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A New Image Processing Algorithm of
White Points Location

WU Xiao, CAO Qi-xin
(Research Institute of Robotics, Shanghai Jiaotong University, Shanghai 200030, China)

Abstract ; The white points localization is a key step to solve soccer robot self-localization. A new method
was proposed, in which white lines’ gradient information based on search along predefined radial scan-
lines and subpixel were applied simultaneously, and this method was also used in the experiment of the
soccer robot. The experiments show that the new method reduces not only the noise interference but also
the amount of calculation by avoiding computation of the boundary and middle point pixel by pixel, which
can considerably enhance the real-time performance and the reliability of the vision system of soccer robot
for MSRL.

Key words: White points localization; Image processing; Subpixel edge detection; Soccer robot

HABMNREER A ERBRISATTREZMRXELR, ERAMA AR5 BRI IR A 7 5 L3
PESA BRI, EERYBAE T AENE, MBI RSN ERMT R T, HREDUN ELEE
DB E BB/ MR E B R /R BUEBOERETED

EHTHREMHEZAE RS HRGELR, FENECRBSHARERK S N =2 (D) EE
B (D ETRHGMIE; G) ETXBHTE. i, AEABRRIACHEE-EREANEGER TR—EKX
B, W BT BRI R E T AR TR, X2 RS AL E RN —FIE, B8
EREE AR REFRAEHEE, AT RCB SRS MFLRBRMRES L., HEHTFZEGHLR
HE L REERESZE, 5 B BIRf AR S R IERMN B E AR ETR K8, RAER RS L5
{ERUER IS FI L BAR, ISR I A A, RAM RGB == [0 F# y HIS Z B B FI W T ERRSE
%, B9 HS ARYMRA S R, LROGIRFFIE, HS MR REMEB/D, AR R SFTF, XA EEE

78 E #:2008 - 04 - 18
E&MH: BR A RF 222 RII B (60443007)
EER N REE, 55,1964 ﬁftﬂiEﬂ%‘t&ﬁﬁilﬂfﬁi,Aﬂz?ﬁf?\iﬁmﬁm%m%,ﬁﬁﬁﬁc E - mail; : wuxiaol86@ 163. com,



72 = N« S N S S LPXE

E R RGB Bifazs Mek# N HSI BiESE, RERFA RS HS MBI REERS B FANE
18, BG FIRFRESHFAEREESNERERTERES ERAR AR ZFH%NTTELE
BAER R A SRR WG EE RERL, BB H %, S48 KR, SR &g
BEFEINERAIZEAERAESN, MAQS THREBENE, B EEHTISKEE 8. A% — R
FIESe4b TR, XS fE A A AT BARK, oBcHERT , AT A REWE B L EESCRHIE I ER . X TFRBIA
I R B A — K AR R BRI G R SOB ST, B4 05 + RS BT
ek, TR F R KA KR — R N AR T KR A S B, FE XA A, T A SRS NE T
AR AR ISR R — MRMEAL I 1 58, HEEX R B E G BaER" Y,

ST L 84S RS A SCRHE, A TRES MR Ga B B0 (EHETT.B%) . HENE
TR AR SHEFRGQR A, HER AR ALK E MR K%, 7 RCB Z [E# T a7
Zol i), FUR AR H R RIE A

1 REHE

1.1 RBAE

SREARKTES m x6 m 5 E RV AN EHAT, HE QLR IERE R 125 mm, YHE R TEE 5 50
mm , G, FHAMER T, SRBENLSPEERN 640 x480, KRB USB2. 0 {£4;, BIERML A 510 07257,
50° .75, BURVEEI 3 m x4 m .,

1.2 RBEAFER
%1 BEATER KT KIBEER RB KR ERR R 75, R
Tab. 1 Level of factors TIRFAERRIS: , BUEH — I X, XL 5 2
I K F A RR AN — AR/ EXE, W R R AR
12 3 4 SEEA RN SRR, R RN

0 1500 %0 30 HFREEEEAEAMERT, HTAEERR

NBA 0/ 0 25 50 75 BETRRSHPOBELE, 256 UAEREHR
HAREd/mm 50 75 100 125 FIZE R JG T T 50 WA A EERHERENE
B, HBET ERRESH., EXRRKER L6 E
ZFEFTAE . FEVRT B N E AR B, B EKERIE 1 IR,
ERFEEEGERRTMEENYERRE, FERRRTEREERORERNE, B FTEXRESHH-EH
e BE T 2 ERR A ER X HR N A A R EITF SR TR R M B 8.

2 RAEE

21 Bk

S PR ERHLEIE TR R.C.B 3 MEMRBEE SN, T 578 Di Zenso[ 1986349
BEHE,

i r.gb 2 ROB 2N R.C.B WAL AR, TS SR RN -
aR aG dB

oL ob : 1
axr * axg * axb (1)

B
ﬂ%+%¢ (2)

aR
vy = —r+
dy = ay
Wi g8, Mg, EXCAXERBHEATR, IITRS:
ﬂ 2 N & 2 a__B_ 2

gu=u-u=uru= +
0x ox ox




#5340 BB, PR E A E R R A B ' 73

2 2

2
aR 1™ L 19G +1Ql3_

ay ay ay
\ —u.v=uly - RR 9CIC B oB
ki . dx 9y  4x 9y  9x Ay
R.G 1 B R I TARH g & x Fl y BIREFIFZERE, B OB E MR ARER Ty m T AR

gw=v-v=vrv=}

g = —;—arctan[g’jg_"yg”] (3)
F(0) = {0, +8,) + (8. - g,) 00020 + 2g,,5in201} (4) N\ Y = g B |
.y N . \a\\\ 1
00 1R, TR, R B R R OB R LR AT \& Ll
o, MERREABARBENRBARG) . (O WRka o 0T
F(o), BEAR(3) Mo EE | MEWAMRM. XEMRK [, . aAwz
F(6) TSI~ MIL: O, = ton' (066, = an(0)g.. I Bl RS AGEE
kA Fig.1 Situation of white lines and robot
_ _‘ﬁ 2 & 2 _ag 2
F(9) _K\/|ax + p + p (5)

/1 +tan’(9) + cos(26)[1 — tan’(9) ] + 2sin(28)tan(6)
e K = | X .

SRR « I SRS FTRRRERTE 0 = O, ] F(x) =/ ‘%E‘ K

B FFFH FEFAREFIE, BTLL F(x) THERY

R
F(x) = %%

2 2

G
ox

+ |9B
ox

96|,
ox

oB
ox

(6)

2.2 KRMEEESH

B FHIERE L BT RESTIE— L ERRF , X T LIRS I E I8 B & i i8S AR R
UE PR LU S = A4 IR, SR TR TR AR (B E IR SRR, BT IR RO PR
SRR AT A BRI R, B AT ERAR K . FEE AR R F R RERINAFER, XU
SRR Bk v TR, (H BRI MRS, A Bl = AR B BRI N B 7 353K

MRIFLAPEESR, AR AR EHAE R IREHT R R  B/IMETEBR L #E 1T 38 I, X R BR AR I 2> b 28
6], X BEUEERIRFS .

RIBEZEWAFRKTER 1, BB« BCHEHER, RIBL4ERBLH P13 640 x 480 RETLRH LN
480 x 360 B FK , AMASTER MB KRB EAHCH 600, H=EBEDH9:

| \ BRI R.. <Ri<R,;G, <Gi<G, ;B <Bi<B, . HAHiE
wi ;o CERRBES IR ERR0 ~ 600, max FRRE MBKEME, min BREM
sl RG B MK e \
Foogl - rommmbgs  B/NEHES
- v/ ‘ - 2.3 BALESH
/ e / oy FAMLGET BB EREAR(6) RBE, EREELRED
Sy T LRMF AR B R AR P S B B R B ARTR A 2 Fiw .
HRAN, SR FTER 125 mm, HE THEEE: P =

2 KAATRTE
B2 RKASOTBERER 360

Fig.2 Sketch map of solving process of white points 86-0—6 x 125 = 7.5 ,Xlﬁﬁjérﬁj?ﬂﬁﬁﬁﬂrﬂ *:L\ﬁﬁ%%iﬁ%ﬂ@%



74 - oW OB B K % % #0385

R BAPLEE AENM D Z —FTEEN B P =~ 7.5 x2 = 15;[F#, 100 mm #124F 12;50 mm %4 F 6, 7E
BEPECRAK (O) BERRE hESH R
F(i) =l R(i) —R(i-1) 1+ G(i) -G(i-1) |+l B(i) -=B(i-1) |

BARHHREIRN:
' Xowa + Xouoo
Xp=— 35— 7
X
HULBRABINLE| y (AN, TETEEASMAR . S TN REEE LR KIRER:0.5 x
0

125 +15 = 4.2 mm, W RAIIRERADEER L B BN E KK, X BRITRAEBRR W7 EEMH Ko
2.4 THEEZB[EMDH

i b, — A B R RIS B AT MR B BRI A o 7R 2 SR 0 7 5 Wi ) 1
OF  H—RA R RFR N f(x) = u(x) * g (2) ,HPu(x) HEHBRES (2) A—BEEE

Big (x) MATHEBR, —BEM NN B g(x) = ——eir; MER fx) BFLixy
S 2ma

fxlf(x)rdx jx|f(x)|dx

o [, BE S (2) BB x, = o BB 2 BRI R o

jlf(x)ldx J’If(x)ldx

REARRAEREE f(x) H—HFHEXRRE THRNOHERAT, RAELGSTERA | f(x) | A
B, EREALGGTER | f | REFFEIFH/DOE, LPETRBAELHEN , RERE %
BEX 8 BA],

RZEG BRI N

TRV
7y = S
ZUfi-fia
R AR (8) A T A, ATV 2 T IR A0 B B B, R A X 2

7, R R BB o SR THE IR AT (7) SRt (R DA AR X,

HTRA T WERRSEE, BT U A SRR R KRR Z TN 0.084 mm, 75h, KBRAFERT#H
TTREGHGRAW , ] BTG RRDERMINAK(8) K,

3 R BT

CEATERSER, BATHE X T IS A ABARRIALE : RERVLEE A AT IR (x.y.0) ARFEE(d ) InFE 1
e MFRTEVEFREE SAREE, AREBAXWAHSENERB L ERENR 2 Fin, &4
LI L2885 A BB B 4T R AL s AR ZE AR R Y, 4n (500,500) (3000,3500) =25 K AR ABEE H
& vha] S 41 (1000,1500) (2000,2500) iR ZEH /P,

RERLBASEANEEGOIRMEENREIR, B A2 m RS R CEEF LR TES = EiRE,
5| A R4 5 3E 5 T B S PR R P O B (0 Y RS 40 B SR SR /N R G BEE B A 0 IR ZE K, FrRIE
RE SN AR S8k, TP E AR ER/N . FHLNBHE SRS A NNER, B E S
FRili B L B, B iR 2 1.278 mm A ERZ N,

(8)



%38 R OB, F M A RECERCEE R 75

®2 BAREMESHE

Tab. 2 White location value and true value

B PBAX PEBAY HlitAe BLRREd HQA%KEx / mm HEMRy / mm HEEE d / mm

BE /mm /mm /° /mm HEd HE HIE H{E REE A
1 1 1 1 1 25.891 25 499.376 500 49.266 50
2 1 2 2 2 37.256 37.5  1284.483  1284.333  82.422  82.753
3 1 3 3 3 50.962 50 1964. 50 1963.711  131.371 130.541
4 1 4 4 4 - 61.401 62.5  1868.032  1867.228  483.831 482.963
5 2 3 1 3 49.914 50 2500, 075 2500 99.927 100
6 3 2 2 2 38.400 37.5 584.213 584.871 83.063 82.753
7 4 4 1 3 51.278 50 3500. 997 3500.0 98.908 100
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