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Gait-Event Detection for FES Locomotion

Ji Un Heo", Chul Seung Kim”, Gwang Moon Eom*

ABSTRACT

The purpose of this study is to develop a gait-event detection system, which is necessary for the cycle-to-cycle FES
control of locomotion. Proposed gait event detection system consists of a signal measurement part and gait event
detection part. The signal measurement was composed of the sensors and the LabVIEW program for the data acquisition
and synchronization of the sensor signals. We also used a video camera and a motion capture system to get the reference
gait events. Machine learning technique with ANN (artificial neural network) was adopted for automatic detection of
gait events. 2 cycles of reference gait events were used as the teacher signals for ANN training and the remnants (2~5
cycles) were used for the evaluation of the performance in gait-event detection. 14 combinations of sensor signals were
used in the training and evaluation of ANN to examine the relationship between the number of sensors and the gait-event
detection performance. The best combinations with minimum errors of event-detection time were 1) goniometer, foot-
switch and 2) goniometer, foot-switch, accelerometer x(anterior-posterior) component. It is expected that the result of
this study will be useful in the design of cycle-to-cycle FES controller

Key Words : Artificial neural network (213417 %), Combinations of sensor(A1A4] 2 3), Gait event(H.3J o]l E),
Gait phase(2. 3 4)
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Fig. 3 Gait measurement system
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Table 1 Sensor combinations

Number of
No. Sensor signals No.of ___neurons
sensors  input  Hidden
layer layer
1) G
2) FS
3) Ace (x) 1 10 5
4) Acc (z)
5) G, FS
6) G, Acc (x)
7 G, Acc (2) 2 20 25
8) FS, Acc (x)
9 FS, Acc (z)
10) G, FS, Acc (x)
11) G, FS, Acc (z)
12) | FS, Ace (x, 2) 3 30 35
13) G, Acc (x, z)
14) | G,FS, Acc(x,2) 4 40 45
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Fig. 6 ANN training of gait events
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Fig. 7 Recognition of gait events
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Table 2 Reference signals for output neurons

Event Neuron number in output layer
no. 1 2 3 4 5
1(TO) 1 0 0 0 0
2(MKF) 0 1 0 0 0
3(HS) 0 0 1 0 0
4(FF) 0 0 0 1 0
5(HO) 0 0 0 0 1
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Table 3 Events error for combinations of sensor

[number of event detection errors / total number of events]

o Training
Sensor combinations Test data Note
data
1 G 2/25 5125
2) FS X X
3) Acc (x) X X
4) Acc (z) 10/25 15/25
5) G, FS 0/25 0/25 Selected (a)
6) G, Acc (x) 8/25 8/25
7 G, Acc (z) 9/25 8/25
8) FS, Acc (x) 4/25 4/25
9) ES, Acc (z) 9/25 8/25
10) G, FS, Acc (x) 0/25 0/25 Selected (b)
11)  G,FS,Acc(z) 0/25 2/25
12) FS, Acc (x, z) 0/25 0/25 Selected (c)
13) G, Acc (x, z) 8/25 5/25
14)  G,FS Acc(x,2) 0/25 0/25 Selected (d)

X: training not completed
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Fig. 8 Event detection result for recognition threshold of 0.99 and 0.995
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Table 4 RMS error of event detection time
[ 10ms]
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