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Measurement of Temporal Characteristics of Kinesthetic Illusion Induced by Tendon Vibration
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By applying vibration to muscle tendons, it is possible to induce illusory sensation (kinesthetic
illusion) as if the body is moving, even without actual movement. However, with current knowledge,
it is difficult to quantitatively control this illusion. In this study, we consider the relationship between
temporal change of the vibration frequency and the motion illusion as a transfer function, and measure
it through psychological experiments. In this paper, we conducted a preliminary experiment to confirm
the feasibility of the measurement, but we could not obtain meaningful data at this time, and problems
with the experimental method and system were surfaced.
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Fig.1 Configuration of the experimental system
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Fig.2 Setup for the preliminary experiment
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Fig.4 Adjusted amplitude and phase of physical stimuli

BRAITBIT BTREE TIRICAT o 72, IRETIIEL & YIERRH D
LB S 2 Al DFEER 2 X 5 1TRT

Similarity evaluation
IS

3 -
2 B
1
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Input frequency fr, [Hz]
Fig.5 Similarity evaluation
44 ER

X N BN B Y B RIERE (K4 EAD 2EHT 3
Y, F AYDRBEEICB W TTRREFOR/NTH S 5° 20D
EHiZ->TW3., AR L EBEENTE L, RIE 5 UT
DNEIEB LIRS 2 Z e B TERD o A BEM 2 RIE LT
W3, RIEOFHEEEH % & D/NERHIZT 3 Z ¥ Tl RIER:
HZFTEZAEEN S H 2D, ZD1DIITERI AT LEZH
BL, WHEIMOAEGIEE X DBEEICTI20ERH 5.

AARSREME (K4 TRD 2B U CIRIER M » 13 8 b R
RE(ED A SN D HHEHMATLIR T3 L, IRIERH DS R/ IME I 2
Vo L TWAZbEabE2Y, RN TOZERIINHETH 3.

L OFMERER (K 5) 1&, 0.225 Hz DL Eo&EWEREGE
RKBOWTERWERZ 2 5 TW3a. ZHIEHSEE ATV DAIE X
NBEFHOAMEI/NE L, EEREEEE R RT3 2
R TELRpolzlzbeEZ NS,

5 F&®

AR T BRBINIBIC & 2 3EBEEE o E BN RHIEC Ek T 2
7=, ARENHI D B L $5E D BIR AR Y LTEHIIT 2
TEERL, MR TRERET-> 7. FHEBRTELNE
FERBUIRIEE A B/MEIC Z U v T LT\ B R YDA,
EERLERIFATRETH D, FREMERS 2T £ DORIEIRE
ANtz SBRIZYEREIC BT 2 AEREOME LKL, N
IEBEE R R G TR 2 X S ERTFEPI AT 02855 L,
FRZHOBREICL2EREIT e PR E e EZ NS,

HiEE
REHIEY 2 — L EEH Y HFERMREL, THEHEMCBEL
THELTWEREEZ L, BROBEREEAEZDFILEE
RiE#HOEERLFT.
AWIZ21% JSPS Bt JP21J22873 OBIK =T -3 D TT.

SE X
[1] G. M. Goodwin, D. I. McCloskey, and P. B. Matthews, “The
contribution of muscle afferents to kinaesthesia shown by vi-
bration induced illusions of movement and by the effects of
paralysing joint afferents,” Brain, vol. 95, no. 4, pp. 705-748,
1972.

[2] D. Leonardis, A. Frisoli, M. Barsotti, M. Carrozzino, and
M. Bergamasco, “Multisensory feedback can enhance embod-
iment within an enriched virtual walking scenario,” Presence:

Teleoperators and Virtual Environments, vol. 23, no. 3, pp.
253-266, Oct. 2014.

[3] P. D. Marasco, J. S. Hebert, J. W. Sensinger, C. E. Shell, J. S.
Schofield, Z. C. Thumser, R. Nataraj, D. T. Beckler, M. R.
Dawson, D. H. Blustein, S. Gill, B. D. Mensh, R. Granja-
Vazquez, M. D. Newcomb, J. P. Carey, and B. M. Orzell, “Il-
lusory movement perception improves motor control for pros-
thetic hands,” Sci. Transl. Med., vol. 10, no. 432, Mar. 2018.

[4] A% [E5t, B Bz, Mg R—, =6 KM S, iREIE
S DOMHEMEEER OFEFE L ME BRI THE, HERN—F %
NV TV T 4 FERELEE, vol. 19, no. 4, pp. 457-466, 2014.

[5] J. S. Schofield, M. R. Dawson, J. P. Carey, and J. S. Hebert,
“Characterizing the effects of amplitude, frequency and limb
position on vibration induced movement illusions: Implica-
tions in sensory-motor rehabilitation,” Technol. Health Care,
vol. 23, no. 2, pp. 129-141, 2015.

[6] C.T.Fuentes, H. Gomi, and P. Haggard, “Temporal features of
human tendon vibration illusions,” Fur. J. Neurosci., vol. 36,
no. 12, pp. 3709-3717, Dec. 2012.

[7] C. Thyrion, and J.-P. Roll, “Predicting any arm movement
feedback to induce Three-Dimensional illusory movements in
humans,” J. Neurophysiol., vol. 104, no. 2, pp. 949-959, Aug.
2010.

[8] D. Burke, K. E. Hagbarth, L. Lofstedt, and B. G. Wallin, “The
responses of human muscle spindle endings to vibration of non-
contracting muscles,” J. Physiol., vol. 261, no. 3, pp. 673-693,
Oct. 1976.

[9] J. P. Roll, J. P. Vedel, and E. Ribot, “Alteration of proprio-
ceptive messages induced by tendon vibration in man: a mi-
croneurographic study,” Ezp. Brain Res., vol. 76, no. 1, pp.
213-222; June 1989.

[10] A. Prochazka, “Proprioceptive feedback and movement regu-
lation,” in Comprehensive Physiology. Wiley, Dec. 1996, pp.
89-127.

[11] M. P. Mileusnic, I. E. Brown, N. Lan, and G. E. Loeb, “Math-
ematical models of proprioceptors. i. control and transduction
in the muscle spindle,” J. Neurophysiol., vol. 96, no. 4, pp.
1772-1788, Oct. 2006.

[12] J. C. Gilhodes, J. P. Roll, and M. F. Tardy-Gervet, “Percep-
tual and motor effects of agonist-antagonist muscle vibration

in man,” Ezp. Brain Res., vol. 61, no. 2, pp. 395-402, Jan.
1986.



