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i Many difficulties

= Soccer programs is complex

= Full compiling takes more than 10 minutes
= Booting of AIBO takes about 30 seconds

= Debug via wireless LAN

= Batteries only last about 30 minutes

= Team development can cause conflictions
= Cute shape is not suited for playing soccer

= AIBOs can faint because of motor load
 ATRNE ~mnn khranly FhaAair lAaAc



i How to solve?

= Hardware problems

We can’t solvel

= Software problems

E Maybe, we can solve!!!
N
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{ We want a “framework” }

that makes it easy to create robot programs
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i Related Work

= [ekkotsu
= A development framework for AIBO
= Created at Carnegie Mellon University
= Consists of C++ Libraries wrapping OPEN-R.

(We must use OPEN-R for creating AIBO programs)

Tekkotsu

http://www.tekkotsu.org/



Related Work in RoboCup
Symposium

= Alessandro Farinelli, Giorgio Grisetti, and Luca Iocchi. “SPQR-
RDK: A Modular Framework for Programming Mobile
Robots”. In RoboCup 2004: Robot Soccer World Cup VIII, LNAI,
pages 660--653. Springer, 2005.

= Alexander Kleiner and Thorsten Buchheim. “A Plugin-Based
Architecture for Simulation in the F2000 League”. In
RoboCup 2003. Robot Soccer World Cup VII, LNAI, pages 434--
445. Springer, 2004.

= Thomas Rifer. “An Architecture for a National RoboCup
Team”. In RoboCup 2002 Robot Soccer World Cup VI, LNAI,
pages 417--425. Springer, 2003.

= Paul A. Buhler and Jose M. Vidal. “Biter: a Platform for the
Teaching and Research of Multiagent Systems' Design
using RoboCup”. In RoboCup 2001. Robot Soccer World Cup
I, LNAI, pages 299--304. Springer, 2002.
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i Proposed Framework

= [wo technigues are integrated

= Plug-in system (easy to extend)
= Effective for team development
= No need to know the whole system

= Scripting language (easy to use)
= Effective for creating strategic programs
= No need to recompile and reboot
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i Concept of our framework

Strategic scriptsJ

Plug-in system

OVirtualRobot can control
actuators and sensors of AIBO

OVirtualRobot (OPEN-R Object)
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Strategic scriptsJ

Plug-in system




‘L Concept of our framework

D For Constructing 7 Strategic scriptsJ
a player program

ball recognition _ shoot motion
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Strategic scriptsJ

Easy to plug
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‘L Concept of our framework

Strategic scriptsJ

AR

Scripts access these modules Easy {o extend
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* Concept of our framework

Strategic scriptsJ
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Concept of our framework

Without any changes

Strategic scriptsJ
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Ver. 2
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i Plug-in system

= Plug-in system has often been used in
recent applications

Adobe
[llustrator 10

Firefox
the browser, reloaded
https://www.mozilla.org/ https://www.eclipse.org/ https://www.adobe.com/
Web browser IDE Drawing software

We don’t need to know the whole system



‘L Concept of Plug-in system
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A recognition module
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A recognltlon module
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i(the design of our plug-in system)

+ moduleName
+ registModule()

JPActionModule JPSpeakerModule

0OO0bject
I
+ Dolnit() Vy -~~~ - Tt T T
I JPModule
+ DoStart() I moduleName
+ DoStop() 11 —
1 + init()
+ DoDestory() | + start()
ZAOPEN-R ! + Stopy)
_______________ I + desiro
[
|
JPObject :
|
|
[
|

+ registActionModule() + actionReady(event) — | + speakerReady(event)
+ registSpeakerModule() _,_1//’_ \ \

+ registSensorModule() / //

+ registCameraModule() q JPSensorModule JPUDPModule

+ registTCPModule() ' — :

+ registUDPModule() \r + sensorNotify(event) + udpNotify(event)

+ registMindModule() + udpReady(event)
' \
I JPTCPModule

JPCameraModule

- /

I . + tcpNotify(event)
JPOb]ect manages\ : + cameraNotify(event) + topReady(event
the instance of : /
created modules ! JPMindModule
|
|

+ mindNotify(event) Abstract modules;




o)

We can override
cameraNotify() and

N

i AbStraCt modules describe image processing

Abstract Module Special method | When is the method called?

JPCameraModule | cameraNotify() | Every 40 msin sync with the
CCD-camera

JPMindModule | mindNotify() | The same as cameraNotify()

JPActionModule |actionReady() |When a set of joint angles are
achieved

JPSensorModule |sensorNotify() |When sensor data is detected

JPUDPModule udpNotify() When UDP data is received

JPTCPModule tcpNotify() When TCP data is received

JPModule




i Abstra recognltlon modules }

Abstract Module W When is the method called?

JPCameraModuIeT strategy modules fhe

JPMindModule___L=arvotiiv() | The same as cameraNotify()

JPActionModule }J( locomotion modules

RN

JPSensorModule |sensorNotify() |When sensor data is detected

JPUDPM ... received
v Od{ localization modules, etc W

JPTCPMod uk e e Jreceived

P AV
JPModule =]
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i Lua (http://www.lua.org/)

= Designed for embedding into C/C++
= Easy to embed into C/C++
» Faster than Python
= Uses less memory than Python
= Has a simple and powerful syntax
=« Smaller footprint than Python (about 1/10)

By http://lua-users.org/wiki/LuaVersusPython



http://www.lua.org/
http://lua-users.org/wiki/LuaVersusPython

i A simple example

= Returns the summation of arguments

function sum(...)
local s=0
for 1=1, arg.n do
s=s+arg[i]
end
return s
end
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Luabind

i (http://www.luabind.sourceforge.net/)

= A library that helps us create bindings
between C++ and Lua
= Utilizing template meta programming, we

can easily register C++ functions and call
Lua functions

-
-...,.
\
\
1



http://www.luabind.sourceforge.net/

An example of Binding in

i modules

= For lua scripts to use C/C++ functions

void
BasicMotion6JPM::init() {
module(JPLua::L) [
class_<BasicMotion6JPM>( )
.def( - &BasicMotion6JPM::swingHead)
.def( , &BasicMotion6JPM::stopSwingHead

I}
get_globals(JPLua::L)[ ] = this;

}




An example of Binding in

i modules

= For lua scripts to use C/C++ functions

void

B o
basicMotion:swingHead(0,0,0)

(in Lua scripts) M)
ZHead)
.def( , &BasicMotion6JPM::stopSwingHead

I}
get_globals(JPLua::L)[ ] = this;

}




i An example of robot script

= Swings its head from side to side

function swingLeft()

require :
require . basicMotion:swingHead(0,d2ur(80),0,
require
. stree:setState( )
function init() : end
stree:setState( _ -
end function swingRight()

basicMotion:swingHead(0,d2ur(-80),0,

function mindNotify()
stree:doAction()

end gend

stree:setState( )



i Other teams

= MicroPerl by team UPennalizers
= Python by team rUNSWift and CMDash
= Scheme by team ASURA

need

Definition of global wrapping
functions for binding to C/C++




i Binding of Python

/* Get the project for ball. When this function is called,
it is assumed that the robot can see the ball. */
static PyObject * VisionLink_getProjectedBall(PyObject * /*self*/, PyObject *args)
// Track visual ball.
int inpoints[2] = {((int) (vision->vob[vobBall].cx) - WIDTH / 2), -1 * ((int) (visi
>vob[vobBall].misc) - HEIGHT / 2)};
double outpoints[2] = {-1, -1};
vision->projectPoints(inpoints, 1, outpoints, 0);
double ballx = -outpoints[0];
double bally = outpoints[1];

PyObject *t;

t = PyTuple_New(2);

PyTuple_SetItem(t, 0, PyFloat_FromDouble(ballx));
PyTuple_SetItem(t, 1, PyFloat_FromDouble(bally));
return t;



& Our choice

= Lua & Luabind library

need




An example of Binding in

i modules

= For lua scripts to use C/C++ functions

void
BasicMotion6JPM::init() {

module(JPLua::L) [
class_<BasicMotion6JPM>( )
.def( , &BasicMotion6JPM::swingHead)
.def( , &BasicMotion6JPM::stopSwingHead)

I}
get_globals(JPLua::L)[ ] = this;

}
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i Our programming method

Create modules by C++
1 Need to compile

[ Create a binary }
@ Need to send the binary
and reboot AIBO

[ Create a script by Lua }

ﬂ Need to only send the script
[ Test on AIBO }




i Our programming method

Create modules by C++|

1 Need to compile>

[ Create a binary

1

'\

Need to send tb

[ Create a script by Lua }

@ Need to only se

[ Test on AIBO

|

a

—/

For professionals

Nd

e binary

reboot AIBO

e

For beginners




‘L Demonstrations

= Available online at following URL

https://youtu.be/ https://youtu.be/
mehBFIsW4IQ EqW 0OIsx8U

ereate bot swl
height GlallyOnViware:

jollyPochie 2006.0

“Teroate_ module swl =)
CETY beiahitiollyonvhiviare:iollyPochie 20060
: e pasiing Cecrip. Files.

Seora: Mtding atcers
e local

x|

i 52 ciall ERS? L lccal PR
udyk‘ﬂn 1/ usr l[ullﬂmj SDK/DPEN_R/snclude =1 /usr/]

[lyOnVitwere ok SO cluck e i R ot mdster 14 To

dule/[FEker 1d -l /base ~]sre ncuLe ~lere/base/Lus -¢ -a nmL WERST/rebot./wodu

" sre/madula/Poveen] ngg@%v{-mﬂi@ag?

T e ek e srchudhle/ ik 14/l 4.
Juce local PSR . S90inmgpomLincca v Gull /ERST bty octe/ IRHar 10411
168kl 13,8 byt 187ERS7 oot odule/ ke 14/ FSkr 14 o0,
<7/rchar.nodl e Pouer ind S “Linacranlis frectile 1GHor 1441
S birvnipsel- line e f[  Deno iblfStir .
Jarlocal FOLR SKEDLAANALIY - A lucsl IFELASIK - bulld 55710
Locl APEN_R_SIRTFEN RA1n/skbin A demo for IAS oot/ w1 P bin it VEFST/bt ot [iclma ol oo bl /ERST 0o | 1ag
b0t bot./Ilemar Jal L bin bl 4/ERST Viasests ol Pt b m.)mmmmn orld/1sb1ASlor €, bu 1/ERS7/ro
£ /baan/Tol 1yPStub, o but L/ERS?/robot e b0t el AP Con L WP o e Lot ko e
/moduleLuaCallbackNind/ ] iELuaCal LbsckMi @author kobayashi Ubeckiire.s !ulld ERSVrmuH-ndl.laﬂumieunr‘ /ibToushBensor3.a bui ld/ES hi
r3/1iblouchSansord, a bui ld/ERS? /robot/mody @bot TASDemo ibShakinalal
RS/ okt /modulFrver 1 ibFouecCn. o buf Il 11 rlln b Pl e Gy by et
7¢robot/base/Lua’] 1blisa.a build/ERST/robol
x “IGPEIR: 1 Tnteres. ~LanthCO0P arc/base’ o . =
Install nsta
pir /158 [
scors
ghi [ ] heigh
— -
BT I I I I I l niw
iyl BT ilization.
) Il Lost | 1 touchSensor: clickedhead() » 0 then
B i T roucTsenso SerFh TR b Rear Eo: w2 1N shalingTail:startShakingTai10)
Wl Rella shakin: Berhe? i ias:foo
Wifr . Insoe? elseif touchsensor:clickedbackMiddle) > 0 then T elseit touchsensor: clickedackitidd1eC) > 0 then
Bk Plib shakingTail:stopsShakingTail() ol - shakingTail: stopshakingTai1(
Wilulall iCatch 5 ent T jas:bar()
e i BARes LCal end !
B2 egH Catch? il
W LCachd T
BNGES  Liatchd o T
Tde LCatehd derante s
B Lo -
BTE LSaingl3 i Jua + send_data.gy 1
i ehtido e lun & craate.lussers Jallilie = rone elctuslolbacic
»nm}.huylm.w lua ¥ od Do .
b uch File o directory oha o1 1Poch 2006, 0
ol e b ot el uplosd me/height ol 1yPachi 2006, O/dat
r—.mtfmn-n nlesd b lap 7 -
start. lus send 'L to 133.5,24.54 via UDP port 11
el i ol e Tewo o [] -- start.lua CLua Abb 122--A11 helght8dol lyWhare 1ua & [

Create a binary and scr Create a module and bind it


demo_create_bot.lnk
demo_create_bot.lnk
demo_create_module.lnk
demo_create_module.lnk
https://youtu.be/mehBFIsW4lQ
https://youtu.be/_EgW_0Isx8U

* Outline

= Background
= Related work

s Proposed framework
= Concept
=« Plug-in system
= Scripting language

s Demonstrations

= Discussion

s Conclusions and future work




i Discussion

= Rough Comparison of working efficiency
= In RoboCup 2004 (before using our framework)
= IN RObOCUp 2005 (after using our framework)



‘L Experimental result?

= Me as a beginner (in RoboCup 2004)
= 3 days to run a sample program

= 6 months to create a player program for
actual games

Censored

image

me
(I was an undergraduate student)



‘L Experimental result?

= Beginner A and B (in RoboCup 2005)

= 1 hour to run a sample program

=« 1 month to create a player program for
actual games

Censored Censored

image image

Beginner A Beginner B
(they are still undergraduate students )



i Jolly Pochie in RoboCup 2005

= 130 modules and 350 scripts
= [op 8 in Soccer competition
= /th in Technical Challenge
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i Conclusions

= We proposed a framework that makes it
easy to create robot programs

= No need to know the whole system
= No need to compile and reboot

= Our framework is very useful in the
RoboCup Soccer competitions

= Coming soon at following URL
s http://www.shino.ecei.tohoku.ac.jp/jollypochie/



http://www.shino.ecei.tohoku.ac.jp/jollypochie/

‘L Future work

s Create a framework for robots other
than AIBO, especially humanoids!

= We hope that we can use some modules
from AIBO, such as recognition modules
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‘L Thank you for your attention!
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