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SUMMARY

A microprocessor based system for pattern recognition control of multi-
functional prostheses is described. Its features are small size and low weight
which allows it to be incorporated as a module in most conventional prostheses.
The power consumption is reduced through a separate power down function during
stand by. The computing capacity of the control system is great enough to per-
form proportional control based on pattern recognition of multiple myoelectric
signals. The introduction of the microprocessor based control system is belie-
ved to increase the clinical patient acceptance of multifunctional prostheses
as it makes self-containment possible. Furthermore, the routines of prosthesis
application will be simplified as the digital systems allow individual adjust-
ments to be carried out through changes in the program rather than through
changes of resistors as in an analog system.

INTRODUCT ION

Multifunctional prosthetic hands allowing grasp, forearm rotation and
wrist flexion are widely believed to be of value in rehabilitation of below-
elbow amputees. Several attempts to develop multifunctional hand prostheses
for clinical use have been made (8, 11, 12, 14, 16, 17). Two major obstacles
have up to now impeded successful clinical use of these devices: failure to
construct a reliable, light and self-contained prosthesis, and difficulties
to achieve sufficiently accurate control of multiplie movements.

A new approach based on pattern recognition for the control of multiple
prosthesis movements was introduced by Finley & Wirta (7, 18, 19). The pattern
recognition method has since then been developed and modified for control of
multifunctional prosthetic hands by Herberts et al. (9). A clinical application
study of a Swedish multifunctional hand prosthesis (10) shows that the pattern
recognition method is an accurate and easy way of achieving control of multiple
movements. Therefore, pattern recognition control seems to be the solution to
the difficulties in controlling several simultaneous movements.

Systems for proportional control of myoelectric prostheses, i.e. the
force and/or velocity of the movements are proportional to the RMS vaiue of
the EMG signal, are under development at severa! prosthetic centers. Propor-
tional systems are necessary for accurate control of the fast prostheses now
appearing on the market (6, 13). Proportional control also gives sensory feed-
back to the amputee, thus increasing the usefulness of the prostheses (3).
However, the signal processing necessary for proportional control, especially
in a multifunctional prosthesis, is more complicated than in on-off control.
As pointed out by Childress (5) and confirmed by most researchers working in
the field of hand prosthetics, self-containment of the prosthetic system in-
cluding the power source and electronic circuitry is essential for the patient
acceptance. The Swedish myoelectric pattern recognition system for on-off |
control (1) is based on analog electronics. The development of an analog pro-
portional control system would make containment within the prosthesis very
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difficult to achieve. As showed by Almstrdm et al. (4}, the lack of self-
containment makes the patients reject the prostheses because of problems
with the cables and the suspension of the electronic circuitry. The problem
of clinical rejection of the multifunctional prostheses in spite of excellent
control is thus a problem partly related to the unability to achieve prosthe-
sis self-containment. Therefore, the aspects related to the system develop-
ment as well as to miniatyrization are in favour of utilizing digital systems
for proportional control.

This paper is a report of the first steps in the development of a micro-
processor-based digital system for pattern recognition contrcl.

PRINCIPLES OF PATTERN RECOGNITION CONTROL

Iin almost all cases, an amputee retains a cortical image of the lost
limb. This phenomenon is known as the phantom limb perception. The amputee
can imagine movements of the limb, yielding an outflow of signals to the
peripheral nervous system. in response to these signals, there is activation
of the remaining muscles or parts of muscles that would have been recruited
for the imagined movement of the uninjured 1imb. When a below-elbow amputee
performs - or rather attempts to perform - movements with his phantom hand,
he contracts the remaining forearm stump muscles. These muscle activities can
be registered as electric signals by means of a number of surface electrodes.
The relative intensities - the patterns - of rectified myoelectric signals
picked up are specific to the various movements imagined. Patterns recorded
by six surface electrodes when the patient performs finger flexion and exten-
sion, forearm rotation (i.e. pronation and supination), and wrist flexion and
extension are shown in Fig. 1. Such patterns being reproducible can be uti-
1ized for classification and identification of the phantom hand movements.
This can be accomplished by means of pattern recognition techniques.
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Fig. 1. Myoelectric signal patterns recorded by six surface electrodes when
the patient performs finger flexion (FF), finger extension (FE),

pronation (P), supination (S), wrist flexion (WF) and wrist exten-
sion {(WE).
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By means ot a computerized linear discriminant analysis of six myo-
electric signals, a set of discriminant functions can be calculated. The
discriminant functions, one for each movement, can be expressed as follows:

FLOX) =WE X +w .,
j j

0J
‘where
T
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‘and
NF = W,y eeey Wovs ooey Wpale
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The index j is used for movement number j, and index i is used for electrode
site number i. The symbol x: denotes the rectified myoelectric signal from
electrode site i, the symbol w;: denotes the corresponding weighting factor
obtained by the computer analys{s for movement number j. The symbol w . is a

constant term. °J

In the classification procedure performed by the microprocessor, the
function values fj(X) are examined. If f;(X) > 0, the pattern is classified
as deriving from movement number j, and if f;(X) < 0, it is not classified

into this class. The examination is performed independently for each movement
and hence simultaneous movements are possible.

SYSTEM DESCRIPTION

The entire system consists of the following main parts (Fig. 2):
a) Active electrodes
b) A/D converter
c) Processor
d) Motor interface
e) Power control circuit
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Fig. 2. Block diagram of the control system.
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"Active electrodes

Because of the low amplitude (50-1000 uV) of the myoelectric signals
recorded on the skin, it is necessary to use active electrodes in order to
reduce the influence of disturbing noise. By means of a differential ampli-
fier and appropriate filters, effective noise suppression can be obtained.

A suitable electrode for the system has been developed previously (2).

This electrode contains amplifier, band pass filter, active rectifier, and

a low pass filter with a time constant of 100 ms. The output from the elec-
trode is a DC signal approximately proportional to the RMS value of the
myoelectric signal and hence to the mechanical force developed by the muscle
(15). The time constant is chosen together with the sampling rate to give

acceptable control accuracy and speed.

_A/D converter

The amplified, rectified and tow pass filtered signals from the six
skin electrodes are fed into an analog multiplexer and into a following
A/D converter. National ADC 0809 was chosen as A/D converter because it
provides the multiplexer on the same chip. As it has a conversion time of
approximately 100 us and the signal from the electrode is low pass filtered
with a time constant of 100 ms, no sample-and-hold circuit is required.

Processor

The single chip microprocessor Motorola 68701 has been chosen for
implementation of the control circuit. This 8 bit processor provides 2 kbyte
EPROM memory and 128 bytes scratch pad RAM on the same chip, which is ade-
quate for this application. Totally 19 of 29 available 1/0 lines are used
to control the A/D converter, the motor interface and the power control. An
internal programmable timer serves as a real time clock for synchronization
of data acquisition and motor control. The processor yields six signals for
control of the motors, one for each possible prosthetic movement. By means
of an extended program, these signals can be pulse-width modulated to obtain

proportional control.

‘Motor interface

In order to control the three motors in the multifunctional prosthesis.
the interface consists of three identical power circuits, see Fig. 3. The
special design makes it possible to select the rotation direction of the
motor depending on which input is activated. The interface requires a single
voltage source and the inputs are TTL compatible.

Fig. 3. Motor interface for control of a prosthetic motor. The rotation
direction depends on wich input is activated.
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Power control circuit

This circult has two major functions:
a) Voltage stabilization
b} Power on-off control for the processor

The power for operation of the system Is supplied from rechargeable
batteries, the same as used for the prosthetic motors, Start and stop of the
motors cause voltage transients, which increase in freguency with proporiional
control. Therefore voltage stabilization is required. To reduce the average
power consumption, the processor ylelds a power down signal after a prepro-
grammed time of inactivity. This signal! controls a power switch which dis-
connects the voltage source from the processor. The power up procedure is
accomplished by a circuit sensing the myoelectric signals from the alectrodes.
when activity rises above an adjustable level, a power up signal is generated
and the processor starts to work,

PROGRAM DEVELOPMENT

All program development has been performed on a POP 11/40 minicomputer
supported with a crossassembier for Motorola 6801/68701. for testing purposes,
a special developing system has been constructed, sllowing loading and running
programs under terminal control.

DISCUSS I ON

in the development of a microprocessor based control system, suitable
for prosthesis operation, the following jtems must be considered:
2} The physical size of the system

b} The computing capacity
¢} The power consumptlon

Furthermore, it is essential that the program is easy to change and adapt to
individual patients. For ¢clinical acceptance it is necessary to give high
priority to the physical size of the system, 50 that the prosthesis can be
made self-contained. The computing capecity, however, must be sufficlent In
order to perform the control with reasonable speed. .

Today many different kirdds of 8 bit singie chip microprocessors are
available. Except the intrinsic processor, they provide program memory (ROM),
data memory (RAM) and 1/0 ports on the same chip. The use of such a circult
will minimize the number of chips, and consequently, the physical size of the
system. Since the weighting coefficients in the discriminant functions pro- -
viding the pattern recognition must be Tndividually adapted, the program
memory has to be of EPROM type, which can be programmed and erased by the
user. in a real time microprocessor system, sufficient computing capaclty is
of great lmportance. This is achieved by a processor with an efficient
instruction set and short instruction cycle time.

We have examined and tested many types of single chip microprocessors,
with reference to the special demands 1lsted above. Four processors stood out
as possible alternatives, namely Intel B748, Mostek 3874, Zilog 28, and
Motoroia 68701, All of them provide EPROM memory on the same chip (in the
case of Mostek and Zilog "“on top of the processor”) and suitable 1/0 func-
tions. The major drawback with these processors s the power consumption.
This may be reduced, however, by means of a power down function durlng stand
by. Eventually we selectad Motorola 68701 on account of jts efficient instruc-
tion set, which contains instructions for 8x8 bits amitiplication and 16 bits
addition.

From a clinical point of view, the maln importance of a microprocessor
based control system !s that it allows prosthesis self-containment. This
means that the mlcroprocessors can be bullt In as a separate module In most
cohventional hand prostheses. For the clinical yse, especially with reference
to fast and efficlient application routines, it Is also important to emphasize
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that the necessary individual adjustments of the control system with digital
technology are performed through changes of the microprocessor program rather
than through tiresome soldering and trimming of resistors as in an analog
system. Furthermore, the program of the microprocessor can be extended to
perform proportional prosthesis control without adding weight or complexity
to the system. These advantageous properties of the microprocessor based
control system will be important contributions for an increased clinical
patient acceptance of multifunctional prostheses.
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