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A Neural Process Account to Generate
Goal Directed Arm Movements
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Dynamic Field Theory
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Dynamic Neural Field
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A Dynamic Field Architecture
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Target Representation
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Extracting a Movement Plan
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Excursion: Convolution
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Excursion: Convolution

F(x) * gla) = / [y — ')

[en.wikipedia.org/wiki/Convolution]

Excursion: Convolution
f(x)*xg(x) = /f(fﬂ’)_q(w — x2"dx'
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Excursion: Convolution
f(x) % g(x /f g(x — x")dz’
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Extract Movement Parameters
From Relative Frame

Hand-Centered Frame Weight Matrix Velocity
w Vv

Movement Distance 79 101 2 3 33 333 3 3
and 32 -1 01 23 2020202 22
Direction 32 -1 001 2 3 S S S S [ S

32 -1 01 23 0000000 Vv= w(z,y)o(u(x,y)) drdy
32 -1 01 2 3 1111111
b2 -1 00123 202 2 2 2 2 2
32 1001 23 303 3 3 3 3 3

x-direction y-direction



TANGENTIAL VELOCITY (CM/SEC)

Velocity Profile of Human Arm
Movements
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activation

Generating a Bell Shaped Timing Profile
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A Dynamic Field Architecture

initial eef
position

'

o
@reaching
N

target

| L
Xz Xz
target-eef %y X4
match|
» %k
Xz S\ oscillation
X1 frished oscillator
J o
(0.0
task dx, __'_-bv
signal ax,
¥
Yw
cartesian
 velocity o
| inverse kinematics |
current eef [ "~ angular
position v X “velocity command
. -
A | integrator | muscle model
Xz

X4q



..............................

pasition

pasition pasition

Updating the Arm Position:

Rate to Space Code
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X

sp(T,y,t) = ¢ exp ( ((mgff) + (nyé") ))




Updating the Arm Position:

Selective Memory Field
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Organizing a Single Movement
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Organizing a Single Movement
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Muscle Model
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v harmonic oscillator

Online Updating of Human Arm Movements
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positiony [cm]
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Delay enables smooth updating
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Conclusion

- Pathway from Perception to Motor
- Neural Oscillator generates Timing

- Elementary Behaviors enable Autonomy



