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Abstract 
 
Non-destructive mechanisms for fruit grading and sorting have received wide 

research attention in the drive towards sustainable agricultural practices 

minimizing energy utilization, computational resources and improving the 

longevity of the produce. Green engineering practices imbibing artificial 

intelligence and image processing approaches have considerably improved 

the potential of agricultural supply chain of several products. Automated 

sorting and grading of tomatoes according to ripeness levels and defects, to 

improve their utilization and commercial value is a complex problem, due to 

the large number of discerning parameters involved. In this paper, we 

propose a classification system employing a pair of binary SVM classifiers 

for sorting and grading tomatoes. The first SVM classifier is unique 

irrespective of the ripeness levels, to separate tomato species. The ripeness 

level is determined for tomato species based on the mean green component. 

Followed by this, the defective and healthy tomatoes are distinguished with a 

super pixel segmentation operation. The second SVM classifier is then  
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employed to detect the black spot and canker defects separately in ripe and 

unripe fruits. Though the same feature vectors are employed for defect 

detection irrespective of the ripeness, the reference image taken for 

generation of residual images for feature extraction differs for ripe and unripe 

tomatoes. Extensive experiments with well-designed test cases on datasets 

created under controlled experiments demonstrate the classification accuracy 

of the proposed system. We have accomplished a classification accuracy of 

95% for ripe fruits and 92.5% for unripe fruits in the detection of black spots 

and cankers. 

  

Key words: Tomato, Ripeness, Diseases detection, super pixels, SVM. 

 

1 Introduction 
 

Along with productivity, the recent years have witnessed significant 

considerations to agricultural sustainability with the adaptation of green 

engineering approaches in the pursuit of improved production and less 

environmental indemnities. Automation of several functionalities have 

considerably reduced damages to the produce and the environment 

preventing loss and damage of produce. Timely quality inspection and 

intervention have contributed to the early detection of several defects, 

preventing spread of infections to healthy cultivars. Similarly, automated 

sorting and grading mechanisms deployed with artificial intelligence and 

machine vision approaches are very significant in protecting the commercial 

value of the produce.Tomatoes are the widely consumed edible fruits in 

India, also having good prospects for export. However, they are susceptible 

to damages due to bacterial and fungal infections, post-harvesting, transfer 

processes etc., rendering them unsuitable for consumption.  Early detection 

of their ripeness stages and defects can facilitate sorting of tomatoes for 

effective supply chain management.Non-destructive testing of fruits and 

vegetables is highly desirable in agricultural sector which considerably 

reduces the inspection time and agricultural waste. Sophisticated digital 

image acquisition and processing mechanisms find wide applications in the 

assessment of agricultural produce. Generally image feature extraction 

mechanisms for structural, chromaticity and geometric analyses are 

combined with machine learning approaches to build classifier and 

segmentation frameworks for defect detection and sorting.In the recent years, 

digital imaging techniques are employed in sorting and grading of a variety 

of fruits and vegetables.   The very first nuclear magnetic resonance imaging 

scheme was proposed by Ishida et al. [1], to evaluate the water content in 

tomatoes.In this context, many such methods based on machine vision 

approaches have been proposed later and employed currently in grading 

various consumables. A linear regression-based approach was proposed by 

Jhawar [2] for assessment of maturity levels of oranges.  
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Khodabakhshian et al.,[3] proposed an approach for evaluation of 

firmness and biological attributes of pomegranates. Arakeri et al. [4], 

proposed an automated tomato grading mechanism integrated with software 

component.Classification of ripeness and nature of defects with digital 

images is very challenging as there are numerous attributes, all of which 

cannot be used for clear discriminations. Hence, researchers extract hundreds 

of features from the test images and employ feature selection algorithms to 

create a subset of features for classification.  

Further, the Support Vector Machine (SVM) introduced by Cortes and 

Vapnik [5] and its variants are widely used as classifiers in fruit and 

vegetable grading. The SVMs are trained with feature vectors extracted from 

the digital images of the fruits and vegetables to be sorted and graded. 

Elhariri et al. [6] have proposed a Multi SVM (MSVM) capable of 

determining multiple levels of ripeness in tomatoes.Inspired by the 

successful application of machine vision approaches, we have proposed a 

microcontroller based tomato grading and sorting mechanism in Dhakshina 

kumar et  al[7], achieving an overall classifier accuracy of 97.74%. We have 

implemented this system in three stages with binary classifiers each 

employing a single attribute for classification in species discrimination and 

ripeness detection in the first two stages. The third stage is implemented as a 

Multi class SVM (MSVM) trained the SVM with 24 attributes including 

geometric and color features in the detection of three types of  diseases  from 

the entire sample comprising both ripe and unripe tomatoes.Recently, we 

have envisaged the need for detecting the defects immediately after the 

ripeness detection for enhanced management of the produce and focus on 

black spots and cankers, the widely manifesting defects. We have  realized 

an incremental model with binary SVM classifiers each trained with 16 

features for defect detection.This paper introduced  a new  system for 

classification of tomatoes based on two levels of ripeness and detection of 

two kinds of diseases, black spots and cankers under each ripeness level, 

with a pair of binary SVM classifiers. Here, we employ the first SVM for 

separating tomatoes from other species followed by color-based 

discrimination of ripe and unripe tomatoes. This is followed by a super pixel 

(Achanta et al., 2012)  [8] based segmentation operation to separate defective 

tomatoes. A super pixel is a group of uniquely labeled semantically similar 

pixels widely employed in medical image segmentations. In this paper, we 

localize defective regions with these super pixels to determine the size of the 

infected regions. The defective tomatoes are further classified based on the 

type of infections with the second SVM, one for each ripeness level. 

This paper is organized as below with an elaborate background of the 

proposed work in Section 2. The methodologies deployed in the proposed 

system are presented in Section 3 followed by the system architecture in 

Section 4. Details of experimental works, results obtained and analysis are 

given in Section 5. We conclude the paper in Section 6. 
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2 Background 
 

In this section we present a detailed review on various approaches for 

fruit sorting and grading. 

Al Ohali [9] proposed a Back Propagation Neural Network (BPNN) 

classifier for grading date fruits into three categories based on color and 

geometric attributes. Later, Zhang et al. [10], proposed a Feed Forward 

Neural Network (FNN) classifier trained with 12 features for classification of 

18 varieties of fruits. This method employs Wavelet Entropy (WE) and 

Principal Component Analysis (PCA) for transient analysis and static feature 

assessment respectively in the categorization of a multitude of fruit varieties.  

The effectiveness of SVM has been testified in the works of Muhammad 

[11], Semary et al.[12], Dubey et al.[13], Pham and Lee [14] etc. with high 

accuracy rates in the categorization of several fruits including dates, tomatoes 

and apples. Moallem et al., [15] have successfully employed SVM in the 

classification of apples achieving an accuracy of 92.5%. 

Recently, Zhang et al.[16] employed spectral signatures for classification 

of citrus fruits with a tree structured SVM. Wan et al.,[17] employed a 

BPNN in the detection of maturity levels of tomatoes with color hues with an 

accuracy of 99.31%.From a review of prior works, it is evident that machine 

learning approaches are best suited for fruit classification based on maturity 

levels and defects. Compared to other fruit varieties, tomatoes are 

characterized by high water content attributing to short shelf-life. They are 

susceptible to bacterial and fungal infections resulting in diseases such as end 

rot, black spots, cankers etc. Early detection of ripeness levels and defects in 

tomatoes by automated mechanisms can simplify the management of the 

fruits to reduce fruit damages and financial losses. 

 

3 Materials and its Approaches 
 

We describe the dataset and fundamental machine vision techniques 

employed in the proposed system in this section.  

 

3.1 Training and Testing Dataset 
 

The dataset comprises training and test dataset of  images. These images 

fall into 8 categories such as non-tomatoes, tomatoes , ripe, unripe, ripe-black 

spot, ripe-canker, unripe-black spot and unripe-cankers, with 20 images 

under each. The images are captured as RGB images represented in PNG 

formats, in an exclusive experimental setup for further analysis. 
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3.2 Feature Extraction 
 

Color attribute is significant in the evaluation of ripeness levels and 

defects in fruits and vegetables. Similarly, segmentation of Region of Interest 

(RoI) from the defective fruits considerably reduces the size of the feature set 

required for accurate classification. In a very recent work, Pereira et al., [18] 

introduced an approach for grading papayas depend on color feature.  

Texture is an inevitable attribute which helps to detect the quality of 

fruits and vegetables. It is quantitatively expressed as homogeneity, contrast, 

correlation and inertia. Very recently, a Relevance Vector Machine (RVM) 

was implemented by Wu et al. [19], which is trained with five texture 

features and six colors attributes.  

The proposed system is implemented with three phases comprising 

species discrimination, ripeness detection and disease classification 

A set of 16 attributes comprising texture, color, shape and geometric features 

extracted from the dataset as shown in Table 1. is used in this paper. This 

table provides  the mathematical expressions for the features extracted from 

an RGB image I of dimension MxN. 

In the proposed work, seven color features and the Hu’s first moment are 

employed in species discrimination to separate tomatoes mixed with other 

fruit varieties.  The remaining eight features are combined with the Hu’s first 

moment in disease detection. The feature f2 alone is employed in the 

detection of ripeness.  

The Hu’s first moment commonly used in shape matching is   employed 

both in species discrimination and defect detection in the proposed system. 

The feature f16, the number of pixels in the infected region is very significant 

in our classification system. It is obtained by subjecting the candidate image 

to super pixel segmentation.  

 In this paper, we employ the Simple Linear Iterative Clustering (SLIC) 

algorithm for super pixel generation from the candidate images. An image I 

with N pixels can be segmented into K semantically identical clusters called 

super pixels. Initially, a regular grid spaced G is defined on I, where  

.  

This algorithm computes the distance between each cluster center and the 

candidate pixels within a 2Gx2G space around it to group the image pixels 

into super pixels. This distance measure is computed as in equation (1) which 

combines the spatial and color proximities. 

                                                (1) 

where  and  refer to the sampling intervals in the spatial and the 

color space,  and  are the spatial and color proximities between the 

candidate pixels and cluster center as given in equations (2) and (3).  
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Table 1: Extraction of features  from tomato samples 

Name of  

the 

Features 

Features Mathematical Expression 

Species Discrimination 

f1 
Red Mean 

 
 

f2
*
 

Green Mean 

 
 

f3 
Normalized Red 

Mean  

f4 
Normalized Green 

Mean  

f5 Gray Channel Gray= 0.29*  + 0.59*  + 0.11*  

 

f6 Excess Green EXG =2*  -  -   ; 

 

f7 Excess Red EXR =1.4*  -   

 

Defect Detection 

f8 

Color Index For 

Extracted Vegetation 

Cover 

CIVE =0.441*   - 0.811*    + 

             0.385*    + 18.78 

 

f9 
Excess Green- 

Excess Red 

EXGR = EXG - EXR 

 

f10 
Normalized 

Difference Index 
NDI= (  - )/( + ) 

f11 Contrast 
 

Pij is the pixel at position i,j 

f12 Correlation 
 

µx is the mean along rows 

µy is the mean along columns 

σx is the standard deviation along rows 

σy is the standard deviation along columns 

f13 Energy 
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f14 Homogeneity 

 

f15* 
Hu’s 1

st
 Moment 

 
 

η is the invariant at position i,j 

f16 No. Of Infected Pixels 

 
f2

* 
- Employed in both species detection and ripeness detection 

f15
*
- Employed in both species detection and disease detection 

                                    (2) 

  

                                      (3) 

where (l,a,b) and (x,y) refer to the image pixel representation in the Lab color 

space and the 2D space respectively. 

We assign color codes to each of the super pixels based on the mean 

color and characterize the defective regions with the colors Black, Brown, 

Gray and Maroon, and count the number of pixels in this region. Qureshi et 

al.[20] have shown that super pixels are very effective in the segmentation of 

green colored fruits from video sequences of fields. Recently, Super pixels 

have been employed in the work of Liu et al.[21], for separating non-fruit 

blocks in the images captured from orchards to improve the precision in 

apple fruit detection. 

 

3.3 SVM Based Classification 
  

Basically, the binary SVM classifier is employed in regression and 

classification problems, in which the distribution of data is non-linear. In the 

proposed system, a pair of SVMs is employed for species discrimination and 

disease detection. For species discrimination, each image of the training 

dataset is represented as a feature vector defined by the set of vectors 

{f1,f2,f3,f4,f5,f6,f7,f15} in the feature space. Similarly, for disease detection, each 

training image is represented by the vector {f8,f9,f10, f11,f12,f13, f14,f15,f16}. 

Both the SVMs are trained separately with evidences tagged with target 

class labels.  The SVMs identify the support vectors and define a boundary 

clearly separating the data points and classify arbitrary test data. 

Given a set of n training samples {(  ,  is the 

feature vector and     [-1,1] is the class label of the i
th
 image sample . The 

data samples are separated by the optimal boundary stated in the equation 

(4),  

                                                                                     (4) 

The values of w and m are the results analyzed from the   minimization 

problem explained in equation(5).  
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Minimize ( ½ |w|
2
+c ) (5) 

here, penalty parameter is c , error is ɛ and    , 

i=1,2,3,...n. 

 

                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Classification Process 
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In the objectives, the first SVM is trained to differentiate tomatoes from 

other species and the second SVM is trained to distinguish the defect as 

either canker or black spot. 

 

4 Proposed System 
 

The implementation of the proposed classification system is described in 

this section with the schematic diagram shown in Figure 1. The proposed 

system is realized with three phases as described below.  

i.  Species Discrimination:   Initially tomatoes are separated from other 

fruit varieties with the first SVM trained with feature vectors each containing 

eight features.  

ii.  Ripeness Detection:       The mean of green component of the image 

represented as f2 in the feature vector for species detection is sufficient to 

discern the ripeness level of tomatoes. The value of this feature is compared 

with that of a threshold for ripeness and each fruit is classified as either ripe 

or unripe. The threshold value is determined by empirical experiments with 

ripe and unripe tomato samples. 

iii. Disease Identification:      In this paper, we focus on two disease types 

namely black spots and cankers. The black spots caused by bacterial attacks 

render the fruit inconsumable based on the severity. These spots develop into 

scabs and affect healthy fruits when they are not separated from infected 

fruits. Cankers are characterized by small lesions with white spots with black 

centers which develop a stretch of wilts on fruit surfaces.  

We have considered these two disorders common to both ripe and unripe 

fruits. From the tomato samples, the healthy and defective fruits are 

separated based on segmentation results. Images of ripe and unripe healthy 

fruits are taken for reference and residual images are generated from these 

images and the candidate images. These images are analyzed to detect the 

presence of defects and segmented with super pixels to separate the defective 

regions. As discussed earlier feature vectors comprising 9 features including 

additional color attributes, GLCM features and Hu’s first moment are 

constructed for each candidate image.  

The proposed system is implemented in Matlab 2017b, with training and 

testing datasets in an Intel i3 processor. The classification results are 

validated with several built-in classifiers with the Matlab 2017 Classification 

Learner App. 

 

5   Results and Discussion 
 

The description of training and test data and the experimental results and 

interpretations are given in this section. The contents of the datasets are as 

given in Table 2. 
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Initially, the feature vectors are constructed for the test images and data 

samples are classified with the basic SVM classifier. We show the defect 

region segmentation with super pixels for a pair of test images in Figure 2. In 

this process, we have assumed the maximum number of super pixels as 100. 

To testify the efficacy of super pixel segmentation, the images obtained by k-

means color segmentation are also shown. It is seen that the infected regions 

are clearly separated from the healthy region under super pixel segmentation. 

 
Table 2: Training and Test Dataset 

 

Varieties of Images Total No.  

Of  Images 

No. of Training 

Images 

No. of 

Testing Images 

Healthy Ripe 40 20 20 

Healthy Unripe 40 20 20 

Ripe-Black spot 40 20 20 

Ripe-Canker 40 20 20 

Unripe-Black spot 40 20 20 

Unripe-Canker 40 20 20 

Non-Tomato 

(Apple & Lemons) 

40 20 20 

 
Test Image Super Pixels Super Pixel Defect 

Segmentaion 

Kmeans Color 

Segmentaion 

    

    

Figure 2: Super Pixel Segmentation of Defective Regions 

 
Table 3: Confusion Matrix for Species Discrimination 

 

Species No. of Testing Images Tomato Non-Tomato 

Tomato 20 20 0 

Non-Tomato 20 0 20 
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Table 4: Confusion Matrix for Ripeness Discrimination 

Species No. of Testing Images Ripe Unripe 

Ripe 20 20 0 

Unripe 20 0 20 

 

The confusion matrix given in Table 3 summarizes the classified results  

of  species discrimination. Similarly, the confusion matrix given in Table 4. 

shows the classified results for ripe and unripe tomatoes. The results in Table 

3 and Table 4 show that the classifications are performed with 100% 

accuracy. It is evident that species discrimination is done perfectly with a 

small set of features. The images of tomatoes are subjected to segmentation 

based on features extracted using the super pixels segmentation to identify 

defective tomatoes as shown in Figure 2. Then, as shown in Figure 1, binary 

SVM classifiers are employed in the classification of defects. The confusion 

matrices for defect classification in ripe and unripe tomatoes are given  in  

Table 5 and Table 6.  
Table 5: Confusion Matrix for Ripe Tomatoes 

 

 

 

 

 

 

 

 

 
Table 6: Confusion Matrix for Unripe Tomatoes 

 
 

A visual representation of the classification accuracies are shown in 

Figure 3 and Figure 4 for ripe and unripe tomatoes respectively. 

 

 

 

 

 

 

Predicted 

Class 

 

Actual 

Class 

Total No. of 

Images 

Ripe-Black spot 

(1) 

Ripe-Canker 

(2) 

Ripe-Black spot 

(1) 

20 18 2 

Ripe-Canker(2) 20 0 20 
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Figure 3: Visual Representation of Confusion Matrix for Ripe Tomatoes 

 
Figure 4: Visual Representation of Confusion Matrix for Unripe Tomatoes 

From the analysis of test images, the misclassified samples are identified 

and shown in Table 7. Observation of the ripe sample shows that, the size of 

the black spot is large due to which it is classified as canker. Similarly, for 

the unripe sample, distributed black regions manifesting canker have led to 

the misclassification. This error can be avoided by defining the maximum 

size of the black spot. 

 
Table 7: Miss Classifications 

Test Image 

  
ActualClass Ripe-Black Spot(1) UnRipe-Canker(2) 

Predicted Class Ripe- Canker(2) UnRipe-Black Spot(1) 
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Table 8: Comparison with Citrus Classifiers 

Classifier Accuracy 

Black Spot Canker 

Proposed 

(Ripe&Unripe) 

0.95 0.975 

M-SVM 0.987 0.99 

WKNN 0.936 0.98 

EBT 0.974 0.96 

DT 0.975 0.98 

In this research, exclusive papers on tomato classification and grading 

are not available for the defect classes . We present a comparison with other 

methods such as M-SVM based on weighted segmentation proposed by 

Sharif et al., [22], Ensemble Boosted Tree (EBT), classification Decision 

Tree (DT), and Weighted K-Nearest Neighbor (W-KNN) method, employed 

in the classification of citrus fruits in Table 8.It is stated in Table 8 that the 

accuracy of the proposed classifier is comparatively lower than the citrus 

classifiers for classification of black spots and closer to WKNN and DT for 

cankers. The M-SVM classifier seems to have the best accuracies amongst 

all the classifiers. This shows that the M-SVM generalizes well with the test 

data and reinforces the choice of SVM classifiers in the proposed model.  

Nevertheless, in this research we have employed only a set of 16 features 

compared to 100 features insisted  in the M-SVM method. 

 In addition, for a fair comparison, we have estimated  the performance of 

5 SVM based classifier models built with the Matlab 2017 Classification 

Learner App. The performance of the proposed system is compared with the 

other classifiers in Table 9. The performance metrics are averaged for ripe 

and unripe class of fruits and illustrated in Figure 5. The proposed system 

demonstrates exemplary results in comparison with other classifiers as seen 

from the table. 

 
Table 9: Comparison with Built-in SVM Classifiers 

Classifier Accuracy Specificity Sensitivity Precision 

Proposed 0.9375 0.9250 0.9500 0.9450 

Fine Gaussian SVM 0.6821 0.6149 0.6051 0.6089 

Cosine Gaussian SVM 0.7401 0.6729 0.6631 0.6669 

Cubic SVM 0.6714 0.5591 0.5572 0.5483 

Medium Gaussian SVM 0.6839 0.4939 0.5166 0.5031 

Quadratic SVM 0.6141 0.4089 0.3976 0.4043 

The Receiver Operating Characteristics (ROC) curve showing the True 

Positive and False Positive rates is illustrated in Figure 6 for the proposed 

system. As seen from the figure, the Area Under Curve (AUC) attribute for 

the proposed system evaluates to 0.96 signifying its efficiency.  
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Fruit grading and sorting based on digital imaging is very sensitive due 

to the assortments of the physical, chromatic and structural attributes in 

different kinds of species. This paper presents a very simple, but an accurate 

classification system employing a small feature set for species discrimination 

and disease detection. In the proposed system, the classification accuracy is 

attributed to the super pixel segmentation and well- defined selection of 

features. This system can be upgrades as deep learning classifier framework 

which intuitively learns the features. 

 

 
Figure 5: Overall Performance Comparison 

 

 
Figure 6: Curve of  ROC in the proposed system 
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6  Conclusion 
 

 This paper presents a non-invasive dual SVM classifier mechanism 

which demonstrates very good accuracy for fruit classification and disease 

detection in tomatoes. The performance of the system has been established 

with quantitative results, analyses and comparisons. Further, the proposed 

system can be extended to the detection of several fungal and bacterial 

infections in leaves, fruit and vegetable species.  

We have ensured that the infected fruits can be consumed after dissection 

of the damaged parts, thanks to the precise localization of the infections with 

super pixel segmentation. The proposed system is a promising solution for 

the design and deployment of non-destructive assessment and grading 

protocols for various cultivars, minimizing the damages and maximizing the 

efficiency in sustainable crop management.  
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