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Common way of dividing a gait cycle
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Fig.2 Inertial measurements with corresponding

gait events and gait phases
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Fig.3 False detection of the stance phases
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Fig.4 Block diagram of the adaptive

gait detection method
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Fig.5 Classification of the raw stance phases
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Fig. 6 Gait signal from a volunteer
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Fig.7 Stride estimates of single detection

threshold method
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Fig.8 Stride estimates of the fixed time threshold method
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Tab. 1 Gait detection accuracy over large parameter space
LEAT S E /%

g PRWE RENEE kX
firs ") figps Iy ik

#1 47.64 47.29 77.54

#2 15.62 33.82 60. 45

#3 27.40 30.97 54.62

#4 31.76 42.40 69.35

#5 40.76 49.07 80.97

#6 46.16 53.22 76.13

e B R, AR SR R BOR [R] , 3%

HR A B fEL 23 AR R AZ A, (R R AT 3R AR SO 25 8
W7 0 AT BE A AL, RE 6 1E TR A 2 B s [i)
AT R A 10 2 25 2R DAL S R A R A
KB R W], AR SCHY B R 20 258 0 5 vk e A7 AR
DR (LD SR OL R, Al TH 25 2R 00 T BUA A SR
PG TN R (L 325 ARG o [0 s T {114 28 25 A
Ik IS RO PR B 5 R B R
SR, R T B A AR T OR R BE A T AR R A
BRI

5 &g

PR T — P LT IR IEI MY A IS A A
T35 ARSI 25 SR o8 0 14 252 2l A AGE I 2 B v
e CA AR SR A & PRV, TR T R 4T 9 2
Ko ], 52 m 1 20 256 T A A R AT S . A S
JIr B 19 1 3 N AR 2SR I 7 VR R R R B o B iR
R AR A I | R AU B AT NS AL L R U BL A
NS4 S U AT 3 T 1z 0 0 R R, BAT AR
SiR A TR IV 1

S

[1] HENCHOZ Y, SOLDINI N, PEYROT N, et al. Ener-
getics and mechanics of walking in patients with chron-
ic low back pain and healthy matched controls [ J].
European journal of applied physiology, 2015, 115
(11): 2433 -2443.

[2] FISCHER C, SUKUMAR P T, HAZAS M. Tutorial:
Implementing a pedestrian tracker using inertial sen-
sors [ J]. IEEE pervasive computing, 2013, 12(2):
17 -27.

[3] MENG X L, ZHANG Z Q, WU J K, et al. Self-con-



5% 3 3 NG S — R TR I MY 3 N AD A AR I 5 i 67

tained pedestrian tracking during normal walking using 3018-3027.

an inertial/magnetic sensor module [ J]. IEEE trans- [8] WANGJS, LINCW, YANG Y, et al. Walking pat-
actions on biomedical engineering, 2014, 63(3) : 892 tern classification and walking distance estimation algo-
-899. rithms using gait phase information [ J]. IEEE trans-

[4] YUN X P, CALUSDIAN J, BACHMANN E R, et al. actions on biomedical engineering, 2012, 59 (10) .
Estimation of human foot motion during normal walking 2884 —2892.
using inertial and magnetic sensor measurements [ J]. [9] FOXLIN E. Pedestrian tracking with shoe-mounted in-
IEEE transactions on instrumentation and measure- ertial sensors [ J]. IEEE computer graphics and appli-
ment, 2012, 61(7) : 2059 -2072. cations, 2005, 25(6) : 38 -46.

[5] GODHA S, LACHAPELLE G. Foot mounted inertial [10] PRATAMA A R, HIDAYAT R. Smartphone-based pe-
system for pedestrian navigation [ J]. Measurement destrian dead reckoning as an indoor positioning system
Science & technology, 2008, 19(7): 1 -9. [ C] // Proceedings of the International Conference on

[6] M4, MYLIN. T A8 &1 (9 JC 2 A% B 4% I 4% System Engineering and Technology. Bandung, Indo-
AT E AL [T IN KM (L%, nesia:IEEE Press, 2012: 1 -6.

2015, 36(3): 6 - 10. [11] YUN X P, BACHMANN E R, MOORE H, et al. Self-

[7] BEBOK Ozkan, SUSTER M A, RAJGOPAL S, et al. contained position tracking of human movement using
Personal navigation via high-resolution gait-corrected small inertial/magnetic sensor modules [ C] //IEEE In-
inertial measurement units [ J]. IEEE transactions on ternational Conference on Robotics and Automation.
instrumentation and measurement, 2010, 59 (11) . Roma, Italy:IEEE Press, 2007 ; 2526 —2533.

An Adaptive Gait Detection Method Based on Clustering Analysis

JIANG Ming', ZHAO Hong-yu®, Liu Xue-liang'

(1. School of Electronical Engineering & Intelligentization, Dongguan University of Technology, Dongguan 523808, China;
2. School of Control Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; Gait analysis is one of the most focusing research fields in several years, and the gait parameters
have been attracting increasing interests in clinical medicine, pedestrian navigation and so on. However, the
existing gait detection methods have some shortcomings that prevent their successful use to many practical ap-
plications, the detection results of which are very sensitive to measurement fluctuations and detection parame-
ters, and thereby characterized by poor robustness. In this paper, the mutual coupling relationship between
different parameters is tested, and an adaptive gait detection method based on clustering analysis is proposed,
so as to automatically yield the time heuristic threshold. The experimental results demonstrated the correctness
and effectiveness of the method, and the gait detection accuracy over a large parameter space can be improved
from 46.16% and 53.22% respectively to 76.13% .

Key words: gait detection; clustering analysis; gait phase division; adaptive parameters; inertial measure-

ment



