5533 % R4 EHEIAFEZER(EIMR) Vol.33 No.4
2008 4F 8 H Journal of Kunming University of Science and Technology ( Science and Technology ) Aug. 2008

R B AL 28 A58 S R B 25 4 T B T 5

MW, Ko, ok, x5
(BB TR JAl TR SBE, =/ BB 650224)

HWE., AR REELIEANT FAIE GO T E, A B RERE T RE 6 th ZAF R A ¥
RORABBRAFRH 7, ARIEESR RCB R E44E, Al AR E R EF ik W FAEERE 0T
FOPRBOGH k. SRR 6 AL B AT AR AR RR B R 3T B AT R 5
ALFEAZ 0 P s BECE AR D A B S AU AR ST B — A AT 6 AL A e Ry k.
REZEREAW ZEFEARER LSRRI L ARBG W EFLESTHERLT
H A AF e ol 2R

KEEIF: A -FAL; RCB & = R FAULAS RLHLEA

FESES TP242.62;5223  XHEIFRIREG:A X EHS 1007 —855X(2008)04 —0091 —06

Curve Path Detection for Vision Guided Navigation of Agricultural Robot
JIANG Hai-bo, ZHANG Yun-wei, XU Hui-jie, GUO Zhi-wei

(Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650224, China)

Abstract ; Natural colorful field images are analyzed in RGB vector space to study the feasibility of lane detection
for agricultural robots. The navigation path is successfully recognized from the background. Perceptual color clus-
tering and morphological image processing are used in preprocessing to obtain binary images and remove noise re-
spectively. The guidance points are found from the average position information of the navigation path by progres-
sive scanning. The best guidance lane is located using least — squares curve — fitting which is then used to guide
the robot. The experimental results show this algorithm has high speed and remarkable precision. The better de-
tecting performance is obtained especially in robot working environment that has curve features.

Key words: vision navigation; RGB vector space; navigation parameter; agricultural robot

055

BEE R AL AR REAOL O R R, A EATEAO AL AR B A JEAC i 25 sl A 1
WS BRI A & T Z &, th TA AR IR 2 % AR SS AL AR I A2, DL 2 T B A 5 AR
DG TE | HARME R 588 GE N RE 15w S04 i H B TR AL BAL BEE AR HE A AHSCREPF R PEAY
FEAIBrR i, IR 08 S0 2 22 A [ A MIE S8 2 1 S =X

TEA AR LA N SE AT S BARIBOT T, H i N b2 32 202000 Hough 7284l 5 4k (0] T A
W BB AR SRR T R SO B R bR R T S EOk LS A mis st~ 2 i TR
WSS A TEAER I RS BRARHE25 MR8 0T B BRI AR IE SRR 00T AR I 25 BAE i =
KO SRARMER BIRTH SO0 H 00, 5 A 2 BRI 8 B0 . DRI, AR SR HH — PR 9 A T ARl s
FERYIE S RAEAS B S0 B BIOS. SR Tl i/ —3fe ko) B HIUE HEAT IR AU 515 B S AR O F k. ULl &
2k 5 LARAEALER E o0 B G AR AR 22 X B 52 a5 B DIZR  SEIZ DL DI 0 AL bR Z 1Y
JE R BN UIZ RS A VR S

%5 H #:2008 - 04 - 18. BEETH 12008 4 B TR W57 A RS b2 AR A 2 4 (3 H 45 . YCCO777) .
FE—1EEBN HEI 1981 - ) B AR+, BT 0 AR A TR
E — mail ; haibo330@ 126. com



92 EFREBEIXZZER(EIR) 33 4%

1 BEIR5
1.1 BieaRENEEGS S

B R S N T TR R, 7eA I RIS b 360 R AE 2 i BV FRERAE 410 i
TRH RS 5, S 3 O (R 23 1) S PR 4350 L S 0 1) . AR SCHE RGBS 1 €2 233 i) R T3 € SR 2 4
X EUGHE T o0, 25 B i e o 2, BRI AR AR B A2, JE B ARG 5 B AR W I 45 e T4, i at
Euler A3, 4353155 BUZ H A S RGB s BB AR B R0 (R, G, , B)) FEHERAR B R0 (R,
G,,B,) BEES B

dy= J(R-R)*+(G-G,)*+(B-B,)’
J( )7+ ( )7+ ( ) ()

dy= J(R-R,)*+(6-6G,)> +(B-B,)?
d, AEG I EL S RCB B 625 ] A B AR RIS IR S s d, A PG P s RGB B (22 ] 4 o 3 AR
BEREPLIIEE. Y d, <d, B AR E SR 00 R BR AR, 75 2 A8 3 s e 0 g A B AR 33 A B LA
N&JRELIREE RGB G 3 A4 gt By B, A5 2 R IR R IS0 R (215,195,145 ) 5 AR BRIk
Hul 2 (100,140,25) . B 1 S —IEHLES AMEAL IR EE RIS, 1 2 9 RGB Bt RIS orFIAb BRI 45 5L

E1 #EF AEALIREEE E2 EeiEamEEias
Fig.1 Original images of robot working environment Fig.2 Path recognition based on color clustering
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Fig.3 Morphological filtering Fig.4 Discrete points of the navigation path

el e g bR, B

S0y o) ] = min 3 Ly, - () 1 (3)

g (x) AJE TS H iR — i A ek . 76 /N — kSR BB G 4Rt — RO i 7F 5 Rl B A S
2 R PR E LA I 2 ATE S i AR AR ML PR EE A7 AR 25 Bl R T A JEE AL 25 LU e T3, ik
0 A B R A BT G — I AS AR E 3l i 22 U0 L AR SR 5 9 223000 B A9 A0 2
TG BUS T B A E A L

2 RBEHBIRE N SAT S BIREL

2.1 BB BIERIRE

SRABHUbR E b E BAGHLRGI LT S i 7 R g AR SR R I R 3, BRAR LA
TE KB AR ISR M A IS S I 2 b s A e, (ELRG 22 50 B A B, Tl LR 75
TR IR ; bR AT EAR AR E Y, Ik R (R E I, TR MSEOR L R AR 252
SEMIGEIR. LA PRI DR IR ARSCR LT — i T WRR 5 7 2 18] (9 TS AR A v 131 %057
i B AGALAAN R 7 1 14— P AR 1) 20 MR P15, OB HCE: R P50 F) A% £ s, DU TS A 5 R A
R MR E T — PN PR AR R H.

o B c
H=A[R t],A=|0 B « (4)
0 0 1

Horb (e, e, ) T IOIRE AT 0, B A4S BRI S 1K TR T 07 11 110 R BT T3y T4 B K, %
WA 2 A8 7 R AR BN 2 T AR A/, B A 46 2 5O A 36 19 WL Ak 1 i 0 5 T 160, W 2
LIPS A S MR ek R R AVTASHERE ¢ 30 T BEIQHLAE B A b5 R T 7 B, B R SN S8UE
B, 1R S A T 2 A AT, TR ST 7 PR o M 9T L) 2% L 1 L o
A5, A R Berh R A A | A R

i=x 4 (2 =) [h (o +07) +hy (o 4]

- 2 2 2 2\2 (5)
v=y" +(y =) [k (2 +y) +h, (& +y7)7]

[, 0 ] NIRASIRZRARAR, [,y | WERABAR R ABHR, [ x,y | A BRAR R AR FR.

AFR T THASAR SR FH TR G AE T8 52 1 A OGAT ERPLAT ER AR AS (Anl&l 5) 48 9 x 7, RGT
270 mm x 210 mm , FEA% 4 55 BE 30 mm , HAUHE 10 x 8 N5, FTEIHL A Canon LBP — 1910 HOGFTENHL. 1%
B CCD AL AR TE LN 12 1, RSP R/IN R 171, 8 Bt BUR 23 3 640 x 480.



94 ENEIXZFR(EIR)

33 %

ES #RERIR
Fig.5 Model plane

IS5 RS B ERAGHLN S BN R 1.

ARG R FH i Je — A1 bR Bk A AR,
HLES A AT S AL
2.2 EMSEIKE

7 R RS AR AR A5 B s B B rh
X BB EHLAAR R P x,0,2, - T A3 T 1] A2 26 76 K15
AR R Y M S HLES N Th R E A I rh i 2
PR, X S AR T p A USRS FETE p 2
HIPILk L, 4B Od T TYIZ L, FAE £ o HYIZ L 511
A N I ff A S FE BT L T BLE ES  ABESY
Bz a5 2 HSHEGGELR. B8 HIRGHLA PR R 5

E6 REMIMARA “+ 7 #7i0)

Fig.6 Extracted corners (indicated by cross)

®1 SHIRESER

Tab.1 Results with real data of 3 through 5 images
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Fig.7 Schematic diagram of navigation parameters Fig.8 World-camera coordinates system
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Fig.9 Navigation path detected by Hough Transform
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Fig.10 Navigation path detected by least-squares curve-fitting
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