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Project 645

How to get into robotics without
boiling your brain cells or

breaking the bank

Part 1

Without doubt, every electronics enthusiast has been
fascinated with robots and robotics at some time or other.
Here's an opportunity to build a robot that staris out as a
simple, yet versatile, ‘beast’ with the capability of consider-
able expansion. This project is a ‘minimum’ kit version of
the ‘Tasman Turtle' robot from Flexible Systems, prev-

iously only available in built-up form, developed for publi-
cation by co-operation between ETland Flexible Systems.

SOME PEOFLE like to watch turtles in
glass tanks, others like to build them;
this article is for the latter. Until now
anyone wanting to participate i the
fine art of robotics has had 4 number of
problems to overcome before the oppor-
tunity to actually use a rohot becomes a
reality.

First of all you had to wait till the
second half of the 20th century, when
the combination of advanced computing
and micreelectronics finally brought
robots to reality. The concept of an
intelligent, moving machine, however,
is far from that young; mechanical
systems (though not intelligent) in the
form of moving statues have been
around since as long ago as 1500 BC,
and in 1917 Karel Capek invented the
title for the new form — he meant it to
symbolise work, and the word ‘robot’
actually comes from the Czech robofa,
meaning forced labour.

The real 'day of creation’ for ‘intelli-
gent’ robots came in 1938, however,
when Thomas Ross developed a robot
mouse. This first robotic device could
attempt and solve mazes, and led the
way to descendants which still attempt
{though not necessanly solve) mazes in
appropriately named ‘micro mouse’
competitions around the world. After
this, development seemed to go off down
something of a blind alley, with a rather
rigid obsession with microtechmques
leading to the evolution simply aof
smaller and smaller mechanical dolls.

However, hy 1968 we were on the
right track, and finally saw the
evolution of the ‘true’ robot able
to bump and trip up intelligently,
albeit shakily.

These developments didn't
solve the robotics enthusiast’s
secend problem, however,
which was being able to com-
bine masses of accumulated
junk (the usual layman’s term
for assortments of electronic
compunents and hardware) in
order ta create a complex
electronism (analogous to
an organism) that
actyally worked.

Allan Branch

flexible Systems, Habart, Tasmania
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This proved a2 much harder step for
most people than being born at the
right time.

Consequently, most people interested
In the concept but unable to put it into
practice turned to the closely allied area
of computing, They learnt to program
computers in BASIC or machine code, to
play mazes on monitors instead of with
robots, and to come close to real robots
only ip screen simulations. It was a bit
of a let-down, but we kept on expanding
our make-believe (paper robots?) world
with such gadgets as printers or disk
drives in the hope of satisfaction

Now, finally, robotics can become a
reality. Someone else has put together
the loads of components and hardware
for us, and, just like the icing on the
cake, has designed il to work from our
computer and in the languages we have
already learnt to use. Voila! The age of
the Turtle is with us.

The evelutionary progress from semi-
bright mice to intelligent turtles is quite
a step, and who knows what will come
next. In the meantime, though, what do
you do with it?

What is a Turtle, then?

The Tasman Turtle robot, when pro-
grammed accordingly, can be used for
an almost unlimited range of projects
and experiments. Even interaction with
its environment is possible with its
sense of "touch’, which feeds information
back to the computer. A cable or remote
control (radio, infrared or whatever) is
used to connect the turtle to the compu-
ter, with the effect that the robot has the
'brains’ of a large or small computer, but
the compactness of a2 mobile base. If you
were to try to put the computer on board
your robot, it would have to have some
pretty hefty motors in it and would have
considerable current drain. Just think
of the size of your 5 V power supply; the
rebot would have to have that too!

The Turtle is therefore a very versa-
tile method of implementing a robot
base without the problems of large bat-
teries and large motors. As well asheing
able to “feel' its way around (provided
that's what you program it to do) the
Turtle has a number of other functions.
Two high-quality stepper motors are
used for moving the base. These are
geared to give approximately one
millimetre of jinear displacement per
stepper motor pulse. To actually be able
to position the robot to within a milli-
metre of where you want it is incredibly
accurate, but this 15 possible with the
Tasman Turtle Each motor can be
turned clockwise, anticlockwise or
stopped, both independently, and their
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speed can be altered (again independ-
ently if need be). As a spin-off, you are
going to know a fair bit about stepper
motors; and how to control them, by the
time the robot is completed.

Also standard with the Turtle robot
are a two-tone horn, a pair of beautiful
green eyes and an automatic pen holder.
The Turtle circuit board has an
auxiliary driver channel, allowing you
to run additional custom-designed
equipment. This means that without
having to worry about further electron-
ics or extra control lines from the com-
puter, you can connect your ownrelay or
solenoid, or whatever, from the stari.
The auxiliary driver utilises the same
line as the horn 'high’ tene, so if you
decide to add your own equipment, the
horn becomes single-tone.

All sorts of communication can be
carried out using the Turtle’s horn or its
eyes. The eyes, for example, can he pro-
grammed to flash once for yes or twice
for no. You could devise a code so that
when your program needs information
(suppuse your turtle is trapped in a
maze and wants to know which way to
turn to get out) then different numbers
of flashes mean different codes, (In the
case of the maze you could respond by
touching one of the switches and having

the turtle move in that direction)

Similarly the horn can be used for
communiecation since it can be pulse-
coded (high = on, low = off). Why not try
learning Morse code by having the
Turtle talk to you in Morse code with its
horn? Different sound effects are possi-
ble by varying the tone and the timing
of the hoin control.

The last thing the Turtle has 1s its
automatic pen mechanism, desipned to
hold any normal thin pen, pencil or felt
pen, which can be controlled (up or
down) from the computer. The Turtle
becames a ready-made graphics device
with the "pen in toe” and, combined with
the accuracy mentioned previously, the
computer art capabilities are enormous.
Some ideas worth mentioning are to get
the Turtle to-spell your (or its!) name —
try it in seript writing. Get it to print
questions or statements on paper in-
stead of on the screen. It could leave a
path when it follows a maze to give a
permanent trace of its movements.
What about using it as an xy plotter?
Quite complex patterns or designs are
simple {o generate using the pen facil-
ity. I have even had the Turtle 'rattle its
brains’ by vibrating the solenoid for a
startling effect (without the pen in its
holder!),

NOTE: "Tasman Turtle’ 1s o registered trade
mark of Flexible Systems,




The next thing to learn is how to
actually make the Turtle do all these
things. Firstly, though, it 18 important
to contemplate a few aspects of the robot
so that you can enjoy all its benefits.

This Tusman Turtle is probably the
first robot for hobbyists designed to be
run from a micracomnputer, and as such
18 perhaps much more powerful than
anything seen before. It is certainly
more versatile, The programming (as
will be explained) is extremely easy; so
much so that even a complete noviee
will be able to run the Turtle around
long before screen graphics are mast-
ered. The sample programs to be given
are in BASIC. but the Turtle can run in
any language, even machine code, and a
very special language called LOGO has
heen developed so that the Turtle can be
pregrammed by typing 1n words like
forward, back, left, right, pen up, teot
10', ete

A big feature of the Tasman Turtle
is its versatility. Because iL is not
restricted to ROMs (and therefore to
people who can handle ROMs) there is
fio special egquipment or requirements
needed to get started. You canmake the
Turtle do simple things to begin with
and then progress as you hecome better
at programming or as you become more
familiar with the robot. It is possible to
do quite advanced experiments with the
Turtle which require no actual changes
to the robot. It 15 all possible because the
robot takes on the identity of your pro-
gram, It can be an art robot; be used to
devise heuristic programs, study learn-
ing techniques, simulate conditioning;
it can study the shape of a room and
build a memeory map or identify objects,
detect ohjects that have changed posi-
tion, work out the aréa and perimeter of

1% Bakelte base, 330 mmdia, cul and drilled
2% front motor mounis (inafgular)

2 & rear Mmator maunts (eibows)

2 wwheel axle brackety {armall albonws)

2 & stepper mators
2« small brass gears, 12mmda

2 x ylon gears., 40 mm dia

2 xaxles (5 x 45mm)

2 x rubtber tyred wheels

#x microswiiches

| x wonden lront foot (hemisohancal, driied)
1 % smoke-unted plastic dome

14 gincular ‘tauch’ band

| x clear plastic dise, 230 mm aia _ drilled

1 x small speaker

1 & solenoid

13 pen brackel & clamp aasembly

4 % red LEDS and higsls

2 x green bezel lamps

PARTS LIST ET!-645
MINIMUM TURTLE — HARDWARE

the room, it could take on promotional
work, have fun in shop windows,
advertising; demenstrate information
theory, process contral and many other
things 1 haven't even thought of. Most of
all, though, it is fun robotics.

While the Tasman Turtle is multi-
vanate by virtue of programmability, it
iz also a suitable standard base for any-
one interested in further electronic add-
ons. Most of us have some ideas of what
we would have in a robot if we built one,
and the Turtle rebot becomes a platform
for just that.

A wide range of simple and effective
projects can be implemented with the
Turtle, from line fellowing to speech,
and some will be presented in Lhis short,
series of articles. Many projects meant
for other uses will also adapt easily to
the Turtle (anemometer, light sensor,
load detector, sound operated switch, for
example), and [ can just see little claws
snapping’ away at anything that
crawls! Imagine — a moving, talking,
hooting-tooting, snapping Turtle!

Enough day-dreaming, shall we ge{
on with the reality?

| & 1008, | W resision

1 %1 m length rainbow catile

1 ¥ length of speaker wire

1 % 25-pin cdnnector (R5232 type)

2'x hax keys (lor gear grub screws)

4 x 1 2 Ve "Whitworth steel sdérews

4 By YT Whitwarih s1ee| screws
F3x s & 4" Whinnwarth steel scréws
25 W =% Whilwonh steel screws
25w x %" Whitworth steel sprews

24 x vy Whitwarth stesl s

43 x metal washers

I xmelal sell-tappimg screw

dx Ve (125 mm) long x Y tapped Whikworh
metal spacers

2x ¥ (12 & mm) long TUDUIEr SpECers
2% 2 (50 mm)lorig wbular spacers

2x 24y (635 mm) long Wbular §pacers
4537190 » Y Whituonh steslscraws

turile relbot

Construction

There are four individual sub-
assemblies involved 1 the ‘minimum’
Turtle. These are: the base, the small
inner disc, the electronic control pe
board and the dome, Everything
mounts to the base, one way or another.
Putting the beast together 15 simpler
than describing it — of that, we can
ussure you! Inthis part we will cover the
assembly of motor drive and ‘touch’
systems to the base plus the assembiy of
the various components that mount on
the small inner disc In the next part
(May issue) we will cover the assemhly
of the electronies and completing the
Turtle, plus a power supply and rudi-
mentary controller. Let's go, then!

First step 1s to sort out and identify all
your hardware, A hardware parts list is
included here for your guidance. Note
that, where possible, measurements
huve been given in metricand imperial.
Generally, Whitworth thread nuts and
bolts are emploved. You will need some
‘live minute’ epoxy glue, orsimilar.

45 mm

|"°_ (1% —

/1 ”"T\

b
AXLE

NYLON GEAR

111%

WHEEL GEARA BOSS

Flgure | Wheel assembly, Wheei hub butis
‘against gear hoss and the two are glued at this
pomt

Wheels

Figure 1 shows the wheel assembly
when completed. Place a nylon gear on
each axle such that the face opposite the
boss iz exactly 5/16" (8 mm) from one
end. Tighten the grub screw using the
appropriate hex key supplied (the
larger of the two). Now push a rubber
tyred wheel on each axle — you'll lind 1t
a firm fit, so that the wheel and gear
boss touch. Glue the wheel to the gear
boss using epoxy glue or similar, [

ETI April 1982 — 31



Project 645

Motor and whesl assembly mounting brackets.
From left to right: rear motor elbow brackst, amsll
slbow wheel axle brackel and the front motor
mounting Brackel, You'll have a pair of sach.

FRONT MOUNTING
O noiEsromweERose >0

Base
- T ?es“ —_— ﬁ?ﬁﬁf‘m‘m Take the bakelite base and identify the
BRACKET HOLE FRONT sOUNT FRONT HOUNT o tcp — you should find a ‘Made in
s L s Tasmania’ sticker on the top side. If not,
gy turn it so that the holes correspond with
LEFT MCROSWITEH PENHOLE LA Figure 2. Identify the two front motor

MOUMTING ITLES

mount brackets.
Now find out which is for the left hand
e o o motor and which is for the right, Taking
O« ronmNeRbBE T ——=0 the left hand bracket, mount it as shown
in Figure 3a. Ensure that the bracket is
flush with the edge of the wheel cutout
(or nearly so), as in Figure 3b. The right
hand bracket is mounted in a similar
fashion,

Now you can mount the wheels.
Locate the wheel axle hole in the left
hand motor bracket — see Figure 2a.
Take one wheel sssembly. The nylon
gear goes toward the motor mount
bracket. Slip that end of the axle in the
appropriate hole in the bracket (Figure
4a), slip a small elbow wheel axle
bracket on the other end of the axle and
secure it as shown in Figure 4b. Note

TIP

TR MDUNTIN; that Lthe slotted hole in the small elbow
SEREW HOLE axle bracket is on the base and the bolt
passes through it. Now mount the other
PEM HOLE wheel in a similar fashion.
9 | FRONT MOTOR
MOUNTING BRACKET
WHEEL WHEEL CUTOUT
AXLE HOLE
(a)
1]
e
Figure 3. (a) Mounting the left hand front molor bracket to the base. (b) Posilion tha bracket such that the ( a)
edge is flush, Or aa near as possible, with the edge of the wheel cutout. The right hand bracket moums in L
8 similar way.
118
- A"[ 1
o ( ) FRONT MOTOR
MOUNTING
i SMALL ELBOW
WHEEL AXLE 5 || BRACKEY
FRONT MOTOR BRARKEY [ HAD
MO iy X I
S LOUNTING BRACKET g [_Li} —I
— BASE
. W x %" BOLT & NUT ||}
. WiwWSCREW USE TWO WASHERS (b)
Figure 4. Mounting the wheel agsembly 1o the ieft

hand front motor bracket. (a) Insert the nylon gear
ond of the axle in the appropriate hobe in the froni
motor bracket (view looking down). (b} Suppon

WHEEL
cuTouT
thie other end of ihe axie with the small axle elbow

b)
( WASHER bracket and temporarlly bolt It in piace. The right
Alldrawings copyright ©@  ETI Magazine, 1982 hand wheel aasembly mounts in & similar way,
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W' oz SCREW

REAR MOTOR
ELBOW BRACKET

MOTOR A—"

LEFT MOTOR WIRES

RIGHT MOTOR

Figurs 5. How the rear motar mount bracket is fixed to each motar, Note the different positions for the left

and right motors.

RIGHT MOTOR VIEWED
FROM FRONT OF TURTLE

Figure & Mounting the motor. Secure the end bracket screw lirst.

The front ‘foot’ comes next. This is a
small hemisphere of wood with a hole
drilled in the bottom. Locate the mount-
ing hole for it — see Figure 2 — and
secure 1t to the underside of the base
with the self tapping screw provided.
Take eare not to tighten it too much or
vour might split it

Motors

Take the two stepper motors and the twa
small (12 mm dia.) brass gears. These
should be placed on each motor shaft
so that the grub serew is furthest
from the motor. Mount each gear flush

The woaden front 'foot’ and its mounting scrisw

turtle roboxt

FRONT MOTOR
MOUNTING BRACKET
WASHER
W'k % SCREW

Figure 7 Securing ihe tront face of the motor to the
mounting bracket.

with the end of the motor shaft and
tighten the grub serews with the hex
key provided. (These require the smal-
ler hex key) Now take the rear motor
elbow brackets. Place a %" x %” screw in
the hole in the small end of the bracket
— this 1s used to secure the end of the
motor to the base. Remove the existing
end serews in each motor. Secure each
bracket to the motor, as per Figure 5,
with a %" x W" serew. Use a washer
under each serew head. Note that these
brackets are mounted differently on
each motor. The motor that will drive
the left hand wheel has the wires
passing to the right at the bottom of the
rear bracket, while the right hand
whee] motor has the wires passing to
the lefl of the rear bracket, at the bot-
tom. This means that, when the motors
are mounted to the base, the wires pass
towards the front of the Turtle:

Take one motor and place the screw
hanging from the end bracket through
the appropriate hole in the base (see
Pigure 2), so that the shaft end of the
motor butts against the front mounting
bracket as per Figure 6, Loosely secure
the end bracket with a nut and washer:
The brass gear will mesh with the nylon
gear and set the wheel assembly in posi-
tion. Now vou can tighten the serew
holding the wheel axle elbow, after
positioning the elbuw so that it 1s flush
with the wheel hub.

The front face of the motor can now be
attached to the mounting bracket using
" x W serews, A single washer ig
placed behind the motor face, as shown
in Figure 7. Adjust the meshing of the
gears by slightly meving the motor so
that the gears mesh well without bend-
ing. Finally, tighten all the mounting
nuts. >
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The other motor is mounted in the
same way. Check that the motor wires
pass along the base toward the front of £
the Turtle for each motor.

Top: the microswitches used. Bottom: the pen
bracket and pen clamp assembly.

Switches

Four microswitches are employed for
*touch’ or ‘bump’ sensors. These are
located at 90° intervals around the
perimeter of the base. Figure 8a shows
their location and orientation. Note that
they mount on the top side of the base
and the actuators point clockioise
around the base, Each microswitch is
securad by one %" x 4" screw andone 17
x %" screw. The shorter screw pusses
down through the switch while the
longer passes up through the base, as
shown in Figure 8b, the latter also being
used to secure the dome.

ACTUATOR

LONG SCREW

SHORT SCREW " x W SCREW

TWO WASHERS

LD

TOP OF BASE

%" X V5" SCREW (b)

Inner disc

The clear plastic 230 mm diameter disc
is used to mount four LEDs, two lamps
and the pen solenoid. Take the disc and
orient it as per Figure 9a. Note which
Figure 8 Lacating and mounting the microswitches for the ‘touch' or ‘bump’ sensar ring. {a) Orlent the hgles z:re lil:r'Ed to ko Pdrtt’}llcuil}?r c[? i
acluators clockwise around the base. (b) The 1" long screw is passed up from under the base thraugh the P nel:l 2 $ AN SEERL W i
outermost mounting hole, The %" screw passes downwards through the innermaost hole. Use washers LEDs. You should have four bezels for
under each screw head and nut them; insert them in the holes and push
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turtle robot

FRONT MOUNTING HOLES

FRONT
Q
% SR &

4
7 LED MOU%PNG HOLES \

9 O‘_ LAMP HOLES "O @
O

PEN SOLENOID
MOUNTING HOLES

LED BEZEL

O=———— REAR MOUNTING HOLES

Speaker

Solder the 100 ohm, 1 W resistor to one
of the terminals on the speaker after
cutting each of the resister leads to
about 12 mm long &

(@)

froure 9. The inner plastic disc- (a) How to identify the various holes. (B) How to mount the LEDs {0 becontinued)
and lamps.

a LED into each one from beneath. They MOUNTING BOLT (%" x ")
shotild snap in. Then push the securing

ring over the bezel from beneath (see L&_‘ WASHERS BOTH SIDES
=

DISC

Figure 9b). Cut the LED leads so that Top
they're about 12 mm (%%2”) Jong — keeap
the longer (anode) leads slightly longer
for later identification,

Now mount the two green bhezel
lamps. The bezels go on the top of the
disc. These lamps are secured with a '
large hex nut and a spring washer on 3
the bottom side of the disc.

Pen solenoid T e
The pen solenoid mounts on the under:
side of the inner dise, in the way shown 3
in Figure 10. Note that a washer is

placed between the solenoid base and
the dise for each of the two mounting
screws (147 x %"). Make sura you orient
it correctly as the speaker mountson the PEN BRACKET

solenoid frame later and it must face the e— oy

front of the Turtle. ’_b E==

See that the plunger of the solenoid cfﬁﬂmp -

has its keyway toward the front. The
pen holder bracket and arm are already B~ vag WASHER
assembled and you can screw this

assembly onto the solenoid plunger WhxW-OLT
now. The pen solenoid 1s tightened later

ondfter the pen centring is adjusted. Figure 10 Mounting the pen solenold.
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How to get into robotics without
boiling your brain cells or

breaking the bank

-
[——
3

THE NEXT phase of construction
involves the control board electronics

Control board

Have a look at the pe board and orientate
it so that it matches the component
overlay diagram (Figure 11) here 50
that you can recognise where the com-
ponents-are placed. When looking at the
track side of the pr board you will notice
a cut track beneath the Q9 and Q10
positions. These two transistors drive
the pen solenoid, which was previously
mounted on the base. Now that it is
mounted in an inverted position, the
solenoid drive needs to be inverted and
this modification, plus a link, effects
that. All components mount on the non-
copper side of the pe board, with the
exception of R13

24 — May 1982 ETI

Part 2

' - .
B

First thing to do 18 identify all the
components from the parts list. There
are four 1C sockets, one S-pin, one 14-pin
and two 16-pin sockets These should be
soldered into the pe board first. Make
sure you orientate them correctly — the
corner adjacent o pin 1 will he
chamfered All the transistors should be
soldered in place next, Identify Q4, Q6,
QB and Q10 — these are the four metal
can types. A little tab on the base of the
can adjacent to one lead indicates thatit
is the emitter lead. Solder these transis-
tors In position, ensuring they sit right
down on the pc board All the other
transistors are BC548z in small (T0-92)
plastic cases. Mount §3, Q5, @7 and Q%
riext— note that Q91s turned so that the
flat on the case faces out from the hoard
(bend the base lead backwards) while

Allan Branch

Flexible Systems, Hoban, Tasmania

the others have their flats facing
inwards. Now solder the rest of the
transistors into place. Always watch
orientation..

Al resistors may be soldered in place
next, They are not pularised components
so it doesn’t matter which way round
they go. Note that B13 is placed on the
copper side of the pe buard. Mount, it so
that it sits up off the board a little.
Salder the lead that goes to the base Jead
of @140 first. Then solder the other lead
Having done that turn the board over
and cut off the free lead protruding
through the top of the board, leaving
aboul 6-8 mm prgjeciing to allow later
econnection of a lead

At this stage all the links can be
inserted and soldered in place. Note that
there are seven links in all. The link
running from pin 1 of IC3 to pin 3of IC4
needs to be made of a length of insulated
hookup wire. There i3 a link under the
pe board that connects the emitter of Q9
to the emitter of @10. This too should be b

PARTS LIST — ET1 645
TURTLE ROBOT CONTROL BOARD

Reslstors .......... all YaW. 5% unless noted
R1,2,6,8 10,
1,12 15K
R4, RS A7k
R7,Ra 1k
R13 470R
R14, 18, 22 100R, W
RA15,16, 19. 20 31
32,3334 10k
A17, AR21 B0
R23,24,25,26 4k7
AZ7,28,29,30,35 5680R
Capactiors
C1.2.3 100nceramic
C4.C5 47u/25 V electto

Semiconductors
M. 2,357,911

12,13, 14 BLS47

04,6 8 10 2N2102

i1, 1G2 SAAT027

IC3 74004 or 4068

iC4 555

LEDs 1-5 TIL2Z0RA or similar
large rec LEDs

Misceilaneous
Turtle control e board (BO1), 2 x: 16-pin 10
sockets; 1 ¥ 14-pin IC socket; 1x B-pin 1C socket




turtle robot
RIBBON CABLE COLOUR CODE
Whie g o " ="

Gr RMS olytic
m:Z; LAMP INPUT et
Violet PEN INPUT LEFT RIGHT
Dark Blue HORN ON/CFF SENSORS MOTOR MOTOR
Green HORN TONE TO 25-PIN PLUG - -~ L ———
Yellow LEFT SENSOR 25 24 23 --.l'u_—g - N T Do e oy N e
Orange RIGHT SENSOR 22 - [OET > G E I o SO o =
Browr) FRONT SENSOR
Black REAR SENSOR
LEDS " ks
Leot P <
LED2 ™ o . ' ' 14
. + : 5 ‘
+12 ¥de T : ' 1 1
GREY TRl
(1.2 ON 25-PIN PLUG) : [ 16 3 /i \ - LT
f e H‘: . T"LME
o il | RSy
GREY/BLACK . ks
(1z130N25-PINPLUGY, /) L8 7/ - el
4 oo, LAMPS
/ =3 e = |.- . g, == LAMP
- . ® INPUT
£ F E [+ 4
| &
! b b b
‘ I AUX PEN.
HORN l LB L 7
Er‘gﬂng ONJOFF  SPR ALX PEN L
oUTPUT SOL
VIEW IS FROM COMPONENT SIDE NOTE: AUXILIARY INPUT AND QUTPUT

‘NOT IMPLEMENTED AT THIS STAGE

Figure 17, Companent overiny for the control board showing extermal
wiring terminations. The ribbon cable that goes o the 25-pln plug (ses also
Flgure 23) ks wired accarding to the above calour codelable, apmlmgm-
belng used to wire in the LEDS, lamps, speaker, microswitches, solencid,
etc,

Ll UL

The completed control board, prior to attaching the varlous gsties
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+12y

A1
15k

*WITH HARDWARE
G315 A TACD4
LED1-3 ARE TI20R

ob
2N2102

12V
12V +12¥
Rig
s S
BEOR -
A15 1000
AlE
10K s
an a 14 ov
BOSAT a2y 12y
A SAA1027 )
LT 2 Wptls obt g
o[ o obid
A2d 4K7 LA 13 I—E-o‘ oll g
a a8y 2]
o2 $ 1 LEFT
e BLS4T | | MOTOR
T
. Rt oV ¥
av
+12V oy
oo INPUT
R3S
SEOR
LEDS f,'
ov ¥
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There ace five clrcuit groups an the control
board comprising: left and right motar gontrol,
microswitch ‘'sensars', horn, pen, lamps and
avxlliary contral,

MOTOR CONTROL

The motors wsed to prapel 1he Turile are
stepper motors. This 1s not the plage lor a
dissertation op stepper molors, so their
description wlll be necessarily Briet. Suftice to
say that the shaft of a stepper motar can be
rotated In discreta 'steps’ by the application of
puises 1o the motor windings in the correct
phase sequence Reversing the phase of the
pulse sequence reverses the direction of rota-
tlen of the shaft. The motors In the Turtle have
a shaft rotation of 7.5" per ‘step’, glving allnear
displacement  of around are milllmetre
Maximum speed 1s about twe revolutions per
second with 100 pulses per second drive.

Here, a special IC provides the inatar control
= IC1 tor the left motor, IC2 for the right. Both
are type SAA1027, The output pins — B, 8, 9
and 11— pravide fhe carrect drive to the motar
windings. There are two control pins on the
SAAI027 Pin 1S accepls the pulse train for
driving the motor and pin 3 controls the phase
of the pu|ses sent to the motor windings and
thus the direction of shatt rotation,

As the operation of each motor drive circuit
is essentially similar, we wiil only describe the
oparation of the feft motor deive cireylt, The
LMT Input (‘Left Motor Toggle') is aseries of
pulses that drive Q11 onand oft. This signai is
inverted al the callector, which drives pin 1501
the SAA1027, The LMS input {'Left Motor Set')
is sl hlgh o low to determine the direction of
rotation of the motor shatt, Setting LMS low
and RMS high while pulsing (or toggling) the
LMT and AMT lnputs wili move the Turtle
forward. A complete description of the togic
aperation Is given latér in this series.

MICROSWITCH SENSORS

The microswitch ‘sensar’ cirouitry s prefty
straightforward.  There are four switches

TURTLE CONTROL BOARD — HOW IT WORKS

mounted around the circumterence of 1he
Turile hase: frant, rear, left and righl. Each
switch connects directly fo the 26-3in plug on
the dome and communicates directly wiih the
camputer or whatever is controlling the rabot,
No switch detiouncing is provided as this s
done in saltware ar by external clreultey It
necessary. The sensar clrcultry camprises
MSW1 to MSW4, IC3 and LEDY fo LEDA, Each
microswitch sensor is ‘normally open'. When
the sensor ting mests an object, say at the
froni of the Turife, then MSW1 operates and
the contacts close. This will pull the Inpul
(pin 5) of IC3b, an inverting tuMer, w. Now
the Input of IC3b = normally pulled high via
R31, which goes to'the +12 ¥ supply rall Thus
the output of IC3b, pin 6, whi be low and no
current will fiow mrough LEDT, which wiil be
uniit. When MSW1 operates and pulls pin S ot
IC3b low, the output (pin ) goes high, driving
current through LED1, which lights, indlcating
which switch sensor has been operated,

Pin 22 of the 25-pin plug an the dome wl
also be high when MSW1 s not actuated.
going fow when it is, These twa conditions are
Interpreted by the controlling computer or
exfernal circuitry (such as a manual conirgliss)
to determine the next actlon sequence of the
robot

All the microswitch sensors wark in the
same way, soa similar explanation applies.

HORN

The hom clrewitry involves G1, G2, Q3 and G4,
IC4, one gate from 103 and the speakar, There
are iwo inputs 1o the hom clreult: HORN
ON/OFF (pin 20 of the 25-pin plug) and HORN
TONE [pin 21 of the 25-pin plug). IC4, a
555 timer, is connected as & gated astabie
oscillator Whan the HORN ON/OFF nput is
driven high, Q1 tums an, turning on IC4 by
pulling pln 1 low, ignaring Q2 and F6 for the
moment, 1C4 Wil commence to osolllate. lis
oulput drives the Input of IC34. one butfer fram
ihe hex butfer chip IC3. The culput of IC3a, pin
2, ther drives the input of a Darlington pair, 03

‘via R13, turms Q10 o, nperating the solericid

and Q3, the collectars ol which drive the
speaker, and thus you hear the horm at a
particular plteh; wiich (s the LOW pitch In this
case. When the HORN TONE input is drlven
hlgh st the same time as the HGRN ON/OFF
Input, Q2 is driven on, connecting ARG acroms
RS, and causing the oschitation frequency of
IC4 10 Increase, thus sounding the HIGH pitch
of the harn,
PEN
The pen solenoid. mounted on the rner plastic
dise, holds the pen in a clamp. The pen
Is lowered 1o ‘araw’ and raised when ‘mot
drawing’. Az the solenaid is mounted on the
nner plastic dise, it neads o be operated to
ratse the pen in the ‘ot diawing’ mode. When
drawing, any unevenness in the surface wili
simply push the pen and salenoid piunger up
and dawn, following the surface contour.

The pen cireuit involves G8, G108 and the pen
solerioid. When e PEN INPUT (pin 19 of the
25-pin plug) ks low, (9 is ot and base currant,

4nd ralsing the pen. When the PEN INPUT is
high, GF is dtiven on and its colfecinr eurrent
‘pulls” the base of Q10 low and Q10 turns aff
The solenaid then releases and the pen is
dropped down Ihrough the Turlle base to the
Surface on which it stands.

LAMPS & AUXILIARY

The lamp and the auxliiary diive clfcults
operate in the same way, so the description of
the lamp circutiry will serve for both,

The lamp drivi circuitry Involves 05 and G&,
which are connected as a Darlington pair.
When the LAMP INPUT (pin 18 of the 25-pin
plug)is low,. no collector current flows I either
Q5 or Q6 and the lamps are wnilt. When the
LAMP INPUT is drives bigh, Q5 and 06 turn on
and they araw collector cufrent via the two
paraliel-connected lamps, which thus light u,

Note that the AUX.INPUT is not cannected to
the 25-pin plug and this facility is not
Implemented ar this stage,

of insulated hookup wire. The place-
ment of this link, and R13, is shown 1n
the accompanying photegraph, Figure
12. Last of all, mount the five capacitors.
The two electralytic capacitors, C4 and
C5, need to be orientated correctly.
Identify their positive (+) and niegative
(—) leads and place them as shown on
the component overlay, Figure 11

Having completed the assembly,
check it over thoroughly and with care,
making sure all components are in their
correct  positions  and  correctly
orientated.

The four ICs may now be inserted in
their respective sockets. Leave IC3 till
last This is a CMOS type and should be
handled with care. Only pick it up by
the two ends and avaid handling the
pins.

Figure 12 View ol R13 and the link under the board

1 |
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LEDS1T704  (FRONT) SPEAKER LAMPS
300 mm 260 mm +2eo mm + 500 mm
IC1| 1C2
180 mm
MESWS i ica : — > Ms{g:T
(LEFT) g | (RIGHT)
260 mm
top view
of circuit board

{SENSORS)
a |

TO 25-PIN
PLUG

480 mm
RIBBON CABLE
200 mm FRONY
MSW3
{REAR)

TOLEDs WIRES TD
SPEAKER, LAMPS

Frgure 13 Lengths to cut the cables that run from AND FROM

the control board. Note that this drawing is only PEN SOLENOID

diagrammatic and does not Indicate the actual SOL
termination points or dressage of #ach cable. The
overlay, Figure 11, shows termingtion points,
Figure 14 and 15 show dressage.

The various cables that connect the
control board circuitry to the other com-
ponents mounted on the Turtle can now
be soldered in place and cut to length, as
shown in Figure 13.

Internal wiring

Take the completed circuit board and
place it so that ICs 1 and 2 face forward
and the components are facing up. At

this stage just leave the wires trailing -———IC5142
from the Loard ready to be routed to S @,
various parts of the Turtle. \

Screw the four %" threaded spacers to TEMPDRARY

the four dise mounting holes on the
base, using " x U" screws and a washer
under the base on each screw. These
serews must be tight, The circuit board
is then temporarily screwed to the two
spacers at the back using short screws.
The wires from the beard can now be
routed under the motors, as shown in
Figure 14. Figure T4. Rouling the wires.

26 — May 1982 ETI
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NOTES

There ara a number of things e omitted from the
last article which should be nated as they wall
asslsl construction

Figure § {page 33): The screw used 1o secure the
rear mator albow bracke! to the mator is the saine
serew thal holos Ine rear plastic cover of tha
mictar, as supplied

Figure 9 (page 35): The drawing of the inner
plastic alsc shows A rony the underside.,
Adlusting the wheel maunting: [t you can’l get
Ihe wheals (o twm freely aer mounting the motor
and adjusting the fittfags, Iry pulling 8 washer
between the small elbow wheel axle bracket and
the top of the base (Best of all — use the washer
betwesn the nut and tha base, as per Figure 4 on
page 32, and screw the nut aganst the base),

DEMONSTRATIONS
See the Turtle — fivel

Walking, beepng, flashing, meandafing and
whatever. With Ihe kind co-operation of several
computer retaiisrs, we have amanged for deminn-
sirations of the Tasman Tumle, as featured hare,
to be camied oul in our Sydney amt Melbourne
offices as foligws:
Sydney: 4th Foor, 15 Boundary Si
Rirshcutters Bay
Monday to Thursaay, 4230 —8.00 prm.

Apple Il computer used lor demonsira-

turtle robot

RIGHT MOTOR LEFT MOTOR
UPPER UPPER
% GROUP GHOUP
LOWER LOWER
BASE

Figure 17, Identitying the groups of motos wires.

YO CONTROL
BOARDR

Figure 16: Wire the two lamps in parallel

ACTUATOR

fions supplad with ihe jond co-oparation
of Imagineenng Py Ltd. 22 Sl Jakin NG
Young Crasgent, Woollbormaniog
—dAN/O
Melbourne: Mutray Pubilishiars, 20nd Flase COM.
150 Lonsdale St Melbourme 6621222 _[
Apple Il compuler used for dempmstra: MICROSWITCH
lions supphied with ihe kind co-operation CONNECTIONS
of Computer Counlry Py Lid, 338 (TOP VIEW)
Quesan 51, Meibouine ERONT
MEW1
THREADED
SPACER
11
MSW4 & L] msw2
[ ] P s
TVt 7
]
] L
i b
Ore—
__‘___________ -
/ L, ‘-—-————_t'.‘._‘-_‘..q
XSS T THREADED
X SPACERS
UNDER
BOAAD

M3w3

Figurs 15. Routing the wires ta the sensor micraswiichies.

Run the wires to the microswitches
(MBW1 to MSW4) around the spacers,
as shown in Figure 15, and solder the
appropriate wire to the N/O (normally
open} and COM f{eommon) terminal of
each microswitch. The appropriate
wires can be identified from the compon-
ent overlay, Figure 11. Now solder the
solenoid wires to the two locations on
the board (any wire to each hole), Next
solder the lamps on the inner disc as
shown 1n Figure 16 so that the two
lamps are in parallel, and then solder
the appropriate cable from the pe hoard
to them

The motor wires, which are satill
hanging out from the motors towards
the front, are tucked under the motor so
that a loop is formed and then brought
up to the circuit board. Each wire from
the stepper mators is identified separ-
ately and must be soldered to the circuit
board in the correct sequénce so the
mators will operate properly. Jf ts im-
pottant to take your time at this stage to
make sure everything is done carefully

When viewed trom the front of the
Turile the wires emanating from the
front of each mator are divided into two
groups of four wires each, ane set from
the uppermost hole and one from the
hole closest to the base on each motor
(Figure 17). _
~ Each group has four different colour-
voded wires:

UPPER LOWER

Grey Gl Grey G2
Yeliow ¥l Yellow Y2
Red Bl Red R2
Black Bl Biack B2

These wires are designated as shown
above: Remove the two temporary
screws holding the circuit board. Then

solder the motor wires into the cantrol B
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Figura 18, Wiring the motors to tha control board.

Colour codes sre ldantified In the text.

board, as shown in Figure 18. (See also
Figure 11, the component overlay). .
When this is finished, all the wires on
each aide can be gathered and tied with

LEFT MOTOR RIGHT MOTOR

———
G2 G1 52

Sl

a cable tie or short length of hookup
wire. Attach the tie on the cables be-
tween Lhe motors and the control board.

LED wiring

The four LEDs on the inner disc are now
wired to the control board. Refer to
Figure 11, the component overlay, and
Figure 19 here to see how each is con-
nected. Take care with the polarity of
the LEDs and make sure they are wired
in the correct order. 1f the wiring for the
LEDs is incorrect then those with wrong
polarity will not work or a LED will
incorrectly indicate which micreswitch
has been activated.

Last of all, solder the speaker wires

5088 88 88 5884 8488

ic1 IcC2

CONTROL BOARD
TOP

from the control board to the speaker
and resistor (any wire to each).

Inner disc assembly

A this stage you will have the control
board largely wired 1n, save for the
25-pin plug, with the loudspeaker
trailing around and the inner plastic
disc attached by several 'umbilicals’,

The general assembly of the inner
disc and control board to the main base
is shown in Figure 20. Note that there
are spacers either side of the control
board. This allows another pc board to
be added to the Turtle later on, mounted
between the 2" spacerand the %" spacer
beneath it.

With the inner disc mounted, the
speaker is positioned next. Place the
speaker’s magnet on the pen solenoid
frame (which faces the front of the
Turile). The magnet will hold it
temporarily in place, allowing you to P

Figure 19. ldentifying the four LEDs on the lnnar disc.

kLED1

Lm;@ @

3" a W' SCREWS

WASHERS
INNER DISC
2" SPACER
. g
| 21" SPACER
%" THREADED -
SPACERS " SPACER
{(ALREADY
MOUNTED) = \
‘/«\1L CONTROL BOARD
FRONT
.7 BASE v, il
%' x % SCREW W' x W" SCREW
AND WASHER AND WASHER

Figure 20. Assembling 1he inner dise snd control board 16 the Turtie base.

LE03

INNER DISC
UNDER SIDE
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PEN
SOLENOID

turtle rolbot

26-PIN PLUG, LOOKING AT PINS

~ INNER

——  OISC

GREY

SPEAKER

L 100R, 1w RESISTOR (R14)

APPROX. &6 mm GAP

BASE . ) [ —

PLUNGER

Figure 21. Mounting the speaker.

adjust the speaker’s position such that
the bottom of its rim is about 6 mm
above the Turtle base, as shown in
Figure 21 Secure the speaker with
latex glue, (e.g: Silastic or similar).

‘Bump’ band and dome

The sensor or ‘bump’ band and dome
are assembled next. Place the sensor
band on the base and around the four
microswitches so that it can move
freely. The band just sits there with its
four short spokes holding 1t on the base.
If the band doesn't return when operated
or ifit grabs for some reason, check that
wiring is not interfering with it.

It is important to have a small space
between the microswitch actuater and
the band (about 3-4 mm). The switch
may have to be adjusted to ensure this
gap is sufficient.

Next screw the 25-pin plug into the
dome without using washers and with
the nuts on the inside (Figure 22). Now
wire it up. The pin designations are in
Figure 23 and you will need to refer to
Figure 11 (component overlay) fo
identify the wires, Check it carefully
when you have finished.

With the 25-pin plug allwired up, the
dome can be assembled to the base.

Fequre 22, Mounting the 25-pin plug to the dome.

25-PIN PLUG

36 — May 1982 ETI
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FIGURE-§

CABLE

2 ] 14
(+12v)' I o—a—— RED (LMT)

O—t— WHITE (LMS)

o

O—ati—— CREAM (RMT)

—at— GREY [RMS)

O————= BLUE (LAMP INPUT),
o———a VIOLET {PEN INPUT)
—s——gn DARK BLUE (HORN ON/OFF)
——age. GAEEN (HORN TONE})
O——sti—— YELLOW (LEFT SENSOR)

g 0 o 0o ¢ O

"
9 s—a——ORANGE (RIGHT SENSOR)
Ot BROWN (FRONT SENSOR)

o~
Lo

(>——t— BLACK [REAR SENSOR)

13
4

RIBBON
CABLE

Figure 23, Wining the 25-pin plg to the fibbon cable and figure-sight {12 Vdc) cabie.

Place two washers on each large screw
holding the microswitches (Figure 8b
in Part 1). Place the dome over these
screws so that the 25-pin plug faces fo
the rear of the Turtle. Push the dome

down over the screws and secure it with

a nut and washer on each of the four
screws around the base.

Now you are ready to roll! W

{. .. to be continued)

View of the bump band positioned on the base, (Shown prior to rest of assembly lor clanity).
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Project 648

How to get into robotics without
boiling your brain cells or
breaking the bank

In this third part of the Turtle robot project, we give final
instructions on getting the beast up and running, plus
some hints on programming and interfacing.

Allan Branch

Flexinle Sysiems, Hobarr, Tasmana

HAVING completed the construction,
you're ready for an initial test. At this
stage you will need to buy, beg, borrow
or build a suitable 12 'V power supply
capable of delivering up to about 2 A,
The panel on page 48 describes a
power supply you can build. Many of
the parts can be found in the average
hobhyist's or workshop's junkbox”.

If vou don’t wish to go to the trouble of
building a supply, a mains CB rig
supply makes an excellent alterniative.
The vast majority of these deliver about
125 V or 13.8 V at up to 2 A and cost
between 840 and $50

Turtle test

For thiz nitial test you will need a
25-pin  socket, the above-mentioned
power supply, a length of figure-eight
flex with one lead marked, a jumper’
lead and a multimeter. Solder one end of
the figure-eight {lex to the 25-pin socket
— the marked lead designates the 0 V
line and it should be soldered to pins
12-13 of the 25-pim socket; the other lead
is the +12 V line — solder it to pins 1-2
of the 25-pin socket. Having done that,
plug the 25-pin socket into the plug on
the dome of the Turtle and connect the
free end of the figure-eight flex to the
power supply — watch the polarity;
marked lead to O V, unmarked lead to

positive.
Hold your breath = |, and switch on.
The peri solencid should operate

42 — June 1982 ETI

immediately and the LED on the control
board should light. Ifthe LED lights but
the selenoid does not operate, give the
pen clamp a tap as the plunger in the
solenoid may be a little stiff at first. If
you don’t get the expected results at this
stage, switch off and go over your
wiring,

If all is well, try operating the
microswitch bump sensors in turn. The
corresponding LED on the mner disc
should light up when vou operate each
micraswitch. Ifnot, switch off and check
your wiring. If the wrong LED lights up
when you actuate a microswitch, then
yau have either the LED or the micro-
switch wiring incorrect.

Part 3

Next, tuke a jumper lead. Connect one
end to + 12V and touch the other end on
pin 18. This is the LAMP INPUT and
the two green lamps should light. If they
don’t, a wiring check Is necessary. IF, or
when, all is OK, next connect the free
end of the jumper lead to pin 19, the
PEN INPUT. The solenmd should
release immediately and retract when
you take the jumper off the pin. When
the solenoid is operated, the current
drawn from the supply should be abaut
1.4 A, dropping to about 0.8 A when it is
not operated. OK? Next connect the fres
end of the jumper lead to pin 20. This
will turn on the HORN. Bridge pins 20
and 21 with the free end of the jumper

ETI-645 SPECIFICATIONS TASMAN TURTLE ROBOT (minimum version)

Dimansions 385 mm diameter
180 mm height
Welght 25y
Drive Lett ana nant stepper mators
Power requirement 12 Vde {nominal)
1.5 A (max )
Load capacity 45kg

Pulting force &S00 grams (max. )

Negotlable Incline 15

Inputtunctions Left moior direction

Lett matartogole (drive)
Right motor direction
Right motor togale {dive)
Lamps (an/alf)

Pan (draw/not draw)

Horn (on/off)

Harn (low piten/tugh piten)
Cutput functions Laft bump sensor
Righi bump sensor.
Fror bump sensor
Raar bump sensor
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Roast Tasmanian Turtle to follow ,
food for thought there, eh Charles?

o
-

=

lead and the horn pitch should go up in
frequency.

You can test the motor drives by
momentarily touching the free end of
the jumper lead first to pin 14, when the
left motor should jump’, then to pin 16,
when the right motor should jump.

Last of all, vou can check the
SENSOR outputs. Using vour multi-
teter switched to a convenient range to
read 12 V, connect the negative lead to
0 V and the positive lead to each sensor
output pin on the 25.pin socket in turn.
You should read 12 V on each pin.
Operate the appropriate microswiteh
and the voltage should drop to zero.
Make sure the appropriate microswitch
corresponds with-each of the sensor pins
tested. If not, or if you don’t obtain the
required indications, check yourwiring.

That’s about all vou can do for an
initial test; the final performance comes
when you have interfaced the Turtle to
your computer and get some software up
and running.

INTERFACING
— general details

As computers vary widely in the
manner they can be arranged to com-
municate with ‘the outside world", we
can only give general interfacing infor-
mation at this stage and we will have to
leave you to sort out the individual
details of how you interface your Turtle
to your particulsr computer. [ 2
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An input/output controller can take
on many forms, but it must have the
following two characteristics:

(a) the output must be latched;
(b) the input must be tri-stated.

The general arrangement is shown in
Figure 24.

There are a number of methods that
can be employed to implement an inter-
face and there are quite a few devices
available to assist. One of the better-
known devices is the 6821 peripheral
interface adaptor. This has two com-
pletely separate 8-bit /0 ports — PA
and PB — and four control lines, two per
port. Figure 26 shows general details of
how a 6821 could be employed as an
interface between a computer and the
Turtle.

Another methad is to employ a pair of
tri-state buffers, as illustrated in
Figure 26. This employs a T4LS367 hex
buffer/driver for the four Turtle cutput
bits and a 7403244 octal buffer for the
eight Turtle mmput bits, plus a little
extra logic for address and read/write
decoding.

We'll get down to sorme specific circuits
for particular computers in follow-up
articles”,

Drivers’ manual

Having taken care of your interfacing
arrangements, you'll need to know how
to 'drive’ the Turtle using your com-
puter, Eight input functions are
provided, and four output functions —
that's a lot more than the average car!
At the moment, you're at a standstill.

The first thing that is impertant to
know is how to move the Turtle. This is
very easy to accomplish, even for begin-
ners in programming, and surprisingly
requires very little memory space. In
conventional programming the largest
part of the software is more often than
not dedicated to producing the sereen
display. Making graphics uses lots of
RAM. With the Turtle none of this is
needed because there is now a real-
world or physical representation of
what you need. There is no point setting
up a simulated robot on the screen and a
complex obstacle course when you have
a Tasman Turtle and a kitchen (office/
garage/workshop). Very interesting
programs will use only about 20 lines of
BASIC,

“Flexible Systems can provide ready-
butlt interface boards and details on
interfacing to particular computers.
Turtle owners and potential Turtle
oteners should write to them for further
details — Ed.
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Figure 24 General Interfacing arrangements tor the Turtle,
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Understanding how to control the
Turtle requires an understanding of the
robot’s ‘control line’— that is, its control
cable from the computer. Ifthe minimum
Turtle 1s thought of as the skeleton and
the muscles or body, and the computer
as the brain, then it s easy to see that
the pair become an exceedingly power-
ful combination, limited only by your
imagination.

The Turtle’s control cable has eight
separate control functions, or ‘nerves’ if
the anthropomorphism is maintained.
These are dedicated to the following
uses:

Tabie 1

)

Motars
J
5 Lamps
6 Pen
7 Horn
B Tone

We will discuss the motors soon, but the
{ast four functions are the easiest to
start with, The eight Turtle functions
are each controlled by one of the eight
data buss lines.

Table 2
Funétion Name Dataline Binary Value
1 [T (E 1)) 1
2 LMS B 2
3 AMT D2 4
4 RS D3 8
B LAMP [*2] 16
8 PEN oS 3z
7 HORN D& B4
B TONE o7 128

Suppose your Turtle accupies part of
the computer memory space at address
W. More will be discussed about this
when we get to specifics on interfacing,
but it 1s sufficient to say here that
W will have a value between 0 and
65 536. On some computers W may be
negative numbers in the same range,

To operate the Lamp simply requires
that the binary value for the Lamp
function, which is 16, be sent to the
Turtle (at address W). This will be
either POKE W, 16 or OUT W, 186,
depending on the type of computer, For
those of you lucky enough to have the
language LOGO, the instruction i turn
on the lamp iz simply ‘TLAMP ON".

Similarly, the Pen or Horn can be
turned on by:

POKE W, 32 or POKE W, 64
respectively,

To turn them off again simply requires:

POKE W, 0

turtle robot

The Horn Tone control is operated by:
POKE W, 192

This is neot a mistake, as the tables

below show,

Table 3

Funclion No. Name Action

7 HORN ON/OFF

a TONE HIGHALOW

Jable 3a

TRUTH TABLE

7 8 Result Binary

ot ot il a

off on Nl 128

Qn Oft Low &4

On On High 192
{128+64)

The Horn function simply turns the
horn on or off. Whether it is high or low
in pitch when it 1s turned on depends on
the value of the Tone function af the
same time. That is, the horn has to be
turned on (binary value 84) and at the
same time, if you want the pitch to be
high, the Tone function must be turned
on {binary value 128), hence:

POKE W, 192 puts the horn on high

piteh, and

POKE W, 64 puts the horn on low

pitch:

Some of you will have already seen
what to do if, for instance, the Lamp and
the Pen were required to be on together.
The instruction would he POKE W, 48,
since the value for the PEN 1832 and the
value for the LAMP is 18. In fact for any
combination of functions, the instruction
must use the sum of the binary values
for each function.

Motor control

The motors used in the Tasman Turtle
are stepper motors, This gives the robot
great precision, but requires that
certain programming requirements are
taken into account before the robot can
be made to move.

Stepper motors require pulses to be
sent to them, In the Turtle these pulses
are generated by software for two
special reasons:

1 The speed can be controlled;

2. The pregram can do other tasks
between pulses, such as sense the
microswitches

Luckily, all the difficult tasks, such as
phasing and rotating the pulses, are
done by electronics in the Turtle, so the
programmer has a velatively simple job
left to do.

If the list of motor functions 1s looked

at again it will be seen that there are
four motor commanads:

LMT, LMS, RMT, RMS.

Tahle 4

Function No. Cammand Meaning

1 LMT Left Motar Togale {pulses)
2 LS |_eft Motar Sel (direction)
3 BMT Right tctor Togale

4 RAMS Hight Motar Set.

Those of yvou familiar with informa-
tion theotry will see that with four bits of
the data line, there should be 16 (2% = 16}
possible combinations of motor move-
ments, In fact there are only nine. There
are two motors and each motor can have
three conditions (82 = 9), This 18
perhaps a waste of bits! Where are the
other combinations? We shall see
shortly. |
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The ‘Set Input’ simply tells the motor
whether to turn clockwise or anti-
clockwise It's a bit like the horn tone
control, since the horn tone can be set
either high or low in pitch, but dossn't
do anything unless the horn is turned
on. The thing that turns the motorson is
the ‘Toggle Input’,

4 - RMS B

Table 5

Lol motor Right motor Retioes SF-’rC:;f_ W.0 POKEW,5 POKEW,0 POKEW,5 POKEW(0 POKEW,5
OFF OFF OFF Frgure 27 Timing diagram for the motor lines.

OFF FORWARD LEFT WHEEL .

OFF BACKWARD ~ RIGHT WHEEL Now the next problem is that all step- ’
igg::::g ES;W ARD E,':?HHJ‘&';EEL per motors have a limit to how fast they 20 GOSUB 100
FORWARD  BACKWARD  RIGHT can rotate, which is much less than for 30 POKEW,B
BACKWARD  CFF LEFTWHEEL  ordinary dc motors. For the Tasman 40 GOSUB 100
BACKWARD  FORWARD LEFT Turtle it is about 100 pulses per second. 30 GOTO10

Since the motors have a step angle of 100 FORT=1TOTT

The next thing to consider before 7.5° (48 steps per revolution) this 110 NEXTT "
actually seeing the programming isthe amounts to about two revolutions per 120 RETURN p

effect of each motor. For the Turtle to
move forward (for example), it can be
seen from looking at the beast that the
right motor must move clockwise and
the left motor must move anti<clockwise,
If both motors turn in the same direc-
tion, say clockwise, then the Turtle will
turn left.

Now, to generate pulses from the soft-
ware for the stepper motors is quite
simple. For the left motor we determine
LMS to be high or low for whatever
direction we want the motor to turn in
and we then set up a loop where LMT is
made alternatively high then low:

1I0POKEW, 1 10POKE W, 3

20POKEW.0 or 20 POKE W 2

30 GOTO 10 30 GOTO 10
To move the right motor:

POKE W, 4 POKE W 12

POKEW.C  “TPOKEW, 8
To move both motors:

POKE W, 5

POKEW. 0  °%

To see what is happening, let us look at
a timing diagram of the first four data
lines (Figure 27). The list below shows
what combinations of numbers give
what directions of movement.

Tabla &

MOTION

FORWARD
BACK
LEFY
RIGHT
RIGHT WHEEL
ar
LEFT WHEEL
or

s

mrvocoSNE B
RMWwa =thn~wo @

- LMT i1 l | I | I

2 - ImMs 2

me_te [ L L

second. The problem iz that the com-
puter can send out pulses to the motors
faster than the motors can respond,
50 the pulses have to be slowed down.
This 15 done by putting a time

delay into the loop.

vl

uj dlp&me ftd" *

*apologles to C.J Jennfs
from ‘The Sentimental Sloke
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By varying the value of TT, the speed
can be controlled.

To move a certain number of steps

(each step is about amillimetre), s FOR-
NEXT loop is used. N determines the
distance the Turtle will move;

Forl=1toN
POKEW A
GOSUB 100
POKE W B
GOSUB 100
NEXTI

If any other function is required while
the Turtle i1s moving, simply add its
value to A and B.

Output (sensor) functions

The Turtle sends back information from
its touch sensors when the PEEK state-
ment is used (on INP). If the Turtle

18 not touching something then
PEEK (R) = 255, where R is the Turtle’s
address  for reading. Otherwise,
PEEK (R) will have one of the follow-
ing values:
Table 7
L R F ]

L 254
R 252 253
F 250 24 251
B 248 245 243 247

LFB -— 242

RFB — 241

LFR — 248

LBR — 244
LBFR — 240
It i1s easy o make the Turtle decide

which direction to move using [F-THEN
statements, e.g:

If PEEK (R) = 255 then RETURN
ITPEEK (R) = 254 thenA = 5:B=10
ete.

Note that the time delays required for
the stepper motor pulses can be achieved
by using PEEK instructions, 2.

10 FORI =1TON
20 POKEW, A
30 IF PEEK (R)~ 255 THEN GOTOQ
100
40 POKEW, B
50 IF PEEK (R) o 255 THEN GOTO
100
60 NEXTI
100 8 = PEEK (R)
110 IF S = 254 THEN A
B = RETURN

48 — June 1882 ETI

120 JF 8 =258 THEN A -

B= :RETURN
130 TFS=251THEN A =
B = :RETURN
140 IF 8 =247 THEN A =
B-= i RETURN

150 RETURN

Don't forget the PRINT stutement:

IfPEEK (R} = 254 THEN PRINT
"BACKSWITCH"”

Also, A can equal B:
IF PEEK (R) <255
THEN A = 192:B = 192: RETURN p

BT TO
HEATEINK

POWER FOR THE TURTLE

The Tasman Turtle requires a supply of
nominally 12 V at up to 2 A, which leaves
plenty of current ‘headroom' for later agai-
tions, as the 'minimum’ Turtle only draws
about 1 2A

PROTECTED SUPPLY

If you're a dyed-in-the-wool experimenter
and plan to altach accessories of your own
ta the minimum Turle, then this supply will
provide over-current pratection |nithe event
you do something foslish during instaliation
or in the course of an experiment.

The diagrams show the circuil and
suggested construction A capacitor-input
bridge rectifier is used, delivering about
25 V across C1. Qutput at the terminals
is regulated 12 V. IC1 provides up lo
1 A of the output current, and the series-
pass transistor, Q2, prowdes a further
1 A-or s0 Of the outpul current. Fold-
back over-current protection is provided by
means of Q1. When the lcad current
excgeds about 2.3 A, the vollage drop
across R2 nses to about 0.6 V, turning G
on. The collector of Q1 then 'robs’ Q2 of
base current, turning Q2 off, and as I1C1
cannot: supply any further current il drops
the nuiput voltage. The output drops to near
zoro at a load current of about 2.5 A. Thus if
you gel a shon circuil in the Turtle or some

2ei Var —

-

T
PLIBEOVA

GVERLOAD FROTECTED, REGULATED SUPPLY

circuit attempts o draw toe much current,

your supply protects the wiring and circuitry
from possible damage.

It is suggested the supply be built
in a sturdy plastic case such as the
Arlee PC1, The rear panel of this case is
matal, which allows (C1 and Q2 to be
mounted to it, providing some heatsinking
A suftable beatsink should be secured In
the panel rear, Both devices should be
ingulated from the pangl by suitable insulat-
Ing washers. Smear the washers bath sides
with heatsink compound belore installation
Don't forget 1o insulate the bolts securing
the tags of IC1 and Q2

PROTECTED SUPPLY — PARTS LIST

T1—PL1B/BOVA

D1-Dd — 1N5404, INS408, 1NG625, AlaP
orsimilar

C1 —4700u/35 V electrolytic

G2 —220n ceramic

C3— 10u/ 16 V electrolytic

Al —1R1W

RZ —DRA7.5 W wirewound
IC1— a2

Q1 —BCEao

Q2—TIP32

Two terminals (one red, one black),; 240 Vac rated
toqgale switch; mains cable and clamp grommet;
slurdy case (€.0: Arlec PC1); two tagstnps; wire
sic. Esumated cost— $38 — 542

£xiNSand




DEMONSTRATIONS!

See the Turtle strut its stuff!

Yes folks, it's an amazing sight, A Tasman Turtle toddling
along, beeping, bumping and flashing, cbeying the every
whim of a devious computer program.

You can see the Turtle in live action at our Sydney and
Melbourne affices — a not-to-be-repeated exhibition. If you're
interested in purchasing a Turtle kit (or kits) and would like to
caveat emptlor (roughly translated: ‘don't gointc a cave unless
it's empty’), then we'd only be toc happy to show the beast in
action, You can purchase kits on the spot if you wish

The demonstrations have been arranged with the kind
co-operation of Imagineering in Sydney and Computer
Country in Melboume, who have supplied Apple |l computers,
and Machine Dynamics of Victoria, who supplied interface
cards;

HOW, WHO, WHERE?

ETI, 4th Ficor, 15 Boundary 8t,
Rushcutters Bay (02)268-9015
Maonday to Thursday each week, 4:3010 6:00 pm

Apple |l computer used for demonstration kindly supplied by
Imagineering Pty Ltd, 22 Sir John Young Crescent, Woolloomooloo

In Melbourne: Murray Publishers, 22nd Floor,
150 Lonsdale 51
Melboume.
By appointment, phone Virginia Salmaon
(02)662-1222,

Apple |l computer used for demonstration kKindly supplied by
Computer Country Pty Ltd, 338 Gueen St, Melboume.

Interface cards for Apple computers supplied by Machine Dynamics,
Mitcham, Vic:

InSydney:
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For a real life example of all the fore-

turtle rolbbot

going, one of ET's correspondents, Phil RANDOM TURTLE WALK 308 REM R¥xEkEX¥Exxx GENERATE
Cohen, has written a ‘Random Walk' 5 pim ARRCE) ouT
program for the Minimum Turtle inter- 29 | = - 16224 330 ARRCD) = D:ARRC2) = @: REM M
faced toan Apple Il via a PIA eard which 33 g = = 16222 RKE SURE MOTORS RRE OFF
plugs into Slot 2. For this interface, the 40 POKE W + 1.9 343 OUT = @
Turtle input functions ‘reside’at address =@ POKE W,233 35@ FOR I =170 8
16224, and the Turtle output functions &8 POKE W + 1,52 368 OUT = OUT #+ ¢2 ~ 1) % ARRCI)D
at address 16222, The program 72 POKE R + 1,8 378 HEXT I
effectively 'exercises’ all the Turtle’s 82 POKE R.@ 388 RETURN
functions, both input and output. The 9@ POKE R + 1,69 399 REM ®epxxpkkrsssr TURN MOT
randomness of its ‘walk’ comes from the 100 FOKE .8 DRSTFUR FIESEEE UMTIL STOPPED
function at line 200 — you never know 110 ARRC1) = @ AFTER 1/
how far the Turtle’s going to turn after it 120 ARRC3) = 1 408 GD§UB 320 =
meets an obstacle and backs off! 138 R = 4: GDSUR 230 418 05 = 0UT + &
The Turtl T 140 ARRCT) = B:A = 61 GODSUB 232 420 POKE W,0OUT
e Jurile commences MOVOR T 129 A = 18) GOSUB 390 438 FOR I =1 70 58
rd, and if it doesn't meet an obstacle |7 : :
oes e 168 RRR(7) = 1:A = 6 GOSUB 232 448 POKE W,0UT
after a short period it will execute aturn 15 grecy) = L ARRC3) = @R = .3 458 FOR T = { TO 3¢ NEXT-T
and continue in another direction, ete. If COSUB 398 460 POKE .05
it meets an obstacle (other than running  ygp ARRCLY = @ ARRL3) = @ 478 NEXT 1
out of ‘umbilical cord'!) it will flash its  Jog [F RND (1) > .5 THEN ARRC1D 488 IF ARRCID ¢ 3 RRRC3) THEN
lamps, sound its horp, back off and = LIARRCBY = 1 GOTO 550
continue in another direction. IW's a 208 A = ABS ¢ RND ¢1> % 3) + 1 45¢ FOR I =1 TO A % 110
fascination towatch! 210 GOSUB 39@ 560 POKE W,0UT
: 220 GOTO 118 10 FOR T =1 TO 3: NEXT T
Conclusion 238 REM XEE¥Rexyxyx FLASH BIT A 528 POKE W.0S
Well, it's'not a conclusion, really — more 530 NEXT 1
like ‘until next time". Now you have your 248 ARR(A) = 1 S48 RETURN
Turtle 'up and running’ — even if you 252 GOSUB 329 SS56 FOR 1 =1 TO R % 118
haven't organised interfacing to afyour 268 POKE W ouT 568 IF PEEK (R) < > 15 THEM
computer, the limits are bounded by 278 FOR 1 =1 70 180 NEXT 1 RETURN
physics and your imagination (the Turtle 289 RRR(RY = @ 378 POKE W,0UT
won't transport you around, but the 290 GOSUB 320 388 POKE W,0%
Tt : f ¢ 3ea POKE W, 0UT 558 MEXT 1
family's new kitten might empoy a nde!) T
At present, we're working on a sumber of 318 RETURH 683 RETURN
accessories, eg: a manual controller
{drive it yourself); a line follower (draw a CORRECTIONS

line and the Turtle will follow you any-
where); interfacing 10 popular micro/
personal computers, ete. We hope io pre-
sent these in forthcoming 1ssues, very
soon. In the meantime. ETI would
appreciate feedback from Turtle owners/
constructors with their own ideas/hints/
tips/eircuits/programs. [ ]

TURTLE TALK™ $240.00 + Tax
Speech Generation at an incredibly low price

Far Plugging into the Tasman Turlla!™ to give the world's first talking robel for general use, or as @ stand alone bosrd Tor special projects,

In
pa

the May (ssue, Figure 11 on page 25 — ihe
toard componant overlay — shows tha LAME

INPUT going 1o the irack jeining thi callectors of
05 gnhd G6 This is incornect as the aireail (and
common senselshows The LAMP INPUT gees i
the free and of B10, and the LAMPS cannect
pestween the pad joined 1o the tallecters of OS and
06 and the +12 V line, where one Jead of 13

protrudas through the top side of the board (as per
ariginial) Inother woras, swap the two leads going
1o the pads over 06 and 10

The printats failed o efiect a numberof alterations
16 Figure 12 5 page 28 The principal proniem is
with the length of Ine leads to the lamps and
MSW2 (right), The leatds tn (he lamps should be
260 mrn long, the leads lo MSW2, SO0 mm long.

talking keyboards, aids for disabled or linguistlc experimenis.

FEATURES

English avallable Spelllng I3 determined by the programmer.

& Vacahulary sxpansion by simply plugging in more ROMS & Standard 143
word vocabulary all the latters of the alphabet and all numbers ® Expandable
to approx 600 words & Unlimitad combinations of words to form phrases,
sentances, §ic

THESE FEATURES ALLOW PHONEME RECONSTRUCTION
METHODS

& Interrupt facility 1o use the start of words & Muts tacllity to sllow use of the
Imernal paris of words & Command lacility allows wortls 10 be cut short @
Prafix and suffix words for combinations

All circuitry on board for [nterfacing, ROM expansion, power
supplies and audlo amp

EDUCATIONAL

ROMs with French, Garman, Itallan and ciher languages can plu
Have many languages on the ond beardl Both Amarncan and

LEXIBLE

in also.
uropean

Available from:

L 219 Liverpool Street, HOBART, Tasmania. 700¢. Australia. Ph {002) 34 3064
YSTEMS 71ASWAN TURTLES TURTLE TALK ARE TRADE MARKS OF FLEXIBLE SYSTEMS

Gomprehensive Manual with applications [nciuded
INTERFACING CIRCUITING ON BOARD
Twa Intertaging methods can be used with many vanialions for aach:
— Data Control interfacing uses multipléxed dala bus.

— Direct Control Intertacing uses parallel pori control pins
Gan be used with all pepular micro-computars including System 20, TRS 80,
Apple I, Suparboard |, etc
Can avan be used as stand alons board with discreie circuitry or switches.
Haue your message spoken to visitors at the door while you are away. Have
the radio tell you what statlon It is an

INDUSTRY
Suitaple tor protess control and alanm warnings.

PROGRAMMING

Uses slmple POKE and PEEK Instructions: One line of programming for any
word.
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A hand controller for

the Turtle robot

Here's a simple manual controller for the Turtle that can
be used in lieu of a computer and is ideal for testing and
setting up the robot, trying out motional routines, keeping
the kids happy while you program the computer, etc.

Allan Branch

Flex|hle Systems, Hobant, Tasmamia

A HAND controller to eperate the
Turtle is simple to construct and useful
in setting up and adjusting the robot,
amongst other things — such as proving
test signals for a remote control unit.
Three common CMOS ICs are employed
and a set of switches provides contral of
motion and the fimetions — pen, horn,
etc. An oscillator provides pulses for the
stepper motors; varying the frequency
of the ssallator permmts varying the
speed of motion.

Construction

This s quite straightforward. Flexible
Systems have made up 4 pe board for the
hand controller, to suit mounting in a
small jiffy bex, while ETI have made a
version on matrix board, mounted 1n a
low-ctst Arlec instrument case, Suit
yourself. Kits or built-up units are
available from Flexible Systems.
Layout is non-critical and specific
details are left to the individual con-
structor. When' laying cul contrals on
whatever case you use, make sure they
are grouped logically and frequently
used controls are within easy reach —
such aa the LEFT and RIGHT motion
awitches. The latter should he wired so
that the direction of operation of the
switch: represent= the direction of move-
ment of the particular moter, e.g. push-
ing the switch forward makes the motor
go forward. Thus if you set the LEFT

84 — July 1582 ETI

switch forward and the RIGHT switch
backward, the Turtle will execute a
right hand, on-the-spot turn. Setting
juust ane gwitch forward will cause the
Turtle to pivot about the opposite wheel

Note that LMS must go high (+12 V)
and RMS must go low (0 V) to get the
Turtle moving forward, so wire SW1
and SW2 accordingly.

A pushbuttan has been used for the
HORN ON/OFF function so that the
HORN TONE can be set high or low,
and pressing the pushbutton allows you
to 'toot’ the horn.

The sensor switches are "reflected’ in
the hand controller so that you can see
where the Turtle has run inte something
when you can't see the Turtle.

When installinig the ribbon cable that
runs between the controller and the
Turtle, ensure it is secured inside the
hand controller case to prevent joints
breaking or sther damage nccurring
should the cable be accidentally pulled.
The maximum length of cable we've
used is 3% mefres, although we don't
kknow what the limit s

Take care when wiring up the unit
and check for wrong connections, incor-
rect orientation, etc Check which way
switches ure 'on’ before wiring them up
— otherwise they’ll operate the reverse
to what you expect! Note that when
wiring the speed potentiometer
minimum resistance gives maximum
spead,

LIRbb =i 10

Our hand controllér 1s housed In an Arlec PCA
case,

Take care you get diade DI the right
way round. While I} 1s rated at 1 A, the
Turtle can deaw up to 1.4 A The diode
survives DK, but if you're worried use a
1N5404 or A14P

Setting it up

Firat, apply power (12 Vdc) to the
controller, but don't plug it into the
Turtle, Check that supply is oneach [C
(pin 14 — +12V, pin 7T— 0 V), Now:set
RV2 to about mid-position and RV1 to
maximum resistance (slowest speed).
LEDbS should flash at = slow rate. Using
a multimeter, check that the supply is
on pins 1-2 (+12 V) and 12-13 (0 V) of
the 25.pin plug.

It’s a simple matter to check the
functions work correctly. Take your
multimeter, set the LEFT switch forwartd
and the RIGHT switch backward, and
look at pins 15 and 17 of the 25-pin plug
There should be +12 V on each (with
respect to 0 V), With the switches'in the
centre position, there should be nothing
on these pins and no connection to 0 V.
With the LEFT switch backwards and
the RIGHT switch forward, pins 15 and
17 should be connected to 0 V — check
with the ohmmeter,

The HORN, TOUNE, PEN and LAMPS
can be checked with the multimeter
also. Operate each switch and see that
+12 V appears on the appropriate pins
of the 25-pin plug,



turtle hand controller
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The sensor indicators ¢an be checked
by shorting each pin (22, 23, 24, 25) to
ground in turn and seeing that the
appropriate LED lights.

Correct any errars, and when 21l is
well plug the controller into the Turtle
and . . . you can’t quite take it for a walk
yet. 'T'he maximum speed needs to be
set This is simple. With the controiler
plugged into the Turtle and the LEFT
and RIGHT switches in the centre pogi-
tion, set RV1 al minimum resistanecs
(maximum speed), Set RV2 at maximum
resistance and then set the LEFT and
RIGHT switches forward. The Turtle
will set off at some speed Adjust RVZ so
that it is moving fast but not so fast that
the motors vibrate or chatter, Check
that the Turtle will execute turnzs and
changes of direction without the motors
chattering. If they do, back off RV2 a

little and it should behave perfectly.
Refrain from trying to make your Turile
a BMX model! !

If you're using the hand controller to
get your Turtle up and running, you
may ot be able tu complete the above
adjustments; but you shouid be able 1
gel the motors running smasthly and
adjust the wheel assemblies s that the
gears do not bind or mis-cog. Then you
can adjust the controller for maximum

apeed,
Have fun!

NOTE: Flexible Systems can supply
handheld controllers construsted and
lested for 879, or a complete kit for $55
Their pr board for the hand controller
(part No. HCB) is avatlable for $13, with
component overlay. UConfact Flexible
Systems, 219 Liwrpaol St, Hobart Tas
7000, (002)34-3064.

HOW IT WORKS — ETI 646

The cifeull is stratghtforward, using only three
CMOS gate ICs. A 4011 quad NAND gate, IC1,
s configuted as an oscillatar, generating
sfuare waves to supply the ‘toggle’ pulaes for
the Turtle stepper motors. The osclllator is.a

simple astable muitivibrator using gates a, b
and ¢ from iC1. The charge/discharge time
constant of the oscillator feedback can be
vaned continuously by AV 1o provide mokor
speed control. A trimpot, RV2, allows setting
the range ol the speed control, The oulput is
Buftersd and inverted by 1C1d.

A LEL on the output of the osclliator, LEDS,
indicates that the ascillator is In operation by
tiashing, although sl the higher speeds |t
seems fo be on cantinuously due o the per-
sistence of vision,

_ Two DPOT centre-off toggle switches control
the direction amd toggling of the Turile stepper
motors. SW1 controls the lett motor, SW2 ihe
right. Two gates from anciher 4022, IC2, gate
he pulses from the oulput af the osclllstor to
he toggle inputs for the Turtle motars. No
toagle pulses are ssnt Lo & motor when the
cantrol swhch (SW1 of SW2) is In tha centre-
off position.

When SW1 s operated, say 1o fhe right here,
+12.V fiogie high) s lpplbdtopin 8 of iC2a
and the pulses on pin 9 ate then invertss and
appear on fhe: oulput of the gate, pr
motar togale putsss for the LMT input, At the
sanme fime, +12 V (logic high) Is applied to the
LMS input of the Turtle, setting the left motor in
forward mption. When 8W1 1s operated 10 the
lett (as per the diagram), ihe pulses are again
gated through 1o LMT while the LMS Input to
the Turie is heid a1 0 V (logic low), setting the
left motor In backwards motion. SW2 operates
in asimilar way.

The other four Turtie funclions: HORN,
HORN TONE, PEN and LAMPS, are controlled
by PB1, SW3, SW4 snd SW5 respectively.
These lpp!y +12 V {leghe high) 1o the Turtte
tunction inputs when opersted. Note that a
pushbutton is used for the HORN ON/OFF
tunction, which allows simpie ‘feoting’.

The four LED ndicatars on the Turtle's Inner
disc, at the ront, are represented on the hand
controller so the nperator can see it 3 sensor
has been activated. (Useful it the Turtie is
peing cantrolled from & cable running under
Ihe dobr — 3 greal party Trici.)

The lour sensor Input ines drlve inputs of
the faur gates trom IC3, 2 4001 quad NOR gate.
The gate inpuls aré held high by pull-up
resisfors — R3J to AE. This ensures the gate
Gutputs are low Uniess i sensor |s operated —
which grouns the input, causing the gate cut-
put 10 go high and lighting the LED connected
ta e output (LEDE 1 to 4). Resistars A7 ta RT0
Hmi the current LED and gate outpit 1o a safe
value,

An ‘idiot’ dlpde is connectest In series with
the pewer supply Inpuf 1o protect the control-
ket and Turtie agains! passible disasirous
aamage il lhe supply were 1o be connected in
reverse, Capacitors €2 and C3 bypass the
supply radl.

ETlJuly 1982 — 85
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ETV 36 TURTLE HANL CONTROELER
WIRING THE OFF- 40 ARD SOMPONENTS
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turtle hand controller

We built aur hand controller electranics on a place of matrix board,

CONTROL YOUR TURTLE FROM THE KEYBOARD

TaRR
PARTS LIST — ETI-646
Besistors ...c...... Al 5%, W'
A . Lo 4TOR
H2 i a7
A3, 4,56, 12,13 .1k
H7, 8,810, 11 SEOF
vy TR ]
RAvZ 5k bripnpet
Capacitors
G 4u7/20 V tanl,
c2 , BE0u/ 16V axial alactio:
C3. 1L gredmican
Semiconduciors
D, NS00
101, IC3 .. A00n
IC2 -t .- 401
LED1-5 . TIL220R o slm,
(LEDS couid be TIL22045)
Miscellanecus
SW1 SW2 LPOT “cante o’ togala
switch (CAK *2(3P or
T2085)
SW3. EW4 SPST toggle swhcnes
PBI . push-on pushoumorn
KAy Board 40 % 100 mm minimum size; case
fe.0 Adec PCa) LED mounts, nbtion pabis;
25-pin D plug; ligure-eghl cible, wirg et

This program aliows you fo Lse simple smgle-key
strokes to command (he minimum Tugtie — like 7
for FORWARD, 'B' for BACKWARDS, 'L for LEFT
TURN, etc. The orogram scans the kéybioand mok-
ingforthe vaiue of the key pressed and then wites
a number to the address of the Tutle interface,
which then ganecatas ine carredt binary number to
activale the funchon requiced. The sensors are not
‘raad’ 0 this gregram, Alifcugh suiladie roulines
colld easily be added as e tead” agdress s
Inltiatisad [fines 530 (0 560). Your commands ate’
s follomes:
- F=FORWARD

B« BACKWARDS

L = LEFT TURN

A = RIGHT TURN

E = EYES {lamps)

H = HORN ON/OFF

T=TONEHILO

P = PEN

W= WAIT

8 = STCP
Mesi of the commands are séif-explanatory. You
don't have to press (W) walt when geing fram one
commana 1o ancther; ine Turie will just exactile
the last command gressed Il you press W and
then andther commarid tater, Uke P, the Turtle will
continue with the motoral command It was
asecuting bisfare you pressed wall — forexamplt,
say you were daing a righl turn (R) and pressed W,
tolowed tater by P, thie Turtle would dperate he
pen and gontinue tWmivg rght.

Consider thls program as a starhing paint or
developing  something more  complex  and
grandiose,

Nets thst whan you: have the program debug-
geq, the screenclears immediately you type AUN
You coukd insen a FRINT statement fallowing line
15, listing Mg commanis This will then provide
Wig instruotions an-screert iollpwing FUN,

1 LM HSALTEME ALAH BIARCH
1982 AFFLE 11

(] e ARI84: U REYEALD BENTRY

10 e <Qe324) CEW TUXTLE ADDRESS, SEOT R
12 GOSUE 5800 REw INITIALTSE PIa

§5 ALl -U30:REM CLEAY SoREsy

ET N A TR

s Qosumn 120

af ke W8

6 oSuE L

A Tl 24

1@B M = PEEK(K)}

g
183
Lt
L2
13

1

158
Lath
i70

L8p

158

458
4oW
e
S8R
Fa b
s24
538
5a9
A58
S0

578

IF M = 37 THEN l4gt

IF M-127< ¥ THEN RETURN

TOKE =1BT5A,%

IF 8 = 198 THE
1B M = 194 THEN
IP M = Z84 THEN
15 M = 21 THEN
1f M = 21% THEH
IF 8 = 157 THEN
IF M = 2FE THEN
iF N = 28 THEN
iF M = 212 THEN

IF # = 215 THEM

| 'RETURN

B=A=HE=F*
C=B+ 2
@ Llia
IF B = ¥ THBN B
K =9 0W 18
IF 1 = @ THEN F

P8 <DTO 3

N = 8] OO 3
A = 2z O¥ID 3R
A= 10: @ I8
A o= @ 0373 M8
END}
408
425
440
Ll

LG

He+T

= 16: GO 3p9

= 32: oo 3988

TE U« @UPHEN H=641 010 29

B = @i GOT0 398
IF T =#AMERT
T = ¥ @m 38
FORE (Wel),
RIRE W, 233

FOLE (wel), 52

B o e

HOKE (Red3 8
FOER 4

s (re) o

METUHEN

= 108 aoT 38

Roger Martizon

85 — July 1882 ET|




a robot that does absolutely
Ui nothing and now tha politicians
b _are screaming sbout job secunty!”

s

Turtle robot
— interface
fundamentals

Allan Branch _—

Flexibsle Systems, Hobart, Tasmania -‘ ‘."['ITI"'I'?ll“l :,',.!I: ]
'Iili'.'lliliiﬁsui'-."- " .
CRTTTIRN |

1

Wi
This article covers the fundamental principles involved in 'll \ i - r‘
interfacing the Minimum Turtle robot to a computer. A Rl
table of relevant interface connections for some popular
microcomputers is included.

IGNORING SERIAL interfaces, parallel user data busses can Complete interface circuitry is shown at the end of this

be divided into three types: discusgion.
a. Bidirectional (the most commion on micros):
DO /O - Bidirectional data buss
D1 /O -—» The Turtle robot has separate in/out control lines, and these
D21/0 -— have to be suitably connected to allow a microcomputer with a
ID)i ; ": 8 — \bidirectional data buss to drive it.
-
D5 1/0 =—s- ]
DE[/O =-—
D71/ =—s N [> BEeTE
b. Unidirectional (e.g: S100): . JRrw
Dl -—— DO —=
DIl =— DOl — -
DI2 - D02 —» PoAY
DI3 -~ D03 —=
DI14 - D04 —» _
D15 - )5 —= CROCOMPUTER
DI§ <— DO6 — . ] 4
DI7 - DO7 —
DATA BUSE
c. Interface adapted PIA, VIA, etc (e.g: PET): RUFEENS

PAQ =— PB0) /7 General interface technique where your microcomputer has a bidirsctional
PA1l =— PB1 /— /0 port.

IR el L —

{,ij — ggg - Suitable high-impedanece buffering controlled by the read-
PA4 . PB4 — write signal from the microcomputer is the simplest way of
PAS e PB5 I facilitating thia type of port.

F === ——
PA6 =— PB§ /—=
PA7 =—* PB7 —= Unidirectional buss

This type of data buss is already configured appropriately for
Each of these should be treated separately, since different the Turtle. Buffering is still recommended, as the Turtle cable
crcuitry is needed to interface each to the Minimum Turtle. is a long parallel ribbon type.
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ol D Many computers pravide s pinon their port called variously
device request, device select, /O request, peripheral enable,
ete, and this can be used to address the Turtle directly. In some
cases further addressing might be needed to supplement the
device request signal,

paTafuss sy Other computer ports have no special device request signal

and one has to be generated from the address buss or some
other means, The IEEE port, for example, uses the data buss
for both data and address information. The ATN (attention)
signal 1n this case calls up all peripherals Gincluding the

mel -— | @ Turtle), and indicates that the data is actually an address,
lll(‘-'ﬂOC_OI.lPIl"I’Eﬂ Read-write
General interface techmque where your microcompyter has a unidirectianal
data buss structire — one input andyone-ouipm port.q( Not only does the port have to address the Turtle and supply
Int adasted data, it also has to receive datu from the Turtle sensors. The
nterface adapte read-write signal at the port is used to indicate and control the

Many semiconductor manufacturers supply special integrated direction of data flow.

cireuits designed to support user parallel ports. These are This signal ¢an have various configurations, and 1s most
called by vanous names, such as peripheral interface adaptor often one of the following:

(PIA), variable interface adaptor (VIA), programmable 1. Read/write — a single line on which each polarity (0, 1)
peripheral interface (PPI), etc. They usually supply two or represents a direction of data (low.

more eight-bit ports which can be configured in manydifterent 2. Read two lines, each activating one direction of
ways. Various registers within the IC control the direction of Write dataflow.

each bit of the port according to the data stored in them, and  The polarity (active high, active low) can vary, and with some
this data must be programmed prior to using the ports microprocessors different signals for memory and peripherals
{e.g: ETI-685). These ports tan take on the identity of both can exist.

bidirectional and unidirectional ports with appropriate

PROSRRIMERE Memory mapping vs. port based
it Some microprocessors offer facilities to treat peripheral
J D devices separately from the system memory.
—
a — - ADDRESS
BUBS
WICAD:
OATA BUSS FROCESBOR
Pik BUFFERS
OATA
[_ BUHES
B| -— _-l [
— | Yo J |
MICACCCMPUTER MEMORY PERIPHERALS
PROGRAMMED
ASIN PORT
Ona method of using an ‘interface-adapted’ /0 scheme, where port A is —f
canfigured as the output, port B as the imput

The user of these systems has the choice of allowing the
Minimum Turtle to nccupy part of memory space (by giving
the Turtle a single address between 0 and 65536) or to let the

ml

Turtle be designated a particular peripheral number, called a
-— port number. Differant instructions in programming will then
Y — be used, depending on the choice (e.g: TRS-80).
In BASIC:
Memory mapped Port based
PRCGRAMMED = Q To Turlie Poke {Turlle address), (dala) OUT (T.A ). data
e | From Turlle  Peek (Turte address) INPAT.A )
SRR DATA BUSS -
BUFFERS

Another method of using an intertace-adapted 1O, Here, ane port Is pro- On the Tandy Model 111 a special handshake is necessary:
grammed lirstas an'in’ port, thenas an ‘put’ port.

TURTLE WTESFACE

Although the configuration shown in Figure 4 would be oy g8
slower and require more programming,; some computers have Ty 1 |
a single PIA with one port already used {keyhoard, cassette, | =gz
ete), and only one port is available for the user (e g: SYM). ExmioseL Tan | REvES

! LEE

Device request |
It is necessary for the Turtle to be ‘called up’ so'that it knows The port then has te be enabled by a special OUT instruction
what data to respond to and what to ignore. (see Tandy manual). [ ]
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Further reading

OM TURTLE SCRIBBLE
1. Artificial Intelligence, Patrick Henry Winston, Addison- ) \ RANDQ _RT ; .
Wesley Publishing Co. Ine With the addition of 2 lew extra lings {0 Phil Cohen's Random Turtle Walk

- . : ; program, published pn page 51 of the June issue, you can have the Turtle
2. The Psychology of Learning, Robert Borger and A EM. drawing while It wanders about — hence Ihe word 'scribble’ in the heading

Seaborne, Penguin Books. | have added two subroulines 16 the onginal program, one 1o lower the pen and
3. Cogm’tion and Reality, Ulrie Neisser, W.H. Freeman | onetopick it upwhen the Turle executes a 'tack off and turn’ routine during te
& Ca, randixn walk — which ¢an pocur when the sensors are adlvafed or as decked
4 Computer‘s and the Cybernetic Society, Michael A. Arbib, by the program from tme 10 Iln:me. Here are the additionak lines:
Aéadoinic Prass. 135 A = 35: GOSuB 612
5. As Man Becomes Machine, David M. Rorvik, Souvenir 165 A = 5: QOSUB 609
Press.
8. Science Fact, Fd. Prof. Frank George, Topaz Records Ltd. o
7. Technological Change — Impact of Information Tech- 612 MMM DRAW
nology, 1981, Australian Government Publishing Service. A ARG = i
8. Analysis of Vertebrate Structure, Milton Hildebrand,
Wiley International Edition (brilliant treatise on animal 63p cosun 324
movement). OB FOKE W,00T
9. The Psychology of Computer Vision, Ed. Patrick Henry
Winston, MeGraw-Hill Book Co. 650 FOR T = | YO LAP: NINT X; KETURN
10. Problem-Solving Methods in Artificial Intelligence, Nils J. 666 ARREA) = @

Nilsson, MeGraw-Hill Book Co.
11. Artificial Intelligence, Brumby,
12. Robots, Fact, Fiction, Fantasy, 584 TOKE W,0UT
13. Mindstorms, 8. Papert.

b7 GOSUD 324

09 RETURN
DATA
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VAT = " - Pt Suggested arrangement of an intertace for the Minimum Turtle which can
+17V o anach o any computer expansion interface that provides acoess to the ap-
propriate lines. You can ohtaln "device salect’ from a device select |ine or

. decode it from the addréss buss — hence the switch. Read and write signals
Ta_bie- showing expansion connecior pins and signals for various popular  are then gated with the device seleot 1o steer data in or oul of the Interface
microcompulers. appropriately,
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The refined Turtle

Assembling the turtle produced a few problems for
Stephen Thomas. So after a period of teeth-gnashing and
hair-tearing he has made some mechanical and eléctronic
modifications. He now has a refined pet, better trained

than the original rascal.

Stephen Thomas

Mechanical modifications

1 assembled the turtle as described
(April, May and June issues of ETI) and
found that the pen solenoid plunger not
only touched the base plate, but was
pushed in by about 4 mm. [ thought that
if I glued the grommet under the
plunger, as was suggested, the plunger
would have even less space 1n which Lo
move.

So [ figured out that the top plate could
move up by 12,7 mm (that’s half an inch)
and would still fit comfortably under
the dome. This led to Lhe revised mount-
ing arrangements shown in Figure 1(b}.

A gide effect of this method is that the
pc board can be secured before the long
bolts are installed, so that less juggling
is required bo get the top plate screwed
down. This has benefits when you come
to mount further pe boards in the Turtle
ata later date:

And | found another problem with the
solengid, The bolts holding down the
plate, which stops the plunger from
twisting, made it difficult Lo mount the
speaker. This situation was made even
worse by using Silastic which, although
it 1g an excellent sealant, 1s 4 somewhat
dubious glue. So [ made a little widget
out of masonite to go between the
solenoid and the speaker (with a cutout
for the bolt head) and stuck them
all together with epoxy as shown in
Figure 2.

I had a problem wath the pen align-
ment and oould not persuade the
confounded animal to produce coherent
graphics. The main problem was at
corners, where the pen would describe a
sort of random small are before setting
off on a straight line again. Wobble in
the seolenoid plunger was part of the
problem. I could not adequately adjust
the centering of the pen either. | altered
the pen assembly as shown in Figure 2. 1
cut and bent up a four-fingered ‘claw’
from sheet metal and attached it to the

[ ¥ )
AEAR FrR{NT
- LONG SPACERE- =
=4
5
FC BOARD V' SPACER
s . ) =
" THAEANED
SPACERS
- -
BASE FLATE

Frgure 1{a). Orlginal mounting arrangements.

TOP PLATE

[ i - a1
—
FRONT
! ™) %" THREADED o
FC BOARD b=——SHATER
* 1" THREADEDR
+———CPALCER
& THREADED
*—SFACER

S }

W W BOLT

Figure 1{3). Better arrangement for mounting top
plate to base plate.

PER HOLE
SLIGHTLY

P [ENLARGED) LN AN

FOUR-FINGERED
‘BENT SHEET
METAL CLAW"

COULDBPAND
IMPFROVING,

\

=2

ORIGINAL
PEN CLAMP™

MASONITE
WIOGET

SPEAKER

SOLENOI E

Yo

—" <7

\/

ACJUSTASLE

SHORTEMED
FEN BRACHET

Figure 2, Modifications with aluminium siide plate and widget.

original pen bracket. The pen is held
loosely in this claw with the original
pen clamp permitting limited up-down
movement The bracket alse permits an
amount of horizontal movement. To pos-

ition the pen, | made an adjustable
‘slidey’ plate from aluminium and bolted
this over the original pen hole in the
base which I had enlarged. [ cut slots in
the base and corresponding slots in thep
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The refined Turtle

adjustable plate, but running at right
angles to the slots in the base, as shown
in Figure 3. This permits a considerable
latitude of adjustment for perfect
centering of the pen

With the pen set up this way the
graphics improve out of sight and any
wobble in the solenoid plunger is
immaterial.

If I can lay my hands on another
wooden foot', | am going to put it on the
back of the turtle. I have a rather long,
heavy control cable and [ find that the
foolish reptile will occasionally lurch
backwards, completely ruining the
graphics design it’s working on,

Electronic modifications

| reversed the order of the grey and
yellow leads on the left motor, This
means that a high on the ‘set’ line
corresponds to a forward movement of
the left motor, [ find this easier to
cope with, software-wise, than the old
arrangement.

I installed 4 1N4007 diode across the
solenoid to protect its transistor driver,

ORIGINAL
PEH
HOLE

- "‘J‘\

ALUMINILM
SLI0E PLATE

Frgure 3

I didn't particularly care to feed 12 V
to the interface, so 1 redesigned the
sensor cireuits as shown in Figure 4.
The ‘A’ side of a 6821 PlA reads 'high’if
unconnected, so this modification works
very well, I didn't even need to medify
the pc board. I just replaced some
resistors with diodes and connected the
LEDs differently. With the sensors set
up this way, a "1’ bit in the PIA
corresponds to a bumped switch which
is better from a software point of view. ®

BASE PLATE

IF THE NUTS ARE
FILED THIS WAY
ITISEASIER TO
AGJUST AS YTHE SLOTS
PREVENT THE HUTS
FR{M TURHING

12V

3
\
TO 6821 A" SIOE

(LA E)]
MICRO

SWITCH-L

Figure 4. Redesigned sensor gircuits.

——
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% Push Button Operation
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% Fully Overload Protected

* Hi-low Resistance Diode Check

ss 2 *PLUS TAX
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PATON ELECTICAL PTY.LTD.
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TASMAN TURTLE

ROBOT KIT

EXCLUSIVE
TO ETI

READERS

Special Offer Price:
$349.00
(tax exempt: $297.00)

plus $6 post and handling
(inc. registration).

OFFER CLOSES 30 JULY 1982

Here is a not-to-be-missed oppurtunity to get started In roboties. For
mimmum cost this kit will provide you with the basic egulpment 1o
construct a robot which can be driven by remote control; electronic
hand control or under computer contrel. Called the “Mimmum Turtle
Kit', it has been put together by Flexible Systerns of Hobart, Tasmania,
manufacturers of the Tasman Turlé (see Fdniout, page 82, Fabruary
ETI). Using this kit asa starl you can develop a sophisticated robot
capable of a huge variety ot fasks

The complete Mimmum Turtle Kit comes ready tor assembly accond:
ing-fo the constuction descrphion published 1n ETI, packed in'a box
which has heen designed so thal the Turlfe may be housed or stored in
it afier assembly

HOW TO PURCHASE A MINIMUM TURTLE KIT

Fill altthe coupon here and Tnelude a cheque ormaney order for a tofal of 5365
Mike out tha cheque or morey order 1 ‘Flexlbie Systems, Turtle Kit Oifer’. and
post i, together with the colpon, 10.

ETV Turtle Robiot Kit Ofer
ETI Magazine

15 Boundary $1
Rushculters Bay NSW 2011

The orders will be procesded by ET1and, on cigarance ol the chegque ormoney.
ofder by Flexible Systems, Ihe kit will be despatched directly 1o you hy ETI via
registered posb

Alternatively: You may call i to ETI's Bydney or Melboume offices at the
addresses given below and purchase a Minfmur Turte Kit far 53494 demor)-
stration kit and/or madelwill be avanabie for inspection dunng this olfer
Sydney: ET), 4th Floar

15 Boundary St

Rushoufters Gay

Murray Publishers, 22nd Floal

150 Lonsdale S

Maltiourne

Tax exainption: For schadls, TAFES, ele this kit can be purchased al lhe lax
sxempl price anly f Ihe coupan & accompanied by a signed order and a lax
examphion declaration

Melbourne:

NOTE: This offer is made by Flexible Systems in co-operation with ETI
Magazine. ETI Is acting as a clearing and despatch agenlt for orders. All
mall orders will be despatehed by registered post. Please allow four to siX
weeks for delivery

MNote that the ctter expires 30 July 1962,

DEMONSTRATIONS: see the Turtle — Wivel
Sydiiey: al ETI's office, 4:30 — 800 pimy, Monday 1o Thursday
Apple || computer supplied for demorsiraflons courtesy imagineanng Py Lid.

Melbcume: at city oifice, by appomiment,
Apple Il computet supplied lor demonsirations counesy Computer Country Pry
Lict '

WHAT YOU CAN DO WITHIT

You can use your Minimum Turtle to experiment with many aspects of
rabolics by interfacing it with a computer: draw figures under program
command, salve mazes, make measurements, identify cbjects, etc,
etc. |t can be driven via a cable or a remote contrel The Minlrmum
Turtle has been designed so thal z«wide variety of add-on projects
may be included to increase the sophistication as you desire.

THE MINIMUM TURTLE KIT CONTAINS:

All hardware (base, nuts and bolls, perspex dome, ‘touch’
ring, pen solenoid, speaker, etc)

All mechanical parts (wheels, gears, axles, two

stepper motors, eic)

‘Standard Turile’ electronic control pe board and
components

All wire and cable for internal winng

A 25-pin plug for bidirectlonal data buss, control lines and
power supply conneclions

Comprehensive Instruction manual

“Tanman Turlla s 3 masarsd iademark of Flsstie Systems

e M N I S SN GEED SN AT T ma emes e D S GEEN S S SR S e
COUPON
Please supply
lenclose S
TOTAL $

Mintmum Turlle Kifs)
plus 86 each postage {inc, regrstration]).

|

|

|

I Name

I Address

I

| Cheque or Money Order No
|
U

Signature

[please allow four lo'siy weeks for delivery)




ROBOT KIT

EXCLUSIVE
TO ETI

READERS

Special Offer Price:
$349.00
(tax exempt: $297.00)

plus $6 post and handling
(inc. registration).

OFFER CLOSES 30 JULY 1982

Here 1s a not-1o-be-missed apportunily to get started in roboticg. For
minimum cost this Kit will provide you with the basic eguipment 1o
canstruct a rabot which can be driven by remate conimi, alectranmc
hand control or under computer control. Called the “Minimum Turlls
KV, it has been puttageiher by Flexible Systemsof Hobart, Tasmania,
manufacturers of the Tasman Turile {see Printowl, page B2, February
ETI). Using this kit as a start you can develop a sophisticated robot
capable of a huge variety of lasks,

The complete Minimum Turtle Kit cormes ready for assembly accord-
ing to the construction descnption published in ET!, packed in a box
which has been designed so that the Turlle may be housed or stored in
it after assembly

HOW TO PURCHASE A MINIMUM TURTLE KIT

Flibout the soupon here and Include a ¢hequa.or money order fof 8 jotul of 5355,
Make out the cheque or maney arder o Flexble Systems, Turlle Kit Offer , and
posl it, togeiher with the coupon, fa;

ETUTurtle Robot Kit Ofter
ET| Magazine

15 Boundary St
Ausheutters Bay NSW 2011

The orders will be processea by ET| and. on viearance of the cheals of monsy
order by Flexibla Systems), Ihe kil will be despatcriad drectly s you by ET+ va
registarad posi ]

Alterniatively : You may ezl In 1o ETIs Sydrey of Melbourne affices at the
adidresses given below and purchase a Minnum Turtia Kit tor §349, A demon,
stratlon kit and/ar model will be avallabie for hspection during fhis offar
Syoney, ETI, 4ih Floar

15 Bolnoary St

Rushgutters Bay

Murray Putlishers, 2&md Floor

150 Lonsdaie S

Meibourne

Tax exemplion; Foar schooks, TAFEs, sl this kit can be purchassd al the fax
exermipl price only || the coupon Is accompanied by a1 slgned ordes and a tax
exermiption daclaraiion

Meibcurme;

NOTE: This offer ks made by Flexible Systems |n co-operation with ETI
Magazine. ET1 is acling as a clearing and despatgh agent lor orders. All
mail orders will be despatehed by registered post. Please sliow four to six
waaks for delivery.

Note thal the offer expires 30 July 1982

“Tasman Turte s a egisinred 12dsmark of Fresltie Syatems

WHAT YOU CAN DO WITH IT

You can use your Minimum Turtle to expenment with many aspects ol
robotics by interfacing it with a computer: draw figures under program
command, solve mazes, make measuremenis, ientity ohjects, elc,
elc. It can be dnven via & cable or a remote control. The Minimum
Turtie has been designed so that a wide vanety of adt-on projects
may be included 1o'increase the sophisticalion as you desire.

THE MINIMUM TURTLE KIT CONTAINS:

All hardware (base, nuts and bolts, perspex dome, “touch’
ring, pen sglenold, speaker, etc)

All mechanical parts {(wheels, gears, axles, Iwo

stepper motors, eic) '

‘Standard Turtle' electronic control pe board and
components

All wire and cable for internal wiring

A 25-pin plug for bidirectlonal data buss, control lines and
power supply connechions

Comprehensive instruction manual

e o9 & & &

——

COUPON

Please supply
| enciose 5
TOTALS
Name
AddiEss

MipimiLirn Turtie Kit(s)
plus 55 each posiage (inc. iegistraticn).

Chequa or Monay OrdarNo
Signature

e D SIS A CEES I I S S S

I (please allow tour 1o six waeks for dafivary)
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