L‘Zl%‘lﬁ 2016 9 4 ~6
BEMERTRIS R T LZRAWEEEICET 2 R FHIIFERDEE
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Abstract: A wearable finger motion measurement system using inertial and geomagnetic sensors was developed. Using
this system, motion and posture of the hands and fingers can be measured. However, the joint center and segment axis
cannot be accurately measured in a previous study using the sensors. Therefore, a method of estimating the joint center
was proposed. This method utilizes the fact that the formula of the rotational acceleration in the sensor’s coordinate system
is the vector product. However, because this formula is irreversible, the rotation center was calculated using a position
vector placed on an intersection line of two planes. As a result of the verification, error was small. In addition, finger
motion was measured using posture measurement and rotation center estimation. Motion measured and joint angle
estimated by developed system were compared with a motion capture. As a result, estimation of PIP and DIP joint center
had some errors.
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Fig. 4 Constraint of sensor position on finger.
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Fig. 5 Verification apparatus and position of sensors.

Table 1 Estimated rotation center and error.

[mm] | Estimated value(Mean+S.D.) Error(Mean — true)
Sensor X y z X y z
No.7 15+14 | 162+1.6 | 2.0#1.7 | +1.0 | +2.1 | -2.1
No.8 | -1.9+0.8 | 110+#1.3 | 2.9+03 | -24 | #00 | -1.1
No.9 | -1.0+0.6 | 59.2+0.9 | 2.3+03 | -15| -08 | -1.7
No.10 | -17.1+1.9 | 136+1.9 | 16.8+06 | -1.6 | +1.1 | +2.8
No.12 | -17.5+0.8 | 34.74#0.6 | 12.2+15 | -20 | +0.3 | -1.8
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Fig. 6 Position of sensors and markers.
Table 2 Finger length.

[mm] Hand Proximal Middle Distal
(Index) phalanx phalanx | phalanx

Sensor 91.9 35.6 17.3 21.1

Motion 97.7 45.0 17.0 25.4

capture

Reference 38.0 23.0 22.0
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Fig. 7 Measurement result of index finger motion.
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