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Past Memories We trace the development of
computer memory and look at possibilities
for the future

Sharp MZ-711 We review this rather under- 309
rated Japanese home computer

Board Meeting Bulletin Boards are an easy 306
and inexpensive way to get in touch with
other computer users

F;fpandin.g FﬂEEWL t:xﬂﬁﬁnf: file structures 316
in our programming project

Wired Society As well as numerous
television channels, cable distribution could
bring a range of other services into the home

One-Armed Bandits Robot arms are now
available for even the cheapest home
computers. We see how they operate

304

Editorial Control We study the various
methods of program editing directly on the
screen

Lyons’ Share The corner teashop was the
driving force behind the development of the
first British commercial computer
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Simple Sounds...Primary Pictures We look 31
at graphics on the Commodore Vic-20 and
sound on the Sinclair Spectrum
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One-Armed Bandits

Small robot arms can provide an
insightinto :nntr?dt
ramming, and they
mfgerl‘aced tggany home
computer with a parallel port

The spoots of string arg
arranged in such a way that if
the shoulder angle is changed,
fhe eloow angle will
automatically change, o keep
the ‘loreanm’ 2t the same angbe
i the horizondal

Bbow
This has 270" {reedarm of
monvement

can be

Have you ever wished there was some way that
your computer could perform a simple task like
make a cup of tea? There is no lem, given the
correct interface, in programming a computer to
switch the kettle on and off. But when it comes to
physically manipulating objects, like tipping a
kettle to pour hot water into a teapot, then a
mechanical arm is needed. Recently, such devices
— called robot arms — have become available for
home computer users. These are smaller versions
of the industrial arms used by companies hke
British Leyland and Fiat for welding and painting
work on their car assembly lines. The Colne
Robotics ‘Armdroid’, which was probably the first
robot arm suitable for use with a home computer,
first appeared in 1981, Although the arm is not
mobile (unless you were to mount it on a floor
robot), it does allow objects to be manipulated
with a remarkable degree of precision.

The main components of the robot arm, apart
from the metal sections themselves, are the
stepper motors that facihitate movement of the
sections by precise amounts. There are six motors:
onée to rotate the arm at the “waist’, one each to
control the ‘shoulder’ and ‘elbow’ joints, and three
to control movement in the “hand’. All these
motors can be controlled very simply by a
mmputer.

All that 15 needed to interface the arm to a
computer is a single eight-bit parallel port. One bit
determines whether information is passed 1o or
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Tensxon
This pulley ensures that afl thres
‘fingers’ exert the same pressung
on an object being gripped, even
if it is an brregular shape

Tension Spring

Al magveemianl & iransiermed
Frie e miatoes 1o the arm by
means of sirings, and these
st be kepd in lension 1o
@SN ZCouracy
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Hand
The fhirpe “fingess’ of the hand!
girippeer have spring-jointed
krisckles, and rulsber pads to
help grip objects, when SERsers
are not fithed

from the robot. Three address bits are used to
select the desired motor, and the other four bits
control the direction and speed of movement.
Clock signals are also sent to synchronise the
movements of the robot arm with the computer's
instructions. To speed things up and enable the
arm o rm more complex manoeuvres,
electronic latches are built into the circuitry that
allow any combination of motors 0 operate
simultaneously by ‘holding” the instruction’to one
maotor while the other motors are being instructed.
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Wrist
Th wrisl can bend thaough 180°
and can also rofale thraugh a
el Z60°

interface

The anm will interiace with any
gsght-bit paraliel part. Three bits
are used 10 indicale which mator
is being addressed, ong
specifies whether daa is being
sgnt or received, and four are for
the data risell

S

Gearing Mechanism
Toothed rubber drive-belts and
large cog wheets provide a

geared reduction 5o that the arm

can be positioned repeatediy 1o
within an accuracy of 2mm
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In order to make the arm move nto position
and gnp an object, it 1s first necessary to divide the
overall movement into a set of simple steps. Each
motor will need to be mstructed separately in a
precise movement that will together compose the
total motion of the robot arm. This information is
then stored in the computer’s memory and the arm
can be made to repeat the operation as many times
as required. Most robot arms currently available
are supplied with programs to drive them that
include routines to ‘learn’ sequences of
movements.

The ‘upperarm’ of the robof can
rofaie Ehrough 1807

Stepper Motor

* All movements in the arm are
achigved by means of slepper
mators thal ensure precise
contral. Each time an electrical
pulse is appied, the motor's
spintle turns through one step
- typically, 7*

Waisl
The while arm czn notate
ihrough 250°

Dl WEEKS

Circuit Boand

Surprisingly, this contains only
simple logic circuits for
decoding the signals from ihe
comgpuisr, There is ng
mecroprecesson, ROM or RAM

If the arm is handling delicate objects — the
normal testpiece is an egg — the computer must be
made to monitor the pressure of the grip. Ifitis too
light the egg will fall; if it is too tight the shell will be
broken. Various methods are used to convey
information from the arm to the computer, but the
most common involve simple microswitches.
These can be fitted to set the limits of travel of the
arm (most low-cost arms don't include sensors), or
they can be built into the grip to detect a pre-set
pressure limit,

The main alternative s to microswitches,
used on most of the bigger arms, is based on
pressure sensing. Certain materials alter their
electrical resistance when subjected to change of
pressure and these fluctuations can be measured.
Although this method is more expensive it does
provide very accurate results.

If the program allows no feedback of
information from the arm to the computer, it is
known as ‘open loop’, or deterministic. In our
example above, such a program would
undoubtedly result in a broken egg. If there is,
however, some form of feedback that adjusts the
actions carried out under the program, then the
system becomes ‘closed loop', or stochastic, Here
the microswitches or pressure sensors are used to
limit the closing of the grip ata point where the egg
is firmly gripped but not crushed.

Many of the more sophisticated robot systems
include multiple sensors to measure light, heat and
other variables. These sensors can be used to keep
track of what is happening while the arm performs
its task and report back if something is poing
wrong: a robot welder happily buming holes in
itself, for example!

Grasp 0f Thi Langusage
It is refatively simple to write a program that will controi a robot
arm., In BASIC the main task would be fo enable your computer to
accept control commands from the keyboard and pass thesa to
1ha anm through the port using POKE. Simikarly, inpul fram the
arm could ba read from ihe associaied port by the PEEK function.
It speed is required above all else then machine code
programmiéng i5 essential. FORTH is 3 language that offers the
programming ease of BASIC and most of the speed associated
with maching code. This language is becorming available for an
increasing number of home compulers. Sections of 3 program,
rather like subroutings or procadures, ane given names thal can
be incorparated into tha command sot of the language. This
makes it highly efficient for specizlised applications such as
mabot arm control programs. & complete gripping operation, for
axampie, could be controllsd by the single command GRIP
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