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LULIE ROBOTICS Lo, Lid

BEAUFORT RD., OFF RICHMOND RD., EAST TWICKENHAM TW1 2PH

EAKEE-} is a small, low cost computer controlled robot
vai'm:’ia daslgned to have all the normal functions of a.
turttﬂ e manng, i:ghts pen, hﬂm and bump: Eﬂﬂﬂ-ﬂm but
it'is also capable of baing expanded using photosensors for
eyes 1o seek out or avaid light or to follow white lines etc;

I:mag gﬂﬁ&ramr for special noises & la

contained i
umbitical core
{'Zeaker Control

twa short ribibon e.a Bl

DESCRIPTION mtm;-'_ KER (VEHICLE)

Zeaker's chassis % -- dified ABS plastic box inside
which are two elactric mOotorss umprem with gearboxes, ong
driving each of the two whedWie small speaker for the hom
and a solenocid to lower the pen.

Mounted in the lid of the box arg'ghe navigation lamps, or
eves (red and green Le.ds), the sock@B{SK 1) to connect the
urnirlical cord and the pen status |.e.diiigeliow} whilst on the
outside are the four Aluminium - FERsgss which when
touchad comprass foam piastic blocks and, make contact
with screw heads in the side of the boX; thus forming 16
simple switches which are paralleled into' 6 'gmups {Fig. 11}
Underneath at the front is a plastic ‘tae’! o give Zeaker

stability,

DESCRIPTION OF ZEAKER CONTROL STATION

The Control Station contains 4 Nicad C-gells to provide
the power for Zeaker. This eliminates all ﬂwa)afe:w probiams
with mains powered equipment and thus it may be left
without fear in the hands of tha youngest: Ehild, Llai:ng Micads
also leads 1o a more compact power aunﬁ!v unit and a fully
charged set will power Zeaker for at {W&t i "hﬂ-LIFE. but in-
cluding thinking tims, human’s and Zeaker's, this will sasily
stretch to 8 hours. To racharge the Nicads the computer's
power supply can be usad, the ZX-B1

power supply simply plugs in the :.-.m _and trickla charges
'5=- acts as a reminder

the Nicads through a Iamp wehiigh:

that the supply is on. The 'Z':- - supply will recharga
the Nicads overnight.
A printed mn::u

3ard holds the driver transistors which
e motors, lights and solenoid. A 556 dual os-
g izad 1o -i'_'ll-'ﬂﬂl."'lﬁ‘E the *ﬂﬁ'&ﬁ fﬂ'r mﬂ hﬂi’l‘l:&f‘ﬁh 8 2

741803 t&aﬁ:tmﬂmc wired 28 a setreset latch preven
th& mntm‘s ﬁelng Wltﬁﬁﬂd into. reverse as WEH as fm'w#d.
T
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SOLDEA TAG POINTING UP

Smm LONG SCREW

END OF SCREW
FLUSH WITH FACE —
OF ‘MUT

EALE]

Fig. 3. Method for attaching solder tags to fenders
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the solder tag and the toe components fitted to hold the
speaker (Fig- B). (Note 2.

The left motor assembly can now be positioned checking
that it doesn’t bind. Now assembie the solenoid in its
bracket, fit the plunger extension and spring (Fig. 4} and bolt
the bracket 1o the bottom of the box fixing the pen arm un-
derneath. The pen arm should be loose enough to move
freely under solenoid control. Fit the pen and make sure that
it is centred in the hole at the bottom of the box, adjusting
the bracket position accordingly. (Note 3 ).

A nylon washer should be placed on each wheeal shaft and
then the wheels can be fitted (Fig. B). Adjust the pen in its
holder so that in the down position it projects about 1 to
1ymm below the bottom of the wheels. The pen can then be
shortened so that its top is level with or just below the top of
the pen arm.

The Fenders should just drop in the slots of the box, after
being eased over the foam pads. Thay should push in and
make contact with the pillars very aasily and the foam pads
should spring them out again,
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Fig. 4. Solenoid mounting bracket and pen arm. Note the pen arm drawing ig full size and can be used as a

template for cutting and bending the arm
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STRYD MUTOR

The tactile sensor screws and pillars should be fitted next
{Fig. 7 and Table 1) and then the foam pads can be mounted
as shown in the photograph, The starboard motor assembly
should be bolted into position and a solder tag fitted on top
of the front mounting lug to hold the speaker in position.
Check that the output shaft does not bind on the sides of the
case hole, The speaker can now be fitted in position under
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THIN METAL WASHER
Fig. 8. Motor, gearbox and wheal assembly

VEHICLE PCB

The vehicle p.c.b. with the component
layout shown in Fig. 10. The components are mounted on
the solder side of the board with the exception of SK1.
Before fitting the components, solder should be run onto
aach square pad to form solder bumps, The diode, resistors
and RF chokes should then be soldered, blobbing the ends of
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Fig. 7. Tactile sensor contact assembly

Top and bottom contact points are identicel

LOCATION SPACER LENGTH

Front Imm

Side front 7mm {mm spacer + 2 washers)
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Photograph showing the position of the foam

the leads into the solder bumps (Fig, 10). The 16-way Molex
connector [SK1) should be fitted from the opposite of the
board and soldered in place. ( Moke &)

The p.c.b. should be bolted onto the lid of Zeaker using
two nylon washers aover the p.c.b. tracks. The l.e.d.s and link
wires 1o the p.c.b. can be soldered next with the leads of the
centre Led. bent down and soldered to the two adjacent
pads,

VEHICLE WIRING
All the top and bottom sclder tags on the confact-points
should be linked as should the side-rear and rear contact-
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Fig. 10. Componant layout
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Fig. 14. Molex connector pin allocations (viewed from
copper side (below) of p.c.b.}
points {Fig. 11). The 6-way harmess can then ba fitted to the
cantact-points starting with the longest lead at the Front
Port contact-point and then fit the speaker harness, finish
the interwiring and fit the motor wires. Then slot the fen-
ders into position and solder the fender links. Finally solder
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the harnesses to the appropriate pads on the p.c.b. (Fig. 13).
The solenoid leads should be cut to 53 inches, twisted
mgmher and soldered into place on the p.c.b. Check that
when the lid is shut none of the wires foul the fenders and
that thay can ba pushed in to make contact as before.

VEHICLE CHECKOUT

Using a sigralfpin allocation diagram (Fig. 14) check with
-a multimeter that each of the sensor lines is sharted 1o OV
when the appropriate contact pillar meets the fender and
that upon release there is an open circuit. Apply =5V 1o the
solenoid pin and check that the solenoid clicks in and lowers
the pen, similarly check the lights with +5V. Applying 2V
{13V will do} between molor commaon and the motor lines
check that —ve voltage cn the port motor line makes the
motor go forward and +ve makes it go in reverse and check
that a +ve vollage on the starboard motor line makes it go
back and —ve makes it go forward i.e. to go forward port line
is —ve and starboard line is —ve

YEULICLE CONBTRUCT IOR
Supplementery oies

i when the gearboxz ig apgenibled there ghould be
& g2ilight smount of axis] play in the gearbox
output shaft. (but not more than 0.5 mm

2 UKake sure that the golder taga holding down
the speaker are not near the spesker cone.

3 If the pen arm doesz not move freely, insert
& thmlgi#m: of paper under Enéd 'A' of the
solencid bracket, making sure that it does
?gl; g0 ?n far as to touch the pen-arm,

Es &

& Meke sure that the Dicde D4 ia the correct
way round with ths bend &s shown in Pig. 10
Incorrect connection will demage the Ilesker
Control Station electronics.
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PART 2

N the Control Station the holder for the four C-cell Nicads is
bolted to the bottom of the box (actually the lid, but the box
is used uoside down),

The Nicad supply on/off switch
and indicator lL.e.d. are fitted to the front of the box. The
3-5mm jack sockel for the chorger ond the Charge o0 3=
ol or lamp arg fiEEY Lo thl Ligde of Che box,

The three 16 way ribbon cables (two to the computer
interface board and the umbilical 1o Zeaker) leave the box
through cut outs in what is now the lid, these should be of a
size such that the ribbon cable is just clamped when the box
is closed.

CONTROL STATION CIRCUIT DESCRIPTION

The circuit (Fig. 1) can be divided into two distinct parts:
the computer READ port and the computer WRITE port. for
the 7 -1 both these ports are memory mapped at
address 16283 decimal,

Dealing first with the READ port. Data lines DO 1o D7 are
normaily hald high by resistor pack IC3. Lines D& and D7
terminate on pads Inside Zeaker and are not used hence DB
and D7 are always high. The remaining lines DO to D5 ter-
minate at the insulated pillars set into the sides of Zeaker
and indicate the state of the tactile sensor switches, a low
data line implying that Zeaker is touching something (see
table of sensor codes). All the fenders are connected to OV
and on impact with an obstacle a fender will move in and
make contact with one or more pillars, hence shorting the
respactive data lines to OV,

Turning now to the WRITE port. DO, D1 control the port
drive motor: D1. D2 control the starboard drive motor; D&
the pen: D5 the lights; and D6 and D7 tha horn,

One end of the port drive motor goes to the centre tag of
the battery and the other to the junction of TR3 and TR4.
Turning on TR4 will cause the motor to run forwards and
turning on TR will cause it 10 run in reversa,

D1 high is port motor forwards and DO high is port motor
reverse. ICla and IC1b are wired as a set reset latch which
ignores the condition DO high and D1 high, so preventing
dastruction of TR3 and TR4.

wWhen DO goes high the output of IC1a goes low, so turn-
ing on TR2 which turns on TR3, when DO is low TR2 is held
off by R2 and R3. TR1 is normally held on by R1 and R4 and
so shorts TR4 base to earth but when D1 goes high the out-
put of IC1b goes low and turns off TR1, TR4 is now able 10
turn on by base current through RG.

The operation of the starboard motor is similarn

Data line D4 high wrns on TRS which wrns on TR10,
switching on the solenoid which lowers the pen. The Le.d.
D3 provides indication that the sclenoid is activated. Diode
D4 is to short out the inductive high reverse voltage when
current through the solencid is halted by TR 10 turning off.

Data line D5 high turns on TR11 which turns on TR12,
lighting D1 and D2, the red and green |.e.d.s.

Data lines D6 and D7 control the horn, via the reset lines
of 1IC2 which is wired as two astables. The frequency compo-
nents R20, R21, CZ and R22, R23, C3J were chosen by ex-
periment so that the tones sounded right when both are on
together. C4 1= the usual blocking capacitor.

CONTROL STATION PCB

The p.c.b. for the control station is shown in Fig. 2 with
the component layout shown in Fig. 3. The resistors by the
656 are mounted on end but the others are mounted flat.
There are a numbar of wire links to be soldered in place and
these are best done with insulated wire. None of the tran-
sistors need heatsinks and are ali mounted vertically, The
three 16 way flying leads can be soldered directly into the
p.c.b. but it is essier to use headers on the leads and plug
them into the p.c.b.

CONTROL STATION CHECKOUT
The casiest way is ™o nlua the raad and write cables into
the interface board,
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Fig. 1. Circuit diagram of the Control Station

and check that the computer still
works. The computer is only connected to the control station
and Zeaker by the OV line and the data lines from the buffer
chips on the interface board so this shouldn't be a problem,
Plug the umbilical into Zeaker and POKE the interface
board port with zero; this tums off all the ocutputs. Now
switch on the 5V supply and nothing should happen. POKE
the port with the various control codes {Table 1) and check

that Zeaker functions. When any of the BD power transistors
are tumed on there should only be about O-Z volt between
collector and emitter and about 0-1 volt between coliector
and amitter of their driving transistors.

PROGRAMMING ZEAKER
To program Zeaker all that is neaded Is a computer with
an B-bit output latch and an unlatched input port with 6 or 8
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bits [6 for the unexpanded Zeaker). The particular way that
these are available will depend upon the microcomputer and
interface used. The signal allocation for the cutput and input

connector leads are shown in Fig. 5.

Wiiting (POKEing for 8 memory mapped port] & word to
the port sets the respective bits of the output latch, Reading
{PEEKing) the port will return the status of the bump
BENSOrs.

A list of the control codes and their effect is given in Table
1. Any combination of control codes can be written to the
port and Zeaker will be controlled by their combined effect
e.g. writing a 2 will set the port motor to forwards and
writing a 4 will set the starboard motor to forwards, hence
writing & {=72+4) will set bath motors on forwards, Writing.
38 (=6+32) will set both motors on forwards and also
switch on the lights,



Fig. 4. Wiring diagram
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Interior views of tha Control Station showing the bat-
tary housing and the p.c.b. mounting details
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FROM COMPUTER WRITE PORT

TOCOMPUTER READ PORT

Pin 1 Pin 1
p7 | pe [ p5 | pa | o3 | b2 | D1 | D7 | b6 | ps | pa | D3 | p2 | D1 | DO
ov | ov 8V | S5V OV | oV BV | BV

UMEILICAL CORD
Motor Senger Sensor Sensor Sensor
ov Common | Motor Lights Spare Starboard | Starboard | Starboard
2.5V Port 1 | Rear [, | Side T), | Front T
Motor Sensoer Seansor Sensor Sensor
Solenoid | Common | Motor Speakears | Spare Port -~ Port T, A Port 1)y
2.5y Starboard g Raar wJg Side | ek ‘
Pind
Fig. 5. PSU DIL headers Signsl Allocations
HKEYBOARD TEACH PROGRAM RANDOM MOVE PROGRAM
1K ZX81 1K ZX81
COMMENTS COMMENTS
{1 REM TEACH/DOIT) 1 REM RANDOM MOVE
5 FAST 10 LET A=1E1E3 13R% IS PORT
10 LET A= 163E3 1623315 PORT ADDRESS
ADDRESS 20 POKE A, O SWITCH OFF VEHICLE
20 POKE A, D SWITCH OFF VEHICLE 30 PRINT “"PRESS STO STOP"
30 DIM M2 (10,2) 40 IF INKEYS=""S""THEN
40 LETK1=.6 STRAIGHT RUN GOTO 200
CONSTANT 50 PAUSES
50 LET K2-.61 TURN CONSTANT 60 POKE A,32+-8 SWITCH ON LIGHTS
60 FORS=1T010 AND FORWARD
BS CLS 70 PAUSES
70 PRINT “TEACH”, "STEP";S, B0 POKE A5
“MOVE AND DIST/ANGLE/ 890 LET B=PEEK A
TIME" 100 IFB-266 THEN GOTO 40
B0 INPUTCS 110 POKE A,84-9 LOW HORN AND
a0 INPUTD BACKWARDS
100 IFC8=""F" THEN LET 120 PAUSE 30
MS(S,1}~-CHRS 8 130 IFB>297 THEN GOTO 170
110 IFC8="B" THEN LET 140 POKE A,128-8 HIGH HORN AND
M2(S,1)=CHRS 8 LEFT
120 IFC8=""L"" THEN LET 150 PAUSE 50<RND RANDOM TURN TIME
ME(S,1)=CHRS § 160 GOTO 40 :
130 IFCE="R"" THEN LET 170 POKE A,128+10 HIGH HORN AND
ME(S,1)-CHRS 10 RIGHT
140 IFC8=""S" THEN LET 180 PAUSE SO RND RANDOM TURN TIME
M$(S,1)~-CHRS 0 190 GOTO 40
160 LET M8{5,2}=CHRE D 200 POKE A, O SWITCH OFF VEHICLE
180 IFC8-"F"' ORCE=""B"
THEN LET M8(5,2)-CHRSE
{DxK1)
170 IF C8="R" OR C$=""L" bt e L
THEN LET M%(5,2|=-CHRS 1 Port back L z
210 NEXTS & Starboard forward f'}
B
220 PRINT "TO DOIT PRESS D" 8  Starboard back sf 0
230 PAUSE 50000 WAIT UNTIL ANY KEY 39 Sk on {92 G
PRESSED 32 Lightson ¢
B4 Hormn1 3
240 FOR -1 TDD‘EnHiis = R i
250 POKE A,CO L
260 PAUSE CODE M$(S,2) 182 Horn 1 plus Hom 2
270 NEXTS Table 1
280 POKE A, O
290 GOTO 230
D0 Starboard sensor Aft closed
When a port is read the resulting number will depend on D1 Starboard sensor Side closed
which if any of the six sansor switches are closed. If none 1% D2 Starbosrd sensor Front closed
closed i.e. if Zeaker is not touching anything then all 8 bits D3 Port sensor Front closed
will be high and a read will return 255, If say the starboard D4 Port sensor Side closed
front sensor is pressed then from Table 3. D3 will be low and E{ :m sansor Aft closed
hence a read will return 247. If both front sensors are 59 Em
pressed in then both DZ and D3 will be low and hence a
read will returm 243, Tabie 2




It is reasonably easy to determine which sensors are
closed by subtracting tha return value from 255 and
transforming the result into binary. For the previous example
of both front sensors closed this returns 243, Now
255—2§3=12=3+#=2’+2* hence data lines 3 and 2 are at
OV which from Table 2 means that both front sensors are
closed.

Although this may seem a complicated procedure to go
through each time, remember a computer controls Zeaker
and it will do all the tiresome caiculations.

The initial software consists of two short programs, one
which allows you 10 build a simple pattern and repeat it and
the other lets Zeaker find its own way around obstacles, and
wo longer programs, which are available from Colne, one of
which allows several patterns to be built up and joined
together and the other allowing Zeaker to memorise its en-
vironment and to avoid obstacles sensibly.

For the initial ZX81 version of Zeaker the iwo short
programs will each fit into 1K of memory and so can be run
on an unexpanded ZXB1. Writing a 1K program to control
Zeaker from BASIC does not allow the full range of Zeaker's
capabilittes to be wused. However, the two ZX81 1K
programs here should give an idea of the sase with which
Zeaker may be controllad from BASIC.

PROGRAM NOTES

Encoding the move code and time of move into the
character array M3 saves BO bytes over using the numerical
array. Against this must be set the 1B bytes for the CODE,
CHR & and 2 used in the listing, resulting in 62 bytes saved.
The: program just fits in 1K and can be edited and run.
Repaort code 4 (out of memaory) comes up most of the time
but should be ignored. The program can store up to 10
moves and prompts for the move.

ROBOT VISION ;
COLVIS is & low-cost vision system
which i+ able o see objecis and re-
meamber their shapos! s powerful,
I-H:hhlu-d dedicated microcomputer
axtracts information from the image
produced by a 1024 (32x32) pixel
solid state camera which is Jight
engugh 1o be mountable on the end
of & small robot arm. Festures of the
image, &ich as area or hode cound,
can be remeambered and used to re-
cognise subsequent objects viewed
Thoe system can also determine tha
position and onentation of an obieat
and may be uséd either on its cwn
or &8 &n intalligent peripheral 1o Bry
oompiter fMed with an BbBif hbi-

OTHER EXCITING LOW-CQOST

F=Forward and Distance millimetres
B=Backward Distance millimetras
R=Rotate Right Angle degrees
L=Rotate Left Angle degrees
S=Stop Time in 50th second

To escape from the program press break.

The constants K1 and K2 should be fine tuned to the par-
ticular vehicle. The maximum value of any entry in MS is
285 and hence entering numbers greater than this in
response to the prompt will cause the program to halt with
an error code.

FURTHER DEVELOPMENTS

Although all 8 data read linas are connected to Zeaker
only 6 of them are actually used, the remaining two ter-
minate at pads by the Molex connector on the p.c.b. in the
lid of Zeaker.

It is intended that these spare lines should be used to in-
terface to add-on circuitry which will enable Zeaker to follow
a white line, induction loop cable or simply seek or avoid
light or heat.

Also instead of sending just the horn tones down the um-
bilical cord to the speaker it is possible to connect the output
of a complex sound generator or a computer speech board to
a pad by the umbilical cord connection on the p.s.u. board
am:! Zaaker will be able 10 chuff along like a steam train or
Bmit some maore appropriate sound. It could also give a run-
ning commentary on its progress e.g. “Forward”, “Right”,
“Left”, "Ouch”! "Hit something at Left Front" etc.

Whilst Zeaker is relatively simple it is capable of quite
complex inteéractions with its environment and in many
respects it is only limited by the ingenuity of tha controlling
software, *

ROBOTIC PRODUCTS
THE ARMDROID MICROROBOTIC-ARM

Meet ARMDROID I, the
robot arm which has made
Colne a world leader in
micro-robotics! It can be
drivan by any microcom-
putéer which has (or can be
fitted with) an B-bit paraliel

directional port.
COLVIS costs only £395 (+ VAT and
axciuding T-V. monitor and cassetls

OF AN ARMORND AR

THE COLVIS CAMERA FITTED TO THE END

port, and comes complete
with software which en-
ables a seguenca of moves

recorder)

| | AM INTERESTED IN YOUR PRODUCTS AND WOULD LIKE

l FURTHER DETAILS OF:

l COLYYS
HAME
l ADDRESS

12

*“Tick as approprisie

ARMDRONE I

o

o be ‘learnt’. Available in
aither kit or assembled
form, ARMDROID 1 repro-
duces the actions of full
scald industrial robots at a
fraction of the cost. This
precision, stepping-motor
| driven arm which has become an industry standard in
|| education and industrial training, I8 now availabie to
|

the hobbyist for between £300 and £600 (depending on
options chosan),
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