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ABSTRACT

This paper experimentally deals with the relationship between the ankle electromyogram(EMG) and

walking motion in order to activate the ankle joint of a walking-assistance robot for rehabilitation.

Based on the anatomical structure and motion pattern of an ankle joint, major muscles were selected

for EMG measurements. Surface EMG signals were monitored for several human bodies at various

stride distances and stride frequencies. Root-mean-squared magnitude of EMG signals were related

with the walking conditions. It appeared that the magnitude of the ankle EMG signal was linearly

proportional to the stride distance and stride frequency, and thus to the walking speed.
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ig. 2 Main muscles at an ankle
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(a) EMG sensor

(b) Earth electrode

Fig. 3 EMG sensor locations

Table 1 Major muscles at an ankle joint

Channel Muscle Muscle Working
No. appellation function moment
Ch. 1 T1b1a1_15 Dorsiflexion | Swing phase

posterior
Ch. 2 Ple roneus Eversion Stance phase
ongus

Gastrocnemius
(lateral head)

Gastrocnemius
(medial head)

Ch. 3 Plantar flexion Toe-off

Ch. 4 Plantar flexion Toe-off

Table 2 Walking speeds at various stride distances
and stride frequencies(spm, stride per mi-

nute)
Stride Walking speed(km/h)
distance
(m) 40 spm 60 spm 90 spm
0.9 22 32 43
1.2 2.9 43 5.8
1.8 43 6.5 8.6
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Fig.4 EMG signals measured at 1.2m stride and

60 spm
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Table3 EMG magnitudes at various walking con-

ditions
Stride Stride EMG magnitude, V;ys (V)
distance | frequency
(m) (spm) Ch.1| Ch.2 | Ch.3 | Ch. 4
40 60.5 52.5 54.7 52.7
0.9 60 153.9 93.3 | 1326 94.2
90 2704 | 129.6 | 2349 | 1733
40 85.2 65.6 74.7 58.5
1.2 60 180.7 | 110.3 | 165.4 | 119.0
90 383.0 | 175.8 | 292.4 | 2304
40 167.3 | 108.1 | 131.0 84.9
1.8 60 320.1 | 194.1 | 303.5 | 197.7
90 575.7 | 262.1 | 472.0 | 310.8
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Fig. 5 EMG magnitudes at various stride distances
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Fig. 6 EMG magnitudes at various stride frequencies
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