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A Study on Movement Evaluation with FES Control of the Ankle Joint with a Hemiplegic Subject
-Measurement of Stride Length with Wearable Sensors-

OFrfnf GRAEKR) &S CGRAER) =M A GRAER) R¥GEM (B EERR)

Kazuki NITTA, Takashi WATANABE, Naoto MIURA, Tohoku University
Kiyokazu AKASAKA, Saitama Medical University

Abstract: The purpose of this study is to develop a measurement system of lower limb movements using wearable inertial
sensors for rehabilitation. In this paper, measurement of stride length was tested. In comparing to values measured with optical
motion measurement system with healthy subjects, mean absolute error of estimated stride length was 4.0 =3.0%. Then, the
measurement was tested with a hemiplegic subject with and without foot drop correction by FES. Although the small number
of strides were detected automatically for the healthy side, error of estimated stride length, which was calculated from value
measured with portable walkways with embedded, pressure-sensitive sensors, was similar to the results with healthy subjects
for the healthy side. However, for the paralyzed side, since the error was large, improvement of stride detection rate and stride

length estimation error in various walking of several subjects will be required.
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Fig.1 Outline of lower limb motion measurement system using

wearable sensors.
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Fig.2 Attachment of the sensor on the foot.
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Fig.3 Outline of wireless FES system.
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Fig.4 Evaluation results of measured stride length with healthy

subjects.
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Fig.5 Evaluation results of measured walking speed with healthy
subjects.
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Table 1 Evaluation results in measurement with a hemiplegic subject

with and without FES.
no FES with FES
Left Right Left Right
Mean absolute error of
+ + +
stride length [%] 55%+19 | 11.6£6.3 10.3+8.4
Mean absolute error of
+ + +
walking speed [%] 7.8%£5.0 | 16.0£8.8 16.0+11.0
The number of strides 8/29 30/30 0/12 12/14
Sensor / Reference
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Fig.6 Evaluation results of measured stride length with a hemiplegic
subject with and without FES.
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