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JlocnilKeHHsT PUCBSIYEHO po3po0Ill METOAYy aJITOPUTMIYHOT KOMIEHcAIll
BIUTMBY PO3CISIHOIO BUIIPOMIHIOBAHHS Ha SIKICTh PEHTTE€HIBCHKUX 300pakKeHb, IO
Ma€ JIO3BOJIUTU TOKpAIyBaTH SKICTh PEHTICHIBCBKUX 300paK€Hb Ha PIBHI
ICHYIOYMX amapaTHUX pilmieHs 0e3 HeoOXiAHOCTI  30UIBIICHHS  JT030BOTO
HaBaHTAXXEHHS Ha MaIll€HTa.

PentreniBcbke OOCTEKEHHS — Jy’K€ MOIIMPEHUN METOJl 1HTPOCKOIi Yy
MEJIUIIMHI B OCHOBI SIKOTO JICXKUTh PEECTpallisi TIHOBUX 300pa’keHb 00CTEKYBaHOTO
00’€KTa y pEHTreHIBChbKMX MNpoMeHsAX. CyImyTHS LIKIJIUBA il PEHTTE€HIBCHKOTO
BUIIPOMIHIOBAaHHSI BB@XAE€ThCS  JIOMYCTUMOIO OCKUIBKM Yy PSJi  BHIIAQJIKIB
anbTepHATHUBA BIJCYTHS.

B3aemonito peHTreHiBCHKOTO BHUIIPOMIHIOBAHHS 13 PEUYOBHMHOIO 00’ €KTa
CIIPOIIEHO MOXHA OIUCATU MPOILIECAMH PO3CISHHS Ta MOTrJauHaHHSA. DOTOHH, IO
npovnui 0e3 B3aeMonii (Hadaslli MEPBUHHE BUIPOMIHIOBAHHA) 13 PEYOBUHOIO
00’€KTa, CTBOPIOIOTh YITKE TIHHOBE 300pa)KEHHS MOTO BHYTPINIHBOI CTPYKTYPH.
@OTOHM, IO 3a3HAIM PO3CIIOBAHHA - 3HWKYIOTh KOHTPACT pPE3YJIbTYIOYOTO
PEHTIeHIBCHKOTO 300pakKeHHS Ta CIIOTBOPIOIOTH 1HOPMATUBHICTh J1arHOCTUKH.

HasBHi  MeTrogum  BupimieHHS  TPoOOJEeMH  BIUIMBY  PO3CISTHOTO

BUIIPOMIHIOBaHHS HAa PEHTIE€HIBCHKI 300paXKeHHS MAarOTh HENONIKUA. 30Kpema,



3aCTOCYBaHHSA MPOTUPO3CIIOIOUOTO pacTpy Beae M0 30UIbIICHHS J030BOTO
HABaHTA)XCHHS Ha JOCIIKYBaHHM 00’€KT, a 3aCTOCYBaHHS IIUIMHHUX CXEM 13
BHCOKOKOJIMOBAaHUMHU PEHTIEHIBCBKUMHU IyYKaMH CIHOBUIBHIOE [[1aTHOCTHKY Ta
CTBOPIOE BEIMKE TEIUIOBE HABAHTAXKECHHsSI Ha OONaAHAHHS, IO MiJABUINYE IIHY 1
CKJIa/IHICTh 00JIaIHaHHS Ta 3MEHIIIY€ HOro HaiiHICTb.

3MEHIIIEHHS J030BOr0 HAaBaHTAXXECHHS Ha NAICHTIB 1 IABUILCHHS
KOHTPACTy A1arHOCTMYHUX 300paXeHb € aKTyaJIbHOIO 33/1a4€i0, BUPIIICHHIO SKOi
MPUCBAYEHO BEJIMKY KUIBKICTh HAyKOBHUX POOIT 1 TEXHIYHUX pPO3POOOK.
HesBaxaroun Ha 3HAYHMI 1HTEpeC MO 1€l 3aJadl BOHA HE € y MOBHIM Mipi
BUPIIICHOIO. 30KpeMa, aKTyaJIbHOI € ONTHUMI3allisl aJIrOpuTMIB 0e3pacTpoBOi
KOMITEHCAIlIi pO3CiSIHOT'0 BUIIPOMIHIOBAHHS 3 METOIO MIHIMI3aIlii 1031, MaKCHUMI3aIlli
KOHTPACTY TOILIO.

Metoro poOoTH € po3poOKa aJrOPUTMIYHOTO METOJY KOPEKI[li BIUIMBY
PO3CISIHOTO ~ BUIPOMIHIOBAHHS Ha  PEHTICHIBCbKI  300paKEHHS  IIJISXOM
MaTeMaTUYHOI OOpOOKM BUMIPHUX AAHUX, IO JO3BOJUTH MIJBHUILIUTA KOHTPACT
PEHTIeHIBCHKUX 300pakeHb Ta YHUKHYTH HEIOJIKIB anapaTHUX pIlIeHb, 30KpeMa
MIJBUIIEHHS. JI030BOT0 HABaHTAXXEHHS. BaXJIMBUM eTarnmoM JOCHIKEHHS €
nepeBipka  €(PEKTUBHOCTI  3alPOINOHOBAHOTO METOAY Yy TMOpPIBHAHHI 13
HAWUTIOMIUPEHIIUMHU Y JIarHOCTUYHINA MPaKTHUIIl anmapaTHUMHU METOJAaMHU KOPEKIIii
BILJIMBY PO3CISIHOIO BUIIPOMIHIOBaHHSI HA PEHTTE€HIBChKI 300pa)KEHHS: BapIIOBAaHHS
MOBITPSHUM ~ 3a30pOM  MDK  JOCHIP)KYBaHMM 00 €KTOM Ta  JE€TEKTOPOM;
3aCTOCYBAHHSM MIPOTUPO3CIIOIOYOTO PaCTpy.

OG’exTOM JOCHTIKEHHSI € Mojedl (PI3UYHUX MPOIECIB BIIUBY PO3CISTHOTO
PEHTIeHIBCHKOTO BUIIPOMIHIOBAaHHS Ha Cc(pOpMOBaHE PEHTTEHIBCHKE 300pakKeHHS,

PEHTIeHIBCHKI 300pakeHHsI MOACIbHUX (DaHTOMIB.



[IpeameToM AOCHIIKEHHS € MOJIeIl TOUKOBUX SIZIEP PO3CIIOBAHHS Ta METOIU
KOMIIEHCAIlll BIUIMBY PO3CISIHOTO PEHTICHIBCHKOTO BHUIIPOMIHIOBAaHHS  Ha
chopMOBaHi mij HOro BITMBOM PEHTTE€HIBChKI 300pa)keHHS.

Ha ocCHOBI u4MCEnbHOTO MOJETIOBaHHS TOKA3aHO, 110 MPOTHUPO3CIIO0YI
pacTpu 1o epeKTUBHOCTI BiJICIFOBAaHHS PO3CITHOTO BUIIPOMIHIOBAHHS BiJIITOBIIAI0Th
3HAYHOMY 30UIBIIEHHIO TMOBITPSHOTO MPOMIKKY MK OOCTEKYBaHUM 00’ €KTOM Ta
neTekTopoM. B poOoTi Oyso AOCHiHKEHO NeKiIbKa pacTpiB 13 THUIIOBUMH IS
peanbHOi JiarHOCTUKM mapaMerpamu (dactora pactpa N = 60 cm, ToBimuHa
mwiactud d = 49 MKkM, MIXKIUIacTHHHA BiAcTanb D = 120 MKM Ta JeKlJIbKa 3Ha4YEHb
BIIHOILICHHS BUCOTU IUIACTUHU 10 11 TOBIMHU r = 4, 8, 12) Ta pi3HI 3HAYCHHS
MOBITPSTHOTO MPOMDKKY BiJl 5 cM g0 12 M. BusBieHo, mo pactp i3 HalOUIbIIUM
3HAUYEHHSM 1" TIOKpally€e 300pa)KeHHS Ha PiBHI TPOXHU Tipile BiJl HAHO1IBIIOTO
MOBITPSHOTO IPOMIKKY. B I17I0My BETMKHIA MOBITPSIHUIA MPOMIKOK 3JaTHUN FapHO
MOCJIA0UTHU PO3CisSIHE BUIIPOMIHIOBAHHS TIOKPAIIYIOUU PE3YJIbTYIOUE PEHTIEHIBChKE
300paKe€HHsI, 110 JI0CSITAEThCS 3aBIISIKA BUOIPKOBOCTI, siKa csirae 3HauYeHb Oiblie 10.
Xopomuit pacTp 3AaT€H MOBHICTIO 3aMIHUTU TOBITPSHUNA MPOMIKOK 3MEHIITYIOUU
pPO3MIpHU CKaHepa, ajie IIHOK B pa3u Ouibinoro ¢aktopa baki, 1110 KOMIIEHCYETHCS
MIPOTIOPITIHHUM i IBUIIIEHHSIM JJO30BOTO HABAHTAKCHHSI.

3anponoHOBaHa MOJEJIb TOYKOBOTO SJipa PO3CIFOBAHHS TapHO OIUCYE
CUMETPHUYHI Ta HECUMETPUYHI siipa PO3CIIOBaHHS OTPUMAaHI MiJ] Yac JOCIIIKEHHS
TpPeHyBaJbHOTO  (aHTOMA  3aBIASKH  «CEKTOPHOMY»  JIOJIaHKY  (moxuOKa
EKCTpamoJIAIii acCUMETPUYHUX SJIep B cepeaHboMy He mnepeBuinyBaia 10%).
Acumetpia anep 34e0UIbIIOr0 BUHHMKAE MPH OMPOMIHEHHI MEX MNOAUTY PI3HUX
TkaHuH. [IpogeMOHCTpOBaHO, MO TMPU KOMIICHCAIll BIUIMBY PO3CISTHOTO
BUIIPOMIHIOBaHHS BAXJIMBO BUKOPUCTOBYBATH SIJJpa 13 MPOCTOPOBUM PO3MIPOM HE
MEHIIIE 3a TOABIMHMM poO3MIp 300pakeHHs, M0 3a3Hae 00poOku. YucenbHe

MOJICITIOBAHHS 13 BUKOPHCTAHHSIM TPEHYBAJIBHOTO Ta TECTYBAJIBHOTO (HaHTOMIB



MOKa3aj10: TOYKOBI sJipa 0OMeXeH1 po3MipamMu 300pakeHHs (po3MipamMu JeTeKTopa
AKUI OyJ0 BHUKOPUCTAHO JJsi OTPUMAHHS PEHTTEHIBCHKOIO 300paKeHHS Ta
BIJIMOBITHO sifpa) BTpayaroTh 10 30% eHeprii (po3CiSHOTO BUIPOMIHIOBAHHS);
3aCTOCYBaHHS ITOBHOTO siJipa (PO3MIpOM BJIBIY1 OLIbIIIE 32 PO3MIpU 300pakeHHs, 110
3a3Ha€ OOpOOKHM) Ta EKCTPAmoJsAllis HEMOBHOTO siapa (0OMEXEHOro po3MipaMu
300pakeHHs) 13 BUKOPUCTAHHSAM 3alpOIIOHOBAHOI MOJIENl MPU3BOJAATH 10 CXOXKOTO
pe3yNbTaTy — 3MEHIICHHS MOMIIKH KoMiieHcallii Ha 50%.

3anponoOHOBaHO ANTOPUTM KOMITIEHCAIl1 BIUIUBY  PO3CISIHOTO
BUIIPOMIHIOBaHHS Ha c()OPMOBAHI Mijl MOTO BIUIMBOM PEHTICHIBCHKI 300paKEHHSI.
Meron 0a3yeTbCcsi Ha CErMEHTallll PEHTIeHIBCBKUX 300pa)K€Hb Ta 1T€paTUBHIN
JIEKOHBOJIIONIT MPU BUKOPUCTAHHI O1010TEKH siiep PO3CIIOBaHHS HAKOMUYEHOI B
XOJIl PeaiCTUYHOI CUMYJISAIT B3a€MOJIl PEHTIE€HIBCHKOTO BHUIPOMIHIOBAHHA 13
MOJieTbHUMH (haHTOMaMu Ta 30aradeHoi MeToJaMu KJIaCTEpPHOTO aHali3y.
[TokazaHo, 1110 3aCTOCYBaHHsSI QJITOPUTMIYHOI KOMIIEHCAIli JJIsl TMOKpaIEeHHS
PEHTIeHIBChKUX 300pa)KeHb MPU3BOAUTH 10 25% TMOKpalmeHHs KOHTpacTy Ta
KpPaTHOTO TOKPAIICHHSI CMIBBIIHOMICHHS! CUTHAJI-IIIYM Y BHUMAJKy MAaTeMaTHYHOTO
dantoma Ta 100% TOKpamieHHS KOHTPAcTy 13 KpaTHUM TOKpaIlICHHIM
CHIBBIAHOILIEHHS CUTHAJ-IIYM Y BUIIAJKY JIOJMHONOI0HOTO (panTOoMa 3ybana 6e3
30utbmieHHs:  Qgakropy baki. IlopiBHroroum 13 pesynbTaTaMu 3aCcTOCYBaHHS
MPOTUPO3CIIOI0YOr0 PacTpa, ANTOPUTMIYHA KOMITEHCALIIs TPU3BeIia 10 OJIM3bKOro 3a
KOHTPAacTOM Ta CIIBBIJHOIICHHSIM CHUTHAJI-IIYM IOKPAIEHHS PEHTI€HIBCHKOIO
300pakenHs (pizHuist B Mexkax 10%) 6e3 30inbmienns pakropa baki. Takum anHOM
QITOPUTMIYHA KOMIICHCAISI JO3BOJII€ 3MEHIIUTH JI030BE€ HABAHTAXCHHS Ha
oOcTtexxyBaHui 00’€KT Tipu  30epexeHHl 1HGOPMATHUBHOCTI  J1IaTHOCTHKHU
(peHTTEeHIBChKE OOCTEIKEHHS JIIOJUHOIOAIOHOTO (haHTOMa 3MOJICThOBAaHE B I

po0OTI MpoAEeMOHCTpYBaIo 3HaYeHHs (hakTopy baki 61u3bke g0 1.5, 1110 BiAnoBigae



M1BUILIEHHIO J030BOT0 HABAHTAXXEHHS CIIPUIHATOTO JIFOAMHOMOAIOHUM (PaHTOMOM
Ha 50% mpu 3acTocyBaHHI pacTpa).
3anponoHoBaHa Mapa METOJMIB KJIACTEpHOTO aHamizy O10Ji0TeKH siep
pO3CitoBaHHS (3MEHIIIEHHS PO3MIpy O10JIOTEKH siiep pO3CIIOBaHHS) Ta CerMeHTaIlii
PEHTTeHIBChKIX 300paskeHb (Ki1acu@ikallisi TOUOK PEHTT€HIBCHKOTO 300paKeHHS y
BIJIMOBIAHOCTI 10 O10JIOTEKH Si7ep PO3CIIOBAHHS XapaKTEPHUX I JAHOTO THUITY
00’ €KTIB):
® KJAaCTEpHUN aHali3 BUKOHAHUM MOJEIBbHO-OPIEHTOBAHUM METOJIOM
CyMIIlll TayCOBUX PO3MOJLIIB 13 TAKMMHM O3HAKaMH: IHTETpasl BiJl fAJpa,
MaKCUMaJbHE Ta MiHIMaJbHE 3HAYCHHS S/Ipa, KOOPAWHATH IICHTPY Mac
A5pa, J1arOHaJIbHI €JIeMEHTH TEH30pa I1HEpIii Ta HaliBIIMpUHA sapa
IPU3BOAUTE 10 TOJAUTY 300pa)k€Hb Ha OUIbII 3B’SI3HI JUISTHKUA IIHOIO
BKJIIOUEHHS /10 OJTHOTO KJIacTepa «JIajieKki» siapa (spa, 1110 3a €BKJI1I0BOIO
BIJICTAaHHIO OJIMKYE JIO IIEHTPOIAY 1HIIIOTO KJIacTepy).
® KJIAaCTCpHUH aHaJli3 BUKOHAHWHA KJIACUYHHM METOJOM K-CEPEIHIX IS
3HAYEHb s/ep 13 MPSAMUM OOPaXyHKOM €BKJIIJIOBOI BIJICTAHI MIXK SpamMu
(o3HaKM — 3HAYEHHS SApa B YCIX TOYKAX JIETEKTOpa) MPU3BOAMUTH [0
Kpamioro po3mojauly sifep Mo KiacTepax IIHOK MOy PEHTI€HIBCHKOTO
300paK€HHSI Ha MEHIII 3B’SI3H1 IUISTHKHU.
O6uaBa 3a3HaueHUX (HaKTOPU BaroMi B paMKaxX 3alpOTNOHOBAHOTO AJITOPUTMY
KOMIICHCAIII1 Ta B 3aJIEXKHOCTI BiJl TUITY 00’ €KTa MOXYTh 31rpaTH BaXJIMBY POJIb IPH
KOMIICHCAIlli BIJIMBY PO3CISTHOTO BHUIIPOMIHIOBAHHS. AJTOPUTM KOMIICHCAIT]
BUPIIITYE HEKOPEKTHO TMOCTABJICHY 3ajady Ta Kpallle BU3HAUYCHUU TPH PO3OUTTI
PEHTIeHIBCHKOTO 300pa)K€HHS Ha HEBENMKY KUIbKICTh 3B’S3HUX oOjactei. B
pamkax 1iei podboTu O0yio BusiBieHO MeHIry nmoMuiky (10% mpotu 5% y Bunaaky
ONTUMAJIBHOTO PO3OUTTS) KOMIICHCAIlll MPU 3aCTOCYBaHHI METOAY K-CEpeaHIX Ta

OpsiIMOi €BKJIIJIOBOT BIICTaH1 MK SIApaMH JJI ONITUMAJIBHOTO 3MEHIIEHHS! PO3MIpPIB



010J110TEKH PO3CIIOBaHHSA. 30KpeMa BHSBICHO, 10 ONTUMAJIbHUM € pO30UTTS
300paKeHHsI TPYTHOT KIIITKH JIIOIMHOTIONIOHOTO (haHTOMa Ha S5 - 8 00acTei.
Knacudikarop, moOymaoBaHuii Ha OCHOBI MAaIllMHM OIOPHUX BEKTOPIB 13
BUKOPHCTAHHSAM HaOOpy 0a30BUMX O3HaK: KOOpIWHAT TOYKHM Ha 300paskeHH,
3HaYEHHS TMPOMEHEBOrO IHTETpally IJs TOYKH, Ta JOAATKOBHX O3HAK, IO
MiAKPECITIOITh Kpai: IIEHTp Mac Ta IMOXiJHa MOpaxoBaHi y OKOJII TOYKH, MMOKa3aB
JOCTaTHIO JUIA SAKICHOI KOMIIGHCAIlil TOYHICTh Kiacudikalii y BUIAAKY
TECTyBaJIbHOrO (aHTOMy (y BHIAJKY ONTUMAJIBHOIO pPO3OUTTA IOMUJIKA HE
nepeBunrye 5%) Ta mroguHomnonioHoro (panTomy 3ybana. Cepen poO3TISTHYTHX
MeToAIB moOymoBH KiacudikaTopa — meroa C-SVC 13 JariacoBuM sapoM Ta SPOC-

SVC 13 JIaIJIaCOBUM SIpOM AAJIM HAMKpALUi pe3yibTar.

KitouoBi  cnoBa:  PeHTreHiBcbke  300pakKeHHs, PO3CISIHE  PEHTTEHIBCHKE
BUIPOMIHIOBaHHS, TOYKOBI siipa PO3CIFOBaHHS, KJIACTCPHHUI aHalli3, CerMEeHTAIlls,

Gate.

ANNOTATION

Danyk A. Y. Physical bases for scattered radiation correction in X-ray
imaging. — Qualifying scientific work on the rights of the manuscript. Thesis for
the degree of PhD (Doctor of Philosophy) according to the specialty 105 — “Applied
physics and nanomaterials” (10 Natural sciences). — Taras Shevchenko National

University of Kyiv, Ministry of Education and Science of Ukraine, Kyiv, 2021.

The present work is devoted to the development of an algorithmic scattering
correction method for improving the quality of X-ray images obtained using existing
hardware solutions without the need to increase the patient absorbed dose.

X-ray study is a very common medical introscopic method based on

registration of investigated object’s shadow images in X-rays. Concomitant harmful



effects of X-rays are considered acceptable because there is no alternatives in the
most cases.

The interaction of X-rays with the object's matter can be described in terms
of the scattering and absorption processes. Photons that have passed through the
object without interaction with objects' matter (a primary radiation hereinafter)
provide a clear shadow image of the objects' internal structure. Scattered photons
reduce the contrast of the resulting X-ray image and distort the informativeness of
the diagnosis.

Existing solutions for the scattered radiation problem haven their drawbacks.
In particular application of an anti-scattering grid leads to the dose increase and
application of the slit schemes with highly collimated X-ray beams slows diagnostic
procedure providing a large heat load on the equipment that increases the cost and
complexity of equipment and reduces its reliability in turn.

Reducing the dose and increasing the diagnostic images contrast is an actual
problem and numerous scientific works and technical developments are devoted to
its solution. Despite considerable interest in this problem, it is not fully solved. In
particular, it is important to optimize the algorithms for non-grid compensation of
scattered radiation in order to minimize the dose, maximize contrast, etc.

The aim of the present work is development of an algorithmic method for
correcting the effects of scattered radiation on X-ray images by mathematical
processing of measured data that increase the contrast of X-ray images while
avoiding the shortcomings of hardware solutions, including dose increasing. An
important stage of the study is to proof the efficiency of the proposed approach in
comparison with the most common hardware approaches for correcting the effects
of scattered radiation on X-ray images used in diagnostic practice: variation of the

air gap between the object and the detector; using an anti-scattering grid.



The object of the research are models of physical processes of scattered X-
ray radiation effect on the formed X-ray image, X-ray images of model phantoms.

The subject of the research is the models of scattering point-spread functions
(scattering kernels) and methods of scattered radiation compensation on the X - ray
images.

The anti-scatter grid efficiency is comparable to large air gapping (increasing
the distance between the examined object and the detector), that was demonstrated
by the results of numerical simulations. Several grids with parameters typical for
real diagnostics (grid frequency N = 60 cm-1, plate thickness d = 49 pum, interplate
distance D = 120 um and several values of the plates’ height to thickness ratios r =
4, 8, 12) and different values of the air gap from 5 cm to 12 m were investigated.
The largest investigated air gap (12m) has been found to be slightly better than the
best investigated anti-scatter grid. The large air gaps could be very useful in scattered
radiation suppression due to the high selectivity value (10 achieved for 2m air gap).
At the same time, high quality grid is a very compact solution that is able to
completely replace the air gap reducing the size of the scanner but with the radiation
dose increase trade off.

The proposed model of a scattering kernel well describes symmetric and
asymmetric scattering functions obtained during the study of the training phantom
due to the "sectoral™ term. Asymmetry mostly occurs in the case when the irradiated
point lies on the different tissues’ boundaries. Scattered radiation compensation is
proved to be more effective if kernels with a spatial size of at least twice the size of
the image being processed are used. Training and testing phantoms involved
numerical simulations proved the follows: scattering kernel limited to the size of the
image (the same size as the detector used to obtain an X-ray image) lose up to 30%
of energy (scattered radiation); the use of a full kernel (twice the size of the processed

image) and extrapolation of an incomplete kernel (limited by the size of the image)



with the help of proposed model provide a similar result - a reduction of the
compensation error by 50%.

Proposed scattering correction algorithm is based on the segmentation of the
X-ray images and an iterative deconvolution procedure performed using a scattering
kernels library sampled during the realistic simulation of the interaction of X-rays
with model phantoms and enriched by cluster analysis methods. Algorithmic
scattering correction improves mathematical phantom X-ray images contrast up to
25% with several fold increased signal to noise ratio. Zubal phantom X-ray images
contrast is increased up to 100% with several times signal to noise ratio increase.
These contrast and signal-to-noise improvements occur without Bucky factor
increase that was proved by numerical simulation. Algorithmic compensation
provided comparable to anti scatter grid quality improvement without Bucky factor
increase (SNR and contrast for both methods are demonstrated to differ less than
10%), thus providing lower dose while maintaining the informativeness of the
diagnosis on the same level.

Cluster analysis of the scattering kernels library (reducing the size of the
scattering kernels library) and segmentation of X-ray images (classification of X-ray
Image points according to the scattering kernels library characteristic) are the pair of
methods proposed to be a core of scattering compensation procedure:

o cluster analysis performed by model-based method of a Gaussian
distributions mixture using the following features: kernel integral,
maximum and minimum values of the kernel, ”mass center” coordinates
of the kernel, diagonal elements of the inertia tensor and half-width of the
kernel leads to segmentation of the image onto better connected areas
despite including the "distinctive"” kernels into kernels groups (kernels that

are closer in Euclidean distance to the centroid of another cluster).



o cluster analysis performed by the classical method of k-means using direct
values of scattering kernels by direct calculation of Euclidean distance
between kernels (features are the values of the kernel at all its points) leads
to better distribution of kernels among clusters.

Both these approaches are important for the proposed compensation algorithm and,
depending on the type of object, one or other could be implied in a compensation
procedure. The compensation algorithm solves an ill-posed problem and performs
better for the case of X-ray image split into a small number of connected areas. k-
means with direct Euclidean distance features set have provided better result solving
the scattering kernels library shrunk size task. It was found, that 5-8 is the optimal
cluster number for Human chest images (Zubal phantom).

Classifier is based on the support vector machine using a set of basic features:
coordinates of a point on the image, the value of the ray integral for the point and
extra features that emphasize the edges: mass center and derivative. The classifier is
proved to be accurate enough for the scattering compensation procedure: in the case
of optimal X-ray image segmentation the error is not exceed 5%. The C-svc with
Laplace kernel and Spoc-svc with Laplace kernel provided the best results among
the considered methods of classifier constructing.

Keywords: X-ray image, scattered X-ray radiation, scattering kernel, cluster

analysis, segmentation, Gate.
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Anpobanisi pe3yabTaTiB AUCepTALil

OCHOBHI MOJIOKEHHSI JUCepTaIliiHoi poOoTu jgomoBiganmucs Ha 11

KOH(EpeHITisX:

. IX International conference “Medical physics — the current status, problems,
the ways of development. Innovation technologies” — September 23-25, 2020,
Kyiv, Ukraine.

. VI International conference “Medical physics — the current status, problems,
the ways of development. Innovation technologies”— September 26-27, 2020,
Kyiv, Ukraine.

. 10th IEEE International Conference on Intelligent Data Acquisition and
Advanced Computing Systems: Technology and Applications, IDAACS. —
September 18-21, 2019, Metz, France.

. XIV International Scientific Conference «Electronics and Applied Physics» —
October 23-26, 2018, Kyiv, Ukraine.

. VIl International conference “Medical physics — the current status, problems,
the ways of development. Innovation technologies” — September 27-28, 2020,
Kyiv, Ukraine.

. Conference (competition) of Students’ Projects organized by LIA IDEATE,
CNRS, CEA, Paris-Sud University, French Embassy and French Institute in
Ukraine - March 7, 2018, Kyiv, Ukraine

. VI International conference “Medical physics — the current status, problems,
the ways of development. Innovation technologies” — September 28-29, 2017,
Kyiv, Ukraine.

. IEEE 37th International Conference on Electronics and Nanotechnology
(ELNANO) — April 18-20, 2017, Kyiv, Ukraine.




9. Special Semester on Computational Methods in Science and Engineering.
“Workshop 4: Numerics for Stochastic Partial Differential Equations and their
Applications”. - December 12-16, 2016, Linz, Austria.

10.XV International young scientists conference on applied physics — June 10-
13, 2015, Kyiv Ukraine.

11.V International conference “Medical physics — the current status, problems,
the ways of development. Innovation technologies” — September 24-25, 2015,

Kyiv, Ukraine.



