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In 19350, science +Fiction author Issac
Asimov published a collection of earlier
stories in a book called I, Robot. In the
introduction of this book, Asimov stated
that the major manufacturer of robots would
come into existence in 1982.

He was right about the date but not about

the company™s name. Our name is Androbot,
Inc., and 1like Asimov’s U.S. Robot and
Mechanical Men, Inc., we came into
existence in 1982. There is, however, a

major difference between the two companies
—— we are real, and so are owr products.
Robots are no longer just science fiction!

50 allow us to welcome yvou to a new era —-—
the robotic age!

Introducing Topo_-=_and_a_new_age!

You have purchased a product that was pure
science fiction a few short years ago ——
a domestic robot. As you learn about vour
new robot {we have named him Topo from
topography or topology), vou will come to
realize that wvou are a pioneeer in a
totally new and exciting field. Whether
your applications are practical,
educational, or purely for entertainment,
vou will soon be making Topo do things that
no one else has made him do before.

Regardless of your applications for Topo,

we know one thing —— vou will enjoy using
him. Topo will seem like a family member
as he scampers around the house. You can


















































































































LIMITATION OF INCIDENTAL OR CONSEGQUENTIAL
DAMAGES: Androbot is not responsible for
any incidental or consequential damage of
any kind. Our liability is limited to the
repair or replacement, at our option, of a
defective produc

Some states do not allow limitations on how
long an 1implied warranty lasts and/or do
‘not allow the exclusion of incidental or

consequential damage, ={u] the abowve
limitations or exclusions may nnot apply to
WL .

This warranty gives wvou specitic legal
rights and you may also have other rights
that vary from state to state.



Let’s take a look at the programs that were
automatically loaded into yvour Apple when
the power was turned on. The first nine
pages of the Listings section show the
BASIC routines that youw can also see on the
screen by LISTing out, and the last four

pages show the assembly language source
listing of the binary routines residing at
location $Z00. There are twenty or so

BASIC program modules as listed above., all
configured as subroutines that are called
trom your main program or from each other.
Some of them make use of the binary
routines for talking to the interface card.

Aside from JOYSTICE, the routines that you
will be wusing most Ffrequently are the
simple motion commands: TFD, TBE, TLT and
TRT (regular forms), and TFDX, TBKX, TLTX
and TRTX (extended form). They take as
input the wvariable N representing the
number of steps, and also use some motion
variables that are set in the INIT routine.
These motion variables can be changed for
calibrating Topo.

Your computer contrecls Topo through four
channels whose values are contained in

variables C1, =2, C=, and C4. These
variables may have values in the range of
912 to 1535. All channel wvalues are
transmitted once every 20 ms, so there are
20 control frames per second. Channels C3
and C4 are for future expansion. Channels
C1 and C2 control the left and right wheels
respectivel v. For example, when Cl1 = 512,

the 1left wheel rotates at full speed



backwards. When C1 = 1024, it is stopped
and when Cl1 = 1536, it turns at full speed

forward. Channels C3 and C4 are spares
that may be used later for pptional
aCcessories. The variables 71, L2, Z3 and
L4 contain the four neutral values,
rominally 1024, The routine TRESET uses
them to reset all channels. To stop one

wheel, say the left, we set C1 = Z1. The
routine TSET may be used to communicate
that information to the transmitter.

When Topo goes forward at full speed under
& TFD command, channels C1 and C2 are set
to the proper running values that make both
wheels roll forward at the same speed, Cl1 =
F1 for the left and C?2 = E2 for the right
wheel. If medium or 1low speed are desired,
then one can set C1 = E1 and C?2 = EZd, or Ci1
= E3 and C2 = E4 respectivel y. Similarly,
for backwards motion, wvariables Bi; B2
represent full speed and Al, AZ or AZ, A4
represent medium and low speed. These
values are fine tuned during calibration.

When Topo starts forward on a TFDX command
with input M, he first goes at medium speed
1o s0 many steps (FUF), then uses full
sneed for the required number of steps (a
‘unction of input M), then goes back to low
speed for another number of steps (FDN) and
tinally stops. This achieves smooth start
and stop by ramping the speed.

On a left turn under a TLTX command, no
ramping is needed, but the number of steps
taken is derived from the input number
after accounting for wheel slippage and
inertia effects with factor CL.
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Variable F1 controls the left wheel
forward; F2 controls the right wheel
forward. Determine which wheel needs to be
rotating slower and decrease its wvalue
until Topo goes straight, or increase the
opposite wheel. For reliable performance,

do not increase above the factory limit of
1536.
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full-backward (THEE or TBEX).

Variable B1 controls the left wheel
backward: B2 controls the right wheel
backward. Determine which wheel needs to
be rotating slower and increase its value
until Topo goes straight, or decrease the
opposite wheel. Mote that increasing the
value will slow down the wheel, which is
the opposite effect from the forward
ad justment. For reliable performance, do

not decrease below the factory 1limit of
S12.

If Topo travels more or less than the
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The distance standard is 1 unit = 1 cm.
Thus, 100 forward should cause Topo to
travel 100 em, or 1 meter. Variables SFD

and 5S5BE are scale factors for forward and
backward, respectively. Increasing either



tactor will increase the distance
travelled. For example, if vou reguest 100
backward and Topo travels 110 cm, then
decrease S5BE until Topo travels 100 cm.

Topo turns more or

F—T e =S ==

1es5
mmanded amount (TLT, TRT only

f s than the
] ¥
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Variable SLT is the left turn scale
factoris SRT is the right turn scale factor.

Increasing either factor will increase the
amount that Topo turns for any given

command . Thus, for example, if you reqguest
a 90-degree right turn and Topo only turns
HS degress, then increase SRT until Topo
turns 90 degrees.

Further calibration of the

e
commands (TFDX, TBEX, TLTX, and TRTX

There are four pairs of variables here -
(E1, E2) for forward starting, (E3, E4) +or
{forward stopping, {41, AZ2) Ffor backward
starting, and (A3, A4) Ffor backward
stopping. For each pair, the first is for
the left whe=l and the second is Ffor the
right.

The procedure is actually nearly identical
to the Ffull-speed veer adjustment. For
simplicity, we will only discuss one case
~— say forward stopping (controlled by E3-
left and Ed4-right). Determine which wheel
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needs to rotate faster during forward
stopping, and increase its value until Topo
stops straight. {(DOr, decrease the opposite
wheel . The choice depends on whether you
like slower or faster stopping.)

The same procedure applies to forward
starting. A similar procedure works for
backward values, except that increasing the
value will slow down the wheel, which is
the opposite to the forward adjustment.

For reliable performance, E1-4 should never
exceed the factory limit of 15346, and A1-4
should never be less than the factory limit
of S12.

If Topo travels more or le

[ = " e R S Sl T -l e -

ss than the
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commanded distance (TFDX or TEBEX only).

Calibrating distances with the extended
BASIC commands TFDX and TBEX reguires
several distinct steps; fortunately each
step 1s quite easvy. We will only describe
the procedure for forward calibration;: the

1dentical steps are used for backward
settings.

First, set the minimal ramp distance FRF
(RB for backward). To do so, set the
distance (N} EGQUAL to the CURRENT wvalue of
RF (whatever it may be) and give a forward

(TFDX}) command. This causes a minimal
ramp . Measure the distance Topo travels
and set RF to this value (if Topo moves 47
cm, then set RF = 47). This completes the
first step.
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wecond, set the scale factor XFD (XBE for
backward). To do this, give a large
distance command (at least 100 or so, the
larger the better) and measure the distance

travelled by Topo. Increasing the scale
tactor will increase the distance
travelled. Thus, if you request forward

00 with XFD and Topo travels 330 cm, then
tlecrease SFD until Topo travels 300 cm.
This completes the second step.

Lastly, adjust the short-distance slippage
constant F5 (BS for backward) if desired.
This 1is only used to adjust short—-distance
steps {(less than the minimum ramp RF) where
the ramping is automatically disabled.
Give a distance command just less than the
value of RF, and measure how far Topo
travels. I+ Topo comes short of the
commanded distance, then increase FS by the
difference. Thus, if you command forward
(TFDX) 41 and Topo moves 38 cm, then
increase FS5 by 3. This completes the
distance calibration procedure for TFDX and
TBEX.

What if 1 want to wvary

characteristics? (TFDX or TRE
The wvariables E1-4 and Al-4 (discussed 1in
"I+ Topo travels straight, but veers
during starting or stopping") control the
MOTOR SFEEDS during start-up and slow-

down. These can be adjusted to vary the
Famped start and stop speed
characteristics. Again, increased values

will slow down the motors Ffor backward
commands.
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The wvariables FUF, FDN, BUF, and BDNMN

control the TIME DURATION of the
aforementioned motor speeds, as= follows:
FUF - forward start (ramp upl, FDN -

forward stop, BUF - backward start, and BDHN
backward stop. Although not generally
adjusted, they can be varied if desired. A
typical value of 20 represents 3I0/50 or 0.6
seconds duration of ramping time.

1t Topo turns more or les
commanded amount (TLTX or TRTX
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Variable XLT is the left turn scale factor:

ART is the right turn scale factor.
Increasing either factor will increase +the
amount that Topo turns for any given

command. Thus, for example, if vou reguest
a P0-degree right turn and Topo only turns
85 degrees, then increase XRT until Topo
turns 20 degrees.

ns 20 degrees correctly, but

off (TLTX or TRTX only)
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m
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In addition to XLT and XRT (left and right
scale factors described earlier), vou can
also adjust CL and CR. These are left and
right correction factors, respectively.
Froceed as follows: Give a 3&60-degree (1
full turn) command, and adjust XLT {(or XRT)
as appropriate until Topo turns S60
degrees. Now give four separate,
consecutive Q0-degree turn commands. If
this overshoots 360 degrees, then increase
AL (or CR) until four 90-degree turns glives
exactly the same as one 3I&40-degree turn.
You may need to slightly re-adjust XLT(or
ARTY  during this process. This procedure
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will result 1in good performance for all
angles.

I+ 1 change one variable, do 1 have to

— i . i = — —— — — — —— . — — — g

Al though small adjustments will usually not
produce noticeable effects elsewhere, some
large wvariable changes can affect other
nominal settings. Generally, vou need not
worry about recalibration unless you notice
an obvious sShortcoming.
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The standard TOFOBASIC program assumes that
the transmitter interface card is plugged
into peripheral slot #5 in the Apple
computer, in the first statement of TRESET:

&HOO0S CD = 493461:DT = 493460

You may relocate this card to any other
=lot but slot #0O by changing the values of
the two wvariables, CD and DT. Here is a
Lable of the wvalues to use:?

SLOT # CD DT
1 49297 49296
2 49313 49317
3 49329 49328
4 49345 49344
= 49361 49350
& 49377 49374
> 49393 49392



GLOSSARY _OF BASIC_ROUTINES
TRESET - 6000 (Transmission RESET)
Resets +the interface card to its wake-up
state, with all control channels set to
neutral values. Must be executed once
after system power—up to start data
transmission to Topo.

JOYSTICE - S0O00

Futs Topo under joystick control. 7To exit,
hit any key on the keyboard. Uses none of
the calibration variables.

TFD = 5100 (Topo ForwarD)

Takes input N and makes Topo go forward N
steps at {full speed, typically going N
centimeters, then stop. Uses speed

variables F1 and F2, and distance factor
SFD.

TBE = 5200 (Topo Back)

Takes input N and makes Topo go backward N
steps at Ffull speed, typically going N
centimeters, thien ntop. Uses speed
variables Bl and B2, and distance +actur
SBE.

TLT = 5300 (Topo LefT)

Takes input N and makes Topo turn N steps
to the left at full speed, typically going
M degrees, then stop. Uses Speed values Bl
and F2, and angle factor SLT.

TRT = 3400 {Topo RighT)

Takes input N and makes Topo turn N steps
to the right at +full speed, typically
poing M degrees, then stop. Uses speed
values F1 and B2, and angle factor SRT.

o1



TEDX — &500 (Topo ForwarD eXtended)

Similar to TFD, but with smoother and more
precise motion. Takes input N and moves
Topo forward M centimeters. Correction
factors FS and RF together with XFD adjust
the distance travelled. Variables FUP,
FDN, and E1-E4 control orientation and
smoothness during starting and stopping.

TBEX — &600 (Topo Back eXtended)

Bimilar to TBE, but with smoother and more
precise motion. Takes input N and moves
Topo backward centimeters. Correction
tactors BS and RE together with XBE adjust
the distance travelled. Variables BUP,

BDN, and Al-A4 control orientation and
smoothness during starting and stopping.

TLTX - 6700 (Topo LefT eXtended)

Similar to TLT, but with more precise
turning for any given angle. Takes input N
and turns Topo N degrees to the left.
Correction factor CL and scale factor XLT
adjust the turning angle.

TRTX — 46800 (Topo RighT eXtended)

Similar to TRT, but with more precise
turning for any given angle. Takes input N
and turns Topo M degrees to the right.
Correction factor CR and scale factor XRT
adjust the turning angle.

INIT — 7000 {INITialize variables)

Resets all motion wvariables to their
correct start—-up wvalues. Should be called
at the start of each user program. Latest

calibration values should be saved into
this routine.

= s



TSET — 5900 (Topo SET control values)

Sets Topo control channels to the values of
Ci, €2, C3Z, and C4. Appropriate values for
Cl or C2 will engage the motors. Note that
they will continue to runm until a command
1s given to stop.

TCOUNT - 5800 (Topo COUNTer delay)
Takes as input the wvariable STP and
generates a delay equal to that number of

time frames (1/50 second per frame, so
SETP=50: 6G0SUR 5800 delays 1 second).

TSTEF - 54600 (Topo STEF one seatting)
Combines the functions of TSET and TCOUNT.
Sets control channels to Cl1-4, and waits
for a number of frames equal to STP before
returning. Note that the motors will not be
stopped on return.

TSTOF - 55300 (Topo STOP)

Makes Topo stop. Uses neutral values 71
and ZI2. Typically used after a TSET or
TSTEP.

TSTEFSTOF - 3700 (Topo STEP and STOF)
Combines the functions of TSTEFP and TSTOP.
Sets control channels, waits for a number

of frames equal to STF, and then stops
motors.

HOLD — &£300 (HOLD channel data)

Ltility routine, used to pass values C1-C4
to the machine language Topo driver
pProgram.

STORESTP — 6450 (STORE STeP time value)
Utility routine, used to pass the value of



BTF (step delay time) to the machine
language Topo driver program.

CALTBRATE NEUTRAL VALUES - 7200
Interactive calibration routine for setting
the neutral values I1-74, one at a time.

CALIBRATE LINEAR MOTION - 7300

Interactive routine for setting the speeds
on both wheels. Normally used to determine
the values that vield straight-line motion.

=4
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The following variable names are reserved.

The ones with descriptions can be
calibrated by the user, others are used
internally by the various routines.

Remember that BASIC only "sees" the first
two characters of any name.

Al

Al - Backward left ramp speed, startup
AZ — Backward right ramp speed, startup
AZ — Backward left ramp speed, stopping
A4 — Backward right ramp speed, stopping
BDN—- Backward ramp stopping time

BS Backward short distance slippage
BUF- Backward ramp starting time

Bi - Backward full speed, left wheel

BY - Backward full speed, right wheel
CD

LCHA

CL — Left turn correction factor

CR - Right turn correction factor

C1 - Channel one (left wheel) storage

C2 - Channel two (right wheel) storage
C3 - Channel three storage

C4 - Channel four storage

DI

DT

Dl

DH%

El — Forward left ramp speed, startup
EZ - Forward right ramp speed, startup
EZ - Forward left ramp speed, stopping
E4 - Forward right ramp speed, stopping
FDN- Forward ramp stopping time

FS - Forward short distance slippage
FUP— Forward ramp starting time

F1 — Forward full speed, left wheel

g



FZ — Forward full speed, right wheel
HIN

HS'%

H1%

H2%

H3%

H4 %

LN

L1

2

L3

L4

.S

M — Command variable set by user

REB — Minimum ramp distance, backward
RF — Minimum ramp distance, forward
S5BE— Backward distance scale factor
SFD—~ Forward distance scale factor
SLT— Left turn scale factor

SRT— Right turn scale factor

STF— Step increment, 50 = 1 second
SYNC

AEBEK— Extended backward scale factor
“FD— Extended forward scale factor
ALT— Extended left turn scale factor
ART— Extended right turn scale factor

£1 = Channel one neutral value
i2 — Channel two neutral wvalue
{3 — Channel three neutral wvalue
24 = Chanmnnel four neutral value

=Tl



=000
L L8
S010
S015
S22
5025
30
SO3D
=040
o045
2050

S055
SO60
S065

SO70
oQ7S

2080

2100
5105
o110
o115

3120

LISTIN

IG3

OF BASI

I}
120
10
|
I—t
=
12
i
1

REM JOYSTICE

AS = 1023
H3% = I3 / 256
LE: = 23 — (H3IL * 256)

FOKE (AS ~ 6),L3
FOKE (AS - 7),H3%
H4%Z = Z4 / 256
L4 = Z4 - (H4% * 256)
FOKE (AS - 8),.L4
FOKE (AS — 9),.H4%
DI = O: REM 255 INVERTS JOY
STICE
FOKE 888,D1: FOKE 928,DI
FRINT
PRINT "RUNNING JOYSTICK....
FRINT "FRESS ANY KEY TO STOP"
CALL 853: REM BINARY JOYST
ICH
RETURN : REM

REM TFD
STF N * SFD

Cl = Fi:C2 = F2

GOSURBR S700: REM TSTEFSTOF
RETURN I REM

i
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2200 REM TEBE

02053 8TP N * SBE

0210 C1 = RB1:CZ2 = B2

=213 GOSUBR 57001 REM TSTEPSTOP
S220 RETURN I REM

9300 REM TLT

o305 S5TFPF = N * SLT

3310 C1 = B1:C2 = F2

3315 GOSUR 5700: REM TSTEPSTOP
3320 RETURN : REM

i

2400 REM TRT

2405 STF N #* SRT

9410 C1 = F1:C2 = B2

2415 GOSUB S700: REM TSTEFSTOP
o420 RETURN : REM

1l

o000 REM TSTOF

9905 C1 = Z1:C2 = ZI2

2010 GOSUEBR 59007 REM TSET
2215 RETURN I REM

2600 REM TSTEF

o603 GOSUEB 6300: REM HOLD

2610 GOSUEBR &6450: REM STORESTF
2615 CALL 775 REM RINARY TSTEP

9620 RETURN @ REM

=8



700
a/705
o710
o713

2720

3800
2805
2810

2815

00
2F035
9710
5215

&H000
&005
6010
6015
L0220
&H025
6030
L0355
&HO040
4045
&HOD0

6035
&LO60

REM TSTEFSTOFP

GOSUE 6300 REM HOLD

GOSUEB &6450: REM STORESTP

CALL 768: REM BINARY TSTE
FSTOF

RETURN I REM

REM TCOUNT

GOSUER &450: REM STORESTF

CALL BOV7:REM BINARY TCOU
NT

RETURN : REM

REM TSET

GOSUER &300: REM HOLD

CALL 785 REM BINARY TSET
RETURN I REM

REM TRESET
CD = 4%361:DT = 49360

CHL = CD / 254
CL = CD - (CH%Z #* 25&)
DHA = DT / 256

DL = DT - (DHZ #* 256)
FOKE 800,DL: FOEE 801,DHZ
FOKE 827,.CL: FOKE 828,CH%
FOKE 834,CL: FOKE 835,CH%
GOSUE 70007 REM INIT

SYNC = Z1 + ZI2 + I3 + 24 + 2
560

Hi1Z = 21 /7 256

H2%L = 22 /7 256

o9



6065
6070
6073
6080
H085
&090
HOFS
6100
&H105
5110
6115
6120
&125
6130
6135
H14o

6145
6150
6155
61460
6165
6170
451735
6180
6185
6190
6195
&£200
6205
6210
6215
6220

H3%
H4%
H5%
L1
L2
L3
L4
LS
FOFE
FOKE
AS =
AS =
AS =
FOKE
FOKE
FUKE
FOKE
FOKE
FOKE
FOKE
FOKE
FOKE
AS =
FOKE
FOKE
FOKE
FOKE
FOKE
FOKE
FOKE
FOEE
FOKE

W mn

T | N | I {

I3 / 236
L4 / 256
SYNC /7 256

Z1 — (H1¥% % 256)
Z2 = (H2XZ * 256)
I3 — (H3% * 236)
4 — (H4% #* 2556}
SYNC - (HS5Z # 256)

CD,255: FOKE CD, 95
CD,23: FOKE DT,5S.

FEEK (DT)

FEEK (DT)

FEEK (DT)

DT,244: FOKE CD, 1
DT,.251: POKE DT,13
DT, HS% FOEE DI, 251
DT,1: FOKE DT, HI%Z
DT.251: FOKE DT, 1
DT,H2%: POKE DT,251
DT,1: POKE DT,H3%
DT,251: FPOKE DT, 1
DT,H4%: FOKE CD,21

FEEFK. (DT)

DT,98: POKE DT,172
DT,LS: POKE DT,98
DT,244: FOKE DT,L1
DT.98: POKE DT,244
DT,L2: FOKE DT,.98
DT,.244: POKE DT,L3
DT,98: FOKE DT, 244
DT,L4: FOKE CD,233
CD,127: POKE CD,25
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6225
&230
6233
6240
6245
&£250
6255
6260
6265
&270
6273

6300
&HI05

6510
63515
&3Z0
6323
6330
6333
6340
6345
6350
6335
HI60
6363
&370
6375
6380
6385
690

AS = 1013: POKE AS,LS
FOKE (A5 - 1) ,.,HS%
POKE (AS - 2),L1
POKE (AS - 3).H1%Z
FOKE (AS - 4),.L2
FOEE (AS — 5) ,H2%Z
FOEE (AE — &) ,L3
FOKE (AS — 7) .H3%
FOEE (AS - E} . L4
POKE <(AS « H4%
RETURN : HEH
REM HOLD

SYNC = C1 + C2 + C3 + C4 + 2

oo

ASG = 1023

HiZ = C1 s 25&

HZ%Z = C2 / 256

H3L = C3 / 256

H4%Z = C4 / 256

HE%Z = SYNC / 25é&

L1 = Cl1 - (H1%Z *# 254&)

L2 = C2 = (H2% * 2356)

L3 = C3 — (H3%Z * 254&)

L4 = C4 - (H4%Z *» 256)

LS = SYNC — (HSZ * 25&)
FOKE AS, LE
FOKE (ﬁE 1) ,HS%
FOKE (AS - 2).L1
FOKE (AS - 3),H1%
FOEE (AS - 4),L2
FOEKE (AS — 5) ,H2%
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6395
6400
6405
65410
&5415

&450
6455
&460
65465
6470
6473

HS00
HS05

6510
&515
6320
6323
&530
L3335
6a40
6345
&350
6555
6560
&5865

POKE (AS - &),L3
FOKE (AS - 7),H3%
POKE (AS - 8),.L4
POEE (AS - 9).H4%
RETURN :

REM

REM STORESTF

HN% = STF
LN = STP -

F25
(H

&
NA * 236)

FOEE 100Z2,LN + 1
FOEKE 10053,HNZ + 1

RETURN

REM TFDX

IF N >
O

REM

RF

THEN GOTO &52

STF = (M + FS5) % XFD

GOTO 5110
Ct = E1:C2
STF = FUF

GOSUR 546001
Ci1 = F1:C2 = F2
STPF = (N - RF) * XFD
GOSUR S60012
Cil1 = E3IC2 = E4

STF = FDN

GOSUER S700:

RETURN

REM

EZ

REM TSTEFP

REM TSTEF

REM TSTEFSTOF

&2



6600
605

L6100
L6615
bH&EZ20
LHLH2T
65630
6635
6640
65645
HAHTO
65655
6660
L6665

b700
&7035
6710
&715

&7 20
6725

&£800
&805
5810
6815

&820
6825

C1
STF

REM TBEX

IF N > = RB THEN GOTOD 662
Q0
STF = (N + BS) % XBE

GOTO 5210
Cl = A1:C2 = A2
STF = BUP

GOSUR 5600: REM TSTEF
Cl = EB1:C2 = B2
STF = (N — RB) # XBE

GOSUR S5600: REM TSTEF
Cl = AZIC2 = A4
STF = BDN

GOSUBR S5700: REM TSTEPSTOF
RETURN : REM

REM TLTX
Ll = B1IC2 = F2
STF = N # XLT * 2 /7 3

IF N > (3 % CL) THEN STP

i = BL) # FLT
GOSUB S700: REM TSTEFSTOF

RETURN

REM

—ln
—

GOSU

RETURN

- REM

TRTX

F1

N * XRT * 2 /
IF N > (3 % CR)
(N — CR)

B

- L2

S /7002

: REM

Bz

—r

o

THEN S8TF

* XRT

REM TSTEFSTOP

&35

==
—



7000
70035
7010
7015
7020
TO25
7030
F0O335
7040
7045
7030
7053
70460
70565
7070
7073
7080
70835
7090
7093
7100
7105
7110
7115
7120
7125
7130
7135
7140
7145
7150
71355

REM INIT
Z1 = 1024
2 = 1024
23 = 1024
Z4 = 1024
F1 = 1536
F2 = 1536
Bl = 512
B2 = 512
El = 1350
E2 = 1350
E3 = 1250
E4 = 1250
Al = 700
AZ = 700
AT = 80O
A4 = 800
SFD = 1.15
SEE = 1.15
SLT = .47
SRT = .47
CL = 8B

CR = 8

RF = 45

RE = 45
FUP = 30
FDN = 30
BUF = .30
EDN = 30
FS = 4

BS = 4
XFD = 1.15

&4



7160
F165
7170
7175
7180
7185
7190

J200

7201
7205
7210

7215
7220
7225
7230
7230

7300

7305
7310
7315

7320
7325
7330
7335
7340
7345

XBE = 1.15
XLT = .52
ART = .52
M = 0:5TF = 0
Ci = Z1:C2 = IZ2

3 = I3:C4 = 74

RETURN © REM

REM CALIBRATE NEUTRAL VALU
ES, START WITH NEW 7005-
REM "7003 I1 = A"

GOSUER 70007 REM INIT

FRINT "ENTER VALUE, O TO EX
IT"

INFUT A

IF A = 0 THEN END

GOSUE &6000: REM TRESET
GOTO 7210

REM

REM CALIBRATE LINEAR MOTIO
M

GOSUB 7000: REM INIT
8TF = 200

FRINT "ENTER LEFT DRIVE, O
T0 EXIT™

INFUT Ci1

IF C1 = O THEN END

FRINT "ENTER RIGHT DRIVE"
INFUT CZ2

GOSUB 57002 REM TSTEFSTOF
GOTO 7315

&5



o

0o00:
0000:
0000:
00003
0000:
0000:

----NEXT OBJECT FILE NANE 1S TOPOMAC.0BJO

0300:

FBIE:

Coco:

coDt:

Co00:

E003:

03FC:

03FA:

03EA:

03FE:

03F4:

0300:20 07 03
0303:20 15 03
0306260
0307:20 3A 03
030A:20 11 03
030D:20 27 03
0310:60
0311:A0 0A
0313:00 02
0315:/0 14
0317:20 3A 03
031A:A2 14
031C:BD EB 03
031F:8D DO CO
0322:CA

LISTING OF BINARY ROUTINE

I - - A -

| SEFEREERRRFR R R R R R R R RN

2 ¢
I
is
5
& ¥

ANDROBOT TOPD DRIVER PROGRAN
(C) COPYRIGHT BY
AMDROBOT INC. 1983

L I B BB

7 FRREREEE AR R R R RER R RRRREREREEE

g

7 PDLINPUT
10 DATREG
11 CHDREG
12 KEYDAT
13 BASICRET
14 CHIDAT
15 CH2DAT
16 TEMPLOC
1T SYNC

18 NEUTBASE
17 TSTPSTP
20

21

22 TSTEP
23
24
23

26 TSET

2
28 NEUTRAL
29 CRNT

30

31 COPY
32

33

ORE $300
EQU SFBIE
EQU $CODO
EQU $COD1
EQU $C000
EQU $E0O]
EQU $3FC
EBU $3FA
EQU $3EA
EQU $3FE
EQU $3F4
458 TSTEP
JSR NEUTRAL
RTS

J5R EDBE?
J5R TSET
JSR TCOUNT
RTS

LDY #5A
BNE CRNT
LDY #514
JSR EDBE?
LDX #$14

LDA TEMPLOC+L,X

STA DATREG
DEX

bb

i wEE SEE W W R

L] = . 1] - - -

e e aEE W R R

]

GANE CNTRL WONITOR ROUTINE
AMD 7513 DATA REGISTER

AND 9513 COMMAND REGISTER
APPLE KEYBDARD DATA

BASIC RETURN ADDR

CHANNEL 1 DATA LOCATION
CHANNEL 2 DATA LOCATION
TENPORARY STORAGE LOCATION
SYNC DATA LOCATION

NEUTRAL DATA BASE ADDRESS
TSTEPSTOP ENTRY POINT
STUFF NEUTRAL DATR

TSTEP ENTRY POINT
SET 9313 DATA

COUNT LOOP

TSET ENTRY POINT
LOAD CURRENT VALUES
LOAD NEUTRAL VALUE
LOAD CURRENT VALUES

COPY TO AND 9313



0323:88
0324:D0 Fé
0326: 60
0327:AC EB 03
032A:AE EA 03
032D:20 3A 03
0330:20 49 03
0333:CA
0334:D0 F7
0334:88
0337:D0 F4
0339: 40
033A:AD DI CO
0330:29 02
033F:D0 F9
0341:AD 01 CO
0344:29 02
0346:F0 F9
0348:540
0349:AD 00 CO
034C:30 01
OJ4E: 60
034F:20 15 03
0352:4C 03 EO
0355:A2 01
0357:84
03581R2 06
035A:R0 FF
035C: 88
0350:00 FD
035F:CA
0360:D0 FB
0362: A
0363:20 1E FB
0366:98

0367: 44
0348:9D EA 03
034B:CA
036L:F0 EY

3

33

3b

37 TCOUNT
38

39 LOOP
40

41

2

§3

i

45

46 EDGE?
47

48

&9 LOSYNC
50

1

32

33 KEY?
a4

33

56 KEYTOUCH

a7

a8 JOYSTICK

99 ONCE
b0
61 XLOOP
62 YLOOP
63
o4
b3
bh
67
68
9
70
I
12

DEY

BNE COPY

RTS

LDY TEMPLOCt]
LDX TEMPLOC
J5R EDGE?
J5R KEY?

DEX

BNE LOOP

DEY

BNE LOOP

RTS

LDA CHDREE
AND 452

BNE EDGE?
LDA CHDREG
AND #%2

BEQ LOSYNC
RTS

LDA KEYDAT
BHI KEYTOUCH
RTS

J5R NEUTRAL
JNP BASICRET
LDX #$1

TIA

LDY #%6

LDY &$FF

DEY

BNE YLOOP
DEX

BNE XLOOP
TAX

458 PDLINPUT
TYA

L5R A

STA TEMPLOC,X
DEX

BEQ ONCE

67

E 1] HEE SR wed SR -

il W A -

e e e

—

DONE?

TCOUNT ENTRY POINT
1,Y GET COUNT VALUE
WAIT FOR EDGE
KEYBOARD TOUCH?

I LOOP

Y LOOP

HISYNC PERICD

LOSYNC PERIOD

NOW AT EDGE OF SYNC
SEE IF AMY KEY

15 TOUCHED?

STUFF NEUTRAL DATA
RETURN TO BASIC
JOYSTICK ENTRY POINT

DELRY 2MS

READ PADDLE VALUES (0-233)

EACH PADDLE = 0-127

READ SECOND PADDLE?



036E:AD 00
0370:8C FA 03
0373:8C FC 03
0376208
0377:4% 00
0379: 44
037A:18
037B:469 80
037D: 38
037E:ED EB 03
0381:A2 02
0383:C9 40
0385:80 02
0387:49 40
0389:C9 L0
0388:90 02
038D:A7 CO
038F:A0 03
0391:0R
0392:3E FA 03
0395:88
03956:D0 F9
0398:9D FB 03
0398:AD EA 03
039E:0A
039F:49 00
03A1: 48
03A2:18
03A3:46D EB 03
03A6:49 FF
03AB:CA
03A9:CA
03AAZFO D7
03AC:AD FC 03
03IAF:AZ 04
03B1:7D F4 03
03B4:CA
03B5:CA
03B6:D0 F?

13

L

73

76

77

78

19

8o

a1

82

83

B4 SECOND
83

b

87 LARGE
ae

8y

90 RANGE
91 SHIFT
92

73

74

93

96

97

78

99

100

101

102

103

104

105

106

107

108 CALCHS
109

110

111

LDY #50
STY CH2DAT
STY CHIDAT
ASL A

EOR #80

LSR A

CLe

ADC #$80

SEC

SBC TENPLOC+1
LDX 452

CHP #$40

BCS LARGE

LDA 4540

CHP 4500

BLC RANGE
LDA #5C0

LDY 453

ASL A

ROL CH2DAT, X
DEY

BNE SHIFT

STA CH2DAT+1, X
LDA TENPLOC
ASL A

EOR 450

LSR A

CLC

ADC TENPLOC+1
EOR #$FF

DEX

DEX

BEQ SECOND
LDA CH1DAT
LDX #$5

ADC NEUTBASE, X
DEX

DEX

BNE CALCHS

&8

-

-

TR T T

¥

- W

CLEAR HIGH BYTES

INVERT PADDLE 0

CALCULATE CHI = 1-2533

TRUNCATE TO 64-192

iy SHIFT LEFT 3

SAVE CHANNEL
CALCULATE CHANNEL 2

[NVERT PADDLE 0

DONE?
CALCULATE HIGH SYNC



0388:49 0A
'\3BAZED FE 03
03BD:AD FD 03
03C0:A2 06
03C2:18
03C3:70 F5 03
03C6:90 03
03CB:EE FE 03
03CB:CA
03CC:CA
03CDID0 F3
03CF:BD FF 03
03D2:20 11 03
03D5:20 49 03
030B:4C 55 03
03DB: &0

112

113

114

115

116 CALCLS
117

118

119

120 VTBT
121

122

123

124

123

124

127

ADC
STA
LDA
LDX
CLC

ADC NEUTBASE+1,X

BCC
INC
DEX
DEX
BNE
5TA
J5R
J5R

A
SYNC

CHIDAT+1
186

VIBT
$3FE

CALCLS
SYMC+1
TSET
KEY?

JP JOYSTICK

RTS

#+# SUCCESSFUL ASSEMBLY: ND ERRORS

0300 TSTP
0317 CRNT
033A EDGE
0335 JOYSTICK
0383 SECOND
0381 CALCHS
03F4 NEUTBASE
C000 KEYDAT
FBIE PDLINPUT

0307 TSTEP
031C COPY
0341 LOSYNC
0337 ONCE
0389 LARGE
03C2 CALCLS
03FA CHZDAT
CODO DATREG

0311 TSET
0327 TCOUNT
0349 KEY
035# XLOOP
03BF RANGE
03CB VTBT
03FC CHIDAT
COD1 CHDREG

b9

AVE HIGH SYNC
ALCULATE LO SYNC

» CARRY INTO HI SYNC

SAVE LO SYNC
STUFF 9513

; KEYBDARD TOUCH?
; NO, CONTINUE

0315 NEUTRAL
032D LooOP
034F KEYTOUCH
035C YLOOP
0391 SHIFT
03EA TEWPLOC
03FE SYNC
E00T BASICRET



e o o T e S M R NN EFERN R e e e e ——— — i A S L M T S e =

$300 - $3DB Topo machine 1l anguage
routines

$3EA — $3FF ! Topo machine 1l anguage
variables (see below)

$3EA ~- $3EB : STEFS counter - Lo, Hii used
by TCOUNT

$3IEC — $3FS : Neutral wvalues storage: set
by HOLD (see below)

$3EC — %3ED

CH4 Meutral - Hi, LoO

$IEF — $3EF : CH3 Neutral - Hi, Lo

$3F0 - $3F1 CH2 Meutral - Hi, Lo

$3F2 — $3F3

CH1 Neutral - Hi, Lo

t*3F4 — %3FS SYNC Neutral - Hi, Lo

$3FL4 — $3FF : Running values storage: set
by HOLD (see below)

¢3IF4LH — $3F7 ¢ CH4 Running - Hi, Lo

$3F8 - %3F%

CHZ Running - Hi, Lo

$3FA — $3FB

CHZ Running - Hi, LoD

$3FC — $3FD

CHI Running — Hi, Lo

$3IFE — $3FF : SYNC Running — Hi, Lo

70



Al.AZ,AZ, A4

Apple reguirements
Asimov, Issac
Assembly routines

Bl.B2

Basic routines

Batteries
charging
overcharging
status light

END

BS

BUF

ci1,C2,C3,C4
Calibrate neutral
Calibrate linear
Calibration
distance
extended
linear
turning
Zero
Carrying Topo
Circles
e O e

El1,E2.EZ,ES
Extended commands

FlsF2

FDN

Foam prop
Footlights
FORTH

[ T e et

71

44,464,47,48,52,55
6,34

4

43, 66

28,44, 45,51,55
7,18,57

28

7,10,35,37

10

10

49,52,55
48,52,55
49,52,55

22,23,43,53,55
24 ,25,54
26,27 .54

26, 45,46
446—-48
26,45,47
28, 45, 46

24

5

23
44,49,52,55

44 ,.46,47,48,52,55
18,22, 46—48

27,44,45,51,55,56
44,49,52,55

7,13

25

3.5



FS
FUF

GOSUEB equivalences
Green button

Head swtich
HOLD

IMIT
Iintertace card

48,52,55
44,52,55

18,51-54
15

36
19,53

19, 20-24,27-29, 43,52

(see Transmitter controller)

JOYSTICE
reversal

LIST
pause (CTRL S)
LOGO

M variable
Faddle controllers

RE

Red button

RF

Registration card
Reset (see TRESET)

SAVE files

SBE

Servicing

SFD

aSLT

SRT

Storage compartments
STORESTF

STF

6,7,13,15-19,51
16

17,43
17
31

18,43,44,51,52,56
&,13

47,52,56
15
47,48,56
7.9

29

28, 46,51, 56

37,41
27,28,29,48,51,56
28, 46,51,56
28,46,51,56

30

18,53,54

23,53



TBX 18,19,24,43, 45,51

TBEX 18,24 ,4%,45,44,47,48,52
TCOUNT 18, 22,53
TFD 18, 19-22,24,27,43-45
TFDX 18,24,43,44,45,44,47,.48,52
TLT 18,22,.24,28,4353,46,51,52
TLTX 18,24.43,.44,46,49,52
Topo, origin of 4
Transmitter 9
controller (interface)
card 7,11,34,39,50
installation : 11.12,34
location 12,348
TRESET 18,44,51
T 18,20,21,24,43,446,51
~=TX i8,24,43,446,49,52
ISET 18,22,44,53
TSTEF 18,22,23%,53
TSTOF 18,222,393
TSTOFSTOR 18,22,23,53
Turtle graphics =1
Warranty 40,41
X B 48,52.56
XFD 48,552,956
XLT 4%9,52,56
XRT 49,552,956
21,72,1I3,14 24,25,.26,44,54,56
7ero settings 24
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