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Motion Planning

= L — —
Find a path that satisfies all 2

constraints between the given
start and goal configurations. i

= Collision Avoidance

= Dynamics

= Kinematics (e.g., end-effector)

Karaman et. el, 2011



Sequence in Robot Thinking

Biological
Planning?



MPNet: Motion Planning Networks

Encoder Network (Enet):
% Input: obstacles point cloud x,,s € R

% Output: Embedding Z € R™ I _ ) I

% 3D CNN (Preprocess point-cloud to voxel) : obstacle point Environment I

% Feed forward neural network I cloud Xops Encoder :
I

Planning Network (Pnet):
 Input:Z, ¢cg, Ct
% Output: €41 <« PNet(cq, €7, 2)

current ¢ goal ¢, environment
encoding Z

%* Active continual learning

Planning Algorithm:

7/

** Bidirectional iterative planning method.

J

*¢ Informed sampler integrated with SMPs Next com‘iguration Ck+1

R R U ——— —
«* Stochastic feed-forward neural network [ :
: I
. . 1
Training Methods: l ,
«* Batch offline learnin I . Neural I
. ° : Path Planner |
] I
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MPNet: Training Methods

Batch Learning Active Continual Learning

MPNet MPMet

Flanning Module

Y

Training Module

A

Training Module

A Path

Demonsiration

Oracle Planner

N
A Oracle Planner - t: S';?St?éjn
Problems °
Yas
Environment
Problem Environment Path Solution
1 * min LfE(s),y) s.t.
A 2
S . —_ . -1
sz 1| & ee1 — € eaall Esy~m|L(f5 (), ¥)] < Espy-m|l(f5 71 (s), y)]
jt

* (g' gM> = <le(f9 (S)' y)! IE(S,y)~Mvel(f9 (S)! y))

« if{g,gu) <0:
rr;]i,nllg —g'lls.t.{g',gu) =0

Lopez-Paz et al., 2017



MPNet: Training Methods

Batch Learning

MPMet

Training Module

A

Oracle Planner

A

Problems

Environment

1 A 2
=3 N &ee1 = Graall
p j,t

Active Continual Learning

(g; gM) = (Vel(fe(s)r y)' [E(S,y)~MV0l(f0(S)l y))
lf (g; gM) <0:
n;i,nllg —g'lls.t.{g",gu) =0

Learning from streaming data:

1- Given a feasible trajectory o

2- M «<Update episodic memory (o)
3-9m < IE(S,y)~MV6l(f6 (s),y)

4-g < E(s,y)~avt9l(f9 (5),y)

5- project g to g’ using above eq

6- Update MPNet parameters 0 with g’




MPNet: Online Path Generation




: Data Efficient Active Continual Learning
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Bl Active Continual Learning
Hl Batch/Continual Learning

simple 2D complex 2D complex 3D rigid-body
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