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M achine vision systan used for real-tme
detection inter-row weeds

1 . . 1 . 2 . 1
MaoW enhua’, Wang Yiming™ , Zhang Xiaochao®, W ang Yueqing
(1 cCollege d Infomation and Electronic Engineering, China A gricultural U niversity, B eijing 100083, China;
2 ChineseA cadeny o Agricultural M echanization Sciences, B eijing 100083, China)

Abstract: A machine vision system to detect inter-row w eedsw as developed and tested in the lab The hardw are system
wasmainly made up of a @il-bin devicew ith controllable velocity carriage, 3 CCD caneras used to capture the mages and
a PC. The software systen w as developed to transform color images to binary images by the color feature of plants and
background, and to distinguish cropsand inter-row w eeds by the location feature of crop w ithin the field It indicated that
themean of executed time of capturing and processing a color image (710x 512 pixels) was 426 ms, and the correct

classification rate of the system w as 86%.
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1 Introduction

At present, uniform graying is widely used to
herbicide application in China The gpproach is based
on the assumption thatw eeds are distributed evenly in
fields However, the distribution of weeds is often
"patchy”, rather than “"even"'?.  Therefore,
herbicides should be only gpplied in thew eed-infested
areas to save herbicides and dminish herbicidal
loadings to the environrment In site-gecific crop and
w eed managanent, ot raying is used instead of
uniform graying”. To realize ot Praying, the first
step is to detect weeds Now, weed detection using
machine vision is themain means

The plant features of shape'®*®™ texture
pectra® or wlor™“were utilized in the machine
vision system s to detect w eed for the determ ination of
the precise location, density or eciesof w eedsw ithin
the field But most of research was done in static
state Only afev systan sw ere achieved in real-tme
Lee et al developed a real-time intelligent robotic
w eed control systan for selective herbicide application
to in-row weeds using machine vision The system
oould take O 34s to processone mage, representing a
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11 43 anx 1Q 16 an region of seedline containing 10
plant objects, and travel at a continuous rate of 1 20
km/h Two features, EL G (Elongation) and CM P
(compactness), were found to provide the optimal
Bayesian classifier for the images The correct
classification rate of tomatoes and weeds achieved
73 1% and 68 8%, regectively!®’. Ge Fan et al

developed a real-time color-based weed detection
systen in laboratory. The systen could process
mages at a rate of up to 10 frames/s, which
correponded to a vehicle ground peed of 4m/h The
highest accuracy classification rates of weeds were
only 39 4% ",

The location feature isalso one of plant feature, but
it is rarely used to segment weeds and crop. At
present, there were someone reported that it had
merits in gpplication to use plant location to detem ine
the sope of raying herbicides at seedling!™’.
Therefore, the location feature of plantw as studied in
this sy stem.

The location feature of plant in fields indicates that
the crops usually are sown by row s, and thew eeds lie
in the inter-row and (or) in-row crops T herefore,
themain procedure of w eed detectionw as to detem ine
the location of crop row s firstly, to detect inter-row
w eeds secondly, and to classify in-row weeds lastly.
At the prelminary stage, the main objectives of this
study w erel

1) To develop mage processing algorithms used
olor and location features to detect inter-row w eeds

2) To test the oftw are and hardw are system based
onmachine vision under laboratory conditions
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2 M ethods

2 1 Hardware systan development

Figure 1 was an mage of the laboratory setup for
experiment which consisted of an indoor <oil-bin
device smulating the movanent of a graying vehicle
in field, containers in which crop (wheat) and w eeds
(Schur et al) were grown, 3CCD camerasmounted on
the il-bin carriage, an electrical box controlling the
geed and a PC-based data acquisition system.

The il-bin device had an effective length of 6 m.
The carriage of the il-bin traveled at an adjustable
ground eed ranging from 1 to 4 km/h The caneras
usedw ere color CCD cameras (PanasonicWV -CP460)
with a resolution of 753 x 582 pixels and a shutter
geed of 1/5600 s They w ere vertically mounted at the
height of 55an above the il surface The C-mount
lensw ith a focal length of 16 mm and an iris control of
f/1 4 f/16were used The actual field of viev was
57 anx 39 an, digitized into 700x 512 pixels The S-
video outputs of the cameraswere routed to a color
frane grabber (Daheng DH-CG300) resided in a P4
PC with 256 M Hz CPU and 256M RAM. The frane
grabber had a relution of 768x 576 pixels W hen the
BWD <ftware systan w as triggered, the magesw ere
grabbed and w ritten to W indow s bitmap files The
light source used in the experiment was two 600V
Tungsten Halogen lanps The wheat seedlingsw ere
planted in 20 an row sacing and the caneras w ere
positioned over the center of the area between two

. e .
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¢. Lateral histogram

Fig 1 Lab set up for experment on real-time
inter-row w eed detection

2 2 Software system development

A ccording to the location feature of plant at seedling
and the color feature of plant (green) and wil, the
oftware systan of the " Inter-row W eeds D etection
System " was developed in M icrooft Visual C** 6 0
(enterprise version). Themain stepsw ere

1) Itwasobviously seen from the Fig 2a that plants
(crop and w eeds) were green and background mainly
was il, withered plant residue and gray rocks
Therefore, the olor feature was used to segment
plant and background™. A coording to the statistical
analysis result of the RGB triplet of plants and
background in the captured color mages, a novel color
index (G- R, G- B) was explored to directly
transfom 24-bit RGB source mage to binary-image
The result of transfomationw as show ed in Fig 2h

RN SREINUEAY

Fig 2 magesof objecives at different processings
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2) Acoording to the location feature, the lateral
histogran in which plant pixels were summed per
columns (in the row crop direction) to detemine the
location of crop rowswas dravn It was seen from
Fig 2c that the center of crop row was corregponding
to the peak A s Fig 2d showed, the center of crop
row w as lined outw ithw hite line in the center of crop
row.

3) M ost crop pixels lied in the crop row. Namely,
these pixels connected with the center of crop row
numerously w ere crop pixels, and a fev of than were
weed pixels because of the overlapping of crop and
weed leaves Therefore, the seed-fill algorithm was
used to remove the crop pixels connected with the
center of crop row. The result of fillingw as show ed in
Fig 2e

4) Seen from the Fig 2e, inter-row weed pixels and
a fav crop pixels unconnected w ith the center of crop
row were reserved To reach more precise, the shape
feature of weed and crop leaf was used to ranove the
reanained crop pixels A bove all, the particle-erasure
algorithm was used to remove the noise (the area of
region was less than 5 pixels). Aftewards, the
region-label algorithm was utilized to label the
remained plant zeroes (most weed pixels and a few
crop pixels). At last, the shape analysis algorithm
was used to compute the EL G (Elongation) shape
feature to remove the left crop pixels The final
betw een-w eed detected result was shown in Fig 2f
2 3 Test the performance of systeam

To test the performance of the developed systen,
100 frames mages were taken and processed in one
day while the carriage of the laboratory set-up was
movingw ith aforward travel peed of 2 4km/h The
performance indices of the detection systen were
evaluated using the correct classification rate (CCR)
and misclassification rate (M CR) w hich w ere defined
as follow "

NI ~ Nua- Ny
NW’ MCR_ Ns' NW

W here, NwtandN wa are the number of truly classified
and totally detectedw eed pixels in the finally resultant
mage, regectively. Nw andN sare the total number of
detectable weed pixels and all pixels in the surce
mage, regectively.

CCR =

3 Rewaultsand discussion

The result of experiment showed that the mean of
executed time of capturing and processing a olor
image (710x 512 pixels) was 426 ms, and themeans
of the CCR andM CR of system were 86% and 12%,

regectively.

Compared w ith the intelligent systen developed by
Leeet al '*”, this systen was superior in the size of
field of view. In theway of the accuracy classification
rate, this systan was better than the color-based
system studied by Ge Fan et al'. However, only
inter-row w eedsw ere detected in this system.

It was discovered that the CCR and M CR were
affected by the degree of the overlapping of crop and
inter-row weed leaves and the performance of
segmentation from plant to background M oreover,
nenv algorithm s should be developed to detect in-row
weeds, which will expand the run time of <ftware
systen. Therefore, faster algorithms are needed to
satisfy with the real-time request After that,
considering the infield factors such as sunlight, w eed,
carriage’ s peed, further experiment should be done to
test the adaptability of the detection systam.

4 Conclusions

1) A machine vision systam for real-time weed
detection w as accomplished and elamentarily tested in
the laboratory set up.

2) Using color and location features, inter-row
w eeds w ere successfully classified from a color field
image

3) The CCR andM CR of the system were 86% and
12%, resectively.
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