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ABSTRACT:   

 
This paper presents vegetable classification method based on machine vision and artificial 
neural network, which classifies vegetables on the basis of physical parameters of vegetables 
such as color and texture features. The feature vector consists of combined RGB color and 
GLCM texture features that contribute to the classification. Leafy and non-leafy vegetables 
are deployed in the work. We have taken 18 types of vegetables, nine from each one. A 
multilayer neural network is used for the classification. 95.4% is an average classification 
accuracy which is achieved across different vegetables. 
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[1] INTRODUCTION 

The area of computer vision and image processing applications has attracting 

tremendous research attention over the past few years. Robots have been used in the various 

fields like aerospace, automotive, consumer goods, food, medical, agriculture, and industries. 

Some applications are developed in the field of agriculture. We have envisaged one 

application of classification of several types of vegetable images since vegetables form a 

major produce in Indian agriculture. The vegetables provide food and nutrients to humans. 

Vegetables are sold in the market and exported. Humans recognize the different types of 

vegetables and differentiate leafy and non-leafy vegetables by mere seeing, many times even 

without a touch. But automation of this recognition task is not easy and requires leveraging 

technology.  Some of the images of few vegetables are given in [Figure-1]. These vegetables 

have distinct colors and exhibit different textures when viewed in bulk. Certain vegetables 
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have shades of the same color, as seen with green vegetables. The same vegetable will have 

distinct characteristics when tender to fully grown. Owing to these characteristics of 

vegetables, the automation is a challenging task and requires the development of 

methodologies. To know the state-of-the-art research in this area, we have carried out a 

literature survey. 

 

 

 

 

 

 

 

 

 

 

 

Figure: 1. Sample Images of Vegetables. 

The method of classification and identification of vegetables using combined color and LBP 

texture features with the neural network has given classification accuracy of 93.3% [11]. 

Identification and classification of leafy vegetables using reduced color feature set. A reverse 

engineering process is adopted for reduction of features and considered the mean and range 

color features for the classification [1]. Identification of Common Indian Leafy Vegetables 

based on Statistical Measures on Combined Color and Texture Features using the neural 

network [2]. As we know that bulk vegetable visual appearance are much closer to texture 

based appearance. So, in this study, we have used grey level co-occurrence matrix (GLCM) 

based on texture features [3, 6] which are capable for effective classification of vegetables and 

fruit recognition using the fusion of color and texture features [4]. Using histograms, colors and 

shape descriptors with an unsupervised learning method automatic fruits and vegetables 

classification from images [14]. Automatic produce identification system intended to ease the 

vegetable checkout process is introduced deploying features, namely, color, texture, and shape 

[5]. Fruit detection using improved multiple features based algorithm is discussed. It helps to 

locate the fruit on the tree. An algorithm is designed for calculating different weights for 

features like intensity, color, orientation and an edge of the input test image. Fruit recognition 

using the fusion of color and texture features [4, 7, 16]. An algorithm is to characterize target 

features in color space from a set of training data for the color classification accurately and 

efficiently [9]. An image analysis algorithm based on color and morphological features for 

identifying different varieties of rice seeds. Seven color features and fourteen morphological 

features are used for the discrimination of analysis [10]. Local Binary Pattern operator (LBP) 

provides a simple and effective way for texture classification. Computational simplicity, 

grayscale, and rotation- invariant are some important properties of LBP [12]. Many methods 

based on LBP operator have been applied successfully in texture classification [12, 17], fabric 

defect detection [15], face recognition [13], and Pavement Crack Detection [8]. 

 

From the literature survey, it is observed that the identification and classification tasks 

are carried out on different data, like fruits, medicinal plants, and face etc. The features like 

color, intensity, orientation, and texture are deployed. The classification accuracies are 

varying from application to application. The classification accuracies are not high when there 

is a high similarity among the samples. It is observed that vegetable images have large 

similarity. This has motivated us to work with vegetable images. 
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In automation of classification of vegetables, we have taken into consideration of 18 

types of leafy and non-leafy vegetables, nine from each type, as given in [Figure-1]. A 

multilayer neural network is used to classify. In this paper, an approach based on combined 

color features and texture features are proposed for classification of vegetables, which are 

grown and used in India. An artificial neural network (ANN) is deployed for classification. 

The images are obtained by a color camera and then six colors and six texture features are 

extracted from the images 

 

The rest of this paper is organized as follows. Section 2 contains proposed 

methodology. In Section 3, we report our experimental results about vegetable classification 

based on combined color and GLCM texture features and confirms an improvement over 

combined color and LBP texture features. Section 4 concludes the paper. 

 

[2] PROPOSED METHODOLOGY 

The varieties of vegetables are sold in the market are have a different colors, shapes, 

and sizes. Vegetables are considered in bulk exhibit different textures. The recognition of 

bulk vegetables which is carried out by using color and texture features. We have used a 

feature set consisting of RGB color and texture features, extracted from vegetable images. 

The block diagram of [Figure-2] shows the proposed methodology, which consists of four 

tasks, namely, image acquisition, resizing, feature extraction and classification. 
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Figure: 2. Block Diagram of Proposed Methodology  

 

Image Capturing and Resizing 

The work has considered 18 varieties of fresh vegetable images, nine are leafy 

vegetables such as Amaranth, Coriander, Curry, Dill, Fenugreek, Mint, Onion Leaves, Red 

Amaranth and Sorrel, and other nine are non-leafy vegetables such as Beans, Bitter gourd, 

Brinjal, Capsicum, Carrot, Cucumber, Ladyfinger, Onion, and Tomato sold in the market. 

The images were captured in a daylight using a Sony digital camera having the resolution of 

10 megapixels. A camera is placed at a distance of 40 centimeters orthogonally above the 

object. The images obtained are of size 4608 x 3456 pixels. For better computational speed, 

images are cropped automatically by random coordinates of a top left corner with 150 pixels 

size of both width and height suitably.   

Color Feature Extraction 

Humans identify vegetables using color, shape, and size. These vegetables have 

dominant colors and hence they are differentiated using color as one of the features. RGB 

color model (6) is adapted to extract color features and is normalized to have the values in the 
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range [0, 1]. The mean and range values of R, G and B components are calculated on the 

resized images. The six color features are used to characterize a given vegetable image. All 

these six feature values are obtained by using the equations (1) and (2) for vegetables shown 

in the [Figure-1].  
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LBP Texture Feature Extraction 

In addition to color features, vegetables exhibit different textures when viewed in bulk 

and hence texture features are used to discriminate the types of vegetable images in bulk. We 

have used local binary pattern (LBP) operator to obtain texture features. The LBP is an 

operator that describes the surroundings of a pixel by generating a bit-code from the binary 

derivatives of a pixel. LBP operator works with eight neighbors of a pixel, using a value of 

the center pixel as a threshold. All neighbors that have values higher than the value of central 

pixel will be given value 1 and for other values, the central pixel is given the value 0. The 

contrast component C is calculated as the average of the pixels over the threshold minus the 

average of the pixel under the threshold. 

 

The LBP operator takes the form  
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Where tc is the gray value of the central pixel, ti is the value of its neighbors, P is the total 

number of involved neighbors and R is the radius of the neighborhood. At a central pixel tc, 

each neighboring pixel ti is assigned with a binary label, which can be either ‘0' or ‘1', 

depending on whether the center pixel has higher intensity value than the neighboring pixel. 

The LBP operator can also be extended to color texture. For a given color image, the LBP 

operator is applied to each color components of R, G, and B separately to obtain the LBP 

code by using the equation (3). From the obtained LBP code of R, G, B the mean, standard 

deviation features are extracted.   

 

GLCM Texture Feature Extraction   

We have used different texture features. In our work, the gray level co-occurrence 

matrix is used to carry out the analysis. Gray level co-occurrence matrices (GLCM) become 

one of the most well-known and widely used texture measures. Let a two-dimensional image 

I(x, y), (x =1... M, y = 1...N), have Ng gray levels. A co-occurrence matrix depicts the joint 

gray-level histogram of the image or a region of the image in the form of a matrix with the 

dimensions of Ng X Ng. The entries are the joint probability densities of pairs of gray levels 

that occur at pairs of points separated by the displacement vector d. 

 

Suppose Pd (i, j) denotes the cardinality of the set of pairs of pixels that have gray level 

values of i and j, for a displacement vector d = (dx, dy). 

 

Pd (i, j) = |{((r, s), (r + dx, s + dy)): I(r, s) = i, I(r + dx, s + dy) = j}|  (4)  

 

Where (r, s) €M x N, and |.| is the cardinality of a set.  

The distinct types of texture features are extracted using gray level co-occurrence 

matrix (GLCM) method. The equation (5) is used to compute the co-occurrence matrix.  
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The distinct types of gray level co-occurrence matrix (GLCM) texture features are 

extracted using the equations (4-7) to compute the co-occurrence matrix.  

 

Combined Color and Texture Feature Set 

The six color features are combined first with six LBP texture features and later with 

six GLCM texture features to form a feature set consisting of 12 features and used for 

recognition of vegetable images. 

Artificial Neural Network 

A three-layer feed-forward backpropagation artificial neural network (BPNN) is 

deployed. The number of neuron in the input layer is twelve and the number of neurons in the 

hidden layers is thirty-five. The suitable number of the hidden neurons is obtained by 

experiment. The number of neuron in the output layer is eighteen, equal to the number of 

vegetable types. The network is trained by setting MSE to 0.001 and learning rate to 0.01. 

The 18-bit output vector contains 1 corresponding to the type of the vegetable image and the 

remaining bits are set to 0. The order of the vegetables is as listed in [Figure-1]. 

 

[3] RESULTS AND DISCUSSIONS 

The method developed for vegetables classification and identification is tested on 1800 

images of vegetables of 18 varieties, taking 100 images of each type. For classification and 

identification of vegetable image samples, the network is trained with 70% images of each 

type and remaining 30% images are used for testing. The percentage of accuracy is defined as 

the ratio of correctly recognizes image samples to the total number of test image samples.  

 

*100
 Imageser of TestTotal Numb

mples Images SaRecognisedCorrectly 
cy of accuraPercentage   

 

Classification accuracies are observed with color features, color& LBP texture features 

and color& GLCM texture features, which are as shown in the [Figure-3]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 3. Proposed crawl mechanism for Unstructured Databases in the Hidden Web. 
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[4] CONCLUSION 

The vegetables have shades of green color. The vegetables exhibit different textures in 

bulk samples. The textures vary with shapes of vegetables. A feature vector combining six 

color features and six GLCM texture features has given classification accuracy of 95.4%. The 

combination of color with GLCM texture features has proved to be more effective than 

combined color and LBP texture features. The work carried out has relevance to the real-

world applications in automatic identification of the different vegetable types, their grading, 

packing, sales in the supermarket, APMC and food processing.  
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