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Sensorimotor Characteristics in Human Arm Movements during a Virtual Curling Task

for Motor Rehabilitation of Upper Limb

Yoshiyuki TANAKA*, Kazuhiro MATSUSHITA* and Toshio TsuJr*

The present paper develops a virtual curling system using robotic devices based on the impedance training,
with which a trainee manipulates the handle of the impedance-controlled robot and slides the virtual stone to-
ward the center of the house, as similar as the actual curing game. The developed system can estimate trainee’s
hand impedance during the curing task to quantitatively evaluate an adaptation ability of musculoskeletal char-
acteristics of the upper extremity. To design a training program and an evaluation index of training effects,
standard hand motion and its dynamic properties for the virtual curling task are clarified through a set of

training experiments with 18 volunteers.
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Fig.1 An overview of the impedance training system

Fig.2 Example of a biofeedback display in Virtual Curling
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Fig.3 Model of the virtual curling task

R b= OEM, Bhoor = diag.(bs,by) € 2% &R b —
VEROKHEETH S,

A+ —=VOELME X, R &, IEZEDOFRNMEN)
V=234 2 BAHETIE X, =X, &L, BBBROEE
3V ) —AEBOREEEE X b — > OREE L LThRRIC
IhEE L7

MsXs + BﬂoorXs =0 (2)

L7d5»>T, Ab—roELRMERL, V) - XBEOFRLEE
Lo TESINS,

LB, BEOBEEBICBITLA - OEENL, z #8IE
ITREECH LTIREERY PV y B2 REL, y #IF
ATLREIH LTI z RO ERETHLIIIRELL. £L
T, Ab—rALOHETIE, HEEBIIRETLIHEERND
Fipe R %

RT(6)B,R(0)X: + RT (6)K,R(0)dX,
(0<y<2R;) (3
0 (y > 2R,)

THKR® (Fig.3(b) BR), 2) ROAGLIIME L THEH#D

Fine =

External disturbance

Restoring
force

Fig. 4 Schematic description of the hand impedance
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Fig. 5 Accuracy of estimated impedance parameters for the
known spring-mass system
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Fig. 6 Changes of the task performance with respect to the
trial number
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Fig. 7 Spatio-temporal characteristics of hand movements by
Subject A during virtual curling task
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Fig. 8 Skill acquisition process of a virtual curling task for all subjects
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Fig. 9 Hand velocity profies for the different inertia values of robot handle

Table 1 Natural angular frequency of hand motion by the
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