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Estimation of Ankle’s Trajectory Using a Wearable Sensor and Prospect as Gait Assist

Koyu Hori*!, Yuki Hirobe™2 and Yoshihiro Miyake™2

Abstract —In the aging society, gait assist is much studied with various methods. Gait evaluation is needed to assess the
effectiveness of gait assistive system. For quantitative assessment, trajectory estimation is an effective approach and many
algorithm were developed. However, the meaning of trajectories is not understood in previous studies. Moreover the
experiments were conducted in the laboratory or the clinical environment. So, attachment error of sensors was not considered.
Therefore, our aim is (a) to estimate trajectories considering a daily measurement, (b) to understand the meaning of gait
trajectories and to apply it to gait assist. Firstly we developed a new algorithm of three dimensional trajectory estimation.
We conducted an experiment to assess the error of estimation. As a result stride length is estimated with high precision. It
indicates that our proposed method is effective. We will present a gait assist system using the above estimation system.
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Fig.1 System Configuration
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Fig.2 Sensor Device
ZDORETOE I OFHEAERIL, SHEH D X,
EITHFRANY, MEHANZ Th5. 40, MEE, f
HEOFHME L U EENENE8G, £1000dps, 7Y



v 7Rk % 100Hz & LT L7z,
23 BUEHETZ LT XL

ARGICBWTIRET DH - AR P0EHEERIT, BT
T EEAMIEICHEIL, FBRHICR W THLE Z HEE
T3 2B END. ENENOFEME LLFIORT.
2.3.1 BEsE

HBATIZEHEE Th 5720, B L0 B L%
OHATT —Z BV TEMR 27— 2R T. £ T
FHllsn=7r—2 % 1 BT olcmEi Lz, Zhicix z
oMEET—2 2 v, K3 okoienflashni. 4
BT ER LR ERIETH Y, B AEEN
0V EZATHD. Znicky, EaROgHHED
WENEH L5,

AT L AMZ L ICHEIT 52 8T, IEECAEE
ERATABRORERAASKBTE S, S5, 4
ORFEEZ RTINS 222N TES. 25 LTH
FHSNEYM T L ICHEOHEEIT Y. TOWMNLEX 4
IR L, RENZEEIZ RN,

2Z-axial angular velocity [deg/s]
=

time(s]

M3 ZEhAEEICI T DA E
Fig.3 Stride Division in Z-axial Angular Velocity
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Fig.4 Flow of Trajectory Estimation
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Fig.5 Estimation of Z-axial Initial Angle
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Fig.6 Modification of X-axial Initial Angle
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Fig.7 Three dimensional Trajectory
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Fig.9 Estimated Gait Trajectory
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Tablel Error of Gait Features

ME (m)  MAE (m)
stride length| —0.02824 0.067313
vertical peak| 0.005252 0.01672
lateral peak | 0.017914 0.018408
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Table2 Average Feature Values in Each Measurement

Motion Capture (m)| Sensor (m)
stride length 1.203321053 1.1750816
vertical peak 0.149686579 0.1549384
lateral peak 0.020150561 0.0380642
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Table3 Examples of Features

Average | Variance
1.175082| 0.007359
0.154938| 0.000391
0.038064| 0.000311
0.336364| 0.001831
0.53684| 0.000692

Features
stride length[m]
vertical peak[m]
lateral peak[m]
slope of lifting phase
arrival time of vertical peak
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