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PART II

COUPLING AND MODULATING CONTROLLERS

Chapter 9

Obstacle Avoidance with Dynamical Systems

0

Learning and adaptive control for robotsLearning and adaptive control for robots



Learning and adaptive control for robotsLearning and adaptive control for robots

© Billard, Mirrazavi, Figueroa              

Constrain M(x) such that it preserves the following properties:

The modulated dynamics is given by:

Recall: Main Properties for the Modulation
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Obstacle avoidance with DS

Starts with an initial dynamical system stable at an attractor:

Add a modulation around the obstacle:

()x f x=

()( )()x xM x f= G

() : isoline surrounding obstaclexG

Guarantees that the robot will never penetrate the obstacle.

Guarantees that the robot will reach the goal.
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Assumptions & Desiderata
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()Assume that we have, for starters, a nominal DS of the form: x f x=

( )* *&   0x f x= =

Modulate to enable  obstacle avoidareal-tim .e one or multipc le movin e from  obstan clesg
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Initial dynamics with single attractor

Nominal Dynamical System

General formulation

Ὢὼ ὼ
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()x f x= ( )* *&   0x f x= =
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Decomposition into normal ὲὼ & tangents Ὡὼ

Legend

ὼɴ ᴙ Robotôs relative state (ὼ ὼ ὼ)

Ὁὼ Decomposition matrix

Ὀὼ Eigenvalue matrix

ὲὼ Normal to obstacle

Ὡὼ Tangent to obstacle

ɜὼ DistanceFunction

Ὡὼ

Ὢὼ

Free space

ῲὼ ρ

Boundaryregion

ῲὼ ρ
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Modulation is given by:                                             

() () ()()
1

M x E x D x E x
-

=

()()x f xM x=

Obstacle Avoidance Modulation Matrix 



Learning and adaptive control for robotsLearning and adaptive control for robots

© Billard, Mirrazavi, Figueroa              

ὼ

Legend

ὼɴ ᴙ Robotôs relative state (ὼ ὼ ὼ)

Ὁὼ Decomposition matrix

Ὀὼ Eigenvalue matrix

ὲὼ Normal to obstacle

Ὡὼ Tangent to obstacle

ɜὼ DistanceFunction

‗ὼ) Eigenvalues

ὲὼ
Ὡὼ

Ὢὼ

Free space

ῲὼ ρ

Boundaryregion

ῲὼ ρ

Conditions

ü Compression in normal direction  

ü Stretching in tangential direction

Ὥ ρȣὨ ρ

ü No effect far away Ὥ ρȣὨ ρ

Stretching/compression to 

guide flow

ὼ
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[1] Khansari-Zadeh, S. M., & Billard, A. (2012). A dynamicalsystem approachto realtimeobstacle avoidance. AutonomousRobots, 32(4), 433-454.
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Modulation is given by:                                             
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Modulated dynamics
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Properties:

The attractor remains a stable point of the system.

The flow is ensured to never penetrate the obstacle.

See book for proofs.  
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3D Deflection - Representation
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Distance to the obstacle:

ox
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Modulation applies also to flows without attractors and to higher dimensions
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()Nominal DS: sinx x=

1x1x

2x2x

() ()Modulated DS: sinx M x x=

1x
2x 1x

2x

3D flow

3x
3x
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Extension to multiple obstacles
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( )

( )

For each obstacle, define:

:  center of each obstacle

:  distance function

: Modulation function
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See Todayôs and next weekôs exercises on how to compute distance functions depending on shape of obstacle.
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Extension to multiple obstacles
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For each obstacle, define:

:  center of each obstacle

:  distance function

: Modulation function
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:  balances relative effect of each obstacle
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Final modulation - product of obstacles' modulations:
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Extension to multiple obstacles

13

1x1x

2x
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Final modulation - product of obstacles' modulations:
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Modulation applies also to flows without attractors
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