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Abstract - This paper present study of Contour extraction and Otsu’s Segmentation method for measuring plant leaf area for 
Precision Agriculture. The Contour extraction and Otsu’s Segmentation method have been studied and compared. In contour 
extraction method acquired leaf image is converted in gray scale image. Then, from grayscale image noise is removed and 
DWT is applied. The low frequency region is taken for contour extraction. Afterward, region filling is done. Finally, leaf 
area was measured. In Otsu’s Segmentation method color leaf is acquired and converted in gray scale image. Noise from 
grayscale image is removed. Afterwards, Otsu’s Segmentation is done and leaf area is calculated. Two parameters PSNR and 
Correlation coefficient are obtained. This method are tested with universal database of leaf images. 
 
Keywords - Plant leaf, Pre-processing, Discrete Wavelet Transform, Contour extraction, region filling, Area calculation and 
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I. INTRODUCTION 
 
Plant leaf is important apparatus for plant 
photosynthesis and transpiration. Leaf area has large 
influence on the product of crop, and is a key index in 
crop growth and breeding practice. So how to 
measure plant leaf area rapidly, accurately and 
nondestructive has very important meaning to modern 
agriculture production. In the past years, many 
measurement methods were already used. Leaf area 
measurement method based on the image processing 
has attracted increasing attention because of its 
equipment simple, easy operation and high precision. 
Using currently available image collection 
equipments like cameras, computers, scanners and 
image analysis programs. It is possible to acquire 
hundreds of quality images per hour, which can be 
analyzed later with a great degree of automation at 
the observer‘s convenience. Other than these, digital 
images can be stored and used as and when required 
for a possible future application.  
However, these methods mostly need cut the leaf to 
measure and cannot complete measurement for an 
individual plant.  
Farmers usually are aware that their fields have 
variable yield across the land space. These variations 
can be traced by management practices, soil 
properties and environment characteristics. The 
factors that affect the yield are input parameters like 
seed quality, irrigation water, fertilizer and 
environmental parameters includes weeds, insects and 
diseases. Finally by testing the maturity of crop it 
sends to market. In market there is tremendous 
variation in rate, depends on the quality and quantity 
of crops available. 
 
II. BLOCK DIAGRAM 
 
The first step of the leaf area measurement based on 
image processing was leaf image acquisition. Then 
the image was preprocessed to eliminate the noise. 
Discrete wavelet transform is applied. Then image  

 
segmentation is performed to acquire leaf region. 
Leaf object contour is extracted and region is filled. 
Leaf area is calculated through pixel statistic. 
 

 
Fig.1 Block diagram of method 

 
1. Image acquisition: 
The image acquisition is basis of the leaf area 
measurement based on image processing. In order to 
better restore the state of leaf, image geometric 
distortions must be corrected. The mapping function 
between the distorted and corrected image is as 
follows: 
 

 
Fig.2 The leaf image acquisition diagram 

 
In order to reduce the geometric distortions and 
increase the precision, the digital camera should be 
perpendicular to the blade when the leaf photo was 
shot. In addition, the digital camera should be as far 
from the plant leaf as possible, and the leaf image 
should be as big as possible by using the various 
focus of the camera. It equaled to shot at the 
telephoto end so the error could be reduced 
effectively .The main purpose of image preprocessing 
is to eliminate the noise. In this work, we used 
median filter method 
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2. Pre-processing: 
The median filter is a simple rank selection filter also 
called as median smoother that attempts to remove 
impulse noise by changing the luminance value of the 
center pixel of the filtering window with the median 
of the luminance values of the pixels contained within 
the window. Although the median filter is simple and 
provides a reasonable noise removal performance, it 
removes thin lines and blurs image details even at 
low noise densities. The filtered image S = {S(i,j)} 
from SMF can be defined by the following equation 

S(i,j) = median(k,l)ϵ Wm,n{D(i+k, j+l)}……(1) 
Where Wm,n is a sliding window of size mxn pixels 
centered at coordinates (i, j). The median value is 
calculated by using equation with n=mxn. 
 
3. Discrete Wavelet Transform: 
Wavelet transform is a time domain localized 
analysis method with the window’s size fixed and 
forms convertible. There is good time differentiated 
rate in high frequency part of signals DWT 
transformed. Also there is good frequency 
differentiated rate in its low frequency part. It can 
distill the information from signal effectively.Discrete 
wavelet transform (DWT) in image process is to 
multi-differentiated decompose the image into sub 
band image of different spatial domain and 
independent frequency. Then transform the 
coefficient of sub image. After the original image has 
been DWT transformed, it is decomposed into 4 
frequency levels which is one low-frequency (LL) 
and three high-frequency(LH,HL,HH).If the 
information of low-frequency district is DWT 
transformed, the sub-level frequency  information 
will be obtained. A two-dimensional image after two-
times DWT decomposed  is shown in fig3. Where, L 
represents low-pass filter, H represents high-pass 
filter. An original image can be decomposed of 
frequency levels of LL1, HL1, HH1. The low-high 
frequency level information also can be decomposed 
into sub level frequency level information of LL2, 
LH2, HL2 and HH2. By doing this the original image 
can be decomposed for n level wavelet 
transformation. 
The information of low frequency level is a image 
close to the original image. Most signal information 
of original image is in this frequency level. The 
frequency levels of LH, HL and HH respectively 
represents the level decomposition, the upright detail 
and the diagonal detail of the original image. 
 

 

 
Figure 3.Discrete wavelet transform 

 
4. Image Segmentation: 
Because scene is simple and color difference between 
leaf and background panel is bigger, image 
segmentation is implemented based on color 
threshold approach. The green value is used as 
segmentation feature, and the threshold is determined 
by using histogram, gives the image segmentation 
result. It can be see that the threshold approach can 
segment the leaf image successful. 
 

 
Figure4. Image segmentation 

 
A. Contour extraction: 
Plant diseases and insect pests will remove some area 
from the leaf, or make the color of this special section 
different from health leaf. This will leads to false 
segmentation and this section is often segmented as 
background. This removed leaf part should also be 
included in leaf area. Therefore, a contour extraction 
and region filling technique is used. Pixel scanning is 
performed to seek the contour point. For the left 
contour of the object, pixel is scanned from left to 
right and from bottom to top in the image. In each 
scan line of the image, pixel is judged from left to 
right whether it belongs to foreground object. When 
current pixel belongs to object, this scan process is 
break and goes to next scan line. Same rule is applied 
to every scan line. Therefore, left side contour is 
extracted and each pixel in the contour is marked. 
This process is performed on all other three directions 
in turn from top to bottom, right to left, and bottom to 
top. In each contour extraction process, those marked 
pixel is not scanned again. The region wrapped by the 
four contours is decided as a final foreground region. 
In this extraction process, the coordinates of every 
pixel in contour is recorded for next step, region 
filling. Note that this approach is only effective for 
binary image. 
 
B.  Otsu’s segmentation: 
In Otsu's method we exhaustively search for the 
threshold that minimizes the intra-class variance (the 
variance within the class), defined as a weighted sum 
of variances of the two classes: 
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Weights  )(tqi  are the probabilities of the two 

classes separated by a threshold t  and )(2 ti  are 
variances of these classes. The Otsu method produces 
a threshold on the 0:1 scale. This threshold applies to 
the dynamic range of pixel intensities present in the 
image. The image to only contain pixel intensities in 
the range of 155 to 255, an Otsu threshold of 0.75 
would map to a grayscale threshold value of 230. 
Otsu's Thresholding method involves iterating 
although all the possible threshold values and 
calculating a measure of spread for the pixel levels 
each side of the threshold, i.e. the pixels that either 
falls in foreground or background to find the 
threshold value where the sum of foreground and 
background spreads is at its minimum. Because of 
intuitive properties and simplicity of implementation 
image Thresholding enjoys a central position in 
applications of image identification . But it performs 
unsatisfactorily for those poor quality images that 
have low contrast and non-uniform illumination. 
 
The steps for the proposed Otsu’s algorithm for 
image identification are as follows.  
 
Step1. Load the Reference RGB image. 
 
Step2. Separate the R, G and B components and find 
the Otsu’s threshold values and store it in an array a. 
 
Step3. Load the new Test image. 
 
Step4. Separate the R, G and B components of Test 
image    and find the Otsu’s threshold values and 
store it in an array b. 
 
Step5. Calculate the correlation between a and b and 
store it in C.  
 
Step6. If ABS (1-C) ≤ TH (Acceptable difference) 
recognize the image is the identifying image else 
don’t recognize the image. Go to step 3. 
 
5. Leaf area calculation: 
In the approximate reasoning step the leaf area is 
calculated using the binarization method. The image 
having only two values either black or white (0 or 1). 
Here 256x256 png images is a maximum image size. 
The image can be represented as a summation of total 
number of white and black pixels. 

 
Where, 
P = number of white pixels (width*height) 1 Pixel = 
0.264 mm 
 
The area calculation formula is 

Size of Leaf 

P= no-of white pixels; W=width; H=height. 
 
III. EXPERIMENTAL RESULTS 
 
Calculated area and remaining parameter for different 
algorithm and compared those results. Below made 
tabular form of comparison.  
  

 
 

 
 

 
 
CONCLUSION 
 
In this paper two methods of Leaf Area Measurement  
were studied that is Contour Extraction and Otsu’s 
Segmentation. The said methods are compared using 
parameters like PSNR,Correlation Coefficient.The 
performance of this methods was tested with 
universal database.Leaf area accuracy for Contour 
Extraction is 99.7% and for Otsu’s Segmentation is 
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99.1% . From the comparision table Contour 
Extraction method gives more accurate results. 
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