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Abstract:

The kidney is commonly evaluated using ultrasound scanning as a diagnostic tool to detect various
abnormalities, including stones, cysts, urine blockages, congenital anomalies, and cancerous cells.
Nephrolithiasis, a prevalent kidney stone disease in the western population, can lead to significant
morbidity if left untreated, particularly in cases of large stones. To address this issue, Convolutional
Neural Networks (CNNs or ConvNets) have been developed as complex feed-forward neural networks
with a hierarchical structure that aid in accurate image classification and recognition. The network
architecture resembles a funnel, processing input data at each level until the output is generated from a
fully connected layer where all neurons are interlinked.

Keywords—KidneyStone, Nephrolithiasis, Deep Learning, Convolutional Neural Networks (CNNs or ConvNets), Medical Imaging,
Ultrasound Scanning, Diagnosis, Computed Tomography
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toremoveorbreakuplargerstones. Todiagnosekidneys
tones,several methodsare available,including urine
and bloodtests, CT scans, and MRI scans. However,

L INTRODUCTION
When hard mineral and acid salt deposits

accumulate in the kidneys, they can form calcium
stones, a prevalent type of kidney stone that can
cause pain during their passage through the urinary
tract. The process of stones moving through the
urinary tract can lead to considerable discomfort
and intense pain, typically felt on one side of the
abdomen and accompanied by nausea. However,
kidney stones usually do not result in permanent
harm. The standard treatment for kidney stones
involves pain relief medication and increasing fluid
intake to aid in the stones' passage. Drinking plenty
of water is particularly helpful for this condition.
The formation of kidney stones occurs when
minerals andsalts such as calcium and uric acid
accumulate in the urineduetoinadequatefluidintake.
Whenthebodylacks fluids, itaccumulates waste and
increases the likelihood of kidneystone formation.
Medical intervention may be  necessary

producing resultsfor a large amount of data through
human inspection andoperatorsisimpractical.
Accurately identifying the location and presence of
kidneystonesiscrucialduringsurgicalprocedures.Ultr
asoundimaging is one of the imaging techniques
that can be used todiagnose kidney abnormalities. It
is a non-invasive and safemethodthatutilizes high-
frequencysoundwavestoproduce images of the
kidneys, allowing doctors to detect and
locatekidneystoneswithprecision.

In recent years, the field of automation has
emerged and isbeing applied in the medical
industry. However, this has
ledtoanumberofcommon

issuesrelatedtoautomatedanalysis,includingtheneed
foraccurateandpreciseoutcomesandtheuse of
appropriate algorithms. Clinical analysis is a
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complexand intricate process that can be
challenging to navigate
duetoitsinherentlyfuzzynature.

Complexfeed-

forwardneuralnetworksknownasConvolutionalNeu
ralNetworks(CNNs)aregainingpopularity for their
ability to process large amounts of data,particularly
inthe area of medical diagnosis. One of thebenefits
ofusinganeuralnetworkapproachlike CNNsistheabili
ty to analyze disease by first learning and then
detectingon a partial level, through the process of
feature extraction.This approach can help to
identify patterns and correlationsthat might not be
immediately apparent through traditionalmethods.

IL. LITERATUREREVIEW

[1]1 This proposed preprocessing technique for
segmentingkidney stones will be helpful in
identifying kidney stones.The proposed
segmentation methodology is straightforwardand
simple to comprehend due to the usage of
thresholdingapproaches
basedonthepastinformationoftheimage. [2] In this
paper, they suggest a noninvasive,
inexpensive,andcost-
effectivecomputerizedclassificationmethodfordiag
nosing kidney illness based on clinical history,
physicalexaminations,andlaboratorytests. Thesensit
ivity,specificity, and accuracy metrics of the SVM
classifier withlinear kernels have been studied in
order to determine theperformance measures with
the highestscores.[3]
Everyyear,anincreasingnumberofpeoplearegivenak
idneystonediagnosis. Therefore,veryprecisetechniq
uesforstonedetectionandidentificationareconstantly
required. Thisstudysuggestsadeeplearningmodel-
basedautomatedapproach for the precise diagnosis
of kidney stones. [4] Thecurrent researchis aimed
at automating the procedure
ofultrasoundstoneanalysis. Thesystemcomprisesofe
xtraction and classification of features, where
extraction ofthe data and the image data set have
been performed on
theultrasoundpicture.[5] Thispaperproposesanimage
processing technique to identify kidney stones
automaticallywithout human intervention. This

report also presents
theliteraturereviewandcomparative
studyofvariedalgorithms available within the
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existing literature for urinary calculusdetection in
human bodies. [6] This paper explains the realtime
implementation  via interfacing it  with
thescanningmachinesthecapturedkidneyphotograph
canbesubjectedtothe proposed set of rules to
become aware of the
affectedvicinityandforaccurateclassificationofkidne
ystone.
[7]Inthispapertheproposedworkisadvantageousforr
ecognizingkidney stones from CT scan pictures
with less processinginstant and achieves great
accuracy. [8] In this paper,
thesurveyofdifferentalgorithmsandclassificationsar
eanalyzed followed by the detection of stone
present in
thekidney.Fromthisimplementation,theexistingsyst
emlimitations are inferred and a new design
isproposedtoaddressthe limitations.[9] This
paperexplainsthat pre-processing the ultrasound
image, segmenting it, and thenperforming
morphological analysis on the resulting pictureare
all part of the proposed methodology for detecting
theexistence of stones generated in the
kidneys.[10] In
thispaper,BPNisusedtodetectstonesinMRimagesofa
kidney.Thetwo-
stagedetectionprocessnamelythefeatureextractionan
d classification has eventually detected the stone in
thekidney.

III. COMPARATIVE ANALYSIS

Comparativeanalysisinvolvesevaluatingtwoormoreo
bjects,processes,documents,ordatasetstoidentifysimi
larities and differences. Through this analysis,
patternscanbeobserved,filterscanbeapplied,anddecis
iontreescanbe created. As an example, a
comparison table is presentedbelow that evaluates
four machine learning algorithms basedon various
parameters. This analysis can assist in
identifyingwhichalgorithmmaybebestsuitedforaparti
culartaskbasedonitsstrengthsandweaknesses.

Tablel.Comparisonofdifferent machinelearningalgorithms

Parameters ANN CNN RNN MLP
Data Tabula Image Sequenc Tabu

r e lar
ParameterS No Yes Yes No
hare
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RecurrentCo No Yes No No
nnections

SpatialRelat No Yes No No
ionship

Vanishing Yes Yes Yes Yes
ExplodeG Yes Yes Yes Yes
radient

FixedLe Yes Yes No No
ngth

IV.  CNN ALGORITHM

CNN is a type of neural network model which
allows us toextract higher representations for the
image content. Unlikethe classical image
recognition where you define the imagefeatures
yourself, CNN takes the image’s raw pixel
data,trains the model, then extracts the features
automatically forbetterclassification.

A.TheFirstBlock

Thedistinctivefeatureofthisneuralnetworkisthefirst
blockthatactsasafeatureextractor.Itsmainfunctionis
toperformtemplatematchingbyapplyingconvolutio
nfilteringoperations. The initial layer filters the
image with multipleconvolution kernels to
produce "feature maps", which
arefurthernormalizedusinganactivationfunctionan
dresizedifnecessary. This process can be repeated
several times byfiltering the feature maps
obtained with new kernels, whichgenerates new
feature maps that are normalized and
resized.Finally, the last feature maps' values are
concatenated into avector, which defines the first
block's output and serves
asinputtothesecondblock..
Toimprovetheaccuracyandqualityofthefeatureextr
actionprocess, the process can be repeated
multiple times. Witheach repetition, the obtained
feature maps are filtered
withnewkernels,resultinginnewfeaturemapsthatca
nbenormalized and resized. This process can be
repeated
severaltimesuntilthedesiredleveloffeatureextractio
n isachieved.Once the feature extraction process
is complete, the finaloutput is obtained by
concatenating the values of the lastfeature maps
into a vector, which then becomes the input
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ofthesecondblock.
B. TheSecondBlock

The second block in a convolutional neural
network (CNN)differs from other layers as it
serves as the final step forclassifying input data.
During this stage, the input
valuesundergolineartransformationsandactivationf
unctions,generating a new vector as the output.
The vector's lengthcorresponds to the numberof
classes,with
eachelementindicatingtheprobabilityoftheinputbel
ongingtoaparticularcategory. Theseprobabilitiesare
determinedbythelast layer of the network, which
utilizes either a logistic orSoftMax function as an
activation  function forbinary  ormulti-class
classification, respectively. Notably, the sum
ofallprobabilitiesequalsone,witheachelementrangi
ngbetweenzeroandone.
Similartotraditionalneuralnetworks,CNNlayers'pa
rameters are determined using gradient
backpropagationduringthetrainingphasetominimiz
ecross-entropy.However, unlike regular neural
networks, CNN
parametersrelatetospecificimagefeatures.

1) Theconvolutionallayer

The convolutional layeris an essential building
block
inconvolutionalneuralnetworksandtypicallyservesa
sthefirstlayer. Its primary objective is to identify a
particular set offeatures present in the input
images. To achieve this,
theconvolutionallayerimplementsaconvolutionalfil
termechanism. It involves sliding a window that
represents
thedesiredfeatureacrosstheimageandcomputingthec
onvolutionproductbetweenthefilterandeachportiono
fthescannedimage.Theconvolutional
layeracceptsmultiple input images and performs
convolution with each filter. Thefilters correspond
precisely to the features that we intend
todetectintheinputimages

2) Thepoolinglayer

Thepoolinglayeristypicallyinsertedbetweentwocon
volution layers, where it takes in multiple feature
mapsandperformspoolingoperationsoneachofthem.
Theprimary objective of the pooling operation is
to decrease theimagesizewhilemaintainingtheir
crucialfeatures.Bydoingso,thepoolinglayereffectiv
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elyreducesthenetwork'sparametersandcomputation
s,whichimprovesoverallnetworkefficiencyandhelps
preventoverfitting.

3) TheReLUcorrectionlayer

ReLU(RectifiedLinearUnits)isanon-linearfunction
thatisdefined by ReLU(x) = max(0,x). The ReLLU
activation layerserves to replace any negative
input  values with zeros.  Thiscorrection
layereffectively acts as an
activationfunctionwithinaneuralnetwork.

4) Thefullyconnectedlayer

Thefully-
connectedlayerisastandardcomponentofaneuralnet
work, including convolutional neural networks,
where italways serves as the final layer. Its
primary objective is toaccept an input vector and
produce a corresponding
outputvectorbyperformingalinearcombinationofthe
inputvalues,potentially followed by an activation
function. In the case
ofaclassificationproblem,thelastfullyconnectedlaye
rprovides an N-size vector, where N represents the
number
ofclasses.Eachelementofthisvectorcorrespondstoth
eprobabilityoftheinputimagebelongingtoaparticular
class.

V. PROPOSEDWORKANDIMPLEMENT
ATION

In this particular study, we have leveraged the
tremendous advancements made in the field of
computer science through the use of deep learning
(DL) techniques. Specifically, we have employed
convolutional neural networks (CNNs), with an
emphasis on the Xception Model, to autonomously
detect kidney stones using coronal computed axial
tomography (CT) images. Our analysis has been
conducted using Python in conjunction with the
Keras deep learning framework, and the CNNs
have been pre-trained on the ImageNet database.
Deep learning, a subset of machine learning,
involves the use of neural networks to enable
computers to "learn" from massive amounts of
data. While these neural networks are designed to
mimic the functioning of the human brain, they are
not as powerful as the human brain. In essence, a
typical neural network consists of three layers: the
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input layer, the hidden layer, and the output layer.
Although a single-layer neural network may
produce only rough predictions, additional hidden
layers can be added to improve accuracy and
refine predictions. A CT scanner, short for
"computerized axial tomography scanner,” is a
medical imaging device that uses x-ray technology
to create detailed cross-sectional images, or
"slices," of the body. During a CT scan, a patient
is positioned on a table and passed through a
narrow x-ray beam that rotates around their body.
The signals generated by the beam are processed
by a computer to generate the tomographic
images, which are more detailed than traditional x-
rays. This non-invasive imaging technique is
commonly used in the diagnosis and monitoring of
various medical conditions. Each CT machine
produces one slice of the following type for each
calculation made; these slices are then digitally
combined to create a three-dimensional image of
the patient's anatomy. This allows for easy
identification and segmentation of important
structures as well as any tumors or abnormalities
that may be present.

Fig. 1. DatasetImage

A computed tomography (CT) scanner operates
by rotatingan X-ray emitter around a patient's
body to create a three-dimensional image. The CT
machine has a circular openingin its center and a
platform on which the patient lies still.Unlike
traditional X-rays that use a high-energy
radiationtube,aCTscanneremploysalow-powered

X-raysource.Asthe  platform slowly moves
through the circular opening,
thescannerrotatesaroundthepatient, emittingtiny X-
raybeamsinto the body. The X-rays that pass
through the body aredetected by multiple

ISSN : 2581-7175

OIJSRED:AIl Rights are Reserved

Page 170



International Journal of Scientific Research and Engineering Development-— Volume 6 Issue 3, May-June 2023

Available at www.ijsred.com

radioactivity detectors located on theopposite side "No KidneyStone."
of the body from the radiation source.
Thedetectors convert the detected X-rays into
electronic signalsthat are then processed by a
computer to construct the final3D
imageofthepatient'sbody.

Kidney CT scans are a more comprehensive
diagnostic toolcompared to standard kidney,
ureter, and bladder X-rays. Byproviding a more
detailed view of the organs, CT scans canaid
medical professionals in identifying kidney
injuries anddiseases. CT scans of the kidneys can
be utilized to detect avariety of conditions, such

Fig.4.ResultPrediction

as tumors or lesions, VII. CONCLUSIONS

0bstmctiv§conditions§uchaskidneystones,conger}i To identify kidney stones, it has been proposed to
talanomah'es,polycystlc uropathy, fluid e aconvolutional neural network (CNN) to
a?cumulatlon ' around ‘ the  create a model, trainit, and then examine the
kldneys,andabscesslocatlonswhenevaluatlngoneor picture it produces. The generatedpicture was used
bothkidneys. to pinpoint the exact position of the

stone. Thesuggestedmethodisabletoaccuratelypredi
ct98.50%oftheresults. Thesuggestedmethodofidenti
fyingkidneystones has been realized using CNN
Thispartsummarizestheproject'soutcomeandprovide Algorithm and Kera’s,image net assisted by its
sasummaryoftheuserinterfaceandfunctionalities. figure preprocessing, and finallyperforming

exception act in line with the produced
picture. Thecrucialfusionofthesethreemethodshasbe

VI. RESULTSAND DISCUSSIONS

§o - — endemonstratedtobearepeatableprocessforrenalston
edetection.
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