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2- Hough transform
3- Generalized hough transform

ooy 8IS 5 s gl Edls byl Lo S ile  odlil
b poliie s bagome (Sogll ylis (Mo g2 s «05)8
103 Jgarme CubsS [ials kil 3)90 pgous & jyp s igS
5 (Gillott, 2001) 355 o Jgamma J515 4 _oliosss slgo 39
09 9 ek oS Ly (Y gane (byiie 0jgpel K05 (Sgw
S Jlslsd 1) Lol (610855 5 (b9 50 2liesd Slgo 352
JytiS o ooMe ,giliaeS |y 53, g (Blasco et al., 2002)
Wy g (2ISE Joo pbxl (SB gg05 cage b lacile
20,5 o Byl Ay 5ty g S L S 355 i bl
Gile SlSe JyS 5 sdas cMSto § Lol (Cussans, 1986)
ol 5 g Jas > 53 Lol Wiy (0 (e Jlain 50
lpsS 3,lS olas 5 K3 Lo bl oo ol ol & Sajd
Kayaand Buzluk,) ssl o a3y 59y 50 slacale s pas
(2006
A8 0)93 adgl Jolye )3 niScile ol g (g 3008
o2 &S Sl oo sl Jpae (Sl (ol Cy e plodl jolatods
Gy bazmo b Bl o2 g 0392 4300 41 (49,0 (3Ll LI
as)ie gy e @ig 4 by SleMbl diajls el pl
OB FomelS i3 ooy Gl 8l A g b Sl e
39y Sl Gilise Gladine) )3 sl sbailobo 5 ' g
P &S sla)lplil (S a b 0sSTer 9 03,5 g (S8l
S9Ld 3l edMo Ve amd gl 45 aslonds aan] s 5l o)l
ol g pia 5 A edlitl (5)eliS Clidos > (ol oedle
cyile slaailolus (glad, S (Moshashai et al., 2008) cdl,
P jyedide Gasls dive) )3 (pgal (033 by, 5 ol
Hemming and ) cewl edg oylbize 455 3)50 b Jlo dc)jo

Rath, 2001; Kavdir, 2004; Sogaard, 2005; Tellaeche et
(@, 2008; Arribaset al., 2011; Ahmed et al., 2012

ol jolaiody poad (Bil3 (slo by, jlodngk 5
o2l dsyie (Blg byl b co ME 3 Sy e b slacale
o 31 odlizul | il gaios ol o (Perez et al., 2000) L
slacids 5 =lj) Gl jl (4 b ) S slal ()
Siluwlia (o logas 5l odlatnl b uw 9 84d lis (5,0
Gbge ok @yl 15,80 coles 4 b plosl 5ym e 51 Lol olS
Oigi )3 S LAY By U ol olS 5l jum dile (gilulis &
Josliwl Ly jyo slacile sl widjuise Lol olS ganadds 03
5 sgkad 3l oud gl (ol g sum 30,8) ol (K5) (sadlpe 4
Jafari et ) ai plosl ageis Ul andilb (i) 65,54
(al., 2006

1- Image processing
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Fig.1. Schematic of the weed control critical period of a sugar beet plant; 1: Beginning of 4-leaf stage, 2: End of 8-leaf
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3- Median filter
4- Erosion
5- Dilation
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1- MATLAB
2- Local noises
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Fig. 3. Stype template in sugar beet leaves
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2- Quantization
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Fig. 5. Gallery of the different stages of the segmentation algorithm; @) Original color image, b) Image obtained by
subtraction of Red component from Green component, ¢) Image obtained by applying color threshold on the image (b),
d) Image (c) after removing noises using morphological operations, and €) Image used in generalized Hough transform
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generalized Hough transform in the (b) binary image, and d) Final image showing detected sugarbeet plants
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Table 2- Results of generalized Hough transform algorithm in images containing extracted patterns and images that
patterns were not extracted from them (test images)
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Introduction

Sugar beet (Beta vulgaris L.) as the second most important world’s sugar source after sugarcane is one of the
major industrial crops. The presence of weeds in sugar beet fields, especialy at early growth stages, resultsin a
substantial decrease in the crop yield. It is very important to efficiently eliminate weeds at early growing stages.
The first step of precision weed control is accurate detection of weeds location in the field. This operation can be
performed by machine vision techniques.

Hough transform is one of the shape feature extraction methods for object tracking in image processing
which is basically used to identify lines or other geometrical shapes in an image. Generalized Hough transform
(GHT) is a modified version of the Hough transform used not only for geometrical forms, but also for detecting
any arbitrary shape. This method is based on a pattern matching principle that uses a set of vectors of feature
points (usually object edge points) to a reference point to construct a pattern. By comparing this pattern with a
set pattern, the desired shape is detected. The aim of this study was to identify the sugar beet plant from some
common weeds in afield using the GHT.

Materials and Methods

Images required for this study were taken at the four-leaf stage of sugar beet as the beginning of the critical
period of weed control. A shelter was used to avoid direct sunlight and prevent leaf shadows on each other. The
obtained images were then introduced to the Image Processing Toolbox of MATLAB programming software for
further processing.

Green and Red color components were extracted from primary RGB images. In the first step, binary images
were obtained by applying the optimal threshold on the G-R images.

A comprehensive study of several sugar beet images revealed that there is a unique feature in sugar beet
leaves which makes them differentiable from the weeds. The feature observed in al sugar beet plants at the four-
leaf stage was a stretched S-shaped curve at the junction of the leaf and petiole. This unique shape characteristic
was used as the pattern for sugar beet detection using GHT. To implement the Hough transform in the images, a
50-member group of samples was prepared from S-shaped curve to build appropriate patterns. Desired features
for the Hough transformation were extracted from the patterns. In the next step, the attempts were made to find
the images for the shapes similar to each of the patterns.

Results and Discussion

Plants were thoroughly separated from soil and residues. The accuracy of segmentation algorithm was
achieved by amost 100%.

The accuracy of the generalized Hough algorithm was evaluated in two stages. In the first stage, the
algorithm accuracy was assessed in detecting patterns in the images. Results showed that the accuracy of the
algorithm was 96.21%. In the second stage, the algorithm was evaluated for some other test images, whereas the
algorithm achieved an overall accuracy of 91.65%. In some cases, the presence of a large overlap between
objects in the image reduced the detection accuracy. This was because of two main reasons; 1) high interference
and ambiguity in the object edges, so that Hough transform was not able to detect the predefined patterns in the
objects and, 2) weeds highly overlapped with sugar beet plants and thereby they were wrongly detected as sugar
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beet. However, since there is no or little interference between plants at the four-leaf stage, this interference can
be eliminated by morphological operations. Due to this fact, it can be said that the results of GHT agorithm are
acceptable for the detection of sugar beet in the plants close to four-leaf stage.

Conclusions

A special feature in the shape of sugar beet leaves was used as a criterion to distinguish between sugar beet
and weeds. The results showed that by quantifying this special feature, which is an S-shaped curve near the
petioles connection of beet leaves, sugar beet can be discriminated from weeds with an accuracy of 91.65 %.
Recalled that this feature is a shape characteristic, therefore, the generalized Hough algorithm must be applied
prior to plant canopy development, which is consistent with the critical period of weed control in sugar beet
fields.

Keywords: Generalized Hough, Shape processing, Sugarbeet, Visible machine vision, Weed



