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MOTION PLANNING
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Idea: plan in configuration space (C-space) defined by the robot’s DOFs.
Solution is a point trajectory in free C-space.
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BI10LOGICAL MOTOR CONTROL

Motor control systems are characterized by massive redundancy
Infinitely many trajectories achieve any given task
E.g., 3-link arm moving in plane throwing at a target:
simple 12-parameter controller, one degree of freedom at target
11-dimensional continuous space of optimal controllers
|dea: if the arm is noisy, only “one” optimal policy minimizes error at target

|.e., noise-tolerance might explain actual motor behaviour

Harris & Wolpert (Nature, 1998):
signal-dependent noise explains eye saccade velocity profile perfectly
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SIMPLE LEARNING ALGORITHM: STOCHASTIC GRADIENT

Minimize Ej[y*] by gradient descent: x X
VeoEﬂ[yQ] = Vg, /PHO( F(Q)ng x))((x

X 3¢ XX

Given samples (6;,y;), 7 =1,..., N, we have

g 1w woPeow ),

For Gaussian noise with covariance X, i.e., P, (6) = N(6y,X), we obtain

~ 1
VQOEQ [yQ] =

N g 5705 — 6o)y;
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SIMPLE LEARNING ALGORITHM: STOCHASTIC GRADIENT

4.61 . . . .
46 F % .
459 B e .
458 TN .
457 b . .
4.56 | e -

Velocity v
Velocity v

4.55 | gt i
454 *4 1
453 + :
452 .

4 | | | | | 451 1 1 1 1
0.2 0.4 0.6 0.8 1 1.2 0.6 0.61 0.62 0.63 0.64 0.65

Angle phi Angle phi

Prepared by Kazim Fouladi | Spring 2021 | 4% Edition

K%



Prepared by Kazim Fouladi | Spring 2021 | 4% Edition

Y#

J s

SIMPLE LEARNING ALGORITHM: STOCHASTIC GRADIENT

GoSabs sLaalS: dubas Ll S sabu (5 ,uSul als, K

0.0095
0.009
0.0085
0.008
0.0075

E(y"2)

0.007 |
0.0065
0.006

0.0055
0

2000

4000

6000
Step

8000

10000







Prepared by Kazim Fouladi | Spring 2021 | 4% Edition

L]
’U};b/

YA

L SICRIE TR

09 b, S ol 8la s solars

SENSOR INTERFACE | PERCEPTION
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Laser 1 interface
Laser 2 interface
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Stuart

Russell EArficial Intelligence

Peter

Norvig A Modern Approeach

P Fourth Edition

Stuart Russell and Peter Norvig,
Artificial Intelligence: A Modern Approach,
4th Edition, Prentice Hall, 2020.

Chapter 26
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