AN-858

Application Note

BICYCLE COMPUPTER USING THE
MC146805G2( )1 MICROCOMPUTER

INTRODUCTION

The MC146805G2( )1 (MC146805G2L1 or
MC146805G2P1) is a fully static single-chip CMOS
microcomputer. It has 112 bytes of RAM, 2106 bytes of user
ROM, four 8-bit input/output ports, a timer, and an on-chip
oscillator. The MC146805G2L1 ROM contains three distinct
routines: self-check, monitor, and bicycle computer.

The self-check routine is included in all MC146805G2
MCU devices. The self-check feature is fully described in the
MC146805G2( )1 data sheet and it can be used to verify
operation of the MCU.

The monitor routine, which is included in all
MC146805G2( )1 MCUs, is fully described in application
note AN-852. The monitor allows the user to evaluate the
MCU using a standard RS-232 terminal interface.

The bicycle computer routine is included in all
MC146805G2( )1 MCUs and provides a realistic application
of the MCU. It is this application that is described here. Itis
intended only as an example of the type of application that
can be accomplished with only 1300 of the 2100 bytes
available on the MC146805G2. Furthermore, the bicycle
computer is used for test sampling the part. A copy of the
bicycle computer program listing is included in this applica-
tion note.

BICYCLE COMPUTER FEATURES

In the configuration shown in Figure 1, the
MC146805G2L1 can be used for a bicycle computer.
Features provided by the bicycle computer include: (1) in-
stantaneous speed, (2) average speed, (3) resettable trip
odometer, (4) resettable long distance odometer, (8) cadence

Wonder-Lite is a trademark of Wonder Corp. of America
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(pedal crank revolutions per minute), (6) selection of English
or metric units, and (7) calibration for wheel size.

HARDWARE CONFIGURATION

A schematic diagram for the bicycle computer is shown in
Figure 1 and Figure 2 shows a parts layout diagram. As
shown on the schematic diagram, the MC146805G2( )1 and
the liquid-crystal display (LCD) are the only major com-
ponents required for the bicycle computer. All necessary
drive signals for the LCD are contained in firmware. Two
pushbutton switches (function and set) are required to fur-
nish two momentary ground inputs, and two sensor inputs
(one from the wheel and one from the pedal crank) are re-
quired as an interrupt and to pulse certain counters. Each
sensor is a normally open switch which is activated by a
magnet mounted on the wheel and pedal crank.

Figure 2 shows the layout of a PCB that may be used when
assembling the bicycle computer. The printed circuit board
(PCB) is designed to fit in a Wonder-Lite case. The Wonder-
Lite is designed to mount on a bicycle and provides nighttime
illumination. Dimensions for this board are 4.5 inches X 2.5
inches and could require some tailoring before fitting into the
mounting case. However, an equivalent size wire-wrap type
board, using wire-wrap connections and mounting sockets,
could be used with an equivalently sized case (not a Wonder-
Lite case).

The plastic which was previously used to close off the
Wonder-Lite lens opening must be cemented in place. An
epoxy type glue can be used. This plastic window can now be
used for viewing the LCD. The lens area and connector entry
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Bottom

battery are actually mounted on plated sides.

a. Oversize

NQTE: Parts layout shown from "'non-plated” side of PCB. Crystal and

b. Actual Size

FIGURE 2 — Bicycie Computer Parts Layout Diagram

hole can be reasonably weather proofed by using a silicone
rubber sealant around the edges.

Once the connector and two pushbutton switches are
mounted, insert the PCB into the portion of the case that
contains the viewing window. If the PCB requires tailoring in
order to fit into the case, be sure to remove equal amounts
from each side or each end of the PCB. To accomplish this,
lay a flat file on a level surface and slide the printed circuit
board edge over the file. Do not clamp the PCB and run the
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file over it. Also, to prevent the tab that opens the Wonder-
Lite case from interfering with the PCB, a notch should be
cut in the top of the PCB where the tab is Jocated.

Once the PCB fits into the case, components can be
mounted onto the board. All components except the crystal
and battery should be mounted on the side of the board that
is not printed. A suggested method is to mount the resistors
first followed by the capacitors, making sure that they lay as
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flat as possible. This ensures that the height of these com-
ponents does not interfere with the PCB mounting. Next, the
crystal should be mounted on the printed side of the PCB.
Before mounting the crystal, enclose the outside of the
erystal case with transparent tape; however, leave an untaped
area on one side of the crystal case to allow for soldering a
ground wire.

NOTE
The transparent tape ensures that the crystal case
does not short circuit any of the PCB plating.

Solder one end of a three-inch wire to the plated ground
plane area where the crystal is to be mounted. Mount the
crystal so that its fully taped side is flat against the PCB. The
crystal leads can now be bent downward and soldered to the
printed wiring which connects to pins 38 and 39. Solder the
other end of the three-inch wire (one end soldered to ground
plane) to the area left untaped on the crystal case. Be sure
and trim this wire and make it taut along the case of the
crystal. (Grounding the crystal case in this manner ensures
that the crystal will provide oscillations at its fundamental
frequency.)

Mount the LCD and then the MCU. Because of space
limitations, do not use a mounting socket for the LCD or
MCU when using the Wonder-Lite case.

. The last component to be mounted is the battery. This bat-
tery could be a 3-volt, flat button, lithium battery; however,
4p to a 6-volt, flat button battery could be used provided it is
small enough to allow for case closure. Mount the lithium,
flat button battery as follows:

+ () On the printed wiring side of the PCB, solder one
. end of a 1%2-inch, noninsulated wire to the printed

a, wiring which connects to RS and R6.

“(2) Laythe — (negative) side of the button type battery
K on the large ground plane area shown in Figure 2.
“(3) Pass the 1Y2-inch wire, connected in (1) above, over
the battery + (positive) side and solder it to the VDD
- bus.
. * (4 Solder the uninsulated wire to the + side of the bat-
tery.
(5) To hold the battery more securely, place an in-
; sulated, 3%2-inch wire across the battery, perpen-
B ©" dicular to the first one, and pass the ends of this wire

o through the two holes provided. Strip about 3/8-inch
of insulation from each end of the insulated wire.
Twist the two ends together until the insulated wire is
reasonably tight against the battery case. Solder the
twisted ends to prevent unraveling and then trim
them if necessary.

NOTE

The overall effect is that the button battery is held in
place with “‘criss-crossed’*® wires.

Once the battery is connected, the LCD should indicate

* in the least significant digit; however, if it does not,
) tarily short Vpp to ground. This activates the power-
circuitry and the zero should appear in about five
Fo mount the two pushbutton switches, two holes must be
Hled in the case. A convenient point is the lower half side
the case which is opposite to the hinges. The slot left by
e Wonder-Lite on-off switch should be closed using a piece
“plastic (cut to size). The connector for the sensor wires

(wheel and pedal crank switches) can be mounted at the bot-
tom of the case after drilling appropriate mounting holes.
Some type of quick-disconnect connector (such as a Molex or
telephone module connector) should be used to allow for
easy removal of the bicycle computer. A putty-like water-
proof sealant may be used to seal the two switches, the on-off
switch cover, and the quick disconnect connector.

Once the switches and connector are mounted in the case,
the necessary sensor and switch wires can then be soldered to
the PCB. These solder points are shown as S1, S2, CAD
(cadence sensor), and WHL (wheel sensor).

Once the wiring is complete and the PCB is in place, a type
of nonconducting stuffing material should be inserted inside
the case to prevent movement of the PCB. When the case is
closed, the bicycle computer is complete except for mounting
the sensors.

The wheel and cadence sensors each consist of a switch
(reed or mercury film) which is activated by a permanent
magnet. The wheel sensor switch should be mounted on the
front wheel fork and the magnet should be attached to the
wheel spokes as near the hub as possible. It is advisable to at-
tach the magnet on the hub side which is opposite to the
valve stem side in order to balance the wheel. The sensor
switch can be mounted on the front fork so that the magnet
passes within 1/4 to 3/8 inch in order to activate the sensor.
Do not mount the switch and magnet so close that they touch
under adverse (bumpy) conditions. The final placement will
probably result after several tries. An epoxy glue can be used
to hold the magnet to the spokes and the switch can be held
to the fork for many months with duct tape. (If the magnet
has a hole in the center, a small bolt may also be used to at-
tach the magnet where two spokes cross; however, €poxy
glue should still be used.) Wires from the wheel sensor switch
can be routed via the fork to the mating connector. Be sure
that the wheel sensor input is applied to the IRQ interrupt pin
of the MC146805G2( )1. By using one of the recommended
sensor switches and the rc circuit, the remaining debounce
problems are solved in the firmware.

The cadence sensor input is similar to the wheel sensor;
however, mounting is done at the pedal or crank arm. The
magnet can be attached to either pedal crank arm and the
sensor switch attached to the frame. Again, experiment with
the distance between the sensor and switch; however, try and
mount the sensor so that the switch and magnet are not
atigned when not pedaling. If they are aligned at this time,
bicycle movement might cause the switch to open and close
many times, producing very high cadence values. Since most
people stop pedaling at 0, 90, 180, or 270 degrees in the pedal
arc, it is best to mount the sensor so that it is activated at
some point between these. Again, as in the wheel sensor,
route the wires along the frame to the mating connector.

BICYCLE COMPUTER OPERATION

When power is initially applied to the circuit or when the
MC146805G2( )1 is reset, the bicycle computer program is
selected and the bicycle computer displays the current instan-
taneous speed on the display (function 1). If the function
button (S1) is then pushed, the bicycle computer will step to
function 2. The functions are:

1. Instantaneous Speed

2. Average Speed
. Resettable Trip Odometer
. Resettable Long Distance Odometer
. Cadence
. English or Metric Units Selection
. Wheel Size Calibration
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Each time the function switch is pushed, the program steps
to the next function; however, after function 7 it goes back
to function 1. Some functions may require resetting. For ex-
ample, at the beginning of each bicycle trip it may be
desirable to reset the trip odometer to zero miles or
kilometers. The set pushbutton (S2) is provided to perform
this task. If the set button is pushed while in function 3, the
trip odometer is reset to zero. However, it is not desirable to
have the set button enabled at all times. For example, if the
set button were accidentally pushed during a trip, the trip
odometer would be reset to zero. Therefore, the set button is
only enabled for the first five seconds after a new function is
selected. Pushing the set button after five seconds will not af-
fect the function. During the five seconds that the set button
is enabled, the bicycle computer displays a fixed function
identification display. For example, the trip odometer will
display ndn during this function 3 time. After five
seconds, the selected function value is displayed and remains
displayed until the function button is again pushed, stepping
to the next function.

The following paragraphs will discuss each function in
detail. They describe what will be displayed during the five
second set enable period for each function and what effect, if
any, pushing the set button will have when it is enabled.

Instantaneous Speed

When selected, the instantaneous speed function displays
the current speed to the nearest mile or kilometer per hour.
The speed is determined by measuring the period between
wheel interrupts. By measuring this period and knowing the
wheel circumference, the speed can be determined. During
the set enable period, 8P will be displayed. Depressing the
set button during this period has no effect on instantaneous
speed.

Average Speed

When selected, the average speed function is displayed to
the nearest  mile or kilometer per hour. Average speed is
calculated by dividing the distance traveled by the time. Dur-
ing the set enable period, ASP is displayed. Depressing the
set button during this period resets the average speed,
distance, and time counters. Note that these counters are in-
dependent of the other distance and speed counters;
therefore, resetting the average speed does not affect other
functions such as the trip and long distance odometers.

In order to provide an accurate average speed over a long
time interval, the average speed is biased toward long term
(greater than 6 minutes) operation. In fact, the average speed
is not guaranteed accurate until after 6 minutes but will re-
main acurate for several days and up to 409.6 total miles or
kilometers. The average speed display is updated every 22.5
seconds.

Resettable Trip Odometer

When this function is selected, the distance since the last
trip odometer reset (or power-on reset) is displayed to the
nearest tenth of a mile or kilometer. The trip distance is
calculated by counting the wheel interrupts and multiplying
by the wheel circumference to obtain the distance. During
this set cnable period odg is displayed. Depressing the set
button during this period resets the trip odometer to zero.
Maximum trip distance is 199.9 miles or kilometers. If this
distance is exceeded, the display wraps around to 0.0 and
continues. Note that resetting the trip odometer has no effect
on the long distance odometer or average speed.
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Resettable Long Distance Odometer

When this function is selected, the distance since the last
long distance odometer reset (or power-on reset) is displayed
to the nearest mile or kilometer. The total distance is
calculated by counting wheel interrupts and multiplying by
the wheel circumference. During this set enable period,

dlS is displayed. Depressing the set button during this
period resets the long distance odometer to zero. Maximum
long distance is 1999 miles or kilomters. (Even though the
display is limited to ‘1999, the internal counters will roll over
much like a mechanical car odometer.) Resetting the long
distance odometer has no effect on the trip odometer or
average speed.

Instantaneous Cadence

Cadence is the number of times the pedal crank undergoes
a complete revolution in one minute. An experienced
bicyclist tries to keep his cadence constant at all times by ad-
justing his gears for varying conditions such as hills. An oc-
casional cyclist might have an ideal cadence around 50-60, an
experienced cyclist 70-80, and a racer up to 120. When this
function is selected, the instantaneous cadence is displayed.
The cadence is calculated by measuring the period between
successive switch closures from the cadence sensor.

Since the cadence can be quite low (or even zero if
coasting), the period between two cadence closures is highly
variable. For this reason, the program will zero the cadence
display if no closure occurs after 6 seconds. This means
either the cadence is less than 10 rpm or the rider has stopped
pedaling. Also, this means that if you are pedaling at a fast
rate and stop instantly, it will be six seconds before the
cadence returns to zero. The cadence display may also
display odd values if the cyclist happens to stop pedaling
while the magnet is directly over the switch. This might cause
the switch to open and close many times, producing very high
cadence values. Since most people stop pedaling at 0, 90,
180, or 270 degrees in the pedal arc, this problem might be
minimized by placing the switch at some other angle.

During this set enable period, [Rd is displayed.
Depressing the set button during this period has no effect on
the instantaneous cadence function.

English or Metric Units Selection

When selected, this function displays 1888 (all segments
on) and will also display an arrow if the current units are
metric. If the current units are English, then there is no arrow
on the display. Depressing the set button while set is enabled
causes the units to be changed (i.e., if they were English they
will change to metric and vice versa). Changing the units will
cause future instantaneous and average speeds to be
displayed in the new units as well as the trip and long distance
odometers. The units can be changed at any time by this
function without destroying any distances or speeds. This is
possible because the program actually updates all functions
in both units at all times.

Wheel Size Calibration

When this function is selected, the current wheel cir-
cumference, to the nearest % inch, is displayed. This cir-
cumference is critical in the calculation of speed and
distance. Setting a new wheel size is somewhat more complex
than other set procedures. If the set button is pushed while
this function is enabled, then a 39.5 inch wheel circumference
appears on the display. The program then goes into a special
mode where it increments this wheel size by ¥ inch about
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every second. If the set button is pushed the second time
while in this incrementing mode, the value currently being
displayed becomes the new wheel circumference. If the set
button is not pushed a second time before the function but-
ton is pushed again, the original wheel circumference will be
reestablished as the active circumference. Valid cir-
cumferences are between 39.5 and 99.5 and are always in
inches regardless of the units (English or metric) that are in
effect. If the circumference reaches 99.5 before the set button
is pushed the second time, the display will wrap around to
39.5 and continue. See the section on Accuracy for hints on
how to measure your wheel circumference.

DEFAULT VALUES

When the MC146805G2( )1 is reset or after a power-on
reset, the program clears all distance and average speed
values and picks defaults for the wheel circumference and
units. They are:

1. Wheel Circumference = 84.5 inches

2. English Units

The circumference of 84.5 inches is the average for the
standard 27 inch front bicycle wheel found on most ten speed
bicycles in the United States. Some European and Japanese
models use 700 cm wheels which have an average cir-
cumference of about 83.0 inches. If you have 700 cm wheels
or if you plan to use the bicycle computer on other size
wheels, such as children’s bicycles, then you will have to reset
your wheel circumference every time the MC146805G2( )1 is
reset. This usually occurs only when a new battery is in-
stalled.

POWER SAVING FEATURES

The schematic diagram of Figure 1 indicates that the bicy-
cle computer has no on-off switch. This is because the pro-
gram on the MC146805G2( )1 controls its power consump-
tion by placing the MC146805G2( )1 into either the wait or
stop state when appropriate. The wait state places the device
into a low power mode where all processing stops. Only the
on-chip timer and oscillator remain active. In the stop state,
even the timer and oscillator are stopped; however, the on-
chip RAM remains valid. If an IRQ interrupt occurs (IRQ is
connected to the wheel switch), the MC146805G2( )1 will
testart execution. For more details on the wait and stop
states, refer to the MC146805G2 data sheet and the *“M680S
HMOS/M146805 CMOS Family Users Manual.”’

The bicycle computer firmware takes advantage of these
built-in M146805 CMOS features by considering the program
to be in 1 of 3 modes. These are:

1. Normal Operating Mode

2. Standby Mode

3. Stop Mode

Normal operating mode is defined as the mode when the

’ 5icycle computer is performing its normal functions. The
* program enters into normal mode on power-on reset and re-
k  inains in this mode as long as there are wheel interrupts,
f. cadence inputs, or either pushbutton is depressed. While in
¥ the normal mode, the program can be considered as ex-

: ;:tting a large loop. The length of time necessary to com-

e the loop is variable depending on the rate of the inputs,
current function, etc. When the program completes the

4 Joop, it goes into the wait state until an on-chip timer inter-
E hpt occurs. The timer is set up to generate an interrupt every
¢ Eiellisewnd. Our measurements have shown that in practice

MC146805G2( )1 spends about 30% of its time in the

f. wait state during normal operation.
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If the program senses no activity on the wheel interrupt in-
put, the cadence input, or either pushbutton for 2.5 minutes,
it goes into the standby mode. In this mode, the display is
blanked and the internal processing necessary to calculate
values for the displays ceases. In this mode, the
MC146805G2( )1 spends about 70% of its time in the wait
state.

Note that while the program is in the standby mode, all
necessary internal calculations are continued. If a wheel in-
terrupt or cadence input occurs or if either button is pushed,
the program immediately returns to the normal mode as if it
had never been in standby.

If the program remains in standby mode for two hours it
will then go into stop mode. In stop mode all processing
ceases. All values are maintained in RAM. However, since
the timer stops, it is impossible to keep track of time.
Therefore, the average speed value will be incorrect when the
program returns to normal mode. The program will return to
normal mode only after receiving a wheel interrupt (TRQ).
Instantaneous speed, trip distance, fong distance, and
cadence will all be correct when returning to normal mode.
The selected units and wheel circumference will also be
returned to the value they had before going into standby
mode.

To summarize, when the MC146805G2( ) initially comes
out of reset, the program goes into the normal mode. If at
any time there is no activity on any of the input lines for 214
minutes, then the program enters standby mode. Any input
will put the program back into normal mode, but if no input
occurs for two hours, then stop mode will be entered. This
would most likely occur after the completion of the trip or
during an overnight stop. The next time a wheel interrupt oc-
curs, the program will return to normal mode. Only the
average speed counters will have to be reset. Two hours was
selected as the time out for entering the stop mode because
breaks or lunches during a trip normally would not last over
two hours.

ACCURACY

The internal inaccuracy of the bicycle computer program is
less than 0.5% for most functions. Any other inaccuracies
stem from the inaccuracy of the wheel circumference.
Therefore, it is important to measure your wheel cir-
cumference as accurately as possible to the nearest ¥ inch.

This can easily be done by first drawing a straight line, on a
garage floor or sidewalk, approximately 90 inches (2.3
meters) long for an adult ten speed bicycle. Next, place the
front wheel of the upright bicycle on one end of the line.
Make a mark on the tire and on the line at the point where
the tire contacts the line. Roil the bicycle and tire along the
line one revolution and make a mark on the line. Then,
measure the distance between the two marks on the line; this
is the circumference. Round this to the nearest % inch and if
it is not equal to 84.5 inches (the default), input the new
wheel circumference as described above under Wheel Size
Calibration. If you wish to be very accurate, you might sit on
the bicycle while rolling down the line. This will take into
consideration any variation in the circumference due to
deformation of the tire under ioad. No matter how careful
you are, the inputted circumference might be as much as
% inch from the actual circumference, adding additional in-
accuracies. Our calculations show that the total of all possi-
ble inaccuracies should remain less than 1%. This is con-
siderably more accurate than the average automobile
odometer.



ALTERNATE APPLICATIONS FOR THE BICYCLE
COMPUTER :

Although we have never tried it, we feel certain that this
bicycle computer could be used for other types of vehicles.
Car wheels, for example, fall within the 39.5 to 99.5 inch
wheel circumference and the program has encugh accuracy
and throughput to handle speeds up to 255 miles or
kilometers per hour. It has also been suggested that the
cadence input could be used to display engine rpm. Since the
maximum displayable cadence value is 255, it would be
necessary to divide the engine rpm by 100 to obtain rpm/100.
Actually the measured rpm would be from 1000 to 25,500
since any cadence below 10 is assumed to be 0.

When using the computer in alternate applications, only

two things must be remembered. First, the wheel input is |

connected to the IRQ interrupt input. For this reason it must

be debounced. An rc time constant of 10 milliseconds will |
suffice. Since the wheel input is a low-going edge-sensitive in-
terrupt, the period of a wheel revolution is measured from .

successive falling edges of the TRQ interrupt pin.

Secondly, the cadence input is not an interrupt, but is de-
bounced by software. The software debounce time is three
milliseconds. If the cadence input does not remain low for
three milliseconds, the input will not be recognized.
However, if an invalid input results in a low input which lasts
longer than three milliseconds, it will be mistaken for a valid
input. The cadence period is measured between successive
falling edges of the cadence input line.

Parts List for Bicycle Computer-

Battery 3-5 V

C1,C2 0.014F W0V
C3 01uF 10V
C3,C4 30pF

Crystal 1 MHz -
Display, Liquid-Crystat
ic1 MC146805G2L1/P1
Magnets

Switches

Reed Switch

R1-R3 1 MN % Watt
R4-R6 10 MO % Watt
R7 10 k@ % Watt

Ceramic
Ceramic
Sitver Mica

FE0201 AND Company or Similar
Motorola

2 Reasonably Powerful

2 spst Push-Button Switches Normally Open
2 Miniature Reed Switches, Radio Shack

or

2 Mercury Film Switches

(Fifth Dimension, Inc. 801 New York Avenue,
Trenton, NJ 08638

609-393-8350)

or Similar

TABLE t — Summary of Operations

i

Function Normal Units Set Enable Effect of Set Push
Display Display

Instantaneous Speed XXX mph/kph SP No Effect
Average Speed XXX mph/kph ASP Reset Time and Distance Counters
Trip Odometer XXX. X mi./km Reset Trip Mileage
Long Distance Odometer XXXX mi./km 1S Reset Long Distance Mileage
Instantenous Cadence XXX rev./min. CA No Effect
Unit Select —1888°  metric/Eng. -—1888° Switch Units
Wheel Size XX.X inches XX.X First Push Starts Recalibration

. Second Push Locks In New Value
* Arrow only set if units are metric.
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THE MC6B@5G2 SINGLE-CII1P MICROCOMPUTER 1S A 40-PIN CMOS
DEVICE WITIl 2096 BYTES OF ROM, 112 LYTES UF RAM, FOUR
8-BIT I/0 PORTS, A TIMER AND AN EXTERNAL INTERRUPT
INPUT.  TIE ROM CONTAINS TWO SEPARATE PROGRAMS. TCITHER
OF THESE PROGRAMS MAY BE SELECTED ON RESLT HY WIRING PORT
C AS FOLLOWS:

€7 €1 €@ FUNCTION
1
1
1
1
2

MONITOR (1208 BAUD)
MONITOR (480@ BAUD)
MONITOR {960¢ BAUD}
BICYCLE ODOMETER

Xeme®

ce
[ MONITOR (386 BAUD)
1
[
1
X

THL MONITOR 1S SUBSTANTIALLY THE SAME AS ALL PREVIOUS
MONITORS FOk THE 6805. TIIE MONITOR USES SERIAL 1/0 FOR
IT5 COMMUNICATIOM WITI! THE OPERATCR. SERIAL INPUT IS C2
AND SERIAL OUTPUT IS C3.

1°0 REGISTER ADDRESSES

S e s st s e e ars ans b ey

PORTA  EQU 5000 1,0 PORT @
PORTB  EQU 5001 1°0 PORT 1

PORTC  EQU se82 10 PORT 2

PORTD  EQU $003 1/0 PORT 3

DDR EQU 4 DATA DIRECTION REGISTER OFFSET (E.G. PORTA+DOR
TIMER EQU se08 8-BIT TIMER REGISTER

TCR EQU 5009 TIMER CONTROL REGISTER

RAM EQU 5010 START OF ON-CHIP RAM

ZROM  EQU seso START OF PAGE ZERO ROM

ROM EQU 5100 START OF MAIN ROM

MEMS1Z EQU s2000 MEMORY ADDRESS SPACE SIZE

.

. CHARACTER CONSTANTS

.

CR £OU sen CARRIAGE RETURN

L EQU sea LINE FEED

aL EQU s20 OLANK

£0S EQU s00 END OF STRING

.

.

sethesersecattonetressirns

vesscarns

. BICYCLE ODOMETER

B T T P P P

. TEST PATTERN FOR THE MC146805G2
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MC1468@5G2L1 EVALUATION ROM {C) MOTOROLA 1982
COPYRIGHT {C) MOTOROLA INC. 1980

SOFTWARE WRITTEN BY JOEL BONEY SEPT. 1988
HARDWARE BY VERNON GOLER

D T L T T D

THE SOFTWARE FOR THE BICYCLE ODOMETER 15 DRIVEN BY A SEQUENCE
OF EVENTS. SOME EVENTS ARE INTERRUPTS, SOME ARE INPUTS AND
SOME ARE SCHEDULED BY AN INTERRUPT OR INPUT. THERE IS A SEPAR
SOFTWARE TASK (ROUTINE) FOR EACH EVENT. ADDITIONALLY THERE IS
A TASK CALLED THE MAIN TASK (OR LOCP) THAT RUNS CONSTANTLY

AT THE LOWEST PRIORITY. ADVANTAGE IS MADE OF THE 1468@S'S
"WAIT' INSTRUCTION WHENEVER POSSIBLE TO REDUCE TOTAL POWER
CONSUMPTION. THE MAIN ROUTINES OR TASKS ARE:

MAIN LOOP

1 MSEC INTERRUPT
WHEEL INTERRUPT
36 MSEC ROUTINE
608 MSEC ROUTINE

PPTETS cesatnnan e

.
“*EQUATES AND VARTIABLES

EERTTT sreersrssensoaranes

ansesanns

.
*EQUATES
.

cesssane crene
.

BIT@® EQU 1

BIT1 EQU 2

BIT2 EQU 4

* EQUATES FOR STATUS WORD 1
.

STNDBY EQU
DECPT EQU
FUNDWN EQU
WIPUN EQU
SETDWN EQU
WTSET EQU
SETENB EQU
STOPIT EQU
.

LT 3L

* EQUATES FOR STATUS WORD 2
.
LDZEZRO EQU 7
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A KMMILE EQU 6
A ROSTIO EOU S
A WTBET2 EQU 4
A RQS66® EQU 3
A CADDWN EQU 2
A WICAD EQU |
A DOSET EQU @

.

* 1/ 0 PQUATES

.

A

LY

A
A
A

> FPrEMII

AR A R R I I I PP

THE LCD DIGITS ARE FROM THE H'S DIGIT (1) TO ONE'S
FOR EXAMPLE G3 IS THE G SEGEMENT IN THE LS {ONE'8) DIGIT.
THE THOUSANDTH'S DIGIT IS CALLED 'K'.

THE I/0 PORTS SEEM TO BE NEEDLESSLY SCRAMBLED, TRUE, THEY ARE
SCRAMBLED, BUT THE REASON 18 THIS SCRAMBLING ALLOWE THE
BIKE ODO TO BE LAID OUT ON A SINCLE SIDED PC BOARD.

PORTA:
?

| G3 1 F3 1 A3 | B3 | C3 | D3 | E} | DP4] (3

PORTB:
7

TUN1! XITE D icCcl]E21D21C2]|

UN = UNDEFINED
K = THOUSANDTHS DIGIT
£QU ?

EQU []
PORTC:
7

1 seL! vy ! com! xx | w | RST| FUN! CAD|

$ $ $ s § = INPUT PIN

SEL e SELECTS BETWEEN BIKE ODO AND MONITOR {8 = BIKE ODO)
YY = MINUS SIGN

COM = BACKPLANE VOLTAGE

XX = TOP AND BOTTOM OF '+'

W = ARROW {SET FOR METRIC UNITS)

RST = RESET KEY INPUT

FUN = FUNCTION KEY INPUT

CAD = CADENCE INPUT

1
x
]
2
waune

MC1468@5G2L1 EVALUATION ROM (C) MOTOROLA 1982

RSTKEY EQU 2
FNKEY EQU 1
CAD £QU [}
.

st s s ree

10
.
.
.
.

.
SP
AS
TR
DI

CADEN EQU
KMMI EQU
WHLSIZ EQU
.

MAXFUN EQU
«

e
.
.
.

PCRTD:
K

IB2 A2l F2162 1Bl 1AL IFI ]G]

EQUATES FOR ABOVE

* ALIAS FOR PORTC {PORT CONTAINING INPUTS}
RTC

X EQU PO

FUNCTION NUMBER EQUATES

EQU
13 EQU
1P EQU
s EQU

2
1
2
3
4
s
6
)

MAXIMUM FUNCTION NUMBER

. aene ves

coasnees case

RAM VARIABLES

.
.
.
.
.
.

MUCH OF THE ALGORITHM FOR THIS BICYCLE ODOMETER IS GIVEN HERE IN
THE EXPLANATION OF THE VARIABLES. HOW THE VARIABLES ARE SET, CHANGE
AND MANIPULATED TELLS MUCH OF WHAT 1S GOING ON. THEREFORE, THERE IS
DETAILED INFORMATION ABQUT EACH VARIABLE GIVEN HERE.

ORG $18 START OF RAM

B
.
.
-

NOTE: EVEPRYTHING FROM MERE DOWNTO ‘'FUNCT® SHOULD NOT BE SEPARATED
BECAUSE THE INITIALIZATION ROUTINE DOES A BLOCK CLEAR
OF THIS AREA.

R

STATUS BYTE 1
THE BITS IN THIS STATUS BYTE INDICATE THE STATE OF THE PROGRAM
BIT ? STANDBY MODE {STNDBY)

BIT 6 DECIMAL POINT (DECPT}
BIT S FUNCTION KEY DOWN { FUNDWN)
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MC146685G2L1 EVALUATION ROM (C) MOTOROLA 1982

* BIT 4  WAITING FOR FUNCTION KEY P [wWTFlN)

. BIT 3  RESET KEY DOWN (SETDWN}

. BIT 2  WAITING FOR RESET KEY UF (WTSET)
BIT 1 ‘RESET' ENABLED MODE {SETENDR}

. BIT @  STOP MUDE {STOPLT)

.

STATI RMB 1

* STATUS BYTE 2

* THE BITS IN THIS BYTE INDICATE ADDITIUNAL PROGRAM STATE.

. 8IT 7 1 = PAST LEADING ZEROES IN DISPLAY OUTPUT (LDZERQ)
i BIT 6 KM MODE (KMMILE)

. BIT 5 38 MSEC REQUEST (RQST30)

. BIT 4 WAITING FOR 2ND RESET IN WHEEL SIZE ENTRY (WTSET2}
. BIT 3 682 MSEC REQUEST (RQS5600)

. BIT 2 CADENCE INPUT PRESENT (CADDWN}

* BIT 1  WAITING FOR CADENCE TG CLEAR (WTCAD)

. BIT @ DO FUNCTION RESET (DOSET)

STAT2 RMB 1

* TRIP MILES COUNTER
. UPDATED WHEK MILES REV. CTR (MRCTR) UNDERFLOWS
.

TMCTR  RMB 2

* TRIP KILOMETER COUNTER
.

: UPDATED WHEN KM REV. CTR. (KRCTR) UNDERFLOWS
TKCTR  RMB 2
o TOTAL MILES COUNTER
M UPDATED WHEN MILES "PDATE CTK (MiCTR} NDERFLOWS
TOTMI  RMB 2
? TOTAL KMS COUNTER
: UPDATED WHEN KM UPDATE CTR {KLCTR) UNDERFLOWS
TOTKM  RMB 2
¢ AVERAGE SPEED DISTANCE - MILES
. CONTAINS .1MI*16
: LPDATED BY MILES REV (MRCTR) UNDERFLOW
ASDMI  RMB 2
¢ AVERAGE SPEED DISTANCE ~ KILOMETERS
. CONTAINS .1KM*16
. UPDATED BY MILES REV (¥RCTR) UNDERFLOW
MC146885G2L1 FVALUATINN ROM (C) MOTOROLA 1982
.
:.SDKN RMB 2
% AVERAGE SPEED TIME
. UPDATED BY AVERAGE SPEED TIME UPDATE CTR (ASTUPD) UNDERFLOW
ASTIME RMD 2
? VALUE OF ASDMI AT LAST ASTIME INCREMENT
: UPDATED FROM ASDMI1 EVERY ASTIME UPDATE
LASDMI RMB 2
! VALUE OF ASDKM AT LAST ASTIME INCREMENT
. UPDATED FROM ASDKM EVERY ASTIMEE UPDATE
LASDKM RHB 2
: STANDBY COUNTER
* INITIALIZED TO 256 (@). APPROXIMATELY 2.5 MINUTES
. RE-INITIALIZED ON EVERY WHEEL INTERRUPT OR BUTTOM PUSH
" DECREMENTED BY SPEED/CADENCE UPDATE CTR {SCUPD) UNDERFLOW
. WHEN UNDERFLOWED
. SET STANDBY BIT
: RESET TO 256 (@)
STBCTR RMB 1
% CURRENT FUNCTION
: SET BY MODE CHANGE
FUNCT  RMB 1 MODE = @ TO MAXFUN

ENDCLR EQU .
.

* NOTE: EVERYTHING FROM HERE UP T0 STATUS BYTE 1 SHOULD NOT BE

* MOVED BECAUSE THE INITIALIZATION ROUTINE DOES A BLOCK CLEAR OF
* THIS AREA.

.

.

.

* EVERYTHING FROM HERE DOWN TO TSCAD IS INITIALIZED DURING STARTUP
* BY MOVING A BLOCK OF DATA FROM ROM INTO RAM. DON'T REARRANGE ANY
* OF THIS DATA WITHOUT REARRANGING THDSE ROM TASLES TOO.

»
A FIRSTI EQU *
.
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P0349 M
09359 * .1 MILE CONSTANT
88351 .
88352 * CONTAINS NUMBER OF REVOLLTIONS/ .1 MILE.
20353 * INITIALIZED TO 27% DEFACLT BY INIT CODE
#0354 . RECALCULATED BY WHEEL SIZE ROUTINE
80355 .
02156A 0026 ooel A TENTHM RMB 1
8357 .
28158 * MILES REVOLUTION COLNTER - TRIP 0DO
89159 .
88360 . INITIALIZED TO .1 MILE CONSTANT (TENTHM)
28361 . DECREMENTED ON EACH WHEEL INTERRUPT
02362 . ON UNDERFLOW RESET TO .l MILE CONSTANT AND
#0363 - INCR. TRIP MILES CIR (TMCTR)
28364 . DECR MILES UPDATE CTR {MUCTR)
8eles * ADDS 16 TO AVERAGE SPEED DISTANCE (ASDIST)
86366 .
88167A 0927 LTI A MRCTR RMB 1
88368 N
20369 ¢ 1 MILE CONSTANT
ep3ra . -
82371 . CONTAINS NUMBER OF REVOLUTIONS.MILE
02372 N INITIALIZED TO 27" DEFAULT BY INIT CODE
00373 . RECALCULATED BY WHEEL SIZE ROUTINE
803744 2028 2802 A ONEMI RMB 2
20375 -
#8376 * .1 KM CONSTANT
02377 N
28378 . CONTAINS NUMBER OF REVOULTIONS .
00179 . INITIALIZED TO DEFAULT (27" WHEEL} ou INIT
pe3se . RECALCULATED BY WHEEL SIZE ROUTINE
0038 .
@03B2A BO2A 2001 A TENTHK RMB 1
09383 .
00384 * KM REVOLUTION COUNTER ~ TRIP ODO
82385 .
22386 N INITIALIZED TO .1 KM CONSTANT (TENTHK)
208387 . OECREMENTED ON EACH WHEEL INTERRUPT
09388 * ON UNDERFLOW, RESET TO .1 KM CONSTANT AND
20389 N INCR TRIP KM CTR. (TKCTR)
00198 M DECR KM UPDATE CTR. (KUCTR)
98391 M
80392A 0928 0001 A KRCTR  RMB 1
80393 ..
82394 * ONE KM CONSTAKT
28395 .
28396 . CONTAINS NUMBER OF REVOLUTIONS KM,
09397 . INITIALIZED TO DEFAULT VALCE (27" WHEEL) ON INIT
00398 * RECALCULATED DY WHEEL SIZE ROUTINE
20399 .
90400A 202C 0002 A ONEKM RMD 2
00401 *
80402 * CIRCUMFERENCE * 2 CONSTANT - ENGLISH UNITS
90403 .
00404 N INITIALIZED 0Y MAIN ROUTINE (DEFAULT » 277)
80485 . RECALCULATED Y WHEEL S1ZE ROUTINE
80486 .
PAGE 088 BICYCLE .SA:l MC146885G2L] EVALUATION ROM (C) MOTOROLA 1982
904977 092E o08] A CIR2MI RMB 1

.

¢ TEMPORARY CIR2MI
.

. USED DURING WHEEL SIZE UPDATE TO HOLL CIR2MI UNTIL
THE SET BUTTON IS PUSHED THE SECOND TIME

..

2e2F 88¢) A TCIR2Z RMB 1

-

* CIRCUMFERENCE - METRIC UNITS
.

. INITIALIZED BY MAIN ROUTINE (DEFAULT = 27")
. RECALCULATED BY WHEEL SIZE ROUTINE
.

[ k1) A CIRKM RMB 1
.
* SPEED CONSTANT - MPH
.
. CONSTANT USED IN THE INSTANTANEOUS SPEED CALCULATION
. INITIALIZED BY MAIN ROUTINE (DEFAULT = 2/")
. RECALCULATED BY WHEEL SIZE FUNCTION
.

031 [ A M1 RMB 2
.
* SPEED CONSTANT - KPH
.
. CONSTANT USED IN THE INSTANTANEOUS SPEED CALCULATION
* INITIALIZED BY MAIN ROUTINE (DEFAULT = 27*)
. RECALCULATED BY WHEEL SIZE FUNCTION
.

8833 2092 A CKM RMB 2
.
* CIRCUMFERENCE DISPLAY VALUE
.
. USED FOR DISPLAYING THE WHEEL CIRCUMFERENCE
. INITED BY MAIN ROUTINE
. RECALCULATED BY WHEEL SIZE FUNCTION
.

8035 2002 A DISCIR RMB 2
.
* TEMPORARY DISPLAY CIRCUMFERENCE
.
. USED DURING SELECTION OF NEW WHEEL SIZE TO HOLD DISCIR
. UNTIL THE SECOND SET IS PUSHED
.

o837 o002 A TDISC RMEB 2
.
* TOTAL MILES UPDATE CTR
.
- INITIALIZED TO ONEMI AT INIT AND ON UNDERFLOW
. RESET TO ONEMI ON NEW WHEEL SIZE
* DECREMENTED BY WHEEL INTERRUPT
* ON UNDERFLOW REINITIALIZE TO ONEMI AND
- INCREMENT TOTAL MILES CTR.
.

B80462A 2939 [ F3 A TOTMUC RMB 2
0463 .

.

464 TOTAL KMS UPDATE CTR
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INITIALIZED TO ONEKM AT INIT AND ON UNDERFLOW

RESET TO ONEKM ON NEW WHEEL SIZE

DECREMENTED BY WHEEL INTERRUPT

ON UNDERFLOW REINITIALIZE TO ONEKM AND
INCREMENT TOTAL KMS CTR.

Sehe e w

TOTKUC RMB 2
.
* AVERAGE SPEED DISTANCE UPDATE CTR - MILES

INITIALIZED TO TENTHM AT INIT

RESET TO TENTHM ON NEW WHEEL SIZE

DECREMENTED BY WHEEL INTERRUPT

ON UNDERFLOW REINITIALIZE TO TENTHM
INCREMENT ASDMI

MUCT RMB 1
AVERAGE SPEED DISTANCE UPDATE CTR - KM$

INITIALIZED TO TENTHK AT INIT

RESET TO TENTHK ON NEW WHEEL SIZE

DECREMENTED BY WHEEL INTERRUPT

ON UNDERFLOW REINITIALIZE TO TENTHK
INCREMENT ASDKM

R ]

ASKUCT RMB 1
.

T tasarearen avesressertavsannanere evene

.
* EVERYTHING FROM HERE DOWN TO TSCAD 1S REINITIALIZED AFTER STOP
.

SECNDI EQU .

cnaanan

D T R P TP T T YT TY

arvanasrenns

SPEED/CADENCE UPDATE CTR.

THIS 1S IMPORTANT TOO SINCE IT SCHEDULES THE 6@@ MSEC ROUTINE
INITIALIZED TO 20 {28*3@=6@9MSEC)
DECREMENTED WHEN DISPLAY UPDATE CTR (DSPUPD) UNDERFLOWS
WHEN UNDERFLOW
RE-INITIALIZED TO 20
SCHEDULES 680 MSEC ROUTINE
1F RESET ENABLE BIT SET THEN DECR RESET ENABLE CTR.(S
CALCULATES QUTPUT VALUE
CHANGE MODES OR DISPLAYS
DECREMENTS STANDBY CTR. (STBCTR)

CUPD  RMB 1

DISPLAY UPDATE COUNTER
THIS IS A VERY IMPORTANT COUNTER THAT CHANGES THE DISPLAY
POLARITY EVERY 15MSEC.

INITIALIZED TO 15 MSEC
DECREMENTED EACH MSEC

DI R

MC146205G2L1 EVALUATION ROM {C} MOTOROLA 1982

. WHEN UNDERFLOW

. DECREMENTS FLIP3@

M RE=-INITIALIZED TO 15

»

DSPUPD RMB 1

.

* 3BMSEC SCHEDULER - FLIPS EACH 15 MSEC
* DECREMENTED EACH TIME DSPUPD UNDERFLOWS. SCHEDULES
* THE 3@MSEC ROUTINE ON UNDERFLOW.
* INITIALIZED TO 2

.

FLIP3@ RMB 1
»

* AVERAGE SPEED UPDATE CTR
.

M INITIALIZED TO 750

. DECREMENTED EACH DISPLAY UPDATE CTR UNDERFLOW (DSFUPD)
. ON UNDERFLOW RE-INITIALIZE TO 758 AND

. INCR AVERAGE SPEED TIME (ASTIME)

-

ASTUPD RMB 2

«

* RESET ENABLE COUNTER

THIS VARIABLE CONTROLS WHEN A RESET FUNCTION CAN OCCUR
THE TIME IS 4.8 SECONDS AFTER A NEW MODE SELECT
INITIALIZED TO 8 BY CHANGE OF FUNCTION

DECR BY SPEED/CADENCE UPDATE CTR UNDERFLOW (SCUPD)
WHEN UNDERFLOW RE-INITIALIZE TO B

CLEAR RESET ENABLE BIT IN STAT]

CTR  RMB 1

WHEEL SIZE UPDATE CTR.
USED WHILE CHANGING WHEEL SIZE TO INSURE THAT NEW
VALUES OF WHEEL SIZE ARE ONLY UPDATED EVERY 1.2 SEC.
(2 * sunszc)

ICTR  RMB

STOP MODE COUNTER

INITIALIZED TO 248,086 ON START AND AFTER STOP
DECREMENTED EVERY 3@MSEC WHILE IN STANDBY (240,080 = 2 HOURS)

R R L R
E ]

STPCTR RMB 3
.

* SPEED EQUAL ZERO FLAG

.

. IF 2ERO THEN SPEED IS NOT ZERO

. IF NON ZERO THEN SPEED 1S ZERO

. INITIALIZE TO ZERO

3 SET TO 1 AFTER 16 SECS OR NO WHEEL INTERRUPT
. RESET TO ZERO ON ANY WHEEL INTERRUPT

N

SPDZER RMB 1
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.
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MC146805G2L1 EVALUATION ROM (C) MOTOROLA 1982

CE EQUAL ZERO FLAG
IF ZERO THEN CADENCE IS NOT ZERO

IF NON ZERO THEN CADEMCE IS ZERO

INITIALIZED TO ZERO

SET TO 1 AFTER 6 SECS OF NG CADENCE INTERRUPTS
RESET TO ZERC ON ANY CADENCE INPUT

RMB 1

BETWEEN LAST 2 WHEEL INTERRUPTS IN MSEC (TBWHL)

UPDATED EVERY INTERRUPT FROM LAST TIME SINCE LAST WHEEL INTER
MAXIMUM VALUE ALLOWED = 8 MPH

RMD 2

SINCE LAST WHEEL INTERRUPT IN MSEC

UPDATED EACH MSEC INTERRUPT

MAX VALUE ALLOWED = 32K

MOVED TO TIME BETWEEN LAST 2 WHEEL INTERRUPTS (TBWHL} ON WHEE

RMB 2

BETWEEN LAST 2 CADENCE INPUTS IN MSEC

UPDATED EACH TIME A NEW CADENCE INPUT OCCURS FROM THE TIME
SINCE THE LAST CADENCE INPUT (TSCAD)

MAX VALUE ALLOWED = 32K = 8 REV/MIN

RMB 2

SINCE LAST CADENCE INPUT

UPDATED EACH MSEC

MAX VALUE ALLOWED = 32K MSEC

MOVED TO TIME BETWEEN LAST 2 CADENCE INPUTS (TBCAD) ON NEW CA

RMB 2

trrsekasereennrnrtie

3

L D Y T R TP PPy

THING FROM HERE UP TO SCUPD IS REINITIALIZED BEFORE EACH STOP

EVERYTHING FROM HERE UP TO TENTHM IS INITIALIZED ON START UP

DON'T REARRANGE ANY OF THIS CODELIL It ITLEdstattEt

rrarseesnnsenrnae ey teeaveansannve

TEMPORAY DISPLAY VALUES.

L e

AY VALUE

MC146805G2L1 EVALUATION ROM (C) MOTOROLA 1982

CONTAINS A BINARY NUMBER TO BE CONVERTED TO BCD AND DISPLAYED
UPDATED IN €8¢ MSEC ROUTINE

RMB 2

USED TO STORE DATA FOR ICD DIGITS. BY ALGORITHM, THIS IS
CONVERTED TO THE TRUE PORT VALUES AND STORED IN PA~PD (BELOW)

g
®

TEMPORARY LOCATIONS THAT CONTAIN A COPY OF THE DATA IN THE
1/0 PORTS (PORTA - PORTD}.

B
[Sroyee,

T T T TS T

PLY / DIVIDE VARIABLES

Taeseensncennsense

* DIVISOR, MTOTAL
.

.
.

.
MTOTAL
DIVSR
-

DIVISOR FOR 16 BIT / 16 BIT DIVIDE ROUTINE
ALSO USED AS A TEMP IN MULTIPLY

EQU .
RMB 2

* DIVIDEND
.

.
.

DIVIDEND FOR 16 BIT / 16 BIT DIVIDE ROUTINE

DIVDND RMB 2
.

* TEMPORARY BYTE
.

TEMP RMB 1
.

* SAVEX, MCOUNT
.

.

.

TEMPORARY STORAGE FOR X REGISTER IN DIVIDE
ALSO USED FOR COUNTER IN MULTIPLY

.
MCOUNT EQU *
SAVEX RMB 1
.
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serecrerenss

R L
* BASE
-

B L T T T Y T ¥ PO P

PAGE ROM

. B R T Y
.
CINITIALIZATION ROUTISNES
* DELOW ARE SEVERAL INITIALIZATION SUBROUTINES THAT ARE USED
* THRUOUT THE PROGRAM.
etrssenssens D LS T T S S P P
ORG $80 PAGE ZERO ROM
.
B
* INITIALIZE AVERAGE SPEEL VALUES
»
CLRAS EQU *
CLR ASDMI @ --> AVERAGE SPEED DISTANCE
CLR ASDMI+]
CLR ASDKM
CLR ASDKM+1
CLR ASTIME @ ~-> AVERAGE SPEED TIME
CLR ASTIME+1
CLR LASDMI @ --> LAST ASDMI
CLR LASDMI+1
CLR LASDKM & --> LAST ASDKM
CLR LASDKM#+1
8SR CLRASU 758 --> AVERAGE SPEED UPDATE CTR
LDA TENTHM  TENTHM --> AVERAGE SPEED UPDATE CTR - MI
STA ASMUCT
LDA TENTHK  TENTHK --> AVERAGE SPEED UPDATE CTR - KM
STA ASKUCT
RTS
.
* SET AVERAGE SPEEL UPDATE TO 750
CLRASU EQU . ENTER HERE TO ONLY DO AVG. SPEED UPDATE CTR.
LDA #750/256 5@ --> AVERAGE SPEED UPDATE CTR.
STA ASTUPD
LDA #7581 . SFF
STA ASTUPD+1
RTS EXIT ROTU CLRAS OR CLRASU

* INITIALIZE DISTANCE COUNTERS
»

CLRDIS EOU M
CLR TOTMI 8 --> TOTAL MILES
CLR TOTME+]
CLR TOTKM 8 --> TOTAL KMS

MC146885G2L1 EVALUATION ROM (C) MOTOROLA 1982

CLR  TOTKM+1
.
* HERE TO JUST INITIALIZE MILES AND KM UPDATE CTR.
CLRUP EQU  *

BSR  INITTM  ONEMI --> TOTMUC
.
INITTK EQU  *

LDA  ONEKM  ONEKM --> TOTKLC

STA  TOTKUC

LDA  ONEKNel

STA TOTKUC+1

RTS
.
INITTM ZQU ¢

LDA ONEMI ONEMI =--> TOTMUC

STA  TOTMUC

LDA  ONEMI+1

STA  TOTMUC+1

RTS
.

reeaee cesrarerrstsinnnessnee

.
* DINC = 16 BIT INCREMENT SUBROUTINE
. ON ENTRY X POINTS TO 2 BYTE VALUE TO BE INCREMENTED
.
. NORMAL EXECUTION = 15 CYCLES
. WORSE CASE = 28 CYCLES
DINC  EQU  *

INC X INCR LS BYTE

BNE DIl BRANCH IF NO CARRY

INC X INCR MS BYTE
DIl RTS

* NOSTBY - CLEAR STANDBY MODE AND RESET STANDBY CTR.
.
. EXECUTION TIME = 16 CYCLES

NOSTBY EQU *

CLR  STBCTR  RESET CTR (256)

BCLR  STNDBY, STATI CLEAR STANDBY MODE

RTS
.

eenen conee

.
. BRANCH VECTOR HERE SO CALLS TO MUL WILL BE SHORT
.
MUL  BRA  MULST
.
.
.
.
* DOEC - 16 BIT DECREMENT SUBROUTINE
* ENTRY X POINTS 70 2 BYTE VALUE TO BE DECREMENTED
.

ON EXIT 2 IS SET IFF DECREMENTED VALUE = 9.
DDEC EQU -
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80813A 20D1
90814A D3
PEB15A 98D5
806816A POD6
£9817A PODE
£0818A O3DA
B0819A 20DB

88827A @ODC
@¢823A GEDE
288292 OOLO
PO83BA 2PE2
P0831A BOE4

80841
80842
28843
Pe844

B8862A OGBES
B8863A @PE7
POBE4A PIEY
Pe865A PPER
PP866A DUED
9886 7A BBEF
PE868A OOFO
BPB69A BOF2
29876A 20F4

PAGE 016

eeré
aer7
BeF9
BBFB
BOFC
Mro
B8FF
[J3:38
8123

2184
8186
8188
210A
218¢
2192
81198
#1112
8114
8116

09921A £12C
2e

84923A 6136
86924A 8132
SU925A 6134

MC146805G2L1 EVALUATION ROM {(C) MOTOROLA 1982

6D 21 A TST Ix WILL WE CAUSE A BORROW?
26 91 28D6 BNE DD1 BRANCH IF NOT
kLY DEC X YES, DO BORROW FIRST {DECR MS BYTE)
6A B1 A DDl DEC L,X DECR LS BYTE
26 01 @808 BNE DDXIT SET Z BIT CORRECTLY
k4 TST WX
81 DDXIT RTS
.
SreserscararttnrarerEseeartneresny etrbreserarenbansesessenne
.
* CLEAR THE LCD DISPLAYS
.
.
senc A CLRLCD EQU .
3F 28 A CLR PORTA
3F 8l A CLR PORTE
IF 02 A CLR PORTC
3F @3 A CLR PORTD
81 RTS
.
. ROUTINE
.
. arasasee
N
.
. 16 BIT / 16 BIT --> 8 BIT RESULT DIVIDE
* ON ENTRY:
. DIVSR CONTAINS THE DIVISOR
. DIVDND CONTAINS THE DIVIDEND
.
* ON EXIT:
M A CONTAINS THE ROUNDED QUOTIENT
* DIVSR AND DIVDND ARE DESTROYED
* TEMP IS DESTROYED
.
* IF DIVISION BY ZERO, 255 IS RETURNED.
.
. ADAPTED FROM A 6881 DIVIDE ALGORITHM FOUND IN THE 6861
. USER'S MANUAL WRITTEN BY BILL BRUCE.
.
* AVERAGE EXECUTION SPEED = 644 CYCLES
. WORST CASE SPEED = 1376 CYCLES
.
”
e T T T T
-
OBES A DIV EQU .
A6 02 A LDA 2 SET SHIFT COUNT TO GENERATE 9 BITS
B7 61 A STA TEMP 8 FOR RESULT PLUS 1 TO ROUND
B& 5D A LDA DIVSR
BE SE A LoX DIVSR+1
26 @7 s6re BNE NOZERO  CHECK FOR DIVISION BY ZERO
4D TSTA
26 25 8er7 BNE bivol BRANCH IF NOT ZERO
A6 FF A LDA #255 DIVISION BY ZERO
28 35 8128 BRA DIVOUT GO EXIT
BICYCLE .SA:l MC146885G2L1 EVALUATION ROM (C} MOTOROLA 1982
»
#0F6 A NOZERO EQU *
40 TSTA SHIFT DIVISOR LEFT UNTIL SIGN BIT =)
28 96 S8FF DIVOl BMI1 ouTD
3c 61 A LOOP2 INC TEMP
58 LSLX
49 ROLA INCR SHIFT COUNT
A FA B0F9 BPL LOOP2
B7 5D A OUTD STA DIVSR RESTORE DIVISOR
BF SE A STX DIVSR+1
SF CLRX CLEAR PLACE FOR QUOTENT
* MAIN LOOP
B6 68 A LOOP LbA DIVDND+1 DIVIDEND-DIVISOR --> DIVIDEND
B@ 5E A SUB DIVSR+1
B7 690 A STA DIVDND+1
B6 SF A LDA DIVDND
B2 5D A SBC DIVSR
24 99 2119 BCC 0T BRANCH IF CARRY SET {BEFORE SAVE OF DIVDND}
B6 60 A LDA DIVDND+1 ADD IT BACK
BB SE A ADD DIVSR#1 NOTE, MSB WAS NEVER STORED SO WE ONLY
B7 6@ A STA DIVDND+4]1 HAVE TO ADD TO THE LS BYTE
58 LsLx SHIFT IN ZERO
84 811D BRA OVER
SF A z0T STA DIVDND SAVE MS BYTE OF NEW DIVIDEND
SEC
ROLX SHIFT 1 BIT INTC QUOTIENT
OVER ROLA CARRY INTO QUOTIENT
5D A LSR DIVSR SHIFT DIVISOR RIGHT B8Y 1
SE A ROR DIVSR+1
61 A DEC TEMP DONE
DE 8104 BNE Loop BRANCH IF NOT
LUSRA GET CORRECT QUOTIENT
RORX C = ROUND BIT
TXA
o ADC ” AND ROUND
2128 A DIVOUT EQU .
RTS EXIT
.
seussrresercisstrareney
.
+  MULTIPLY
.
. 8 BIT BY 8 BIT UNSIGNED MULTIPLY
. OPERANDS IN A AND X ON ENTRY
. 16 BIT RESULT IN X:A ON EXIT: X HAS MSB.
* AVERAGE EXECUTION = 313 CYCLES
. WORST CASE = 425 CYCLE:
-
B12¢ A MULST EQU .
3r 5p A CLR MTOTAL INITIALIZE RESULT TEMP
3F 5 A CLR MTOTAL#+1 }
87 61 A STA TCHP SAVE ONE ARGUMENT
A6 99 A LDA
B7 62 A STA NCOUNT BYTE LENGTH = 8

* THE ALGORITHM IS A PLAIN SHIFT AND ADD
.
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88929
80936A

#9957
88958

20968
#8961
89962
28963
00964
/9965
#8966
88967
#8968
28969
88978
889371
28972
28973
#0974
88975
88976
80977
#0978
28979
80988
28981
28982
20983
88984
88985

88986

8136

8138
213A
#13c
813e
8148
8141

#1413
8145
8147
8149
8148
814D

B14F
8151
2153

6154
o155
8156

8159
S15A
815¢C

B15E
8166
2163
8165
$166

2168
816A

B16E
8178
8172
8174

B7

24
3C
B7
28

BE
B6
81

Pragy

87
87
B7
A6
B7

8136

26
FA

2176

MC146825G2L.1 EVALUATION ROM (C) MOTOROLA 1982

A BIGLOP EQU .
A 1.DA TEMP GET BACK ARGUMENT
A SMLOOP EQU *
A DEC MCOUNT  WHILE COUNT 1S NOT ZERO
B14F BEQ DONE
A LsL MTOTAL+L SHIFT TOTAL LEFT BY 1
A ROL MTOTAL
LSLX GET NEXT BIT FROM X
0138 ace SMLOOP  NO ADD IF
.
* Cel: ADD A TO TOTAL
.
A STA TEMP
A ADD  MTOTAL#1
0148 nce NOCARY
A INC MTOTAL
A NOCARY STA MTOTAL+1
8136 BRA BIGLOP
* HERE TO EXIT
A DONE  EQU .
A LDX MTOTAL
A LDA MTOTAL+1 RETURN RESULT IN A:X
RTS
.
erveverervrann sersanera tisirecesnreentttitartersirrentatas
.
. MAIN ROUTINE

818 BICYCLE .SA:l

815,

216

eaasariaretreR Rt ARy traenecersrann

reavenss

THE MAIN LOOP INITIALIZES ALL VARIABLES ON POWER~ON-RESET AND
THEN GOES INTO AN ENDLESS LOOP. THE LOOP LOOKS TO SEE IF THE
ROUTINES HAVE SCHEDULED A 38 OR 609 MSEC ROUTINE REQUEST. IF
THEY ARE CALLED. AT THE END OF EACH LOOP THE PROCESSOR ENTERS
THE 'WAIT' STATE UNTIL A IMSEC OR WHEEL INTERRUPT OCCURS.

WHILE IN STANDBY MODE THE 68@MSEC ROUTINE WILL NOT BE EXECUTE

TIMING ANALYSIS --

SINCE IT IS CRITICAL THAT A REAL TIME PROGRAM OF THIS NATURE
NEVER RUN OUT OF PROCESSING TIME, 1 DID AN ANALYSIS OF THE
TIMING. THE PROGRAM ESSENTIALLY REPEATS ITSELF EVERY 6@8MSEC:
HENCE, WE CAN CONSIDER ONE 608MSEC CYCLE. ON THE AVERAGE, IN
EACH 68@MSEC, THE FOLLOWING ROUTINES WILL BE ACTIVE

228 MSEC MAIN ROUTINE AND IMSEC INTERRUPT
3 MSEC 30 MSEC ROUTINE
7 MSEC WHEEL INTERRUPT

18 MSEC GBIMSEC ROUTINE

248 MSEC
THIS IS A 41% UTILIZATION. (59% OF THE TIME IS SPENT IN WAIT)

18 ORDER TO INSURE OPERATION 1 ALSO DID A WORST CASE TIMING.
THE SITUATION TO ACHIEVE THE WORST CASE IS BIZARRE. (GOING

D R T T T

MC146885G2L1 EVALUATION ROM {C) MOTOROLA 1982

9OMPH WHILE RESETTING THE WHEEL SIZE WITH ALL MILEAGE
VALUES OVERFLOWING SIMULTANEOUSLY, ETC.)
368 MSEC MAIN ROUTINE AND IMSEC INTERRUPT
34 MSEC 36 MSEC ROUTINE
28 MSEC WHEEL INTERRUPT
32 MSEC 688 MSEC ROUTINE

454
THIS IS A UTILIZATION OF 75%.
arersenesearrreny
EMPIRACALLY MEASURED UTILIZATIONS WERE --

NORMAL OPERATION 45%
STANDBY 3%

B R R Y

*

A ODO EQU .
SEY SET MASK JUST IN CASE
RSP ALSO JUST IN CASE
A LDX #STAT1 CLEAR ALL VARIABLES BETWEEN STATUS BYTE 1
CLRIT CLR WX AND FUNCTION INCLUSIVE.
INCX
A CMPX #ENDCLR
8 BNE CLRIT
.
* MOVE A TABLE OF INITIALIZATION VALUES FROM ROM TO RAM. THE
- DEFAULT VALUES ASSUME A STANDARD 27" BICYCLE WHEEL
N WHICH IS ABOUT 84.5" IN CIRCUMFERENCE.
.
A LoX #ENDTAB-INITAB GET NUMBER OF VALUES TO XFER
A INITIT LDA INITAB,X GET INIT VALUE
A STA FIRSTI,X PUT IN RAM
DECX
1] BPL INITIT
.
.
* SETUP THE 1/0 PORTS. INIT THE [/O PORT DATA AND THE DATA
* DIRECTION REGISTER.
.
.
A JSR CLRLCD CLEAR ICD DATA
A LDA -1
A STA PORTA+DDR SET DDR'S
A STA PORTB+DDR PORTA,B,D ARE ALL OUTPUTS
A STA PORTD+DDR
A LDA 4578 PORTC {BITS 7,2,1,8 ARE INPUTS)
A STA PORTC+DDR
.
* RESTART ENTRY ~ RESTART HERE AFTER STOP.
.
A

RESTRT EQU .
.
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21045 .
01046 * SETUP THE TIMER FOR IMHZ CRYSTAL (DIVIDE BY 4)
21047 .
#1048 .
01849A 9176 A6 41 A LDA  #BIT@+BIT6é PRESCALER=/2; DISABLE INTERRUPTS
81958A €178 BT 89 A STA  TCR R
#1851A 817A A6 7D A LDA  $125 250,800HZ/125%2°1 = 1 MSEC
91052A B17C B7 88 A STA TIMER
$1653A B17E 1D €9 A BCLR  6,TCR  ENABLE INTERRUPTS
21854 M
855 .
* CLEAR INTERRUPT MASK SO THE INTERRUPTS CAN OCCUR.
.
2180 9A cLt
N
.
* MAIN BACKGROUND LOOP. THIS CODE SEGMENT EXECUTES WHEN NOTHING
* ELSE I5 GOING ON. IT DETERMINES IF THE 68£ OR 3@ MSEC ROUTINES
* NIED TO BE EXECUTED AND CALLS THEM IF THEY DO. IT ALSO PUTS
* THE 146885 IN 'WAIT' MODE UNTIL THE NEXT INTERRUPT
* If NOTHING NEEDS TO BE DONE. IF NOTHING HAS HAPPENED FOR AWHILE
e (STANDBY) THEN THE 688 MSEC ROUTINE 1S SKIPPED.
"
.
2181 A BACK QU .
2181 07 11 03 0187 BRCLR ROS6@8, STAT2,BACK2 BRANCH IF NO 68@MSEC REQUESTED
0184 cb 8329 A JSR T6@@MS GO DO 688 MSEC ROUTINE
2187 A BACK2 EQU
£187 28 11 83 @18D BRCLR nosna STAT2, nclu BRANCH IF NO 3SMSEC REQUEST
O18A CD 82A2 ‘A ISR T30M Go
2180 A BACK3 EQU
218D 9E 18 03 0193 BRSET STNDBY, s'rA'n BACKA BRANCH IF STANDBY MODE
@192 oF WAIT TO SLEEP
@191 20 EE 9181 BRA  BACK wnzn AWAKENED GO TO START
0193 A BACK4 EQU  *
2193 80 19 €3 2199 BRSET STOPIT,STAT1,BACKS BRANCH IF STOP MODE TOO
2196 oF WAIT GO TO SLEEP
9197 26 £ 0187 BRA  BACK2 IN STANDBY, SKIP 6@@MSEC CHECK
.
* ENTER STOP MODE
.
. REINITIALIZE PART OF THE RAM AREA BY MOVING A TABLE OF
. INIT VALUES FROM ROM TO RAM.
.
8199 A BACKS EQU  *
2199 98 SE1 NO INTERRUPTS NOW
B19A AE 13 A LDX  ¥ENDTAB-STPTAB
819C D6 B1CC A BACKé LDA STPTAB, X
S19F E7 IF A STA SECNDI, X
B1Al SA DECX
Bl1A2 26 FB  019C BNE  BACKE
#1A4 BD 80 A JSR CLRAS RESET AVERAGE SPEED VARIABLES
.
01A6 A6 81 A Lpa ¢BIT7+BITE
B1A8 B7 10 A STA  STAT1 SET STANDBY AND STOP MODE BITS {CLEAR REST)
01181A @1AA B6 11 A LDA  STAT2
211822 @1AC A4 40 A AND #BITE SAVE KM/MI FLAG
PAGE 920 BICYCLE .SA:l MC146885G2L1 EVALUATION ROM (C} MOTOROLA 1982
81183A B1AE B7 11 A STA  STAT2
91184 *
@1185A 91BP BE sTOP STOP, ENABLE IRQ
81106 .
91187A @1B1 28 C3 8176 BRA  RESTRT
91188 -
81189
#1118 .
01111 . THESE VALUES ARE WRITTEN FROM ROM INTO RAM AT STRATUP
Q1112 . TO INITIALIZE THE DEFAULT VARIABLES. DEFAULT IS 27"
81113 . WHEELS THAT HAVE A CIRCUMFERENCE OF ABOUT 84.5 INCHES
81114 .
21115 * DON'T CHANGE THE ORDER OF THIS DATA WITHOUT ALSO CHANGING
. THE ORDER OF THE RAM DATA INTO WHICH IT WILL BE WRITTEN.
.

v1B3 A INITAB EQU M
ei1p3 4B A FCB 75,75 TENTHM,MRCTR (REV/.1 MILE)
8185 B82EE A FDB 750 ONEMI (REV/MILE)
2187 2F A FCB 47,47 TENTHK,KRCTR (REV/.1 KM.)
6189 8106 a FDB 479 ONEKM (REV/KM)
o1p8 A9 A FCB 169,169,214 CIR2MI,TCIR2,CIRKM {CIRCUMFERENCE IN .5 INC
81BE 1288 A FDB 4795, 7784 CMI,CKM (SPEED CONSTANTS FOR MILES,KM.S)
eic2 034D A FDB 845,845 DISCIR,TDISC (DISPLAY CIRCUMFERENCE)
81C6 02EE A FDB 756,478 TOTMUC.TOTKUC (TOTAL DISTANCE UPDATE CTRS.)
01CA 4B a FCB 75,47 ASMUCT ,ASKUCT {AVG. SPEED DIST. UPDATE CTRS.)
.
M THESE VALUES ARE ALSO USED TO RESTART THE SOFTWARE AFTER
. A STOP OPERATION.
-
e1cc A STPTAB EQU .
81cc 14 A FCB 20,15,2 SCUPD,DSPUPD,FLIP30 (UPDATE COUNTERS}
B1CF B2EE A FDB 758 ASTUPD' (AVERAGE SPEED UPDATE CTR.)
81D1 e8 A FCB 8 SECTR (SET ENABLE CTR. - 4.8 SECONDS}
a1p2 a2 A FCB 2 WHCTR (WHEEL SIZE UPDATE CTR. - 1.2 SEC)
e1p3 a3 A FCB 3 169,128 STPCTR (NUMBER OF 3J@MSEC INTERRUPTS BEFORE ST
2106 21 A FCB .1 SPDZER, CADZER {2ERO FLAGS)
. MAX ou'r SOME ‘TIME SINCE AND TIME BETWEEN ...)
8108 8008 A FDB $8800, 58089, SFFFF, SFFFF TBWHL , TSLWHL , TBCAD, TSCAD
e1pF A ENDTAR EQU *-1
.
.
N 1 MSEC INTERRUPT ROUTINE
.
.
N
* THE TIMER IS INITIALIZED DURING INITIALIZATION. TO GIVE AN lm':mzurr
* EVERY 1 MSEC. THIS INTERRUPT GIVES THE DASIC TIMING FOR
* WHOLE PROGRAM. EACH MSEC SOFTWARE TIMERS ARE INCREMENTED OR DECRENE
* TO KEEP A TOTAL OF ELAPSED MSECS SINCE THE LAST OCCURANCE OF SOME
* EVENT SUCH AS THE TIME SINCE THE LAST WHEEL INTERRUPT OR LAST
* CADENCE INPUT. ALSO THE 3@MSEC ROUTINE IS SCHEDULED IF 3@ MSEC
* HAVE PASSED SINCE IT WAS LAST SCHEDULED AND THE LCD'S ARE
.

COMPLEMENTED. LASTLY, THE 1 MSEC ROUTINE
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81161
#1162

81163

91164

8iles

s1166

81167

81168

#1169

e1178

91171

81172

81173

81174

81175

81176

€1177

81178

81179

61188

81181

81182

81183

81184

e118s

81186

81187 i
o1188 0150 A
91189

81198

81191

91192A B1ES A6 7B
81193A B1E2 BB 98
B1194A Sir4 B7 98
91195

81196A P1E6 1F 09
211974 BIES A 40
B1198A BLEA 26 16 828,

RNy» »w»

P1282A S1EC 33 @@
21283A O1ZE 33 o1
B1204A BIFP 33 02
S1205A 81F2 33 63

A
A
A
A
S1287A O1F4 A6 OF A
91288A B1F6 BY 40 A
B12089A S1F8 3A 41 A
@1218A PIFA 26 06 2282
P1211A S1FC A6 D2 A
#1212A QIFE B7 41 A
81213A 8288 1A 11 A

81215

81217
£1218A 8285 3C 4E A

PAGE €22 BICYCLE .SA:l
B1219A 9287 26 89 o212

2289 3C 40
2 oD 4D 24 0212
2A 8282 3A 4D A
8218 18 49 A
0212 A
9212 ¢ 52 A
9214 26 o&C 8222
9216 X 351 A
6118 B8 A

$1
921A Ap 18 A
921C 26 94 0222
021E WA SI E Y
0228 18 4

8222 9
2228 83 11 84 S22C
8228 12 11 A

922 29 19 $243
#22¢ A

#22C 14 11 A
228 39 13 8243
8238 A

9239 15 1) A
9232 83 11 18 9245
#23% 13 11 A
9237 3¢ 4 A
9239 3¢ 81 A
8233 37 4r A
9230 ¢ 52 A
823r 87 S8 A
$241 31 31 A
A

A

MC146885G2L1 EVALUATION ROM {C) MOTOROLA 1982

DEBOUNCES THE CADENCE INPUT AND STORES THE CADENCE PERIOD WHEN A
CADENCE INPUT OCCURS.

THE LCD'S ARE COMPLEMENTED HERE EACH 15MSEC. UNLESS A WHEEL INTERRU
OCCURS JUST BEFORE A 1MSEC INTERRUPT, THERE IS NO AVERAGE DC VOLTAG
BY THE LCD'S {I.E., THEY ARE SWITCHED EXACTLY BVERY 1SMSEC). IF THE
WHEEL INTERRUPT BEATS THE IMSEC INTERRUPT BY 1 CYCLE AND THE BATTER
IS AT 9V (WORST CASE}, THEN THE AVERAGE DC VOLTAGE IS 42MV. THIS 1§
BELOW THE 50MV THAT CAUSES LCD FATIGUE.

EXAMPLE: WHEEL INTERRUPT RUNS 36 CYCLES BEFORE RE-ENABLING INTERRUP

AVG DC = (36 CYCLES * 4USEC * 9V) / 30,088 USEC = 42MV

NORMAL EXECUTION = 77 CYCLES {288 USEC)
WORSE CASE = 287 CYCLES {828 USEC)

TP et R e st R st et s

ALL INTERRUPTS ARE DISABLED FOR WHOLE ROUTINE

ONEMIL EQU . 18
.

R

* RESET TIMER VALUE
.

LDA #123 2 TIMER DATA = 125 + (CURRENT TIMEZR) ~2
ADD TIMER 3 THE CURRENT TIMER VALUE IS NEGATIVE
STA TIMER 4 THE -2 1S TO FIX FOR TIME BETWEEN ADD AND S

BCLR 7.TCR
DEC DSPUPD
BNE ONE9

CLEAR TIMER INTERRUPT
HAS 15 MSEC PASSED?
BRANCH IF NOT

wuu

»

* COMPLEMENT THE LCD DISPLAYS
.

cOM PORTA
comM PORTEB
CoM PORTC
coM PORTD
.
LDA 15 15 --> DISPLAY UPDATE CTR.
STA DSPUPD
DEC FLIP38 SEE IF ITS TIME TO DO THE 3@MSEC ROUTINE
BNE ONE9
LDA °2 :

BSET ROST39, STAT2 REQUEST JIBMSEC ROUTINE

8292 A ONE9 EQU .
21216A 9282 OE 10 48 9245
.

BRSET STNDBY,STATI,ONE8 5 SKIP REST IF IN STANDBY .

INC TSLWHL+1 5 INCREMENT TSLWHL

MC146895G2L1 EVALUATION ROM (C) MOTOROLA 1982

BNE ONE1 3

INC TSLWHL

BRCLR 6, TSLWHL,ONE1 IF MO NEW WHEEL INTERRUPT IN 16.384 SECS
DEC TSLWHL THEN WE MUST BE COMPLETELY STOPPED

BSET 9,SPDZER BET SPEED ZERO FLAG

ONEL EQU .

INC TSCAD+¢l S INCREMENT TSCAD

BNE ONE2 3

8¢ TSCAD

LDA THCAD IF TIME = 6 SECS THEN THIS PERSON
CMP 024 18 NOT PEDDLEING
BME ORE2
DEC TSCAD KEEP IT IN RANGE
BSET #,CADZER CADENCE NOT ZERO

oMEZ  EQU .
BREET CAD,IOX,OMES 5 BRANCH 1F CADEMCE MOT CLOBED
BRCLR  CADDWM, STAT2, OME4 BRANCH IF CADRMCE PRESENT STATUS NOT
BSET WICAD, BTAT2 SET MAITING FOR CADEMCE TO CLEAR STATUS
< ]

A
owzs  EQU ¢
SSIT  CADDWN,STAT2 SET CADENCE PRESENT STATUS
SRA owms
oNEs  BQU .
BCLR  CADDWN,STAT2 3 CLEAR CADINC PRESENT STATU
BRCLR  WICAD,BTAT2,OME® 5 BRAMCH IF NOT WAITING POR CADENCE T
CLR  WICAD,STATZ CLEAR WAITING FOR CADENCZ TO CLEAR STATUS
CLR  CADSEIR  CADENCZ WOT ZERO
LDA  TSCAD  TIME SINCE LAST CADENCE —-> TIME BETWERN
STA LAST TWO CADENCE CLOSURZS
LDA  TSCAD+l
STA  TBCADel
CLR  TSCAD 8 —> TSCAD
CLR  TSCAD#l
owgs  EU  *
*TI s
. ——
. 7
.
.
. WHEEL INTERRUPT
.
. EACH TIME THE WHEEL HAS 1 COMPLETE REVOLUTION A WHEEL INTERRU
. OCCURS. 1F .1 MILE OR XM HAS OCCURED, THE APPROPRIATE TRIP
. DISTANCES AXKE UPDATED AND IF 1 MILE MAS OCCURRED THE TOTAL
. DISTANCES ARE UPDATED. ALSO THE AVERAGE SPEED DISTANCE 18
. UPDATED EACH MILE AND THE TIME SINCEZ THE LAST WHEEL INTERRUPT
. 15 SAVED FOR SPEED CALCULATIONS.
B
. ABOUT THE QUICKEST THIS INTERRUPT COULD OCCUR 1S ABOUT EVERY
. 45 MSEC. (SMALL WHEEL AT 98MPH)
. NORMAL PXECUTION = 267 CYCLES - 828 USEC
. WORSE CASE = 513 CYCLES - 2852 USEC
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8259
#25E

9250
B25F
8261
8263

8265
2267
8269

2268
826D
B26F

@271
8273
8275
8277

2278
827g

227D
827F

2283
9283
8285
@287
8289
$1333A @288
81334A 9280

k23
2€

BE
B7
AE
BE

AE
BC
26

BD
AE
BD

EZY
26
B6
87

AE
14

A
2¢

86
B?
AL
8D
AE
BD
26

PAGE 824 BICYCLE

B1336A B28F
B1337A 8291
B1338A 8293

B1348a 8295
81341a 2297
813427 829%
#1343A 0298

B1345A 829D
81346A 829F

91348A 02A1

B1373A 82A2
BL374A 8224

#1I79A $2A7
£1388A B62A9
#1381A P2AR
#13824 S2AD

-
b
w
®
w
>
h

AF
§1384a #9281
3

B1306A 6235
$1387A #2B7

#1389A 9289

8D
AE
BD

3
26
B6
B?

AE

8D C.

88

1B
orF

3

26
pt

B2A1

02A2

10 14 BZBB
.

EEE T

e

»rw

2289

PR

229

-SA:zl

A
A
B2AF

o288
A

.ZBB
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avens

. LEAVE OTHER INTERRUPTS DISABLED FOR AWHILL
.
WHEEL EQU . 18 CYCLES TG GET HERE
LD& TSLWHL 3 TIME SINCE LAST WHEEL INTERRUPT --»
STA TAWHL 4 TIME BETWEER INTERRUPTS
LDA TSLWHL+1 3
STA TBWHL+1 4
CLR TSLWHL 5 CLEAR TIME SINCE LAST INTERRUPT
CLR TSLWHL+1 5
CLR $PDZER 5 CLEAR ZERO SPEED FLAG
CLI : ENABLE 1 MSEC INTERRUPTS
. 36 CYCLES BEFORE INTERRUPTS ARE RE-ENA
ISR NOSTBY  CLEAR STANDBY
BCLR  STCPIT,STATI CLEAR STOP MODE

LES. ALSO DO AVERAGE SPEED DISTANCE

* DO MILEAGE FOR TRIP AND TOTAL *

DEC MRCTR DECR MILES REVOLUTION CTR
BNE WHE? SKIP IF NOT ZERO

* NEw .1 MILE FOR TRIP ©DC
LA TENTHM  RE-INIT MILES REVOLUTION CTR
STA MRCTR
LEX $TMCTR  INCR TRIP MILES CTR
ISR 3

.

WHe7  LDX #$TCTMUC  DECREMENT TOTAL MILES UPDATE CTR
JSR DPEC
BNE WHES -

* NEW 1. a y LE FOR TOTAL MILES
INITT™ ONEMI ==> TOTMUC

..nx #TOTMI  INCR TOTAL MILES$ CTR
ISR CINC
.
WHOB DEC ASMUCT DECR AVERAGE SPEED UPDATE CTR

BNE wHE1
LDA TENTHM  REINIT
STA ASMUCT
* ADD .1 MILE TC AVERAGE SPEED DISTANCE
LDX AASDMI GO INCREMENT AVG. SPEED DISTANCE
JSR DINC

.
* DO METRIC UNITS NOW
.

WHe L EQU .
DEC KRCTR DECR KM REVGLUTION CTR.
BNE WH18 BRANCH IF NOT ZERO
* NEW 1 KP FOR TRIP ODO
TENTHK  .1KM CONSTANT =-=> KM REV. CTR.

STA KRCTR
#TKCTR  INCR. TRIP K CTR.

ZINC

$TOTKUC DECREMENT TOTAL KM UPDATE CTR
JSR DDEC

BNE wHe4

MC146885G2L1 LVALUATION RO¥ (C) MGTOROLA 1982

* NEW 1.8 KM FUR TOTAL MILES
ISR IZITTK  ONEKM ==> TOTKUC
LDX STCTKM  INCPEMENT TOTAL KM CTR.
. JSR 2IKC
WHB4  DEC ASELCT  DEC AVG. SPEED KM UPDATE CTR
BRE WH@2
LDA T}:u‘mr

. INCREHENT A\ERAGE SPEED KM TOTAL
#ASDKM GO INCREMENT AVG. SPEEL DISTANCE
JSR DINC
wHe2  EQU .
RTI ADIOS

saavsesssesstananenssaaantenes

. 386 MSEC REQUEST RUGUTINE

eesrnenes

aerrsarases

.
. THIS IS NOT AN INTERRUPT: BL‘T 1S SCHEDULED BY THE 1 MSEC INTE
* EVERY 38 INVOCATIONS. THI

. I8 MSEC ROUTINE DEBOUNCES THE ‘FUNCTION' AND ‘RESET’ BUTTONS.
. CHANGES THE FUNCTION WHEN APPROPRIATE AND ENABLES THE WINDOW
* RESETS WILL BE ALLOWED. IT DOES NOT DO ANYTHING WITH THE

» FUNCTION OR RESET INPUTS -- IT PASSES THIS INFO ON TO THE 688
* ROUTINE. THIS ROUTINE ALSO HANDLES THE TIME SAVED FOR AVERAGE
. SPEED CALCULATIONS. LASTLY, EVERY 2@ INVOCATIONS IT SCHEDULES
. 689 MSEC MOUTINE.

B

* AVERAGE EXECUTION TIME = B7 CYCLES {348USEC)

* WORST CASE TIME = 279 CYCLES {1116 USEC)

.

.

essasnaresnnnrsunsane eersceneanantnss
-

T38MS EQU .

BCLR ROST30,STAT2 CLEAR REQUEST BIT
BRCLR STNDBY,STATI,T3814 SKIP IF NOT IN STANDBY MODE

* IN STANDBY, CHECK FOR STOP MODE

M {TRIPLE DECREMENT STPCTR)
TST STPCTR+2 WILL LSB CAUSE BORROW
BHE T3920 BRANCH IF NOT
LDX #STPCTR GO DECREMENT 2 MSB'S
JSR DOEC

T3628 DEC STPCTR+2 DECR LSB
BNE IS4 BRANCH IF NOT HOW ZERO
LDA STPCTR+1 TEST FOR ALL 3 BYTES = ZERO
ou STPCTR

T4

* 6o xn'ro STOP MODE
BSET  STOPIT,STATI

.

* DO DEBOUKCE OF FUNCTION KEY
.
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T3014

* HERE

T3000

* HERE
Tieel
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QU .

BREET FNKEY, JOX,T3881 BRANCH IF FUNCTION KEY NOT DOWN
BRCLR  FUNDWN,STAT1, T1888 BRANCH IF KEYDOWN STATUS NOT SET
BSET  WTFUN,STAT! SET WAITING FOR FUNCTION UP

Ti0e4

Bl
WHEN FUNCTION KEY JUST WENT DOWN
EQU .

BSET FUNDWN, STAT1

BRA T004

WHEN FUNCTION KEY NOT DOWN
EQU

BCLR  FUNDWN,STAT1 CLEAR KEY DOWN STATUS

BRCLR WTFUN,STATL!,T}093 BRANCH IF NOT WAITING FOR KEY UP

* KEY HAS now AND IS NOW BACK UP. WE MAVE A NEW INPUT

T3902

TIP3
.

WTFUN,STAT1 CLEAR WAITING FOR FUNCTION KEY UP

BCLR lﬂ's:‘rl STAT2 CLEAR WAITING FOR NEW WHEEL SIZE

ISR NOSTBY  CLEAR STANDBY

,I-DSA FUNCT INCREMENT THE FUNCTION NUMBER
N

cmp #MAXFUN FUNCTION WRAP AROUND?

BLS T892 BRANCH IF NOT

CLRA

EQU *

STA FUNCT STORE NEW FUNCTION
BSET  SETENB,STAT! ENABLE RESETS FOR ABOUT 5 SEC

LDA T 8 --> RESET ENABLE CTR
STA  SECTR
EQU .

* DEBOUNCE RESET KEY
.

T3064

QU .

BRSET RSTKEY, IOX,T3007 BRANCH IF RESET KEY UP

BRCLR SETDWN,STAT1,T3885 BRANCH IF KEY DOWN STATUS NOT SET
Bsz‘r WTSET,STAT1 SET WAITING FOR RESET KEY UP

T3869

* RESET K!Y JUST WENT DOWN

T3605

* HERE
TiBO7

T3208
.

: UPDATE THE TIME FOR AVERAGE SPEED CALCULATIONS {

EQU

BSET SHM,STATI SET RESET KEY DOWN

BRA TIOHS WAIT UNTIL IT COMES UP TO DO ANYTHING
ON RESET KEY NOT DOWN

EQU -

BCLR SETDWN,STAT1 CLEAR RESET KEY DOWN STATU:

BRCLR WTSET,STATL, T3008 BRANCH IF MOT WAITING FOR KEY UP
BCLR  WTSET,STAT1 CLEAR WAITING FOR KEY UP

JSR NOSTBY CLEAR STANDRY

BRCLR SETENB,STAT1,T38@88 SKIP IF RESET NOT ENEBLED
BSET DOSET, STAT2 SET BIT SO 6@BMSEC WILL DO RESET
EQU

T3089 EQU . |

LDX #ASTUPD DECR. AVG. SPEED UPDTE CTR. |
JSR DDEC

aNE TN BRANCH IF NOT ZERO

JSR CLRASU 75@ --> AVG. SPEED UPDATE CTR.

LDX #ASTIME INCR AVERAGE SPEED TIME

MC146805G2L1 EVALUATION ROM (C) MOTOROLA 1982

JSR DINC

A
* SNAPSHOT THE CURRENT AVERAGE SPEED DISTANCES
SE1

> EEIEIE

2328

TiD18
.

LDA ASDMI STORE CURRENT VALUES IN LAST VALUES
STA LASDMI

LDA ASDMI+1

STA LASDMI+1

LDA ASDKM

STA LASDKM

LDA ASDKM+1

STA LASDKM+1

CLI

EQU -

* SEE IF WE NEED TO SCHEDULE THE 6@@MSEC ROUTINE

DEC SCUPD DECR SPEED/CADENCE UPDATE CTR.
BNE Ti012 BRANCH IF NOT 630 MSEC YET

BSET ROS680, STAT2 REQUEST 628 MSEC ROUTINE
LDA 420 2@ --> SPEED/CADENCE UPDATE CTR.
STA SCUPD

EQU .

RTS

6§89 MSEC ROUTINE

crworensa

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
-
.
.
.
.
"

THIS ROUTINE IS SCHEDULED EVERY 6@OMSEC BY THE 38MSEC ROUTINE
ITS MAIN FUNCTION IS TO CALCULATE NEW VALUES TO DISPLAY OR
TO EXECUTE A ‘RESET® FOR THE CURRENT FUNCTION. THE ROUTINE
USES VALUES STORED AND UPDATED BY THE 1MSEC, 3@MSEC AND
WHEEL INTERRUPT ROUTINES TO CALCULATE THE CURRENTLY SELECTED
OUTPUT FUNCTION. IF RESET IS ENABLED, THE FUNCTION ABBREVIATI
IS OUTPUT TO THE DISPLAYS. IF RESET IS NOT ENABLED, THE ROUTI
DETERMINES THE ACTIVE FUNCTION AND DISPLAYS THE CORRECT VALUE

1T IS DIFFICULT TO CALCULATE ALL THE POSSIBLE TIMINGS THRU
THIS PACKAGE SO, FIRST, 1 CALCULATED SOME APPROXIMATE VALUES
FOR NORMAL SORT OF DISPLAY OPTIONS (NO RESET BUTTON PUSHED).
THEN I FIGURED THE VERY WORSE CASE WHICH IS WHEN A NEW WHEEL
CIRCUMFERENCE IS ENTERED AND THAT INTRY CAUSES BOTH MULTIPLY
AND DIVIDE TO GO THRU EVERY POSSIBLE LOOP (HIGHLY UNLIKELY).
THE RESULTS ARE:
APPROXIMATE EXECUTION SPEEDS FOR NORMAL DISPLAYS --
DISPLAY SPEED,AVERAGE SPEED, OF CADENCE —- 2888 CYCLES AVG.
3188 CYCLES MAX
DISPLAY TRIP OR TOTAL DISTANCE =~ 1488 CYCLES AVG
1868 CYCLES MAX

APPROXIMATE EXECUTION TIME FOR WORST CASE - 18488 CYCLES
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»
T6@OMS EQU .

BCLR RQS5608, STAT2 CLEAR REQUEST BIT

BRCLR SETENB,STAT., T6é@8A BRANCH IF RESET NOT ENABLED
* HERE HHEN RESET IS ENABLED

SECTR DECREMENT RESET ENABLE COUNTER

BNE TEOBA BRANCH 1F NOT ZERG

BCLR  SETENB, STATl DISABLE RESET MODE

LDA 8 EINIT RESET ENABLE CTR

STA SECTR
.

* CHECK TG SEE IF WE SHOULD GO INTG STANDBY
.

T6@OA EQU .
DEC STBCTR DECR STANDBY COUNTER
BNE T6des BRANCH IF NO STANDBY

BSET STNDBY,STAT1 SET STANDBY BIT
JSR CLRLCD GO CLEAR LCD DIGITS
JMP D68EX

* MAIN LINE CODE. IF IN RESET ENABLE, DISPLAY FUNCTIOK ON DISPLAYS

T6@OB EQU -
BRCLR SETENB, STAT!,T6P@M BRANCH IF RESET NOT ENABLED
LDA FUNCT GET INDEX OF CURRENT FUNCTION

Ry LT T T T D R

“ DISPLAY THE FUNCTION RESET VALUE.
* CHECK FOR FUNCTION 'RESETS' THAT REQUIRE SOME HANDLING HERE
.

treterntnasesrreninenEr Nt rrannsne

.
* KM/MILE URITS CHANGE
.

CMP #KMMT IS FUNCTION MI/KM SELECT?
BNE T6@OC BRANCH IF NOT
BRCLR KMMILE,STAT2,T688D BRANCH IF MI MODE

« KM
LDX #KMTAB-SETTAB SET TO PICK UP KM VALUE
BRA T608G

* M1 .

T68®D LDX #MITAB-SETTAB SET TO PICK UP MI VALUE

BRA T6PRG

* WHEEL SIZE

-

T6IAC EQU *
CMP #WHLSIZ IS FUNCTION WHEEL SIZE?
BNE T6OOF BRANCH IF MOT

¥ TWO FLAGS DETERMINE WHAT TO DO FOR WHEEL SI2E

"
- DOSET WTSET2
- 4 DISPLAY THE CIRCUMFERENCE
- [ 1 INCR. WHEEL SIZE UNTIL RESET 1S HIT
. 1 [ INIT POR NEW WHEEL SIZE (IN NEWWS)
. 1 1 NEW VALUE ( IN NEWWS)
MC146805G2L1 EVALUATION ROM (C) MOTOROLA 1982
.
BRSET DOSET,STAT2,T6@BE OR IF WE HAVE A NEW VALUE
BRSET WTSETZ,STAT2,T6@9E2 BRANCH IF NOT INCREMENTING
JMP DOF 6@ 99 = JUST GO DISPLAY CURRENT VALUE
* WAITING FOR NEH VALUE, INCREMENT WHEEL SIZE
T6BPE2 DEC ONLY INCREMENT EVERY OTHER TIME
TGBBE
LDA 0?2 RE-INIT CTR
STA WHCTR
INC TCIR2 STEP TO NEXT VALUE
LDA ’ru!scﬂ ADD .5 TO DISPLAYED VALUE
ADD
STA TD!SC#X
BCC T6ABE1
INC TDISC
TSGGEI CLR SECTR HOLD PRCGRAM IN SET UNTIL NEW VALUE IS SELECTE
LDA TCIR2
CMP 1200 IF AT 190.8" THEN

BNE T6OCE
BCLR WTSET2, STAT2 FORCE ‘NEWWS' TO RESET TO 4@.9
JSR NEWWS
* DISPLAY THE NEW WHEEL CIRCUMFERENCE
T6DOBE LDX TDISC PUT IN DISPLAY VALUE
LDA TDISC+1
BSET DECPT,STAT1 WITH DECIMAL POINT
JSR DOF 39 GO DISPLAY
BRA T6@OZ

* OTHER FUNCTION DISPLAY VALUES COME STRAIGHT FROM THE TABLE
.

T60OF EQU .

LSLA MULTIPLY FUNCTION NBR BY 4
LSLA
TAX PUT NEW INDEX INTO X

.
* MOVE THE RESET DISPLAY VALUE TO THE LCD'S
.

T68BG EQU .
LDA SETTAB,X
STA PORT!
LDA SI:T'I‘AI‘I X
STA
LDA SE‘I‘TAB#I X
STA T
LDA SETI‘AB#],X
TA PORTA

5

TSBOZ EQU .
BRSET DOSET,STAT2, T688MX DO RESET ACTION IF REQUEST SET
JmpP D68dX ELSE EXIT

.

* NOW CHECK TO SEE IF WE SHOULD DO A RESET ACTION FOR THE FUNCTION
.
T6@0BM EQU .

BRSET DOSET S’I"AT? T608MX BRANCH TO RESET CODE IF SO
JIMP DOF U

150



PAGE @29 BI\C\'CLE “SA:l

01625
#1626
#1627

21649
B1650A
B1651A
P1652A
B1653A
P1654A
B1655A
81656A
B1657A
81658
81653
01668
#1661
21662
#1663
B1664
21665
01666
B81667A
S1668A
B1669A
21679
Bl671A
816724
#1673
BL1674A
B1675A
#1676
81677A
B1678A
#1679
B1680A
B168B1A
81682A

2383
8387
#3BB
e3eF
#3C3

@3c?
#3CB

B3ICF
#8301
83D3
83D4
83D6
a3pn7
8308
$3DB
#30C

#30F
@3Ef
B3E]

#3E2
B3E4

@3IES
P3E7

B3E8
B3EA

BIEB
@3EC
83ED

81
8D
9D

BD
81

AD
81

BD
81

a1

9P

8383
78
F
91
89
Fé

FF

BICF
25

B3DF

8557

@3DF

14

PAGE #38 BICYCLEZ

51683
S1684A

21688,
81688
01687A
918880

21698

$1735A
S1736A
1737
81738A
S1739A
$1748A

sirs 9o

[ 2129
”3r

s3re
93re
fars
$IFA

849C

| i
8411
8413
8418
417
[ 234
6413
41D

AD
3 8l

AD 84

19

are

¥ wrwuw»

B3FB

Al

B83F4

s48C

L d X 4 d

MC146885G2L1 EVALUATION ROM {C) MOTOROLA 1982

. TABLE CF LCD VAULES TO OUTPUT WHILE RESET IS ENABLED
. ORDER 1S: PORTD, PORTC, PORTB, FORTA
N LCD4 CONTAINS COM AND THE DECIMAL POINT T0O
.
-
SETTAB EQU ORDERED BY FUNCTXON NUMBER
T 570,500,503, 5F2 SPEED opt
FCB $7F, 588, $2B, $F2 AVERAGE SPEED ‘ASP'
FCB $91,5$00, $3F, $8E TRIP ODOMETER ‘ODO"
FCB $89, 560, $39, SEC TOTAL DISTANCE 'DIS’
FCB $F6,$08, $35, $9E CADENCE 'CAD’
* NEW FUNCTIONS SHOULD BE ADDED BEFORE HERE
KMTAB FCB $FF, $88, $7F, SFE UNITS=KM '<-- 1888"
MITAB FCB $FF,S@8, $7F, SFE UNITS=MILE ‘1388°

.
arneevae
N
.

* DO RESET ACTION
.

arwenn seerene

cesansncess

neer ey aesenanannre sesncecnsnee

.
T6@BMX EQU *
BCLR  DOSET,STAT2 CLEAR BIT
LDA FUNCT GET FUNCTION NUMBER
*3

LSLA

ADD FUNCT

TAX

. SEI BEST TO DISABLE INTERRUPTS
JSR T6BPRS,X JUMP TO RESET

<LI RE-ENABLE INTERRUPTS

JMp D68DX GO EXIT
»
erssvessecsetennannin

. RESET SUBROUTINE CALLS

ren .

- INSTANX‘ANEOUS SPEED
T6BBRS EQU

NDP PAD NOP'S TO MAKE EACH SET OF
NOP RESET CODE 3 BYTES LONG
* AVERAGE SPEED
CLRAS

* TRIP DISTANCE
CLRTRP

RTS
* TOTAL DISTANCE
JSR CLRDIS

RTS
* CADENCE
RTS
NOP
NOP

MC146805G2L1 EVALUATION ROM (C} MOTOROLA 1982

* KM/MI SET
BSR FKMMI

woP
* WHEEL $IIE
BSR

NEWWE
rTS

* RESET SUBROUTINES
.

* FLIP KILOMETER/ MILE PLAG
.

FEKMMI EQU *
LDA STAT2 FLIP KMMILE BIT
EOR  #BITE
STA STAT2
xTS
. .
* INITIALIZE TRIP ODO
.
CLATRP BV *
CLX  TMCTR  § --» TRIP MILES CTR.
cL TMCTR+1 /
CLX  TRCTR @ --> TRIP XM CTR.

CLR TKCTR+1 /
LDA TENTHEM RESET REV/.1 MILZ CONSTANT
STA MRCTR

LDA TENTHK RESET REV/.1 KM CONST

.
* DO THE 'SET' PUNCTION FOR WHEEL SIZE
.

: TWO FLAGS DETERMINE WHAT THIS ROUTINE DOES

DOSET WTSET2
’ . DISPLAY CIRCUMFERENCE (DONE AROVE)
[ 1 WAITING FOR NEW WMEEL SIZE (DONE ABOVE)
1 1 INITIALIZE FOR MEW WHEEL SIZE INPUT
3 1 HAVE NEW CIRCUMFERENCE. CALCULATE NEW VALUES

ONLY THE CASES WITH DOSET=] ARE HANDLED IN THIS ROUTINE. THE OTHER
CASES WERE HANDLED ABOVE DURING THE DISPLAY CODE.

ssease s

A NEWWS EQU *

EE T X 23

BRSET WTSET2,STAT2,WS18 SKIP IF NEW VALUE
* INIT FOR NEW WHMEEL SIZE INPUT
BSET WTSET2,STAT2 SET FLAG (WAITING)
LDA 79 START WITH CIRCUMFERENCE = 39.5 INCHES
STA TCIR2
LDA $395/256 INIT DISPLAY
LDbX #3951.SFF
STA TDISC
STX TDISC+1
LDA €”? INIT EVERY OTHER CTR
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81741A D41F B7 45 A STA  WHCTR
01742 B42) 28 7C  B4OF BRA  WSOUT
21743 * HERE ON A NEW CIRCUMFERENCE. CALCULATE THE FOLLOWING VALUES:
01744 . CIRKM
91745 . TENTHM
91746 . ONEMI
81747 * TENTHK
01748 . ONEKM
21749 . cM1
01758 . KM
81751 .
01752 0423 A WS1D  EQU .
81753A 423 19 11 A BCLR  WTSET2, STAT2 RESET WAITING BIT
91754 .
81755 * CIRKM = (CIR2MI * 128} / 161
817586 .
81757A 0425 9A cL1 RE-ENABLE INTERRUPTS
©1758A 0426 B6 37 A LDA  TDISC  MOVE THE TEMPORARY VALUES INTO THE NEW VALUES
91759 9428 B7 35 A STA  DISCIR
91760A 042A B6 38 A LDA  TDISC+1
@1761A P42C BT 36 A STA DISCIR#1
817627 @42E BE 2F A LDX  TCIR2
B1763A 0430 BF 2E A STX  CIRZMI
B1764A 0432 4F CLRA
@1765A 0433 54 LSRX
217664 8434 46 ROV/'IZS
61767 8435 BF SF A ST DIvDND
01768A 6437 B7 6@ A STA  DIVDND+1
B1769A P433 3IF 5D A CLR  DIVSR
@1770A 0438 A6 65 A oA r1@1 /181
81771A 043D B7 SE A STA  DIVSR+l
@1772A 43F BD E5 A JSR DIV
21773A 0441 B7 J0 A STA  CIRKM
01774 .
1775 * TENTHM = 12672 / CIR2MI
81776 .
@1777A 0443 AE 31 A LDX  $12672/256
@1778A 0445 Ac 80 A LDA  #126721.§FF
81779A 8447 BF S5F A STX  DIVDND
@17680A 0449 B7 60 A STA  DIVDND+1
B1781A @448 IF 5D A CLR  DIVSR
@1782A 844D B6 2E A LDA  CIR2MI
@1783A 944F B7 SE A STA  DIVSR+l
81784A 8451 BD E5 A JSR DIV
81785A D453 B7 26 A STA  TENTHM
81786 .
21787 * ONEMI = TENTHM * 18
91788 .
91789A 0455 AE A a LDX *10
©1798A 8457 BD CF A JSR MUL
@1791A 8453 BF 28 A STX  ONEMI
©1792A 9458 B7 29 A STA  ONEMI+L
81793 *
01794 * TENTHK = 10000 / CIRKM
21795 .
@1796A 045D AE 27 A LDX  #10000/256
©1797A B4SF A6 18 A LDA +1000¢1. SFF
©1798A 9461 BF SF A STX  DIVDNL
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©1799A 0463 B7 60 A STA  DIVDND+1
@1980A 8465 3F 5D A CLR  DIVSR
0467 B6 30 A LDA  CIRKM
0469 B7 SE A STA  DIVSR+1
8465 BD E5 a JSR DIV
846D B7 2A A STA  TENTHK
* ONEKM = TENTHK * 16
.
o A X  #e
cF A JSR MUL
c A STX  ONEKM
20 A STA  ONEKM+1
-
* CMI = {227°CIR2MI) / 8
.
E3 A LDA 227
2 A LDX  CIR2MI
cF A ISR MUL
LSRX /8
RORA
LSRX
RORA
LSRX
RORA
e 489 BCC  wWsal ROUND RESULT
INCA
[N 711 BNE  WS@l
NCX
3 A WSEL  STX  CMI
32 A STA  CMIel
.
* CKM = 36 * CIRKM
.
24 A LDA 36
30 A LDX  CIRKM
cF A JSR  MUL
3 A STX  CKM
u A STA  CKwel
.
* SINCE WE CHANGED THE WHEEL SIZE, IT ONLY MAKES SENSE TO RESET ALL
* DISTANCE AND AVERAGE SPEED COUNTERS
.
sEr
28 A JSR  CLRAS  AVERAGE SPEED
83FE A JSR  CLRTRP  TRIP ODQ
A8 A JSR  CLRDIS TOTAL DISTANCE
o49r A WSOUT EQU  *
RTS
.
P cennae

* HERE TO DO THE NORMAL FUNCTION FOR THE REQUESTED DISPLAY
.

- IN MOST CALCULATION X CONTAINS THE MS BYTE
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4
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3
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SF

BICYCLE .SA:l

MC146805G2L1 EVALUATION ROM {C) MOTOROLA 1982

DECPT,STAT1 CLEAR DECIMAL POINT

GET FUNCTION NUMBER
BRANCH IF NOT ZERO {SPEED)

1S SPEED 2ERO
BRANCH IF NOT
SET NUMERATOR TO ZERO

SET KMMILE,STAT2,DOFS1 BRANCH IF KM

GET MILE SPEED

GET KM SPEED CONSTANT

* ALL SPEED CODE HERGES HERE T0 DC CALCULATON

STORE THE CONSTANT IN THE DIVIDEND

DISABLE INTERRUPTS A USEC OR TWO
GET DIVISOR

GO DO DIVIDE AND DISPLAY RESULT

FUNCTION = AVERAGE SPEED?

URN OFF INTERRUPTS

SEI
BRSET KMMILE, STATZ DOF1l BRANCH IF KM

ASDMI*16/ASTIME

ASDKM*16/ASTIME

ADD .85 MILES TO DISTANCE {AVERAGE ERROR)
*16

24a0 A DOFUNC EQU *
19 A BCLR
25 A LDA FUNCT
20 94c6 BNE DOF18
* CASE FUNCTION OF:
.
. hanrarararun
.
* INSTANTANEOUS SPEED
.
P LI T Ty,
49 TST SPDZER
[ uu BEQ DOF@2
CLRX
CLRA
oD 0488 BRA DOFSPD
-
B4AE A DOF2 EQU .
11 @6 @4B? BR!
* MILES S = CMI/T
31 A DX cM1
32 A LDA  CMI+1
24 0483 BRA DOFSPD
* KILOMETER S = CKM/T
13 A DOFP1  LDX c
£ A
8488 A DOFSPD EQU
SF A STX DIVDND
L1 A STA DIVDND+1
SEI
4B A LDX  TBWHL
4c A LDA  TBWHL+l
6C 8532 BRA DOFDIV
RNy
.
* CASE OF AVERAGE SPEED?
.
ke eRRRRRERA AR
DOFl& DECA
21 B4EA BNE DOF20
* AVERAGE SPEED
11 86 @4D3
* MILES
28 LDX LASDMI
21 A LDA LASDMI+1
04 8407 BRA DOF12
* KM
22 A DOFIl LDX LASDKM
23 A LDA LASDKM+1
B
24D7 A DOF12 EQU .
SEC
ROLA
ROLX

11
16
44
18

3E

2¢
o4

BICYCLE .SA:l

MC146885G2L1 EVALUATION ROM {C} MOTOROLA 1982

GET AVERAGE SPEED TIME

GO DO DIVIDE AND DISPLAY RESULT

FUNCTION = TRIP DISTANCE

KMMILE,STAT2, DOF25 BRANCH IF KM MODE

/

N

KMMILE, STAT2, DOF35 BRANCH IF KM MODE

LSLA
ROLX
LSLA
ROLX
LSLA
ROLX
A STX DIVDND
A STA DIVOND+1
A LDX ASTIME
A LDA  ASTIME+l
8532 BRA  DOFDIV
ot
.
* CASE OF TRIP DISTANCE (0DO) ?
.
crarmaRRARRRRARRRERE
DOF28 DECA
B4FF BNE DOF 308
* TRIP DISTANCE
A BSET  DECPT,STATI1 SET DECIMAL POINT
SEI DISABLE INTERRUPTS
86 B4F9 BRSET
* MILES
A LDOX TMCTR
A LDA TMCTR+1
2558 BRA DOF 3% GC DISPLAY VALUE
* KM
A DOF25 LDX  TKCTR
A LDA TKCTR+1
8559 BRA  DOF39
ArEsraRARSRARERRRRRAE
.
* CASE FUNCTION OF TOTAL DISTANCE? /
.
cerseatesesnnsaiteran
DOF3@ DECA
8512 DOF48
* TOTAL DISTANCE
SEX
86 850C BRSET
* MILES
A DX  TOTMI
LDA TOTMI+1
e55¢ BRA  DOF33
KM
A DOF35 LDX  TOTKM
A LDA  TOTKM4L
BRA

8541
A

951D

* CASE FUNCTION OF CADENCE
.

Trsaverneerensestotet

DOF48

CADZER
DOF41

FUNCTION=CADENCE?

1S CADENCE ZERO
BRANCH IF NOT
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PAGE 835 DICYCLE .SA:l

01973A #51A
B1974A 8510

851D
851r

521
523

P2010A 0541
920114 B542

P2013A @544
820142 8546
928154 P548

22922
820232 B54a
820242 @54C
02025a @S4E
22026
@2e27
82028
82029
@z2e30

4F
28

AE
A6

BF
B7
BD
3IF
87

20

26

AE
A6
20

BE
B6
1c

o
D

@541

a7
60
26

PAGE ©€36 RICYCLE

02831
82032
B2@33A 8550
920834A 0551
@2835A 8553
8555

2557

BF
BY
AD

8550
53

54
ei

8557

1F 11

SF
A6

58
55

MC146885G2L1 EVALUATION ROM {C) MOTOROLA 1982

CLRA
8521 BRA DOF42
A DOF41 EQU *
A LDX #66800/256 DIVIDEND = @,
A LDA $600801 . SFF
A DOF42 EQU .
A STX DIVDND
A STA DIVDND+1
SEI
A LDX TBCAD DIVISOR = CADENCE PERIOD
A TBCAD+1
. Kx.ubc: 10 mxl: SURE CADENCE = ZERC IF TBCAD IS TOO BIG
A 2]
2532 BLO Doru
A CLR DIVDND
A CLR DIVDND+)
A DOF44  EQU .
.
% HERE TO STORE A,X INTO THE DIVISOR AND CALL THE DIVIDE ROUTINE
-
.
A DOFDIV EQU -
CLI RE-ENABLE INTERRUPTS
A STX DIVSR STORE THE DIVISOR
A STA DIVSR+1
A JSR DIV GO DO 16/16 BIT DIVIDE WITH ROUND 8 BIT ANS.
A CLR DISPLY ~ CLEAR MSB OF DISPLAY VALUE
A STA DISPLY+l STORE DIVIDE RESULT IN LSB
2558 BSR DOFDSP GO DO THE DISPLAY
8557 BRA D68
tekarearernrsaraarenn
»
* CASE FUNCTION OF KMMILE?
.
Hrrsserventaneveeiens
A DOF58 EQU M
DECA
854A BNE DOF62
* KM/MILE
A LDX #1888/256 DISPLAY = 1888
A LDA #18881.SFF
2558 BRA DOF
LE T TP S AN S 544
B
* CASE FUNCTION OF WHEEL SIZE
ALSO JUMPED TO BY THE SET CODE
.
N
A DOF6R  EQU *
A LDX DISCIR
A LDA DISCIR#+1
A BSET  DECPT,STAT! SET DECIMAL POINT
.
.
* STORE %,X INTO THE DISPLAY VALUE
M ALSO CALLED AS A SUBROUTINE FROM THE RESET CODE
SRl MC1468@5G2L1 EVALUATION ROM {C) MOTOROLA 1982
.
A DOF39 EQU *
cul RE-ENABLE INTERRUPTS
A STX pISPLY
A STA DISPLY+1
8558 BSR DOFDSP GO DISPLAY SPEED
.
* FINAL EXIT OF 68@ MSEC ROUTINE
«
A DEBOX EQU . ADIOS
RTS
»
weeseenne ranw .-
.
* MAIN DISPLAY ROUTINE
N
* CONVERTS THE BINARY VALUE IN DSPLY,DSPLY+l TO A 7
M SEGMENT BCD DISPLAY FOR THE OUTPUT PORTS. USES LOCATIONS
* TEMP,DIGCTR, D1-D4, PA-PD AND SAVEX
.
. AVERAGE EXECUTION = 2?27 CYCLES OLD TIME WAS 717
N WORST CASE = 2227 CYCLES OLD TIME WAS 1266
.
LTI PrIToe wrasany
.
A DOFDSP EQU *
A BCLR  LDZERO,STAT2 SET TO SUPRESS LEADING ZEROES
CLRX INIT INDEX INTO BCD DIVIDERS
A DLOOP2 EQU M
A LDA -1 INIT CTR
A STA TEMP
A DLOOP  EQU
A INC 'rznp INCR. COLN
A LDA DISPLY+1 DISPLY - consnm'r FROM DIVTAB
A suB DIVTAB+1,X
A STA DISPLY+1
A LDA DISPLY
A sac DIVTAB,X
A STA DISPLY
855F BPL DLOOP STILL POSITIVE?
* NOW TEMP = BCD DIGIT; BUT WE NEED TO ADD BACK TO DISPLY
A LDA DISPLY+1
A ADD DIVTAB+1,X
A STA DISPLY+1
A LDA DISPLY
A ADC DIVTAB, X
A STA DISPLY
A LDA TEMP PICK UP THE BCD DIGIT
TSTX IF THOUSANDS DIGIT THEN SET TO @ OR 1
0586 BNE DOFD1
A AND "
@SE@ DOFDl  BSR CVTBCD GO CONVERT DIGIT TO LCD FORMAT
LSRX (MAKE BYTE INDEX)
A STA o1,x STORE IN TEMP TABLE
LSLX
INCX | BUMP PTR TO NEXT TABLE ENTRY
INCX
A CMPX  #6 DONE 3 DIGITS?
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B26689A 9590.26 C9 8558 BNE bLOOP2
820904 9592 B6 S4 A LDA DISPLY+1 IF SO DIGIT 4 IS IN THE REMAINDER

92891A 8594 1E 11 A BSET  LDZERO,STAT2 DON'T SUPPRESS LAST ZERO IF PRESENT
620925 @596 AD 48 95EQ BSR  CVTBCD GO CONVERT DIGIT 4

82093A €598 B7 58 A STA D4

22094 »

02095 .

2209 . CONVERT DI-D4 TO PA-PD. THEN OUTPUT PA-PD TO THE I/O PORTS
82097 .

:2‘98 * Dl - D4 HAVE DIGITS WITH THEIR SEGMENTS IN THE FOLLOWING ORDER:
2999 N

02100 . 8, G, F, A, B, C, D, E

92191 .

f2182 *  THIS ALGORITHM CONVERTS THESE TO THE 1/0 PORT DATA

02103 .

02184A @59A B6 S8 A LDA D4 GET DIGIT 3 DATA

92105A @59C 48 LSLA POSITION IT

©2106A €59D D 10 81 95A1 BRCLR DECPT,STAT1,DOFD3 ADD IN DECIMAL POINT IF ANY
@2107A 052 4C INCA

©2188A @5A1 B7 59 A DOFD) 5TA  PA PORTA IS DONE

92109 * WORK ON PORT B

92118A @5A3 B6 56 A LDA D2 GET DIGIT 1 DATA

B2111A B5A5 SF CLRX SHIFT 3 LSB'S OF DIGIT 1 INTO BOTTOM OF X
P2112A BSA6 44 LSRA

82113A B5A7 59 ROLX

©2114A 05A8 44 LSRA

92115A B5A9 59 ROLX

92116A B5AA 44 LSRA

@2117A 25AB 59 ROLX

B2118A B5AC B6 57 A LDA D3 GET DIGIT 2 DATA

92119A O5AE 44 LSRA SHIFT 3 LSB'S OF DIGIT 2 INTO 3 LSB'S OF X
82120A @5AF 59 ROLX WHILE SHIFTING DIGIT 1°'S BITS UP TOO.
82121A 2580 44 LSRA

©2122A 05B1 59 ROLX

621237 9582 44 LSRA

92124A 0583 59 ROLX

@2125A @5B4 BF SA A STX 1220 SAVE DIGIT 1 AND DIGIT 2 INFO

B2126A 2586 B7 57 A STA D3 SAVE REST OF DIGIT TWO'S BITS

©2127A @588 B6 55 A LDA Dl SET K IN PB IF THOUSANDTHS DIGIT = 1}
B82128A @5BA A1 oC A CMP #50C (THIS IS WHAT A ONE LOOKS LIKE)
©2129A @5BC 26 02 8s5co BNE  DOFD4

©2136A B58E 1C S5A A BSET  K,P8

82131 85c0 A DOFD4  EQU +

2132 * START ON PORTD

02133 .

92134 * D2 NOW CONTAINS @2 G1 F1 Al Bl Cl DI El

82135 * D3 NOW CONTAINS @ 06 88 00 G2 F2 A2 B2

02136 .

@2137A 85C0 B6 56 A LDA D2

82138BA #5C2 48 LSLA GET G! F1 Al Bl IN MSB'S

921394 @5C3) A4 FR A AND #5FQ

©2148A B5C5 BB 57 A ADD D3 THIS IS NOW THE INVERSE OF WHAT WE WANT
©2141A 05C7 AE @8 A LDX 8 FLIP IT

@2142A 25Cc9 48 LOPFIX LSLA

021437 B5CA 36 5C A ROR °0 AND PUT IT IN PO

92144A 85CC 5A DECX

©2145A 95CD 26 FA  @5C9 BNE  LOPFIX

82146 * PD DONE WORK ON PC

PAGE @38 BICYCLE .SA:l MC146805G2L1 EVALUATION ROM (C) MOTOROLA 1882

82147A BSCF 4F CLRA SEE IF W SET

B2148A @5D8 €D 11 02 05D5 BRCLR  KMMILE,STAT2,DOFDE BRANCH IF ENGLISH UNITS
©2149A 9503 AA 28 A ORA 58 SET W

©2156A 9505 B7 5B A DOFD6 STA  BC

82151 * WRITE PA-PD TO PORTA — PORTD
DX

B21S2A @5D7 AE 83 A L 43

821534 9509 E6 59 A DOFD? LDA PA, X

92154A PSDB F7 STA PORTA, X

821554 @SDC 5A DECX

#2156A 85DD 2A FA o509 BPL DOFD7

821578 #5DF 81 RTS END OF DOFDSP

.
? LOCAL SUBROUTINE TO CONVERT A BCD DIGIT IN A TO A SEVEN
* SEGMENT VALUE IN A.

.

A CVTBCD STX SAVEX SAVE CURRENT X
TSTA 1S DIGIT ZERO?
92164A 5E3 26 04 25E9 BNE  CVTBAl  BRANCH IF NOT
$2165A OSES @E 11 01 @5E9 BRSET LDZERO,STAT2,CVTBAL GO CONVERT IF NOT LE(DING ZERO
#2166A @528 B1 RTS LEADING ZERO, EXIT WITH A = &
02167A 93E9 1E 11 A CVTBB! BSET  LDZERO,STAT2 NO MORE LEADING ZEROES
#2168A #5E8 97 TAX MAKE BCD DIGIT THE INDEX
#2169A O5EC D6 ©5F2 A LDA SEVSEG,X GET SEVEN SEGMENT VALUE
A LDX SAVEX RESTORE X
RTS
.
.
. BCD TO SEVEN SEGMENT LCD CONVERSION TABLE
.
.
A SEVSEG FCB $3F 2
A FCB sec 1
A FCB $58 2
A FCB $SE 3
A FCB s6c 4
A FCB 576 5
A FCB $77 6
A FCB S1C 7
A FCB $78 8
A FC8 $7e 9

.
.
¢ DISPLAY DIVISION CONSTANTS
.

#3E8 A DIVTAB FDB 1800
2064 A Fpa 108
02194A G620 200A A FDB 19
62195 -
CETTYToee e
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