HL TO HIGH SPEED FLAG 
28A2 CDIF29 CALL ONOFF ;CHECK f()R ON OR OFF TOUCH 



29A5 CDf217 CALL HORN I ;LOW BEEP 
28A8 C35728 Jill' PRO" EN ;RETURN FaR NEW INP 

28AB FE96 RftPCHK: CPI RRATE ;CHECK FOR RAil/' RATE 
28AD C2Ct28 JNZ OELCI!k 
28Si CDt727 CALL HORN 
2883 CD932A CALL IHPAD ;&ET SINSLE BYTE FROft HEX PAD 
28B6 212437 LXI H,RA~P :POINT TO RAKP RATE VARIABLE 
:m 11 "OY K,C i HER WPUT TO RAftP VARIABLE 
:saA coem CALL ~ORNI ;LQW BEEP 
2SBD C~S7:S JrP PRO~EN 

zsca FEB<> DLC!IK: CPI SOELiiY :CHECK F FOR ~ RATE CHOICE 
28C2 C20828 m LCHK 
zscs mm CAll HORN ;BEEP 
26C8 CD932A CAll lhPAD ;6ET ONE BYTE KEX INPUT 
28CB 61 "OY H,C 
28CC ES PUSH H 
28CD CD932A CALL INPAO ;SET NEXT HEX BYTE 
28DS El POP H 
2801 69 KOY l,C 
2802 mm SHLO TI"Dl Y ;STORE DELAY TI "E 
ZaDS COS227 CALL HORN! :LO~ BEEP 
zsoa c:;s1:a Jill' PQO~Ell ; RHURM FOR HEll I HPUT 

Z8t8 FEA9 lCliK: CPI LEFT :CHECK FOR LEFT OIST. IHPUT 
2800 C2EC28 JHZ RCHK j 

2ees coem CALL HORN ;BEEP 
28E3 C08827 CAll SETLFT ;GET LEFT RANGE DIST. 
zeEo com7 CALL HORN I ;LOW SEEP 
2BE9 mna Jill' PRO"Ell ;RETURN FOR NEW INPUT 

zaec mo ~CI!K: CPI Rl6HT ;CHECK FOR RIGHT DIST. INPUT 
28EE C2FD28 JMZ FCiiK 
:SF! COt727 CAll HORN 
ZBF~ CD7827 CAll SETRT ;SET RISHT OIST. 
~SF7 <:Dam CAll HORN I :LO~ BEEP 
28FA C3S728 J"P PRO"EN ;RETURN FOR NEW INPUT 

ZSFD FEC9 FCHK: CPI FRONT :ChELEFT RAN6E DIST. 
ZSFF C2fE29 JIIZ BCHK 
;:m COI727 CAU HORN ;BEEP 
2915 CDS827 CALL SETFIIT ;6ET FRONT RAN6IN6 DIST. 
2918 CD8227 CAll HORN! :LOW BEEP 
29f8 C35728 Jill' PRO"EII 

29SE FECO 8CHK: CPI BACK ;CHECK FOR SACK DIST. 
291S C25728 JNZ PRO"EN 

; IF NONE OF THE ABOVE 
; BACK TO C~AIRI 

zm coe727 C~LL HOFII ;SEEP 
:910 CD6627 c;u SE7B~k :SET SACk FOR FRONT OIST. IIIPUT 
Z119 CDI227 Ct;ll HURNI ;lOll BliEEP 
me C3572B J"P PRO, EN :RETURN FOR NEll INPUT 

291F E5 OHOFF: PUSH H 



2928 CDSE29 ONOFF2: CALL PADRO ;SET A POSITION IMPUT 
2923 70 ft OY A,L ;IFER TOUCH LOC TO A 

2924 FE72 ONCHK: CPI TOliON ; CIIECK FOR ON TOUCH 
2926 mm JNZ OFFCI!K ; 
2929 CDf727 CAU HORN ;BEEP 
me n POP H 
2920 36FF ftYI ft,BFFH :SET FLAG CK RANGING DIST. 
2nF C09227 C~LL HO~NI : lO~ BEEP 
: 032 c:: ~H 

:q~: tE""S lffCifK: co· 'I TOSGFF :C~ECK FCR OFF TOUCh 
ms mm JNZ GNOFF2 ; 
2938 CD8727 CALL HORN ;BEEP 
2938 El POP H 
293C 3688 ftYI ft,JiH :SET FlAG ALL LO,l 

; XFER TOUCH lOCATION TO A 
293E C0f227 CALL HORN I ;lOW BEEP 
29~1 C9 FET 

2942 CDSE29 mUER: CALL PADRO :SET ftEHU STATUS 
<945 7C ftOY A,H ;X-FER STATUS BITS 
2946 E64! ANI ftENERR ;ftASK FOR ftENU ERROR 
29•s mg CPI ftENERR 
:m c~s31• JZ lUSH :CG~TINUE TO FlASK IF ERROR 
2940 3ES8 ftYI A1FAlSE ; TURN OFF LED 
294F 322537 m Fl6ERR 
2952 C9 RET ;RETURN TO PROSRAft 
2953 CDS727 FLASH: CAll HORN ;OTHER~ ISE, BEEP 
2956 3EFF ftYI A, TRUE 
2958 322537 m Fl&ERR 
29SB w4229 JftP ftENUER ; R£l'EAT ERROR CI!EClC 

; 
; llllllllllllllllllllll llllllllllllllll 
;I PPOSRAft NAftE: SCAN.SRC 
; I THE PURPOSE OF THIS PROGRAft IS 
; I SC.111 THE TOUCH PAO BY PlACING • 
; I ~~ LED SELECT ON !HE OUTPUT, ~D I 
; f READING THE STATUS OF THE COR- I 
i I RESPONDING TRANSISTOR. IT ~ Ill • 
j I THEN PRINT THE LOCATION ON THE I 
j I ftONITOR. I 
; I NOTE: • 
i I THE VOlTAGE REfE~EHCE SHOULD RE • 
j • SET AT J. i YOLTS. I 

;lllllllllfllllllflllllllllllllllllflll 

295E 3E82 PADRO: ftYI A, ISSSSeteB ;PORT A: OUTPUT 
me 0313 OUT Pt;.CNTL ;PORT B: INPUT 

:PORT C IUPPERI: OUTPUT 
;I'UlU C llGkER l: OUTPUT 

<962 mm 1\ENU: LXI H18iH ;FE5El KL FOR NEW DATA/STATUS INFO 
ms me ftVI C,9SH ;RESET ICI FOR NE~ TOUCH lOCATION 



2967 IUS IIYI B,fSH ;LOAD IIENU SELECT COUNTER+! 
2969 85 LOOP3: OCR 8 ;DECREIIENT COUNTER OF ~NU SEL.ECT BITS 
296A 3A2537 LDA FLSERR 
2960 FEU CPI FALSE 
296F CA7829 Jl OUT! 
2972 78 IIOV A,B 
2973 FOSB ORI ERRLED 
ms C37m J~ OUT2 
2978 78 OUT!: KOV A,B :TRANSFER 181 TO IAl FOR OUTPUT 
:m Fo40 DUT2: ORI EXTKS~ ;nAS¥. FOR EXTRA DEftUX SELECT 
2~78 D3U our PIAA :OUTPUT COUNT TO SELECT ~EIW SELECT BIT 
297D I!Aes6 LXI D,IA0H :SET UP OELAI COUNT 
ma CD8C2A Citll CELAYD :SHORT CELAY 
2983 DB! I IN PIA& ;INPUT TRANSISTOR STATUS 
2985 EoSI ANI BEAIISK ;P~EPARE INPUT DATA IIIASKI 
2987 84 ORA H ;OR CURREJH IHI DATA WITH LID STATUS 
2968 17 RAL ;ROTATE THE IAI LEFT TO IIOYE BITS ONE 
2989 67 IIOY H,A ;TRANSFER RESULT TO IHI ASAIN 
298A 78 IIOY A,B ;CHECK COUNT TO SEE IF = S 
29BB ma CPI 88H ; 
298D C26929 JHl LOOP3 :REPEAT PROCESS IF 5 PAIRS NOT YET SCANNED 
me 1c ~OY A,n :VALIDATE KENU DATA 
mt IF R~R :REPOSITION THE IIENU DATA IROTATEDI 
z::q~ o7 ~OY H,~ ; 
:~q:; FEet E~RI: C?l iiH :CHECK FOR NO SEAIIS BLOCKED INO ~E~UI 

:•95 C29D29 JNZ ERR2 ;CHECK faR HEXT ERROR If NOT ERROR I 
2998 26411 IIYI H,IIENERR ;SIGNAL IIENU ERROR 
299A C3162A JIIP PNTDAT ;FINISH AND PRI NT IISGS 
299D FE!f ERR2: CPI IFH ;CHECK FOR ALL BEAIIS BROKEN !FALSE HENUI 
299f C2A729 JNZ SCAN ;CONTINUE SCAN If NO IIENU ERRORS 
29A2 2648 HYI H,IIEHERR ;SIGNAL ftEHU ERROR 
29A4 C3162A JIIP PNTDAT ;FINISH A~O PRINT IISSS 

Z~A7 fEU SCAli: /lVI C,lfH ;CLEAR ROll/COL REGISTER 

m9 am r.ow: IIVI B,UH ;INITIAL COUNTER YALUE OF 16 LEDS + 1 

me es LDOP4: OCR B :DECREHENT COUNTER 
:9AC lA2537 LOA FLGERR 
29AF FEili CPI FALSE 
2981 CASA29 JZ OUTl 
<984 ;a IIOY A,B 
2985 F681 OR! ERRLED 
2987 C3B829 JIIP OUT4 
29BA 78 OUT3: HOY A,B ;TRANSFER COUHT TO ACCUII 
2998 F6U OUT4: ORI ROWIISK ;PREPARE FOR ROW SELECT lftASK I 
299D om OUT PIAA ;OUTPUT RON LED/TRANSISTOR SELECT 
29BF IIAIU LXI D,~AIIH ;LOAD DELAY COUNTER 
29C2 CD8C2A CALL DELAYD ; SHORT DELAY 
2QCS DBII IN PIAB :SET TRA~SISTOR STATUS 
:m Eoit Alii BEAIISK ;PPEP~E INPUT FRO/I TRAMSISTOR IIIASKI 
~qcq rm CPI f8H ;SET ZERO FLAG 
me CADm Jl COUNT3 :CONTINUE LOOP If NO TOUCH I'I' =TOUCHI 
29CE 78 /lOY ~.B ;TRANSFER COUNT TO ACCUft 
29CF 17 RAL ;ROTATE COUNT YALUE TO liS NIBBLE 
2909 17 RAL 



2901 17 Rrtl 
2902 17 RAL 
2903 4F ft OV C,A ;SAVE RO~ IN RON/COl RESISTER 
2904 C3DE29 JrtP COl ;JUftP TO COL SCAN BECAUSE RO~ TOUCHED 

2907 78 COUIIT3: /lOY A,B ;ftOYE COUNT TO 'A' TO DO ZERO CHECK 
2908 ma CPI UH ;REPE~T UNLESS CURRENTLY ZERO 
29DA C2AB29 JN1 LOOP4 ;CONTINUE LOOP IF NOT COUNTED OUT 
:900 C9 RET ;RETURN IF LOOP COftPlETED ~/NO TOUCH 

:9DE i6F" COL: "VI B.~FFH :LOAD COLUft~l COUNTER - l 

me i4 lOOP2: IIIR B ;INCREftENT COlUftN COUNTER 
~'iEI ZAZ537 LOA Fl6EPR 
2m ma CPI FALSE 
29Eo CAEF29 JZ OUTS 
29E9 78 ~av A,8 
29EA F6811 ORI ERRLED 
29Ec CJFm JftP OUT6 
29EF 78 OUT5: nov A,B ;TRANSFER COL COUNT TO ACCUft 
29Fa me OUT6: ORI COlftSK ;PREPARE CH LED/TRANSISTOR SELECT lftASKl 
z•F2 om OUT PIAA :SElECT LED/TRANSISTOR 
:9F~ ttmll lll D,IIA8H ;LOAD DELAY COUNTER 
:<P ccac:~ Ci.LL OELAYO ;CAll ShORT DELAY 
:•fA ~Bll IN PIAB :INPUT TPANSISTOR STATUS 
:•Fe Eo81 ANI BEAftSK :PREPARE lhPUT FOR USE lftASKl 
me Fm CPI aeH ;SET ZERO FLAG 
<AU CA802A JZ COUNH ;REPEAT LOOP IF NO TOUCH l'l'•TOUCHl 
2AS3 78 nov A18 ;TRANSFER COUNT TO ACCUft 
2AII4 Bl ORA c ;COftPLETE ROll/COl DATA IN ACCUft 
2Ai5 4F nov C,A ;SAYE ROW/COL DATA IN 'C' 

;HISH NIBBLE: R~ 
;LUW NIBBLE: CGLUIIN 

:Ato 7C nov A,H :nASK IHl TO SHOW ~ VAllO TOUCH 
:AIIJ FoSII OR! TOIJCii 
4:AS9 o7 ~ov H,A 
2A9~ CJI62A JnP PNIDAT ; PRINT "ESSA6E 

2A9D 78 COtiNH: "OY A,B :CHECK TO SEE IF COUNT=l6 DECinAL 
ZAiE Fm CPI 8FH :SCAN~ED All 16 LEDS? 
2AI8 CAo2Z9 JZ "EMU 
2AI3 C2Ef29 JNZ LOOP2 :CONTINUE LOOP 2 TO CHECK FOR COL TOUCH 
<Ato &9 PIITOAT: ftOY l ,C 
1AI7 C9 RET 

j 

; 1111111111111111111 END OF PAD READ ROUTINE 11111111111111 

j 

; l lllllllllllllllllllllllllllllllllllll 
;1 aE61NNIN6 OF PAD CHECK ROUTINE I 
;11111111111111111111111111111111111111 

iAIS 3E82 PADCK: ftYI A,IS8Uili8 ;PilRi A: OUTPUT 
iAIA Olll OUT PIACNTL ;PORT B: INPUT 

;PORT C !UPPERl : OUTPUT 



;PORT C llOWCRl: OUTPUT 
2AIC CD2D2C CAll CRLf 
2Aif CD2D2C CAll CRLF 
2A22 11843-4 LXI D,IIITftSS ;PRINT IMTRO ftESSASE 
2.A25 CDA82D CALl. ftSS 
2A28 CD202C Cld.L CRLF 

2A2B em ftVI 8,18H : INITIAL COUNTER VALUE OF 16 LEOS t I 

4A2D 95 LOOPB: OCR B ;DECRE"ENT COUNTER 
:m 78 MV A,B :TRANSFER COUNT TO ACCU" 
4A2F F618 ORI RO~HS~ ;PRE?ARE FOR POW SELECT I~SYl 
Zrill om OUT PIA~ ;OUTPUT ROW LED/TR~~S.SELECT 
2A33 IIAUI lU D,fAIH ; lOAD CELAY COUNTER VAlUE 
ZAlo coam CAll DELAYD ;SHORT DELAY 
2Al9 0811 IN PIAB ;GET TRANSISTOR STATUS 
2A3B Eofl ANI BEAftSK ;PREPARE INPUT fROft TRANS. 
2A3D me CPI 11tH ; SET ZERO FLA6 
2A3F CA4F2A JZ COUNT! ;CONTINUE LOOP IF lED/TRANS.OK 
2A4 2 11 4F34 LXI D,ROWERR ;PRINT RON PAIR ERROR ftSS 
2A45 CDAB2D CALL ftSS : lA 'I' SIGNAliNG A TOUCHl 
2A4& ;a ftOV A,B ;TPA~SFER COUNT TO IAl 
ZA49 COEf:D Cr1tl PHB ;PRINT HEX COUNTER IVORDl 
:t~:t CD2D4C c.;LL CRLF 

ZA4F '8 COUNT!: ftOV A,B ; DO ZERO CHECK 
2Ase ma CPI UH ;SET FlAGS WITH A COftPARE 
2A52 C22D1A JNZ lOOPB ;REPEAT UNLESS CURRENTLY ZERO 

2ASS 96FF "VI B18FFH ;lOAD COLUIIN COUNTER - 1 

;:m t4 lOOPC: INR B ;INCREIIEMT COlUftN COUNTER 
zm 78 IIOV A,8 ;TR~~SFER COL COUMT TO ACCUft 
z.m Fo2t ORI COlliS~ ;COlUftN lED/TRANSISTOR SElECT 
2A5a om OUI PIAA ;SELECT l EO/TRANSISTOR 
ZASD IIAiie Ul D,iA8H ;LOAD DELAY COUNTER VALUE 
ZA69 CDBC2A CAll OELAVD ;CAll SHORT DELAY 
2A63 0811 IN PI AS ; INPUT TRANSISTOR STATUS 
2A6S E6i1 ANI emsK ;PREPARE INPUT FOR USE !!lASKI 
zmFm C?! ilfH :SET ZERO FLAGS 
ZA69 CA792A JZ COUNT2 ;lOOP IF TRANS./lED PAIR OK 
2A6C 1173;;4 lll O,COI.ERR ;PR!MT COLUIUI PAIR ERROR 
2A6F como CAll !ISS l 
2A72 78 IIOV A,B ;IIOYE COUNT TO IAl 
2A73 CDEF20 CAll PHB ;PRINT HEX WORD ICOUMTl 
2A76 CD2D2C CAll CRlF 
2A79 78 COUNT2: IIOV A,B ;CHECK TO SEE IF COUNT•Io OECiftAl 
2A7A FE8F CPI 8FH ;SCANNED All lo LEOS? 
2A7C C2572A JNZ LOOPC ;CONT. LOOP 2 CHECK FOR COl ERROR 

ZA7F IIOA34 Ul O.ENDIISS ;PRINT EHDIN6 IIESSASE 
:m mm em !ISS 
2AB5 C02DZC CAll CRLF 
:ABB C02D2C CAll CRLF 
ZA88 C9 RET 



2A8C 18 
2ASD 7A 
2A8E 83 
2ASF C28C2A 
2A92 C9 

2A93 3681 
2A95 me 
2A97 CS 
2A98 COSE29 
2A98 Cl 
2A9C 7C 
2A7D £649 
zm FEU 
2AAl CA552B 
2AA4 7C 
2AAS E68l 
ZAA7 FE9l 
2~A9 C2552B 
2AAC 7C 
2AAD me 
2AAF FESt 
2A8l C2972.A 

2AB4 7D 

2AB5 FEIS 
2AB7 C2BF2A 
2ABA 3E91l 
2ABC C36o28 
2m FEIA 
:~c: c.cm 
:AC4 :Efl 
2AC6 C3632B 
2AC9 fElC 
ZACB C2D32A 

DElAYD: DCX D JDECREIIENT DELAY COUNT 
IIOY A,D ;COftPARE D AND E 
ORA E ;CKECK TO SEE IF DE%1 
m OELAYO ;REPEAT IF Of 
RET 

; tttltlllllllllllllllllllllllllllllttllllllllllllllllllllll 
; END ; END OF PAD CHECK 
;lllllllllllllll l l l llltllllllllllllllllllllllllllllllllllll 

;111111111 11111 111111!1111 
; I I 
; I filE: I~PAD.ASft 

i I I 

; I CREATED: DEC It, 1985 I 
; I UPDATED: 
l I I 

; I PURPOSE: I 
i I TO AllOW INPUT OF A I 
; I HEX VALUE OF ONE BYTE I 
; I FROII THE TOUCH PAD I 
; I ~IC ~EYPAD. PUTS I 

; I IT 1• !C) 
: I I 

: 1111111111111111111111111 
INPAD: IIYI B, IIIII 

ftYI C,SSH 
NIB: PUSH 8 

CALL PADRO 
POP 8 
nov A.H 
ANI ftEMEPR 
CPI ftENERR 
JZ EXIT 
IIOY A,H 
ANI PROIISK 
CPI PROIISK 
JNZ EXIT 
ftOY A.H 
ANI TOUCH 
CPI TOUCH 
JNZ NIB 

ft OY A,l 

COIIP: CPI ZERO 
JNZ NE XTI 
IIYI A,88H 
m PUT 

~UTI: CPI ONE 
m \E%"2 
IIYI A, IIIII 
Jnl' PUT 

NEXT2: CPI TWO 
m MEXT3 

;AllOW TWO NIBBLE INPUT 
;CLEAR !C) FOR USE 
; SAVE BC RESS. 
;SET A II·F PAD INPUT 
;RESORE BC 
;CHECK FOR ftENU ERROR 

;EIIT WITH A PAD ERROR 

;CHECK FOR VALID TOUCH 

; 
;IF NOT VALID TOUCH~ IIENU 
; THEN REPEAT UNTIL VALID 
; IF VALID, IIOYE TOUCH 
;LOCATION TO IAl 
;ZERO CHECK !COIIPARESl 
;If NOT A ZERO, CHECK NEXT 
;PUT f IN 
:STURE VALUE. ANUTHER ' 
;U~E CHECK 

;T~O CHECK 



2ACE 3E12 ~YI A, 82H 
2A08 C36328 JIIP PUT i 
2A03 FEIE NElTl: CPI T~EE ; THREE CHECK 
2AD5 C20D2A JMZ MEXT4 
2AOB 3£13 ftYI A, i311 
!.ADA C36328 JllP PUT 
2AOO FE38 NEIH: CPI FOOR ;FOUR CHECK 
=ADF C2E72A JNZ NEXT5 
~AE2 3E84 NY! A184H 
:AE4 mm JI\P PUT 
:m FE3A NEXT5: CPI FIVE :FIVE CHECY 
~A£9 CZF12A JNZ NEHO 
2~EC JE tS ftYI A,9SH 
z,m Clom JIIP PUT 
~AFI fElt I!Ello: CPI Sll ;m CHECK 
2Af3 C2f82A JNl NElT7 
2AF6 3Et6 /lVI A,86H 
~Are mm JftP PUT ; 
2AF8 FE3E NEXT11 CPI SEYEN ;SEVEN CHECK 
:AFO C2S528 JNZ MElTS 
me 3Ee7 IIYI A187H 
~m C3632B JIIP PiiT 
:mme !CE.ITS: CPI EIGHT :EI6~T CHECk 
:w c:~m JNI ~Em 

:m ;e&a IIYI ~ .e&H 

me C3632.B m PUT 
~BeF FE5A NEXT9: CPI NINE :NINE CHECK 
~811 C21928 JNZ NEXTI8 
2BH 3Ei9 /lVI A,89H 
:e1o c36m J/IP PUI 
2m FEst lfEXTii: CPI ~HEt ;A CHECK 
:m mm JNZ ~EITII 

:m lEI~ /lVI A, ili\14 
:m c~om JIIP FUT 
2623F<5E I!EXTII: CPI SKEl :B CHm 
:~:s c:~m JHI NEXT12 
~5:8 3EIIB /lVI A,IIBH 
:B2A Clo328 JIIP PUT 
:e2o ms NEJT I2: CPI CHU :C CH£Cr 
:s2~ c:ms JHl NEH13 
:sj: me ltV I UCH 
:P:;• mm JIIP FUi 
:E:i Fm KEITt:l: CPI DHY :0 CriW 
:m c:<t:s JNZ NEJTI4 
:mmo IIYI A,tOH 
:m mm JIIP PUT 
:541 me NEITl4: CPI EHEX ;E CHECK 
:343 C2U2B JNI NEH lS 
:94o :eeE "VI A,tEH 
::4a C3632B JIIP FUT 
::•e rm ~ElTI5: CPI fHtl : F CnECI 
=~·c ~:~-:.4 JMI NIB :if NOT S·F TnEN kOT vwt!: 

;Su qEPEAT MAlT fG~ Wol!D 
:m :m IIYI r.,ilfli 
:rs: c•om JIIP PUT 



2855 2648 EXIT: /lVI H111EHERR ;SET IIENU ERROR flA6 
2857 2E8t /lVI l 1HH 
2859 F5 PUSH PSII 
285A CDf227 CAll HORN! 
2850 Fl POP PSII 
285E 79 LEAYE: /lOY A,C 
285F COEF2D CHl PHB ;PRINT VALUE FRO/I PAD 
ZB62 C9 RET : EIIT i'ROGRAII 

~863 FS PUT: FUSH ?SW :S~VE '1188LE DATA 
:aoJ coam CAll HOR~ : SW IF 'El P~ESScD 
~a.· =t FOP PSW :FESTu?E ~IB8LE uATA 
2soa st U~A c ;CGIIBIKE CURRENT C VALUE 
1869 4F /lOY C,A ;IFER BACK TO !Cl 
2SoA 76 /lOY A, B ; CI!ECK TO SEE IF TNO 

;NIBBLES ARE IN 
2868 me CPI etH ;IS COUNTER !Bl ZERO? 
2860 CA5E2B JZ l EAVE ;l EAVE PR06RAII IF BYTE IN 
2879 95 DCR 8 ;DECREIIEHT !Bl COUNTER 
2871 79 IIOY A,C ;ROTATE FIRST NIBBLE l EFT 
2872 17 RAl 
:an 11 RAL 
297~ 17 IIAl 
:m ti RAl 
:37o ~F IIOV C,A :RESTORE <Cl YALUE ROTATED 
2871 OBI I PUll: IN P!AB ;POll FOR NO TOUCH 
1B79 E691 ANI BEAIISK 
2B7B FE81 CPI BEAIISK 
2B7D CA772B JZ POll ;REPEAT UNTil NO TOUCH 
2B80 C3972A JIIP NIB ;RETURN FOR HEll NIBBLE 

;flll l lllll llllllllll l l f lffllllllllll l llllllllll lllllllllll 

UTILITY ROUTINES - IN AlPHABETICAl ORDER <SORT Ofl 

j l l llll l lll l llll l lll l l l ll l l l l llll l l llllll l l l l l l l l l l llll lll l 

; BCDTBIH - CONVERT BCD IN Hll TO BINARY IN Hll 
ONLY Hll CNANGED 

ZB83 C5 BCDTB!H: PUSK B 
2884 05 PUSH D 
2B85 54 IIOY O,H ;COPY ORI&INAl 
2386 50 IIOY E, l j 
2887 2618 IIYI H,8 ;INITIALirE UPPER PART Of RESUlT 
2BB9 i68f II VI B,8 ;INITIAl UPPER PART OF BlC 
2B8B 7A IIOY A,D ; 6ET UPPER D 16!T 
2B8C iF RRC 
2B8D iF RRC 
~SSE i f RRC 
zaaF iF PPC 
me Em A" I fFH 
:m oF IIOV l,~ :STAAT RESUlT 
a93 CDBB2D C~Ll Ill/lilt :SHIFT UP nNE DI GIT IN BASE If 
2B96 7A ~OV A,D ;6El NEXT TO TOP DIGIT 
2B97 E6SF ANI 9FH 



2899 4F /lOY C,A ; 
2B9A 19 OAO 8 ;COftBINE MITH TOP OISIT 
289B C08820 CAll IIUl Til ;SHIFT UP ONE OISIT IN BASE IS 
289E 78 llOY A,E ;SET NEll TO BOTTOft 0161T 
289F IF RFC 
2BA8 IF RRC 
28Al iF RRC 
:SA2 ~F RRC 
:BA3 EOSF iiNI SFH 
28A5 4F "OY C.ri 
;;sAo o• DAD 8 ;COftSiNE ~ITH ;op fWO DIGITS 
:8~7 CDB82D Ci!Ll ,U,~li ;Sn!F- UP ONE DIGIT IN B4St 19 
:Ell~ '8 "OY A.E ;Sti aor011 DIGIT 
ZBAB E68F q~l iFH 
2BAO ~F ftOY C,A 
2BAE 19 OAO 8 :COftBINE VITH TOP THREE DIGITS 
2BAF Dl POP D 
2888 Cl POP 8 
2881 C9 RET 

END BCOTBIN ; 

: Cillll• - INDIRECT CAll TO IHlll 

=m e• Cnt.llN: i'Ciil 

END CAlliN 
; 
; 1/0 ROUTINES 

2883 0881 Cl: IN SERCON ;WAIT FOR DATA RE~DY 
2BB5 EU2 ANI 2 
1887 CA8328 JZ Cl j 

2BBA om Ill SEROAT ;SET BYTE 
:sse ;:s MH PSV :SAVE PSW 
:sao lA8237 LOA ECHOFL ;CHECK ECHO FLAS 
:sc0 87 ORA A 
2BCI C2lE2C JNZ COEND ;IF NOT ZERO ECHO-RET ON CO 
2BC4 fl POP PSV ;ECHO CHARACTER 
2BCS FS PUSH PSlf 
:sco m22t JftP Cl ;60 ECKO CHARACTER 

; CISTAT - RETURNS NON-ZERO IN A If RECIEYER BUFFER HAS A CHAR 

28C9 CS C!STAT: PUSH B 
28CA FS PUSH PSlf 
28CB OBi t IN SERCON 
2BCO Em All! 2 
:scF ct POP 8 
:eo& -a "ov A.B 
2BDl Cl PGP B 
2802 C9 RET 

j 

;fiJI CO CONSOLE OUTPUT- DESTROYS ONLY FLA6S ..• 



2803 FS CO: PUSH PSN i 
2804 3Atlll7 LOA COCO OK ;IF IN RAW "00£ JUST OUTPUT 
2807 87 ORA A 
2808 C2f22C JNZ Cl 
2808 CDC928 CAlL CISTAT ;IS CHAR WAI TING ? 
28DE CAS22C JZ Cl ;NOPE ... 

:m coam CALL Cl :IE? ••• 
2?<4 mr ANI mn j 

:Ho F£13 CPI lOFf : iURN OFf IN IT ' 
me mm JHZ cs ;110 - TEST FGR RUBOUT 
2BEB CDBm C4: CALl Cl ;WAIT FOR ~ON 
2BEE Em ANI 37FH 

2SF8 FE7F CPI RUB ;QUIT IF RUBOUT 
2BF2 CAFF2B JZ co 
2BF5 FEl l CPI XON 
2BF7 C2E828 JNZ C4 ;JUST DROP THROUGH •• NOT RUB ANVNAY 
2BFA fE7F C5: CPI RUB :INTERRUPT ' 
2BFC C2&22C Jill Cl :NO •.• !GNORE 
1BFF CDI B2E cc: CALL RETJNP 
2CS2 0801 Cl: IN SERCOII 
2CS4 SF RRC 

2C6S D2622C JNC Cl 
2CS8 Fl POP PSW 
2C89 fS PUSH PSW 
2CSA D38S OUT SERDAT 
2cec mo CPI CR ;IF CR THEN DELAY 
?CSE CZ!E2C JNI COEND ;NOT CR - QUiT 
2Cil 3Ai137 LDA DlYRA" 
2CI4 30 C2: DCR A 
2Cl5 F~IE2C J" COEHD 
2ClS C04C2C CALL ote"s :DElAY tm 
:CIB C314:tC J"P C2 
~CIE fl CGEND: FOP PSW 
2CIF C9 RET 

; 111111 '"Plo II 16 ~IT CO"'ARE H&L AHD D~E 11111111111111111111 

IFI H~l = D&E J 1=1, CY=3 
IFI H&L > O&E J 1=3, CY=S 
IFI H&L ( O&E 1 Z=e. CY=l 

2m ES C"PI6: PUSH H ; SAYE PSW & Hll 
~C21 FS PUSH PSN 
:,;12 ;c ~OY A1H ; IF H = D ENOUGH INFO FOUND 
2C23 12 SUB D 
2C24 C2292C JHl C~Pt6E 

zm ·o "OY A.L :IF H=D THEN CO"PARE lOWER BYTES 
2C2S 93 SUB E 
'm Et C~P16E: POP ii 
2C2A iC "ov A,H 
2C2B El POP H 
2C2C C9 RET 

j m CIID16 
:c::o 05 CRLF: PUSH D 
2C2E 114833 LXI D,"'RLF 
2C3J como CALl IISG 
2C34 Dl POP D 



2Cl5 C9 

2C36 FS 
2Cl7 ES 
2C38 2Ai037 
:c3B E:i 
me El 
~C~D E3 
:c:: E: 
2C~F ES 
2m El 
2C41 28 
2CU 23 
2C43 28 
2C44 7C 
2C45 BS 
2C46 C23B2C 
2C49 El 
2C4A Fl 
~m C9 

zm ES 
2C4D F5 
2C4E 218183 
2CSI 70 
2C52 84 
~C53 28 
2C54 C2512C 
2C57 fJ 
£C58 El 
:m c9 

2CSA CS 
2m 11664 
zm co3ozc 
2Cci iS 
2C61 C2502C 
2C64 Cl 
2C65 C9 

2C6o FS 
:mem 
ito9 2641 
:m me 
2CcD D2742C 
2C7f 2CSE 
2m me 

RET 
; D5t!IS - ASSUI!ES ECKUIV HAS BEEN SET BY SOIIEBODY 

D5il!S: PUSH PSM 
PUSH H 
LHLD DSiDIV 

OSSJISl: Hill 
HHL 
lTHl 
HHL 
PUSH H 
POP II 
DCX H 
INl H 
DCl H 
IIOV A,H 
ORA L 
JNZ mm 
POP H 
POP PSW 
RET 

: Dl illS - DELAY It liS 

~lriiS: PUSH 
PUSH 
LXI 

DTWIDl: IIOV 
ORA 
DCX 
JNZ 
POP 
POP 
RET 
EliD 

H 
PSV 
H1769 
A,l 
H 
H 
OTMIDL 
PSV 
H 

;SAVE PSN 
;SAVE Hll 
; 
;18 
:IS 
; IB 
:IS 
: II 
: Ill 
: 5 
: 5 
: 5 
; 5 
i 4 
j II 

;•3.31 SECONDS ON A 2 IlHZ 8885 5 
(CPU CLOCK FREGl 4 

If 
8185/SiBI 7/li 
TOTAL 26/29 

; D5SEC - DELAY 5 SECONDS 
; 
GSSEC: PUSH 8 

INI B,i64H ;WAIT 5 SECOND FOR +25 SWITCHING 
011 16~ 1: CAll DStiiS ;REGULATOR TO TURN 011 OR OFF. 

OCR B 
JNZ ONI6WI 
POP 8 
RET 
END DSSEC 

; 
; DISASC - DISPLAY ASCII A-REG INTO H' L 

OISASC: PUSH PSV :S.:.YE PSll 
~~I t7FH ;STRIP PARITY 
1\VI H,i21H ;PUT >PACE IN H-RES 
CPI t28H ;CHAR < mH ' 
·iNC DAI ;NO-IS PRINTABLE 
1\YI H, 95EH ;NOT PRINTABLE - C • ''' 
ADI SUH ;"AKE PRI NTABLE 



2C74 FE7F OA I: CPI f7fH ;IS RUBOUT? 
2C76 C2782C JNZ DA2 ; *II' E ••• A(l){ 
2C79 3E2t KYI A 1 f 211t ; YEP-IIAKE SPACE 
2C7B of DA2: NOV l,A ; 
2C7C Fl POP PSM ;RESTORE PSW 
2C7D C9 RET 

j 

:111111111111111111111111111111111111111111111111 1111111111111111 

2CiE 05 FRftCNT: PUSH 0 
:CJF ES PUSH H 
2C8i c:SF2C Ci!ll FROftTO 
2C83 DAB12C JC FRTOE 
2C86 E5 PUSH H j 

2C87 CD742E CAll SUBI6 ;CALC NUNBER OF BYTES TO BE PROCESSED 
2CSA 01 POP D 
zcaa 2B DCI H ;Hll. • NEGATIVE OF ~'ImBER OF BYTES 
2CSC C>~Jl2C JIIP FRClll ;THIS DOES XCHG ~ClEANS OFF STACK ••• 

EKD FROm 

; FROftTO - ' FROft 'llll ' 10 'YYYY 

:csF os FROIHO: PUSH 0 
Ztli E5 PUSH H ; 
2C91 11Fi2f LXI D,PLO ;PRONPT FOR LO LI NIT 
2C94 CDA820 CALl ftSS 
2C97 como CALL 6Hif j 

2C9A DABIZC JC FRTOE ; RETU~N IF ERRER 
zm llHZF lll O,FHI ;PROIIPT FOR HI Ll ft iT 
2CA8 CDAB2D CriLL NSS 
2CA3 EB XCHS 
2CA4 como CALL GHM 
2W ~AB12C JC FRTOE 
:c~~ EB FRCLN: lCH6 
:c~a o IiHL :6ET CRAP OfF OF STACk 
zc;.c Et POP H 
2CAO E3 XTHL 
2CAE El POP H ; 
2CAF 87 ORA A ;BETTER BE SURE CARRY IS ClEAR 
2CBf C9 RET ;RETURN ... 
2CBI El fRTOE: POP H 
2CB2 Dl POP 0 
2CB3 C9 RET j 

; 681AS - SET 16 BIT BIAS 

2C84 f5 681AS: PUSH PSII ;SAVE PSW 
2C85 ES PUSH H ; AND ~L 
2CB6 05 PUSH D ; AND OlE 
2C87 l!F72F lll O,PBIAS ;PRINT BIAS ftESSASE 
ZCBA CDAB20 c•LL "56 
zcso cnmo CALL GriM ;GET BillS 
zm o2mc JNC 681.152 ; IF ~0 CARRV 6000 BIAS ENTERED 
2CC3 FE20 CPI '-' ;CHECk FOR NEGATIVE BIAS 
2CC5 CAD32C JZ 6BIAS1 ;OHHH- WANT ME6ATIVE MU"BER •.. 



2cca mo Cl'l CR ;CARRIA6E RETURN ? 
2CCA C2E82C JNl &BlASE ;NOPE ERRER 
2CCD 2lflff lll H,l ; AHHHH - NO ms 
2CDt C3£12C Jill' 6BlAS2 
2CD3 como SBIASI: CAll 6H1j ;GET ME6ATIYE BIAS 
2CD6 OAE82C JC &BlASE :BAD CHAR ... BYE 
2CD9 ll83ili Ul D,a 
lCDC E3 ICH6 :SET UP SUBTRACTION FR~ ZERO 
2CDD CD742E CAlL SUBIQ ;NEGATE BIAS 
:cE~ :o:o~t SBi.<S2: CALL C~LF :P~EVENT ~ HESS 
:m ilt POF 0 :RESTORE 0 
:m Ft i'OP FS~ ;lOOSE ORIGIN~l rill 
~CES Fl raP PSW ;RESTORE PSN 
2CE6 87 ORA A ;CLEAR CARRY 
2CE7 C9 m 
2CE8 01 GBIASE: POP D ; RESTORE D•E 
2m E1 POP H ;RESTORE ORIGINAL H~l 
2CEA F1 POP PSM ;RESTORE PSN 
2CEB 37 STC ;SET CARRY 
2CEC C9 RET 

;ll l llll t ttl l t t t l t l l l tl llllllllltlllllt t lllt l l l l l tlltlll lll l ttt l t 

; &CLKtQ - P~D ~H~T F~EQUEHCY IS YOUR CLOCK TODAY, LITTLE BOY ' 

:m Fs &ClkfO: I'USH PSM ;SriVE PSM 
2CEE CS PUSH B ;SAYE BlC 
2CEF 05 ?USH D ;SAYE D 
2CF9 ES PUSH H ;SAYE II~ 
~CF1 2A9F37 LHLD CLKBCO ;SET BCD ClOCK FREQUENCY 
2CF4 7C IIOY A,H ; 
2Cf5 FEU CPI fliiH : fliUH S"AllEST 
2CF7 DA1920 JC 6ClXI : 
2CFA FE9A CPl 19AH ;i9999H 8166EST 
2CFC 021'120 JNC 6CLXI ; 
2CFF COB32B CALL BCOTBIN ;CHECK TO SEE IF BINARY 
2Dt2 EB ICHG CLOCK FREQ AGREES 
2093 2AII37 LHLO CLKBIN 
2086 C0292C CAll CMPio 
:oe9 c21m m 6CLKI ;NOT SAME 
me mm CAll mi2B ;CHECK DIVISOR TO SEE IF 
~DiF EB lCHG ; IT AGRE.ES 
ZDif 2AID37 LHlD D51DIY 
2013 CD2t2C Cr.ll till' to ; 
2016 CA4t20 Jl scm ;EVERYTHING CONSISTENT-

; HOPE IT IS 6000 
2019 11842F SCLKI : LXI O,GCLK" ;SET CLK FREQ 
201C CDA82D CAll "ss j 

2o1F como CALL SHW ;GET FREQUENCY IN KHZ 
2022 OC182E cc RETJIIP ; TAKE NO CRAP HERE . .. 
2025 7C I!OV A,H ;CHECK FGR POSSIBLE 
:026 EoFI ""I iffH ;~ST ~E AT LEAST I IlHZ 
2028 CA!q2D ~~ 6CLKI ;--ASk U~TIL TKEY SET IT RIGHT 
;:m cocm CAll OKCk 
mE mm ShLD CLKBCO ;SAVE BCD CLOCK FREO 
~031 DCIB2E cc RETJIIP ;TAKE NO CRAP HERE ••• 
2034 coam CALL BCOTBIN ;CONVERT H~L TO BINARY 



2037 221137 SltlD ClKBIN ;SAVE BINARY ClOCK FREQ 
203A CD892D CAll 11~1 128 ;~LTIPLY BY 51/128 
2D3D 228037 SHlD D9DIY ;112.5/32 151/1281 
2D48 El 6CU2: POP H ; IF YOU DON'T KNOll VHAT THESE ARE FOR BY 
2041 Dl POP D 
2D42 Cl POP 8 
:m n PGP PSV NOV YOU.RE A LOST CAUSE ••• 
2044 C9 RET 

: SHV - GET •EX oORD 

ZD45 CS Go~: PUSW B 
mo F5 PUSH m 
~~47 CD5C2D C,;t.L 6HB : SET FIRST BYTE IN A-RESISTER 
2D4A DA592D JC 61flf£Jj0 ; RETURN IF aAD CHAR 
mo 67 IIOY H1A ; IIOVE BYTE TO FINAL DESTINATION 
2D4E CDSC2D CALL SHB ; SET SECOND BYTE 
2051 OA592D JC 6HWENO 
2054 6F IIDV L,A 
2055 Cl PDP 8 
2056 78 IIOV A,B 
1057 Ct PDP 8 
=nsa t9 P.H 
:m ct SI!VEND: POP a 
:DSA Cl POP B ; DO NOT RESTORE A 
205B C9 RET 

END 6Hif 

; SHB - SET HEX BYTE 

ZDSC C5 GliB: PUSH 8 ; SAVE BlC 
mD como CAlL SHD ; SET FIRST HEX DIGIT IN A-PES 
:Doi JA6f20 JC SHBEHD ; IF BAD CIIAR QUIT AIID PASS BACK 
206:i 97 RLC ; SHIFT TO UPPER HALF OF aYTE 
ZD64 17 RLC 
:oos i7 RLC 
2D66 87 RLC i 
20o7 47 IIOV B,A ; SAVE FIRST DIGIT 
2068 CD7120 CALL 6HO ; GET SECOND DIGIT 
2D68 DA6F2D JC SHBEIID i BAD CHAR READ, RET IT TO CALLER 
2D6E Bf ORA 8 i COIIBIME FIRST AND SECOND DIGITS 
2D6F Cl 611BEICD: POP 8 ; RESTGRE GRI61NAl B~C 
2078 C9 RET 

EIID SI!B 
j 

; 6HD - SET HEX DIGIT 

2D71 CDB328 SHD: CAll Cl ; GET CHARACTER • ECHO 
; ANI f7FH ; PUT IH IF UCASE TAKEN OUT 

zm CD812E AT!i: CALL UCASE ; lllil' lGVER TO UPPER CASE 11NO 
STRIP PARITY. 

ZDi7 FE:if CPI . ,. 
zm C8 RC j NON-HEX CHARACTER 
2D7A FE3A CPI * :' ; IF IAI •< '9' +I 
2D7C DA882D JC 6HD2 ; 'f'-'9' TYPED - CONVERT 
2D7F F£41 CP! 'A' ; IF !AI ( 'A' 



2081 DB RC i MOM-HEX CHARACTER 
2082 FE47 CPI '6' i IF CAl >• '6' 
2084 3F CIIC 
2085 DB RC i NOM-HEX CHARACTER 
2086 0687 SUI t7H i SHIFT 'A'-'F' DOWN 
2oaa Doli 6HD2: SUI '6' ; CONVERT 
2D8A C9 RET 

END 6HD 

: rm:.a- ~ __ ;:=.v ?r sm:a 

::as ioaJ ~ems: "v1 s~: ;DIVIDE ~~ m SO I 1:.s 
2080 CD3o2E CALL SHRHL : WILL FIT IN 16 BITS. 
2099 CD2B2E CALL RNDHL j AND ROUND 
~093 54 ftOY O,H :SAYE II 
1094 50 ~y E,l ' . 
2095 29 OAO H ;12 
2096 29 DAD H i 14 
:mH IKIY B,H ;SAYE 14 IN OlE 
2098 40 ftOY C,l i 
2099 29 DAO H ;18 
209A 99 OAO B i 112 
2098 EB lCHG ;GENERATE I U 
:oqc t69t ft~! B,l : . 
4J9E C0~2E em SnMI. ; . 
20AI 19 DAO 0 ;112 • 1&.5 
20A2 9694 ftYI 8,4 i OIYIDE Hll BY 16 
20A4 C0362E CALL SHRHL i 
2DA7 come CALL RHDHL ;ROUND 
::OAA C9 RET 

EII'D 1151128 
i 
i ftS6 -

£DAB F5 HSS: PUSH PSM 
:o~c lA LOUPE: LOA! 0 ;SET CHAR 
:O~D FEFF C?l EOL ;E~D OF STRING' 
:m 13 IM! D ; BUftP POINTER 
2iloil c;,BY:1'l JZ liON ; JU!Il' IF SO 
2083 CDD323 CAll co ; ELSE PRINT IT 
2D86 C3AC20 JI\P LOUPE ;DO IT ASA!H 
2089 F1 ftON: POP PSW 
2D8A C9 RET 

i 
; ftULTi f - ftULTIPLY Kll BY If 

2088 05 I!ULTU: PUSH 0 i 
2DBC 29 DAD H i 12 
2080 54 ft OY D,H ;SAVE 12 
me 5D MV E,l 
ZOBF 29 DAD H ;I~ 

ZDCS 2q DAD H ;18 
::>C1 I o C~D D ; 118 
ZDC2 Dl POP D 
2DC3 C9 RET 



20C4 0~ OKCK: PUSH 0 
20CS FS PUSH PSW 
20t11 llA42F LXI O,ftOK 
20C9 COAB20 CAll ftS6 
20CC CDBl2B CAll. Cl 
2DCF E67F ANI 87FH 
2001 FESD CPI CR 
2DD3 CADD2D JZ OKCmD 
:DD6 llC22E lXI D.wBORT 
~Doq mm CALL m 
:DOC :1 SIC 
:~00 C02D2C J<CKEJID: CALL CPLF 
20Ea Dl PtP D 
~DE! 7A ftOV A,O 
~tE2 01 POP 0 
2DE3 C9 RET 

END om 

; PHN - PRINT HEX NORD 

20E4 FS PHM: PUSH PSW ; SAVE A-RESISTER AND flAGS 
="ES 7C /lOY A,H 
~OEo COEF2D CHI.L FKB ; PRINT H16H-OROER BY"t 
=cE0 -, MY A,L 
:tEA COEr:O C~LL FHB : PRINT LOW-DRDER BYTE 
ZDED Fl POP PSW ; RESTORE A-RESISTER AND FlASS 
20EE C9 RET 

EHO PHW 
j 
; PHS - PRINT HEX BYTE 

:OEF F~ P!IB: PUSH PSlf ; SAVE PSW 
2Cft ~ PUSH B ; SAVE BK 
:ofl n "OY B,A ; SAVE lONER NIBBLE 
20F2 IIF RRC ; SHIFT TO LOWER HAlF OF BYTE 
:on SF RRC 
2DF4 9F RRC 
:DFS SF RRC 
~DF6 comE CALL PHD : PRINT UPPER HEX 016!T 
:CF9 76 ftOV A,B ; GET LOWER NIBBLE 
20FA Ctfi2E CAll PHD ; ... AND PRINT 
20FD 78 !lOY A,B ; RESTORE ORI61NAl BYTE TO A 
20FE Cl POP 8 ; RESTORE BlC 
2DFF Fl POP PSW ; RESTORE PSW 
2£88 C9 RET 

END PHB 
j 

; PHD - PRINT HEX DIGIT 
; 

:m ;s Pliii: PUSH PSM ;SAVE PSW 
2EiZ EoiF AICI iFII ; ~ASK GFF LOWER NIBBlE 
:mms ADI .,. ; CONVERT 'S'-'9' TO 4SCII 
~mrm CPI '9' +I ; lf '11'-'9' 
2ES8 OAeD2E JC PHD I THEN OGNE 
2esa em ~DI • A'-':' : CONVERT 'A'·'F' 
2EiD CDD329 PHD!: CALL co ; PRINT DIGIT 



2EI9 Fl 
2EII C9 

2EI2 El 
2m EQ 

2El4 !ICD2E 
2EI7 CDAB2D 
2E!A C9 

2EtB mm 
2EIE 2Aa9J7 
2E21 f9 
2E22 2A3737 
2E25 ES 
2E26 2ASB37 
2E29 El 
2E2A C9 

;:m FS 
2£2C 7D 
2E2D em 
2E2F of 
2E3S 7C 
2E3t em 
2E33 o7 
2£34 Fl 
2E35 C9 

2E36 CS 
2£37 FS 
2E38 .14 

i 

POP 
RET 
E!ID 

PSN 

PHD 

; POPPC - POP THE PC INTO ~l 
- ON RETURN !Hll l = ADDRESS RETURNED TO 

j 

?G?PC: PuP H 
PCHL 

: ft t ll PRBAD - PRINT ' WHAT ?' 1111 DESTROYS D&E ltll 
j 

PRBAD: LXI 
CALL 
RET 
END 

D,BAD 
nss 

PRBAD 

; RETJnP - RETURN JUnP 

SETS STACK POINTER TO !RJSPl AND PC TO !RJVECTl 
DOES NOT DESTROY ANY REGISTERS 

; 
REmP: SHLD RJSAV 

UILD RJSP 
SPHL 
LHLD RJSAV 
PUSH H 
LHLD RJVECT 
XTHL 
RET 

' ; RNDHL - ADD CARRY FLAG TO H&l TO ROUND AFTER USING 
SHRHL TO DIYIDE BY A POWER OF 2 

; 
RNDHL: PUSH PSW 

nov A,L j 

qcl e ;ROUND 
nov L,A ; 
ftOY A,H :PROPAGATE POSSIBLE ROUND-uP 
ACI ~ CARRY INTO H. 
ftOY H,A 
POP PSW 
RET 

j 

; SHRHL - SHIFT RIGHT Hll - ZERO FILL ON LEFT 
SHIFTS (8) BITS 

ONLY H&L AND FLAGS CHANGED. 
ON RETURN CARRY flAG IS LAST BIT SHIFTED OUT 
RIGHT END. 

SHRHl : PUSH 8 
PUSH PSil 
JNR B 

:SAVE B 
;SAYE A 
;CHECK FOR NO ftORE BITS TO SHIFT 



2E39 i5 
2E3A CA472E 
2E3D 87 
2E3E 7C 
Zt.F IF 
me 1.1 
:E~ I 7D 
2E42 IF 
~m oF 
~E~.; :~~9:E 

:t:i :t 
::js 'B 
~E~9 Cl 
zm C9 

:m es 
ZE~C :lim 
:Hf ;1 
zese mm 
2m El 
2E54 E3 
2E55 229837 
2E58 E3 
2E59 C9 

SHRHLl: OCR 8 
JZ SHRill.£ ; 
ORA A ; CLEAR CARRY FLA6 
/lOY A,H ;SET H 
RAR ;SHIFT RISKT 
IIOV H,A ;PUT H BACK 
nov A,l ;SET l 
RAR ;SHIFT RI6HT 
~OV l,A :PUT l BACK 
J~P :HRHll ~SACK ... 

Sr1RnLE: ''JF a ;RESTORE :, 
~0~ 

.. ; ••• ' 
PDP a ;RESTORE a 
RET ;Bl'E ••• 

END SHRHL 

; SETJ/IP - SET SP AND PC FOR RETJnP 
DOES NOT DESTROY ANY RESISTERS 

SETJIIP: PUSH H 
lii H,i~ :SET SP oEFOFE PUSH H QMD ~ET ~DDR 
:~0 SP 
SlilO RJSP i 
POP H :6fT H~l BACK 
XTHL ;SET RET ADDR 
SHLD RJVECT ; SQUIREL AWAY 
ITHL ;PUT RET ADDR BACK 
RET 

; IIIII SPACE IIIII PRINT SPACE 

2E~A F5 SPACE: PUSH PSW 
ms ;;m nv1 A,· • 
ZESD CD032B CALl CO 
~E60 Fl POP PSW 
ZE61 C9 RET 

; 
; STACK! - INITIAliZE ST~ POIICTER TO HIGHEST IIEIIOI!Y LOCATION 
; 

2Eo2 ot STACK!: POP D ;SET RETURN ADDRESS 
2E63 FS PUSH PSN ;SAVE PSW 
2E64 mue LXI H18 ;START LOOKIN6 AT iFFFFH 
2E67 28 STKII: ocx H ;TRY NEXT lOWER LOCATION 
2Eo8 7E /IOV A,ll ; SET CONTENTS 
2Eo9 2F C"A ;COIIPLEIIEMT AND WRITE BACK 
~Ecq 77 ftOV ~.A 
:tcS Et c•P " ;SEE IF IT QEAI.lY CH~MSEO 
:EoC t:t)7:E JHZ mu ;HOPE - STIU !Iilii 
:EoF ~l INX H ;EUREKA RAil 
:m Ft ?OP m ;SET PSW BACK, •• 
2E7l F9 SPHl ;SET STACK POINTER 
2E72 EB ICHG ;GET RETURN ADDRESS 



2E7l E9 

.._ ..... '"t; .c. ..... 
:E;S FS 
zn -o 
m- ~;; 

<£78 oF 
2m 1c 
2E7A 9A 
2E7B 67 
me 01 
2E7D 7A 
1E7E 01 
2E7F C9 

2EBS E67f 
2£82 FE61 
2EB4 3F 
2ESS 09 
2E86 FE78 
2EBS 08 
2E69 ~621 
2EBB C9 

:ESC 4HD 
2ESE 7424 
2E91 4HC 
zm om 
zm 454D 
2E96 2823 
2£99 4S4B 
2E9A 932A 
2E9C 474F 
mEsm 
ZEriS 4845 
:e~2 sm 
~E~~ mF 
:.EAo Em 
ms sm 
2EAA F122 

PCHL ;RETURN 

ElCD STACK! 

; JJIJJ SUB16 Jllll 16 BIT SUBTRACT !HlLl <- !HlLl - CDlEI 

IF !ClEl < ! H~U CY • I 
IF ([i&£) ·• IH~LJ CY • 0 

!IJBii>: flJSH 0 
i'USii PSW 
I!OV A,L 
SUB E 
/lOY L,A 
IIDV A,H 
SBB D 
IIOY H.A 
POP D 
1\0Y A,D 
FOP D 
P.ET 

; liCAS£ - SUSROUTihE :IIICH CHECKS ii!E " REG FilR ~ lO~ER CriSE 
; ASCII lET1ER. IF ONE rPESEN1, IT IS CONVERTED TO UPPER c•sE. 
; IF HOT PRESENT, NOTHING DOKE. STRIPS PARI1Y FIRS1. 
UCASE: ANI 97FH ;STRIP PARITY 

CPI 6tH 
C/IC 
RHC 
CPI 
RI4C 
SUI 
RH 

7BH 

21H 

;DON'T CONVERT IF BEFORE 'A' 

;DON'T CO~RT IF AFTER 'Z' 
; COHVERT lO~ER TO UPPER 

; ROll CONSTANT ALLOCATION - ALPHABETICAL ORDER !SORTOf l 
- FUNCTIONAL ORDER TOO 

: COI\IIAND TABLE 

CIIOS: DB 'Ul\, : OUIIP IIEIIORY 
Gil 001\P 
DB • 01.. ;DOWN LOAD 
OW LOADER ; 
DB 'Ell ' ; EDIT IIEIIORY 
ow liE liED 
DB 'EK' ;ENABLE LIGHT BOARD 
011 INPAD ; 
DB 'GO' :60 
ow GOTO 
DB ';;E' : iiELP COIIIIAHD 
i:W HElP 
DB '10' ; 10 PORT R/W/11 
JW IOPORT ; 
DB 'TB' ;TEST Tl ftERS AND PORTS ON BOARD 
ow TSTBRD 



2EAC 5440 DB 
2EAE 7E22 Dlf 
2EBI 5243 DB 
2EB2 1328 GM 
2EB4 524D DB 
2EB6 3737 OM 
:EBS 5349 DB 
zmme 0~ 

:EE: :i4.l DB .. ~~-- ..... 
.:. .. : .C .. "'i c;: 
::c~ Jm .. •• 

; ftESSA6ES •.• 
i 

2£C2 29~1424F52ABORT: DB 
2ECC FF DB 
2ECD 2i574841S4BAO: OB 
2ED4 FF DB 
2ED5 29 EDftl: DB 
2ED6 283D28 EDftl: DB 
2ED9 FF DB 
2EDA mA EDK2: DB 
2EDC :a oa 
:EDD FF oa 
:m ~oe~ mBRD oa 
2EEi S44SS3SH9 DB 
2EFE 4C4F4F4B28 OB 
2F2C 1441544128 DB 
2F56 494E2S412i DB 
2F6E fF DB 
:FoF 4441S441SOIOPDA: DB 
2f7S FF JB 
~F76 48283538oDIOPftft: DB 
2F7F FF DB 
:Fse zcma IOPSft: DB 
zm •r DB 
Zf84 iC3A 6CLkft: DB 
:Fa) ~S4El~4552 DB 
:FA3 ;F DB 
:FA4 2i4F4B2i3Fft0K: DB 
2FA9 FF DB 
2FAA 8DSA ftTGOOD: DB 
2FAC 4D45404FS2 DB 
2FBc iDfAFF DB 
2FCI iOtA ftTcRR: DB 
2FC3 404S404fS2 DB 
2m fF DB 
2FDA 3A28S7S24FftTWROT: DB 
2FE2 FF DB 
2FE3 2C28524541ftTREAD: DB 
2FEA FF DB 
:iEB ZJS44fZj PHI: DB 
:FEF FF DB 
:FFB :t•6524F4uPLO: DB 
ZFFo FF DB 
2FF7 4F4oio5345PBIAS: DB 

'Tft' 
ftEftTST 
'RC' 
RUNCI!R 
' Rft ' 
RUNftU 
'SI' 
STACK I 
'?C' 
:.,:~~· 

~.~ 

' ABORTED ' 
EOL 
• WHAT '' 
EOL 
' I' 
J = J 

EOL 
CR,LF 
' I' 
m 
CR,LF 

; TEST IIEftORY 

; RIJN IIIlER CHA I R 
i 
;RUM ftENU 
i 
;STACKPOIHTER INITIALIZATION 

: C~:U li6Hi P"D 

;E'~ ~r -;&tt t"~~ 

'TESTIHS TlftERS A~D PIA PORTS' ,CR,lf 
'LOOK FOR 1881 HZ SQUAREMAVE ON TlftER OUTPUTS' ,CR,LF 
'DATA ANALIZER SHOULD SHOW PORTS COUNTING' ,CR,LF 
'IN A STAIRSTEP FASTIOH' .CR.LF 
EOL 
'DATA• . 
EOL 
' i Si1S I ' 

EOL 

EOL 
CR,LF 
'ENTER CPU CLK FREO tilt ~HZ: 

EOL 
' OK ?' 

EOL 
CR,LF 
'IIE~ORY TEST PASSED' 
CR,lf ,EOl 
CR,lf 
'KEftCRY TEST FAILED AT ' 
EOL 
': IIROTE ' 
EOL 
. , READ ' 

EOL 
' TO ' 

EOL 
' FRO" ' 
EOL 
'OFFSET VALUE ? ' 



3886 FF DB EOl 
3187 tDfAiA PHELP: DB ~.Lf,Lf 
3ffA 2154484521 DB ' TlfE FOI.lOVIN& TliO CHARACTER COIIIIAHDS' 
lf2F IDIA DB CR,Lf 
ltll 282128212t DB ARE AVAILIBLE : ' 
384B tDIASDBA DB CR,LF,CR,LF 
;m H4D292t44 DB 'Oil Duap 1\uory' 
~m 9D8A DB CR,LF 
:ib~ HJC~::4~ DB ·- Oo•n load froa d!•. svstea' .~ 

:~7t ;c;;. :; -· .... = 
:iS~ JS::za:3<S :a ·:~ !d1t •uorv· 
:mm~ OB CR,LF 
~m mmms DB 'EK Enable Xeyboard' 
38A4 SDeA DB CR,LF 
liA6 474F 1321147 DB '60 6'lto' 
;;m SDSA DB CR,lf 
>fBS '94f2i2t49 DB '10 l/0 port r/w/1' 
3fC2 8D8A DB ~.Lf 

3tC4 5mmm DB 'SI Sp ln1t' 
38CF iOtA DB CR,LF 
"lSDI 5442282354 DB 'TB Test Board utitiiY' 
38E7 iOtA DB CR,LF 
l~Eq ~4AD2a2i!S4 DB 'Til rut 1\eaory' 
:JFS iCaA 08 CR.lf 
:;F:. s:G;:zm DB ·~c Run Cha1r proqraa' 
mF aDeA DB CR.lf 
3111 5240282852 DB 'RII Run 1\enu select prograa' 
312C SDSA DB CR,LF 
mE 5mmese DB 'PC Pid Chtd' 
3138 SOiA DB CR,Lf 
mo zmmm DB ., pnnt ans•er ' 
mo 8DtAiA8~ DB ~,LF,lf,LF 

3151 5255422J69 DB ' RUB Interrupts, •s;•g turns output off/on' 
317A tOSAtA DB CR,LF,LF 
mo FF DB EOL 
mE eoeA PR"PT: DB CR.LF 
;rs~ S24541A~S9 DB 'READY' 
;165 J~gA ca CR.LF 
"IS" ;!~E n t j . 

3159 Fr DB EOL 
318A IlDiA START: DB CR,LF 
318C 2A2A2A2A2A DB ' 11111111111111111111111111111111111111111' 
3185 fOSA DB CR,LF 
3187 2A2A2A2.i2t DB ' Ill EASY CHAIR COHTROLER Y 2.1 Ill ' 
31Et iOiA DB CR,lf 
j1E2 2AtAZA2A2A DB ' 11111111111111111111111111111111111111111' 
32e8 iDiA DB CR,lF 
328D SOfA DB CR,LF 
328F 2828544849 DB ' THIS PROSRA~ OPERATES THE EASY CHAIR' 
;m iDSA DB CR,LF 
:m 21l21!434F4E OP ' CONTROlER. ULTR~SOMICS, l16HT QO~RD,' 
:m ao~A CB CR,lf 
::~F 182i' I.CEH DB . 

~~0 ftOTORS. THIS PROSRAft ALSO ~L0¥5 ' 
:i286 fOI!ri DB CR,LF 
3~88 2828544845 DB • :HE ftEHUS fOR THE LIGHT BOARD TO BE ' 
l2AE IlDiA DB CR,LF 



3288 2828282828 DB ADDED TO AND CHANGED AS HEEDED.' 
3204 SOfA DB CR,LF 
3206 fDfA DB CR,LF 
3208 21414C4C2J DB ' All ATTEftPTS ~E ftADE TO FORESEE All' 
32FE tD8A DB CR,LF 
3388 2854484528 CB ' THE POSSIBLE PROBLE"S THAT ftAY ARISE,' 
:;;zo IDeA DB CR,LF 
ms :mmm DB nOWEVER. -HO- PROftiSES.' 
:i34b ~DO~ 08 CR,Lf 
;::e m~FF OS CR •• F.EOL 
::~E •emF ~CRLF: JB CR.Lf,EOL 
33:[ 53~44t4:J3~TK~r: cs 'STACK ~T ' 
335i FF 08 EOL 
:;:;sa 544&41542i~so: DB 'THAT PR06RAft IS CURRE~TLY OFF-LINE' 
337A ~OilA oa CR,LF 
me mm212s DB IT Vlll BE ADDEO SOON' 
3397 fDSA DB CR,LF 
3399 FF DB EOL 
339A 8ASA8ASASACLS OB LF,LF,LF,lF.lf,LF,LF,lf,lF,lF,lF.LF,lF,LF 
33A8 SAI!AiAIIA8A DB LF,Lf,LF,lf,LF,LF,Lf,LF,LF,LF,LF,HO"E,EOL 
3385 Z846524F4EFNTft56 DB ' FFO~T = ',EOL 
33if ~~2828424 1B~ftSS DB BACK = ',EOL 
:;c• 2iZ8Zf2i23RTKSG 03 PI&HT = '.EO!. 
~:CS Zf21Zi232aLFT~SS 08 LEFT = ',EOL 
:;:ea 434CJS~:S2J\LLCLR DB 'CLEAR', EOl 
:i3EE 44 454C4159TinOUE DB 'DELAY BETOEEN SCANS ' ' ,EOL 
3495 4041582846FNTOUE DB 'ftAI FRONT DIST. ? ', EOL 
3419 4041592842BAKOUE DB ' ftAX BACK OIST. ? ' ,EOL 
l42A 4D41582852RTGUE DB ' nAX RISHT OIST. ? ', EOL 
3430 404 IS8294CLFTQUE DB 'ftAX LEFT DIST. ? ',EOL 
Jl4F 4C45442F54ROVERR DB 'LED/TRANSISTOR ERROR IM ROW 18-FI: ' .EOL 
34'3 4C4S442f54COlEPR DB 'LED/TRANSISTOR ERROR IN COLLftN !t-FI: ',EOL 
: 4qA S841442i54TCHftS6 DB 'PAD TOUCHED AT LOCAT IOM: '. EOL 
J4i4 4245474q4EINTft56 DB 'SE61N INFRA-REO TOUCH PAD DIAGNOSTICS' ,EOL 
3~0~ 454WmffNOftS6 DB 'END OF INFRA-RED TOUCH PAD DIAGNOSTICS' ,EOL 
;m :mssme OB 'DOUG HEINTZ . ,EOL 

j 

; <A" AllOCATION IN ALPHABETICAL AND FUNCTIONAL ORDER 

ma 01!6 

me COCOOK: OS 
3711 OLYRAft: OS 
3782 ECHOFL: OS 
3713 ~ lOTH: OS 

; 
3784 BIAS: OS 
3786 VFYFLS: OS 

i 
:;;a; SJSriV: DS 
>;19 qJSP: us 
::;m RJVECT: OS 
mo omrv: os 
378F CLKBCO: OS 
3711 CLKBIN: OS 

~O~RAft ;BE61NMIM6 Of ftONITGR RAft 

; I:COOKED , 1 =RAil 
;NUIIBER Of lf"S DELAYS ON <CR> 
:ECHO FLAS: &•ECHO !=NO ECHO 
;VIOTH+l • NUftBER OF BYTES PER LINE 
;FOR PUNCH AND OUftP 

2 ;BIAS FOR PUNCH AND lOAD 
:&•lOAO, !•VERIFY !HEX TAPE) 
;PANSE: iiH TO 89H 

2 ;Tt"P SAVE AREA FOR REiJftP 
2 ;RETURN JUftP STACK POI NT~1 
2 ;~ETU~N JUftP VECTGR !PC) 
2 ;COUNTER FOR Tlft!NS OF 5i~S PULSE 
2 ;ClOCK FREQUENCY IN BCD 
2 ;CLOCK FREQUENCY IN BINARY 



37ll FIITDST: OS 2 ;ULTRASONIC FNT OIST. 
3715 MIFNT: OS I ; ~AI FRONT OIST. 
3716 BAADST: OS 2 j BACK OIST. , 
3718 MJBAK: OS I ; ~AX BACK OIST. 
l719 RTOST: OS 2 RI6HT DIST. 
3718 AAXRT: DS I ; ~AX RIGHT OIST. 
me LFTGST: OS 2 ; LEFT OIST. 
mE AAILF1: DS I : ~AX LEFT 0151. 
ji!F ii~DLY: OS 2 :DELAY mE 
j7:1 3CNOFF: ~S :SOU~D FLO:G 
...... .._., 
.J I ,..., i;Q;IJFF: CS ;R~N61NG Fli\G 
.... "1. 
o~ I J...> HflNfli'F: OS :HIGn SPEED FLAG 
372' F.AIII': OS I ;RA~ RATE 
3;:s FL6ERR OS I i ERROR lEO FLAG 
3726 mcar: os 17 ; BUFFER fOR USE BY COMAADS 

; PUT LAST SO AN OVERRUN 11011' T S~B 
;SYSTEII 

;END OF IION ITOR 

3737 9S RUNIIU: NOP 
ma 115833 Lll D.~NOSO :SUB NOT ~VAl. ftESS.St 
H:a como t.<LL 1156 
:me C9 REI 

:++~~·~• •++ ++++++ •••••+++++•++•+••+++ ++++••+++++++ ••·~·~·~·· 

END 

A> 
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APF£NDIX C: COSTING 

I NFRARED TOUCH-PAD 
40 - Inf~a~ed LEOS 
40 Inf~ared phototrans1stors 
1- Mlscellaneous wood/plastic 
1 - E lectron1c components 
1 - Electron1c cable 
1 M1scell a neous hardware 

•JL TRASON I C RANG I NG 
4- Ultrason1c transducers 
1 E l ect r on1c components 
1 - Elect~on1c c able 

COMPUTER AND MOTOR CONTROL 
1 - Work1ng 8085 based computer 
1 - Add1t1onal 8255 PIA 
1 - 2816A EEPROM 
~ AD558 0/A Conver ters 
! - Electron1c components 
1 Power supply components 

MISCELLANEOUS COSTS 
1 -Sh i pp i ng a nd handling cha~ges 
1- Phone c a lls (pa rts and consu l ting> 

24 . 00 
22. 00 
30 . 00 
55 . 00 
17. 00 
65 . 00 

.213 . 00 

300 . 00 
30 . 00 
12. 00 

3 4 2 . 00 

300.00 
7 . 00 

16. 00 
15. 00 
15. 00 
10. 00 

363 . 00 

60 . 00 
75 . 00 

====-=====~====== 
TOTAL S 1053 . 00 
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