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ABSTRACT

Robot soccer system is proposed by Canadian, the purpose is to provide
akind of standard line service by using each kind of techniques so that to
improve the field development. The paper based on the same purpose, it
makes dynamics, kinematics and other correlation researches by using
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wheel mobile soccer robot and presents mechanical analysis, finally it
verifies the model conforms to practice by applying analogue simulation
way, so that build foundation for soccer robot undertakings devel opment.
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PREFACE

With era development, computer, control,
€ ectromechani csand other disciplinesmutua combine,
and after that it generatesrobot, it carriesout research
that focusesoninformation handling, control, kinemat-
icsand singlechip, the paper formally researchesrobot
soccer system under such background.

For robot soccer researches, formers have made
many efforts, which makesinddiblecontributionstothe
undertaking  development, such  as:
Tambe , Veloso ., Kitanoandother scholarsfromal
countriesintheworld published corrdaion articles, they
stated about robot soccer evaluation principle, research
contents, present stagetarget and research’shistorica
significance and so on, and put forward soccer robot
devel opment orientetionin futuredevel opment, that was:
Regarding multipleintelligent cases, solved problems
with uncertain scenes, and proposed that both space
network softwareintelligent robot and practical world
intelligent robot can begenerdly regarded asintelligent

systemwithinitiative, reactivity, socidity and indepen-
denceso on; Inaddition, relative organizationsin inter-
national about robot soccer have international robot
soccer association and robot world cup joint confer-
ence, the two have corresponding competition events
every year o asto promoterdativefield devel opment.
The paper just onthebasisof former researches, it
carriesout system research on soccer robot dynamics
and others, and sets simulation to verify so that gets
soccer robot each kind of model setting’srationality, it
will providesimpetusfor intelligent field devel opment.

SOCCER ROBOT MOVEMENT RESEARCH
MODEL

With soccer development, robot soccer also ac-
cordingly mapsinto people’sview, itisakind of intelli-
gent robot and artificial robot comprehensiveitem.

In order to define soccer robot concrete postures
and position, the paper selectsto use coordinate sys-
tem to correct position, it can use three-dimensional
Space vector to position, but dueto consider camera’s
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limits, sothe paper definestwo-dimensiona space, itis
asfollowing Figure 1 show:
By aboveFigure 1, it can make corresponding co-

}.r

X X
Figurel: Schematicdescription of theposition and posture
of therobot

ordinate system, that:
1) UseQ, X,Y,or{ R} torepresent soccer robot co-

ordinate, above Figure 1 is taking soccer robot
center point asstarting point.

2) Use Oxy or {F} torepresent original coordinate

system, above Figure 11eft bottomisorigina coor-
dinate system’s starting point, and add robot play-
ing processvisud information exchanging, then cor-
responding agorithm hasnoinfluences.

By abovefigure, we can definenow soccer robot

concreteposition p, and posture p :

P=[xy.a] Pc=[xy]
3) Use{v} torepresent pixel coordinatewhichisaso

called absolute coordinate, above Figure 1 top left
corner isused asstarting point coordinate point.

Soccer robot coor dinatesconver sion
(1) Regarding vision coordinate system{v} and
original coordinate system{ F} conversion

In coordinate system, assumethat Q coordinate
pixel is( A B), use n torepresent pixel length, and
then now fiedd pogition and camerardive postionhave
inseparable connections, and thenit can solve{v} one

point coordinateformis(x,, y,) , and we can use co-

ordinate conversion formto solve { F} insidecorre-
sponding onepoaint (X, y) , andthenit has:

1 0O 0 1 )1
X|=|N 0 -aN||x
y 0 N -bN)ly,

Accordingtorightwardsoffending competitionfield

to make corresponding conversion, then soccer robot
posture and position coordinate form can be expressed

@

as[xv, yv’,H]T andthepointisinsgde{v} , assumewp

representssitehigh pixel and Lp representssitelong
pixel, andthen vison handling coordinateformis:

X, Lp—)g,
W = \Np_ yv' @)
o T+0

Abovematrix after cad culating onecycle, only need
toreturnto { F} transformation homogeneous conver-
son.

(2)Regarding{F} basic system and {R} soccer
robot coor dinatesystem transfor mation

In coordinate system QXY , assume soccer robot
postureis p coordinateas [a,b,8]" , then correspond-
ing O'X"Y’ onepoint (x',y') , and corresponding ho-

c d
Figure?2: Schematic wheel movement
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mogeneous coordinateformis (X', y' 1) , after rotation
transformation R andtrandationtransformationT , it
changesinto(x, y) , then corresponding homogeneous
coordinateformis ( x,y, 1 ), thenR, T matrix can
beexpressed as.

0 0 1 0 0 1
T={1 0 a| R=|cos¢ -snd O
010D sin@ cos¢ O
Then
0 0 1
A=T-R=|cosf¢ -sinfd a 3
sin@ cosf¢ b

Aboveformulaistwo coordinates connection re-
quiredtransformationa matrix form.

Soccer robot wheal movement mechanical mode

Fix whed son theimmotiledirection mechanism, as
following Figure2 show:

By above Figure 2, we can get figure’s p point
speed formula, informulaE, representsunit vector in x
axis, then corresponding formulais:

V =(rxw)E, @

AssumeinaboveFgure2figure ¢ eccentricityisd ,

informula, E, referstounit vectoriny axis, and vec-

tor rotatesaround eccentric shaftis t , then correspond-

ingspeedis

V =(rxw)E +(dxt)E, (5)
Accordingto above, it candeduce d figurecorre-

sponding speed, and rolling unit vector informulais

expressed by E, , then speed formulais:

V =(rxw)E, +UE, 6)

Useabovewhed severd kindsof formsstatements,
it can get different movement abilitieshave different
whedls; accordingto former’sdescription, it candivide
wheel into five kinds of forms that:

(1,2)(1,1)(2,2)(2,0)(3,0) , fromwhich presently most
importantformis (2, 0) system.

BioTechnology —

SOCCER ROBOT KINEMATIC MODELS

If ground and wheel haven’t occurred slide phe-
nomenaat dl, thenitsmovement formisroalling, itsequa
tion:

V =(rxw)E, 7

Aboveformuladescribes soccer robot movement
forms, assumethat whed hasn’t occurreddidinginside
direction, then the system suffered congtraintsis:

Xsin@ —ycoséd =0 ®)
If ground and robot contacted relative speedis 0,
o=, @, respectively represent right wheel and left whed

angular speeds, and r representswheel’sradius, |
represents|eft and right half wheels’ distance, and then
corresponding wheel movement equationsare:

XC0SO+ysind+ Lo =rg, 9

Xcosf+ysnd—-LO=rg, (10)

Welet W =[v,,v,]" to besoccer robot right di-
rection and | eft direction wheel speed matrix forms,

and w, v, represents mass center point angular speed

and linear speed, so we can know speed vector equa
tionis;

U—Vc vz 12 v,
e | |[-1/2 120 v,
Anayzefrom the perspectiveof controllingand

combinewith previousobtained speed formula, wecan
get soccer robot kinematic equationformis:

(1)

0 0 1 v
P=IXx |= CQSH 0 L}} (12)
A sng O

And by speed vector formula, we can get soccer
robot movement trgjectory radiusis:
Livg +v.)
= e 49
By wheel speed and soccer robot movement tra-
jectory thetwo mutual relations, wecan get:
@ If soccer robot makes circular motion around in-

Stant center, thenv, # ;.
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@ If soccer robot rotates with circle center,
thenv, =—v;.

@ If curvatureradiusisinfinitely great, andislinear
form, then v, = v,

Soccer robot dynamicscorrelation research

By combining robot virtual displacement with
Lagrange theorem, we can deduce soccer robot dy-
namicscorrdation equation, fromwhich Lagrangeequa
tion system generalized externd forceisusing r toex-
press, and generalized coordinateformisusingq to
express, potential energy isusing p toexpress, kinetic
energy isusing k toexpress, thentheequationis.

dfoL) o

dtloq) oq (14)

L=K-P (15
Then we can carry out mobilerobot dynamicsas-

pect deduction by aboveformula.

Atfirst, define g =[x, y,0, 4,4, | torepresent

generalized coordinateform, then we can expresski-
neméaticsmodd formulaas:

-sinf cos@ O O O
A(Q)=| cosd snd L -r O (16)
cos@ snfd -L 0O -—r

Amongthem, A(q) isconstraint matrix with full
rank, weintroduce correlation factors, and let, |, to
beZ_ rotational inertia, then soccer rotational inertia
aound Z_ axisis |, =1, + 2w, L*, robotwhedl mass
and car body massareusing m, and m, to express,

Z

1
r
i_‘:
v

— I

Wheel
Figure3: Geometry and coor dinatethedefinition of mobile
robots
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thenitcan get:
W=Wg + 2W,
Soit can get kinematic congtraint formula:

|y¢R :ul_rﬂ‘l

|y¢R :ul_m’l

I, =LA - LA,

my =sina4, +sinaA, + cosa,
MX = COSaA, + COSA, —Sinai,

(17)

(19)

By above matrix, we combinewith soccer robot
set structure and coordinate system and can get fol-
lowingFigure3:

We can expressaboveformulaasmatrix form, that:

mo o0 0 0
0omoOo 0 0
M(@=/0 0 I, 0 0
0001, Of
000 01,
00
00 u A
B(g)=|0 0 u:{l} A=|4,
1 0 u, |’
2
01 s

c(a,6)=0, g(q)=0
By abovemode, we can accordingly carry out soc-
cer robot path tracking problems controlling.

SOCCER ROBOT MOVINGTARGET PATH
PLANNING PROBLEM S RESEARCH
MODEL

Inorder tolet soccer robot and soccer integratein
shortest time, we need to consider to movetarget soc-
cer robot path from target moving problems asfollow-
ing Figure4 show:

In above coordinate system, we can see that ball
takes accel erated speed as 0 movement from starting
point p, (%, Y,) withstraightline AX + BY + C =0,

so soceer robot firstly arrivesat PP, usedtimeist,,
after that trackstarget following thepoint used timeis
t, , thetwo common used timecan be:
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Figure4: Planningfor mobilerobot targets

t=t +t, (20)
Theway issolving optimal path processform, in
order to simplify the process, assumespeed target V,
and soccer robot has great disparities, sothat it canlet
target catch up with target from p,to p, movement

process, sotoany point p(X, y), by aboveagorithm, it
canarivea optimal path R, nowis t,(X), but if target
isnotinthepoint, then soccer robot needsto continue
to go ahead towards the target, and then it can let

t, () moment, distancebetween thetwois d () , thet:
AD(X) = (X +Vity (X) = X)? + (Y + Vgt (X) - Y)? (21
Andletrequiredtimeto bet,, relaivetotarget p,
thentimeis
{ - J(X-xoil +(Y-Y,) @
9

So corresponding soccer robot arrives at target
point requiredtimeisOt, (X) , thenit has:

Ad(X)
AL(X) = V-V,
t(X)= Ad(X) (23
V+V°
Thetwomesettimeis:
t(X) =t,(X) +At,(X) (24)

For above paper mentioned optima path problems’
validity problems, weadopt analogue smulationform
totest, dataisasTABLE 1, itsresultisasTABLE 2:

By handling, corresponding path planning resultis
asfollowing Figure5 show:

From above result, we can see that the model is

BioTechnology — o

TABLE 1. Initial parameter

Object Current Safety Movement
- Speed , .
type position radius trajectory
Target (80,1000 20cm/s Ocm  Y=-X+180
Barrierl (60,80) 0 6cm  Static
Barrier 4 (50,50) 0 6ecm  Vertica and downward
Barrier 2 (100,70) 30cm/s 6cm  Static
Robot (20,15) 50cm/s 6cm  Intercession
Horizonta and
Barrier 3 (40,30) 30cm/s 6cm
rightward

TABLE 2: Smulation parameter

Group Crossover Mutation
Genetic manipulation order

size  probability robability
First time simulation operation 40 038 01
Second time simulation operation 30 0.8 0.01
o . SN
o o~ QO
Lo h =

1. State of motion

2. State of motion - tion statn
ermination status

Figure5: Path planning smulation results

feasible, sothemode will provideimportant evidence
for soccer robot tracking target correl ation problems.

CONCLUSIONS

The paper solvessoccer robot moving mechanism
andysisby introducing mechanica model and dynam-
icscorreation equation, and describesaswell asde-
signssoccer robot and target optima path mobile prob-
lems, sothet it buil dsfoundation for soccer robot move-
ment designing development. Inaddition, it soverifies
soccer robot and target path optimal problemsmen-
tioned inthe paper by applying ana ogue simulation
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forms, soit provesthe method has stability, feasibility
and other advantages, it will play anavigationrolein
soccer robot intelligent targetstracking.
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