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Abstract 
 

The prominence of Agricultural progression is remarkably increased in the 

recent days since it has enhanced the economic growth of the nation. The 

productivity of essential crops like rice, wheat and millets have satisfied the 

food requirements, through which the starvation is eradicated from the 

society. In spite of having various beneficial productive measures, the 

farming of grains has been severely affected by the attacks of various deadly 

pests, which have spoiled the entire plant and leads to extreme loss in the 

productivity. To overcome this dangerous hurdle, various steps have been 

taken by both the government and farmers, in which several manual 

processes have been carried out, which consumes much time and energy. 

Hence it is highly essential to implement some novel techniques to prevent 

the pest attack. During the corona pandemic situations in recent time, the loss 

of agricultural progress, insufficiency of food and decrease in farming 

process have been rapidly elevated, which leads to economical degradation. 

Therefore, the necessity of improving the production of grains without the 

interference of pests has been increased, for which an automatic insect 

detection system has been utilized with the aid of a novel deep neural 

network. In addition, several image processing techniques have been utilized, 

which delivers less accuracy and poor robustness and so a four-step image  
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processing method has been employed in this paper. The 2D digital images 

of insects have been processed by the top-hat filter, through which the noises 

are eliminated with the aid of the Gaussian blur; adding to that, an adaptive 

k-means clustering is employed to identify the shapes of the insects and a bag 

of keyword approach is implemented to obtain all the features of the image. 

With the assistance of selected features, the image has been classified 

through the modified CNN, which attains the accuracy of 96% this realize 

effective recognition model. The quantitative analysis of work has revealed 

that the better performance is attained and analogized with the state-of-art. 

The entire system has been analyzed in the MATLAB simulation 

environment.  

 

Keywords:  Automatic insect detection system, four-step image processing 

method, top-hat filter, Gaussian blur, adaptive k-means clustering, modified 

CNN, MATLAB simulation. 

 

1 Introduction 
 

The yield of crops is one of the challenging tasks in recent days since it 

has been affected by multiple obstacles including change in climatic 

conditions, various diseases in plants and pests interferences [1]. In the 

developed or developing countries, the productivity of the crops are affected 

mainly by the significant damages that are caused by the crop pests [2]. The 

use of pesticides and the loss of crop yield is minimized by identifying the 

crop insects at its early stage and the optimal treatment is required to 

overcome this issues, however it is difficult to specify the crop insect [3]. 

The several insects may belongs to the same species and it is difficult to 

separate the particular insect from the group of species, this identification 

may consume lot of time and it is inefficient [4]. However, there is a 

compulsion to generate more effective method for the enhancement of 

agricultural production. Thus, in this developed paper the four step image 

processing technique is implemented for the identification of crop insects, 

which is initiated with the step preprocessing.  

In pre-processing, the noise that present in the 2D digital images of 

insects (input image) are removed and the edge reduction is also performed. 

In [5], the median filter is utilized to perform preprocessing which eliminates 

the spatter and noise that present in the image also it replace the median 

value of neighbors. However, it also eliminates the fine data of the image and 

to overcome this situation geometric transformation technique is utilized. By 

this the pixel position of the image is modified without any variations in their 

color and the noise in the image is minimized with the limitations because it 

leads to information loss [6]. To eliminate these issues Top-Hat filter is 

utilized in this developed paper. After preprocessing the image is segmented 

to extract the features, in [7] Discrete wavelet transform (DWT) is utilized  
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which analyze the time and frequency. Based on the frequency the image is 

segmented and the downside of this technique is poor directionality. To 

overcome these issues fuzzy logic controller [8] is utilized which divides the 

image into several segments and reach the boundary of the image and the 

time required for this process is high. To overcome this issue fuzzy c-mean 

clustering [9] is utilized which segments the image based on its similarities 

and it requires more iterations to perform segmentation. To eliminate these 

issues adaptive k-mean clustering is utilized in this paper.  

To select the features from the segmented image feature selection is 

performed, the channel-spatial attention [10] is used to perform the selection 

function which selects the accurate segment for classification. However it 

does not select the entire feature that required for classification thus another 

method is utilized for feature selection i.e. latent factor model (LF) [11], it 

selects the image that related to the trained image. This eliminates some 

features of the image, to eliminate this issue feature reuse residual network is 

introduced in [12] which enhance the segmented image to select the features 

and the time required for this process is high. To overcome these issues, Bag 

of key word is utilized in this developed paper. After feature selection, the 

classification is performed to identify the insects that belongs to the species. 

The Support Vector machine (SVM) is utilized in [13] which performs 

classification by extracting the data that required and compare it with the test 

data. The time required for the classification is high and it do not predict 

accurately. To overcome this issue region proposal network (RPN) [14] is 

utilized which classify the image for accurate identification and it also act as 

a background of the image. The training of image by RPN classifier is 

difficult so the convolutional neural network is utilized (CNN). This 

classifier automatically detect the important features and compare it with the 

test data however due to the position and orientation of the image the data is 

get loosed [15], this is eliminated by utilizing modified CNN.  

 In this developed paper, the insect is detected by implementing four step 

image processing techniques which includes pre-processing, segmentation, 

feature selection and classification. In this developed paper the noise that 

present in the input image is removed and edge reduction of the image is 

performed by Top hat filter. The features from the input image is selected by 

segmenting the image here, the adaptive k-mean performs segmentation and 

the selection process is achieved by Bag of key word. Thus the segmented 

image is classified by the modified CNN.  

 

2 Proposed Method 
 

The cultivation of essential crops like rice, wheat, and soybean have been 

severely attacked by different pests which has rapidly minimized the 

production of crops and leads to economical degradation. The existing image 

processing techniques suffers from less accuracy and poor robustness, thus a  
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four step image processing technique includes pre-processing, segmentation, 

feature selection and classification are proposed in this developed paper. In 

this paper the 2D digital images of insects are considered as the input image 

for processing, the pre-processing is performed by the top-hat filter. By this 

the noise from the input image is eliminated and the edge reduction is also 

performed by the pre-processing techniques. The preprocessed image is then 

segmented by the k-means clustering, by this the image is segmented into 

256 256 samples and each segment is processed to extract the features, by 

this the shape of the insect is identified. From the extracted features the 

sample with the required data is selected by the selection process, here bag of 

key-word is utilized to perform the feature selection. After selecting the 

features the classifications are performed to obtain the accurate insect species 

and the trained data is compared with the test data and the type of insect is 

recognized. By this performance the type of the insect is identified clearly 

and accurately so the precaution measures are taken quickly, by this the loss 

of crop production is minimized. 

 

2.1 Preprocessing  
 

The faster and better segmentation is achieved by performing 

preprocessing, which encounters the subsequent steps. Remotely sensed raw 

image generally contains flaws and unwanted distortions. The flaws present 

in the image are suppressed by using preprocessing technique „Top hat 

filter‟. Initially, the image in its original form is transformed to gray scale 

image. After transformation, Top hat filter is applied which is one of the 

morphological transform that is established on opening and closing 

operation. If F is gray scale image and „b‟ is structure element then the 

opening operation is computed as follows, 

                 (1) 

The execution of closing operation is illustrated as, 

                (2) 

Based upon the opening and closing operation, top hat operator is 

partitioned into open top hat and closed top hat operator and it is defined as 

follows, 

              (3) 

               (4) 

Top hat filter has a characteristics of high pass filter. The open top hat 

operator assist to distinguish the wave crest of image. Here, the open top hat 

operator is utilized and it is given by the equation, 

                            (5) 

It‟s very effective filtering technique to distinguish spot targets with all 

kind of backgrounds and can suppress the unwanted distortions in the image 

effectively and generates the high quality image for further processing.  
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Figure 1 Block diagram of proposed work 

 

2.2 Segmentation by Adaptive K-Means Clustering 
 

 After theenhancement of image, partitioning is performed to classify the 

insects in agricultural fields. Adaptive K-means clustering is the partition 

based clustering technique. The rudiment idea of this is to segment the 

objects which is closest to them by clustering the k-points. The best 

clustering result is obtained by repeating the iterations continuously and the 

function is optimized by covering the distance from the data point to the 

objective prototype. The similarity measure that is the Euclidian distance is 

considered by the K-mean, which identifies the optimal classification of an 

initial cluster center vector. Thus the evaluation index is minimized. The 

Euclidian distance between two data elements are computed as follows, 

   {               }  (6) 

   {                }  (7) 

Then √         
           

             
     (8) 

In k means clustering algorithm, the value of k is to be set in a prior 

manner. As it is difficult to set the K-value. This techniques integrates the 

maximum connected domain algorithm to determine k values of the K means 

segmentation method. In this proposed approach, the range of k is set among 

2-10. Here we used maximum integrated domain algorithm to renovate the 

image enclosing only the desired object, the number is stored and analogized  
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by K value which retrieve an astute k value. The workflow of algorithm is 

given below, 

 

 

 

Initialize K from 2 to 10 

 

Randomly initialize k cluster centroids 

             
 

if K 10 repeat { 

 

  for each pixel    

 

   index ( from 1 to k) of cluster centroid 

closest to    

 

  for k= 1 to k 

 

    = average (mean) of points assigned to 

cluster k 

 

  Compare the maximum connected 

domain result 

 

  if right, print result, break; 

 

 else 

 

  k=k+1; 

  } 

 

 Initially, the image segmentation starts from 2 clusters that is (K=2) and 

then the image is segmented. Finally, based upon the maximum connected 

domain algorithm, the amount of segmentation results are determined. If the 

final segmentation equals the K value, the k value is chosen appropriately. If 

it does not match, the K value at the beginning is increased until the two 

value gets matched. 

 

2.3 Feature Selection Using Bag of Keyword 
 

The significant objective of feature selection is to identify a subset of 

features with classification or recognition performance comparable to full set 

of features. After partitioning the number of images into clusters using K- 
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means algorithm. The cluster features requires equal descriptors and each key 

points are encoded with the cluster index this is mentioned as the 

vectorization technique. The K-dimensional data vectors are encoded by the 

VQ encoder which contains smaller subsets. The subset C is considered as a 

codebook and its element    is taken as codewords. 

The local pattern that participated in the cluster by key points are 

represented by the visual word, thus the local pattern of the image is 

identified by the visual word vocabulary. By the classification technique the 

bag of visual word is identified in the image and it is utilized as a feature 

vectors.    

Based upon the visual words obtained from labelled image for label 

prediction of a new image. Bag of visual words creates a supervised 

classifier. The size of the vocabulary is varied from hundred to above 

thousands, which is determined on the basis of cluster number. The image is 

considered as the bag of visual when the key point is mapped with the visual 

word.  

 
Figure 2 Segmentation performance by bag of keywords  

 

The BOW model is defined as follows, 

   Given a training dataset D containing n images illustrated by 
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 K means algorithm is employed to cluster D, which is established on a 

fixed amount of visual word W. It is characterized as, 

             

   Finally summarize the data in a V   co-occurrence table of counts  

                (9) 

  Where,        ) represents how often the word    ensued in an image 

   and then use the frequency of each word and make a histogram from it. 

Then it is applied to image classification for classifying the insects in 

agricultural fields.  

 

2.4 Modified CNN Classifier for Classification 
     

To perform classification, CNN is used, which executes by retrieving the 

input and changing the input over the layers. It consists of separate layers 

convolution layer, subsampling layer called pooling layer, fully associated 

layer and softmax regression layer. 

Convolution layer 

 It involves a set of kernels, which are generated randomly. The outcome 

of each kernel is analyzed by the whole input image and activation map, thus 

the number of activation map depends on the amount of realistic kernels.  

The activation map is computed as follows, 

                   ∑       
         (10) 

Where i(r) and j(r) denotes the input and output of activation map. 

Pooling layer 

    The major purpose of pooling layer is to diminish the size of output 

retrieved from convolution layer. By transitory over multiple pooling layer, a 

huge image is scaled down then recollects the individuality required for 

acknowledgement. 

The max pooling layer is retained as, 

    
  

   
                  

    (11) 

Fully connected layer 

     The output of the last layer is nourished to a one or more fully associated 

layer. The output       in a fully connected layer is represented as follows,  

 

         ∑           
                       (12) 

    Where        represents the weight for the association from neuron i to 

neuron j in layer l.        is the bias function and    represents the activation 

function. 

Softmax regression layer 

Adopt that there are n labelled training samples and k classes. For every 

test input, it generates a k dimensional vector. Whose element sums to 1. For 

separate class label, the probability is well-defined as,  
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      |         
   

   

∑  
  

    
   

    (13) 

           
The cost function for the classifier is as follows 

      ∑ ∑         
 
   

 
   

 
  

   

∑    
    

   

   (14) 

Where N is the number of data points in the training set. The Gradient 

descent method is used to resolve the least of J (W). It is defined as follows, 

       ∑          
  

      (15) 

Finally the parameter is updated as follows,  

                     (16) 

Where 𝛈 represents the learning rate. CNN model run over each image 

and reduce the computational operation per layer and memory requirements. 

A fully connected layer is designed in such a way to enhance the accuracy of 

classification of insects.  

  In modified CNN classifier the additional Dropout layer is introduced, 

which is mentioned as the average model. The guesstimated or anticipated 

values of various models are taken and the weighted average of the value has 

been considered as dropout. In the dropout layer, the hidden layer nodes are 

ignored by performing the training process with random selection, however 

each training network is different and considered as the new model. Because 

of the certain conditions the hidden nodes are appeared randomly and the 

selected hidden nodes are not allowed to appear repeatedly at the same 

instance, thus the introduction of weights do not depends on the other nodes. 

However the node dependence is avoided in the dropout layer because some 

of the nodes are related with the other node and some of the other nodes are 

ignored randomly. By this ignored nodes the cost of evaluation is minimized 

though the over fitting of nodes are reduced and the essential characteristics 

of the data are recovered by performing conduction. The projection of the 

CNN with the dropout layer is shown below.  

 
Figure 3 Modified structure of CNN 
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The figure demonstrates the nine-layer CNN model, which includes input 

layer, five hidden layer with convolution and pooling layer, fully connected 

layer, softmax layer and the dropout layer is connected after the fully 

connected layer. The normalization of the CNN network is enhanced by 

adding the dropout layer, the temporarily discarded node is illustrated as, 

       |    ∑    (    
   

   
     

   
   

)  (        

   ∑     
   

   
     

   
   

      
)   (17) 

Efficient classification is performed by using modified CNN classifier, 

which compares the trained data with the test data by this the accuracy of the 

classification is found accurately.  

 

4 Results and Discussion 
 

The proposed model is implemented in the MATLAB environment and 

the utilized input image is 2D digital image of insects. To extract the insect 

shape each image is segmented into the size of 256 256 and these samples 

are compared with the test data. As per the size of insects, the species type is 

identified and for the accurate determination modified CNN is utilized and 

this is achieved by following the several steps. 

 

 
 

Figure 4 Input image of the insects. 

 

The input image is enhanced by pre-processing to assist the following 

processes; initially the input image is converted into the gray scale image. 

Thus the image is resized and de-noised by utilizing the Top-hat filter which 

eliminates the inaccurate frequency bands and permits the other frequency to 

pass with minimal frequency. By this the input image is enhanced to perform 

the following other steps.  
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Figure 5 Filtered image of insects. 

 

After filtering the enhanced image is obtained as follow, 

 

 
 

Figure 6 Enhanced image 

 

The histogram representation which is also named as the amplitude 

feature of the binary image in pre-processing technique is obtained as  
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Figure 7 Histogram of original image 

 

The accurate level of intensity is achieved by the gray scale image and 

the pixel that present in the segmented area is satisfied by the average level 

of gray value that is obtained from the image intensity. Thus the histogram is 

utilized for performing the classification however this data is not enough to 

determine the insects. The process of dividing the image into several groups 

is mentioned as the segmentation which extracts the corresponding 

information about the image. However, the segmented image does not satisfy 

the trained data, but it helps to determine the insect species.  

 

 
 

Figure 9 Clarified image 
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Figure 9 Clustered image 

 

The important features of the image are extracted since it is difficult to 

identify the insects in the normal image thus the segmented image is then 

extracted. Several set of features are extracted to identify the accurate insect 

type, among these features the samples with the detailed information are 

selected to perform classification. The feature selection is performed by the 

Bag of key-words.  

 

 
 

Figure 10 Segmented image 



 
 

 

 

 

 

 

2779 B.Divya et al. 

 

 

The threshold plays the major role in segmentation which enhances the 

clarity of the image; by the threshold image gray image is modified into the 

binary image. The background of the image is separated by threshold which 

displays the brightest spot clearly. 

 

 
 

Figure 11 Binary image obtained from threshold 
 

The type of the insect is identified by the classifier, which is performed 

by the features that selected from the segmented image. The modified CNN 

identifies the similarity index by comparing it with the trained data with this 

features the accurate type of the insect is identified.  

 

 
 

Figure 12 Resultant image 
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The performance of the proposed classification is determined by 

comparing it with the existing SVM (support vector machine) and CNN 

(convolutional neural network), through this the accuracy, sensitivity and 

specificity of the modified CNN is determined. The accuracy of the proposed 

classifier is determined by comparing it with the existing methods, thus the 

modified CNN obtains the accuracy of about 96%, which is shown in the 

below figure.  

 

 
 

Figure 13 Accuracy comparison 

 

The sensitivity of the proposed classifier (modified CNN) is determined 

by comparing its performance with the existing methods like CNN and SVM. 

However, the proposed method shows better result than other.  

 

 
 

Figure 14 Sensitivity comparison 

 

The proposed modified CNN is compared with the existing methods 

CNN and SVM, through this the specificity performance of the proposed 

method is determined, which is shown in the below figure.   
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Figure 15 Specificity comparison 

 

 By performing classification process the type of the insect is identified 

clearly and accurately here the processed insect image is identified as the 

weevils. After this identification the precaution measures for the affected 

crops are executed.  

 

4 Conclusions 
 

The productivity of grains has been shattered by the infectious 

interference of various pests, which results in crop production losses and to 

overcome this different manual procedure are employed but these procedures 

consuming much time and energy. Other than this, several image processing 

techniques are existed, which delivers less accuracy and poor robustness, 

thus the four step image processing technique is utilized for better 

performance. The 2D digital images of insects are considered as the input 

images, which have been processed by the top-hat filter for the removal of 

noise. After preprocessing, the image is segmented by adaptive K-mean for 

the extraction of features. From the extracted features, the sample with the 

detailed information is selected to perform the classification process. The 

classification is performed by the modified CNN that obtain the accuracy of 

about 96%, which compares the trained data with test data and this realize 

the effective recognition of insect‟s type.   
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