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Abstract— This paper proposes a leaf recognition system that can be used by layman in order to easily classify leaves without 

wasting time in analyzing the leaf features. The target of this proposed research is to be able to implement various image processing 

algorithms and Naïve Bayes Classifier in order to classify an image of leaf. Based on its various physiological and morphological 

features which were extracted by machine learning techniques the class to which the leaf belongs to is found out. Computerized 

plant identification system can be very useful in field of agriculture, medicine and plant reserve management. 
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I. INTRODUCTION 

 Plants play an important role in our ecosystem and also help in maintaining a balance in the atmosphere. We are dependent 

on plants for its resources. Hence there is a need to recognize the plants and be aware of its uses and harms. But it is not 

possible by layman to remember and classify all plants based on their morphological features as there are very minute variations 

in them which makes it a challenging task. Therefore, it is essential to classify plants in order to increase awareness about plant 

species and their uses. Leaves of different plants have different characteristics which can be used to classify them. A computer-

based leaf recognition system is developed by us in order to make the classification process as easy as a mouse click. An image 

could be categorized into its species or class by using machine learning techniques to extract its shape, texture and color-based 

features and compares these features with the features of other plant species present in the dataset. This system can be very 

useful in botanical gardens or natural reserve park management, new plant species discovery, plant taxonomy, exotic plant 

detection and so on. It can also be upgraded to detect diseases in plant species by changing the dataset and preprocessing 

techniques which can extend its use to the agricultural field. It can be very useful for students of Ayurveda and Agriculture who 

are enthusiastic in learning more about plant species and their uses. Augmentation about knowledge of flora and fauna can 

increase the awareness about it which in the long run help to preserve our biodiversity. It can also fuel the research of plant 

species and reduce the task for botanists.  

Our leaf recognition system has been trained and tested to classify around 32 leaf species. It makes use of various 

preprocessing techniques in order to extract features of the images. Around 18 features have been extracted from the dataset for 

better results and more accuracy. The features include area, perimeter, physiological length, physiological width, aspect ratio, 

rectangularity, circularity, mean RGB content, standard deviation of RGB content, etc. The extracted features are then classified 

into various classes by using Naïve Bayes classifier. 

The main objective of this research paper is to classify plants based on their features (i) Pre-processing images in order to 

convert it into a form from which features can be easily extracted. (ii) Extract shape, texture and color features from the images. 

(iii) Classify image into a class whose features relate most to it. 

 

II. METHODOLOGY 

This system is able to classify different species of plants on the basis of their leaves using digital image pre-processing 

techniques. The image can be acquired by placing the leaf on a white page and clicking a picture with ideal contrast and 

brightness. The image can be of any size. Pre-processing is done to reduce the noise in the image and differentiate between the 

leaf image and the background. It also finds the contours of the leaf in order to further extract its features. Various types of leaf 

features were extracted from the pre-processed image which are shape based, colour based and texture based that include 

Physiological length, width, area, perimeter, aspect ratio, standard deviations of R, G and B channels, mean, contrast, inverse 

different moments and entropy. A CSV file was created using the extracted features. The classifier used is Naïve Bayes which is 

able to classify images with high accuracy. 
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Fig.1 Block Diagram of proposed system 

 

III. PREPROCESSING 

In the preprocessing part, the image needs to be converted into a digital format or into a format so that the essential features 

can be extracted from it. The image is pre-processed using various algorithms in order to extract important features from it. The 

Otsu threshold technique is used in order to minimize the intra-class variance of threshold black and white pixels thus helps in 

converting the gray level image into binary image. It finds the optimum threshold and puts the pixels into two classes. 

Smoothing of image is done using the Gaussian blur technique. Gaussian Blur is used to reduce the image’s high frequency 

component thus acting like a low pass filter. It also blurs the image and reduces the contrast. Background subtraction is also 

achieved in the process. The image is converted into gray scale in order to find the contours of the images. The RGB content is 

also extracted from the image in order to get better results. Texture features extracted using Harlicks method. The above 

methods are implemented and the output of each algorithm used is shown in the system and listed below: 

 
 

Fig.2 Output of Gaussian filter 

 

 
Fig.3 Output of Otsu's threshold method 
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Fig.4 Output of boundary extraction by finding contours 

 

IV.  FEATURE EXTRACTION 

The features such as physiological length, width, area, perimeter, aspect ratio, standard deviations of R, G and B channels, 

mean, contrast, inverse different moments and entropy are calculated for the images by implementing various algorithms in 

opencv library. Our method takes into account the color , shape and texture of the leaves as considering only few features may 

not produce expected fair results. The above-mentioned features of all images in dataset are calculated using various algorithms 

and are simultaneously stored in a CSV file. Haralick’s texture method is used to reveal certain properties about the spatial 

distribution of the texture of the image. There are two types of representations, an external one and an internal one. An external 

representation is chosen when the primary focus is on shape characteristics. An internal representation is selected when the 

primary focus is on properties such as color and texture. The dataset is split into training and testing sets. 70% of data is used for 

training and 30% is used for testing. The features extracted from the dataset are added into the csv file for further processing. 

This process is done twice in the system once for training purpose in order to produce the class and second for the test image 

which is inserted into the system by the user. The features extracted are as follows: 

(1) Physiological Length: It is the length of the line connecting the two terminal points of the main vein in the leaf. 

(2) Physiological Width: It refers to the distance between the two endpoints of the longest line segment perpendicular to the                    

physiological length. 

(3) Leaf Area: It is the number of pixels of binary value 1 on smoothed leaf image. 

(4) Leaf Perimeter: It is the number of pixels along the closed contour of the leaf. 

(5) Aspect Ratio: This is defined as the ratio of physiological length to physiological width, i.e., L/W. 

(6) RGB content: The value of red, blue and green content in each leaf. 

(7) Mean and standard deviation of RGB channel. 

(8) Rectangularity: The rectangle which best fits the leaf image. 

(9) Circularity: The circle that best fits the leaf 

(10) Entropy: It is the measure of degree of randomness of the image. 

(11) Contrast: It is the difference in the color that makes it distinguishable  

(12) Inverse difference moments: It is the measure of local homogeneity. 

(13) Correlation: It is the measure of the gray-level linear dependency of the image.  

 

 
 

Fig.5 Features.csv of first 10 images of dataset 
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V. CLASSIFICATION 

 

The image that is inserted into the system by the user undergoes preprocessing and feature extraction, and the features of the 

image are classified using Naïve Bayes algorithm. Naive Bayes is a simple technique for constructing classifiers: models that 

assign class labels to problem instances, represented as vectors of feature values, where the class labels are drawn from some 

finite set. There is not a single algorithm for training such classifiers, but a family of algorithms based on a common principle: 

all naive Bayes classifiers assume that the value of a particular feature is independent of the value of any other feature, given the 

class variable. For example, a fruit may be considered to be an apple if it is red, round, and about 10 cm in diameter. A naive 

Bayes classifier considers each of these features to contribute independently to the probability that this fruit is an apple, 

regardless of any possible correlations between the color, roundness, and diameter features. [1] 

 

 
 

where P(c|X) = Posterior probability 

P(X|c) = Likelihood 

P(X) = Predictor prior probability 

P(c) = Class prior probability 

 

 

VI. IMPLEMENTATION METHODOLOGY 

1. Initially, the input image is given to the system. 

2. This image is processed by the system using pre-processing algorithms like Guassian filter algorithm, Otsu’s      

           Threshold method, Boundary extraction using contours.  

3. After pre-processing, feature extraction is done where color, shape and texture features. 

4. The obtained features of the input leaf are then matched with a feature.csv file which contains the selected features of 

all  the leaves in the dataset. 

5. Using Naïve Bayes classifier the best matching image name is given as output. 

6. The selected image with its preprocessed images are shown on the window. 

7. Also the user can get a link to webpage which will give more information about the leaf. 
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Fig.6 Implementation Methodology Diagram 
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VII. .OUTPUT 

 

 
 

Fig.7 Initial Window 

 

 
 

Fig.8 Browse to your image 
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Fig.9 Screenshot of selected image and its preprocessed images in folder 
 

 
 

Fig.10 Screenshot of Final Output 

 

 

VII. FEATURE EXTRACTION 

1. Removing restrictions on the dataset 

 

Our project is bound to have a image on a white background. The performance of the system can be improved in future by 

using advanced background separation methods to separate the leaf objects from a complex background. Thereby enhancing the 

implementation of the product and making it more user friendly.  

 

2. Taking input by webcam or digital camera 
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 The leaf image can also be taken with the help of digital camera or webcam. This will make the product more useful in 

research field, medicinal field, agricultural fields etc. 

 

 3. Changing the dataset for implementation in various fields  

 

By changing the dataset, the product can be used in specific fields of interest. Its intended users can be botanists in field of 

research, ayurvedic aspirants who can gain knowledge about the medicinal leaves which are rarely seen around, farmers who 

can detect their crop condition by taking the leaf image if another yet to be developed leaf disease recognition project is 

integrated with this proposed methodology. 

 

IX.  CONCLUSION 

In this paper a new robust & computationally efficient system is presented that takes into consideration the colour features 

and texture features of the leaf in addition to the shape features. We finally used a combination of colour, shape, and texture 

features. The system can create its own csv file if the images are provided and hence can be used in various applications. The 

system was tested on Flavia dataset having 32 species with good accuracy rates by using Naive Bayes classifier and the results 

were admissible as can be seen in experimental results. The proposed work can be further extended to identify complex images 

with petiole and clustered leaf’s and real time images of leaf. 

 
 
 

Fig.11 Screenshot of factors calculated   
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