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Evaluation of Multi-Point Vibratory Stimulation on Kinesthetic Illusion of the Arm
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Presenting kinesthetic sensation usually requires a large space so as to avoid users colliding with objects or other
users. One way to tackle this issue to use kinesthetic illusion, which is a way of presenting kinesthetic sensation without
physical motion. However, realizing dynamic motion and fast movement remains difficult. Considering that multiple
synergist muscles are usually involved in a movement, stimulating multiple synergist muscles might enhance the
illusion. Thus, we investigated whether multi-point vibratory stimulation to multiple synergist muscles enhances
induced kinesthetic illusions. We found that stimulating multiple synergist muscles created more vivid illusions.
Additionally, we found that our method was effective for inducing steady illusions, but not for rapid illusions. We also
calculated the contribution of each proposed stimulation point to the illusion.
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Fig. 1 Positions of vibrators and markers for measuring
movement via optical tracking camera.
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Fig. 2 The overall of the experiment system.

Fig. 3 The vibrator case made with 3D Printer
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Fig. 6 (Above) Average wy. for each vibration pattern. (Below) Average wxy for each vibration pattern. Vibration pattern corresponds to
vibrators 1 through 7 (from the top).



Table 2 The results of multiple regression analysis of each
average angular velocity based of vibration patterns
(wyz model: F(7;119) =32.942, p <0.001,
the adjusted R? = 0.640, wxy model: F(7,119) = 29.204,
p <0.001, the adjusted R? = 0.610)

Collinearity

Statistics
Unstandardized Standard Standardized =
Coefficients  Error  Coefficients B HlGloranceniyll
(Constant) -0.347 0.067 -5.20 <0.001
Vibrator 1 -0.042 0.046 20049 -0.913 0.363  1.000  1.000
Vibrator 2 0.385 0.046 0.449 8396 <0.001 1.000  1.000
Vibrator 3 0.112 0.046 0131 2440 0016  1.000 1.000
wyr model v tor 0.254 0.046 0.296  5.537 <0.001 1.000 1.000
Vibrator 5 0.411 0.046 0479 8958 <0.001 1000 1.000
Vibrator 6 0.138 0.046 0161 3.003 0.003 1000 1.000
Vibrator 7 0.292 0.046 0.340 6.361 <0.001 1.000  1.000
(Constant) _-0.111 0.038 -2.921 0.001
Vibrator 1 -0.005 0.026 -0.010 -0.179 0.859 1.000  1.000
Vibrator 2 0.229 0.026 0480 8.78% <0.001 1000 1.000
Vibrator 3 0.038 0.026 0.080  L441 0152 1000  1.000
woy model yypotor 4 0.216 0.026 0460  8.275 <0.001 1.000 1.000
Vibrator 5 0.023 0.026 0.049 0883 0379  1.000  1.000
Vibrator 6 0.112 0.026 0.238  4.288 <0.001 1.000 1.000
Vibrator 7 0.171 0.026 0.364 6.547 <0.001 1.000  1.000
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