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Dear Friend of fischertechnik:

The fischertechnik Robotic Computing Kit has
been developed to extend the range of applications
for your computer by enabling it to control various
models. With it you can explore the world of robotics
and computer control of mechanical equipment,
or solve actual problems of real-world industry by
developing prototypes and solutions for production
and process systems.

The kit contains two motors and a magnet, pro-
viding your models with arms, legs, and hands—
the robot models discussed in this manual will
show you what we mean. There are three lamps to
indicate what actions are being undertaken by the
computer, and eight switches and two potenti-
ometers to give your models ‘senses’ to go with
their limbs. The switches also serve to establish
instruction arrays as your models ‘learn’ various
tasks.

In addition to the robots, a wide variety of other
models may be built. At first, you should attempt
the simpler models like the traffic light, machine
tool, and elevator. They will introduce you to the
fischer building system and provide a step-by-step
introduction into the world of fischertechnik
computer control. Simple and clearly defined
BASIC programs assist the newcomer, while
providing a source of inspiration for the more
experienced programmer.

The more extensive models have also been pro-
vided with sample programs so that they can be
used immediately. The Plotter model and program
will allow you to draw charts from graphic input,
while the Graphic Panel will take input from your
actions on the tablet and deliver this information
to the computer as data. With a suitable graphics
program, you can do paintings and drawings,
graphic constructions, or set up a menu and select
programs from the tablet.

The Solar Tracking System will allow you to keep a

cell aimed at the sun for maximum energy output,
while the Sorting System will differentiate be-
tween building blocks 30 and 15 and sort them into
different bins.

In addition to the fischertechnik Robotic Computing
Kit, you may use all of the fischertechnik com-
ponents in building your models, giving much
wider range to the possibilities you can create.

| am sure that fischertechnik computing will inspire
you to perform further experiments on your own,
and that it will extend your knowledge and ex-
perience in the fascinating world of computer
control and modeling. | am also sure that it will
provide endless hours of fun.

Yours sincerely,

Artur Fischer



fischertechnik Robotic Computing Kit—Parts List

31393 Turntable assembly
32126 Disk
32125 Disk
32124 Disk
32123 Disk
32122 Disk

38069 Base plate—
259x187
(Not to scale)

31229 Aluminum section 180

31357 2-wire cable—
red/green

32119 Ribbon cable with
plug—20 wire
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38259 Mounting plate— 31006 Double-ended block 15 31015 Flat hub 38240 Building block 31016 Winch drum
4 peg 30x30 31005 Building block 15 32117 Toothed ring V-15 37636 Roller bearing
38246 Mounting plate— 31003 Building block 30 32116 Flat block 30 38423 Angle block 37468 Building block 7.5
15x15 31004 Building block 30 with keyhole 10x15x15 37237 Building block 5
38241 Mounting plate— with hole 31981 Angular block 15°
2 peg 15x30 3B309 Block 15—60°
38242 Mounting plate— 31010 Angle block—
2 peg 15x45 equilateral

38244 Mounting plate—
2 peg 15x75
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31198 Axle 50

38413 K-axle 30
38414 K-axle 40
35404 V-axle 17
31982 Spring cam
31060 Link 15
31061 Link 30
31330 Link 45
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32121 Fiber pen

Light cover
31316 Red
31317 Yellow
31318 Green
38217 Light holder
37875 Bulb
35796 Compression spring
37679 Spring ring
31647 Disk 4
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36443 Mini-screwdriver

32235 Potentiometer
31324 Electromagnet
31325 Rear end plate
35787 Small wheel
Socket

31253 Green

31254 Red
Plug

31336 Green

31337 Red

31394 Worm drive

31062 Mini-motor/6V 37268 Mini-motor rack
37780 Switch 37263 Mini-motor rack
37457 Rack & pinion 30 without gears

37351 Rack & pinion 60 31068 Mini-motor gear box



Kit-Building Tips

Assembling the models in the fischertechnik
Robotic Computing Kit will be easy if you follow
the step-by-step pictorial instructions on the
following pages. Each project has been broken
down into a series of subassemblies which make
up the final model. A wiring diagram is provided
to aid you in connecting your model to the com-
puter, and additional notes and callouts will help
you to clarify any steps which are not clearly
shown. Your work will be easier if you remember
these simple hints:

— Begin with the first project in the book and work
your way through the kit one project at a time.
In this way, you will become familiar with con-
struction techniques and programming theory
that will help with the more complicated modeis.

— As you begin each step, select the parts you
need as shown in the pictorial parts list(s) on
each page. Set these aside in a small group so
your construction can proceed without the
distraction of searching for the parts you need.
Use the metric scales and other hints on the
pictorials to be sure you have the right parts.

— Always build the models in the sequence shown,
or you may find that you have to disassemble
earlier work to add new modules.

— DO NOT CUT the ribbon cable between the
models and the computer once you have it set
up as shown on page 8. If you are not using
particular wires for a project, bend them out of
the way, keeping the tips separated to avoid
short circuits. If you cut the cable, you will not
have the wires you need for other projects. Use
the short wires you cut from the cable during its
setup to make short jumper wires when needed.

— If you want to modify the computer programs,
be SURE you have made a backup copy of the
original disk first. A backup is always good
procedure, even if you do not plan to change
the programs.

— The parts in your kit are made from durable,
precision-molded nylon that will give you years
of kit-building fun. Remember that the parts
interlock by sliding together...do not pry or
twist them apart or use anything to force them
together.

— Use fischertechnik power supply, Part No.

30173A, or damage to your interface or kit may
result.

— Remember that your Robotic Computing Kit
uses electricity. Although the voltage at the end
of the cable is low, be sure that unused wire
ends or connectors are separated or insulated
with tape to prevent short circuits which could
damage the interface, motors, or lamps. Unplug
the power supply from the wall outlet when
your Kit is not being used.



Assembling the Cables

Before beginning the construction of the fischer-
technik computing models, you should assemble
the 20-wire flat ribbon cable. The wires Black 2
through Yellow 1 (see diagram) are shortened at
the right side (opposite the connector) by approx-
imately 50cm (17 in). Do not throw away the cut-off
piece; short jumper cables are made from it. Now
separate the wires of the cable into separate
strands, again starting at the right end (the one
you cut) and leaving approximately 50cm from the
left end (the connector end) still attached to each
other. The wire pairs Black 2/White 2, Grey 2/
Violet 2, Blue 2/Green 2, and Yellow 2/Orange 2
can be kept together as pairs.

The cable you have just created will mate with
all of the fischertechnik computing models. If
some of the wires are not used by a particular
model, DO NOT cut them off...just bend them
gently out of the way, being sure that wire ends
do not touch each other.

Next, remove some of the insulation from each of
the wire ends, being careful not to damage the fine
wire strands. Plugs should be installed on the
ends of the flat cable wires. Plugs are also installed
on the potentiometer wires. To make these installa-
tions, bend the ends of the wires that you have
stripped back towards the insulation (see illustra-
tion 2) and insert these ends into the plugs or
sockets, Use the small screwdriver to tighten the
connector screws, being careful not to overtighten
them as this may squeeze the wire out of the
connector.

The flat cable has a connector that will mate with
your fischertechnik computing interface. Just
plug the connector into the interface, and all wires
will be properly connected.

The potentiometers are mounted in their brackets
by using a spacer and a small nut (see illustration 3).

When all of these steps have been carried out, you
8

should perform a test of the cable assembly and
the interface. Perfarm the test as follows:

— Connect a mini-motor at output M1 (use the
interface circuit diagram on the back of the
interface manual as a guide).

— Connect a switch between input E1 and +5
voIts.

— Connect the two potentiometers between EX
and EY and +5 volts.

— Connect the power supply to the interface (ob-
serve proper polarity).

— Load the DIAGNOSTIC program from the disk
or tape (see the interface manual for additional
information).

— Start diagnostic routine (RUN).

Be sure the red LED on the interface is illuminated.
If it is not, check the polarity of the power supply
connection, and be sure the power cable is cor-
rectly plugged in. The program will display the
status of the ten input channels and the four
outputs on the screen.

Assembly of flat strip cable

brown 1

red 1
orange 1
yallow 1

If you activate the switch connected to E1, the
status shown should change. You can check
E2...E8 the same way. Then rotate the shaft of the
potentiometers connected to EX and EY. The
values shown should change within the range of 0
to 255, although the very ends of the range may
not be reached.

In case of any differences from the expected
results, check the wiring carefully to be sure that
the switches or potentiometers are actually con-
nected as you think they are.

As indicated by the program, you can start the
motor, cause it to run both clockwise and counter-
clockwise, and then shut it off. If motor output
M1 operates correctly, you can switch the motor
to the wires for each of the other motor lines
(M2, M3, M4) and repeat the test.

If the motor does not work on any of the circuits,
connect it directly to the power supply to be sure
the motor itself is not defective.

grean 1

blue 1

violet 1

gray 1

W7

white 1

black 1 ————

mwnlﬁ

red 2

orange 2
yellow 2
green 2
blue 2
violet 2
grey 2
white 2
black 2

|

(Hlustration 1)
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The following general principles may be used as a
guide during the test: If some of the inputs work
and others do not, or if motors operate clockwise
but not counterclockwise, it is reasonable to
assume that the interface is defective. If, however,
nothing runs at all, then you should check the
entire installation very carefully, starting with the
installation of the interface in or to the computer,
the wiring, and that devices are connected to the
proper lines. Finally, you can disconnect the cables
from the interface and from the devices and check
them for continuity. Use a continuity tester or
ohmmeter for this test (see illustration 4).

One other note regarding wiring your models: As
far as possible, always use the same color wires
for the same functions. While some of the models
will not use all of the switches and other devices
pictured on the full cable assembly, the software
always assumes that switches are connected
where they are shown, potentiometers on their
circuits, etc.

Mounting of plug

Screwdriver

Potentiometer mounting

U/ Qv
(Ilustration 2) (Hustration 3)
Continuity tester
L X Wires to

(lHlustration 4)

power supply




fischertechnik Computing Programming

Anyone who has thought about the idea of con-
trolling appliances or models with the computer
knows that this is not the easiest of tasks. You
have to be familiar with the input/output structure
of the computer, with the requirements of a suitable
interface, and with computer programming in
order to make it all work. Until now, that is. The
fischertechnik Robotic Computing Kit provides
the proper interface for your computer, and with
it, the software (programs) you need to make it all
work smoothly and easily.

If you have not yet connected the interface to your
computer, we suggest that you do so now. BE
SURE THE COMPUTER IS TURNED OFF WHEN
YOU INSTALL THE INTERFACE.

Now load the BASIC program DRIVER(...) for
your computer model from the disk or tape. See
the manual that comes with the interface for
more information. When the program has loaded,
type RUN. After a few moments, the computer
will show READY. Although nothing seems to
have happened, your computer now contains
some new commands which were not there before.
These commands have been designed to mate the
fischertechnik computing interface to the com-
puter so that the operation will be smooth and
simple for you. Instead of detailed programming
knowledge, the few BASIC commands we'll describe
here will give you complete control over your
fischertechnik computing models.

The motor output M1 is controlled as follows:

SYS M1, CW SYS M1, CCW
(Clockwise) (Counterclockwise)

The same commands offer similar control over
outputs M2, M3, M4, Remember that a command
to turn an output on always results in rotation
to the right.
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The status of the ten input lines is checked by
means of the BASIC USR function. The value of
USR (E1) = 1 if the line carries + 5 volts; other-
wise, the function returns a value of 0. In the same
way, the status of the other digital inputs can be
checked by the functions USR (E2)..USR (EB).

The analog inputs EX and EY are connected to
+ 5 volts through one potentiometer (4.7K ohms)
each. The functions USR (EX) and USR (EY) will
have a range of values from 0 to 255, depending
on the position of the potentiometer. Using this
information, the motion of a robot arm or other
turning device can be measured if it is connected in
such a way as to turn the potentiometer, and if the
program repealedly calls the function to measure
the value.

The printed programs which appear in this manual
have been written in Commodore 64 BASIC. Some
program lines may have to be changed for use
with other computer systems. These are marked
in the printed listings with an asterisk (*). The disk
which you received with your interface for the Apple
Il or other computer has already been changed, so
you need not make further changes if you use the
programs supplied on the disk. If you program for
yourself, using the printed materials for reference,
remember to make the appropriate changes in
command or syntax for your system.

Enough theory for the moment. Let's try a few
practical experiments to familiarize you with the
commands. Take a motor from the kit and attach it
to the wires for the M1 output line. Then type the
following command:

SYS M1, CW < RETURN >

The motor will run for a short time and then stop.
As you know from reading the interface instruc-
tions, the interface monitors the data flow, and
when no further commands are received, it shuts

off all outputs.

Next, try the other output commands to see how
they work. Then try the input lines by typing the
command:

PRINT USR (E1) < RETURN >

Depending on whether the switch connected to E1
was open or closed when you pressed RETURN, the
screen will show a 0 or 1. At the same time, if any
motor was connected, but had stopped operating
because no command had been given for a while,
this command on the input line will also reactivate
the outputs.

If you are not using a floppy disk and have loaded
the startup routine by typing it into your computer,
you should now store it onto tape. You will need
this program each time you start to use your com-
puter and fischertechnik computing interface; you
must load it into your computer before doing any-
thing else, since it installs the operating commands
we discussed above, which are needed to operate
your models.

With this preliminary training under our belts,
let's try the first project, a computer-controlled
traffic light installation.
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Traffic Light

We'll start with the simplest model in the Kkit.
Following the pictorial instructions on the next
page, take the few parts needed, assembje them
according to the illustration, and your traffic light
is ready.

The wiring diagram is shown on page 16. Connect
the green lamp to M1, the yellow lamp to M2,
and the red to M3. Then, if you are using a disk
drive, load the startup program, if needed, and
next, the program Traffic Light.(...). If you have
copied the programs to tape, proceed with the
same routine,

If you are going to type in the program from the
listings, remember that you need the startup
program first. If you saved it on tape as suggested,
load it in first, then type the Traffic Light program.
If you do not have the startup program on tape,
you will have to type it in first, as it must be loaded
for the other programs to work.

The point of contact between the two programs
is the line:

500 SYS INIT

Let's take a look at the program. Use the printed
copy for reference, although you can also LIST
the program on your screen using the appropriate
procedure for your computer.

Lines 600 through 820 are REM lines which contain
the titles and the setup of the various interface
lines. Using this listing, you can be sure your
model is correctly connected to the interface.

The actual program begins with line 900. You will
find four blocks of programming, each of which
defines the parameters of one phase of the traffic
light's operation. In these blocks, the switching
status of the lamps and the timing are indicated.
The timing and switching are actually performed
by the subroutine which begins at line 2000. As
you can see from the example, the switching
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status of the outputs need not be used only in the
form shown earlier in the SYS command. You can
also define these by variable names; in this example,
the names of the colors are used to represent
ON (CW) and OFF.

oS00 SYS
&y FEM
ELD FEM FISCHEFTECHNL)
ElO FEM
B3O FEM
B4 REM
ES0 FEM COPYRIGHT iC»
EB0 FER
730 FER
Tap FER
TS0 FEM GFEEN=M]

TEO FEM YELLDW=HI

ITD REM RED=M3

TEO REM

BO0 FEM FUNCTION

BI0 FEM TRAFTIC LIGMT W1TH CHANGING GRLEMN,

FED FEFRIDDG

Bio FEM
R0 PEINT CHEw AT

10 PRINT-FISCHER TECHMTY =

F20 PEINT-COMPUT [ NG~

20 FRINT

FA0 PRINTTRAFT IC L IGHT -

FI0 PRINTFEINT

1000 FEM

1010 FER GREEN FERIOD

1020 LET GREEN=CH

103 LET YELLOW=OFF

1040 LET FED=0OFF

1030 LET DELAYS LG

106G PRIMT= (L 3=

1070 PRINT*GREEN FERIODD -

INIT
COMFUT [ NG
TRAFFIC LIGHT

ARTUR FSCHER FOESCHUNG | 564

ASSIGNMENTS FOF THE INTERTALCE

YELLOW AND

OB BOSUB 2000

1o FERM

I10a FEM YELLDW FERIDD
1110 LET GFEEN=DFF

1120 LET YELLOW=CHW

1130 LET PED=DFF

1140 LET DELAY=IOD

1150 PRINT=(UFI=)

1160 FRINT-YELLOW FEFIGD-
1170 GOSUB I000

180 FEM
1130 FER
1200 LET

FED PERIOD
GFEEN=OFF
1210 LET YELLOW=OFF
lacd LET FED=CH
1230 LET DELAY=] G0
1240 FRINT={UFI=
1250 FRINT*RED FERIOD
1260 GUSUE 20w
1270 FER

1280 GOTO 1029

20ipd FEM DELAY LODOF

2010 FOE T=0 TO DELAY
e 020 SYS Ml ,GFEEN
& 2030 BEYS M2, YELLDW
" gy SYS A3, FED

ATy NEXT T

G FETUSN






Traffic Light with Push Button

It's all well and good to be able to control the
traffic light with a computer. But turning the lights
on and off is just a beginning. In fact, we really
wouldn't need a computer at all if we just wanted
to turn the lights on and off at some predetermined
rate. In the real world, a predetermined rate is, at
best, a compromise. At some times of the day, the
cycle will be too long for the traffic load. At other
times, it will be too short. This is where the com-
puter comes in. By using sensors such as induction
loops in the roadway or push buttons for pedestri-
ans, the computer can be used to analyze the
input information and adjust the traffic flow to
meet the conditions of the moment.

With just a simple modification, we can equip our
traffic light with a pedestrian push button. Connect
one of the switches between lines EB and the +5
volts wire.

Now the traffic programmer must arrange for a
changeover when the button is pushed. This
change must not happen abruptly, but with a small
time lag to let the traffic come to a gradual halt.

In the sample program, this has been accomplished
by changing the timing loop when an operation of
the push button is detected (line 2070). This shorten-
ing of the timing loop causes the lights to change
more quickly, modifying the preset cycle. As you
can see from line 2050, this action can take place
only if the light is green; changing the timing of
red or yellow would leave us with a strange pattern.

Checking the value of the USR function tells the
system if the switch is open or closed. Its value
is 1 if the switch is closed, allowing the voltage
to flow in the circuit; the value is 0 if no voltage
is present (open switch).
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*=500 BYS INIT
E00 RER
ElD FEM FISCHERTECHNI: COMFUTING
EI0 FEN
EJ0 FEM TRAFFIC LIGHT WITH A PUSHBUTTON FDR FEDESTRIAN
640 REM CROSSING
E£50 FEM COPYRIGHT (C)
60 REM
730 FEM ASSIGNMENTS FDE THE INTERFACE
740 RER
7S50 FER GFEEN=ML
TED FEM YELLODW=M2
T RERM FED=M3
780 RERM
73 FEM EB=FUSHBUTTOMN
BOO FEM
BlD EEM FUNCT DN

ARTUR FISCHER FORSCHUNG 1384

B20 FEM A TRAFFIC LIGHT WITH CHANGING GREEN, YELLDW AND FED
BIS FEN FERIODS aAaND A PUSHBUTTON FOE PEDESTRIAME
B30 FEM
300 PRINT CHERI (47
910 PREINT*FISCHERTECHMIK
20 PREINTSCOMPUT ING-
930 FRINT
O FRINT"TEAIT IC LIGHT WITH PUSHEUTTDN®
345 PRINT “FDR PEDESTE JANE-
950 PRINT
P00 FEM
1910 FEM GFEEN FEFIDD
1020 LET GFEEN=CH
1020 LEY YELLOW=OFF
1040 LET FED=OFF
1030 LET DELAY= ] OO0
1060 PRINT-GFEEN FERIOD =
1070 GOSUE J000
1080 FER
10%0 FERM YELLODW FEFRIDD
1100 LET GREEN=OFF
1110 LET YELLOW=CW
1120 LET RED=OFF
1130 LET DELAY=IOO
1135 PRINTTILFI™
L1240 PRINTSYELLDOW FEFIOD®
1150 GODUB 2000
LIEQ REM
1170 FER PED PERIOD
1180 LET GFEEN=OFT
11590 LET YELLOW=OFF
1200 LET FED={W
1210 LET DELAYS ]
LZ1S PEINTOLUFI®;
1230 PRINT-FED FPEEIOD
1230 &GOSUB 200
1240 PEINT=LUP)=;
1250 FEM
1260 GOTO 1020
20 FEM DELAY LOOF
2010 FOR T=( TO DELAY
® 2020 8YS Rl ,GFEEN
® A3 SYS MI, VELLOW
» o040 BYS M3, FED
2050 IF GREEM Cw THEN GOTO 030
20EG FEM IV NOT IN GFEEN FEFIDD, DON'T SCAN TE VEV
SJOTO IF USFIEBi=] THEN LET T=DELAY-10
2080 FER [F PUSHBUTTON WAS PRESSED, SHOFRTEN GFEENM FEFIOD
430 NELIT T
2100 FETURN






Circuit Layout—Traffic Lights

E1
E2
EX
EY
+ 5V
E3
E4
E5
Eé
E7
E8
+ 5V
M1
M1
M2
M2

M3

Ma

M4
16

brown
red
orange
yellow
green
blue
violet
grey
white
black
brown
red
orange
yellow
green
blue
violet
grey
white

black

L ' :,) Add switch
' < | for Tratfic Lignt
: | with Push Button

| -

- o Mg & ]
- -

X~ K
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Machine Tool

Now let's put some life and motion into our models.
A small machine tool will be a good project.

First, an explanation of what a “machine tool" is.
In the processing of metals into manufactured
parts, operations such as drilling, milling, turning,
punching, and embossing are often required to turn
raw material into a useful product. In many cases,
these operations are performed by automated
machinery. Sometimes the work is done by a series
of machines arranged around a central rotating
worktable. The material to be processed is placed
on the table, and the turntable moves in preset
steps, bringing the work into position in front of
each of the machines. After all steps are com-
pleted, the finished piece is removed.

This process has been simplified a bit in designing
the model we are about to build. There is no inser-
tion or removal of the workpiece; the four blocks
representing the product being machined rotate
continuously on the turntable. There is also only
one machine in our setup—a small model of a
drilling machine.

The turntable rotates until a switch is operated
by one edge of the workpiece. Then the drill moves
down, with its lowest position also being marked
by a switch closure. The drill arm stops its motion,
and drilling action is indicated by the yellow lamp.
Then the drill moves up until it reaches the top of
its movement, indicated by closing yet another
switch. At this time, the cycle begins again. Note
that the actual cycle should always start with a
check that the arm is in its highest position. Other-
wise, there is a slight chance that the arm could
be caught in the workpiece when the rotation
starts, and damage to the modules could result.

For controlling the motors, we use the following
commands:
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SYS M1, CW
SYS M1, CCW
SYS M1, OFF

for clockwise and counterclockwise rotation,
and for switch OFF.

Please note that clockwise rotation of the motor
does not always mean that the part of your model
to which it is connected will also rotale clockwise.
The direction may be affected by your use of gears
in the construction and by the fact that clockwise,
or left and right, can be confused because of the
angle at which you view your model.

To test this out for the machine tool model, enter
the following command in the direct command
mode (from the READY prompt):

SYS M2, CW

If the drill arm moves up slightly, then your choice
of directions and your wiring are correct. If it
moves down, however, reverse the two plugs at the
motor and try again. If nothing moves at all, or if
the other motor moves, check all of your wiring.
After completing the test, enter the following
command in the direct mode:

SYS INIT

The DIAGNOSTIC routine is a big help in testing
your wiring. With it, you can check all switches
and the two potentiometers. You can control
the motors manually just by pressing a key on
the computer.

Let's look now at some of the features of the
program. In line 1010, we find that the computer
“loops" back on itself, waiting for an input from
the motion limit switch. Until that signal is re-
ceived, the computer marks time. Since the checking
of the input line is an active command, the motor
continues to run. When the limit switch is activated,

the computer proceeds to line 1020, switching off
the motor. Similar looping actions occur in lines
1070 and 1100.

Lines 1130 through 1150 create a pause in proc-
essing and activate M3 for signaling the processing
procedure. The FOR-NEXT loop structure in lines
1040-1060 serves another purpose. It delays the
start of activity at a new position to allow for the
movement from the previous turntable position.

The diagram shown in illustration 5 graphically
illustrates the flow of work and programming for
this project. The activities in the circles indicate
that the machine is doing something; this action
continues until the condition indicated at the
output (arrow to the next step) has been met,; at
that time, the model proceeds to the next action.

Graphic representations like this, called flow-
charts, can be a big help in understanding how
something works or the way in which a program
should flow. By breaking a complex activity down
into manageable steps, you simplify the task of
understanding what is going on or of programming
the computer to perform the actions you want.
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Time delay MisTUEN TABLE mOTOR
FMI=DRILLING MACHINE MOTOR
B35 FEM MI=BUSY INDICATOR

BAO FEM

o300 5YS5 INIT
Machine Tool Eon et
&10 FEM FISCHERTECHMIr COMPFUTING
B RER
£330 FEm mACTHINE THOHR
&40 FER
ES0 FEM COPYRIGHT (C) ARTUR FISCHER FDRESOCHUNG 1384
&0 REM
T30 FEM ASSIGNMENTS FOF THE INTEFFALE
T4l FEM
745 FEM IMPUT
JE0 FEM E3= STDF POSITION DF TuEN TABLE
TEO FEM E4= BOTTOM FOSITION OF THE DRILLING MACHINE
T7T0 REM ES= TOF POSITION OF THE DRILLING MACHINE
B0 FEM
By FEM DUTFUT
FEM
FEM
REM

Drill
moves up

B4 FEM FUNCTION DESCRIPTION o
B4 FER CYCLIC CONTEOL OF TUuREM TABLE
B FEM AND DR ILL ING MACHINE
@30 PEINT CHES (4T
P00 PRINTFISCHERTECHN ] =
10 PEINTCOMPUTING
Top position o reinr
P30 PRINT“MACHINE TOOL™
reached . W
F530 PRINT
30 FRINT AOVE THE DEILL ING RACMINE uP~
® (OO0 GYS M2, CWIEER MOVE THE DEILL W
® 1010 IF USRIES)=0 THEN GOTO 10ldaREM CHECK IF DRILL IS5 IN
THE TOF POSITION
® 1020 SYS M2, 0FFIFER SWITCH OFF DRILL
1000 PRINT= (WP
1040 PRINT"NELT WOEVF[ECE o
1050 FEM DELAY LDOF FOE TuFn TaBLE
1060 FOF [=1 TO 200
#1070 SYS Ml CW
1080 NEXT I
#1090 IF USFIED =0 THEM GOTO 10901FEM DEILLING FOSLTION
Time delay tmanicis
e 1100 SYE M1,0FF:FER SWITOH DFF TURN TABLE MDYOF

Bottom position
reached

Turntable
rotates

Workpiece 1120 PRENT'HOVE DATLLING IAEHING DOM
- r (1] -
positioned [ Turntable ® 1130 SYS M2,COMIFEN ROVE DFILL DOWM

® 1140 IF USE(E4)=0 THEN GOTO Il40mFEM DRILLING RACMINE [N
BOTTOM POSITION 7
® 1150 BYS MI,0FF:FEM SWITCH OFF DRILL
1160 PFRINT=(UF)=}
1L70 PRINT HACHINE WOEYPIECE =
11680 FER DELAY FOR DFEILLING
1190 FOE [=1TOS0O
& j 200 SYS MI,CHiPEM SMITCH DN PUSY INDICATOF
1210 NEXT |
® 1220 SYS H3,0OFF1FEM SWITCH OFF BUSY INDICATOR
1230 PRINT(UP.™;
1240 |0TD F30

rotates
(Hlustration 5)
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Red side downward
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M2

Red side downward
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Circuit Layout—Machine Tool

E1 brown

E2 red
EX orange
EY yellow
+ 5V green
E3 blue
E4 violet
ES grey
Eo while
E7 black
E8 brown
+ 5V red

M1  orange

M1 yellow
M2 green
M2 blue
M3  violet
M3 grey
M4  white
M4  black
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Lift

The lift model provides ample opportunity for
developing a more sophisticated program based
on the starting point provided by the program
supplied with the kit.

From a simple elevator (lift) that just goes up and
down repeatedly, we can create a system that will
remember which floor has requested the elevator
and stop there, and go on from there to a system
that gives priority to calls from a particular floor.
The ''real world" applications are obvious.

The wiring plan for this project can be taken from
the illustration in the assembly manual. Three
switches are used to indicate the position of the
elevator; three more will be used to request the
elevator at a particular floor; a seventh switch
may be installed to the right of the elevator "door"
on the middle floor. We'll discuss this extra switch
later.

The basic form of the elevator is not difficult to
program. From the "calling" switches, a value for
the variable SP is determined, indicating at which
floor the elevator is wanted. In this case, 0 means
ground floor, 1 the first floor, 2 the second. The
variable is set as the program cycles through
lines 1100-1130.

The next three lines of the program set the variable
IP, which reflects the position of the cage as
indicated by the three position switches. From
here on it's simple...if the desired location (SP
value) is smaller than the actual position (IP value),
the elevator has to move down; if the value is
higher, the elevator moves up. And if the two
values are equal, the car is where it is wanted,
the motor shuts off, and the floor level is displayed
on the screen.

At the beginning of the program, the first few lines
move the car to the ground floor. This serves to
establish a clear point of reference for the rest of

26

the program. We can use this motion to test our
wiring. Input in direct command mode (at the
READY prompt):

SYS M1, CCW

If the car moves downwards, everything is in order.
Once you have the program operating properly,
you should try varying the program to achieve
different results. Try to figure out, for example,
what would happen if the following lines were
changed to read:

1230 GOTO 1110
1270 GOTO 1110

For another variation, try programming an elevator
with storage of the desired floor call instead of the
need to wait for the car to come to rest before
entering a new value. You might also want to try
to improve your elevator system with a priority
control. This is where you get to use the extra
switch we installed at the second floor. Set up the
program so that one switch is a call to move up-
wards, and the other key is a request to go down,
just like a real elevator. Now rewrite the program
so that the elevator will not stop at the second
floor unless it is moving in the desired direction
of travel. That is, the elevator should not stop if
it is going up and the call is down, and vice versa.

If you want a further programming exercise, set
things up so the computer keyboard can be used
to simulate the floor selection buttons usually
found inside the elevator. Remember not to change
the programs on your disk until a backup copy
has been made to preserve the original.

As you can see, there's plenty of room to give
your imagination full play.

L ]

= 500 SY§ IMIT

&00 REM

ElD REM FISCHERTECHNIE COMPUTING

620 REM

630 REM LIFT

40 REM

50 REM COPYRIGHT (C) ANTUR FISCHER FORBCHUNG 1984
EED HEM

£70 REM ASBIGHNMENTE FOR THE INTERFACE

680 REM

630 REM INPUT

700 REM E}= KEY FOR THIRD FLOOR

710 REM Ed4= KEY FOR SECOND FLOOR

720 WEM ES= KEY POR FIRST PLOOR

710 REM Eé= KEY TO CALL THE LIFT TO THE BECOND FLOOR
740 REM E7» KEEY TO CALL THE LIFT TDO THE FIRST FLOOR
750 REM Ef= XEY TO CALL THE LIFT TO THE OROUND FLOOR
760 REW

770 REM OUTPUT

780 REM Hl=HOTOR FOR LIFPT

790 REM MI=LIFT 18 MOVING UP

B00 REM MWI=LIFT I8 MOVING DOWN

B10 REW

820 REM FUNCTION DEBCRIPTION 1

BI0 REWM LIFT WITH THREE FLOORS

B40 REM THE LIFT 12 POSITIOMED BY PRESHING

850 REM THE KEY BELONGING TO THE DESIRED FLOOR

860 PRINT CHRS(147)

870 PRINT*FISCHERTECHNIK®

B0 PRINTCOWMPUTING™

830 PRINT

500 PRINT"LIFT"

910 PRINT:PRINT

910 EEM

1000 LET OP=0 :1REM NOMIMNAL POBITION

1010 LET IP=0 :REM ACTUAL POBITION

1020 LET AI=0 :REW PRINTER FLIP FLOP

1030 8YE MLl,CCVW :REM LIFT DOWM

1040 1F USR(ES)=0 GOTO 10J0:KEM IS LIPT DOWN 7
105%0 8Y8 INIT :REM BWITCH ALL DEVICES OFF

1060 IF AZel THEN GOTO 1120

1070 PRINT® (UR)*;

1080 1P 1P=0 THEN PRINT®FIRST FLOOR *

10%0 IF IP=]1 THEN PRINT"GRECOND FLOOR"®

1100 IF 1P=] THEN PRINT"THIRD FLOODR "

1110 LET AZ=l

1120 IF USRIEG)=]1 THEN SP=2 :REM OO TO THIRD FLOOR
1130 IF USR{ETi=1 THEN SP=1 (REW GO TO SECOND FLOOR
1140 1F USRIER)=1 THEN SP=0 :REM GO TO FIRST FLOOR

1150 IF USRI(EJ)=1 THEN IP=3 :REWM LIFPT I8 IN THE THIRD FLOOR
1160 1F USR{E4)=1 THENM IP=]1 :REW LIFT IS5 IN THE SECOND FLOOR
1170 IF USR(ESi=1l THEN IP=0 REM LIFT IS IN THE FIRST FLOOR

1180 IF SPCIP THEN 1210:REN MOVE LIFT DOWN
1190 IF SP»IP THEN 1250:REM MOVE LIFT DOWN
1300 GOTO 10%0

1210 SY8 MW1,CCW :REM LIFT DOWN

12120 SYS MI,CW :REM LAMP FOR MOVING DOWM ON
1230 LET Al=D

1240 GOTO 1150

1250 S¥5 W1,CW tREWM LIFT UP

1260 SYS M1, CW :REM LAMP FOR MOVING UP ON
1270 LET AI=0

1280 ooTO 1150
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Circuit Layout—Lift
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Continuous Position Indicator

Included with your fischertechnik Robotic Com-
puting Kit are two potentiometers which can be
used for giving continuous indication of the position
of a movable part of your model, instead of the
step-by-step indication we get by using the switches.

A potentiometer consists of a resistance element,
along which a slider moves when we turn an axle.
At the ends of the track and the slider, contacts
have been placed so we can add wires. lllustration
6 shows the internal construction.

Depending on the position of the slider on the
track, we will get a different resistance value
which is directly related to that position, and
which can therefore be used to indicate the position
of an object attached to the axie.

One of the tasks the interface performs forus is to
measure and give a value to this resistance. We
connect the potentiometer to the lines EX and/or
EY and + 5 volts. The position of the potentiometer
(the value of the resistance) is then checked by the
functions USR (EX) or USR (EY).

Although the interface and programs for different
computers operate in the same fashion, the results
of the USR function may be different. In particular,
you should be careful not to request a value from
a line which is not connected to a potentiometer.
The results of this will range from a slow flashing
of the interface LED (Commodore 64) to an OVER-
FLOW AT 255 error (Apple Il) to a lockup of the
computer requiring a reset and restart (VIC 20). In
addition, the values returned by the USR function
may vary, although they should be within the
range 0 to 255. In some cases, the lowest value
reached will be around 20...this is normal and no
cause for concern.

In order to become more familiar with the practical
use of this concept, let’s move on to the next project.
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(Illustration 6)
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Aerial Rotor

The aerial rotor project is designed to position the
antenna correctly to a preset direction. The base
of the antenna is equipped with a potentiometer
for indicating its position. A second potentiometer,
with a marker pin, is used to indicate the desired
aiming point. If you remember the elevator project,
the concept is similar. Here, too, there are desired
and actual positions (values), except that in this
case, the choice of position is much more widely
variable since we are dealing with the potentiometer
instead of the switches, which mark a single posi-
tion only. The motor's activity and direction are
controlled by the difference between the values of
the desired and actual positions. When they match,
the motor is switched off.

Take a look at the sample program printed here.
You can see that the relation of this program to
the elevator control is clear, at least through line
1050. Then we find something new.

Imagine, if you will, that when the values of the
desired and actual positions match, we simply
shut off the motor and jump to the beginning of
the loop. What would happen is that the drive
motor would not stop immediately, but would
coast to a halt. As small as this motion might
be, the value of the resistance of the potentiometer
would change, and the motor would be driven in
the opposite direction. In some cases, it is possible
that the rotor would never actually stop; it would
constantly seek back and forth on each side of the
desired stopping point. This action is known as a
“regulating oscillation."

To prevent this, the motor control cycle has been
programmed so that it approaches the desired
point in a controlled fashion. If the difference in
values is greater than ten units, the motor runs at
full speed. But if the difference is less than ten,
the motor runs at reduced speed to allow it to stop
at the right point without drifting past. Since we
cannot change the voltage supplied to the motor
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as a control, we switch the motor on and off rapidly
to simulate a slowdown. The on-time is the result
of the FOR-NEXT loop at lines 1070 and 1080.
The turn-OFF time is controlled by the duration of
the remainder of the loop that checks the poten-
tiometer for the next value.

In this process, we use another technique known
as feedback. We use the difference in value be-
tween the desired and actual positions as the
length of the delay loop, so the closer we get to
the target point, the shorter the switch-on time is.

Give the program a try to better familiarize yourself
with the theory by actual practice. As in previous
projects, check the direction of rotation by giving
a SYS M1, CW command in direct mode. If the
antenna does not rotate and tries to keep pushing
against the stop at one end of its travel, the program
should be stopped immediately and the wires to
the motor reversed to change the direction of
rotation.

Unusual results may also appear at the very ends
of the potentiometer range. In addition, because
of the variations which may occur during manu-
facture, it is possible that the values of the two
potentiometers may never quite coincide. If this
should happen, pick a new set point in the center
of the range rather than at the ends. The values
will then reach a match.

Try some experiments to find the best position
for your model and to try the effects of variations
in the basic program. For a test, eliminate line
1020 and see what happens. Or change line 1070
to read:

1070FORI =0TO2"D

Also, try changing the range (10 in our example)
in which braking action occurs (line 1060) and see
what happens.

& 500

S5YS INIT

E10

REM FISCHERTECHNIK COMPUTING

6210 REN

REM AERIAL ROTOR

E40 REM

650

REM COPYRIGHT (C) ARTUR FISCHER FORSCHUNG 1984

E60 REM

T30

REH ASSIGMHENTS FOR THE INTERFACE

T40 REM

750 REM

INPUT

T60 REM EX= POTENTIOMETER FOR CONTROL WHEEL

770 REM EY+= POTENTIOMETER FOR ROTOR

T80

REM

790 REN OUTPUT

Boo

REM H1=HOTOR FOR ROTOR

810 REM

820

REM FUNCTIOM DESCRIPTION

B30 REM ROTOR FOLLOWA THME MOVEMENT OF THE CONTROL WHEEL

B40

& 500 PRINT CHREI147)

710

PRINT"FISCHERTECHNIE™

$10 PRINT®COMPUTING"

930

FRINT

F40 FRINT®AERIAL ROTOR=

950
& 1000
#1010

1020

1030

1040

10%0

1060
sl070
=l080

10%0

i100

1110
1120

i1)e

PRINT

LET X=USRI(EX] :REM POSITION OF CONTROL WHEEL
LET YsUSR(EY) :REM POSITION OF THE ROTOR
PFRINT® -
PRINT®(UF)";
PRINT"NOMINAL=" X ;"
PRIMT=IUR)";

LET DeABB(X-Y)

IF ¥>X THEN BYS M1,CwW
IF Y<X THEN 8YS MWl,CCW
IF D10 THEN 1000

FOR 1#0 TO D

NEXT 1

a¥s Ml,oFF

goTo 1000

ACTUAL =" ;Y
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Circuit Layout—Aerial Rotor
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Sorting System

Metering and sorting are two basic tasks which
occur over and over again in industry, whether the
job is sorting eggs by weight or eliminating scrap
from a production line. We will build a model which
is able to differentiate between blocks 15 and 30
from the kit. While this may not sound impressive
to everyone, it is an important principle to be
studied. Besides, building the model and getting
it to work will be fun!

As we said, the task consists of two basic actions:
metering—or measuring in this case—the length
of the blocks; then sorting the parts into two
bins at either side of the model.

The part is first conveyed over the angled chute at
the front of the model into the measuring area. It
is then pushed to the left past the start switch into
the measuring channel. Measuring really means
comparing, and here we compare the unknown
length of the part to the distance between the
start switch and the measuring switch, If both
switches are activated simultaneously by the part,
it must be a block 30, since a 15 will activate
only one switch.

When the length of the part has been recognized,
sorting begins. In one case, the carrier which puts
the piece into the measuring channel continues its
motion and ejects the part into the bin at the left.
Otherwise, the direction of the carrier is reversed,
and the part is carried to the right-hand bin. Three
switches along the track signal the arrival of the
carrier at either end of its travel range, and also
indicate its arrival at the center position where it
begins a new cycle. You might also want to use a
red and green lamp to add a visual signal to the
sorting activity.

Once again, the flowchart helps us to understand
the step-by-step actions of the process. In this
case, we have two possible start positions in-
dicated in the middle. Depending on which status

is found on either side of the bottom circle, the
procedure will then follow in that direction. As you
can see, the path to the right indicates a block
30, while the left path is for a block 15. In the
BASIC program, the decision is made in lines
1070-1090.

Imitial
stale
molor and
lamps

Switch 4 pressed Switch 4 pressed

Motor
laft
and green
lamp
ON

Switch 5 pressed

Switch 1 pressed

/" Molor
right
Time expired and green
lamp
; ON
Switch 2 —" Swilch 2
pressed and swilch 1
and swilch 1 pressed
nol pressed

(IMustration 7)

By now you should have gathered quite a bit of
experience with controlling your models. The
direction of motion of the sorting carrier can be
checked quickly with the commands:

SYSM1,CW and
SYS M1, CCwW

which should move the carrier in the indicated
directions.

+500 5¥5 INIT

600 REM

610 REM PISCHERTECHNIE COMPUTING

620 REM

610 REM SORTING SYSTEM

640 REM

650 REM COPYRIGHT IC) ARTUR FISCHER FORSCHUNG 1984
660 REM

710 FEM ASSIGNMENTS FOR THE INTERFACE
740 REM

750 REM 1NPUT

760 REM El=START EEY

770 REM EJ=KEY FOR MEASUREMENT

760 HEM EX=sSDRT OUT SWORT PIECES

790 REM E4=START POSITION

B00 HEM E5=S0RT OUT LONG PIECE

HI0 REM

820 REM OUTPUT

B30 WEM M1=CARRIAGE

B40 REM M2=LAMP FOR SHORT BRICE

A50 REM Mi=LAMI" FOR LONG BRICK

BEO REM

870 REM FUNCTION DESCRIPTLION 1

BE0 WEM SORTING SYSTEM SORTS OUT THE
BES REM SHORT AND LONG FISCHERTECHNIE BRICKS
890 REM

aW00 PRINT CHRS(147)

510 PRINT*FISCHERTECHNTE"

$20 PRINT"COMPUTING™

10 PRINT

$40 PRINT"SORTING SYSTEM™

%0 PRINT

Wi PRINT"SYSTEM HEADY®S

%70 FRIRT

#1000 S¥E INHIT

o010 IF USRIEL )=l THEN GOTO 1010 :MEM WAIT FOR START REY

1020 REM DELAY LOOF

100 FOR =1 TO %00

1040 NEXT 1

#0050 SYS M1, COW (REM GET PIECE FOR MEASUREMENT
*10&0 IF USR(E]l =D AND USRIEZ21=0 THER COTO |150

tHEM MEASUREMENT OF LONG BRICK
« 070 1P USHIEL)=] AND USRIEZI=1 THEN GOTO 090
tHEM MEASUREMENT OF SHORT BRICK

1080 GOTO 10&0

1090 PRINT®"SHORT BRICE"

all00 SYE MI.CW (REM SWITCH ON INDICATOR POR SHORT BRICE
#1110 IF USR(El)=0 THEN GOTO 11140

*1120 S§YS Ml ,CW :REM CARRIAGE RETURN

«j130 1F USRIE4)=0 THEN GOTO 1110

1140 GOoTOD 1000

1150 PRINTLONG BRICK®

#1160 SYS MI.CW :REM SORT OUT

#1170 SYSE M), CW: REM SWITCH ON INDICATOR FOR LONG BRICEK
#1180 IF USRI(ES)=0 TMEN GOTO 1160

#1190 SYS M1 ,CCW: REM CARRIAGE RETURN
a]l 200 IP USRIE4)=D THEN GOTD 1200

1210 GoTO 1000 "
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Circuit Layout—Sorting System
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The Towers of Hanoi

At last we come to our first robot. This fellow will
be able to rotate around his vertical axis and to
move his arm up and down. Using a magnet as
fingers, he will be able to pick up ferrous metal
parts and deposit them in another place. The
circular metal plates from the kit are ideal for this
purpose, although other magnetic items may be
used. For our robot's actions, we have selected a
sequence of motion based on an old puzzle.

According to ancient texts, the monks of certain
Buddhist monasteries are to solve a puzzle that
requires extreme measures of patience. There are
three slender posts on a board, made of copper,
silver, and gold. The copper rod holds a pile of
100 disks, positioned in size order with the smallest
on top. The job is to transfer all of the disks to the
golden rod, observing the following rules:

1. Only one disk may be moved at a time.

2. A larger disk may never be placed on top of a
smaller one.

3. At each move, the disk must be placed on one
of the three rods.

The legend also says that when the problem has
been solved and all the disks are transferred, the
world will come to an end!

In order not to hasten the end of the world with our
experiments, we have modified the problem by
using only 19 disks.

For stacking them, we have one post each at the
front and rear of the model, as well as one at the
center. The arm of the robot is adjustable in length,
so that the magnet can operate over various radii.

You will find that trying to solve the problem with
even five disks will soon prove hopeless. It would
be better for you to think your way through the
following explanation:

To bring the lowest (largest) disk from the copper
post to the gold one, you first of all have to move
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all the disks from above it onto the silver post
somehow, keeping in mind the rules of the game.
Then all you have to do is move the rest of the
disks from the silver post onto the gold. Sound
too easy? Right you are. This is the tricky part,
but you're close to the solution.

|

|

(Nlustration 8)

Let's assume that we're working with five disks.
We already know how to move the bottom disk of
this pile by stacking the other four disks alternately
from one post to the other. This leaves us with a
pile of four to move. Follow the same alternating
process, and then there are three, and then two,
and then one. Surely we know how to move one
little disk? Extend the same process, and we can
claim to be able to solve the Towers of Hanoi
for any number of disks. The computer program
operates in exactly this way.

Just a word at this point regarding the operating
time of the program, lest you be tempted to try it
with too large a pile of disks. If we review the
action of the recursive program (one that calls
itself in a circular fashion to repeat a calculation
using the previous result), we find that the number
of moves required for N disks is 2" —1. Thus,

the robot must perform 31 moves for only five
disks. With 100 disks, you would have

126,765,060,000,000,000,000,000,000,000
moves. Even the quickest monk, working at one
move per second, would have to work for four hexil-
lion years in order to cause the end of the world.
Isn't that a relief?

The BASIC program itself is pretty clear. The
first part of it from line 1000 to line 1850 contains
the general program with the initial conditions,
and the recursion routine from line 1690. This part
may be used alone for other projects, since the
control program for the robot begins at line 1780.
This procedure can be used to convert other games,
like NIM, with the robot as a partner.

In the robot control routines, you will find familiar
elements, like the direction control routine that
starts at line 2200 and controls the rotation of the
robot.

Actually, the desired position is defined by the
column positions set in lines 1010-1040. Before
beginning the program, you should determine
these settings by use of the DIAGNOSTIC program,
The same program can also test the operation
of the limit switch for vertical motion,

The subroutine that switches off the magnet has
a special feature. Before the magnet shuts off, it
operates for a brief moment with a reversed current
flow. In this way, residual magnetization of the
metal disks is avoided. You may have to adjust the
force of the magnet by sticking a bit of tape on the
pole pieces until you find the parts are gripped
safely, yet release again when desired. Once you
test the direction of the drive motors to be sure it
IS as expected, you can start the sorting process.



INLT

FISCHERTECHNIE COMIUT ING

TOWER SF MANOL

COPYRIGHT (C) ARTUR FISCHER FORSCHUNG 1383
ASEIGNMENTE FUH THE INTERFACE

INpUT

E1=R0OTTOM

Ed=TOR

EY=ANGLE POSITION

OUTPLT
M1=B00Y
Ml=AHH
MI=MACNET

FUNCTION DESCRIPTION ©
SOHTING OF THE PLLE OF DISCS FOLLOWING THE
PUZELE ONIGINATING FHOM BUDDNTET THADITION

1000 OIM XOT9) Y0101, 001%)
1000 AEM MOIGITION OF PILES [EMPIRICAL VALUES )
1020 LET PILELL]=N%
1030 LET FILEIZ)=110
1040 LET PILEI1)=11%
w1000 PHINT ClHURELI4T)
TS10 PRINTYPISCHENTECHNIE
1540 PHINT"COMPUTING®
1530 PRINT
1540 PRINT"TOWER OF NHANGLY
I550 PHINT
1600 THPUTHOW MANY DISCH HAS GOT THE TOWER® N

1610 1F

Nl THEN END

1620 LEF M=0

1610 LET XIMI=N1LET YiMI=ltLET ElMI=]
Ih&D Gosun 1700

1690 END

16%0 REM PEEUDORECURSIVE ROUTINE
1700 1F X(M)=0 THEN RETUNMN

1710 LET M=Ma]

1700 LET X(Mi=XiM=-11-1

10 LET YIM)=YiM~1)

AD LET LiMi=hi=Y(M=1)1=RiM=1)
50 gOsun 1700 :kEM WECURSION
60 LET M=M-]

T70 PRINTHLYSC® ;XIM] p"PROM PIRE®  YIM)¢® TO PILE "2iM)

1780 GOSUS 2000 :MEM ROBOT ROUTIME
1790 LET M=M+]

1600 LET X(M)=XI{M=1)=1

1810 LET ¥(MI=G=-Y{M=1]=2(M=1)
1820 LET Z(Mi=ZiM=1)

1810 GOSUn 1700 :REM RECURSION
1840 LET M=M=1

1850 RETUKN

2000 REM ROBOT ROUTINE

2010 LET NOMINAL=PILELY(M1)
2020 GOSUR 2200 :REM TURN BODY
2010 cosUE 2310 :REM LOWEHR ARM

» 2040 5YS M3,CW

tHEM BWITCH MAGNET ON

2050 GOSUB 2350 :REM LIFT ARM

2060 LET Hﬂllub—!’lm{!lml

2070 GOSUA 2200 :REM TURN BODY

2080 GOSUB 2310 :REM LOWER ARM

2090 GOSUB 2120 :REM SWITCH MACNET OFF

1100 GOSUB 2150 zHEM LIFT AHM

Zl1lo
2120
= 2130

= 2140
2150
2300

e 2210

® 2220

» 2130
2240
2350
1260
2270
2280

» 1290
2100

» 2310

s 2320

" 2130
2140

e 2350

® 2160

& 2570
2380

RETURMN

REM MAGNET-OFF ROUTINE

S5Y5 M1,CO8 :HEM REVERSE MAGNET CURRENT FOR
DEMAGNET [ZATION

SYS5 MI,OFF :REM SWITCH MAGMET OFF
RETURN

REM POSITIONAL CORTROL ROUTINE
LET U=UBR{EY)-NOMINAL

IF D> THER S¥Y5 Nl ,CW

IF D20 THEN SYS Ml ,COW

IF D=0 THEK RETURN

LET D=ansiD)

IF D25 THEK GOTO 2210

FOR t=0 TO D

NEXT

SYS Ml . OFF

goTe 2210

5Y5 Md,CO0 1 REM LOWER ANRM

IF USRLE] )=0 THER 2310

SY5 MJ,0FF

RETURN

SYS MI,CW :REM LIFT ARM

IF USRIEZ1=0THEN 2160

8YS m2,0FF

RETUNN
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Underside shown

Red side downward
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Circuit Layout—Towers of Hanoi
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A Teachable Robot

Industrial robots are most often used in situations
where a sequence of actions must be performed
again and again without operator fatigue and
with unfailing accuracy. In addition, this work must
often be done under environmental conditions
that would be unhealthy for human workers—
radiation areas, heat, dust, paint spray, etc. Another
usual requirement for the use of robots is that the
job to be done changes from time to time. If this
were not the case, then a dedicated machine,
rather than a robot, would most likely be used.
This leads us to a definition of the industrial robot—
its sequence of actions can be programmed and
that program changed when required.

Two programming methods are commonly used.
In one, the programmer sits at his or her desk and
plans the program from beginning to end. When
the program is written, it is loaded into the com-
puter that controls the robot and then tested and
modified as needed until the desired result is
obtained. This method is time consuming, but it is
used in those cases where the movements of the
robot can be defined with mathematical calculation.

More frequently, however, the so-called “teaching”
procedure is being used. In this case, the robot is
manually controlled by an operator using the
command keyboard. The program in the computer
records the step-by-step instructions, and once
the programming is complete, will repeat these
motions and perform the task over and over until
a new program is entered. The obvious advantage
is the direct programming of the robot at the work-
place, which can be carried out even by someone
without knowledge of computers and programming.
The limitation to this method is that it is restricted
to simple unbranching sequences’of motion.

Let's explore this teachable robot concept further.
Our model will be controlled by six switches on
the control panel. Their assignments are:
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E1 — arm up

E2 - arm down
E3 - turn left
E4 - turn right
E5 — magnet ON

E6 — magnet OFF

Two additional switches have been given special
functions. The switch E7 = LEARN and causes the
computer to store the position of the robot when it
is pressed. Switch EB = Start/Stop, and it either
starts or stops the movements of the robot.

As you might guess from the explanation, the
program consists of two parts: the LEARN module
for recording the sequence of motions, and the
PERFORMANCE module for repeating what has
been learned.

The LEARN module covers the first part of the
program from lines 1000-1680, with the program
testing all eight switches of the control panel
over and over. If one of the motor control switches
has been pressed, the motor is driven in the desired
direction of rotation. The switch will be checked
again and again until it is released, so it is possible
to position the robot quite precisely without the
need to press the switch repeatedly. In the case
of the magnet, the activation of the switch is
stored in variable MG$, and the magnet remains
on until an OFF command is noted.

When you push the LEARN switch, the positions
of the two potentiometers as well as the on/off
state of the magnet are recorded in a table (1620-
1660), printed on the screen, and the indicator is
advanced to the next position in the table.

Note that the program checks the lines for a posi-
tion when the LEARN switch is released, not when
it is pushed. Why? Because if the program did not
wait until the switch was released, it would check
and record the same position over and over again,

thus interfering with the smooth action of the
maodel. You can create pauses, however, by pushing
the LEARN switch several times in a row.

Pressing the START switch branches into the
second part of the program, the PERFORMANCE
module. The first thing the program does is check
this switch again, since it also functions as the
stop switch. Next, the table pointer is placed at
the first item stored. These table values now serve
as aim points for direction routines similar to the
ones we explored in the two previous projects.
One controls the up-and-down motion, the other
the rotary motion. In the third part of the program
module, the magnet is switched on and off. When
the end of the table is reached, the pointer returns
to the first item, and the cycle which our robot has
learned is repeated.

S0 HIEM
W0 REM P
L0 BEM
B0 REM TEACH I'N ROl

%90 REM

GOO HEH CUPTHIGHL (CF ARTURN
610 REM

620 REM TEACH TABLE

630 DIM HEIGHT [ 100),ANGLE! 100] ,MAGNETS{ 100

G40 REM CONSTANTS

650 LET GX=)0 :REM BRAEKE PERIOD ARM

CHENTECHRIE CURPFEIT 1 ML

FlasUHbER FupBUCHUNG | SHY

G660 LET GYad :REM BRAKE PERIOD ANGLE
670 LET 1D=-1 REM POINTER TO TEACH TABLE
680 LET MGS="0FF" :HEM START WITH MAGRET OF)
G900 REM ASSIGHNMENTS FOHR THE INTERFACE
0D REM

700 REM INPUT

TZ0 REM El=up

TM) REM Ei=D0WN

40 BREM El=RIGHT

750 REM Ed=LEFT

760 REM ES5=HAGNET ON

170 HEM Et6=MAGNET OFF

760 REM E7=LEARN

790 REM EB=START

800 REM EX=POSITION OF ARM

B1D REM EY=POSITION OF ANCLE

820 BREM

B30 REM ODTPUT

B40 REM MI1=TURN ROBOT

B850 EEM MI=UP/DOWHN

BED REM MI=MAGHNET



WI0 EEM 2230 LET D=AMSID)

AR WEM PUNCTION DESCRIPTION ; 2260 IF DoGX THEN GiYPO 21%0
RO MEM WIEN YOU START THE PROGHAM IT 5 IN LEARN sOE. #2100 SYS M2,0FF
GO0 KEM THE WOBOT 185 CONTHOLLED WITH THE EEYS Ei=K6. 2110 GoTD 2120
10 REM WiTH BT YOU CAN LATCH THE CUHKENT ST ion of 2400 REM ADJUST ANGLE
THE ROBOT, #JE10 IF USRIES)«] THEN GOTO 4000
B0 REM WITH EH YOU ENTER THE REEVENT MODE, THE WOl DiRs #1410 DeUSHIEY ) -ARGLI 1D
BOW THE MOVEMENT *1410 IF D0 THEN ST3 MI,0W
S0 MEM YOU TAUGHT IT BEFORE. *2440 1IF DD THEN SYS Ml .CUW
GAR WEM TIS MOVEMENTS AKE BERFEATED UNTIL YOU PRISS KEY 2450 IF D=0 THEN COTV 2600
ER AGAIN, 460 LET D=ARSID)
T ] J470 IF DXGY THEN GOTO 240
P60 GOEUNET00 «21%20 SYS Ml ,.OFF
1000 BEM SCANNENG LOOPM 2%40 COTO 2410
1100 #EM KEY U 2600 WEM SWITOW MAGNET
SLUL0 1k peniEl Y e0 THEN COTO 1140 o610 IF MAGHETS! I ="0N" THEN SYS M),08
o120 #YS M2,UW 2620 FOE =070 j00
1180 GoTo 1100 SJ610 IF USkiERY«} THEN JDOO
=] 140 HYE MEOFF 2640 NEXT s I
1400 WEM EEY [MiWN JE%0 1P MAGNETS 1D I="0FP "Nl dusin Jado
wlZI0 LP ORROE2Z) =0 THEN Goto 1a40 2700 GOTO 210U
e ldI0 BYG M2 OCW JR00 KEM MALKET-0OFF WOUTINE
1430 Gurg o0 e 2R1D S¥S M), COW REM REVERSE MAGNET CURRENT 9Ol
w10 BYSE M2,O0FF DEMAGHET T IAT 108
LI MEM KEY WG S JNJ0 AYE WY, OFF HEM EWITUN OFF MAZNET
wLALD IF IMROEIV =0 THEN QOFG 140 JB10 RETUMN
wl A0 BY2 HIOW 2900 bEM GIEPLAY TITLE
130 GOTo 1o 2910 FRINT CHmEii4T)
1040 BYE M1 ,0FF %10 PRINT®PISCHEFTECHNIE®
PAO0 HEM KEY CLEFT J9ND PRINT CUMPITING®
SlA10 IF USHIE4I=0 THEN GUFF0 1440 2940 PFRINT
S 1400 HYH M, 00N SN0 PHERTTEACH 18 BODOT*
1430 GuTe 1400 2960 PRINT
®RAR0 BYH M, 0Fr 2970 PRINTTTEACH I8 TADLE®
1500 REM KEY MAONET on JURD FHINT
®1%00 IF QRMIES) =0 THEN GITO | 540 2990 PRINT® » REIGHT ANGLE MAONET®
#1040 0¥ M, UW 000 WETURN
15900 GET MGE="0N" 4000 REM STOPF RopT
1540 REM KEY MACNET 0FF 24010 E¥Y5 INIT

w1550 JF USRIEG]«0 THEN dOTO 1500
s 1hh0 HYR WD UPY
1570 LETY MOS<"ury"
1500 NEM EEY LEANS
al%90 IF USKIRT) =0 THEN GOTO 1670
THO0 NEM WALT UNTIL EEY 18 NO LONGEN DEVVESSED
wI610 1F USRIET V=] TIEN GOTO 1610
1620 LET [D = D ]
1610 LET MELGHT 1D =gk
1640 LET ANGLE] ID)=USEiEY)
La40 LET MAOMETSI TD) =Ml
Pl PRINT D™ ™ pWELGHTE IDd ™ =g ANGLIEL 1D ™ * tMAMENETS( 1D
1670 MEM KEY “STANT REPEAT MODE
s IGH0 IF USRIER) 0 THEN oo | oo
1690 GUuEun 2900
1700 1F UBRIEAT=] THEN Guto | TO0
1710 LET to=10el
1730 LET HEIGITI 1) ==]
2000 HEM EXECUTION OF MOy EMENT
2010 LET 1D = =)
J100 LET L0 =10 + ]
2110 PRINT 1D ;™ “:HEIGHTE D) ;™ " ANGLELID) ;™ " ;MAGKETS I ID)
F12Z0 IF MEIGHTIIo0==) THEN GUTo Jooo
2140 MEM ADJUST AbM
#1150 IF WSRIER) =] THEN GOTO 4000
200 PsUSKHIEX)-HELGHT! ID)
#2210 IF D30 THEN SYS Md.OW
w220 IF DD THEN SYS5 ME,C0W
2210 1F D=0 THEN GOTO 2400
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Circuit Layout—Teachable Robot
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Graphic Panel

CAD—Computer Aided Design—is one of the
newest and fastest growing areas in computer
technology. It exchanges the drawing board for
the computer screen, and the creation of a design
can be accomplished by the movements of a pencil
or pointer on the graphic panel. Although these
systems can perform the most complicated tasks,
for our purposes we will build and study a simpli-
fied design. It consists of a flexible arm which can
be guided over the drawing surface, with potenti-
ometers at the pivot points.

The geometric concepls behind the project are
shown in illustration 9. In order to store the infor-
mation in the computer and to make the drawings
appear on the screen, we need the coordinates
of the point we wish to create on the horizontal

!"ir

(e yal

£

ja sni-al

=Y

X = Xe -0 cos& + a-cosif) - al
y= Ye-0a Sna-a snif-al

(Illustration 9)
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and vertical directions, X and Y. The mathematical
theory of the Cartesian coordinate system (named
after the French mathematician Descartes), which
forms the basis of the tracking system we will
use, is shown below the diagram.

At the point (xs, ys), we define the center of the
radius of our first angle of rotation. At the end of
the first arm, we have the second rotation point;
potentiometers are placed at both of these points
to provide feedback regarding the angle of the
arm. At the end of the second arm section is our
pen or pencil. Using the formulas shown on the
diagram, we can obtain the position of the pencil
on the graphic panel. Luckily, the program does
the calculations for us. Next, the position on the
panel is translated into a position on the screen.

First of all, your computer must have a graphic
system. Most of the machines for which interfaces
are available have such a system built in (Apple l1),
or one may be added. This is the case with Simon’s
BASIC for the Commodore; our examples and
printed programs are based upon this addition to
the computer. If you are using another computer
with your fischertechnik computing kit, the pro-
grams on the disk supplied will have already been
corrected for your computer model. Please note
that Simon’s BASIC is not included on the disk we
supply for Commodore; you must obtain it and
load it into your computer before loading our
programs.

Next, you have to determine the source or center
point of the graphic screen in your system. Some
of the systems may place this point at the upper
left corner of the screen rather than in the center.
You must also determine the graphic resolution
available. To simplify matters, you should be
willing to accept a slight distortion of your drawn
figures on the screen. Use this formula to determine
screen adjustment factors:

f = (pixel resolution in x direction)/260mm
g = (pixel resolution in y direction)/187mm

This leads to the following screen coordinates:

X (screen) = f * x (tablet)
Y (screen) = g * y (tablet)
Y (screen) = (pixel resolutiony) — g * y

This last formula concerns the conversion of the
function values obtained from USR (EX) and USR
(EY)—the potentiometers—to angular degrees.

We calibrate the graphic panel at the beginning
of the program. To do this, we move the pencil to
the upper left corner of the drawing surface and
record the numerical values A1 and B1 of the two
potentiometers. These values, and those taken
from the table of values shown just before the
program listing, can be entered in the following
formulas if you wish to do your own programming
and conversion of coordinates.

un-m+( = )*{AN-M}
o =B+ (2182 ) « N - )

Our program uses the switch at the right border of
the drawing surface (E1) to inform the computer
when the pencil is positioned. The other switches
control the graphic functions produced as the
pencil is moved. To expand the range of controls,
switch E2 is used as a shift key, allowing double
the number of functions. These are:

E3 — draw a dot

E4 — draw a line

ES — draw a triangle
E6 — draw a rectangle
E7 — draw a circle

E8 — erase the screen

E3 + E2 — transfer letter from keyboard



E4 + E2 - draw any line

E5 + E2 — draw full triangle
E6 + E2 — draw full rectangle
E7 + E2 - draw full circle

E8 + E2 — fill the field

To explain a bit further, to draw a triangle on the
screen, you would first press the switch E5 to tell
the program you wish to create a triangle. Next,
you would move the arm and pointer to where you
wanted one corner of the triangle, and you would
then press the switch at the upper right corner of
the panel (E1) to mark the spot. In the same way,
you would mark the desired locations of the other
two corners of the triangle. When you've marked
the third point, the computer program will draw
a triangle between the three points you've marked.
For a circle, you mark the center point and then
the outside rim (radius); for a rectangle, only the
two opposite corners need be marked. The com-
bination E3 + E2 will let you add one letter or
number from the keyboard to your drawing at the
point marked by the pointer. This can be repeated
to add full words if you wish.

Finally, here's a suggestion for a program you
might want to try yourself. Draw a keyboard of a
piano on the tablet, and then use the x and y values
to turn on the tone generator of your computer. If
you program frequencies on the horizontal axis,
and duration on the vertical, you should be able to
play music or write your own compositions. We
know you'll have fun drawing or composing with
your panel, and that you will find lots of new and
interesting projects as you use it.

Table of geometric data
for graphic panel
ay = -39° By = 53.7°
o 825° PB2=1122°
Xo = 137 mm a = 166 mm
Yo = 247 mm
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Circuit Layout—Graphic Panel
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Plotter

Here's another project that uses some of the things

care of calculating the percentage share each

B0 PRINT"PLOTTER"

1000

REM

we have already learned to expand the uses of our  item represents of the total. When input is com- 1010 LET AS="PLEASE POSITION PLOTTRR VIA THE KEYS %0 :
computer and to explore new directions in com- plete, the plotter will draw the frame and then the 1030 seinr as
puting and model building. borders of the segments. e L o e s
A plotter is very often found in use with a computer.  Like all fischertechnik projects, the basic Structure  155; 1oy auen
It provides a means of displaying in graphic form  of the plotter can be adapted for other purposes. 0% Frivras
the results of computer calculations. While the  Using just the magnet, without the pen unit, the 1100 cosus 1000
plotter you can build with the computing kit is not  plotter can be used as a limited area transporter ;. rex acen
of the highest precision (a separate kit is available  to move any small magnetic objects from one side |10 #ix tweur or oAt
to build a high-precision plotter), the model shown  to another, as an overhead crane might in a factory. 1150 INPUT"NUMBER OF SEGMENTS® 50
here will be of sufficient accuracy to demonstrate  Perhaps you can use this to program a game robot ;150 ter oo
some principles you may wish to explore further.  for yourself. s ottt
Using the components in the computing kit, we 1210 LET Sses8esEGIS-1 1
can build a polar coordinate plotter. With this OWERT & iram
type of device, the positioning of the pen above ¢ A o B S TS
the paper is achieved by the combined movement «s00 svs 1wt e e

510 MEM : SERT PAREN 1°
of the pen head across the paper on the stationary 520 WEM PISCHERTECHNIK COMPUTING e B ot e T A
arm and by rotation of the head. Writing is con- By i ®1290 IF USK(E})*0 THEN GOTO 1290
tl'D“Ed b}" s magﬂﬂ't: Whﬂn ll |5 acti'l"atﬂd. thﬂ ﬂﬂ'ﬂ is :1'-3 H:}I COPYRIGHT (C) ARTUR FISCHER FORSCHUNG 1984 “I-u s I;mr!rraA!w
pulled down against the paper. T " 1310 LET K0

LS80 SECGMENT TABLE un 1 tHEM =M T
When programming the plotter, we have to consider oo niw suv) 20 GOOCE 4000 MREN R-RVRMEN
the conversion of the coordinates. Usually, as with - {10 (5 000 e semion » 1370 GOSUB. 5000 tHEM A-NOVEMENT
the graphic panel, we think in terms of rectangular 620 LET Gas cREM BRAKE PRERIOO A _ 1180 LET A=AM

10 REM ASS]GNMENTS FOH THE INTERFACE L'} H a0 i RE T
coordinates according to the Cartesian system. i wex b

E uUT -

Our plotter, however, operates in a polar coordinate [0 fin firace vALUES GIVEN BY POTENTIOMETEN 018 Aaw how
system using the factors of rotation and radius  ¢70 rex véswicnr 1430 GOSUB 4000 REM R-MOVEMENT

680 REM ES=LEFT 1440 LET A=AD
to define its points. These are normally indicated by ¢s0 sex seeromann 1450 GOSUB 6000 1 HEM PEN DOWN
thginutatlun dorr. Convar?;?ns between both co-  [) Fb Elimciem o rion Ty a1V AREN AN B
ordinate systems are possible: 720 REM EY=ANGLE POSITION 1480 GOSUB 6000 tHEM PEN DOWN

10 REM i 10 =M EME
g Ao R T LR T .
y=r * sin (&) 760 REM M2=RADIAL MOVEMENT i:ig :::-'\: ;E;HTD 8g-1

170 REM MI=MAGNET 15310 LET SSeSSeSEGIS=1)
For a sample program, we will prepare a pie chart 750 *5%  nirTion 1540 LET A=AO*LNT( (AN-A0)*554.5)
(which will not require the conversion). You are =00 e THE PROGRAM CONTROLS THE PLOTTER WHICH DRAWS A s L g A N RO
familiar with this type of graph, in which a circle 10 sex E:n?i%mrls- OF A CIRCLE. AFTER THE STANT OF THE LR GUSEE Cobt: 5y D DO
is divided into unequal sections, or 5"(:&5,}-0 820 REM IS-L:hL:HF:::-E;i-D‘iT‘:uE:-EEM‘TEF YOU INPUT THE NUMBERS AND :::: EEL':,;EM o
represent the various shares of the data being  #10 Rén Tue GRARNIC 15 PLOTTED. 1610 LET PENSOFF
graphed. After setting up the operating range of .ss0 paint carstian) il el
the plotter, the program requests the number of  [5) [RITIEiCtuRmrEcmes 1£40 GOTO 1140

L] oh A 650 E

segments and their values. The computer will take  #ec aive 1000 REM TAKE THE VALUES
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#3010 S¥YS INIT :REM ALL MOTOHS OFF
1020 IF USKIE4)=D THEN GOTO 10%0
1030 sYs M1 .OW

1040 GOm0 1020

8 10%0 SY5 M1 ,0FF

¢ 1060 [P USRIES)=0 THEN GOTO 1090

® 4070 5¥Y5 ML, C0W
1080 GoTo 1060

+ 1090 SY5 M1 0FF

® 3100 1IF USHIEGI=0 THEN GirPa 1110

25110 5YS M2.UW
1120 GoOTO 3100

#1110 SY8 M2, 0FF

1140 IF USRIETI=0 THEN GOTO AL70

s 1150 BYS M2,C0W
1160 GOTo 1140

1170 SYS Mi;0FF

11RO 1P USHIEY) =D THEN GOTO 1010

= 11%0 LET H=USHIEX)

S 1200 LET A=USRIEY)

210 IF DSREEL) =1 THEN COTO 1210
3220 REM WAIT UNTIL EEY I8 NO LONGER DEFHESSED
3210 RETURN
4000 REM H=-MOVEMENT

4010 SYE M), PEN

24020 LET D=USHIEX)=-N

#4030 IF Dx0 THEN S5YS Ml.CwW

s 4040 IF DeD THEN BYE M1, C0W
4050 IF D=0 THEN HETUMN
060 LET DepaRETD)

4070 1P DEOH THEN QOTO 4020
A0H0 FOR T=0 TO D
4090 MEXT 1

o400 HYS M2, OFF
4110 GOTO 4020
S000 HEM A-MOVEMENT

® 5005 5YE M), PEN

«5010 LET DsUSKIEY)=A

#5020 1F DO THEN SYS MI,OW

#5090 IF D<B THEN SYS Ml ,CCW
G040 1¥ D=0 THEN RETURN
50%0 LET D=ABRID)

5060 1P D>OA THEN GOTO S010
%070 FOR 1=00 TO D
S50R0 MEXT 1

* 5000 8YS8 M].0F
G100 GOTo S010
GODOD HEM PEN [N
G010 LET PEMN=CH
6020 FOR T=0 TO 100

a GO0 BYH M1, PEN :HEM DELAY Loor
G040 NEXT
6050 RETURN
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Circuit Layout—Plotter

E1 brown

E2 red

EX orange

EY yellow
+ 5V green
E3 blue
E4 violet
ES grey
ES white
E7 black
E8 brown

+ 8V red
M1  orange
M1 vellow
M2 green
M2 blue
M3 violet
M3 grey
M4  white
M4  Dblack
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Solar Tracking System

In certain regions on the earth, combustion or
nuclear power plants may someday be replaced by
solar cell stations. For our discussion, the important
factor to be considered is that the cell produces
maximum energy output when it is perpendicular
to the incident solar radiation. This defines our
programming goal: to maintain an aim point towards
the sun, even though the earth rotates on its own
axis and moves around the sun at changing angles
of inclination (illustration 10).

These motions are the basis for our daily motion

Winter begins

— i ———— — — -

Autumn begins

(INlustration 10)
84

of the sun in the sky, as well as for our seasonal
variations. These, in turn, are influenced not only
by time and date, but by our position on the earth
as well, defined by our latitude, or position north
or south of the equator. At the polar latitudes,
there is one day each year when the sun does not
set and one on which the sun does not rise. These
occur on the 21st of June and the 21st of December,
respectively. Other important dates for us are the
beginning of Spring (March 20) and the beginning
of Autumn (September 23).

Spring begins

___.-/Surnmer begins

- f"‘“ :
e
.--F"'F"/Ff I
‘——//
23°27°

You can easily see that the formulas to describe
these motions are most complicated, involving
spherical trigonometry. But before going further,
an even more basic question must be answered.
What time is it? No problem, you might say, and
offer the time with the accuracy of the quartz-
timed watch on your wrist. But watch time fails to
take into account the variations between our daily
time and the real time of the sun; it is this dif-
ference that we make up every four years with leap
year. Furthermore, our time is divided into uniform
time zones around the earth, while the actual sun
time on an astronomical basis is calculated more
precisely on the longitude of the place of observa-
tion. Since the earth travels around the sun in an
elliptical, rather than circular, orbit, this leads to
even more complicated calculations.

Luckily, this has all been taken into account by the
BASIC program provided. The accuracy of the pro-
gram regarding the orbital positions of earth and
sun is better than 1°, which is far more accurate
than the mechanical precision of the model and
the definition of angle possible with the potenti-
ometer. If you are an amateur astronomer, however,
you may find this accuracy to be a great help in
tracking celestial events.

To summarize, this is what the program will require
in input:

Indication of time: year, day of year, hour, minute,
second, and time zone, including daylight saving
time in summer, Indication of place in latitude and
longitude. If a map with these details is not readily
available, your town or city engineer or the geology
department of the nearest college should be able
to help find the data you need.

The program provides you with the angles of the
two axes of motion of the tracking system: the
azimuth indicating the deviation from the south
and the inclination or height above the horizontal.



As we did before with the graphic panel, potenti- | | [ hem e ksl LB ercmstd sl

B0 REM THE YEAW, THE DAY IN THE YEAR, 00 LET MINsVALIME)

QMISTAr NSIUeE. Are: CONYENBa 10 B OUIar GegrERS 1 i N N aTs reh B I O T T it et pepva
by calibration. If you desire more accurate data, soo ses woons, MINUTES AND SECORDS OF TOUR LOCAL TIME 20N (0 LT TMeDI'® 16% ¢ LEAPYEARSDAY =1 o TTIM/ 24
IO HEM THE TIME ZOME MELATIVE TV GREEMWICH UNIVERSAL TIME. 1%10 39 DF=4*LEAPYEAR THER LET TM=TH-|
“'I'E‘ Gﬂﬂbraﬁﬂn SHOU|U be pﬂr'ﬂrmﬂd at saveral B0 FEM COUNTING 15 MISITIVE T™O THE Wi :! NEGATIVE TO M g0 11 1Drand -.r'.'.':r (0 P AYLEAPYEAR) THEN LET TM=TM=]
points of the tracker's line of travel. These values 7.~ it L T i
5 . s H40 HEM THE LOCAL LATITUDE *POSITIVE TO THE NORTH® %00 LT G==0,00127] + 3 16 BE= 11V EMe TINLTY
(potentiometer value against angle Setting) are ., viw 1 LAl LowciTioE WEoT T G ENel O 1970 LAT ELad. 900V6Ns (1 6TATIE-TI 000
z H 11 n Wi LAE . TAELNR il I LI i L=l d0 i id=1 2, M=) *THI HNI1G)
plotted on a chart. By connecting the single points B Fo T B A R o s (14781 o 19 1- 193 TS gt b b R B b
with a line, you will have a graphic representation  ==0 we» 160D NEM LENGTH OF THE SUN
3 : H90 HEM DEFIME THE FURCTION AMC SINK 140% LNT BEl=SiNIEl
of the linearity (which may vary from one polentiom: ... (s sun v iohraie —urilxoet) 610 LET VLO0SILL)
ter to the oth f tentiometer, This chart ''" "™ 1620 LET KPS0, 40918~ 16, JLAVE-41°TH
eter to the other) of your potentiometer. c RS MR b as war Al AT 162% HEM BCLIPTIC APPROX. 25.% DEGREES
r = 110 DATA S I8 118%),0,0174% 1295 1430 LET CP=Codigrs)
can be saved and used for conversion purposes. . s e ie 1830 RV CPenoneme) s
" A6 il T . VALUE o Ihkd LET W=
The control of the motors for this model is similar ':--:r ::-Tr ::I-:'uu..::-Tn“l:‘:;t.h'::.": --: ::. I id :I- :E-." FAUTHEN LET HL=TwOrl/d
to that of the rotor models. To avoid the oscillation 970 LET IN=20 (HEM WIN, ‘VALUE OF X 614 [F SKLECROCLeO THEN LET WLeHLITWORT
LTS fE=Jan NI AX . VALUE AR Tl Tl AWMLY ]/
around the desired point, we suggest you program .o i+ ia-is LoIf IF WACRE THEN LET WA«HALTWOP L/ 20GOTO 1648
5% AA=AL P40 10 BASHH THER LET MA=HA=TWOIF] /2000 1640
the motor Dulpuls to prﬂﬂdﬂ very short on pul“s 1000 LET GA*% (REM BRAEE PERIOD FOR AZIMUTH MOTON I660 LAT PELWSTNART Sk SHAINIERS
as the rotor nears the desired setting. There is no #1000 Friss s it s gy - " .
raE ' 1060 PRINT*FIBCHERTECHIRIE® F6HD LET RIDsL, P59 S TR0 L ITHA 105 25 =0F Vo L 1. 698K=T) " TH
need for speed here; repositioning approximately o 0 puonrcomi e 1690 1F SI0>*INOPT THEN LIT 510=5 10 TWOR]
- ENT 1700 HEM STDERTAL TIM
every 10 minutes will be more than sufficient. An 150 (1100 L o e 1710 LET B8O LTTINGTS =1 i
attempt at an accelerated cycle, such as having 110 misr 1720 1) SyeTWORD TIHEN LET SegTRor]
1120 INPUT*TEAN™ : YIEAN 17500 WEN LOCAL BUN TIMI
one day pass in two minutes real time, will VEry 1110 INPUA=DAY OF YEAR®:DAY LT40 LET Nebk=
1148 ITNPUT"TINE ZONE® ;T2 1750 NEM IHRIE ANGL
quickly reach the capacity of the BASIC inter- | [ o e s iar 1760 LET PHI=LATHD
preter to handle the calculations required. 1160 [NPUT DEGREE OF LONGITUDE® § LO 1770 LET EeFSAS(SINOMNT LS 1NIDECL ) «CORLPNT ) #0085 DECE) *CoBn )
1170 WEM CALIRRATION 1TRD LET A=FNARICORIDECLI®*EININ) /COairn) ) /nn
1180 PRINT*PLEASE CALIDRATE SOLAW CELL® 1790 IF SINCRD =S INCDECLIZSINIPHET THEN GOTO 180
1190 LET AS«"MOVI. SOLAN CELL EXACTLY® 1800 IV ACD THER AsAs IR0
1200 PRINT ASs™ BAST® IAL0 LET A~ B0-A
1210 PRINT*FACING THE WOMN]ZON® 1820 LET C=E WD
K . 1230 GoSUE | 990 INI0 PHENT HEs e sME:"i"s5%
':W ety 110 LET YOsY 1840 PRINT “A=";A:"00G U="[6;" LEG"
;Lg m: PISCHERTECINIE COMPUTING 240 LET EQeX 190 COHUR JDQDIRER CONTRDE WENT I NE
FISCHERT EC . 12%0 PRINT AS*® WEST® 1860 LET MiMaM|Ne]D
530 REM [ 2H0 PRINT *FACING STHAICHT UPRARDS® INIO 1P MINGGO THEN GOTO | 900
540 PEM SOLAR CELL THACK NG 1270 COSUR | IR0 LET MinN=0
390 HEM 1280 LET AD=i¥e¥D) /3 PRS0 LET MHORiE=Hiwipns= |
W0 CREM COPYRIGHT [C) ARTUN PISCHER PORESCHUNG 198 d l_--.:. LT r,p:.a,-._,.l,l 1w L0000 EF MOLN<I4 THEN OOTO 910
70 HEM 1 100 LET FE=IiX=EQ). 9D I9l0 LET misip=0
200 REM ASSIGNMENTE POR THE INTLERFACE 1110 PRESTEINIUT TIMNE® 1930 LET DAY=DAY+#I
U EM . 1126 [ENPUT*IOUR = * WS 1910 LET MS=STRS (MIN)
G HEM | NiFUT PR30 LET HS=RICHTS! *00%«HE, 21 1940 LET HS=5THS I MOUN)
K10 HEM EleMANUAL CONTHROL UPF/NIGITT 1 340 INPUT"MIKUTE ¢ =M - 1950 IF TH=] THEN GOTY 210
G0 BER E4=MANUAL CONTHOL DOWNLEVT IS8 LET MPsHICHTS! =00~ M5, 2] N30 LET T=100% [M1M«100*HOUR )
630 REM ES«MOTOR-SELRCT | 160 [NPUT"SECDND 1 =s5% = 1970 IF VALITIS)<T THEN GOTO 1970
GA0 REM EG=ACCERT KEY 10TA LET SS5«pICHTS I *0D™«5%, 21 1980 GOTO 1%10
%0 HEM ::.‘i-:I-F.'—'M'IHH &) IND LET TIG=N3eMI+&% tRIX AET HEAL TINE CLOCE 19%0 BEM AOCEPT CALIBEATED VALUES
00 FEM EY=AZIMUTH 1190 LET Rik=D 000 PRINTTIF DIRECTION 15 OK"
L0 KEM -1|||.: 1 71'1'.-'|||..-|H||-' THER LIT Y 2010 PRINT®"PFRESE KEY E&"
GHO REM GUTRUT 1410 POR 1=0 TO 2000 2020 M=Ml
GUD MEM MI=AZIMUTHAL DRIVE MOTON Ii.':- .f,_lp. ,,,.-.I.w_ AT LEAST ONE SEroND & 2010 IF USHIES)=] THEN Msipm2
TOD HEM MI=ELEVATIUN DHIVE MOTOM {410 NEXT s JO40 IF USRIER)=0 THEN GDTO J070
110 REM sl 440 IF TIS=MHS+MI-SS TIEN LET LiF=| a 20%0 SYS M, CW :REM UPF/RIGHT
120 HEM FPUNCTION DESCRIPTION = (450 FEM THENE EXISTS N0 CLOCE WHEN TI15 IS DNCMANGED JokD COTO 2040
710 KM THE FOLLAWING PROGHAM CALCULATES THE ™S ITIOGN OF THE 1460 LET DF=YEAR=]%80 ® 3070 SYS Ml.OFF
TR0 REM SUN AND CONTROLS THE SOLAR CELL THACE|RG 470 LET LEARYEAN«]XTIDF /41 & JOBD SYS MI.OFF



=20%0 IF USRIE4)=0 THEN GOTO 2120
2100 S¥YS M,CCW :REM DOWM/LEPT
2110 GOTO 2090
s2120 S¥S M1 ,0FF
2130 SY5 M2,0FF
#1140 IF USRIEG)=0 THEN GOTO 2020
o 2150 LET X=USH(EX) :HEM ELEVATION
82160 LET Y=USRIEY] tREM AZIMUTH
22170 IF USRIEGR)=] THEN GOTD 2170
2180 RETURN
1000 REM MOVEMENT ROUTINE
100% 1F E<O0 THEN RETLURN
1010 LET AS=INTI{A*FA+AQ+D.5)
JO20 LET ES=INT(E*FE+E0+0.%)
A030 IF AS<AL THENMN LET AS=AL
D40 TF AS>AR THEM LET ASsAR
1050 1P ES<EM THEM LET ES=EM
J0&0 IF ES*ER THEN LET ES=ER
1070 1P ESsEA THEN GOTO 1160
JOBO REM CONTROL OF ELEVATION
#3090 LET D=USRIEX)=ES
#3100 IF D0 THEN 8YS M2.CW
#1130 IF D<D THEN SYE M3 .COW
1140 IF D=0 THEN COTC 1160
*# 1145 SYE MI.OFF
A1%0 qoTo 1090
1160 LET EA=ES
3170 IF AS=AM THEN GOTO 3270
JI80 WEM CONTROL OF ALIMUTH
#1190 LET D=USRKIEY)=AS
®1200 1IF D0 THEN SYS5 Ml ,CwW
®1210 IF D0 THEN RYS M, 00w
3220 IF B=0 THEN GOTO 1270
Y230 LET D=ABRS(D)
1240 IF D3GA THEN GOTO 3190
« 1150 SYS Ml ,OFF
1260 GOTO 11090
1370 LET AA=AS
J180 RETURN

Note: An actual solar cell is not necessary to
complete model.
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Mount solar cell here

if desired i

EX
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Circuit Layout—Solar Tracking System

E1 brown

E2 red
EX orange
EY yellow

+ 5V green

E3 Dblue

E4 violel

ES grey

Eo white

E7  black

EB brown

+ 5V red

M1 orange ™ 'O ET L
W : = R

M1 yellow N e MW, o « P

M2  green B ™ '

M2 biue m..-..!’l:-

M3 violet

M3 grey

M4  white

M4  black
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fischertechnik Computing—A Summary

In addition to the fischertechnik Robotic Computing
Kit you now have, the fischertechnik computing
system also includes other model sets. These
include:;

The 3-Axis Training Robot—This model has been
designed to imitate an actual industrial robot.
With four motors, it offers the following functions:
1) rotation of the structure, 2) pivoting of the upper
arm section, 3) pivoting of the lower arm section,
and 4) opening/closing of the “hand.”

The positioning system of this unit allows an
operating accuracy of approximately 1mm across
the operating range, which makes it suitable for
industrial and educational uses as well as hobby
activity.

The Plotter/Scanner—This is a far more accurate
plotter than the one offered in the basic computing
kit. In addition, it can be used to scan patterns
or as an X-Y coordinated graphic panel. The position-
ing system used is similar to that of the training
robot, and thanks to its direct drive of the read-
write head, better accuracy is achieved.

Further kits are planned. Be sure to send in the
registration card from your interface so that we
may keep you fully informed of new projects when
they become available. Interface units for other
computers will also be made available, so soon
your friends with brands of computers different
from yours will be able to join you in the exciting
world of fischertechnik computing.

Interface and Software

Model(s)

fischertechnik
Computing

Part No. 30568

Interface—Commodore

Computer

fischertechnik
Robotic
Computing

Kit

Part No. 30555

fischertechnik
Computing

Part No. 30569

Interface—Apple

Commodore VIC 20
Commodore C64
Commodore C128

| fischertechnik

Computing
—|

Interface—IBM
Part No. 30567

(Available soon—
check with dealer)

Apple Il
Apple Il +
Apple lle

and Compatibles

IBM PC
and Most

Compatibles

93



Another Robot (Pick & Place)

Here's another variation of our teachable robot
from page 56. As you can see from the illustration
on the next page, he's undergone some changes.
Using parts from the Start 100 fischertechnik
Building Set and from the Service Set, a conveyor
belt and a chute have been added. The belt is
driven by an additional motor taken from the

Motors and Gears Set.

If we were to drop a magnetic metal token on the
belt, we would expect it to just ride to the end and
drop off. But not this time...we've added a photo-
sensor which detects the presence of the coin. It
is built with circuits from the Electronics Set, as
shown in illustrations 29-3 and 30-7 of the instruc-
tion book for that set. The ground wire of this
circuit is connected to the ground connector of
the interface, and the output of the electronic
circuit sends a signal to the interface that activates

the robot.

We mention all this simply to make you aware that
your projects are not limited to the parts that come
with the fischertechnik Robotic Computing Kit...
the entire fischertechnik system is available to
allow you to add both mechanical and electronic
elements of all kinds, so that your models can
expand to the extent of your imagination. All
fischertechnik parts and components are com-

patible, so your choices are unlimited.

CRTHY
10
520
LT
S
230
560
570
S0
% 8]
G0n
Rl10
G20
610
640
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5¥8
HEM
HEM
M
HEM
HEM
REM
REM
REM
HEM
REM
REM
HEM
REM
HEM

INIT

FISCHERTECHNIE COMPUTING

PICKE & PLACE

COPYRIGHT (C) ARTUN FISCHER FORSCHUNG 1984
ASSIGNMENTS FOR THE INTERFACE

INPUT

El=pPHOTO SENSITIVE CELL

EZ=5TAHNT

EX=FOSITION OF ANM
EYsANGLE POSITION

650 HEM
700 REM OUTPUT

710 REM Mi=TURN TABLE DRIV

730 FEM MIsARM DRIVE

710 BREM Mi=SMACNET

TAD REM M4=CONVEYOR-BELT
150 REM

800 REM FUNCTION DESCRIPTION 3
BlID REM AFTER START KEY WAS DEPRESSED,

T TRANSPORTS THE COIN TO
B)0 REM WHICH PLACES IT T

810 REM THE CONVEYOR-BEL

840 REM THE SLICE.

00 REM TURNING POSITIONS

P10 DIM TUBNIZ) ARMIZ)
920 LET TURM{li=11)
930 LET TUMNIZI=1%
950 LET AEMil)= 120
il { LET ARMil = 0

o l000 PRINT CHRSI14T)

iIDI0 PRINTFISCHERTECHNIE®

1030 PRINTTCOMPUT I NG
1010 PRINT

1040 PNINTFICKE & FLACE™
10%0 PRINT

1060 PRNINT"PLEASE FRESS
1070 HEM START

START EEY™

=

=080 IF USRIEZ)=D THEN COTO

e lO%0 SYE M4 ,Cw

el100 IF USRIE]l oD THEN G

=[]0 BYS MA,0FF
1130 LET NOMINAL=TUMMIL)
1130 GOSUN 1300
1140 LET NOMINAL=AEMI )
11%0 COSUDn 1400
L1860 WEM MACHNET ON
1170 FORI=0OTOL00

#1180 5¥Y8 M1, 0w
1190 NEXTI
1300 LET NOMINAL=ARM{ J )
1210 cosuld 1400
1220 LET NOMINAL=TURN{Z)
1230 COSUB 13100
1240 LET NOMIMAL=ARMI])
1250 GOSUB 1400

LI

| EMFIRTICAL

om0

& ] 240 SYS M),OFF REM MACNET OFF

1270 LET NOMINAL=ARMI 2]
1280 GOSUB | 400
1290 GOTO 1060

WALUESY

1300 REM POSTIONAL CONTROL FOUTINE FOR TURNING
1310 LET D=USRIEY }-NOMINAL

w

® 1330 IF D»O THEN SYS M),

& 1310 IF DED THEN SYS M1,
1340 IF D=0 THEN RETURN
1350 LET D=ARSID)

U
COW

1360 1F D23 THEN COTO 1310

& 13170 5¥s Ml ,OFF
1)80 GOTO 11310
13%0 RETURN

1400 REM POSITIONAL CONTROL HOUTINE FOR AMNN

#1410 LET D=USRIEXI-NOMIN

AL

® 1410 IF D*0D THER SY5 Ml1,CW

o 1430 IF Dt0 THEN SYS M2
1440 IF D=0 THEN HETUBN
1450 LET D=ABS(D)

1460 IF Dr20 THEN COTO
® 470 SYS M2 ,0FF

1480 GOTD (400

1490 RETVUAN

LW

1400

THE ROBOT



95



Wiring Diagram for Interface Inputs/Outputs

E1
E2
EX
EY

+ 5V

E3
E4
ES
E6
E7

+ BV
M1

M1
M2

M3
M4

M
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