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Abstract 
Mangoes are one of the most preferred fruits in the world, and one of the most 

crucial to the economy of the Thai fruit industry. The Thai government has therefore set 
a policy to encourage mango growers to improve the quality of their mango fruits. Mango 
fruit inspection is important for the quality control system of mango fruit production.                                              
This paper presents a Bayesian approach for mango classification based on digital image 
processing. The algorithm is designed to identify a defect on the mango skin and classify 
it into one of two groups: ‘unripe mango’ or ‘ripe mango’. To determine the defect on 
the mango skin, image thresholding and image labeling are applied. Colour features are 
extracted from RGB mango images using statistical calculations. The naive Bayes classifier 
is then applied to classify the colour-based feature of the mango images. The performance 
of the Bayesian approach was evaluated against another classification technique-the 
Support Vector Machine (SVM). The method was implemented and tested on 100 mango 
images. The surface defect detection achieved 85% accuracy. The experimental results 
show the superiority of the proposed method, with an accuracy of 90%, as compared to 
SVM-based methods, with an accuracy of 83%. 
Keywords:  mango classification, mango ripeness,  naive bayes classifier, classification                                           

by image processing 
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1. Introduction 
Mangoes are widely marketed both in Thailand and abroad. Phitsanulok 

Province has the highest mango plantation rate in the lower northern region with                                                                       
a total area of 40,805 acres or 55% of the entire area of 74,479 acres (Thairat news, 
2016). The main economy in the Thai fruit sector is generated through the production 
of mango and its products. Therefore, to encourage the mango growers, the Thai 
government has set a policy to improve the quality of the mangoes. Mango fruit 
inspection is useful for the quality control system for mango fruit production. Due to 
the extensive production of mangoes per year, the manual way of inspection                                                                       
and classification processes may result in delays and poor quality which may affect 
the customer demand. The quick inspection and classification process of mangoes are 
essential for better harvesting. Factors such as the ripe mango, unripe mango                                                                    
and defects on the mango skin are considered. Researchers have designed an algorithm 
using a feature-based method to inspect and classify mango into ripe and unripe 
classes. This algorithm is useful to check the quality of the mangoes and in the 
classification process.   

Research to assist the quality assurance in the agriculture sector were done 
using digital image processing. According to Cubero et al (2014), he developed                                                                                                         
an automatic fruit monitoring system which can measure fruit size and weight 
estimation using features of the fruits. 

Research about mango grading and classification such as; Vyas et al. (2014) 
studied mango quality assessment by color separation in LAB color space. Fuzzy logic 
was applied to color space models to measure the ripeness of the mango (Othman                                                                  
et al., 2014) and (Othman et al., 2016). Mim et al. (2018) proposed an image processing 
technique based on RGB and HSI color feature to identify the different maturity stages 
of mangoes. Rungpichayapichet et al. (2016) applied near-infrared spectroscopy (NIRS) 
prediction models to determine the postharvest quality of mango and used second 
derivative pretreated spectra to classify the ripeness of mango which provides                                                                              
an accuracy of more than 80%. Nagle et al. (2016) developed an optical system for 
inspecting surface color of two Thai mango cultivars; Nam Dokmai, and Maha Chanok. 
The developed system applied an image processing technique to estimate the colour 
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parameters in the LAB color space. Then the color parameters were used to predict 
the ripeness of mango. Eyarkai Nambi et al. (2016) developed a machine vision 
application to predict ripening quality in mangoes using RGB images. The developed 
application applied the Hierarchical clustering method to classify the ripening period 
into five stages based on quality parameters (physicochemical, color and textural 
properties). Huang et al. (2018) applied colorimetric sensor array (CSA) and image 
processing with principal component analysis to evaluate the mango quality. Support 
vector classification (SVC) model was used to classify mango into three grades,                                                                                   
and to predict the Hardness and Total Soluble Solid (TSS) of the mango. 

Sa’ad et al. (2015) presented the use of visible imaging as a tool in grading                                                        
the mangoes and applying a Fourier-descriptor method to grade the fruit by their 
shape. Nandi et al. (2014) described a computer vision system for the grading the 
mango fruit based on maturity prediction, size, and smoothness of the mango surface. 
The support vector machine (SVM) was used for the classification of mango into each 
grade. 

The Naïve Bayes Classifier is a classification technique based on the Bayes 
theorem, with the principle of probability to assume that the value of a particular 
feature is independent of the value of any other feature, given the class variable.                                                                             
The Naïve Bayes Classifier has been applied in many classification applications. 
According to Ghanad et al. (2015), Naïve Bayes Classifier was used as a diagnostic tool 
to diagnose Parkinson's disease using Bayesian assays with the PSO Bayesian algorithm. 
Froese, et al. (2014) applied Bayesian classification to estimate length-weight 
relationships (LWR) in fishes using body shape parameter. 

This study proposes an algorithm for mango fruit classification. The algorithm 
discovers a defect on the mango skin using an image labelling technique, then apply 
Naïve Bayes Classifier with color features to classify mango images into two groups; 
ripe and unripe. 
 
2. Research purpose 
 2.1 To develop an algorithm to identify defect on for mango. 
 2.2 To develop an algorithm to classify the mango into ripe and unripe class. 
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3. Mango image data set 
The mango image dataset used in the experiment were the images of the Kent 

mango from the COFILAB database. In this study, the images are divided into two 
groups; ripe and unripe. The ripe mango will have a yellow color, and the unripe mango 
will have a green color. Sometimes the unripe mango can both both have green                                              
and yellow color. The dataset consists of 54 ripped and 46 unripe mango images.                                                            
The image is taken from a controlled image system composed of a digital camera                                                          
(EOS 550D, Canon Inc., Japan) and the lighting system. The distance between mango 
and camera is fixed at 20 cm. Four lamps (Biolux L18W/965, 6500 K, Osram AG, 
Germany) with two fluorescent tubes each were used to give brightness to the image. 
The angle between the axis of the lens and the sources of illumination was 
approximately 45 degree. Polarising filters were placed in front of the lamps and 
camera lenses in order to reduce the impact of reflections. High-resolution images 
were taken with an image size of 5,184 x 3,456 pixels. The resolution of the image is 
0.03 mm / pixel (Cubero et al., 2014), (Vyas et al., 2014). Figure 1 shows an image 
acquired from the camera.  
 

 
                (a)                                          (b)                                      (c)  
Figure 1. Image acquiring system and example of mango image; a) image system,                                                                       

b) a sample of unripe mango, and c) a sample of a ripe mango.  
(Cubero et al., 2014), (Vyas et al., 2014) 

 
4. Mango classification algorithm 
 The algorithm is divided into training and test process to get the classification 
of mango into ripe and unripe classes. The overall algorithm is shown in Figure 2. 
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The training process uses 2 6  ripe and 2 4  unripe mango images to train                                                   
the model using Naïve Bayes and SVM. The algorithm consists of preprocessing 
(segmentation of mango region), surface defect detection, feature extraction and classification 
steps to determine whether the test image is a ripe mango or an unripe mango. 
 

 
Figure 2. Overall algorithm 
 

4.1 Preprocessing 
The goal of image preprocessing is to segment mango region (remove                                                                                

the background and other unnecessary details) and transform into a binary image 
(change a color image to a black and white image). The algorithm begins with 
converting RGB images to grayscale images, and then enhance them using a median 
filter followed by adaptive thresholding to convert the test image to binary. The white 
mask in the binary image shows the actual mango region whereas the black area shows 
the background of an image. Examples of binary images and mango fruits separated 
from the background image are shown in Figure 3. 
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(a)                                   (b)                                     (c)   

Figure 3.  Mango region segmentation, a) original images, b) binary images,  
and c) segmented images. 

 
4.2 Surface defect detection 

After the mango region segmentation, an image labeling technique                                                                        
is applied to detect the spots of the mango. In Figure 4 ( b ) , the white region is the 
mango pixels, and the black region within the white region is labeled as a spot or 
defect surface. 

 

 
(a)                                  (b) 

Figure 4. Example of surface defect detection on the mango image, a) original image, 
and b) defect on mango skin in binary image. 

 
4.3 Feature extraction 

This method calculates the statistical feature of color intensity to classify 
mango image into two groups; ripe and unripe mango. Each channel of the RBG color 
model of an image was extracted to analyze the color intensity of each plane;                                                                                       
red plane, green plane and blue plane. Example of each color plane intensity is shown 
in Figure 5. 
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Figure 5. Example of intensity image of red plane, green plane, and blue plane.   

 
From Figure 5, it was found that the difference in color of the ripe mango 

and the unripe mango was significantly different in the red plane, so the red planes 
were selected for the extraction of mango fruit. Figure 6 shows a histogram of each 
color plane; red, green and blue. It is also validating the histogram of the red plane 
which has a wider distribution than the histogram of a green and blue plane. Therefore, 
the red plane can be applied to separate between ripe mango and unripe mango. 

 

 
Figure 6. Histogram of intensity of red plane, green plane, and blue plane 
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1) Mean value feature 
The mean value of an intensity of the mango region in the red plane                                                   

is calculated from the images of 26 ripe and 24 unripe mangoes. Figure 7 shows                                                               
a histogram of collected mean values. The histogram shows the mean values are 
divided into two groups, but still it has some overlapping in the values. Therefore,                                                                                                           
the mean value color could, potentially, be used for analysis but it is still necessary 
to improve the performance and reduce false classification produced by the 
overlapping of mean values as shown in Figure7. 

 

  
Figure 7. Histogram of the mean values of the mango region of the red plane. 

 
2) Mean value in selected region 

The second feature selected is the mean value of red intensity concentrated 
in the area of interest. The area of interest is chosen by framing the area around                                                                          
the center of the mango and creating a large rectangular box. The program then creates 
a small rectangular area in every corner of the rectangular box as an area of interest. 
If the area of interest is labeled as a spot or skin defect, then the small rectangle will 
be shifted to another location nearby, where there is no defect. Examples of frames, 
areas of interest and the average concentration of color values are displayed in Figure 8. 
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Figure 8. Selected region at center and the four areas at the corners of the black line 

rectangle. 
 

4.4 Training process 
In the training process, 26 ripe mango images and 24 unripe mango images 

were used. The statistical features which are the mean value of an intensity of color 
in the red plane are extracted and collected as a feature vector. The feature vectors 
would be analysed using a classification algorithm. Naïve Bayes classifier and SVM                                                                    
are applied in this step. Basic Bayesian theorem (Zhao, N. et al., 2016), (Joshi, C. et al., 
2018) is: 

 

                                𝑃(𝑥𝑖|𝑌) =
𝑃(𝑌|𝑥)∗𝑃(𝑥)

𝑃(𝑌)
                (1) 

 
Y is the feature vector of the training mango dataset which is used to 

calculate the probability of class x (i = 1 is ripe, and i = 2 is unripe).  P(x) and P(Y)                                                                                                                               
are the prior probabilities of the x and Y respectively. P(x|Y) is the probability of x when 
Y is given, and P(Y|x) is the probability of Y when x is given. 

The SVM (Kotsiantis et al., 2014), (Wei, Q. et al, 2017), (Wang, J. et al., 2015), 
(Liao, C. H. et al., 2018) uses feature vectors of training mango images to classify ripe 
or unripe mangoes. Given a set of training samples, the SVM training algorithm builds 
a model that assigns new examples into one of the two categories. A radial basis 
function (RBF) kernel was used as it yields high performance in terms of accuracy 
compared to other kernels. The RBF kernel is defined as 

Center 
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𝐾(𝑥𝑖 , 𝑥𝑗) = 𝑒𝑥𝑝 (−
‖𝑥𝑖−𝑥𝑗‖

2𝜎2 )     (2) 

 
where ix  and jx  are the samples of the class ripe and unripe respectively,                                                                           

and 0>σ is a constant that defines kernel width. The optimal kernel function 
parameter σ  was found experimentally to be 0.4. 

4.5 Classification 
In the classification process, Bayesian theorem is used to calculate                                                          

the probabilities of two classes using the feature vectors of test dataset. The test 
mango image is determined as ripe if the probability of class x1 is higher than the 
probability class x2; otherwise, the test mango image is determined as unripe.                                                 
To evaluate the performance of the classification process, we compare the performance                                                                     
of Bayesian classification and SVM classification. For SVM classification, the feature 
vector of the test mango image is classified into two class using support vector derived 
from a model of RBF kernel from the training process. The test image is determined                                               
as ripe if the prediction score of class ripe is higher than the prediction score of class 
unripe. Example of the train images and test images are shown Figure 9. 

 

                                 (a) 
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(b) 
Figure 9. Example of image data set, a) example of train image, and b) example                                                                               

of test image. 
 
5. Result and discussion 

In the experiment, 54 ripe mango images and 46 unripe mango images were taken 
as a test set. The test set was tested with the proposed algorithm to classify mangoes 
as ripe and unripe using the Bayesian theorem and was compared to SVM. In the 
training process, 26 ripe and 24 unripe mango images which are included in the testing 
set were used as a training set. The results are shown in Table 1. 
 
Table 1. Experimental results 
Method Testing mango image Accuracy 

(%) Ripe (54 images) Unripe (46 images) 
Correct % Incorrect % Correct % Incorrect % 

Surface 
defect 
detection 

45 88.33 9 16.67 40 86.96 6 13.04 85.00 

Bayesian 
classification 

50 92.59 4 7.41 40 86.96 6 13.04 90.00 

SVM 
classification 

46 85.19 8 14.81 37 80.43 9 19.57 83.00 
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From Table1, the surface defect detection process achieved 85% accuracy.                                
In the classification process to classify test mangoes into 2 group; ripe and unripe,                                          
the proposed Bayesian classification provided 90% accuracy, better than SVM 
classification which provided 83% accuracy. 
 The false detection of surface defect detection was caused by the very small 
defect on the mango surface. The ripeness classification uses the statistical feature 
which is mean value of the red plane which has some overlapping in the mean values 
of the ripe and unripe mangoes; this is caused the classification method to the false 
result. 

 
6. Conclusion 

This paper proposed the use of classification algorithms to detect mango 
surface defects and classify mangoes into two classes: ripe and unripe. To detect 
mango surface defects, image thresholding and image labeling were used. Mean values 
are applied to extract features for the classification process using Bayesian classification. 
The proposed Bayesian-based method was compared to the SVM classification method. 
The results validate the proposed Bayesian-based method having a higher performance 
than the SVM classification. 

The limitation of this study is that the proposed algorithm could classify mango 
images using color features but could not accurately classify mangoes that were ripe 
with a green surface color and mango that are always yellow although still unripe. 

General Comments: Please check the APA referencing. I have tried to correct 
some of the intext citations having et al. 
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