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Outline of the Tutorial

oe
\®/

RoboCup

¢ Sony Four-Legged Robot League
¢ GermanTeam

Architecture
¢ Processes and process layouts
¢ Modules and Solutions

Perception

¢ Systems of coordinates
¢ Blob-based Vision

¢ Grid-based Vision
World-Modeling
Behavior Control

Motion
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Chess - Benchmark for Al

'A ]

\

e/

1968 Levy bet: “"For the next 10 years no
chess computer will win against me.”

» 1997: Kasparov against Deep Blue: "I will win
and preserve the honor of the human race.”

e
\®/

3142 : 21>

(for Deep Blue)
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Why robot soccer?

¢ 1997 AI Conference in Japan:

¢ Realization: Logical problems are quite easy to be
solved by high computing power

¢ Chess not interesting any more as a benchmark for
Artificial Intelligence

— New Challenge: Development of
autonomous robots

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Why robot soccer?

'A ]

\

Chess

~ Static environment
Discrete data

Full information
Step based course
Logical

Single world model

®/
PEY ) ) XY XY
\®/ \®/ LY \®/

) ,
./ \®/

www.robocup.de/germanteam
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Robot soccer
Dynamic environment
Uncertain data

Partial Information
Real time
Autonomous agents

Each agent has an
own world model

X
®/

\

PEY X X XY XY
\®/ \®/ LY LY

) ,
e/ \®/
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RoboCup - The Goal

- By the vear 2050,
develop a team of fully antonomouns humanoid robots
that can win against the human world soccer champion team. -

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003



. y /
w Universitat Bremen {GJ‘.’ GERMANTEAM

RoboCup - WM 2002 in Fukuoka

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Sony Four-Legged Robot League

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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L

Sony Four-Legged Robot League

'A ]

\
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Sony Aibo ERS-210A
Four-legged robot

20 degrees of freedom
+» 400 MHz Mips Processor
CCD Camera (176x144)
PSD infrared sensor

+» Acceleration sensors
Microphones & Speaker

PCMCIA Slot for
Wireless-Lan card

X
®/

\

'R
\®/

e
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The Field

7
¢ Size: 2,70m x 4,20m

* Landmarks and goals LA
% 4 robots per team

.

e

*
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The GermanTeam in the
Sony Four-Legged Robot League

e
\®/

» Robocup World Championchip

¢ Once a year (2003 in Padua, Italy)

¢ Participants from all over the world

¢ GermanTeam plays as a single united team

'A ]
\®/

+ German Open

¢ Once a year before the Robocup

¢ Open for teams from all over the world

¢ German university teams play separately

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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s the GermanTeam?

Who

:FI
B By F
i

A part of the GermanTeam

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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The GermanTeam

oo
./

Community project of four universities:
¢¢ Humboldt Universitat zu Berlin

¢ Universitat Bremen

¢ Technische Universitat Darmstadt

¢ Universitat Dortmund
Communication via:
¢ Newsgroup, mailing list, phone
¢ Intranet
¢ CVS (Concurrent Versions System)
¢ Source code
¢ Installation files
¢ Intranet, Papers, Slides (e.g. these ones)
¢ Regular meetings and workshops

Development platform is Microsoft Developer Studio
under Windows 2000/XP

'
./

LA
./

oo
./
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Example: GT2003 vs. UPennalizers, 2nd Half

= s | B .
p. { '
- ' =
— u :
N Z .
3

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003



V¥ /X
@ Universitat Bremen : = \Gf’ GERMANTEAM

Aibo-0S: Aperios and Open-R

-

¢ Everything is written in C++
¢ Aperios
Real-time operating system
provides:
¢ Processes
¢ Inter-process communication
¢ Memory management

@ Open-R

¢ Interface processes to the robot
¢ Directly callable functions

¢ GT200x

¢ Only processes

A

A

{

Ay

*

A

*
®
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-

Aperios-Objects (Processes) & Events

¢ Construction Object
¢ Dolnit() B
¢ DoStart()

¢ Destruction
¢ DoStop()
¢ DoDestroy()

¢ Subject (Sender)
¢ ControlHandler()
¢ ReadyHandler()

¢ Observer (Receiver)
¢ ConnectHandler()

hL)
-
.
bt ]
-
»
L]
o,.‘.
*a
-
e,
*
bt ]
-

member functions

¢ NotifyHandler()

entry point

¢ Timer

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Kommunikation

¢ Dolnit()
¢» Establish all communication channels
¢ DoStart()

Object A Object B
OReadyMessage

subject_a() observer_b() DoStart()

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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-

GT200x Process Framework

v

Receiving

Waiting for blocking senders,
receivers, and time-out

Processing l

Immediate sending

y

Send
unsent data

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Processes

#include "Tools/Process.h"

class Example : public Process

{
public:
virtual int main ()

{
printf ("Hello World!\n");

return 500;
Y7

MAKE_PROCESS (Example) ;

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Packages

class NumberPackage

{
public:
int number;
NumberPackage () {number = 0;}

s

Out& operator<<(Outé& stream,
const NumberPackage& package)

{

return stream << package.number;

In& operator>>(In& stream, NumberPackage& package)

{

return stream >> package.number;

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Sender

#include "Tools/Process.h"

class Examplel : public Process
{
private:
SENDER (NumberPackage) ;
public:
Examplel () : INIT_SENDER (NumberPackage, false) {}

virtual int main ()

{

++theNumberPackageSender.number;
theNumberPackageSender.send () ;
return 100;

s

MAKE_PROCESS (Examplel) ;

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Receiver

#include "Tools/Process.h"

class Example?2 : public Process
{
private:
RECEIVER (NumberPackage) ;
public:
Example2 () : INIT_RECEIVER (NumberPackage,true) {}

virtual int main ()

{
printf ("Number %d\n",
theNumberPackageReceiver.number) ;

return 0O;

s

MAKE_PROCESS (Example?2) ;

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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L

Process Layouts

CMD

UB1
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WLAN
Aperios Robot 1
WLAN
TCP/IP PC

WLAN
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Modules and Solutions

¢ Modules
¢ Definition of partial tasks in
information processing
¢ Interaction with other modules / T~ l ~
\c/IViE:h tr%e r(%bot o?_lg/tggﬁq\évdeiggeﬁned - "I“”"“ L
ructures (i
r:p?ezentations)

¢ No usage relations between them
¢ Sequence of use is defined externally

- Solutions

¢ Different solutions for a single
module

¢ Switching between solutions at
runtime

¢* Modules can also be switched off

. e
\®/
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Modules - Overview
SensorData

SensorDataProcessor ImageProcessor Special\Vision Perception
BodyPercept BallPercept PlayersPercept

World
Modelling

RobotStateDetector BallLocator

BallPasition PlayerPoseCollection SpecialPercept
BehaviorControl Behavior
Control

SoundRequest LEDRequest HeadControlMode MotionRequest

SoundControl LEDControl HeadControl HeadMotionRequest MotionControl Actorics
LEDValue

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Modules - Perception

rx)
LY

SensorDataProcessor
» Low pass filtering sensor data
s Calculation of the CameraMatrix
¢ Recognition of button presses _
ImageProcessor s S
¢ Recognition of relevant objects in an image
SpecialVision
¢ Special analyses of an image can be conducted on demand that
may take longer

lt

.o

rx)
LY

LEDValue

o
./

SensorDataProcessor

Perception ImageProcessor 4—@- Specialvision
@%\. o>
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Modules - World Modeling

¢ SelfLocator, BallLocator, PlayersLocator,
ObstacleslLocator, RobotStateDetector I

No access to sensor data
Integration of different percepts

Including information received from
tea m mates [oundcentor | [LeDGonror | [ eadconor |- Feaavotonsqusst Actorics

Generation of a consistent world model, even
about objects not visible in the current image

1i BallPerceph

Al

‘ A
\®/ \®/ \®/

Al

MotionRequest

Al
\®/

<OdometryData

-
- -~

- TeamMessagé-.
.. Collection .-

World

Modelling RobotStateDetector

RobotState r PlayerPoseCollectiah
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Modules - Behavior Control

s}
./

BehaviorControl
No access to percepts
Commands to actuatorics

Requests output via LEDs and
loudspeaker

Controls robot’s attention

Influences information processing
Communication with teammates
Processes commands from the referee

PlayerPoseCollection BallPosition SpacalParcept

ral

rx)
e/ \®/ \®/

ral

'al

e ae
e/ \®/ \®/ @/

ral

a e n s ™" s

p—t
a —)
szt i — T ———
—
-——

e
Control Elahntml
LEDRequest HeadControlMods BehaviorTeamMessage SpecalVisionRequest
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Modules - Actuatorics

HeadControl
¢ View of the camera on the objects of the world

¢ Takes preferences of behavior control into
account

MotionControl

Walking: WalkingEngine

Kicks, tricks: SpecialActions

Standing up: GetupEngine

Integration of desired angles for head joints
Output for developers: LEDControl, SoundControl

EDEeques So ndR es MMotionReque Ha '
Actorics J i
MotionControl

LEDControl  [SoundControf

o
./

\®/

rx)
LY

e e se g
e/ 8/ \@/ \®/

LA
\®/

\
1
I
WalkingEngine GetupEngine SpecialActions IF
r

OdometryDald>  executedMotionReques
i /

EDValu®) (SoundDat) JointDataBufigh
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Modules - Sensorimotor Coupling

¢ Direct generation of commands to
actuatorics from sensor data:
SensorBehaviorControl

» Own image processing
:‘;‘ Own mOdellng ]s;m:.m” mmmmmmm = : - Actorics
» For experiments

Perception
World

Mndetling SensorBehaviorControl

Behavior
Control

LEDRequest HeadControlMode

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Modules - Percept-Based Control

¢ Direct generation of commands to

actuatorics from Percepts:
PerceptBehaviorControl

» Own modeling
+ ,Probabilistic behavior"

A

'al
\®/

World
Modelling

Behavior
Control

Actorics

oo

s —

-

[

' a‘ceptBehalannn s
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Perception
0 175
> X
0

143

«
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Perception - Position of the Camera (1)

CameraMatrix:

Transformation of the

robot’s system of
coordinates into the system
of coordinates of the
camera

CameraMatrix

Robot

World

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception - Position of the Camera (2)
translation by (x,y,z) cosy —-siny 0 O
l . , simy <cosy O O
1 0 0 x rotation around z-axis by y — 0 0 {0
010 v 0 0 0 1
0O 0 1 z .
00 0 1 cosf 0 —-sinf 0
0 | 0 0
z4 ..aroundy-axisby 5= | Gu 5 0 cosB 0
0 0 0 1
>
y 1 0 0 0
, 0O cosa -sina O
N ... around x-axis by o — .
R O sina cosa O
VI 0 0 0 1

www.robocup.de/germanteam
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Perception - Position of the Camera (3)

¢ CameraMatrix
e Mcamera = IVIneckHeight IVltilt M

¢ Anglular coordinates
¢ Xtactor = (tan(Widthangle/ 2) *2)/ Widthpixe|
¥ Veocor = (tan(height, . / 2) * 2) / height
% V = M_mere-rotation (1, (width e/ 2 = X) * Xeacrors
(heightpixe| [2-y)* YFactor)

M. M

neckLength pan roll

M

cameraOffset

¢ o = atan2(V.y, V.x);
¢ B = atan2(V.z, sqrt(V.x2 + V.y?2)),

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception - Color Spaces - YUV
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Perception - Color Spaces - Transformations

¢ Assumption red red
o - SICEN (green
¢ All values are in the range [0..1] blue blue

¢ YUV — RGB
@ r:=fix(1.164 (y - 0.0625) + 1.596 (v - 0.5))
¢ g:=fix(1.164 (y - 0.0625) - 0.392 (u - 0.5)
- 0.813 (v - 0.5))
@ b:=fix(1.164 (y - 0.0625) + 2.017 (u - 0.5))
where fix(a) = max(0,min(1,a))

¥ RGB — HSI

$j:=03r+0.59g+0.11b AN

ori:=(r+g+>b)/3
¢#s:=1-min(r,g,b) /i
$ h:=atan2(N3(g-b),2r-g->b)/ 2n

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception - Blob-Based Vision
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Perception - Blob-Based Vision
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Perception - Blob-Based Vision

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2¢Q3_
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Perception - Blob-Based Vision

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception — Color Segmentation

clear channel

clear color table

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception — Recognition of Blobs

¢» Find connected areas

¢ for all c(x,y)
if c(x,y) # noColor
fill pixels of class c(x,y)

starting at (x,y) /

@ fill (¢,x,y)
¢ init boundary
push (X,y) on stack
clear c(x,y)

¢ while stack not empty
pop (x',y') from stack
update boundary L —
for each neighbor (x%,y")
of (x',y') with c(x",y") = c

h \\ \\ t k
Elléir S((X‘,‘yy‘)‘)on >rac Example (4-connectedness)

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception - RLE Compression

Normal image Run-length encoded image
1 n
1 === m
8 neighbors n+m neighbors

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception - Blob Combination

¢ Constraints: Allen-

Relations
43 — _5_
fma — =2
#20 —»
Foa ——=
B ——

8 o Ahesia

A=H 7 A aquals B | i i ‘|V ‘
Horizon
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Perception - Ball and Players

NW

./

Ball

Y

¢ Orange blob, either large or

close to green

.

¢ Intersection of middle
perpendiculars

Players

.

(‘_I

&

L]
L

¢ Calculate distance from
height

www.robocup.de/germanteam

¢ Selection of boundary points

Y/ &
= GT __G__ERMANTEAM

¢ Cluster red and blue blobs
Find largest blob in cluster
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Perception - Alternative Approach

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception — Calculation of the Horizon (1)

" opening angle
height "’
SIS

/ robot 01 | angle to ground

horizon

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception — Calculation of the Horizon (2)

¢ Vectors in direction of the horizon (in world
coordlnates) _

=(w, w O)
@ In camera coordinates: >
w* =M .-rotation w N

camera’
¢ With opening angle being 2a and
camera resolution s, h),. can be
calculated as:

s s
tan o tan o
hg = S ;hr = —S
2] Lo

¢ If h and h, are on the horizon, they satisfy
h,=w*=M .-rotation w

camera’

¢ This can easily be solved for z,, resulting in the
intersection points of the horizon with the image
borders

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception - Grid Perpendicular to Horizon

obocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception — Object Recognition

¢ Edge detection along scan lines is used for
object recognition

¢ Color class
(not all colors
classifyable)

¢» Patterns in contrast
in the YUV channels
are used to resolve
color ambiguities

¢ Anchor points for
specialists

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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L

Perception - Specialists
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Perception - Detecting Edges

¢ Between field
and

Border

Field lines

Goals
yellow
¢ skyblue

Ay

Ay

K

(!l

&

*
L ]
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Perception - Distances

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception — Projection on the Field

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003_
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Perception - Example

£ SimRobot - Replay

Simulation  Window  Help

boooss | oM 2
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Perception - Different Lighting Conditions

Color Labeled Environment
- Color Classification

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003'



@ Universitat Bremen — {aﬁ{'___'&_ERMANTEAM

Perception — Color Segmentation
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Perception — Classification Relative
to a Reference Color

| =

¥low

W

U View -
I 1 ] I
U gy Uyp U

Colors are classified relative to green in the UV
plane

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception - Reference Color Green

4

Y-channel l l-channel V-channel
max 1

i T Ty P

e

A il

Wit SKybITCTEE S i ~

min

top bottom top bottom top bottom
~—— image | areen range image |
e i MAZE 2 B Crcen range image 2
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Perception — Calibration Using Knowledge
about the Environment

Green pixels can be identified by characteristic
edges along scan lines in the YUV channels

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Perception — Auto Adaptation
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Auto Adaptation
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Localization in the
Sony Four-Legged Robot League

¢ Advantages
¢ Automatic positioning
¢ Sharing perceptions

Full support of referee

commands

Challenges

¢ Limited computing
power

¢ Vision-based

¢ Directed vision

¢ Variable camera position

L X4

.
\®/

'R
\®/
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Localization in the
Sony Four-Legged Robot League

¢ Advantages

¢ Automatic positioning

¢ Sharing perceptions

¢ Full support of referee
commands

Challenges

¢ Limited computing
power

¢ Vision-based

¢ Directed vision

¢ Variable camera position

'R
\®/
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Localization — Operations on Poses

@ Operations vt

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Localization — Operations on Poses

¢ Operations
¢ Translation

Y1

v

A (TTTTITTIIIIT

www.robocup.de/germanteam
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Localization — Operations on Poses

¢ Operations

_ x'ii=xgcosoc-ygsinoc|
~ Translation
» Rotation y'ii = Xii sin o + y2 COS O I

ral
\®/

'al
\®/

<&
<«

v

y,sina  x,CoS X
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Localization — Operations on Poses

\ . y A
¢ Operations

¢ Translation

¢ Rotation \\&\/ﬂ@
¢ Addition

v

XY,
(X.,Y,) =

NS o
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Localization — Operations on Poses
y

A

'S
\®/

» Operations
¢ Translation

¢ Rotation

Addition

X', = X, COS a - Y, sin o

2 y'. = X, sin o + Yy, cos o

L]

'x)
Y

o
e/ \®/

sl

v
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Localization — Operations on Poses

A

y

'S
\®/

» Operations
¢ Translation

o

¢ Rotation
Addition
X', = X.COS o - Y, Sin o
® Y. = X.Sinha + Yy, Ccos «
Xg = X + X,
y +v,
o+ o,

'R
\®/

, , , Fe  se

o/ @/ @/ @/ @/ )

sl

sl

Yo =
OCO=

sl

Yo

\S

(X,y

v
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Localization — Operations on Poses

A

y

'S
\®/

» Operations
¢ Translation

o

¢¢ Rotation
Addition

X', = X.COS o - Y, Sin o
® Y. = X.Sinha + Yy, Ccos «
Xqg = X + X',
Yo=YtV
0y = o + o,

'R
LY

, ge o0 Fe  se

o/ @/ @/ @/ @/ )

*

Yo

++ \Q (O

(X0:Yo)

v

'S
\®/

s Subtraction
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Localization — Operations on Poses
y

A

'S
\®/

» Operations
¢ Translation
¢ Rotation
Addition
X', = X.COS o - Y, Sin o
® Y. = X.Sinha + Yy, Ccos «
Xg = X + X,
2 Yo=Y tY,
Og = o + o,
Subtraction
X', = Xg - X

2 Y, =YY

rx)
LY

, , Fe  se

o/ @/ @/ @/ @/ )

sl

sl

*

v

s
LY

o
e/ \®/

sl
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Localization — Operations on Poses

A

ral
\®/

' Operations y
¢ Translation
¢ Rotation
Addition
X', = X.COS o - Y, Sin o
® Y. = X.Sinha + Yy, Ccos «a
Xg = X + X,
2 Yo=Y tY,
Og = o + o,

Subtraction

s
LY

ral

, e e
e/ @/ @/ @/ @/

A

*

v

s}
./

¢ X, =Xy - X X
CY. =YY

¢ X, = X,C0S-o- Yy, sin-a

¢y =X,sin-o+ Yy cos -o

Lo =0 - o
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Localization — Odometry

.~ GERMANTEAM

GT
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Localization - Iterative Approach

X
LY

Calculation of new position
based on

old position
Reliability of old position

current distance
measurement n

Reliability of the
measurement

landmark

r'al

R
e/ \®/ @/

/ real position

r'al

R
\®/

“virtual position

o

X
LY

New position is always on
the straight line between

new position old position and landmark

old position
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Localization - Iterative Approach

Calculation of new
landmark orientation ¢ based on
¢ old orientation o
0o ¢ Reliability of the old
orientation

¢ Measured angle y to
landmark

¢ Reliability of the
measurement

Y

virtual orientation

new orientation

old orientation
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Localization - Iterative Approach

X
LY

Normal case

¢ Different landmarks are
seen alternately

Result

¢ The estimated position
converges towards the
real position

X
LY

real posi{iéﬂ:ﬁiiiiX~ .

starting position‘
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Localization - Iterative Approach

landmark

\"
LY

Problem

¢ Only a single landmark
is visible for a long time

Result

¢ Position is always on the
straight line between the
initial position and the
landmark

; real position

\"
LY

end position

start position
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Localization - Uncertainty in Motion

Start location

N
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Localization — Uncertainty in Observation

200

=np Measured distance

=200

300
estimated distance 490

International Spatial Cognition Summer Institute 2003
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Localization — Observations

bearing,,
b&‘-ﬂl‘ingrm

distance,,,

_—___
left :post rright post
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Localization — Observations
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Localization — Approach

v
" Y
7\
g R
~ N
v I,
v
« < R A §¢ \Y
. < é) N N T
. e
AL A < =
3 ..; ﬁN \\/ N
: " R ~
rf
] B v
S
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Localization - Assigning Observations to
Field Model

Lines
Border

Yellow Goal

Skyblue Goal
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Localization — Sensor Model
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Localization — Example

£ SimRobot - Replay

Simulation  Window  Help

boooss | oM 2
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Localization — Details

¢ Probability of samples

¢ Probability is adapted slowly

¢ Separate probabilities for different observation types

¢ Samples are randomly moved, weighted by their probabilities

Sensor resetting

¢ Draw samples based on the ratio of their probability and the
average probability

¢ Replace them by candidate postures that can be derived from
observations

Calculating candidates in advance

¢ A large number of random postures is generated

¢ Their distance to the edge they are pointing to is determined
¢ The postures are indexed by their distance and edge type

oo
./

oo
./
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Localization — Experimental Setup

—— ——
=M h‘"'"""""\-?.__-—-.- |
4‘\‘

T

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003



— == V
@ Universitat Bremen GT GERMANTEAM
Localization — Experiment 1

¢ Robot continuously moving (by joystick)
¢ Approx. 5300 measurements

% Average error < 10.5 cm
(field size is 420 x 270 cm?)

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Localization — Experiment 2

'A ]
\®/

'A ]

\®/

e
\®/

-

~/

h
o
\
III
|

www.robocup.de/germanteam

GERMANTEAM

» Robot walks to random positions (approx. 70)
s Average error in positioning < 9.5 cm
*» Average error in localization < 8.5 cm
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World Modeling - Probabilistic Approach

¢ Modeling the

- own position

- position of the ball

- positions of teammates
- positions of opponents
¢ positions of obstacles

¢ Hierarchy
¢» Local world model
¢* Shared world model

@ Communication as
essential part

(“l

(“l

(“l

(“l

le
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Behavior Control

Y

GT GERMANTEAM

RnbntStale PlayerPoseCollection » BallPosition SpemalPemept _____

GameCnnlmlD&ta St BehawaneamMessage

-

.r executed %
............. Motmﬂequest ’

"--——.—-—-—"'"

-

LEDRequest MaotionRequest HeadControlMode SoundRequest BehaviorTeamMeassage SpecialVisionReguest
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Behavior Control - Demands

¢ Uncertainty: noisy world model
¢ Communication with teammates: long delays
+ Flexibility vs. stability
¢ Flexibility:
¢ Quick changes of behavior / adaptation to the
environment

¢ Drawbacks: oscillations, behaviors are not
finished

¢ Stability:
¢ Continuing behaviors if they were started

¢ Advantages: Reliability during cooperation, better
handling of imprecise perception. Long-term
behaviors can be performed

* Drawback: fanaticism

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Behavior Control — Approaches

P
\®/
.o ral e ra)
\®/ \®/ \®/ \®/

s
LY

Problems

+» Approaches

- With utilities

#» Potential fields
- Artificial Neural Networks
- Decision trees

Y

GT GERMANTEAM

¢ Decision do not only depend on sensor data but also on the

context

Pl By

l)

+ Universal hierarchies of utilities are hard to find
¢ Hard to continue behaviors once started
+ Often inflexible

Behavior 1

Behavior 2

Behavior 3

Behavior 4

Behavior 5

www.robocup.de/germanteam
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Behavior Control — State Machines

¢» Behavior selection with state machines

¢ Currently selected behavior corresponds to the state
of a state machine

¢ A state remains actual until a condition for switching
to a different state is satisfied

¢ Hence: only sequences of sensible behaviors
¢ Hysteresis is possible
¢ Context problem

¢ The transitions between states differ in different
contexts > Hierarchy of state machines

State machine

Behavior 1 Behavior 2 Behavior 3 Behavior 4 Behavior 5

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Behavior Control — Hierarchy of Options

goalie

goalie-before-kick-of{ || goalle play

\ )

return-to-own- goa

stay-inside-goa
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Behavior Control - Options > States

| goalie-before-kick-off

\

return-to-own-goa

stay-inside-goa

Option goalie-play

D @ o

, pa
/ /'
|4 A 4
@ stay-inside-gog | return-to-own-godl
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Behavior Control — States > Decision Trees

v/

State get-to-ball L

if else

\

\
AN

ball seen S
N
i \
if else-if else
\v |
\
ball. <|::|statace ball too y !
smaller than faraway | , !
15 cm \ 7 :
j N7 ’
7 N
/ 20 }
/7
Y’ >

return
to
goal

www.robocup.de/germanteam
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-

GERMANTEAM

Option goalie-play

I
7 /"

stay-inside-gog|

return-to-own-god|

International Spatial Cognition Summer Institute 2003



U == V
U Universitat Bremen GT OGERMANTEAM

Behavior Control — Hierarchy of Options

Option goalie-play

| goalie-before-kick-off

| goalie-play|

clear
ball

| return-to-own-goal | stay-inside-goal

) \

7

P :
| stay-inside-gog| | return-to-own-god|

go-to-point

Stateget'to'ba“ L if (ball.time-since-last-seen < 2000) /lball  seen
\ {
if elfe if (ball.distance < 150) //ball. distance smaller than 15 cm
{
\
N transition-to-state (clear-kall);
\‘ }
\ else if (pall.distance > 900) /Ibal |too far away
) . {
i else-if els\e transition-to-state (return-to-goal);
v S !
. \ else
ball.distance ball too L ;
smaller than f | L
15 om araway | transition-to-own-state (get-toball);
\ 7 !
N 7 | !
) RN élse
\
v » vy {
@ get return transition-to-state (return-to-goal) ;
to to }
ball ball goal
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Behavior Control - Option Graph of
ermanTeam 2003
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Behavior Control — Extensible Agent
Behavior Specification Language (XABSL)

o
-

- Formalization of the
software environ-
ment
¢ Definition of basic

behaviors and
symbols

» Formalization of the

option tree

¢ Options
¢ States
¢ Decision trees
¢ Conditions
¢ Output Symbols

e/

N

e
\®/

www.robocup.de/germanteam

¢» Generation of

¢ Intermediate code
¢* Documentation
¢ Debugging symbols

¢ XabslEngine

¢* Executes intermediate
code

¢ Embedding into
software environment

¢ XabsISymbolProvider
¢ XabslBasicBehaviors
¢ Debugging interfaces
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Potential Fields — Motion Planning

Qo
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Potential Fields - Goal
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Potential Fields — Obstacles
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Potential Fields -
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Potential Fields — Gradients
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Potential Fields — Gradients
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Potential Fields — Gradients

G
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Potential Fields — Sampling
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Potential Fields — Action Planning
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Potential Fields — Definition in XML

<object name="Opponent-Robot" type="repulsive">
<asymptotic-function range="200"
at-zero="1000"
const-interval="1"/>
<point-field/>
<circle radius="90"/>
</object>

<motionfield name="go-to-ball">
<return-const value="-1"/>
<include name="ball"/>
<include name="own-penalty-area"/>
<include-group name="all-robots"/>
</motionfield>
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Potential Fields - Visualization
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N \'\'\\\H rf‘a\/'

\x\\\\ ///:// /

__,.,-r

; l‘““m-h

1 7/ H\\ N\‘ﬁ“‘&
o ,ffj:-,f /IT //// {\ 1\1\\.\\:::&
”';/_'////' /ﬁl[ ) 1\1\\\\ S

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003



w Universitat Bremen

Actuatorics - Mof
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motion_id = unswBash
label start
//catch ball

transition allMotions extern start

-500 2500 2600 -500 2500 2600 0 25
-500 2500 2600 -500 2500 2600 0 40

-500 2500 2600 -500 2500 2600 0 40

-500 2500 2600 -500 2500 2600 0 25

-500 2500 2600 -500 2500 2600 115
-500 2500 2600 -500 2500 2600 0 30

00O ~ o~ o~ 1034 300 1000 1034 300 1000
00O ~ o~ o~ 1034 800 1000 1034 800 1000
label fromhold

-300 0 O ~ o~ o~ 1034 -700 500 1034 -700 500
//kick

00O ~ o~ o~ 2550 0 2000 2550 0 2000

00O ~ o~ o~ 2550 -400 2000 2550 -400 2000
00O ~ o~ o~ 1034 -400 500 1034 -400 500
//stand

000 ~ ~~ -=100 200 2100 -100 200 2100

=700 250 1500 -700 250 1500 0 25

00O ~ o~ o~ -115 262 1913 -70 256 1924 -579 222 1382 -547 188 1384 0 25

Parameters:
3 x Head

1 x Mouth
2 X Tail

Py
LY

Py

LY

Py
LY

www.robocup.de/germanteam
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3 per leg
Interpolation
Duration

Py
LY

.o
LY
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Actuatorics — Walking engine

¢ Robot "s maximum speed: ~23 cm/s
¢ Requested speed defines the step size
¢ Joint angles are generated every 8 ms
¢ Foot motion: e.qg. rectangular

www.robocup.de/germanteam International Spatial Cognition Summer Institute 2003
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Actuatorics — Walking engine

¢ Direction of foot movement
defines walk direction

¢ Trot walk
¢ diagonal foot pairs move at the same time
¢ Both pairs are shifted by a half step

X33
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Actuatorics — Walking engine

P “ 3 0 t InvKin Walking Parameters |
‘\’ pa ra I l l e e rS — Fare Hind Foat Lifk Fouot Tilk Leg Speed
Height “width Centers | Height “width Centef] Fore Hind | Fore  Hind |Factors Factort FactorR
¢ max. step size |||||l||||lll
@ step height L T T L= P TI T TI T TI
S 111 71 42 171 7411582 ] 27 (| 012 -0.44 1.02| 086 1
I step |ength | . | 7] . | 1] 7 | 5] | -012] | 102] oss|
— Mawimurm Step 1 Masimum Change— Count— Step— Phaze
o> Sizess  Sizev’ |Speeds Speedy’ Rat Rot. | Length | Ground  Lift L gD Le g‘l Le g2 Leg 3
[ .A
-

rerrrrel el

ja4.00 Jzo00 | 100 qoof 1 oaf 120 o5 006 | 05| os| o

¢ Different parameter sets cause
different walk types
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Tools — SimRobot

Rollstuhl

s

Kamera

DL: 12,

[f—————

bl&

21

+

mode : Mono | Color [ Dither

File

SimRobot
Edit View Simulation Window

Yy

GT

ENVCPPSCENES\B21.5CN
Help

GERMANTEAM

L EMIT
(7' RADIALEMITTE!
L EMIT

y‘T RADIALEMITTE!

=] Ed

itor 2

WORLD “'lab™ (
BACKGROUND

TEXTURE

AMBIENT (8.2,0.2,0.2);

TEXTURE "skyline™ LOAD '"Ne
“stucko™

(8.7,8.7,1);

LoAD “stu

\,ﬁ\

Fle Edt View Simulsion Wi

jow Help

M

o DI=IE] 22 2= [+ 5 E 5 2l w2 =

I
Add)  Remove )  Adjust
Execution: Collect | Immediate | [15 (r’l WORLD lab =l
o BT YEHICLE B21
o || Rollstuhl i <-ffa TRANS_X
SPEED @ TRANS_Y
v " 5 TRANS_Z
v ROT_X
! I s ROT_Y
[ E (> ROT_Z
e

EXECUTED

{7l GROUP base

B-f7) GROUP enclosun
7! POLYEDER walls
BT GROUP windows
7! POLYEDER skyline
7! POLYEDER colunin
7! TURMABLE daor 1
71 TURNABLE doar 2
71 GROUP smal table
{71 GROUP desk

ff! GROUP computer |+
i — _I_I

a

T
[WORLD '"lab™ ( g‘

AHBIEMT (0.2,0.2,0.2);
BACKGROUND (0.7,0.7,1);
TEXTURE “skyline" LDAD "Ne

TEXTURE “stucko™ LOAD "stu

SURFACE “floor" (0.4, 0.2,
TEXTURE "stucko™ ((1,0,¢
SIZE (208,200);

WRAPAROUND ;

15

SURFACE “wall” (1.0, 1.0,
TEXTURE "stucko™ ((1,1,1
SIZE (208,200);

= Object - WORLD [-oI=]
=l

200) ;

1" (1.0, 1.0,
tucke” ((1.1.1
2001 - b

EMIT
SURFACE “Floor” (8.4, 8.2,
ngm%EMIWE TEXTURE “stucke™ ({1,8,¢
7 RADIALEMITTE] SIZE (288,280);
L WRAPAROUND ;
Lgs EMIT 15 )

] SimRobot - D:\Daten\CppAScenes\B21.5CH R[]
File Edit View Simulation Window Help ,200); T
Tree |I[ Editor Il Object - WORLD | >
e

U ~ [wonLD "1ab { = 1VALUE |~
g EMIT AMBIENT [0.2,0.2,0.2]; B

7 RADIALEMIT BACKGROUND (0.7,0.7,1

L EMIT TEXTURE “skyl ine™ LOAD "He

1 RADIALEMIT TEXTURE “stucke” LOAD “stu

L SURFACE “floor” (0.4, 0.2,
g EMIT TEXTIBE s tucke” [[1.0.0

Sensor - grid map.VALUE

1 I

T o

For Help. press F1

oooooa | [NUM

www.robocup.de/germanteam
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Tools — Structure of SimRobot

User-defined
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Tools — SFLRL Simulation in SimRobot

OVirtualRobotComm

RoboCupCirl

e e e e oA e e e e e Tt el
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Tools — SimRobot Demo

™ SimBobot - GT2002

WORLD “ETZ00E" (
QUICKSHAD I MG ; w (Y GROUP field

QUICKNDY [ HE ; {9 RADEALEMITTER lamp b §
= { GROUP robots i
FEREREERRERER IR IRIRIES < (T VEHICLE 1
J/ Colers in YUY h, TRANS X >
. i TRANS ¥ A
AMBIENT (0.5,1.8,1.08); o
BACKCROUHD (B,0.5,0.5) g moT X
- a ffs ROT_Y

SURFACE “pink (a. =

SURFACE “sky blue™ (@. g ROT I w

SURFACE “green™ (o, B oo

SURFRCE “gellow" (0. {7 POLYEDER body

SURFACE “orange™ (0. * ) GROUP et arm

SURFACE “white™ (0. * [l GROLS right arm

s frY R ey b
» (T RoPktieg o

= Object - WORLD
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