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ABSTRACT

Brain tumor segmentation aims to differentiate between various tumor tissues, including active cells, necrotic core, and edema, and normal
brain tissues composed of cerebrospinal fluid (CSF), white matter (WM), and gray matter (GM). Over the last several years, studies that use
magnetic resonance imaging (MRI) to segment brain tumors have garnered an increasing amount of interest. This is mostly due to the fact
that MRI scans are non-invasive and provide an excellent contrast between soft tissue and bone. Computer-aided techniques for segment-
ing brain tumors are maturing and nearing integration into routine clinical applications. Researchers have developed these groundbreaking
approaches over approximately twenty years. The objective of this article is to provide a K-means clustering technique for the purpose of
brain tumor segmentation using magnetic resonance imaging (MRI). The K-means clustering technique is an unsupervised approach that is
used for the purpose of separating the region of interest from the background. However, in order to increase the overall quality of the image,
a partial stretching improvement is first done to the image before the K-means technique is implemented.
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1. Introduction former, the cancer starts in the brain and has a tendency to

Any region of the body may develop a tumor, which is
defined as the uncontrolled proliferation of cancer cells. Var-
ious types of tumors exhibit unique traits and require differ-
ent treatment approaches. Nowadays, primary brain tumors
and metastatic brain tumors categorize brain cancers. For the

remain there, but for the latter, the disease starts in another
part of the body and then spreads to the brain [1]. Benign
and malignant brain tumors are two different types of brain
tumors. In actuality, the most frequently utilized grading
model is the one released by [2]. Under the microscope, it
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PE3IOME

CermeHTalus U300pakeHNil OMmyxoJiell TOJIOBHOTO MO3ra HarpaBlieHa Ha TU(GEepeHIMANI0 PA3IMYHBIX KOMIIOHEHTOB OITyXOJIEBBIX
TKaHeH, BKIIIOYasl )KUBBIE KJIETKH, HEKPOTU3UPOBAHHEIE s/[pa U obacTH oTeka. [IoMHMO 3TOTo, IIPOM3BOUTCS BBIACICHNE HOPMAIBHBIX
TKaHel Mo3ra: 6eroro (bB) u ceporo Bemectsa (CB), a Takxke cimaHOMO3roBo# )uakoct (CMIK). 3a mocneHie HeCKOIBKO JeT Onaroaa-
PsI HEMH3BAa3UBHOCTH U BBICOKOH KOHTPACTHOCTH MOJTy4aeMbIX H300paKeHUH B 3HAYNTEILHOM CTEIIEHH BO3POC MHTEPEC K UCCIIC0BAHMSIM,
OTMCHIBAIOIIM CETMEHTAIINIO OIYXOJIel TOJOBHOTO MO3ra Ha OCHOBE JaHHBIX MAarHUTHO-pe3oHaHcHoU ToMorpaduu (MPT). B Teuenune
MOCICAHUX ABAaAUATH JIET KOMIBIOTCPHBIC METO/Ibl CCTMECHTAIMX CHUMKOB OHyXOHCﬁ TOJIOBHOI'O MO3ra CTpEMUTEIIbHO pa3sBUBAJIUCh U Ha
CETOJHAIIHUN JeHb NPUOIIDKAIOTCS K MHTETPAlUy B PYTHHHYIO KIMHHYECKYIO IMpPakTuKy. L{enb TaHHO# cTaTthbu — MPOBECTH CErMEHTa-
unto MPT-n300pakeHuii OIMyXoJH TOJIOBHOTO MO3Ta ¢ HCIIOIb30BaHMEM KiacTepusanus metoaoM K-cpennux. Knactepuszanus metonom
K-cpenHux — 9T0 HEKOHTPOJIUPYEMBIH ITOAXO0M, KOTOPBIH HCIOJIB3YETCsI ISl OTACNICHUs oblacTi nHTepeca oT GoHa. B nanHoi padote st
TIOBBIIICHHS KaueCcTBa UCTIONb3yeMoro MPT-cHIMKa OBLIO MPOBEEHO €r0 YaCTUYHOE PACTKEHHE.
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assigns grades 1 through 4 to the various types of brain tu-
mors. A benign brain tumor is considered to be of low grade,
whereas a malignant brain tumor is considered to be of high
grade. Grade 1 and Grade 2 are examples of benign brain
tumors. Most of the time, if a low-grade brain tumor is left
untreated, it will eventually grow into a high-grade one. Ac-
cording to the 2021 Central Brain Tumor Registry of the
United States (CBTRUS) Statistical Report, brain tumors
are the second largest cause of cancer-related fatalities in
children under the age of 18 and in men between the ages of
23 and 37 (leukemia being the top cause of death in this age
range). It is the seventh highest cause of mortality from can-
cer in girls between the ages of 18 and 40. It was anticipated
that there would be 72,832 new instances of primary brain
tumors detected in 2022. These new cases would comprise
both malignant (25,722) and non-malignant (54,220) brain
tumors. An application of age-sex-race-specific incidence
rates from the 2022 CBTRUS Statistical Report was used
to predict corresponding age-sex-race groups on the basis of
SEER and NPCR data [2]. This estimate was derived from
the application of these rates. Consequently, brain tumors
pose a significant threat to the lives of individuals, and be-
cause of this, early detection and treatment have become an
absolute requirement [2].

The treatment methods for brain tumors involve chemo-
therapy, radiation therapy, and surgery. Other treatment op-
tions include radiation therapy. Imaging modalities, which
have been developed in tandem with the advancement of
medical imaging, play a big part in the assessment of pa-
tients who have brain tumors and have a substantial influ-
ence on the treatment that patients get. Recent years have
witnessed the advancement of several sophisticated neuro-
imaging techniques, including X-rays, ultrasonography, CT,

MEG, EEG, PET, SPECT, and MRI. These modalities, when
deployed in concert, furnish exceptionally clear and multidi-
mensional views of brain tumors while simultaneously illu-
minating the underlying tumor biology, guiding the develop-
ment of more directed and efficacious therapies. Clinicians
play a pivotal role at every stage, and ensuring an accurate,
timely diagnosis hinges on the delivery of a thoughtful,
well-sequenced radiologic workup. Following a neurologi-
cal finding of excellence, the radiologist must meticulously
evaluate tumor location, volumetrics, and infrasellar in-
volvement, since this topographic intelligence calibrates the
subsequent choreographic selections among chemotherapy,
radiation, and operative interventions. Consequently, the
sequencing and integration of these emergent imaging ap-
proaches have emerged as a central strategic challenge con-
fronting radiology departments, necessitating the integration
of multidisciplinary consensus and consensus-driven proto-
cols. A noninvasive and effective tool for soft tissue contrast
imaging, magnetic resonance imaging (MRI) offers valuable
information about the location, size, and shape of brain can-
cers. This is done without subjecting the patient to high dos-
es of ionization radiation. In the clinical area, the application
of magnetic resonance imaging (MRI) for the diagnosis of
brain tumors is increasing [3, 4].

Due to the vast volume of brain tumor images that are
now being produced in clinics, it is not practical for doctors
to manually annotate and segment these images in an ac-
ceptable period of time. Therefore, automated segmentation
has become an unavoidable need. The process of segment-
ing a brain tumor involves separating aberrant tissues, such
as the necrotic core, edema, and active cells from normal
brain tissues, which include GM, WM, and CSF. In recent
years, significant breakthroughs achieved in the area of brain

1. Beeaenue

OnyXxomb €CTh CyTh MPOLYKT HEKOHTPOIUPYEMOTO pa3-
pacCTaHusa PaAKOBBIX KJIETOK, KOTOPOC MOXKET HpOH30ﬁTH B
0001 YacTy opraHu3ma. Pa3nmuuHble THIBI OmmyXoJiei 00-
JIa/Iaf0T YHUKAIGHBIMH CBOMCTBAMHU M TPeOyIOT crienuduye-
CKHUX TIOJIXO/IOB K TEPAInH.

B Hacrosiiiee Bpemst pak roJIOBHOTO MO3ra KiIacCHU(pHIH-
PYIOT Ha TEpBHYHBIA M MeTacTtaruueckuii. B mepBom ciy-
Yae paK 3apoKIAeTCsl HEMOCPEACTBEHHO B TOJIOBHOM MO3Te
1 MIMEET TeHJCHIMIO OCTaBaThCSI TaM JKE, @ BO BTOPOM XKe
— 3a0051eBaHMEe PA3BUBACTCS B PYyroil 0ONacTH OpraHH3Ma
U 3aTeM pachpocTpansiercs Ha TojioBHOW Mo3r [1]. Taxxke
OITYXOJIM TOJIOBHOTO MO3Ta Pa3AeisIoT Ha 3JI0KaYeCTBEHHBIE
u noOpokadecTBeHHBIe. Hanbonee yacTo ncnonp3yemas Mo-
JIeNb IS UX pasiIHueHus mpeacTasieHa B padore [2]. Ipu
MHUKPOCKOITUYECKOM HCCJICJIOBAHUU OITYXOJISIM TOJIOBHOTO
MO3ra PUCBANBAIOTCS CTEIIEHH 3JI0Ka9€CTBEHHOCTH OT 1 110
4, IpH ATOM CTETICHHU 3JI0KaYeCTBEHHOCTH | M 2 O3HaYaioT
JI0OpOKaueCTBEHHBIH XapakTep HOBOOOPa30BaHUA, KOTOPbIE
TaKkke 0003HAYaIOTCs KaK HHU3KO3JIOKaYeCTBEHHBIE, TOT/a
KakK 3JI0Ka4eCTBEHHBIE HOBOOOPA30BaHUs 0003HAYAIOTCS KaK
BBICOKO3JIOKAQUECTBEHHbIE. B OONBIIMHCTBE CiTydaeB, €Cin
HU3KO3JIOKaYE€CTBEHHYIO OITYyXOJb TOJIOBHOTO MO3ra He Jie-
YHUTh, OHA CO BPEMEHEM IEepPEePOXKIAETCSI B BEICOKO3JIOKaUe-
ctBeHHyI0. CortacHO crarucTudeckoMmy ordery LlenTpais-
HOTO peecTpa omyxosneii ronosroro mosra CIIIA (CBTRUS)
3a 2021 ., OITyX0nH TOJIOBHOTO MO3Ta SIBIISIOTCS] BTOPOH 11O
pacrpoCTpaHeHHOCTH TPUYUHOM CMepTel OT paka cpeiu
Jietelt B Bo3pacte 710 18 jieT u cpeyt My»K4YHMH B BO3PAcTe OT
23 no 37 net (OCHOBHOI e MPUYNHON CMEpTEeH OT paka B
9TOM BO3PACTHOM JMaNa3oHe SBISETCS JEHKO3); 3TO Cellb-
Masl TI0 YacTOTe MPUYMHA CMEPTEH, BBI3BAHHBIX PAKOM, Y
neByuiek B Bozpacte oT 18 no 40 ner. Oxuganoch, 4To B

2022 1. OyzeT BBIABICHO 72 832 HOBBIX CiTydasi IEPBUYIHBIX
OITyXOJIe! TOJIOBHOTO MO3T'a KaK 3JI0Ka4eCTBEHHBIX (25 722),
TaKk M HesJokadecTBeHHBIX (54 220). [Ipu mporHosuposa-
HUHU COOTBETCTBYIOLIMX Ipymnil Ha ocHOBe AaHHBIX SEER u
NPCR Ob1umi HCIIONB30BAaHBI T€ K€ PACOBEIC, BO3PACTHEIC
U TI0JIOBBbIE KPUTEPUH BBIOOPKH, YTO U B CTAaTHCTHYECKOM
oruere CBTRUS 3a 2022 1. [2]. Takum 006pazom, OIyxoiu
TOJIOBHOTO MO3Ta MPE/ICTABISIOT 3HAUUTEIBHYIO YTPO3Y ISt
KH3HU JIFOJIEH, U TIO3TOMY MX PaHHEE BBIBICHHUE U JICUCHNE
CTaJId BeChbMa aKTyaJIbHOU 3amadeit [2].

Mertoapl J1e4eHusl OMyXoJiell TOJOBHOrO MO3ra BKIIIO-
YalOT XUMHOTEPAINIO, JIyYEBYIO TEparuio M XHUpyprude-
CKOE€ BMEMIATEIbCTBO. Pa3MuHbBIE METOABI BU3yalH3alUuN
UTPAIOT BaXXHYIO POJIb B OIICHKE COCTOSHUS TAIlMEHTOB C
OIyXOJISIMUA TOJIOBHOTO MO3ra U OKa3bIBAOT CYIIECTBEHHOE
BIIMSIHUE HA JIEYEHHE, KOTOpOE OHM IOJydaroT. B mocmen-
HHUE TOIbl HAOMIONACTCS PAa3BUTHE Psifia CIOKHBIX METOHOB
HelpoBU3yalin3alnuu, BKitodas pearresorpaduto, Y3U, KT,
MOT, 29T, 9T, OOIKT u MPT. CoBmecTHOE MpUMeEHE-
HHUE 3THX METO/OB ITO3BOJISET IOJNYYHTh HCKIIOYUTEIHLHO
YETKYI0 1 MHOTOMEPHYIO KapTHHY OITyXOJIH TOJIOBHOTO MO3-
ra, OJIHOBPEMEHHO BBISIBIISISI €€ OMOJIOTHIO, YTO CIIOCOOCTBY-
eT MpUMEeHEeHHI0 Oosee crieliMPUIHBIX U APHEKTUBHBIX Me-
TOROB JiedeHus. KBannuxamuss MEeIUIIMHCKOTO TIepCOHaa
UTpaeT KIIOUEBYIO POJb HAa KaXKIOM dTale, TaK KaK MUMEH-
HO Bpady OINpenenseT TAKTUKY 00CIeIOBaHMs OIyXOJH, YTO
o0ecrieyrBaeT CBOEBPEMEHHOCTh M TOYHOCTh JUarHOCTHKH,
KOTOpasi TAaKXKe 3aBHCUT OT Bpada-pPEHTTEHOJIOTa, KOTOPBIH,
CBOIO OYepeslb, OyleT MPOBOANTH aHAJIN3 MOTYUYEHHBIX H30-
OpaKeHUil OIyX0JIM, OLIEHHUBAS €€ JIOKAJIHU3ALUI0, pa3Mepbl 1
CTENEeHb MMOpaKeHUsI HH(PPACEIISIPHOTO NMPOCTPAHCTBA, YTO
B TIOCJICICTBUN OOYCJIOBHT BBIOOpP METOIMKH JICUCHHUS 3a-
OoneBanust. BBuay 3TOr0 MHTETpaIys NEPEIOBBIX METOIOB
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tumor segmentation have been achieved through the use of
medical imaging and soft computing concepts. Brain tumor
segmentation techniques readily identify the majority of ab-
errant brain tumor tissues. The issue of reliable and repeat-
able segmentation findings, as well as the representation of
anomalies, remains unresolved [5].

Within the context of a decision-oriented application,
image segmentation is one of the most frequently used ap-
proaches for accurately classifying the pixels that make up a
image in a decision-oriented application. An image is parti-
tioned into a set of disjoint regions so that pixels in the same
region are very similar to each other and strong edges are
likely to have boundaries that lie between region. Many ar-
eas, such as medical image processing, traffic image recog-
nition, pattern recognition, etc., can have tremendous appli-
cations using this technology. The image segmentation can
be done by differential methods, threshold methods, edge,
marker controlled, clustering, region growing, etc., activities
of neural network. Clustering is one such technique which
is believed to be one of the promising approaches from the
various techniques. On the other hand, there are many dis-
tinct forms of clustering. These include the mountain clus-
tering technique, the subtractive clustering approach, the
K-means clustering method, and the fuzzy C-means cluster-
ing method. The k-means clustering method is one of the
most used clustering techniques. It is easier to understand
and more efficient in terms of computing than hierarchical
clustering. In addition, it is possible to function for a huge
number of variables. On the other hand, it does yield various
cluster results depending on the number of clusters that are
present. Therefore, it is necessary to set the correct number
of clusters, denoted by k2, as the starting value. It is nec-
essary to initialize the £ number of the centroid, as stated

previously. If the starting centroid had a different value, it
would result in a different cluster. Therefore, choosing the
appropriate starting centroid is another challenge that is of
great importance. The process of extracting a region of inter-
est from the backdrop is one of the most significant applica-
tions of image segmentation in the medical field, which has
grown more essential in recent years. Consequently, medical
images are segmented using a variety of techniques, and the
outputs of the process are used for further research in the
medical field. However, medical images in their raw form
are represented by arrays of numbers on the computer [6].
The numbers indicate the values of key physical qualities
that exhibit contrast between various kinds of body parts. In
other words, the numbers reflect the raw form of the medical
images. Processing and analysis of medical images are help-
ful in a number of ways, including the transformation of raw
images into a measurable symbolic form, the extraction of
significant qualitative information to assist in diagnosis, and
the integration of complimentary data from various imag-
ing modalities. Furthermore, one of the most important chal-
lenges in the field of medical analysis is the process of image
segmentation, which is the process of determining the bor-
ders of objects in images, such as organs or aberrant regions.
The results of the segmentation make it possible to do shape
analysis, identify changes in volume, and construct an ac-
curate radiation therapy treatment plant that is accurate [6].

2. Literature

Numerous studies have explored the segmentation of
medical images using a variety of research approaches.
Moreover, a great number of them are carried out using vari-
ous applications of image segmentation. The K-means tech-
nique is the most straightforward clustering technique, and

BH3yaJU3aIiH TPeOyeT BHSAPEHHS U OTIPEIEICHHBIX IPOTO-
KOJIOB, OCHOBAHHBIX Ha MEXIUCIUTUIMHAPHOM KOHCEHCYCE.

HewunBa3uBHbIi 1 3 GEKTHBHBIA HHCTPYMEHT KOHTPACT-
HOW BH3yalM3allid MSTKHX TKaHEH — MarHUTHO-PE30HAHC-
Has tomorpadus (MPT) — naet nenHyro HHPOPMAITHIO O JI0-
KaJIM3aluu, pazmepe U (popme OIyXoJieil TOJIOBHOTO MO3ra,
MIPH ATOM IMAIUCHT HE MOJTyYacT JY4YCeBYIO Harpy3Ky. B kiu-
Huyeckor npaktuke MPT Bce yallie npuMeHsieTcst s aua-
THOCTHKH HOBOOOPa30BaHMI TOIOBHOTO MO3Ta [3, 4].

B cBsI3u ¢ OrpOMHBIM KOJIMUECTBOM M300pa)KEHHUH OIy-
XOJIeH TOJIOBHOTO MO3T'a, KOTOPBIC B HACTOSIIIEE BPEMSI ITOJTY-
YaroT B KIIMHUKAX, CTAHOBHUTCS HEOOXOIMMOW aBTOMAaTH3a-
LIUS TIPOLIECCOB AHHOTUPOBAHMS M CETMEHTHPOBAHUS TaHBIX
M300paKEHUI C TENIbI0 COXPaHEHMsI MPUEMIIEMBIX CPOKOB
(dbopmupoBanust BpaueOHOTo 3akimroueHus. [Iporecc cer-
MEHTAIIA! OITYXOJH TOJIOBHOTO MO3Ta BKJIFOYAeT B ceOs OT-
JieNieHre a0eppaHTHBIX TKAHEeH, TaKUX KaK HEKPOTHYECKHE
Aanapa, O6HaCTI/I OTCKa 1 aKTUBHBIC KJIIETKHU, OT HOPMaJIbHBIX
tkane mo3ra: bB, CB u CMX. B mocnennue roapl 3Ha-
YUTEIbHBIC TPOPBIBEI B O0JACTH CETMEHTANMU OITyXOJeH
TOJIOBHOTO MO3Ta OBUIH JOCTHUTHYTHI ONarofapsi MCIIOIb30-
BaHUIO METOAOB paIuOMUKHU B Me):[HHHHCKOfI BU3YyaJIM3alUuH.
CoBpeMeHHBIC METOJIbI CEIMEHTAIIMH OITyXOJIeH TOJIOBHOTO
MO3Ta MMO3BOJISIOT JISTKO HICHTU(OUIIMPOBATH OOIBITHHCTBO
abeppaHTHBIX OIYyXOJEBBIX TKAHEH, OJHAKO BOMPOCHI Ha-
JACKHOCTH U BOCIIPOU3BOJAUMOCTHU PE3YJIbTATOB CEIMCHTA-
MU, & TAKXKE B3aMMOJICHCTBHS C aHOMAJMSIMH, OCTAOTCS
HEpEeIEeHHbIMHU [5].

Yarre Bcero, MporpamMMBbl, TpeTHa3HAYCHHBIC TSI aHAJIH-
3a TeX WIA MHBIX M300paKEHHH, MPOU3BOIAT 00bEIMHEHNE
HauboJIee CXOKHUX MKy COOOH TOYEK B OTIENBbHBIC 00Ja-
CTH, TPaHUIIAMHA MEXIy KOTOPBIMH SIBIISIOTCS, HAIPOTHB,
TOYKH ¢ HamboJiee Pe3KNUMH Pa3IHYMSAMK; TaKHM 00pazoM

HCXOHOE M300paKEeHHE PA3AEIIeTCs Ha Psiji HElIEPECeKaro-
uxcst oonmacteit. JlaHHast TEXHOIOTHSI MOXKET HAWTH IIUPO-
KO€ NPUMEHEHHE B aHAJIM3€ CHUMKOB C JOPOXHBIX Kamep,
pacmo3HaBaHHK 00pa3oB M 00paboTKe H300paKCHHUU B
MeauiuHe. CerMeHTanus W300pakeHUH MOXKET OBITh BBI-
nosHeHa aud(hepeHHaIbHBIMU METOAaMH, [TOPOTOBBIMU
METO/JlaMH, METOAAaMH OIPEAEICHUs] T'PaHuUll, MapKEpHOTO
KOHTPOJISI, BBIPAIIMBAHUS 001acTed U T. 1. C IIUPOKNAM TIPH-
MEHEHUEM HeHpoHHbIX ceTeil. Kiactepuzauus — onuH u3
TaKUX METOAOB, K TOMY K€ BECbMa HepCHeKTHBHBIﬁ.

Cy1iecTByeT MHOXKECTBO Pa3IMYHBIX (POPM KilacTepH3a-
1n. K HUM OTHOCSITCSI METOI TOPHOH KJTacTepH3aliii, METO
CyOTpaKTUBHOW KJIACTEPH3AIMH, KIACTEPU3ALM METOIOM
K-cpenHux 1 HeweTKas Kiiactepusalusi MeTofioM C-CpeiHHX.
Kracrepuzauust Merogom K-cpeqHuMX — ofHa M3 Hambosee
HCTIONB3YeMBIX cTpareruii kiacrepusanuu. OHa mpome st
TMOHUMaHUS 1 6oree 3(h(eKTHBHA C TOUKH 3pEHUS 00beMa U
CIIOKHOCTH BBIYMCIICHUH, YeM HepapXudeckasl KiacTepH3a-
s, Kpome Toro, ona npumeHnMa B pabore ¢ BHYLIMTEIb-
HBIM KOJIMYECTBOM IepeMeHHBIX. C Jpyro CTOpPOHBI, OHa
JA€T pa3NuYHbIE PE3YNBTaThl KIACTEPH3ALNN B 3aBUCUMOCTH
OT YHCIIa MPUCYTCTBYIOMINX KilacTepoB. [loaToMy B kauecTBe
Ha4aJIbHOTO 3HAYEHUsI HEOOXOAMMO 3aJaTh MX IPaBHIBHOE
KOJIMuecTBO, obo3Hauaemoe kak k2. I[Tomnmo sToro Heobxo-
VMO MHUIMAIU3UPOBATh YHCIO & IEHTPOHMA, TaK KaK €To
pa3uYHble 3HAYEHHUS! TPUBOASAT K (DOPMHUPOBAHHIO Pa3IMy-
HBIX KJ1acTepoB. OJJHUM U3 HanOoJee BaKHBIX MPOLIECCOB B
CErMEHTAIMN MEIUIMHCKUX CHUMKOB SIBJISCTCSl OTZEICHHE
obmactu mHTEpeca OT (poHA, MOITOMY TaKHe HW300paKESHHS
CETMCHTHUPYIOTCA C UCIIOJIB30BAHHUEM PA3JIMYHbIX METOIOB.

B KoHTEKcTe JaHHOTO HMCCIIeIOBAHHST HEOOXOANMO ITOM-
HUTH O TOM, YTO M300pakeHHs COep)KaTcs B MAMATH KOM-
IBIOTEPA B BHUJIE IOCJIEAOBATEILHOCTH HYNIEH W EAMHMIL,
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there have been numerous distinct approaches done up to
this point, each with its own unique approach to initializing
the center.

There are also a great number of researchers that are
working towards the development of new approaches that
are more effective than the ways that are already in use and
that provide better-segmented results. Discussed below are
a few of the more recent works that have been published.
A novel and effective method for the K-means clustering
technique was presented in the article [6]. In order to gen-
erate the cluster center, they presented a novel approach
that would reduce the mean square error of the final cluster
without requiring a significant increase in the amount of
time required for the execution. It decreased the inaccuracy
in the means square without compromising the amount of
time it took to execute. After doing a large number of com-
parisons, it is possible to draw the conclusion that the ac-
curacy of dense datasets is higher than that of sparse data-
sets. Brain Tumor Segmentation Using K-means was the
method that was suggested by the researchers in Reference
[7]. A computation of the area of the clustering and fuzzy
C-means techniques is shown here. In the paper, they di-
vide the process into three separate steps: pre-processing
the image comes first, then fuzzy c-means and advanced
k-means, and lastly feature extraction. Prior to anything
else, pre-processing is done by applying the filter in a way
that improves the image’s overall quality. After that, the ad-
vanced K-means technique that was presented is used, and
then the fuzzy c-means technique is utilized to cluster the
image. In the subsequent step, the segment image that was
produced is used for the purpose of feature extraction for
the area of interest. A magnetic resonance imaging (MRI)
image was utilized for the study, and the size of the tumor

area that was isolated from the image was determined. An
enhancement of the K-means clustering technique with an
improved starting center was suggested in the article [8].
Presenting a new method for determining the initial cen-
troid that provides a quick and effective way to assign the
data points to suitable clusters while cutting down on the
process’s duration. In comparison to the original k-means
clustering method, they demonstrated that their new tech-
nique achieves higher levels of accuracy while using mini-
mal amounts of processing time. No further input, such as
a threshold value, is required for this method to function
properly. In spite of this, the method continues to initial-
ize the number of clusters, denoted by £, and it has been
proposed that the value of k£ be determined as one of the
future works. Article [9] introduced an enhanced method-
ology to augment the precision and efficacy of the previ-
ously employed k-means clustering technique. They spe-
cifically offer a better version of the k-means technique that
includes a systematic approach made up of two different
methods. The first step is to find the original centroid. The
second step is to put the data point into the clusters you
have found. They looked at how long it took to run the sys-
tem and how accurate it was with different starting centroid
values. The results suggest that the proposed method was
able to reduce the time complexity without affecting the
accuracy of the clusters.

3. Technique of Clustering Based on K-Means

Clustering is a way to split a set of data into a set num-
ber of groups. K-means clustering is one of the most com-
mon ways to do things. K-means clustering is a method that
splits a set of data into k groups, with 11 and 12 being the
numbers in the group. It separates a set of data into k sepa-

KOTOpbIE B TIOHSATHOW, M3MepsieMOi (hopMe OITUCHIBAIOT
pas3Iuuus MKy TOUYKaMH, COCTABIISIIONIMMHI 00JIacTH M30-
Opaxenus [6]. Takum oOpazoM MammHHAS 00pabOTKa Me-
JTUITMHCKAX U300paKEHUH MO3BOJISET MOMYYUTh KaueCTBEH-
HBIH, BBIPAKEHHBII B KOHKPETHBIX UYHCIIOBBIX 3HAYCHUSX,
UX aHaJIM3; TTOMHUMO 3TOTO MOSBIIIETCSI BO3MOXKHOCTH Oosree
TECHOW WHTETPAllMU PA3IMYHBIX METONOB BH3yalU3allMH
MEX 1y co00ii. B KOHEUHOM HUTOTE BCE BHINICTICPEUNCICHHOE
M03BOJISIET C(POPMHUPOBATH MAaKCUMAJIBHO MEpCOHU(UIIPO-
BaHHYIO CTPATEruIo JeYeHUs NalueHTa [6].

2. O030p JuTEPATYPHI

Ha ceromusimHuMii JeHb CYIIECTBYET IOBOJBHO MHOTO
UCCIICJIOBAaHNH, ITOCBSAIICHHBIX CETMEHTAallMM MEANIMH-
CKHX M300pa)KCHHH C NPHMEHEHHEM IIHPOKOTO apceHasa
MeToauK. Cpei HUX BBIJCISIETCS KIacTepU3alis METOI0M
K-cpenuux, B mepByio ouepelb, 3a CYET CBOEH MPOCTOTHI.
B KkoHTeKkcTe MaHHOTO MeTOosa TPEICTaBIseT OCOOBIH HH-
Tepec HpolecC WHUIHAIU3ALUKM IIEHTPOMIA: Ha JAHHBIA
MOMEHT CYIIECTBYET MHOKECTBO YHHUKAJIbHBIX TIOJIXOI0B K
PELICHUIO JTOH 3a1aun.

Takoke He CTOMT 3a0BIBaTh U O HOBBIX, Oostee 3 PeKTnB-
HBIX, CII0CO0AX CerMEHTAIMH, B YACTHOCTH CTOUT OTMETHUTD
TaKTHKY KIIACTEpU3AIUU METOJOM K-CPEeIHHX, ONMUCAHHYIO
B cTarbe [6]. B aTOoM cityuae aist reHepanny HeHTpa KiacTe-
pa aBTOPBI MPEATIOKIIIN HOBBIH TOIX0/1, KOTOPBIA MO3BOIIHII
CHU3UTH CPEHEKBAIPATHYHYIO OMINOKY HTOTOBOTO KilacTe-
pa 0e3 3HAYUTENHLHOTO YBEIMYCHUS] BPEMEHH BBITTOIHEHUS
BbIYKCiIeHNH. [loMuMO 3TOro ObUT TpOBENEH OOIIUPHBII
CPaBHUTENIFHBIN aHAJN3, TI0 UTOTaM KOTOPOTro ObUIO ycTa-
HOBJICHO, YTO HCIIOJNB30BAaHHE HAOOPOB IUIOTHBIX JaHHBIX
TMOBBIIIAET TOYHOCTh BBIYHMCIICHUN, HEXKEIN UCIIOIb30BAHUE
Ha0OPOB C pa3peKEHHBIMH JTAHHBIMH.

CerMeHTanmst OIyXoJel TOJIOBHOTO MO3ra C HCIOJIb-
30BaHHEM MeTofa K-CpeJHHX OIHMCHIBAJACh M B JIPYTOi
pabore [7], rme Takke OBIIO PacCMOTPEHO NPHUMEHEHHE
Merona HeueTkux C-cpemnux. I[Ipormecc oOpaboTku w30-
OpakeHHUsI BKIIIOYAJl TP dTalla: Ha TEPBOM BBIMOJIHSIIACH
nipeiBapuTebHas 00paboTka M300paXKEHUsI ¢ TPUMEHEHH-
€M ONpEIeNICHHBIX (PHIIBTPOB, 3aTEM HCIIOJIb30BAJICS PACIIN-
peHHBIH MeToj] K-CpeHuX, a MOC/Ie HErO-MeTO/l HEYeTKHX
C-cpennux. Ha 3aBepmiatoniem srare MpoM3BOIUIOCH H3-
BJIEUCHHE NTPU3HAKOB U3 oOacTu nHTEepeca. Takum oOpaszom
OBLIT OTIpeIeTieH pa3Mep HoBooOpa3oBaHus Ha MPT-cHIMKe.

B crarbe [8] ObUIO MPEUIOKEHO YCOBEPIICHCTBOBAHUE
MeToJa KiacTepu3auuu K-CpeJHHX C YJIydIICHHbIM Ha-
YaJbHBIM IICHTPOWZOM. BBUI Tpe/ncTaBieH HOBBIM MeETOn
OIIpEEIIeHNs HaYaJIbHOTO IIEHTPA, KOTOPBIA 00ecrieunBaeT
obIcTpoe U 3G HEKTUBHOE PACTIPEICIICHIE TOUCK 10 MOIX0-
JSIIIM KJIacTepaM, TPH 3TOM COKPaTHJIACh UIUTEIBHOCTH
BbIUMCICHUH. bbima orMeuena Oonee BBICOKas TOYHOCTh
HOBOTO TIO/IXOa TIO CPaBHEHHIO C KJIACCHYECKOW KiacTe-
puzanmeit meronoMm K-cpennux. IlpuMedarenbHO, 4TO s
KOPPEKTHOW paboThl paCCMOTPEHHOTO METO/Ia HE TpedyeTrcst
JIOTIOJTHUTENBHBIX MCXOAHBIX JAHHBIX, TAKMX KaK IIOPOTOBOE
3HayeHue. TeM He MeHee, IpeUIaracMblii METO/I BCE TAKXKE
3aBUCHT OT 3HA4eHUsl k, oOycioBiuBaoiiero GhopMuposa-
HUE Pa3IMuHOrO YKcia KJIacTepoB, BBULY STOTO ONTHMAb-
HOE 3Ha4YeHHE k TpeyIaracTcsl ONpeesIuTh B AaTbHEHIITNX
HCCIIEIOBaHUSX.

B crarse [9] 6bl1a mpeicTaBiIeHA YCOBEPIIIEHCTBOBAHHAS
METOZIOJIOT YIS, HalpaBieHHash Ha TOBBIILICHHE TOYHOCTH M
3 EeKTHBHOCTH paHee MPUMEHSBIICHCS KITacTepU3auy Me-
TooM K-cpenHux. B yacTHOCTH, aBTOPBI IpeIaraioT yiayd-
LICHHYIO BEPCUIO MeTola K-CpeqHuX, MOapa3yMeBaroIyIo
TI0CJIEI0BATEIbHOE MCIIOJIB30BAHNE JIBYX Pa3IMYHBIX METO-
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rate groups, each of which is different from the others. The
K-means algorithm also has two parts that are different from
each other.

The first stage computes the £ initial centroids, with the
next stage linking every individual point to the nearest one
among these centroids according to the data point in ques-
tion. Among the methods for measuring proximity, the Eu-
clidean distance remains the most standard selection. The
procedure then refreshes the centroid for each cluster, re-
lying on the current point membership. From the updated
centroids, new Euclidean distances are calculated between
each centroid and every individual data point. Each point is
reallocated to the cluster whose updated centroid minimises
its distance. The entire cycle recommences, repeating the
distance Assessment and reallocation until the point mem-
bership stabilises and no further assignments occur. The ulti-
mate output includes all data points in each finalized cluster
along with the updated centroids, clearly defining the clus-
ters within the partition.

The point at which the total distances from all of the
items that are included inside a cluster are at their shortest is
often referred to as the centroid of that cluster. The K-means
method is an iterative algorithm that reduces the sum of dis-
tances between each item and the centroid of its cluster, and
it does this across all clusters to achieve this goal [10].

Let us take into consideration images that have a resolu-
tion of x X y, given that the image has to be clustered into k&
different clusters. Cluster the input pixels as p(x, y) with ck
representing the centers of the clusters. The procedure for
k-means clustering, as shown in reference [10], is as follows:
1. Initialize the number of clusters (k) and the center.

2. Using the relation d = p(x, y) — ck, calculate the Euclid-
ean distance d between the center of an image and each

pixel of the image. This includes calculating the distance

between each pixel and the center of the image.

3. Depending on the distance d, assign all of the pixels to
the center that is closest to them.

4. Compute the new location of the center by using the pro-
vided relation ck = 1 k yEck xEck p(x, y) after allocating
all pixels.

5. It is necessary to repeat the operation until the tolerance
or error value is satisfied once again. Apply a new shape
to the cluster of pixels to create an image. Although -
means has the significant benefit of being simple to ap-
ply, it is not without complications.

It is not without its weaknesses. It depends on the arbi-
trary selection of the starting centroid to determine whether
or not the ultimate clustering findings are of high quality.
The initial centroid is chosen at random. Each original cent-
er will experience a distinct outcome when selected. Due to
that, the center will be selected with great care in order to
achieve the segmentation that we seek. Furthermore, com-
putational complexity is an additional aspect that we need
to take into consideration while building the K-means clus-
tering algorithm. The quantity of data items, the number of
clusters, and the number of iterations all work together to
determine its success.

4. Results and discussion

The MRI scan of the brain collects images, yielding gray-
scale images as output. A grayscale image is a data matrix
whose values indicate different shades of gray. A numeric
value or an intensity value that falls within the range (0-255)
is assigned to each member of the grayscale matrix.Digital
images acquired from magnetic resonance imaging (MRI)
are stored in MATLAB in matrix form for the purpose of ap-

Jvk. Ha mepBom atamne paoThl mpejsiaraercsi yCTaHOBHUTH
HCXOZIHBIN HEHTPOU, a HA BTOPOM — Pa3MECTHTb aHAIN3UPY-
eMble TOUKH B chopmMupoBaHHEIE KiacTepsl. [1o peymsraram
TECTHPOBAHMSA C PA3NIUYHBIMU HAYaJbHBIMH IIEHTPOHMIAMHU
YCTaHOBJICHO, YTO JTAHHBII TTOX0]1 00eCTIeyBaeT SKOHOMHUIO
BpEMEHH 0€3 CHIKEHHS TOYHOCTH KIIACTEPHU3aLHH.

3. MeTtoa Ki1acTepu3anun Ha ocHOBe K-cpeHux

Knacrepuzanus — 310 crioco0d pa3dueHus HaOopa JaH-
HBIX Ha 33JaHHOE KOJIMYECTBO TPYIIM, a KJIacTepH3alus Me-
TOJIOM A-CPETHUX — OIWH W3 HanOoJee pacpoCTPaHEHHBIX
ee croco0OB: B 9TOM cilydae IMPOUCXOJHUT pasJeiieHUue Ha-
Oopa JaHHBIX Ha k-KOJMYECTBO PA3IMYHBIX Tpymm, rae 11 u
12 —4ucna B rpymme. AITOPUTM k-CPEIHHX COCTOUT U3 ABYX
YacTeil: Ha IepBOM dTare BBIYUCIIAIOTCS YUCIIO & HauyalbHBIX
HOEHTPOB, & HA BTOPOM — KaxKJast OTACJIbHAsA TOYKa BKJIIOYa-
eTcs B KJlacTep ¢ HanboJiee CXOKHMMHU TOYKaMH. 3aTreM Ipo-
W3BOIUTCS] OOHOBJICHHE LICHTPOUIA AJIsl KaXKIIOro Kiactepa
Ha OCHOBE CPEIHEro apU(pMETHYSCKOr0 BXOIALIMX B KIila-
cTep Touyek. Yalie BCero CXoKecTh TOUEK ONpPEeessieTcs] Ha
OCHOBE €BKJIMIOBA PACCTOSIHUS, ITPHU 3TOM IOCJE Ka)J0TOo
OOHOBJICHHS IICHTPOH/IA ATU PACCTOSHHS PACCUUTBHIBAKOTCS
3aHOBO MEXXTy KaKIbIM HOBBIM LICHTPOM U KaXKIOH TOYKOH.
3meHnenne 3HaYECHUS CXOMKECTH — CBKJINI0OBA pacCTOAHUA-
MIPUBOANT K MOCIEIYIOMIEMY II€pepaclpeielieHHI0 TOYeK
MEXKIy KIacTepamMu. DTH MPOLECChl POIOIDKAITCS 10 MO-
MEHTa T.H. CTaOMIM3alM{ NPUHAUICKHOCTH. B KOHEYHOM
HUTOI'C BCC TOUKH OKA3bIBAIOTCS B UYCTKO PA3ACJICHHBIX MCKITY
co0oi1 k1acTepax ¢ OOHOBJICHHBIMH LIEHTPOHIAMHU.

LlenTpoun Kiactepa — 3TO TOYKA, Ul KOTOPOH CymMMa
paccTosHUIl 10 BCEX JIEMEHTOB, BKIIIOYEHHBIX B KJIacTep
JOCTUTACT CBOCTO MHHHUMYMaA. MCTOJI k-Cpe)IHI/IX — 3TO
WUTEPAIMOHHBIA ATOPUTM, KOTOPBIA YMEHBIIACT CYMMY

pPacCTOSIHUIT MEXKIY KaXIbIM O3JIEMEHTOM M LEHTPOHJIOM

ero knacrepa [10].

PaccMoTpuMm mpuMmep pachpeneneHnus H300pakeHHus C
paspenienneM x X y B k pasnmudHbIX KiactepoB. Kiacrepu-
3yeM BXOJHBIC MHUKCENbI Kak p(X, ), TAe ck MpencTaBiseT
LEHTPHI KiacTepoB. [Ipomenypa KiacTepusamuy METOIOM
k-cpenHux, Kak moka3aHo B [10], BRIVISLINT CIeAYIOMIM 00-
pasom:

1. Vaunmanuszanus KomuyecTsa KiacTepoB (k) U 1eHTpou-
Ja.

2. Brvrumcnenne eBKINIOBA PACCTOSHUS d MEXIY IEHTPOM
KJ1acTepa U KaXXIbIM IMUKCEIIOM I/I306pa)KeHI/IH C UCIIOJIb-
3oBaHueM d = p(x, y) — ck.

3. B 3aBHCHMOCTH OT paccTOSIHUS d TIPOU3BOANTCS BHECE-
HHUE TTUKCeNa B KacTep ¢ Hambosee OIM3KUM IEHTPOU-
JIOM

4. Tlocne pacnpeneneHUsl BCEX ITUKCENOB ITPOM3BOIUTCS
BBIYHCIICHHE HOBOTO TTOJIOKEHUS IIEHTPA C IIPUMEHEHHEM
CIIC/IYIOIIETO COOTHOIICHUS: ck = 1 k yEck xEck p(x, y).

5. T1.4 noBTopsieTcs 10 TeX Mop, Moka He OyJAeT JOCTUIHYTO
3HaYeHUe JonycKa (OIHMOKN).

HecmoTpst Ha CBOIO TIPOCTOTY, QJITOPUTM Kk-CPETHHX
HMEET P/ HEAOCTaTKOB. KauecTBO OKOHIATEIBHOTO PE3yITb-
TaTa KJIACTEPU3allMU OINPEEIsIeTCs] POU3BOJIbHBIM BbIOO-
POM HauyaJIbHOTO LIEHTPOMJA, T.€. MCIIOJIb30BAaHUE Pa3HbBIX
HavyaJbHBIX IICHTPOB NPHUBEACT K (POPMUPOBAHHUIO Pa3Iny-
HBIX PE3yJbTaTOB. BBHUIYy 3TOTO Al MOCTHIKEHUS JKeae-
MBIX DPE3yJIbTaTOB CErMEHTAIllMd HM300pa)KeHUs CIlIeIyeT C
0c000¥ THIATETBHOCTHIO BBHIOMpATh CTAPTOBBIN HEHTPOH]I.
Taxxe cremyer oOpaTuTh BHUMAaHUE Ha TO, YTO HCITONIB30-
BaHME aJTOPUTMA k-CpemHUX TPeOyeT BBHITOIHEHUS LIEJIOTO
psAaa CIOKHBIX BbIUMCIICHHH. TakuM 00pa3oM, KOJIHYECTBO
9JIEMEHTOB JIAaHHBIX, KOJMYECTBO KIIACTEPOB U KOJINYECTBO
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plying various algorithms. During the experimental results,
Fig. 1 shows the K-means clustered image, and Fig. 2 shows
the extracted edges as shown below:

Also, Figs. 3 and 4 reveal extracted gray matter and in-
tensity adjusted gray matter, respectively.

And not lastly, Fig. 5 and 6 depicted below show ex-
tracted white matter and intensity adjusted white matter.

5. Conclusion

This study used the k-clustering technique to segment an
image, and the initial centroid was obtained using the sub-
tractive cluster. Applying partial contrast stretching enhanc-
es the quality of the original image, while utilizing the me-
dian filter improves the segmented image. It is also possible
to customize the output images by adjusting the radius of the
hypersphere cluster, and we may draw a conclusion from this

Fig. 1. Shows K-means clustered image

Puc. 1. Knactepu3upoBaHHbIH CHUMOK,

Fig. 3. Shows extracted gray matter

Puc. 3. BbliesieHHOE cepoe BEelecTBO

UTEpALMNA — BCE 3TO BMECTE ONPEIEISIET YCIEIHOCTh IPU-
MCHCHUA aJIroOpuT™Ma.

4. Pe3ysbTarhl U UX 00CYyXK/AeHUE

MPT romoBHOTO MO3ra TO3BOJIIET IONy4YaTh H300pa-
JKEHHsI B OTTEHKaxX Ceporo, KOTOPbIE MPEACTABISIIOT COOOM
Marpuly JaHHBIX, 3HAYEHUs] KOTOPOH COOTBETCTBYIOT pas-
JVYHBIM OTTEHKaM IiBeTa. KakaoMy sieMeHTy MaTpuilbl
MIPUCBANBAETCSl YMCIOBOE 3HAUYEHHWE ONTHYECKOW IUIOTHO-
ctu B auamnasone (0-255). Iudposeie n300paskeHusI, MOIy-
YEHHbIE C TIOMOILBI0 MarHUTHO-PE30HAHCHOW TOMOTpaduu
(MPT), coxpansrorcst B mporpamme MATLAB B marpuaHOi
dopme ¢ 1enbIo JaTbHEHIIEro NIPUMEHEHNS K HUM Psifia pas-
JUYHBIX anroputMoB. Ha puc. 1 mokazaHo m3o0paxkeHue,
KJIaCTEPH30BaHHOE B TPOLIECCE AAHHOIO MCCIIEIOBAHUS 110
Merony K-cpeqHux, a Ha pHc. 2 MPOJEeMOHCTPUPOBAHBI BbI-
JIENICHHBIE TPAHUIIBI MEXK/Ty PA3IMIHBIMU 30HAMHU CHHMKA.

Ha puc. 3 mpenctaBineHo BBIIEICHHOE CEpOE BEIIECTBO,
Ha puc. 4 OKa3aHo TO K€ Camoe, HO C MONPABKOil Ha MHTEH-
CHUBHOCTb CHT'HAJIA!

Fig. 2. Shows extracted edges

Puc. 2. BoijienieHHbIC TPaHUILIBI MKy 001aCTIMHI
MeTo/I0M K-CpeTHUX

Fig. 4. Shows intensity adjusted gray matter

Puc. 4. BoljienieHHOE cepoe BEeIeCTBO C
KOPPEKTUPOBKOI HA MHTEHCUBHOCTD CUTHAJIA

Ha puc. 5 mokazaHo BBIJIEIEHHOE Oelloe BEIIeCTBO, Ha
puc. 6 TOKa3aHoO TO ke caMmoe, HO C TOMPaBKOW HA WHTEH-
CUBHOCTbH CUI'HAJIa:

Haxkoner, Ha puc. 7 mpeacTaBiIcHa BRIICICHHAS OIYXO0JIb
Ha HadaJIbHOW CTaJUU PA3BUTHSL.

5. Bakimouenne

B nanHOM wmccienoBaHuMM OblIa NPOM3BEJECHA Cer-
MEHTalys n300paXeHHs C HCIOJIb30BAHUEM  MeETOIa
k-xmacTepu3aly, HadaJbHBIH EHTPOHU AT KOTOPOTO ObLI
OIIPEZEIIEH C IIOMOLIBIO PA3HOCTHOIO KJIacTepa.

[IpumeHeHne 4YaCTHYHOrO pacTSKEHHs KOHTpacTa
ylIydlaeT Ka4eCTBO MCXOAHOIO CHHMMKA, a HCIIOJIb30Ba-
HUE MEJMaHHOTO (uibTpa ylydllaeT CerMEHTHPOBAHHOE
n3o0pakenue. Takke BO3MOXKHO HW3MEHSATH HTOTOBBIN
pe3yibTaT MyTeM BapbUPOBAaHMS pajuyca KiacTepa Tu-
nepcdep. Bee 3Tu mpreMbl MPUMEHSIOTCS] OTHOBPEMEHHO.
IIpensiaraemslii B JaHHOM CTaThe BAPUAHT KJIaCTEPU3ALUU
k-cpenHux o0sasaeT psiioM NMPEUMYIECTB Hajl Kilaccuie-
CKUM aJITOPUTMOM A-CPEIHHX, & IMEHHO JJOITyCTHMOCTBIO
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finding that by adjusting the radius of the hypersphere clus-
ter, we can get varied output. These techniques are executed
concurrently. When the final segmented result is compared
with the A-means clustering method, we are able to draw the
conclusion that the suggested clustering technique has supe-
rior segmentation, which means the root mean square error

Fig. 5. Shows extracted white matter

Puc. 5. BeiiesenHoe 6eoe BEmecTBo

-

(RMSE) and the peak signal-to-noise ratio (PSNR) are small
and big values, respectively, for the proposed technique. The
proposed technique outperforms the traditional K-means al-
gorithm in terms of RMSE and PSNR, as these values are the
criteria for a decent image.

Fig. 6. intensity adjusted white matter

Puc. 6. Beienaennoe 6eoe BEmecTBo
C KOPPEKTUPOBKOW Ha MHTEHCUBHOCTb
CUTHAJIa

- 58 |

=

Tumor is in " Initial Stage "

Fig. 7. Shows segmented tumor as an initial stage

Puc. 7. Boiienennas ormyxosb Ha Ha4aJIbHOM CTaMu Pa3sBUTHs

KaK MallblX, TaK ¥ OOJIBIINX 3HAYEHUH CpeJHEKBaApaTH-
yeckoit omnoku (RMSE) 1 n1MKoBOro OTHOLICHUST CUTHAN/
myMm (PSNR) coorBectBeHHO. JlaHHBINH pe3ynbrar ObLI
MOATBEPK/ICH IPU OLIEHKE UTOTOBOTO PE3yJIbTara CerMeH-

Tamun. CTOUT OTMETHTD, 4yTO nokazaresm RMSE u PSNR
OKa3bIBAIOT 3HAYUTEIBHOC BIUSHUEC HAa PE3yJbTaThl pabo-
ThI KJIACCHYECKOTO METO/Ia k-CPCIIHUX.
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