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Fig. 10 Rigid rink model of waist,upper body, up-

per arm and fore arm
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(c) (C2): Triangle projected to plane
(Y - Z plane or sagittal plane)

Fig. 20 A range of motion of shoulder (Flexion-ex-

tension)
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(a) Theview of Z axis

(b) Theview of X axis

Fig. 30 Approximate link model
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Puw(t) = puw(t)
Pws(t) = paw(t) +pws(t)

Psse(t) = paw(t) +pws(t) + pss:(t)

Ps,u(t) = prw(t) +pws(t) + pssi(t) + psru(t)
Pur(t) = paw(t) +pws(t) +pss:(t) +psrv(t)

+ pur(t) (4)
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GyroA: x axis
Gyro B :y axis
Gyro C: z axis

Fig. 40 3D gyro sensor
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Table 10 Accuracy of measurement system

(C1) (€2)
Patterns | Avg. |Max. Erorr| Avg. |Max. Erorr
deg) | (%] | [deg] | (%]
(a) 90.1 44 90.1 44
(b) 90.9 14 90.9 14
(c) 89.9 14 90.0 44
(d) 90.4 6.7 90.2 6.7
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Attached positions of 3D
gyro sensor unit

(a) Waist

@ (b) Upper body
E E (c) Right upper arm
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Personal computer

Fig. 50 Experimental system
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Table 20 Range of motion at shoulder by (C1) and
(C2)

Patterns | (C1) [deg] | (C2) [deg]
(a) 148.1 151.4
(b) 56.4 535
© 55.5 55.5
(d) 72.1 69.9
(e) 104.0 106.6
(f) 54.8 54.3
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Table 30 Comparison of gyro sensor and goniome-

ter at arm model

Patterns Gyro [deg.] | Goniometer [deg.]

(Set angle) | Avg. | Std. | Avg. Std.
(a) 130 | 129.0 | 0.9 | 129.8 1.9
(b) 45 i54 | 2.9 | 46.7 3.7
(c) 110 109.2 | 1.2 | 109.9 1.8
(d) 60 58.6 | 2.6 | 648 37
(e) 45 46.4 1.9 43.0 4.8
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Table 40 Comparison by gyro sensor and goniome-

ter

Patterns | Gyro Goniometer [deg.]
[deg.] | A B C | Avg. | Std.
102 115 | 115 | 112 | 114.0 | 1.4
(a) 109 119 | 120 | 110 | 116.3 | 4.5
108 118 | 118 | 109 | 115.0 | 4.2
78 74 78 76 76.0 1.6
(b) 74 | 76 | 72 | 79 | 757 | 2.9
73 78 75 69 74.0 3.7
100 115 | 120 | 110 | 115.0 | 4.1
(c) 102 | 114 | 115 | 108 | 112.3 | 3.1
92 114 | 116 | 105 | 111.7 | 4.8
48 48 51 45 48.0 2.4
(d) 53 | 51 | 48 | 46 | 483 | 2.1
53 50 53 45 49.3 3.3
58 60 65 58 61.0 2.9
(e) 62 | 57 | 66 | 61 | 613 | 3.7
62 56 62 62 60.0 2.8
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Fig. 60 Measurement result of shoulder joint
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