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Reflective Grasp Force Control of Humans Induced by Distributed Vibration Stimuli
on Finger Skin with ICPF Actuators

Masashi Konyo™, Masataka Nakamoto"2, Takashi Maeno™, and Satoshi Tadokoro™

Abstract — A method is proposed to control human grasping force unconsciously by
generating small distributed vibration stimuli on a finger based on a human reflex action
against detection of partial slippage of contact. Human beings can increase grasping force
before the grasped object slips off the fingers based on afferent signals from tactile recep-
tors that detect the expansion of the partial slippage area. We assumed that vibration
stimuli that have an appropriate frequency and distribution generate a virtual sensation
of partial slippages and induce a reflective grasping force increase. Grasping experiments
with minute distributed vibration stimuli using ICPF (Ionic Conducting Polymer gel
Film) actuators were performed. Experiments results showed that the effective vibratory
frequency was 30 Hz, which is the most sensitive range for Meissner’s corpuscles that
are closely related to detection of partial slippage. We also found that distribution of

TVRSJ Vol.11 No.1,2006

vibration stimuli were important to produce human grasping force increase.
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Fig.1 Distribution of stick area and pertial
slip area[3].
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Fig.2 Thresholds of tactile receptors for
vibratory stimulus. (revised ~ from
Maeno[12]).
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Fig.3 Components of tactile display device
and display areas.
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Fig.4 Overview of tactile display device.
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Fig.5 Separable display presenting tactile
stimuli and force independently.
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Fig.6 Experimental setup.
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Fig. 7 Conditions of tactile stimuli for verify-
ing the frequency effects.
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Fig.8 An example of typical changes of the
normal force by presenting vibration
stimuli in the different frequencies.
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Fig.9 Increase ratio of the normal force in
the different vibration frequencies.
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Fig. 10 Conditions of tactile stimuli for veri-
fying the distribution effects.

oboboooboobooooboooboocobooooog
obobooboooooboooobobooooooooo

goobooooobooboooocbooboobooooan

goboboooooooboooobooooooooon
gbobOooooooooooobobooooooooo
obobOoooooooooooboooobooooog
obobobooooobooooog

gooboooooboobobooobooodgn 30Hz0
gobobooobooooboooboooooooboooon
goboboooboooobooobooooboooooon
obobOobOoooobOooboooocoo0og 200Hz00
gbobooooooobooooobooobooooog
oboboooooooobooobobooooooooo
obobooboboobooobooboobooboooooo
oobobooooooobooooboboooooooon
gobooooooboooooobooooooooon
oobobooooooobooooboboooooooon
goo

44 0000000

mgmmmm

O0000000000000000000030 Hz
0000000000000 00000000000
O000000000000030H0000000
O00000000000000000000000
O00000000000000000000000
ooo

(TIT) Outside 30 Hz: D000 30Hz00000 5 He
O00o00oooooooOo Mnoooo

(TV) Inside 30 Hz: 0000 5 H2000 00O 30 He
goooon

(V) Al30Hz. ODO0OO0O0O 30H200000

Fig. 10000000000000000000000O
goobooooboooooooboooooboooo
gbobooooooboboboeononOOoOn

&EDD
00000000000000000000000
00000 Fig. 110000000000000000
00000000000 (D000 (IV)0Do0ooo
0000000000000000000000 (V)

45

External force

1.0)

Tactile stimuli
(1) Outside 30 Hz
(IV) Inside 30 Hz

(V) All 30 Hz

Tactile stimuli
>

3.5

2.5

Change rate of grasp force (Fref

0 0.5 1.0 1.5 2.0
Time (sec)

011 0OO00oo0ooooboooooooboooo

Fig. 11  An example of typical changes of the
normal force by presenting vibration
stimuli in the different distribution (a
different subject in Fig. 8).
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