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Fuzzy logic-based gait classification
method for lower limb hip joint exoskeleton

TAN Minghang, WU Qinmu
(School of Electrical Engineering, Guizhou University, Guiyang 550025, China)

[ Abstract] A fuzzy logic —based gait classification method for the lower limb exoskeleton is designed aimed at satisfying the
rehabilitation needs of patients with lower limb motor dysfunction to restore walking ability. Firstly, the collected raw data of the hip
joint angle are processed by first—order low—pass filtering. Secondly, by analyzing the characteristics of the hip joint angle curve and
plantar pressure at each stage of walking, a fuzzy logic gait divider combining angle local peaks and valleys with plantar pressure is
constructed to accurately divide each gait cycle. Through walking assistance experiments, it is verified that the proposed fuzzy
logic—based gait division method for lower limb exoskeleton can ensure the accuracy of each gait phase division and human—machine
coordination during walking when only angle sensors and plantar pressure sensors are available.

[ Key words] lower limb hip joint exoskeleton; gait division; fuzzy logic; human—computer coordination
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Fig. 1 Gait phase division method structure diagram of lower limb hip joint exoskeleton gait classification based on fuzzy logic
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Fig. 2 The profile of the plantar pressure sensors
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Fig. 3 Fuzzy logic deduction diagram of gait stages division
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Tab. 1 Fuzzy logic rules table

BRI L&
Q =LOW,P, =L,P, =L w
Q =LOW,P, =M,P, =L w
Q =MID,P, =L,P, =1L Fw
Q = HIGH,P, = L,P, = L I
Q =LOW,P, =L,P, =M IS
Q = HIGH,P, = M,P, = H I
Q = HIGH,P, = H,P, = H FS
Q = HIGH,P, = H,P, = VH FS
Q = HIGH,P, = M,P, = H FS
Q = HIGH,P, = VH,P, = M FS
Q =MID,P, =H,P, =L FS
Q =MID,P, =VH,P, =L FS
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Fig. 4 Lower limb hip joint exoskeleton robot prototype
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Tab. 2 Data points and gait cycles number of different speed stages in each groups of samples
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@ 1 022 6 232 6 190 5 604 6 348 5771 155
@ 984 6 194 5877 6011 6 163 5982 165
©) 1 069 6 296 5365 6 520 5 861 6 045 160
@ 1072 6 293 5 655 6 236 5862 6 038 136
® 1155 6 048 5992 6114 5941 6 550 151
©® 1 005 6 238 6 107 5764 6 077 6 209 148
@ 1095 5906 6 230 5923 6 186 5925 142
® 1 055 6174 5906 6 010 6 027 6 168 136
© 945 6117 6 231 6 635 6 057 6 255 142
© 955 6 230 5 820 6 165 5 826 5982 138
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Fig. 5 GPF method gait stages division situation diagram
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Fig. 6 ERO error bars for gait stages division of each group of

samples
x3 SEMBEXS ERO &R

Tab. 3 Results of gait stages division ERO %

ERO/min  ERO /max  ERO /¥4 AREO
@® 95.91 100 97.96
@ 97.45 100 98.73
® 99.01 100 99.51
@ 95.32 100 97.66
® 98.59 100 99.29
® 95.24 100 97.62 98.38
@ 97.95 100 98.97
97.70 100 98.85
©) 96.26 100 98.13
© 94.10 100 97.05
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