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Introduction: a short story
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Costs
e Obstacles: 11

e Rocky ground: 2

e Free space: 1
e Wind: 0.5
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Grid-search algorithms
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4-connexity Breadth-First algorithm without obstacle
(cost function = constant = 1)
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Some demos (priority queue) ...
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Towards Fast Marching algorithm...
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A* versus FM*

Ce:j A* = Breadth-First + heuristic

FM* = Fast Marching + heuristic

o
I ’ 100 T T T T T T T T T 100

90 1 90~

80— 1 80~

70— 70

60—~ 60 -

50—~ 50

40 40

30~ 30

x

20~

20~

10—~ ! 10—~

r r r r r r r r r r r r r r r r r r
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

4-connexity A* (Nilsson, 1968) 4-connexity FM*

On a grid with N points: FM complexity = A* complexity = O(N.log(N)):
e Maximum cost of sorting the queue: log(N)

e Maximum number of iterations: N
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Non-convex obstacles: Fast Marching method
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Distance map (Fast Marching) and optimal
trajectory (gradient descent)
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Non-convex obstacles: dilatation + Fast Marching
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Application: harbour obstructed by a net

Harbour 2D simulation
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Application: 3D trajectory planning
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3D optimal trajectory using 3D Fast Marching algorithm
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Anisotropic Fast Marching: theory

C:ea Eikonal equation Hamilton-Jacobi equation
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Anisotropic Fast Marching: simulation
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Isotropic Fast Marching
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Anisotropic Fast Marching: simulation
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Anisotropic Fast Marching
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Distance map computation Gradient descent computation
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Anisotropic Fast Marching: results
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Isotropic Fast Marching Anisotropic Fast Marching

I *\\”\\' MY ' ' _
{ BEU) >
=

-

Goal point

T Start point }
Obstacle Goal point][ 2~ )

Start point

—

=

Gain = 10 %

—
—_— |
LA ; ! ' '

LIST — DTSI — Service Robotique Interactive 05/02/008 16



=0
List

Presentation overview

V.

V1.

Introduction to FM based trajectory planning
Trajectory planning under directional constraints
Trajectory planning under curvature constraints
Multiresolution FM based trajectory planning

FM based trajectory planning in dynamic
environments

Trajectory planning under visibility constraints

LIST — DTSI — Service Robotique Interactive

05/02/008

17



Trajectory planning under curvature constraints
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= R : trajectory curvature radius
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Trajectory planning under curvature constraints

Ce:j Trajectory

Ii,t C: [Oél] : Cgé) C(O) = Xstart CQ1)= Xend

Metric (cost function 1)

p(Xl’ XZ) — _‘-[011]1:(C:x1,x2 (S))ds

Functional minimization problem

u(xy, X,) =infic  1p(xy,X,)
Euler-Lagrange equation

L _ViN=0
R

R> Inf ot >r
sup,, [V1|

(Cohen and Kimmel, 1997)

Smoothing t to decrease SUp, V71|
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Trajectory planning under curvature constraints
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Lower bounds on the curvature radius

Ce:j Cost function
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e Smoothing 1, to decrease sup, |V

e Smoothing the field of force F to decrease |J¢|,
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Multiresolution FM based trajectory planning
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Operations:

1) 1000x1000 grid of pixels
2) FM on the grid
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Multiresolution FM based trajectory planning
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Operations:
1) 1000x1000 grid of pixels
2) Quadtree decomposition
3) Mesh of 1400 vertices
4) FM on the mesh
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Multiresolution FM based trajectory planning: upwind scheme
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Trajectory using FM on the grid

100 seconds

Recapitulative
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Quadtree decomposition

Trajectory using FM on the mesh
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FM based trajectory planning in dynamic environments

« :
E algorlthm (Philippsen and Siegwart, 2005)

Cost map

Updated grid points
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Dynamic replanning: video of trials in Scotland
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Trajectory planning under visibility constraints
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Trajectory planning under visibility constraints

Cea Visibility map: hetrogeneous media
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Trajectory planning under visibility constraints

Cea Application in covert robotics
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Conclusion

Recap of the talk

List

e FM* algorithm: FM + heuristic

e Directional constrained TP: anisotropic FM

e Curvature constrained TP: isotropic and anisotropic media

e Multiresolution TP: FM + adaptive mesh generation

e Dynamic replanning: E* algorithm, comparative study, in-water trials

» Visibility-based TP: E* based visibility map, heterogeneous environments

Main advantages of Fast Marching methods applied to trajectory planning

e Accuracy, robustness - reliability
e Curvature constraints - underactuated AUV
* Fields of force - new domains of applicability

e Simplicity - easy integration on real systems
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