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Is There Desired Trajectory for Skilled Reaching Movements?
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Fig.1 A: An example of curved task. B: An illustra-

0

tion of normalize methods at curved points.
Todorov’s method make an average point P1
correspond to the nearest point P2 to align
the timing. It is more appropriate for remov-
ing positional variance arising from time-jitter
to make P1 correspond to P3.
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Fig.2 A: Hand paths and mean path on a curved

task. B: Tangent and normal components of
trajectory variabilities on the task A. Gray ar-
eas indicate the time when the hand is pass-
ing through via-points. It is difficult to sep-
arate the two elements of positional variance
at curved parts.
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Fig.3 Comparison of trajectory curvatures between
tasks with steep (zigzag task as Fig.l and
Fig.2 show) and non-steep (point-to-point
movements as Fig.3 shows) curvature. Black
solid, gray solid and gray dashed line indi-
cated the curvature profiles of zigzag, forward
movement and rightward movement tasks re-
spectively.  Arbitrary trajectories were se-
lected from each task. The start and end-
points of each movement were determined us-
ing the curvature threshold of 350 [m™'].
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Table 1 Values of physical parameters of the arm.

Parameters Values

Arm length Ly [m] 0.275
Lo [m] 0.357
Mass My [kg] 1.495
Ma [ke] 1.060
Center of mass S1 [m] 0.113
S [m] 0.160

Moment of inertia I [kg - m?] 0.0294
I [kg - m?]  0.0405
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Table 2 The results of multiple regression with equation (2) and (3). t values are
shown below the regression coefficients.

R-square F

B1 B2

Forward movement

Tangent variance 0.95 + 0.05 5572.41%

Normal variance 0.93 4+ 0.08 3997.17*

1.39 + 0.60(x 10~ *)*
31.98

1.68 + 0.79(x 10~ 4)*
56.01

2.63 £ 1.14(x107%)"
80.42

Rightward movement

Tangent variance 0.96 4 0.06

2605.06™

Normal variance 0.90 +0.15 6330.28*

3.50 £ 1.42(x107%)*
63.55

1.64 + 0.54(x 10~ 4)*
23.81

2.04 4 0.86(x 10~ %)~
63.77

*p < .0010df = 97 upper:
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Fig.6 Motor control theories. A: S

equential trajectory planning and execution

model. B: Todorov et al.’s model based on the optimal feedback control.
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