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ABSTRACT 

 
An automated kidney stone classification is implemented using a Back Propagation Network (BPN) and image and data 

processing techniques. There are inaccuracies in the classification of kidney stones due to the presence of noise. Kidney stones 

have become more common problem in recent years due to a variety of factors. It is difficult to obtain results for large datasets 

using human inspection and operators. There is a lot of noise in CT scans and MRI’s, which contributes to inaccuracies. Artificial 

intelligence approaches based on neural networks have shown impressive results. Artificial intelligence methods, such as neural 

networks, have proven to be extremely useful in this area. As a result, the Back-Propagation Network (BPN) is being used in this 

project. GLCM is used to extract features, which are then classified using BPN. The Fuzzy C-Mean (FCM) clustering algorithm is 

used in this project to segment computed tomography images in order to detect kidney stones in their early stages. 

 

Keywords: C.T scans, Gray Level Co-occurrence matrix, Fuzzy C Mean Clustering, Back Propagation Neural Network. 
 

 

Introduction 
 

Kidney stones form as the urine contains more crystal compounds, such as calcium oxalate and uric acid, causing the 

urine to become dilute. Stones develop as a result of a lack of water intake, as well as dietary factors such as animal 

protein, sodium, and obesity. Calcium oxalate, uric acid, struvite, and cystine are the four forms of kidney stones. 

Lower back pain, Urine with blood, nausea, fever, foul odour urine, fuzzy appearance are all symptoms. Small stones 

can be flushed out with the urine. Urine backs up in the kidney, ureter, and bladder due to stones that do not pass 

down. Shock-wave lithotripsy, ureteroscopy, and percutaneous nephrolithotomy are now used to treat kidney stones. 

The accumulation of salts and minerals in urine, mostly calcium and uric acid, causes kidney stones. Vitamin D 

deficiency is to blame for kidney stone formation. When our bodies aredehydrated but have a lot of waste, kidney 

stones are formed. In the case of large volumes of data, operator-assisted kidney stone detection is impractical.  

The aim of this paper is to perform an automated kidney stone classification using image and data processing a back 

propagation neural network. The use of a neural network for kidney stone classification has shown a lot of promise. 

The Gray level cooccurrence matrix and Fuzzy c- mean clustering are both used in this paper to extract features. To 

detect a kidney stone, an algorithm for segmenting the test image was created. 

 

Literature review 
 

 

Table 1: Features of Test Image 

 

Ref 

no 

Tittle of references Algorithm Importance Measuring 

1  

An image pre-processing 

method for kidney stone 

segmentation in CT scan 

images 

 

 

 

Threshold 

 

Pre-processing for image 

segmentation of CT scan 

 

Accuracy 

Specificity 

Sensitivity 
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2  

Analysis and 

identification of kidney 

stones using SVM and 

KNN 

 

 

 

KNN, SVM 

 

Number of pixels of image 

and stone prediction in 

kidney images 

 

 

Recall 

Precision 

3  

A review on systemic 

approach of ultra sound 

image to detect renal 

calculi using different 

analysis 

 

 

 

K Nearest 

Neighbor 

 

 

Segmentation is done using 

various processing 

techniques 

 

 

 

Accuracy 

 

4  

Introduction 

distinguishing staghorn 

and struvite kidney stones 

using GLCM and pixel 

intensity matrix 

parameters 

 

 

 

Gray Level Co-

occurrence Matrix 

Future Extraction 

 

 

Filtering the low regions 

and enhancement of the 

image is done 

 

 

Accuracy 

Specificity 

Sensitivity 

5  

Kidney stone detection in 

computed tomography 

images 

 

 

 

Segmentation 

 

Segmentation aids in 

deciding the quantity and 

location of the stones. 

 

Accuracy 

Precision 

Sensitivity 

 

The block diagram consists of the following blocks:  

 

Database: 
 

 It consists of the kidney images which are collected from individuals of different hospitals. The images have both 

normal images and abnormal images. The abnormal images are in both benign or malignant stage. The image is 

selected and preprocessed 

 

 
 

Figure 1:Block Diagram 
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Pre-processing: 
 

The main function is to get rid of the distortion in the source picture. It removes the undesired noise and enhances the 

features of the image. The images are preprocessed using DWT. Image enhancement is done because of removing 

noise and brighten the image. Wavelets are designed to transform an input image into a sequence of wavelets that 

can be processed more efficiently than pixel blocks.  

The entire image is converted into high pass and low pass filters. The image is divided into 4 sub bands like Low-

Low, Low-High, High-High, High-Low. The LL sub band is considered as both horizontal and vertical version of 

image. The other three sub bands LH, HH, HL bands contain higher frequency information. 

 

 
 

Figure 2:Sub-bands 

 

 

GLCMFuture Extraction: 
 

The texture of an image is determined by the grey level cooccurrence matrix, which calculates pairs of pixels with 

unique values. It is the most well-known second-order statistical texture analysis tool. The contents of GLCM are 

used in texture function calculations to provide a measure of strength variations at the pixel of interest. The GLCM 

matrix is first formed, and the futures are then extracted from it. We are only looking at four aspects of a picture in 

this paper: contrast, correlation, energy, and homogeneity. We can use the function to extract statistics after we've 

generated GLCM. These provide information about the image textures 

 

Table 2: Features of Test Image 

 

 

Energy Contrast Correlation Homogeneity Entropy 

0.0000 1.1612 0.0000 0.0001 0.0004 

0.0002 9.5882 

 

 

-0.0000 

 

 

0.0005 

 

0.0048 
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Table 3: Feature Extraction 

 

 
Training: 
 

Dataset images having both normal and abnormal images are used. In image processing, training is a method of 

learning to identify shapes, features, and even patterns. The training procedure is identical to that of the test image, 

which includes pre-processing and feature extraction. 

The trained set's features are compared to the test image's features. BPN method to compare trained data with the test 

data in order to accurately classify kidney stones. 

 
 

Figure 3: Dataset Training 

 

 

Back Propagation Neural Network: 

 

The technique used in artificial neural network back propagation is gradient descent to compute a gradient needed in 

the calculation of weights to use. It is a group of I/O connections where each connection has its own weight 

associated with the programs. 

The artificial neural networks built on human nervous system It trains neural networks using the back propagation 

algorithm. This technique is known as delta rule or gradient descent, the algorithm searches for the lowest value of 

the error function. It can be used to solve problems involving classification and regression. The algorithm's main goal 

is to reduce errors by changing the weights.  
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The input image is presented into the network, the network identifies the output response to the input of the trained 

data set. The output response is compared with the desired output. The patterns continuously to network until the 

errors are minimized.  

Back propagation neural network classifies whether the input test image contains stones or not. The classification of 

normal or abnormal is displayed on the desktop. The area of the stone is found by segmentation using fuzzy c means 

algorithm. 

 

Watershed Algoritm: 
 

This algorithm is used to segment images and correctly segment irregular regions. The algorithm's main goal is to 

transform a grayscale image into a topographic representation. It's then divided into three categories: minima, 

catchment basins, and watershed lines. The dark areas in the input test picture are assumed to have low altitudes, 

while the bright areas are assumed to have high altitudes, giving the appearance of a topographic surface. 

 

 
 

Figure 4: Segmented Image      

 

 

Fuzzy C Means Algorithm: 
 

Clustering is the process of grouping large amounts of data into small clusters of related data. Fuzzy clustering is an 

unsupervised clustering technique that determines clustering parameters without the intervention of a human. Based 

on distance metrics between the data point and the cluster center, every piece of data belonging to every centroid is 

given a threshold value. It's seen a lot in pattern recognition. This algorithm allows data points to belong to several 

clusters.  

It separates large sets of data into smaller, similar groups of data. Unlike k-means clustering, fuzzy-c means 

clustering fits well with overlapped data sets, allowing us to pinpoint the exact location of the kidney stone.  

 

 

 

 
 

Figure 5: Clusters 
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Result Analysis: 

 

The image's precision, specificity, and sensitivity are shown in the form of a graph. They are extremely significant in 

the classification of kidney stones. There is a trade-off between sensitivity and precision in both diagnostic and 

screening testing. Lower specificities can result from higher sensitivity, and vice versa. The sensitivity and accuracy 

of the test can be calculated. If an individual is found to be positive by the test, they are likely to be incarcerated. 

 

 

 

Figure 6: Graph 

 

Methodology 
 

1.The first step of implementation is to make a data set of CT images of kidney and then upload it to the GUI 

interface which is done using the MATLAB. We can select any one image and upload it. The data set may contain 

both normal and abnormal images.  

2. The next step is to preprocess the image and apply the dwt transform to the image.  

3. After applying the DWT transform to image is set to the future extraction using GLCM. 

4. After applying NN classifier to image then the image is processed and scanned for the stones. If stones are not 

present in the image, then the result will show to the user.  

5. If the stones are present then it shows abnormal and detects the stage whether benign or malignant. 

6. After the detection of the stage segmentation process is done, 4 clusters of are formed. 

7. Fuzzy c means algorithm helps to find the area of the stones. 

8. The result is shown in the form of graph. 

 

 

 

Figure 7:Gui Interface 
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Figure 8: Normal Kidney Image 

 

 

 

Figure 9: Kidney Stone Detected 

 

Results 

 

MATLAB R2018b is used to implement this process. The classification of kidney stones using GLCM feature 

extraction and the BPN neural network has thus been accomplished successfully. GLCM has shown tremendous 

potential for identifying the significant features for correct classification of kidney stones as compared to Gabor 

filters, Canny Edge Detection, and Daubechies lifting schemes.Others result in feature reduction, which could result 

in the loss of certain important features. 

 

Conclusion 

The GLCM feature extraction method is a statistical method. The combination of GLCM and DWT has shown great 

promise in feature extraction, resulting in a classification rate of 98.8% accuracy. In the case of overlapped results, 

the fuzzy C-means algorithm performs better than K-means clustering. 

 

Future scope 

 

The proposed method could be optimized for real-time implementation by integrating it with scanning machines in 

future research. The proposed collection of rules can be applied to the captured kidney photograph to identify the 

affected area and accurately classify kidney stones. We may equate the results of other neural networks, for example, 

to achieve higher accuracy. 
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