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A,‘ Bioinspired Systems Lab

Long-term view

X motor-less and gear-less robotéf

e devoid of “conventional” electro-magnetic/pneumatic/hydraulic
technology, no rotating parts =» lighter, simpler, safer
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A Intro: EAs

S
EVOLUTION PROBLEM SOLVING

1

Environment <——» Problem
Individual <——p Candidate Solution

Population-based, Fitness < Quality
stochastic search

Parent selection
»  Parents
Intialisation ]
Evolutionary loop
Recombination “crossover”
—»
Population
A Mutation
Y
h 4
[Termlnatlon ] _
Offspring
Survivor selection Slide source: A.E. Eiben and J.E. Smith,

“replacement” Introduction to Evolutionary Computing
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Intro: EAs

encoding = chromosome = genotype

e
- " "= =

mutation

LefvRight Forward/Back  Fire

fe,

Bias
EnemyRadars ~_ON Object Rangefiners ~ Enemy

Target LOF
Sensors

candidate solution = phenotype

recombination

Slide source: EvoNet Flying circus
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1. EAs in pattern marching for vision-based relative navigation




A 1. EAS in pattern matching
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1. EAS in pattern matching
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Model-based pose estimation =» optimization
min(d = ), |pi — m;(s)l),
pi,m; € R*
S = (Txa Tya Tza a, ,89 )/)

@ I i

@*M.




1. EAS in pattern matching

™ Relative
| Jocalisation




A

1

2. EAs in agent-based negotiations for robot coordination
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1

Requirements:
» Can be instantiated for different tasks
. (14 7
» Suitable for heterogeneous robots Tasks
» Distributed approach T
o . R
= ° ‘\llo‘
® /o e g
o ®1 ® /o @
s'e % 8
@ x=( (Y1), oy (K38) ) () X=((KLynV), .o, (Ricyivi) )

A task is described by a
set of n "parameters”

(©) x=((x,y,z,), ..., (Xk,Yk,Zk,Ik) ) (d) x=(x,y,01,01),...)

T(x) = {Ti(x7), ..., TrR(x®)}, R = number of robots UT- =T T,NT =02,




A 2. EAs as negotiators
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CAY ROBOTICA

1
D

CENTRO DE AUTOM

e

T i i . Bargaining: based on

§ i Negotiator - Eproposalsi > Negotiator i RUbinStein,S Uni'dimenSiOnaI

I L!HP i | | —!HP' . . good alternate-offers protocol a
N i S S R i N | . |
5! ‘ SA ' i i ‘ sA ' i Extension to n-dimensional goods:
g | | . » Evaluate offer (search!)

» Search for good counter-offer

Co-evolution !
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A,‘ 2. EAs as negotiators

2X




2. EAs as negotiators

R

Maintaining connéction-while end
points move /(2djusting plan)




A,‘ 2. EAs as negotiators
...
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3. Evolutionary Robotics




A 3. EAs for learning
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EAs - evolutionary robot controllers (learning)

1

Much work on it !

Instantiation (phenotype,

e.g. neural network)

Population of candidate Evaluation (run!)

controllers (genotypes) R e

Robots

vy

Ed Al

—

010011010110101. Ia
T Defines b~
010011010110101
[ VI 1 [co110203 ]
Genome
010011010110101

0100110101101011-

Off-line, off-body =

e gl




A 3. EAs for learning
Our approach:

» On-line: an ecosystem of individuals (in a virtual world)
» “Real” mating: new morphologies derived from crossing over
» Newborns shall learn...
-how to move
-to find energy sources
-to find mates
...before being released into the world (“robot school”, A.E. Eiben)

» Open-ended evolution: robots just have to survive
» but environment can be tailored to drive evolution towards desired

behaviors



3. EAs for learning
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Learning by evolving controllers for modular robots

Modules:

*6 connection points (front, rear, left,
right, top, bottom), 2DOF

‘Head: 2 range sensors

‘Encoding: tree




A 3. EAs for learning
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Phase 1: individual learning




A 3. EAs for learning
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1

Phase 2: morphology crossover (in progress!)

Parents




A,‘ 3. EAs for learning

Evobody (EU FET Proactive Initiative SA on AWARENESS)
Also discussed in EVLIT

“Embodied evolution”

e Towards self-replicating non-biological systems

e Use e.g. of 3D printing on-the fly, plus basic actuators/sensors
modules

e Recycling of materials and building blocks (“closed ecosystem”)

Genotype =» blueprint
Phenotype = physical agent (i.e. “robot”)

-- more in general, “evolution of “things”
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3. EAs for learning
N IR

EAs - evolutionary modular robots

Again, a lot of work done and on-going

=» Sims: evolved virtual creatures (1994!)

=» Replicator/Symbrion: evolution of symbiotic multi-robot organisms
=» J. Bongard (on the role of morphology)
=» SwarBots (evolution of cooperation)
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