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Estimation of Walking Parameter During Fastest Walking Utilizing Inertial Sensor
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Abstract: The measurement system of stride length, toe’s height and toe’s angle at each step during fastest walking using
inertial sensor is proposed. During fastest walking, acceleration and angular velocity of the toe exceed the measuring range
of conventional sensor in some cases. To estimate parameters of a walk, inertial sensor that is composed of two triaxial
accelerometer and two triaxial gyroscope with different measuring range each is developed. Two inertial sensors are
attached to the left and right toe to observe the motion of fastest walking quantitatively. Two subjects were asked to walk at
their fastest speed while the inertial sensors are mounted on both of their toes and position of the toes was compared with
reference obtained by optical motion capture system. As a result of the operation measurement of the toe during fastest

walk, the precision of the estimation system is improved.
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Fig. 1 Gait parameters estimated in this study. Waveform
shows the tip-toe trajectory from a stance phase to the next
stance phase during each stride. SL indicates stride length.
Max. angle and min. one are 6,.x and 6, respectively.
There are two local maximum (P, and P3) and one local
minimum (P,) in toe clearance.
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Fig. 2 Relationship between posture of foot and
angular velocity of plantar/dorsal flexion

Fig. 3 WIMU with switch board. In case remote controller
failed to function, sensor can be operated directly with these
switches. 2 sensor boards are layered. The upper layer is
high sensitivity sensor while the lower layer is low
sensitivity sensor.

Table 1 Components utilized in WIMU

Sensitivity Accelerometer | Gyroscope
Hiah MPU-6050, InvenSense Inc.
g (+16G, +2000deg/sec)
ADXL375, LPY4150AL,
Low Analog Devices Inc. | STMicroelectronics Inc.
(=200G) (#6000deg/sec)
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Fig. 4 Configuration of WIMU
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Fig. 5 WIMU mounted on tip-toe of shoe using adhesive tape
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Fig. 6 Layout of the experimental site

(dsP1C33FJ128GP802, Microchip Technoliogy Inc.), #Effi@E{S
E Y 2 — /L (XBee, MaxStream, Digi International Inc.),

microSD 77— R&## L7z Bk &, IREE g ks
JMMERRE v A a2 B#H LR 2 e ER TR L,
S HIZ USB FEEHkRE L I A A v F, TE#E M LED %
fif 2 7o mEFEMR, VF U LAy T Y IR En
Twa (K3). \EEe g, RLICRT LI CHEIL Y
UNRERL 2EOE Y E AW BV URBRNE
Y& TEEE R Y, BRI OB IRWE Y B TR
oy CEMEZ LTS B VAT AREOR
AR YT TR 100[HZIZERE LT

oy HIE, I50X ) ICREINEICE=—1T 7T
BE L, BITREONERE, AR %2 eks 5. K613,

EREBRASEROMKX TH 5. HFEX =R onEER I ®E
(OptiTrack, 8 Cameras, OptiTrack Inc.; MCS) % H\TJ\%E
BIE & MeAEZREL, WIMU OFHANEE 2 BEET 5.

3.2 FHB=EER

PRI I E TR E 24 ThH Y, BEHRSITHZ R E
THATT D EARSRTIIE, B R 2[m], FHX R 3[m],
WBOR X 2[m]DFE T[m] THERR & 5. WIMU I 2 DI



300 . — —xh
150 (a) High sensitive sensor v
T o b e Z
E-150| .
§ -300 : : : : :
= 1.5 8 8.5 9 9.5 10 10.5 11
]
‘© 300
8 (b) Low sensitive sensor
< 150+
JEREAA A4 e
-150
-300
7.5 8 &5 9 95 10 105 11
Time [s]
Fig. 7 Example of acceleration waveform
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Fig. 9 Z-directional acceleration measured by the high
sensitivity sensor (blue line) and low sensitivity sensor (red
line). Merged waveform is illustrated by green line. Dotted
line is the threshold of acceleration.
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Fig. 10 Relation of toe angle of both foot between WIMU

(blue) and MCS (red)
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Fig. 11 The left and the center graphs show the error of
maximum toe angle and minimum toe angle of a walk
estimated using the previous method and proposed method.
The graph on the right represents the error in amplitude of
the tip-toe angles.
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Fig. 12 Comparisons of the foot trajectory of a subject
reconstructed based on the proposed sensor unit system (blue
line) with the MCS reference trajectory (red line). The black
points show the position of maximum foot clearance (P1),
minimum foot clearance (P2), and second maximum foot
clearance (P3) respectively for each waveform.
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Fig. 13 Error of tip-toe’s height estimated by the sensor
using previous method and proposed method for P1, P2, and
P3 respectively.
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Fig. 14 Error of stride length estimated by unit sensor
system for previous method and proposed method.
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