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Feedforward Impedance Control Improve Accuracy in Rapid Reaching Movement
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Fig.1 The diagram of task setup. We observed hand

trajectories and six muscle activations on the
two conditions: condition A was point to
point movement task without task-constraint,
and condition B was with task-constraint.
The distance between the start and end point
was 25 cm, and the gate, which constraint the
task, was allocated at the middle point be-
tween the start and end point. The movement
duration was set at 350 &+ 35 [ms].
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p<0.10 p< 0.05 p< 0.01
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Fig.2 Results of repeated measure ANOVA testing the effect of task-constraint.

A repeated measure ANOVA was conducted on rmsEMG and rmsIMCJ of
the eleven period: —300 ~ —200, —250 ~ —150, —200 ~ —100, —150 ~
—50, —100 ~ 00 —50 ~ +50, 0 ~ 4100, +50 ~ +150, +100 ~ 4200,
4150 ~ 4250, +200 ~ +300 [ms]. Zero time was defined as the moment
of entering the gate. /A and A on the time axis indicate the mean start-
and end-time of movements at the condition with no-constraint, respec-
tively. [0 and ¥ have the same meaning as above at the condition with
task-constraint, respectively. The start and end-points of each movement
were determined using the curvature threshold of 100 [m 1] [15]0
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Fig.3 The comparison of the time course of EMG
activity under two conditions. A, C, and E
show the results of flexor testing on the shoul-
der, biarticular, and elbow. B, D, and F show
the extensor testing. Each line represents the
mean of 40 successful trials. Gray lines show
the results without task-constraint. Black
lines show the results with task-constraint.
Gray areas show the time when the hand was
passing through the gate. /A and A on the
time axis indicate the mean start- and end-
time of movements at the condition with no-
constraint, respectively. O and V¥ have the
same meaning as above at the condition with
task-constraint, respectively.
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Fig.4 The comparison of the time course of IMCJ

under two conditions. A and B show the
IMCJ of shoulder and elbow, respectively.
Black and gray lines show the results with and
without task-constraint, respectively. Solid
and dashed lines show the mean data and
s.e.m, respectively. Gray areas show the time
when the hand was passing through the gate.
A and A on the time axis indicate the mean
start- and end-time of movements at the con-
dition with no-constraint, respectively. [ and
¥ have the same meaning as above at the con-
dition with task-constraint, respectively.
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Fig.5 The comparison of trajectories with and with-

Time [ms]

out task-constraint. A shows movement
paths. B shows tangential velocities. C shows

shoulder torques. D shows elbow torques.

Black and gray lines show the results with and
without task-constraint, respectively. Solid
and dashed lines show the mean data and
s.e.m, respectively. Gray areas show the time
when the hand was passing through the gate.
A and A on the time axis indicate the mean
start- and end-time of movements at the con-
dition with no-constraint, respectively. 0 and
¥ have the same meaning as above at the con-
dition with task-constraint, respectively.
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Fig.6 The comparison of positional variance with

and without task-constraint. Dotted lines
show the data without task-constraint. Solid
lines show the data with task-constraint.
Gray areas show the time when the hand was
passing through the gate.
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Fig.7 Correlation between muscle activation and po-

sitional error at the task-constraint. We inves-
tigated the correlation between z positional
error from —250 to 250 [ms] and rmsEMG be-
fore the entrance of the gate. A, C, and E
show the results of flexor testing on the shoul-
der, biarticular, and elbow. B, D, and F
show the extensor testing. Gray lines show the
correlation of coefficient at significant level
(p = 0.05) of all subjects. 0 and ¥ on the
time axis indicate the mean start- and end-
time of movements at the condition with no-
constraint, respectively.
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