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Robds Méveis Autonomos (PG_CCMC) Aula 05 . Ap rendizado e Rob 6tica

Prof. Fernando Osério

Agenda:

Aprendizado de Maquina em Robotica Movel: Machine Learning
1. Aprendizado de Comportamentos Simples: ANN, RL
Desvio de obstaculos, Buscar Alvo, Seguir Paredes

2. Aprendizado de Seqiiéncias
Automatos Finitos (FSM — Finite State Machine)
Aprendizado de um Autdémato
Controle de Estacionamento de um Veiculo Auténomo: SEVA

3. Robos com Pernas: Aprendizado do Caminhar
Controle de um robo com Patas: LEGGEN

4. Coordenacdo em Sistemas Multi-Robdticos
Estratégias de Acdo: Robombeiros

) 5. Competicoes: Agentes Autonomos Inteligentes
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Aprendizado de Comportamentos Simples:

> Desvio de obstaculos
> Buscar Alvo

> Seguir Paredes

o] toas] sav] s robo | 1] sean] renove] o] en) <[]
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Técnicas de Aprendizado: RL, ANN, GA
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Aprendizado de Comportamentos Simples:

> Desvio de obstaculos
> Buscar Alvo
> Seguir Paredes

Problemas: Minimos Locais, Falta de Contexto,
Planejamento Global de Rotas

d Alternancia: Oscilagdo
Esq, Dir, Esq, Dir, Esq, Dir, ...

O—.
TAVA\ =G

Técnicas de Aprendizado: RL, ANN, GA
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Aprendizado de Seqiiéncias:

> Automato Finito

FSM - Finite State Machine

FINITE STATE MAGHINE

Estado FSM:
Exemplos da Web...
Contexto = o
s Semt ook Pepronch
Segqiiéncia 5 e
Beacod g &:w

left-bumper,
right-bumpet

laft-forwand

left-burnper,
right-burnper

right-farward

1=2
turn-left
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Aprendizado de Seqiiéncias:

> Autdomato Finito / FSM — Finite State Machine

DARPA Challenge
Reached desired position
and orlentation
turning point i Patti le narrow \etick.
2 fallowing
In wide areal
Vehicle | path is wide
passing
Ohio State University at the 2004 DARPA Grand Challenge: Developing a C letel Vehicle
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Aprendizado de Seqiiéncias:
> Automato Finito / FSM — Finite State Machine: SEVA

IEEE IJCNN - International Joint
Conference on Neural Networs 2006

Vancouver - Canada - July 2006 SEVA3D: Using Artificial Neural Networks
to Autonomous Vehicle Parking Control

Paper - Best Session Presentation Award T ————
SEVA3D: "Autonomous Vehicles Research Group

[Grupo de Pesquisas em Veiculos Auténomos - GPVA]
Using Artificial Neural Networks to
Autonomous Vehicle Parking Control

Web: http://int.unisinos.br/~osorio/seva3d
or Google: veiculos autonomos

IEEEWCCI - IJCNN 2006
‘Vancouver, July 2006

Milton Roberto Heinen
Prof. Dr. Femando S. Osério
() Prof. M.Sc. Farlei José Heinen
# Prof. Dr. Christian Kelber

Best Session Presentation Award E

2006 TEEE World Congress on
Computational Intelligence
Vancouver, Canada
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Controle da Tarefa de Estacionamento de
um Veiculo Autonomo através do
Aprendizado de um Autéomato Finito
usando uma Rede Neural J-CC

SBRN’02 - Simposio Brasileiro de Redes Neurais

Fernando Osoério

Farlei José Heinen

Luciane Fortes
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Componentes principais:

- Modelo de simulacgao dos sensores;

- Modelo de simulagao da cinemdtica do veiculo
(modelo do deslocamento de um carro — Ackerman)

- Comandos do atuador relacionado ao deslocamento
(avancar / recuar e velocidade);

- Comandos do atuador relacionado ao giro do veiculo
(rotagdo da direcao). :

SEVA-A
Seva Autoy

SEVA-H
Seva Humano

T T SEVA-N
Seva Neural
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Modelo Sensorial

-Sensores de distancia
Infravermelhos (V[0] a V[5]).

VI e V(0]

V(2] -Sensores posicionados de forma
' ' estratégica, especificamente para
estacionamento em vagas paralelas.

“Comportamento
de um automovel”

X =V *Cos (@) * Cos (0)
Y =V * Cos (D) * Cos (0)
0 +=V /L * Sin (D)

Ackerman Steering
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SEVA-A: Automato de Controle

Procurando_Vaga Posicionando Entrando_Vaga

Posicionando_Vaga

<>\<>

Parado Alinhando Otimizando_Vaga

Automato de estados finitos (FSA):
Estado E, Sensores S => Estado E’, Comando C

11
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Se Estado_Atual(Procurando_Vaga) e Préximo_ao_Obstac ulo(V[4]) e
Proximo_ao_Obstaculo(V[5])
Entdo Speed = Avanco_Rapido e RotVel = Direcdo_Reta;

Se Estado_Atual(Procurando_Vaga) e Longe__do_Obstacu lo(V[2]))e
Longe__do_Obstaculo(V[3]) e Longe__do_Obstaculo(V[4 e
Longe__do_Obstaculo(V[5])

Entdo Troca_Estado(Posicionando) e Inicializa(Odémet ro);

Se Estado_Atual(Posicionando)
Entdo Speed = Avango_Rapido e Rotvel = Diregado_Reta;

Se Estado_Atual(Posicionando) e Longe_do_Obstaculo(V [4]) e
Deslocamento_Suficiente(Odémetro)
Entdo Estado_atual(Entrando_Vaga) e Inicializa(Odome tro);

Se Estado_Atual(Entrando_Vaga)
Entdo Speed = Ré_Rapida e RotVel = Giro_Esquerda_Max;

Problemas:

e Usuario deve explicitar as regras, estas regras sao pouco robustas,
estdo sujeitas a erros, sdo pouco flexiveis e de dificil adaptacdo a novas situagoes;
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(HEEETSS4 T
SEVA-N: Rede Neural Recorrente (J-CC)

* Optamos por um modelo de Rede Neural Artificial baseado
na arquitetura MLP (Multi-Layer Perceptron), com aprendizado
supervisionado do tipo Incremental (Cascade-Correlation).

* Devido a necessidade de nesta implementacdo se informar a rede
sobre o contexto (memoria), adotamos uma arquitetura de rede
recorrente baseada nas redes de Jordan (Jordan Nets) permitindo
assim tratar este problema.

* A rede adotada foi assim denominada de J-CC
>> Jordan-Cascade-Correlation Network <<

Rede Neural Artificial (RNA J-CC):
Estado E, Sensores S => Estado E’, Comando C
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Prof. Fernando Osério

As variaveis (atributos) de entrada da rede que empregamos foram:
O estado dos seis sensores e uma indica¢do do estado atual
do processo de estacionamento.

Na saida da rede iremos obter:
O estado dos atuadores (velocidade e rotagdo), assim como uma indicagido do
proximo estado do processo de estacionamento

Sensores (Valsens[0..5]) ‘ Estado Inicial

RNA

\

Rotvel Speed Proximo Estado

14
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13 16 332 0
Valsensf0] Valsensfi] Valsensf2] TValsars{3] TValsanrs[4] Vilsansfh] Estado Iricial Spead Rotvel Prox. Estado

1024.000000  1024.000000 €14.333536  €14.39353¢ 438 857056 433857086 0000100 OOOLlQ 0Ol00D 0000O0Q01
1024.000000  1024.000000 €14.333536  €14.39353¢ 438 857056 433857086 0000001 01000 00O 0000O0Q01
1024.000000  1024.000000 614.393538  614.393887 438.857088 438.857086 000O0O0O0L1 OLl0OO0OO0 OO0OLl 0O0OCOO0O1L
1024.000000  1024.000000 614.393538  614.393887 1024.000000 43%.85708¢ 0000001 OLlOO0OOQ 00Ol 0O0OC0O0OCO1L
1024.000000  1024.000000 6€14.393536  1024.000000  1024.000000 43%.85708¢ 0000001 OLl0O0Q 00Ol 0O0O0O0OCO1L
1024.000000  1024.000000 €14.325536  1024.000000  438.9570% 438857086 00O0O0O0O0L1 OLl0OO0OO0 00Ol 0O0OC0O0O0O1L
1024.000000  1024.000000 716726237 1024.000000  438.9570% 1024.000000 00OOQ0OOQLl OLlOOQOO0 OO0OL1 0O0OC0OO0OL
1024.000000  1024.000000 853.33013%  1024.000000  438.8570%56 1024.000000 0O0OO0OOLl OLlOO0OO0 OODOL1 0OOCOOOOL
1024.000000  1024.000000 614.3%%658  1024.000000  438.8570%6 1024.000000 0O0OO0OOLl OLlOO0OO0 OODOL1 0OOCOOOOL
1024.000000  1024.000000 614.3%%658  1024.000000  438.8570%6 1024.000000 0O0OO0OOLl OLlOO0OO0 OODOL1 0OOCOOOOL
1024.000000  1024.000000 614.399536  1024.000000  438.8570%56 1024000000 0O0OOOOOLl OLlOO0OO0 OODOL1 0O0O0OOOL
1024.000000  1024.000000 614.3%9658  1024.000000  438.857056 1024000000 0O0OOOOOLl OLlOO0OO0 OODOL1 0O0O0OOOL
1024.000000  1024.000000 614.399536  1024.000000  438.8570%56 1024000000 0O0OOOOOLl OLlOO0OO0 OODOL1 0O0O0OOOL
1024.000000  1024.000000 614.393536  1024.000000  438.857056 1024000000 0OOOOOLl OLlOO0OO0 OODOL1 0OOCOOOL
1024.000000  1024.000000 614.393658  1024.000000  438.8570%56 1024000000 0OOOOOLl OLlOO0OO0 OODOL1 0OOCOOOL
1024.000000  1024.000000 614.393536  1024.000000  438.857056 1024000000 0OOOOOLl OLlOO0OO0 OODOL1 0OOCOOOL
1024.000000  1024.000000 614.333537  1024.000000  438.8570%56 10z4.000000 0000001 O1l0O0OQ OODO0OL1 0000001

Estado Inicial: 1 - Procurando Vaga Speed: Avango Rapido Rotvel:

Prox. Estado: 2 - Posicionando para Entrar Avango Lento Vira Esquerda
3 - Parado Parado Direcéo Reta
4 - Entrando na Vaga Ré Lenta Vira Direita

Reds Nowal (ANY) 5 - Posicionando Ré Répida Direita Max
ede Neura . o

Base de Dados de 6- AJ]:lStando Posicdo

Aprendizado 7 - Alinhando na Vaga

USP - ICMC - SSC5888 - Turma 2009/1
Robds Moveis Autonomos (PG_CCMC) Automato SEVA: Estacionamento Autonomo

Prof. Fernando Osério

Aquiva Ediar Egbii Inssir Fomaar Ada

13 16 392 0
Valsens{0} Valsens[1] Valsems{2} Ualsemsi3l Valsens{4} Valsens{sl
1024.000000  1024.000000 614.399536  614.399536  438.887056 438857056
1024.000000  1024.000000 614.399536 614399536  438.887056 438857086
1024.000000  1024.000000 614.333536  614.393537  438.887056 438857056
1024.000000  1024.000000 614.399536 614399597  1024.000000 438, 857086
1024.000000  1024.000000 614.39853¢  1024.000000  1024.000000  438.%67086
1024.000000  1024.000000 614.399536  1024.000000  438.887056 438857086
1024.000000  1024.000000 716796337  1024.000000  43.88705¢ 1024000000
1024.000000  1024.000000 853.330139  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.39968%  1024.000000  438.88705¢ 1024000000
1024.000000  1024.000000 614.399658  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.39853¢  1024.000000  43.88705¢  1024.000000
1024.000000  1024.000000 614.399658  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.399536  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.399536  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.399658  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.399536  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.399597  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.39968%  1024.000000  438.88705¢ 1024000000
1024.000000  1024.000000 614.399536  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.398537  1024.000000  43.88705¢ 1024000000
1024.000000  1024.000000 614.399658  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.39853¢  1024.000000  43.88705¢  1024.000000
1024.000000  1024.000000 614399597  1024.000000  438.887056  1024.000000
1024.000000  1024.000000 614.39968%  1024.000000  438.88705¢ 1024000000
1024.000000  1024.000000 614.399597  1024.000000  1024.000000  1024.000000
1024.000000  1024.000000 648.§30701  10Z4.000000  1024.000000  1024.000000
1024.000000  1024.000000 785.053843  1024.000000  1024.000000  1024.000000
1024.000000  1024.000000 921.597534  1024.000000  1024.000000  1024.000000
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1024 000000 1024 000000 1024.000000 1024000000 1024000000 102400000 0 0 00515 ] S5 oo 00
1024 000000 1024 000000 1024.000000 521602508 1024000080  1024.000000 3 5800010
104500000 1024.000000 1024.000000 785.063537  1024.000000  1024.000000 soo00010
1024 000000 1024 000000 1024.000000 46_5osess 1024000080  1024.000000 | o 5800010
10z4.000000 1024.000000 1024.000000 €14.33353€ 10z4.000000 1024.000000 o poooolo0
1024 000000 1024 000000 1024.000000 s14.G05658 1024000080  1024.000000 | o 5500010
10z4.000000 1024.000000 1024.000000 €14.333537 10z4.000000 10z4.000000) o poooolo0
1024 000000 1024 000000 1024 000000 612_Gasess  Loza.0000m0 438357055 | o 5500010
10z4.000000 1024.000000 1024.000000 €14.33353€ 10z4.000000 438. 567086 o poooolo0
1024 000000 1024000000 1024 000000 612_G05535  Loza 000080 438857055 | o 5500010
10z4.000000 1024.000000 1024.000000 €14.3396E% 10z4.000000 438. 567086 o poooolo0
1024 000000 1024 000000 1024 000000 612.G05535  Loza 000080 458857055 | o 5500010
1024 000000 1024 000000 1024.000000 s14.G05655 1024000000  436.857055| o ss00010
1024000000 1024 000000 1024 000000 615.G05535  1oza 000000 456 857058| o ss00010
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(HEETS 3 T
SEVA-N: Resultados da Simulagoes

Conjunto de 10 Experimentos - Resultados sdo valores médios
Base de Aprendizado: 392 exemplos

Base de Validagao: 392 exemplos

Meédias:

« Nro. de Epocas de aprendizado: 572 (Best epoch)

* N° de Neurdnios Adicionados: 2

* Taxa de Erro do Aprendizado (% Acertos): 98,469

* N° de Exemplos Classificados Incorretamente: 6
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Prof. Fernando Osério

Consideragoes sobre os experimentos
Os resultados obtidos até o presente demonstram que

- Ambos os controladores (SEVA-A e SEVA-N)
sdo capazes de estacionar corretamente um carro,
baseados apenas nas informagdes provenientes de
seus sensores externos;

- O automato é bem mais sensivel ao “ruido externo”;

-A rede neural J-CC foi capaz da “aprender” o autémato;

- Arede neural realiza perfeitamente a identificagdo e a
troca de estados do autébmato.




USP- ICMC — SSC5888 - Turma 2009/1
ot (PG_CCMC) Automato SEVA: Estacionamento Autonomo

Prof. Fernando Osério

Aprendizado de Seqiiéncias:
> Automato Finito / FSM — Finite State Machine: SEVA 3D

SEVA3D:

XY s 20 o] GL T

Caen

Simulagdo
Virtual em 3D

Sensores :
Realismo 3D
com erro/ruido

Aprendizado do
FSM-Neural:
A Rede Neural
funciona 100%
com dados
r'ﬁ'ﬁs’iﬁﬂm;’%’%’ “| ruidosos e com
Moo Sentcs Ademrdds e Flobo 0
| o Semem s ran B .| sensores em um
ea Ambiente 3D
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Aprendizado de Seqiiéncias: “Robds com Pernas”

MOTIVACAO - Mobile Articulated Robots:
Walking Machines... Insects, Animals, Humans

Aldebaran Robotics ‘ |

Nao Robot
. . Voice Recognition
Voice Synthesis s (a) Robé real (b) Robé simulado
= 2Cameras
Emations -
vithcable H
Embedded CPU Sticbishesl
WRHWEH Prehensive Hands
LiPo Battery

Linux 05

25 Degrees of Freedom

1=r
IJ 1
L

(a) Honda Asimo (b) Sony SDR-4X (¢) Kawada Hé (d) Fujitsu HOAP-2

Maio 2009
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Aprendizado de Seqiiéncias: “Robds com Pernas”

MOTIVACAO - Mobile Articulated Robots:
Walking Machines... Insects, Animals, Humans

Vol ; / Voice Recognition
e Synthesis P Valce Recognitior
2Cameras
Emations _2Camers

Embedded CPU
WIHWLH _ Prehensive Har
LiPo Battery \ g Linux 05
25 Dagrees of Freedom s = . “ 23

!

1
L

() Honda Asimo

Maio 2009
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Aprendizado de Seqiiéncias: “Robds com Pernas”

MOTIVACAO - Mobile Articulated Robots:
Walking Machines... Insects, Animals, Humans

Dog

Horse ...
Tetrapod (v Robo real (b) Robd simulado
Hexapod

Genghis-TI

R Sony Aibo () Honda Asimo (b) Sony SDR-4X (¢) Kawada Hé (d) Fujitsu HOAP-2

11



USP- ICMC — SSC5888 - Turma 2009/1
0 (PG_CCMC) Aprendizado de Miquina em Robdtica Movel

Prof. Fernando Osério

Aprendizado de Seqiiéncias: “Robds com Pernas”

> Automato Finito / FSM — Finite State Machine: LEGGEN

Applying Genetic Algorithms
to Control Gait of Robots

M.Heinen and E Osério

« I

Pés-Gradi putagdo Aplicada - PIPCA
Grupo de Pesqui em Veiculos Auté os - GPVA
>> Autonomous Vehicles Research Group <<

Web: http://inf.unisinos.br/~osorio/leggen
or Google: veiculos autonomos

Applying Genetic Algorithms to Control
Gait of Physically based Simulated Robots

IEEEWCCI - CEC 2006
Vancouver, July 2006

Prof. Dr. Fernando S. Osério
Milton Roberto Heinen

23
Maio 2009
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Aprendizado de Seqiiéncias: “Robds com Pernas”
» Automato Finito / FSM — Finite State Machine: LEGGEN

* Virtual Reality Environment and Simulation of Legged Robots

"Uso de Realidade Virtual para a Simulag¢do do Caminhar em Robdos Moveis'
SVR 2006 - Belém, Brazil

* Evaluate different Robot Models (hardware configurations)

"Applying Genetic Algorithms to Control Gait of Physically Based
Simulated Robots” - IEEE WCCI / CEC 2006 - Vancouver, Canada

* Evaluate different Fitness Functions
"Gait Control Generation for Physically Based Simulated Robots
using Genetic Algorithms” - IBERAMIA / SBIA 2006 - Ribeirido Preto, SP

* Robot, Vehicles and Human Simulation

"Increasing Reality in VR Applications: Physical and Behavioral Simulation"
Virtual Concept Summer School - Nov. 2006 - Porto Alegre, RS / VC2006 Cancun

* Evaluate Neural Learning of cyclic functions => SBRN 2006

24 * Evaluate Robot Morphology Evolution => CLEI 2007

Maio 2009
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DIMENSIONS OF THE SIMULATED ROBOTS

Tetral. 3]

Simulation of 3D Realistic

Part x ¥ =

. [Tol | 5 0| 5
Virtual Legged Robots AR
. Shin 50 1150 ] 50

LEGGEN Simulator Paw | 80 | 50 | 90

Genetic Evolved Control
@ of Articulated Robots (w/legs)

>

25
05 Jun 2007
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Simulation of 3D Realistic Virtual Legged Robots
LEGGEN Simulator - Tools:

1. OSG - Open Scene Graph (OpenGL + Extensions)

| http://www.openscenegraph.org/] Graphics Engine

2. ODE - Open Dynamics Engine
Rigid Body Physics Simulation

(gravity, inertia, friction, collision, joints, etc)
[ http://www.ode.org/| Physics Engine

Dimensies

Parte T iy z
Copo | 45.0em | 15,0cm | 25.0em
Coxa | 5.0em | 15,0cm | 5.0cm

Canela | 5.0em | 15.0em | 5,0em
Pata | 8.0em | 5.0em | 9.0cm

26
05 Jun 2007
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27
05 Jun 2007

Simulation of 3D Realistic Virtual Legged Robots
LEGGEN Simulator - Tools:

1. OSG - Open Scene Graph (OpenGL + Extensions)

| http://www.openscenegraph.org/ |

2. ODE - Open Dynamics Engine

-l - _m_i,j - % 3. GALib

Genetic Algorithms Simulation

http://www.lancet.mit.edu/ga/
(a) Ball Socket {b) Hinge (¢) Hinge-2

4. Robot Control: Joint Angles

% _‘:4:' ,.,.i." Finite State Machine

Artificial Neural Nets

(d) Universal () Shder (f) Contact
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28

05 Jun 2007

Simulation of 3D Realistic Virtual Legged Robots
LEGGEN Simulator - Tools:

1. OSG - Open Scene Graph (OpenGL + Extensions)

[ http://www.openscenegraph.org/ |

2. ODE - Open Dynamics Engine

3. GALib
Control: Genetic Algorithms Simulation
- Joints with motors http://www.lancet.mit.edu/ga/

- Activate motors to set a
specific angle for each joint 4. Robot Control: Joint Angles

- Sequence of angles = Walk! Finite State Machine
Artificial Neural Nets

14
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Simulation of 3D Realistic Virtual Legged Robots
LEGGEN Simulator - Tools:

Sensorial

Robotnik Controller

Motors

Viewer
3D

29 Visualization

05 Jun 2007
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Simulation of 3D Realistic Virtual Legged Robots
LEGGEN Simulator - Tools:

Sensorial Neural Network

| Joint Angles
Robotnik Controller \‘ Evolution
Motors GA
Viewer FSA - Automata
3D Joint Angles

Evolve Control +
30 Visualization

05 Jun 2007
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Simulation of 3D Realistic Virtual Legged Robots
LEGGEN Simulator - Tools:

Sensorial Neural Network
| Joint Angles
Robotnik Controller \‘ Evolution
Motors GA
Viewer FSA - Automata
3D Joint Angles
Robot Morphology
Dimensions/Shape configuration Evolve Robot +
Evolve Control +
31 Visualization

05 Jun 2007
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Genetic Algorithms Simulation

Alporithm 1 Pseudocade of the GA
F — FitnessFunction

G« NumberOfGenerations

M «— SizeQfFopulation GA Parameters:
p. — FrequencyOfCresiover Cross-Over: 0.80
P — FrequencyOfMurarion Mutation:  0.08

Populution — RandomPopulal icn (M)
CalculateFitness (Population)
while GenerationNum < G do

Population: 350
Generations: 700

Parents — Population G .
. enome:
Children «— Crozsaver (Parents, p.)
NewPFopulation «— Mutation (Children, p,.) Evolve FSA
Population — NewPopularion Evolve ANN
CalculaleFilness (Populution)
end while

% return (BestIndividual)

05 Jun 2007
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Genetic Algorithms Simulation

Fitness Function:

F = Fitness
D D = Walked Distance
= B = Bumpers (paws touching ground ~ stability)
1+B+ax@G G = Gyro (gyroscope/accelerometers ~ stability)
where
Eofie 12 P = paws
e o s (R . ) GA Parameters:
N 3 ni = bumper contacts of paw i

=1 N = total bumper sensor readings Cross-Over: 0.80
Mutation:  0.08
2 Population: 350

Generations: 700

- J T @ =2+ S =7+ T —F
Walking time: 30

N

G = Sum of x, y, z instability

where
N ; N
o Piey® o Wy Xiad
= Iv\.'r () 3’ = N y B= JV

33

05 Jun 2007
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GA Finite State Machine

« The robot is placed in the starting position and orienta-
tion in the simulation environment;

« The genome is read and the robot control FSM table
values are set;

« The physical simulation is executed during a predefined
amount of time (sixty seconds in our experiments);

« Gait information and sensor data are captured during
each individual physical simulation;

« Fitness is calculated and returned to the GAlib;

EXAMPLE OF A GENOTYPE Genome:
State 1 | State 2 | State 3 | State 4 * FSM: Table of Target States
Reference velocily 1.1703 20703 1.2499 1.5901 .
Front legs - hip 0.0698 | 0.6283 | 0.15/0 | 0.0698 (Sequence of Actions)
Front Tegs - knee 1.0473 0.7504 0.2268 0.4363 * Target angles +
Front legs - ankle | -1.1172 | -0.1221 | -0.0698 | -0.3665 .
Rear egs ~ ip 01570 | 0.0695 | 0.0608 | 0.6053 Reference Angular velocity
Rear legs - Knee 0.2268 | 04363 1.0473 1 0.7504 * Adjust Velocity
34 Rear legs - ankle -0.0698 | -0.3665 | -1.1172 | -0.1221

* Fitness Function: Sensor based

05 Jun 2007

17



USP- ICMC — SSC5888 - Turma 2009/1
0 (PG_CCMC) Aprendizado de Miquina em Robdtica Movel

Prof. Fernando Osério

GA Artificial Neural Network

| Input Layer (3x4 = 12 joints) | | Context Input (recurrent)

| Hidden Layer (3 neurons) /

Elman Recurrent Network

| Output Layer (12 outputs) |

Input: joint angles at time ¢ [-1:+1]
Output: joint angles at time #+/ [-1:+1]

Temporal sequence of joint angles.
Learning: adjust ANN weights - Not supervised
» => Genetic Algorithm weight adjust

05 Jun 2007
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Simulation main goals:
Evaluate robot control...
1. Using evolved FSA (automata - sequence of target angles)

2. Using evolved ANN (sequence of joint angles)

ANN Controlled

Evolution: [ et ek o sl sl

FSA - Target angles evolved using a Genetic Algorithm
ANN - Weights evolved using a Genetic Algorithm
Robot Morphology - Dimension/Shape evolved by a GA

" Fitness - Sensors (physical simulation)

05 Jun 2007
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Results:  Evolving only ANN based robot control...

37
05 Jun 2007
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Results:

Evolving morphology...
The chromossome includes x, y, z size for each segment

DIMENSIONS OF THE SIMULATED ROBOTS

Tetral. 3]
Parl x %

¥
[Toly | 150 [ 150 | B0
["Thigh | 50 | 150 | 50
Shin | 50 | 150 | 50
Paw | 80 | 50 | 90

Typical
Robot

Robots with
Evolved
Morphology

=
h'
38

05 Jun 2007
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Next steps... Autonomous parking control model (SEVA)

integrated with LEGGEN control model
[ IEEE WCCI/IJCNN 2006 |

[ SENSORS |
NEURAL

NETWORK

| STEERING WHEEL | [ SPEED | | NEXTSTATE

\//

\ VEHICLE |

[CURRENT STATE |&€——

39

05 Jun 2007

Fig. 7. Aurtificial neural network model scheme
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Aprendizado de Estratégias:

> Sistemas Multi-Robéticos: Robombeiros

Comportamentos em Sistemas Multi-Robéticos: Robombeiros
40

Maio 2009

Planejamento de Trajetorias — Otimiza¢iao usando G.A.

20
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Competicoes Roboticas:
> Simulacio: Robds, Veiculos e Agentes Autonomos

> Aprendizado de Robés e Agentes Autdénomos

competitions

CIG2009

IEEE Symposium on Computational Intelligence and Games

41

Maio 2009

IEEE CEC 2007 Car Racing Competition
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Competicoes Roboticas:
» Simulacio: Robds, Veiculos e Agentes Autonomos

» Aprendizado de Robos e Agentes Autonomos

Simulated Car Racing

The simulated car racing competition of CIG-2009 is the final event of the
2009 Simulated Car Racing Championship, an event joining the three competitions held at
CEC-2009, GECCO-2009, and CIG-2009.

42

elo 2009 http://www.ieee-cig.org/ Competitions
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Competicdes Robdticas:

TORCS: TORCS
The Open Racing Car Simulator

http://torcs.sourceforge.net/ Game Engl ne

BOT BOT

| Server | Server

Client Client

| Controller

Controller

Simulated Car Racing

The simulated car racing competition of CIG-2009 is the final event of the
2009 Simulated Car Racing Championship, an event joining the three competitions held at
CEC-2009, GECCO-2009, and CIG-2009.

43

Maio 2009

http://www.ieee-cig.org/ Competitions
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Competicoes Roboticas:

Ciber-Rato / Micro-Rato:
Competiciao Robotica organizada pela Universidade do Aveiro (Pt)

Sensor
=+, Obstaculos
Centro

Sensor
Obstaculos Sensor
: Obstaculos

. Direita

'Motor
Direito

44

Maio 2009

Colisoes

22



USP- ICMC - SSC5888 - Turma 2009/1
e onos (PG_CCMC) Aprendizado de Maquina em Robética Movel

Prof. Fernando Osério

Competicdes Robdticas:

CIG Competitions 2007:
* Ms. Pac-Man *Simulated Car Racing
* X-Pilot Al * Othello

£ Score: 44.0

& Ms. Pac-Man http://cswww.essex.ac.uk/cig/2007/
Game Options Help IEEE CIG 2007 Competitions

Maio 2009
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Competicoes Roboticas:

CIG Competitions 2009:

* The 2K BotPrize http://www.ieee-cig.org/
* The Defcon Al Competition IEEE CIG 2009 Competitions

* The Simulated Car Racing Competition

TECTED

it f

COMPETITION DE
' S B AN .:"3‘.

t
iny, reekT i / fre

= U b ool
= StateS¥rikes
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Referéncias — Aprendizado e Agentes Autonomos:

>> Ferramentas

SNNS / JavaNNS => http://www.ra.cs.uni-tuebingen.de/SNNS/
WEKA => http://www.cs.waikato.ac.nz/ml/weka/
GA-Lib => http://lancet.mit.edu/ga/

>> Referéncias — Competi¢des Simuladas

Competigdes: CIG - http://www.ieee-cig.org/?page_id=119  (Games)
CEC - http://www.cec-2009.org/competitions.shtml

Car Racing => http://www.ieee-cig.org/?page id=119 (Simulated)

http://cig.dei.polimi.it/?page id=80

Pac-Man => http://www.cec-2009.org/competitions.shtml#pacMan

Bot Prize => http://botprize.org/ (UnReal at CEC)

CiberMouse => http://www.ieeta.pt/~lau/web_CiberRTSS07/

Ciber-Rato  => http://microrato.ua.pt/

47
Maio 2009
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Referéncias — Aprendizado e Agentes Autonomos:

>> Referéncias — Competicdes com Robos Reais

Competigoes:

DARPA Challenge => http://www.darpa.mil/grandchallenge/
LARC => http://robotica.elo.utfsm.cl/competencia/
RoboCup => http://www.robocup.org/

Fire-Fighting Contest => http://www.trincoll.edu/events/robot/
Ciber-Rato  => http://microrato.ua.pt/

OBR => http://obr.ic.unicamp.br/

JRI/LARC => http://jri2008.dca.ufrn.br/LARC/index_en.php

48

Maio 2009
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USP - Universidade de Sao Paulo - Sao Carlos, SP
ICMC - Instituto de Ciéncias Matematicas e de Computacgao
SSC - Departamento de Sistemas de Computagao

Prof. Fernando Santos OSORIO

Web institucional: Http://www.icmc.usp.br/ssc/

Pagina pessoal: Http://www.icmc.usp.br/~fosorio/

E-mail: fosorio [at] icmc. usp. br ou fosorio [at] gmail. com

Disciplina de Robés Moéveis Autonomos

Web Disciplinas: Http://www.icmc.usp.br/~fosorio/

Web CoTeia: Http://coteia.icmc.usp.br/mostra.php?ident=575
> Programa, Material de Aulas, Critérios de Avaliagao,

> Material de Apoio, Trabalhos Praticos
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