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Proposition and Investigation of the
Touch Processing Model in Human Grasping

based on the Stick Ratio within a Fingertip *

Mitsunori Tada

Abstract

Since the sense of touch is combined with kinesthetic, pressure, pain and warm
sensations, very little is known about the mechanisms of touch. Thus, in spite of
the many possibilities, present applications such as contact force/contact pressure
sensors and shape/force displays are no more than replacements of the primitive
functions in touch. Hence, to realize effective touch applications, the mechanisms
of touch concurrent with higher functions in human must precisely be modeled.

In this research, grasping motion, typical and fundamental action entailing
the touch sensations in a daily life, is investigated, and essential touch informa-
tion necessary to accomplish the “grasping” is modeled. Concretely, a fingertip
contact model derived from the elastic theory is discussed, and psychophysical
experiments are carried out with an original touch measurement device.

First, a fingertip contact is modeled using the theory of an elastic contact. In
a contact interface of a tangentially loaded elastic sphere, partial slip (incipient
slip), suggested to have explicit relations with the grip force control, occurs from
the peripheral. In this research, the stick ratio, defined as the ratio of the stick
region (area without slip) to the contact region, is introduced. This is a scalar
parameter indicating the generalized contact state of an elastic sphere. That is,
the slip margins of elastic spheres are exactly the same regardless of the contact

force and friction, if the spheres have same stick ratio.

* Doctor’s Thesis, Department of Information Systems, Graduate School of Information Sci-
ence, Nara Institute of Science and Technology, NAIST-IS-DT9961018, March 15, 2002.
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Next, since the high similarity between the receptor response and the subcuta-
neous strain energy density (SED) is reported, changes in the SED resulting from
changes in the stick ratio are simulated to investigate the stick ratio sensibility
of human. The results demonstrate that the space derivation of the SED and its
velocity distinctively indicate the spatial change and temporal change in the slip
region, which suggest the contact state sensibility of human.

Then, the grip force control hypothesis based on the stick ratio is proposed. The
grip force is reported to have similar (1.2 ~ 1.4) safety margin regardless of the
grasped object. So, the stick ratio is hypothesized as a major tactile information
in grasping. Since the stick ratio is a generalized slip margin, proper grip force can
be realized just converges the stick ratio in a similar value. This hypothesis not
only contradict the conventional knowledge related to the grasping, but rationally
explains the robustness of the human grasping.

Finally, measurement of the stick ratio during grasping are carried out to show
the validness of the hypothesis. In the experiments, subjects are asked to lift up
and down the device with its weight and friction randomly changed, repeatedly.
So, the transition of the stick ratio and the grip/load force from inexperienced
to well experienced situations can be observed. The results demonstrate that
the stick ratio converges to a similar value after several trials regardless of the
condition.

These results suggest that the stick ratio can be detected by receptors within a
skin, and it converges to a similar value in human grasping. That is, they strongly
support the proposed hypothesis. Also, they can provide efficient guidelines in
robotics and VR to determine the essential touch information to be detected and

displayed in order to realize the realistic tele-operations.

Keywords:

Grasping motion, Elastic contact, Incipient slip, Stick ratio, Touch processing,

Grip force control
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Grip Force Control in Human [Johansson1984]
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(a) Definition of Friction Cone

on Cone

Fingertip Object

(b) Stick State (’V&) (c) Slip State
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o Set of Necessary Fingertip Force o
Friction Cone Friction Cone

) /
! Friction Cone !

with Safety Margin
(a) Grip Force Control (b) Grip Force Control
in Robot [Kerr1984] in Robot [Nakamural989]
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(a) Original Image (b) Binarized Image (c) Processed Image
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Space Derivation of the Strain Energy Density [Jmm4]
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