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ABSTRACT

For the soccer robot vision system this paper conducts distortion and
error analysis, for thelinear part and non-linear part of the system’ distortion
and error it conducts the principle research, uses the geometric similarity
theory to establish alinear error correction model, usesthe K value selected
and the least squares principle to establish the nonlinear distortion
correction model, and then uses the linear error correction model and
nonlinear distortion correction model in thistext to correct the coordinate
values for soccer robot vision system. The results show that the kicked
rate after asimple linear error correction hasincreased 18.04% than that
before correction, the kicked rate after asimplelinear distortion correction
has increased 14.32% than that before correction, the kicked rate after
composition of linear error correction and linear distortion correction has
increased 30.77% than that before correction, showing that the effect of
simple linear error correction is stronger than that of simple nonlinear
distortion correction, but the superimposed correction effect is the best.
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INTRODUCTION

For vision-based soccer robots, vision subsystem
isthe soleinformation source of decision-making sub-
system. Itsmaintask isto collect red-timeimageof the
comptition venue, and then automaticaly process, ana-
lyze and understand theimages. Thusobtain theloca
tion, movement direction, speed and other information
of thefield’s moving objects (the robot car, the ball of
both sides), and thisinformation isprovided to the de-
cison-making subsystem for andysisand decis on-mak-
ing. Vison subsystem asthetesting organi zation of the
whole soccer robot systemisits*“eyes.” Therefore, the

accuracy of the soccer robot vision system greetly af -
fectsthe processand results of thegame, whichisnec-
essary for theerror correction of thevisual system.
Thevisua systemisvery importantinthe devel op-
ment of therobot, similarly alsotherequirementsinthe
bal gamearerdatively high. For theaccuracy research
of thevisud system and itserror correction many people
have madeeffortsand it constantly updates accompa:
nied by the continuousincreasing of roboticstechnol-
ogy. Thevision system of soccer robot iscons sting of
thecameraplaced aboveacertain height of thefootbdl
court and related hardware. Itstask isto rapidly gather
and process the gameimage by acertain cycle, then
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sent the processing resultsto the decision-making sys-
tem, but inthe practica application of thevisual system
theimagedistortion will appesar.

Inthis paper, on the basis of previousresearch, it
introducesthelinear error and nonlinear distortion of
the soccer robot vision system and for thetwo types of
errors establishes acorresponding correction model,
andfinaly appliesthetwo correction dgorithmstothe
practical gameto verify the kicked rate after correc-
tion.

CORRECTION MATHEMATICAL MODEL
OF THEVISUAL SYSTEM

Soccer robot vision system will appear distortion
and error. The error of soccer robot vision systemis
dividedintolinear error and nonlinear error. Linear er-
ror meanstha thevis onimagehasgeometric similarity,
whilenonlinear error lost thegeometric amilarity which
iscdled asdigtortion. Herewe andyzethelinearity er-
ror and nonlinear distortionsfor theimage, study its
correction methods, and establish the mathematical
modd.

Linear error analysisof thevisual system

Soccer robot vision system usualy obtainsatwo-
dimensiona flat imageby usingacamera. If itisoften
difficult to achievetheaccurate coordinatesof thethree-
dimensional target based ontheflat image, but thefield
Size, cameraheight and the geometry size of the other
targets are known, so you can get accurate coordi-
nates of thetarget through theseknown geometry sizes.

AsshowninFigurel, MN meanstheball courts,

p indicatesthelocation of thecamera, Qindicatesthe

project point of Pin court MmN, ABA’B’ meansthe
robot car; point g7 means the projection of central
point g of the robot car’s upper plane on the court
MN , Which representsthe actual position of the car
body; point g'» meansthe projection of point g’ aong
theray pe onthecourt, namely thelocation of the car
that the host gets by theimage.

Figure1 shows, thereisan error between the posi-
tion obtained by the host machine and the actual posi-
tion. The obtained coordinate of g intheimagetresat-
ing processis, the position coordinates of the actual
pointis g, thuswe can seethat theerror inthedirec-

tionof g’ pointing Qis grg’, andformula(l)can be
obtained by asimilar principle:

PQ EE’
QE"  EE” (1)
Thusobtain g7’ shown by theformula(2) below:
e QE"XEE' _ "
E'E' = 5 = 0.03QE )

InFormula(2) EE’ =7.5,PQ = 250, whentherobot
soccer hasthelargest distant from the court, wehave
themaximum.

Similarly, theactua coordinatesof theball dsohave
erors,i.e EJE; = 0.00852QE; inFgurel; whenthebdll
hasthefarthest distant fromthe siteE/E; reachesthe
maximum grg’.
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Figurel: Linear coordinateerror

M 2]

When ger and E’E! reschthemaximum va ueat
the sametime, it may result in consequencesthat the
robot cannot kick theball.

Linear error correction model

Based onthelinear error andysisof thevisud sys
tem, theerror will appear afatal error that cannot kick
theball at acertain moment, so correctiononitisnec-
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essary.
By the captured imagethe coordinates (x,, y,) of
point Q can beobtained, the coordinates of the center
point g of therobotis E”(x,,y,),and gg becauseis
much smaller than pg wecan draw formula(3):

QE"=QE'=\/(X1_X0)2+(y1_y0)2 (3)
Thedirectionangle cosa,cosB can be concluded
asformula(4) beow:

X, =X,
QE’
cosf = —yb; 3/0 @
Combingformula(2) (3) (4) we can be obtainthe
current real position of soccer robot asformula(5) be-

low:

Cosa =

X; = x, —E'E"cosa = x, —0.03QE’ cosa
y. =y, —E'E"cosp =y, —0.03QE’cosf ©)

Similarly, theball’s correction method is same as
above.

Nonlinear distortion analysisof thevisual system

Nonlinear distortion is mainly caused by barrel-
shaped distortion of thewide-anglelens. Becausefoot-
bal courtisrdatively larger to other gportsvenues, which
ismoredifficult tomeet theparaxid conditions, therefore
theimage magnification of variouspartsrefracted by a
lensisnot identica to theextent that the object and the
imagelost thegeometricamilaity. Inaddition, wideangle
lenscongst of agroup of lens, and thecurvatureof each
lens has an error, so that the center axis cannot com-
pletey overlap, thiscand so causedigtortion of thevisud
system; when theedge portion of theimageisenlarged
and lessthan the centra portionisknown asnegative
digtortion, otherwiseitisknown aspositivedistortion.

Nonlinear distortion correction mode

Themathematical description of thedistortionis
showninformula(6) below:

Ax, = kx(x2 +y?)
4y = ky(x2 + yz) ©)
In Formula(6), (x,y) meansthe plane’s coordi-
natein nodistortion case, 4x, indicatesthedistortion

amountinthe x axisdirection, 4y, indicatesthedistor-
tionamountinthe y axisdirection, thuswecan obtain
the coordinates (x, ,y,) of thedistortionimageplane
asshownintheformula(7):

X, = X+ kx(x? + y?)
{yd = y+ky(x*+y?) ?

Informula(7) when k > 0, itispositivedistortion,
when k <0, itisthenegativedistortion.

Based onthe above analysis, we can achievethe
correction of the coordinate by selecting k ; if these-
lected k isappropriate, it can bevery easy to straight
the bent lineand the correction effect isgood.

Usingthemethod of |east squarefitting to conduct
distortion correction, which means mapping the point
before correction to the given point by acertain map-
ping tablesthrough selecting the control point; if (x, y)
isany point of theimage beforethe correction, thecor-
responding point of theimage after correctionis, the
rel ationship between thetwo coordinatesisin thefor-
mula(8) below:

n  n=l
x=>>auv

i=0 j=0

n_ nei (8)

y=2.2 buV

In Formula(8), n meansthedegree of the polyno-
mid, a, ,b, meansthecoefficientsof thepolynomid. In
order to obtain coefficients a, ,b, , first select the |_
pairs of points(u,,v,),
(x,,v,),(x%,,¥,),(u,.v,) ey (x,,y. ), (U, v, ), in @ccOr-
dancewiththeprincipleof |east squaresmakethesum

of squared error the minimum, thentheformula(9) sat-
idfiesformula(10):

control

B =i(x:iiai,-u'v’)

i=1 i=0 j=0

8y=i(yL_iibUUIVl) (9)

i=1 i=0 j=0

f agx L n o n-i - .
Za—z D >auv—x [uv' =0
j =1\ i=0 j=0

26£y ZL:(ZZb”u‘v" - xl)u‘v" =0

ab”. I=1 \_i=0 j=0
L
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TABLE 1: Thefootball kicked rate comparison tablebefore Then usethese obtained coefficientsto map there-
and after correction quired point to the calibration point, thustheprinciple
Status Statistics  Kicked  Kicked  of |east squaresand non-linear distortion correction
kicked times times rate resultscan berealized.
120 61 50.83%
120 83 colms EMPIRICALANALYSIS
120 65 54.17%
120 70 58.33%  Assumed conditions
Beforethe 120 2 0000% 9y he datacollectedinthisarticleisthefiveon five
correction 120 87 72.50% matchesin MiroSot;
120 8 691 %) Theheght of thecamerais 250cm:;
120 4 61.67% 3) Thevenueisal80cm x 220cm rectangle;
120 76 6333%  4) Soccerrobotisa7.5cm x 7.5¢m x 7.5¢m cube;
120 83  691/%  5) Thediameter of thetiny bal is4.27cm.
120 % 79.17% Thedatacomparison beforeand after thecorrec-
120 79 65.83% i
120 77 64.17%
120 %5 79.17% Based on the above analysis we know the error
After lineer 120 923 77500,  COrrectionpri _nci pleof soccer rol?ot visonsystem, in
error correction 120 76 63335  2ccordancewiththeerror correction method conduct
120 o7 80.63% tI‘_lg coordinatevalues ’ correc?tion of soccer _robot
120 80 66.67% vision systemfor t_he game, obta_u nthefootball ki c_ked
' rate before correction and after linear error correction,
120 9 8250%  thefootball kicked rate before correction and after non-
120 9 8250%  |inear digtortion correcti on, andthefootball kicked rate
120 91 7583%  peforecorrection and the superposition of linear error
120 80  66.67%  correctionand nonlinear distortion correction, and the
120 89  7417%  dataacquisitionisshownin TABLE 1:

_ 120 95 79.17% TABLE 1 shows the average kicked rate before
g{;egrrt‘i%ﬂ'”eaf 120 77 6417%  thecorrectionis62.83%, theaveragekicked rate after
correction 120 84 70.00%  linear error correctionis 74.17%, the average kicked

120 91 75.83%  rateafter non-linear distortion correctionis 71.83%,

120 83 69.17%  andtheaveragekicked rate after superimposed cor-

120 78 65.00%  rectionis82.83%.

120 94 78.33%

120 104 86.67% CONCLUSIONS

120 102  85.00%

120 101 84.17% Data from the paper shows that the kicked rate

120 104 86.67% ater asimplelinear error correction has increased
After 120 102 s5000  18.04% than that before correction, the kicked rate
Superimposed 120 91 7583, dterasmplelinear distortion correction hasincreased
correction 120 o 76679  14.32% than that before correction, the kicked rate

120 % 75: 00% after composition of linear error correction and linear

120 98 81.67% distortion correction hasincreased 30.77% than that

120 102 85.00% before correction, showing that the effect of linear er-

ror correctionisstronger than that of nonlinear distor-
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tion correction, and the superimposed correction effect
isthebest.

The averagekicked rate by the correction method
inthispaper issignificantly better than that before cor-
rection; Theeffect of linear error correction to some
extent isbetter than the effect of nonlinear distortion
correction, indicating thelinear error accountsfor big-
ger proportionintheoveral distortion; The effect of
two superimposed correction methods is obviously
better thanasmpleerror correction, indicating thelin-
ear error and nonlinear distortion of theimage dso ac-
countsfor certain part of proportion.
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