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WHAT IS IT?

— Microprocessor controlled wheelchair
_ffff. — Aid to handicapped {(cersbral palsy victims)
— Learning tool +or children with inexperience in mobility
— Effective means of intraduction to powered mobility
— Funded by The Wabash Center (for handicapped children)
in Wgst Lafayette, Indiana

"SPECIFICATIONS

—:Must add safegaurds to powered mobility

- Must introduce a "force-free" method of input

— Should be remaovable without defacing the wheelchair
— Should be adaptable as child develops motor skills
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= Regulator moved outside of enclosure for
reduced temperature
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WHAT IS IT?
- Microprocessor controlled wheelchair
- Aid to handicapped (cersbral palsy victims)
- Learning tool for children with inexperience in mobility
- Effective means of introduction to powered mobility
- Funded by The Wabash Center {(for handicapped children)
in West Lafayette, Indiana
SPECIFICATIONS
- Must add safegaurds to powered mobility
= Must introduce a "force-free" method of input
— Should be removable without defacing the wheelchair
= Should be adaptable as child develops motor skills
DESCRIPTIONE
= Overall block diagram
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- Motor control
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- Fower supply
» Monitored battery voltage with storage 'scope
= Developed plots and determined that current
design was sufficient
= Regulator moved outside of enclosure for
reduced temperature
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ABSTRACT

The Easy Chair is a microprocessor controlled electric
wheelchair for small children with muscul ar disorder

Because of the unique methods of control, this special
wheelchair can be used by children with both limited muscul ar
dexterity and strength.

Also, because of several safegaurds incorporated into the
design, even children with limited experience in mability can
operate the powerful wheelchair safely.

The following report details the design and theory of The
Easy Chair. It is assumed that the reader has some degree of
knowledge in the field of electrical enginesring.

Figure 1.0 The Easy Chair
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INTRODUCTION

The development of The Easy Chair is a very significant
advancement for three main reasons. First of all, for many years
small children with muscular disorders have had severly limited
gpportunities to acquire any euperience in mobility. Secondly,
this lack of mobility limited the opportunities to initiate
communication with others. Thirdly, this lack of communication
limited further their learning capabilities.

The original idea for such a wheelchair belongs to Professor
George Karlin of the Special Education department at Furdue
University. Professor EKarlin first conceived such a device while
working with cerebral palsy victims at The Wabash Center,
Lafayette, Indiana. BGeorge Karlin also acted as an intermediator
between the designers and the physical therapists at the center.

The idea behind a microprocessor conkbral led wheelchair (The
Easy Chair) is to provide a safe mode of transportation for young
children with muscular disorders such as cerebral palsy. Bacause
the users will be so0 young, typically two to six years old, the
chair was envisioned as baing equipped with a variety of special
devices, These devices would not only allow them to control
wheelchair maovement with only limited muscular force, but will
also protect them from any undesireable circumstances.

The original electric wheelchair comes equipped with a
Damaco DEB Add-0n power unit. This unit incluwdes batteries, the
drive units (motors and controllers), and a proportional joystick
controller.

Figure 1.1 The Original Electric Wheelchair
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The Easy Chair consists of this original wheelchair, with
the addition of three extra devices:

(1) A infrared touvch pad
(2) An ultrasonic ranging system

(3 A camputer control system

Thaess three additional devices not only make operation by
handicapped children more feasable, but they also give the
wheelchair an added measure of control and safety.

louwch Pad

Figure 1.2 Added Devices
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Shown below is a general block diagram for The Easy Chair
which should give the reader am overall idea of how the different

devices interract.

Touch Pad

_D . Ditragonie

Meodwles

C_gmpu'&tr

INTE R FACE | ———————(RD] sTATOS

. $ \j Lﬁ " Mater Tene ; P DISPLAY
& v Co={ panco Central Generafor r;
@ “— pas Power
Sweply
Motors

Figure 1.3 The Easy Chair Block Diagram

This report begins with the discussion of the infrared touch
pad, including thoughts about why such a device was chosen. Then
it explores the design and theory of the ultrasonic ranging
system. Finally, it addresses the computer control system, along
with the circuitry required to control the original wheelchair.
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THE INFRARED TOUCH PAD

SPECIFICATIONS

The infrared touch pad is to be known as the input system
for the control of the chair. It is thought of as the only
real-time method of input to the computer control system.
Therefore, it must meet several requirements which will allow it
to be used to alter the current system configurations, or just to
control the chair.

Specifications for the Easy Chair were outlined by an
Occupational Therapist, Fhysical Therapist, and a classroom
teacher from The Wabash Center in Lafayette, Indiana. This
outlining was assisted by BGeorge Karlin, Special Education
project coordinator at Purdue University, Lafayette, Indiana.

1) It was detereined that a touch sensitive input surface
recuiring minisal prassure would best suit the needs of the
spall children. The system needec toc be adaptable to
different children, some of whom are incapable of generating
kigh response force.

2} The touch-pad should use a coamon medium for set-up, to
increase the independance of the system and its users., This
is to say that it should be possible to siaply plug in or
unplug the touch-pad, and to switch between the pad and the
current joystick with little or no effart.

3) It should be totally self-contained as a unit, electronics
and all. Again, this would increase the independance of the
system.

4} The touch-pad should be constructed in such a way that it
could be attached to the current center off-set mounting arm
of the wheelchair {(which swings out of the way of the user!,
with the option of resting on the lap tray of the chair,
These two methods will result in the touch-pad being as
ambidextrous as possible.

S) The unit shopuld be large enough to be easily viewed and
touched, but small enough so as not ta be cbtrusive to the
user and the wheelchair. A general touch-pad area of ten
inches by ten inches was set for initial dimensions.

8) Thz size and locations af the symbols on the touch-pad {used
¢ gntrocl the wheeichair) must be prograssable. This will

c '45
comodata different ranges of amotiea.

ey

-



The Easy Chair: THE INFRARED TOUCH FAD Fage &

7) The touch pad must be mcisture proof., Children with such
handicaps as cerebral palsy frequently have oral motor
problems which result in excessive drooling. Any reasonable
amount of moisture should not cause the wheelchair to
malfunction,

In the garly design stages, it had been thought that a total
hardware solution was the most reliable and consistant solution
to the problems presented for a touch pad. However after
carefully studying that route, and testing the results, it was
determined that a combination of approximately equal amounts of
hardware and software would allow the most flexible design. The
following sections describe the present solution, and how it is
implemented.

o
t

RIGHT ™

Figure 2.0¢ The Infrared Touch Fad
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BLOCK DIAGRAM

The block diagram for the touch pad is shown below. I¥
consists of six main blocks which include the row decoding
(selecting! block, the column decoding block, the satra decoding
block (which includes the menu-select decodingl), the touwch-pad
block, the row/column detect block, and the menu-select detect
block. Each of these blocks will be discussed in greater detail
in the following sections. (See also Figure 2.4 Behematics)

=

b

V V MENU SELECT
J ToveH BETECT| P

T
Oy e

iy

Row feoL I_.
ToucH DETELT

[meno
o

Aow
DECODE

<o

—
=
=
—
=

SCCS -85 B
MICROGOMPUTER [n ™

B
A

RETURN

Figure 2.1 Touwch Fad Block Diagram
I. THE ROW DECODING BLOCEK

The row decoding block is one such block where the seven bit
cantrol ward which is sent to the touch-pad circuitery i3
interpreted to select a certain LED/phototransistor pair.

The decoding is accomplished by sending the lower four bits
of the saven bit touch-pad word to the pad. This nibble gives a
zerao through fifteen (F Hex) count which iz used to select one of
the sixteen row, column or extra LEDs. Then by using the upper
three bits, one of three chip selsck lines 15 browght hioh.
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Figure 2.2 Touch Fad Control Word Diagram

Ta accomplish this, a 74154 4 to 146 line decoder is used.
The outputs of this 74154 are low when they are selected, so they
are used to provide a ground path for the infrared LEDs and
phototransistors, thus allowing them to be turned on only when
thaey are selected.

It is appropriate at this time to accent the fact that the
select lines are used to select both an LED and a photo-
transistor. With this scheme, i+ there is nothing blocking the
beam path from the LED to the phototransistor, then the
phototransistor should be turned on.

II. THE COLUMN DECODING BLOCK

The column decoding block functions in almost the same
fashion as the row decaoding block. The only difference is that
of the select line which is used to select the column decoding
chip. 0Of the three selct lines (which correspond to the upper
three bits of the touch-pad word), one is used to select the row
decoding chip, one the column decoding chip, and one the extra
decoding chip. The select lines use a 'positive logic’', so for
instance to select the column pairs, the column select bit must
be high (+5 wvolts).

Again, in the same fashion as the row decoding, this bloc!
gelects certain LED/phototransistor pairs which are then
monitored by the touch detection circuitry.

ITII. THE EXTRA DECODING BLOCK

Again, the basic function of the extra decoding block is the
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same as that of the row and column decoding blocks. However,
this block serves no one single function such as row or column
decoding.

The term extra is meant to reflect the odd or ‘extra’
decoding that is done by this bleock. At the present time, 1t
serves to select one of the five menu—-select LED/phototransistor
pairs for observation.

In refering to figure 2.4, it should be noted that the three
‘menu select’ lines are passed through tri—-state buffers before
they are connected to the LED/phototransistor pairs. This is
because smaller LEDs and phototransistors had to be used for the
five menu select pairs (to fit between the column pairs in the
pad) .

These smaller phototransistors had lower off-state
resistance, which caused problems when they wer2 not selected.
Mormally wshen a pair is not selected, +5 volts is connected to
the cathode of the LED and to the emitter of the phototransistor.
This would not allow either to be turned on. With these five
manu s2lect pairs however, the +%5 volts (seen when not sslected)
caused the menu-select detect circuitry to send a touch message
to the computer. Therefore, the tri-state buffers weres used,
which present an open circuit in their non—selected state.

IV. THE TOUCH PAD BLOCK

This block contains the actual touch-pad with the LEDs and
phototransistors mounted in it, and the slot for the selected
menus to be inserted into (see figure 4). Along the vertical and
horizontal sides of the sunken touch aresa, are alternately
mounted IZ2 infrared LEDs and 32 phototransistors, one across from
@ach LED. These pairs were alternated to reduce the amount of
light being received in error.

The LEDs and phototransistors were carefully aligned so as
to achieve the maximum signal recieved when a signal is sent.
Each of the cathodes of the LEDs along with the emitters of the
phototransistors across from them, are tied to the select lines
of the 74154s (see also The Row Decoder Block and The Column
Decodar Block).

The touch—-pad also contains five seperate pairs which are
mounted perpendicular to the row and column pairs, along the edge
of the pad. Thess2 serve the purpose of allowing the computsr to
datett which menu is in the pad. The paper menus have five
corresponding holes which can be cut open or left intact
(closed), representing zeros and ones.

The anodes of all of the infrared LEDs (both row/column LEDs
and menu-select LEDs) are tied high through a single series
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limiting resistor. Also, the cathode of sach LED is connected to
the emitter of its corresponding phototransistor. Therefore,
when the pair is selected, and the cathode and the emitter are
both taken to ground, turning on the LED and allowing the
phototransistor to be turned on.

V. THE ROW/COLUMN DETECT BLOCK

This block is where the status of each phototransistor is
transformed into a level that can be interpreted by the computer.
With this signal, the computer can determine whether the beam is
obstructed or not {(corresponding to a touch or no touch).

As mentioned previously, the collectors of all of the
phototransistors are tied together and pulled high through a
single pull-up resistor (100k ohms). When any one of the
LED/phototransistor pairs is selectad, an infrared light beam from the
selected LED should turn the phototransistor on, bringing the collector
valtage somewherse near ground. If while one pair is selected,
the beam is blocked, the phototransistor will remain turned off. In this
case, the collector voltage approaches +5 volts because of the
pull=-up resistor. .

+Vv ok
NWA o+V
150a -
TR 7o rowfeolumn
BT detect circwitry
L- sh't

R
From row/ecolumn
e lect ﬂircu.ii'ry

Figure 2.3 Sample LED/Transistor Circuitry

ecause of the change in collector voltage from when a beam
wcked to when one 1s not blocked, the collectors are used as
g input to the row/column detect circuitry. This circuitry

Degineg with two comparators which have adjustable references.

The first comparator is set up in an inverting fashion, so
that when any collector voltage is below the reference (no beam
blocked), the output of the comparator is at positive saturation.
However, if any collector voltage swings above the reference, the
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output goes Lo negative satuwration (close to ground). This
output is then used as the input to the sscond comparator.

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

When the selected beam is nat broken, the ocutput of the
first comparator (which is the input to the second! is high. This
also sends the second conparator into positive saturation. The
output of the second comparator, is then sent through an OR gate
which has one input tied low, to further clean it up.

This signal is then further conditioned by the status of the
oW o column sslects, to become the RCRET (row/column returnl
signal. This RCRET signal is then combinmed with the MERET signal
(menu-select return) to provide one single RET (return) signal
far the computar. This signal is polled by thae softwars az a
single bit input to a port. By polling in this fashion, the
computer can continuously look for a touch, and process one
accordingly if it is encountered.

¥YI. THE MENU~SELECT DETECT BLOCK

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

It is appropriate at this time to note the reason for
combining the three different chip selects (row select, column
select, extra select) with the RCRET and the MSRET signals (see

als=o the Touch-Fad Schematic). Mormally if neither the row or
column chip is selected, then the RCRET signal is high, falsely
signaling & beam being broken. The same problem is encountered

when the menu-select chip is not selected, the MSRET signal is
high, falsely signaling a beam being broken.

To eleviate this problem, the row and column chip selects
are AND'ed with the RCRET signal, and the extra chip select is
AND "2d with the MSRET signal. With this conditioning, RCRET can
only go high when either the ‘row’ or 'column’ chips are
selaected. Also, MSRET can enly go high when the ‘extra” chip is
s2lected.

The resulting signals are OR’'d together to form a single RET
ling which is high whenaver any selected beam is broken. This
leaves the computer free to select either a row, column or
menu-select (extra) beam, and then determine by polling one line
(RET) whether or not that beam is being broken.
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Shown below is a photograph of the printed circuit board
used inside the touch pad. BSeveral of the main integrated
circuits are labeled to help the user locate any components

on
the board.

: 8 & U
& £ 'l
g s F

[ Y]

g .

Figure 2.8 Frinted Circuit Board and Components
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GENERAL DISCUSSION

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

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

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

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

1) DOther touch-pad schemes such as capicitive touch sensing, and
pressure sensitive membrane type keypads, are all affected by
water, or saliva in this case.

2) Most important, breaking a light beam reguires the least
amount of pressure of any method studied.

The decision to use identical circuits for the RCRET and the
MSRET may at first seem redundant. However, because of the
limited amount of physical space bestween the column LEDs and
phototransistors, smaller optical components had to be used.
These smaller components required the same type of detection
circuitry, with only the change of the pull-up resistor.

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

SPECIFICATIONS

The ultrasonic ranging system is considered a protective
device. Its major function is to prevent damage to the chair aor
injury to its operator. It is also necesary to protect pther
voung children who might be in the gensral area of the chair
(innocent bystanders).

When designing the ultrasonic ranging system, the following
speciftfications were used as gulidelines.

1) The system should be able to sense any object within
approximately four feet of the chair, from any of four
different directions.

ra
—ar

It should audibly warn the user of these obstructions, so as
to allow time to take corrective actions.

3} It should also be possible to turn this audible feedback off.

4y If corrective actions are not taken in time to avoid a
collision, the chair should stop automatically.

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

6) If a major failure should occur, it should be possible to
remocve and retire the complete sytem without effecting normal
cperation of the wheelchair.

7} Without a major failure, it should be possible to turn the
ranging system off.

B} Other than stapping the chair in an emergency, the system is
not to take offensive control at anytime as this would deter
the user from learning to be in complete control of the
wheelchair. (It is anticipated that after some practice, the
user will be able to control the wheelchair without the use
of the ranging system.!

these specifications in mind, the wulirasonic s
performs: two main functions: It provides $oodb
t the approach of and 1t provides
=thod of stopping ths 1ld the child f3il to

o the systen s warning.
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BLOCK DIAGRAM

The block diagram for the ultrasonic system (shown below)
consists of four principal parts., These include four directional
transducers, the tone generator, a timer to aid in distance
calculations, and the additional I/0 baoard which is the system’'s
interface to the computer. Each of these blocks will be
discussed in greater detail in the following sections.

Ultrasonic
Transducers

)ﬁ’\f::\f;\f:.:‘\

g L]

‘."‘- R l' - L’ -
=q i Wl-el2 .;n
5| &7 |34 |8
TATEFEIVICE
PIA'B’
8253 p Compuler - j rd
h—_hg;
& GEM. | d
™
w
2
= Stapwa";ch
Timer

Figure 3.1 Ultrasonic System Block Diagram
1. THE DIRECTIONAL TRANSDUCER BLOCK

The directional transducer block is the heart of the ranging
system. It consits of four complete and seperate ranging
modules. Each module contains a 50 kHz, Z00 volt electrostatic
transducer, and a small amount of drive circuity. Each module is
capable of ranging from four inches to approvimately IS5 feet with
less than two percent maximum error. {(Sze also Figure T.2 Ranging
Module Schematic)

Each ranging module contains a Texas Instruments SN2BB27
sonar ranging module. This T.I1. module provides the 150 volt
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bias for the transducer and pulses the transducer with 16 cycles
of a 30 kHz, I00 volt wavefarm. This pulse can actually be heard
with the naked ear, as it sounds lilke a short click. Thi=s
ultrasonic waveform travals at the spesd of sound (0.9 ms/foot)
until it strikes an obstacle and its echo returns to the
transducar at the same speed.

The module provides a controlables blanking period ta allow
transducer wvibration to disapate before it is enabled to wait for
a returning echo. All control signals are TTL compatible, but the
echo output is of cpen collector type and needs a pull-up
resistor in order to get a reliable TTL signal.

There are three main control signals. The INIT* input
starts the ranging process by sending out the click. The BLNE#*
input defeates the internal echo blanking. And the ECHD#* ocutput
signals when the click is returned. All three signals are active
low, and their relationships to eachother are demonstrated below
in Figure 3.3 Timing Diagram.

Voo I

sTART cycle

INIT J i

!r“cnﬁx”

TRANSMIT I [ | 1sPuLsEs
(INTERMNAL)

BLNK LO%

BINH L
INTERNAL _r—l
BLANKING 2. 38 MS—p

ECHD FReturNED
I DlﬁI&NEE ¥
ECHO ; T i ’[ I
L

‘EXAMPLE OF A SINGLE-ECHOMODE CYCLE WITHOUT BLANKING INPUT

Figure 3.3 Timing Diagram

The only devation from Tesas Instruments desion was that
a large capacitor was added in parallel with the power

connections as they enter sach transducer’'s driver. Thiszs was dons
in ordaer to supply the rated 2000 md each transducer needs during
the 326 uS transmit period. This is such rapid drain that the

=
powar supply could not source it through six feet of cabling.
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II. THE TONE GENERATOR BLOCK

The tone generator block consists mainly of the XR2206
function genarator chip (capabale of switching between two
selected tones) and an LMZO00Z2, eight watt audio power amplifier
chip. (See also Figure T.4 Tone Benerator Schematic)

The XR2204 has the ablitiy to output two selectable tones.
These tones are selected by switching the TTL level at the FEK
input. This allows several types of warnings to be generated. The
two tones are seperatly adjustable and independent. These
adjustments are made to R4 and R&., GSee Figure 3.4 Tone Generator
Schematic. The potentiometer R7 is a volume adjustment.

Turning the tone off is done with the Amplitude Modulation:
input. I¥ the AM input is held at half the supply voltage, the
output will be turned off. Control was accomplished by switching
a voltage divider in and out. This voltage divider has two egual
resistances (in series) to ground, creating a reference of one
halé that of the supply. The junction between the twe resistors
is connectad to the AM inmput to the chip. An NFN transistor is
uzed to shunt the bottom resistor of the divider when it is
turned on, thus turning the output on (or offi. This transistor
is controlled by a TTL level sent from the computer, allowing the
sound to be turned on and off.

ITI. THE ADDITONAL PIA AND TIMER BLOCKS

To supply the needed output for the tone circuit and the
ultrasonic units, a second BZ53 programable port had to be added.
It is configured to have 20 bits of output and 4 bits of input.
Forts A, B, and the lower four bits of C are defined as ocutput.
The higher four bits of port C defined as input.

Fort A controls the ultrasonics INIT#* and ELNK* of sach
transducer. Port B outputs a digital word to be used by the motor
control circiuts for direction and speed control. Fort C
controls the tone generator with its upper half and receives the
ECHO#* from the transducers on the lowear half. {(Bee also Figure
2.9 Additional Farallel Group)

The timer block consists of three programmable timers within
an 82527 timer chip. The B253 is part of the SCCS-85 computer.
(See also Figure 4.4 Timer Group, 1/0 Addressing Group).

The fist timer is configured to coumt down from &5.558 (OFFF
Hex) and is used as a stop watch during the ranmging cycla. The
second is used for the gensration of the 16 times baud cliock
needed by the BZS51 for RS-23Z2C communication. The last of the
three timers on the chip is used for what is termed a ‘heartbeat’
timer., With the help of a relay, if the timer counts out it will
return the chair to the Jjoystick configuration. So if the
computer should fail, within B0 milliseconds the timer will count
out, and contreol will return to the joystitk.
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GENERAL DISCUSSION

L]

The ranging system seems to perform very well. The
transducer modulems are fairly simple to use, and they are
both accurate and reliable. The only noticable drawback to the
ultrasonic units would be the audible click when the transducer
fires. This sound could become annoying after time, but one
should remember that they can be shut off after they are no
longer needed.

From a designers standpoint, using a prebuilt module for the
units was definitely better than trying to design the modules
themselves. Becausme they were not familiar, this made
troubleshooting harder in the few instances they failed to work.
After time, however, that was no longer a problem because of more
familiarity.,

For reasons of flexibility and pleasing tones, the decision
was made to design our own tone circuit. This was chosen instead
of buying small tone transducers such as piezo buzzers.

The main problem encountered here was in akttempting to drive
the eight ohm load of the speaker. After tryving to use several
voltage amps, current amps, transformers and push-pull amps, it
was decided to use an LM2Z002. This is a self contained amplifier
chip which is specifically made for such a purpose.

The additional 1/0 board was constructed using a
point—to-point soldering technique. This method was chosen
because it took less time than to create a printed circuit board,
and it is a more reliable method that wire wrapping.

The 1/0 board contains the circuits for the tone generator,
the motor control, the power supply (conditioning), the
additional parallel port, and the status LED circuitry.
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COMPUTER AND MOTOR CONTROL
SPECIFICATIONS

The computer and motor control systems are possibly the most
improtant parts of the Easy Chair system. A failure in =ither of
these two systems could render the entire system inoperative.

The following guidelines were used when chogsing the
computer for The Easy Chair:

1} As is the case with all of the components, the computer must
be extremely rugged.

2} Also, it must be usable in the sense that it i{s user
friendly, allowing anyone to alter several different
characteristics of the chair,

3} It should have an RS-23I2C serial interface to allow it to
communicate with ociher devices.

4) It should be designed so that should the computer fail, the
chair would revert back to control by jovstick.

S} It should have the capability to "remesber" several settings,
even after the power has been removed.

&) It should have the capability to perform some limited
self-diagnostics, to identify possible problems.

The computer dacided upon was the SCCS-B8S single board
computer, available at Purdue University. This is an BOBS based
computer with many cptions for memory and 1/0.

It was chosen because of its flexibility, the ease of use,
and the fact that several faculty members i1n the Electrical
Engineering Technology department at Purdue University are very
familiar with it.
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BLOCK DIAGRAM

Zero
Damaco
COMPUTER D/A and -
Span

Motors

MOTOR CONTROL

DETAILED BLOCK DESCRIPTIONS
I. THE COMPUTER BLOCK

The computer was initially buwilt ascecowrding to Ehe manual
provided. After opperation was verified, the following changes
were made.

The clock speed wan lncreasod bto speod erecubtion time.
Memory configurations were altersad to acocomodate sioght kilobytes
of EFROM (for startup sequence and monitor), and sight kilobvtes
of NOVRAM (non-volatile battery backup RAM) for variable storage,
program development, and touch pad menu information. The MOVRAM
will allow the system to be reconfigured by anvone, at any time.
(Gee also Figures 4,.2-4.7)

With the computer in normal oporation, a4 major congidoeration
is the software. This software includes roulines which process
input from the touch pad, monitor perimetors with the2 ramnging
system, control the motors through digital-to-analoag circul bry.

Aside from those "real-time" rosponsibilites of the
computer, it will also allow the user to altsr =such sethings as
the ranging distances, the audible fecdbaclk, the spzcd settings.
durations, and menus which contain the settings mentioned.

Under normal operation, the user would first select a menu
to be used for the operation. Once that menu was inserted into
the touch pad, the computer would recognize it and alter settings
to match those of the menw. With a menu in place, Lhe user can
welect any defined area on the menu, and the computor will move
the chair in the direction defined for that area. While the
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chair i1s moving, the computer will use the ultrasonic ranging

system to alert the user of any abstruackion

All of this is accomplished Ltheough vy compley assembly
languags software, OJutlines for this software can be found in
Appendix PB: Software- Outlines. The oitblines will offer an

overrall wviesw of how the chaic 19 conlberol 1ed, Fepe Fur Pher detaild
one can consult the actual source code found in Appendix ©
Softwarza List

& _FET_
the mos

=y =

1N This coda is etfectively caonmented to o
possible insight into the different routines

II. THE MOTOR CONTROL BLOCK

The motor control block contains all the necessary circuitery
o switch control between jovstick and the computer, and then o

allow the computer to replace the iovstick electronically.

The motor control circuit uses a single hezadecimal
bvta to control both motors. With four bits per motor this gives
16 different speeds; esight speeds farward and esight spseds in
reverse. Although eight spseds may not at first seem like much,
when compared to the resolution of the jJjovstick it allows for
many different spesd options.

Operation of the controller is fairly straight forward. Two
ADS58 digital to analog converters are used to craate a digitally
controlled valtage which is variable from O=-2 wiolts., This owtput

1s then used as kthe input to a zerc and span circuit,. which
allows the computer generated voltage to be adiusted so that it
can affeactki 1] raplace the djovaticlt.

lsing test equipment, the wvoltaos pobtentials of th iorvsticl
pots were measured. The z=ro and span ciyocai by i ol justed ko

match not only this precise reference,

avallable with the jovalbicks., (Pes also Fiowrs 4.8 Mober
Schematic)

L

i

ks

t ‘e
kbt

TF |

: =
Mieraprotisiar Fa

Figure 4.0 SCCE~HD ‘Sing Foigr of Complute
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GENERAL DISCUSSION

When srperimenting with differont o of memonr EEPROM "=

were used for a short time However . be 11 » of timing problems,
the RAM was chanoed to MOVRAM =. fThis is not to sav that the

MOVRAM s are without fault, bubt oaperation is faster and more
Feliabile than that of the EEFRDOM 5.

As 1s mentioned in the software outlines, the software can
detect several differenlt types of errors with the svstem. These
errord can include something as complex as a bad chip, to
something as simple as a menu not fully in place

This a2rror checking software also uses some special voltage
loops in the different connectors. These loops are used to
determine whether or not the connections are intack, If they are
not (for whatever reason) the software will signal an error by
lighting the correct LED, and ignore the corresponding devics,

(I:'_“:" byem ] s o E 4 '__4'_!!" i ‘1- J_‘I' E‘?j r'_ll'.. L r" I £ ._:.|||| Loy t P r']l: I-I-Ii '_:_r'_."L'.— )

3

Figure 4,10 Stabtus LED's and LCantenl wr b bl

The motor control circuitry wvas modified 4
designs, to give added contrel to the siagnals { i o
previously, there are now adjustments for both Ehe sero and span
of the outputs from the D/ convertors, This s in conbrast o
the original design which afforded onlvy zere (nff=set) adiustment,

but no adijustments for the span ar randge of Fho =10 !
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CONCLUSION

The proiject as & whole ran very smoothly., All of the design
mriteria was meh, and in som@ cazes surpassed. The work was
completed at least on Lisme, with much of it completed ahsad of
schedule.

As far as software is concerned. thes original monitor
prog-an usad in the SCCS-8S rcmﬁvﬁdr fnas bmen modified to reduce
uneaded code.  Then a2ll of the routines to controel the oversil
zyvaten ware added, ans alsce Jeveral amalli test rogtinge. These
bwmat rowtings ékercise sach o9f the seperate ~omponsnts of the
Swsltan to azsures that they are working coreschlv.

A menticoned gsarlier, discussion of the software in a text
aram ., would be very difficult for the readesr to understand. Faor
thig reason. the sofbtware is explained in the software outl ines
found in Apoendis B Sofbwars Dotlines, Theass software outlines
wse & gsnaral "English languages ' format. rathar than flow charts
o diagrams. Actual subroutinsg and variable namss are usead in
tha outlines so that the raader can refer to the code with laass
gifFiculty:

-

In the future, a major recomendation woulsd pe to check
thorouchly far "second sowes’ vendors. Faor instances, aftsr
checbing with Folaroid for the altrasonic transducers and ranging
madudas, thay wsre later found for almost one third the original
o aneond vendor. Alse, the cost of LEDRs and
:.m..'f~wc'u+uwa ﬁjuld e lowared by puwrchasing from 2 largs
(dus €49 the guantityl.

Ariobher thought wuutd Le that £ the touch-pac wera
curstructed just sliahilyv larger., the same LED

eauls bae usod for all af the detsction. This mould sliaiaate ths
need for spevial meEnur-select dedteet circweibtrvy, and the special
mmal ler LEDs and bransiastors,

Overall For the project, having two p=ople working together
seamnad bto greatly snhance not only productiviby and problem
ma}«1nq. but also enthusiasm. It alwavs helos to have "fros
vdeas to solve a preoblem. Wikh two psople working togesther, it
seenod that one problesm could gsually be solved with the helo of
ancbther puraan’'s "frash ' outlook.

Goeavse of the durability, ease of use, safsbtv and
exitilliy, The Easy Chair dogs provide an affective modsas of
ransporitation for handicappsd children., With the assistance of
r? Fasy Chair Usar ‘s Manual. the system can be usad by virtwally
AN VONE .,

fi
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HAIN PROGRAM LOOP

INITIAL: o tack pointer
Inttializ= aarts
ImiLy iz counters
Send stop valuwzEs to mators v rampd
RLINCHR 3 Fat tliag for heartbsat on
Eall HRTBEAT Yo r=irosh the heartbest i
=all MENCHK rousis= & ot ab surreEnt men
=3 ULTRA t3 chast uldrageeic upitsy
C=il FADCHE fto & 4 Gdirrent. pad koesh
Eall BXTEHE ko s=se if ussr has thosen £5
I meeng et walid (CF amaty !

THEM =211 STOP
B tg RUMNCHR:
ADK YL == DURATIGN: zerDp
THENM 311 STOP
ko Lo RUNCHR:
ADK1: Call UPDATMTR
Zc ko RUMCHR:
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HRTBEAT:

Retfresh

Fleeti i e

HRTBEAT

Feartoealt counter to masimum

valus
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Appendix B: SOFTWARE OUTLINES
MENCHK
MENCHE 3 Check to ses that the pad is connected
iF the pad is not connected
THENM light gad ar¢or LED

Zall STOP
Ratarn
clear pad error LED
Call PADRD ideterming menu nunber)
IF menud srror
THEM light menu ereror LED
ELSBE clear mamni arreor LED
IF maEne number |
THEM =—z211 PROMEM
ELSE read menu variables

i
)
f



ULTRA:

T

by fedd

THEN

iy P

EL

o psms

]

is

objsct
SRR ED

LR

P

call BTOP
IF obdsct within warfaing ranoe

THEN Ssouned

sebarn

W R NG
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PADCHK
PADCHK : Ch

Ch=ck o see that the
IF £ha pad i=s not

THEN liaoht the

mad is connected
connected
pad error LED

Call STOP
REeturn

2 8E elear the pad grior LED
Call PADRD routine

IF pad touchsd
THENM zall the CHETBL routine

2]

o mocan the pad

val id locaticon and DURATION not O
THEM IF = rew motion

THEM call INITMTR
Return
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UFDATMTR:
RAMP L

RESPD1CHK

LSPDLICHK:

LELS:

LELEs

Fage 85

UPDATHTR

-

CHNTRAMFE naot z@vo
THEM gm to LBL4:

Etore RMCS 1n RMOTOR
I RMTS=RMCS THENMN go

IF BMISXRMEES. THEN ca

{iin case RMTS=RMLES)
ta LSPD2CHK:

il RBTFWD (determine RMETERD

FE RMYSORMES: THEN cxll RETREV (detmrmicg EMCTOR)
BhRor= LMES in LMOTOR ae@ LMTS=LMOS)
e -

LMIS=HLMCS THEY o

IF LFIS.LMDS THEN call
IT LNTSCUMET THEM call
b

= g baed il
g S e

! AT TN
et BMCS bto RMOTOR

Sk L MTS fn LMOTOR
e T T
¥ = = - g
o aE mistey =20

big e

ﬁ; LﬂLE:
LFTFWD
LFTREV

(detsraing

tdetermineg

LMITOR)

LMETOR)
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ETOP:

GTOR2:

ETOP1:

Page 4&

sroe

Eat AMTE to MTRETOF
Sat RMTS to MTRSTOR
m ot smostors alrzady stoppec

THERM Fetuarn

Gzt CNTRAMP Lo BETOFRAMP
Sat RAMPONT to STOPRAMP
Shrt dolay

D217 UPDATMTR

I bpth mgicrs not stopnad

THEN g o BTOPL:

Thurs zero n DUIKRSTION
STorp 3pro 1y LABTI
FeEEurn
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PADRD:
MENLU:

LOOPS:

ERR1:

ERR21

SCAN:
ROW:
LOOP4:

COL.:
LOOP2:

PNTDAT:

FADRD

Inttialize JToop counters
Gesk menu sslsct countar to O
vecremant menu select counter
Mask counter to select msnu salect &
Outpuk count to light IR LED
Short Delav
Imput $rom toach pad resturn to see 1f beam broken
Combineg inte menu number byis
Fotate menu number bvie lait
IF counter at ©

THEN rotats meng number byhke right ons bix

Zi.8E gao to LDOP3:
1F menu numb=2r byvte is O (none of the 5 besams braoken)

THEM signal menu arror in status word ((H)

Go to PNTDAT:

:

IF mésri number bBviEe is 1FH (all 5 basams brokey)
THEM signal menu arror in status word (HY

B ta PNTDAT:
Clgar roaw/column data Fagistar

Bl Pow Eountsd bo 17 (row 186 plus 1)

Derromgrt row gountse
Magi —guhter £9 selsct row LEDs
Dut=ist count € light IR LED

Short delay
Trmint fréam toues 2ad rehiers S0 ger &4 basm brolien
IF Baam béeing breken

da

THENM ratate roew count Eik
B e pyarmzey - g N o e e T e L R oo oy Py
il g O Ll B Sl DWr COrutams g e | Ml Rcs

4

BEo s GOLa
IT oW cousted gk @ {all 14 pPows scarned)
THEN —~starn
ZLEE yo to LOOPA:
SRt column counter to OFFH (column O minus 1)
Increnent row counter
Mazi counter to select row LEDs
Dutput count to liaht IR L=D
Shert dealay
Impat from touch pad returs ty z82s 1+ beam broken
TF BeEam beiog brigken
THEM combine row number with rowdcglumn regiscsr
Magsk status ward () bo show a2 touch
LSE IF ciloumn cotnter % OFH
THEN refi-n
ELSE #o ko LOOPZ2:
Put rowlcolumn data is (L)
Ratirn

rerpe
i 7

]
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PROMEN

PROERR: Sound srror horn 1 sxscutad here
FROMEN: Clear flazg to ver:fy there is a current entry
FROZMEN: Wailt +or pad being touchsad

IF dmvalis tdauch
THEM =20 to PROERR:
IF sample menu in pad
THEMN oo to PROERR:
GBat localion of correct tabile
SENDCHEK : IF spund OGMAO4S selected
THENM togole sound setting
Eo bo PROZMEN:
RANCHEK : £ rancaing ON/DFF sslect=d
THEN toggle ranging sstiing
2 to PROZMEN:
RRCHIK: L ramp Tate sslzocied

il

PWEN set inpat From rame bar on pad
SEary Valiies I3f reesst tabls
= ko PRUZHEN:
LRD: IF left 18} ranging distance sslected
THEN get inpii from rangz bay on pad
SEore value 10 sdrrect Laode
Go to PROZMEN:
RRD: IF =iakt (B} rapogiog distarce selected
THEN get input Fom rang=2 bar on pad
store vaivug 19 corsect tshis
Bo bo PROZMEN:

FRD: EF Frant (! ranging dletance selecked
THEM gt input from rance bar on pad
Store- valus 1y correct table .
Fa to PROZ2MEN:
BRD: IF haciz D) ramping distance salectsd
THEMN met input from range bBar on pai
Store valus in correct table
Bz to PROZMEN:

DEFAREA: IF dafine arsa sslected
THEN g=t 1nput fraom range bar on pad
DEFOK 11 Skora value as current entry number
Bet LUpper laf¢t corber of arsa
Sgt lower righl corners OoFf =2rs=a

¥

DEFOKZ2:

DEFOKS: ow/z=s! mi - = entry
gr gontral word == NOT =aptv
PHDEMEN:
SELLAREA: i aa wan chassn
o=t inputr from range bBar o4 pac
SELOK1 Store valus as curyent entry fiumber
SELOK2: Locete area address in memory
SELOKT: Erore pointar to area address

Eo ko PROZMEN:
(Continued on next page)
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PROMEN

FPROERR: Sound er-or hern i fF sxecutss here
FPROMEN: Eigar flag to verify the
PROZMEM: Bajit 4 2 pad Yeins toushed
T+ invalid taueh
T%EW g Lo PROERR:
IFf sample menu 1n pad
THEN o £ PROERR:
2k Yocation of correct tsh
SNDCHK g I mowund INAOYE sslectad
THEN tooale sound settlng
Ze ta2 PROZMEN:
RANCHE : IF ranging ON/OFF selacted
THEN togglae renging satiing
Go *o FPROZMEN:

Q

2

ol

RRCHE : I ramp rate selectad
THEN get lnout from ramp bar on pa
THd o and store valuve in corrmct ftasble
o o PRDZMEN:
LRD: IF latt (R) s-anging Hlahur:E salected
THEN maf input foam range bar on e
Dachiw, add VS“"EI ard mhEpra LR eairrest kable
Fz ba PROZMENM:
RRD: IF right (B) parging disternze gelech=d
FTHEEN o=t inpult From rancs Ber on =g
il add LESTOF s ytors In correc Bim
Bia 4o FRUEHEN:
FRD¢ T ol o et gl sy gl eciiad
THEN Tat igput frem c=nge Bar on =t
Poubt e,y 38d H88T0F ond 5t it 0 = fak
Gz t= PROZMEN:
BRD: IF hack (2Y rangino distance selscte
THEN gt bopiad S Fangs Bar o e
Sopiple, add USETOR zhd store in correct table
Ec 2 PROZMEN:
DEFAREA: 'F define arez sslectod

THEN g=t input from range bar on gad
DEFOK L2 Etore valus a5 cwrrsnt entery number
Selt udppar laft corner of ares
Eat lower right corner of arpz
DEFOKZ2: Lacats aresez address in memory
REFOK3: Stors row'eei minfmax valiies i ant
Mark manu control word s 1'\1.'.TT i oy
G o PROZMENS:
SELAREA: T weiErd araa was —hosen
THER get imgut from range Sar
SELDK13 Etore 3y
SELOK2: tScats affd adrres In ﬁﬂmﬁ*y
¥

SELDOKT: Bt o

fContinued on next page)
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(Continuation of PROMEN:)

LMTR: If ieft motor soeed saelected
THEN @et fl«a for laft mobor data

s to MOK::
RMTR: IF right motor speed selac
THEN clear flag for laid

Bo o MOKI:

ELSE go to DUR?
MOk : IF +lag set for Tef: motor data
THEN set Iafl notor spead
=

ELSE go ta RSETy

ROET: Sa+ riaht motor spesd
Bo & FHDZNEN:

DUR: IF duration selscted

Yy

THEN TF 71 ant selacted
THEN go toc PROERR:
DOk 1 et 1nput from duration bar on pad
Stara duration with currsat entry

Bo to PROZMEMN:
RESHMEM: IF rasat senua selzcted
THEN wait for asanocbther oout fobr verification
IF reast sslected agsin

THEM St gliepbal sarametars o defzulis
Bt 2all t=n arsas toc defauiiss
Mark ontrsl word for emgt nEri
o o FRDEHEN:
CHKTBL
CHKETEL : ok ZHTRY to
St memoree  ood e 2t the rvient =2ret tne tabl
ROWMIN: IF SoueHed rai i L mum Tk
THEM g3 t= NXTENT1:
COLMIN: IF fouched eolumn € micolimum colamn
THEM g to NXTENTL:

Tmoremgrt memsry polinpter

ROWMAX : tFE touched row > marimum row
THEN go to NXTENTZ2:

COLMAX: IF touched column 7 madtimiam column
THEMN g9 to NXTENTZ:

V. ID: Inorament memomry polnter

Stpore oainter valus in MTRSEDR
‘mcrzmant ENTRY

REoirn
MXTENTL ¢ TnErement memory Dol
NXTENTZ2: Increment meEmory pointer to next motion data

Increment EMTRY

IT EMIRY iz 10 {41l 10 entries checked)
THEM return
ZLEE go to ROWMIM:

0
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L INES

INITMTR:

Fos A0, pa——

FPage S0

INITHTR
5=t memory polanter to MTRADDRE
Read left/right motor target speed from table
Mas% $or right target speed only (low nibhle)
Btore in RMTE
Mazk for left target speesd only (high nibble)

Rotats loft data to low nibhle
gtores An LETE

Drigremsnt mamary poaintar

Read: DUIRATION from table

St RAMPENT vwalusm

Srtore in SMTRAMP

o -

= - ]



Appendix B: SOFTWARE OUTL INES Fage 49

fContinuation of PROMEN:?

LMTR: IF left motor soesed seleched
THEN st Flayg Ffor left motor datas
Sa o MOKLY
RMTR: I right motor spestd selected
THEM clamar flag for 1l=Fft motor data
So tc MOK1:
ZLSE go to DUR:
MOKL: IF flag sat for left motor data
THENMN =t 1afk mator soceed
ELEE gt Yo RBETt
RSET: Set right motior snoed
B "o PROZMEN:
DUR IF durdtion selected
THENM IF o sntrv sslsciad
THEN oo to PROERR:

DOk L 1 Get input from du-atiom bar on gad
Etare Curastion with cuirrent sntry
Eo E= PROZMEN:

RESMEN : IF racet peEnug salected
THEM wallt For ansther input For verification
IF rEmnet selacted agaln
THEM Zet glotal parameters o des
Bat all tan areas ta dafault
ek contmol word far empty

S0t PROZMEN:
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CHETEL. 4
ROWMIN:

COLMINM:

ROWMAX
COLMAY:

VAL ID:

PXTENT L
MATENTZ:

FPage S0

CHETBL
Dety ENTRY &5 9
il @ ab e FRrah gty of the tabhis
O B Ianukm e

o NXTEMNT:
column U mindmum o gel o
MNXTENT1:

amery pointar

NXTENTS
UGG 2 anEs anam ol
MXTENTZ:

MECY  MEmOr

prylnter wa ATiRE
= L i,
BT =
e Hext meriol gata
i e Loy sy ol i
K T A R




INITMTR:

ARE UL T L LINE Fage 91

INITHTR

Set mamory pointar o MTRADDR

Read Teft/ right motor terge: spgeed from tabls
Masgk for right target spepd ocnly (low mnibble
Etore in BHMTS '

Maskk for left target speed onlyv (high nibblas)
Rotats left data to low nibbls

St on LMTS

Incrament mesmory Lointer

Read DURATION +f-om table

Get SAMPCNT value

Bterg in CNTRAME

R b
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RGTFHD, RGTREV, LFTFWD, LFTREV

RETFWD: I'F CNTEAMT 19 D
THEM incremsant RMCS
Store in RMOTAOR

e
Raturna

RGTREV: IF ENTEAMP ig ©
THEMN deacrement RMOS
Stpre in SMOTOR
Retura

LFTFWD: 17 ONTRAME is O

THEM imcremant LHMe

LFTREY: IF CRTRAMP i 5

1
v!.-“_"."-‘_: = e .4' ] :,:rf
Store in wHOTOR
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NGP
RSP

r2EmsTRsSooSSEESrIESSSS s sEs S e ST SstsS s smanaN s ciszagEPED
$ RET 1 FNTRY FOINT

2408 3RE BADZ+EAM ¢° RET 1

LOGE EICRER JHP RETL

058 000Q0A539) -] 8. 6.0,0
1EEEEEEE SIS ST EEESEESISECEEICSCEERsEsssTIsSoCsSIssSsIssosssooEsss
i RST 2 E&TRY FOINT

SV gRE BGBE+IIH : RET 2

a0k CIILTE FME RETZ

$957 9G0n00asan ng Gl
: 55+ 32432444+ 4452 4+ 34 4422844+ 25+ 2425324144444t 3-F 4ttt
3 RST = EMTRY POINT

faig GRE BASE<1I3H » ST T

igis Co18%R iuMe RETZ

PR Q00000 a5 2B [+ T s B 2
-
-

1024

1078 ATINTR

dasE a9
.
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e EETEND
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awe ReTss
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t RET & ENTRY POINT
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Tue RETLE

&£ s 130N
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3037 A0 NOF
‘.='-'='=-============="—-"—-"‘-"—-"=========='—'===================’-"—'======5==5
coan OES BASE-40H
; SOWER-UP AND REBET INITIALIZATION
; NOW IMITIALIZE LSART CHIP
4040 310053  START: LXI 3P, ENDRAY+1 ;INIT, 2P FOR MONITSR
4043 382 by 1 A,82H FORCE USART YO EXFECT CHMD WORD
4045 0304 ouT SERCIN
d0sT TE4Y MYl 8,040 :NOW MAKE USART TO EXFECT WMDDE KORD
4543 D394 uT SERCON
entE TECE bk f.0EEH MDODE EVTE -
E04T DI0! BUT SERCBN ¢ I @) 11 10
SEAF 1837 Myl &,037¢ (COMMANE BYTE -
4831 930! ouT S2RCON ; 00 1t 04 Y
¢ INITIALIZE TIMER CHIP TJ SENE3ATI [4% SRUDRATST FOR
$353 210800 Li: 4, 309EH ¢ 7230 BAUD
D1/ (L&*TZO01T/08/T,2 BHLS
4058 JETE 1 A, 7&H s INIT YIKER 1 T0 DIVIDE BY N
4058 2323 2UT TIMZTL :
£¢58 70 noy g, L -
8958 DI auT TinE!L :
SC50 76 e AyH :
&0SE D321 auT TINE! ;
. INITIALIZE MONITOR §8M PERTAIMING T2 CONSOLE 170
2040 AF %4 4 {MAKE A IERD
Loe1 720084 €T ECHOFL + 0=ECTHD 1=N3 ECHO
3084 IEOF My A, MaIDTH : INITIALIZE WIDTH
a04s T20184 ST4 WIDTH & x
: PRINT STARTUP MESSASE - ALSD EFFECTIVE WAY TO WAIT & FENW
; CHAR PERIODE WHILE DOUBLE BUFFERED
: INPUT SETTLES,
&r&S {11485 LX1 D.CLE tCLESR SCREEN
$042 203749 saLL MSE
104F 118487 L¥: D, STHE SRINT STARTUP MESSAEGE
3072 COIFA9 CALL M55
4075 DBOD 1N SERDAT JEAT POSSIBLE GARBAGE CHARS

“tt=a
210032

220C3AR
£3a247
ZZ0EEZAR
-:31:10
nn.&agﬂ

INITIALIIE

=

Pl (e

L |

o D s

s o
L B

= -

[ O Y O e T I I 2 e 9

-
i e ]
LR

L I

REMAINIER 0

F
O0H

Ao -
[
za Y - . B

A e
[ }

iN

"I'tl.ll"lI._!.l.'

L4

4

T A
@ 7%k E e m

= B0
i l--il:lJl"'.l
T

EE?E+U
HeENDRAN

; ON FOMER UP NO ANSHZR
: INITIALIZE
;CLOCK FREC IN BCD
AND  BINARY
MULT BY 50/123 (0.4

METHING BDES
FOR MER EEST

-

UNCe

- mm LR
e |

= T -

ﬂl- LR L

:‘
1"

E
M

WRONE
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; LXT D,USRRAN : ON RESET/PONWER UP

H CaLL MTO

!

; COMMAND LEVEL - BET CHARACTER; JUMP TO APPROPRIATE ROUTINE
408E CDLF4% COMND: CALL SETJNMP ;RUBOUT ABORTED COMNDS CODME HERE
4091 119452 LY D,PRHPT sPRINT COMMAND PROMPT
4094 CD3IF49 CALL ME6
4097 CDD247 CALL €l 2

i ANI TFH sPUT IN IF UCASE TAKEN DUT
4094 CDO244A CALL UCASE sCONVERT LOW TO UP CABE % STRIPS PARITY

i SEQUENCE BELOW IS KLUDGE TD ALLOW CR AND 7 AS ONE CHAR COMNDS

¥
409D FEOD CP1 CR tSPECIAL CASE, (CR) IS5 NOP THAT DDES NOT
409F CABE4Y Ji COMND ;7 CLEAR THE ANSHWER
4042 11BE4D LXI D,COMND ;ADDR FOR PSEUDO CALL COMPLETED BY PCHL
4CATS DI ' PUSH ] H
4044 FEIF CPI e sSPECIAL CASE "7°, MUST NOT CLEAR
4CAB CADD4O J1 ASK ; ANSWER FIRST.

L

; NOW FOR THE REAL COMMANDS...

r
4088 &7 MOV H,A PUT FIRST CHAR INTO H
404C CDD247 CALL Cl ;BET SECOMD CHAR

i ANI O7FH s UNCOMMENT IF CALL UCASE REMOVED
40A/F CDOZEA CALL UCASE 3
4GB2 &F MOV L,A sPUT SECOND CHAR INTO L
40BT CDEE49 CaALL SPACE 1500 KNDWE WHAT FOR..»
40B& 011550 | % BE,CMDS ;SCAN COMMAND TABLE...COMND IN HL
4089 0A CHDNXT: LDAX B $GET COMMAND FROM TABLE
40BA 57 OV D,A ¢ BET FIRST LETTER
40BB 03 INX B 5 FPOINT TD SECOND LETTER
40BC 0OA LDAX B i GET SECOND LETTER
4GBD SF Moy E,A B .
40BE 03 INX B : POINT TO LOWER BYTE OF ADDRESS
40BF CDFF47 CALL CMP1L& ;s COMPARE TD COMND TYPED
40C2 CADL40 J1 CMDFND ;FOUND IT
40C5 03 INX B ;SKIP OVER ADDR OF COMMAND JUST CHECKED
10C6 03 INK B sPOINT TO UPPER BYTE CF ADDR THEN MNXT CHD
406C7 74 MOV A,D ;CHECK FOR END OF TABLE
40CB B3 ORA E H
40CT C2E940 JNZ CHDNXT $NOT END...TRY NEXT ENTRY
40CC CDAB4Y ERRER: CALL PREAD $PRINT ERRER MESSAGE AND RETURN. "COMND"
40CF C% RET IS ON STACK AS RETURN ADDR FOR COMMAND

' + NOTE ALL THE COMMANDS USE ERRER LABEL.

'
43D0 3JEFF CMDFND: MVI A,EOL ;CLEAR ANSWER
4002 J2345A SThA MISCBF
4005 OA LDAX B $:6ET LOWER BYTE OF ADDRESS
40D& SF mov E,A 1
40D7 03 INX B ;POINT TD LOWER BYTE
4008 04 LDAY B :GET UPPER BYTE
4009 57 MOw D.,A ! .
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40DA
40DB
40DC

400D
40E0
40E3
40ES

40E7
40EA
40ED

40EE
40F1
40F 4
40F7
40F8
40F9
40FC
40FD
4100
4103
4104

4103
4108
4108
410C
410F
4112
4113
8114
4116
4117
4119
4114

7€
EB
E?

CDEE49
113435A
CD3F49
C%

118051
CDIFa9
Ce

CDos4sg
DACCA40
CD5849
D8
ES
Coocag
AF
COF247
CLF247
El
E%

CD7848
DACCA0
EB
CLSB49
DAT741
4c

0c
0600
CS
0600
62

&B

mav AH s COMMAND EXPECTS FIRST LETTER IN A REG
¥CHE ¥
PCHL j

-

#fssnEriraastenns END OF COMMAND LEVEL REXnsss i s tRsingnpnsanss
FERERARRRRARRRAARRAARRIBEGINNING OF ACKE*F #3325t nuersnasssnsy

PRINT  ONE BYTE NOTE LEFT BY LAST COMMAND

e wa ma ww

SK1 CALL SPACE

LXT D,MISCEF
caLL  mse
RET

PRNNRAEER IR AR NN R kEND DF ASKS SR r s s s du s b 5344 SR ERRRRRARE RS

TEASERFEFRAR R R 222524 2BECINNING OF HELF 4343533348832 3384035554

s HELP

HELP:  LXI D,PHELP
caLL MEG
RET

FHERRFEFER AR RRR RN FHAEND OF HELPHHFFR R4 3R R RSN RN RRSFELT4E

(REREFFEFFSFRFIFIRFIANNRAFIBECINNING OF COTO#SS SR 2Ra v AR R R R AR 443553

; GOTO ROUTINE - STARTS EXECUTION IN MEMORY LOCATION

60TO: CALL GHMW ;GET HEX WORD
4C ERRER }
CALL DKCK i
RC H
PUSH H
CALL CRLF
KRA A
caLL Co
CALL Co
FOP H
PCHL H AND GO

PRERRFREFRERERRRAR A4 F2END OF GOTOR #2223 4848 RS F RN R HH 54

'
JHERRFEE SRR EH AR LA RN e R 44 2BEGINNING OF MEMTSTe*#t2asansnsnsssnssiss

MEMTST: CALL FROMTO yGET FROM AND TD ADDRESSES
JC ERRER s
XCHEB }
CALL DKCK $sCHECK WITH USER BEFORE STARTINE
ic MTEND ;

MTO: mav CyH $8TOP AT XX77? WHERE XX-1 I8 THE
INR c jUPPER BYTE OF THE USERS TO ADDR
MVl B,00H § ALSOD USE OF COUNTER

PUSH B
MVI B,0 1CLEAR B PATTERN MODIFIER
MT1e MOV H,D :
Moy L,E
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4118 7D MTFILL: MOV AL tLOW BYTE TO ACCUM.

411C AC iRA H s+ X0R WITH HIGH BYTE

4110 AEB LRA B 1 X0R WITH PATTERN

$14E 77 Moy n,A ;STORE IN ADDR

411F 23 INY H ; INCREMENT ADDR

4120 7C MoV A H + LOAD HIGBH BYTE OF ADDR
4121 BY CMP B ;COMPARE WITH STOP ALDR
4122 C21p41 JNI MTFILL +L00F IF NOT DONE

; READ AND CHECK TEST DATA
7

4125 42 MoV H,D

4126 KB MoV L+E 1GET STARTINE ALDDR

4127 7D MTTST: MOV A,L ;BET LOW BYTE

4128 AC IRA H ;X¥0OR WITH HIGBH BYTE

4129 @8 XRA B 1 X0R WITH MODIFIER

4178 €S FUSH B :

4128 47 Mo B,A

412C T7E MoV A, M

4120 BB EMP B :COMPARE WITH MEMORY LOCATION
412E C25941 JNZ MIFXIT :ERRER EXIT

4131 Cl POP B

§132 23 INX H sUPDATE MEMORY ADDRESS
4133 JIC Mov AH $1GET HIGH BYTE

4134 B9 CMP C :COMPARE WITH STOF ADDR
4135 C22741 JINZ MTTST :LO0P BACK

4138 3IA015 LDA WIDTH ;GENERATE ((WIDTH+1)#4)-1
41378 37 STC 3

413C 17 RAL P

4130 37 §TC i

413E 17 RAL I

413F A0 ANA B tCHECK FOR TIME FOR CRLF
4140 CCOC4B C? CRLF sCRLF IF RUNNINE OUT OF LINE
4143 04 INR B {UPDATE MODIFIER

4144 EB XCHEB

4145 JE21 Myl A, ! :PRINT PASS DONE MESSAGE
4147 CDF247 CALL co :

4144 EB XCHB

414B C! FOF B

414C 05 DCR B

414p CS PUSH B

114 C21941 JNZ MT1 $RESTART WITH NEW MODIFIER
4151 C! FOP B

4152 112351 Lxd L,MTE00D

4155 CD3IF49 CALL M35

4138 C9 RET ; FOR 255 TIMES THEN TO CHMDS
4159 113A51 HTEXITy LXI D,MTERR ;sPRINT ERRER ADDRESS

415C CDIFa9 CALL MSE

415F CD7B4% CALL FHHW

4142 118C51 LXT D,MTREAD

4165 CD3F49 CALL MSE

4148 CDB3I49 CaLL PHB

414E 115351 LXI D,MTWROT

414E CP3IF49 CALL MEE

4171 78 MOV A,B

4172 CD8349 CALL PHE
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4175
3178

4177

4178
4178
417E

4181
4183
4185
4187
4189
4184
41gC
418E
41590
4192

4194
4194
2198
4194
41%C
419E
41A0

4142
3144
1145
1148

4148

f1AE CD

41B1
41B4

S1EB7
4189

41BA
41BD

Ll
Ci

[ |
-

coac4s
1157350
CD3IFa9

L B e B T v e Y R e SN [ e TR Y |
L L R e B I ]
[ B = O
L R [ |

S8 R S S T B |
B b= 3 )

ZEBD
B33
D343
JEID

nIoT
L

DI10
B312

DI41
3C
CDCEZA
C39E41

115350
IF49

coppI4s
DZCo41

FEZF
ce

CLAE4LY
C3AB41

POF
POP

i
MTEND: RET
i
i

;RETURN TO CODMMAND LOOP

FRAFFFEAREFFRARAKEEND OF MEMTO T ¥4 H R4 F RN R F R AN RFERRXEEF R XS

PAFFHEARFREF RS AEHBEGINNING OF TEST BOARD*###axxzsassisssss

TETBRD: CALL
LiI
CALL

My I
ouy
MY I
ouT
EUB
ouT
ourt
MyI
ouT
ouT

MV 1
out
ouT
MYI
ouT
LOOPA: QUT
out

ourt
INR
CALL
JHP

CRLF

0,MTSERD

MES

A,77H
TIMCTL
A,0B7H
TIMCTL
8
TINEL
TIMEZ
A, 20H
TINMEL
TIME2

A, 80K
PIACNTL
PIBCNTL
A, 30H
TIHETL
PIAA
PIAC

FIAE

f
HRTBEAT
LOooPA

:THIS ROUTINE ALLOWS THE
{USER TO DO A HARDWARE
:CHECK OF THE PIAS AND
1TIMER CHIPS

 TIMER 1

s TIMER 2
;70 DIVIDE BY

:5ET PIAA
JAND PIAE TO

;LO0P THROUGH

; SHOULD AFPEAR
;A5 STAIRSTEP ON
;LOGIC ANALIIER

; LOOF FOREVER

(EER e xRt a2 2END OF TEST EBOARD %4 %+ #4545 %5 4L 4555

FREERERERFER AL FENABEOINNING OF MEMED* #3522 4 S R4 LS # X REE SN

; MEMED - HEXADECIMAL MEMORY EDITOR

i
MEMED: LXI
CaLL

CALL
JNC

ERI
Ri

CALL
JHP

D,EDM2
MSE

GHW
oK

e

FREAD
MEMED

PRINT "CR, LF, (®

$6ET HEX WORD INTO HL, JUMP IF VALID

; BAD CHAR RECEIVED - WAS IT /"
;60 BACK TO COMMAND LEVEL IF SO

sPRINT "WHAT 2*
:THEN TRY AGAIN
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41C0
41C3
41C6

41C9
41CC
§1CF
4101
4104
4106
4109
410C
41DE
41E0
41E3
41ES
41EB
41EA
41EC
&1EF
§1F2
41F4
B1F5

41F8
81FB
41FD
41FF
4202
4203
4206
4208
4208
420C
420F
4211
4214
421

4219
421A
421D
421F
4220
4223
4224

4229

CD3&42
CDC741
CIAB41

COF48
D2F441
FE27
CAEF41
FESE
CZFD41
CDD247
E&TF
FEAD
CAZ2042
FE&D
DAEA41
D&20
D640
CiFasl
CDD247
E&TF
77
COEE4R

Cbh247
E&TF
FEOD
C20&42
23
C32342
FE20
C20F42
23
32342
FEZE
CARZZA2
FEZD
C21p42
2B
CI2z42
FE2F
c8
CDAB4Y
CD2942
Cic941

115350

OK:

®
¥
L]
"
¥
#
¥
¥

CALL
CALL
JMP

END

DISCON
EDIT
MEMED

MEMED

s DISPLAY CONTENTS OF LOCATION
s THEN BEGIN EDITING
jLOOP IF EDIT RETURNS

§ GET EITHER A NEW HEX BYTE 7D BE WRITTEN WHERE HL POINTS,

y FOLLOWED BY ANODTHER COMMAND, CGR JUST ANOTHER COMMAND.

#

¥
EDIT:

EDUC:
EDLIT:

EDBYTE:

@
1

NEXT:

El:

E21

E3:

Ed4;

EDBAD:
PRt

CALL
dNC
CPI
d2
CPI
JNZ
CALL
ANI
CPI
Jc
CPI
JC
BU1
SUI
JMP
CALL
ANI
mMov
CALL

CALL
AN
CPI
INI
INX
JHP
CP1
dNI
INX
JMP
CPt
Jz
GPI
INI
DCX
NP
CPI
RI
CALL
CALL
JHP

EHB
EDEYTE
027H
EDLIT

NEXT
cl
07FH
040H
EDBAD
040H
EDUC
020H
040H
EDBYTE
cI
0TFH
M, A
SPACE

Cl
TFH
CR
El
H
PR

E2
H
PR

PR
E4
H

FR
e
PRBAD

DISMEM
EDIT

tBET THE NEW HEX BYTE IF TYPED
§G00D BYTE TYPED - PUT IN MEMORY
;DOES USER WANT LITERAL CHARACTER 7
i YEPS s

¢ DOES USER WANT CONTROL CHARACTER 7
s NOPE...MUST BE COMMAND OR ERRER...
{GET CHAR

{STRIP PARITY

1SEE IF MAKES SENSE...

s DUMMY

tFIGURE DUT WHAT TO SUBTRACT...

4115 UPPER CASE...0K AS IS

t LOWER CASE...MUST BE MOVED DOWN
tCONVERT TO CONTROL CHAR

{GET CHaR

{BETTER STRIP PARITY

tELSE STORE IT IN MEMORY

$SPACE TD REINFORCE THAT ONCE TWD DIBITS
{ ~RE ENTERED, LCCATICN IS CHANGED.
;AND GET ANDTHER CHAR & ECHO IT

sKILL TOP BIT

;CARRIAGE RETURN?

{YES- PRINT NEXT LOCATION
:0R BLANK

{YES- DO THE SAME

i PERIOD?

sPRINT CURRENT LOCATICN
; DASH?

jYES - PRINT PREVIOUS LOCATIDN

+ SLASH?

;EDIT ALL DONE IF SO

1 IF NONE OF THE ABOVE, PRINT "WHAT 7"
+DISPLAY THE NEW CURRENT MEMORY LOCATION
s AND LOOP

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

DISMEN:

LXI

D,EDM2

:1D0 CR,LF, *(*
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472C CDIF4wm CaLL MSE
422F CD7349 CALL FHUW
1232 CDEL42 CaLL DISCON
4235 C9 RET
; *#xxk DISCON #ees
i
i PRINT "} = FOLLOWED BY THE CONTENTS OF THE ®EMORY LOC.
; POINTED TD BY HL
i
4235 114E30 DISCOM: LXI D,EDML 3
42279 CDIF4S CALL MEE ;
23L TE Moy .M yGET CONTENTS OF MEM LOC.
423D CDEI47 CALL FHE tPRINT IT
4240 114F50 LXI D,EDM3
4243 COIF49 CALL MEG ;
4245 ES PUSH H ;SAVE ADDRESS
4247 CDESAE CALL DISASC CONVERT TO PRINTABLE
4244 JC MOov 4,H sPRINT * - OR &
424F CDF247 CaLL co i
§24E 7D Moy AL ;PRINT CHARACTER
424F CDFZ247 CALL co H
4252 El POF H
4233 CDEE4% CALL SPACE 3
4256 C9 RET
PEREEEREA AR RNER R4S EEEND OF MEMEDS ¥ S 24 H R E R R R R A B R RTHNFFHHHEFH
JREEFRAERRARRA AR R A4 FPECINNING OF LOADER## #4443 4445444353352 %
)
sy HEX-FORMAT LOADER
i MOTE: RECORD LENGTH = 00 TAKEN A4S EOF
4257 CDAG4E LOADER: CALL EBIAS +BET BIAS
4254 DACCAQ JC ERRER s BAD CHAR - BUIT
4250 2202354 SHLD BIAE +STORE BIAS
4250 CDSB49 CALL DECK ;EHECK WITH UEER BEFORE JUMPING
4263 DB RC H
4264 JA00SA LDA ECHOFL ;S5AVE ECHO FLAS
4247 3123854 5TA MISCBF+2;MISCBF & MISCBF+! USED BY ANSHER
476A 3JEL1 MVI A, XON 1START DATA COMING
4286C ZZ2005A ETA ECHOFL ;NON-IERQ VALUE (XON) TURNS OFF ECHO
az25F CDF247 CALL £o H
4272 CD9E4Z LOADL: CALL BETREC ;READ IN OKE REC, (A) = RECORD LENBTH
4273 BT OorRAa A sSET I-FLAG ON RECORD LENGTH
4276 JE47 MY I Ry, B ;ANSKER TO QUESTION = GOOD
4278 CAB242 JZ DONE ;IF LENBTH = O THEN DONE
4278 T4 MoV A,0 ; (D) = ERRER FLAG ON GETREC RETURN
427C BT ORA A $5EE IF THE "ERRER™ FLAGS IS MOM-ZERQ.
4270 CATZ42 Jz LOADI ; IF NOT, G0 DO MEXT RECDRD
4280 3E42 Myl A,"B" sSTORE "BAD"™ FLAG IN ANSWER TO GUESTION
4282 I236354A DONE: STA MISCBF ;STORE GOOD/BAD STRING
&285 JEFF MvI A EOL P .
4287 I2373A ETA MISCBF+1: .,
4284 IAZEIA LDA MISCBF+2;RESTORE ECHO FLAG
4280 IZ20035A ETA ECHOFL
4290 IEL3 MvI A, XOFF ;STOP FURTHER GUTPUT
4292 COF247 CALL co H
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4295

4294

4299
429C
429D
4240
4241
4204
4245
4246
4247
42R4
4248
424C
424F

4282
§2385
4284

4287
42BA
42BC
42BE
42C1

42C3

42C4
42CS
42C¢
42C7
42C8
42C9
42CC
42CD
42CE

c9

coe742

£DD142
aF
CDD142
&7
CDD142
4F
DS
EB
2A0254
19
D1
CDD142
CDC442

CoD142
79
c?

CbD247
E&7F
FE3A
C2B742
1600
ce

41
78
B7
Ce
03
ChD142
77
23
C3C542

RET

END

ETREC: CaLL

e [F) wme s ma e ww w

caLL
MoV
CALL
MOV
CALL
MoV
PUSH
XCHE
LHLD
DAD
POP
CALL
CALL

CALL
Mav
RET

END

'
Ll
7 #%* FNDMRK
H

r
FNDMRK: CALL
ANI
CPI
INT
MVI
RET

END

%%

EE EE EE cmw EE Es

DATA:
LOOP:

Hav
Mov
ORA
R
DCR
CALL
Mov
INX
JHP

DATAL:

LOADER

FNDMARK

LEHB
C,A
LEHE
H,A
LGHE
L,A
4]

BIAS
D
D
LEHE
DATA

LSHB
a,C

BETREC

{RETURN TO COMMAND LEVEL

#x% GETREC ##+ READ IN ONE RECORD

$SKIP TO RECORD MARK
$GET THE RECORD LENGTH

INTO THE C REG.
BET LOAD ADDRESS FIELD INTOD

(1]

H&L

e W we

SAVE DXE

W e e e

s
=]
L= ]
oo
]
I
[43]

H

{RESTORE D&E

sGET THE RECORD-TYPE BYTE AND IGNORE
sPUT THE NEXT (C) BYTES INTO MEMORY
+STARTING WHERE HL PDINTS

sREAD THE CHECKSUM BYTE

{PUT THE RECORD LENGTH BACK INTD A RES.
;RETURN FROM GETREC. (D) CONTAINS THE

: SUM OFF ALL HEX BYTES READ, AND 50

s 1S EFFECTIVELY AN ERRER FLAG

##% - FIND RECORD MARK
IGNORES ALL TEXT UNTIL “:* FOUND, THEN RET

I

O7FH

FNDMRK

0,0

FNDMRK

{C}
(D)

I I» £
=« e |

8
LEHB
M, 4
H
LOOP

DATA ### - INPUT

sBET CHARACTER
{STRIP OFF BTH BIT

:
$NOT RECORD MARK - BET KEXT CHAR
;CLEAR D REGISTER (ERRER ACCUMULATOR)

ALL DATA BYTES
NUMBER OF BYTES TO READ IN
ERRER FLAGE ACCUMULATOR MAINTAINED BY LGHB

;COPY C REG. TO B
sGET REMAINING BYTE COUNT

tGET FLAGS

sRETURN FROM SUBR., IF NONE LEFT
;ELSE DECREMENT B REG.

s6ET BYTE FROM DATA FIELD
1STORE IN MEMORY

s BUMP POINTER

150 BACK FOR NEXT CHAR.
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4201
4204
4205
4206
4207
4208

42079
42DC
420F
42E2
42€3
42E&
42E7

2EB
42E9
42ER
42EB
42EC
4ZED
42EE
42F1
42F2
42F3
42F3
&2F7
42FA
42FB
42FE

42FF
4300
4301
4304
4307
4309

CDFO48
FS
g2
37
Fi
Ce

CD7848
CACCAO
CD5849
Le
JAOL15A
47
2F
as
&F
7B
BO
oF
ES
CDF&49
2B
01
EB
coocCes
CDh7849
E3
2L1355A
EJ

7€

23
CDEEAS
CLBI49
E&TF
FE20

Page &4

END

!
i
i
;
i
1
i
i
E

GHB: CALL
PUSH
ADD
MoV
poP
RET

END

S v e e WEE mE T e S e

UMP: CALL
JC
CALL
RC
DuMPl: LDA
MOV
CHA
ANA
MOV
Mav
ORA
MoV
PUSH
CALL
DCX
POP
XCHG
CALL
CALL
PUSH
LXI
KTHL

AT THIS POINT

[ = [E TR —

Iis mMov
INX
CALL
CALL
ANI
CPI

DATA

; ##%# LGHB ##% - LOADER GET HEX BYTE

SAME AS GHB EXCEPT ADDS BYTE GOTTEN TO ERRER
ACCUMULATOR IN D REGISTER

BHB
PSy
D

D,A
PSH

LEHB

FROMTO
ERRER
OKCK

YIDTH
B,A

P

m

UBlé

BIXTmIIMmoms>rrr
el

CRLF
PHH
H

:BET BYTE
;SAVE BYTE

:ADD TO (D)

:PUT SUM IN D-REG
tRESTORE BYTE

1

FREEFFESRENAAR RS EFH4END OF LOADER## #4445 s 25 F A0 AR R RS E5R242

FEEEEEEENRNN RN R R LR F#DEGINNING OF DUMP# 25 52 E SRR RS FEE XS54

DUMPL IS AN ENTRY POINT FOR EXTERNAL USE OF ROUTINE

;GET BEGINNINEG ADDRESS AND BYTE COUNT
$}NON HEX CHAR TYPED - HHAT 77 7 72 2
; CHECK WITH USER BEFORE CONTINUING

i
;BET WIDTH

i

{ROUND DOWN STARTING ADDRESS

j

jROUND UP ENDING ADDRESS
i

i

j DLE=START-ENDING-1

H

i

i

i

;60 TO NEW LINE

s PRINT MEMORY ADDRESS
jPUT RAM ADDRESS ON ETACK

H,MISCBF;GET BUFFER ADDRESS

jPUT BUFFER ADDRESS ON STACK
{6ET RAM ADDRESS OFF

TOP OF STACK HAS BUFFER ADDRESS
H&L HAS RAM ADDRESS

AM

H
SPACE
PHB
Q7FH
0Z0H

$BET BYTE
jPOINT TO NEXT BYTE IN RAM

¥

;PRINT BYTE IN HEX
§1STRIP PARITY
;CHECK FOR PRINTABLE
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4308 DA1343 ac D13 iNOT PRINTABLE - PRINT .~

I0E FETF DIZ2: CPI 07FH {MAY BE PRINTABLE - CHECK FOR RUBQUT
4310 C21543 INZ D14 sNOPE. . OK
4313 3JE2E DIz MVI A,".'  JNOT PRINTABLE - REFLACE WITH SPACE
4315 E3 DI4: XTHL ;BET BUFFER ADDRESS
4316 77 MOV M,A tPUT CHAR OR SPACE IN BUFFER
4317 23 INX H ;

318 E3 XTHL {PUT BUFFER ADDRESS BACK
4319 13 INX D +DECREMENT COUNT OF NUMBER OF BYTES LEFT

I1A 7D MOV A,L :

318 AD ANA B {END OF LINE - PRINT ASCII AND CRLF
471C C2IFF42 INZ DIt ‘KEEP GOING IF NOT AT END OF LINE
431F EI DMPLIN: XTHL {BET BUFFER ADDRESS
4320 I&FF MVI M,EOL  ;TERMINATE STRING
4322 213554 LYl H,MISCBF:POINT BACK TO START OF BUFFER

329 E3 XTHL {PUT BUFFER ADDRESS BACK ON STACK
4325 CDEE49 CALL  SPACE  ;SPACE OVER A COUPLE
4325 CDEESY CALL  SPACE
432C D3 PUSH D i
4320 113654 LXI D,MISCEF;POINT TO BEGINNING OF ASCII BUFFER
4330 CDIF49 CALL M5B +PRINT ASCII BUFFER

333 D1 FOP D ;

4334 78 MOV A,E ;

4335 B2 ORA D ;

4336 CA42:3 31 DMPEND 3 DONE

4339 CDOCA48 CALL  CRLF

433C CD784% CALL  PHW sPRINT MEMDRY ADDRESS
433F C3IFF42 Iup pIt i

4342 E1 DMPEND: POP H sCLEAN OFF STACK

4343 IEFF MVI A,EOL  ;CLEAR ANSWER...

4345 323654 5TA MISCBF

4748 C9 RET i

EREREREFF AR R R R R 2020022 0END OF DUMP# 2 S22 5 44544 FF S35 F 208450882
FEFFFREFEFERER R AR REGTNNING OF I0PORTH## 22+ 252228400000 %s

I0 - 1/0 PORT MANIPULATION

'
'
i
i
i
i
i
1

349 CDFO48 OPORT: CALL GHB ;BET PORT NUMBER

434C DACCA0 - JC ERRER H

474F 323834 5TA MISCBF+2 ;DON'T TROMP ON EOL
43852 TECY? MVI A,0CTH ;STORE RETURN

4354 323954 5T4 MISCBF+3 H

4357 CDEEaAY CALL SPACE H

435A CDD247 CaLL Cl ;GET IOPORT COMMAND
4I5D CDO24A CALL UCASE {STRIP PARITY

43460 CDEE49 CALL SPACE 3

4363 FES2 CPI "R ; IF NOT R, CHECK OTHERS
4365 C26C43 dNZ 10P1 -

4348 CD7E43Z CALL I0OPR ; IOPFORT READ ROUTIME
4368 C9 RET H

436C FES7 I0P1: CPI W ;IF NOT W, CHECK H
436E C27543 JNI 10P2

4371 CD9EA3 CALL 10PW I0PORT WRITE ROUTINE

g e

4374 C9 RET
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8375
4377
1174
437D

437
4180
4383
1386
4389
438C
438F
1392
4395
4394
4399
4794
439D

439¢E
4IA1
4ZA4
4IA7
4384
414D
43ARE
4IAF
4381
4IB&
43B3
43b8

4389
43BC
43BF
43C2
43C5
43CE
§3C

53CA
43CD
43CF
4302
43D4
4307
43DA
430D
43E0Q
43E1

FEAD
C2CC40
ChB943
c9

3EDB
J2IT735A
CD373A
11EBS0
CD3F49
CDBIA?
CDEE4Y
Chas4s
7C
CDF247
7D
CDFZ247
Ce

11E850
CDIF49
COF04s8
DACC40
CD5B849
0e

F3
JED3
32375A
Fi
CD375A
c?

f11EFS0
CDIF49
COFO4B
DACC40
CD5849
oe

iF
CDOC4E
JEDB
J2373A
1600
CDI754
CDBI49
CDEE49
CD43548
7C
CDF247

10P2:

-

el

OPR:

; IOPW - I0PORT

:
10PH:

OPM:

I0PML:

CFI
JNI
CALL
RET
END

IOPR - IOPORT

MVI
ETA
CALL
Lxl
CALL
CALL
CALL
CALL
Mov
CALL
MoV
CALL
RET

LXI
CALL
CALL
ac
CALL
RC
FUSH
MVI
STA
POP
CALL
RET

IOPH - IDPORY

LXI
CALL
CALL
JC
CALL
RC
Mov
CALL
MVI
8TA
MVI
CALL
CALL
CALL
CALL
MoV
CALL

e
ERRER
I10FM

IOPORT
READ SUBCOMMAND

A,0DBH
MISCBF+1
MISCBF+1
D, ICPDA
MS5

PHB
SPACE
DISASC
a,H

co

a,L

co

WRITE COMMAND

D,10PDA
56

548
ERRER
OKCK

PSH
A,0D3H
MISCBEF+1
FSH
MISCBF+1

MONITOR COMMAND

D, 10PN
MSE

GHE
ERRER
OKCK

C,A

CRLF
A,0DBH
MISCBF+1
D,0
MISCBF+1
PHE
SPACE
DISASC
a,H

co

:IF NOT M, THEN WHAT DO
; YOU WANT 2
s I0PORT MONITOR ROUTINE

:
+MAIN PROGRAM

$STORE "IN" INST

:GET BYTE FROM PORT
:PRINT "DATA= °

sPRINT BYTE IN HEX

3
;PRINT BYTE IN ASCII

e E e A

PRINT 'DATA= °

e e E

+BAD CHAR TYPED...

: CHECK TO BE SURE
sMUST HAVE GOOFED.,.
1SAVE DATA

:STORE "OUT" INST
sGET DATA BACK
;HRITE DATA

;PRINT “@ SOMS # -

L)
1BAD CHAR...
:BIVE ESCAPE A CHANCE...

¥
;WOULD YOU BELEIVE C FDR COUNTER?

3
;STORE "IN" INST

+BET BYTE FROM PORT
sPRINT BYTE IN HEX

¥
;PRINT BYTE IN ASCII :

]
¥
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43E4 70 HOY
43JES CDF237 CALL
4TEE 1LIF950 LXI
43EB CDIFa9 CALL
4IEE 41 MOY
43EF 04 INR
43F0 05 IOPM2: DCR
43F1 CAFA&3 JI
43F4 CD1548 CALL
43F7 C3F043 JMP
4IFA 13 I[OFM3: INR
43FB IA0LISA LDA
43FE BY ORA
43FF 1IF RAR
4400 AZ ANA
4401 CCOC4B Ci
4404 CID34Z JMP

a,L
co

D, 10PSM
MS6

B,C

]

B

10PN3
DSOMS
10PM2

i

WIDTH
A

D
ERLF
10FPM1

FEsERERERERERERE R 44EN]D OF

:
i

sPRINT

y

sHAIT (C)#50MS
;CHECK FOR ZERO

-

CHECK TO BEE IF IT 15 TIME
FOR A ROUSING ROUND OF CRLF

;CLEAR CARRY

;CUT DOWN ONE

y
-
®
¥
:
i
]

-
-4
"
¥

I0 PORT COMMAND#s#sss#zssxts4

(R R AR R R R R R AR AR RN AR R R R R A AR R R R R E TR R AR 1

;i

BEGINNING OF ULTRAGONIC ROUTINE +

THER R AR AR EE R R F AR AR RN R AR R AR R R RN AN AR RN R AR R AR

4407 CDOEsA USFNT: CALL

4404 IEOD HvI
440C D340 out
449E D322 puT
4410 pr22 guT
4412 3E0! MYI
4414 DIa0 ouT
4414 115000 % &
4417 CDB747 CALL
441C 3EQ3 MyI
441E DI40 ouT
4420 3A1254 LOOPD: LDA
4427 &7 MoV
4424 CD44as CALL
4427 7C Mov
4428 BS CHP
4429 DAZ744 Jc
442C 3E00 MVI
442E D340 our
4430 210000 LXI
433 2210SA SHLD
4434 C9 RET
4437 DBEA42 NEXTA: IN
4479 E&O01 ANI
4478 FEOL CPl
443D C22044 JNZ
4440 3JEQO MYI
4442 DI40 ouT
4444 CD4445 CALL
4447 CDSZ45 EALL

444p CD5345 CALL

HRTBEAT
A, 00H
PIAD
TINE2
TIMEZ
A,01H
PIAD
D,0050H
DELAYD
A,03H
PIAD
MAXFNT
B,A
CNTCK
A, H

B

NEXTA
A,00H
FIAD
H,0000H
FNTDST

PI1AF
01H
01H
LOORD
A,00H
PIAD

" CNTCK

BEEP
BEEP

;RELOAD HEARTBEAT

;RESET INIT LINE ON SORICS
: LZERO NSB OF COUNT
t LEB OF COUNT

{SEND OUT SONIC BOOM
s DELAY FOR ¢ 1 MILLISEC.
: OFF TO DELAY

;SEND OUT BLANK INHIBIT
; BUT KEEP BOOM HIGH
:BET MAX FRONT DIST.

;FIND OUT HOW LONG

; BOOM HAS BEEN BONE
; 1IF B0 FORBET IT

;RESET EVERYTHING
; CLEAR DIST.

; TEST FOR BDOM

s MASK OFF DIRECTIONM

; TEST FOR DIRECTION
y1F NOT BODM THEN WAIT

;RESET INIT LINE
;6ET COUNTER IN HL
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444D CD7245 CALL
44350 22105A EHLD
4453 C9 RET
4833 CDOE4A USBACK: CALL
4457 IEBO MVI
4459 D323 ouT
4458 ZEOO MV 1
445D D340 ouT
445F D32 puT
445 D322 ouT
44563 3JEO4 MVi
4455 D340 ouT
4867 115000 Lxl
4458 CDB747 CALL
4450 TEOC Myl
446F D340 ouT
4471 ZA1SSA LOOPF: LDA
4474 47 mov
4575 CD444S CALL
4478 7C Mov
4479 BA CHP
4474 DAS344 Jc
447D 3IEQQ MVI
447F B340 ouT
4481 210000 LXI
4484 221354 SHLD
4487 C9 RET
#488 D42 NEXTB: 1IN
448A E&0Z " ANI
448C FED2 EPI
448E C27144 oMl
491 ZEOQQ HyV1
449% DI40 ' out
4495 CD4445 CALL
4478 CDSI43 CALL
4478 CDS345 CALL
449E CD7245 CALL
4341 221354 SHLD
4aas C9 RET

43A5 CDOE4A USRT: CALL

44AB IEBO MV1
43aA D323 ouT
&44AC 3JEOC MVI
43AE D340 our
44B0 D322 ouT
4482 D322 ouT
44B4 3JEL10Q MV
84B5 D340 ouT
44B8 115000 LXI
44BB CDB747 CALL
44BE IEIO MVI
£4CO D340 ouT

44C2 JAL1BSA LOOPH: LDA

FNDDT
FNTDST

HRTBEAT
A,0BOH
TIMCTL
&, 00H
PIAD
TIMEZ
TIME2
&,04H
PIAD
b,0050H
DELAYD
A, OCH
PIAD
MAYBAK
8,4
CNTCK

A H

B

NEXTB
A,00H
PIAD
H,0000H
BAKDST

PIAF
07H
02H
LOOPF
A, 0CH
PIAD
CNTCK
BEEP
BEEP
FNDDT
BAKDST

HRTBEAT
a,0BOH
TINCTL
a,00H
PIAD
TIME2
TINE2
A, 10H
PIAD
D,0050H
DELAYD
A,J0H
PIAD
MAXRT

;FIND DISTANCE
i STORE AS FRONT

s RELOAD HEARTBEAT
$INITIALIZE B25T COUNTER
s TIMER2Z BINARY COUNT MDDE ©

sRESET IMIT LINE ON SONICE
s ZERO MSB OF COUNT
- LSB OF COUNTY

+SEND OUT SONIC BOOM
;DELAY FOR < 1 MILLISEC.
: OFF TO DELAY

+SEND OUT BLANK INWIBIT
: BUT KEEP BOOM HIGH
:BET MAX BACK DIST.

tFIND DUT HOW LCNG

; EOOM HAE BEEN GONE
; IF 80 FORGET IT

$RESET EVERYTHING

:TEST FOR BOOM

s MASK OFF DIRECTION
:TEST FOR DIRECTION
:IF NOT BOOM THEN WAIT

;RESET INIT LINE
$GET COUNTER IN HL

{FIND DISTANCE
:AND STORE AS
+BACK DIST.

; RELOAD HEARTBEAT
s INITIALIZE 8257 COUNTER
;s TIMER2 BINARY COUNT MODE ¢

sRESET INIT LINE ON SONICS
: IERD MSB OF COUNT
; LSB OF COUNT

{SEND OUT SONIC BOOM
:DELAY FOR ¢ 1 MILLISEC.
; OFF TO DELAY

:SEND OUT BLANK INHIBIT
; BUT KEEP BOOM HIGH
;GET MAX RIGHT DIST,
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44C5
44Cs
44ce
44CA
44CH
44CE
44D0
44p2
44035
44p8

4409
44DB
440D
44DF
44g2
44E4
3425
44E%
44EC
4 4EF
44F2

44F3
44F 4
34F8
44FA
44FC
44FE
4500
4502
4504
4304
4509
450C
450E
4510
4513
4514
4517
4518
4519
451C
4S1E
4520
4523
4526

4527
4529
4528
432D
4330
4332
4534
4337

47
Ch444s
7C

B8
DAD724
SEQD
D340
210000
2214634
cq

DB42
E&04
FEO04
£2C244
3E00
0320
£D4415
£0SI4S
£07245
221454
c3

CDoE4a
SEBD
D323
SECE
D330

D32z
D322
TE4D
0Z40
115000
Cpa747
JECO
D340
JA1B3A
47
CD44aas
7L

B8
DAZ743
SEQQ
D340
210000
221954
ce

DB42
E&0B
FEOB
CZ1045
JEQ0
D340
04445
L0535

MEXTC:

USLFT:

LOOPJ:

NEXTD:

mav
CALL
MoV
Chp
JC
MVI
ouTt
LXI
SHLD
RET

IN
ANI
CPI
JN1
MVI
our
CALL
CALL
CALL
SHLD
RET

CALL
MVI
ouT
MVI
ouT
our
guT
VI
ouT
Lx1
CaLL
MVI
ouT
LDA
Kov
CALL
Mov
CHP
JC
MVI
out
LXI
SHLD
RET

IN
ANI
CP1
INZ
MVI
ouT
CALL
CALL

B,A
CNTCK
a,H

B

NEXTC
A,00H
PIAD
H,0000H
RTDST

PIAF
04H
04H
LOGPH
a,00H
PIAD
CNTCK
BEEP
FNDDT
RTDST

HRTBEAT
a,0B0H
TIMCTL
A,00H
PIAD
TIMEZ
TIMEZ
A, 40H
PIAD
D,0050H
DELAYD
A,OCOH
P1AD
MAXLFT
B,A
CNTCK
AH

B

NEXTD
A,00H
PIAD
H,0000H
LFTDST

PIAF
0BH

08H

LOOPJ
A, O0H
PIAD
CNTCK
BEEP

sFIND OUT HOW LONG

; BOOM HAS BEEN GONE
; IF 50 FORBET IT

;RESET EVERYTHING

{TEST FOR BOOM
:MASK OFF DIRECTION
+TEST FOR DIRECTION
. [F NOT BOOM THEN WAIT

;RESET INIT LINE
;6ET COUNTER IN HL

:5ET DISTANCE
{STORE AS RIGHT

;RELOAD HEARTBEAT
;INETIALIZE B23T COUNTER
;TIMERZ BINARY COUNT MODE 0

$RESET INIT LINE ON SONICS
;IERQ MSB OF COUNT
3 LSEB OF COUNT

:SEND OUT SONIC BOOM
:DELAY FOR ¢ 1 MILLISEC.
: OFF TO DELAY

$SEND OUT BLANK INHIBIT
: BUT KEEP BOOM HIGH
{GET MAX LEFT DIST.

;FIND OUT HOW LONG

1 IF GEATER
: IF 50 FORGET IT

;RESET EVERYTHING

s TEST FOR BOOM

jMASK OFF DIRECTION

; TEST FOR DIRECTION

; IF NOT BOOM THEN WAIT

;RESET INIT LINE
;6ET COUNTER IN HL
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4534 CD5345 CALL  BEEP
451D CD7245 CALL  FNDDT :GET DISTANCE

4540 221954 SHLD  LFTDST :STORE AS LEFT

4543 C9 RET

4544 75 CNTCK: PUSH  PSW

4545 3EBO MY 1 A,B0H

4547 D323 ouT TINCTL +LATCH CURRENT COUNT

4529 DB22 IN TIMEZ {GET LSE

4548 2F CMA ; FLIP IT TO REAL TIME

4S4C &F MOV L,A

454D DB22 IN TIME2 ;GET mSE

§54F 2F CHA ; FLIP TO REAL TIME

4550 &7 MOV H, A

4551 Fi POP PSH

4552 C9 RET

4553 3A205A4  BEEP: LDA MENCTRL $5ET SOUND FLAS

455& E&02 ANI SONOFF sMASK TO SEE IF SOUND ON

4558 FEO2 cPI SONOFF : 18 IT ON 7

3554 CO RNZ . IF NOT FOBET IT

4558 3E40 MV I A, 40H

455D D342 ouT PLAF s TURN ON TONE

455F sS4 MoV B, H ;DELAY FOR

4580 SD MOV E,L s DIST.COUNT

4551 CDB747 CALL  DELAYD +WAIT FOR IT

4564 IECO MV I A,O0COH ; CHANGE TONE

4566 D342 ouT PIAF

4568 S4 MOV D,H : DELAY FOR

559 5D MOV E,L +DIST COUNT

4S4A COR74T CALL  DELAYD

540 3E00 MVI A,00H ;NOW TURN EVERYTHING OFF

4S4F D342 ouT PIAF

4571 C9 RET

4572 11F000  FNDDT: LXI D,00F0H s COUNT TO DIST. RATID

4575 OLIFFFF LXI B,OFFFFH : IERO BC
4578 03 LOOPM:  INX B

4579 CDF649 CALL  SUB1& s HL=HL~-DE
457C 027845 INC LOOPH :DONE YET?

4STF &9 MaV L,C $MOVE BC TO HL
4580 &0 MoV H,B

4581 C9 RET

4582 3A205A  ULTRA: LDA MENCTAL +GET MENU CONTROL WORD

4585 E404 ANT RONOFF {MASK TO SEE IF RANGING ON
4587 FEO4 CPI RONOFF :

4589 CO RNZ {RETURN IF RANGING OFF

4584 DBt IN PIAB tGET +5 VOLT DATA (LDOP) FROM CONN,
458C E408 ANI FUSLOOP :MASK TO BET FRONT CONNECTOR STATUS
458E FE0B CP1 FUSLDOP 1AFTER COMPARE, I SET = CONNECTED
4590 CA9B4S 3z FUSOK ;CONTINUE IF CONNECTED

4593 3E20 MVI A,FUSLED :6ET DATA TO LISHT FRONT US ERROR LED
4595 COFO4A CALL  SETERR ;LIGHT THE FRONT US ERROR LED
4598 CIC945 INP ULTRAL

4598 IE20 FUSOK: MVI A,FUSLED ;CLEAR LED ERROR
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439D
45A0
45A3
43AL
4547
45AA
454D
435AE
4SAF
4581
45B4
4587
45BA
45BD
45C0
45C1
45C3
&5Ch
45C9
45CE
45CD
43CF
4502
4504
4307
4504
45DC
430F
43E2
435ES
4TES
43E9
4SEC
43ED
43EE
43F0
45F3
43Fb
435F9
45FC
435FF
L5600
4602
456035
4408
4404
460C
450E
4611
45613
4514
4519
451B
451E
8621
4524

CDFC43A
CoC744
2A1C5A
EB
c£pez47
ZR10SA
7C

B3
FEOO
CAC945
113555
CD3IF49
CD7849
coocas
7D
FEOC
D2C945
CDEB4B
DBi1
E&10
FELQ
CALA4S
JELD
CCFO4A
C3084s
JE10
COFCAA
CoSa4s
ZALCSA
EB
CDE747
2AL13ZA
Fii>

B3
FEOO
CacB4s
I13ESS
CD3F49
Co7384%9
CooC4s
7D
FEQC
D20B4s
CDEB4B
DB1l
Es2¢
FEZ0
CA1945
JEOB
CDFO44A
C3I474%
JEOB
COFC4A
CDas4s
ZALCSA
EB

ULTRAL:

BUSOK:

ULTRAZ:

RUSOK:

caLL
CALL
LHLD
XCHE
CALL
LHLD
MoV
ORaA
CPI
J1
LXI
CALL
CALL
CALL
mov
CPI
JNC
CAaLL
IN
ANI
CP1
Ji
MVI
CALL
JMF
MVI
CALL
caLL
LHLD
KCHE
CaLL
LHLD
MoV
ORA
CPI
J
LXI
CALL
CALL
CALL
MoV
CPI
JNC
CALL
IN
ANI
CPI
J1
MVI
CALL
JMP
mvi
CALL
CALL
LHLD
XCHB

CLRERR
USFNT
TIMDLY

DELAYD
FNTDST
a,H

L

00H
ULTRAL
D,FNTMSE
MSG

PHW

CRLF

AL
LUESTOP
ULTRAI
STGP
PIAB
BUSLOOP
BUSLOOP
BUSOK
A,BUSLED
SETERR
ULTRA2
A,BUSLED
CLRERR
USBACK
TIMDLY

DELAYD
BAKDST
A, H

L

00H
ULTRA2
D,BAKMSE
MEG

PHUW

CRLF

A,L
USSTOP
ULTRA2
STOP
PIAB
RUSLOOP
RUSLOOP
RUSOK
A,RUSLED
SETERR
ULTRAZ
A,RUSLED
CLRERR
USRT
TINDLY

sULTRASONIC RANGING FRONT
:+ DELAY FOR SCAN

;MAX FRONT DIST.

;IF GREATER THAN MaX

; THEN FORGET IT

1 PRINT RANGE DIST.

; MESSAGE

1 AND FRONT DIST. VALUE

sCHECK FOR UNSAFE DIST

; IF GREATER THEN ULTRA STOP

i THEN CONT.

; IF LESS STOP

;GET 45 VOLT DATA (LOOP) FROM CONN.
1 MASK TO GET BACK COMNECTCR STATUS
s+AFTER COMPARE, I SET = CONNECTED
;CONTINUE IF CONNECTED

;BET DATA TO LIGHT BACK US ERROR LED
;LIEHT THE BACK US ERROR LED

;BET DATA TO CLEAR BACK US ERROR LED

;ULTRASONIC RANGE BACK
; DELAY FOR SCAN

;MAaX BACK DIST,

; IF GREATER THAN MAX

; THEN FORGET IT

;5 FPRINT RANGE DIET.

; MESSAGE

; AND FRONT DIST. VALUE

;CHECK FOR UNSAFE DIST

;) IF GREATER THEN ULTRA STOP

; THEN CONT,

; IF LESS S5TOP

;6ET +5 VOLT DATA (LOOP) FROM CONN.
sMASK TO BET RIBHT CONNECTOR STATUS
tAFTER COMPARE, Z SET = CONNECTED
;CONTINUE IF CONNECTED

$BET DATA TO LIGHT RIGHT US ERRCR LED
;LIGHT THE RIGHT U5 ERROR LED

;6ET DATA TO CLEAR RIGHT US ERROR LED

; DELAY FOR SCAN
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4625 CDBVAT CALL DELAYD

4528 2ALLSA LHLD RTDST iMAX RIGHT DIST.

4528 7C MoV A,.H

462C BS ORA L

452D FEOQOQ cP1 O0H ;IF GREATER THAN MAX

842F CR4AT4S 11 ULTRAZ ; THEN FORGET IT

4632 114453 LXI D,RTMSE ; PRINT RANBE DIST.

4535 CDIF49 CALL M5G 3 MESSAGE

4538 CD7849 CALL PHUW ;§ AND FRONT DIST. VALUE

468 CDOCA8 CALL CRLF

463E 7D MOV a,L s CHECK FOR UNSAFE DIST

843F FEOC CP1 USSTOP s IF BREATER THEN ULTRA STOP

4641 D2474b JNC LULTRAJ ; THEN CONT.

4544 CDEB4P CALL STOP ; IF LESS STOP

4647 DBII ULTRAZ: IN FIAB $6ET +3 VOLT DATA (LOOP) FROM CONN,
8549 EL4D ANI LusLoar ;MASK TO GET LEFT CONNECTOR STATUS
4548 FE4O EFI LUSLOOP ;AFTER COMPARE, I SET = CONNECTED
4540 CASE4s J1 LUSOK ;CONTINUE IF CONNECTED

4550 3E04 MvI A,LUSLED ;BET DATA TO LIGHT LEFT US ERROR LED
4652 CDFO4A CALL SETERR s LIGHT THE LEFT US ERROR LED

4633 C3Bs4s JMP ULTRAS

8538 3JE04 LUSOK: MVI A,LUSLED ;GET DATA TO CLEAR RIGHT U5 ERROR LED
465A CDFCAA CALL CLRERR

4550 CDF3I44 caLL USLFT ;ULTRASONIC RANGE LEFT

8660 2A1CSA LHLD TIMDLY ; DELAY FOR SCAN DELAY

4663 EB ICHG

4664 CDET747 CALL DELAYD

4667 2A1735A LHLD LFTDST ;MAX LEFT DIST.

466A 7C MoV AyH

4658 BS ORA L

466C FEOD CPI oK ; [F GREATER THAN MAX

456E CABLAS Ji ULTRA4 ; THEN FORBET IT

8&TI 114F335 LXI D,LFTNEE ; PRINT RANGE DIST.

4574 CD3IF4A9 CALL M55 i MESSAGE

44677 CDT7B4Y CALL PHH ; AND FRONT DIST. VALUE

467A CDOC4B CALL CRLF

4670 7D mov A,L ;CHECK FOR UNSAFE DIST

467E FEOQC CP1 USSTOP 3 IF GREATER THEN ULTRA STOP

46B0 D2B&4S JNC ULTRA4 ; THEN CONT.

4683 CDEBAB CALL sSTOP ; IF LESS STOP

4684 C% ULTRA4: RET ;60 BACK TO CALLINS

i ROUTINE

(RS ERFE AR RN AR Es END OF SONICS ROUTINE #4535 ssnsansiss
i
tFEERnda e sy QBEGINNING OF CHAIR PROGRAMS 2zss#saiaas

INITIAL - ROUTINE TO INITIALIZE THE CHAIR UPON STARTUP

Bl TEE R e

4687 310060 NITIAL:LXI SP,ENDRAM+1 ;RESET STACK POINTER
468A IEB2 MvI A,100000108 ;PORT A: OUTPUT
4468C D313 out PIACNTL ;PORT B: INPUT

;PORT C (UPPER): OUTPUT
;PORT C (LOWER): OUTPUT
468E IEBO MV A,CBOH ; INITIALIZE B253 COUNTER
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4490 D323 ouT TIMCTL s TIMER2Z BINARY COUNT MODE O
4692 3JEB! HVI A,BLH $8255 PIA D=IN E=IN

4594 D343 ouT PIBCNTL ;F=0UT

4696 IEOE Mvi A,MTRSTCP $BET VALUE TO STOP MOTORS
44698 322E3A 8TA RMLCS ; SET WOTOR DUTPUT

4598 I22DEA ETA LMCE ;7 TO STOP AT FIRST

449E 322C54 5TA RMTS

46A1 IZ2BSA 8TA LMTS

4544 07 RLC ' ;ROTATE TO MS NIBBLE

46AS 07 RLC

4646 07 RLC

45AT7 07 RLC

4448 F&08 ORI MTRSTOP ;COMBINE FOR BOTH L & R MDTORS
4b6RA DIA4I out PIAE ;SEND STOPS TD MOTORS

45AC 3EJD MVI A,30H $SET UP TIMER ¢ FOR

46AE DI23 ouT TIKMCTL ; HEARTBEAT PROTECTION

44B0 210008 LX1I H,0BOOH { SET ECAN DELAY

46B3 221CSA SHLD TIMDLY + FOR DELAYINE ULTRA SAMPLE
46856 111ASS LXI b,CLS 3 CLEAR SCREEN

4687 CDIF49 CaLL MSG

44BC 11F254 LxI D,M5G61 j PRINT A MESSAGE 50

44BF CDIF4S CALL MSE i WE KNOW WE MADE IT

JEEEESRREREEIFRTRRARRANINRERS

; RUNCHR - MAIN SOFTWARE LOOP. REPEAT LOOP CONSTANTLY, REGARDLESS
i OF THE PAL/JOYSTICK SETTING, BUT DD NOT UPDATE HEARTBEAT

i IF SWITCHED TO JOYSTICK

i

FEELARFAR AR AT R EFRHI4B0RA 4

44C2 00 RUNCHR: NOF

4623 990 NDP

45C4 00 NOP

44CS JEFF MVI A, TRUE

46C7 32355A §TA HEARTON

45CA CDOE4A CALL  HRTBEAT ;CHECK PAD/JOYSTICK SWITCH, UPDATE
;HEARTBEAT IF SWITCHED TO PAD

45CD CD154A CALL  MENCHK ;DETERMINE MENU NUBER, READ GLOBAL
i MENU PARAMETERS

46D0 CDE245 CALL  ULTRA  jCALL U.S. RANGINB ROUTINE

44D3 CDA44A CALL  PADCHK jCHECK PAD FOR TOUCH, READ DATA NEEDED
s IF A VALID TOUCH, PROGRAM MENU IF
{APPROPRIATE.

4406 CDSD4B CALL  EXTCHK ; SEE IF USER HAS RS-232 CONNECTED
: AND IF THEY WANT THE MONITOR FRS.

4409 IA205A LDA MENCTRL ;BET MENU CONTROL WORD

44DC E&01 AN1 EMPTMEN ;MASK TO SEE IF EMPTY MENU

44DE FEOL CPl EMPTMEN ;

46E0 C2ET44 INZ ADKI  jUPDATE IF MENU NOT EMPTY

44ET CDEB4B CALL  STOP  ;OTHERWISE, STOP MOTORS

45E5 C3C245 IMP RUNCHR

86E9 IATISA  AOKL: LDA DURATION

44EC FEOO CPI 00H

46EE C2ZF746& JNI ADKZ
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46F1 CDEB4B
46F4 C3C244
46F7 CDBS4B

46FA CIC246

46FD 210000
4700 0EQD
4702 0405
4704 03
4705 78
4706 F&40
4708 DI10
4704 114000
470D CDE747
4710 DBLI
4712 E&01
4714 B4
4715 17
4716 47
4717 78
4718 FEOO

4714
471D
471E
471F
4720
4722
4725
4727
4724
472C
472F

4731

4734
4736
4738
4739
473A
473C
473E
4741
744
4745
4748
4744
474D

CZ0447
7C

iF

67
FEOO
C22p47
2640
C3B8547
FELF
C27447
2640
£38547

0E00
0510
0s

78
F&10
D310
11A000
coazaz
DB
E&01
FEOO
CASE47
78

ADKZ:

;!I*i!l**!*II*II%I*{*'*!"&*{

Page 74

CALL
JMF
CaLL

JMP

sTOP
RUNCHR

UPDATHMTR ;UPDAT MOTORS IF APPROPRIATE (AT CORRECT

RUNCHR

4+ END OF MAIN LOOP

TEEEFREFEREEERHERRRHA RN ES

;TIME SO0 AS TO RAMP),

i
; PADRD - ROUTINE TD CHECK THE PAD, DETERMINE ERROR STATUS, RETURN
TOUCH LOCATION OF THERE IS ONE.

i

i
FADRD:
MENU:

LOOF3:

ERR1:

ERRZ:

SCAN:
ROW:
LOOP4:

LxI
MvI
MVI
DCR
mov
ORI
our
LEI
CALL
IN
AMI
OrRA
RAL
Mov
MoV
CPI
dN1
MoV
RAR
MOV
CPI
JNZ
MVI
JMP
CPI
JNI
MVI
JHF

MVI
VI
DCR
Mov
ORI
out
LX1
CALL
IN
ANI
CPI
J1
MoV

H,00H
C,00H
B,05H
B
EXTMSK
PIAA
D, 0A0H
DELAYD
PIAB
BEAMSK
H

H,A
A,B
00H

LOOP3

AH

H,A
00H

ERR2
H,MENERR
PNTDAT
LFH

SCAN
H,MENERR
PNTDAT

C,00H
B,10H
B

A,B
RONMEK
P1AA
D,0A0H
DELAYD
PIAB
BEAMSK
00H
COUNT3
A,B

sRESET WL FOR NEW DATA/STATUS INFD
;RESET (C) FOR NEW TOUCH LDCATION
sLOAD MENU SELECT COUNTER+1

;DECREMENT COUNTER OF MENU SELECT BITS
s TRANSFER (B) TO (A) FOR SUTPUT

1MASX FOR EXTRA DEMUX SELECT

sOUTPUT COUNT TO SELECT MENU SELECT BIT
$SET UP DELAY COUNT

:SHORT DELAY

; INPUT TRANSISTOR STATUS

sPREPARE INPUT DATA (MASK)

:OR CURRENT (H) DATA WITH LED STATUSL
sROTATE THE (A} LEFT TO MOVE BITS ONE
: TRANSFER RESULT TO (H) AGAIN

:CHECK COUNT TO SEE IF = 0

y i
s REPEAT PROCESS IF S PAIRS NOT YET SCANNED
1VALIDATE MENU DATA
sREPOSITION THE MENU DATA (ROTATED)
»
;CHECK FOR NO BEAMS BLOCKED (NO' MENU)
; CHECK FOR NEXT ERROR IF NOT ERROR |
1 SIGNAL MENU ERROR
;FINISH AND PRINT M5GS
tCHECK FOR ALL BEAMS BRDKEN {(FALSE MENU)
;CONTINUE SCAN IF NO MENU ERRORS
1 SIGNAL MENU ERROR
1FINISH AND PRINT MSGS

;CLEAR ROW/COL REGISTER

s INITIAL COUNTER VALUE OF 14 LEDS + 1
: DECREMENT COUNTER

; TRANSFER COUNT TO ACCUM

s PREPARE FOR ROW SELECT (MASK!
;0UTPUT ROW LED/TRANSISTOR SELECT
1LOAD DELAY COUNTER

: SHORT DELAY

16ET TRANSISTOR STATUS

:PREPARE INPUT FROM TRANSISTOR (MASK)
{SET IERD FLAB

;CONTINUE LOOP IF NO TOUCH ('t°=TOUCH)
; TRANSFER COUNT TO ACCUM
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474
874F
4750
4751
4752
4753

4756
4737
4759
4735C

4750
475SF
4750
4781
47563
4745
4768
4768
4740
47&F
4771
4774
4775
47764

2777
41778
4774
4778

477E
477F
4781
4782
4785
4785

4787
47BA
478C
47BF
4792
4793
4794
4793
4758
4798
4790
179E
4741
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17
17
17
17
aF
C3I5D47

78
FEOOD
C2lga7
ce

0&6FF
04

78
F&20
D310
114000
co8747
DB11
£601
FE0O
CATE4T
78

Bl

4F

7C
Fago
&7
C3B547

78
FEOF
C8
C25F47
&9

cy

JAISSA
FEOO
CA7247
COOE4A
1B

TA

B3
€29247
JAIS5A
FE0O
ce
CDOE4A
ce

COUNTS:

EBL:
LOOFP2:

COUNTZ:

FNTDAT:

i

(RS EE ey END OF PAD

.
¥

DELAYD:

DELAYE:

RAL
RAL
RAL
RAL
MoV
IMF

MOV
CPl
INI
RET

MVI
INR
Hov
CRI
ourT
5 B
CaLL
IN

ANI

CPI

JI

Moy
ORA
Moy

MOV
OR1
MOV
Inp

MoV
CPl
Rl

dN1
MoV
RET

LDA
CP1
Ji
CALL
DCX
mav
ORA
JNI
LDA
CPI
R1
CaLL
RET

C,A
coL
ALB

00K
LOOP4

B,0FFH
B

A,B
COLMSK
PI4A
D,0AOH
DELAYD
PIAB
BEAMSK
00H
COUNT4
A,B

c

C,A

A, H
TOUCH
H,A
PNTDAT

A8
OFH

LOOP2
L,C

HERRTON

FALSE
DELAYE
HRTBEAT
D

A,D

E
DELAYE
HEARTON
FALSE

HRTBEAT

;ROTATE COUNT VALUE TO M5 NIBBLE

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

:MOVE COUNT TO 'A’ TO DO IERQ CHECK
: REPEAT UNLESS CURRENTLY ZEROD
:CONTINUE LOOP TF NOT COUNTED oUuT
+RETURN IF LOOP COMPLETED W/NO TOUCH

;LOAD COLUMN COUNTER - 1
; INCREMENT COLUMN COUNTER

: TRANSFER COL COUNT TO ACCUM

;PREPARE CN LED/TRANSISTOR SELECT (MASK)
sSELECT LED/TRANSISTOR

;LOAD DELAY COUNTER

:CALL SHORT DELAY

: INPUT TRANSISTOR STATUS

:PREPARE INPUT FOR USE (MASK)

+SET ZERD FLAG

:REPEAT LOOP IF NO TOUCH (’1°=TOUCH)

; TRANSFER COUNT TO ACCUM

s COMPLETE ROW/COL DATA IN ACCUM

sSAVE ROW/COL DATA IN 'C”

:HIGH NIBBLE: ROW

:LOW NIBBLE: COLUMN

;MASK (M} TO SHON A VALID TOUCH

:PRINT MESSAGE

;CHECK TO SEE IF COUNT=16 DECIMAL
s SCANNED ALL 1& LEDS?

;CONTINUE LOOP 2 TD CHECK FOR COL TOUCH

READ ROUTINE ##ssssasssszes

iDON'T LET HEARTBEAT DIE '!
: DECREMENT DELAY COUNT

s COMPARE D AND E

+ CHECK TO SEE IF DE=0
sREPEAT IF <0
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;***********i*iii*******i****ii***i***i****i*******i!******
;# UTILITY ROUTINES - %
;***1*********!***-}{-***!*****ii***ii*******i*********‘}1‘****
: BCDTBIN - CONVERT BCD IN H&L TO BINARY IN HaL
: ONLY HEL CHANGED
47A2 C5 BCOTBIN:PUSH B :
4743 DS PUSH D :
4784 5S4 Moy D,H :COPY DRIGINAL
4745 5D MOV E,L :
4786 2800 MVI H, 0 i INITIALIZE UPPER PART OF RESULT
4748 0600 MVI 8,0 : INITIAL UPPER PART OF B&C
4784 TA MOV 4,0 :BET UPPER DIGIT
4748 OF RRC ;
47AC OF RRC ;
478D OF RRC :
47AE OF RRC ;
478F E&OF ANT OFH :
47B1 &F Moy L, & {START RESULT
4782 CD4F49 CALL MULTI0 3SHIFT UP ONE DIGIT IN BASE 10
47BS 74 Moy a,D {BET NEXT TD TOP DIGIT
4784 ELOF ANI OFH :
47BE 4F MOV C,A ;
4729 09 LAD B {COMBINE WITH TOP DIGIT
47BA CD4F49 CALL MULT10 $SHIFT UP ONE DIGIT IN BASE 10
478D 78 MOV A,E {BET NEXT TO BOTTOM DIGIT
47BE OF RRC :
A7BF OF RRC ;
4700 OF RRC ;
4701 OF RAC :
47C2 ELOF ANT OFH :
47C4 4F MOV C,a :
47C5 09 DAD B :COMBINE WITH TOF TWO DIGITS
47C4 CD4F49 CALL MULT10 3SHIFT UP DNE DISIT IN BASE 10
47C9 7B MOV A,E :GET BOTTOM DIGIT
47CA E6OF ANT OFH :
47CC 4F MOY C,A ;
72D 09 DAD B :COMBINE WITH TOP THREE DIGITS
37CE DI POP D :
47CF Ct POP B ;
4700 C9 RET ;
; END BCDTBIN ;
;
1
: CALLIN - INDIRECT CALL TO (H&L)
4701 E9 CALLIN: PCHL ;
i i
; END CALLIN ;
; 1/0 ROUTINES
¥
47D2 DBOI Cl: IN SERCON ;WAIT FOR DATA READY
4704 E602 ANI 2 :
47D6 CAD247 11 C1 :
4709 DBOO IN SERDAT :BET BYTE
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47DB
470C
470F
47EQ
17€3
47E4
47ES

47E8
47ESY
47EA
47EC
47EE
47EF
47F0
§7F1

47F2
47F3
47FS
&7F6
47F9
47FA
8778
87FD
47FE

47FF
4800
4801
4802
4803
4804
4807
4808
4809
4B0A
4808

480C
SB0D
48190
4813
4814

F3
SA00SA
B7
C2FD47
F1
FS
C3IF347

C3
F3
Deol
E&02
Cl
78
C1
ce

F3
DBO1
OF
D2FI47
F1

FS
D300
F1

C9

ES
FS
7C
g2
C20848
7D
93
El
7C
El
CY

D3
11EFS4
CD3F49
D1
ce
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PUSH
LDA
ORA
dNI
FOP
PUSH
NP

G mw

) =s ma

ISTAT: PUSH
PUSH
IN
ANI
POP
MOV
POP
RET

PSH
ECHOFL
]
COEND
PEW
PSW

€1

B

PEW
SERCON
2

B
a,B
B

;SAVE PSW
: CHECK ECHO FLAB

-

; IF NOT ZERD ECHO-RET ON CO
1ECHO CHARACTER

;
;60 ECHO CHARACTER

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

nE AR hEE RS haE W Ame AR

j##x+ CO0 CONSOLE OUTPUT - DESTROYS ONLY FLABS...

EE EE bmE @R e R me e

¥
#+%%%% CMP1& ##% 15 BIT COMPARE HEL AND DLE #3435 88455883485535%3

co: PUSH  PSW
Ct: IN SERCON
RRC
INC c1
FOP PSW
FUSH  PSW
ouT SERDAT
CCEND: POP PSW
RET
i
: IF{ HEL = D%E )
; IF( H&L > DXE )
; IF( H&L < D&E )
'
CMP16: PUSH  H
PUSH  PSHW
MOV AL H
SUB D
INZ CMP14E
MOV A,L
SUB g
CMP14E: POP H
MOV AH
POP H
RET
; END CMD1&
CRLF: PUSH D
LXI D,MCRLF
CALL  MSG
POP D
RET

1=1, CY=0
1=0, CY=0
1=0, CY=1

1SAVE PSW & HAL

¥
;IF H = D ENOUGH INFO FOUND

i
$ [F H=D THEN COMPARE LOWER BYTES

R cmm s e e

.-

i
3+ DSOMS - DELAY FOR 50 MILLI-SECONDS
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4815
4815
4817
4B1A
4818
481C
4810
4B1E
481F
4820
4821
agzz
4823
4B24%
4825
4B28
482%
28ZA

4B2H
4B2C
482D
4870
4831
4832
4833
4834
4837
4838

48319
4874
483C
487F
1849
4843
s34

4845
1844
4848
4844
484C
484F
4831
4833
48355

FS
ES
ZA0A3SA
EJ
ES
£l
E3
ES
El
2B
23
2B
7C
BS
C21A48
El
Fi
Cy

ES
FS
210103
70
B4
28
C23048
F1
El
Ce

C3
0664
CDL548
03
£23C48
Ci

c9

F5
E&TF
2620
FEZ0
D25348
265E
C&40
FETF
C23A48

i
D50MS:

DSOMSL:

DTHIDL:

j
;
; DSSEC
;
D

SSEC:

ON16WL:

) e s @ e

I1SASC:

DAL:

PUSH
PUSH
LHLD
XTHL
XTHL
XTHL
XTHL
PUSH
PaP
DCX
INX
neX
mov
ORA
INI
POF
POP
RET

- DELAY

PUEH
PUSH
LXI
mov
ORA
BCX
JNI
PGP
POP
RET
END

= DELAY

PUSH
MVI
CaLL
DCR
INI
PaOP
RET
END

PUSH
ANI
MVI
CPI
dNC
MVI
ADI
CPI
JNI

PSHW
H
psopIv

i ExEx

DSOMSL

PSH

10 M8

H i
PEW }
H,7&% !
A,L i
H i
H H
DTWIDL
PEN ]
H :

H

i

e WE sms ws

D10MS
5 SECONDS

B
B,064H
DSOMS
B
ON1&W1
B

DSSEC

0.0t SECONDE ON A 2 MHI BOBS

; SAVE PSH
:SAVE HEL
:

;18

;18

j1B

18

j il

s 10

]
-
5]
5
5

e cmm EE cme Ee me es mae

Ln

(CPU CLOCK FRED) 3
10

B085/8089 7710

TOTAL 25129

i
jWAIT 5§ SECOMD FOR +25 SWITCHING
;REGULATOR TO TURN ON OR OFF.

A wRE hEs wE e

DISASC - DISPLAY ASCII A-REG INTD HLL

PSW iSAVE PSH

07FH {STRIP PARITY

H,020H ;PUT SPACE IN H-REB
020H {CHAR ¢ 0Z0H ?

DAL iNO-15 PRINTABLE

H,05EH ;NOT PRINTABLE - C = '~°
040H {MAKE PRINTABLE

07FH ;15 RUBOUT 7

DAZ j NOPE. .

. ADK
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4858
4854
4838
485C

4850
48EF

4Es1
4862
4864
2888
4869

4854
484B
4840
4B4F
2872
4873
4878
4877
4878

4878
487C
487D
488¢
4883
4886
4889
488C
488F
4870
4873
4896
4897
4898
4879
4B9A
4878
4B89C
4B7D
489E
4B9F

ZE20
&F
Fl
£

LBOL
Es0Z

ca
DBOO
FE45
CA4040

C?

05
ES
CO7E48
Daspag
ES
COF&49
b1
2B
CIF&648

D3
ES
114951
CDIF49
CopR4a8
CAFDAE
116451
CLIF49
EB
CDC?48
DATDAE
EB
ES
El
E3
El
B?
LS
El

D1
LY

Wyl
Mgy
FOP
RET

DaZ:

A,020H
L A
PEM

i YEP-MAKE SPACE
]
{RESTORE PSW

TR E R R AR R A AR AR RN RN R RN F R AR R IR E LA E LR RE RS

EXIT 7O MONITOR ROUTINE kS
R e T s

; *

EXTCHK:
ANI

R
IN
CPI
JI
RET

SERCOM

N9
o

SERDAT
45H
START

;SEE IF THERE IS A& CHAR

IERD THEN NONE

NO CHAR. THEN FORBET IT
CHAR. FROM CONSOL

IT "E" FOR EXIT

TO MONITOR THEN

;i IF
i LE
; GET
+ I8

: OFF

;i***i*!*****!***ii*******%i*i***ii!**i** FEZEXEXREAEEE R LR
: FRMCNT - ASKS *
;*******i***ii**iii***i*i**************ii*************i****

FRMCNT: PUSH
PUEH
CALL
JC
FUEH
EaLL
FOF
DCx
JHFP
H END

: FROMTQ -

PUSH
PLSH
Lxl
CALL
CALL
ac
LXI
CALL
XCHE
CALL
ic
XCHE
ATHL
POP
XTHL
POP
oRA
RET
POP
POP
RET

i
FROMTO:

FRCLN:

FRTOE:

D

H
FROMTO
FRTOE
H
SUBLA
b

H
FRCLN
FROMTOD

FROM "XXXx"

FROM "XXXX™ TO "¥YYY *

AW AR R AR

;CALC NUMBER OF BYTES TD BE PROCESSED

]
tHEL = NEBATIVE
s THIS DOES XCHE

OF WUMBER OF BYTES
b CLEANS OFF STACK...

TO "¥YYY

H

i

;PROMPT FOR LO LINMIT
i

i
;RETURN IF ERRER
;PROMPT FOR HI LIMIT

AEE e e

GET CRAP OFF OF STACK

EE R as SR cee

{BETTER BE SURE CARRY IS CLERR
: RETURN. . . ~

H

i
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y BBIAS - BET 14 BIT BIAS

4840 FS GBIAS: PUSH PEW ; SAVE PSW

4gal ES PUSH H ;  AND HEL

4BA2 DS PUSH D ; AND D&E

4BAT 117051 LXI D,PBIAS ;PRINT BIAS MESSAGE

4846 CD3IF49 CALL MS86 :

48A9 CDD74B CALL GHMW ;BET BIAS

4BAC D2CC4as JHC GBIAS2 ;IF ND CARRY GOOD BIAS ENTERED
48AF FE2D CPI . s CHECK FOR NEGATIVE BIAS

48B1 CABF48 J1 GBIAS! ; OHHH- WANT NEGATIVE NUMBER ...
48B4 FEOD CPI CR ;CARRIAGE RETURN 7

48B6 C2D448 JINI BBIASE ; NOPE ERRER

48B% 210000 LXI H,0 ; AHHHH - NO BIAS

48BC C3CC4B JHP BBIAS2 ;

4BBF CDD94B BBIAS1: CALL GHW ;GET NEGATIVE BIAS

4£8C2 DADA&4B JC GBIASE ; BAD CHAR...BYE

48CS 110000 LXI 0,0 :

48CE EB XCHE ;S5ET UP SUBTRACTION FROM ZERD
48C% CDF&4% CALL EUBLS ; NEGATE BIAS

48CC CDOCASB GBIASZ: CALL CRLF ;PREVENT A MESS

48CF DI FOF D {RESTORE D

4800 FI FOoP PEW {LOOSE ORIGINAL HAL

4801 F1 PapP PSW ;RESTORE PEW

4802 B7 ORA A ;CLEAR CARRY

48D3 C% RET

48D4 Dt GBIASE: FOP D ;RESTORE D&E

4805 E! POP H ;RESTORE ORIEBINAL HLL

4806 F1 por PSW ;RESTORE PSW

4807 37 STC ;SET CARRY

428 C9 RET

7 GHW - BET HEX WORD

H

4809 €5 GHMW: PUSH B
48DA FS PUSH  PSMW
4808 CDFO4E CALL  GHB i BET FIRST BYTE IN A-REGISTER
4BDE DAED4S [ BHHEND : RETURN IF BAD CHAR
88E1 &7 MoV H A : MOVE BYTE TO FINAL DESTINATION
4BE2 COF04S CALL  GHB : SET SECOND BYTE
48ES DAED4B Jc GHHEND :
$BEB &F MOV L,A :
$8E9 C1 POP B ;
LBEA 78 MOV A,B ;
48EB C1 POP B ;
4BEC C9 RET :
48ED C1 GHWEND: POP 2 ;
48EE C1 POP B ; DD NOT RESTORE A
48EF C9 RET :

END GHW ;

GHB - GET HEX BYTE

48F0 CS HB: PUSH E Save BiC
4BF1 CDCS49 CALL GHD ; BET FIRST HEX DIEBIT IN A-REG
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48F 4
48F7
48F8
48F9
48FA
48FE
48FC
48FF
4902
4903
4304

4905
4908

470B
490D
430E
4710
4713
8913
4314
4718
4919
5914
491C
L71E

491F
4921
4524
4927
4928
4929
4924
4920
492C
492D
452E
492F
4930
4932
4935
4936
4938
493B
493E

DAOZ49
o7
07
o7
a7
47
CDoS4a9
DAO3I49
BO
CL
£e

CbDzZa7
Co024A

FE30
ne
FE3A
DALC4S
FE41
DB
FE47
3F
DB
B&d?
D&30
ce

0601
CDCA49
CDBF49
54

3D

27

29

44

4D

29

09

EB
0a01
CDCA4Y
19
0404
CDCA4q9
CDBF&9
C?

GHBEND:

BHD -

W A

EHD:

ﬁTH:

GHD2:

K = we wme Ew

50128:

-

JC
RLC
RLC
RLC
RLC
MoV
CALL
J_
CRA
POP
RET
END

BET HEX

CALL
ANI
CALL

CPI
RC
CPI
JC
EPI
RC
CPI
CMC
RC
sul
gul
RET
END

MVI
CALL
CALL
Moy
MoV
CAD
DAD
MoV
MoV
DAD
DAD
XCHE
MVI
CALL
DAD
MvI
CALL
CALL
RET
END

GHBEND

B,A
BHD
SHBEND
B

B

GHE
DIGIT
C1

C7FH
UCASE

O7H
lol.

GHD

8,1
SHRHL
RNDHL

mMs50128

cmm cEE ER GEES W ES e S e CeE e s

I e L]

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

"

SAVE FIRST DIBIT

6ET SECOND DISIT

BAD CHAR READ, RET IT TO CALLER
COMBINE FIRST AND SECOND DIBITS
RESTORE DRIGINAL BX%C

BET CHARACTER & ECHO

PUT IN IF UCASE TAKEN OUT

MAP LOWER TO UPPER CASE AND
STRIP PARITY.

NON-HEX CHARACTER
IF (R) =s{ "9'+]

'Q'="9" TYPED - CONVERT
IF (A} < "A’

NON-HEX CHARACTER
IF (A) >= "6

NON-HEX CHARACTER
EHIFT ‘A'="F' DOUN

CONVERT

e umm B EE S R WE mE RS mE e e

M50128 - MULTIPLY BY 30/12B

;DIVIDE BY TWO SO # 12.5
j} WILL FIT IN 1& BITS.

i AND ROUND
$SAVE #1

S

j*2

i 44

{SAVE #4 IN DAE
j*8

j#12

sGENERATE #* 0.5

1
1412 + #0.5
tDIVIDE HAL BY 1

i
s+ ROUND
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493F
1940
4941
4943
4944
4947
4944
494D
494E

494%F
4950
4951
4952
4553
4954
4955
4956
4957

4958
4959
4954
495D
4950
4953
4945
4947
4944
4950
4970
4971
4974
4975
4976
4977

4978
4979
4974
497D
437E
4781
4982

4783
4784
4983
4988
4787

F3

LA
FEFF
13
CA2D4R
CDF247
CI4049
Fi

ce

DS
29
=L
S0
29
29
19
D1
C3

DS

F3
111031
CB3F49
CoD247
E&TF
FECD
CA7149
113830
CDIF49
37
Cbocas
D1

TA

b1

C?

F3
7C
CDEI49
70
CDB34%
F1
ce

F3
=
a7
oF
oF

t MSG -
MSG; FUSH PSH
LOUPE: LDAX D
CPI EOL
INX D
J1 MDN
CALL co
JMP LOUPE
MOM: FOP PSUW
RET
§ MULTIO - MULTIPLY HLL
MULTi0: PUSH D
DAD H
Moy D,H
Mov E.L
DAD H
DAD H
CAD D
FOP D
RET
OKCK 3 PUSH b
PUSH PSHW
LXI D,MOK
CALL HEG
CALL 1 |
ANI N7FH
CP1 CR
Jl OKCKEND
LX1 D,ABORT
CALL MSE
g7C
OKCKEND:CALL CRLF
FOP D
Mov A, D
FOP D
RET
H END OKCK
H
;7 PHH - PRINT HEX WORD
PHM: PUSH PEH
Mav AH
CALL FHE
mav AL
CALL PHB
PaP PSH
RET
H END PHW
i
§ PHB — PRINT HEX BYTE
PHB: PUSH PSHW
PUSH B
mMov 2,4
RRC
RRC

;1 GET CHAR

:END OF STRING?
;BUMP POINTER
jJUMP IF SO
tELSE PRINT IT
$D0 IT ABARIN

BY 10

¥
?

142

1 EAVE #2
i

)

%8

;#10

i

i

; SAVE A-REGISTER AND FLAGS

PRINT HIGH-ORDER BYTE

e R e e

PRINT LOW-ORDER BYTE
RESTORE A-REGISTER AND FLAGS

e L L]

SAVE PSW

SAVE BAC

SAVE LOWER NIBBLE

SHIFT TO LOWER HALF OF BYTE

Ew R mE EE e



Appendix C: SOFTWARE LISTING Page B3

4988 OF RRC } .
4989 OF RRC i .
49B8A CD7549 CALL PHD ; PRINT UPPER HEX DIBIT
438D 78 Maw A, B ; GET LOWER NIBBLE
49BE CD?3549 CALL PHD i a«+AND PRINT
4991 7B Mov A,B ;+ RESTORE ORIGINAL BYTE 7O A
4992 Ci POP B ; RESTDRE B&LC
4993 F1 POP PEW ;7 RESTORE PSW
4994 C9 RET i

H END PHE i

L]

3 PHD = PRINT HEX DIGIT
4795 F3 PHD: PUSH PEW 1 SAVE PSW
4994 ELOF ANI OFH ; MASK OFF LOWER NIBBLE
4998 C430 ADI g o + CONVERT '0'=-'9%" TB ASCII
4994 FEIA crl i, B | £ TE "9 =
499C CAALST JC PHD1 i THEN DCNE
493F CaO7 ADI g - ek Ty + CONVERT ‘A'-‘F°
4941 CDFZ47 PHD1: CALL co s PRINT DIBIT
4944 F! FOP FEW {
8745 C9 RET :

END FHD H

POPPC - POP THE PC INTO H&L
- ON RETURN (H&L) = ADDRESS RETURNED TOD

T = wr we mm

49A5 EI gPPC: POP H H
4947 E9F PCHL H
; ###s%+¢ PRBAD - PRINT ° WHAT 7  #### DESTROYS DLE #==z
4948 1144650 PREAD: LXI B,BAD
4948 CDIF49 CALL MSE i
49/E C9 RET H

END PRBAD

i
i
§ RETIJNP - RETURN JUNP

; GETS STACK POINTER TO (RJSP) AND PC TO (RJVECT)
H DOES NOT DESTROY ANY REGISTERS

R

494F 220454 ETJMP: SHLD RJISAV

¥
4982 2A0ASA LHLD  RJISP
4985 F9 SPHL ;
4584 2A045A LHLD  RJSAV
4989 E5 PUSH H :
4984 240854 LHLD  RJIVECT ;
498D E3 XTHL :
89BE C9 RET
’
; RNDHL - ADD CARRY FLAG TD H&L TO ROUND AFTER USING
: SHRHL TO DIVIDE BY A PONER OF 2
498F F5 RNDHL: PUSH  PSW ;
49C0 70 MOV a,L ;
49C1 CEOO ACI 0 ; ROUND
§9CT &F MOV L,A :
45C4 7C MOV A H ; PROPAGATE POSSIBLE ROUND-UP
49CS CEOC ACI 0 ; CARRY INTD H.
49C7 47 MOV H,A ;
89C8 F1 POP PSH :
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49C% C9 RET H
i
t SHRHL = SHIFT RIGHT H&L - IERD FILL ON LEFT
I SHIFTS (B) BITS
$3CA CS SHRHL: PUSH B 1SAVE B
49CEB F5 PUSH PSK {SAVE A
49CC o4 INR B ;CHECK FOR ND MORE BITS TO SHIFT
49CDh nS SHRHLL:z DCR B H
49CE CADB49 J1 SHRHLE
4501 B7 ORA & s+CLEAR CARRY FLAB
43D2 7C MOV AH sBET H
49D3 IF RAR $SHIFT RIGHT
4908 /7 MOV H,8 tPUT H BACX
4905 7D MoV AL $GET L
49D5 IF RAR §SHIFT RIGHT
4907 &F Moy L,A $PUT L BACK
4908 C3CD49 JMP SHRHLL :BACK...
4%DB C1 SHRHLE: POP B s RESTORE A
430C 78 MOV A,B -
4500 C1 PopP B {RESTORE B
49DE C9 RET §BYE...
H END SEHRHL {
¥
j SETIMP - SET SP AND PC FOR RETJMP
| DOES NOT DESTROY ANY REGISTERS
49DF ES SETIMP: PUSH H {
49EC 210400 LX] H,04 tBET SP BEFORE PUSH H AND RET ADDR
49ET 27 DAD SP |
45E4 220454 SHLD RJSP H
49€7 El pOf H ;BET HYL BACK
49EB EI {THL ;6ET RET ADDR
49ET 220854 SHLD RJVECT ;SQUIREL AMAY
49eC EI XTHL $PUT RET ADDR BACK
49ED C% RET i
| #4##¥% SPACE ##*+%## PRINT SPACE
49EE FS SPACE: PUSH PSH
49EF 3E20 mMVI h'
49F1 CDF247 CALL co
15F4 Fi FOP PSH
49FS C9 RET
j d#¥xex GUBLG #*#%% 16 BIT SUBTRACT (H4L) <- (H&L} - (DXE}
H iF (DYE) < (H&L) Y = |
; IF (DEE) >= (H&L) CY = 9
49Fs b3 SUBL&: PLUSH D §
49F7 F5 PUSH  PSH :
49FE 7D MoV AL i
49F9 93 SUB E }
49FA &F Mav L,A s
49FB 7C Mav A, H i
49FC 9A SEBB D ;
49FD &7 MoV H,A H
4%9FE D1 FOP D H
49FF 7A MoV A,D !
4400 D1 FOP D i
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4401

4A02
4Aa04
LA04
4407
4408
1404
4208
4a0D

440E
ap1d
4A12
4RLS

4415
4817
4a19
4418
4A1E
4820
4423
4A25
4428
4A2P
qa2c
4A2E
1431
4p34
4475
4437
4439
443C
443E
4441
4444
4445
4A447
4444
4R4B
4A4D
qR4F
4452
4453

ce

E&TF
FE&1
3IF
0o
FE7B
0o
D&20
c9

SEQQ
D320
D320
CY

DBIl
E&80
FEBO
CA2C4A
3JEO0L
CDFO4A
JE40
COFC4A
CDEB4B
Ce
JEOL
COFC4A
COFD4s
7C
E&40
FE40
C24544
IE02
CDFO4A
CDEB4B
c9
JEO02
COFC4A
7C
E601
FEOI
C25644
CDS04C
c9

RET H
i
s+ UCASE - SUBROUTINE WHICH CHECKXS THE A REG FOR A LOWER CASE
; ASCII LETTER. IF ONE PRESENT, IT IS CONVERTED TO UPPER CASE.
; IF NOT PRESENT, NOTHING DONE. STRIPS PARITY FIRST,
UCASE: ANI 07FH ;5TRIP PARITY
CPI 61H
CHC
RNC ;DON'T CONVERT IF BEFDRE 'A’
CPI TEH
RNC ;DON'T CONVERT IF AFTER '1°
SUI 20H s CONVERT LOWER TO UPPER
RET
]
§ HRTBEAT - SUBROUTINE WHICH REFRESHES THE HEARTBEAT COUNTER (TIMEO).
¥
HRTBEAT: HMVI A,00H ; LONGEST AVAILABLE COUNTER VALUE

“E =r cms e cws cmm cms e

ouT TIMEO jLERST SIE BYTE OF TIMER
ouTt TIMED $MOST SI5 BYTE OF TIMER
RET

MENCHK - SUBROUTINE TO CHECK THE MENU NUMBER, AND DO ONE OF THE

FOLLOWING: SIGNAL AM ERROR AND STOP THE CHAIR IF IT IS
AN INCORRECT MENU (0 OR 32), CALL THE PROGRAM MENU IF

APPLICABLE, OR READ THE GLOBAL MENU VARIABLES FOR THE

SELECTED MENU, AND RETURN THE MENU NUMBER.

ENCHE: IN PIAB $READ THE +5 LOOP FROM THE PAD CONNECTOR

ANI PADLOOP ;MASK TO DETERMINE THE CONNECTOR STATUS
CP1I PADLOOP ;VALUE READ, 1=CONNECTED, 0=DISCONNECTED
J1 PADOK! ;CONTINUE IF PAD CONNECTED
MVI A,PADLED ;GET DATA TD LIGHT PAD ERROR LED
CALL SETERR ;LIGHT THE PAD ERROR LED
MVI A,MENERR; PAD ERRDR MWILL GIVE MENU ERROR
CALL CLRERR ; SO CLEAR MENU LED
CALL STOP }STOP THE CHAIR (RAMP DOWN) IF DISCONN.
RET

FADOK1: MVI A,PADLED ;GET DATA TO CLEAR PAD LED

PADDKZ:

CALL CLRERR ;CLEAR THE PAD LED (ALL IS OK)
CALL PADRD jDETERMINE MENU NUMBER OR STATUS (IF ERROR)

MOV AH {PUT MENU NUMBER (STATUS) IN (A}

ANI MENERR ;MASK FOR MENU ERROR

CP1 MENERR ;MASK FCR MENU ERROR

IN1 PADDK2 ;IF VALID MENU, THEN PROCEED, DTHERMWISE...
MVI A,MENLED ;G6ET DATA TO LIGHT THE MENU ERROR LED

CALL SETERR ;LIGHT THE MENU ERROR LED
CALL ETOP §STOP THE CHAIR (RAMP DOWN! IF MENU ERRDR
RET

M1 A,MENLED ;BET DATA TO CLEAR THE MENU LED
CALL CLRERR ;CLEAR MENU ERROR LED

MoV AyH s PUT MENU NUMBER (STATUS) IN (A}

ANI PROMSK ;MASK PROGRAM MEMU NUMBER

CPI PROMSK 3MASK TO SEE IF PRCEBRAMMING MENU IN PAD
INI IFTBL1 ;SEE IF MENU 1 IF NOT PROGRAMMING MENU

CALL PROMEN ;CALL ROUTINE TO ALLOW TABLE UPDATES
RET
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4456 7C IFTBLL: MOV AH tPUT MENU NUMBER IN (A)
4457 E&1E ANI VALMEN ;MABK FOR YALID MENU NUMBERE (D-14&)
4A59 1IF RAR {ROTATE 70 USE ONLY 4 OF THE 5 MENU BITE
4854 FEOL CP1 01iH ;CHECK TD SEE IF MEMU MUMEER ! (GAMPLE MEMNU)
4p5C C24644 anNi OTHERS 3jCHECK FOR MNUMBER 3 (TABLE 2Z) IF NOT 2
4ASF 210934 Lxl H,SAMPLE jPUT STARTING ADDRESS CF SAMPLE TBL IN (HL)
4A62 CD7F4A CALL GETVARS :GET GLOBAL VARIABLES FROM TABLE
4A485 C9 RET

OTHERS:

;BEGIN BY DETERMINING THE STARTING ADDRESS OF TABLE
sFORMULA TO CALCULATE OFFSET IS5 AS FOLLODWS...

i (MENU NUMBER - 2)(S50) = OFFSET

;NOTE THAT THE MENU TABLES ARE SO BYTES LONE,

;MENU O IS INVALID, AND MENU NUMBER 1 IS THE
;SAMPLE MENU (HARD CODED).

4855 D802 5U1 02H ;SUBTRACT 2 FROM MENU NUMBER (SEE ABOVE)
4ALE CD7548 CALL MULTSO ::MULYIPLY A BY SC (SEE ARBOVE)

3453 S4 MOV D.H ; TEMPORARY STORE OF HL IN DE

§A4C 5D MOV £,L : (SAME)

4A4D 210058 LX1 H,USRRAM ;GET STARTING ADDRESS OF FIRST TABLE
4470 19 DAD D ;ADD OFFSET TO TABLE START ADDRESS

4471 CD7F4A CALL  GETVARS jGET 5LOSAL YARIABLES FROM TABLE

8474 C9 RET

MULT30 - ROUTINE TO MULTIPLY A BY 50D (32H)., RESULT WILL
BE PLACED IN HL, AND HL ARE THE ONLY REGISTERS DESTROYED.

R we s W es

3475 210000  MULTSO: LXI H,0000H ;CLEAR HL FOR THE RESULT
LATE &F MOV L,4 {PUT NUMBER IN L FOR INITIAL ADD
4479 29 DAD H +DAD 5 TIMES TO MULTIPLY BY 32H (50D)
4874 29 DAD H ;
4478 29 DAD H :
4A7C 29 DAD H ;
847D 29 DAD 4 :
8ATE C9 RET
;
4A7F 222254  GETVARS: SHLD GELTBL ;PUT STARTING ADDRESS IN GLOBAL POINTER
4882 TE MOV AN sPUT MENU CONTROL WORD IN A
4483 322054 5TA MENCTRL jSTORE CONTROL WORD IN VARIABLE
4486 23 INX H +STEP POINTER UP ONE
4487 7E MOV ALM ;PUT RAMP RATE IN A
4ABE I21FSA 5TA RAMPCNT ;STORE RAMP RATE IN VARIABLE
$A88 23 INX H s (CONTINUE W/SAME.....)
4ABC 7E MOV AN ;
4A8D 321554 5TA MAXBAX 3BACK U.S. DISTANCE
8490 23 INX H ;
4a91 7€ MOV AN :
4492 321254 STA MAXFNT 3FRONT U.S. DISTANCE
4495 23 INX H :
4894 7E Moy a,M i
4497 321854 STA MAXLFT ;LEFT U.S. DISTANCE
4494 23 INK H i
4498 7E Mov a,M ;
4A9C I2185A §TA MAXRT  ;RIGHT U.S. DISTANCE

4A%F 23 INX H
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Laan
1343

LELE
4844
4AA8
4444
434D
LAAF
4aB2
1RES
4AB7
1ABA
44R8
4ARD
4ACO
4ACT
4AaCa
44Cs
4ACE
4ACT

4ACF
2AD1
&pD2
4ADS
4AD6
4ADT
4ADA
4ADD
44E0
48E1L
142
44ES
4RES
4RES
4AEC
4REF

Page B7

222434
c9

DBil
E&B0
FE20
CAEE4A
3E01
CDFodA
JE4D
CDFC4A
CDEB4B
ce
JEO!
CDFC4A
COFD4s
7C
E480
FES0
Co
CLO%4B

SAZLSA

FEQO
ce
JAT25A
47
IA263A
BO
C2Eb4A
2AZTSA
23

7E
323134
C9
JAZ63A
J2I23A
CD&aaB
C9

TR me smE s cEw EE SE e EE

EHLD
RET

BEGTEL ;STORE ADDRESS OF ENTRY IN BEGBIN POINTER

PADCHK - SUBROUTINE 7O DETERMINE THE STATUS OF THE PAD., IF THE
PAD IS NOT BEING TOUCHED, THEM IT WILL SIMPLY RETURN WITH

NO ACTION.

IF THE PAD WAS TOUCHED, IT WILL CALL A ROUTINE

TO DETERMINE IF THE LOCATION WAS AMONG VALID LOCATIONS FOR
THE CURRENT MENU. IF S0, IT WILL CALL ANOTHER ROUTINE TO
INITIALIZE THE MOTDR PARAMETERS.

RDCHK: IN

ANI
CP1
Ji
MVi
CaLL
MVI
CALL
CALL
RET

PADOKS: MVI

CALL
CALL
Mov
ANI
CPI
RNZ
CALL

LDA

CRI
R
LDA
Moy
LDA
cmp
JNI
LHLD
INK
MoV
STA
RET

FADOK4: LDA

STA
CALL
RET

PIAB ;READ THE +35 LOOP FROM THE PAD CONNECTOR
PADLOOP ;MASK TO DETERMINE THE CONNECTOR STATUS

PADLOOP ;VALUE READ, 1=CONNECTED, 0=DISCONNECTED
PADOK3I ;CONTINUE IF PAD CONNECTED

A,PADLED ;6ET DATA TO LIGHT PAD ERROR LED

SETERR ;LIGHT THE PAD ERROR LED

A,MENERR; PAD ERROR WILL GIVE MENU ERROR

CLRERR ; S0 CLEAR MENMU LED

ETOP tSTOP THE CHAIR (RAMP DOWN) IF DISCONN.

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

FADRD ;SCAN THE PAD FOR A TOUCH

A,H ;PUT PAD STATUS WORD IN A

TOQUCH
TOUCH

tRETURN IF NO TOUCH
CHKTBL §DETERMINE IF TOUCH WAS A VALID LOCATION
tFOR THIS CURRENT MENU (CHECK TABLE)
ENTRY ;GET THE TABLE ENTRY NUMBER
;10 SIGNALS NO TABLE ENTRY VALID W/TOUC
:ENTRY OF 1-10 MEANS A MATCH FOUND
00H :SEE IF THE ENTRY IS 0
{RETURN IF NO TABLE ENTRY MATCH FOUND
LAST!  {SEE IF SAME AS LAST ENTRY
B,A
ENTRY
B
PADOK4 ;IF NDT SAME AS LAST, GET NEW VARS
MTRADDR ; IF SAME AS LAST, REINIT DURATION
H
AN
DURATION

ENTRY
LAST1
INITHTR ;IF VALID ENTRY MATCH, INIT. MOTOR VARS.

BETERR - ROUTINE TO TAKE THE ERROR BIT PASSED IN THE ACC. AND

e WS hma S was WEE e

UPDATE THE ERROR LEDS TO REFLECT THE NEN ERROR.

THIE WILL

USE THE VARIABLE ERRWRD (ERROR WORD) TO STORE THE CURRENT
SYSTEM ERRORS. WITH THIS, SEVERAL ERRORS CAN BE DISPLAYED

DISPLAYED AT THE SAME TIME.
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44F0
4aF1
44F 4
LAFE
4AFg
SAFT
4AFE

4aFC
L4FD
44FE
4BO1
4g02
B0
4B0S
3B0B

4807
4EDE
4800
$B10
4B11
SEBLZ2

4813
4ELE
4B1E
4B1%
4B1A
4EiC
4B1D

4B20
4821
4BZ23
4B24
4B23
4BZ7
4p2e

4B2B
4EZC
482D
¢E2F
4B30
4BIL

a7
IAZLISA
BG
32215A
2F

12

[y A |
R

ac
&1

47
IAZ13A
Al

1221

4F
B3lZ

~
A

A

i

500
ZEQQ
JZZ63A
=8

oD
2R2454

7E
E&4FD
aF

7B
E&FD
B9
DASA4B

TE
E&OF
4F

7B
E&OF
B?
DASA4E

23
7E
E&F0
4F
7B
E&FD

SETERR:

CLRERR:

HKTBL:

ROWMIN:

COLMIN:

ROWMAX:

Mav B,A ;PUT THE MNEW ERROR WORD IN B

LEA ERRWRD ;GET THE CURRENT ERROR WORD

ORA B ;COMBINE THE CURRENT ERRORS WITH THE NEU
8T ERRWRD ;UPDATE ERROR WORD

CHa ; COMPLEMENT FOR NEBATIVE LOGIC

ouT FIAC jLIGHT THE CORRECT ERROR LEDS

RET

CLRERR - ROUTINE TO COMPLEMENT SETERR. TH!S RDUTINE WILL TAKE

THE ERROR BIT (LED) TO BE CLEARED {(FASSED IN A} AND CLEAR
THAT LED WHILE LEAVING THE REST OM (SET).

CMA ;COMPLEMENT THE BIT 7O BE CLEARED

MOy B,A ;PUT THE ERROR CLEAR WORD IN B

LEA ERRWRD ;BET THE CURRENT ERROR WORD

ANA B iCOMBINE THE CLEAR WORD WITH THE CURRENT
ETA ERRWRD jUPDATE ERROR WORD

CHA s COMFLEMTN FOR MEGATIVE LOBGIC

cuT PIAC s LIEHT (DR TURN OFF! THE CDRRECT LEDS
RET

CHKTBL - ROUTINE TO DETERMINE WHETHER OR NOT THE LOCATION

TOUCHED IS AMONG THE VALID LOCATIONS FOR THE CURRENT MENU.
THE TABLE ENTRY NUMBER (OUT OF 10) WILL BE RETURNED IN

THE VARIABLE ENTRY, IF NOT VALID, ENTRY WILL BE 0, ELSE
ENTRY WILL BE 1-10.

MV B,0OOH $CLEAR B TO STORE ENTRY NUMBER
MY 1 A,00H  ;CLEAR &

5TA ENTRY  ;CLEAR ENTRY TO BESIN

MOY b, H {MOVE HL TO DE 50 HL CAN BE USED TO POINT
MOV E,L :

LHLD BEGTBL ;GET STARTING ADDRESS OF MENU DATA TABLE
MOV AL M {6ET ROW/COL FROM TABLE

ANI OF OH : MASK OFF ROW

MOV C,A :SAVE THIS IN C

Moy A,E {GET ROW/COL FROM PAD

ANI 0F OH :MASK OFF ROW

CMP £ 115 PAD ROW ¢ TABLE ROW 7

JC MXTENT1 ;IF SO FORGET IT

MOV AN :GET ROW/COL FROM TABLE

ANT OFH {MASK OFF COL

MOV C,A {SAVE THIS IN C

MOY A,E :GET ROW/COL FROM PAD

ANI 0FH {MASK OFF COL

CHP C ;18 PAD COL < TABLE COL 7

Ic NXTENT! ;IF SO FORGET IT

INY H sNEXT TABLE LOCATION

MOV AL M ;BET ROW/COL FROM TABLE

ANI 0FOH :MASK OFF ROW

Moy c,A ;SAVE THIS IN C

MOV A,E :6ET ROW/COL FROM PAD

ANI OFOH s MASK OFF ROW
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4BI3 B9 cHP C 15 PAD RO > TABLE ROMW ?
4834 DAID4B ac COLMAX 3IF SO ONWARD
4B37 CA3D4B bF4 COLMAX ;IF EDUAL ONWARD
4BIA CISBAE IMp NXTENT2 ;IF NEITHER THEN FORBET IT
4B3D 7E COLMAX: MOV A,H ;6ET ROW/COL FROM TABLE
4BIE E4OF ANI OFH s MASK OFF COL
4840 4F MOV C,A 1SAVE THIS IN C
4B41 7B MOv A,E +GET ROW/COL FROM PAD
4842 EBOF ANT OFH s MASK DFF COL
4B44 B9 CMP o +15 PAD COL > TABLE COL 2
4B45 DASEsR it VALID  3IF SO ONWARD
4P4B CA4E4E 31 VALID  ;IF EQUAL CNWARD
4B4B C3ISB4AB IMP NXTENT2 3IF NEITHER THEN FORGET IT
4B4E 23 VALID: INX H
424F 222754 SHLD MTRADDR
apSz 04 INR B
4853 78 MOV A,B
4BS4 I2245A 5TA ENTRY  ;STORE ENTRY NUMBER
4857 42 MOV H,D {RESTORE HL FROM DE
4BSE 4B MOV L,E i
4859 C9 RET
4BSA 23 NXTENT1: INX H s INCREMENT POINTER TO TABLE DATA FOR NEXT
4BSB 23 NXTENT2: INX H {ENTRY ROW/COL MINIMUM,
48SC 23 INX H :
4BSD 23 INX H ;
4BSE 04 INR B s INCREMENT ENTRY COUNTER
4BSF 78 MOV A,B {CHECK TO SEE IF COMPLETELY THROUGH 10 ENTRIES
4B&0 FEOA cPl 0AH ;
4B&2 C£21548 Nz ROKMIN 3TRY NEXT ENTRY
4855 C? RET :NO VALID TOUCH, RETURN
; INITMTR - ROUTINE TO INITIALIZE THE MOTOR VARIABLES (GET THE DATA
; FROM MEMORY).
3
4Bb6 2A273A INITHTR: LHLD  MTRADDR ;BET STARTING ADDRESS OF MOTOR DATA
4869 TE Mav AN sPUT LEFT/RIGHT MOTOR DATA IN A
4BLA E40F ANI 0FH {MASK FOR RIGHT MOTOR DATA ONLY
4B4C 322CSA STA RMTS 1STORE SPEED IN RIGHT MOTOR TARGET SPEED
4BEF TE MOV AN sGET LEFT/RIGHT MDTOR DATA AGAIN
4B70 E&FD ANI 0F OH 1MASK FOR LEFT MOTOR DATA ONLY
4872 OF RRC sROTATE LEFT MOTOR DATA TO LS NIBBLE
4B73 OF RRC :
3874 OF RRC ;
4B75 OF RRC ;
4B74 322B35A 5TA LMTS 1 STORE SPEED IN LEFT MOTOR TARGET SPEED
aB79 23 INY Ho ;MOVE POINTER TO DURATICN DATA
4B74 TE MOV AN ;PUT DURATION IN A
4B7B I2I15A STA DURATION ;STORE MOTION DURATION
4B7E 3IALFSA LDA RAMPCNT
4881 323I3I5A STA CNTRAMP
4884 C9 . RET

-

UPDATMTR - ROUTINE TO DETERMINE THE NEXT VALUE TO BE SENT TO THE
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MOTOR SO THAT IT CAN EFFECTIVELY RAMP UP TO THE TARBET SPEED.
THIS WILL THEN SEND THE PROPER CODE TO THE MOTOR D/A CIRCUIT,
OR STOP THE MOTORS IF THE DURATION HAS BEN FULFILLED.

wE we W as

UPDATMTR:
4285 3A335A  RAMPL: LDA CNTRAMP ;GET THE CURRENT RAMP COUNTER (FOR RATE!
4888 FE0O CPI 00H ;CHECK TD SEE IF IT 1S COUNTED OUT
4BBA C2E543 INZ LBL4  ;IF NOT, THEN CONTINUE (DCR RAMP COUNT)
4BBD IA2CSA  RSICHK: LDA RMTS  ;GET THE RIGHT MOTOR TARGET SPEED
4890 323054 5TA RMOTOR 3SET DEFAULT RIBHT MOTOR VALUE
4893 47 MoY B,A ; TRANSFER TO B
4874 IA2ESA LDA RMCS  35ET RIGHT MOTOR CURRENT SPEED
4857 B8 CHP 8 ; COMPARE RMTS TO RMCS
4898 CAAT74B 3z LSICHK ;IF RMTS = RMCS THEN CHECK LEFT DATA
4B9B D2A44E INC LBL1 ; IF RMCS > RMTS THEN TO LBL!
4B9E CD2D4C CALL  RGTFWD ;RMCS < RMTS SO INCREMENT FuD
4BA1 CIAT74E JuP LSICHK 3
4BA4 CDIS4C  LBL1: CALL  RBTREV ;RMCS > RMTS 50 INCREMENT REV
4BA7 JA2BSA  LSICHK: LDA LMTS  ;GET THE LEFT MOTOR TARGET SPEED
ABAA 322F5A STA LMOTOR ;SET DEFAULT LEFT MOTOR VALUE
4BAD 47 MoV B,A s TRANSFER TO B
4BAE 3A2DSA LDA LMCE  ;BET LEFT MOTOR CURRENT SPEED
48B! BB o B 1 COMPARE LMTS TO LMCS
4282 CAC14B 12 LBLT  ;IF LMTS = LMCS THEN CHECK DURATION
4BBS D2BE4B INC LBL2Z  ;IF LMCS > LMTS THEN TO LBL2
4888 CD3IDAC CALL  LFTFWD jLMCS < LMTS 50 INCREMENT FWD
4BEB C3IC148 Inp LBLI 3
4BBE CD4S4C  LBL2: CALL  LFTREV ;LMCS > LMTS SO INCREMENT REV
48C! IAJISA , LBL3: LDA DURATION ;GET THE CURRENT DURATION COUNTER
4BCs 3ID DCR A ; DECREMENT THE DURATION COUNTER
4BCS 3I2315A STA DURATION ;STORE THE CHANGE IN VARIABLE
48CE IATOSA LDA RMOTOR ;GET NEW MOTOR VALUE
4BCE 3I22E%A STA RMCS  ;UPDATE THE CURRENT SPEED
4BCE IAZFSA LDA LMOTOR
4BD1 32205A §TA LMCS
4BD4 07 RLC sROTATE LEFT MOTOR DATA TO MS NIBBLE
4BDS 07 RLC
4BDS 07 RLC
4807 07 RLC
4BDE 47 MOV 8,4 s TEMPORARY TRANSFER TO B
4BD9 TAZESA LDA RMCS  jBET NEW RIGHT MOTOR DATA
4BDC BO ORA B sCOMBINE LEFT AND RIGHT MOTOR DATA
4BDD D341 ouT PIAE  ;OUTPUT NEW MOTOR DATA TO D/A CKT
4BDF JAIFSA LDA RAMPCNT
¢BEZ 3233I5A 5TA CNTRAMP
4BES €9 RET
4BES 3D LBL4:  DCR A ;DECREMENT THE RAMP COUNT
4BE7 323335A STA CNTRAMP ;UPDATE THE RAMP COUNTER
4BEA C9 RET

STOP - ROUTINE TO STOP THE MOTORS, USING A RAMP TO THE STOP.

L) = ws

4BEB JEO0B TOP: MVI A MTRSTOP
4BED 3I22CSA STA RMTS
4BF0 3I22BSA STA LMTS
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4BF3
4BF&
4BF7
4BFA
4BFE
4BFE
4C00
4C01
4C02
4Cosa
§CoO7
4iC0A
4COD
4C10
4C13
5Cla
4C17
8C1A
4C1B
4CLE
4C20
4C21
4C24
4C28
4C2

4C2C

4C2D
4020
4C31
4034

4C35
4C38
4C39
4CiC

4C3ID
4C40
acsi
acaa

4c4s
acas
4C49
4C4C

FRZESA
47
IAZDSA
BB
CzG24C
SE0B
BB

ce
JEQ4
323334
3Z21F5SA
11000A
CLe7ay
Coe5aB
IRZIESA
47
IAZDSA
B8
CZOR4C
3E048
B8
CZ0oA4cC
IEQQ
323154
323254
C?

SA2ESA
3E

23054
c9

SAZESA
3D

23054
C?

JAZD3A
3t
JZ2F5A
Cs

SAZDSA
b
322F5A
CY

ETOFPZ:

§TOP1:

GTFWD:

Xl ms ma mw

GTREV:

= s e e

FTFHD:

LFTREV:

LDA RMCS
MOV B,A

LDA L®CS

cMP B

INZ §TOP2

Myl A,MTRSTOP
CHP B

R1

Myl A,STOPRMP
5TA CNTRAMP
STA RAMPCNT
LXI D,0A00H

CALL DELAYD
CALL UPDATMTR

LDA RMCS

MOY B,A

LDA LMCS

CHP B

INT STOP1

MY A,MTRSTOP
CHP B

INZ §TOPY

My A,00H tALLOW THE MEXT PAD IMPUT TO BE USED
STA DURATION
5TA LAST!

RET

RETFWD - ROUTINE TO DETERMINE RMOTOR WHICH WILL ALTER RMCS

TO MOVE FORMWARD.

LDA RHCS jOTHERWISE IF 0, BET NEW SPEED

INR " §STEP SPEED UP BY 1

STA RMOTOR STORE IN RMOTOR TO BE SENT TO MOTOR
RET

RGTREV - SAME, BUT TO REVERSE.

LDA RMCS $OTHERWISE IF 0, GET NEW SPEED

DCR 4 ;STEP SPEED DOWN BY 1

574 RMOTOR ;STORE IN RMOTOR TO BE SENT TO MOTOR
RET

LFTFWD - SAME, BUT FORWARD MOTION FOR LEFT MOTOR.

LDA LMCS ;OTHERHISE IF 0, BET NEW SPEED

INR 2 ;STEP SPEED UP BY 1

5TA LMOTOR ;STORE IN LMOTOR TO BE SENT TO MOTCR
RET

LFTREV - SAME, BUT FOR REVERSE.

LDA LMCS  ;OTHERWISE IF 0, GET NEW SPEED
DCR A ;STEP SPEED DOWN BY 1
5TA LMOTOR ;STORE IN LMOTOR TO BE SENT TO MOTCR

RET
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4C4D
4CS0
4C52
4C3S
4C37
4C3A
4C5C
4CSF
4CH2
ACLS
4C48
4CEA
ACLB
4C4C
4C&D
4CeF
4C71
4C74
4C735

4c7e
4c79
4C7A
4c7e
4CTF
acst
4C54
4CB87
4CE9
4cac
4C8E
ac91
acos
4C96
4C99
4C9C
4C9E
4cAl
4cAz?
acas
acas

4CAT
4CAA
4CAC
4CAF
4CcB2
4CBS
4CB7
4CBA
4CED

CDEB4F
JEQOD
323554
IECO
32245A
JEQ0
322F3A
32305A
CD734F
JAT4SA
FEGQO
cB

ES

7C
E&LE
FEDZ
CA4D4C
iF
CD&54A

El

78
FE21
c2874C
IEG2
CDS74F
CIsSA4C
FES1
C2944C
JED4
CDS74F
C33484C
FE41
C2B54C
COFCAF
SEEE
CDDO4E
87
E&FO
FEOO
CZ3D4C

78
C&01
CD4EAF
CD0O250
CISA4C
FE71
C2rAasc
CDFCAF
JEEE
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- ae A e

PROERR:
FROMEMN:

PROZMEN:

EMDCHE:

RANCHi:

RRCHK:

LRD:

PROMEN - ROUTINE TO ALLOW THE USER TO CREATE, RESET OR EDIT ANY

ONE OF THE 14 PDSSIBLE MENUS. [T WILL ALLOW THEM TO UPDATE
ANY OF THE GLOBAL PARAMETERS, OR THE INDIVIDUAL AREA DATA.

CALL
MVI
ETA
MVI
ETA
MVI
§T4
STA
CALL
LDA
CPI
R
PUSH
MoV
ANI
CPI
Ji
RAR
CALL

POP
MoV
CPI
INI
MVI
EALL
JMP
CPI
JNI
MvI
CALL
JMP
CPI
JNI
CaLL
MVI
CALL
MOV
ANT
CPI
JNI

MoV
ADI
CALL
CALL
JMP
CPI
JINI
CALL
MV1

RASBER ;S0UND ERROR TONE IF NEEDED
A,FALSE

HEARTON

A,00H 10 OUT ENTRY VAR

ENTRY

A,COH

LMOTOR

RMOTOR

POLL iWAIT FOR PAD TOUCH
PADFLE ;GET PAD/MENU STATUS FLAB
FALSE tSEE IF PAD DK

H 3 SAVE TOUCH LOCATION INFO FOR LATER

AH $PUT VALID MENU NUMBER IN A

00C11110B ;MASK TO BET THE MENU NUMBER

00COD010E ;TRYINE TOD CHANBE THE SAMPLE MENU?

PROERR 1F 80, SOUND ERROR AND RETURN, OTHERWISE...
{(ROTATE TO GET MENU NUMEER

OTHERS GET LOCATIONS OF GLOBAL YARIABLES,
H AND START OF MENU TABLE

H yRESETORE TOUCH LOCATION DATA

A,L s PUT TDUCH LOC, IN A FOR COMPARISONS

SOUND y SOUND ON/OFF SELECTED?

RAMCHK ;CHECK RANGING IF NOT

A,SONOFF 3;GET SCUND ON/OFF MASK

ONOFF ; TOGGLE FROM ON TO DFF, VISA VERSA

PROZMEN

RANGE ; RANGING ON/OFF SELECTED?

RRCHK ;CHECK RAMP-RATE IF NOT

A,RONOFF ;BET RANGING ON/OFF MASK

ONOFF ; TOGGLE FROM ON TO OFF, VISA VERSA

PROZMEN

RAMP {RAMP RATE SELECTED?

LRD s CHECK LEFT RANGING DISTANCE IF NOT

HORN1  ;HIBH BEEP

A,BARZBEG jGET BEGINNING ROW/COLUMN OF BaAR 2

BARREAD (WAIT FOR PAD TOUCH, RETURN VALUE OF 0-10 IN A

B,A  TEMPORARY XFER TO B

OFOH {MASK TO SEE IF ANY VALUE IN ME NIBBLE

O0H H

PROERR ;IF ANYTHING IN MS NIBBLE, THEN THERE WAS
$AN INMVALID TOUCH, S0 SOUND ERROR AND RETURN

A,B {RESTORE A TO B

01H jADD ONE TO THE RATE, °‘CAUBE 0 RATE NO G0OOD

RRATE tUPDATE TABLE VALUE OF RAMP RATE

HORMNZ s+ LOW BEEP

PROZMEN
LEFTR jLEFT RANGING SELECTED
RRD j CHECK MOTOR DURATION IF NOT

HORN1 jHIGH BEEP
A,BARZBEG ;GET BEGINNING ROW/COLUMN OF BAR 2
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4CBF CDDO4E CALL BARREAD ;WAIT FDR PAD TOUCH, RETURN VALUE OF 0-10 IN A

4CC2 47 Moy B,A s TEMPORARY XFER TO B

4CCT E4&FD aANI OFOH {MASK TO SEE IF ANY VALUE IN MS NIBBLE

4CCS FEDO CPI OO0H :

4CC7 C24DAC INZ PROESR :;IF ANYTHING IN MS NIBBLE, THEN TMERE HAS
+AN INVALID TOUCH, SO SOUND ERROR AND RETURN

4CCA 78 MoV A,B yRESTORE A TD B

4CCE 97 ADD A :DOUBLE VALUE FDR RANGING DISTANCE

4CCC Cs0C ADI USSTOP ADD 0 'CAUSE 0 NO GOOD

4CCE 2A225A LHLD BELTBL 3PUT START OF TABLE ADDRESS IN PDINTER

4CDt CDCA4E CALL LRUDATE ;UPDATE LEFT RANGING VALUE IN TABLE

4CD4 CD0O230 CALL HORN2  ;LOW BEEP

4CD7 C3ISA4C JMP FROZMEN

4CDA FEBI RRD: cPI RIGHTR jLEFT RANGING SELECTED

4CDC C2FFAC JNZ FRD tCHECK MOTOR DURATION IF NOT

4CDF CDFCAF CALL HORN1  ;HIBGH BEEP

4CE? JEEE MVl A,BARZBEB ;BET BESINNINE ROW/COLUMN OF EAR 2

4CE4 CDDOAE CALL BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0-10 IN A

4CE7 &7 nov B,A ; TEMPORARY XFER TO B

4CERB E&FO ANI OFOH 1 MASK TO SEE IF ANY YALUE IN M5 NIBBLE

4CERA FEQOQ CPI OOH :

ACEC C74D4C INZ PROERR 3 IF ANYTHING IN MS NIBBLE, THEN THERE WAS
§AN INVALID TOUCH, S0 SOUND ERROR AND RETURN

4CEF 78 MOV a,8 +RESTORE A4 TO B

ACFO 87 ADD ] ;DOUBLE VALUE FOR RANGING DISTANCE

4CF1 Ca0C ADI USSTOP ;ADD O "CAUSE 0 NO 50CD

4CF3 2422%5A LHLD GBLTBL ;PUT START OF TABLE ADDRESS IN POINTER

4CFL COC94E CALL RRUDATE jUPDATE LEFT RANGING VALUE IN TABLE

4CF7 CDO250 CaALL HORNZ s LOW BEEP

4CFC CISA4C JMP PROZMEN

ACFF FES&L FRD: CPI FRONTR ;LEFT RAMGING SELECTED

4D01 C2244D INZ BRD ;CHECK MOTOR DURATION IF NOT

3D04 CDFCAF CALL HORN1 :HIGH BEE?P

4007 IEEE MV A,BAR2BEE ;GET BEGINNING ROW/COLUMN OF BAR 2

4D09 CDDOA4E CALL BARREAD ;WAIT FDR PAD TOUCH, RETURN VALUE OF 0-10 IN A

4D0OC 47 Moy B,A ; TEMPORARY XFER TO B

4D0D E&FD ANI OFOH $MASK TO SEE IF ANY VALUE IN MS NIBBLE

4DOF FEOO CPI OOH ;

4D11 C24DAC INZ PROERR ;IF ANYTHINS IN MS NIBBLE, THEN THERE WAS
;AN INVALID TOUCH, S50 SOUND ERROR AND RETURN

4014 78 Moy A,B ;RESTORE A4 TD B

4D15 B7 ADD A ;DOUBLE VALUE FOR RANGING DISTANCE

4014 CaoC ADI USSTOP ;ADD © 'CAUSE 0 NO GOOD

4018 24223A LHLD GBLTBL 3PUT START OF TABLE ADDRESS IN POINTER

4D1B CDCBR4E CALL FRUDATE ;UPDATE LEFT RANBING WALUE IN TABLE

4DIE CDO250 CALL HORN2  ;LOW BEEP

4021 C35A4C JMP PROZMEN

4D24 FESI BRD:  CPI BACKR  3LEFT RANGINB SELECTED

4026 C2494D INZ DEFAREA ;CHECK MOTOR DURATION IF NOT

4029 CDFC4F CALL HORN1 tHIGH BEEP

4D2C IEEE MY1 A,BARZBEG ;GET BESIMNING ROW/COLUMN OF BAR 2

4D2E CDDOAE CALL BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF ©-10 IN A

4D31 47 MoV B,A : TEMPORARY XFER TO B

D32 E&FD ANT OFOH ;MASK TD SEE IF ANY VALUE IN MS NIBBLE

4038 FEOO CPI CCH

4034 CZ4D4aC JINI PRCERR 3§ IF ANYTHING IN MS NIBBLE, THEN THERE WAS
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;AN INVALID TOUCH, SO SOUND ERROR AND RETURN

4037 78 MOV A:B jRESTORE A TO B

4034 B7 ADD b ;DOUBLE VALUE FOR RANGING DISTANCE

4038 Cé&0C ADI USSTOP ;ADD © 'CAUSE 0 NC GDOD

403D 2AZ225A LHLD GBLTBL 3PUT START OF TABLE ADDRESS IN POINTER

4L %0 CDCCAE CALL BRUDATE ;UPDATE LEFT RANGING VALUE IN TABLE

4043 CPO250 CALL HORNZ s LOW BEEP

4Des C3ISA4AC JHP PROZ2MEN

4D49 FEAL DEFAREA: CPI - DEFINE ;DEFINE MENU SELECTED?

4D4B C2AZSD dNZ SELAREA ;CHECK SELECT AREA IF NWNOT

4D4E CDFCAF CALL HORN1

4D51 3JEEE mMvi A,BAR2ZBEG ;BET BEGINNING ROW/COLUMN OF BAR 2

4053 CDDOZE CALL BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0-10 IN A

4D36 47 MoV B,A s TEMFORARY XFER TO B

4057 E&FOQ ANI OFOH jMASK TO SEE IF ANY VALUE IN MS NIBBLE

4D59 FEOOQ CP1 Q0H H

4DSB C24D4C INI PROERR ;IF ANYTHING IN MS NIBBLE, THEN THERE WAS
jAN INVALID TOUCH, SO SOUND ERROR AND RETURN

4D3E 78 nov A,B jRESTORE A TO B

4DSF FEOO CPl 0CH ;SEE IF O SELECTED AS ENTRY NUMBER (1-10 DK)

4D&1 C2&74D INT DEFOK!I IF © NOT SELECTED, THEN CONTINUE

4044 C3I4D4C JHP PROERR ;OTHERWISE CALL RASBERRIEE, RETURN TO FROMEN

4047 CDFCAF DEFOK1: CALL HORMN1

4D6A 3225634 STA ENTRY $STORE 1-10 NUMBER TEMPORARILY IN ENTRY VAR

405D CD7ZIEF CALL POLL {BET UPPER LEFT CORNER OF BOX (MIN VALUES)

4D70 CODFC4F CALL HORN1

D73 33 MOV D,L ;PUT MIN VALUES IN D

4D74 DS PUSH D { SAVE FIRST TOUCH LDCATION

4075 CD734F CALL POLL {GET LOWER RIGHT CORNER OF BOX (MAX VALUES)

4078 D1 FOP D jBET FIRST TOUCH LOCATION {(MIN VALS)

4D7% 3D MoV E,L jFUT MAX DATA IN E

407/ 3JA255A LDA ENTRY }GET THE CURRENT ENTRY NUMBER FROM MEM

407D 2A243A LHLD BEGTBL ;SET MEM POINTER AT START OF ENTRIES

4D80 D&OL SUI O1H {REDUCE ENTRY NUMBER BY 1, TO BET LOOP CNTR

4DB2 FEQO DEFOK2: CPI 00H ;IS A DOWN TO 0 YET?

4084 CABF4D J1 DEFDK3 ;1F S0, THEN POINTER IS AT CURRENT ENTRY

4DB7 23 INX H ;OTHERWISE INCREMENT POINTER 4 TIMES TO

épeg 23 INX H $BET TO NEXT ENTRY IN TABLE

4pe9 23 INX H

4DBA 23 INX H

4D8B 3D DCR A ; DECREMENT ENTRY COUNTER (NOW AT NEXT ENTRY!

4DBC CIB24D JMP DEFOKZ {REPEAT CHECK

408F 22295A DEFOKI: SHLD POINTER ;SAVE STARTING ADDRESS OF POINTER

4092 72 Mov H,D $PUT MIN VALS IN TABLE

4073 23 INX H $ INCREMENT POINTER TO MAX VAL LOCATION

4D94 72 MoV H,E jPUT MAX VALS IN TABLE

4093 CDO252 CALL HORNZ2 ; SOUND LOW (FINISH) HORN

4098 ZAZ2SA LHLD BBLTBL ;BET START ADDRESS OF TABLE

4D%B TE Mov AyM ;GET TABLE CONTROL WORD

4D9C E4FE ANI 111111108 ;CLEAR BIT O TO SIGNAL MENU NOT EMPTY

4D9E 77 MoV M, A ;RESTORE THE CONTROL WORD

409F CISA4C JMP PROZMEN ;RETURN W/0UT ZERDINE DUT ENTRY

4DA2 FEB! SELAREA: CPI SELECT ;SELECT AREA SELECTED?

4DA4 C2E14D JINZ LMTR ;CHECK LEFT MOTOR SPEED IF NOT

4DAT CDFC4F CALL HORN1

4DAA JEEE MVI A,BARZBEG jGET BESINNING ROW/COLUMN OF BAR 2
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104C
4DAF
4080
4082
4pp4

4087
apes
4DBA
4DBD
4pco
4DC3
40Ce
4DC9
40CB
4DCD
40D0
4001
4002
4DD3
4ppDa
4DD3
4DpD8
4DDB
4DDE
4DE1
4DE3
4DES&
4DEB
4DER
4DEE
4DF0
4DF3
40F&
40F8
4DFB
4DFD
4EQ0
4E03
4EQS
4E0B
4ECE
4EJE
4E10
4E1L3
§E14
4E1s
4E18

4ELB
4ELE
4ELF
4E20
4E23

4E25
4£28

CODO4E
47
E&F0
FEQO
C24D4C

78
FEOD
C2C04D
CI4p4ac
COFCAF
322654
2A245A
D601
FEQD
CAD84D
23

23

23

23

30
CICE4D
222954
coo250
C3SA4C
FEC!
C2F54D
IEFF
322FSA
IA2454
FEOD
C20B4E
C34D4C
FEDL
C24A4E
JE00
322F5A
IA265A
FE0OQ
C20B4E
C34D4C
CDFCAF
JEEB
CDDOAE
47
E&FO
FE0O
£24D4C

ZAZ293A
23

23
JAZFSA
FEOO
CAIBAE
78

SELOKL:

SELOKZ:

BELDKZ:

LHTR:

RMTR:

MOKL:

CALL
Mav
ANI
CPI
JNI

Mav
CPI
INT
INP
CALL
574
LHLD
Ul
Pl
1
TNY
INX
INX
INX
DCR
IMP
SHLD
CALL
IMP
CP1
INT
V1
STA
LDA
cPl
INZ
IMP
CPI
INT
My 1
STA
LDA
cel
INZ
INP
CALL
M1
CALL
MOV
ANI
CPI
INZ

LHLD
INX
INX
Loa
CPI
d1
mov

BARREAD ;WAIT FCR PAD TOUCH, RETURN VALUE OF 0-10 IN A

B,A ; TEMPORARY XFER TO B

OFOH {MASK TO SEE IF ANY VALUE IN MS NIBBLE

QOH }

PROERR IF ANYTHING IN M5 NIBBLE, THEN THERE WAS
$AN INVALID TOUCH, S0 SDUND ERRCR AND RETURN

AE jRESTORE A TO B

QOH ySEE IF O SELECTED AS ENTRY NUMBER (1-1C 0K}

EELOK1 ;IF O NOT SELECTED, THEN CONTINUE

PROERR ;OTHERWISE CALL RASBERRIEES, RETURN 7O PROMEN

HORN1

ENTRY ;STORE IN ENTRY VAR FOR TIME BEING

BEETBL SET MEM PDINTER AT START OF ENTRIES

O1H ; REDUCE ENTRY NUMBER BY 1, TD BGEY LOOP CNTR
Q0H ;IS A DOWN TO © YETY?

SELDKI ;IF 50, THEN POINTER IS AT CURRENT ENTRY

H ;OTHERWISE INCREMENT POINTER 4 TIMES 10

H §6ET TO NEXT ENTRY IN TABLE

H

H

A ; DECREMENT ENTRY COUNTER (NOW AT NEXT ENTRY!

SELOKZ ;REPEAT CHECK

POINTER ;SAVE STARTING ADDRESS OF POINTER

HORN2 +LOW BEEP (FINISH)

PROZMEN ;RETURN W/OUT ZEROING OQUT ENTRY

LEFTM  ;WAS LEFT MOTOR SETTING SELECTED?

RMTR IF NOT, CHECK THE RIGHT MOTOR LOCATION
A,TRUE ;SET FLAG FOR LEFT MOTOR DATA

LMOTOR
ENTRY ;6ET THE TABLE ENTRY VALUE
O0H ;SEE IF CURRENT ENTRY IS 0 (SHOULD NOT BE!

MOK1 s IF NOT ©, THEN CONTINUE
PROERR ;OTHERWISE SOUND ALARM AND RETURN
RIGHTM ;WAS LEFT MOTOR SETTING SELECTED?

DUR j IF NOT, CHECK THE RIGHT MOTOR LOCATION
A,FALSE ;CLEAR FLAG FOR LEFT MOTOR DATA

LMOTOR

ENTRY jGET THE TABLE ENTRY VALUE

00H ;SEE IF CURRENT ENTRY IS 0 (SHOULD NOT BE)

MOK1 $) IF NOT 0, THEN CONTINUE

PROERR ;OTHERWISE SOUND ALARM AND RETURN

HORN1

A,BARIBEG ;GET BEGINNING ROW/COLUMN OF BAR 1

EARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0-10 IN A

B,A ; TENPORARY XFER TO B
OFOH ;MASK TO SEE IF ANY VALUE IN MS NIBBLE
00H -

PROERR ;IF ANYTHING IN MS NIBBLE, THEN THERE WAS
;AN INVALID TOUCH, S0 SOUND ERROR AND RETURN

POINTER j;SET MEM POINTER TO CORRECT ENTRY

H JGET TO LEFT MOTOR DATA

H

LMOTOR ;GET LEFT MODTOR SETTING FLAG

FALSE } IF FALSE, THEN ENTERING RIGHT MOTOR DATA

RSET ;60 TO SET RIGHT MOTOR SPEED

A,B ;BET BAR INPUT BACK
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4E29 ChO3Z ADI 0TH {ADD 3 TO GET CORRECT MOTOR DATA

4E2B 07 RLC JSWITCH NIEBLES

4E2C 07 RLC

4E2D 07 RLE

4E2E 07 RLC

4E2F 47 MOV B,A ;PUT IN B ABAIN

4E30 7E MOV A M {GET CURRENT MOTOR SETTING

4ET1 E&OF ANI 0FH ;CLEAR DUT OLD LEFT MOTOR DATA

4E33 BO ORA B 1 COMBINE NEW LEFT DATA W/OLD RIGHT DATA

4ETL 77 MOV M, A +RESTORE IN TABLE

4E3S CDO250 CALL HORNZ  ;LOW BEEP (FINISH)

4E3IB C3ISAAC Imp PROZMEN

4E3B 78 RSET: MOV a,B :BET BAR INPUT BACK

8E3C C403 ADI 03H ;ADD I TO GET CORRECT MOTOR DATA

4EIE 47 MOV B,A sPUT BACK IN B ABAIN

4EIF 7E MOV AM {GET OLD MOTOR DATA (CURRENT SETTINGS!

1E40 E&FO ANI OF OH +CLEAR OUT OLD RIGHT MOTOR DATA

AE42 BO ORA E ;COMBINE OLD LEFT DATA W/NEW RIGHT

4E43 77 Mav M,A ;RESTORE IN TABLE

4E44 CDO250 CALL  HORN2  ;LOW BEEP (FINISH)

4E47 CISA4C IMP PROZMEN

4E4A FEEI DUR: CPI TIME 1DURATION AREA SELECTED?

4EAC C27F4E INZ RESMEN ;CHECK RESET MENU SELECTION

4E4F IA245A LDA ENTRY  ;GET THE TABLE ENTRY VALUE

4E52 FEOO CPI 00H {SEE IF CURRENT ENTRY IS 2 (SHOULD NOT BE)

4ES4 C2SASE INZ DOK1 $IF NOT 0, THEN CONTINUE

4ES7 C34D4C Jnp PROERR ;OTHERWISE SOUND ALARM AND RETURN

4ESA CDFCAF DOK1: CALL  HORN!

4ESD 3IEEE MVl A,BAR2BEG ;BET BEGINNING ROW/COLUMN OF BAR 2

4ESF CDDOAE CALL  BARREAD ;WAIT FOR PAD TOUCH, RETURN VALUE OF 0-10 IN A

4ELZ 47 MOV B,A : TEMPORARY XFER T0 8

4ELT E&FD ANT OFO0H jMASK TO SEE [F ANY VALUE IN MS NIBBLE

4E55 FEOO CPI 00H :

$E&LT C24D4C JNI PRCERR ;IF ANYTHING IN M5 NIBBLE, THEN THERE WAS
AN INVALID TOUCH, SO SOUND ERROR AND RETURN

4ELA T8 Moy A,B fRESTORE TOUCH BAR VALUE

4ELB 2600 MY 1 H,00H 30 OUT H FOR MULT

4ELD &F MOV L,A 1PUT VALUE IN L FOR MULT

4ELE CDAF49 CALL  MULT10 MULTIPLY TDUCHED BAR VALUE BY 10

4ETL 7D MOV A,L ;BET VALUE#10 FROM L (NEVER ) FFH)

4E72 2AZ95A LHLD  POINTER ;SET MEM POINTER AT CORRECT ENTRY IN TABLE

4E7S 23 INX - ;MOVE POINTER TO DURATION LOCATION IN TABLE

4E7H 23 INX H

4ETT7 23 INX H

aE78 77 MOV M,A ;PUT NEW DURATION IN TABLE

8E79 CDO2S0 CALL HORNZ  ;LOW BEEP (FINISH)

4E7C C3ISA4C IMP PROZMEN

4ETF FEO9 RESMEN: CPI RESET  ;WAS THE RESET MENU FUNCTION SELECTED?

4ES1 C24D4C INT PROERR ;RETURN AND SOUND ERROR IF NO MENU CHOICE
{ WAS BELECTED (BAD TOUCH)

4E34 CDFLCAF CALL  HORNL  ;BEEP TO ACKNOWLEDSE THE FIRST TOUCH

4EBT7 CD734F CALL POLL ;WAIT FOR SECOND RESET TD VERIFY

4E84 7D MOV a,L

4EBB FEO9 CPI RESET $}WAS THE RESET VERIFIED?

4EBD C24D4C INZ PROERR jRETURN WITH ERROR SOUND IF NOT,

4EF0 CDFC4F CALL HORNL
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4E93 2AZ25A LHLD GBLTBL 3OTHERWISE, REBET MENU
4ERE ZEOQT MVI A,00C00L1LE ;BET CONTROL WORD FOR RESET MENU,
: SOUND ON, RANGING ON.

4E98 77 MOy M, A ;STORE MENU CONTROL WORD IN TABLE
4E99 23 INX H
4E9A IE04 MY A,08H  ;DEFAULT RAMP RATE
4£9C 77 ¥OV M, A
4E9D 23 INY -
4E9E IEOA Myl A,0AH  jDEFAULT A, B, C AND D RANGINS DISTANCES
4EAG 77 MOy M,A
4ZA1 23 INX H
$EAZ 77 Moy M, A
4£A3 23 INK H
4E84 77 MOV M,A
4EAS 27 INX H
4E8L 77 MOV M, A
4EA7 23 INX H
s DONE WITH BLOBAL VARS (ALL DEFAULT NOW)
4EAB 0&0A MY 1 B,0AH  ;LOAD COUNTER FOR TEN MENU AREAA TO DEFAULT
4EAA IEOO DEFLT:  MVI A,00H ;STORE 0'S IN ROW/COL MIN/MAX FOR DEFAULTS
4EAC 77 MOV M, 4
4EAD 23 INX H
LEAE 77 MOV M, A
AEAF 23 INX H
4£B0 3EO0S MV I A,MTRSTOP ;SET SPEED DEFAULTS (LEFT/RIGHT) AT STOP
4EB2 07 RLEC
3EB3 07 RLE
4EB4 07 RLC
4EBS 07 RLL
4EBE F40B ORI MTRSTOP
4ERB8 77 MOV M, A
4EB9 23 INX H
4EBA IEOO MY A,00H  :DEFAULT DURATION T 0
4EBC 77 ®OV M, A
4EBD 23 INX H
4EBE 05 DCR B : DECREMENT TABLE ENTRY COUNTER
4EBF BE CMP B ;15 COUNT DOWN TO ZERC?
4ECO C2AA4E INI DEFLT  ;REPEAT FOR NEXT ENTRY IF NOT
4EC3 CDO2Z50 CALL HORN2  ;CALL LOW TONE TO SIGNAL DONE
4EC& C3ISA4C IMp PROZMEN

:
; RRUDATE, LRUDATE, FRUDATE, BRUDATE - ROUTIMES TO MODIFY THE EXISTINS
H VALUES FOR RANGINE DISTANCE (RRUDATE=RIGHT RAMGE UPDATE)

i

4ECT? 23 RRUDATE: INX H ;POINTER AT DESIRED RANGE IN TABLE
4ECA 23 LRUDATE: INX H
4ECH 2 FRUDATE: INK H
4ECC 23 BRULATE: INX H
4ECD 23 IHX H
4ECE 77 MOV M,A ; PUT NEW RANGING DISTAMNCE IN TABLE

4ECF C9 RET
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|
: BARREAD - ROUTINE TO TAKE THE ROW/COLUMN START OF THE BAR,
; AND RETURN A NUMBER 1-11 CORRESPONDING TO BAR LOCATIONS
; 0-10. THIS VLUE CAN THEN BE MANIPULATED TO DO WHATEVER.
4EDO FS BARREAD: PUSH  PSW
4ED! CD734F CALL  POLL 'WAIT FOR PAD TOUCH
4EDE F1 PoP PSH
4EDS BD RRO: CHP L ; TOUCHED WHERE ON THE BAR?
4ED6 C2DCAE INZ RR1 ;IF NOT, CHECK THE NEXT
4ED9 3EOD MV I 4,004 jRETURN VALUE TOUCHED ON THE BAR
4EDB C9 RET
4EDC CD444F RR1: CALL  MSNDCR ;DECREMENT MS NIBBLE
4EDF BD CHP L s TOUCHED WHERE ON THE BAR?
4EE0 C2E&4E INT RRZ :IF NOT, CHECK THE NEXT
4EE3 3EOL MY T A;01H  {RETURN VALUE TOUCHED ON THE BAR
4EES C9 RET
AEEL CD444F RR2: CALL  MSNDCR ;DECREMENT MS NIBBLE
4EES BD CMP L s TOUCHED WHERE ON THE BAR?
4EEA C2FO4E INZ RR3 :1F NOT, CHECK THE NEXT
4EED 3E02 MY T A,02H ;RETURN VALUE TOUCHED ON THE BAR
457 09 RET
4EFC CD444F RR3: CALL  MSNDCR ;DECREMENT MS NIBBLE
4EFT BD CHp L s TOUCHED WHERE ON THE BAR?
AEF4 C2FAAE INZ RR4 {1F NOT, CHECK THE NEXT
4EF7 3EOZ MV T 4,034  ;RETURN VALUE TOUCMED ON THE BAR
4EF97 T3 RET
4EFA CDa44F RR4: CALL MSNDCR ;DECREMENT MS NIBBLE
4EFD 2D cHp L s TOUCHED WHERE ON THE BaR?
4EFE C2044F INZ RRS i+ IF NDT, CHECK THE NEXT
4F01 3E04 Myl A,084  jRETURN VALUE TOUCHED ON THE BAR
4F03 C9 RET
4F04 CD444F  RRS: CALL MSNDCR ;DECREMENT MS NIBBLE
4FO7 BD cup L : TOUCHED WHERE ON THE BAR?
4F0B C20E4F JINZ RR& : IF NOT, CHECK THE NEXT
4FOB 3IEO0S Myl A,0SH JRETURN YALUE TOUCHED ON THE BAR
4FOD C9 RET
AFOE CD444F  RRé: CALL MENDCR jDECREMENT MS NIBBLE
4F11 BD CHMP L 1 TOUCHED WHERE ON THE BAR?
4F12 C2184F INZ RR7 {IF NOT, CHECK THE NEXT
&F1S 3IE06 Myl A,06H jRETURN VALUE TOUCHED ON THE BAR
4F17 C9 RET
4F 18 CD444F RR7: CALL  MSNDCR ;DECREMENT MS NIBBLE
4F1B BD cup L i TOUCHED WHERE ON THE BAR?
4F1C C2224F INZ RRS {IF NOT, CHECK THE NEXT
4FIF IE07 MVl A,07H  jRETURN VALUE TOUCHED ON THE BAR
aF21 C9 RET
4F22 CD444F RRE: CALL  MSNDCR 3DECREMENT MS NIBBLE
4F25 BD CHP L ; TOUCHED WHERE ON THE BAR?
4F26 C22C4F INZ RRY s IF NOT, CHECK THE NEXT
4F29 IEOB MVl A,084H jRETURN VALUE TOUCHED ON THE BAR

4F2B C9 RET



Appendix C:

SOFTWARE LISTING Page 99

4F2C
4F2F
4F30
4F33
4735
4F36
4F39
4F A
4F3D
4F3IF
1540
1Fa3

4Fas
IF 45
4F 44
4F47
4Fag
4F49
4F 44
4F4E
4Fac
4F 4D

AFAE
4F 351
4F52
4FS3
4554

4F57
4F 3B
4FSB

48l

U oned et

4F5D
4FSE
4FSF
4F 62
4F 43
4F &4
aF4s
4F 48
4F &9
4F LA

ED444F
BD
C2344F
IEQT
[
CD444F
BD
C2404F
JEGA
C?
CDEB4F
c9

QF
aF
OF
oF
3D
o7
a7
07

ce

2RZZTA
23
77
CLO250
ce

47
ZA2234A
4E
79
A
BB
CALT4F
79
BO
77
CDFC4F
ce
78
2F

RR7:

RR1O:

BADENTL:

CALL MSNDER ;DECREMENT MS NIBBLE

CHE L s TOUCHED WHERE ON THE BAR?

JNI RRIO ; IF NOT, CHECK THE NEXT

[ AD A,O9H jRETURN VALUE TOUCHEDR ON THE EAR
RET

CaLL MSMDCR ;DECREHMENT MS WIBBLE

CHP k ; TOUCHED WHERE ON THE BAR?

dNT BADENT! ;IF NOT, SOUND ALARM AND RETURN
My I A,0AH ;RETURN VALUE TOUCHED ON THE BAR
RET

CALL RASBER : SOUND RASBERRIES (BAD ENTRY NOISE)
RET

; MENDCR — ROUTINE TO DECREMENT THE M5 NIBBLE OF & BYTE

MEMDLR:

TURNDCN:

TURNOFF:

RRE ;PUT HIGH NIBBLE IN LOW

RRC

RRC

RRC

DCR A s DECREMENT HIGH NIBBLE

RLC sRETURN HIGH NIBBLE TO HIGH EPOT
RLC

RLC

RLC

RET

- ROUTINE TO MODIFY THE RAMP RATE VALUE IN THE CURRENT.
LHLD GBLTBL ;5ET STARTING LOCATION OF THE TABLE

INY K jHOVE POINTER TD RAMP RATE

Moy Myh jPUT NEW RAMP RATE IN TABLE

CaLL HORNZ ;LOW BEEF TD SIGNAL DONE

RET

- ROUTINE TO TOGGLE THE STATUS OF THE BIT PASSED 1N 4
IN THE MENU CONTROL WORD, TURNING SOUND/RANGING, DN/OFF,

MOV 2,4 { XAFER MASK 1O B
LHLD  GBLTBL ;POINT TO FIRST LOCATION OF CURRENT TABLE
Moy C,M ;PUT CURRENT MENU CONTROL WORD IN C
MOV A,C (PUT . " " = =g
ANA 8 :AND SELECTED BIT WITH CONTROL WORD
CMP B ; COMPARE WITH SELECTED BIT
i1 TURNOFF ;IF SELECTED BIT IS5 A 1, THEN MAKE A 0
Moy a,C +PUT CURRENT MENU CONTROL WORD BACK IN A
ORA B s SET SELECTED BIT HIGH.
MaV ™, A ;RESTORE CONTROL WORD TO TABLE
CALL  HORNI  ;HIGH BEEP TO SIGNAL ON
RET
MOV A,B ;BET SELECTED BIT MASK

CHA ; COMPLEMENT SELECTED BIT MASK
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4F5B 47 Mov B.4 ;PUT BACK IN B

4F&4C 79 Mav A,C ;PUT CURRENT MENU CONTROL WCRD IN A

AFeD AD ANA B {AND COMPLEMENT OF SELECTED BIT MABK WITH A
LFGE 77 Mawv M, A jRESTORE CONTROL WORD TO TAEBLE

4F4F CDOZSO CALL HORNZ ;LOW BEEP TO SIGNAL OFF

4F72 CY RET

POLL - POLL THE TOUCH-PAD TO WAIT FOR A TOUCH, AND THEN WAIT FOR
A NO TCUCH (THE OBJECT REMOVED FROM THE PaD).

[ = cme mw cma me

4F73 CDSD48  POLL: CALL  EXTCHK 3CHECK FOR 'E’ FROM CONSOL

4F76 COYCAF CALL  PDMNCHK ;CHECK FOR PAD, MENU ERROR AND SEE IF
:STILL THE PROGRAM MENU.

4FT79 JAI45A LDA PADFLE $BET PAD/MENU STATUS FLAG

4F7C FEOQ CPI FALSE +EEE IF PAD 0¥

&F7E CB R2

AFT7F 7C MOV A4,H 1BET TOUCH STATUS WORD

4FB0 E480 ANI TOUCH  jCHECK FOR A TOUCH

AFB2 FEBO CPl TOUCH

4FB4 C273I4F Nz POLL

4F87 DS NTCH: PUSH D

4F8B 110002 Lxt D,0200H

4F36 1B DELAYG: DCX D ; DECREMENT DELAY COUNT

4F8C 74 MOV A,D :COMPARE D AND E

4F8D B3 ORA E sCHECK TO SEE IF DE=0

4FBE C2BE4F JNZ DELAYG ; REFEAT IF <20

aF91 DI POP D

4F92 DBL1 IN FIAB 1WAIT FOR NO TOUCH

4F94 E4OL ANt BEAMEK

4F94 FEO1 CPI BEAMSK

4F98 CABT74F JZ NTCH §IF TOUCH, CONTINUE TO LOOP

4FSE C9 RET

PDMNCHK - ROUTINE TO CHEK THE PAD AND MENU, SI1GNAL ERRORS AND LOOP
IF THERE ARE ANY, OR CONTINUE IF NOT. ALSO, THIS WILL
CHECK TO SEE THAT THE PROMEN MENU IS STILL IN PLACE, AND
RETURN IF NOT.

mE e S wme WE cae we

4FFC 3EFF POMNCHK: MVI A,TRUE ;SET PAD/MENU DK FLAG TO TRUE (BEGINNING!)
4F9E 323454 8TA PADFLE ;

4FAL1 DB11 IN PIAB jREARD THE +5 LOOP FROM THE PAD CONNECTOR
4FAI EbBO ANI PADLOOP ;MASK TO DETERMINE THE CONNECTCR STATUS
4FAS FEBO CPI PADLOOP ;VALUE READ, 1=CONNECTED, 0=DISCONNECTED
4FAT CABRAF Ji PADOKS jCONTINUE IF PAD CONNECTED

4FaA 3EO01 MVI A,PADLED ;GET DATA TO LIGHT PAD ERROR LED

4FAC CDFD4A CALL BETERR ;LIGHT THE PAD ERROR LED

4FAF JEA&Q MVI A,MENERR; PAD ERROR WILL BIVE MENU ERROR

4FB! CDFC4A CALL ¢ CLRERR ; SO CLEAR MENU LED

4FB4 TEOQO MVl A,FALSE ;SIGNAL PAD/MENU OK FLAG AS NOT OK

4FB6 323454 §7A PADFLE

4FBY C9 RET

4FBA 3EOI PADOKS: MVI A,PADLED ;GET DATA TO CLEAR PAD LED

4FBC CDFC44A CALL CLRERR ;CLEAR THE PAD LED (ALL 15 OK)
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4FBF
4FC2
4FC3
4FCS
AFCT
4FCA
4FCC
4FCF
4FD1
4FD4
4FDS
4FD7
4FDA
4FDB
4FDD
4FDF
4FED
4FEZ
4FES
4FET
AFEA

4FEB
4FEC
4FEE
4FF1
4FF4
4FFS
4FF7
4FFA
4FFB

4FFC
4FFD
4FFF
5002
5003
5005
=007
5008
5008
SO00E
5010
s012
, 5013
5014

CDFD4s
TC
Esdd
FE40
C2D54F
JEQ2
CDFO4A
JEQQ
I23I435A
C?
SEQ2
COFCaA
75
E&01
FEQ1
Ce
JEGH
II2Z43Z4
JE02
CCFO4A
C?

FS
SEQ4
CLFCAF
CRazsn
3D
FEOOD
CZEE4F
F1

C?

F3
JE40
£39355¢
FS
SECO
D342
i
11003
CoB747
JEQQ
D342
151

F1

ce

PADOKS:

ASBER:

RAS1:

i
i
§ HORNI
i
H

ORN1:

HORMZ2:

HORNA:

L ]

CALL
MoV
ANI
CPI
JINI
MVl
CaLL
MV
ETA
RET
MVI
CALL
mov
ANI
CPI
Ri
MVI
ETA
Myl
CALL
RET

PADRD  ;DETERMINE MENU NUMBER DR STATUS (IF ERROR)
AH sPUT MENU NUMBER (STATUS) IN (A)

MENERR (MASK FOR MENU ERROR

MENERR ;MASK FOR MENU ERROR

PADOKE ;IF VALID MENU, THEN PROCEED, OTHERWISE...
A,MENLED ;BET DATA TO LIGHT THE MENU ERROR LED
SETERR ;LIBHT THE MENU ERROR LED

A,FALSE jSIGNAL PAD/MENU OK FLAG AS NOT OK

PADFLG

A,MENLED ;BET DATA TO CLEAR THE MENU LED

CLRERR ;CLEAR MEMU ERROR LED

4,4 jPUT MENU NUMBER (STATUS) IN (A)

PROMSK 3$MASK PROGRAM MENU NUMBER

PROMSK 3MABK TD SEE IF PROGRAMMING MENU IN PAD
sRETURN IF ALL OK, AND STILL PROMEN MENU

A,FALSE 3;SIGNAL PAD/MENU OK FLAB AS NOT OK

PADFLE 3

A, HENLED

SETERR

RASEER - SUBROUTIMNE TO SOUND A "RASBERIES® TOME TO ALERT THE USER

OF AN ERROR IN MENU ENTRY (FROM PROMEN)

PUSH
MY
CALL
CALL
DCR
Pl
INZ
POP
RET

FSHW

A,04H ; SOUND RASBERRY COUNTER
HORNI 1 SOUND LOW BEEP ONCE
HORNZ ; SOUND HIGH BEEP ONCE

A
00H 115 RASBERRY COUNTER IERO?
RAS!  ;REPEAT IF NOT COUNTED QuT
PSY ; OTHERWISE RETURN

= ROUTINE TD SOUND THE FIRST OF TWO TONES

PUSH
MV1
JMp
PUSH
MV
ouT
PUSH
LXI
CALL
M1
out
POP
POP
RET

Py
A,40H ;LOAD THE VALUE FOR FIRST TONE
HORNA

PSW

A,0COH ;LOAD VALUE FOR SECOND TONE
PIAF  ;SEND VALUE TO SOUND CIRCUIT

D

D,I000H ;SHORT DELAY

DELAYD

A,00H

P1AF

D

PSK
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: ROM CONSTANT ALLOCATION - ALPHABETICAL ORDER (SORTOF)
: - FUNCTIONAL ORDER TOO

: COMMAND TABLE
c

S015 444D MBS DB ‘OM° s DUMP MEMORY
5017 D942 D DUMP ;
5019 434C 0B DL ;DORN LOAD
5018 5742 DM LOADER 3
S01D 454D DB “EM EDIT MEMORY
SOLF AB4L D MEMED ;
S021 474F 0B 80" ' 60
5023 EE40 DM 60TO ;
5025 4845 DB *HE* :HELP COMMAND
S027 ET40 D HELP ¥
S029 494F B ‘I10° ;s I0 PORT R/W/M
S028 4943 if | I0PBRT 2
S02D 5442 3. ‘TR’ s TEST TIMERS AND PORTS ON BDARD
S02F 7841 DY TSTBRD i
S031 544D DB i s TEST MEMORY
5033 0541 DW MEMTST ;
S035 3243 0B ‘RC° sRUN WHEELCHAIR
5037 B744 oW INITIAL ;
5039 0000 DB 0,0 {END OF TABLE MARK
L)
} MESSABES...
S0IB 2041424FSZAEBDRT: DB ' ABORTED
5045 FF DB EOL
E0es 20573E4158BAD: BE ' WHAT
S04D FF 08 EOL
SO4E 29 EDMi: OB Iy
S04F 203020  EDM3: DB v
S0S2 FF DB EOL
5053 0DOA EDMZ2: DB CR,LF
5055 28 DB e
5056 FF DB EOL
5057 0DOA MTSERD DB CR,LF
5059 5445535449 DB 'TESTING TIMERS AND PIA PORTS',CR,LF
S077 4CAF4F4B20 DB 'LOOK FOR 1000 HZ SGUAREWAVE ON TIMER OUTPUTS®,CR,LF
S0AS 4441544120 DB ‘DATA ANALIZER SHOULD SHOW PORTS COUNTING',CR,LF
SOCF 494E204120 DB “IN A STAIRSTEP FASTION',CR,LF
S0ET7 FF DB EOL
SOEB 444154413DICPDA: DB "DATA= '
S0EE FF D8 EOL
SOEF 402033ICADICPMM: DB ‘@ S0mS *
50F8 FF DB EOL
SOF9 202020  IOPSM: DB e
SOFC FF DB E0L
SOFD 0DOA BCLKM: DB CR,LF
SOFF 454E544552 D8 "ENTER CPU CLK FREQ XXXX KHI: °
511C FF DB EOL
511D 204F4B203IFMOK: DB iR
5122 FF DB EOL
5123 0D0A MTGOOD: DB CR,LF
S125 4D4S4D4FS2 DB "MEMORY TEST PASSED’
5137 0DOAFF DB CR,LF,EOL
£134 0DOA MTERR: DB CR,LF

S13C 4D454D4AFS2 DB "MEMORY TEST FAILED AT °
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5152
5133
3158
S13C
3163
S164
S1e8
5169
S14F
5170
S17F
9189
Si1E8
1AL
S1AE
31D4
S1D6
S1FD
S1F4
9203
5203

AT
e

5225
3234
S2%6

=T
hl':-?

5240
5252
a254%
52564
S2&C
5278
SZ7D
5292
39294
5299
5294
529C
S2A1
S2A3
S2AS
S2A6
S2CF
5201
52Fa
52FC
9325
5327
5329
5347
5344
5361
53863
5372
5374
SIB8A

FF
3A2057S24FMTWROT:
FF

202052454 IMTREAD:
FF

20544F20 PHI:
FF
2044524F4DPLO:
FF
4F45465345PB1AS:
FF
ODOAOADAOAPHELP:
2020202057

0DOA

2020544845

0DOA

2020202020
0B5AODOA
4240202044

9D0A

234C202044

0D9A

4540202045

oDoA

474F202047

0DOA

434F202049

0004

5442202054

0004

5440202054

9004

5243202052

0DOA _
0DOAGADAOA

FF

0DOA
4541535934
0D0A

203E

FF
2A2AZAZA2AETMSG:
0DOA

2AZAZA2020
opoA
ZAZAZAZAZA
0D0A

0D0A

2020544549
0DOAOA
2020202020
0D0A
2020202020
0004
2020202020
0DOAOA

PRMPT:

DB
DB
DB
DB
DB
DB
DB
DB
oe
DB
DB
DB
DB
DB
]
DB
DB
DB
bB
13
LB
DB
DB
DB
i}
DE
oB
De
DB
DB
bB
DB
DB
DB
DB
DB
DB
DB
DB
bl
LE
DB
Le
DE
0B
DE
LB
DB
DB
DB
0B
DB
DB
oB
DB
DB

ELL
"3 WROTE °
EOL
'y READ
ECL
‘1
EOL
" FROM
ECL
*OFFSET VALUE ? *
EOL
CR,LF,LF,LF,LF,LF.LF,LF
WELCOME TO THE EASYCHAIR MONITOR®

CR,LF

THE FOLLOWIMNG TwO CHARACTER CCMMANDS’
CR,LF
! ARE AVAILIBLE :
ER,LE,CR,LF
"OM Dump Memory’
LR,LF
‘DL Down Lpad fraom dev.
CR,LF
"EM
CR,LF
‘60 E0te’
CR,LF
"10
CR,LF
"TB Test Board utitily’
CR,LF
"THM Test Memory’
CR,LF
“RC  Run Chair prograa’
CR,LF
CR,LF,LF,LF,LF
EOL
CR,LF
"EASYS’
CR,LF
C oy
EOL
R P T T T e
CRyLF
THEE
CR,LF
B e T T e T
CR,LF
CR,LF

THIS SYSTEM WAS CREATED BY :°
CR,LF,LF

system’

Edit Memory'

1/0 port riw/a’

EASYCHAIR CONTROLER V 6.9

JAMES WILLIAMS °
CR,LF
' AND
CR,LF
: GREBORY WELCH'
CR,LF,LF

L2
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SIBD 20204935420 DB IT IS5 THE CONTROLER PROGRAM THAT®
53IAF ODOA DB CR,LF
3Bl 204F504352 DE * OPERATEE THE ULTRASONICS, LIGHT EBCARD,"
S3DE ODO0A DE ER,LF
SIDA 414E342040 BE *“AND MOTORS OF THE EASYCHAIR WHEELCHAIR.®
5401 0DOA k] CR,LF
J403 20544B4953 11 * THIS PROGRAM ALSO ALLOWS MENUS FOR®
5426 ODOA 0B CR,LF
5428 2054484520 DB * THE LIGHT BOARD TO SBE CREATED FCR °
5448 QDOA DB CR,LF
£44D 2045414348 DB * EACH CHILD AND ADDED TO AND CHANSED °
5472 0DOA DB CR,LF
5474 2041532G4E DB * AS NEEDED.'
S47F 0DOA DB ER,LF
5481 20414C3C20 DB * ALL ATTEMPTS WERE MADE TO FORESEE aLL®
5447 0DSA DB CR,LF
S4A9 20544842520 DB * THE POSSIBLE PRGBLEMS THAT MAY ARISE.,"
S4CF 0DO0A B CR,LF
S4D1 2020202020 DB v HOKEVER, -NO- PROMISES."
S4EF ODOAFF MCRLF: DB CR,LF,EOL
S4F2 S74BASASACNHEG]L: LB ‘WHEELCHAIR NDW UNDER COMPUTER CONTROL'
5517 ODOAFF DB CR,LF,EOL
5514 0AOAGADAOACLS: DB LF (LF,LF,LF ,LF,LF,LF,LF,LF,LF ,LF,LF,LF,LF
5528 0AQACACADA ] LFLF,LF,LF,LFLF.LF,LF,LF,LF,LF,HONE,EOQL
SS35S 44S24FLESAFNTMEB: DB ‘FRONT = * EOL
SS3E 4241434B20BAKMSE: DB "BACK = " ,EOL
E546 S249475BS4RTMSE: DB ‘RIGHT = " ,EOL
SSA4F ACA4ASA55420LFTHNSG: DB "LEFT = " ,EOL
5557 4C4Se42FS4ROWERR: DB 'LED/TRANSISTOR ERROR IN ROW (0-F}: ",EOL
5578 4C45442FS4COLERR: DB "LED/TRANSISTOR ERRDR IN COLUMN {(0-F): ", EOL
SS5A2 S0414320S4TCHMSEE: DB 'FAD TOUCHED AT LOCATION: ",EOL
ESBC 474547494EINTMEG: DB "BEBIN INFRA-RED TOUCH PAD DIAGNOSTICS ,EOL
SSEEZ AS4E44204FENDMSE: CB "END OF INFRA-RED TOUCH PAD DIABNOETICS',EOL
5609 04 SAMPLE: DB 900001108 :MENU CONTROL WORD
5608 02 DB 02H sRAMP RATE
S50B 10 DB 10H ; BAK,FNT ,LFT,RST RANFGINE DIST
560C 10 DB 10H
340D 10 DB 10H
S&0E 10 i)z} 10H
tBEGIN ENTRY |
SHOF O DB 00H sROW/COL MIN
5610 44 DB d4H 1 ROW/COL MAY
S&11 AC LB 0acH jHOTOR SPEEDS (L/R)
5512 10 DB 10H s DURATICN
sNEXT ENTRIES
5613 05 DB 03H
5514 4 DB 444
5615 CC DE OCCH
5616 10 DB 10H
i
9617 0B DB OBH
S618 4F DB 4FH
5419 CA DB OCAH
S&1A4 10 DB 10H
L]
S&1B 50 DB SOH



Appendix C:

SOFTWARE LISTINE

Page 105

3&1C
5610
S&1E

S41F
5620
S621

5622

56237
5624
5628
3626

5627
5629
54629
S&2A

628
5620
S&ZD
Se2E

S62F
3430
3631

S632

o437
5634
5635
S&36

SA00

SAGD
SAOL
SA02
SA04
3A08
SAOB
SAOA
SAOC
SAOE
A10
SAl1Z
SA13
SA1S
SALS
JAl8
SAl9

Ad
8C
10

53
4a
ge
1o

B
AF
Cg
10

BO
Fa
36
10

BS
FA
44
10

BB
FF
&8
14

elv
oo
EE
01

TR T -

ECHOFL:
WIDTH:
BIAS:
RJSAV:
RJSP:
RIVECT:
DSODIV:
CLKBCD:
CLEBIN:
FNTDET:
MAXFNT:
BAKDST:
MAXBAK:
RTDST:
MAXRT:
LFTDST:

DB
DB
DB

DB
DB
DB
0B

DE
bl
DE
oe

DB
DA
DB
08

DB
DB
DB
DE

DB
DB
DB
DB

DB
DB
DB
DB

ORG

DS
DS
Ds
DS
DS
DS
0s
DS
DS
D5
DS
Ds
DS
0s
DS
bs

GAdH
BCH
10H

S5H
OAAH
28H
10H

SBH
DAFH
GCEH
10H

CBOH
OF4H
46H
10H

DBSH
OFAH
44H
f0H

OBEH
0FFH
524
10H

0QH
O0H
B8H
oiH

MONRAM

S IS o B o I o B I T RS T N S R

-

-

--

{END OF SAMPLE TABLE DEFINITIONS

RAM ALLOCATION IN ALPHABETICAL AND FUNCTIONAL ORDER

;BEGINNING OF MONITOR RAM

{ECHO FLAG: 0=ECHO 1=NO ECHO
WIDTH+1 = NUMBER OF BYTES PER LINE
;BIAS FOR LOAD
s TEMP SAVE AREA FOR RETIMP
sRETURN JUMP STACK PDINTER
{RETURN JUMP VECTOR (PC)
:COUNTER FOR TIMING OF SOMS PULSE
;CLOCK FREQUENCY IN BCD
sCLOCK FREGUENCY IN BINARY
+ULTRASONIC FNT DIST,
MAX FRONT DIST.

BACK DIST.
MAX BACK DIST.

RIGHT DIST.
MAX RIGHT DIST.

LEFT DIST.

sam R e e mE e
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SAtE
Ja1C
JALE
S81F
SRZO
SAZ1
SAZ22
SAZ4
JAZs
SAZT
SA2%
SA2ZC
SAZD
SAZE
SAZF
SAZD
SA3L
JAI2
SATZ
SAZ4
SAIS

SA%4

SAeT

MAXLFT: DS
TIMDLY: DS
HOMOFF: DS
RAMPCNT: L[S
MEMCTRL: D&
ERRWRD: DS
GELTBL: BS
BEGTEL: DS
ENTRY: DS
MTRADDR: DS
POINTER: DS

LHTS os
RMTS: D5
LMCS: Bs
RMCS: g5

LMOTOR: DS
RMOTOR: DS
CURATION: DS
LAST1: BS
CHMTRAMP: DS
FADFLB: DS
HEARTCMN: DS
MISCBF: DS

]

e B TR o T 6 R R i B

ek ek ek s ek ek Rk o b gk gk jea

; MAX LEFT DIST.

;DELAY TIME

-HIGH SPEED FLAS

: RAMP RATE

;MENU CONTROL WORD (FLASS...)

; CURRENT ERROR WORD (SETERR,CLRERR)
:STARTING ADDRESS OF SLOBAL MEN VARS
: STARTINE ADDRESS OF TABLE ENTRIES
sCURRENT ENTRY NUMBER (IN DATA TABLES)
s ADDRESS OF CURRENT ENTRY DATA
:POINTER USED IN PROMEN TO UPDATE TABLE
: LEFT MOTCR TARGET SPEED

:RIGHT MOTOR TARGET SPEED

;LEFT MOTOR CURRENT SPEED

:RIGHT MOTOR CURRENT SPEED

sVALUES 70 BE SENT TO L % R MOTORS
:DURATION OF MOTOR ACTION

sLAST ENTRY NUMBE:

: IMEDIATE RAMP COUNT

;PAD/MENU 0K FLAG

sHEARTBEAT ON/OFF FLAG

;BUFFER FOR USE 3Y COMMANDS

;PUT LAST SO AN OVERRUN WON'T BOMB

s+ SYSTEM

{END OF EASYCHAIR MOMITOR

R L R T T T I T T

END
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THE INFRARED TOUCH PAD

40 - Infrared LEDS g 26.00
40 — Infrared phototransistors 22.00
1 - Miscellaneous wood/plastic &0. 00
1 = Electronic components B85.00
1 = Electronic cable 27.00
1 - Miscellanaous hardware 75.00
295.00C

S e o s T W T S S A R T Y T W EN N SR R R S e e e e e W T B o T e o o e e e e e o i o i e e

ULTRASONIC RANGING

4 - Ultrasonic transducers S79.00
i - Electronic components 50,00
i1 - Electronic cable 32400

457 .00

e S —

COMPUTER AND MOTOR CONTROL

1 = Working B0BS based computer 400, 00
1 = Additicnal 8253 FIA 17.00
i - 2B1i1&A EEFPROM 14,00
2 - DE1225 BK NOVRAM I2.00
2 - ADSE58 o/A Converters 15.00
1 = Electronic componants 15.00
1 = Powsr supply compcnents 27 D0

S22. 00

MISCELLANEQUE COSTS

i = Miscellaneous b AW |

e e e e e s e

b+ 4+ 3ttt 4111

GRAND TOTAL # 1329.61
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