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Abstract: A m ach ine vision system to detect in ter2row w eeds w as developed and tested in the lab. T he hardw are system

w as m ain ly m ade up of a so il2b in device w ith con tro llab le velocity carriage, 3 CCD cam eras used to cap tu re the im ages and

a PC. T he softw are system w as developed to transfo rm co lo r im ages to b inary im ages by the co lo r featu re of p lan ts and

background, and to dist ingu ish crop s and in ter2row w eeds by the locat ion featu re of crop w ith in the field. It indicated that

the m ean of execu ted tim e of cap tu ring and p rocessing a co lo r im age (710×512 p ixels) w as 426 m s, and the co rrect

classificat ion rate of the system w as 86%.
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1　 In troduction

　A t p resen t, un ifo rm sp raying is w idely u sed to

herb icide app lica t ion in Ch ina. T he app roach is based

on the assum p tion tha t w eeds are d ist ribu ted even ly in

fields. How ever, the d ist ribu t ion of w eeds is often
"pa tchy" , ra ther than "even" [ 12 ]. T herefo re,

herb icides shou ld be on ly app lied in the w eed2infested

areas to save herb icides and dim in ish herb icida l

load ings to the environm en t. In site2specif ic crop and

w eed m anagem en t, spo t sp raying is u sed in stead of

un ifo rm sp raying [ 2 ]. To rea lize spo t sp raying, the first

step is to detect w eeds. N ow , w eed detect ion u sing

m ach ine vision is the m ain m ean s.

　 T he p lan t fea tu res of shape [ 3, 5, 9, 14 ], tex tu re [ 8, 11 ] ,

spectra [ 12 ] o r co lo r [ 1, 4 ] w ere u t ilized in the m ach ine

vision system s to detect w eed fo r the determ ina t ion of
the p recise loca t ion, den sity o r species of w eeds w ith in

the field. Bu t m o st of research w as done in sta t ic

sta te. O n ly a few system s w ere ach ieved in rea l2t im e.

L ee et a l. developed a rea l2t im e in telligen t robo t ic
w eed con tro l system fo r select ive herb icide app lica t ion

to in2row w eeds u sing m ach ine vision. T he system

cou ld take 0. 34s to p rocess one im age, rep resen t ing a

11. 43 cm ×10. 16 cm region of seed line con ta in ing 10

p lan t ob jects, and travel a t a con t inuou s ra te of 1. 20

km öh. Tw o fea tu res, EL G ( E longat ion ) and CM P
(com pactness) , w ere found to p rovide the op t im al

Bayesian classif ier fo r the im ages. T he co rrect

classif ica t ion ra te of tom atoes and w eeds ach ieved
73. 1% and 68. 8% , respect ively [ 6, 7 ]. Ge Fan et a l.

developed a rea l2t im e co lo r2based w eed detect ion
system in labo ra to ry. T he system cou ld p rocess

im ages a t a ra te of up to 10 fram esös, w h ich

co rresponded to a veh icle ground speed of 4 m öh. T he
h ighest accu racy classif ica t ion ra tes of w eeds w ere

on ly 39. 4% [ 4 ].

　T he loca t ion fea tu re is a lso one of p lan t fea tu re, bu t

it is ra rely u sed to segm en t w eeds and crop. A t
p resen t, there w ere som eone repo rted tha t it had

m erits in app lica t ion to u se p lan t loca t ion to determ ine

the scope of sp raying herb icides a t seed ling [ 10 ].

T herefo re, the loca t ion fea tu re of p lan t w as stud ied in
th is system.

　T he loca t ion fea tu re of p lan t in fields ind ica tes tha t

the crop s u sua lly are sow n by row s, and the w eeds lie
in the in ter2row and (o r ) in2row crop s. T herefo re,

the m ain p rocedu re of w eed detect ion w as to determ ine

the loca t ion of crop row s first ly, to detect in ter2row

w eeds secondly, and to classify in2row w eeds last ly.

A t the p relim inary stage, the m ain ob ject ives of th is

study w ere:

　 1) To develop im age p rocessing a lgo rithm s u sed

co lo r and loca t ion fea tu res to detect in ter2row w eeds.
　2) To test the softw are and hardw are system based

on m ach ine vision under labo ra to ry condit ion s.
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2　M ethods

2. 1　Hardware system developm en t
　F igu re 1 w as an im age of the labo ra to ry setup fo r
experim en t w h ich con sisted of an indoo r so il2b in

device sim u la t ing the m ovem en t of a sp raying veh icle

in field, con ta iners in w h ich crop (w heat) and w eeds
(Schu r et a l) w ere grow n, 3 CCD cam eras m oun ted on
the so il2b in carriage, an electrica l box con tro lling the

speed and a PC2based data acqu isit ion system.

　T he so il2b in device had an effect ive leng th of 6 m.

T he carriage of the so il2b in traveled a t an ad ju stab le
ground speed ranging from 1 to 4 km öh. T he cam eras

u sed w ere co lo r CCD cam eras (Panason icW V 2CP460)

w ith a reso lu t ion of 753 × 582 p ixels and a shu t ter
speed of 1ö500 s. T hey w ere vert ica lly m oun ted a t the

heigh t of 55cm above the so il su rface. T he C2m oun t

len s w ith a foca l leng th of 16 mm and an iris con tro l of

fö1. 4～ fö16 w ere u sed. T he actua l f ield of view w as
57 cm ×39 cm , d ig it ized in to 700×512 p ixels. T he S2
video ou tpu ts of the cam eras w ere rou ted to a co lo r

fram e grabber (D aheng DH 2CG300) resided in a P4

PC w ith 256 M H z CPU and 256M RAM. T he fram e
grabber had a reso lu t ion of 768×576 p ixels. W hen the

BW D softw are system w as triggered, the im ages w ere

grabbed and w rit ten to W indow s b itm ap files. T he

ligh t sou rce u sed in the experim en t w as tw o 600W
T ungsten H alogen lam p s. T he w heat seed lings w ere

p lan ted in 20 cm row spacing and the cam eras w ere

po sit ioned over the cen ter of the area betw een tw o

row s.

F ig. 1　L ab set up fo r experim en t on real2t im e

in ter2row w eed detect ion

2. 2　Sof tware system developm en t
　A cco rd ing to the loca t ion fea tu re of p lan t a t seed ling

and the co lo r fea tu re of p lan t (green ) and so il, the
softw are system of the " In ter2row W eeds D etect ion

System " w as developed in M icro soft V isua l C+ + 6. 0
(en terp rise version). T he m ain step s w ere:

　1) It w as obviou sly seen from the F ig. 2a tha t p lan ts
(crop and w eeds) w ere green and background m ain ly

w as so il, w ithered p lan t residue and gray rock s.

T herefo re, the co lo r fea tu re w as u sed to segm en t
p lan t and background [ 13 ]. A cco rd ing to the sta t ist ica l

ana lysis resu lt of the R GB trip let of p lan ts and

background in the cap tu red co lo r im ages, a novel co lo r

index ( G - R , G - B ) w as exp lo red to d irect ly
t ran sfo rm 242b it R GB sou rce im age to b inary2im age.

T he resu lt of t ran sfo rm at ion w as show ed in F ig. 2b.

F ig. 2　 Im ages of ob jecives at differen t p rocessings
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　 2) A cco rd ing to the loca t ion fea tu re, the la tera l
h istogram in w h ich p lan t p ixels w ere summ ed per

co lum n s ( in the row crop direct ion) to determ ine the

loca t ion of crop row s w as draw n. It w as seen from
F ig. 2c tha t the cen ter of crop row w as co rresponding

to the peak. A s F ig. 2d show ed, the cen ter of crop

row w as lined ou t w ith w h ite line in the cen ter of crop

row.
　3) M o st crop p ixels lied in the crop row. N am ely,

these p ixels connected w ith the cen ter of crop row

num erou sly w ere crop p ixels, and a few of them w ere
w eed p ixels becau se of the overlapp ing of crop and

w eed leaves. T herefo re, the seed2f ill a lgo rithm w as

u sed to rem ove the crop p ixels connected w ith the

cen ter of crop row. T he resu lt of f illing w as show ed in
F ig. 2e.

　4) Seen from the F ig. 2e, in ter2row w eed p ixels and

a few crop p ixels unconnected w ith the cen ter of crop

row w ere reserved. To reach m o re p recise, the shape
fea tu re of w eed and crop leaf w as u sed to rem ove the

rem ained crop p ixels. A bove a ll, the part icle2erasu re

a lgo rithm w as u sed to rem ove the no ise ( the area of

reg ion w as less than 5 p ixels ). A fterw ards, the

reg ion2label a lgo rithm w as u t ilized to label the

rem ained p lan t zeroes (m o st w eed p ixels and a few

crop p ixels). A t last, the shape analysis a lgo rithm

w as u sed to com pu te the EL G ( E longat ion ) shape

fea tu re to rem ove the left crop p ixels. T he fina l

betw een2w eed detected resu lt w as show n in F ig. 2f.

2. 3　Test the performance of system
　To test the perfo rm ance of the developed system ,

100 fram es im ages w ere taken and p rocessed in one

day w h ile the carriage of the labo ra to ry set2up w as

m oving w ith a fo rw ard travel speed of 2. 4 km öh. T he

perfo rm ance ind ices of the detect ion system w ere

eva lua ted u sing the co rrect classif ica t ion ra te (CCR )

and m isclassif ica t ion ra te (M CR ) w h ich w ere defined

as fo llow s[ 4 ]:

CCR =
N w t

N w
, 　M CR =

N w d - N w t

N s - N w

W here, N w t and N w d are the num ber of t ru ly classif ied

and to ta lly detected w eed p ixels in the fina lly resu ltan t
im age, respect ively. N w and N s are the to ta l num ber of

detectab le w eed p ixels and all p ixels in the sou rce

im age, respect ively.

3　Results and d iscuss ion

　T he resu lt of experim en t show ed tha t the m ean of

execu ted t im e of cap tu ring and p rocessing a co lo r
im age (710×512 p ixels) w as 426 m s, and the m ean s

of the CCR and M CR of system w ere 86% and 12% ,

respect ively.
　Com pared w ith the in telligen t system developed by

L ee et a l. [ 6, 7 ] , th is system w as superio r in the size of

field of view. In the w ay of the accu racy classif ica t ion

ra te, th is system w as bet ter than the co lo r2based

system stud ied by Ge Fan et a l[ 4 ]. How ever, on ly

in ter2row w eeds w ere detected in th is system.

　 It w as d iscovered tha t the CCR and M CR w ere

affected by the degree of the overlapp ing of crop and

in ter2row w eed leaves and the perfo rm ance of

segm en ta t ion from p lan t to background. M o reover,

new algo rithm s shou ld be developed to detect in2row

w eeds, w h ich w ill expand the run t im e of softw are

system. T herefo re, faster a lgo rithm s are needed to
sa t isfy w ith the rea l2t im e request. A fter tha t,

con sidering the infield facto rs such as sun ligh t, w eed,

carriage’s speed, fu rther experim en t shou ld be done to

test the adap tab ility of the detect ion system.

4　Conclusion s

　 1 ) A m ach ine vision system fo r rea l2t im e w eed

detect ion w as accom p lished and elem en tarily tested in

the labo ra to ry set up.

　 2 ) U sing co lo r and loca t ion fea tu res, in ter2row

w eeds w ere successfu lly classif ied from a co lo r field

im age.

　3) T he CCR and M CR of the system w ere 86% and
12% , respect ively.
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实时识别行间杂草的机器视觉系统

毛文华1, 王一鸣1※, 张小超2, 王月青1

(1. 中国农业大学信息与电气工程学院, 北京 100083; 　2. 中国农业机械化科学研究院, 北京 100083)

摘　要: 在实验室环境条件下, 开发和测试了识别行间杂草的机器视觉系统。硬件系统主要由速度可控的土壤箱设备、三台
实时采集图像的摄像机和计算机组成; 软件系统根据植物和背景的颜色特征二值化图像, 再根据田间作物的位置特征识别
作物和行间杂草。实验表明, 采集并处理一幅大小为 710×512 像素的彩色图像的平均时间为 426 m s, 系统的正确识别率达
到了 86%。
关键词: 机器视觉; 图像处理; 实时识别; 行间杂草
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