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A New Calibration Method of Magnetic Sensors for Measurement of

Human Finger Tapping Movements

Keisuke SHiMA™, Eriko KAN*, Toshio Tsuir*, Tokuo Tsuar*,
Akihiko KANDORI*™*, Tsuyoshi MIYASHITA®*, Masaru YOKOE*** and Saburo SAKODA***

This paper proposes a new calibration method of magnetic sensors for measurement of human finger tapping
movements. The magnetic sensors consist of two coils; the detection coil and the oscillation coil. A voltage of
the detection coil induced by the electromagnetic induction law changes depending on a distance between two
coils. Therefore, by modeling relations between the measured voltages and the distances, we can estimate the
distance between two fingertips in wearing two coils from the measured voltage.

In this paper, first, the relation between the output voltage and the distance is derived as a set of highly
nonlinear equations. Then, using first-order approximations, it is shown that the nonlinear calibration equations
can be reduced to a linear one, so that the unknown parameters included in the calibration equation can be es-
timated with the linear least-squares technique using a data set of measured output voltages and corresponding
distances. Experimental results show that the relation between the output voltages and the distances can be
identified by using only three calibration points (0.02, 0.03, 0.09 [m]) measured from each subject, and that the
estimation accuracy is confirmed by comparing with the results using a camera. Finally, the differences of finger
tapping movements among patients with Parkinson’s disease, old healthy subjects and young healthy subjects
are explored using the magnetic sensors with the proposed calibration method.
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Table 1 Calibration results by the proposed method.
(n=3, 11)

Number of calibration data » 3 11
Calibration data [10°m] 20, 30, 90 0,10, --+,100

Absolute Jcahbrat]on Average 0.93589 0.90316
error [10"m) S.D. 0.89184 0.68495
Maximum absolute 2.80568 222758

calibration error [10’m]

S. D. : Standard Deviation
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