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An EMG Controlled Prosthetic Forearm with Three
Degrees of Freedom Using Ultrasonic Motors

Koji Ito*, Hideaki Nacaoka*, Toshio Tsuir*, Atsuo KaTo** and Masami ITo***

We developed an EMG controlled prosthetic
forearm with three degrees of freedom actu-
ated by small size wultrasonic motors. Its
weight is less than 700g and the size is the
same as the adult’s forearm. The conventional
proosthetic arm using DC motors produces a
motion noise. So the reduction of the motion
noise was one of the big problems to be
soleved. - Since our prosthetic forearm uses
ultrasonic motors, it produces no motion noise.
In addtion, the amputee can control six kinds
of motions i.e. pronation and supnation of the
forearm, flection and extension of the wrist, and
grasping and hand-opening. The interface be-
tween the amputee and the prosthetic forearm
was designed on the basis of the fact that the
amputee still preserves the phantom limb mo-
tor map after amputation. It can discriminate
the amputee’s intended motion among six
kinds of motions using the EMG signals from
the remained muscles and also produce the
command signals to control the prosthetic arm.
-Consequently, the amputee is able to manipu-
late the prosthetic arm as he intends and his
¢ontrol load is relieved sharply.

Key Words: prosthetic arm, ultrasonic motor,
EMG, amputee
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Fig.1 Prosthetic forearm with three degrees of freedom

Table 1 Specifications of the prosthetic forearm with three degrees of freedom

Motions Movable range (the time required)| Holding force Gear ratio
Forearm Pronation supination 162° (0.6~30s) 1.7 kg-cm 4.5
Wrist Flection extention 135° (1.1~20s) 10. 40 kg-cm 17.5
Hand Grasping opening 125 mm (1. 1~50s) 4,16 kg 29.8
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Table 2 Motion discrimination rates
{a) Normal A, electrode location 1
Intended motions
Flection Extention Pronation Supination Grasping Hand-opening Total
- Flection 100 0 0 0 4 0
22 Extention 0 98 2 0 0 0
[R] Pronation 0 0 98 0 0 0
ES | Supination 0 2 0 97 0 0
=g Grasping 0 0 o] 0 96 0
= Hand-opening 0 0 i 3 0 100
Discrimination ratio(9%) ) 100 98 98 97 96 100 98.2
(b) Normal A, electrode location 2
Intended motions
Flection Extention Pronation Supination Grasping Hand-opening | Total
o Flection 100 0 0 0 0 0
o] Extention 0 92 0 0 0 0
95 Pronation 0 0 100 0 0 0
E% | Supination 0 8 0 100 0 0
@ g Grasping 0 [ 0 0 100 0
= Hand-opening 0 0 0 0 ] 100
Discrimination ratio(9%) 100 92 100 100 100 100 98.7
{c) Normal B, electrode location 1
Intended motions
Flection Extention Pronation Supination Grasping Hand-opening | Total
= Flection 100 0 0 0 Q 0
22 Extention 0 100 0 0 0 Q
=hs} Pronation 0 0 97 0 0 0
EZ | Supination 0 0 3 60 24 1
w & Grasping [ 0 0 40 7% 0
= Hand-opening 0 0 0 0 0 99
Discrimination ratio{%) 100 100 97 60 . 76 ’ 99 88.7
(d) Normal B, electrode location 3
Intended motions
Flection Extention Pronation Supination Grasping Hand-opening | Total
- Flection 100 4] ] 0 1] 0
22 Extention 0 100 0 1 0 0
« § Pronation 0 4 92 1 0 0
EE | Supination 0 0 8 68 0 0
@ g Grasping 0 a 0 0 100 0
= ‘Hand-opening 0 0 0 30 0 100
Discrimination ratio(%) 100 100 92 68 100 100 93.3
(e} Amputee C, electrode location 1
Intended motions
Flection Extention Pronation Supination Grasping Hand-opening | Total
o Flection 100 0 0 0 2 0
gz Extention 0 100 0 0 0 4
=Re] Pronation ¢ 0 T4 0 4 0
EE | Supination 0 0 26 82 2 0
2 g Grasping . 0 ) 4] 0 92 0
= Hand-opening ¢ 4 0 18 0 %
Discrimination ratio(%) 100 00 T4 82 92 9 90.7
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Photo, 1 Velocity control of prosthetic forearm
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