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Estimation of electrical stimulation pattern in FES cycling using neural network
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In this study, we suggested a stimulation pattern estimation system using a neural network as a method of
determining electrical stimulation pattern during FES cycling. Generally, stimulation pattern decided from crank angle
read from encoder. Therefore, the bicycle not attached encoder is not able to FES cycling. However, if stimulation
pattern estimation is performed by a neural network, it is possible to perform FES cycling without remodeling the
bicycle. Therefore, backpropagation was performed on the input signal using the data of the inertial sensor and the
teaching signal using the encoder angle, and the weight and the threshold value were determined. The obtained weights
and threshold values were reflected in the system and the stimulation timing was estimated. As a result, stimulation
pattern estimation system was possible to estimate the stimulation pattern equivalent to that when using the encoder.
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Fig. 1 Stimulation pattern estimate system in FES cycle unit attached wheelchair.
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Fig. 2 Example for sensor data and stimulation pattern.
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Fig. 3 Structure of neural network.
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Fig. 4 Evaluation parameter of stimulation pattern.

3. # - 3

BI5IZ N N.THEE LT Z A S VOB L, = a— NS5m0 5 7 AEZRFRE A I 7D
AT NGB LR OlE A RT. 2 50 BEET D &, B L T L HENERTE . A%
BRIZIBUWN T, SEHEEBRAAEALRERTI 0.1020 B, EISHEERS TEEAURERIE 0.0815 Fb & WO RGO, 20
BN E 27 7 7 AEICHET D L 10° BitkfiiZ A L o ZICTNBAE L THD EWVWZ D0, = a—F R
RAZRRE L2 Y A L2 705 10° BREBENTZIBATHL YA 7 U TEER T 28 & 1213 e, 2
ORISR & E 2=, £, #HETT—I1ZT7HEAEL, =5 —RT17.5% GEERIE 20 B, #HEEK T
20 [BlDOFF 40 [l BT HEIA) LiroT-.

1.5
Encoder — — Estimation
1 e = =
= T 1IHIHIHE
s Ui 11 15111
0.5
| | |
R IRy 1R
o 1
0 10 20 30 40 50 60

Time [3]
Fig. 5 Stimulation pattern by encoder and N. N.
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Fig. 6 Histogram for delay of estimate start
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Fig. 7 Histogram for delay of estimate end
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