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ABSTRACT

Inthispaper, it studiestheball interception problem of Master robot soccer,
after the establishment of the motion model and state update equations of
players and the football, uses the numerical analysis method to simulate
the ball interception problems, and finally simplifies the numerical
algorithms on thisball interception issue. The simplified numerical results
show that the time needed to traverse all players is basically 0.02
milliseconds. The players in no-ball controlled state use the simplified
analysis method to conduct overall test, and no obvious interception
migudgment appears. The no ball controllers need to accurately analyze
the fastest interception time for both sides, and can use the complex
numerical algorithms; And ball controllers have higher requirements of the
ball interception analysis, so we use the simplified numerical algorithms,
which do not affect the decision-making time and makes it easier to

implement.

INTRODUCTION

Artificid intdligenceisan independent study disci-
pline, which hasbegun sincethenineteenfifties, and
has been deve oping with therapid devel opment of au-
tomation information technology. Particularly withthe
development trend of taking the computer thispower-
ful computing toolsas supporting, the systematically
research on artificial intelligent has made a series of
achievements, from the singleintel ligent agent static
problem solving in predictable environment by the
“Deep Blue” series of computers, to the recent multi-
agent dynamic problem solving in unpredi ctable envi-
ronment, it hasbecomeatypicd issueinatificial intel-
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ligence research. The characteristics of robot soccer
that thispaper sudiesisan extensonfield of thedeve -
opment of artificia intelligence. The soccer machine-
machine confrontation and human - machine confron-
tationisasuitableplatform for the study of the multi-
agent theory. In order to reflect the reality of soccer
races mulation, thispaper discussesand studiestheball
interceptionissuesin Master robot soccer.

For theresearch of robot soccer many people have
made efforts, itisthese people’seffortsthat makethe
theory of thefield more compl ete and has made agood-
looking visonand redlization principlefor itsdevelop-
ment, including: Zhang Xiao-yong and Peng Junfrom
Schooal of Information Scienceand Engineering of Cen-
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tral South University, inthe“ Realization of passball
strategy in RoboCup”, conducted research and analy-
ssincollaboration and coordination of the multi-agent,
discussed thetwo rol e-based and region-based pass-
ing decision-making methods, and their gpplicationin
YunluTeam (CSU_Yunlu) of Centra South University,
and wonthesecond prizein RoboCup s mulation group
of 2003 ChinaRobot Competition; Yu L&, Wang Hao
and Wang Cheng from Computer Science and Tech-
nology Department of Hefel Univeraity, inthe* Studies
on strategy of passin RoboCup”, put forward the con-
cept of the convergencerate, formed thetriplefilter,
which maintained the advantages of theoriginal algo-
rithmand s multaneoudy improved the convergencerae
and thetrust region radius, and given the correspond-
ing agorithm, based on the SQPfilter algorithm pro-
posed the strategy d gorithm of RoboCup ball passing,
as RoboCup itself had adiscrete features, thisalgo-
rithmisdifferentinimplementation with SQPfilter dgo-
rithm; Wel Xiao-ming, Zhang Xufrom School of Com-
puter Science and Engineering, Dalian Nationalities
University, YunJianfrom E Ingtitute of Shangha Nor-
mal University and Wang Chun-xiafrom Modern Edu-
cation Technology Center of Dalian NationditiesUni-
versity, inthe*“Key tacticsof interceptingthebal, pro-
cessing or dribbling theball and runningin RoboCup”,
analyzed and studied therobot’sinterception, ball con-
trolling, dribbling, passing, runand other fivebasckills
inthe game and designed the appropriate strategy, the
designed strategy proved therdiability throughthegame,
which preferably met the needs of the game, the cur-
rent team using these strategies has become a para-
digm team and enter thefinal e ght of the country, and
obtained the qudificationsto participateinthe“World
Cup” soccer robotsin United States; Hong Bing-rong
and Bo Xi-zhu from Computer Science Laboratory of
Intelligent Robot of Harbin Institute of Technology, in
the* Establishment of simulation system of robot foot-
ball match strategy “, discussed the strategy necessary
for robot soccer gameand themachi ne computer Smu-
lation, first described the geometric modeling and dy-
namic modeling of robot soccer competition, followed
by the proposed basi ¢ behavior and action smulation
of therobot soccer, and finally discussed therace strat-
egy of robot soccer and itscomputer simulation; Dai
Hao and Li Xiao-jianfrom Mechanical and Electrical

Engineering school of North ChinaUniversity of tech-
nology, in the“Establishment of simulation system of
robot football match strategy “, discussed the needed
race strategy for robot soccer simulation game, de-
scribed thedynamic modeling of therobot footba | game,
given thefundamental behavior and motionsimulation
of soccer robot, discussed therobot race strategy based
onsmulationplatform.

In this paper, on the basis of previous studies, it
studiestheball interception problem for Master robot
soccer match, establishesthe motion model and state
update equation of the playersand soccer accordingto
theanaysisof theball interception problem, based on
theideology of themodel sand equationsdesignsanu-
merica method to achievetheball interception strat-
egy, proposess mplification strategy for the numerical
agorithm depending on the problems of whether need
toturnaround and strategic i ssues of turn around, and
designsthesmplified numerica and calculation meth-
ods.

THE PROBLEM OF THE INTERCEPTION
AND THE MOTION MODEL

Theproblem of theinter ception

Theaction modulesin Master robot Soccer Tour-
nament include; positioning, speed up bal, theball in-
terception, dribbling and other underlying actions, which
arecdledtheindividua techniqueof theintdligent agent.

Randomly place soccer and player onthefootbal
field, and respectively assign theinitia velocity tothe
bal| and the player, thisprocessof how to catch up with
footbal | with thefastest speed for the playersiscalled
interception. Thesuccessful bal interception refersthe
distance between thefootball’sand player’scentroid
positionsislessthan thekicked rangekickable area,
andthiskicked rangeisinformula(1) below:

Kickable area=kickable margin+ball_size
+player_size (1)

Formula(1) expressesthat only whenthedistance
of player withthefootball isinrangeof kickable margin,
that thekicker can kick football. Becausethefootball
and player are both represented by acircle, and the
distance between the object should bethe position of
the centroid. So when two particles are apart in
kickable arearange, the kick command will only be
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executed by thesimulation platform.
Establishtheinterception modd, asshownin Fig-
urel:

o football

O ' 4
-
football — player x

Figurel: Thephysical smulation schematic of theinter cep-
tion

InFigurel, theintelligent agent’s positionisat the
original point, the dashed arrows mean theinitia ve-
locities of thefootball and the player, and the player’s
body can haveadifferent directionwithitsinitia veloc-
ity.

Then the problem is proposed that how to track
thetrgectory of thefootbal | and arrangethe basic op-
eration command for the players, how many cyclesit
takesto successfully intercept the ball assoon aspos-
shle

Inthesmulation platform, two mutudly exclusive
operation instructionsasturning around and run cannot
achieve ssimultaneously in acycle, so the player does
not appear curvemovement onthe pitch. Fromthisthe
basi c action of the ball interception-the realization of
runisfirg turning around and then running. Thekey of
successful interceptionisthelock of thetarget point,
thegoal point hereistheball interception point, and
you need to solve the problem of problems analysis
and action execution. Thewholeinterception process
istransformed into analyzing the ball’s motion model
and thefastest ball interception cyclesand then caling
therun actionsto compl ete theimplementation of the
interception action.

For playersinno-ball control state, weneedto ca-
cul ate thefastest interception cyclesrequired of both
sides and plan the decision-making modul eto deter-
minewhether to execute theinterception movements.
For playersin ball control state, they need to search
passing, dribbling and other action space. But thesearch
isbased on assumptions of different football speeds,
and analyzing other players’ fastest interception Situa
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tion to determinethe passing route and safety of drib-
bling speed. Inthisprocesstheball controllerswill cal
theinterception analysisfunctionsmorefrequently, and
it requirestheinterception anaysiscanreduceacal cu-
lation amount on the premi se of ensuring theaccuracy.

Motion model of thesimulation platform

Player’s run and his speed attenuation both will
change his speed, so that the position of the player on
thepitch changes. Speed attenuationisaninherent prop-
erty of the player, runisgenerated by the dash com-
mands of action interface, dash Power gives players
new impetus, smilarly inaddition toitsinherent prop-
erties of speed attenuation, the kick commands that
outside players act on asoccer can givefootball new
impetus, state updates are completed by mathematical
operation, the speed updateisasformula(2) below:

(5= () )+ a2, 25) @

InFormula(2) (ut+1 u‘;l) saisfiestheformula(3):

. { o AT <
’ [Speed“ﬁ , m] , Otherwise (3)
The position update of themoving objectisinthe

formula(4) bel ow:

(o )= ) 2
Theinherent speed attenuation of themoving ob-

jectisintheformula(5) below:

t+1) — decay x (utx+1’ u;+1) ®)

(Vt+l Vv
x 1y

When adynamic action of thecycleiscompl eted,
thedynamiciscleared represented by theformula(6):

(a5%,4")=(00) ©
Inherent speed attenuation parametersdecay iscon-

trolled by theball _decay and player _decay, the new

impetus got by themoving objects can be ca culated by

the parametersof run command dash, ba | kick instruc-

tionsand power, asshownintheformula(7) below:

(a‘x , a'y)= Power x power_rate x power_rate x (cos(e' ) sin(e' )) (7)
IntheFormula(7) theca culation method of gt isin

theformula(8) bel ow:

0' =0, + Direction 6
Inorder to reflect the uncertainty of football play-

ersand thefootball sport inthegame, somenoiseinter-

ferenceisadded to themovement of playersand foot-

(tuy)
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bal inthesmulation platform and interferencesituation
isintheformula(9) beow:

(Ut ut) = (Vi )+ (at, @ )+ (rand, rand) — (g)
In Formula(9) rand isthe random number of the
attribute[-rmax, rmax], whichisuniformly distributed,

rmax isdefinedintheformula(10):

(v

THEINTERCEPTIONNUMERICAL CALCU-
LATIONBY THE SIMULATION PLATFORM

rmax =rand-

(10)

Thenumerical calculation methods

Combining with the motion equations of footbal
and playerssimultaneoudy can directly describethein-
terception problem; inthe process of solving equations,
high order equationswill appear makingitimpossible
toobtainanaytica solutions, sofor smulation platform
thebd | interception problem commonly adoptsnumericd
agorithms.

Symbol description:

i : representsthe sport cyclesof soccer;

Pos, - Indicatestheposition of footbal | afterj cycles,

cyc . representsthe number of cycles,

acc_max : representsthe maximum accel eration that

theplayerscan achieveineach cycle;

player_decay : iNdicatestheinherent attenuation speed

of theplayers,

Speed max_ ab : Means the maximum speed that

playerscan reach;

kick_area : representsthetarget point.

With agiventarget point, the player hastwo pos-
sible options; oneisto adjust the angle of the body
properly, and then movesdong astraight line, the other
oneisto movedirectly forward and reach the target
point without adjusting the angle of the body. If you
needtoturnaroundfirs, theplayers’ actud turningangle
issubject totheinitia velocity of theplayersandisde-
cided by theformula(11):

Moment
1.0 + inertia_mo ment x player_spe ed

Theplayersmay need maximum four cyclesto com-
plete 180 degree turn around, therefore we assume
Moment ismaximum 180 of theturn command param-
eters, inertia_moment takes maximum 10 of the het-

actua_ang le =

1)

erogeneous type, the maximum speed and speed at-
tenuationthat affect theplayer’sspeed are 1.2 and 0.6.
Based on thiswhen need to turn the body by certain
angles, it may take several cyclesto completethede-
sired turn angle, so we usetria and error method for
numerical attempt. Supposethat whether theplayer can
achievethegoa point without theturn around, suppose
that whether the player can achievethegod point with
oneturnaround, and so on, until hecanreachthetarget
point and to return the needed fastest cycleswhenreach
thegoad point.

Thenumerical calculation method of theball isas
follows

Theinitidized interception pointisJnknown , the
interception cycleisMAX_NUMBER;

Initidizej = 0;

While(j < MAX_NUMBER)

Computing theposition Pos, of thefootball after

i cyclesandtheposition Pos,, of thefootball afterj + 1

cycles,
CalculatethetimeCyc required for the playersto

reach Pos ;

if cyc<i or [Pos, - Pos, | < 0.001

Supposetheinterception point isPos , theinter-
ception point number iSmax(i, cyc); break Jump out of
theloop;

endif

I ++

endwhile

Based onthe aboveandysis, intherdative coordi-
nate system asshownin Figure 1, thefactorsthat need
to beconsdered includetheplayer’sinitid velocity, the
position of football, the initial velocity of football,
acC_maxX,player_decay,Speed max_ ab ai nteria_mo  ment
atota of eleven-dimensiona inputs, adding thefour-
teen factorsof player’s position and body orientation
that can determinetherel ative coordinate system can
givean accurate analysisof theball interception.

Thesimplified numerical analyssmethod

A completeinterception exist fourteen influencing
factors. Sinceitisconsiderably complex to integrate
theinitia error triad methodinto thewhol einterception
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problem, which affectsthestartup timeof thenumerica
agorithms, if thestartup timeismuch lessthan thetota
interception time, thenit can be ssimplified asthe con-
Sderation of the start-up procedure of the players, that
isasoasmplification of thetime needed for the play-
erstoreach acertain point.

Thesmplified numericad analyssmethod of thein-
terception problem by thesmulation platformisasfol-
lows

Assuming that thetarget pointisposTo ;
Assuming the player’sown position iSpgsFrom

and can achievethe maximum speed speed_max_ab;
The Cycles that players need:

‘I—DosTo — PosFrom ‘
speed_max_ &b’

Cyc =

Supposeray Radl: thestarting point iSposFrom
thedirectionisthe player’sbody orientation;

Supposeray Rad2: the starting point iSposFrom
and goesthrough posTo

if (thedistanceof posTo totheray Radlisgreater

thankickble area)
Calculate the angle of two rays Radl and Rad2,

denotedbyg;
if (Theplayer cancompleteturnaround by inacycle)
Cyc = +1,
dse
Cyc = +2;
endif
endif
Return

Thetimeneededtotraversed| playersusngasmple
numerica agorithmisbasicaly 0.02 milliseconds. The
author usesthe simplified analysis method to conduct
overal test for playersin no-ball controlled state, and
no obviousinterception migudgment appears. There-
foretheball interception action isdivided into the cor-
responding function of bal controllersand no bal con-
trollers, respectively. Theno ball controllers need to
accurately andyzethefastest interceptiontimefor the
two sides, and can use the complex numerical algo-
rithms. And ba| controllershave higher requirementsof
theball interception analysis, so we usethesmplified

BioTechnology —

numerical a gorithm. Of course, we can also use com-
plex numericd dgorithmsfor certainstuaions and these
do not affect thedecision-makingtime.

CONCLUSIONS

Pass ng and shooting embodi esthe cooperationand
confrontation in robot soccer games, but acombina
tion of thetwoisonthebasisof theball interception. In
this paper, it establishes the motion model and state
update equation of the players and soccer under Mas-
ter_robot s mulation platform, and designsthe numeri-
ca methodsaccording to themode and the equations;
it describesthe computational complexity of the ball
interception problemfor avariety of Stuations, and pro-
posesasimplified numerical method; The numerical
experimentsdemonstrate that the designed algorithm
can bewd | implemented in the programming software,
isageneral numerical analysisprogram, and can be
appliedintherest of thefield.
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