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Abstract

Improved performance of externally powered
myoelectric hands is possible when the direct
control of the digit flexion and grip force are
given over to an clectronic controller which
frees the operator to concentrate on other
demands,

Design: A commercial myoelectric hand was
modified to take the new touch and slip sensors
and novel control method.

Subject: An adult male with a traumatic mid-
forearm amputation.

Qutcome measure: The range and ease of use of
the prosthetics system.

Result: The hand was easily and usefully
operated in the home and work environment.
Conclusion: Hierarchical control of a hand is
possible using sensory feedback to a
sophisticated electronic controller. Such a
control method reduces the demands on the
user’s concentration and enhances the hand’s
range.

Introduction

The survival rate of an individual following
amputation, prior to the development of
successful anaesthesia, was poor. History
records a few hardy individuals who survived
(Pliny; Herodotus; Childress, 1985). The
replacement limbs were often simple. The more
sophisticated hands were often based on the
techniques developed by armourers in building
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articulated gloves, Once the survival rate
improved, the opportunitics for commerical
exploitation also grew and companies formed,
the oldest in the UK being over a hundred years
old.

All practical prostheses were body powered
and this continued to be the major form of
actuation until the Seventies when electric
sources became practical: such devices are
fitted to a small proportion of the population.

In the research arena, other forms of power
sources have been used as far back as 1916
{Childress, 1985), for example carbon dioxide
gas under pressure, However, none of these
have achieved clinical significance, though
small numbers of people continue to use gas
powered arms. This is due to a variety of
reasons, from the limited capabilities of the
power supply, to the availability of power
sources (Millstein ef af., 1986; Simpson, 1972).

The increase in the levels of complexity and
the integration of electronic circuits and some
improvements in the technology of electrical
storage, have encouraged experimental designs
of hand and controller that provide better
performances or longer periods between re-
charging than current designs {Gow and
Douglas, 1990; Chappell and Kyberd, 1991),

Cantrol of prosthetic hands

In the clinical setting there are still only two
widely used means of control of prostheses. The
first is in body powered terminal devices which
usually are in the form of a split hook where
control is by body movement. The second form
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matter of course. The barteries themselves had
poor reliability and charge retention qualities.
Three cells burst  during operation or
recharging. The batteries used on the other
commercial system the subject normally wears,
were much more reliable but were only 6V. The
12V cells supplied power for 1 hout’s
continuous use but the modifications of the
system 1o 6V from 12V was not feasible,

Discussion

Minor alterations were made to the system as
a result of these tests. One such change was
suggested specifically by the subject. It was an
alteration to the invocation of the HOLD
command, The user must pausc in the relaxed
state before proceeding to HOLD to ensure
that an accidental HOLD command is avoided.
Also HOLD is only invoked by flexor tension
once an objcct is in contact with the hand. The
point of contact occurs when the hand is partly
extended so the user may still have some
cxtensor tension, thus therc is a delay in waiting
for the HOLD staic to be asserted after contact
and the EMG must be relaxed and then
applicd. This was felt to be inconvenicnt.

The provision of a pre-HOLD state, when
the hand is touching the object prevents the
hand from gripping tighter inadvertently
despite object movement. This was provided to
allow objects to be manocuvred before being
held. This cspecially caters for bilateral users
who do not have fine control with either hand
and so must manoeuvre the object while in the
hand. In the present subject’s case, he felt the if
he wished to change the grasp of the object or
its attitucle in the hand, he would relax and re-
grasp it using his natural hand to assist the task.
This option is not present for the biiateral user.
For the subject this fecature was removed. In
any future trials such customising could be
made available depending on user taste and
requirements., This is the advantage of a
computer controlled hand, as the expensive
structural modifications to the system can be
kept to a minimum. In addition the adaptable
naturc of the control philosophy means it can
be applied to any form of externally powered
prosthesis, mechanical or anthropomorphic. It
is important that such choices are available ta
the user population at large.

One aspect of the uscr control of standard
prostheses not widely reported concerns the use

of motor vibration feedback to the wearer.
Discussions with the subject showed he utilised
this a great deal. Since he possessed a long
stump, his arm was very close to the motor and
so could easily feel it vibrating. Anecdotal
evidence suggests this is a commonly used
feedback path with many patients, whether the
loss is congenital or traumatic. This includes
those with much shorter stumps. This use of
other signals depends on the current limit
circuitry on the mator drive. Once the motor
stalls the drive power is cut and the user feels
the change in vibrations. A second application
of closure demand indicates resilience of the
object and the stability of grip, based on the
length of time the motor runs before it stops
once more. Greater compliance or a slipping
grip will allow the motor to turn for longer
before it cuts out. Thus the user can ‘feel’ this
without recourse to visual cues. This
uncxpected use of feed-in demonstrates the
adaptability of the human subject. However it
is a less sensitive form of grip tension control
than that realised using SAMS control.

A single touch/force sensor was used and was
mounted on the tip of the index finger. The
prosthesis is designed to hold objects in a three
jaw chuck grip between the thumb and the first
two fingers. The thumb is therefore a better
location for the primary sensor. In addition all
objccts must be held in contact with this sensor,
50 great care had to be exercised when gripping
certain objects to ensure this was the case.
When additional touch/no touch sensors were
mounted on the palmar surface of the hand
these objects became easier to grip and
manipalate (Kyberd, 1990).

Conclusions

The limited ficld test of the singlc degree of
freedom variant of the Southampton hand can
be considered to be a success, though timited in
nature. Five conclusions can be drawn;,

1. Tt is possible 0 modify conventional
prostheses to take the Southampton control
scheme.

2, The control scheme is casy to learn and
use. Its utilisation cnhances the function of
a prosthesis.

3. The use of adaptive thresholds on a
myoelectric prosthesis eases the use of the
device.
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