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ELECTRONIC ROBOTS—Part 1

Describes various types of robot and introduces CYCLOPS — an electronic
robot for home constructors
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Cover Feature
——————————————

NAMPLES OF THE USE OF CYBERNETICE WHICH IS

the science of feedback conirel, have become

proliferous in recent years. In general, the wide
field of Cybernctics may be divided into two main
regions. The first is where a device is built to perform
a number of specific pre-determined tasks, and devices
of this nature are known as servo-robots. The other
region encompasses devices which are built with a
much more diversified approach, and have no specific
purpose but to exist. Thev are ususally much less
specialised, and are known as auto-robots,

Examples of the former device are to be found
everywhere. Computers, industrial control systems,
traffic light systems and even common devices such as
the motor car, the refrigerator and the washing machine
are all serve-robots relying on feedback comtrol.

The most common form of auto-robot is Homo

Sapiens, a very generalised machine apparently having
no specific purpose but to exist and better his environ-
ment. As mentioned in the author's earlier articles
concerning ‘Cynthia’!, Man has had for a long time a
compulsion 1o build something emulating himself. At
present, his attempts in building various types of auto-
robots have been fairly successful, the ultimate develop-
ment to date having taken place in America with the
programme at The Stanford Research Institute for devel-
oping a mobile automaton. Details of this device will
be appearing inalaterarticle. However, there is at present
one limitation to the complexity of the systems that
can be built, and that limitation is the finite speed of
light.
The reason for this situation is as follows. When one
compares the human brain to a computer, the latter,
in certain aspects, is far superior. For instance, the
rate of transfer of information, storage rate, and reset
time of individual elements in a computer are all very
much faster than the corresponding rates in the human
prain. On the other hand, the human brain excels in
storage capacity, and also in the fact that each element
in the brain iz connected 1o many more other elements
than occurs in a computer. This rich interconnection
in the human brain means that it can process informa-
tion parallel with other information, as opposed (o
serially. The brain also has a very good filtering capa-
bility and, unlike the computer, can receive general
information as opposed to pre-digested information.
In the event of a component breakdown the brain
appears to be “holographic’ in nature, in that it still
gives the correct answer to a problem although some-
times to a lesser accuracy. In the eveni of a computer
breakdown, a ‘nonsense’ answer usually results. Also,
the brain can deal with general problems, whilst the
computer is rather more limited.

The reason why the compuier cannol at present have
richer imterconnection between elements is that, at the
speeds computers operate, light (and therefore elec-
tricity) travels but a few feet per computer operation.

1L, C. Galitz, "Cybernetic Cynthia®, The Radio
Consirucior, June, July, 1970,
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Therefore, in order that computer processing should
operate in step, no two units in the central processing
unit may be connected by a wire of more than two feet
or 20, otherwise pulses will arrive too late for any par-
ticular operation. At present, it is impossible for a
machine to be built with all the relevant electronics in
a sphere of radius less than about a foot, and with
sufficient complexity to even approach that of the
human brain. Mevertheless, we have still come a long
wity since Babbage's Analytical Engine.

CYCLOPS

One very useful way of finding out about something
unknown 15 to build a model of it, and see how closely
it imitates the real thing. In many cases this is the only
way, and in some cases, such as solving the mystery
of the human brain, it is the most practical way, Many
auto-robots nowadays are mechanical equivalenis of
real animals, and such is the case with Cyclops, which
is an approximate electro-mechanical equivalent of an
animal in the amoeba family. Although most of
Cyelop's behaviour is predetermined in the circuitry,
one of the carlier prototypes surprised the author in
imitating something which, although beneficial to both
animal and machine, had not been intentionally put in!f

Cyclops was designed with several criteria in mind.
One of the most important of these was that he should
explore his environment looking for things to happen,
rather than passively wait for them to occur. Cyclops
was to be positively tropic® towards light, and
negatively tropic towards touch and bright lighis. In
other words, Cyclops is attracted by lights of a moderate
intensity, and repelled by lights of dazzling intensity
and also by obstacdles nto which it bumps. An ad-
vantage of using light as the sole attractive stimulus is
that light, by way of solar cells, can mean food, ie.
electricity. In a perfect machine, the robot would be
equipped with a bank of solar cells and, on finding a
light, would pause to recharge its batteries. After its
‘meal’ it would then move off to explore further its
environment, Thus, the perfect machine would show
internal stability, and by reason of its positive tropism
be self-perpetuating. Unfortunately, due to the pro-
hibitive cost of a bank of solar cells providing sufficient
power to recharge the machine's batieries within a
reasonable length of time, another approach is needed
for a practical device. A cheaper alternative would be
for every light source to be equipped with a low tension
supply, so that the machine would be capable of locating
the light, homing into it, and plugging itsell into the
power source in order to recharge its batteries. Once
these were recharged. the machine could move off again.

Returning to Cyclops in particular, other design
requirements were that he should be able 10 recognise
his reflection in a mirror, and that he should be able to
recognise other members of his species.

2 Derived from “tropism’, the response of protoplasm
to stimulus.—Editor.
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To sum up, Cyclops will explore his terrain looking
for light and, upon finding some will approach it and
when sufficiently close, stop as il to recharge his bagt-
eries. Should he be dazzled, he will move off, and he
will also avoid obstacles. This is sufficient to make him
self-perpetuating. In order (o be more realistic, a
learning circuit was introduced, which enables Cyclops
to make decisions concerning himself and his actions
in relation to his environment.

BASIC DETAILS

The basis by which Cyclops works is by having the
electronics control two motors. One motor drives the
front wheels round to make Cyclops move. The other
motor rotates the front wheels' axis through 360° and
50 changes the direction in which Cyclops moves, The
drive from this second motor is in one direction only
and cannot be reversed. The arrangement is shown in
the side view of Fig. 1 (a) and the bottom view of
Fig. I (b). The fromt wheels are caused 1o rotate by
Motor 1, and their axis is rotated by Motor 2. The
rear wheels are free 1o rotate and are not driven.
Figs. 2 {a) to (d) illustrate how the rotating front axle
changes the direction in which Cyclops moves,

With both motors running, Cvelops follows the
path shown in Fig. 3. With the gear ratios incorporated
the diameter of this patiern 15 approximately 6ft. Thus,
quite & large arca is traced ouwl, The area would be
larger if Motor 2 ran more slowly, bul il this motor is
geared down too much the robot will not home into
light sources effectively. Hence, a compromise has 1o
be reached.

Maotor 2 not only rotates the froni wheel unit but
also a unit upon which the ‘eve’, which senses the
presence of light, is mounted. The eve rotates at the
same speed and in the same direction as the front wheel
and thus always ‘looks’ in the direction in which
Cyclops s moving. This rotation of the eve is referred
10 @s “scanning’.

When Cyclops 2eez a faint light, the electronics
operate a relay which cuts the power to the scanning
motor (i.e. Motor 2), causing Cyclops to move in the
direction of the light. Tt will be appreciated that, unless
the eye happens io be pointing straight ahead at the
time Cyclops will tend to veer away from the light
source, and the scanning motor will cut on. If the
seanning stopped at an eve position such that, when
the scan restarts, the eve turns in the direction which
will bring it 1o the straight ahead direction sooner, the
eve will be brought in line with the light source almaost
immediately after scanning starts again. Thus Cyvelops
will once more start heading for the light, He will then
veer again for a shorter distance, after which the
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Fig. 2. Showing. in successive slaps, the different directions in which Cyclops is caused to move as the front
whea! umit is rotated
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Fig. 3. The pattern traced ouf by Cyclops when
net subjected to external stimuli

anning motor will once more cut on. This process
repeats in quick succession until the eye is peinting
straight ahead, and Cyclops will then mowve straight
towards the light. If the eye had stopped rotating in
such a position that, on resumption of scanning, it
moved in the opposite direction to that just described,
then the eve will come to point straight ahead the longer
way round. That is to say, it will perform almost a
complete rotation before it sees the light again. The
process previously described will then take place,
ending with Cyclops moving straight towards the light.

When Cyclops is sufficiently close, and the light has
reached a sufficiently intense level, the electronics
switch both motors off, and the robot waits in front of
the light. In the perfect machine, either there would be
a bank of solar cells 1o collect the light and recharge
the batteries, or there would be a low tension supply
associated with each light source so that the robot
could plug itsell in to recharge its baiteries. Un-
fortunately, due to the excessively high cost of the
former scheme, and due to the mechanical difficulties

Cyclops af rest a5 the ballevies
ave charged
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invalved in arranging a reliable form of plug and socket
suitable for the latter, it has to be assumed that, whi.st
waiting in front of the light source, Cyclops is recharg-
ing his batteries.

The electronics also arrange an ‘ignore’ mechanism
for wery bright lights, or for normal lights should
Cyclops happen to approach too closely. Thus Cyclops
avoids the ‘moth in the candle lame’ problem. Due
to the fact that Cyclops will only stari homing inio a
light source when he is pointing towards it, he will also
avoid the dilemma of Dante’s free man, or of Buridan's
ass, which starved to death because two exactly equal
piles of hay were equidistant from it. If placed precisely
the same distance away from two equi-brilliant light
sources, Cyclops will visit one, and then the other.

When Cyclops bumps into an obsiacle, his touch
sensor activates a circuit which causes his drive motor
to operate in the reverse mode for a period equal to
that required for the scanning motor to rotate the front
wheels' direction through 180°. The circuit turns on
the scanning motor irrespective of whether the eye sees
# light or not, Thus it will be seen that when Cyclops
bumps into an obstacle, he moves away from it due
to the fact that-his drive motor, and therefore his
direction, is reversed. At the same time, his scan motor
i% changing his direction. Then, just as he is about to
head back into the obstacle due 1o the scan motor
now causing the front wheels to point in the opposite
direction, the drive motor reverts back to normal,
reversing the drive again, and therefore causing
Cyclops to continue to move away from the obstacle.
Due to the fact that the obstacle-avoiding circuitry
overrides all the other positively tropic responses,
Cyclops will always get himsell out of trouble before
trying to feed on an otherwise attractive light source,
If he were to try and force his way through an im-
movable object in order to pet to a light, it would not
be o difficult for him to initially damage his touch
sensors, and even for his motors 1o stall and overheat.
Thus touch may also be regarded as being a stimulus
of pain, and this fact is used when he is being taught
to use his learning circuits.

RECOGNITION

The method by which self- and mutual-recognition
is achieved, although apparenily difficult, is really very
simple to engineer. A lamp with a reflector is fitted
to the machine so that it shines in the forward direction.
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t is wired across the main drive motor with the result
that, when the machine moves the lamp is illuminated,
and when the machine stops the lamp extinguishes, If
now a mirror is held up to Cyclops’ eyve such that he
sees the lamp's image through the mirror, he will stop,
the light being of sufficient brilliance to activate his
“stop to feed' circuitry. However, the action of this
circuit is to cut the power to the motors, and this will
extinguish the lamp. As Cyclops can now no longer
see the lamp, his *stop to feed” circuitry will revert to
its normal state, and the power 1o his motors will be
restored, and hence the lamp will hight up again,
This cycle of events will continue for as long as the
mirror is held in front of Cyclops” eve, and he will
linger in front of the mirror Nickering. twittering. and
Jigging like a clumsy Margissus. This highly specific

behaviour towards his own reflection may be accepted
as evidence that Cyclops has some degree of self-aware-
ness. See Fig. 4 (a).

If we consider the result when two “animals’ of the
same species as Cyclops encounter ong another, we
find that they home into one another owing o the
attraction of the light. However, as this happens, the
lamp and therefore the stimulus is cut off, bur the
removal of the stimulus restores the light which then
becomes a stimulus again. Thus, the two animals dance
about one another, See Fig. 4 (h).

With 4 colony of such creatures, the very lact that
cach animal extinguishes its own source of attraction
in the act of secking it in others means that the colony,
when no other attraction is presented., must stick
together. Such a colony will also attract other creatures
of the same species due to the fact that the colony is
giving off light. Unfortunately, the very gregariousness
of creatures of the species of Cyclops is that species”
downfall, because even though an external light source
will attract several members of the colony. a good many
will remain behind, It is not difficult to realise that the
light source of the colony (the animals themselves) can
never be sufficent 10 recharge the batteries of 1he
animals therein, and eventually all the animals forming
the colony must eventually die unless an external light
s=urce is available, An interesting point which arises
here is that when an animal is reaching the end of its
life its batteries will be low, and therefore the light it
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emits will be dim, Therefore, there will be less likeli-
hood of the animal going through the sell-recognition
response, and also the mulual recognition response,
which would certainly be iis downfall. The animal
would rather look for light to replenish its waning
power source than to participate in games with itsell
or with other animals of its own species,

One can be pedantic about this feature of mutual
recognition and, at the expense of the self-recognition
feature (which may be regarded as undesirable anvway)
one could incorporate polaroid filters in front of the
light source on each animal, and in front of the eye.
These filters could create arbitrary males and females
of the specics. With this arrangement, a male will not
react 1o itself or (o another male; similarly, a female
will not react 1o her reflection or to another female,
However, males and females will react with the mutual
FECOENItIoN response upon encountenng one another.

This feature can be accomplished by having a honi-

zonially polarised filier in front of the light of a female
and the eve of a male robot; and a vertically polarised
filter in front of the eve of a female robot and in front
of the light of a male robot. Thus, when encountering
a mirror, neither variety of animal 15 able 1o see s
own light due to the fact that there are opposing filters
on the light and éye. The same thing occurs when a
male robot meets another male robot, or when a female
robot meets another female robot. It is only when a
femabe and a male robot meet that the filters are of the
correct orientation for the female eve to see the light
from the male’s light, and for the male eye to see the
light from the female’s light. Nawrally, the filter does
not interfere with the light from onpolarised light
sources, to which the animals are normally sensitive.
Figs. 5 (a), (b) and (c) show the various situations.

Details of the construction of the mechanics of
Cyclops will be given in the next article, which will
appear in next month's issue,

{ Tor be continued)
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