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A Study of the FES Control on

the 2-DOF Wrist Joint’s Movement
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Takashi WATANABE '
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Abstract Although the feasibility of FES controller using

Seiichi CHOSA T

Makoto YOSHIZAWA T and Nozomu HOSHIMIYA !

I Tohoku Gakuin University
feedback error learning was shown in our previous study, control

error was large in the early stage of training. A new way of applying FEL to FES control was proposed in this study and it was

found to be effective through computer simulation. Then, co

mputer simulation study showed that multichannel FES controller

using the new FEL application was feasible on controlling the 2-DOF wrist joint’s movement.
Keyword functional electrical stimulation (FES), feedback error learning (FEL), artificial neural network (ANN)
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Simplified Measurement Method for Lower Limb Joint Angles
Using Piezoelectric Gyroscopes

Norio Furusk,* Takashi WATANABE,*® Nozomu Hosimiya

Abstract

sk

The joint angles of the lower limbs are important parameters in evaluating the ability and stability

of walking when training to walk or control FES gait. In this study, a simplified measurement method for lower
limb joint angles that uses gyroscopes attached to the thigh, the shank and the foot is proposed. The method was
examined by measuring the leg joint angles of three neurologically intact subjects when walking. The results
showed a high correlation between the joint angles measured with the commercially available electric goniome-
ter and those by the proposed method. Appropriate attachment positions of the sensors were also suggested from
the experimental results. The proposed simplified measurement method for lower limb joint angles is expected to
be effective for walking training or FES gait restoration at clinical sites.

Keywords: joint angle, FES, gait, gyroscope, walking training.
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Sensors RMS Correla‘ tion
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Gyroscopes—potentiometer 1.37° 0.9999
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Fig. 3 Angular velocities measured with the gyroscopes (subject A, normal speed walking).
The attachment positions of each gyroscope are provided in Fig. 2. Gait phase: 1) mid stance, 2) heel-

off, 3)swing and 4) heel-strike.
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Fig.4 Comparison of a joint angle measured with a goniometer and calculated by the outputs of the gy-

roscopes (subject A, normal speed walking).
The gyroscopes used in the calculation: Knee 1: G1 & G3, Knee 2: G2 & G3, Ankle 1: G3 & G4,
Ankle 2: G3 & G5. Gait phase: 1) mid stance, 2) heel-off, 3) swing and 1) heel-strike.
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Table 2 Comparison between the joint angles calculated from the outputs
ofthe gyroscopes and the angles measured with the goniometer.

Normal walking speed Slow walking speed

Joint Gyro. ) ati relati
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coefficient coefficient
G1,G3 3.00° 0.991 2.58° 0.994
Knee
G2, G3 4.15° 0.985 3.54° 0.988
G3, G4 2.90° 0.951 2.74° 0.952
Ankle
G3, G5 7.28° 0773 6.75° 0.777
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A Study on a Recognition Method for Specific Motions by Processing Outputs of Artificial
Neural Networks with Different Input Signals*

Takashi WATANABE,* Taiki Fujiiara,™™ Hajime Murakamy,***
Norio Furuse,” Makoto YosHizawa,* Nozomu HosHiMiyatt

Abstract

This paper studies improvement of the clinical practicality of the control command input method

for motor disabled patients using the recognition of specific motions via an artificial neural network (ANN). Sev-
eral good ANNSs that had different combinations of input signals and/or different number of neurons in the hidden
layer were selected for each subject. The final recognition was determined by the majority decision rule by three
good ANNs. The AND operation of the outputs of selected ANNs was also used to reduce the number of
misrecognitions. The results with neurologically intact subjects and a hemiplegic patient showed that the pro-
posed method would be effective clinically compared to the method using a single ANN with a fixed combination
of input signals for all patients. It was also shown that trained ANNs with the proposed method could be used on

other days with good performance.

Keywords: control command, artificial neural network, motion, recognition, motor paralysis.
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Table 1 Results of specific-motion recognition experiments in the case of using multiple sensors. Recognition ratio [%]
and misrecognition ratio [%] in parentheses are shown.

Subject fg;dist;;)encfgn Individual use of three selected ANNs P;o::gzzd
1st 100(0) 2r-8:100(0), x2a-10:100(3.5), yza-4: 100(6.8) 100(0)
A |md | 10000 | e4:982(0), 223:10000), ze6:10000 | 10000
3rd | 100000 | e3:10000), yea3:982(53), ayeeb: 10000 | 10000
Ist 100(0) aer4:100(5.2), xyer-10:100(3.5), xae-12:100(6.8) 100(35
B |2ad| 1000 | 23:100(0), 22-4:10000), ye6:818(0) | 1000
3rd | 100000 | e3:10000), y24:94537), ze4:1000.8) | 10008
1st 100(<5.2) yer-4: 89.1(2.0), xyer-10:83.6(4.2), zaer7:89.1(0) 89.1(2.0)
2nd | 9009<(<231) | wyzar? & az2: 655 (27), zyear? & ze2: 673(0), | 636(28)
c xyzar-2 & rza-2: 61.8(2.9)
(xyzar2: 81.8(13.5), x=z-2:655(10.0), ze-2: 78.2(2.3),
x2a-2,636(7.9))
3rd | 10098) | 2e4:964(86), 2a-16:982(239), ye2: 945(148) | 98236
1st 909<(<3.2) yzae-10:90.9(0), yzaer-10:66.7(0), xyzae-18:97.0(0) 90.9(0)
D |2na| 818<(<206) | ya13:727(35.1), yarld:576(296), yar6: 606(130) | 545(217)
3d | 10000 | y2e8:939(0), 2yed: 970(0), yze-10:10029) | 970(0)
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Table 2 Evaluation results of the 2nd and 3rd sets of measurements by the ANNs determined in the 1st set in the case
of using multiple sensors. Recognition ratio [%] and misrecognition ratio [%] in parentheses are shown.

2nd set 3rd set
Individual use of three selected ANNs Pr:;lzﬁzzd Individual use of three selected ANNs P;(::‘Ezzd

subj. A | 96.4(36), 100(6.8), 94.5(5.5) 100(3.5) 945(1.9), 89.1(3.9), 909(123) 96.4(1.9)

subj. B| 98.2(0), 96.4(0), 96.4(1.9) 96.4(0) 945(3.7), 96.4(86), 100(3.5) 98.2(3.6)

subj. C | 63.6(10.3), 80.0(10.2), 100(9.8) 69.1(2.6) 67.3(26), 80.0(83), 100(5.2) 80.0(8.3)

subj. D | 788(7.1), 81.8(10.0), 78.8(3.7) 788(7.1) 93.9(0), 90.9(0), 3.000) 90.9(0)
v FT 320 ANN 2RET LI, ERHMOBREL R WEIEDRBAITR A EWRRBEN 5.
% 72912 ANN OB IR&M4: %:f?‘ib( HMELZD, 4O KL TRES D N RO T (wyz6 O ANN) &
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Fig. 3 Comparison of recognition ratio and misrecognition ratio between the proposed method and the previous
one in specific-motion recognition experiments.
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Table 3 Difference between recognition results with or without the AND operation. Recognition ratio [%]
and misrecognition ratio [%] in parentheses are shown.,

Majority decision rule without AND operation
Number of Proposed Recognition Recognition Recognition
ANNs method by 2 of 3 by 3 of 4 or by 3 of 5
ANNs 4 of 5 ANNs ANNs
Subj. C 2nd (all sensors) 4 63.6(2.8) 65.5(12.2) 61.8(0) -
Subj. A 1st (3D position) 5 100(1.8) 100(20.3) 98.2(0) 98.2(16.9)
Sub. C 3rd (3D position) 4 89.1(0) 100(16.7) 98.2(15.6) —
Subj. C 1st (Euler angle) 4 72.7(24) 83.6(4.2) 80.0(4.3) —
Subj. C 3rd (Euler angle) 4 100(8.3) 100(8.3) 100(8.3) —
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