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ABSTRACT 

The research presents a system which is mainly pointing to the analysis of kidney and its abnormalities like 

stone and cyst. The main goal of research is the classification of ultrasound (US) kidney image as normal 

kidney or affected one. The system with trained template is developed and user’s sample tests are verified from 

it. Ultrasound images contain a noise called speckle noise. It is multiplicative noise and it is introduced due to 

signal modification at the time of capturing an image. US images also suffers by low contrast. These issues are 

sorted out using filter technique and histogram equalization method. The pre-processed image is segmented 

using Hierarchical  k means clustering  and from it region of interest is identified. 22 features of an imag e are 

extracted and these features are trained by feed forward Artificial Neural Network (ANN) to identify the class 

of kidney (i.e. normal or cyst). In order to analyse the systems functionality, it is tested on a dataset of 

ultrasound images of two classes. The analysis performance is based on two parameters first is accuracy and 

second is precision, which results in 87.5% and 100% respectively.  

Index terms: US kidney images, Speckle noise, Hierarchical K means Cluster, SVM, ANN. 

 

INTRODUCTION 

The world is increasingly suffering from 

various kidney diseases. Many of the people do not 

notice symptoms in its earlier phase but it starts to 

damage kidney slowly.   Hence, early detection and 

prevention is become need of such patients. Now a 

days many diagnosis techniques are available in the 

medical field. Every technique has importance 

according to severity of disease at particular time. 

But Ultrasound imaging technique is extensively 

used as an initial evaluation or as primary diagnosis 

aid. In Ultrasound imaging, image is obtained by 

passing high frequency sound waves through the 

human body. The echoes of reflected sound wave 

are recorded and displayed as a real time visual 

image. Ultrasound imaging is radiation free and 

portable. It is also faster, economical; non-invasive 

which makes this method very popular. Estimation 

of kidney size and position, and diagnosing 

structural abnormalities as well as presence of cysts 

and stone can be done with the help of US images. 

Several techniques are applied for identification of 

organ as well as its abnormalities. Emmanouil 

Skounakis [1], the author has proposed 

multifunctional platform focusing on the kidneys 

and their pathology using "templates" based 

technique. For that initially specialist clinician has 

to train the system by giving comment on the 

kidneys and their abnormalities, then, medical 

technicians experimentally adjust rules and 

parameters (templates) for the integrated 

"automatic recognition framework" to achieve 

results which are closest to those of the clinicians. 

These parameters can later used by non-experts to 

achieve increased automation in the identification 

process.  

The functionality of system was tested on 20 

MRI datasets (552 images) and results are most 

promising as they yield an average accuracy of 
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97.2% in successfully identifying kidneys and 

96.1% of their abnormalities. J. K. Viswanathand, 

R. Gunasundari [2] these authors have focused on 

the abnormalities of the kidney which can be 

identified by ultrasound imaging. The kidney may 

have structural abnormalities like kidney swelling, 

change in its position and appearance.  Kidney 

abnormality may also arise due to the formation of 

stones, cysts, cancerous cells, congenital 

anomalies, blockage of urine etc. In preprocessing, 

first image restoration is done to reduce speckle 

noise then it is applied to Gabor filter for 

smoothening. Next the resultant image is enhanced 

using histogram equalization. The preprocessed 

ultrasound image is segmented using level set 

segmentation, since it yields better results. To 

identify the type of abnormality, these energy 

levels are trained by Multilayer Perceptron (MLP) 

and Back Propagation (BP) ANN. R. Prevost [3], 

has presented a method to segment the kidney in 

3D contrastenhanced ultrasound (CEUS) images.  

This modality has lately benefited of an 

increasing interest for diagnosis and intervention 

planning, as it allows visualizing blood flow in 

real-time harmlessly for the patient. This method is 

composed of two steps: first, the kidney is 

automatically localized by a novel robust ellipsoid 

detector and then, segmentation is obtained through 

the deformation of this ellipsoid with a model 

based approach. To cope with low image quality 

and strong organ variability induced by 

pathologies, the algorithm allows the user to refine 

the result by real-time interactions. This method 

has been validated on a representative clinical 

database. Prema T. Akkasaligar, Sunanda Biradar 

[4], have aims on classification of medical 

ultrasound images of kidney as normal and 

abnormal images. In the proposed method, the 

acquired images are manually cropped to find the 

region of interest (ROI) of kidney. The cropped 

images are pre-processed using three different 

filters namely Gaussian low-pass filter, median 

filter and Wiener filter to remove speckle noise.  

The de-speckled images are used for extraction 

of potential texture features that provides tissue 

characteristics of kidney region in ultrasound 

images. The Gray Level Co-occurrence Matrix 

(GLCM) features and run length texture features 

are extracted. Further, authors have used the k-

nearest neighbor classifier (k-NN) to classify the 

images as normal and abnormal kidney images. 

 

LITERATURE SURVEY 

 Pallavi Vaish et.al proposed smartphone based 

automatic abnormality detection of kidney in 

ultrasound images to detect stone and cyst [1].  

 P.R.Tamiselvi et.al developed a semiautomatic 

region growing algorithm for ultrasound kidney 

images to detect calculi from renal calculi images 

[2].  

 K.Viswanath et.al proposed kidney stone 

detection from ultrasound images by level set 

segmentation and ANN classification [3].  

 K.Bommanna Raja et.al proposed a fuzzy neural 

system to offer classification efficiency and to 

identify the category of kidney stones [4].  

 K.Dhanalakshmi et.al developed and 

implemented a computer aided decision support 

system for an automated diagnosis and 

classification of ultrasound kidney images [5].  

 Mahdi Marsousi et.al proposed a new automated 

kidney detection approach using three 

dimensional ultrasound images along with a 

shape based method to segment detected kidneys 

[6]  

 K.Divya Krishna et.al presented a computer aided 

automatic detection of abnormality in kidney on 

IOT enabled portable ultrasound systems [7]. 

 

PROPOSED METHODOLOGY 

Computed tomography (CT) is an imaging 

procedure that utilizes special x-ray equipment to 

make meticulous pictures, or scans, of areas inside 

the body. It is also called computerized tomography 

and computerized axial tomography (CAT). The 

word tomography comes from the Greek words 

tomos (a cut, a slice, or a section) and graphein 

Fig.2.1: The Flow Diagram of Proposed System (to 

write or record). Each image created for the 

duration of a CT process shows the organs, bones, 

and other tissues in a slight “slice” of the body. 

CT-scan is a fast, 5-20 minute painless exam that 

combines the rule of X-rays with computers to 

generate 360 degree, cross-sectional views of body. 

CT is capable to image bone, soft tissue and blood 

vessels all at the similar time. Therefore in the 

current study, the procedure is done according to 
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the flowchart given below in fig.3.1. Here the 

process is done in a systematic procedure in sort to 

envisage the renal calculi or kidney stone. This 

method utilizes artificial neural networks for the 

prediction of nephrolithiasis alongside with 

diminution of diagnose time and elevate in 

accuracy [29][30]. The GLCM algorithm is utilized 

for the extraction of features which are very strong 

to transforms and orientations. Then these features 

are used to train the artificial neural network. 

This research presents the system which 

satisfies the following objectives:  

1. Identification of abnormalities of kidney using 

Ultrasound images is essential as a primary step 

of diagnosis, as it is cost effective method than 

MRI.  

2. The main goal of this research is to classify the 

normal kidney and cystic kidney from ultrasound 

kidney images.  

3. To determine more accurate classification 

method. 

 

BLOCK DIAGRAM 

Training section 

 
 

Training data 

Model information 

SVM & ANN training 

Features extraction 

Preprocessing & 

Hierarchical k-means 
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Testing section 

 

 
The above specified both templates have to perform 

following modules:  

Image Preprocessing 

The Ultrasound image contains speckle noise 

and low contrast which creates difficulty while 

diagnosing abnormalities if any. The captured 

image is an echo of sound waves that generated at 

the time of diagnosis by transducer. To reduce this 

speckle noise and to enhance contrast, US image 

should be preprocessed. i. Reduction of Speckle 

Noise: In order to overcome issue of speckle noise, 

several different filtering methods [6, 7] are used 

which are also based upon different mathematical 

models. Here Gaussian low pass filter is used to 

resolve the issue of speckle noise. It has the bell-

shaped distribution.  

g(x) = 1 √2πσ e −x 2 2σ2  

1. Where, σ in the equation (1) is the standard 

deviation of the distribution, and also the 

degree of smoothing. The larger the value of σ, 

the filtered image is smoother. 

2. Contrast Enhancement: Ultrasound images are 

grey scale images and also have low contrast. To 

overcome this issue histogram equalization 

method is used.  

3. In which intensity range of image pixels are 

transformed in such way that the histogram of the 

output image and specified histogram get 

matches. So the goal of histogram equalization 

algorithm is to find gray level transformation. 

 

Input image 

Confidence score 

SVM & ANN classifier 

Preprocessing 

Hierarchical k-means + 

Feature extraction 
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Histogram equalization redistributes the intensity 

distributions based on a statistical process that 

has proven to be really effective.  

Image Segmentation Framework 

In the image processing, segmentation is the 

process of separating a digital image into multiple 

parts which helps to analyze an image more 

efficiently and easily. At present, the segmentation 

method is widely used in the clinical application of 

ultrasound imaging systems. Preprocessed image is 

input for segmentation. The active contour model is 

the traditional snake model which is popular in 

applications like edge detection, shape recognition, 

object tracking etc. In the present research, 

Hierarchical K means clustering is an extension of 

the well-known method snakes or active contours. 

The difference between traditional snakes and 

snakes consists in that the latter converge to 

boundary concavities and they do not need to be 

initialized close to the boundary [10]. 

Organ’s feature extraction  

As shown in Table 1, the GLCM texture 

features are extracted and following notations are 

used: Ng is the number of gray levels used. µ is the 

mean value of P. µx, µy, σx and σy are the means 

and standard deviations of Px and Py. Px is the ith 

entry in the marginal-probability matrix obtained 

by summing the rows of P(i,j). 
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For the generated region of kidney (as shown in 

Fig 6), needs to extract the texture features. For the 

extraction of features first it is needed to create 

grey level co-occurrence matrix (GLCM) by 

calculating how often a pixel with gray-level 

(grayscale intensity) value i occurs horizontally 

adjacent to a pixel with the value j [8].  

After clicking FEATURES button, features get 

extracted and stored as matrix (GLCM. mat) of 22 

x 1 which is saved as Excel file. 

For each samples of different class image, 

above features are computed and stored in the data 

base feature vector as GLCM features. Therefore 

these features are used at the time of classification 

stage. 

 

ABNORMALITY IDENTIFICATION 

Framework After successful extraction of all 

features of some number of images it is considered 

as Expert Trained Model and remaining number of 

images are considered as User Testing Model. So 

we can elaborate it as follow:  

Expert Trained Model (Template): Texture 

features need to extract from the segmented 

images. Then extracted features of various images 

need to maintain as record which will be 

considered as an Expert Trained Model. 

In the initial training phase, characteristic 

properties of typical image features are isolated 

and, based on these, a unique description of each 

classification category, i.e. training class, is 

created. 

User Testing Model: After feature extraction of 

image, these features will be given as input to 

Abnormality Identification Framework to classify 

the kidney ultrasound images as normal kidney or 

cystic kidney.  

Result will be considered as User Testing 

Model. This identification framework classify 

dataset using ANN feed forward neural network. 

Feed-forward neural networks, where the data 

flow from input to output units is strictly feed-
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forward. The data processing can extend over 

multiple (layers of) units, but no feedback 

connections are present, that is, connections 

extending from outputs of units to inputs of units in 

the same layer or previous layers. ANN builds 

network in order to train specified number of 

samples and this trained network is then used 

against test sample for classification which results 

in identification of abnormality i.e. cyst in an 

Ultrasound image. 

     

RESULTS AND DISCUSSION 

Training Phase 

In this phase, 22 extracted GLCM features are 

of 70% images of the total number of images i.e. 

(18 out of 26 total images) are considered as 

knowledge database.  

Testing Phase 

In this phase, image get classified using 

knowledge database which is trained in Training 

Phase. In order to find out accuracy and precision 

of test images, 8 sample images are considered and 

following table shows details. 

Read Input Image 

 

Hierarchical threshold 
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Stone detection 

 

Feature Extraction and Classification 
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Type I Error 

It is the incorrect rejections of a true null 

hypothesis (a “false positive”). It occurs when the 

null hypothesis is true, but is rejected. Type I error 

is the (false) detection of an effect that is not 

present, i.e. image is detected as normal, but it is a 

cystic.  

Type II Error 

It is incorrectly retaining a false null hypothesis 

(a “false negative”). It occurs when the null 

hypothesis is false, but erroneously fails to be 

rejected.  

Type II error is the failure to detect an effect 

that is present, i.e. image is detected as cystic, but 

is a normal. The Table 2 shows the percentage of 

accurate classification for a dataset is 87%. 

However, the false acceptance rate (FAR) is 12.5% 

and false rejection rate (FRR) is 0% Table 3 shows 

an order to find out accuracy and precision, 

features of dataset sample considered in following 

ratio: 

 

 
 

The work has carried out for normal and cystic 

kidney ultrasound images. It can be extend for 

other kind of abnormalities like kidney stone as 

well as other organs of human body like liver, 

lungs etc. In this work for classification feed 

forward method is used, the other classification 

methods can be applied for the same. 

 

CONCLUSION 

The results obtained show that the texture 

features could be used to classify kidney stones and 

cysts. The results obtained further show that there 

is a possibility of developing CAD and computer 

aided classification of kidney stones by texture 

analysis method and framing a suitable decision 

rule. By analyzing many more images by GLCM 

and other statistical methods a suitable decision 

rule can be found in future. 
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