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Abstract: The agriculture being the major source of revenue for the people in the rural areas in a country like India many 

measures have been taken to improve the revenue of the farmers. The assessing the ripeness of the fruits is also one of the 

primary responsibilities of the farmer to fix the proper time to glean the fruits and taking them to the market. Computer vision 

and the image processing together remains as a key methodology in reducing the human labor and classifying the different stages 

of maturity is has become very prominent in examining the stages of the fruit growth. As the color seems to be the important 

feature to be observed in determining the different stages of the fruits maturity and color identification of the tropic fruits is 

difficult due to the various illuminations and the partial clogging up of the fruits. In order to identify maturity stage of the fruits 

the paper proposes a RGBD analysis to examine the stages of the fruits and identify the various stages of maturity.  

Keywords:  Fruit Farming, Maturity Stage, Image Processing, Computer Vision, Machine Learning Approaches, RGBD 

Analysis.  

1. INTRODUCTION  

In order to improve the yielding rate of the fruits in its season all over the world, and in turn increase the GDP of the 

agriculture, farmers from countries like India strive a lot and put in enormous labor to bring out a better yield, in the 

fruits with a maturity that is required and preferred in the market. The are several reasons that affect the yield of the 

fruits such as the climatic changes, rapidly urbanization, population ageing, shortage of labor and  the increasing 

labor costs etc.  In most cases the farmer’s ignorance about the maturity of the fruits remains as the major reason 

that affects the yield rate [1-5].  
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Often farmer fails to notice the standard ripeness of the fruits such as its texture, shelf life, color and the sugar 

composition that is preferred by the consumer, the ripeness of the fruits has an impressive influence on the consumer 

approving resistance against the pathogens and the transporting to long distance [6-8].   

In the early days the quality of the fruit was assessed by the humans, in spite of the hard labor and the long duration 

observation[9-10]  put forth by the user, numerous of distractions in the daily routines and the other factors,  caused 

numerous of errors in the estimation of the fruit ripeness.  

So to minimize the failure rates in the observing the fruit growth and its quality assessment the fast, reliable and cost 

effective methods that were within the budget of the farmers were necessitated [11-12]. So the paper put forward the 

novel method to analyses the fruit maturity by involving the capsule network to identify the tropic fruits and utilized 

the density clustering and the depth filter to group the RGBD filtered images and further employs the fuzzy-rule 

based interference system to segment the fruits and the linear SVM to detect the maturity of the fruits.  

1.1. CONTRIBUTIONS OF THE PAPER  

To identify the fruit maturity, the different stages were distinguished into three stages as the (i) Premature, (ii) 

mature and (iii) over mature.  

Capsule network employed differentiate the tropic fruits from the other types of objects found in the images.  

The depth filter is engaged to determine the depth of the images acquired and the image segmentation is done using 

the fuzzy interference system.  

Followed by the image segmentation the images are grouped using the density based clustering and classified using 

a linear support vector machine trained with the color, geometry and the gradient features of the fruits in the images.  

1.2. PAPER ORGANIZATION  

The paper is organized with the literature survey presenting the prevailing methods in the identifying the fruit 

maturity in the section 2. The proposed RGBD analysis employing the trained capsule network, depth filters, fuzzy 
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interference system, density clusters and the linear support vector machine trained with the geometric, gradient and 

the color feature for ripe fruit detection in section 3. The results observed in the section 4 and the conclusion in the 

section 5.  

2. LITERATURE SURVEY 

Nowadays the computer vision utilized in various methodologies is also engaged in the identifying the fruit ripening 

stage by segmenting the images of the fruits according to their features such as the color, sweetness, size etc. 

recently number of algorithms for better image processing have been utilized to identify the defects in the fruits the 

ripeness of the fruits, etc. some of the prevailing methods in identifying the process is listed below in the table.1  
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Table.1 Literature survey 

 

3. PROPOSED RGBD ANALYSIS FOR THE DETECTION OF THE FRUITS  

The RGB-D images were acquired from the fruit farm in a province in the Srinagar from the year 2016, 2017, and 

2018 to 2019. The farm consisted of 75 rows and with 100 draining per row from which 50 rows were selected 

randomly. So an overall of 6000 images were acquired from the farm, the images contained both the tropic as well 

as the exotic fruits. The flow chart below in the figure.1 shows the procedure followed in detecting the fruit 

maturity.  

 

Fig. 1 Flow chart of Proposed Method  
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Kinetic V2 sensor that is built with the RGB and infrared camera acquires the RGB-D images; it produces the RGB 

images with the pixels 1920*1080 and the depth of the image by 512*424, pixels continuously with 30 frames per 

second. The sensor was located at 50mm from the fruit trees in the farm; the end to end trained capsule network was 

utilized in the method to recognize the images of the fruits from the images acquired the equation (1) was framed in 

this regard.  

              (   )                         (1) 

Where, the      is the probability in identifying the fruit, the resulting probability is indicated as the       and the 

probability of results obtained in identifying the fruits is denoted as the              . 

The supra cap series depth filters with the normal retention of .4 to .8 is used in the proposed method to gather the in 

depth details of the images acquired, The filter estimates the RGB-D image, RGB values and the 3D co-ordinate of 

the image pixels. The 3D co-ordinate and the RGB value for the each pixel (   ) is calculated using the following 

equation (2) 

                                                                                                           (2) 

Where,                 image coordinates of every pixel,           represents the intrinsic parameters of the 

IR camera. The threshold values set for the identifying the appropriate depth values and the fuzzy interference 

system was utilized to segment the image removing the unimportant point acquired and based on the color of the 

fruits. Further the density based clustering employed gets in the RGB-D images and selects the cluster center 

randomly and computes the features of the fruits in terms of size, texture and color and groups them separately to 

train the linear SVM, the threshold values were set for each features and the clusters were framed based on the 

threshold values, The table.2 below shows the threshold values set for the fruits features.  
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Table.2 Fruit Features  

Based on the requirement the linear SVM is trained based on the geometry, gradient and the color of the prematured 

matured and the over matured fruits. The clustered images half of the images are used in the training and half is 

utilized for the testing from each group, based on the training provided, the LSVM classifies the remaining images 

as  mature, premature and over matured  fruit.  

4. RESULTS  

The proposed method evaluated in the MATLAB to verify the accuracy in the prediction and the validation. the 

figure.2 below shows the image acquired from the farm.  
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The images acquired are tested with the LSVM to identify the maturity of the fruits. The table.3 below provides the 

training and validation accuracy, the true positives the false positives precision, recall and the F1 Sore.  The some of 

the existing methods such as the RVM, KNN and ANN where compared with the proposed method and was found 

that the proposed method shows higher accuracy in classification than the prevailing.  
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5. CONCLUSION  

The proposed method helps in achieving the standard maturity level that is suitable for importing by employing the 

novel method to analyze the fruit maturity by involving the capsule network to identify the tropic fruits and utilizes 

the density clustering and the depth filter to group the RGBD filtered images and further employs the fuzzy-rule 

based interference system to segment the fruits and the linear SVM to detect the maturity of the fruits. The result 

obtained shows the 95% training and the 93 % testing accuracy compared to the prevailing KNN, ANN and the 

RVM.  
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