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Abstract:  

One of the most frequent urinary tract problems is kidney stones. Inevitably, everyone will have kidney stone symptoms at some point in 

their lives. Renal calculi, another name for kidney stones, are solid pieces of material formed in the kidneys when chemicals ordinarily 

present in urine become extremely concentrated. In order to speed up the process by which a radiologist can locate renal calculi in an 

image, medical image segmentation has been developed. 
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INTRODUCTION 

Kidney stones are difficult to identify because to 

their low contrast and excessive speckle noise. 

Appropriate imaging methods and filters allow us 

to overcome this difficulty. Speckle noise is 

common in ultrasound pictures and cannot be 

eliminated using typical image filters. For this 

reason, we suggest a median filtering approach, 

which can effectively eliminate speckle noise. With 

the use of a median filter, we were able to get a 

pre-processed picture free of noise and able to 

identify the stone area. Because kidney stone 

disease causes damage to organs slowly over time, 

most individuals with the condition are blissfully 

unaware that they have it. Analysis was performed 

on renal calculi, struvite stones, and staghorn 

stones. Kidney stones, which cause excruciating 

agony, may be removed surgically by first being 

broken up into tiny pieces, which can then flow 

down the urinary system. Chronic kidney disease 

caused by kidney stones is a significant cause of 

death around the globe.  

Stone disorders are often misdiagnosed in their 

early stages, leading to further kidney damage. 

Causes such as diabetes mellitus, high blood 

pressure, glomerulonephritis, and other circulatory 

disorders account for most cases of kidney failure. 

As renal failure may be life-threatening, early 

detection is crucial. One of the most common and 

commonly utilised imaging modalities for 

evaluating renal disease is ultrasound (US) imaging 

due to its cheap cost and lack of invasiveness. 

Available procedures for analysing urine include 

shock wave 
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lithotripsy (SWL), percutaneous nephrolithotomy 

(PCNL), and relative super saturation (RSS). 

Laparoscopic surgery employs the public 

Robertson Risk Factor Algorithms (RRFA), which 

are reserved for the most extreme of circumstances. 

Repeating units of glucuronic acid (Glucan) and N-

acetyl glucosamine (GlcNAc) disaccharides make 

up hyaluronan, a massive (>106 Da) linear 

glycosaminoglycan. Urine concentration, uric acid, 

salt form crystal,  

 

crystallisation inhibition, crystal retention, 

magnesium ammonium phosphate, and amino acid 

all play key roles in the development of renal stone 

disease. In this case, we utilise MATLAB to 

implement an image processing method for 

detecting kidney stones. 

Objectives 

Kidney stone diagnosis is a difficult and time-

consuming job for radiologists. We suggest a 

method for identifying kidney stones using 

ultrasound images. Our goals for this project are 

listed below. 

Since kidney ultrasound pictures are not accessible 

online, goal  

1) is to amass a collection of them. 

2) To examine and implement effective 

segmentation techniques, such as the threshold 

approach, the edge detection method, etc., that may 

critically separate the relevant parts of the Kidney 

for detection of stone. 

3) we want to create a system that can analyse an 

ultrasound picture of the kidney and detect kidney 

stones automatically. 

New Methodology 

Non-invasive diagnostic imaging of the kidneys 

allows for evaluation of their size, shape, and 

location. Kidney blood flow may also be measured 

using ultrasound. The ultrasound transducer emits 

soundless ultrasound waves. Ultrasound is 

performed by placing a transducer on the skin and 

sending sound waves deep inside the body to 

examine internal organs and tissues. The sound 

waves hit the organs, and like an echo, they reflect 

back to the transducer. The reflected waves are 

processed by the transducer and then turned by a 

computer into a picture of the organs or tissues 

under investigation. The speed at which the sound 

waves travel is affected by the material they are 

passing through, with bone tissue being the 

quickest and air the slowest. Tissue types are 

deduced by the transducer based on the speed and 

amount of reflected sound waves. Ultrasound gel is 

applied to the skin and transducer to facilitate the 

transducer's mobility across the skin and to prevent 

air from getting in the way of the best possible 

ultrasound signal. Due to the lack of radiation and 

contrast dyes, ultrasound may be used safely at any 

time throughout pregnancy. 

READING PROFILE 

An Analysis of the Literature In 2021, Animate 

Rohith; S. Premkumar published "Detection of 

Kidney Stones in Ultrasound Images Using Median 

Filter Compared with Rank Filter." To increase the 

accuracy and sensitivity of kidney stone 

identification in ultrasound images by using median 

filters. A Look at the Components and the 

Procedures: Median (n=114) and rank (n=114) 

filters were tested for their precision and 

responsiveness. Using the median filter, we can 

identify the kidney stone in the ultrasound pictures. 

The MATLAB simulation tool was utilised to 

increase the detection rate of kidney stones in terms 

of accuracy and sensitivity, and a sample size of 

114 was chosen with a p-value of 0.8. It was found 

that the median filter is 86.4% accurate, the rank 

filter is 82.2% accurate, and the median filter is 

87.7% sensitive, while the rank filter is only 82.5% 

sensitive. The median filter outperforms the rank 

filter in both accuracy (p=0.018) and sensitivity. 

After comparing the Median filter to the rank filter, 

we find that the latter is less accurate and less 

sensitive, while the former has a higher detection 

rate. In 2021, Monica Jenifer J [2] et.al. will 

publish "Design and Implementation of Kidney 

Stones Detection using Image Processing 

Technique," written by A Roopa, C R Sarvasri, G 

Sharmila, and A Yamuna. Kidney stones, also 

known as renal calculus, have grown more 

common in modern times, and may cause serious 

complications if not diagnosed and treated early. 

 In this case, the automated technique of 

determining the stone is a paving stone owing to 

image processing, which has a bias toward eliciting 

accurate conclusions. Traditional stone detection by 

doctors is performed manually using an X-ray 

picture; our completely automated approach saves 

time and reduces the likelihood of inaccuracy. In 

this study, we outline a technique for identifying 

kidney stones using several forms of image 

analysis. Since noise is often distant from the 

centre of a picture, the first step is pre-processing 

the image using filters to make it seem smoother. 

Preprocessing might include picture enhancement 

to further fortify the image before using the 

Stevens' law transformation. The pre-processed 

picture is then subjected to segmentation through a 

thresholding approach. This method uses image 

processing to achieve its objectives. CT is 

employed because it produces less noise than other 

imaging modalities, such as x-ray and ultrasound. 
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Human kidney stones: a natural record of universal 

biomineralization," by Mayandi Siva guru [3, 4], et 

al., 2021. Kidney stones, which are made of 

calcium-rich minerals, precipitate from a 

continuum of repeated events of crystallisation, 

dissolution, and recrystallization due to the same 

fundamental natural processes that have governed 

billions of years of biomineralization on Earth, 

according to the new trans-disciplinary approach 

known as GeoBioMed. This shift in perspective has 

led to the discovery of previously unexplored 

aspects of renal stone formation, such as the role of 

crystalline structure and stratigraphy, diagenetic 

phase transitions, and paragenetic sequences on 

length scales ranging from the nanometre to the 

centimetre in human kidney stones (five Powers of 

10). 

A. SYSTEM DESIGN  

 System Architecture 

 

 

Fig. 1 Architectural diagram for Architecture of proposed 

System. 

 The layout of the new system is seen in fig. 1. The 

architecture begins with an input, in this case an 

ultrasound picture of a kidney, which may or may 

not reveal the presence of stones. Ultrasound 

pictures are notoriously challenging to work with 

due to the presence of speckle noise; to combat 

this, a Gaussian filter is employed during image 

preparation. Next, we do picture segmentation, 

using canny edge detection, which entails a total of 

five phases (noise reduction, gradient classification, 

non maximum suppression, double threshold, edge 

tracking). This is the picture that will be processed 

using wavelets once it has been segmented. When 

SVM is used afterwards, it uses support vectors and 

margins to locate the hyper plane. In spite of the 

fact that even the quickest SVMs take an inordinate 

amount of time to train, they provide excellent 

results because of their exceptional accuracy and 

their ability to simulate complicated nonlinear 

decision boundaries. Compared to other 

approaches, they are far less likely to result in over 

fitting. The learnt model may also be described in a 

condensed form using the Support vectors initiate. 

In addition to classification, SVMs also have 

applications in prediction. 

Dataflow Diagram  

The fig 2 shows the dataflow of the proposed 

kidney stone detection system. First step is to take 

the input image and pre-process it. Next is to 

segment the pre-processed image using canny edge 

detection segmentation technique. After 

segmentation final step is to classify the image 

using svm classifier. 

 

Fig. 2 Dataflow Diagram of proposed system. 

IMPLEMENTATION  

The proposed kidney stone detection is based on 

ultrasound images using MATLAB is the concept 

of image processing and computer vision. These 

concepts are bundled together to get desired result. 

Here the below fig 4.2 describes the methodology 

of the proposed system. Our project is divided into 

4 modules namely,  

1) Image pre-processing  

2) Image segmentation  

3) Wavelet processing 

 4) SVM classification 
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Fig 3 Methodology of proposed kidney stone detection system 

 

Image Pre-processing  

Ultrasound requires pre-processing because to its 

speckle noise and poor contrast. Image restoration, 

smoothing and sharpening, and contrast 

enhancement are all components of pre-processing. 

The term "pre-processing" is often used to refer to 

actions on pictures when the input and output are 

intensity images at the most fundamental level of 

abstraction. These classic pictures are the same 

kind as the raw sensor data, with an intensity 

picture often being a matrix of image function 

values (brightness). Although geometric 

transformations of images (such as rotation, 

scaling, and translation) are classified among pre-

processing methods here since similar techniques 

are used, improving the image data by suppressing 

unwanted distortions or enhancing some image 

features important for further processing is the goal 

of pre-processing. 

 Gaussian Filtering is employed for this purpose. 

The term "filter" refers to a method of improving or 

altering a picture. You may apply filters to a 

picture, for instance, to highlight some details 

while minimising others. Smoothing, sharpening, 

and enhancing the edges of an image are all 

procedures in image processing that use filters. 

Filtering is an example of a neighbourhood 

operation, in which the value of a specific pixel in 

the filtered picture is calculated by averaging the 

values of neighbouring pixels in the input image. 

The group of pixels around a given pixel, as 

determined by its position in the larger image. By 

using a Gaussian function to blur an image, we get 

a Gaussian blur (or Gaussian smoothing) in image 

processing (named after mathematician and 

scientist Carl Friedrich Gauss). It's a common tool 

in image editing programmes, generally used to 

soften harsh edges and smooth out blurry areas. 

This blurring method produces a smooth blur, 

simulating what one would see if looking at an 

image through a transparent screen. Scale space 

representation and scale space implementation both 

make use of Gaussian smoothing as a pre-

processing step in computer vision algorithms to 

improve visual structures at various sizes. A 

Gaussian blur is mathematically equivalent to 

convolving a picture with a Gaussian function. An 

alternative name for this is "Weir strass transform," 

and it applies only to two dimensions. A Gaussian 

blur is a lowpass filter that reduces high-frequency 

components of a picture since the Fourier transform 

of a Gaussian is another Gaussian. 

Image Segmentation  

Clinical image analysis relies heavily on 

segmentation. It helps visualise medical data and 

assists in the diagnosis of numerous ailments. One 

method of level set segmentation, known as "canny 

edge detection," is used to locate and refine the 

kidney's edge, as well as that of the kidney stone. 

Segmenting an electronic photograph into its 

constituent parts is known as picture segmentation 

(sets of pixels, also known as image objects). 

Segmentation's purpose is to make an image's 

representation simpler and/or more meaningful so 

that it may be more easily analysed. Finding 

objects and boundaries (lines, curves, etc.) in a 

picture is a common use of image segmentation. In 

other words, image segmentation is the process of 

categorising a picture into groups of similar pixels 

based on their labels. As a consequence of image 

segmentation, a collection of picture-covering 

segments or extracted contours is produced (see 

edge detection). All of the pixels in a certain area 

have a similarity in at least one calculated feature, 

such as hue, saturation, or texture. To drastically 

minimise the quantity of data that has to be 

processed, canny edge detection is a method that 

can be used to extract important structural 

information from various visual objects. Many 

different kinds of computer vision systems make 

use of it now. According to Cranny’s research, the 

implementation of edge detection on different 

vision systems has comparable needs. As a result, a 

system for edge detection that meets these needs 

may be used broadly. 

In general, edge detection relies on the following 

conditions: 

1) Accurate edge detection, meaning that as many 

edges as feasible in the picture are captured with a 

low error rate. 

The operator-detected edge point must  

2) be precisely centred on the edge. 

3) There should be no double-marking of borders in 

a picture, and noise should not introduce artificial 

boundaries. 

Course of Action 
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• In this article, we will go through each part of this 

multi-stage method. 

Noise Cancellation Due to edge detection's 

sensitivity to noise, a 5x5 Gaussian filter is used as 

a pre-processing step. You can see the process of 

intelligent edge identification in fig. 4. 

To a lesser extent than the maximum Suppression: 

After determining the size and direction of the 

gradient, a thorough picture scan is performed to 

exclude any pixels that do not belong to the edge. 

For this, at each pixel, we look to see whether there 

is a local maximum in the direction of the gradient 

close by. 

Threshold of Hysteresis In this process, we identify 

which edges are genuine and which are not. We'll 

use two numbers, minVal and maxVal, as cut-offs 

to do this. For this reason, we only keep edges with 

an intensity gradient more than maxVal and throw 

away edges with a gradient less than minVal. 

Those who fall on either side of these cutoffs are 

considered nodes or edges, respectively. Pixels are 

deemed to be edge nodes if and only if they share 

neighbours with "sure-edge" pixels. If not, they are 

disposed of as well. 

Wavelet Processing 

Whenever the signal's frequency changes over 

time, wavelet transformations provide a 

mathematical tool for analysing the signal's 

characteristics. Wavelet analysis is superior to 

other methods of signal analysis for a select group 

of signals and pictures. Since there is a lot of 

variation between adjacent pixel intensities, 

wavelets are often utilised in image processing for 

detecting and filtering out white Gaussian noise. 

The two-dimensional picture is transformed into a 

wavelet representation using these wavelets. In this 

work, we use a wavelet transform on the input's 

segmented picture to create a compressed version 

of the original. The picture may be "cleaned up" in 

this manner without losing any quality or detail. 

 SVM (Support Vector Machine) (SVM) 

is an approach to supervised machine learning that 

may be used to problems like classification and 

regression. However, its primary use is in the realm 

of categorization issues. With the SVM method, 

each data point is represented by a coordinate in an 

n-dimensional space, where n is the total number of 

features. 

 

Fig 4 Steps involved in canny edge detection 

 

RESULTS AND SCREENSHOTS 

 

Fig 5 Shows that stone present in the kidney. 
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Fig 6 Shows that stone is not present in the kidney. 

The top two photos show our final product, images 

of the kidney with and without a stone. Figure 5 

shows the original picture that was used to train the 

algorithm, and Figure 6 shows the pre-processed 

version of the image that was created by applying a 

Gaussian blur filter and performing clever edge 

detection. The Gaussian filter applies the Gaussian 

function to a picture in order to blur it or lessen the 

impact of noise. It's a common tool in image 

editing programmes, generally used to soften harsh 

edges and smooth out blurry areas. This blurring 

method produces a smooth blur, simulating what 

one would see if looking at an image through a 

transparent screen. Scale space representation and 

scale space implementation both make use of 

Gaussian smoothing as a pre-processing step in 

computer vision algorithms to improve visual 

structures at various sizes. Multi-step algorithms 

such as Canny edge detection may simultaneously 

identify edges while suppressing background noise. 

Reduce noise and distracting features and textures 

by smoothing the picture using a Gaussian filter. 

The image's intensity gradient is computed, and 

then non-maximal suppression is used to get rid of 

any extra pixels that don't belong to the edge. 

Hysteresis Where some edges are true edges and 

others are not, thresholding is used. We'll use two 

numbers, minVal and maxVal, as cutoffs to do this. 

If the intensity gradient of an edge is more than 

maxVal, then it is an edge, and if it is less than 

minVal, then it is not an edge, and is thus rejected. 

The final picture is completely noise-free, and its 

edges have been extracted from the ultrasound 

image and given to a support vector machine for 

classification. Image compression quality is 

measured by the MSE and the PSNR, or peak 

signal-to-noise ratio. The PSNR is a measure of the 

peak error, whereas the MSE is the cumulative 

squared error between the compressed and original 

picture. Minimal systematic error (MSE) values 

indicate less degrees of error. 

CONCLUSION 

Kidney stone detection is next studied after a study 

of several methods and classifications is presented. 

As a result of this implementation, it is possible to 

deduce the current system's constraints and suggest 

a new design to overcome them. When trying to 

locate kidney stones, we turned to actual ultrasound 

pictures taken in a laboratory setting. For the 

segmentation process, we utilised a Gaussian filter 

and clever edge detection, and for the 

classification, we used a support vector machine 

implemented in MATLAB. For an accurate 

estimate of the error rate, we combined MSE with 

PSNR. We found that SVM classification gave us 

an accuracy of 90% to 99.9%. 
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