PROGRES WITH THE BRITISH MYOELECTRIC HAND

A H. BOTTOMLEY
Introdection

The use of EMG signals for on/off contral of a prosthesis was
lirst described by Battye! et al., 1955 and has since been successiully
applied clinically by Kebrinski® et al.

The EMG signal does on the other hand allow the possibility of
proportional contrel, and it was to investigate the difficulties of pro-
portional contral in use on patients that the British hand was designed.
The nature of the surface EMG signal gives rise to several problems
when atternpts are made ig use it for proportional control, These pro-
blems were discussed at the previous ETAN conference in Opatijatd
and several principles were suggested as to how to overcome them.
The design of the present hand closely follows these principles so
that they will only be briefly discussed below.

Probletns in Uslng EMG for Comirol and
Some Methods of Overcoming Thean

These may be divided into two. The first is the presence ol cross-
talk—apparcnt aclivity io one muscle when the patient attempts to
perform an action involving a distant or even opposing musle. Cross-
tzlk may be due to real but inadvertent activity in the adjacent muscle,
sometimes teferred fo as physiological crosstalk. This may of course
be eliminated by careful training, but even if this is successful, some
teal or electrical crosstalk always remains which is due to conduction
of signals through the tissues. Electrical crosstalk from opposing
muscles in the forearm may be as low as 5 — 1094,

The method wvsed to eliminate crosstalk in the current British
hand is to take signals from two opposing groups. After rectification
and smoothing to obtain a D.C. level representing the intensity of the
A.C. signal, the two signals are subtracted from one another in a differ-
ential amplifier. If electrodes are well placed, a muscle will always
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produce a stronger signal through electrodes on its surface than through
the electrodes placed over its antagonisi. In this way therefore the
relative magnitudes of the two signals determine whether the output
of the amplifier iz positive or negative, and this in its tursy the direction
in which action is produced in the prosthesis.

The second main problem is that of smocthing the rectified
signal. A simple C. R. network is used for this and a time constant
must be chosen which gives a reasomably brisk response o changes
in signal level; 100 m.sec. iz used in this systems. Ufortunately random
variations in the smoocthed signal occcur even when steady eflfort is
maintained, and this is true even if considerably longer time constants
are used. Other averaging methods have been suggestedss, but none
produce a solution tg this problem.
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Flgure 1. Transfer function of protetype hand. I/P is a pasitive or negative
signal depending on which muscle group is producing more activity. O;F
is force either opening of closing the hand

In the prototype hand described by Botiomley and Cowellr a
backlash technique was used to eliminate these random variations
Their amplitude seems to vary with the intensity of the signal (ie.,
with any steady effort there is a variation of about 20% in the averaged
EMG level). The prototype system, therefore, was arranged as a closed-
loop force servo m which the error signal was ignored unless above
a certain minimum, Since EMG intensity is proportional to force, this
minimum was arranged to be increased as O/P force increased. Figure

v
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1 shows ihe transfer function of the system working in an isometric
situation {i.e., exerting force with no movement).
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Figure L Block diagram of the function of the autogenic backlesh wnit
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Figure 3. Circuit of the autogenic backlash wmit. IF Ry, Rx and Rs are regarded

as a potential divider ihe capocitor Cy will charge up to the woltage at

point A, through transistor Ti but will not discharge until point B has

dropped to this level when transistor T: will turn ca. atage of hacklash

may be changed by adjusting the value of R since this affects the relation
between voltages at A and B

In the production system a slighily different technique is used
as described by Bottomley®, It haz been calted an sautogenic backlash
peneratore and consists in effect of a nonlinear filter in which O/P
signal does not change unless LT signal — O/F signal is greater than
a fixed percentage of I/P signal. Figure 2 shows a block diagmam of its
operation, Figure 3 the circuit used, Figure 4 the transfer function of
such a circuit, and Figure 5 the effect on a sample of rectified and
smoothed EMG.
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Flgure 4. Transfer fonction of the circuwit shown on Figure 3
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Figure 5. A sample of rectified and smoothed EMG before [upper trace)
and after [lower trace) backlash iz applied. Scale: 500 ma‘div
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Design of the Hand

Although many powered prosthetic devicas use pneumatic matoss
and cylinders of liquid COs, it was decided to use an electric motor,
since EMG control necessitates the use of transistors and hence tle
presence of a battery. It would cbviously be an inconvenience to the
patient te have to carry two power sources. The choice of prehension
for eur initial trials is an almest inevitable consequence of this decision.
Hands are very seldom required to do real work. Either they are moved
towards the object exerting no force, or coce it has been grasped they
exert force with no movemnent. In both cases the product (force times
tistance = work} is zero. Provided an electric motor is followed by
a nonreversible gear and arrangements are made for it to be turned off
when the required force is attained it is economical in both these
situations, As stated above, muscle produce tension in proportion to
the signal reaching them. It was decided therefore to makxe a hand
which would exert foree in proportion to the EMG sigoal. This may
be achieved by inserting a force transducer in the drive train beyond
the nonreversible gesr and using its output as the [eedback signal
in a closed loop servo (sec block diagram, Fig. 7). This will also turn
off the motor when the required force is attained, since in this situation
the error signal will be zero. To provide control when the hand moves
ireely and before an object is grasped, a second fesdback loop is ar-
ranged using velocity feedback. It was arbitrarily decided to arrange that
full velecity should be produced by an EMG intensity that will give
1/3 maximum force. This seems to work well in practice.

The ProductHon Version

The prototype hand was designed by the author in co-operation
with the Medical Electronics Department of St. Thomas’ Haspital.
We had, however, ne facilities available for miniaturization and pro-
duction so that it was decided to get the help of a larger organization:
the United Kingdom Atomic Energy Authority who are responsible for
the production version, The Army Prosthetics Research Laboratory
hand was used and fitted with 2 size eight permanent magnet D.C. servo
motor (Rank-Pullin Controls Ltd.) followed by = spur gear train and
a critically nonreversible lead scraw and nut. A beam attached ta the
aut is arranged to pull the two moving fingers of the hand against the
thumb. Semiconductor strain gauges are cemented to the beam and
give the force signal required for control (Fig. 4). The velacity signal
is derived from the back EMMF. of the motor. Thirteen DEAC, Type
900 Ir (500 m.AH.) cylindrical nickel cadmium cells are used and a
full charge seems to last about 214 days in continuous use. A maximum
force of 9 Ibs. is available at the finger tips and the fingers close in &
seconds, at full speed. Position-operated limit switches restrict the
fingers and prevent jamming. Fig. 7 shows a block diagram of the
system.
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Figure 6 Arrangement of strain gauges in the production hand o give
a signal proportional to cutput force

Three provisicns have been introduced which bhave not so far
been described and are to ensure that battery current is not wasted.

1. Clearly while the patient produces a signal and the moler is
capahle of producing a ferce to match it, the ercor signal can
be restored to zero and the moter current turned off. If, ho-
wever, he exceeds this level the mator will then receive stall
current continuously and to ne usaful effect. To prevent this
the sEMG clamp« (8 in Fig. 7} is introduced which limits
the input te a level just below the maximum the metor can
achieve. Having » nonreversible gear, the hand is potentially
capable of producing passive forces greater than the masimum
of the motor—as in lifting heavy objects. In order to arrange
that the motor does not then open the hand it is necessary to
introduce the «Force clampe (13 in Fig. 7) at the same level.
In practice this means that within the dynamic range of the
system output force is proportional to effort, but that outside
it the hand remains locked.

2. 11 the nonlinear filter succeeds in getting rid of wobble oo the
Input signal, it ¢ould happen that the system would see an
error signal sufficiently large to consume current but insuf-
ficient to cause the motor to produce the necessary correction.
The function of the second summing junction {17 in Fig. 7) is
to detect the lewvel at which successful correction will be pre-
duced by the motor. Below this level the drive amplifier is
disconnected by the Schmidt frigger (1% in Fig. 7). In practice
this means choosing a small #rror signal which will give full
stall torque from the motor. The velocity feedback is arranged
sa that this occurs at very low speed.
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3. Even if nickel cadmium batteries are used, there comes a time
when a baltery is nearing the end of its discharge cycle when
voltage begins to drop. Under these conditions the »EMG
clamps will begin to fail in its job of protecting the motor
from receiving stall current when it fails to achieve the appro-
priate force. To prevent this happening the low voltage discri-
minator (20 in Fig. 7) is introduced, which quenches the drive
circuit at this point,

e —— E . SRacea

Figure 8. The production hand with a Miinster sockel fitted with electrodes

Figure 8 shows a photograph of the production hand, and the
electrodes fitted into a Miinster type total-contact socket. Electrodes
are of pure silver and are lightly sprung onto the skin surface using
a silicone rubber grommet pictured in Figure 9, Only six patients have
so0 far been fitted, bul their reactions to the prosthesis have been
lavourable.
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Figure 9. Electrode arrangements (seen in section)
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Additional Movemenis

With careful training erosstalk may be reduced to a sufficiently
low level to enable onfoff control of 2 or even 3 low independent
movements in below-elbow amputees. It is also possible by special tech-
nigues such as described by Dr. Beeker of Delft {(q. v.} to achieve pre-
pertional control of at least two movements with EMG control in the
belowzlbow amputee. If iwd movemsnt are to be provided probably
prehensien and rist rotaticon are the most important. After some pre-
liminary work lowards obtaining independent EMG signals to control
these twoe movements it was decided to adopt a more abvious approach.
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Figure 10. Simplified version of Figure 7 showing how the same control
circuit may used to operate prehension from EMG signals and wirist
rotation from a mechanical lngt _

The only virtue of using EMG contro! is that it provides a control
channel which is not ceadily available by other means {emcept perhaps
by muscle bulgz). Most below-elbow amputees are capable of pronation
and supination. It is therefore unnecessary to use EMG signals to
derive this particular contrel signal. It was alse felt that grip is seldom
changed during pronation/supination so that a mechanical rotation of
the stump could be used to control a motor and gear box giving
power-assisted rotation of the prosthesis, without an extra control
cirenit. This has heen successfully deme in the laboratory using a printed
circuit rotary switch eperated by pronation and supination of the
stump. In the central position in which the switch is held by a detent
mechanism the prehension control is connected normally. IF the stump
is rotated in either direction with a force sufficient 1o overcome the
detent, three cperations take place serially.
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1. The meotor used for prehension is disconnected {switch L,
Fig. 10).

2. The EMG signal is swilched off (switch 2, Fig. 10} and a poten-
tivteter is substituted for the strain gange bridge normally
used for force feedback (switch 3, Fig. 10).

3. The motor drve circuit is connected to a motor and gear hox
for wrist rotation by switch 1.

Increased effori to rotate the stump then progressively gives
incrzagsed wvelocity of rotation of the prosthesis in the appropriate
direction, by moving the potentiometer referred to above.

The extremes of pronation and supination some interference
is produced in the EMG channel but this is unimportant since the
prehension drive circuit is thea switched off and the hand locked. Using
clossed-lcop velocity conirol rather than a position servo, continuous
rotation of the wrist is possible, though opinions differ as to whether
this is desirable. Since the same drive circuit is used, it was necessary
to use an identical motor for this movement and to provide force-oper-
ated limit switches. Unexpectedly the wmotor gives very geneous
output for wrist rotation.

Higher Level Ampuiees

For the aboveelbow amputee it would be possible to use biceps
and triceps for operating a hand. However, it is unlikely that more
than one channe! will be available from muscles in the upper arm, and
probably the key to the use of EMG in the future is its skillful combi-
nation with mechanical control of external power and with orthodox
cable control. Ef this is so, it might be preferable to use EMG from
biceps and triceps to control elbow flexion or wrist rotation. To achieve
control of many movements in the shoulder disarticulation amputes
probably an implanted electrode would he necessary, in which case
gignals may be obtained from single motor units, even several independ-
ently from the same pair of electrodes as <described by Basmajiant.
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