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ABSTRACT

Soccer robot is a kind of synthetic multi-agent that fuses information,
artificial intelligence, image, computer and other relativeinformation together,
the paper just based on this, it researches soccer robot path strategic
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problems, establishes soccer robot motion model and particle algorithm
optimization model, and finally it getsthat the model plays apositiverole

in soccer robot path strategic problems.
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PREFACE

Regarding robot soccer aspect research, it wasde-
veloped inthesecond half of 20" century, and contin-
ued to grow in subsequently development that got
evolvedineach field, meanwhile, soccer robot compe-
titionsweregradudly increasingindl partsof thecoun-
try. In soccer robot competition, whether it canwin,
thekey relieson soccer robot degree of intelligence; it
defines soccer robot motion and path according tofield
knowninformation so that can arriveat destination at
shortest timewith shortest distance.

Regarding shortest path strategy problems soccer
robot researching aspect, formershave aready made
many contributions, such as: Liu Zhao and othersre-
garding soccer robot winsthe competitionin competi-
tion process, they proposed particle swarm optimiza-
tion, and established asoccer robot motion selection
set, judged which motions to be sel ected and ran by
environment, and combined with particleswarmre a
tivemodel commonly decided final motion and path

planning.

The paper just onthebasisof previousthoughts, it
carriesout soccer robot correlation research and andy-
sSis, in order to defeat opponent inthe competition, it
should arriveat destination at shortest timewith short-
est distance, sotheshortest path strategy isthefocus of
research, by combining with control and dynamicscor-
relation researches, thenit proposesparticleagorithm
optimization model, and finally getsthat themoded is
best choice, it will provide extremely beneficial condi-
tionsfor soccer robot arriving at destination that builds
foundation for soccer robot devel opment.

SOCCER ROBOT MOVEMENT RESEARCH
MODEL

Soccer robot kinematic mode

Soccer robot ismoving by twowheelsrotating, if
ground contacting point andwhed arerolling, then solve
robot movement can according to rigid body mechani-
cd sructure, itsformulais:
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Ve +V,
Va=reo V=" @

V. =r-o
V.-V,
RL L (2)
Distance betweentwowheelsisusing | torepresent;
soccer robot whed radiusisusing r to express; soccer
robot | eft and right whedl angular speed and lineer speed
aeusingm, o, toexpress, soccer robot masscen-
ter angular speed and linear speed areusing » andyv

toexpress; then, corresponding trolley motion configu-
raionisasHgurel.
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Figure1: Soccer robot motion modd

Lets to be soccer robot speed vector, then corre-
spondingformulais

s

P represents soccer robot position, then corre-
spondingformulais:
P=[xy] @
P, represents soccer robot posture, then corre-
spondingformulais:
=[xy.6]' ®
And let soccer robot |eft and right wheel speed
vector to bedefined as V, =[V, ,V;] for expressing,
thent
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By the aboveformul a, we can get soccer robot eft
and right speed vector and angular speed aswell as
linear speed mutual transformationdl relaions, soit can
control wholesoccer robot by above any onefactor.

By aboveformula, we can get:

X 'coseov
P=|y|=|sné 0[]
@ U]
6 0 1

Furthermore, it can calcul ate:

X| [cos@/2 cos@/2 y
P=|y|=|sng/2 sn@/2 [ L]

Vi ®
6] | VL 1L

After mdqngdscrmzalmond)wefamLHa, wecan
get
% =X +Vi4At cOS6,
¥e = Vi +ViAtSING,
6, =6+, At

Therefore, we can deduce soccer robot motion co-
ordinatedefinitionis

©

(X = X% +ViAt

Y=Y
6, = 6,4 + &AL

A

(10)

(% =%
¥ = Yo +ViAL
6, =6, + @At
On above, sampling period can beexpressad as At ;
t-1 moment soccer robot mass center angular speed
and linear speed can beexpressed asa, ,,V,_, , SOcCer
robot motion stateat t-1and t moment can beexpressed
&80, 4 % 41 @6, X, Y, -

By kinematicrigid body formula, we can get soc-
cer robot kinematic curvatureradiusis:

A

(1
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By aboveformula, we can calculate mass center,

and combinewith above solved period, thenit can solve
threshold and corresponding next period coordinateis:

sing,-siné,_,
cos6,-cosf,| 13

(12)

R.1=R,+sgn(w)-p |:

Soccer robot competition motion function correla-
tion analysis
(1) Soccer robot fixed tar get location motion analy-
sis

Soccer robat, if it can achievesmultaneousturnin
motion process, thenit can arrive a correct and fast
motion, itscorresponding formulacanbeexpressed as:
Ve—V.)-At=K®@ (14

Ve+V)/2-At=f(d) (15)

In aboveformula, distance between soccer robot
andtarget pointisd ; Target direction angleand soccer
robot direction anglebaanceisusingg toexpress.
(2) Unchanged speed soccer robot kinematics
analysis

If soccer robot wants to make unchanged speed
moation, then set twowhed s speed asfixed val ues, cor-
respondingformulais:
V=V =V, (16)
(3) Soccer robot spinningkinematicsanalysis

By controlling soccer robot two whed srotational
speed, it canredizeitsalf surrounding spinning, which
aso meanswheelsspeed sizesareequal but directions
areactualy opposite, corresponding formulais
V=V =V, @n

Andingeneral, soccer robot dwaysredizesitsdf
spinninginmotion process, so aboveformulaisnot suit-
able, therefore we introduces two wheel s rotational
speedsinconsistency formulathet:
V. =K V=V, +K, (18)

To sumup, in order to let soccer robot change di-
rectionwhilemovingin motion process, sothat it can
arrivea dedtination a shortest time, so the paper ac-

cording to above menti oned motion function, it further
makesoptimization, and getsformulaas:
f(d)=1/(1+e")-05 (19
By aboveformula, we can seewhether it can accu-
raearrivea destinationisupto k tocontrol.

STRATEGIC SOCCER ROBOT PATHAND
PARTICLEIMMUNEALGORITHMSAPPLI-
CATION

The paper triesto strengthen soccer robot and look
for optimal path ability one method by combining fast
information processedimmuneagorithmswith partide
swarm simplefast convergent algorithm.

Regarding soccer robot path correlation research

In order to solve soccer robot shortest path prob-
lem, the paper introducesimmune particleswarmto
answer, fromwhi ch path coding isindispensible, and
path codingisasfollowing Figure2 show:

In searched path region, it can be expressed as:

Ly ={Ao AuApr i Ay A Ay (20
Among them, it divideshorizontal coordinateinto
n portions, after connecting al pointstogether, letend

point tobe A, and starting pointtobe A, ’s, A, and,

j=42---,m, i=012---,n,, SO it can express
these pointsin coordinate systemit, gets:

L= {(x]m Yio)s (i1 Y1) (X2 Yj2)ae -+

r

v

L]
[]

G

Figure2: Schematicpath coding
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(%51, Yii )+ (Xinas Yin)s (Xjns an)} (2
When end pint and starting point coordinates are

known, it can beexpressed as (X; , ¥;) pointis A, in

coordinate system, so we can see a regarding

{XiO’Xj:I.!ijv'";in;"’;xjn_;pxin} al'lthmetlc se-
quence, in formulai =0,1,2,-+-,n; b=DIST /n.

DIST ahdXx; =i -b, and segment OD lengthis path
end point and starting point horizontal coordinates’ dis-
tance, sowecansimplify codeabout path, theresultis:

L ={0: Yiu yjz’”.'in’.”'an—l'a} (2
Inaboveformula, target point in vertical coordi-
nateaxiscoordinateis a,andi =0,1,2,---,n—-10
Based on above process, we can get thet after con-
verting two dimensionsinto onedimensionisnot only
beneficid tofunction’scal culation but dso smplify path
coding.
Algorithm optimization modd
Dueto soccer robot competition processgetsin-
volvedinmultiplefactors, partideswamalgorithm can-
not meet its demand to some extent, it will generate
final result aspartia optimal problem, tomakeupthe
shortcoming, the paper introduces concentration con-
tralledimmune agorithm to optimize a gorithm struc-
tura function.
Optimizeand standar dizepartideswarm algorithm

INV = (Vg izs**» W) @Sparticlespeed standard
particle swarm optimization algorithm, now
use X, = (X2, X3+ X,) toexpressparticle’sposi-

tion, use Ry, = (R, s Res, "+ Fles, ) toXpressiur-
rent thei particle searched best position, thenthewhole
particle swarm best position can beexpressed as:

Ghe:. =(Gba,1!Gbea.zl'”!Gba,n) (23
Sopatideswamevolutionformulais

Vi =oxV +gxrand()x (R — X )+

G, xrand()x Gy, — X;) (24)
X, =X, +V, (25

Algorithm correlation parameter sresearch

In order to bal ance convergent speed and precise,
it needsto select aproper inertiafactor that isorigina
speed to thismoment speed onekind of influencefac-
tor, combineswith the paper feetures, we can express
thefactor by following formula

Dpre — D,
w=a)m—"'°‘D—“"“xd

(2)

Maximumiterationtimeisexpressedby D, . , ac-
cording to previous experience, wecan takevaueas
O =0.9, @, =0.4, NOW iterationtimescan use d
to express, maximum weight then can be expressed
asw,,, , then corresponding minimum weight can be
expressed asa,,,, - Besides, wecan expresseachitem
weight that used to count acceleration as ¢, c,, ac-

cording to previous experience and textual feetures, it
canlet:

¢=14,c,=14

Regarding obj ectivefunction shortest path length,
wecanexpressit as:

fit, = Z\/(in - in—1)2 +(Y; — yji—1)2
i

@7

Inaboveformula(x;, y;) refersto pathj corre-
spondingthei point coordinate.

In order to let soccer robot stays away from bar-
rier in competition process, we can establish corre-
spondingmodd, itsformulais:

083() = minf0, J0x, ~ %)%+ (v, ~ o ~r |

Inaboveformula k vaueisl, 2,3,---,q

Combinewith aboverdativedgorithmsto estab-
lish partideswarm optimization flow, regarding partide
swarm dgorithm’sconcrete stepsareasfollowing Fig-
ure3show:

(28)

ALGORITHMSPARAMETERSAND PRO-
CESSIMPLEMENTATION RESULT

By above statement, combine theagorithm with
Matlab and relative parameters seection problem,
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Figure3: Particle swarm optimization in progress

letn =22 to represent searched space dimension,
m= 250 representsparticle swarm number inthebe-

ginning, farting point gartsfromorigin,use D, = 600
torepresent maximumiteraiontime, it canuse (100, 100)

TABLE 1: Twodifferent algorithms’running results

Running time 1 2 3 4 5

Particle swarm agorithm 241.97 193.05 158.34 174.62 165.54

Particle swarm immune
151.20 151.41 151.28 155.94 151.74
algorithm

Running time 6 7 8 9 10
Particle swarm algorithm 189.58 161.56 164.44 178.47 206.29
Particle swarm immune

149.76 151.14 151.16 152.20 151.58
agorithm

to expressmovingtofina onepoint, and can take step
distance p = 5, thenwecanget TABLE 1.

By cd culation, we can get regarding particlesvarm
agorithm averagevalueis198.99, and particle swarm
immuneagorithm running resultis151.09.

CONCLUSIONS

The paper solvesabout soccer robot shortest path
arriving at destination problem by establishing soccer
robot dynamicsmodel and particleagorithm correla-
tion research model. By establishing soccer robot dy-
namicsmoded, it solvesthat shortest pathway to arrive
at destination in each motion processismoving and
meanwhilechanging directions, to further optimizepath
problem, it introduces particleagorithm mode, after
researching, it combinesparticleagorithmwithimmune
ability tooptimizetheadgorithm, findly it getsthat go-
rithm after optimi zing convergenceisobviousstronger
than that before optimizing by running program, sothe
algorithmismore beneficia for soccer robot destina
tion reaching way.
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