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ABSTRACT

The following report is a general synopsis of ideas and
designs used in the development of the Easy Chair, a
microprocessor controlled wheelchair for small children with
muscular disorders.

The initial wheelchair comeés equippeéd with &2 Damaco DSE
Add=0n power unit. This unit comes complete with batteries, the
drive units (motors and controllers), and a proportional joystick
controller. The touch-pad, ultrasonic kit, and the computer are
the three extra components to be added for additional control and
safety.

Specifications for the Easy Chair were outlined by an
Qccupational Therapist, Phnysical Therapist, and a classroom
teacher from The Wabash Center i1n Lafayette, Indiana. This
outlining was assisted by George Karlin, Special Education
preject coordinator at Furdue University, Lafayette, Indiana.

The original idea for the wheelchair was conceived by George
rarlin, while working with small handicapped children both at
Furdue University and The Wabash Center. George Karlin also
acted as a go-between for the designers and therapists,
throughout the desian.

The touch—-pad is valued at around $213, the unltrasonic
system at around $342, and the computer at around $343, with a
total cost of around $1052. A1l of the development components
are being being paid for by The Wabash Center, with the final
prototype being released to them.

The three sections reported on hereafter, all work very well
seperately. The ultrasonics presently convey perimeter
information, the touch—-pad can be used to configure the system,
and the computer 1is running, controlling the other systems.

What remains i1n the project is basically to complete the
motor control system, to combine, test and modify the seperate
components, to package the resulting hardware, and to polish off
the system software so that it will allow the users to configure
the chair for their speécific needs,



INTRODUCT ION

For many years, small children with muscular diserders have
nad severly limited opportunities to acquire any amount of
mobility. Because of thnis lack of mobility, they have also had
iimited opportunities to i1nitiate communication with others,
iimiting further their learning capabilities.

The i1dea behind a microprocessor controlled wheelchair (the
Easy Chair) 1s to provide a mode of transportation for very young
children with muscular disorders. Because the users will be so0
young, typically two to six years old, the chair should be
€equipped with a variety of devices which will not only allow them
to coentrol movement with l1imited muscular force, but will also
protect them from any undesireable circumstances.

Such devices include & method of input such as a touch=-pad,
(requiring minimal or no muscular force to actuate) , an
ultrasonic ranging system to monitor the chair’s perimeters, and
a computer to control these devices in a fashion which 1is
transparent to the user, (see Figure 1},

From this point on, there will three major sections to the
report. The first section will]l cover the touch—pad, the second
will cover the ultrasonic ranging, and the third will cover the
computer and the motor control.



THE INFRARED TOUCH-PAD

SCOPE

The infrared touch-pad 1s to be known as the i1nput system
for the control of the chair. It is currently thought of as the
only direct method of input which will be associated with the
final wheelchair. Therefore, i1t must meet many requirements
which allow 1t to alter the current system configurations, or
Just to contrel the chair.

In conceiving the i1dea for the touch—-pad, the folleowing
specifications were used as guidelines to facilitate design.

It was determined that a touch sensitive input surface
requiring minimal pressure would best suit the needs of the small
childrén. The system needed to be adaptable to different
children, some of whom are 1ncapable of generating high response
force.

The touch—pad should use a common medium for set—up, to
increase the independance of the system and i1ts users. This 1is
to say that i1t should be possible to simply plug in or unplug the
touch—-pad, and to switch between the pad and the current joystick
with Tittle or no effort. It should be totally self-contained as
a unit, electronics and all. Again, this would increase the
independance of the system.

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.

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

The size and locatioens of the symbols on the touch-pad (used
to contraol the wheelchair) must be programmable. This will
accomodate different ranges of motion.

The ftouch-pad must be moisture proof. Children with such
handicaps as cerebral palsy freguently have coral motor problems
which result in excessive drocling. Any reasonable amount of
molsture shouwld noet cause the wheelchair to malfunction.

In the past, 1t had been thought that a total hardware



solution was the most reliable and consistant route to take.
However, after carefully studying that route, and testing the
results, 1t 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 1t is implemented.

BODY
BLOCK DIAGRAM

The block diagram for the touch—-pad consists of six main
blocks. These blocks include the row decoding (selecting) bleck,
the column decoding block, the extra decoeding bleck (which
includes the menu-select decoding and the ultrasound direction
light decoding), the touch—pad block, the row/column detect
Block, and the menu-select detect block. Each of these blocks
will be discussed further in the following sections (see also
figure 2, Block Diagram).

I. THE ROW DECODING BLOCK

The row decoding block i1s one such block where the
seven bit control word which 1s sent to the touch—-pad
circultry is interpreted to select a certain
LED/phototransistor pair.

The decoding 1s accomplished by sending the least
significant four of the seven bits as a nibble which gives a
zerc through fifteen (F Hex) count, and then bringing one of
three chip select lines high, in particular the row decoder
chip select line (see figure 5—1). To accomplish this, a
74154 4 to 14 line decoder 1s used, The outputs of this
78154 are low when they are selected, sc they are used to
providée a ground path for the infrared LEDs and
phototransistors, thus allowing them to be turned on only
when they are selected.

It 1s appraopriate at this time to re—-state the fact
that the select lines are used to select both an LED and a
phototransistor. With this scheme, if there 1is 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 bleck functions in almost the same
fashion as the row decoding block. The only difference 13
that of the select line which 15 used to select the column
decoding chip, &lso a 74154, OFf the three selct lines



(bits) from the seven bit word mentioned, one is used to
select the row decoding chip, one the column decoding chip,
and one the extra decoding chip. To select the column
pairs, the column select bit must be high.

Again, in the same fashion as the row decoding, this
block selects certain LED/phototransistor pairs to be
observed by the detection circuitry.

IIl. THE EXTRA DECODING BLOCK

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

The term extra is meant to reflect the odd or “extra“
decoding that is done by this block. At the present time,
1t serves two main functions; to select one of the five
menu=select LELD/phototransistor pairs for observation, and
also to momentarily select other devices such as lights
which will assist the user in determining which perimeters
are being warned about by the ultrasonics,

In refering to figure 3-1, it should be noted that the
five “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 Jower off-state resistance, which
caused problems when they were not selected. Normally when
a pair i1s not selected, +5 volts is connected to the cathode
of the LED and to the emitter of the phototransistor. Thas
would not allow either to be turned on. With these five
meny select pairs however, the +3 volts (seen when not
selected) caused the menu—-select detect circuitry to send a
touch message to the computer. Therefore, the tri-state
buffers were used, which present an open circuit in their
non—selected state.

This extra decoding device could be thought of as an
extra computer port, with the only difference (which is a
disadvantage) being that the outputs are not latched in
their selected states. However, for the present time, this
1s not necessary, and momentary sélction will work fine.

IV. THE TOUCH FA&D BLUCK

This block contains the actual touch-pad with the LEDs
and phototransistors mounted 1n 1t, and the slot for the



selected menus to be inserted into (see figure 4). Aloeng
the wvertical and horizontal sides of the sunken touch area,
are alternately mounted 32 infrared LEDs and 22
phototransistors, one across from each LED. These pairs were
alternated to reduce the amount of light being received 1in
error. The LEDs and phototransistors were carefully aligned
co as to achieve the maximum signal recievid 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
BElock and The Column Decoder Block).

The touch—pad alsoe contains five seperate pairs which
are mounted perpendicular to the row and column pairs, along
the edge of the pad. These serve the purpose of allowing
the computer to detect 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 Timitaing resistor. Therefore, again when
the pair is selected, and the cathode is taken to ground,
the LED turns on.

Eventually, all of the select and the detect circuitry
will be packaged along the left and right side of the
touch—-pad, and 211 of this will be enclosed in one case.
This will allow the touch-pad to be totally self—contained
(independant). It will be tied to the computer by a ten
conductor cable which will 1nclude the four pair select
lines, the three chip select bits, one touch return line, +5
volts and ground.

V. THE ROW/COLUMN DETECT BLOCK

This block i1s where the phototransistor status is
transformed into a level that can be interpreted by the
computer.

The collectors of all of the phototransistors are tied
together, because only one 15 selected at a time. These are
then pulled high throuagh a single pull=-up resistor (100k
chms)., When any one of the 32 row/column phototransistors
15 selected, an infrared beam of light from the paired LED
should turn 1t on, putting the collector voltage somewhere
near ground., i+ while one 15 selected, the beam is biocked,
the phototransistor wilil be turned off. When off, the
collector voltage approaches +5 volts because of the pull=-up
resistor.



Because of the change in collector voltage from when a
beam is blocked to when one is not blocked, the collectors
are the input to the row/column detect circuitry. This
circuitry uses a pair of comparators, with references set by
a 20k ohm potentiometer set up as a voltage divider.

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 refeéerence, the output goes to negative
saturation (close to ground). This output is then used as
the input to the second comparator.

This second comparator has the same reference voltage
as the first one, however, it is set up in a non-=inverting
fashion., It is used to clean—up the comparator signal.

When the selected beam is not broken, the output of the
first comparator (which is the input to the second) is high,
which also sends the second conparater into positive
saturation. This second output signal, called RCRET
(row/column return), is then passed through an OR gate which
has one input tied low, to clean it up.

This conditioned RCRET signal is then combined with
the MSRET sianal (menu—-select return) to provide one single
RET (return) signal for the computer. This signal does not
provide a hardware interrupt, but is instead polled by the
software as a single bit input to a port.

V1. THE MENU-SELECT DETECT BLOCK

The menu—-select detect block has almost the same
circuitry as the row/column detect bleck, with the only real
difference being the size of the pull=up resistor needed for
the five smaller phototransistors (menu-select pairs).
Otherwise, the operation is the same, with the same
circultry repeated simply to isolate the menu-select return
(MSRET) from the row/column return (RCRET).

It is appropriate at this time to note the reason for
combining the three decoding chip selects with both the
row/column detect and the menu—-select detect (see figure 4,
SCHEMATIC). The reason is that if the 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—seiect chip 15 not selected, the
MSRET signal i1s high, falsely signaling a beam being broken.
Toe eliviate this problem, the row and column chip selects



are AND“ed with the RCRET signal, and the extra chip select
is AND“ed with the MSRET signal. With this method, RCRET
can only 9o high when either the row or column chips are
selected. Also, MSRET can only go high when the extra chip
is selected.

The resulting signals are OR“'d together to form a
single RET line which is high whenever a selected beam is
broken. This leaves the computer free to select either a
row, column or menu-select beam, and then determine with one
line (RET) whether or not that beam is being broken.



GENERAL DISCUSSION

As was mentioned earlier in the scope of the project, the
aoriginal thought had been that & total hardware system would be
best. MWith such & system, the computer would only have to
respond te an interrupt by the touch—-pad, and during its service
request, check the pad to see which location had been touched.

All of this could have been provided by setting up 2
hardware clock which ran several counters. These counters would
in turn select each row pair, then each column pair, and finally
each menu—-select pair, The major disadvantage to this method was
that the scan process would be set in one certain fashion, unable
to change as better processes were discovered. With the present
method, the computer supplies the count to the pad, so if it sees
that the RET (return) line is high, then it knows that the beam
(pair) selected has been interrupted or blocked.

The current method of using infrared light beams, was
decided upon for various reasons. First of all, other touch-pad
schemes such as capicitive touch sensing, and pressure sensitive
membrane type keypads, are all open to problems because they are
affected by water, or saliva in this case. Secondly (and most
important), breaking a light beam regquires the Jleast amount of
pressure of any method studied.

The approach of using identical circuits for the RCRET and
the MSRET may at first seem redundant. However, because of the
Timited amount of physical space between the column LEDs and
phototransistors, smaller versions had to be used. These smaller
versions required the same type of detection circulitry, with only
a change in one resistor. %S0, because the two blocks need to be
electronically isolated, and because the needed gates and
comparators (for duplicate circuitry) were in fact available, it
was decided to duplicate the row/column detection for the
menu—select detection.

Other reasons for choosing to duplicate the detection scheme
are, not only the fact that no additional components were
required, but also that the original scheme was tested and
working well.

It 1s thought that in the future, there might be the
possibility of interfacing a smal)l lap—top computer which would
allow the users to much more readily re—configure the touch—-pad.
With such a device, pregrams could be written in BASIC to make
proegramming much more user—friendly.



ULTRASONIC RANGING SYSTEM

SCOPE

The ultrasonic ranging system is consildered a protective
device. Its major function is to prevent damage to the chair or
injury to its operator. It is also necesary to protect other
voung children who might be in the operating area of the chair.

In conceiving the idea for the ultrasonic system. the
following specifications were used as guidelines to facilitate
design.

The system is not intended to be an intelligent system. That
is, it 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 hoped eventually the devlopment of the users
skills will allow the user full control without perimeter

sensing.

The system should have some kind of audio and visual
feedback, warning the user of obstacles, causing the chair to
elow or stop. A= loud noises can become bothersome. this option
should be se=lectable,.

The system should sense any obstacle entering into an
approxamantly 2 foot distance surounding the chair, and should
slow down accordingly to allow the chair user to have more time
to make corrective actions. If corrective actions are not made 1n
time, the chair will stop just before contacting the obstacle ¢
less than 4 inches ).

The ultrasonic system as well as the other systems should
not destroy or deface the wheelchair in any manner. If any one
part of the chair is rendered inopperative, the chair itself
cannot become useless. If a major failure occured, it should be
easily possible to remove and retire the complete svtem.

The ultrasonic system, as specified, performs two functions.
1t provides feedback to the user as to the approach of obstacles
and 1t provides a failsafe for stopping chair movement i+ the
child does not respond to the approach warning.

10



BODY

BLOCK DIAGRAM

The block diagram for the ultrasonic system consiste of four
principal parts. These include four directional transducers, the
tone generator, the time base generator for distance calculation,
and the interface to the computer svstem. Each of these blocks
will be discussed in the following sections (see also figure 1,
EASYCHAIR BLOCK DIAGRAM ).

I. THE DIRECTIONAL TRANSDUCER BLOCK

The directional transducer block is the heart
of the ranging system. It consits of four complete
and seperate ranging transducers. Each of which
contains a S5@-kHz T@é@-volt electrostatic transducer
and a small amount of drive circuity. Each
transducer is capable of ranging from 4 inches to
approxatly 35 feet with less than 2V maximum error.
(see figure 5)

The drive circuity consits of Texas
Instrumente SNZBE27 sonar ranging module. This
module provides the 15S#@-volt bias for the
transducer and pulses the transducer with 16 cvcles
of Sf-kHz JI@@-volt waveform. (see figure &). This
manifests itsel+ as short audiable click. This
ultrasonic click travel at the speed of sound (8.9
ms/foot) unti]l it strikes an obstacle and its echo
returns to the transducer at the same speed. The
module provides & controlable blanking period to
allow trangducer vibration to disapate before it is
erabled to wait for a returning echo. All control
signels are TTL compatible, but the echo output is
of open collector type and needs a pull-up
resistor in order to get a reliable TTL signal.

There are three msain control signals. The
INIT% input starts the ranging process by sending
out the click. The BLNEX* input defeates the
internal echo blanking. And the ECHOX output
signale when the click is returned. All three
signals are active low and their relationship to
all the rest of the control line is shown in figure
é.

The only devation from Texas Instruments
design was in adding & large capacitor in parallel
with the poawer supply as 1t snters each
transducer"e driver. This waes done in order to
supply the rated ZE@d@ mAé each transducer needs
during the 32&6'uS transmit period. This 18 such a
rappid drain that the power supply could not source
it through &6 ft of cabling.

11



I1. THE TONE GENERATOR BLOCK

The tone generator block consiste of the
¥R22¢4 function generator chip which is capabale of
switching between two selected tones, and an LM2862
B watt audio power amplifier chip that amplifies
the tone signal and drives the 8 ohm speaker. (see
figure B).

The XRZZ#é& has the ablitiy to output a stable
tone and change to ancother tone by switching the
TTL level at the FSK input. This allows several
types of warninge to be generated. The two tones
are seperatly adjustable and independent. These
adijustments are made to R4 and Ré in figure 8. The
potentiometer (R7) in the figure is a volume
adjustment allowing the overall loudness to be

changed.

Turning the tone off all togther is done with
the Amplitude Modulation i1nput witch if held at
hal+¥ the supply wvoltage to the chip will stop the
output of the tone. What was done here was to build
a8 voltage divider with two equal resistances
therefore a voltage at hal+f the supply, then
parrallel a ZN3I9@4 to ground. now the base of the
transistor can accept a TTL signal and switch the
tone on or off.

I711. THE ADDITONAL PIA AND TIMER BLOCKS

The interface block necessatated a second B255
programable port. It is configured to have 24 bits
of output and 4 bits of input. With port A and B
being output ports aiong with the higher 4 bits of
port C. The lower 4 bits of port C are the input
bits. Fort A controls the ultrasonics INIT%® and
BLNEX of each transducer. Fort B output & digital
word to be use by the motor control circiuts for
direction and speed control. Port C controls the
tone generator with its upper hal+ and receives the
ECHD%¥ from the transducers on the lower half. (see
figure 15}

The time base block consists of three
programmable counter/timers in the 8253 on the
SCC5-8B5. The fist timer ie configured to count down
from 65,535 (G+++H) and 1s used as a stop watch
during the renging cycle. The second function of
the BISC is generation of the lékbaud clock needed
for RE-Z232C communacation. The last counter is used
for a heartbeat interupt .This will return the
chair to the Jjoystick configuration if the computer
becomes inopperative or is turned off.

12



GENERAL DISCUSSION

The wltrasonic svstem and it parts have all been bread-
boarded and tested. All parts work as expected, and the ranging
system, in particular, out performs what was expected of i1t. The
ultrasonic svstem 18 vervy easy to use and is extremly accurate
and reliable. The one and only disadvantage to ultrasonics as
opposed to other ranging methods would be the perceivable click
when the transducer fires.

From & designers standpoint, using & prebuilt module for the
unite was definitely better than trying to design the modules
themselves. This made troubleshooting the modules harder if they
failed to work (they often did) because of not being exactly sure
of what the module was tring to do. A lot of the solutions to
those problemse came about from trial and error and a bit of luck.

The design of the tone generator and additonal FIA/timer
configuration was much more straight forward and the results more
along the lines of what was expected. The only problem arising
here was driving the 8 ohm load of the spesaker. After trying to
use voltage and current amps (741 and 398@), and transformers and
push-pull amps, it was decided to use the LM2GEZ which is made
for such & purpose.

What is left for these parts is for a single FPC board for
the FPlA, tone generator, power supply and motor contreol circuits
to be made and tested. The software for the control of these
circuits has been done to the extent that testing required, but
has a long way to go before the Easy Chair is completed.



THE COMPUTER AND MOTOR CONTROL BLOCKS

SCOFPE

The computer and motor control systems are possibly the most
improtant parte of the Easy Chair system. A failure in either of
these two svstems could render the entire system inopperative.
Theretore, durability and usablity are two maior concerns. The
computer system was chosen due to its ablities and because of the
knowledge and familiarity of the EET staff with this product. 5o
far it has fi1lled the need and lived up to i1te expectations.

The motor control system is the weakest part of the total
system as it stands now. This was due to the limited amount of
time spent with the wheelchair itself. Arrangements have already
been made to speed & great deal of time on this portion next

semester.
EBEODY
1. THE COMFUTER BLOCE

The computer block is made from the B#BS based
single card computer system avalible from Purdue.
The computer was built according to the manual
provided. After opperation was verified, the
following changes were made. Clock speed was
increased to speed execution time but no
appreciable increase has been noted. The memory
configuration for the computer consists of three
types: BE of EFROM for startup sequence and
monitor, 8K of static RAM for data storage and
program development, and 2K of EEFPROM memory used
to store the menu information and other "hard’
variables. The EEPROM is eupected to be configured
to allow anvone to make easy and permanent chanaes
in the menus or parameters. (see figures 10-14&)

11. THE MOTOR CONTROL BLOCK

The motor control block contains all the
necessary electronics to switch control of the
chair over to the Easy Chair controller. When this
happens., the light pad and ultrasonic systems
become the controller replacing the joystick. The
motor control circuit uses a single 2 digit
hexadecimal wvalue to control both motors in
approxvimatel y eight speeds forward, and eight
speads reverse, This should allow not only For
smooth speed changes. but also, starting and
stopping should not be rough or Jerky.

Operation of the controller is fairly straight

forward. Two ADSSB digital to analog converters are
used to create a digitally controlled voltage

14



variable from ¢-2 volts. This output is summed with
a 7 volt reference to produce an overall output
controllable from 7 to 9 volts. The Jjovstick pots
have bessn measured to be at these potentials during
operation of the chair. Although this has not been
fully tested, it is believed to be a sound

design. (see figure %)



GENERAL DISCUSSION

The computer system is working as expected and software
is the only thing planned to be added to it at this time. It
is exepected that an additional EEPROM will be add in the
future to allow grester program flexibility and possibly an
increase in the number and guality of the menus. The addition
of the extra B255 caused no problems with the system and was
easily added by using the available selects on the computer
board.

The motor control system is the part of the Easy Chair
which the most effort is currently being put forth on. The
design should work theoretically, but there are concerns such
as noise and drift, which must be addressed next semester.
Along with software, motor control is where most efforts will
be concentrated next semester.
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CONCLUSION

The project as a whole seems to be running very smoothly, 1in
fact, ahead of schedule. Each o¢f the seperate blocks 1s
independently working, with almost all functioning together as a

SysTeéem.

As far as software i1s concerned, the original moniteor
program used in the SCCS-85 computer has been modified to include
several small test routines. These routines currently exercise
only the seperate blocks to assure that they are working
correctly.

The designers felt that at this point, the software was only
in an experimental stage, and that the more serious software work
would take place during the second semester of the 1985-84 school
year at Purdue. For that reason, this report only includes a
single listing of the current moniter program (see Appendix E)
and no in-depth discussion conceéerning each seperate routine.
There is, however, general discussion in the form of comments
within the code.

A major reccomendation for the future would be to always
check second vendors for supplies. For instance, after checking
with Pelarcid for the ultraseonic transducers, they were later
found for almest one third the original cost at another vendor.
Also, the cost of LEDs and phototransistors could be kept down by
buying from a large wheolesale distributor, because of the
guantity.

Another thought would be that if the touch-pad were
constructed Jjust slightly larger, the same LEDs and transistors
could be used for all of the detection. This would eliminate the
need for special menu-select detect circuitry, and obviously the
special LEDs and transistors.

Again, it would seem worthwhile to mention the fact that the
project seems to be really running ahead of schedule. Not only
has the class goal for EET 490 been met, but most of the system
blocks are already integrated together in test programs,
achieving a good head-start into EET 4%1.

Overall for the project, having two pecple working together
seems to greatly enhance not only productivity, but alseo the
enthusiasm. The aonly major difficulty encountered with a joint
project was a time problem when integrating the individual
reports toe form one single, flowing, and concise report.
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E.E.T. 490/491 SENIOR DESIGN PROJECT
THE EASY CHAIR

APPENDIX B: CURRENT SOFTWARE



plmnnuuununuunanuuuunnUEnnaITn
it EASYCHAIR THE BEST IN CHAIRS i
plnnuuuninnunnInnanan iR

i
2180 = BASE EQU 2188H  jBASE ADDRESS OF MONITOR
3786 = MONRAM EQU 37864  ;BASE ADDRESS OF MRSII BYTES FOR MOMITOR
IFFF = ENDRAM EQU IFFFH  ;END OF RAM MEMORY
#186 = NRSII EQU G188 jMONITOR RAM SIIE
T804 = USERAM EQU NORRAM+188H  jFIRST BYTE OF USER RAM
§rF = EOL Ex #FFH $END OF STRING (LINE) CrARACTER
487 = gEL Eau aTH { BEEEEEEEEEEEEEEP
80 = CR Eau #0H jCRRRIAGE RETURN
didn = LF EQu LG {LINE FEED
§a1c = HOME EDU G1CH  ;CURSOR UP AND LEFT
#1B = ESC EQu #1BH ;ESCAPE
#F = RUB  EQU #TFH  jRUBDUT
#ll = 10FF  EQU 8178 $DCT (1-0FF)
#ell = N EQU 811K ;DC1 (1-0M)
fdeF = MWIDTH EQU 4FH 1CONTROLS THE WIDTH OF *DUMP® *PUNCH"
i ; COMMANDS:
H i #FH = 16 BYTES, 52 COLUMNS
H i §7H = 8 BYTES, 2B COLUMNS
8928 = TINER EQU Fi | {8253 TIMER IERD
#2l = TINE! EQU pit| ; TINER ONE
M2 = TINEZ EQ 200 1 TIMER Tw0
#4927 = TINCTL EGU 27H {6253 CONTROL REGISTER
d61g = PIsA EQU §168H {PIA A DATA REGISTER
81l = P1AR  EQU #l1H (PIA B DATA REGISTER
812 = PIAC EQU #12H iP1A C DATA REGISTER
848 = PIAD EGU d4dH sFIR D DATA REGISTER
il = PIAE ERU G41H jPIA E DATA REGISTER
04z = PIAF EQU E42H sPIA F DATA REGISTER
i#43 = PIBCNTL EQU #47H 142 PI1A CONTROL REGISTER
#4135 = PIACNTL EQU §L3H +41 PLA CONTROL REGISTER
igal = SERCON ERQU #1H $ACTA CONTROL REBISTER
6008 = SERDAT EGU #dH {ASIA DATA REGISTER
digl = PRONSK EQU dFAdERd1H +PROGRAM MENU DETECT
il = BEANSK EQU deddddilE $MASK FOR DETECT (PIAR BBI
#0ad = BADNSK EQU [Fddddds {MASK FOR PAD ERROR (PIAA BT)
ddlg = ROWNSK ECU dad | dddda sMASK FOR RON SELECT (Piam)
9926 = COLMSK EQU #61ddd6a0 ;  COLUMN SELECT (Plaa)
f4g = EXTHSK EQU d18pad088 H EXTRA SELECT (PIAA)
;EITRA SELECT INCLUDES:
sHENU SELECT LEDS/TRANS.
sULTRASOUND DIRECTION LEDS
dogd = TOUCH EQU I#dgaaddn ;MASK FOR A TOUCH [HL]
didd = MENERR EQU dldddasdn $MASK MENU ERROR
#68¢ = ERRLED EQU 1dgaadaan {MENU ERROR LED MASK
2928 = PADERR EQU #d1a88808 $MASK LED/TRANS. ERROR
#OFF = TRUE EQU gFFH {TRUE IS FF HEX
886 = FALSE EQU #aH {FALSE IS 89 HEX
#81a = IERD EQU 184 ; IERD LOCATION
#81A = ONE  EQU 1RH ; ONE
#81C = W0 EQU 1CH T
I8IE = THREE EQU 1EH 3 THREE

8938 = FOUR EQU 36H jFOUR



#8348 = FIVE EQU JAH tFIVE
M = gl EQU ICH 351X
#IE = SEVEN EQU JEH $ SEVEN
M58 = EIGHT EQU S84 sEIGHT
P54 = NINE EQU SAH sNINE
#5C = RHEX EQU SCH 1A (TEN) IN HEX
#HSE = BHEX EQU SEH 1B (ELEVEN)
#8478 = CHEX EoU T8H tC (THELVE)
0a7h = CHEX EQU THH sD (THIRTEEN)
447C = EHEl  EBU 7CH tE (FOURTEEN)
MTE = FHEX  EQU TEH iF (FIFTEEW)
§i7l = TOSON EQU 7
##75 = TGROFF EQU 7
#ed = RIGHT EQU AA0H
AT = LEFT EM #ATH
#CF = FRONT E&U #CTH
#4LD = BACK EQU #COH
gais = RANGE EQU J&H
2956 = SPEED EQU S6H
#eLs = SOUND EQU 16H
8895 = RRATE EQU F&H
#Bs = SODELAY EBU dB6H
; VECTORS FOR HARDMARE INTERRUPTS .
1584 = RST# EQU [ISRRAM+  @98H  ; NOT USED - MOMITOR RESET
3898 = RETI EQU USRRAM+  d8BH
818 = RSTZ EQU USRRAM+  018H
JBlg = RSTI EQU USRRAN+  818H
1828 = RST4 EQU USRRAM+ 8284
JBI4 = TRAP  ERU USRRAM¢.  B24H
1828 = RSTS ERU USRRAM+  #28H
Ja = RSTSS EQU USRRAMs  82CH ;
383 = RSTé EBU USRRAM+  838H
3834 = R5T6S ERU USRRAM+  B34H 3
3838 = RST7T EQU USRRAM+  83BH
J83C = RST7S EQU LUSRRAN+ SCH 1
= s N N N N N S S NS S S S SESEESSSEEII IS EEEER
:+ RST @ ENTRY POINT - POMER UP RESET  jRET #
2198 0RE BASE+d
2188 J18833 LKl P, NONRAM+MRS 11 ;TEXP INIT OF 5¢°
2183 0357 JNF ENTRY
2186 09 NOP
2197 8 NOP
L]
¢ RST 1 ENTRY POINT
2188 OR6 BASE+BBH | RET 1
2198 C3@838 JNP RSTI
2180 dedddodass ]} 8,8,0,8,8
L |
i RST 2 ENTRY POINT
2118 ORG BASE+18H } RST 2
2118 C31838 JWP RsT2
2117 doddedddai 0B #.8,8,8,8

; Zz==

i RST 3 ENTRY POINT

2118 OR6 BASE+1BH

} RET 3



2118 C31838 I RSTS
2118 $008006800 i 0,0,8,8,8
jE==s==IsEs TEEERES = EEES
; RST 4 ENTRY POINT
2120 ORG  BASE+28M s RST 4
2128 CI2638 ¥ RST4
N3 W NOP
;m‘ﬂllﬂlllllll‘ll SEBZZ EESNETESS SN USEEEEREERE
+ TRAP ENTRY PDINT
2124 ORG  BASE+24H i TRAP
2124 CI2438 NP TRAF
177 W NOP
; RST 5 ENTRY POINT
2128 0RE  BASE+28H ; RST S5
2128 £32838 ¥ RSTS
2128 84 NOP
——— i
: RST 5.5 ENTRY POINT
212C ORG  BASE+2CH ; RST 5.5
212C C32038 I RSTSS
Z12F B8 NOF
; RST & ENTRY POINT
2138 ORE  BASE+3MH { RST &
2138 C33938 P RSTé
2131 8 NOF
: RST 4.5 ENTRY POINT
2134 ORE  BASE+J4H { RST 5.5
2134 C33438 J¥  RST&S
237 88 NOP
; RST 7 ENTRY POINT
2138 ORE  BASE+I3H s RST 7
2138 C33838 P RSTY
2138 89 NOF
; S S SRR RN SRR S S L I E RN EEEEEEEESS ST IZEEZEER
; RST 7.5 ENTRY POINT {RST 5.5
213 ORG  BASE+ICH
213C C33C38 ¥ RSTIS
213 M NOP
L)
2148 0R6  BASE+A®H
; JUNP TABLE FOR MONITOR SUBROUTINES
: ALL REFERENCES TD THESE LABELS SHOULD GO THROUGH THIS
i S0 THAT CHANGES IN THE ACTUAL ROUTINE'S LOCATION IN
i FUTURE VERSIONS OF THE MONITOR DO NOT EFFECT NON-MONITOR
: FROGRAMS, THESE LDCATIONS WILL NEVER CHANGE.
2148 CIB328 mw oo
2143 C30328 JMP co
2146 CI202C J®  CRLF  ;PRINTS (CR) ILF)
2149 C34520 JAP GHE tMORD RET IN HE&L OR C¥=1 L BAD CHAR IK A
214C CISC20 JuP GHB +BYTE RET IN A OR CY=1 &k BAD CHAR IN &
214F L3120 J%  BHD  ;DIGIT RET IN A OR CY=1 & BAD CHAR IN A
2152 CIAB2D J¥  MNB6  ;ADDRESS OF EOL TERMINATED NSG IN DAE



2155 C3ed20
2158 CIEFZD
2158 CIMZE
213 CISAZE
2161 CI742E
2164 CI6I2E
2187 CI7420
216A CIED2L

216D C3282C
2178 CITEZ4
2173 CIFaad
2176 C32823
2179 C3C928
217C CI122E
217F CI8228
2182 C33e2E
2185 CIZBZE
1188 C8328
2188 CI1624
Z18E (39827
2191 COF1Z2
2194 C37E22

2197 3EB2
2159 DIgl
2158 JEW
2150 03N
219F JECE
ZiAl D301
2143 3E3T
2185 DM

2147 219tdd

214A JETH
218 N2
218E 7D
21AF D321
2181 7C
2182 D321

2184 &F
2183 324137
2188 320257
2188 JEBF
218D 328337

NP
L
JiP
InP
i
NP
i
JNP

JHF
J¥F
JWF
Ine
N
JNP
NP
JNP
JNF
JNF
JHP
JNP
JNP
JrP

'
b
ENTRY: MVI
ouT
ml
out
i
ouT

LU}
our

T

L

L
out
NV
ouT
oV
our

IRA
5TR
§TA
MVl
5TA

PHE
PHB
PHD
SPACE
SuBle
UCASE

ATH
WARNST

CMFLG
DUNP1
LOAD1
MEMED
CISTAT
POPPC
CALLIN
SHRAL
RNDHL
BCDTRIN
PADCK
ULTRA
TSTBRD
NENTST

A, 8824
SERCON
A, BadH
SERCON
4, BCEH
SERCON
A, §37H
SERCON

H, BSEH

Ay TEH
TINCTL
AL
TINEL
AyH
TINEL

A
DLYRAN
ECHOFL
&, ANIDTH
MIDTH

$WORD PASSED IN H&L

sBYTE PASSED IN A

;DIGIT PASSED IN A

sPRINT SPACE

s(HEL) = (MEL) = (D&E)

sUPPER TO LOWER CASE CONVERSION
$ASCII TO HEX CONVERSION

tBEGINNING OF MONITOR COMMAND LODP
{NOTHING RESET - STACK DR ANY MON RAM
;UNCONMENT WHEN CMPlo ROUTINE INCLUDED
+BENORY DUMP

s INTEL LOADER

{MENORY EDITOR

{RETURNS NON-IERD IF REC BUFFER FULL
(RETURNS WITH RETURN ADDRESS IN HAL
; INDIRECT CALL TO (H&L)

;SHIFT RIGHT H&L

;ADD CARRY FLAG TO HaL

;CONVERT BCD IN HEL TO BINARY IN HAL
;PAD DI4B.

;ULTRASONIC BUMPER

; CHECK BOARD

;RAM BEMORY TEST

PONER-UP AND RESET [NITIALIZATION
NOM INITIALLZE USART CHIP

.4FORCE USART TO EXPECT CMND WORD

;NON MAKE USART TO EXPECT MODE WORD

;MODE BYTE -

; L@@ 1l 18

s COMMAND BYTE -
 BET IR

INITIALIIE TIMER CHIP TO SENERATE 146 BAUDRATE FOR

; 7288 BAUD
sEL/U1687200) 3/T113.2 WKL)
;INIT TIMER 1 TO DIVIDE BY N

i
i
i
i

INITIALIZE MONITOR RAM PERTAINING TO CONSOLE 1/0

$MAKE A ZERD

i NUMBER OF 19WS DELAYS ON (CR»
¢ #=ECHO 1=NO ECHO

; INITIALIZE WIDTH



21CH 326637

21CT 118A31
21C6 CDABZD
2107 Dpee

nnnnnn

21CC 326637
21CF 320437
2102 3EFF
2104 322637
2107 218020
21DA 228F37
210D 210647
21E8 22115
21E3 23
Z1E4 228077
21E7 CDi82A

21EA CDAZZE

ZIED 114E33
Z1F@ CDABZD
2IF3 21488d
2IFs 39

21F7 CDE42D

21FA CD4BZE

21FD 117E31
2288 CDABID
2283 CDBIZR

2285 CDB#2E

1289 FESD
2788 ChFAZL
220E 11FA2L
2211 D%
2212 FEIF

5Th

Ll
CaLL
IN

COCO0K ; §=COOKED 1=RAMW

PRINT STARTUP MESSAGE - ALSO EFFECTIVE WAY TO WAIT A FEW

CHAR PERIODS WHILE DOUBLE BUFFERED
INPUT SETTLES.

D,5TART ;PRINT STARTUP MESSAGE
MSE :
SERDAT ;EAT POSSIBLE GARBAGE CHARRCTER

i INITIALIZE REWAINDER OF NONITOR RAM AND STACK FOINTER

IRA
5TA
8TA
VI
5TA
LX
SHLD
L
SHLD
INY
SHLD
CALL
i L
i LXT
i CALL
CALL

ARNST: LXI
CALL
LIl
DAD
CALL

i

A + ON FOMER UP SET TO LOAD
VFYFLG ; 3=LOAD, l=VERIFY

COCooK 3 B=COOKED 1=ReN

A, EOL ; ON POMER UP ND ANSWER
RISCBF i

H, 28884 ¢ INITIALIZE

CLKBCD ;CLOCK FRE@ IN BCD

H, 2008 H

CLKBIN H AND  BINARY

H ; PULSE TINING VERY SMALL IN
DSanIv ; CASE SOMETHING GOES WRONG
FROCK ; PAD TEST ON POWERUP

H, ENDRAN ;s UNCOMMENT FOR MEM TEST

0, USRRAN ; ON RESET/POMER UP

nT@

STACKI jREAL INITIALIZATION OF SP

PRINT WARMSTART MESSAGE...

NOTHING IHITI#LiIED

0, STKAT
b E ;
H 1

;PRINT LOCATION OF STACK

5P
FHE

s COMMAND LEVEL - GET CHARACTER; JUNP TO APPROPRIATE ROUTINE

CONND: CALL

L1
CALL
CALL
ANI
CALL

-

e EE ma

CF1
d1
LI
PUSH
CPl

SETJNP tRUBOUT ABORTED COMNDS COME HERE
0, FPRAPT sPRINT COMMAND PROMPT

HSE

CI H

TFH $PUT IN IF UCASE TAKEN OUT
UCASE  ;CONVERT LOW TO UP CASE % STRIPS PARITY

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

IR (SPECIAL CASE, (CR) IS NOP THAT DOES NOT
COMNND 3 CLEAR THE ANSWER

D,CONND ;ADDR FOR PSEUDD CALL COMPLETED BY PCHL
D i

$SPECIAL CASE "7, MUST NOT CLEAR



2214 Ca4522

2217 &7
2218 COBI2B

2218 CDB#ZE
221E oF
221F CDSAZE
2227 918C2€
2225
2% 7
207 8
eyl
20 5
2224 93
2228 CD282C
222€ CAJC22
231 83
nun
2233 Th
24 8
2235 s
2238 CD142E
2238 C9

223C JEFF
223E 322437
2241 #A
242 5
243 13
2244 B
245 57
2248 7C
2247 &3
248 £

2245 CDSAZE
2240 112637
224F CDABZD
1232 09

2253 118739
2256 CDAB2D

J1  ASK  ; ANSWER FIRST,
}
i NOM FOR THE REAL COMMANDS...
i
MOV H,A  ;PUT FIRST CHAR INTO H
CALL €l J6ET SECOND CHAR
ANI  @7FH  ;UNCONMENT IF CALL UCASE REMOVED
CALL  UCASE ;
MV L,A  3PUT SECOND CHAR INTD L
CALL  SPACE ;30 KNDHS HAT FOR...
LII B,CMDS ;SCAN COMMAND TABLE...COMND IN WAL
CHMDNIT: LDAX 6 sBET COMMAND FROM TABLE

MOV b,a ¢ GET FIRST LETTER

NI B ; POINT TO SECOND LETTER

L B8 § GET SECOMD LETTER

mov EsA P

NI B ; POINT TO LOWER BYTE OF ADDRESS

CALL  CWPlé  ;COMPARE TD COMND TYPED
il CNDFND 3FOUND IT
[N 8 3SKIP OVER ADDR OF COMMANMD JUST CHECKED
N B ¢POINT 7O UPPER BYTE OF ADDR THEN NXT CMD
L A $CHECK FOR END OF TABLE
CRA E }
JN1 CNDNIT ;NOT END..,TRY MEIT ENTRY
ERRER: CALL  PRBAD ;PRINT ERRER MESSAGE AND RETURN, “COMND*
RET i 15 ON STACK AS RETURN ADOR FOR COMMAND
i § NOTE ALL THE COMMANDS USE ERRER LABEL.

i

CHDFND: WVI A,EOL  sCLEAR ANSWER
STA NISCBF .3
LDAX B ;6ET LOWER BYTE OF ADDRESS
MOV E,A 5 %

Nt B ;FOINT TO LOWER BYTE

LoAar B ;6ET UPPER BYTE

Hov ﬁqﬁ HE

MoV 4, ;COMMAND EIPECTS FIRST LETTER IN A REE
1CHG :

FCHL H

fllttﬂltlﬂ“lﬂl END OF COMMAND LEVEL stumtpnnnprpapninnnim

FIEITRTRRTRRTRIRARRRNBEGINNING OF aSkInrniminImITInRIRIILIIIINR
i PRINT  ONE BYTE NOTE LEFT BY LAST COMMAND
i
ASK: CALL  SPACE
Lxl D, MISCEF
CALL  ms6
RET

PREIRTERLITRRRRIRURAREIRIEND OF ASKnnnBIInsnaR s aeeRaeesaasanLny

PRRIRENRRRRRRERRRR RN RIBECINNING OF HELPRRIRTIZIIRRIZRRIRLLLLLLL
{ HELP
HELP: LXI  D,PHELP

CALL  Mms6



2239 (9

220A CD4520
2230 DASE22
2268 CDCAZD
2263 08
2264 EJ
2263 114673
2268 CDABZD
126B 219288
226E 39
276F CDE4ZD
2272 CD2D2C
2273 AF
2276 CODI2B
2279 COD32B
227C El
2270 E9

227€ CDBF2C
2281 DAJB22
2284 EB
1285 CDCAZD
1288 DAFIZ2
2286 4C
Z28C oC
2280 Gede
228F €5
2298 d60d
2292 82
2293 48
2294 7D
2793 AC
2296 A8
a9 n
29 23
2299 7C
2294 B9
2298 (29422

229€ &2
225F &8
2268 T
2241 #C
I7R2 A8
2283 C35

RET

PRRRRITRRRRRRRRRNRIRATNIEND OF HELPRTRRREZRZTRLELLLLLLALLLLLLILLL

FURRERRIRRRRRRRRRRIRRRRBECGINNING OF GOTOURTLRRIRIRRRILRERIRLRANNY

¥
; GOTO ROUTINE - STARTS EXECUTION IN MEMORY LOCATION

BOTD: CALL
JC
CaLL
RC
FUSH
LIl
CALL
Ll
DAD
CALL
CALL
1RA
CALL
CALL
PP
PCHL

juIIIIIn I

GHW
ERRER
OKCK

-:Faﬂx
5en

=88~gF%e
-

:BET HEX WORD

;ﬁivﬁ B0T0 ADDRESS

+STHAT 3SET STACKPOINTER AND PRINT

i
i
i
i
{PRINT DUMNY CHARACTER SO THAT PROGRAM

;CANNOT PREVENT END OF CRLF FROM PRINTING
iB6ET ADDRESS...

i AND 50
1END OF SOTONUINIMINIIIInnumnnn

SUERRRERRTARNRTIRERARRIABECIRNING OF MENTSTHRIMIZIRREDIRIDIDIOILE

|
MENTST: CALL
JC
ICHG
CALL
JC
Nov
iNR
ni
PUSH
L1
HTL:  mov
NV
MTFILL: WOV
IRA
1RA
L
L H
nov
CHP
JNI

NTa:

FRONTO
ERRER

OKCK
NTEND
C,H
»

B, #dH

B4
H,D
LiE

L

A
H
B
M,A
H
AH
c
NTFILL

GET FROM AND TO ADDRESSES

- S amm

CHECK WITH USER BEFORE STARTING
;STOP AT IX7?7 WHERE XI-1 IS THE
;UPPER BYTE OF THE USERS TO ADDR
; ALSO USE OF CDUNTER

-

;CLEAR B PATTERN MODIFIER

sLOW BYTE TO ACCUM.
1X0R WITH HIGH BYTE
sI0R WITH PATTERN
;STORE IN ADDR

; INCREMENT ADDR

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

7 READ AND CHECK TEST DATA

NOV
mov
NTTST: WOV
IRA
IRA

3BET STARTING ADDR

$6ET LOW BYTE

;10R WITH HIGH BYTE
;10R WITH MODIFIER

&
L



2204 47
2243 TE
2286 BB
2247 C2022
228 C1
2208 23
22hC 7C
2ZAD B9
22AE C2n822
<281 JAB337
264 37

285 17

2286 37
207 17
2288 A8
2289 CC202C
225C M4
228D EB
228 321
2208 CDDIzB
2207 EB
2204 C1
prin B 1
2206 C3
2207 a2
22CA C1
22CB L1AAZF
22CE CDABZD
2201 .9
2202 11C12F
2205 CDAB2D
2208 CDE42D
2208 11E32F
120t CDABZD
2261 CDEF2D
22E4 L1DAZF
ZZET CDABZD
22ER 78
22EB CDEF2D
22€E C1
22€F C1

22F8 C9

22F1 Co202C
22F4 11DEZE
ZZFT CDABID
22FR JETT
22FC 0321
22FE 3ET7

EESESE=E98=EIe8

=

ICHG

53523

PUSH
i
POP
L
CALL
RET
NTFXIT: LXI
CaLL
CALL
L
CALL
CALL
L1
CALL
Hov
CALL
POP
POP

NTEND: RET

- s e

B,A
l,n
B ;COMPARE WITH MEMORY LOCATION
NTFIIT sERRER EXIT
]
H sUPDATE MEMORY ADDRESS
AH +6ET HIGH BYTE
¢ sCOMPARE WITH STOP ADDR
NTTST 1LOOP BACK
WIDTH tSENERATE ((MIDTH+1)14)-1
B :CHECX FOR TIME FOR CRLF
CRLF sCRLF IF RUNNING OUT OF LINE
B 1UPDATE MODIFIER
| Mt {PRINT PASS DONE MESSAGE
co H
]
B
]
11 {RESTART WITH NEW MODIFIER
]
D, NT500D
56
; FOR 255 TINES THEN TO CNDS
0, MTERR. {PRINT ERRER ADDRESS
NSE
P
b, NTRERD
nss
PHB
D, MTHROT
NS6
A,B
PHB
B
B

RETURN TO COMNAND LOOP

RRIRRERRERRRLIRIEND OF MEMTSTHRRIRIBVRRRRIRIRLEIITILILINY

PLUIRRLRRRLRRALNIRABECINNING OF TEST BOARDETIZIRIRTIIRIILILNY

TSTERD:
L
CaLL
L
ouT
L

CALL  CARLF
D,NTSERD

NS6

#,3™H

TINCTL

A, TTH



2388 0323
2182 JEB?
234 1323
28 77
2387 0328
2389 D321
2388 D322
2380 Je28
238 0329
2311 D3dl
2313 0322
2315 JEEd
2317 1313
3319 0343
2318 D319
231D D311
231F D312
2321 D348
2373 341
2375 D348
2327 #F
2328 C31823

2328 110A2E
232E CDABZD

2131 04520
2734 024823

2337 FEZF
2337 .o

2378 CDI4ZE
2330 C32B23

2348 CDBe21
2347 CA923
2346 CI2821

2745 CO3C20
2740 D743
IMF FEZ7
2351 LA&F23
2754 FESE

our TINCTL
I A, #B7H
out TIRCTL
SUB A
our TINE®
outr TINEL
ouT TINE2
LU A, 284
ouT TINES
out TINEL
gur TIMEZ
Myl A, 88
out PIACNTL
our PIBCNTL
LOOPA: OuT Plad
out PIAB
ouT PIAC
our PIAD
out PIaE
T P1AD
RRC
JNP LOOPA

fEALRTRRRERRRRRRIEND OF TEST BOARD mraztprrntrntrazniann
(RRRRRTRRARRLRRARRBECINNING OF MEMEDRTIRRIDRTLIRDRDIRLTLENL

i NEMED - HEXADECIMAL MEMORY EDITOR

i

NEMED: LII D,EDMZ ;PRINT *CR, LF, {*
CALL  WS6

CALL  GHW
JNC 114 ;GET HET WORD INTO HL, JUNP IF VALID

Pl of i ;BAD CHAR RECEIVED - WaAS IT */"
RI :60 BACK TO COMMAND LEVEL IF S0

CALL  PRBAD  ;PRINT “MHAT ?°
JiP MEMED  ;THEN TRY AGAIN

Ok: CALL  DISCON ;DISPLAY CONTENTS OF LOCATION
CALL  EDIT  ;THEN BEGIN EDITING
e MEMED  ;LOUPE [F EDIT RETURNS

END MENED

- m —

j GET EITHER A NEW HEX BYTE TO BE WRITTEN WHERE WL POINTS,
{ FOLLOWED BY ANOTHER CONMAND, OR JUST ANDTHER COMMAND.

EDIT: CALL EHE s6ET THE NEW HEY BYTE IF TYPED
JKC EDBYTE :5000 EVTE TYPED - FUT IN MEMORY
CPI #27H sD0ES USER WANT LITERAL CHARACTER 2
31 EDLIT 3 VEP...
CPI s sD0ES USER WANT COMTROL CHARACTER ?



233 L2123
2759 Co8328
235C EATF
235E FEM
2368 DAREZI
2363 FEGD
2345 DAGA23
7768 Dsd
2354 Dodd
2340 CIN
236F CDB3ZE
2372 E&TF
BN
2375 COSA2E

2378 CDBIZP
2378 E&TF
2370 FE#D
237F L8623
2582 13
2383 CIA3Z3
23846 FEZS
2188 C28F23
2338 13
238C CIA323
238F FEZE
2391 CRA3ZI
2394 FEZD
2196 C29023
2359 2B
2398 C3A323
239D FEZF
23%F CB
ZIA8 CDI4ZE
2183 CDATZ3
2388 CI4923

2IAF 11DAZE
23aC CDABZD
234F CDE4A2D
2382 CDB623
2385 09

2384 11DSZE
2387 CORRZD
23BC TE

238D CDEF2D
2368 1IDSZE
2303 CDAB2D
23Ch ES

INI  NEXT  jNOPE...MUST BE COMMAND OR ERRER...
CALL CI  ;BET CHAR
AN OFH  ;STRIP PARITY
TPl BA8H  ;SEE IF WAKES SENSE...
JC EDBAD  ;DUNNY
CPI  868H  ;FIGURE OUT WHAT TO SUBTRACT...
JU  EDUC ;IS UPPER CASE...OK AS IS
SUT  #20H  ;LOWER CASE...MUST BE NOVED DOMN
EDUC: SUI  849H  jCONVERT TO CONTROL CHAR
¥ EDRVIE ;
EDLIT: CALL €1 BET CHAR
81 G7FH  3BETTER STRIP PARITY
EDBVTE: MOV M,A  ELSE STORE IT IN MENORY
CALL  SPACE  ;SPACE TO REINFORCE THAT ONCE TWO DIGITS

i ; ARE ENTERED, LOCATION IS CHAMGED.

CALL | sAND GET ANOTHER CHAR & ECHD IT
ANI TFH $KILL TOP BIT
MEXT: CFI CR sCARRIAGE RETURN?
JNI El
INx H
JNF PR s YES- PRINT NEXT LOCATION
El: cr1 i sOR BLANK
JNL E2
InNx H
W FR sYES- 00 THE SAME
E: CP1 e ;s PERIDD?
J1 PR sPRINT CURRENT LOCATION
E3: CP1 Pt : DASH?
JNI E4
| H g
I PR ;YES - PRINT PREVIOUS LOCATION
Ed: Pl o b s SLASH?
R :EDIT ALL DONE IF 50
EDBAD: CALL PRBAD  ;IF NONE OF THE ABOVE, PRINT “WHAT 7*
PR3 CALL DISMENM ;DISPLAY THE MEW CURRENT MEMORY LOCATION
Jnp EDIT +AND LOOP

{ PRINT CR, LF THEN AN ( FOLLOWED BY THE CONTENTS OF AL IN HEX.

DISMEM: LXI  D,EDN2 ;DO CR,LF, “{"

CALL  MS6
CALL P
CALL  DISCON
RET

i 4301 DISCON teae

}
; PRINT *) = * FOLLONED BY THE CONTENTS OF THE WEMORY LOC.
; POINTED TO BY HL

]
DISCON: LII D,EDML ;
CALL k1] i
NOV A M +GET CONTENTS OF WEM LOC.
CALL PHE sPRINT IT
LIl D,EDMS ;
CALL  MS6 X
PUSH H +SAVE ADDRESS



23C7 CDés2C
2ICA 7C
23CB CDD32B
LETD
Z3CF COD32B
2302 El
2303 CDSAZE
2306 CY

2307 ChBAC
23DA DAIS22
2300 228437
27E@ CDCAZD
23E3 D8
Z3E4 TAB237
23E7 322837
23R JEIN
Z3EC 329237
Z3EF CDO3ZB
23F2 CD1AZ4
Z3F5 87
2IF6 JEA7
21F8 CAR224
23FB T4
23FC 87
23FD CaF223
2489 JE42
2492 122637
24§53 JEFF
2487 32211
2484 JAZEIV
2480 320237
2418 &F
411 328637
2414 JE13
2416 CDD328
U417 09

2414 CDIB24

2410 CoeC24
2428 &
2421 CheC24
424 &7
2425 CDeC24

SESFSE

CALL
RET

"
i

DISASC ;CONVERT TO PRINTABLE
AH {PRINT * 7 OR '~

o :

A,L  ;PRINT CHARACTER
co i

H

SPACE

PERTRRRRRRRRRARERRRRNTREND OF MEMEDIRRRIRIRIRRILIRRERILLLALRMLLL

PIERTERRTRRRRR IR RN BEGINNING OF LORDERNTIRIRZREZILRZRLEILLNNL

]
i HEI-FORMAT LDADER

s NOTE:
LOADER: CALL
JC
SHLD
CALL
RC
LDA
8Ta
L3
STR
CALL
LOADL: CALL
ORA
mi
Jl
HOv
Ora
J1
LU
DONE: STA
i
8TA
LI&
STA
iRA
5TA
wi
CALL
RET

RECORD LENSTH = 86 TAKEN AS EOF

GBIAS  ;GET B1AS

ERRER  3BAD CHAR - QUIT

BIAS  ;STORE BIAS

OKCK  jCHECK WITH USER BEFORE JUNPING

i
ECHOFL ;SAVE ECHO FLAB
MISCBF+Z;MISCEF & MISCBF+1 USED BY ANSHER
A, I0N  ;START DATA COMING
ECHOFL ;NDN-IERD VALUE {XOW) TURNS OFF ECHO
co ]
BETREC ;READ IN OME REC, (R) = RECORD LENGTH
A $5ET I-FLAG ON RECORD LENGTH
A,"6"  (ANSWER TO QUESTION = G0OD
DONE ;IF LENGTH = @ THEN DONE
A0 (D) = ERRER FLAG ON GETREC RETURN
A j5EE IF THE "ERRER" FLAG IS NON-IERD.
LDADI ;IF NOT, 60 DO NEXT RECORD
A,"B" 3STORE "BAD" FLAG IN ANSHER TO QUESTION
MISCEF ;STORE cOOD/BAD STRING
AEOL @ .
NISCEF+1;
NISCBF+2;RESTORE ECHO FLAG
ECHOFL : .
A $SET BACK TO “LOAD*® MODE
VFYFLE 3 .
#,10FF 35TOP FURTHER OUTPUT
co i
sRETURN TO COMMAND LEVEL

LOADER

i 318 GETREC 3%% READ IN DNE RECORD
i

GETREC: CALL
CALL
L
CaLL
MOV
CALL

FNDNRK ;SKIP TO RECORD MARK

LGHE  ;BET THE RECORD LENGTH

C.A ; INTO THE C REG.

LGHB  ;6ET LOAD ADDRESS FIELD INTO M & L
an H

LGHB



2428 F
2429 15
2424 EB
2428 288437
24X 19
242F D1
2438 CDac24
2437 CD4B24

2436 CD6C24
435 7%
2434 9

2438 COB3ZE
243E E&TF
2448 FETA
2442 C23B24
2445 1684
2847 09

2448 41
2149 78
2440 87
2448 C8
244C 95
244D IA8637
4% B
2451 C25824
2434 CDoC24
usT
2438 Cle824
2438 CD6C4
245E 96
245F CheB24
2462 322937

2465 CDIB2E
a4b8 23
2465 C34924

* me WP as W ag

!

FNDMRK: CALL
ANI
CPi
NI
L]
RET

R am W aa W wE

DATA: MOV

LOOF: MOV
ORA
RI
DCR
LD&
ORA
NI

JNP
LVFY:
5uB
1
5TA

DATAL: NI
NP

END

= my we E=e

1ey DATA it

LA i

0 SAVE DAE
i

BIAS  ;ADD BIAS

1

i
0 jRESTORE DAE

LGHB  ;GET THE RECORD-TYPE BYTE AND IGNORE

DATA  §PUT THE NEXT (C) BYTES INTO MEMORY
iSTARTING WHERE HL POINTS

LGHB  {READ THE CHECKSUN BYTE

CHe {PUT THE RECORD LENGTH BACK INTD A REG.
{RETURN FRON GETREC. (D) CONTAINS Tht
; SUN OFF ALL HEX BYTES READ, AMD 50
7 15 EFFECTIVELY AN ERRER FLAG

GETREC

13t FNDMRK 183 - FIND RECORD MARK

IGNORES ALL TEXT UNTIL ":" FOUND, THEN RET

Cl $6ET CHARACTER
#7FH  ;STRIP OFF 8TH BIT
'Ir. ;
FNOMRK ;NOT RECORD MARK - GET NEXT CHAR
b, 9 {CLEAR D REGISTER (ERRER ACCUMULATOR)
i

FNOMRK
- [NPUT ALL DATA BYTES

(C) = MUMBER OF BYTES TO READ IN

(D) = ERRER FLAG ACCUMULATOR MAINTAINED BY LGHB
B,C ;COPY C REE. TO B
a8 ;6ET REMAINING BYTE COUNT
A $BET FLABS

tRETURN FROM SUBR. IF NONE LEFT

B $ELSE DECREMENT B REG.
VFYFLG ;NON-IERO MEAMS VERIFY ONLY
A i
LYFY H
LGHB  3BET BYTE FROM DATA FIELD
L] ;STORE IN MEMORY
DATAL
LGHB  ;GET BYTE FROM DATA FIELD
N ; COMPARE TO MEMORY

DATAT  ;6000...
MISCBF+3;FLAG WHERE WE ARE COMING FROM
;15 NONZERD OR WOULDN'T BE HERE

RETINP ;
H ;BUNP POINTER
Loge ;50 BACK FOR NEIT CHAR,

DATA



246C CDSC20
246F F3
2478 82
AN 57
472 71

473 09

2474 CDRFIC
Z4T7 DA3RZZ
c47A CDCAZD
2470 08
24T JMEI30
481 &7
2482 7F
2483 AS
2484 oF
2483 TH
2480 be
2487 SF
£488 ES
2489 CD742E
Z48C 2B
2480 1
Z48E EB
Z48F CD2piC
2492 CDE42D
2485 E3
2498 2125837
2499 E3

2496 TE
24%8 23
245C CDSAZE
249F CDEFZD
Z4A2 E4TF
1444 FEZS
2446 DRAE2S
2849 FETF
244D C2BAZ4
J44E JE2E

i
i
H
i
L6HB: CALL
PUSH
ann
Hov
Pap
RET
i END

w
¥

I3y LGHB ®4t - LOADER BET HEX BYTE

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

GHB
PSH
D

DA
ol

LGHB

$6ET BYTE

$SAVE BYTE

1800 TO (D)

1PUT SUM IN D-REG
{RESTORE BYTE

FEELEIIRITIR AR aERD OF LORDERIIIIININIIINIIINNIUnuN

]
PURERRRR IR NIRRT RTRBEGINNING OF DUNFRBTRIRLLILIIIILILIIIIILY

; DUNP1 IS AN ENTRY POINT FOR EXTERNAL USE OF ROUTINE

'

DuMP:  Call
Ic
CALL
RC

DUMPL: LDA
MOV
CNA
ANA
HOv
MoV
ORR
MOV
PUSH
CALL
nex
FOP
¥CHa
calL
CALL
FUSH
Lil
ITHL

i
;i AT THIS POINT

L]

DIt: MOV
INX
CALL
CALL
ANI
CPI
JE

pI2; CPFI
JNI

DI3: MWV

FRONTO
ERRER
OKCK

NIDTH
B,A

CRLF
PHY
H

A EE ame EE ame EE e B

$BET BEGINNING ADDRESS AND BYTE COUNT
;NON HEX CHAR TYPED - WHAT 77 7 27 7
sCHECK WITH USER BEFDRE CONTINUING

3BET WIDTH

ROUND DOWN STRRTINE ADDRESS

ROUND UP ENDING ADDRESS

DEE=START-ENDING-1

;60 TO NEW LINE
;FRINT MEMORY ADDRESS
:PUT RAM ADORESS ON STACK

e L T T

H,MISCHF;BET BUFFER ADDRESS

;PUT BUFFER ADDRESS OM STACK
;6ET RAM ADDRESS OFF

TOP OF STACK HRS BUFFER ADDRESS
Hil HAS RAM ADDRESS

AN
H
SPACE
PHB
a7FH
a28H
DI
@7FH
DI4
ﬂ‘ ? x

+6ET BYTE
tPOINT TO NEXT BYTE IN RAM

iPRINT BYTE IN HEX

iSTRIP PARITY

;CHECK FOR PRINTRBLE

§NOT PRINTABLE - PRINT °.°

sMAY BE PRINTABLE - CHECK FOR RUBOUT
NOPE. . DK

iNOT PRINTABLE - REPLACE WITH SPACE



2408 E3
ue1 7
mn
2483 E3
484 13
2485 70
2486 AP
2487 C29424
Z4BA ET
24BB ToFF
2480 212837
2408 E3
24C1 CDSAZE
24C4 CDSAZE
407 05
2408 112637
24CB CDABZD
24CE D!
Z4CF 7B
2408 B2
2401 CADD24
2404 Ch202C
2407 CDEAZD
2408 CI9R24
2400 £1
24DE JEFF
24ED 122837
24E3 C9

24E4 CDSC2D
24ET DA3822
24EA 322837
24ED JECY
24EF 322977
24F2 CDSAZE
24FS CDBI28
24F8 CDBNZE
24F8 CDSAZE
24FE FES2
2500 C20725
2303 CD1923
2386 C¥
2507 FES?
2589 C21825
258C CD3925
259F €9
2519 FEAD
2512 C23822
2515 CD5425
2518 €9

ITHL
NOV
N
TTHL
Nt
NV
ANR
NI
DMPLIN: ITHL
i
LII
1THL
CALL
CALL
PUSH
LI
CALL
POP
nov
Ora
i1
CALL
CALL
I
DNPEND: POP
Wi
8TA
RET

DId:

$6ET BUFFER ADDRESS
MA sPUT CHAR OR SPACE IN BUFFER
H i
jPUT BUFFER ADDRESS BACK
b sDECREMENT COUNT OF NUMBER OF BYTES LEFT
AL i
B sEND OF LINE - PRINT ASCII AND CRLF
1§ {KEEP GOING IF NOT AT END OF LIKE
36ET BUFFER ADDRESS
M,EOL s TERMINATE STRING
H,MISCBF; POINT BACK TO STRRT OF BUFFES
tPUT BUFFER RDCRESS BACK ON STACK
SPACE  ;5PACE QVER A COUPLE
SPACE
] H
D,MISCBF;POINT TO BEGINNING OF ASCII BUFFER
MSE sPRINT ASCIT BUFFER

D H

AE H

0 i

DMPEND ;DONE

CRLF

FHE sPRINT MEMORY ADDRESS
1141 i

- ;CLEAN OFF STACK
A,E0L ;CLEAR ANSMER...
WISCBF ;

GIRTLERIEIERNEASRARREAIEND OF DUNPERREEEERELEELRLEEEeRettesLts

PERTRIRRIRARRRRRRRRNRDNABEGINNING OF [OPORTRILRRRIRIRRLRLLSLALAN

i 10 = 1/0 PORT MANIPULATION

IGPORT: CALL
JC
5TA
HvI
STa
CALL
CALL
CALL
CaLL
CPl
INI
CALL
RET

Iort: CP1

TN
CALL
RET

I0P2: CPI
JNL
CALL
RET

GHE 36ET PORT NUMBER
ERRER i
NISCBF+2 +DON'T TRONP ON EOL

A, BC9H $STORE RETURN
NISCBF+3 ;
SPACE :
ct ;GET [DPORT COMMAND
UCASE 1STRIP PARITY
SPACE J
R ;IF NOT R, CHECK OTHERS
10P1 ;
10PR ; I0PORT READ ROUTINE

i
W +IF NOT W, CHECK M
10P2 :
10PN + [OPORT WRITE ROUTINE
"W 1IF NOT M, THEN WHAT 20
ERRER ; YOU WANT ?
10PN

; [OPORT MONITOR ROUTINE

1



2519 JEDB
2518 322737
251 C02737
2521 LI6F2F
2514 CDAR2D
2327 COEF2D
2324 CDSRZE
2520 TDasC
2338 7C
2531 COD328
541
2535 CoD32e
2538 €%

2539 116F2F
253C CDABZD
233F CDSC20
2542 DAJE22
2343 CocazD
2548 DB
2347 F3
2544 3ED3
254C 322137
254F FI
2338 CozT37
TR0

2534 117832F
2357 CDABZD
2554 CDSC2D
2550 DA3822
2548 CDCA20
2563 DB
2564 4F
2363 CDED2C
2348 CD202C
2568 JEDE
2380 322737
2378 1488
2972 ©OTST
2375 COEFZ2D
2578 COSAZE
2578 CDabIC
257€ 7C
Z37F CDD328
382 70
2363 10328
2586 11BaIF

; I0PW - IOPORT WRITE COMMANMD

i
10PM:

W1 A, 008K
STA  NISCBF+l
CALL  NISCBF+1
LIl D,l0P0A
CALL M5B

CALL B

CALL  SPACE
CALL  DISASC
MoV A,H
caL C0

v AL

CALL  CD

RET

L1l
CALL
CALL
JC
CaLL
RC
FUSH
Hvl
5TA
POF
fALL
RET

D, 10PDA
NS6
GHB
ERRER
OKCx

PSN

A, B03H
NISCBF+!
PEM ;
MISCBF+|

jMAIN PROGRAM

1STORE "IN" INST
:BET BYTE FROM PORT
1PRINT 'DaTA= '
tPﬂlH? BYTE IN HEX
iPRIN? BYTE IN ASCII
H

{PRINT *DATA= '

"
1

H

{BAD CHAR TYPED...
+CHECK TO BE SURE
{MUST HAVE GOOFED...
15AVE DATA

{STORE "OUT® INST

H

{6ET DATA BACK
{WRITE DATA

i

i
{ IOPN - IOPORT MONITOR COMMAND,

i
10PN:

10PML:

Lzl
CALL
CALL
JC
caLL

0, 10PN
136
BHE
ERRER
OKCK

C,A
BCLKFR
CRLF

A, B0BH
NISCBF+!
0,8
NISCBF+#1
PHB
SPACE
DIGASC
HH

co

AL

to

D, 10PSK

(PRINT "9 S0M5 8 '
i

1BAD CHAR. ..,
{GIVE ESCAPE A CHANCE...

i

JWOULD YOU BELEIVE C FOR COUNTER?
jCHECK TO SEE IS WE CAM TIME IT...
i

{STORE "IN INST

i

i

16ET BYTE FRON PORT

sPRINT BYTE IN HEX

i

{PRINT BYTE IN RECII

H

H

i

i
JFRINT *, *



2389 CDABZD
256C 41
258D 64
238E #5
238F CATB23
2392 CD362C
2595 CIBEZS
2378 14
2399 3A8337
259C &7
2390 IF
299 A2
259F CC202C
23R2 CI7225

13R3 JE68
2547 D348
2549 0322
25A8 D322
25AD 3E8Y
I3AF D348
2381 115648
2584 CDBCIA
2587 3E83
2589 0349
2388 3A1337
258E 47
258F CDDaZé
2062 70
2303 B8
2304 DAD2IS
2307 JES6
L3CY 0348
25CB 2188688
25CE 221337
2501 €9

2502 Dp42
2504 E&dl
2506 FESL
2308 C28B25
1508 09
2500 D346
230F CODa24
23E2 CDES28
23E5 CDES28
23E8 CD1&Z7
25ER 221337
Z5EE C9

CALL  Ms6 H
MOV B,C sHAIT (C1458MS
INR B ;CHECK FOR IERD
10PMZ: OCR B :
J1 10PH3 i
CalL  DS8MS :
JnP 10PN2 '
10PM3: INR ) ;CHECK TOQ SEE [F IT IS TIME
LDA WIDTH { FOR & ROUSIMG ROUND OF CRLF
{RA i :CLERR CARRY
RAR ;CUT DOWN ONE
ANA ] }
€l CRLF i
JuP 10PM1 i

i
PERRRRARERREIRTLRIRIRRaIEND OF 10 PORT COMMANDELRZRRLLRERMR
i
LR R IR R R p A R AN
H | BEGINNING OF ULTRASONIC ROUTINE 1
JHmmunnuuouIUuuUnIUUEnannnImnTnn

USENT: HVI A, 8dH

ouT  PIAD {RESET INIT LINE ON SONICS
T TINEZ 11ERD HSB OF COUNT
wT o TIMED :  LSB OF COUNT
W1 A, 8IH
wur  PIAD $SEND OUT SONIC BOOM
LIT D, #6584 ;DELAY FOR ¢ 1 MILLISEC,
CALL  DELAYD i OFF T0 DELAY
W1 A3 . ;SEND DUT BLANK INHIBIT
T PIAD ; BUT KEEF BODM HIGH

LOOPD: LDA  MAXFNT {GET MAX FRONT DIST.
MY B
CALL  CNTCK ;FIND OUT HOW LONG
WY AH
P 8 ; BOOM HAS BEEN GONE
I NEXTA : IF SO FORGET IT
W A, BH
ouT  PIAD :RESET EVERYTHING
LT H, 68884 ; CLEAR DIST.
SHLD  FNTDST
RET

NEXTA: IN PIAF 1TEST FOR BOON
ANL BIH iMASK OFF DIRECTION
T #IH i TEST FOR DIRECTION
INI LOOPD 1 IF NOT BOOM THEN WAILT
WI A, 8H
Ut PIAD {RESET INIT LINE
CALL  CNTCK iBET COUNTER IN KL
CALL  BEEP
CALL  BEEP
CALL  FNDDT
SHLD  FNTDST
RET



25EF JEBS
25F1 1323
25F3 JE8e
25F3 D348
25F7 1322
29F% D322
25FB JE04
2570 D348
25FF 115448
2087 C2BCIA
2685 JEIC
2687 0344
266% JA1837
268C 47
268D CID626
2618 7C
2611 BB
2612 DAZ2826
2615 JEA8
2617 0344
2619 210088
2B1C 221637
261F C9

2628 D42
2422 el
1424 FEAZ
2626 C28926
2529 JE0
2628 0348
2620 CBD&26
2638 CDESZH
2633 CBES2S
2636 CO1627
2619 221637
263C C§

2630 JEBd
263F D323
2641 JEH
2647 D340
2645 0322
2647 D322
2649 JE14
2648 D348
264D 115000
2638 CD8C2A
2633 JEI8
2633 0348
2657 JR1BT7
263A 47
2638 CDD624
263E 7C
263F B8
2668 DRGE2S
2663 JEM

USBACK:

LOOPF;

NEXTE:

LOOPH:

L]

our
LU
auT
LIl
CALL
BVl
out
LD4

CALL

JC
i

LI
SHLD
RET

IN

=Nl
Pl
NI
MVl

Ml
out
LU
out
ouT

M1
L
mvi
LDA
Hov
CALL
onp

Jt
nvi

wi
TINCTL
A, B84
PIAD
TINE2
TINE2
A, B4H
PIAD
D, 8958H
DELAYD
4, BCH
PIAD
NALBAK
BA
CNTCX
AH

NEITE
A, 804
PIAD

H, BdddH
BAKDST

FIAF
#2H
#2H
LOGPF
A, B8H
PIAD
CNTCK
BEEP
BEEF
FNDOT
BAKDST

4, §BdH
TINCTL
4, 89K
PIAD
TINE2
TINE2
A, IBH
PIAD
0, BSEH
DELAYD
A, JH
PIAD
NAIRT
B.A
ONTCK
AH

8
NEITC
A, B6H

{INITIALIZE B253 COUNTER

3 TINER2 BINARY COUNT MODE #

yRESET INIT LINE ON SONICS
i LERO MSB OF COUNT
i LS8 OF COUNT

+SEND OUT SONIC BOOW
;DELAY FOR ¢ | MILLISEE.
j OFF TO DELAY

$SEND OUT BLANK INRIBIT
{ BUT KEEP BOOM HiGd
{GET MAX BACK DIST.

jFIND OUT HOW LONG

; BOOM HAS BEEN GOME
j IF 50 FORGET IT

jRESET EVERYTHING

+TEST FOR BCOM

1MASK OFF DIRECTION
;TEST FOR DIRECTION
{IF NOT BOOM THEN WAIT

tRESET INIT LINE
$BET COUNTER IN HL

INITIALIZE B237 COUNTER
j TIMERZ BINARY COUNT MCDE &

tRESET INIT LINE ON SONICS
{ZERD WSB OF COUNT
i LSB OF COUNT

jSEND OUT SONIC BOOM
{DELAY FOR ¢ 1 MILLISEC.
1 OFF TO DELAY

$SEND OUT BLANK INHIBIT
i BUT KEEP BODM HIGH
{GET MAX RIGHT DIST.

sFIND OUT HOW LONG

; BOOM HAS BEEN GOME
1 IF SO FORGET IT



2665 D340
2667 218898
266R 221937
2640 C9

266E 0B42
2678 E&4
2672 FEM
2574 C25726
2677 3EM
2579 0348
2678 CDDAZ4
267 CDES28
2681 CD1627
2688 221937
2687 C9

2688 JEBG
Ze8A 0323
288C JEM
2b6E D348
2698 D322
2692 1322
2574 JE48
2695 0348
2698 115889
2698 CDAC2A
269E 3ECE
2548 D348
26A2 JAIET7
2643 47
Jbhe CDDEZE
26A7 7C
16A4 B8
25AB DAB926
A JEB
2688 1349
2682 219898
2685 221C37
2688 C

2689 DB42
26BB E&#8
268D FESB
16BF C2R226
2602 JEPE
25C4 0348
26Cs CDD&2s
26C9 CHES26
26CC CDESZ6
26CF CD1627
2602 221037
2605 C9

2506 F3
2407 kB9

NEXTC:

USLFT:

LOOPJ:

NEXTD:

CNTCK:

out
LII

N
ANI
CP1
INI
VI
T
CALL
CALL
CaLL

RET

LU
T
L)

ourt
ouT
mvl

LIl

LU
ouT
LDA

CALL

CHP
Jc
mi

Ll
SHLD
RET

1]

LUH
CrP1
rLH
LA
out

CALL
SHLD
RET

FiSH
L

PIAD
LA
RTDST

P1AF
B4
#4H
LOOPH
E
PIAD
CNTCK
BEEF
FNDDT
RTDST

A, B8
TINCTL
4, B9H
P1AD
TINE2
TINE?
A, 43H
PIAD
2, 8858
DELAYD
A, BCOH
P1AD

MAILFT _

3,
CNTECK
AH

B

NEXTD
4,884
PIAD

H, $008H
LFTDST

PIAF
#8H
98K
LOOPY
4, 80K
PIAD
ONTCK
BEEP
BEEP
FNDDT
LFTDST

PSN
Ay BPH

{RESET EVERYTHING

jTEST FOR BOO

jMASK OFF DIRECTION
jTEST FOR DIRECTION
j1F NOT BOON THEN WAIT

{RESET INIT LINE
{GET COUNTER IN HL

f INITIALIZE 8237 COUNTER
$TINERZ BINARY COUNT MODE ¢

{RESET INIT LINE ON SONICS
$ IERD WSB OF COUNT
i LSB OF COUNT

$SEND QUT SONIC BOOM
$DELAY FOR ¢ 1 WILLISEC.
{ OFF TO DELAY

1SEND OUT BLANK INRIBIT
{ BUT KEEP BOOM HIGH
$6ET MAX LEFT DIST.

1FIND DUT HON LONG

i IF BEATER
¢ IF 50 FORGET IT

{RESET EVERYTHING

;TEST FOR BOOM

jMASK OFF DIRECTION

j TEST FOR DIRECTION
jIF NOT BODON THEN WAILT

$RESET INIT LINE
{BET COUNTER IN HL



2609 D323
2608 DB22
2600 2F
26DE &F
260F D822
26El 2F
26E2 67
26E3 Fi
18E4 CF

26E3 JAZLITT
24ER FEFF
26ER C3
26EB JEW
26ED D342
24EF 54
26F8 5D
26F1 CDBCZA
26F4 IECA
24F5 D342
26F8 54
T&FF 30
26FR CDBC2A
25FD IE93
26FF D342
2781 &9

2782 JECH
2784 CI8927
2787 3E48
2789 0342
2788 118950
278 CDECZA
2711 3EBd
713 D342
2715 LY

2716 11F908
2719 GIFFFF
27IC 83
2710 COTAZE
2728 021027
% &9
1724 &
2725 C9

2726 118481
729 21F37
2712C 3E28
2TIE JT1537
2731 3E28
2733 321857
736 JE28
2738 321837
2738 JE28

HORM1:

HORN:
HORNA:

FRDDT:

LOOPH:

IN

IN

CHA
MOV
POP
RET

LIA
CFl

RET

LI
L1l
NI

5TA
vl
3TA
LM
5TA
mi

TINCTL
TINEZ

SONOFF
TRUE

fy 480
PIAF
D,H
E\L
DELAYD
A, B08H
PIAF
D, H
E,L
DELAYD
w, BB
FlaF

A, BCEH
HORNA
A, 481
FIAF
b, S8a0H
DELAYD
A,y K
P1AF

0, BOFEH
B, OFFFFH
B

sUBle
LogPN
L,C

H,B

L H, J186H

TINDLY
Ay 28K
MRXFNT
Ay 28H
MATBAK
A, 284
NAXRT
Ay 28R

{LATCH CURRENT COUNT
$6ET LSB
¢ FLIP IT TO REAL TINE

{GET NSB
i FLIP 70 REAL TINE

;1 TURN ON TGNE
{NAIT FOR IT

CHANGE TONE

¢NOW TURN EVERYTHING OFF

;TURN ON TONE 1

s TURN ON TONE 2

sTURN IT OFF

sCOUNT TO DIST. RATID
 1ERD BC

jHL=HL-0E
s DONE YET?/



2730 J21E37
2748 C9

2741 L1EETS
2744 CDABZD
2747 CDY32A
2744 b1
2748 E5
174C 09324
JT4F El
2738 &9
2781 2ZIFST
2754 CDIDIC
2737 €9

2758 118534
2758 CDAB2D
275E CD9324
2761 321537
2764 CD202C
2767 €9

I758 111834
274B CDAB2D
276E CI9324
2171 321857
2774 Co2haC
2777 €8

2778 112434
I778 COABID
277E CO9324
2781 321837
2784 CD202C
2787 C9

2758 113034
1760 CDAB2D
178E CD932A
o781 S2LEFT
2754 CD202C
2757 CY

2758 CDAS2S
2798 ZAIF37
279E EB
I75F CDBC2A
2782 281337
2TR3 7C
2786 B3
I7AT FE#E
27A7 Chpe27
I7AC 118333
2TAF CDABZD
2782 CDEAZD
2785 CIBAI7

SETTIM:

CALL

PUSH
CALL
PP
MOV
gHLD
CALL

SETFNT:
CALL

5TA
CALL

SETBAK:
CALL
CalL
514

RET
SETRT: LII

CaLL
§TA
CaLL

SETLFT:

CALL
5TA
CALL
RET

ULTRA: CALL
LHLD
1CHE

ORA
CP1
a1

LIl

NP

BAXLFT

LI D, TINGUE
HS5

INPAD

H,C

4

1NPAD

H

L

TIMDLY

CALF

Ll 0, FNTAUE
NSG

INPAD

HALFNT

CRLF

Ll D, BAKQUE
NSE

INPAD

MATBAK

CRLF

D, RTQUE .
L
INPAD
MAXRT
CRLF

8 §1 3, LFTRUE
L

INPAD

NAILFT

CRLF

USFNT
TINDLY

DELAYD
FNTDST
fyH

L

8
ULTRAL

D, FNTHSE
NSE

PHM
ULTRAL



2788 CDEFZS  ULTRAL: CALL  USBACK
2788 2RIF37 LALD  TIMDLY
278E EB ICHE
275F CDBC2A CALL  DELAYD
27C2 2A1637 LHLD  BAKDST
21C3 7C oV AH
2706 8BS 0RA L
27CT Feéd CPl #H
2709 CADS27 iz ULTRA2
Z7CC 118F33 LIl D, BAKNSE
27CF CoaBZD CALL NS
2702 CDE4ZD CALL  PHM
2705 CD3D26  ULTRAZ: CALL  USRT
2708 2AIF3T LELD  TIMDLY
2708 EB 1CHE
Z70C CDBC2A CALL  DELAYD
270F 281937 LILD  RTDST
27E2 TC ¥ov A
27E3 85 ORA L
27E4 FES ol #8H
27Es CaFzn? a1 ULTRAS
27EY HCAIS L1l D,RTNSE
27EC CDAB2D CALL  Ms6
27EF CDE42D CaLl  FPHM
27F2 D826 ULTRAZ: CALL  USLFT
2TFS ZRIF37 LHLD  TIMDLY
27F8 EB ICHG
27F% CDBC2A CALL  DELAYD
27FC ZALCTT LHLD  LFTDST
ZIFF TC Hov AyH
1688 55 ORA L
1881 FEM CPI LU
18687 CABFZE J1 ULTRA4
884 110833 LI D,LFTHSE
2869 CDABZD CALL  MWS6
284C CDE42D CALL  Phe
Z88F CDZD2C  ULTRAd: CALL  CRLF
2812 09 RET
jlatRTRRRERLRRaLINe END OF SONICS ROUTINE mmuimamnnnpnzninm
i
pIsRRRRRRRRRRRRLRY BEGINNING OF CHAIR FROGRAMS prrritanint
28137 3eB2 RUNCHR: MvI A, LB808R 180 ;PORT A: CUTPUT
2815 0313 out PIACNTL {PORT B: INPUT
jPORT C (UPPER): OUTPUT
$PORT C (LOMER) : QUTPUT
2817 JeBd mI A, JBdH $ INITIALIIE B253 COUNTER
2815 D323 our TINCTL ; TINER2 BINARY COUNT MODE 4
281e Je8t Mvi A,B1H 18235 PIA D=IN EsIN
281D D343 out PIBCNTL jF=0UT
28IF CD2627 CALL  SETDEF §SET UP ULTRASONIC PARAM.
2822 JEM mi R, FALSE
2824 322537 5TA FLBERR



2827 3JEFF
2629 322237
282C 3122177
282F JA2237
1832 FEFF
2834 C23a28
2837 CDwe17
2874 CDSE29
2830 7C
283E Exdé
2840 FE4R
2842 C24828
2845 CD4229
2845 CI2F28

2848 7C
284C FEBI
284 C22F28
2051 CD3728
2854 C32F24

2857 CD3EZ
285 7C
1838 Efdd
2630 FE49
285F C26428
2842 CDA22
2865 CY

2866 7C
2867 LG8
2865 FEBH
2868 C23728
285E 7D

ZBeF FEl

2871 C28328
2874 CDBT27
877 121%7
287A CDIF25
2870 Coe227
2889 C35728

2883 FEIS

2885 C29728
2688 Cpé727
1888 212237
288E CDIF29
2891 Cbe227
2894 (35728

2897 FESS

2899 C2a828
28%C Ch727
289F 23N
28A2 CDIF29

LU
STA
STA
CHAIRL: LDA
e
INL
CALL
CHAIRZ:
NV
ANl
erl
IND
CALL
o

MENOK: WOV
Pl
Nl
CALL
JNP

FROMEN:

ANl
cPl
N
CALL
RET

MENOK1:
ANT
cel
JNT

JNL
CALL
L1l
CALL
CALL
JNP

RNGCHK
L1t
CALL
Jne

SPOCHE:
Nl

LI
CALL

PADRD

FADRD

mov A
TOUCH
AL

cPl SOUND
RNGCHK

HORN

H, SONOFF
ONDFF

HORN1

CPI  RANSE

HORN

H, RONOFE
ONOFF
HORN1
FRONEN

Pl SPEED
RNPCHK

K, HONOFF
ONOFF

i CALL U.5.RANGING

;CHECK FOR MENU ERROR

sHENU IS 0K ?
¢FLASH LED/HORN
i IF NOT START OVER

i IF NOT COUNTINUE SCAN
1CALL PROGRAMMING MENU PROS
;REPEAT WHOLE PROCESS

{6ET A #-F PAD INPUT

L —

s MENU OK
BEEP HORN OR LIGHT LED
{REPEAT CHAIR! PROCESS

jCHECK FOR CORRECT PROGRAN

IF NOT VALID TOUCH & MENU
MOVE TOUCH LOC. TO A REG

jCHECK FOR SOUND ON/OFF

w
]

:POINT TO SOUND FLAG
+SELECT ON/OFF

jCHECK FOR RANGING ON/OFF

f

; BEEP

;POINT TO RANGING FLAG
{WAIT FOR ON OR OFF TOUCH
;LOW BEEOP

{CHECK FOR HIGH SPEED ON/OFF
; BEEP
sPOINT HL TO HIGH SPEED FLAG
;CHECK FOR ON OR OFF TOUCH



2045 CD#227
2848 C35728

2848 FE%S
28AD0 C20028
2688 CD#727
1887 CD9328
2086 212437
2889 71
19BA CDR227
2880 CI5728

2809 FE3S
28C2 C20628
2805 (08727
28C8 CD9324
268CB &1
28CC E3
28CD CD9324
2800 El
2801 49
2802 221F37
28BS Coezz7
2608 35728

2808 FEAY

2800 C2EC28
28E8 CD@727
28E7 CDas27
I8Ee CDA227
28E% (39728

28eC FEAD

26EE C2FD28
28F1 CO9TZ7
28F4 CD7827
28F7 CD@227
28F4 C35728

28FD FECY

26FF C20€29
2992 Co#TZ7
2995 C03827
1998 Cbez227
2908 CI3728

298€ FECD
2914 C25728

2917 Coev27
2916 Cosez7
2917 Cop227
291C C35728

291F ES

INL

L
MOV
CALL
JHP

INL

PUSH
CALL
poP

CALL
i

LCHK: CPI
Il
CALL
CALL
CALL
b,

RCHK: CP1
NI

CALL
JNP

FoHK: CPI
JNL

N

BCHK: CPI

NI

CALL
call
CALL
JHP

ONOFF: PUSH

HORN1
PROMEN

el
DELCHK
HORN
INPRD
H, RANP
ch
HORNI
FROMEN

el
LCHK
HORN
INPRD
K,C

H
INPAD
H

L,C
TINDLY
HORN]
PROMEN

LEFT
RCHK
HORN
SETLFT
HORN!

RRATE

SDELAY

RIGHT
FCHK
HORN
SETRT
HORN1
PROMEN

FRONT
BCHK
HORN
SETFNT
HORN1
PRONEN

BACK
PROMEN

HORN
SETBAK
HORN1
PRONEN

H

;LOW BEEP
sRETURN FOR NEW INP

jCHECK FOR RANP RATE
;

;6ET SINGLE BYTE FROM HEX PAD
sPDINT TO RAMP RATE VARIABLE
j1-FER INPUT TO RAMP VARIABLE
tLOW BEEP

;CHECK F FOR RANP RATE CHOICE

3 BEEP
;GET ONE BYTE HEX INPUT
i

t6ET NEXT HEX BYTE

§
:STORE DELAY TINME
;LOW BEEP

{RETURN FOR NEW INPUT

;CHECK FOR LEFT DIST. INPUT
i

3 BEEP

$6ET LEFT RANBGE DIST.

sLOW BEEP
$RETURN FOR NEW INPUT

;CHECK FOR RIGHT DIST. INPUT

$6ET RIGHT DIST,
;LON BEEP
{RETURN FOR NEW INPUT

;CHELEFT RANGE DIST.

3 BEEP
3GET FRONT RAMGING DIST.
sLOW BEEP

;CHECK FOR BACK DIST,

; IF NONE OF THE ABOVE
; BACK TO CHalRl

3 BEEP

$SET BACK FOR FRONT DIST. INPUT
;LOW BWEEP

;RETURN FOR NEW INPUT



2928 CDSE29
Fara i |

2924 FET2
2926 L2329
2929 Co#727
292C El
2920 J&FF
I52F CDezz7

2932 C9

2935 FETS
2935 C22029
2938 CD@727
2938 El
293C J608

293 CDeZ227
2941 C9

2947 CDSE2Y
2945 7C
2944 Ebd8
1748 FT4d
I94A CR33Z
2940 JEde
254F 322537
2982 .9
2953 Coev?
2956 JEFF
2938 3225337
2938 C34229

I75E JE82
2948 D313

1962 219689
2965 #Edd

ONOFF2: CALL  PADRD
v AL
ONCHK: CPI  TDSON
I OFFOMK
CALL  HORN
PP H
W1 N8FFH
CALL  HORNI
RET
OFFCHK: 1 T0G0FF
L ONOFF2
CALL  HORN
PP H
Myl N, 880
CALL HORNL
RET
MENUER: CALL  PADRD
HOV A H
NI MENERR
TPl MENERR
i1 FLASK
W A,FALSE
§TA  FLGERR
RET
FLASH: CALL  HORN
Wl A, TRUE
STA FLGERR
¥ MENUER

- W

j6ET A POSITION INPUT
;IFER TOUCH LOC TO A

jCHECK FOR ON TOUCH

i
{ BEEP

tSET FLAE CK RANGING DIST.
;LOW BEEP

$CHECK FOR OFF TOUCH
i

4 BEEP

15ET FLAB ALL LO,L
;IFER TOUCH LOCATION TO A
jLOW BEEP

{6ET MENU STATUS
{K-FER STATUS BITS
$HASK FOR MENU ERROR

®
Ll

;CONTINUE TO FLASH IF ERROR
; TURN OFF LED

{RETURN TO PROSRAN
{OTHERWISE, BEEP

jREPEAT ERROR CHECK

LRI E R R bebt sttt bttt atinininitl

{1 PROGRAM NAME: SCAN.3RC

;! THE PURPOSE OF THIS PROGRAM IS I
{1 ECAN THE TOUCH PAD BY PLACING 1
j4 AN LED SELECT OM THE OUTPUT, AND t
i3  READING THE STATUS OF THE COR- 3

i1 RESPONDING TRANSISTOR.

ITWILL 1

4 THEN PRINT THE LOCATION ON THE @

;1 MONITOR,
i4  NOTE:

'
1

it THE VOLTAGE REFERENCE SHOULD BE ¢

;1 SET AT 3.8 VOLTS.

PRI R s

PADRD: WVI 4, 199684188
QUT  PIACNTL
MENU: LXI  H,#8H
Wl C,00H

iPORT Az DUTRUT
;FORT B: INPUT

$PORT C (UPPER): OUTPUT
;PORT C (LOWER): OUTPUT

tRESET HL FOR NEW DATA/STATUS INFO
jRESET (C) FOR NEW TOUCH LDCATION



2967 #685
2969 85
296A JA2537
296D FEM
296F Cata29
972 78
2973 Fobo
2973 Q3199
2978 78
29797 Fh4g
2978 D318
2970 114998
2984 CDBC24
2987 D81l
29683 EsOl
2987 B4
2988 17
2989 &7
278 78
2988 FEFG
2980 C26929
2999 7C
2991 IF
2992 &7
2993 FEd
2995 C29029
2998 2648
299R C3142A
2990 FEIF
299F C2A729
29A2 2644
2984 CT182A

2347 9@
2945 dsld

J9AB 95
29AC TA2337
294F FEd®
2981 CABAZ?
2984 78
2995 Foed
2987 CI8B29
I98A 78
298D F&ld
2980 0318
295F 11A080
29C2 CDec2a
29C5 DBII
29C7 Eadl
29C% Fedd
Z7CB CADTZ?
25Ct 78
25CF 17
2908 17

LOOP3:

puTL:
T

ERR1L:

ERRZ:

SCAN:
AW

LOOP4:

ouTS:
ouT4:

LU
DR

cP1
il

ORI
Jie
KoV
OR1
out
Ll

IN
NI

RAL

KoV
CFl
Nt
HOV
fnf

"
JNI
M
JHF
CPI
NI
vl
b,

wvl
Wi

it
LbA
CPl
Ji

ORI
Pl

ORI
Li1

IN

ELH
£P1
)

nov
RAL
RAL

B
FLGERR
FALSE
ouT1
AB
ERRLED
ouT2
AR
EXTHSK
PIAA
5, BhdH
DELAYD
P1AB
BEANSK
H

Hyh
A8
A
LOOP3
kA

HyA
idn

ERR2Z

H, MENERR
PNTDAT
1FH

SCAN .
H, MENERR
PNTDAT

C,#0H
B, 18K

B
FLGERR
FALSE
out3
AB
ERRLED
ouT4
A,B
RONNSK
PIAA
D, BAdH
DELAYD
PIAB
BEANSK
i
COUNT3
CH:]

jLOAD MENU SELECT COUNTER+l
jDECREMENT COUNTER OF MENU SELECT BITS

{TRANSFER (B) TO (A) FOR OQUTRUT

+MASK FOR EXTRA DEMUY SELECT

tOUTPUT COUNT TO SELECT MENU SELECT BIT
+SET UP DELAY COUNT

1SHORT DELAY

; INPUT TRAMSISTOR STATUS

JFREPARE INPUT DATA (MASK)

30R CURRENT (W) DATA WITH LED STATUS
sROTATE THE (A} LEFT TD MOVE BITS ONE
s TRANSFER RESULT TO (H) ABAIN

sCHECK COUNT TO SEE IF = @

L

sREPEAT PROCESS IF S5 PAIRS NOT YET SCAMNED
+VALIDATE MENU DATA

;REPDSITION THE MEMU DATA (ROTRATED)

;CHECK FOR WO BEANS BLOCKED (NO MENU!
{CHECK FOR NEXT ERROR IF WOT ERROR 1
;SIGNAL MENU ERROR

;FINISH AND PRINT NSBS

tCHECK FOR ALL BEAMS BROKEN (FALSE MENU)
;CONTINUE SCAN IF NO MENU ERRORS
;SIGNAL MENU ERROR

jFINISH AND PRINT NSGS

#CLEAR ROW/COL REBISTER
; INITIAL COUNTER VALUE OF 15 LEDS + |

+DECREMENT COUNTER

1 TRANSFER COUNT TO ACCUM

;PREPARE FOR ROW SELECT (MASK)
;OUTPUT ROW LED/TRANSISTOR SELECT
tLOAD DELAY COUNTER

;SHORT DELAY

;BET TRANSISTOR STATUS

$PREPARE INPUT FROM TRANSISTOR (MASK)
$SET IERD FLAG

sCONTINUE LODP IF ND TOUCH (°1*=TOUCH)
; TRANSFER COUNT TO ACCUM

sROTATE COUNT VALUE TO MS NIBBLE



7
902 17
2903 W
2904 CIDE2Y

2907 18
2908 FEd
2590A C24B2%
2500 €9

I90E doFF

S9E8
29E1 JR2537
I5E4 FEBE
2%Eb6 CAEF29
29E7 7B
29ER FoBd
29EC CIFO29
2%EF 78
29F% Fals
29F2 D318
I5F4 11Rddd
Z9F7 CDBCZA
29FA DB1I
I5FC Eadl
29FE FEGE
2498 ChD2A
281 78
2484 Bl
2895 4F

2A86 7C
2487 Fobd
A0 o7
2h0A CI1624

2460 78
ZREE FESF
ZA19 CAs229
213 C2EM9
IAle &9
M7 CY

2A1B JEB2
2alA D313

RAL

RAL

MoV C,A ;SAVE ROM [N ROW/COL REBISTER

M, 4 coL ;JUMP TO COL SCAN BECAUSE ROMN TOUCHED
COUNTI: MOV A,B {MOVE COUNT TO A’ TD DO IERQ CHECK

CPl B84 ;REPEAT UNLESS CURRENTLY IERD

Nt LOOPA ;CONTINUE LOOP IF NOT COUNTED OUT

RET {RETURN IF LOOP COMPLETED W/ND TOUCH
COL: i B, 8FFH sLOAD COLUMN COUMTER = 1
LOOPZ: INR B s INCRENENT COLUMN COUNTER

LDA FLGERR

Pl FALSE

i ouTs

Nov A B

ORI ERRLED

Jup ouTe
0UTS: MmOV A, B : TRANSFER COL COUNT TO ACCUN
0UTé: ORI COLMmSK ;PREPARE CN LED/TRANSISTOR SELECT (MASKI

ouT PLAR $SELECT LED/TRANSISTOR

L1l b, didn sLOAD DELAY COUNTER

CALL  DELAYD ;CALL SHORT DELAY

N FlAB : INPUT TRANSISTOR STATUS

ANI BEANSK ;FREPARE INPUT FOR USE (MASK)

CPl #dH {SET IERO FLAB

41 COUNT4 $REPEAT LOOP IF MO TOUCH (*1'=TOUCH)

MOV 4,8 s TRANSFER COUNT TO ACCUN

ORA C +COMPLETE ROW/COL DATA IN ACCUM

My C,A $SAVE ROW/COL DATA IN 'C’

sHIGH MIBBLE: ROW
sLOM NIBBLE: COLUMN

MoV AH (MASK (H) TOD SHOW & VALID TOUCH

ORl TOUCH {

L Ho# :

JuP PNTDAT {PRINT MESSAGE

COUNT4: MOV A,B ;CHECK TO SEE IF COUNT=15 DECIMAL

cP1 dFH 1SCANNED ALL 1& LEDS?

J1 HENU

JN1 LOOP2 ;CONTINUE LOOP 2 TD CHECK FOR COL TOUCH
PNTDAT: MOV L,C

RET

i
FRITRIRIRERTRNIRRRTL END OF PAD READ ROUTINE srsssssssassas

¥

I anun
+# GEGINNING OF PAD CHECK ROUTINE 1
ERRRERERTRRRRARR IR RIRR IR ERRRIRRRRRLY

PADCK: WVI R, 100980140
ouT PIACNTL

;PORT A: OUTPUT
+FORT Bs INPUT
tPORT C {UPPER): OUTPUT



2A1C Cb202C
2A1F Coz2p2c
2A22 116434
223 CDAB2D
2A28 Ch2p2C

2AZ8 #eld

ZAZD 8%
2A2€ 78
JAIF Fald
2831 D319
2817 L1AG8
2R36 CDBC2A
ZAIY DBII
2838 Eofl
2R7D FERE
2ATF CR4F24
IA42 114F34
2A45 CDAB2D
246 78
2A4§ CDEF2D
24C CDZDZC

2A4F T8
2R50 FEMG
2652 C22024

2RSS @&FF

ZRST 84
2858 78
859 Fa2i
285E D318
2450 L1Adae
Zhed CDACZA
2483 DB1I
28635 Eedt
ZAET FEMG
2R85 CATTZA
28&6C 117334
244F CDAB2D
2072 78
2473 CDEF2D
2476 CD20IC
/79 78
2474 FEBF
247C C25724

ZRTF LLDATA
2AB2 CDABRZD
ZABS Ch202C
2h88 CD202C
Zngd L9

COUNT1: mOv
CPl
NI

L)
LOGPC: INR

OR1
ur
L1
CALL
IN
ANl
Pl
i1
L1l

CALL
COUNTZ: MOV
cel
N1

Li
caLL

CALL
RET

A,B
LOoPB

B, BFFH

A8
COLNSK
P14

0, BAGH
DELAYD
P1&R

BEAMSK

COuNT2
0, COLERR

A8
CRLF

A B
#FH

D, ENDNSE
HSE

CRLF

iPORT C (LOMER): OUTPUT

;PRINT INTRD MESSAGE

¢ INITIAL COUNTER VALUE OF 15 LEDS + |

1 DECRENENT COUNTER
s TRANSFER COUNT TO ACCUM
1PREPARE FOR ROM SELECT (MASK)
;0UTPUT ROM LED/TRANS. SELECT
;LOAD DELAY COUNTER VALUE
$SHORT DELAY

{6ET TRANSISTOR STATUS
;PREFARE INPUT FRON TRANS.
{SET TERO FLAG

;CONTINUE LOOP IF LED/TRANS.OK
{PRINT RON PAIR ERROR NSG

$(A 1" SIGNALING A TOUCH)

s TRANGFER COUNT TO (A)

:PRINT HEI COUNTER (WORD)

; DO IERD CHECK
$SET FLABS WITH A COMPARE
{REPEAT UNLESS CURRENTLY IERD

;LOAD COLUMN COUNTER - |

s INCREMENT COLUMN COUNTER

s TRANSFER COL COUNT TO ACCUM
sCOLUNN LED/TRANSISTOR SELECT
+SELECT LED/TRANSISTOR

;LOAD DELAY COUNTER VALUE
+CALL SHORT DELAY

s INPUT TRANSISTOR STATUS
{PREPARE INPUT FOR USE (MASK)
1SET IERD FLAGS

$LOOP [F TRANS./LED PAIR OK
;PRINT COLUMN PAIR ERROR

i
sMOVE COUNT T0 (A)
{PRINT HEX NORD (COUNT)

jCHECK TO SEE IF COUNT=16 DECIMAL
;SCANNED ALL 1é LEDS?
;CONT.LOOP 2 CHECK FOR COL ERROR

$PRINT ENDING MESSAGE



2ABC 1B
2RBD 7R
2ABE BI
ZABF C28C28
2h52 C9

ZR9T dadl
2A%5 9ER9
2A97 (S
1A%8 CDSE29
2458 C1
ZASC 7C
2R50 Eodd
IASF FEAR
ZRA1 CAS3ZD
2r44 7C
2ART EbAL
IAAT FEBI
JAWY C2E318
ZrAC 7C
IRAD EoE
IRAF FEBS
IAB1 C2972A

ZhEA 7D

2ABS FEL8
2ABT CIBFIA
JABA JE09
2ABC CJ4328
2A6F FELA
2ACT C20528
ZACH ZEM
ACs Cle328
2ACY FEIC
ZACB C20324

DELAYD: e 0
KoV Ay D
ORA E
PLH DELAYD
RET

jDECREMENT DELAY COUNT
;CONPARE D AND E
;CHECK TO SEE IF DE=d
;REPEAT IF O#

JlInIsRr RN R RN R R R R R AR R R R L AR R R AR N N AR R AR R AR ILL

H END

;END OF PAD CHECK

Jlatrnnnrnann R R R R R R R RN R R LR R T AL

SRR ERER AR RN R RN R

il 1
+1 FILE: INPAD.ASN i
| 1
;8 CREATED: DEC 18, 1985 ¢
;1 UPDATED: 1
H | 1
;1 PURPOSE: I
;0 TO ALLOW INPUT OF A ¢
;1 HEX VALUE OF ONE BYTE ¢
+0 FROM THE TOUCH PAR 1

+1 NUMERIC KEYPAD, PUTS @
0 IT IN (6} 1
H t
slanpenERIRIRERAR AR AL LRAD

INPAD: VI B lH
i C,88H
NIB: PUSH B
CALL  PADRD
POP B
nov A.H
aN{ MENERR
CP1 ~ MENERR
Ji EXIT
nov AH
ANl PROMSK
CF1 PROMSK
INT EXIT
oy AR
ANT TOUCH
ceP1 TOUCH
JNI NIB
oV A, L
COMP: CPI IERD
INI NEIT1
nvi R, BEH
JNP PUT
KEITL: CP1 ONE
Nz NEXT2
L A, 81H
JnP PUT
NEXTZ: CPI TW0
INL NEXTI

1ALLOW TWO NIBBLE INPUT
sCLEAR (C) FOR USE

i SAVE BC REGS,

$6ET A B-F PAD INPUT
jRESORE BC

;CHECK FOR MENU ERROR

- e

EXIT WITH A PAD ERROR

sCHECK FOR VALID TOUCH

;IF NOT VALID TOUCH & MENU
+THEN REPEAT UNTIL VALID
;1F VALID, MOVE TOUCH
1LOCATION TO (A}

jIERD CHECK (COMPARES)

+IF NOT A IERD, CHECK NEXT
(PUT @ IN

;STORE VALUE, ANOTHER ?
;ONE CHECK

+THD CHECK

i



2ACE SEN
2408 CI6328
2AD3 FEIE
2ADS C20024
2AD8 JEOS
28D4 Cl6328
240D FEJB
IADF C2ET2A
2REZ TEMM
TAE4 CT4328
IRET FETA
IRES C2F12A
InEC 3E8S
2AEE L6326
24F1 FEIC
2RF3 C2FBIA
2AF6 JEBS
2AF8 CJ4128
IAFB FEJE
ZAFD C20328
2586 JEM7
2692 (36328
Jpd5 FESS
667 C20F16
b6k JEDE
ZBAC C34328
I56F FESA
2811 C21928
2814 JE#9
IB16 CI63Z6
261% FESC
2818 (22328
2EIE JeeR
2528 Cle328
623 FESE
2923 (22026
1518 JEfE
<B2R C36328
262D FETE
I62F C23728
1632 K
ZB34 Cl6328
2877 FETA
2835 L4176
2830 3EéD
BJE Clel28
IE41 FETC
2343 C24B28
ZB4e JEME
S48 CIa328
234D FETE
JBAD C397ZA

2858 JEWF
832 Cle328

Nyl
NP
NE1T3: CPI
Nl
LU}
NP
NEIT4: CPI
Nl
Wi
JHF
NEXTS: CPI
INL
vt
JNF
NEITa: CP1
JNl
KVl
JNF
NEXT7: CFl
JN1
i
JMP
NEITE: CPI
JNI
L L
JMP
NEXT9: CP]
Jhi
WVl
JMF
NEXTI8:
JNI
LU
bl
NEITI1:
IRl
w1
JHF
NEXT12:
JNI
ni
JNp
NEITIZ:
Nt
LU
JHP
NEITI4:
JNL
Hvl
JHF
KEXT1S:
INT

LU
JHP

A B2H
PUT
THREE
NEIT4
A, 834
PUT
FOUR
NEITS
A, 84K
PUT
FIVE
NEITS
A J5H
BUT
5ix
NELTT
&, ok
FUT
SEVEN
NEXTH
A BTH
FUT
E1GHT
NEITS
&, 96
PUT
NINE
NEXTI®
&, 9K
PUT
Pl
REITII
&, BRH
FUT
Crl
NEITI2
Ay 0BH
FUT
CFl
NEXTIZ
&, §CH
PUT
CPl
NEIT14
A, 40
PUT
CPI
NEITIS
4, 9EH
FUT
CFl
NiB

Ay BFH
PUT

BHEX

CHEX

EHEX

FHEX

H
s THREE CHECK
i
i

sFOUR CHECK

- as W

FivE CHECK

;510 CHECK

SEVEN CHECK

EIGHT CHECK

W aE EE aE W s WS s e aa A

{NINE CHECK

1A CHECK

3B CHECK

iC CHETK

- s =

30 CHECK

1E CHECK

= gy W

+F CHECK
+IF NOT @-F THEN NOT VaLID
$50 REPEAT WRIT FOR VALID

&
"



2855 2640
2857 2E89
2859 F3
2854 Cheaz7
2850 F1
ZBSE 79
265F CDEF2D
2862 C9

2843 F3
2B64 CDETIT
iB67 Fi
2868 B1
1849 #F
2B6A 78

2B&B FESS
2860 CASE2R
2679 @5
87179
872 17
2873 17
2874 17
875 17
2874 4F
2877 DBl
2879 Ebd!
2878 FESI
IB70 CA772B
2886 CI972A

2883 (3
2884 03
2585 A
886 50
2867 2688
2889 dodé
2BBB TA
2B8C #F
268D #F
2BEE #F
1B6F #F
2898 EbdF
2892 &F
2693 CDBBZD
2896 A
2897 EodF

EXIT: WI H, NENERR jSET MENU ERROR FLAG
L L, #oH i
PUSH  PSW
CALL  HORNI
PoP oW

LEAVE: mOv AL
CALL  PHB jPRINT VALUE FRON PAD
RET tETIT PROGRAM

PUT: FUSH  PSu 1SAVE NIBBLE DATA

CALL  HORN : BEEP IF KEY PRESSED

P PSH {RESTORE NIBBLE DATA

GRA  C ;CONBINE CURRENT C VALUE

v G +XFER BACK 10 (C)

v 4B 1CHECK T0 SEE IF TWO

iNIBBLES ARE IN

P M 115 COUNTER (B) ZERO?

JT LEMVE sLEAVE PROGRAN IF BYTE IN

R 8 1DECRENENT (B) COUNTER

WV AC 1ROTATE FIRST NIBBLE LEFT

RAL

RAL

RAL

RAL

v LA {RESTORE (C) VALUE ROTATED
POLL: IN  PIAB +POLL FOR NO TOUCH

ANI  BEAMSK ;

CPI  BEAMSK i

i1 ROl ;REPEAT UNTIL NO TOUCH

P NIB {RETURN FOR NEIT NIBBLE

LR EE R R ER R RS R R SRR RN R RR RN RAERERE]
H UTILITY ROUTINES - IN ALPHABETICAL ORDER (SORT OF)

PR R R R RN RN LRI INNAANL

3 BCDTBIN - CONVERT BCD IN H&L TO BINARY IN HEL

; ONLY WAL CHANGED
BCOTBIN:PUSH 8 H
PUSH D i
nov o.M ;COPY ORIGINAL
Nov ElL H
LU H,# {1 INITIALIZE UPPER PART OF RESULT
LU B, @ ;INITIAL UPPER PART OF BAC
MoV A0 ;6ET UPPER DIGIT
RRC §
RRC i
RRC ;
BRC }
ANl #FH F
nov LA sSTART RESULT
CALL BULTI® ;SHIFT UP OME DIGIT IN BASE 19
MoV A0 $6ET NEXT TO TOP DigIT

AKI #FH i



2899 #F
289 19
2898 COBB2D
289€ 78
289F #F
2BA8 #F
25A1 OF
IBAZ WF
ZBAT E&OF
ZBAT 4F
2BAb 05
IBAT CDBB2D
2BhA TH
ZBAD EARF
IBAD 4F
ZBAE 89
ZBAF D1
2888 C1
2881 C9

2882 EY

2863 DB#l
2885 Eal2
1887 CABIZB
28BA DBed
2BBC F3
ZEBD Jad2T7
28l 07
2BC1 C21E2C
2BC4 Fl
2BCS FS
Z8Cs CIA22C

28CY9 C3
2BCA FS
2BCB DBO!
2BCD Eod2
28CF C1
2808 78
2801 C1
2802 09

POP
RET
END

ALLIN: PCHL

. ma WE ma ) ae W W ag e

Cn -
e
-

IN
ELH
b
IN
FUSH
Loa
ORA
NI
FOP
PUSH
JHP

i
i
i
i
CISTAT: PUSH
PUSH
IN
ANI
POF
KoV
FOP
RET

i [/0 ROUTINES

C,A i

B ;COMBINE WITH TOP DIBIT
MULT1® ;SHIFT UP ONE DIGIT IN BASE 19
AE $§6ET NEXT TO BOTTOM DIGIT

"
(]
"
L]
L]
L
]
]

#FH

C,A

;] +COMBINE WITH TOP TWO DIGITS
MULTIB SKIFT UP ONE DIBIT IN BASE 19
A.E ;BET BOTTON DIBIT

#Fh :

LA H

B ;CONBINE WITH TOP THREE DIGITS
] i

B ;

BCDTBIN ;

CALLIN

SERCON
2

£l
SERDAT
PN
ECHOFL
4
COEND
PSH
PN

c1

CALLIN - INDIRECT CALL TO (H&L)

{NAIT FOR DATA READY

$BET BYTE

1 SAVE PSW

tCHECK ECHO FLAG

{

tIF NOT IERO ECHO-RET ON CO
{ECHD CHARACTER

i
;60 ECHO CHARACTER

CISTAT - RETURNS NON-ZEROD IN & IF RECIEVER BUFFER HAS A CHAR

e WA ay W g

;8881 CO CONSOLE OUTPUT - DESTROYS ONLY FLAGS...



2803 F5
2BD4 3A#E37
2807 B7
2808 C2622C
ZBDB CDCYZB
280E CRe22(

ZBEL CDB3ZB
2EE4 E&TF
ZBES FEIT
ZEEE C2FAZE
ZBEB CORIZB
2BEE EbTF

LEFE FEVF
2BF2 CAFF2B
ZBFS FEN
2BF7 C2€B2B
ZEFR FETF
2BFC C28220
IBFF CDIBZE
2082 D61
084 8F
2005 D2822C
08 F
2CH9 F5
2088 D508
2C8C FEZD
208 CI1E2C
2C11 A8137
2014 3D
2015 FAIEZC
2018 CDacze
2C1B CI14zC
ZCIE F1
20HF C9

2028 ES
2021 75
022 7C
€3 92
2024 C2292C
2627 70
2028 93
L35 El
2028 7C
2028 EL
ZC2C 8

2020 D3
ZC2E 114833
2031 CORB2D
204 1

CO:

Ca:

B H

C2:

COEND:

;iun

i
i
i
i
C

HP1a:

CMPL&E:

CRLF:

PUSH
LDA
ORA
INI
CALL
3

CALL
ANI
£rl
NI
CALL
ANI

(Pl
il
CPl
NI
Pl
Nl
CALL
IN
RRC
JNC
POP
FUSH
out
Cprl
NI
LDA
BcR
I
CALL
JNF
POP

RET

PSH
Ccocook
a4

L1
CISTAT
[

M
a7FH
i0FF
Cs
Ct
7FH

RUB

Cé

ION

cA

RUB

Cl
RETJMP
SERCON

C1
PSH
PSH
SERDAT
CR
COEND
DLYRAM
4
COEND
1985
i
PSH

i
11F IN RAN MODE JUST OUTPUT

&
H

'
115 CHAR WAITING ?
iHﬂP‘E- e

3 [ 1

H

tTURN OFF imIT 7

tHO - TEST FOR RUBOUT
WAIT FOR XON

1QUIT IF RUBOUT

jJUST DROP THROUGH.,NOT RUB ANYWAY
; INTERRUPT 7
iND. . . 1GNORE

i
W
L]
w
L
&
!
i
s
!
1

;IF CR THEN DELAY
:NOT CR - QUIT

JDELAY 18MS
i

.
L]

CMPla 11 13 BIT COMPARE HAL AND DXE ssrrnsrerviansesein

IF{ HEL = D&E 1 =1, Cv=4
IF{ WL > DAE | I=d, Cv=9
IF{ H&L < DAE ) =6, C¥=l

PUSH
PUSH
nov
SUB
Nl
MV
ouB
POP
MOV
FOF
RET
END
FUSH
Ll
CALL
FOF

H

PSW
AH

]
CHP14E
AL

E

H

A,H

.

CHD1éa

]

0, MCRLF
MG

]

1SAVE PSH & HAL

jIF H = D ENDUGH INFO FOUND

tIF H=D THEM COMPARE LOWER BYTES

*
*
.
L
.
"
.
1
.
L]
"
i



2035 €9

2C36 F5
2037 ES
2038 288017
2038 E3
;C E EE

2C3F €5
2048 El
2C4L 2B
042 23
043 28
2044 7C
2045 BS
2046 C2382C
2C49 El
2044 FI
2C48 C9

204C E3
2C4D F3
2C4E 218183
2C51 70
2052 B4
23T 28
254 c2512C
2057 F1
2038 el
€59 9

2054 €3
ICSE debd
205D Co3azC
2068 05
2Ca1 C2502C
2064 C1
2065 C9

2066 FS
2C&7 EATF
2059 2878
IC6B FEZE
206D D2742C
2078 23E
2072 Ca4e

RET

7 DS#NS - ASSUMES ECKLDV HAS BEEN SET BY SOMEBODY

i

D5#MS: PUSH
PUSH
LHLD

D5GNSL: TTHL
ITHL
ITHL
KTHL
FLUSH
FOP
iK1
INX
ocx
KoV
ORA
NI
POP
PoP
RET

ﬁliﬂi PUSH
PUSH
Ll
DTWIDL: MOV
ORA
ocx
INT
POP
POP
RET
. END
i

D1#Ns - DELAY

ol
H
pSenIv

nr—r_tu:::::l:::-:l:
=

2
2

o
=

:zngz
- -
— =~
o
)

=

i
i
i
]
L
i
i
i
i
i
i

Digms

+ DSSEC - DELAY 5 SECONDS

¥

DSSEC: PUSH

LU

ON16N1: CALL
IR
JNI
FOP
RET

H END

i

B
B

4H

R

D35EC

1SAVE PSW
1SAVE HiL

El
L

118
118
{18
{18

*8.91 SECONDS ON A 2 MHI 8685 5

L]

; (CPU CLOCK FRERI 4
F i
i B#85/EdE8 7/18
i TOTAL /9

jWAIT 5 SECOND FOR +25 SWITCHING
{REGULATOR TO TURN ON OR OFF.

— W ey W e

; DISASC - DISPLAY ASCIT A-REG INTO H&L

i

DISASC: PUSH
a1
LI
CPl
INC
i
All

PSH $3AVE PSM

#7FH ;STRIP PARITY

H, 820 ;PUT SPACE IN H-REG
8284  ;CHAR < B28W 7

DAl 1NO-15 PRINTABLE

H, #5EH
#4084

tNOT PRINTABLE - C = '~
$HAKE PRINTABLE



274 FETF
2C7s C2782C
2079 JE28
2078 &F
2(7C F1
2C70 C3

2C7E I3
XL €5
2C8§ CDBF2C
2C8T DaB1ZC
2086 ES
2087 CO7AZE
2C8A 01
2C8p 28
208C C3aa2C

2C8F 05
2C78 E5
2091 LIFE2F
2C94 CDABZD
2097 CD4520
274 DAB12C
2090 11EBYF
ICA8 CDABZD
2CAT EB
2Ch4 CDASZD
2CAT DRB1ZC
iChA EB
2ChAB E3
2CAC E1
2CAD E3
2CAE E1
2CAF B7
2C89 CY
2081 El
262 M
2083 C9

2084 F3
2085 ES
2086 D5
2CB7 LIF72F
2C84 CDABZD
2CED CD4520
2CCH DZERIC
2CCT FE2D
20C5 CAD3ZC

DALz CPI
INI
L
L
PoP
RET

DA2:

"

#7FH
a2

115 RUBOUT ?
;Mlclm

A,028H ;YEP-MAKE SPACE

LA
PEN

i
{RESTORE PSW

1

lannnnnnnnn ey

s
L

i FRECNT - ASKS " FROM “XIXX" 78 °¥YvYy

FRMCNT: PUSH
PUSH
CALL
ic
PUSH
CALL
poP
ocx
JNP

i END
i

0

H
FROATO
FRTOE
H
SuBla
0

H
FRCLN
FROMTO

-

- e = me

jCALC NUNBER OF BYTES TO BE PROCESSED

¥
jHEL = NEGATIVE OF NUMBER OF BYTES
$THIS DOES XCHG % CLEAMS OFF STACK...

t FRONTOD - * FROM "XXXX® TO "¥YYY

i

FRONTQ: PUSH D
FUSH W
Ll 0,PLO
CALL NS
CALL  GHW
ic FRTOE
LxI 0,PHI
CALL  nmsB
ICHE
CALL  GHW
4€ FRTOE

FRCLN: ICHG
ITHL
POP H
ITHL
FOP H
0RA A
RET

FRTOE: POP H
POP ]
RET

+ GBIAS - BET 14 BIT BI

H

GBIAS: PUSH  PSH
PUSH M
PUSH D
L1 D,FBIAS
CALL NS
CALL  GHW
JNC BBIASZ
Crl Pt
J1 GBIAS!

jPRONPT FOR LO LINIT
i
i

RETURN IF ERRER
;PRONPT FOR HI LINIT

$B6ET CRAP OFF OF STACK

$RETURN. ..

i

H

i

AS
1 SAVE PSH
i AND KL
1 AND DRE

jFRINT BIAS MESSAGE

{6ET BIAS

jIF NO CARRY BOOD BIAS ENTERED
jCHECK FOR NEGATIVE BIAS
{OHHH- WANT NEBATIVE NUMBER ...



2CC8 FEOD
2CCA C2e82C
2CC0 210000
2009 C3E2C
2C03 Co4s20
2CDé DAEBZC
2009 11dedd
2C0C &3
2000 CD74ZE
2Ced CDZDC
2CE3 01
ZCE4 Fl
2(ES F1
2CEs B7
2CE7 9
2CEB 1
2CE9 EI
2CEA FI1
2CER 37
2CeC 09

2CED F3
2CEE C3
2CEF DS
2CFD ES
ICF1 2A8F37
2CF4 7C
2CFS FELS
20FT DAlLS2D
2CFA FE9A
2CFC D21920
2CFF CDBIZB
2082 EB
2083 281137
2006 CD282C
2069 C21920
200C CDeB20
209F ED
2018 288037
2013 Co2ac
2016 CA4820

D19 11842F
201C CDABZ2D
20IF CDA320
2022 DC1B2E
2025 7C
D26 EoFi
2028 CAI92D
2028 CDCA2D
02E 220F37
2031 DCIBE
2034 CDe328

Pl
NI
Ll

6BIAS1: CALL
I
L1l
ICHG
CALL

BBIAG2: Call
POF
POP
FOP
O
RET

GBIASE: POP
POP
POP
STC
RET

CR sCARRIAGE RETURN 7
BBIASE ¢NOPE ERRER
H,0 $AHHHH - ND BIAS
BBIAS2 H
GHN sBET NEGATIVE BIAS
BBIASE BAD CHAR...BYE
D8 H

¢5ET UP SUBTRACTION FRON IERD
SUB14 sNEGRTE B1AS
CALF {PREVENT A ME3S
il yRESTORE D
Fod {LOOSE ORIGINAL HEL
FSH $RESTORE PSMW
4 {CLEAR CARRY
] ;RESTORE D&E
4 sRESTORE ORIGINAL HEL
PSW ;RESTORE PSMW

$SET CARRY

plrnprnegnannEnIREn R iR Rl eRRRRRRI LRI RRIR IR RN LY

; SCLEFQ - AND WHAT FREQUENCY IS YOUR CLOCK TODAY, LITTLE BOY ?

L]

BCLKFR: PUSH
PUSH
PUSH
PUSH
LHLD
mov
cPl
Jc
cPl
JNC
CALL
1CHG
LHLD
CALL
INT
CALL
ICHE
LHLD
CALL
a1

¥

6CLK1:  LXI
CALL
CALL
tc
nov
AN]
P
CaLL
SHLD
cc
CALL

PSK $3AVE P3H

] {SAVE BiC

D {SAVE D

H 1SAVE HAL

CLKBCD $6ET BCD CLOCK FREQUENCY

RH H

184 ;9180 9H SMALLEST

8CLK1 H

#9AK (#9994 BIBBEST

BCLK1 i

BCOTBIN +CHECK TD SEE [F BINARY
; CLOCK FRED ABREES

CLKBIN '

CNP1& i

BCLKY 1NOT SANE

N34128 ;CHECK DIVISOR T0 SEE IF
; 1T ABREES

psapiv i

CAP1b I

BLKZ {EVERYTHING COMSISTENT-
{ HOPE IT 15 GOOD

D,GCLKN ;BET CLK FRER

L

GHM {6ET FREQUENCY IN KHI

RETIMP ;TAKE NO CRAP HERE...

A H ;CHECK FOR POSSIBLE

§F3H  ;MUST BE AT LEAST | MHI

GCLKI  ;—ASK UNTIL THEY GET IT RIGHT
11 S

CLKBCD ;SAVE BCD CLOCK FRED

RETIMP ;TAKE ND CRAP HERE...

BCOTBIN jCONVERT HEL TO BINARY



037 221137
2034 CDEB2D
2030 220037
2044 EL
i n
2042 C1
2043 Fi
2044 09

2045 C3
2046 FS
2047 COSC2D
2044 DASS2D
204D &7
2D4E COSC2D
2051 DAS92D
2054 &F
2053 C1
2056 78
037 C1
2038 CF
059 €1
2054 C1
2038 €9

203C €5
2050 CO7120
2060 DAGF2D
063 M
2Ded 87
2065 97
6o #7
2047 47
2048 CO712D
2D&B DAGFID
ID4E B
206F C1
2079 CY

2071 CDB3ZB
2074 CDRZE

2077 FEXH
2077 08
207A FEJA
2D7C DABB2D
2D7F FEML

GHBEND:

{ GHD -
L]
GHD:

L]
ATH:

I3IILEE

23
m
—t

REsEfg S

S3RIEI8ES

RET

BET HEX

PUSH
CALL
JiC
RLC
RLC
RLC
RLC
oV
CALL
JC
ORA
POP
RET
END

GET HEX

CALL
ANI
CALL

Pl
RrC
(i}
iC
cel

CLKBIN
Nid128
Sélv

FEu
KORD
Foi
GHB
Hyh
GHB
BHWEND
L,A

A8

BYTE

DIGIT
1
UCASE

{SAVE BINARY CLOCK FREQ

JMULTIPLY BY 58/128

§812.5/32 (38/128)

sIF YOU DON'T KNOW WHAT THESE ARE FOR BY

; NOW YOU'RE A LOST CAUSE...

¢ GET FIRST BYTE IN A-REGISTER

; RETURN IF BAD CHAR

; NOVE BYTE TD FINAL DESTINATION
¢ BET SECOND BYTE

i

3 00 NOT RESTORE A

i SAVE Bl

; GET FIRST HEX DIGIT IN A-REG
j IF BAD CHAR QUIT AND PASS BACK
; SHIFT TO UPPER HALF OF BYTE

i SAVE FIRST DIGIT

GET SECOND DIGIT

BAD CHAR READ, RET IT TO CALLER
COMBINE FIRST AND SECOND DIGITS
RESTORE ORIGIMAL BAL

- ma wE ms =

3 GET CHARACTER & ECHO

3 PUT IN [F UCASE TAKEN OUT
; MAP LONER TO UPPER CASE AND
7 STRIP PARITY.

H NON-HEX CHARACTER

i IF 1A) =¢ "97+]

H "8"="9" TYPED - CONVERT
i IF (A 'R



208! D8
2082 Fe47
2004 IF
2085 DB
2086 Dad7
2088 Dal#
2DGA C9

Z0ER dadt
208D CD3aZE
209@ CD2BIE
2093 54
2094 50
2095 29
0% 19
2097 44
2056 4D
2089 29
2094 8%
2098 EB
205C dadt
Z09E CDJ&ZE
2DA1 19
2042 Ba04
20A4 CD382E
2DA7 CD2BZE
2044 C9

20AB F3
204C 1A
«DAD FEFF
24F 13
2088 CABYZD
2083 COD3ZB
20Be CIACZD
2089 FI
20BA C?

2088 035
208C 29
208D 54
2DBE SO
208F 29
20Ce 29
20C1 19
e2 0
20C3 C9

RC i NON-HEX CHARACTER

crl s i IF (A) }='§'

(v, i x

RC $ NON-HEX CHARACTER

su1 #7H 3 SHIFT "A"-"F" DOWN
BHD2:  SUI 3 ; CONVERT

RET 3

i END aH0

{ WSB1I8 - MULTIPLY BY 38/I28

¥
L]

K33128: Wi B,1 ¢ DIVIDE BY TMO SO 0 12,5
CALL  SHRHL 3 WILL FIT IN 16 BITS.
CALL  RNDHL ; AND ROUND

nav 0,H 15AVE 11
LY E,L Je
DAD H H rd
DAD H 114
MOV B.H 1SAVE 14 IN DRE
nov gL i
DAD - 118
DAD B 1112
ICHE {GENERATE 1 8.5
Wi B, 1 b &
CALL SHRHL 1§ .
DAy ] 1812 # 10,5
L L B,4 {DIVIDE H&L BY 14
CALL  SHRHL
CALL  RNDHL ;ROUND
RET .
L]
i END nsa128
i
§ NSG -
MSG:  PUSH  PSM
LOUPE: LDAY D {GET CHAR
| EOL {END OF STRING?
INI i} ;BUMP POINTER

T HON JUNP IF S0

(AL Co jELSE PRINT IT

NP LOUPE ;DO IT AGAIN
HDN:  POP PSH

RET

L]
§ MULTI# - MULTIPLY HEL BY 19

i
MULTI®: PUSH D i
D& H 12
nav O,H {SAVE 12
nov Eil i
DA H 14
DAD H {18
DAD i} 111d
POP ] i

RET i



20C4 D5
20C5 F3
20Cs 11MZF
20CY COABZD
2DCC COB3ZB
20CF E&7F
2001 FESD
2003 CADD2D
20Dé 11C22E
2009 CDAB2D
200C 37
2000 CD22C
Fin 3

20E1 7R
ez N
2DET C9

ZDE4 FS
20E3 7C
20k CDEF2D
20E9 70
2DEA CDEFZD
20ED F1
2DEE C9

Z0EF F3
20F8 C3
20F1 47
20F7 oF
20F3 #F
20F4 OF
20FS #F
20Fs CDB12E
20F9 78
20FA CDO12E
20FD 78
20FE C1
20FF F1
2E88 C9

&M F3
2E01 EobF
M Ca3d
ltda FEJA
ZE8B DABDZE
1E6D Cod7
2E80 CDD32B

OKCK:

W aaw

L T
®

PHB -

3

gy =S

.

PHDL:

D

PSH

D, MOK
L)

€1

#7FH

CR
OKCKEND
D, ABORT
NS5

CRLF
0
A0
0

OKCK

FRINT HEX WORD

PoW
A H
FHB
ﬁjL
FHE
PEM

PHN

PRINT HEX BYTE'

PUSH

EEEEFEREEEEEE

P
B
B4

PHD
AuB
PHD
A,B
]

PSM

PHB

PHD - PRINT HEX DIGIT

PSH
#FH

L
"9
PHD!
A
co

SAVE A-REGISTER AND FLAGS

FRINT HIGH-ORDER BYTE

PRINT LOW-ORDER BYTE
RESTORE A-REGISTER AND FLAGS

- S e HE ma SR e

H
i SAVE BAC

+ SAVE LOWER NIBBLE

 SHIFT TO LOMER HALF OF BYTE
H "

i

;

PRINT UPPER HEX DIGIT

GET LOWER NIBBLE

v+ «AND PRINT

; RESTORE ORIGINAL BYTE TO A
RESTORE BAC

RESTORE PSW

- my EE e WS me  EE

=
2

MASK OFF LOMER MIBBLE
CONVERT '#"-"9" T0 ASCI1
IF "#~'%’

THEN DONE
CONVERT "A"~'F’
PRINT DIGIT

[ T —



2ELF Fl
EL 09

212 £l
213 E9

2E14 11CD2E
2E17 CDABZD
ZElA (9

2E1B 728737
ZEIE 2R8937
2E21 F9
227 208737
2E25 ES
2E26 ZR6R3T
2E29 E3
2E2h CF

ZE2B F3
2E2C 70
2E2D CEGS
ZEDF &F
2E36 7C
2E31 CESd
2E3T 67
ZE¥ F1
2EIS CF

2E38 L5
2E37 F5
ZE38 &4

PSH
RET
END PHD

- W e

POPPC - POP THE PC INTO HAL
= ON RETURN (HYL) = ADDRESS RETURNED TO
FOPFC: FPOP H :

PCHL -

"1 - - e W me

"
n
'
i

¢ 11031 FRBAD - PRIRT ° WHAT 77 B1E1 DESTROVS DX wnl

L]

PRBAD: LXI  D,BAD
TALL WS
RET ;

END  PRBAD

i
;
: RETINP - RETURN JUWP
i
: SETS STACK POINTER TO (RJSP) AND PC TO (RIVELT)
: DOES NOT DESTROY ANY REGISTERS
RETINP: SHLD  RISAV
LD RSP
SPHL 3
LHD RISV
PUSH H i
LHLD  RIVECT |
ITHL .
RET
:
: RNDHL - ADD CARRY FLAG TO H&L TO ROUND AFTER USING
; SHRHL TO DIVIDE BY A PONER OF 2
RNDHL: PUSH  BSW ;
My AL ;
A1 8 + ROUND
MV AN :PROPAGATE POSSIBLE ROUND-UP
Al @ : CARRY INTO H.
Hoy HyA i
PP PSW :
RET :
]
g
; SHRHL = SHIFT RIGHT HEL - IERO FILL ON LEFT
; SHIFTS (B) BITS
; ONLY HAL AND FLAGS CHANGED.
; ON RETURN CARRY FLAG IS LAST BIT SHIFTED QUT
; RIGHT END.
SHRHL: PUSH B s SAVE B

PUSH  PSW 15RVE A
INR B iCHECK FOR NO MORE BITS TO SHIFT



2E19 85
2EJA CAATZE
2E3D §7
2E3E 7C
2E3F IF
2EMD &7
ENT
2E42 IF
2E4T &4F
E44 CIT92E
iE47 O}
2E48 78
2E45 L
2E4A 9

2E48 ES
IEAC 2104dd
E4F 75
&8 22977
2E33 El
JES4 E3
2E5T 228837
€58 ET
2E59 09

2E5A FS
2ESB JE24
2ESD CDD32R
ZE68 Fl
2e81 C9

‘2N
2€43 F3
ZE&4 210088
2E&T 7B
1Ee8 TE
2E69 2F
kR 77
JE&D BE
ZERC C287ZE
E8F 23
E78 Fl
2E71 F§
2E72 EB

SHRHLL: DCR

ORA
oV
RAR
MOV
NV
RER
KoV
JHP
SHRHLE: POF
oV
FOF
RET

TINP: PUSH
LI
TAD
SHLD
FOP
ITHL
SHLD
ITHL
RET

ay WY oy

SPACE: PUSH
i

CALL
POP

RET

:

B
SHRHLE
A

AH

Hi#
AL

LA
SHRHLL
3

AB

8

SHRHL

oM
R
Wi}
Fau

;
{CLEAR CARRY FLAB

}6ET H
(SHIFT RIGHT
$PUT H BACK
+GET L
{SHIFT RIGHT
{PUT L BACK
1 BACK. +«
{RESTORE A
;RESTORE 8
s BYE...

SETINP - SET 5P AND PC FOR RETJMP
DOES NOT DESTROY ANY REGISTERS

i
$BET 5P BEFORE PUSH H AND RET ADDR

i

4BET HAL BACK

{6ET RET ADDR
{SQUIREL AWAY

{PUT RET ADDR BACK

1841 SPACE saea1 PRINT SPACE

3 STACKI - INITIALIZE STACK POINTER TO WIGHEST MEMORY LOCATION

(]

STACKI: POP
PUSH
LI

STKIl: DCX
MOV
CHa
L
e
NI
INY
PP
SPHL
ICHE

D
PSW
H,#
H
AN

M4
1
sTRll
B
PEN

;6ET RETURN ADDRESS

s SAVE PSH

{START LDOKING AT BFFFFH
;TRY NEXT LOWER LOCATION
;6ET CONTENTS

; COMPLENENT AND WRITE BACK

+3EE IF 1T REALLY CHAMGED
{NOPE - STILL wON

(EUREKA  RAM

{6ET PSW BACK...

1SET STACK POINTER

1BET RETURN ADDRESS



2673 E9 PCHL jRETURN

]
i END STACKI ;
i
L]
¢ TRR3Y SUBLE tanat 1o BIT SUBTRACT (HEL) <- (H&L) - (D&E)
i iF (DEE) ¢ (H&L) Cf =1
i iF (DEE] = (KAL) (Y=§
2E74 05 SBi4: FUSH D i
€73 F3 PUSH (=1 i
2ZE76 70 NV AL H
2E77 93 SUB E 1
ZETE &F v LA H
€79 7C v AR
2ET4 94 5B ] i
2ETB &7 nov H, A '
2E7C DL POP ] i
2E70 7A nov AD i
2ETE Ol FOF D i
ZE7F C% RET i

i UCASE - SUBROUTINE WHICH CHECKS THE A REG FOR A LOWER Cast
i ASCII LETTER. IF ONE PRESENT, IT IS CONVERTED TO UPPER Cast.
i IF NOT PRESENT, NOTHING DONE. STRIPS PARITY FIRST.

2EBB E&TF UCASE: ANI @7FH  ;STRIP PARITY

ZEB2 FEbI CP1 1M

2E84 JF cne

2685 06 RNC " ;DON’T CONVERT IF BEFORE 'A’
2EB5 FETD Pl T8H

2E86 0@ RNC jDON'T CONVERT IF AFTER "I°
2E69 Deld sul 28 ;CONVERT LOWER TO UPPER
2688 (9 RET

ROM CONSTANT ALLOCATION - ALPHABETICAL ORDER (SORTOF}
- FUKCTIONAL ORDER TOO

e R WS ame W e

COMMAND TABLE
2E8C 444D CWps: DB ' 1DUNP NENORY
2EBE 7424 il e H
ZE78 4L ] "W 1 DOWN LOAD
€92 0723 o LOADER H
ZE74 454D ] 'EN’ jEDIT MEMORY
2E%6 2823 oW NENED i
2E98 4548 0B 'EK’ {ENABLE LIGHT BOARD
2E9A F32A W INPRD :
2ESC 474F bl "60° !
2E9€ SA2 il 8070 :
JEAD 4543 08 'HE® {HELP COMMAND
EA2 5322 ] HELP ;
1EAd 454F 8 "0 :10 PORT R/W/N
2ERd EAZA L] [OPORT i

2EAB 5442 08 '8 1TEST TIMERS AND PORTS ON BOARD
2ERA F122 ] TSTBRD i



2EAC 544D B W ;TEST MENORY

2EAE TEZZ ] MENTST H

2688 5243 0 "RC’ {RUN WHEELCHAIR

%82 1328 W RUNCHR ;

2684 524D 08 RN {RUN MENU

286 3737 M RUNSU i

TEBA 5349 DB 's1* 1STACKPOINTER INITIALIZATION

2EBA 422E W STACKI i

ZEBC 3843 08 'Be’ {CHECK LIGHT PAD

265E 1824 B PADCK :

R 9964 X <END OF TABLE MARK
1 NESSAGES.. .
;

26C2 241424FS2AB0RT: DB * ABORTED '

2ECC FF BB EOL

26CD 2057484154BAD: DB ' WHAT 7’

%M FF BB EDL

205 25 EM: 0B )

Db 203028 EDM3: DBt =

2609 FF BB EOL

ZEDA BOBA  EOM2: DB CR,LF

2600 28 B

2600 FF BB EM

260E 4084 WTSBRD 0B CR,LF

7EE 5445535445 i *TESTING TIMERS AND PIA PORTS',CR,LF

2EFE 4CAFAFARDS D8 'LOOK FOR 1#@9 HI SQUAREWAVE ON TINER QUTPUTS',CR,LF

0 4441544120 i "DATA ANALIZER SHOULD SHOM PORTS COUNTING',CR,LF

756 494E204124 o8 'IN & STAIRSTEP FASTION',CR,LF

FEE FF B EDL

IF6F AM4ISAAITDI0PDA: DB 'DATA=

F7 FF % EOL

W76 4BDOTSIAA0I0CNM DB '3 SheS 1

FTF FF B ElL

OFS 202620 10PSM: DB ',

783 FF BB EOL

7754 §08A  GCLIM DR CR,LF

86 4S4ESH4TST 08 "ENTER CPU CLK FREQ TXIX KNI; '

A3 FF B EOL

P4 204FAB2OTFNOK: DB PO T

A9 FF 0B EOL

2FAA ADGA  NTGOOD: DB CR,LF

FAC 4D4SADAFS2 DB 'MENORY TEST PASSED’

IFBE BDBAFF B8 CR,LF,EOL

1 G0BA  WTERR: DB CR,LF

FC3 ADASADAFS2 i "MEMORY TEST FAILED AT °

7¥109 FF B EOL

2FDA JAZESTS24FNTWROT: DB ': WROTE '

2FE2 FF 0B EOL

OFET 2028524SHINTREAD: DB ', READ

IFEA FF B EOL

ZFER 2OS44F26 PHI: DB " TD°

FEF FF % ENL

IFFR 20AGS2AFADPLO: DB ' FRON

2FFb FF 05 EOL

2FFT AF44465345PBIAS: DB "OFFSET VALLE ? '



Jads FF

J84T #DBABA  PHELP:

T#BA 2054484328
TF DM

31 2020202928
J848 BDOREDEA
JPAF 4840267844
JESE 9D0A

JFed A44CT67544
S37E d0aa

1989 4530787845
J4BF dD8A

J891 4548262845
JOR4 904A

J8Re 4T4FZ82847
JBAE 9084

JBBG AS4F2E2MAR
JC2 d0ea

J8C4 5349282833
JOCF J0@a

1801 54472954
JOET #0dA

JHES 5440242854
JFE J08a

JFs 5247287902
S16F D8R

3111 52402828352
J12C aD#a

J1ZE 943792850
J138 dD4A

J130 JF28282878
114D dldAdAsA
3151 5235422869
J17R SDBAEA
3170 FF

J17E 8DdA

1188 5745414459
J165 #08A

3187 203

3189 FF

J18A 9084 START:

T18C 2A2AZA2AZA
J1B3 #084
JIBT 2AZAZAZ8Z9
JIER #0864
JIEZ ZAZAZAZAZA
3288 #084
J20D D8R
J20F 2928544849
3235 408a
3217 19204TAFIE
1250 f0dA
J25F 282841%EM4
7286 dD#n
3288 2829544845
J2AE 9084

L
0B

i
it
il
08

DB

i}
bl
0B
0B
]
il
be
b8
0B
]
0B
il
DB
]
08
(]
i}
0B
]
0B
08
b ]
b}

0B
il
DB
]
DB

0B
DB
DB
il
OB
)
bB
o8
[B
o8

EOL

CR,LF,LF

* THE FOLLOWING TWD CHARACTER COMMANDS'
CR,LF
i ARE AVAILIBLE : '
CR,LF,CR,LF

'ON Dusp Memory'

CR,LF

'IL Down Load +rom dev, systea’

o, LF
e

'EN Edit Meaory’
CR,LF
'EK Enable Keyboard®
CR,LF
'60 GOto’
CR,LF
10 i/0 port riw/e’
CR,LF
"SI Sp Imit'
CR,LF
'TB Test Board utitily’
CR,LF
' Test Mesory’
CR,LF
‘R Run Chair progras’
CA,.LF
'RM  Run Menu select prograa’
CR,LF
'PL Pad Check’
CR,LF
P print answer’
CR,LF,LF,LF
'RUB interrupts, °“5/°Q@ turns output off/on’
CR,LF,LF
EOL
CR.LF
'READY'
(8,LF
EOL
CR,LF
PRrTRRRRRRRLRRRRRERLRNRRRRLRRRRRORRLARRRY"
CR,LF
il EASY CHAIR CONTROLER V 2.9 ur
CR,LF
trrnnrnnn R RN AR RN LR LR RN AR ARLOLL’
CR,LF
CR,LF
" THIS PROGRAM OPERATES THE EASY CHAIR’
CR,LF
CONTROLER, ULTRASONICS, LIGHT BOARD,’
CR,LF
" AND MOTORS, THIS PROGRAM ALSO ALLODWS "
CR,LF
' THE MEMUS FOR THE LIGHT BOARD TD BE *
CR,LF

H



1288 2020282028

3204 #D6A

3206 A08R

3208 2041404028

JIFE 204

1308 2954484529

3326 9004

J02B lBTezeieze

1346 2004

3348 J0BAFF

J34E JDBAFF  MERLF:
JI4E SISA41474B5TKAT:
3357 FF

358 S44B413428MN050:
I37h DA

JI7C 28202029079

3397 0@

3399 FF

1194 JABABABABACLS
138 dndABABAEA

3385 2BALST4FAEFNTNSG
336F Z828784241BAKNSE
J3CA 2879202028RTMSE
JI0E ZP20782928LFTNSE
JJE8 4J4C454132ALLILR
JIEE 44454CA157TINGUE
1485 4D415B2840FNTQUE
J418 4D413582842BAKAUE
JAZR 4D41582#52RTOUE
3430 4D4156294CLFTRUE
JA4F 4CASAAZFSARONERR
JATT ACAS4AZFSACOLERR
J458 SR414478547CHNSE
J4B4 32454T4R4EINTHSE
J4DA 454E44784FENDNSE
T381 444F554720

0B
08
18
8
0B
B
)]
1]
s
hl:
-
]
il
]
hy
]
0
]
0B
]
0o
o8
o8
0B
08
DB
DB
0B
0B
0B
[
bl
e
it
]
oB

" ADDED TO AND CHANGED AS NEEDED,’
CR,LF
CR,LF
" ALL ATTENPTS WERE WADE 70 FORESEE ALL'
CR,LF
' THE POSSIBLE PROBLEMS THAT MAY ARISE,”
CR,LF
' HDMEVER, -NO- PROMISES.’
CR,LF
CR,LF,EOL
CR,LF, EOL
*STACK AT *
EOL
"THAT PROSRAN IS CURRENTLY OFF-LINE’
CR,LF
’ IT WILL BE ADDED SOON'
CR,LF
EOL
LF,LF,LF LF,LF,LF,LF LF LF,LF,LF LF,LF,LF
LF,LF ,LF,LF,LF,LF,LF LF,LF,LF LF,HONE, EOL
' FRONT = * EOL
BACK = *,EOL
RIGHT = ", EdL
LEFT = 7, E0L
"CLEAR” ,EOL
"DELAY BETWEEN SCANS 7 ',EOL
"NAY FRONT DIST. 7 ,EOL
"MAX BACK DIST. 7 *,E0L
"MAX RIGHT DIST, 7 ' E0L
"MAX LEFT DIST. ? ',EOL
"LED/TRANSISTOR ERROR IN ROM (8-F): *,EOL
*LED/TRANSISTOR ERROR IN COLUWN (8-F): *,EOL
"PAD TOUCHED AT LOCATION: .’,EQL
*BEGIN INFRA-RED TOUCH PAD DIAGNOSTICS",EOL
"END OF INFRA-RED TOUCH PAD DIAGNOSTICS®,EOL
'DOUG HEINTZ *,E0L

; TAM ALLOCATION IN ALPHABETICAL AND FUNCTIONAL ORDER

i ) ORS
i
T Cocoox: DS
i DLYRAM: DS
782 ECHOFL: DS
3783 WIDTH: DS
i
3784 BIAS: DS
3786 VFYFLG: DS
i
et Risav: 08
7% RISP: DS
3788 RIVECT: DS
3780 DSEDIV: DS
178F CLKBED: DS
71 CLKEIN: DS

NONRAN ;BEGINNING OF MONITOR RAN
;#=COOKED, 1=RAN

;NUNBER OF 1#WS DELAYS ON (CR)
{ECHO FLAB: B=ECKD 1<ND ECHO
{MIDTH*1 = NUMBER OF BYTES PER LINE
{FOR PUNCH AND DUNP

{EIAS FOR PUNCH AND LOAD

18sL0AD, 1sVERIFY (HEX TAPE)
{RANGE: 9K TO 36K

{TENP SAVE AREA FOR RETINP

;RETURN JUNP STACK POINTER

(RETURN JUNP VECTOR (PC)

1COUNTER FOR TINING OF SEMS PULSE
$CLOCK FREQUENCY IN BCD

{CLOCK FREQUENCY IN BINARY

-— — s e

ra B pd B g B



3
IS
316
ine
mne
37
e
ITIE
ITHF

]
JPkd

) .

i
3123
24
Wil
72

3737 08
738 115833
3738 COABZD
J73E C9

373F

A

FNTDST: 08 2 ;ULTRASONIC FNT DIST.
MAIFNT: 08 l ;§ MAX FRONT DIST.
BAKDST: DS 2 H BACK DIST.
MAYBAK: 0% 1 § MAX BACK DIST.
RTDST: IS r F RIGHT DIST.
RAXRT: DS l ; MAI RIGHT DIST.
LFTDST: 08 2 i LEFT DIST,
MAILFT: 05 i ¢ MAX LEFT DIST.
TINDLY: D85 2 :DELAY TIME
SONGFF: 38 i +S0UND FLAB
RONOFF: 05 i {RANGING FLAB
HONGFF: 05 1 sHIGH SPEED FLAG
RANP: IS l sRANP RATE
FLGERR 0§ l 3 ERROR LED FLAG
KISCBF: DS i7 ;BUFFER FOR USE BY COMMANDS
H {PUT LAST 50 AN OVERRUN WON'T BONMB
: 1SYSTEN
sEND OF MONITOR

RUNMU:  NOP

LIt D, MNOSO $5UB NOT AVAL, MESSABE

CALL L]

RET

R R R R R R R R R R R

END



E.E.T. 490/491 SENIOR DESIGN PROJECT

THE EASY CHAIR

APFENDIX C1 COSTING
INFRARED TOUCH-PAD
40 - Infrared LEDS 24,00
40 = Infrared phototransistors 22.00
1 - Miscellaneous wood/plastic 30.00
1 - Electronic components 55.00
1 - Electronic cable 17.00
1 = Miscellaneous hardware &63.00
213.00
ULTRASONIC RANGING
4 = Ultrasonic transducers 2S00, 00
1 = Electronic components 320.00
1 — Electronic cable 12.00
24Z2.00
COMPUTER AND MOTOR CONTROL
1 - Working 8085 based computer 200.00
1 — Additional 32255 PIA 7.00
1 - 2516A EEPROM 16£.00
2 = ADSS2 D/A Converters 15.00
1 - Electronic components 15.00
1 = Power supply components 10,00
3632.00
MISCELLANEOQUS COSTS
1 - Shipping and handling charges &0.00
1 - Phone calls (parts and consulting) 75.00

TOTAL $ 1053.00
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