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IACT  Thise paper discusses an EMG controlled
hetie forearm with three degrees of freedom
wed by small size ultrasonic motors. Its weight is
than 700 g and the size is the same as the adult's
irm. [t produces no motion nolse. In addtion, it is
ble to control six kinds of motions l.e. pronation
supnation of the forearm, flection and extension
-¢ wrist, and grasping and hand-oponing.
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t. INTRODUCTION

in EMG controlled forearm with three degrees of :fj‘;‘@“"’l i / any

fom using small size ultrasonic motors was A b ddy

loped. The arm has six functions, i.e. hand-opening _ f | f&'“' o e
grasping, wrist flexion and extension, and forearm : s i , , P s
atlon and supinatlon. Also, we propose a limb b !i ,_J L—ﬂj‘“‘?‘l.;

tion discriminaton method where the electrode Motor 1 Motor 2

tions are made relatively free by utilizing the )

s-information among multi-channel EMG signals. t 23

2. PROSTHETIC FOREARM USING ULTRASONIC MOTOR Fig.1 Prosthetic forearm with three degrees of freedom

Fig.1 shows a prosthetic forearm which was
‘loped on an experimental basis. It Is. driven by

asonic motors installed in the forearm, wrist and

t, and has three degrees of freedom, le., six Amputeef EMG

ons of wrist flection, wrist extension, forearm

-ation, forearm supination, hand grasping and hand

jing. Table 1 shows the specifications of the [ _l

wred prosthetic forearm. : Limb-function Muscle force
discrimination estimation

3. AMPUTEE-PROSTHESIS INTERFACE

Flg. 2 shows a Dblock diagram of the Controller
itee~prosthesis  interface for controlling the :

arm. The surface EMG is measured from a part of the
:les which have actuated the original limb, and the Prosthetic forearm
on intended by the amputee, such as flection, ’ !

mnsfon, pronation, - supination,” grasping and
{-opening, is estimated. In parallel, the muscle
¢ Is estimated from the EMG signals. Then the’ . Fig.2 Amputee-prosthesis Interface
al to drive and control the prosthesis is produced

1 both.

Table 1 Specifications of the promibetic forearny with three degrees of freedom
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4. LIMB-FUNCTION DISCRIMINATION BY NEURAL NETWORK

Fig.3 shows a flow chart of the iimb-function
" discrimination procedure proposed here, which Is
composed of band-pass ﬁlters. rectification, smoothing
filters and necural networkl
{1) Band-pass filter
The raw EMG signals measured at the surface of the
amputee's skin are passced through the band-pass FIR
filters. Then cach of the four channel EMG signals is
divided into throe band frequency components.
{2) Rectillcation and Smoothing
The 4% 3 EMG signals obtained Imm thoe band-pass
filters are rectified and passcd through individuai
one-poie Butterwortih fliters cach with a low pass
cutoflf frequoencey of 1 Hz. ‘
{3) Ncural network
A fceedforward type neural network is used Lo
classify the rectificd and smoothed MG signals. The
neural network consists of an input layer of 4x 3
units, a hidden layer of ten units, and a output laycr
of 6 units. Each unit of the output layer represcnts
one of six kinds of motlons.,
(4) Nctwork protralning
‘Four palrs of surface clectrodes were attached on
the forecarm, 7 ¢m from the elbow joint. The electrode
is dry-type made by Imasen Technical Lab. Three kinds
of electrode arrangements are shown in table 1. EMG
signal in each channel was A/D converted with the
sampling frequency of 1 Kilz and were stored in the
computer as the data flle. )
After attaching the prosthetic forearm, the
amputee Is asked to perform each of six kinds of
motions by one time. Then each of the stored EMG data
was divided into 10 data sets of 200 msec intervals. The
peural network is trained by error back propagation
algorithm using these 8x 10 data.
{5) Function discrimination
It is assumed that the amputee intends to make one
of six motlons, Since each unit of the output layer has
the sigmoldal function, the output value Is within 0
and 1. When onc of the units of the output layer is
more than 0.5 and all the others are less than 0.3, it is
concluded that the motion assigned to the unit with
~ the value more than 0.5 is intended by the amputec.

Unless those conditions are satistied, the
discrimination is left undetarmined.
" Table 2 Motion discrimination rates
Sxperinent Fo. 1 ¥o.1 ¥o.3 No. 4 No. §
Subject Rormal A} Normal A | Normal B Hornil Bl Asputes
Blectrods @
locations @
Number of
iterations 20.1 17.8 .0 .0 148
Success
rates (%) 196, 0 100.0 3.1 $5. % 3.5
Undetermined
rates (%) N 5.1 3.1 12.0 13,4

{Aversgs values for 10 Xinds of initias} valuoi of the synaptic welghts
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Fig.3 A timb function discrimination method
using the ncurail network

5. DISCRIMINATION RATE AFTER LFARNING

Separately Crom training datya, cach ol six kinds of
motions were performed by 100 times and the EMG
signals wore uscd o confirm  the  function
discrimination after tearning.

Table 2 represcnts number of learning iterations,
success  rates and undetermined rates in different
experiment conditions, wheore the success rate Is the
ratio of the correct discriminations in discriminated
trials and the undetermined rate Is the ratio of the
undetermincd trials In all trials. They are averages
over ten kinds of initial values of the network
welghts. Note that the success rates are more than 90%
Independently of subjects and electrode locations, and
especially the numbers of iteratlons training the
neural networks are less than 30.

6. CONCLUSION

we developed an EMG controlled prosthetic forearm
with three degree of freedom using small size
ultrasonic motors, It was shown that the prosthetic
forearm was well controllable by the amputee. Future
research will be directed to develop a small size
control box and more lightwelght forearm which can be
actually fitted.
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