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Minimizing endpoint error with signal dependent noise. Harris and
Wolpert (1998) model

Given a desired movement time D, minimize variance of the
endpoint error at t=D.

Start with high velocity, and then slowly get close to the target.

Signal dependent noise would produce a lot of endpoint error.



A

Force (% MVC)

100

100

50r

100

501

Noise in force production grows with neural input

Voluntary thumb flexion

4 sec

Time (s)

Electrical stimulation

4 sec

Time (s)

B

SD Force (%MVC)

(9]

[\%]
T

-
T

—O— Voluntary

[ -2 - NMES

0 50

Mean Force (%MVC)

100



60
50
E
L 40
>
30
-20 0
X (cm)
1
,535 '
g g
o 05 /
2 1
> _!,‘r'
0
0 500
Time (ms)

-20 0 20
X (cm)
1
0.5
0
0 500

Time (ms)



Control 1 H Control 2

/4
o
R ]




Mean Squared Jerk (m2s'6)

0.5

w

Post-Peak Jerk

A

N

-
T

— =~ Control

5 10 15 20

25

Error early in the movement (%)

§ HD
% AGC
; i “ Control 2
~ Peak speed =0.29-0.33 m/s _ Peak Speed = 0.33-0.37 m/s Control 1
0 0.5 1 0 0.5 1
Movement time (sec)
HD
AGC



0.1

0.05 1

0
0 0.05 0.1

0.1

0.05

0
0 0.05 01




