
MOTOROLA AN-858
Semiconductor Products /nc. Application Note

BICYCLE COMPU:PTERUSING THE,

oscillator. The MC146805G2L 1‘ROM contains three disti~tt ‘“i$ A schematic diagram for the bicycle computer is shown in
routines: self-check, monitor, and bicycle compute~~ Figure 1 and Figure 2 shows a parts layout diagram. As

The self-check routine is included in all M~~+~05G2
MCU devices. The self-check feature is fully d~${,~gd’ffi the

shown on the schematic diagram, the MC146805G2( )1 and
the liquid-crystal display ‘(LCD) are the only major com-

MC146805G2( )1 data sheet and it can’ b~$~?~:, tO VerifY
,/;) ponents required for the bicycle computer. All necessary

operation of the MCU. ,,,,.,.}~:>!,’>,\.’
<i$s,,‘~:b.;<* drive signals for the LCD are contained in firmware. Two

The monitor routine, which i~p,y~~~]tided in all
MC 146805G2( )1 MCUS, is fully ~’~]~d in application

pushbutton switches (function and set) are “required to fur-
nish two momentary ground inputs, and two sensor inputs

note ‘AN-852. The monitor allow~y~h’$~uierto evaluate the
MCU using a standard RS-23Z~ferq~@~ interface.

(one from the wheel and one from the pedal crank) are re-

The bicycle compute~~g~~@% is included in all
quired as an inttrrupt and to pulse certain counters. Each
s,ensor, is a normally open switch which. is activated by a

~C146805G2( )1 MCUS a~d ~tovides a realistic application
,,

magnet mounted on ‘the wheel and pedal crank.
of the MCU. It is this+~~’~$~~$fonthat is described here. It is Figure 2 shows the layout of a PCB that may be used when
intended only as .a~ ex%~e of the type of application that assembling the bicycle: computer. The printed circuit board’
can be accomp~~@ with only 1300 of the ‘21OObytes (PCB) is designed to fit in a Wonder-Lite case. The Wonder-,
available .on t~~ ‘~@!46805G2. Furthermore:,. the bicycle Lite is designed to mount on a bicycle and provides nighttime:
computer i$.%.for test sampling the part. A copy of the illumination. Dimensioris for this board are 4.5 inches X 2.5
bicycle .c~ti&$er program listing is included iri this applica-’ ., inches and could require some tailoring before fitting into the
tion QQF*~~T’* ~,L,.> mounting case. However, an equivalent size wire-wrap type

,~$~~,i,,+}:, ,. !’ board, using wire-wrap connections and mounting sockets,
s?~~~~E !O~PUTER FEATURES ~ could be used with an equiv~ently sized case (not a Wonder-
“t~<$~~.nthe configuration shown in Figure 1, the Lite case). ‘ ~ I.... ,.

‘~~~C146805G2L1 can ,be tised for a bicycle computer., ., The plastic which was previously used to close off the
* Features provided .by the bicycle computer include: (1) in- ., ~ ~ Wonder-Lite lens opening must be cemented in Pl?ce. An

stantaneous, speed, (2) average speed; (3) resettable trip : ~epbxy type glue can be used. This plastic window can now be
odometer, (4) resettable long distance odometer, (5) cadence’ ~‘ used for viewing the LCD. The lens area “and connector entry

.,. .
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NOTE: Parts l@~hownf rom’’non-plated’’s ideof PCB. Crystal and
battq~&~&,aEtually mounted on plated sides,

~:,..,t,fr.k.’.).“~’*l,\ .i*
,..?,;f,,i.,.. a. Oversize b. Actual Size

.3,~~.:t.$:* ,.
>\>,~.. ..

;,3

,,

hole can be reasonably weather proofed by using a silicone file over it. Also, to prevent the tab that opens the Wonder-
rubber sealant around thp edges. Lite case from interfering with the PCB, a notch .should be

Once the connector and two pushbutton switches are cut in the top of the PCB where the tab is located.
mounted, insert the PC,B into the portion of the case that
contains the viewing window. If the PCB requires tailoring in Once the PCB fiti into the case, components can be
order to fit into the case, be sure to remove equal amounts mounted onto the board. All components except the crystal
from each side or each end of the PCB. ;To accomplish this, and battery should be mounted on the side of the board that
lay a flat file on a level surface and slide the printed circuit is not printed, A suggested method is to mount the resistors
board edge over the file. Do not clamp the PCB and run the 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 corn- (wheel and pedal crank switches) can be mounted at the bot-
ponenti does not interfere with the PCB mounting. Next, the tom of the case after drilling appropriate mounting holes.
crystal should be, mounted on the printed side of the PCB. Some type of quick-disconnect connector (such as a Molex or

Before mounting the crystal, enclose the ‘outside of the telephone module connector) should be ,used to allow for
crystal case with transparent tape; however, leave an untaped easy removal of the bicycle computer. A putty-like water-
area on one side of the crystal case to allow for soldering a proof sealant may be used to seal the two switches, the on-off
“ground wire. switch cover, and the quick disconnect connector.

Once the switches and connector are mounted in the case,
,’ NOTE the necessary sepsor,and switch wires can then be solder~~ to

The transparent tape ensures, that the crystal case the PCB. These solder ~oints are shown as S1, S2g&$w
does not short circuit any of the PCB plating. (cadence sensor), and WHL (wheel sensor). .*.::.~..,,$$.!, ‘,,l,t.,l;~

Once the wiring is,complete and the PCB is im:~$~~~$ type
Solder one end of a three-inch wire to the plated ground of nonconducting st,uffing material should b$g~ig.$~~edinside

plane area where, the cryst,al is to be mounted. Mount the the case to prevent movement of the PC% w# the case is
crystal so that its fully taped side is flat against the PCB. The closed, the bicycle computer is complete@&~ }or mounting
‘crystal leads can now be bent down’ward and soldered to the the ,sensors. .$~$s.(:.$”:’””
printed wiring which connects to pins 38 and 39. Solder the,

\,$,t
The wheel and cadence sensors e%&onsist of a switch

other end of the three-inch wire (one end soldered to ground Ireed or mercury film) which,~$~$tivated by a permanent
,plane) to the area left untaped on. the crystal case. Be sure magnet. The wheel sensor s~~,~~buld be mounted on the
and trim this tiire and make it taut along. the case of the front wheel fork and the,~~~n$ should be attached to the
crystal. (Grounding the crystal case in this manner ensures wheel spokes as near thdiw@$@#’+possible.It is advisable to at-
that the crystal will provide oscillations at its fundamental

..~d~,..,
tach the magnet on ~%~:~b side which is opposite to the

,frequency.) .’, valve stem side @~~rdeF to balance the wheel. The sensor
~ Mount the LCD and then the MCU1 Because, of space

,<.....
switch can. be m’w!~ on the front fork so that the magnet

limitations, do not use a mounting socket for the LCD or
,..:.! ~li

passes withi@(~~$f& 3/8 inch in order to’activate the sensor.
‘MCU when using the Wonder-Lite case. Do not ~t~k&~#”switch and magnet so close that they touch

,, The last component to be mounted is the battery. This bat- undera&#se (bumpy) conditions. The final placement will
tery could be a 3-volt, flat button, lithium battery; however,,, Prowly re$ult after several tries. An epoxy glue can be used
up ‘to a &volt, ‘flat button battery could be used provided it is : {@~gfd!$he magnet to the spokes and the switch can be held

;small enough to allow. for. case closure. Mount the lithium, :$$,$&,j~ fork for many months with duct tape. (If the magnet
flat’ button battery as follows: *,?,?a:$,~w’~’a hole in the center, a ‘small bolt may also be used to at-

(1) On the printed wiring side of the PCB, solder one “:%{~~~chthe magnet where two spokes cross; however, epoxy

end of a 1Y2-inch, noninsulated wire to the ‘printe~ $ glue should still be used.) Wires from the wheel sensor switch
,,’

wiring which connects to R5 and R6.
,,,,r, ~m. can be routed: via the fork to the mating connector. Be sure,>.{si.~,:,

‘ (2) Lay the ,- (negative) side’of the button type ~~~~y$:$
that the wheel sensor input i; applied to the ~ interrupt pin
of the MC 146805G2( )1. By using one of the recommendedon the large ground plane area shown in ,e~~u~,{~.

(3) Pass the 1M-inch wire, connected in (l]~q~j~*over
sensor switches and the rc circuit, the remaining debounce

the battery + (positive) side and sold~~~~$~~e VDD ~
problems are solyed in the firmwme.

The cadence sensor input is similar to” the- wheel sensor;
,, bus. -\:] .,>.1,‘.:<!,

,..>~~>‘*;J however, ,rnounting is done at the pedal or crank arm. The
(4) Solder the uninsulated wire to$,@’i~,t#de of the bat- magnet can be attached to either pedal’ ci~k arm and the

tery. .{. ~*,.<~i..~t:.<tij~ .:.,, sensor switch attached to the frame. Again, ‘experiment with
(5) TO hold the battery m@”$:&hrely, place an in- the distance between the sensor and switch; however,, try and

sulated, 31A-inch wir$.~~~$$ the battery, perpen- ., mount the, sensor so that the switch and magnet are not
dicular to the first ofi~Xa@ pass the ends of this wire ~ aligned when not pedaling. If they are aligned at this time,:,
through the two ~bl~s p~~ided. Strip about 3/8-inch , bicycle movement might cause the switch to open and close,.
of insulation ~w~ch end of the insulated wire. many times, producing very high cadence values. Since most
Twist the tw~Je~@s~6gether until the insulated wire is people stop pedaling at O, 90, 180, or 270 degrees in the pedal
reasonab&~~~*gainst the battery case. Solder the arc, it is best to mount the sensor so that it is activated at
twiste~ke*JYo ‘prevent unraveling and then trim some point, between these. Again, as in the wheel sensor,
the~$f “~essary. route the wires along the frame to the mating connector.

\‘+>. ),f),.’$\>v&:*<~t.,$’>$.’.:<~.
*?.,’,.1. NOTE BICYCLE COMPUTER OPERATION::!,:,,..,,.\~

@&~{&~veralleffect is that the button battery is held in
%~with “criss-crossed” wires.

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 inst an-

Once the battery is connected, the LCD should indicate . taneous speed on the display (function 1). If the function
“O” in the least significant digit;. however, if it does not, button (S1) is then ptished, the bicycle computer will step to
momentarily short VDD to ground. This activates the power- function 2. The functions are:
on-reset circuitry and the zero should appear in about five 1.. Instantaneous Speed
seconds. ,. 2. Average Speed.

To mount the two pushbutton switches, two holes must be 3. Resettable, Trip Odometer
drilled in the case. A convenient point is the lower half side 4. Resettable Long Distance Odometer

‘of the case which’ is opposite to the hinges. The slot left by 5. Cadence
the Wonder-Lite on-off switch should be closed using a piece 6. English or Metric Units Selection
of plastic (cut to size). The connector for the sensor wires 7.. Wheel Size Calibration

,,
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Each time the function switchis pushed, the program steps
to the next function; however, after function 7 it gqes 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 enabIed at all times. For exampIe, if the
set button were accidentally pushed during a trip, the trip
odometer would be reset to zero. Therefore, the set button is
only enabIed for the first five secondsafter anew function is
selected.Pushing the set button after fivesecondswillnot ‘af-
fect the function, During the five secondsthat the set button
is enabled, the bicycle computer displays a fried function
identification display. For example, the trip odometer will
dispiay a~~ during this function 3 time. After five
seconds, the selectedfunction value is displayedand remains
displayeduntil 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
secondset 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 measuringthis period and knowing the
wheel circumference, the speed can be determined. During
the set enable period, 5P wiil be displayed. Depressingthe
set button during this period has no effect on instantaneous

When selected, the average speed function~$~~$l~yed to
the nearest mile or kilometer per hour:, i~~~:~~ speed is
calculatedbydividing the distance travel~y~~~t~etime. Dur-
ing the set enable period, flsp is ~p%~~,$. Depressingthe
set button during this period r~~ets$the average speed,
distance, and time counters. N,@~~~Fthesecounters are in-
dependent of the other,.@@@ and speed counterx
therefore, resetting the a#~a&, speed does not affect other
functions such as the,~ip &?long distance odometers.,

In order to provi~~~~~curateaverage speed over a long
time interval, th$$a@/@ speed is biased toward long term
(greater than $:~ti%) operation. In fact, the averagespeed
is not guaran~,w%ccurate untfi after 6 minutes but will re-
main ac,m(~f%grseveraldays and up to 409.6 total miles or
kilo~~~~<x$he average speed display is updated every 22.S
s*~#~*,,,

‘.:.:::$,,\\+$.:.\+..\
~e~able Trip Odometer

‘Whenthis function is selected,the distancesince the last

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,

d[5 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
displayis limited tg 1999, the internal counters will~~~%yer
much like a mechanical car odometer.) ResettigS t~~~dng
distance odometer has no effect on the tri~$~:p or
average speed. :\!t,. ~*,V.: .~.,::,+$.$:..,..y::’’.~~i

Instantaneous Cadence
~.,,..>..“ ‘,,,::<>?’

.:~:.....,,“i$
. it::$.~$$

Cadence is the number of times.WWda? crank undergoes
a complete revolution in o?: ‘&@e, An experienced
bicyciisttries to keep his cad~~{&~con?tantat all times by ad-
justing his gears for varyip~i&#*ions such as hills. An oc-
casionalcyctistmight h~~~,,gn7#&dcadencearound 50-60,an
experiencedcyclist 7@~~@~ a racer up to 120. When this
function is selected~?$~%stantmeous cadence is displayed.
The cadence ~~*laYed by measuring the period between
succ=sive %~~~$~;,t~~suresfrom the cadence sensor.-;,.‘$1

Si:ce,Ft~ c~dence can be quite low (or even zero if
coasfi*t~@’period between two cadence closures is highly
va$~able!~$orthis reason, the program will zero the cadence
dfs~y if no closure occurs after 6 seconds. This means

, j~{”e~$erthe cadenceis lessthan 10rpm or the rider has stopped
+,,e~J@aling. Wso, this means that if you are pedaling at a fast

t~~$? rate and stop instantly, it will be six seconds before the
i’,, cadence returns to zero. The cadence display may also;Cb:i, display odd values if the cyclist happens to stop pedaling

while the magnet is directly over the switch. This might cause
the switchto open and closemanytimes, producing veryhigh
cadence values. Since most people stop pedaling at O, 90,
180, or 270 degrees in the pedai arc, this problem might be
minimized by placing the switch at some other angIe.

During this set euabIe period, ERd is displayed.
Depressingthe set button during this period has no effect on
the instantaneous cadence ftinction.

En~wh or Metric Units Selection
When selected, this function displays 1S88 (d] segments

on) and will also dlspiay an arrow if the current units are
metric, If the current units are English, then there isno arrow
on the display. Depressingthe set button whfleset is enabled
causesthe units to be changed (i.e., if they wereEnglish they
willchange to metric and viceversa). Changing the units will
cause future instantaneous and average speeds to be
displayedin the newunits as wellas 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 dl times.

trip odometer reset (or power-on reset) is displayed to the
nearest tenth of- a miie or kilometer. The trip distance is Wheel Mze Calibration

calculatd” by counting the wheel interrupts and multiplying When this function is selected, the current wheel cir-
.by the wheel circumference to obtain the distance. .During cumference, t6 the nearest 1Ainch, is displayed. This cir-
this set-enableperiod D~U is dispiayed:Depressingthe set cumference is critical in the calculation of speed and
button during this period resets the trip odometer to zero. distmce. Setting a new wheelsizeis somewhatmore complex
Maximum trip distance is 199.9 miles or’kilometers. If this than other set procedures. If’the sit button is pushed while
distance is exceed@; the display wraps around to 0.0 and fiis function is enabled; then a 39:5inch wheelcircumference
continues: Note that resetting:thetrip odometer hasno ‘effect ‘appearsdn the display. The ‘programthen “goesinto a special
on the long distance odometer or average speed. mode where it increments th~ wheel size by ‘/2inch about

5
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every second. If the set button, is pushed the, second time If the program senses no activity on the wheel interrupt in-
while in this incrementing mode; the value currently being put, the cadence input, or either pushbutton for.2.5 minutes,

, displayed becomes’ the new wheel circumference. If the set it goes into the standby mode. In this mode, the display is
button is not pushed a second time before the function but: blanked’ and the internal processing necessary to calculate
ton is pushed again, the original wheel circumference will be values ~ for the displays ceases. In this mode, the
reestablished as the active” circumference.’ Valid cir- MC146805b2( )1 spends about 70V0 of its time in the wait
cumferences are between 39.5 and 99.5’ and are ‘always in state.
inches regardless of the units (Eriglish or metric) that, are in Note that while the program is in the standby mode, all
effect. If the circumference reaches 99.5 before the set button necessary internal calculations are continued. If a wheel in-
is pushed the second time, the display, will wrap ‘around to terrupt or cadence input occurs or if either button is ~u&d,
39.S and continue. See the section Oh Accuracy for’ hints on the program immediately returns to the normal rnj$~~~&~?3t
how to measure your wheel circumference. had never been in standby.,,,

,\.)\,,..~~+~.,t...i: ... .Ji$.
If the ,progrm remains in standby mode f~~~~#%urs it

DEFAULT VALUES will then go into stop mode. In stop m+o~~s$~rocessing
When the MC 146805G2( )1 is reset or after a ~ower-on ceases. All values are maintained in R&~:~ H@wever, since

reset,, the program clears all distance and average speed the timer stops, it is impossible t~~t,~%,~e~rack of time.
valu’es and picks defaults for the wheel’ circumference and Therefore, the average speed value al B@incorrect when the
units. They are: ‘ : program returns to normal mode+~he~~iogram will return to

1. Wheel Circumference= 84.5 inches normal mode oniy after recei~$$~ wheel interrupt (~).
2. English Units’ Instantaneous’ speed, tri~~w~nce, long distance, and

The circumference of 84.5 inches is the average for the cadence will dl be corr&~,~~@h returning to normal mode.

standard 27 inch front bicycle wheel found on most ten speed The selected units ~~~~j~el circumference will also be

bicycles, in the United States. So% European and, Japanese returned to the v,#,ue ‘~ey had before going into standby

models use 700 cm wheels which, have’ an average cir- mode.
,i*..,,,
\\~~,>,*$.,....*,,’~~’ .!.,..,.

cumference of about 83.0 inches. If you have 700 cm wheels To summ~@q~~’~~henthe MCI 46805G2( ) initially comes

or if you ~plan to use the bicycle computer on other size out of re,,~t$i[h~~rogram goes into the normal mode. If at**.:6$,.
wheels, such as childreri’s bicycles, then you will have to reset any tim6*re 1sno activity on any of the input lines for 21/2

your wheel circumference every timethe MC146805G2( )1 is m~nt~es, tmn the program enters standby mode. Any input

reset. This usually occurs only” when a new battery is in- wllf ~$ethe program back into normal mode, but if no input
~:

stalled. ~~chgs for two hours, then stop mode will be entered. This
,.. $> ‘%~ti?dmost likely occur after the completion of the triu or

powER SAVING FEATURES
:S;,s:,,$$,. .~uring an overnight stop. The next time a wheel interrup~ oc-~i;,!,%<

‘“’*.
The schematic diagram of Figure 1 indicates that the bic$c ii

...

cle computer has no on-off switch. This is becatise the m
gram ,,on the MC146805G2( )1 controls its power con5~P-:

tion by placing the MC146805G2( )1 into either t~s w~~~r
stop state ,when appropriate. The wait state plac@jW&~~lce
into a low power mode where all processing st&~~&~y the
on-chip timer and oscillator remain active. ,,~~$~~~?op state,
even the timer and oscillator ar~oppe~~fi~$her, ~~n-
‘chip RAM remains vrdid. If an IRQ iar’wbccurs (IRQ is
connected to the wheel switch), t~e!~~,$]46805G2( ) 1 will,‘i>..*ty>,,.
restart execution. For more de~gds’.Qn the ,wait and stop
states, refer to the MC146805,%:~@%heet and the ‘‘M6805
HMOS/M146805 CMOS F#@y~&sers Manual.”

The bicycle compute&fl~mw#e takes advantage of these
built-in M146805 CM~~~~@ by ~dering the program
to be in 1 of 3 mox~~~hese are:

1. Normal OW~~,~&~ode
.,2. Standby M&%?

3. Stop ~bd~~>
s>,.,s~,>:.:$,\$, !! .’ . .. ..

Noe&,$~$~erating mode ii defined as the mode’ when the
bi@~~*puter is performing its norm~ functions. The
pro&$~ enters, into normal mode on power-on reset ‘and r~

~mai~~ in this mode as long as there are wheel interrupts,
cadence inputs, or either pushbutton is depressed. While in
the normal mode, the program can ~be considered as ex-
ecuting a large loop. The length of time necessary to corn-
plete the loop is ,variable depending on, the rate of ,the inputs,
the current function,: ,etc. ,When the program completes the ,
loop, it goes’ into the wait state until an on-chip timer inter-

rupt occurst The timer is set up!to generate an interrupt every
,millisecond. Our measurements have shown that in practice

‘~the ~Cl~6805G2(. )1 spends’ about 30V0 of its time .in, the
wait,:state during normal operation. :,. : , ~ !. ,

6
:,.,,

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 0.5V0 for most frictions. 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’ M 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 lirie at the point where
the tire contacts ‘the line. Roll 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 M 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 load, No matter how careful
You are,, the inputted circurnfe~e,nce might be as much as
1/4 inch from the actual circumference, adding additional in-
accuracies. ,Our ‘calculations show that the total of. all possi-
ble inaccuracies should rpmain, less ‘than 1Vo. This is con-
siderably more acjuraje than the, average. automobile
odometer. .,, , ~, . . . .. .’:



ALTERNATE APPLICATIONS FOR THE BICYCLE
COWUTER

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, fdl within the 39.5 to 99.5 inch
wheel circumference and the program has enough 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
mtimum displayable cadence value is 255, it would be
necessary to divide the engine rpm by 100 to obtain rpti 100.
Actually themeasured rpmwould be from 1000 t025,500
since any cadence below 10is assumed to beO.

When using thecomputer in alternate applications, only

two things must be remembered. First, the wheel input is
connected tothe~ interrupt input. Forthis reason it must
be debounced. Anrc time constant of 10rnilliseconds will
suffice. Since the wheel input is a low-going edge-sensitive in-
terrupt, the period of a wheel revolution is measured’ from
successive faUing edges of thew 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 lq~ for
three rnilfiseconds, the input will not be re**d.
However, if an invalid input results in a low inpyp~~~& lasts
longer than three milliseconds, it will be mist~~$~a Vafid
input. The cadence period is measured wJ~$ successive
falling edges of the cadence input tinelF!* ‘%Y,Y).?,$:,:~.“,$,>,>-*~.~s.,$.\tsx’.k.$:},.\J,.,,>a,

Parta tist for Bicycle Computer

\,t ,?i4’
/:,.~$i . ~ ~.i.’!,$$.,t.+

.&~:: $
.,J!.,~t.w,,>>,>... >> ,.

. ,*t.,
!.*,. j Function Normal Units~,.~,~, Set Enable Effect of Set Push
:,p . Display Displayi.,*

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 Is Reset Long Distance Mileage

Instantenous Cadence xxx rev.lmin, CA No Effect

Unit Select -lm* metric/Eng. -lW” 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,



. .. . ..-.-...”
●

TTL MC146805G2Ll ~ALUATION ROM (Cl HOTOROLA 1982
OPT CMOS,LLE=95,ADs,s,CRE

. MC1468#5G2

.
“ROM pA,P TERN

. THE MC6805G2 SINGLE-CIIIPMICROCOMPUTER 1S A 40-P1N CMOS
DEVICE WITll 2096 BYTEs

. 8-BIT 1[0 PORTS, A TIMER

. INPUT. TI!E Rob!CONTAINS wo 5EpARATE PROGRAMS;” CITI<ER,

. OF THESE PROG~MS MY “E SELECTED ON ~

. C AS FOLLOWS:

OF ROM, 112 tiYTESOF MM, FOUR
? ~D M EXTERNAL JX,C”B,,DT

0 hlONITOR(4800 BAUD)
MONITO- ...-

; nlcYcL

A PORTB EOU $001
A PORTC EOU $002
A pORTU EOU $003
A DDR EOu 4
A T]MER EOU $008 .-.,
A TcR EQU $009 TIMEI
Am EOu $010 STAR;

BB059 .
00060 .
00B61 .
n0B62 ●

@0063
00064
00665
0B066

TERRUPT OR INPUT. ~ERE 1S A SEPAR
. ~DITIONtiLY THERE 1S

ON WENEVER rnSSIBLE ~ NDUCE mTAL POW;R

.,

...
18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .“,, . . . . . . . . . . . . . ..,,

,.
.

‘E ORATES..- ..,,.’
.

. . . . . . . . . . . . . . . . . . . $.. ***. , . . . . . . . . . . . . . . . ,,, .~~, .,, .,,. ,, . . . .
. . ●. .. . ...*

,

T6 EOU 64
T7 ,0,! ,9.

.
WU114 * EOUATES mR STATUS WORD 2
00115 ●

00116 0007 i’LDZEiO EOU 7



PAGE 003 BICYCLE .sA,l MC146B05G2Ll EVALUATION WM .{cj~~~~~~~& ~g~~

00117 0006 A MMILF EOU 6
00118 0005 A ROST30 EQU
00119 anma A ~SET2 EOO i
00120
0

A RQS600 EOU
A CADDWN EOU

0----
;,

A WCAD EOU 1
00123

..-.
0003

n0121 0002
an]29 0001

0000 A OOSET EOU 0
00124 .
00125

● 1 / 0 EQUATES
00126 ●

134
.------.--,

.. BIKE ODO TO BE ~lD OUT ON-i SINGLE SID
m.135
00136
08137
08138 ● +----+-.-.+----+-.--+----+----,.---+----+

● [G31F31A31 B31C31D31 E31DP41
00140 ● +---- +---- +---- +---- +--. -+---- +.--- +-.--+
““141 .

,., .

E
e

.
e
. . ...
00156
00157

.. ...
00162
-----

00185
00186
10187

.
A SP EOu 0,
A we EOu 1
A TRIP EQU 2
A DIS EQU 3
A ~DEN EOU 4
A ~M1 EQU

...- A ~LSIZ EOU 2
*

0006 A ~XFUN EQU 6 WXIMUM FUNCTION WMBER
.
.,,.......................................................,...,.....” .:..

207
*

‘ R AM VARIABLE S
.-100 .

,,*$,,, *2,.,$ 08209 ..*. *., ..*.., *..,* ● . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . ...*...***
.

---i! .
00212 ● MUCH OF THE WGORITHM FOR THIS BICYCLE ODOMETER IS GIVEN “ERE IN

002
am,

00213
00214
00215
00216
00217
0#21EA 0%10
00219

* THE EXPLANATION OF THE VARIABLES. HOW THE VARIABLES ME SET, CHAOGE
● mo WI PULATED TELLS MUCK OF WAT 1s GOING ON. ~EREFORE, THERE IS
● DETAILED lNFO~AT1ON ABOUT 2ACH VARIABLE GIVEN HERE.

ORG $10 STAr- ‘- ‘-
● . . . . . . . . . . . . ...* . ..*.*.**,

,K, “, MM
.** . ...*..**.****** ● .,,.. . . . . . . . . . . . . . . . . . . .

00220 .
:RE ~WNTO 8FUNCT s SHOULD NOT BE SEPARATED00221

00222----.

* NOTE: EVEP.~HlNG FROM HEI
. BECAUSE ~E 1N1TIAL1ZATION ROUTINE mES A BLOCK CLEAR-- -----.-..

mu”, “, 1.1> M,A.

00224 ●*..*.******..*****....................*..:.**.*.*.,.....,*.,,.,.*,*.

!25 .

,26 g STATUS BYTE 1
!27 ●

!28 * THE BITS IN THIS STATUS B~E INDICATE TIIESTATE OF THE PROGW
’29 .

00230 . BIT 7 ST~DBY MODE ( STNDDYI

B02:
442:
B02:
062:
002:

40231 ,,*
00232

BIT 6. DECImL rnxNT IDECPT)
● BIT 5 FUNCTION KEY ~WN ( FUNDWi )

,, ,. .,



, BIT 4 WAITING FOR FUNCTION KEY UP [WTF1lN]
, BIT 3 RESET KEY WWK 13ETDwti]

BIT 2
.,

WAITING FoR mSET KEY up !wT5ETJ
, BIT 1 ,RESET, ENABLED b!ODE (SETENO)
● DIT 0 STOP hlODt ( STOP1 T j
. ,,

PAGE 005 BICYCLE .5A:1 %lC146B05G2LlEi,ALUATIOP;ROM (Cl MOTORO1.A,1982

00241
00242

0001

00283

...,. . .,.
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00349 .

00350 ● .1 bllLE CONSTANT

00351. .

00352 . CONTAINS h%MBER OF =VOLUT1@NS/ .1 MILE.

00353 .

00354
INITIALIZED ~ 27C, DEFAULT BY lNIT CODE

. RECALCULATED BY WI,EEL SIZE ROL’TINE

OM755
0001 h

.
TENTHPI WB 1
.

. KILES ~\,OLUT1ON COIJNTER

-----
00356A
00357
00358
....-

0026

- TRIP ODO

CONSTANT (TENTHM ]
:EL INTERRUPT
.1 MILE CONSTANT MD

i;LES CTR (TMcTR)
UPDATE CTR lMucTR)
AVERAGE SPEED DISTANCE IASDIST)

. . ..
TRIP

MILES
16 TO00365 . ADDS

00366 .

B0367A 0027 0001 A MRCTR ~B 1
00368 .

00369 ● 1 MILE CONSTANT
,

>LUTIONS; M1LE
kULT BY lNIT CODE
SIZE ROUTINE

00370
.....

>NLK L ““, .
,.,

00376
00377
nn77e

00381
00382A 002A
nn7n7

0001
-----
00384
00385
00386
00307
..,. *.. ...
00389
00390
00391
...... ...”

.“.. 0001.“, >’s

00393

00394
..205

00397 . INITIALIzED TO D;;A;;T
. RECALCULATED BY hWEEL00398

00399
004D0A 002C
00401
00402
00403
004U4

, C 1RCL,F[FERENCE , 2 CU...,.,.,.ty
.

. .
BUTTON 1S PVSIIED Tlli-SECOND TIME

.!

0,

-.,. .. .. ..
● SPEED CONSTANT - KPH
.
● CONSTWT USED lN THE 1N5TANTANEOUS SPEED CALCULATION

1436

1437A 0033 0002 A CKM MB 2

4i . RECALCULATED BY WEEL SIZE FUNCTION

00449 . USED DURING SELECTION OF NEw ~EEL SIZE ~ HOLD DISCIR
00450 . UNTIL ~E SECOND SET IS PUSHED
00451 ●

TDISC MB 2
.

00452A 0037 0002 A .
00453
00454 * TOTAL MILES UPDATE CTR
00455 ●

00456 , IN]
00457 . wsET m ONEMI ON NEW WIEEL SIZE
00458 . DECREMENTED BY WHEEL INTERRUPT
..*SO . ON uNDERFLow EINITIALIZE m ONEMI mD

● INCREMENT TOTAL MILES CTR
.

lTIALIz ED TO oNEMI AT INIT WD ON UNDERFLOW

-----
06460
00461

00463 .

00464 ~ TOTAL ~S UPDATE ~R

00462A 0039 0002 A mTMUC MB 2
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00465 ,
00466 . INITIALIZED TO ONEKM AT lNIT ~D ON WDERFLOW
00467 . RESET w ONEKM ON NEW WEEL slZE
0a468 ,
00469

DECREMENTED BY WEEL INTERRUPT
, ON ~DERFLOW ~lNITIALIZE TO ONEK!lMD

00470 .
00471

INCREMENT wTAL KMS nR .
●

00472A 0030 0002 A ~TKuc WB 2
00473 .
00474 ● AVERACE SPEED DISTANCE UPDX.E CTR - MILES
00475 .
00476 . INITIALIZED w TENTHM AT INIT
0047? * ESET W TENTHM ON NEW MEEL SIZE
00478 . DECREMENTED OY wEEL INTERRUPT
0047? ● ON UNDERFLOW XI NITIALrZE TO TENTHM
00480 . INCREMENT ASDM1
00481 .
00482A 003D 0001 A ASMUCT MB 1
00483 .
00484 * AVERAGE SPEED DIsTANCE UPDATE CTR - KMS,’ ....<... ..
00486 . INIT I*,.I Z.” w TENTHK AT ~)llT

‘IIKON N,W WEE’ SIZE

ITERRUPT
ZE TO TENTHK

PAGE

B0523

BICYCLE .SA,l

*

010 ;2L1 EVMUATION RQM (d~ MOTOROLA 1982
>,,

----
1534A 0041 0001 A ml..yR-T
)535 . ,...

,* .,>..,”. lNLKA, ------ . . . . . . . ... . , “...,.,.,

bL .“”N,ER

.,

CONTROLS WiEN A ‘~sET FUNCTION cw XcuR
B SECONDS WTER A =W MODE SELECT
8 BY CHANGE OF FUNCTION

-.”..,P. ,1...m. ... ............ ,._..---

,,

,.
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00581
00582
00503
00504

.
+ CADENCE EOU&L ZERO FLAG

. IF ZERO THEN ~DENCE 1S NOT ZERO

. IF k70N ZERO mEN ~DENCE 1S ZERO
.. INITIALIZED W ZERO
* SET ~ 1 WTER 6 SECS OF NO CADENCE INTERRUPTS
. RESET TO ZERO ON ~Y CADENCE INPUT
.

004A nOO1

0053 0002 A DISPLY .W

0055
0056
005786652A 1

THE DATA IN THEmCATIONS THAT CONTAIN A ~PY OF
(PORTA - PORTD)

.*...,. ..**, ....*..** .. ..

.
* MULTIPLY / DIVIDE VARIABLES
*
**.. **.,**,*****.* ● .***..
. b.

. DIVISOR, MTOTAL

.
● , DIVISOR FOR 16 BIT / 16 BIT DIVIDE ROUTINE
● ALSO USED AS A ~MP IN MULTIPLY
●

A ~OTAL EQU *
A DIVSR MB 2

,

* DIVIDEND
.
. DIVIDEND FOR 16 BIT / 16 BIT DIVIDE ROUTINE
.

A DIVDND WB ,2
.

● TEMPO WRY B~E
.

A TEMP MB 1
.

005D
#B5D 0002

00603A 005F 0002
00684
00605
00686
00607A 0061 0001
00608
00609
00690
.“. ..

00696



., ,,. . ,. ,.. ., ,.
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00697 .

00698 .

00699 . . . . . . . . . . . . . . . . , . . . . . . ...*..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,, ,+

00700 , ,,

00701 .
00702 ,. .,. .,,, . . . . . . . . . . . . . . . . . . . . . . . ,,, , . . . . . . . . . . . . .,, . . . . . . . . . . . . . . . . . .

00703 .

@0704 ‘B AS EPA GE ROM
00705 .
00706 . . . . . . . . . . . . . . . . . ..’. ., . . ...+.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
00707 .

00708 , .
00709 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,...,..,.,.4,+ ,.,. .

00710 .
00711 .lNITI ALIz AT ION ROe TIX ES,
00712 ●

00713 + OELOW WE SEVEm L 1N1T1AL1ZATION sCBROCTINES TI!AT ARE USED
00714 + Tli RUOUT T}IE PROGW
00715 ●

00716 . . . . . . . . . . . . . . . . .,, .,. + ..,....,. . . . . . . . . . . . . . . . . , . .,. ,.. .,,,...+. ,...

00717A 0000
00718

ORG $80 PAGE zERO ROM
.

00719 ●

00720 . lNITIALIZE AVERAGE SPEED VALUES
00721 .
00722 0080 A CLRAS EQU ,
00723A 0080 3F 1A A CLR ASDM1
00724A 0082 3F 10 A

0 --> A\fERAGE SPEED D,STANCE
CLR ASDM1+l

00725A 0084 3F lC A CLR ASDKM
00726A 0006 3F ID A CLR ASDKM+l, $
00727A 0080 3F lE A CLR ASTIME 0 --, A\,EWGE SPEED TIME
00728A 008A 3F lF A CLR ASTIME+l

CLR LASDM1 0 --> MST &S”.,

,.

,. ,
ONF:M1 --> TOTMUC

ONEKM -->
, “ TOTKUC

. . . .

.,

_....&. LN. ,. BK”U,INE

* ON ~TRY x mINTS TO 2 BmE v&uE w BE iNCREMENTED
●

.0-” . . . . . . . . . .
“ ..,,.

00c2
D11

lNCR W B~E.
BUNCH IF NO CARRY
lNCR MS B~E

:TR RESET ~P (256)
lBY, STAT1 CLEAR STANDBY mDE

RTS

... ......... ....... .... ... ......... ... ... ... .......... ... ... ....
WV .

01 * BUNCH VECTOR HERE S0 mLLs ~ MUL WILL ‘BE SHORT
02 ●

-..83A OOCF 20 5B 012C ~L BW MULST
00804 .
60805 *. *...*.*......*,.* . . . . . . . . . . . . . . . . . . . ..* ..,**...,.&,.,,. . . . . . ...”...
. . . . .
.“=..

00s07 ●

00800 ●
!’ ”.”

00809
● DDEC - 16 BIT DEr -------- ‘,-----------

00810 ● ON ENTRY X
00811 ● ON EXIT Z . . .L, ,,, u
00812 00D1 A DDEC .“!, .
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00D1
00D3

6D 01
26 01
7A
6A 01
26 01
7D
81

TST 1,x WILL WE CAUSE A BORROW?
OOD; EtlE DD1 BWNCH IF NOT

DEC Es, m BORROw FIRST (DECR MS B~El
A DD1 DEC i~x DECR E BflE

00DB BNE DDXIT SET Z BIT CORRECTLY
TST ,X

DDXIT RTS
●

00D5
00D6
00D8
00DA
00DB

.. ...... ........... ,,,, ,,” . . . . . . . . . . . . . .,* , ”,. ,,, ,,, *,,*.*, ,,. ..,..,,

.

00023 * CLEAR ~E LCD DISPLAYS
n..9. .

00E83A 0104 B6 60 ~
.C,

00EB4A 0106 S0 5P ~,;. ~ SUB DIVSR+l
00885A 0108 B3~
00
00
00
00EW9A ~10 w 60 A LDA DiVDND+l ~D IT BACK
00090A ~~ 8$ SE A ADD DIVSR+l NOTE, h!sBWAS NEVER STORED so w ONLY
9E8S1A OIF><.~?60 A STA DIVDND+l ~VE ~ ADD TO THE U BflE

* O1l&’58 LSLX sHIFT IN ZERO
S a117 20 04 O1lD OL,ER

$$~,.g~1907 SF A ZOT
:~ :~;: :3

;T~ DIVEND SAVE MS B~E OF ~\~ DIVIDEND
SEC
ROLX SHIFT 1 BIT INTO QUOTIENT

97A 811D 49 OVER Rom CARRY INTO QUOTIENT
A O1lE 34 SD A LSR DIVSR SHIFT DIVISOR RIGHT BY 1
A 0120 36 5E A ROR DIVSR+l

.22 3A 61 DEC TEMP DONE

.24 26 DE 010; BNE LOOP BwticH IF vOT
Mm GET CORRECT QUOT1ENT
RORX c = ROuND eIT

04A 012S 9F TXA
0905A 0129 A9 00 A ADC #0 WD ROUND

06 0120 A DIVOUT EQU +
07A 012B 81 RTS EXIT
00 .

00909 ..................*.*,...*.....,,.,,,,,....,,,...*.,..,...,,,,..,,.,
“--10 ●

11 ● MULTIPLY
12 .

01,
01
0126 44
0127 56

,.

00913 . 8 BIT BY 8 BIT UNSIGNED MULTIPLY
00914 . OPE~DS IN & ~D X ON ENTRY
00915 ● 16 BIT mSULT IN X:* ON EXIT; x ms MSB.
00916 ●

00917 ●

00918 .

00919 ●

00920 012c A WLST
00921A M12C 3F SD
00922A 012E 3F SE :
00923A 0130 87 61 A
00924A 0132 A6 09 A
00925A 0134 B7 62 A
00926 .

00927 * TKE
00928 ●

AVERAGE ExEcuTION . 323 CYCLES
WORST msE . 425 CYCLES

EQU ●

CLR MTOTAL 1b13TIALIzE WSULT TENP
CLR MTOTAL+1
STA TCMP SAVE ONE ARGUMENT
LDA #9
STA MCOUNT BY1<ELENGTH = 8

tiGORITHM 1S A PLAIN SHIFT WD ~D

,.. ,.
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00929 0136 A BIGLOP EOU *
00930A 0136 06 61
00931 #13
00932A 0130 3A 62
0U933A @13A 27 13
B@934A B13c 30 5E
00935A E13E 39 5D

A 1,6A TEMP GET DACK ARGUMENT
38 A SM~OP EQU +

A DEC MCOUNT W}I1LE COUNT 1S NoT ZERO

LSL MTOTAL+1 SIIIFT ,rOTALLEFT BY I
ROL MTOPAL

B0936A 0140 50 LSLX
B141 24 F5 0138

GET NEXT BIT FROM x
BCC SM~OP NO ADU IF c=O.

● C=l, ADD A ~ ~TAL
.

A STA TEMP
MD MTOTAL+1

014: BCC NOCARY
A lNC MTOTAL
A NOCARY STA MTOTAL+1

0136 DW BIGLOP
*

+ HERE TO EXIT
,

A ~NE EQU +

00963 * THEN mES lNTO w ENDLESS mop. WE mop ~OKS TO SEE IF,.~H’&~:y<~$%?
00964 , ROUTINES ~VE SCHEDULED A 30 OR 600 MSEC ROUTINE EQUEST. ‘~, ‘$&<
00965 .
00966

THEY ME CALLED. AT THE END OF FACH ~OP THE PRDCESSO*-,%
● THE ,WAIT, STATE UNTIL.A lMSEC OR WEEL INTERRIIPTw. I,R*..

00970 . ..”

00971
.Js:f,$:,

. ,,..?.,,.:,
SINCE IT 1S CRITICAL THAT A ~AL TIFTEPRffim- ~!$l%$s N&TURE

00972 . NEVER RUN OUT OF PROCESSING TIME,
00973 1 DID W?% ALf@S OF THE. TIMING. THE PRoGM ESSENTIALLY mPEATS$.~*,.@ERY 600MSEC:
00974. . HENcE, WE CAN CONSIDER oNE 600M5Ec -q .E..9NME AVEWGE, IN
00975 , mc!i 600M5Ec, THE FOLLOWING ROUTINES 4@BE ACTI”E00976 *

*

.
*
.

,,g~ SE1 SET MSK msT IN CASE

* DEFAULT VALUES ASSUME A STANDARD 27°SBICYCLE WHEEL
?? .’ ● , ~lCH 1S MOUT 84,5°,IN CIRCUMFERENCE.. ... . .

~x!!r 01022A 015E ~ 2C A LDx
01E23A 0160 D6 01B3

*ENDTAB-INITAB GET WMBER OF v&uEs w XFER
A lNITIT LDA lNITAB,x GET INXT VALUE

01024A 0163 E7 26 A STA FIRST1,X PUT IN ~
“,”... .,.= .. -----

0160
.
●

“.. x
BPL ZNITIT

01029 * SETUP THE S/0 MRTS. lNIT TI!E1/0 mRT DATA MD T“HEDATA

01033A 0168 BD K A JSR CLRLCD
01034A 016A A6 FF &

CLEAR WD DATA
r., .-,

01035A 016c B7 ii i
..- .—.
.?, .“.T..”.. .;. .....

01036A 016E 87 05 A
01037A 0170 B7 07 A
01038A 0172 A6 78 A
01039A 0174 B7 06 A
01040

.......”-..
.

-... ....... . ... .. . “.,..
STA PORTD+DDR mRTA, B,D ME ML OUTPUTS
STA pORTD+DDR
LDA #$78 pORTC (BITS 7,2,1,0 ~E lNPUTS)
ST* DO...*”..

01041 , RESTART WTRY - REsTART HERE AFTER STOP.
01042 .

.,,
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●

- SETUP THE TIMER FOR lMHZ CRYSTAL (DIVIDE BY 4)
,
.

A LDA *BIT0+BIT6 PRE5cALER=/2; DISABLE INTERRUPTS

A STA TCR
A LDA #125 250,0g0HZ/125*2-1 = 1 KEC .
A STA TIMER
A BCLR 6,TCR ENABLE INTERRUPTS

●

*

01056 ● CLEAR INTERRUPT ~SK ~ ~E INTERRUPTS W %CUR.
01057 .
01058A 0180 9A CL1
01059 ●

01060
01061
01062
01063
01064
01065
01066
01067

.
~ ~lN WCKGROUND ~OP . THIS CODE SEGMENT EXECUTES WEN ~THING
● ELSE 1S ~~G ON. IT DETERMINES IF THE 600 OR 30 MSEC ROUTINES
= mED m BE EXECUTED MD aLL5 THEM lF WEY m. IT xso PUTS
- THE 146005 IN ‘WAITS MODE UNTIL ~E ~XT INTERRUPT
‘ IF NOTHING ~EDS ~ BE mNE . IF NOTHING ~S ~PPENED ~R WHILE
, [sTANDBy) THEN WE 600 MSEC ROUTINE IS SKIPPED.
*

01B68 .
01069 0101 A MCK EOU
01070A
01071A ---- -- ----
01072 0187 i ,.,,7 ;;
01073A
01074A
01075
01076A

BACK3 EOL
BR$
WAIT

~CK4 ;~

01077A

B~
●

● ENTER STOP
,

01086 . REINITIALIZE PART OF THE M MEA BY MOV1k@-’&a+%~ OF
01087 . lNIT VALUES FROM ROM ~ RAM..

A BACK5 EOU
SE1

A LDX
A BACK6 LDA
A STA

,

01099A 01A6 A6 81 A
01100A 01A8 B7 10 A

MC146805G’~~~m~{@ATION R014(C) MOTOROLA 1982

● ✎✌✌✌☛☛✌☛✎✎✎✌✌✌✌✌✌✎✌✌✎✎ ☛✎✌✌✌✌✌ ☛✌✌✌✌✌☛✌☛☛☛✌☛ ✎✌✌ ☛☛☛

750,470 TOTMUC.TOTKU,C(TOTAL DISTANCE UPDATE aRS. )
‘i~~.,,Sa01129A 01CA 4B FCB 75,47 ASMUCT,ASKUCT (AVG. SPEED DIST. UPDATE”~RS. ]

,* ,,>..?@1130 ,A ●

ESE VALUES ARE tiSO USED ~ ~sTART THE SOFTWARE ~iER
--.” .......... .’:

FCB 20,15,2 SCUPD,DSPUPD,FL1P3E (UPDATE ~UNTERS)

3,169,128 STPCTR [NuMOER OF 30MSEC IWERRUPTS BEFORE ST

01142A 01D8 aOOO A FDB $8000,$8000,$FFFF,$FFFF TBWHL,TSLWHL,TBbAD,TSCAD
01143
01144 01DF A ~DTAB EQU *_~
01145 *
01146 .
01147 ●

..**.***..*..**. ● ☛☛ ✎ ✎✎☛ ☛✎☛✎ ☛✎✎✎✌☛ ✌✌✌✌✌✌ *.,,,.,,”.,,. ,. .*,**,.*,*.*,, .

01148 . lM5EC1NT ERRUP TROu TINE
01149 ●

01150 .***.*.**.******.****.,.*.,....**.,,,**,,,...,,..........*.**.....*,*
01151 ,*
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,.

01161 ● DEOOUNCES THE CADENCE INpUT WD STORES THE cADENcE PERlOD WEN A
01162 * CADENCE INPUT ~CURS .
01163
01164
01165
01166
01167
01168
01169
0117a

,
● THE ED, s ME ~MPLEMENTED HERE Ncn 15MSEC. mLEss A mEEL lNTERRU
= OccuRs n5T BEFORE A lMsEc INTERRuPT, ~ERE IS NO AVEWGE K VOLTAG
* BY THE UD, S [1.E., mEY ME SWITCHED EXhcTLY NERY 15MSEC). IF THE
* WHEEL INTERRUPT BEATs THE lMSEC INTERRUPT BY 1 CYCLE MD THE BATTER
● 1S AT 9V (WORST CASE), THEN ,~E AVEMGE E VOLTAGE 1S 42MV. ~lS 16
* BELOW THE 50MV THAT CAUSES ED FATIOUE.
.

01171 ● EMpLE: WEEL INTERRUPT RUNS 36 CYCLES BEFORE =-ENABLING INTERRUP
01172 ,
01173 * hVG ~ = [36 CYCLES * 4USEC ● 9V] / 30,000 USEC =’42MV-----
u, .,. .
01175 ●

01176 .
01177 .
01178

NORMfi EXECUTION = 77 CYCLES (288 USEC)
. WORSE CASE

01179
= 207.CYCLES [820 USEC).*,

01100 ●
.,

,,1.1 ●

.,,., .
01190 * RESET TIMER VALUE
01191 ●

01193A 01E2 BB 0S A ADD TIMER 3 THE CURRENT TIMER VALUE 1$ ~GATIVE
01194A 01E4 B7 08 A STA TIMER 4 THE -2 1S ~ FIX ~R TIME BETWEEN MD M,Q.:8,“’>::$?:,
01195 .

01197A 01E8 3A 40 DEC DSPUPD
01190A 01~ 26 16 020; BNE 0NE9
01199 *

012B2A OIEC 33 00 A
01203A OIEE 33 01 A
01204A OIFO 33 f12 A

01209A 01F8 ;A 4; i
01210& OIFA 26 06 0202
01211A OIFC A6 02 A LDA i>--
01212A 01FE B7 41 A STA FL1P30

-----
0121501216A ~202 ~E y;O:

“,...

01219A 0207 26 09 0212 BNE
0122@A 0209 3C 4D

,..,, “., :

lNC ., ‘g~$?3
B1221A 020B i; ii 04 0211
01222A 020E 3A 4D A k

ORq# ~;, LwRL,oNE1 IF NO ~W WEEL *NTERR”PT IN 16.3*G SECS
D% ~yTSC L THEN ~ MUST BE COMPLETELY STOPPED

%1223A 0210 10 49 A ,j~s~~t j%BpDzER SET SPEED zERQ FUG
01224 .
0122s 0212 A
El226A 0212 3C 52 A ,-{~>

~ ‘“ TsCAD+l 5 INCREMENT TSCAD

1 &, ~% “tNC TSCAD
1 ,,,*$\*a< TSCADIF T1iE - 6 SECS THEN ~lS PERSON

~ }),<+* g S24
!2<.

1S NOT PEDDLEING
BNE 0NE2

A:~~ DEC TSCkD KEEP IT IN MNGE
* BSET 0,CADZER ~DENCE NOT ZERO

.

ONEi 3

C~DWN, STAT2.SET CAOENCE PREEENT STATUSz- ONEO
● .,

A LDA TSCAD TIME SINCEMST mDENCE --s TIME BEWEEN

SD ~ST ~0 UDENCE CLOSURES
2AD+1

.-3D+I
TSCAD E ‘> TSCAD
TSCAW1

01250 ●

61259 ●.******..*****...****.**.●*.***.*..*.********.*..***●.**....*.*.*..*
01260 *
01261 . WHEEL IN TERRUP T
01262 ,*

01263 .................●.....**...*....*.*.......*.*.*...*...*.............
.,...

.
●

NC1l TIME ~E ~EEL ~S 1 COMPLETE EVOLUTION A mEEL lNTERRU
mcuRs. IF .1 MILE OR m ns WCURED,’ ~E APPROPRIATE TRIP
DIRTANcEs ME UPDATEO MD IF 1 MILE ws ECURRED mc mTAL
016TANCES ME UPDATED. =s0 mE AVEMGE SPEED DISTANCE IS
UPOATED 2ACH MILE WD THE TIME SINCE ~E ~ST ~EEL INTERRUPT
1S SVED FOR SPEED ~LCU~T1ONS .

.
●

✎

✎

●

01272
01273 ● : 45 MSEC. ISWLL WEEL AT 90mpn)

-- -,-...

01274 .
01275 . NOML ~ECUT1ON - 207 CYCLES - 020 USEC
01276 . WORSE msE = 513 CYCLES - 2052 USEC

● ’ -OUT mE QUICKEST THIS lNTERUUPT COULD mcuR IS hR”T3.W*.Y

I
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.

...... ...... .............. .... ......... ● ✎☛ ☛ ✎✎ ☛ ✎✌✌ ✎☛✎ ✎✎☛✎✎✌✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎

✎ LEAVE OTHER INTERRUPTS DISABLED WR AWHILE
“

A WEEL EOU ● 10 CYCLES ~ GET HERE
A LDA TSLWHL 3 TIME SINCE WST i~EEL INTERRUPT -->
A STA TBWHL 4 TIME BETWEEU INTERRUPTS
A LDA TSLWHL+l 3
A STA TBWHL+l 4

CLR TSLWHL 5 CLEAR TIME SINCE MST INTERRUPT
: cLR TSLWHL+l 5
A CLR SPDZER 5 CLEhR ZERO SPEED FLAG

CL1 2 ENABLE 1 MSEC INTERRUPTS. ----. 36 CYCLES BEFORE INTERRUPTS ME ~-ENA
..- ..--TBY CLEAR 5TANDBY

PIT,STAT1 CL~R STOP MoDE

01322
01323. ..

01330A 0285 & ii A
01331A 02S7 BD C4 A
01332A 02S9 M 3B A w10
01333A 028B BD D1
01334A 028D 26 06 029; BKE W1104

0

----- .,.s
01352
01353

*@$38*F .
. . — ..-_.&,rHEWINDOW

RESETS WILL BE ULOWED . IT ~ES NOT ~ ~YTHING WITH THE
FUNCTION OR RESET lP:PUTS---IT PASSES THIS INFO ON ~ THE 600

:D FOR AVE~GE
i IT SCHEDULES

MSEC ROUTINE.

. ....
01369 ,
01370 *....*........*,*....................................................
...-.

01380...... =- .. ....
01381A 02AB E 46 A
01382A 02AD BD D1 A
01383A 02AF 3A 40 A T302b u.. S,PCTR+Z
01384A 02B1 26 08 02BB BNE T3014 BUNCH ,, NOT !,<
01385A f12B3B6 47 A LDA STPCTR+I TEST ,0, h,.,, ,
01306A

01374A 02A4 OF 10 14 02BB
..... .. . ... .. .. ..... ...

ORCLR sTP4DBY,sTAT],T3014 SKIP IF NOT lN STANDBY mDE
B1375 ,.
01376 - IN STANDBY, CHECK .mR STOP MODE
01377 . (TRIPLE DECREMENT STPCTR)...-3 .

3A 02A7 3D 48
,. “,,. ,. .4 ..l:

TST STPCTR+2 WILL LSB ~USE EORROW
BCiE T3020 O~NCN IF NOT
LDX :STPCTR GO DECREMENT 2 MSB,S
JSR DDEC

,. “.-
‘–--–- 2 DECR UB

.. . .-
‘- >! ZERO

02B5 m 46
.—.. 3~ES = ZERO

0~ STPCTR
01387A 02B7 26 02 02B; BNE T3014
0138S . GO INTO STOP MODE

STOPIT,STAT1013s9A 02B9 10 10 A BSET
01390 .
01391 “ ~ DEBOUNCE OF FUNCTION KEY
01392 ,*,

.,
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A T3014 EQU *
02c9 ORSET FNKEY,IOX,T3001 BWNCH IF ~NCTIOW my NOT ~WN
B>C5 BRCLR FUNDm, STAT1,T3000 B~NCR IF =YDO~ STATUS NOT

BSET mFUN ,STAT1 SET WAITING mR WNCTION UP
02E: B~ T3004

* HERE WEN WNCTION 3ZY ~ST ~NT WWN
A T3000 EQU +

BSET FUNDW ,STAT1
02E: B~ T3004

● HERE ~EN ~NCTION mY NOT ~W
h T3001 EOU ●

SET

10
10 16 02E1

● mY
10 k
11 A
~A
25, a

06 A
01 02DC

UP

CMP #~XFUN FUNCTION ~P _0UND7
T3002 B~NCH IF ~T

;Fm
EOU ●02E A T3002

014i6A 02~ 07 25 A STA FUNCT STORE ~W FUNCTION
61417A B2DE 12 10 A BSET
91418A 02E0 A6 00 A

~ENB, STAT1 ~ABLE WSETS mR =OUT 5 SEC
~A 8 --> RESET ENABLE ~R .

61419A 02E2 B7 44 A STA SECTR
01420 02E4 A T3003 EQU +
B1A21 *

01422 * DEBOUNCE ~SET KEY
61423 ● .<,

M1435A B2F2 17 10 B:LR SETDWN,STAT1 CLEAR ~S ET ~Y ~WN STATUS*4Y ;?:,.,;,
01436A 02F4 05 10 09 030; *$$T’+PBRCLR ~SET, STAT1,T3008 BWCH IF NOT WAITI,N:GT;,>,,
@1437A 02F7 15 10 A BCLR WSET, STAT1 CLEAR WAITING mR mY uP~ .,,$..%*.
B143~ 02F9 BD ~ JSR NOSTBY CLEAR STANDBY
61439A 02FB 03 10 02 030:

.,?t
BRCLR SETENB,STAT1,T3008 SKIP IF mSET @$$~.EB@D

61440A 02FE 10 11 A BSET ~SET, STAT2 =T BIT S0 600MSEC @m:$@,~.-@ET
01441 0300 A T3008 EOU ● ‘\.:;?\,ti+
01442 ● .,,\,~
01443

.,,
● uPDATE ~E TIME ~R AwWGE SpEED mLC@TIONS’’i:3

e1444 *
01445 0300

.+:~~}~a
A T3009 EQU ● .\*.,

01446A 0300 m 42 A LDX *ASTUPD DEcR. AVG. @%~,uPDh -R.
61447A 03@2 BD D1 JSR DDEC ,$ ,>3.
91448A 0304 26 1S 031: BNE T3010 B~CH I<\%N@..,ZE~
61449A 0306 BD 9F A JSR CL~SU 750 --> A*, ~-b “PDATE CTR.
01450A 0308 m lE A LDX #ASTIME INCR %WQ~bSPEED T+ME\*- ,\\.\x,,f),

.*,. J,
\...

OG%.#’ ,.2 **.*.***.*.********.***** *.*. ****. ***** *...* ..*** .*.*.*..*.***. ..****

0149E . . APPROXIWTE EXECUTION SPEEDS mR NOWAL DISPLAYS —
01499 ,
01500 , D1spLAy SpEED,AVEUGE SPEED, OF CADENCE -- 2000 -cLE5 AvG.
01501 ●

01502
3100 CYCLES MX

. DISPLAY TRIP OR mTaL DISTANCE --
01503

1400 CYCLES AVG
.

01504
1800 ~CLES ~X

*
015B5 ●

01506
ApPROXImTE EXECUTION TIME FOR WRST msE -- 10000 mCLES

.
01507 .
01508 ........................................“.....”.......................

,..,,
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01509 ,

A T600Ms EQU +
BCLR Ras600,STAT2 CLEAR ~QUESi BIT

033~ 9RcLR SETENB,STATI,T600A OaNck[ IF ESET NOT ENABLED
+ HERE WEN KsET 1S ENABLED

DEC SECTR OECREMENT RESET ENADLE ~UNTER
033; BNE T600& B~NCH IF NOT ZERO

A BCLR SETENB,STAT1 DISABLE RESET MODE
A LDA *8 REINIT ~SET ENABLE CTR
A STA SECTR

.

* CHECK TO SEE IF ~ SHOULD W INTO STANDBY
.

01522 0338 A T600A EQU .
01523A 0338 3h 24 A DEC STBCTR DECR STANDBY COUNTER
81524A 033A 26 07 0343 BNE T600B BMNCH IF NO STANDBY
01525A 033c lE 10 A BSET STNDBY,STAT1 SET STANDBY BIT
01526A 033E BD K A JSR CLRLCD GO CLEAR ~D DIGITS
01527A 0340 CC 0557 A JMP D600x
01528
01529
01530

.
, WIN LINE CODE. IF IN ~SET ENABLE, DISPLAY FUNCTION ON DISPLAYS
,

01531 0343 A T600B EQU ,
01532A 0343 03 10 67 03AD BRCLR SETENB,STAT1,T600M BWNCH IF ~SET NOT ENABLED
01533A 0346 B6 25 A LDA FUNCT GET INDEX OF CURRENT FUNCTION
01534 .

01535 ..,.,,,,..,,.,,.,,.,,,.,,.,,.*.,.*,,.,,.,,.,,....,.,,,,,,,.,,.,..,,,,
01536 ,

,.:<~:
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.’t$;~i\

01567 * ‘$*i$

01568A 035B 00 11 27 0385
,w@:$* ~

, TAT2,T600E OR IF ~ MVE A mW VALIJi
01569A 035E 08 11 03 0364 @SET?/\~F~2 ,STAT2,T600E2 BMNCK IF NOT INCREMENTING
01570A 0361 CC 054A A ,gm~~ 00 = JUST GO DISPLAY CURRENT VXUE
01571 . W~$,T?Q~F~>~~W VALUE: INCREMENT WEEL SIZE
01572A 0364 3A 45 ONLY INCREMENT EVERY OTHER TIME
01573A 0366 26 lD
01574A 0360 A6 .02

038t ‘:0Y8~$?? !=
4 ‘t>~~htv.~~>.~WA RE-lNIT CTR

01575A 036A B7 45 , ‘*t::x:~ ~~
01576A 036c 3C 2F STEP TO WXT VALUE
01577A 036E B6 38 ‘,!~:,,* ~.,~xi ~~* Tulsc+l hDn .5 m OISPLAYED VALUE
01578A 0370 ~ 05,~.~,.-~~,..<. ADD #5
01579A 0372 07 3~~ ,~ STA T>ISC+l
El58EA 6374 24 02??,.0$~8 BCC T600E1
01581A 0376 ~$,k%%~~~,,,.~~,,.,,V~ lNc TDISC
01582A 0370 ;@ 4%,, A T600E1 CLR SECTR IiOLDPROGM IN SET IJNTILNEW vUuE 1s 5ELEcTE
01583A 037A ~b 2F~i A LDA TC1R2

:;:$i~~p$ ,38: :K ‘2”0 1’ “ ‘00”0” ‘HENT600E

;${p +~k. @48c A :2 .Ew,
WTSET2,sTAT2 FORCE ,NEWS a TO =SET TO 40.0

* DISPLAY THE NEW WEEL CIRCUMFERENCE
.~~~A 0385 BE 37 A ,600, LDX TDISC

:<$>~~~:~;; ~ ; h LO, TD,SC+l ‘“’ 1“ “’PLAY ‘“”’

b.,,.-?, ~$15 A 038B CD 0550
BSET DECPT,STAT1 WITH DECIMAL ~lNT

: JSR D0F39
,\i+>J.,*iqi:\yJ593A 0~~~ 2g ~~ ~~A,

GO DISPLAY
BM

W1594
T600Z

“?’:i,@1595
,.$!.,, .

.:.>:{:$>~ @~~g~~.:y+l..:,,i ● OTHER FUNCTION DISPLAY VALUES COME ST~l GHT FROM ~E TABLE\,S,}
ii,,, 01597

,$*’“~’

.

~l\}. 01598 0394 h T600F EQU ●

,1.
,\?Y$

E1599A 0390 48 LSLA.~,.\T MULTIPLY FUNCTION NBR BY 4
016B0A 0391 48.~~r):>,+:P~ ‘>$?*as. LSLA
01641A 0392 97 TAX

*:.,...
PUT NEw INDEX INTO x

‘.+:>>:;s.i,,,, 01602 .
....,. 01603 + MOVE THE RESET DISPLAY VALUE TO THE WD, S

,’,.‘‘:}* 01644 .
.‘;:!!$,,]1 41605 0393 A T600G EOU .
:.:. 01606A 0393 D6 03B3 A~, LDA SETTAB,X

01607.A0396 B7 03 STh PORTD
01608A 0398 D6 03B4 : LDA
01609A 039B 07 02 A

~TA yRy+l, x

01610A 039D D6 03B5 A LDA SETTAB+2,x
01611A 43A0 B7 01 A STA PORTB
E1612A 03A2 D6 03B6 A LDA SETTAB+3,x
41613A 03A5 07 00 A STA PORTA
01614 03A7 A T600z EQU ●

01615A 03A7 00 11 25 03cF BRSET ~SET, STAT2,T600MX m MSET ACTION IF =QUEST SET
01616A B3m cc 0557 A JMP

,,
D600x ELSE EXIT

01617 .
01618 ● NOW CHECK TO SEE IF w SHOULD DO A ESET ACTIOP4FOR THE FUNCTION
01619 .

01620 03AD A T600M EQU .
01621A 03AD 00 11 lF 03CF .BRSET mSET, STAT2,T600MX BWNCH ~ RESET CODE IF SO
01622A 03B0 cc 04A0 A JMP DOFUNC

01623 .

01624 .
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01625 ● TABLE OF KD VAULC5 w OuTpuT WIILE s2sET 1s ENABLED
01626 . ORDER 1s: pORTD, mRTc, rnRTB, ~RTA
01627 ● LCD4 CONTAINS COM WD THE DECIMAL WINT ~0
01620 .
01629 ●

01630 03B3 A SETTAB MU +
01631A 03B3 70 A

ORDERED BY FUNCTION WMBER
FCB S70.Sn#.Sa7.s.7 <..,” ,<.s

01632A 03B7 7F A FCB $7F,$00,$2B,SF2 AVE~GE SPEED ,ASP,
01633A 03BB A FCB $91,$00,$3F,$8E TRIP ODOMETER aODO,
01634A 03BF ~: A FCB $89,$00,$39,$EC ToTAL DISTANCE ,DIS,
01635A 03c3 F6 a FCB $F6,$00,$35,$9E ~DENCE ‘CAD,
01636 t NEW FUNCTIONS SHOULD BE ADDED BEFORE ~RE
01637A 03c7 FF A MTAB FCB $FF,$08,$7F,SFE UNITS=KM ,<-- 1088,
01638A 03CB FF A MITAB FCB $FF,$00,$7F,$FE UNITS=MILE -1888 e
., .,0 .

. ..
w1648 03CF A T600MX EQU ●

01652A 03D4 BB 25 A ADD FUNCT
01653A 03D6 97 TAX
01654A 03D7 9B SEI BEST TO DISABLE INTERRUPTS
01655A 03D8 DD 03DF A JSR T600,RS,X ~MP ~ RESET
01656A 03DB 9A cl.r .V-.man,. ,u..~~”p~~

n,.<.
.. -...

.
01657A 03Dc CC 0557 A

..-.....”--....“
JMP D600x .“ FY,.-----

01659 . .*. * .*” .** *,,*..., ,.

01 66a ●

01661
01662

● RESET SUBROUTINE CALLS
,

01664
01665

.. -.-.....-”
01674A 03E5 m 14 03FB BSR F,,RT,P

.

6TAT2
..-

●

● lNIT1kl ZE TRiP 0~
.

k CLRTRP EOU ●

A CLR TMCTR 0 --> TRIP M1LE8 ~R,
A CLR WCTR+l

CLR TKCTR 0 --s TRIP m mR.
: CLR TKCTR+l
A LDh TENTHM R2SET ~V/ .1 MILE mNSTANT
A STA MRCTR’
A LDA TENTHK
A

RE8ET ~/.1 KM MNSTA~
STA KRCTR
RTS

.

: Do WE ,SET8 FUNCTION mR mEEL SIZE

: TWO F~GS DETERMINE -T T“Is ~“TINE ~ES

. WSET WSET2

. ao DIRPLAY CIRCUMFERENCE [DOME ~OVE]
● 0 1 WAITING MR ~ ~EEL SIZE (DONE A80VE)
. 1 @ INITIALIzE POR ~W MEEL SIZE INPUT
● 1 1 MVE ~W CIRCUMFEKENCE. ~CUUTE ~ V&UES
.

-----
01726
01727 ● ONLY TKE ~SES WITH WSET-1 ARE WDLED IN WIS ROUTINE. ~E
01728 ● ~SES ~RE ~NDLED MOVE ~RING THE DISPLAY MDE .
01729 .
01730 040c A ‘~WS EQ” ●

01731A 040C 08 11 14 0423 8RSET WTSET2,S?AT2,WS1O SKIP IF ~W VALUE
01732 ● lNIT mR NEW WEEL SIZE INPUT
@1733A 040F 18 11 A BSET ~TET2, STAT2 SET FUG (WAITING)
01734A 0411 A6 4F A LDA START WITH CIRCUHFEKENCE = 39.5 INCHES
01735A 0413 S7 2F A STA TC1R2
01736A 0415 A6 01 A LDA #395/256 lNIT DISPUY
D1737A R417 AE 88 A LDX #3951.SFF
01738A 0419 07 37 A STA TDIsc
01739A 041B BF 3S A STX TD18C+1
01740A 041D A6 02 A LDA t2 lNIT EVERY ~HER CTR
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01741A 041F B7 45 STA WHCTR
01742A 0421 20 7C 049; BM WSOUT
01743 ,.“~~~ ~~ * ~~ ~~~~~~~~~~~~~. ~*~~~~~~~ ~~~ ~~~~~~*~~ “~”~~:

01744 ● CIRW
01745 ● TENTHM
01746 ,
01747

ONEM1
. TENTHK

01748 ● ONEKM
01749 , CM1
01750 , CKM
01751 ●

01752 0423 A WS1O EQU *
01753A 0423 19 11 A BCLR WTSET2,STAT2 ~SET l~AITINGBIT !$?
01754 . ,,.i.,~

01755 , CIRKM = IC1R2M1 + 1281 / 101
$)$...’,,’,,!,.~.,.,...,,F...

..... ,,.~?..“,-,s

01799A 0463 B7 KM A STA .*,,B1

01806
01807

A 046F m 0A
01809A 0471 BD CF
0180a

,*
LDA #227

A LDX C1R2MI
A JSR MUL

LSU 18
ROW
LS~
RO~
LSRX
Row

9 BCC WSO1 ROUND ESULT
INCA

9 BNE wsO1
lNCX

A WSO1 STX CM1
A STA CM1+l

*
● Cm - 36 ● CIR~

5 W47F*54
46

t{, .;,i ..
~.+.,.}.

>,$!rk)t. 01S32 .
*$“’.<+t~.+~

61833A 040D A6 24 A
,-$<~”.,..*,.wi:\, LDA *36

01834A 040F BE 38 A LDx -.-..,.
~y~,,:

81835A 0491 89 CF
w!*. ,i.~$h JSR
,,,‘,’*. 01836A 0493 SF 33 ‘: .m.

,’l\.,~Q~;:,\
k:,? 81837A 4495 B7 34 A
*.;, 0183s *
,. 01839 ● SINCE ~ CHANGED THE ~EEL SIZE, IT ONLY ~~S SENSE ~ ~SET ML

01840 * DISTANCE WD AVEmGE SPEED MUNTERS
01841 *
S1842A 0497 9B SE1
01843A 0498 BD S0 A JSR CL~S AVEWGE SPEED
M1844A 049A CD 03FB A JSR CLRTRP TR1P ODO
M1845A @49D BD M A JSR CLRDIS TOTAL DISTANCE

. .KAm

MUL
..- Cm
STA Cm+l

01846 049F A WSOUT EQU ●

01847A 049F 81 RTS
01848 ,

01849 ● ..,***,***..*.**..● *.*..*..,.******.,,**.*.**...**.*******.*,.*..*..

01850 .

01851 * HERE W ~ THE NON FUNCTION FOR FE ~QUESTE? DISPUY
01852 .
01853 *
01854

IN MOST CALCULATION X CONTAINS ~E MS BWE
●

01855 ..*.***”.,*.,..*..*...,..*.,..,**● .**,.**,.*,*,**..*.*.**.*****,*● ***

01856 ●



01865 .
01866

,. 0186?
W186C
01869 ,.
01870A 04A6 3D 49 TST SPDZER 1S SPEED ZERO
81871A 04A8 27 04 04A; BEQ DoF02 BWNCH IF WT
01872A 04u SF CLRX SET WMEWTOR ‘m ZERO
01E73A 04AB 4F CLW

---.-
01B76 04AE A mF02 EOU ●

,, 01B77A 04AE OC 11 0<
01B78

@1E80A 04B3 B6 32 A LDA CM1+l
018B1A 04B5 20 04 04BB B~ DOFSPD
018B2 * K1~METER S = CKM/T
01883A 04B7 BE ’33 A WFOl LDX Cm GET ~ SPEED ~NSTANT
018S4A 04B9 B6 34 A LDA Cm+l
01805
E1BS6 04BB A WFSPD EOU *

,. 01SB7A 04SS SF 5F A STX DIVDND STORE THE CONSTANT IN THE DIVIDEND
01BB8A 04BD B7 60 A STA DIVOND+l
01B09A 04BF 9B SE1 DISABLE INTERRUPTS A WEC OR WO
01890A 04c0 BE 4B A LDX TBWL GET DIVISOR
01B91A 04C2 B6 4C A LDA TBWHL+l
01B92A 04c4 20 6C 0532
01S93

Go m DIVIDE WD DISpmy mSULT
****.**:R****R::::*

-----

019~~ 94F0 & 11 06 04F9 BRSET KMMILE,STAT2,D0F25 BWNCH IF ~ WDE

BE 12
B6 13
20 57

BE 14
B6 15
20 51

01951A 0500 26 10 0512 SWE WF40
01952 * TOTAL D1STANCE...... “--- --

SE1
6 050c 9RSET mMILE, STAT2,mF35 BWCH IF m mDE

● MILES
A LDX TOTM1



.- ““r . .

. . .. .JF41 EQU ●

A LDX #60000/256 DIVIDEND - 60,000
A LDA #600001.$FF

21 A mF42 EQU ●

A STX DIVDND
A STA DIVDND+l

- CADENCE PER1oD

.,
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02031 *

;EC ROUTINE

“.” LLm. WA> ,1,
-r. . ...= . ...” . . . .

0558 A ~FDSP EQU +
1558 lF 11 A BCLR LDZERO,STAT2
155A 5F CLRX lNIT INDEX INTO BCD DIVIDERS

055B A DL00P2 EQU .
k LDx t-l lNIT CTR
. .m. ..”.

Ab FF
B7 61

055F ; ELOOP ;;;
3C 61 .A lNc
06 54 a LDA-. ----

J.,.,.
●

TEMP INCR. COUNTER
DISPLY+l DISPLY - CONSTANT FROM DIVTAB
D1vTAB+l,x
DISPLY+l
DISPLY
DIVTAB ,X
DISPLY
“,””. ST,, , M..m, !r.>

D MCK W DISPLY
DISPLY+l
DIVTAB+l,X
.,..,“L,

U’..,A u>., “. .,, ”

02066A 0566 B7 54
...... .... .. ,.

A

A

SUB
STA
LDk
SBC
STA
“,,,___ ------ -------- .. .. .

* NOW TEMP = BCD DIGIT, BUT ~ ~ED m AD)
* LDA
\ ADD
4 STA u...Y.Y.

e
e
e-.. -.. . . . . . . .

.“- . . . . . .

02079A 0501 5D TSTX IF ~OUS&NDS DIGIT ~lEN SET 1
02080A 0582 26 02 0586 BNE DOFD1
02081A 0504 A4 01 A MD
02082A 0586 AD 50
02083A 058,S54
020S4A 0589 E7 55
02085A 050B 58 ..-.
02B86A 050c sc lNCX BUMP PTR TO ~XT TABLE ENTRY
02087A 05aD 5C lNCX
B2088A 058E,A3 06 A CMPX #6 DONE 3 DIGITS?

PICK UP THE BCD DIGIT
TO OOR1

05E0 ~FD1 BSR FVTBCD GO mNVERT DIGIT ~ KD W~AT
LSRX (MKE B~E INDEX)

A 5TA D1,x STORE IN TEMP TABLE
...”

.
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02089A 0590,26 C9 055B BNE DL00P2
02090A 0592 B6 54 A LDA DISPLY+l lF so DIGIT 4 IS IN THE nMAINDER
02091A ‘0594 lE 11 OSET
02092A 0596 AD 48

LDZERO,5TAT2 vN’ T SUPPRESS MST ZERO IF PRESENT
05E; BSR CVTBCD GO CONVERT DIGIT 4

02093A 0598 07 58 A STA 04
02094 ,.
“.”.. .
“.”. .

B2096 * CONVERT D1-D4 TO PA-PD. THEN OUTPIITPA-PD ~ THE 1/0 mRTS
02097 .

02098 ● D1 - 04 ~VE DIGITS WITH ~EIR “SEGMENTS IN THE ~LLOWING ORDER:
02099 *

02100 . 0, G, F, A, B, C, D, E
02101 *
02102 * THIS ~GORITHM CONVERTS THESE ~ THE 1/0 WRT ~TA
02103 *

GET DIGIT 3 DATA
POS1TION IT

.R DECPT,STAT1;D0FD3 ~D IN DECIMAL WINT IF WY

PORTA 1S ~NE

GET DIGIT 1 DATA
SHIFT 3 UB, S OF DIGIT I lNTO mTTOM OF x

02112A 05A6 44 LSRA
02113A 05A7 59 ROLX

02142A 05c9 48 mPFIx WLA
02143A 05CA 36 5C A ROR PD WD PUT
02144A 05CC 5A DECX
02145A 05CD 26 FA 05c9 BNE UPFIX’
02146 * PD ~NE WORK ON PC

.*!‘.,,.>,

NOW ,a~>JNt& E OF mAT ~ WANT,

02159

- PORTD

END OF ~FDSP

1S D101T ZERO?
BWNCI{ IF NOT

,STAT2,CVTBO1 GO CONVERT IF NOT LEIDING ZERO
LEADING ZERO. ~lT WITH A = 0
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This information has been carefully checked and is believed to be entirely reliable. However, no responsibility
the right to meke changes to any products herein to improve reliability, function or design. Motorola does not assume any I
or use of eny product or circuit described herein. No license is conveyed under patent rights in ar
product, specifications herein are subject to change without notice.

is assumed for inaccuracies. Motorola reserves

liability arising out of the application
ny form. When this document contains information on a new
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