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Hand-Joint Control strategy and its model in Human Three-Joint Arm’s Reaching Movements
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Abstract: This research clarifies the hand-joint control strategy based on measuring the hand-joint angle and computing all
the external torques acting on the hand joint during reaching movements, and moreover, it considers the biological relation
between the actual hand-joint control mechanism and its feedback control model. Consequently, the following results are
obtained: (1) the hand-joint angle hardly changes during unconstrained reaching movements; (2) the sum (i.e., resultant
torque) of the hand-joint torque and the inertia torque integrated over the entire movement approaches zero; (3) the
mechanism of the feedback control model corresponds to the biological mechanism that the hand-joint torque is generated
by summation of two torques based on agonist and antagonist muscles in co-contraction. These results suggest that hand
joint functions with a control strategy such as freezing and that the feedback model can be a plausible model of human

hand-joint control mechanism.
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Fig.1 Experimental setup for measuring two-point
reaching movements
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(a) hand paths (S2>T7)

(b) joint angle profiles (S2->T7)
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Fig. 2 Experimentally measured trajectories of two-point reaching movements (subject: T.S.).
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Fig. 3 Hand-joint torque (z3), inertia torque (z;), and their resultant torque (zz) profiles derived from experimentally measured

trajectories of two-point reaching movements (subject: Y.H.).
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Fig. 4 Block diagram of a feedback control model of the
human arm’s hand-joint control mechanism.
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Fig. 5 Hand-joint’s drive torque (z3p), feedback torque (z7), and hand-joint torque (z3) profiles derived from experimentally
measured trajectories of two-point reaching movements (subject: Y.H.).
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