In order to make the arm move into position
and grip an object, it is first necessary to divide the
overall movement into a set of simple steps. Each
motor will need to be instructed 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.

Mechanism
Toothed rubber drive-belts and
large cog wheels provide a
geared reduction so that the arm
can be positioned repeatedly to
within an accuracy of 2mm

Shoulder
The 'upper arm' of the robot can

rotate through 180°

Stepper Motor
All movements in the arm are
achieved by means of stepper
motors that ensure precise
control. Eachtime an electrical
pulse is applied, the motor's
spindle turns through one step
— typically, 7°

Waist
The whole arm can rotate
through 360°
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Circuit Board

Surprisingly, this contains only
simple logic circuits for
decoding tha signals from the
computer. There is no
microprocessor, ROM or RAM
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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. Ifit is 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 system 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 at a 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 whatis happening while the arm performs
its task and report back if something is going
wrong: a robot welder happily burning holes in
itself, for example!

Grasp Of The Language

It is relatively simple to write a program that will conirol a obot
arm. In BASIC the main task would be to enable your computer to
accept control commands from thz keyboard and pass these to
the arm through the port using POKE. Similarly, input from the
arm could be read from the associated port by the PEEK function.
If speed is required above all else then machine code
programming is essertial, FORTH is a language that offers the
programming ease of BASIC and most of the speed associated
with machine ccde. This language is becoming available for an
increasing number of home computers. Secticns of a program,
rather like subroutings or procedues, are given names that can
be incorporated into the command set of the language. This
makes it highly efficient for specialised applications such as
robot arm control programs, A complete gripping operation, for

example, could be controlled by the single command GRIP
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