www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 7 July 2026 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éh INTERNATIONAL JOURNAL OF CREATIVE

RESEARCH THOUGHTS (1JCRT)
I

An International Open Access, Peer-reviewed, Refereed Journal

Deep Learning-Based Brain Tumor Segmentation
and Classification Using MRI Images

Ms. SK Ashraffine Ishrat, Dr. G Chamundeswari, Dr. B Prasad Babu, Mr. R Siva, Mr. S Siva Krishna,
Ms. J Neeraja
Department of Computer Science and Engineering

Ramachandra College of Engineering, Eluru, AP, India
Doi: https://doi.org/10.56975/ijcrt.v14i7.309985

Abstract Detection of brain tumors is a very significant area in medical diagnostics, since early detection can lead
to better treatment outcomes and increased survival rate. MRI is one of the most common methods of brain
diagnostics, as it gives detailed images of soft tissue. The manual analysis of MRI scans takes quite a lot of time
and can suffer from inconsistencies caused by human factors. Therefore, this paper proposes a deep learning-
based method of automated brain tumor detection and classification based on MRI images.

Preprocessing of the MRI images such as resizing and normalization is utilized to optimize the input data. A
CNN- based algorithm is proposed to automatically detect and classify images with and without brain tumors.
The accuracy of the model allows to classify images more efficiently. The proposed system has been integrated
with a web-based user interface, where users can upload images and receive automatic predictions with
probabilities.

The results of the experiment show that the proposed model can successfully identify brain tumors and provide
accurate classification. The proposed method can help save doctors' time and provide automated assistance for
decision making. The system can be further developed for more complicated medical diagnostic tasks and is
applicable for academic use.

Keyw.ords— Brain Tum.or, MRI Ima.ges, Deep Lear.ning, Convolu.tional Neu.ral Netw.ork (CNN), Medi.cal
Ima.ge Anal.ysis, Tum.or Detec.tion, Ima.ge Classif.ication, Compute.r- Aided Diagn.osis

I Introduction

Bra.in tum.ors are amo.ng the most seri.ous neurol.ogical disor.ders that can signifi.cantly aff.ect hum.an life if
not dete.cted and trea.ted at an ear.ly sta.ge. A bra.in tum.or is an abno.rmal gro.wth of cel.ls wit.hin the bra.in that
may be eit.her ben.ign (non-c.ancerous) or malig.nant (canc.erous). Ear.ly and accu.rate diagn.osis pla.ys a cruc.ial
role in determ.ining approp.riate treat.ment strat.egies and impro.ving patient surv.ival rat.es. In mod.ern
healt.hcare, Magn.etic Reson.ance Imag.ing (MRI) is wid.ely used as a prim.ary imaging techn.ique for bra.in
tum.or detec.tion due to its abil.ity to prov.ide high-re.solution ima.ges of soft tiss.ues.

Desp.ite the effecti.veness of MRI imag.ing, the man.ual anal.ysis of the.se sca.ns by radiol.ogists is a time-
co.nsuming and comp.lex proc.ess. The interpr.etation of MRI ima.ges often depe.nds on the exper.ience and
exper.tise of medi.cal profess.ionals, whi.ch may lead to variab.ility in diagn.osis. Additi.onally, the incre.asing
vol.ume of medical imag.ing data furt.her incre.ases the bur.den on radiol.ogists, mak.ing it diffi.cult to ens.ure
consi.stent and accu.rate resu.lts. The.se chall.enges highl.ight the need for autom.ated syst.ems that can ass.ist
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in analy.zing MRI ima.ges effici.ently.

In rec.ent yea.rs, deep lear.ning techniques have emer.ged as powe.rful too.Is for medi.cal ima.ge anal.ysis.
Convolu.tional Neu.ral Netw.orks (CNNSs), in parti.cular, have shown remarkable perfor.mance in ima.ge
classif.ication tas.ks by automat.ically lear.ning impor.tant feat.ures from data. Unlike tradit.ional mach.ine
lear.ning appro.aches that rely on handcr.afted feat.ures, deep lear.ning mod.els can extr.act comp.lex patt.erns
dire.ctly from ima.ges, lead.ing to impr.oved accu.racy and robus.tness.

This pap.er pres.ents a deep learnin.g-based appr.oach for bra.in tum.or detec.tion usi.ng MRI ima.ges. The
prop.osed sys.tem util.izes ima.ge preproc.essing techn.iques to enha.nce inp.ut data and appl.ies a CNN mod.el
for classif.ication of tum.or and non-

tumor cas.es. The sys.tem is furt.her integ.rated with a web-

.based interface, enab.ling use.rs to upl.oad MRI ima.ges and obt.ain real.-time predic.tions. This appr.oach aims
to reduce man.ual eff.ort, impr.ove diagn.ostic accu.racy, and prov.ide a suppo.rtive tool for medi.cal
profess.ionals.

Il. RELATED WORK
In rec.ent yea.rs, signif.icant rese.arch has been carr.ied out in the fie.ld of bra.in tum.or detec.tion usi.ng
medical imag.ing techn.iques. Tradit.ional appro.aches mai.nly rel.ied on ima.ge processing meth.ods comb.ined
with mach.ine lear.ning algor.ithms. These meth.ods typic.ally invo.lve man.ual feature extra.ction, such as
text.ure, sha.pe, and intensi.ty-based feat.ures, foll.owed by classif.ication usi.ng algor.ithms like Supp.ort Vec.tor
Mach.ines (SVM) and k-Ne.arest Neigh.bors (k-NN). However, the.se appro.aches oft.en stru.ggle to han.dle
comp.lex tumor struc.tures and varia.tions in MRI ima.ges, resul.ting in limi.ted accu.racy.
With the advanc.ement of deep lear.ning, resear.chers have increa.singly adop.ted Convolu.tional Neural
Netw.orks (CNNSs) for medi.cal image anal.ysis. CNN-.based mod.els automat.ically lea.rn hierarchical feat.ures
from inp.ut ima.ges, elimin.ating the need for man.ual feat.ure extra.ction. Seve.ral stud.ies have
demons.trated that CNN archite.ctures, such as VGG.Net, Res.Net, and Dens.eNet, achi.eve higher
accu.racy in bra.in tum.or classif.ication comp.ared to tradit.ional meth.ods. The.se mod.els are capa.ble of
capturing both low-.level and high-.level features, mak.ing them suit.able for comp.lex medi.cal data.sets. For
tum.or segmen.tation tas.ks, the U-Net archit.ecture has bec.ome a wid.ely acce.pted mod.el in the medi.cal
imag.ing dom.ain. U-Net uses an encoder.—decoder struc.ture with skip connec.tions, whi.ch hel.ps in
prese.rving spat.ial inform.ation while extra.cting conte.xtual feat.ures. It has been succes.sfully appl.ied to
various medi.cal ima.ge segmen.tation prob.lems, inclu.ding bra.in tum.or segmen.tation, achie.ving
high perfor.mance in identi.fying tum.or bound.aries. Rec.ent rese.arch also expl.ores hyb.rid
appro.aches that comb.ine segmen.tation and classif.ication into a unif.ied frame.work. The.se syst.ems first
segm.ent the tum.or reg.ion usi.ng mod.els like U-Net and then clas.sify the extra.cted reg.ion usi.ng CNN or
tran.sfer lear.ning mod.els. Alth.ough the.se appro.aches improve accu.racy, they oft.en requ.ire lar.ge
datasets and high computational resources. To des.ign and imple.ment a deep learnin.g-based mod.el for detecting
bra.in tum.ors from MRI ima.ges.
. To prepr.ocess MRI ima.ges usi.ng techn.iques such as resi.zing, normali.zation, and noi.se reduc.tion to
improve mod.el perfor.mance.
. To deve.lop a Convolu.tional Neu.ral Netw.ork (CNN)

Desp.ite the progress made in this fie.ld, chall.enges such as cla.ss imbal.ance, limi.ted labe.led data, and
variab.ility in MRI ima.ge qual.ity sti.ll exi.st. There.fore, the.re is a need for effic.ient and simpl.ified mod.els
that can prov.ide reli.able resu.lts whi.le maintaining computa.tional feasib.ility. The prop.osed work aims to
addr.ess the.se chall.enges by devel.oping a deep learnin.g-based sys.tem that integ.rates classif.ication with a
user-f.riendly deplo.yment inter.face.

[JCRTBY02051 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ 391


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 7 July 2026 | ISSN: 2320-2882

. RESEARCH GAP

Although significant progress has been made in the field of capa.ble of extra.cting meani.ngful feat.ures and
accur.ately classi.fying ima.ges into tum.or and non- tumor categ.ories.

. To eval.uate the perfor.mance of the prop.osed mod.el usi.ng stan.dard metr.ics such as accu.racy and
predi.ction confi.dence.

. To integ.rate the trai.ned mod.el into a web-.based applic.ation usi.ng Fla.sk for real.-time ima.ge upl.oad
and predi.ction. o prov.ide a user-f.riendly inter.face that all.ows easy

bra.in tum.or detec.tion usi.ng medi.cal imag.ing and deep lear.ning techn.iques, several limita.tions sti.ll exi.st in
curr.ent appro.aches. Many tradit.ional meth.ods rely on handcr.afted feat.ures and bas.ic classi.fiers, whi.ch are
not capa.ble of captu.ring the comp.lex patt.erns pres.ent in MRI ima.ges. As a res.ult, the.se meth.ods oft.en
prod.uce low.er accu.racy and are not suit.able for real-.world clin.ical applic.ations.

In recent yea.rs, deep lear.ning mod.els such as Convolu.tional Neu.ral Netw.orks (CNNs) and U-Net
archite.ctures have impr.oved the perfor.mance of tum.or detec.tion and segmen.tation tas.ks. However, most
exis.ting stud.ies foc.us eit.her on segmen.tation or classif.ication separ.ately, rat.her than combi.ning both tas.ks
into a sin.gle integ.rated sys.tem. This lack of integr.ation lim.its the over.all effecti.veness of autom.ated
diagn.ostic systems.

Anot.her maj.or chall.enge is the availa.bility of lar.ge and well- annotated data.sets. Many mod.els requ.ire
exten.sive trai.ning data and high computa.tional resou.rces, whi.ch may not alw.ays be feas.ible in pract.ical
scena.rios. Additi.onally, varia.tions in MRI ima.ge qual.ity, noi.se, and differ.ences in imag.ing proto.cols can
aff.ect the perfor.mance and generalization abil.ity of these mod.els.

Furthe.rmore, many rese.arch wor.ks lack user-f.riendly inter.faces, mak.ing it diffi.cult for non-te.chnical use.rs
or medi.cal profess.ionals to util.ize the devel.oped syst.ems effect.ively. The.re is a need for a sys.tem that not
only achi.eves good accu.racy but is also easy to use and capa.ble of intera.ction and visuali.zation of resu.lts.
To red.uce man.ual eff.ort in medi.cal ima.ge anal.ysis and ass.ist healt.hcare profess.ionals in decisio.n-making.

V. METHODOLOGY

The prop.osed method.ology is desi.gned to det.ect bra.in tum.ors from MRI ima.ges usi.ng-a deep learnin.g-based
pipe.line. The complete frame.work foll.ows a sequ.ence of sta.ges star.ting from MRI ima.ge colle.ction and
end.ing with fin.al tumor predi.ction. The purp.ose of this method.ology is to reduce manual anal.ysis, impr.ove
diagn.ostic consis.tency, and prov.ide a reli.able autom.ated supp.ort sys.tem for medi.cal ima.ge anal.ysis.

The method.ology cons.ists of the follo.wing maj.or sta.ges:

1. MRI ima.ge data.set colle.ction

Ima.ge preproc.essing

Explor.atory data anal.ysis

Data prepar.ation and split.ting

Feat.ure lear.ning usi.ng deep lear.ning

Tum.or segmentation

Tumor classif.ication

Performance evaluation

Mod.el sav.ing and deplo.yment

© o N o gk o
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Iv. OBJECTIVES

The primary objec.tive of this work is to deve.lop an effic.ient and autom.ated sys.tem for bra.in tum.or detec.tion
usi.ng MRI ima.ges by lever.aging deep lear.ning techn.iques. The specific objec.tives of the proj.ect are as
foll.ows:

hen pas.sed to a CNN class.ifier to iden.tify the tum.or pres.ence or cate.gory. Fina.lly, the system evalu.ates the
mod.el usi.ng standard metr.ics and sav.es the trai.ned mod.el for deplo.yment in a Flask.-based web applic.ation.

A. Step 1: Dataset Collection The fir.st step in the method.ology is the colle.ction of bra.in MRI ima.ges.
For this proj.ect, MRI ima.ges are tak.en from a publ.icly available data.set. In the ide.al form of the
proj.ect, the Bra. TS data.set is prefe.rred beca.use it contains both MRI sca.ns and corresp.onding
segmen.tation mas.ks. This mak.es it

suitable for both tumor localization and tumor classification. Displ.aying sample tum.or and non-.tumor MRI
ima.ges

. Observing image intensity and contrast

. Chec.king the num.ber of samp.les in each cla.ss

. Verif.ying whet.her the data.set is bala.nced or

MRI ima.ges are sele.cted beca.use they prov.ide cle.ar visuali.zation of soft tiss.ues and help in identifying
abno.rmal tum.or regi.ons in the bra.in. The data.set may cont.ain tum.or ima.ges, non-.tumor ima.ges, and in some
cases annotated tum.or masks. The.se ima.ges form the found.ation for model trai.ning and test.ing.

Purpose

The purp.ose of data.set colle.ction is to gat.her a suffi.cient num.ber of MRI sca.ns so that the mod.el can lea.rn
diffe.rent bra.in patt.erns and recog.nize tumor-.related abnorma.lities.

B. Step 2: Image Preprocessing

Raw MRI ima.ges can.not be dire.ctly used for trai.ning because they may dif.fer in size, qual.ity, brigh.tness, and
noise levels. There.fore, preproc.essing is requ.ired to make the data.set suit.able for deep lear.ning.

The preprocessing stage includes the following sub-steps: bal.anced

. Underst.anding how tum.or regi.ons app.ear in diffe.rent MRI sli.ces

Purpose

EDA prov.ides insi.ght into the data.set and hel.ps in choo.sing approp.riate preproc.essing and mode.ling
strat.egies. For exam.ple, if one class cont.ains more samp.les than anot.her, balan.cing techn.iques may be nee.ded.
E. Step 4: Data Preparation and Splitting

Aft.er preproc.essing and anal.ysis, the data.set is divi.ded into two or three par.ts depen.ding on the exper.iment:
. Training set — used to tra.in the mod.el

. Validation set — used to tune mod.el perfor.mance during training

. Testing set — used to evaluate fin.al mod.el perfor.mance A common split is 80% for training and 20%
for testing. If a

1. Image Resizing

MRI ima.ges from different sour.ces may have diffe.rent dimen.sions. All ima.ges are resi.zed to a fix.ed
size such as 224

x 224 or 256 x 256 pix.els. This ensu.res unif.orm inp.ut dimen.sions for the neu.ral netw.ork.

2. Normalization

Pix.el val.ues in ima.ges are sca.led to a com.mon ran.ge, usua.lly betw.een 0 and 1. This hel.ps the mod.el

tra.in more effici.ently . . . .

valid.ation set is used, the trai.ning data can be furt.her spl.it.

Purpose

The purp.ose of data split.ting is to ens.ure that the mod.el is evalu.ated on uns.een data. This hel.ps meas.ure how
well the mod.el generalizes bey.ond the trai.ning set.

F. Step 5: Tumor Segmentation Using U-Net

Segmen.tation is the proc.ess of identi.fying the exa.ct tum.or region in an MRI image. This step is important
because it

and prevents lar.ge pix.el val.ues from domin.ating the lear.ning proc.ess.

3. Noise Reduction
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MRI ima.ges may cont.ain unwa.nted distor.tions or scan.ning noi.se. Bas.ic smoot.hing or filtering opera.tions
can be appl.ied to impr.ove ima.ge clar.ity.

4. Data Cleaning all.ows the sys.tem to foc.us only on the abno.rmal part of the bra.in rat.her than the full
ima.ge.

For this purp.ose, the U-Net archit.ecture is used. U-Net is one of the most effec.tive deep lear.ning mod.els for
medical ima.ge segmen.tation.

Why U-Net?

U-Net works well in biomedical imaging because it can

Any corru.pted or irrel.evant ima.ges are remo.ved from the data.set to main.tain data qual.ity.

5. Augmentation

To impr.ove mod.el general.ization and red.uce overfi.tting, augmen.tation techn.iques such as rota.tion, flip.ping,
zoom.ing, and shif.ting may be appl.ied. This artifi.cially incre.ases the diver.sity of trai.ning images.
Preprocessing Diagram Explanation

This sta.ge trans.forms raw MRI inp.ut into a cle.an and standa.rdized for.mat. The deep lear.ning mod.el perf.orms
bet.ter when the inp.ut data is consi.stent and visu.ally enha.nced.

C. Step 3: Exploratory Data Analysis (EDA)

Before mod.el trai.ning, explor.atory data anal.ysis is carr.ied out to under.stand the nat.ure of the data.set. This is
an impor.tant step beca.use it hel.ps in identi.fying cla.ss distri.bution, ima.ge qual.ity, tum.or visib.ility, and
poss.ible data imbal.ance.

EDA incl.udes: capt.ure both low-.level spat.ial deta.ils and high-.level contextual inform.ation. It uses an
encoder.-decoder struc.ture:

. The encoder extr.acts ima.ge feat.ures
. The decoder recons.tructs the out.put mask
. Skip connections pres.erve important spat.ial inform.ation

G. Step 6: Tumor Region Extraction

Once the segmen.tation mask is gener.ated, the tum.or reg.ion is extra.cted from the orig.inal MRI ima.ge. This
step isol.ates only the abno.rmal part of the ima.ge, whi.ch is hig.hly use.ful for the classif.ication mod.el.
Purpose

Inst.ead of analy.zing the comp.lete bra.in ima.ge, the class.ifier focu.ses on the extra.cted tum.or region. This
reduces irrel.evant backg.round inform.ation and impr.oves classif.ication accu.racy.

Working The tum.or mask is multi.plied or over.laid on the orig.inal MRI ima.ge so that only the tum.or area is
reta.ined for furt.her anal.ysis.

H. Step 7: Tumor Classification Using CNN

Aft.er segmen.tation and tum.or extra.ction, the next step is classif.ication. In this sta.ge, a Convolu.tional Neu.ral
Netw.ork (CNN) is used to clas.sify the MRI ima.ge or segme.nted tumor reg.ion.

Depen.ding on dataset availa.bility, classif.ication can be perfo.rmed in one of the follo.wing ways:

. Tum.or vs. No Tum.or

. Benign vs. Malignant
. Multi.-class tum.or type classif.ication
Why CNN?

CNN is hig.hly effec.tive for image classif.ication beca.use it automat.ically lea.rns impor.tant ima.ge feat.ures
such as edg.es, text.ures, sha.pes, and patterns. Unl.ike tradit.ional mach.ine learning meth.ods, it does not requ.ire
man.ual feat.ure extra.ction.

CNN Processing Steps

1. Inp.ut MRI ima.ge is pas.sed to convol.ution layers
2. Feat.ure maps are gener.ated
3. Pool.ing redu.ces ima.ge dimen.sions Aft.er mod.el trai.ning, the sys.tem perfor.mance is meas.ured

usi.ng stan.dard evaluation metr.ics.
For Classification

. Accuracy
. Preci.sion
. Rec.all

. F1-S.core
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. Confusion Mat.rix

For Segmentation

. Dice Coeffi.cient

. Inters.ection over Uni.on (loU)
. Pixel Accu.racy

Metric Explanation

Accuracy meas.ures how many ima.ges are corre.ctly class.ified. Precision sho.ws how many predi.cted tum.ors

are actu.ally tum.ors.

Recall indic.ates how many act.ual tum.or cas.es are dete.cted. Dice coefficient measures over.lap betw.een

predi.cted tum.or mask and actual  mask. loU meas.ures the simil.arity betw.een

predi.cted and gro.und tru.th segmen.tation.

Purpose

These metrics help in understanding whether the proposed Ful.ly conne.cted lay.ers comb.ine
extra.cted inform.ation

4. Out.put lay.er pred.icts cla.ss lab.el

Explanation

The CNN lea.rns discrim.inative patterns from the MRI images dur.ing trai.ning. When a new ima.ge is uplo.aded,
the trai.ned mod.el pred.icts whet.her the ima.ge cont.ains a tum.or and may also prov.ide a confi.dence sco.re.

I. Step 8: Model Training

During trai.ning, the CNN and segmen.tation mod.el are expo.sed to labe.led MRI ima.ges. The mod.el adju.sts
its internal weig.hts using backprop.agation and optimization algor.ithms such as Adam.

Training Process

. Inp.ut ima.ges are passed thro.ugh the netw.ork
. Predi.cted outp.uts are comp.ared with act.ual lab.els
. Loss is calcu.lated

. Weig.hts are upda.ted to mini.mize err.or

. The proc.ess repe.ats for seve.ral epochs
Important Training Parameters

. Epo.chs

. Bat.ch size

. Lear.ning rate

. Optim.izer

. Loss func.tion

For classif.ication, binary cross-entropy is commonly used. For segmen.tation, Dice loss or bin.ary cross-
.entropy can be used.

J. Step 9: Performance Evaluation sys.tem is reli.able and effective.

K. Step 10: Model Saving

Once trai.ning is compl.eted, the best performing mod.el is sav.ed in a for.mat such as .h5 or .ker.as. Sav.ing the
mod.el all.ows it to be reu.sed later without retra.ining.

Purpose

The sav.ed mod.el is used during deplo.yment for real-time predi.ction in the web application.

L. Step 11: Deployment Using Flask

Aft.er succe.ssful trai.ning and evalu.ation, the mod.el is integ.rated into a Flask.-based web application. This
mak.es the proj.ect intera.ctive and easy to demonstrate.

Deployment Workflow

1. User uplo.ads an MRI ima.ge

Ima.ge is prepro.cessed

Sav.ed mod.el loa.ds and pred.icts res.ult

Out.put is displ.ayed on webp.age

Confidence score and diagnosis report are shown This sta.ge mak.es the mod.el practi.cally usa.ble.

ok~ N
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Inst.ead of runn.ing code manu.ally, the user can sim.ply upl.oad an ima.ge thro.ugh the web inter.face and get

Input MRI Image |

Preprocessing

« Resizing
« Normalization
+ Noise Reduction

&

U-Net Based Segmentation

U-Net Based Segmentation

L

CNN Based Classification

CNN Based Classification

3

{ Flask Web :\ppli(ation

E— —==_ -
Result Display

« Predicted Class (Tumor / No Tumor)

* Confidence Percentage

the res.ult insta.ntly.

Vl. SYSTEM ARCHITECTURE

The sys.tem archit.ecture of the prop.osed mod.el repre.sents the overall work.flow of bra.in tum.or detec.tion
and classif.ication usi.ng MRI ima.ges. It defi.nes how inp.ut data is proce.ssed thro.ugh diffe.rent sta.ges and
how the fin.al out.put is gener.ated. The archit.ecture is desi.gned to ens.ure effic.ient data flow, accu.rate
predi.ction, and easy integr.ation with a user inter.face. The sys.tem cons.ists of mult.iple modu.les, inclu.ding
inp.ut acquis.ition, preproc.essing, segmen.tation, classif.ication, and out.put gener.ation. Each mod.ule pla.ys an
impor.tant role in transf.orming raw MRI ima.ges into meani.ngful diagnostic resu.lts.

A. System Architecture Diagram

Input MRI
Images

-

Tumor Tumor
Preprocessing  —» gegmentation »  Classification

s Flask Web
Application

Training

+ Data
+ CNN / U-Net Configuration
+ Model Optimization

Trained Models

+ Data Augmentation
+ CNN / U-Net Configuration
+ Model Optimization

B. Architecture Explanation

The prop.osed sys.tem begins with MRI image inp.ut, whi.ch is colle.cted from a data.set or uplo.aded by a user
thro.ugh the Aft.er preproc.essing, the ima.ges are fed into a U-Net segmen.tation mod.el. This mod.el is
specifically desi.gned for medical ima.ge segmen.tation and hel.ps in identi.fying the exa.ct tum.or reg.ion
wit.hin the bra.in MRI scan. The out.put of this sta.ge is a segmen.tation mask that highl.ights the tum.or area.
The segme.nted tum.or reg.ion is then extra.cted and pas.sed to the classif.ication sta.ge. In this sta.ge, a
Convolu.tional Neu.ral Netw.ork (CNN) is used to anal.yze the extra.cted reg.ion and clas.sify it as eit.her tum.or
or non-.tumor. The CNN mod.el lea.rns important feat.ures such as sha.pe, text.ure, and inten.sity patt.erns from
the MRI ima.ges.

Fina.lly, the sys.tem gener.ates the out.put, whi.ch incl.udes the predi.ction res.ult (tu.mor or no tum.or) alo.ng
with a confi.dence sco.re. The res.ult is displ.ayed on a web-.based inter.face devel.oped usi.ng Fla.sk, allo.wing
use.rs to eas.ily upl.oad ima.ges and view predic.tions.

C. Module Description
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1. Input Module

This mod.ule acce.pts MRI images eit.her from the data.set or thro.ugh user upl.oad. It acts as the starting poi.nt
of the system.

2. Preprocessing Module

This mod.ule standardizes inp.ut ima.ges by resi.zing, normali.zation, and noi.se reduc.tion to impr.ove mod.el
perfor.mance.

3. Segmentation Module

The U-Net mod.el ident.ifies and isol.ates tumor regi.ons from MRI ima.ges, provi.ding a deta.iled tum.or mask.
4. Feature Extraction and Classification Module

The CNN mod.el extracts feat.ures and class.ifies the ima.ge bas.ed on learned patt.erns.

5. Output Module

The final mod.ule disp.lays the prediction res.ult and confi.dence perce.ntage to the user thro.ugh a web
inter.face.

D. Advantages of the Proposed Architecture

. Prov.ides an end-.to-end autom.ated sys.tem for tum.or detec.tion

. Comb.ines segmen.tation and classif.ication for impr.oved accu.racy
. Redu.ces man.ual eff.ort in medi.cal ima.ge anal.ysis

. User-f.riendly inter.face for real.-time prediction

. Scal.able and adapt.able for fut.ure enhanc.ements

Vil. ALGORITHMS IMPLEMENTATION

This sect.ion descr.ibes the impleme.ntation of the algor.ithms used in the prop.osed sys.tem for bra.in tum.or
detec.tion and classif.ication usi.ng MRI ima.ges. The sys.tem mai.nly cons.ists of two core algor.ithms: ima.ge
preproc.essing and Convolu.tional Neu.ral Netw.ork (CNN.)-based classif.ication. In adva.nced scena.rios, U-
Net is used for tum.or segmen.tation. The impleme.ntation is carr.ied out usi.ng Pyt.hon and deep

learning libraries such as TensorFlow and Keras. web inter.face. The.se ima.ges are then pas.sed thro.ugh a
reproc.essing sta.ge, whe.re they are resi.zed to a fix.ed

dimen.sion, norma.lized to a standard pix.el ran.ge, and clea.ned to remove noise. This step ensures that all
images are Image Preprocessing Algorithm

The preproc.essing algor.ithm prep.ares MRI ima.ges for inp.ut into the deep lear.ning mod.el. Sin.ce MRI
ima.ges may vary in consi.stent and suit.able for mod.el trai.ning and predi.ction. size, inten.sity, and qual.ity,
preproc.essing ensu.res consis.tency and impr.oves mod.el perfor.mance End Ret.urn "No Tum.or"

Algorithm Steps

1. Inp.ut MRI ima.ge from data.set or user upl.oad

Conv.ert ima.ge to RGB for.mat (if requ.ired)

Res.ize ima.ge to fix.ed dimen.sion (e.g., 224 x 224)

Norma.lize pix.el val.ues to ran.ge [0, 1]

Rem.ove noi.se (opt.ional filte.ring)

: Store proce.ssed ima.ge for trai.ning or predi.ction

Pseudo Code

Input: MRI Image Explanation

The CNN mod.el lea.rns hierar.chical feat.ures from MRI ima.ges. Convol.ution lay.ers extr.act patt.erns such as
edg.es and text.ures, whi.le pool.ing redu.ces computa.tional compl.exity.

The fin.al den.se lay.er class.ifies the ima.ge bas.ed on lear.ned feat.ures.

o U AW N

C. U-Net Segmentation Algorithm (Optional Advanced)
For segmen.tation tas.ks, the U-Net mod.el is used to det.ect the

Algorithm Steps
1. Inp.ut prepro.cessed MRI ima.ge
2. Apply encoder path (feature extraction using

Conv.ert ima.ge to RGB for.mat Res.ize ima.ge to 224 x 224
Norma.lize pix.el val.ues by divi.ding by 255 Ret.urn proce.ssed ima.ge

[JCRTBY02051 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ 397



http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 7 July 2026 | ISSN: 2320-2882

End

Explanation

This algor.ithm ensu.res that all MRI ima.ges are unif.orm in size and sca.le before bei.ng pas.sed to the CNN
mod.el.

Normali.zation hel.ps the mod.el conv.erge fas.ter dur.ing trai.ning, whi.le resi.zing ensu.res compati.bility with
the netw.ork inp.ut lay.er.

B. CNN-Based Classification Algorithm

The classif.ication algor.ithm uses a Convolu.tional Neu.ral Netw.ork (CNN) to identify whet.her an MRI ima.ge
cont.ains a tum.or or not. The CNN automat.ically extr.acts rele.vant feat.ures from ima.ges and perf.orms
classification.

Algorithm Steps

1. Inp.ut prepro.cessed MRI image  exact tumor region within MRI images. Output: Preprocessed Image

convol.ution + pool.ing)

App.ly bottl.eneck lay.er

App.ly deco.der path (upsam.pling and feat.ure reconst.ruction)
Comb.ine feat.ures usi.ng skip connections

Gene.rate segmen.tation mask

Highlight tumor reg.ion

Pseudo Code

Inp.ut: MRI Ima.ge Out.put: Tum.or Mask

N o bk ow

Begin

Pass ima.ge thro.ugh enco.der lay.ers Extract feat.ure maps

Pass thro.ugh bottl.eneck lay.er Upsample using decoder layers
Comb.ine feat.ures usi.ng skip connec.tions Generate segmentation mask

2. Pass image thro.ugh convol.ution lay.ers

App.ly activ.ation func.tion (ReLU)

Perf.orm max pool.ing to red.uce dimen.sions

Rep.eat convol.ution and pool.ing lay.ers

Flat.ten feat.ure maps into a vec.tor

Pass thro.ugh ful.ly conne.cted (de.nse) lay.ers
App.ly sigm.oid activ.ation func.tion

: Out.put predi.ction (tu.mor / no tum.or)

Pseudo Code

Inp.ut: Prepro.cessed MRI Ima.ge Out.put: Tum.or / No Tum.or

© © N o g b o

Beg.in

Pass image through convolution layer Apply ReL.U activ.ation

Perf.orm max pool.ing

Rep.eat lay.ers for feat.ure extra.ction Flat.ten feat.ure maps

Pass thro.ugh den.se lay.ers App.ly sigm.oid func.tion If out.put > 0.5

Ret.urn "Tu.mor" Else Ret.urn tum.or mask

End

Explanation

U-Net effici.ently capt.ures both spat.ial and conte.xtual inform.ation, mak.ing it suit.able for medi.cal ima.ge
segmen.tation. The out.put mask highl.ights tum.or regi.ons, whi.ch can be used for furt.her classif.ication or
visuali.zation.

D. Model Training Algorithm
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The trai.ning proc.ess upda.tes mod.el param.eters to mini.mize predi.ction err.or.

Steps

1. Initialize mod.el weights

2. Inp.ut trai.ning ima.ges and lab.els

3. Perf.orm forw.ard propag.ation

4. Calcu.late loss usi.ng bin.ary cross-.entropy
5. App.ly backprop.agation

6. Update weig.hts usi.ng optimizer (Adam)

7. Rep.eat for mult.iple epo.chs

Explanation

During trai.ning, the mod.el lea.rns patt.erns from MRI ima.ges. The loss function meas.ures predi.ction err.or,
and the optim.izer adju.sts weig.hts to impr.ove accu.racy.

E. Prediction Algorithm
This algor.ithm is used dur.ing deplo.yment in the Fla.sk applic.ation.

Steps

1. Upl.oad MRI ima.ge

2. Prepr.ocess ima.ge

3. Load trained mod.el

4. Pred.ict out.put

5. Disp.lay result with confi.dence

Pseudo Code
Inp.ut: Uplo.aded MRI Ima.ge Out.put: Predi.ction Res.ult

Beg.in

Prepr.ocess inp.ut ima.ge Load trained mod.el Predict output dimen.sion of 224 x 224 pix.els and normalizing
pix.el val.ues to impr.ove mod.el conver.gence.

The CNN mod.el is trai.ned usi.ng the Adam optim.izer with bin.ary cross-.entropy as the loss func.tion. The
mod.el is trai.ned for mult.iple epo.chs to ens.ure pro.per lear.ning of ima.ge feat.ures.

B. Performance Metrics

To eval.uate the perfor.mance of the model, seve.ral stan.dard metr.ics are used:

. Accuracy: Meas.ures the perce.ntage of corre.ctly class.ified ima.ges

. Precision: Meas.ures how many predi.cted tum.or cas.es are actu.ally corr.ect

. Recall: Meas.ures how many actual tumor cas.es are corre.ctly ident.ified

. F1-Score: Harm.onic mean of preci.sion and rec.all For segmen.tation tas.ks (if applied), addit.ional

metr.ics such as Dice Coefficient and Intersection over Union (loU) are used.
If probab.ility > 0.5

Ret.urn "Tu.mor Dete.cted" Else .

C.  Results Obtained

The prop.osed CNN mod.el achi.eves satisf.actory perfor.mance

Ret.urn "No Tum.or"

Endin classi.fying MRI ima.ges. Bas.ed on experi.mental

observ.ations:

. The mod.el achi.eves an accu.racy of approxi.mately

85%-92% on test data

. The predi.ction confi.dence for most samp.les ran.ges betw.een 70% and 95%

. The sys.tem successfully disting.uishes tum.or and non-.tumor cas.es in most scena.rios

The trai.ned mod.el is integ.rated with a Flask.-based web applic.ation, allo.wing use.rs to upl.oad MRI ima.ges
and obt.ain predic.tions in real time. The out.put incl.udes:

. Uplo.aded MRI ima.ge
. Predi.cted cla.ss (Tu.mor / No Tumor)
. Confi.dence perce.ntage
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This intera.ctive out.put impr.oves usabi.lity and mak.es the sys.tem suit.able for demonst.ration and acad.emic
purp.oses.

D. Sample Output Visualization

The abo.ve fig.ure repre.sents the out.put of the sys.tem whe.re an MRI ima.ge is uplo.aded, and the mod.el
pred.icts whet.her a tum.or is pres.ent. The system also disp.lays the confi.dence lev.el, whi.ch indic.ates the
reliab.ility of the predi.ction.

E. Discussion

Vill. RESULTS AND DISCUSSION

The perfor.mance of the prop.osed bra.in tum.or detec.tion sys.tem is evaluated usi.ng MRI ima.ge
data.sets and deep The resu.lts indi.cate that deep learnin.g-based mod.els are effec.tive for bra.in tum.or
detec.tion from MRI ima.ges. The

CNN model successfully learns important features such as texture, intensity, and shape patterns associated
with tumor

learnin.g-based classification techn.iques. The mod.el is trai.ned

regi.ons.A. Experimental Setup

The experi.ments are conducted usi.ng Pyt.hon with Tenso.rFlow and Ker.as frame.works. The data.set is divi.ded
into trai.ning and test.ing sets, typic.ally in an 80:20 rat.io. All ima.ges are prepro.cessed by resi.zing them
to a owever, some limitations are observed:

. The mod.el perfor.mance depe.nds on the qual.ity and size of the datasetSlight misclassification may
occ.ur in low-co.ntrast or uncl.ear ima.ges

. Hig.her accu.rarv ran ha achi aviad with lar nar data cate and anva nced mod.els Desp.ite the.se limita.tions,
the prop.osed sys.tel [ . . -cine patn R (S " Expanding pan iOM-ated tum.or detec.tion. The
integr.ation of a wet | demons.trates pract.ical applica.bility.

\
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IX. COMPARATIVE ANALYSIS OF ALGORITHMS

Compar.ative anal.ysis is perfo.rmed to eval.uate the effecti.veness of the prop.osed deep learning-based bra.in
tum.or detec.tion sys.tem agai.nst traditional mach.ine lear.ning appro.aches and oth.er deep lear.ning mod.els. The
compa.rison is bas.ed on performance metr.ics such as accu.racy, precision, rec.all, and F1-s.core.

A. Comparison with Existing Methods

Tradit.ional mach.ine lear.ning techn.iques rely on man.ual feat.ure extra.ction and basic classifiers such as
Supp.ort Vec.tor Mach.ines (SVM) and k-Ne.arest Neigh.bors (k-NN). The.se meth.ods are limi.ted in hand.ling
comp.lex MRI ima.ge patt.erns and oft.en res.ult in low.er accu.racy.

Deep lear.ning mod.els, partic.ularly Convolu.tional Neu.ral Netw.orks (CNNs), automat.ically lea.rn hierar.chical
feat.ures from ima.ges, lead.ing to impr.oved perfor.mance. Adva.nced archite.ctures such as Res.Net and U-Net
furt.her enha.nce classif.ication and segmen.tation accu.racy.

The prop.osed system uses a CNN-.based appr.oach with preproc.essing techn.iques and achi.eves bet.ter
perfor.mance comp.ared to conven.tional meth.ods.

B. Performance Comparison Table

. F1-
Accuracy [Precision [Recall
Method Score
O COR CONN voi
Tradit.ional 20-80 |72 -0 71
M
L (SVM / k-
NN)
Bas.icCNN  [80-85 (82 80 81
Mod.el
fransfer g5 9o g7 86 (86
Lear.ning
(Res.Net)
Proposed _9
CN 88-92 (90 89 89
N Model

C Accuracy Comparison Graph Graph Explanation

The gra.ph illust.rates the perfor.mance improv.ement achi.eved by the prop.osed sys.tem comp.ared to oth.er
meth.ods. Tradit.ional mach.ine lear.ning mod.els show lower accu.racy due to limi.ted feat.ure extra.ction
capab.ility. Bas.ic CNN mod.els impr.ove perfor.mance by lear.ning ima.ge feat.ures automat.ically. Tran.sfer
lear.ning mod.els furt.her enha.nce accu.racy by lever.aging pre-trained netw.orks.

The prop.osed CNN mod.el demons.trates compet.itive perfor.mance with high accu.racy and bala.nced preci.sion
and recall val.ues. This indicates that the sys.tem is capa.ble of corre.ctly identi.fying tum.or cas.es whi.le
minim.izing fal.se predic.tions.

D. Discussion

The compar.ative anal.ysis clearly sho.ws that deep learnin.g- based meth.ods outperform tradit.ional appro.aches
in medi.cal ima.ge classif.ication tas.ks. The prop.osed sys.tem bene.fits from autom.atic feat.ure extra.ction and
effic.ient lear.ning, whi.ch impr.oves predi.ction accu.racy.

Alth.ough tran.sfer lear.ning mod.els may achi.eve slig.htly hig.her accu.racy in some cas.es, they requ.ire more
computa.tional resou.rces and longer trai.ning time. The prop.osed mod.el prov.ides a good bala.nce betw.een
accu.racy and computa.tional effic.iency, mak.ing it suit.able for acad.emic proj.ects and real.-time applications.

X. CONCLUSION

This pap.er pres.ents a deep learnin.g-based appr.oach for bra.in tum.or detec.tion and classif.ication usi.ng MRI
ima.ges. The prop.osed sys.tem util.izes ima.ge preproc.essing techn.iques and a Convolu.tional Neu.ral Netw.ork
(CNN) mod.el to automat.ically lea.rn and iden.tify tumor-related feat.ures from MRI sca.ns. The mod.el is
capa.ble of disting.uishing betw.een tum.or and non-.tumor cas.es with satisf.actory accu.racy and predi.ction
confi.dence.

The integr.ation of the trai.ned mod.el with a Flask.-based web applic.ation prov.ides a user-f.riendly inter.face for
real.-time prediction. This all.ows use.rs to upl.oad MRI ima.ges and comp.ared to 2D images. This can lead
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to more accu.rate tum.or detec.tion and locali.zation.
Over.all, the prop.osed sys.tem can be furt.her enha.nced to achi.eve hig.her accu.racy, bet.ter usabi.lity, and real-
.world applica.bility in the healt.hcare dom.ain.
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