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Motivation

 Need for uncertainty robust motion planner

Image from, A Novel RRT Extend Function for Efficient and Smooth Mobile Robot Motion Planning
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Assumption

e Robot use to track a
nominal trajectory.

« System can be around given
nominal path.

« Estimate of noise/state is modeled as

 Obstacles are polyhedral.
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Problem Statement

e Stochastic system model
Xer1 = [ ug, my)
m,~N(0,M,), xinitNN(ij' Zxo)
 Path

= (xo,uo, ’ngoal’uTgoal)

 Object
Tgoal

min E (Xt Xgoar Us)  POxc € Xp) 2 8,t:[0,Tgoq]
t
t=0
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Tools & Algorithm
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Kalman Filtering
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Kalman filtering - 1

o Quadratic Estimation(LQE)
e Keep estimate as

Prior knowledge
of state Prediction step

. —_— Based on e.g.
physical model

'

- Update step Measurements
State PNQPa( ation Compare prediction == Y5
to measurements .

v

Output estimate
. of state

From Wikipedia KAIST
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Kalman filtering - 2

e given , X¢, Uy
e Locally linearize around nominal path

Xer1 = f(xe, up, my)

<

Tt — Atft_l + Btﬁt—l + Vtmt

Where, ft = Xt — X:, ﬁt = Ut — u;;

7t’”N( it' 2:t )
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Kalman filtering - 3

e Estimate of x; from x,;_4

it — Atit—l + Btl:‘t—l
= (A¢ + B K )X 1 <

ﬁt — Ktit
> =A2X, Al +V M VT
e Estimate of state, x;
Xe~N(X¢, 24 ) » X~N(X + x3, 2 )
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Kalman filtering - 4

e State propagation xi~N(%;, Zy,)
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Collision Probability
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Collision probability

e True collision probability
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Collision probability
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Conditional State Propagation

KAIST .



State Propagation

e Propagate states without considering
obstacles

e Itis and

All prev. states should be free




Conditional State Propagation -1

e Only collision free part should propagate to
next state

o state propagation

> Xer1~NX i1, Zes1)

19 KAIST






Conditional State Propagation - 3

e Result In
matrix

xtlfreeNN(jc\t — Axy, ¥, — ALy)

<)
shift

X¢~N(Xy, Z¢)
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Conditional State Propagation

e Truncation with linear constraint

Ax, = Ja;}_ (Z,a)
AL, = Aa h f: (Z.a)(Za)"
Where,
_b-a'  pdf®
JaTZa’ 1—cdf(B)

Degree of truncation
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Conditional State Propagation

xi~N(X;, ;) > P(x; € xF)
Xi|free NN(k\i — Ax;, X — AXy)
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Integrate with RRT*
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Integrate In RRT* framework

e Kalman filtering
. estimate/propagate state

e Approximate collision probability
. conservatively & easily

e Conditional state propagation
. state dependency

+ RRT* Framework
25 KAIST



Integrate In RRT* framework

o RRT*
e Refine the connection with re-wiring operation

+

e Evaluate of each states

e Only allows nodes that satisfy
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Integrate In RRT* framework

e Example — Tree Expansion

collision probability

Conditional !

propagationy,
Xm //

N /

N
~ //
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Simulation
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Result

e RRT* vs CC-RRT*-D
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Summary & Limitation
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Summary

e CC-RRT*-D

A) Conditional state propagation & collision probability

» probabilistically feasible path

B) RRT* framework

» asymptomatically optimized path
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Summary & Limitation

e Limitation

e Kalman filtering without measurement update

e Only applies to well linearizable system

e Convex polyhedral obstacle
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Q&A
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