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Outline

1 Part-|
— Soccer Simulation
— Simulation models
1 Part-11 Cl for RoboCup Simulation
— Fuzzy Systems for Ball Intercept
— Neural Networks for Mimicking Dribble
— Evolutionary Computation for Team Strategy




RobeCup Soccer

RoboCup Challenge

First RoboCup competition
(1997)

§

By the vyear 2050,
develop a team of
fully autonomous
humanoid robots that
can win against the
human world soccer
champion team




Moon Landing by Human Beings

First flight of Apollo program
aircraft (1903) (1969)

Computer Chess Challenge

Digital computers Deep Blue won against
(1950’'s) Kasparov (1997)




FRoboCup Competitions
1997 Nagoya 2003 Padua
1998 Paris 2004 Lisbor)
1999 Stocknolrr) 2005 Osalka

N
2000 Meloourne 2006 Bremen
2001 Seaits 2007 Atlanta
2002 Fukuoka 2008 SUARe e

RoboCup Categories

soccer B Junior
Hlurnzanoid league — Soccer
— Middle-sized league — Rescue

Smell-sized league
— Four-legygyec

— Simulatior |
riescue

— Peal ropot league

— Sirnulztion league

A D

— Dzince

B RoboCup @norne

N
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occer rlurnznoid League

Soccer Middle-Sized Leaqgue

|

B Meaudrmurn six players per tearrn
E Fully autonornous rmogile roo
E Wireless cornrmunication between players




Flve robots per tearm q
Glopal vision (with overhead carnera)
Remuote software sending comrrznds to ropots




soccer Four-Legged Leagle

E Sony AIBO — Sarne ropot conditiorn

B Developing cornouter prograrmns

FoboCup Soccer Sirmulation ‘

E One of the oldest Jeagues q

~

E Full nurnper of players (12 vs 12)

B Server-client systern
— Server 3Jm|JJe s 'the ohysical movernent Jf

— Client gomzrob ) player (one  player per\
software)
B Discrete simulztion

— 100 msec per tirme step
—

— 6000 tirme steps (10 mins.) ro_g_,,mgﬁa—cprrrﬁr/ '
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— Top 3 teams in 2008 are automeatically qualified
— Top 8 teams in qualification rouncd
— 5 teams frorm scientific point of view (review of
tearn description paper) N\
B 0 Atlanta (16 tearns)
— 8 teams to proceed to final tournarment based on
ne results of two round-ropin Meaiches e

- @

Soccer server

Soccer monitor




Player Model

E Cornrmunication witn the server
— Fleld informeation frorn the server
B Vision
E Aural
— Action cornrmand to the server (one per cycle)

E Vick \
E Turn

® Dash N Sav -
. - — 3

— —~ ]J .

Objects in Soccer Sirmulation

E Ball q

— Movernent
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Sirmulation-Tirne Moclel

B Discrete-iime systerr
— Changing state fo
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E Syncnronous update of opject position
— One time step: 100 1
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— Eacn agent must send action witnin 100 rmsec
B Asyrichironous cormnruniceation \
— Visual inforrnation is sent irregulzrly.
— Action order can be sent anyiirne.
—
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Sirmnulation-Tirne Moclel
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Movernent Model (Position)




Movernent Model (Acceleraiion)
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Movernent Model (Ac reitior))




Movernent Model (Turn)

Collision Moclel

after q

Collision




Collision Moclel

after

No collision a
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Nolse Model for Acceleration
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Starnine Moclel

stamina

effort

recovery

(\r

Starnina Model (Effect on Daisn)
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Starnina Mocdlel (Starmina recovery)

/

Is stamina low?

Decrement Increment
effort effort
Decrement
recovery

Increment
stamina

Vision Model

B View width: Narrow, normezl, or wicle q
E View quality: High or low




Vision Model

B Ve widtn: Narrow, norrmel, or wide
B View quality: High or low

Vision Model




Vision Model (View Mode)

Qlt.  Width Frec.(ms) Inforrmzation
High Narrow 75 4528 Fine
High Normal 150 90:28, Fing N
High =~ Wide 300 180:25, Fine
Low Narrow  37.5 4525, Frough
Low Normal 75 90 bt ol
Low Wide  rstg™@0 rough
2

Precision of Visual Inforrnation




Aural rmocde]

B Sy cornrrznd
— Broadcast a rmessage
— Lirnited to ten bytes

— range: 50 meters

vick/Dasn/Turn Moclel

B icK

— Applies acceleration to the bell

— Two pararmeters: Power and angle
E Dash

— Player's accelerations

— Onily forweird direction \
B Turm) -

— Change tne body angle of player

=
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ick Moclel

E Applies acceleration to the ball
nall Is within Kickable arez

C

B Valid when the
E Two parameters: Power and angle

B Efficiency dependent on the pall position




Dasrn Mocdel

B Player's accelers

AR,

tlons ([-100, 100])
irectiorn

B Only forward ¢

—

=
Turn Mocde] ‘
Change the direction of plaiyer ([-180, 180]) q

Less effective when speed is high




Neclk Mode]

B eckis independent part of the body ([-90, 90]).
E Two engea for a player: Body and neck

__ Body angle

Neck angle

A




pecial action for goal keeper
atches the pall with the probaoility 100%
Orne parameter: Relative angle to caich

Catchable area

Developing Soccer Ageri

UDP/IP connectior

Message parsing (S-expression)
Tirme corltrol

Visior corlirol

tero selection

an
qn

Starninea rmanagernerit
Decisior rnalking

—

Formeition

Tearn coordination

4‘




Teams

Nk
U2
R,
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B UvA Trilearn Base (Netherland)
— World Charnpior in 2003
— C++implermnentation
— Simple strateqgy
— nttp://staff.science.uva.nl/~jellekok/robocup/

E Dainarmyte (Gerrmzany) \
— 9tn place in 2007 and 2008 -
— Java implermentation

— nttp:/fwwy.dainarnite.cle
—

D

Tecnnicues for Develoging Agenis
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cessity of dornairn knowledge
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etting oJA/erJ learn sklls thermselves
—

— mputational Intelliger cel  ____ —
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Cormputaiional Intelligence for RC

B Fuzzy systerns for ball intercept
E Neural networks for mirmicking drinble

¥ Evolutionary Computation for team strategy4y

Receiver




Receiver

Beall Interceq

-t

B What's groblermn? q
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-8.C 0 8.C ' -0.5 0 0.
(a) Fuzzy partition fog, andy; (b) Fuzzy partition fox andviy
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Adaptive Process




FuUzzy H Inforc
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rment Learning

Support degree of actio

Compatibility definition: -
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Fuzzy Reinforc
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rment Learning

{

N\

Dash Turn

—

Final Action




Fuzzy Reinforcermernt Learning

Dermonsiration (1):




Dermonstation (2):

. -/ (e Y a r )~ r r
Fuzzy Systern for Ball Interceot
B Adaptive systern — On-line learning
B Learn now to rmove over tire
B |ssues to pe addressed:
Tuning rembership functions
— Learning other behavior?
—
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Flints for Applying EC for Ball Intercepi

B Possiple opjeciives
— To minimize time steps to intercegt pall

— To mauximize «coordinate of intercept point

B Rule pase-optirnization

— Rule weights
— Number of fuzzy rules

B rlyorid of on-line lzarning and EC
— Mermetic algorithirr —

D

Neural Networks for Mimic A]ﬂg

B Learning frorm opservation q




Loc File for Soccer Simulation

Elogys
— *rcg file (Binary forrnat)
E Positior
E Velocity
E Stamina
— *rcl file (ASCI forrmat) \
B Action sent to the server

—~ —

E Szy rmessage




Lezrning Procedure

|

Collect Log Files of Target Player
g

Extract Dribble Behavio|r

Lezrning Procedure

|

Collect Log Files of Target Player
g

Extract Dribble Behavio|r
Ll \

Neural Network Learning
Il

Use the Neural Network in Practice|

—




Neural Network Irmplementzation

E 13 Input units, 30 hidden units

— Body angle, and velocity of the target player

— Position and velocity of pall

— Relative position of three riearest opponent players
E Turn-neural network

— Returns turn angle \
E Vick-neural network

cl

— Returns ¥ick angle and kick power

E Dash-neural networlk

— Returns dash power —_—
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B Target tear

STEP (R Uussl
— Winner of RoooC

k‘“

— Good dripple skill
B Collecting dribble inforrmation
P (72000 cycles)

— Manual exiraction of drioole intervals

— Collect the games of STEP

tfor neural networks

A7
— do_;

/ i p IS
— 2359 patterns for Kick ‘

N

Demonsiration: Before learning

\




Acquired Drioole Skl

Cornparison witn STEP




Anotner Experiments

E Target tearn: UvA Trilearn (Netherland)
— Winner of RoboCup 2003
— Well-palanced tearrn

B Collecting dripple informeartion
— Collect 10 garnes of STEP (60000 cycles)
— Autornaitic extraction of dripble intervals \

E Criteria of dribple —

Two succeeding kicks made by the same
plgl./sr —
//




Two Neural Networks for Driogle

Overview of Neuro-Driople |

> Is body angle appropriate?
v v
— T N




Overview of Neuro-Driople |

— Is body angle appropriate?

Output of NN Bn

Overview of Neuro-Driople |

> Is body angle appropriate?

Output of NN 2

Dash ntimes




J\/I]m]ckmg Driogple .'o_y NINES

B OQuite prormnising
B Worked in rezl garnes

F |ssues to be addressead:

— Input selectior \

Flints for Applying EC for Neuro-Dripple |

B Possible Objeciives q
— Speed
— Sorme measure for good drinbling direction
B DNeural Network-Optirnization
— Standard or Recurrent
— Input Selection \
— With or vvJ'r Ut back-propagation  whern
standard NNs are used

re

E [Needto Overcoming the Origingl s

o

15t rhe or]

— Optirnization agzair




Evolutionary Cornputatiorn

E Low-level penavior
— Bell Intercept

— Dripble

E rligh-level behavior

— Tearn strategy

Structure of Tearn Strateqy
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e Sirategy (Witnout Ball)
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| do not move
toward the ball
| am closest but try to keep
to the ball. our formation.

So I'll try to
get it!
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Offensive Strateqy (With Ball)

|

| take an action
that is specified by
my

| do not move
toward the ball
but try to keep
our formation.

Action RPule

R : If the agent is in Are&
and the nearest opponenBis
then the action i€;, j=1,...N




Partlition of Soccer Fleld

Each sub-area has one
action to be taken there

Actlon Selection

Ros: If the agent is in Area>s and the nearest opponennh® nea
then the action i&




Coding of a Tearn Straieqgy

N
near not near -
HER---BlETE---

_——4

Coding of 2 Tearn Strategy

HEN---EE @@ q
_ B

EEE - EEEEE W

10 agents excluding A team strategy: |
a goal keeper '

3




Coding of 2 Tearn Strategy

HEN---El 20 94
\

\_ 13 ¢

Exarmple of Basic Action (Drioble)

\

®

Action 1:
Dribble toward the opponent side. The

direction is parallel to the side lines.




Exarmple of Basic Action (Drioble)

\

®

Action 2:
Dribble toward the center of the opponent

goal.

Procedure of Vatc ‘

P ) PO ) ) P ) \
Maicnes ECJHJFJS‘E rie comrmory oppornerit teer ~

Performance evaluation through rnatch resulis

Goals for
N . - \
4+ R —
Goals against
_ S—

T
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Evolutionzary Operations

Sl de

ol il o

| Evolutionary operations| .-
O]
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Evolutionary Operations

ol ol




Experimental Setiing
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Experimental Using Clus
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— Adaptive candidate action

— efc,

)




EC for Obtaining Tearmn Strategies

B Possinle Opjectives
— Goal difference
e

of Individual plays during garne

k/)

1)

Goodness

B Speeding-Up EC

— More computers \
— Approdmation  of fitness  without actuzal

eveluztior -
B Subjective Evaluation
— Interacilve EC —

B History
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rSirnulation
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Future Directlon of Soccer Sirnulation

E Flumanold sirmulation since 2007 q
— Closer to real hurmanoid league
— Cormplextoimplernent
— Necessary to use control theory




Ire Direction of Soccer Sirmulatiorn

Priysical visualization League

Bridging the gazp betweern sirmulation and
real robot leagues

Lre Directlon of Soccer Sirmulatior

Priysical visualization Lzague q

Bridying the gap betwaen sirmulation and
real robot leagues




Conclusions |

\
I p (‘ P c Is [ I
~000CLD S0occer Sirnulation
— Attractive
Good for research and education

Computational Intelligence techniques
— Fuzzy systern for pall intercept \

— Neural networks for mimicking dribole

<

— Evolutionary cornputation for tearrn strategies

Futlre directions
— 3D nurmzanoid ropots, PV r0Q0leee—
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(a) Fuzzy partition fok andy; (b) Fuzzy partition fow, andviy,




