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Abstract 
 
This paper proposes an ideal methodology of differentiating and identifying 
the leaves by using its shape features. The Shape features of the leaf is 

modelled using Gray level co-occurrence matrix (GLCM). Here, a pre-

processing step is done before the feature extraction and feature 
recognization using K-nearest neighboring algorithm (KNN) is implemented 

to correct differing translation, rotation and scaling factor, as these features 

are usually sensitive to the alignment and size of the leaf image. Then the 

Efficacy of our methods is utilized by using k-NN neural classifiers. This 
features have been applied exclusively just as in mix to examine how 

recognition correctness can be improved. Experimental results exhibit that 

the implemented approach is compelling in perceiving leaves with 
fluctuating surface, shape, size and directions adequately. 
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1 Introduction 
 

Plants assume a critical part in Earth's environment by giving food, cover 

and keeping up a solid breathable climate. Plants additionally have 
significant therapeutic properties and are utilized for elective fuel sources 

like biofuel. Building a plant DB base for fast and efficient classification and 

acknowledgment is a significant advance toward their protection and 
safeguarding. This is particularly significant the same number of plant 

species is near the very edge of annihilation because of ceaseless 

deforestation to prepare for modernization. Lately computer vision and 

pattern acknowledgment strategies have been used to get future ready 
advanced plant recording frameworks for perceiving plant species in efficient 

ways. From this viewpoint, the current work proposes an inventive plan of a 

plant acknowledgment framework dependent on advanced images of plant 
leaves. Individuals perceive a specific plant type by noticeable attributes of 

its leaf like shape and surface. Information demonstrating procedures have 

been utilized here to speak to these attributes utilizing a lot of Computer 
unmistakable highlights. 

This paper continues as below. Part 2 provides a gist of present leaf 

recognition methodologies. The methodology, dataset and pre-processing 

operations are explained in Section 3, finally the results are concluded and 
examined in Section 4. Section 5 summarizes and concludes the paper with a 

scope of future opportunities. 

  

2 Related Works 

 

Diverse information displaying DM methods utilized incorporate bend 
scale space[6], fluffy rationale[17], fractal measurements[2,3,4], Fourier 

examination[8,9], wavelets[11,12], curvelets[5] and Zernike minutes[7]. 

Sakai[18] utilized mathematical boundaries like length, width, territory, 
border to characterize leaf types. An assortment of classifiers has additionally 

been utilized viz. neural organizations [13,14,15], uphold vector machines 

SVM[10], closest neighbors[1], and K-implies[16]. 

Wang utilized the idea of pack of words, acquired from the field of text 
characterization, and applied it to extricate a sack of forms from the leaves' 

shape. They tried it on the Swedish leaf dataset and accomplished an 

exactness of 97% utilizing a closest neighbor classifier. This is the principal 
paper which really presented sack of forms along with nearby obliged linear 

coding (LLC) and (SPM) for shape portrayal. 

Vein examples of interpreted leaf images were utilized by Larese for the 
characterization of three vegetable species. They acquired a generally high 

exactness of 84% utilizing a punished discriminant investigation/analysis 

(PDA) approach. They likewise played out the analysis utilizing images of 

leaves that were cleared utilizing a substance cycle and this expanded their 
exactness to 88% to the detriment of time and cost. 
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Satti proposed a plant acknowledgment framework that pre-owned tone 
and shape data to deliver an exactness of 93% with an ANN and 86% with 

the kNN on the Flavia' dataset. A later report by Chaki proposed another 

strategy for portraying and perceiving plant leaves utilizing a blend of shape 
highlights and surface. A Gabor channel was utilized to show the surface of 

the leaves and the shape was caught utilizing a lot of curvelet change 

coefficients along with invariant minutes. 

A computerized framework for the acknowledgment of restorative plant 
leaves was created by Arun. They utilized (GTSDM), dark surfaces and 

Local Binary Pattern (LBP) administrators as highlights for 

acknowledgment. This technique utilizes six distinct classifiers to arrange the 
plants dependent on the above highlights. Without utilizing any pre-

preparing procedure, an exactness of 95% was acquired utilizing a dataset of 

(250) unique images from 5 plant species. 
 

3 Proposed Approach 
 

The implemented system is mainly divided into 2 individual sections: the 

client and the server sections. The client phase is a software application 

which lets a user to import the leaf images to server. A List of the system is 

given as below figure 1. 
The block diagram of the entire system is shown in figure1.To 

distinguish and to perceive a leaf and partner it with its proper name. For 

example, the car before any house is a Honda Accord. Or on the other hand, 
a huge woody plant in the recreation center is a tree, all the more explicitly a 

Doug-fir. Distinguishing a scene or nursery plant requires perceiving the 

plant by at least one attributes, say size, structure, leaf shape, bloom tone, 
smell, etc. for connecting that acknowledgment with a name, either a typical 

or purported logical name. The exact recognizable proof of a developed plant 

can be exceptionally useful in knowing how it develops (e.g., size shape, 

surface, and so on) just as how to mind and shield it from bugs and illnesses. 
There are some regular qualities of plants that are helpful in distinguishing 

them. On the off chance that the equivalent was in a natural science class 

managing plant systematics, the field of study worried about ID, naming, 
characterization, and development of plants. we would invest a decent 

arrangement of energy on the regenerative pieces of plants, that is, generally 

the different pieces of the blossoms like ovary, shame, and so forth Basic 
closeness of conceptive parts is a significant method by which plants are 

ordered, assembled, named, and consequently recognized. Notwithstanding, 

with numerous agricultural plants, particularly woody plants, one may need 

to make a personality regardless of blossoms for regularly roses are absent or 
are little, and different attributes might be more self-evident. A few plants 

qualities are so clear or interesting that we can remember them without a 

nitty gritty assessment of the plant. 
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Fig. 1: List of classification application 

 
 

Plant name acknowledgment is a significant field inside C-vision, and 

the point of plant name acknowledgment/order is to group or perceive the 
plants dependent on extricated highlights from them. The plant name 

acknowledgment includes three stages. 

 (1) Pre-handling: one usually processes the image data so it should be in 
suitable form e.g. one gets an isolated object after this step. The pre-

processing phase consists of Rotation, GreyScaling, thresholding, erosion 

and dilation and inversion threshold in order. 

(2) Feature Extraction: It is the second step that measure the properties of 
object of interest and the feature extraction phase consists of Convex Hull, 

Morphological information and distance maps in order. 

(3) Recognition: Final step, determine the class of object based on 
features. 

The server uses shape descriptors and color information to compare the 

information extracted from the database of the leaf images with a newly 

acquired one and uses a k-Nearest Neighbor algorithm to find the best 
matches. 
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3.1 Pre-Processing Phase 
 

In Pre-handling phase, one typically measures the image information so 

it should be in reasonable structure. For example, one gets a confined 

items/objects, after this progression. 
Image pre-processing includes rotation, Greyscaling, Thresholding, 

Erosion and Dilation and then Inversion Threshold. 

 

3.1.1 Rotation 
Image rotation is the typical image processing procedure where the 

image is rotated to its proper orientation according to the requirement.  
 

3.1.2 Greyscaling 
 

The greyscaling is defined as the group of shades without any visible 
color. It contains only the ranging of amount of light form weakness (black), 

to the strongest amount of light (white),but not color. Here the rotated image 

is greyscaled. 
 

3.1.3 Thresholding 
 

Thresholding in image preprocessing is the process of segmentation of 
images, where the changes made in the pixels to analyze the image. Here, 

OTSU’s thresholding method is applied to obtain a binary image from the 

grayscale image. 
 

3.1.4 Erosion and Dilation 
 

It is the basic morphological operation. It is the process of addition and 

removal of pixels to the boundaries of object in an image. Removes the 

unwanted holes from the binary images. 

 

3.1.5 Inversion Threshold 
 
Now, after removing unwanted holes, then the binary image is again 
converted to the greyscaled image.Here Images to be pre-processed. 

 

3.2 Feature Extraction 
 

The various highlights that are extricated are the length and width of the 

leaf, the territory of the leaf, the edge of the leaf, the body region, the body 

edge, a separation map along the vertical and even  axes, a shading histogram 
and a centroid - based outspread separation map.To extract texture features, 

GLCM algorithm is used. 

 
 



                                                                                                                  
 

 

 
 

9497 S Midhun Chakravarthy et al 

 

        The following information are extracted from the processed image. 
     1. Convex Hull: 

             The convex hull is formed using the boundary points of the leaf.The 

number of vertices are extracted .The area and perimeter of the hull are also 

calculated. 
     2. Morphological Information: 

              The length & width of leaf is interpreted by finding the minimum 

and maximum x and y co-ordinates. 
     3. Distance Maps: 

               Lines are drawn on the segmented image and the distance of each 

line is estimated and stored. 
 

3.2.1 Morphological Features 
 

Aspect ratio = Width/Length 
     White Area Ratio=Area of leaf /(length*width) 

     perimeter to area=Perimeter of leaf/Area of leaf 

     perimeter to hull=Perimeter of hull/Perimeter of leaf 
     Hull area ratio=Area of leaf /Area of hull 

 
3.2.2 Shape Defining Feature 
 
 Distance map x  = Distance of the lines parallel to x axis/length 

 Distance map y = Distance of the lines parallel to y axis/width 

 Centroid radial distance = Distance from centroid to intersecting 
 point/Distance from centroid to boundary box. 

 

3.2.3 Color Histogram 
 
       A color histogram is computed for a cropped part of the image since if 

the whole image is used white spaces surrounding the leaf would affect the 

histogram. 

 
3.3 Algorithm 
 
3.3.1 Sobel Edge Detection Algorithm 

 
Edge Detection 
 

Edge Detection is just an instance of attempting to discover the area in a 

image where sudden deviation in intensity or a sudden deviation in shading, a 

high worth shows a lofty deviation and a low worth demonstrates a shallow 
deviation. 
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Sobel Operator 
 

Sobel Operator which is usually an estimate to a subordinate of a image, 

is also known as Sobel–Feldman operator or Sobel filter. 
The proposed technique uses Sobel edge indicator on each 3×3 non-

covering square of the cover image. To lead location in edge identification 

techniques, operators are used where Sobel operator is a commonly opposite 
angle vector field operator. Slope is a surveying of progress of a pixel with 

its contiguous pixels. Sobel identification is a dark weighted procedure of the 

close to focuses in 2 ways. It establishes edges of the point contingent upon 
its close to focuses. 

 

ALGORITHM STEPS: 

 
Action (i):     Acknowledge the information image 

Action (ii):    Implement veil Gx, Gy to the information image  

Action (iii):   Implement the gradient and SED algorithm  
Action (iv):   Veils control of Gx, Gy independently on the info image 

Action (v): Outputs consolidated to locate the total greatness of the 

gradient/angle 

Action (vi):   The supreme magis the yield edges. 
 

3.3.2 Convex Hull Algorithm 
 

Convex hull includes arranging of the like along the limit, or it is really 

arranging of inclines in the double plane (not to be confused with dual plane 

theory) and any base bound on any Convex hull calculation if O(nlogn), so 
the outcome follows.  

Chan's Algorithm improvised the time complexity to O(nlogk), Given k 

is the quantity of points in the convex hull  of the Point set. 

 
Representing algorithm in PseudoCode as below. 

 

ALGORITHM PSEUDO-CODE: 
 

jarvis(Sa) 

   point-OnHull = left-most point of Sa 
x<- 0 

iterate 

      Po[x] <- point-OnHull 

      End-point <-Sa[0]       
      for k from 1 to |S| 

         if (end-point == point-OnHull) || (Sa[k] in left of line from Po[x] to 

end-point) 
            end-point <- Sa[k]   
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x<-x+1 
      point-OnHull <- end-point 

    till end-point == Po[0]      

 

3.3.3 Ostu’s Thresholding Algorithm 
 
Ostu’s Thresholding Algorithm is modern binarization algorithm, where 

greyscale image is converted to monochrome image. Otsu's thresholding 
calculation includes repeating through all the conceivable edge values and 

ascertaining a proportion of spread for the pixel levels each side of the limit, 

for example the pixels that either fall in frontal area or foundation. The point 
is to discover the limit values where the amount of forefront and foundation 

spreads is at its base. 

 

ALGORITHM STEPS: 
 

1.Process histo-gm and probabilities of every power level 

2. Initialize default µ(0)and ω(0)  values 
3. Iterate all availableedge t=1… maxpower/intensity 

Revise ω and µ 

Calculate σ(t) 

4.Wanted limit/threshold compares to the greatest σ(t) 
 

3.4 Classification or Recognization  
 
     The input is compared with each leaf in the dataset. The Euclidean 

distances between the input image and those in the database are calculated 

and the results are returned using the KNN classifier. The recognization 
calculation comprises of 3 phases of kNN. All the proportions are 

standardized to an incentive somewhere in the range of 0 and 1 preceding 

any examination is made. 

In Phase 1, The leaf to be perceived goes through similar preparing as the 
ones in the DB base. The new qualities for the proportions are additionally 

standardized. In Phase 2, The new leaf is then contrasted with each leaf in the 

preparation set individually. The amount of the Euclidean separations 
between the new leaf and those in the DB base are determined. The 3 nearest 

results are then returned. Every proportion is utilized as an element in the 

kNN classifier. For the separation and centroid maps, all the separations in 
the sets are considered as individual highlights. In Phase 3, For occurrences 

where the outcome set from Phase 2 comprises of various plants, the shading 

histogram of the new leaf is contrasted with those from that outcome set. The 

connection coefficient is then determined. This worth lies among 1 and - 1. A 
worth near 1 shows a high certain relationship, which implies that the two 

images are fundamentally the same as. The nearest coordinates are 

determined utilizing a kNN calculation. 
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4 Results 
 

4.1 Evaluation metrics 
 
 Here 4 evaluation metrics are used in the current system to determine 

accurate results. They are used in the following order to provide greater 

results. 
4.1.1 Accuracy 

Accuracy is the level of understanding of individual or normal 

estimations with an acknowledged reference worth or level. 

                    Accuracy = (TruePos + FalsePos)/N 

4.1.2 Precision 
Precision is the division of applicable cases among the recovered 

examples. 
Precision = TruePos / (TruePos + FalsePos) 

4.1.3 Recall 
Recall is the part of pertinent occasions that have been recovered over 

the aggregate sum of important occurrences. 

   Recall = TruePos / (TruePos + FalseNeg) 

4.1.4   F-Score 
F-Score is a measure that joins Precision and Recall. It is the consonant 

mean of Precision and Recall. 

        F = 2* (((precision * recall) / (precision + recall))) 

 

 
Fig.2: Gantt chart 

 

Here every leaves photo in the DB as feed image to the system, 
compared it to all the remaining leaves and calculate the percentage accuracy 

of the system. This procedure has the benefit of testing all the leaves in the  
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DB instead of simply a little level of it. Each time the framework applies the 
watcher to a leaf, it will make a record in a CSV document with the genuine 

plant name and the anticipated plant name. Fig.2 shows Gantt chart. 

642 leaves originating from 31 distinct types of plants were tested in this 

approach. Specifically, we noticed a 100% precision for 7 distinct sorts of 
leaves. Just one plant varieties had an acknowledgment exactness of under 

75%. The general precision at the principal stage was 84%. The shading 

histogram coordinating activity was then applied on the outcomes from the 
principal stage and the precision rose to 87%. Additionally, a similar test was 

done on the whole Flavia dataset and a high exactness of 86% and 91% were 

gotten after the first and second stages individually. Along these lines, we 
can see that this methodology is extremely viable in the characterization of 

plant leaves. 

Extended examinations were directed so as to evaluate the impact of 

expanding the quantity of plant species and the quantity of leaves on the 
characterization precision. 
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Fig. 3: Impact of incrementing no of plant varieties on precision 

 

By Fig 3, it tends to be noticed that with just 8 species, we have a high 

order precision of 97% however this gradually drops to 87% with 31 species. 

We typically anticipate that the acknowledgment precision should go down 
when there is more assortment in the dataset. Be that as it may, for this 

situation, the exactness is going down gradually, and it is still high with 31 

distinct species. 
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Fig. 4: Impact of incrementing n0 of leaves on accuracy 

 

Fig. 4 shows Impact of incrementing n0 of leaves on accuracy.In this 

way, we see that it is conceivable to acquire a high incentive for leave 
differentiation precision by utilizing a moderately huge number of plant 

species however with just few examples leaves for each species. We 

additionally showed how the precision changes on the quantity of plant 
species and the quantity of leaves. The correctness acquired are tantamount 

with existing works. Be that as it may, since our methodology depends 

completely on the knn classifier, it is relied upon to run quicker than viable 

methodologies utilizing probabilistic neural n/w or backing vector machines. 
 

5 Conclusion 
 

We exhibit a way to deal with characterize plants into their suitable 

species utilizing images of their leaves. A high-PX camera was utilized to 

take images of 31 unique types of plant. For each plant species, 21 distinctive 
leaf images were caught. The images were pre-handled and various 

highlights were separated from them. We executed our independent KNN 

classifier. Each leaf image was then contrasted and each other leaf image in 
the DB. We got a precision of 83.6% at the primary stage. The following 

stage comprised of utilizing data got from shading histograms so as to 

additionally separate between more troublesome cases. This strategy had a 
positive effect of about 3% on the acknowledgment exactness. We 

additionally found that expanding the quantity of species prompts a little 

decline in the precision however expanding the quantity of leaves past a limit 

of 10 had no noteworthy effect on the general exactness. Contrasted with 
before approaches, our framework gives equivalent correctness and is relied 

upon to deliver results a lot quicker. The primary trouble in this work was the 

need to take all the photographs visible to everyone bombing which the 
exactness could be unfavorably influenced. In our future work, we mean to 

make a framework which is more hearty to light variety and to incorporate 

vein designs as an element. We will likewise make a more detailed dataset. 
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