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Selection and Control of Object Motion and Internal Force

for Grasping/Manipulation by Multi-fingered Robot Hands with Constrained DOF

Kenji NAcAse* and Kenji Fujira™*

This paper is concerned with a control design method for multi-fingered robot hands, whose degrees of freedom
(DOF) are not enough to control all of the components of the object motion and the internal force. In the control
design of the multi-fingered robot hands, controllers are usually designed for the variables with respect to the
object motion and the internal force, under the assumption that the systems have enough DOF to control all
the components of them. However, if we consider the systems with fewer DOF, although the control variables
directly linked to the components of the object motion and the internal force will be preferable for the grasp-
ing/manipulation tasks, control design methodology to meet such requirements has not been established yet. In
this paper, we consider the systems whose DOF are not enough to control all of the components of the object
motion and the internal force, and propose a control design method whose control variables are directly linked to
the components of the object motion and the internal force. The control variables can be specified as functions
of the object motion and the internal force directly, and a linearizing compensator for the variables is derived.
A numerical example of a robot hand with interlocking joints is shown to prove effectiveness of the proposed
method.
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Fig.1 Multi-fingered robot hand manipulating an object
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Fig.2 Fingertip Force and Grasping/Manipulating Force
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Fig.3 Schematic figure of numerical simulation

Table 1 Physical parameters
Links (¢ = 1,2,3 (finger), j = 1,2, 3 (joint))

Length [m] l;; =0.05

Mass [kg] m;; = 0.01

Moment of Inertia [kgm?] I;; =2.08 x 10-6

Radius of Fingertip [m] r; = 0.01

Object

Length of Edges [m] W x H xD =0.04 x 0.04 x 0.04
Mass [kg] me = 0.1

Moment of Inertialkgm?] | Io, = Io, = Io, = 2.67 x 1075
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Fig.4 Direction of internal force
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