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U=DB+IyEs’Ly (4.18)
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K,=H,+IrEp, L, (4.20)
A =K, + lsESTSLr (4.21)
H =B —IlyEg’Ly (4.22)
K, =H,+ ZTETZTLZ (423)
A=K+ ZSESZSLZ (4.24)
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U @ WIMU

Frame matrix

Hip joint

Eq

A, Ankle joint
Contact sensor

o U, B, H, H, K, K, A, A;: Position of upper body, body center, right hip, left hip,
right knee, left knee, right ankle and left ankle

®/y, Ir, I, Iy: Segment length of upper body, thigh, shank, and hip.

@i, j, k: Unit vector of x, y and z axis in sensor coordinate system based on world frame
OBl BL,, TL, TL, SL, SL;: Unit vector of the longitudinal axis based on sensor
coordinate system

OF,, Er, Eg, Er, Eg: Frame matrix of segment

O F: World frame matrix consisting X, y,, and z,

Fig.4.1: 5
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4.3

Motion Capture System:MCS, MAC3D,

Motion Analysis)

WIMU
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7 21 45



4.4

Fig.4.3

1 m

Fig.4.4

Fig.4.3

(t 0.10[%))
(t2=0.89]s])
(t5=1.20]s])

(ts=1.61[5))

o3

21

3

Fig.4.4(a)

ol

(t5=3.50[8])
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Fig.d.5 21

1.01[s]

1.53[s]

0.05[m]
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[39]

Table.4.1 Table.4.2

(RMS) Fig.4.6 Fig.4.7

Fig.4.8 Fig.4.9

a b r
0.298-20.036[m] 0.188=20.04[m]
RMS  5[deg] r 0.98
[40]
RMS
0.13[m]
RMS  0.2[m] a
0.78 20(%]

0.98



4 100

RMS r

RMS

0.306 0.269
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Fig.4.7:
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Fig.4.8:

WIMU [deg]
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r=0.99

0 60 120
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60

WIMU [deg]

y=1.03x+0.08
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Fig.4.9:
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Table.4.1:

RMS a b r
O 4.774 | 1.106 | -0.398 | 0.982
Oxr 4.513 | 1.066 | -0.371 | 0.989
04, 2.667 | 1.075 | 0.107 | 0.986
Om 4.845 | 1.157 | -0.818 | 0.980
Ok 4.278 | 1.031 | -0.271 | 0.988
0.x 2.456 | 0.988 | 0.566 | 0.980
v 0.071 | -0.025 | -0.007 | -0.005
y 0.135 | 1.570 | -0.056 | 0.424
0.018 | 0.961 | 0.002 | 0.991
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Table.4.2:

RMS a b r
O 3.957 | 1.086 | -1.330 | 0.989
Oxr 4.487 1 1.040 | -0.613 | 0.987
0 ar 3.005 | 1.005 | 0.933 | 0.983
Om 4.637 | 1.127 | -1.013 | 0.985
Ok 3.939 | 1.031 | 0.082 | 0.990
Ox 2.682 | 0.961 | 1.102 | 0.984
.1 0.058 | 0.629 | -0.007 | 0.341
|1 0.201 | 0.772 | -0.011 | 0.928

0.019 | 0.933 | -0.004 | 0.981
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0.1 0.2[m]
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4.6

[41]

WIMU
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WIMU

WIMU

WIMU

50%50x30[mm]

1[kHz]

120[G] 6000[deg/s]
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50[g]
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