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Quantification Method of Kinesthetic Sense of Arm
with Compensation for Individual Difference

Woong-Chul Chung*, Jae-Bok Song**, and Yong-Yil Kim***

ABSTRACT

The human sensibility caused by the motion of an object grasped by a human operator is defined as kinesthetic sense
of arm. Due to nonlinearity and ambiguity of human sense, there is no absolute standard for quantification of kinesthetic
sense. In this research, a so-called 2-dimensional arm motion generator is developed to present various mechanical
impedance (i.e., stiffness or damping) characteristics to a human arm. The kinesthetic words representing arm kinesthetic
sense are selected and then the subject’s satisfaction levels on these words for given impedance values are measured and
processed by the SD method and factor analysis. In addition, the quantification method using neural network is proposed
to take into account the individual difference between the mean sensibility and each subject’s sensibility. Through this
proposed algorithm, the sensibility of human motion described qualitatively can be converted into engineering data

ensuring objectivity, reproducibility, and universality.

Key Words: arm kinesthetic sense (2-2%7}), kinesthetic word (%7 ©]3]), neural network (217 %), individual
difference (7] 212}
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Fig. 1 2-dimensional motion generator and modeling.
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Orthogonal Transformation Matrix

1 2
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Rotated Factor Pattern
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Variance explained by each factor

Factor 1 Factor 2
2.983551 2.741472

Fig. 3 Results of factor analysis (k = 1,000 N/m)
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Table 2 Results of factor analysis for stiffness.

S(tg?::)ss Factor 1 Factor 2
200 W2, W1, W10 W3,W6,W5,W38
400 [W4,WI,W7,W10,W8 W5,W6
600 W7,W10,W5,W6 W8,W1,W3
800 WI10,W6,W3 WI1,W8 w4
1000 W3, W10 W2,W7,W6
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Table 4 Data of subjects about stiffness.
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