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ICS-Avoid: A Collision Avoidance Scheme

Keep the robotic system away from Inevitable Collision States
(ICS) [Fraichard & Asama 04]

Why?

A robotic system in a non-ICS state has at least one
collision-free trajectory that it can use ) Motion Safety is
guaranteed.
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ICS-Check [Martinez-Gomez & Fraichard 08]

s 2 ICS?

@ State s

@ Model of the environment (present and future)

@ Trueifs 2 ICS or False if s 2 ICS
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ICS-Avoid Overview,Principle and Features

@ State s;
@ s=f(s;u),s2Sandu2U
@ Model of the environment (present and future)

@ Controlu ,where
Sis1= S+ tit”l f(si;u )dt is not an ICS
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ICS-Avoid Principle and Features

© Sample U and select u

@ Compute sj4 ¢

© If ICS-Check(s;+1)=False thenu = u
© If ICS-Check(si; 1)=True go to 1

o

Features:

@ Guaranty of existance of a u with the Safe Control Kernel.
@ Motion Safety ) ICS + Safe Control Kernel.
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Safe Control Kernel

@ ICS-Check approximates ICS by using Evasive
Manoeuvers (I s)

@ 5, 21ICS)9 acollision-free EMinlg

@ Include the rst control of every EM in | ¢ to the Safe
Control Kernel

@ Now we are sure that at least a safe control will be in the
sampled set
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ICS-Avoid
Basic ICS-Avoid Algorithm

Input: s;; 1
Output: u
© Compute Safe Control Kernel K;
@ Include K; into the Control Space sampling set
© Select a control u in the sampling set
© Compute sj4 ¢
© If ICS-Check(sjs1)= True. Go to 3
© If ICS-Check(s;+ 1)= False. SUCCESS. Return u.
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Benchmark:Chosen Collision Avoidance Schemes

Time Varying Dynamic Window (TVDW)  [Seder & Petrovic 07]

TVDW is an extension of the Dynamic Window Approach [Fox et
al. 97] that no longer considers the environment as static: it takes
into account the future obstacle trajectories for a short period of
time.

Non-Linear Velocity Obstacles (NLVO) [Large, Laugier & Shiller 05]

NLVO is an extension of VO [Fiorini & Shiller 98] that no longer
considers the obstacles as moving with constant linear velocity:
it can deal with arbitrary obstacles trajectories.
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Time Varying Dynamic Window

@ Principle: Compute the admissible velocity (v;! ) to apply
to the system.

@ Feasibility: Given by the dynamics of the system.

@ Admissibility: If system could stop before hitting an
object.

VS
TVDW Trajectories
~ = A

Dynamic Window V,
Va

ollision Points

Actual Velocity
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Non-Linear Velocity Obstacles

@ Principle: Admissible control in the cartesian velocity
space.

@ Feasibility: Given by the dynamics of the system.

@ Admissibility:  If velocity doesn't yield a collision in the
future.
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Collision Avoidance Schemes: Look-Ahead Time

@ All the collision avoidance schemes takes into account:
@ Dynamic of the system
@ Future behaviour of the obstacles

@ BUT each has a different look-ahead:

@ TVDW - Time it takes the system to stop.
@ NLVO - Arbitrarly set time horizon.
@ ICS-AVOID - In nite

Benchmarking Collision Avoidance Schemes for Dynamic Environments



Benchmark
[ Jele)

Benchmarking Setup

@ Robotic System: Point mass.
@ 2D workspace with disk-shaped moving objects moving
along random generated closed B-splines.
@ Collision avoidance schemes tested in the same scenarios
with models of the future of increased duration t,.
o Below tp: Full knowledge of the future.
@ Above t,: Linear behaviour.
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Benchmarking

TVDW, NLVO and ICS-Avoid.
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@ The collision avoidance schemes were tested with a set of
Ve runs.

@ Total time of simulation for each scheme: 30 min.

@ For each t, the average number of collisions between A
and the objects B; are:

9.2

Scheme Collisions | Collisions | Collisions
tp=1(s) tp=3(s) tp=5(s) .
TVDW 9.2 12 36 : . B
NLVO 8.0 2.2 0.8 : Bios A
ICSAvoid 2.0 0 0 , 22
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Summary

@ ICS-Avoid: Collision avoidance scheme with a safety
guarantee: ICS + Safe Control Kernel.

@ ICS-Avoid outperforms two state-of-the-art collision
avoidance schemes.

@ Future Work:
@ Uncertainty of the model of the future.
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QU ESTIONS?? luis.martinez@inrialpes.fr
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