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OMPAUOBAHHA MEOWYHUX 30BEPAXEHb HA NMPUKNAAI TEXHONOTII
BOJIb®PAM MATEMATUKA (MEDICAL IMAGE PROCESSING)
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lMpoaHanizoBaHO OCHOBHI MeTOAM Ta anropuTMyM MaTemMaTuyHoi 06pobkM Meau4Horo 3o6paxeHHs Sk 06'ekTa KOMN'IOTEPHOI
maTemaTuku. lNpencTaBneHi MeToaM Ta anropuTMyM CUCTEMU KOMM'IOTEPHOI MaTEMaTUKU € akTyanbHUMW i MOXYTb 3HAWTU
3acToCyBaHHA B ranysi o6pobku meguyHmnx 3o6paxeHb - aBTomaTuaauii npouecy o6pobkm 306paxeHb; B AKOCTi iIHCTPYMEHTY
BUMIPIOBAHHS Ta BU3HAYEHHSA ONTUMYHUX NMapaMeTpiB; igeHTudikauii i popmyBaHHA 6a3n meguyHux 3o06paxeHb. BnpoBagxeH-
HA npeacTaBNeHuX oKpeMux MeToAiB Ta anroputmiB komn'ioTepHoi Bonbdpam MaTtematukum cnpusie onTumisauii npouecy
onpautloBaHHA i NpeAcTaBneHHs MeAnYHUX 306paxeHsb.

Knw4oBi cnoBa: megunyHe 3o6pa>|<eHH;|, MaTtemaTu4Hi meToamn Ta anropnuTmm, KOMI'I'POTepHa MaTeMaTuka.

OB3OP OTAEJNIbHbIX MATEMATUYECKUX METOOOB U AJIFTOPUTMOB
OBEPABOTKN MEOUUMHCKUX U3OBPAXEHUWU HA NMPUMEPE TEXHOJIOIUMU
BOJIb®PAM MATEMATUKA (MEDICAL IMAGE PROCESSING)

A. E. NpokonyeHko
Banopoxckuli  2ocydapcmeeHHbili  MeQUUUHCKULU yHusepcumem

MpoaHann3npoBaHbl OCHOBHblE METOAbl WM anropuTMbl MartemaTuyeckon obpaboTkM MeaMUMHCKOrOo M30bpaxeHus Kak
ob6bekTa KOMMNbIOTEPHON MaTemaTuku. [lpeacTaBneHHble MeToAbl M anropuTMbl CUCTEMbI KOMMbIOTEPHOW MaTemaTuku
aKkTyanbHbl U MOTYT HaWTW NMpuMMeHeHue B obnacTn o6paboTkM MeauUMHCKMX n3obpaxkeHui - aBTomMatu3auum npouecca
06paboTkM n3obpaxeHuin; B Ka4ecTBe MHCTPYMEHTa U3MEPEHNs 1 onpedenieHns ONTUYECKNX NapamMeTpoB; UaeHTuduKkauum
n copmupoBaHns 6a3bl MeOUUNHCKUX M300paKeHun.

MpeacTtaBneHHas B ctaTbe npobnema akTyanbHa Takke ANS CUCTEMbl COBPEMEHHOro MeauuuHckoro obyyeHus. B ka-
YecTBe npumepa ucnonb3oBaHus Bonbdpam MatemaTukum moryt 6bITb pacCMOTPEHbl COOTBETCTBYIOLME AEMOHCTpauuu,
HanpumMep, cneunanbHon obpaboTkm peHTreHorpamm u Mopdonormyecknx mnsobpaxeHui. [JaHHble MeToAbl cryxaT Ans
NOBbIWEHNS ANArHOCTUYECKON 3HAYMMOCTM U LIeHHOCTU MeAULMHCKOro (KNMMHUYECKOro) UCCNefoBaHUs U MOryT CNyXuTb B
ponu y4ebHOW WHTEpPaKTMBHOW AEeMOHCTpauuu.

BHegpeHue npeacTaBneHHbIX OTAENbHBIX METOAOB M anropuTMOB KOMMbloTepHoW Bonbdpam MaTtemaTtukm cnocobersyer,
B Lenom, onTuMmnsaumu npouecca npaktmyeckon o6paboTku v npeacTaBneHUs MeAULMHCKUX M306paxeHuni.

Knro4yeBble cnoBa: MeguUNHCKOE M306pa)KeHVIe, MaTemMaTu4yeckne MetTodbl N anropuTMbl, KOMNbTEPHAA MaTeMaTuKa.

REVIEW OF MATHEMATICAL METHODS AND ALGORITHMS OF MEDICAL
IMAGE PROCESSING ON THE ExAMPLE OF TECHNOLOGY OF MEDICAL
IMAGE PROCESSING FROM WOLFRAM MATHEMATICS

O. Ye. Prokopchenko
Zaporizhian State Medical University

The article analyzes the basic methods and algorithms of mathematical processing of medical images as objects of
computer mathematics. The presented methods and computer algorithms of mathematics relevant and may find application
in the field of medical imaging - automated processing of images; as a tool for measurement and determination the optical
parameters; identification and formation of medical images database.

Methods and computer algorithms presented in the article and based on Wolfram Mathematica are also relevant to
the problem of modern medical education. As an example of Wolfram Mathematics may be considered appropriate
demonstration, such as recognition of special radiographs and morphological imaging. These methods are used to improve
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the diagnostic significance and value of medical (clinical) research and can serve as an educational interactive demonstration.
Implementation submitted individual methods and algorithms of computer Wolfram Mathematics contributes, in general,
the optimization process of practical processing and presentation of medical images.

Key words: medical image processing, mathematical methods and algorithms, computer mathematics.

Beryn. BigoMo, mo B OCHOBI KOMIT'FOTEpPHHX MpPO-
rpaMHHUX 3ac00iB oTpuMaHHs, 30epexeHHs, Kiacudi-
Kauii, 00poOJIeHHS eKCIEepUMEHTAIbHUX PE3yJIbTaTiB
JeXaThb MaTeMaTH4YHI METOIM Ta aaroputmu. I, Hesa-
JIE)KHO BiJg 00'€KTa JOCHIJAXKEHHS, pe3ylbTar 0e3mo-
cepelHbO TOB'A3aHUN i3 BCEOIUHUM MaTeMaTUYHHUM
i CTATUCTUYHUM aHalli30M OTPUMaHUX EKCIEPUMECH-
TalbHUX AaHux [1, 2].

MeTta po6oTH: TeopeTHYHE OOIPYHTYBaHHS 3Ha-
YeHHsS Ta MOXXJIUBOCTEH BIOPOBAIIKEHHS JOJATKOBHUX
METOJIIB KOMI'FOTEPHOI MaTeMaTUKH B MPOLIEC OIMpa-
LIOBAHHS pPE3YyJIbTAaTiB €KCHEPHUMEHTAJIbHUX HOCHIi-
JKEHB, MPEeJICTaBICHUX Y GOpPMiI MEIUYHHUX 300paKeHb
JUISL OTPUMAaHHS NONAaTKOBOI iHpopmaii.

Martepiaaun Ta MeToau AocaigxeHHsi. BukoHano
OTJISIA Ta aHaji3 HaAayKOBO-IMPHUKIAJHHUX JKEpel 1010
3aCTOCYBaHHS OKpPEMHX MaTeMaTHYHHX METOMAIB Ta
QJITOPUTMIB KOMI'FOTEpHOI OOpOOKHM MEIUYHHUX 30-
OpaxeHb.

Pe3yabTaTn Ta ix 06roBopeHHsi. MeauuHe 300pa-
JKEHHS sIBJIsiE 000K cyuacHy ¢popmy ¢ikcanii, 30epe-
KEHHS 1 IpeACTaBICHHS €KCIEePUMEHTAIbHUX AaHUX
[1, 3]. OuiHtoBaHHS 300pakeHHS MOXe 3iCHIOBATHCS
SIK 3aBISKM Bi3yanizamii, Tak i 3a TOMOMOTrOI Kilib-
KiCHUX aHAJITUYHHUX, MAaTEMAaTUYHHUX, CTATUCTUUHUX
METOJIIB Ta aJlrOpPUTMIB.

Menuuyne 300paxeHHS MICTUTh, SK NpaBUIO,
KOMIUIEKCHY iH(opMaIio BiTHOCHO 00'eKTa MEIUKO-
O6iosioriunoro abo KJIiHIYHOTO, B TOMY 4YHUCJI Tric-
TOXIMIYHOTO 1 MaTo(i3i0JOriYHOTO JOCHIJKEHHS.
OCKiJIbKHM MeJu4YHEe 300pak€HHS MICTUTh 3HAuYHY, 1
HaBiTh HAUIMIIKOBY KUIbKICTh iH(OpMaIlii, akTyalb-
HOIO 3ajMIIaeThcs MpobiaeMa 3aCTOCYBaHHS OKpPEMHUX
MaTeMaTUYHHUX METONIB i1 BUITyUEeHHs, MpeCTaBIeHHS
Ta po3Mi3HaBaHHS.

AxTyanpHOIO € mpoOJiieMa po3Ii3HaBaHHS OKPEMHUX
CTPYKTYPHHUX €JEMEHTIB Ha 300pakeHHi, BU3HAYCHHS
iX KiJIBKOCTi, ¢GOopMHU, pO3Mipy, pO3NOIIIY Ta, BIacHeE,
npobiaemMa aBToMaTH3alii mpouecy onpaunoBaHHSI Me-
IUYHOTO 300pakeHHS KOMI'IOTepHUMHU (NMpOTpaMHU-
MH) 3aco0aMu. AKTyalbHOI 3aJUIIAETHCSA pobdiaemMa
MOJIITIIIEHHS AKOCTI MEJUYHOTO 300pakeHHs - Kope-
ryBaHHS KOHTPACTHOCTi, IHTEHCUBHOCTI, BUJAJCHHS
mymy, nedekTiB i Tomy nonioHe.

AHaniz mMeauyHOro 300pa)keHHS Mae Ha MeTi
po3B'si3aHHS mpoOiemMu peectpauii, iHTepmperamii i

knacudikanii 300paxens [4, 5]. AKTyanbHOKO € caMe
npobiema iHTepnpeTalii, sska Mae OyTH MOB'I3aHOIO
13 3araiabHOI 0a300 3HaHL abo0 0a30H MEIAHUKO-
0i0JIOTIYHUX 300pakeHb Ta 3 METOJaMH OTPUMAHHS
KNiHIYHUX AaHuX. [IpuiHATO BBa)XaTu, WO aHali3
MEIMYHUX 300pakeHb PO3B'A3y€ HACTYIHI IpobOiIeMHu
[2]:

- peecTpanis Ta kiuacudikamis 300paxeHs;

- Bi3yasi3zainis Ta npeAcTaBICHHSA 300pakeHb.

Jlo MeToniB OTpUMaHHS KJIIHIYHUX MEIUYHUX 300pa-
KEHb HaJeXaTh: YIAbTPa3ByKOBE NOCIIIKEHHS, METOAU
Mikpockormii, HudpoBa pamionoris, KOMI'IOTEpHA TO-
Morpadisi, METOAU SAEPHOTO MATHITHOTO PE30HAHCY,
MO3UTPOHHA eMiciliHa Tomorpadis Tomo. Bkasani
METOJH HajlexXaTh 0 3arajJbHOBU3HAHUX CTaHAAPTHUX
METOJIB Cy4acHOI MeAU4YHOI (i3UKH, 1[0 YACTKOBO
PO3TIAAAIOTHCS TAKOX B IKOCTI CKJIaJ0BOi YaCTUHHU Ha-
BYaAJBbHOT MporpaMu 3 nUcUUILIiHU «MenuuHa ¢izuka
Ta O6iodizukay, U0 HAJIEKUTh A0 TaK 3BAHUX «OOJOH-
ChKUX NUCHUILTIH» i BUKJIANAEThCS B MEAUYHUX YHi-
BepcuTeTax. [HIIA CTOpOHA aKTyalbHOCTI MpoOJeMH,
o0 po3risigaeThcss B AaHid myOmikanii, moB's3aHa
i3 BY3bKOIO CIellialli3aliero iCHYRYHX MPOTrpaMHO-
anmapaTHUX KOMIJIEKCIB, sSKi 3aCTOCOBYIOTHCS B KIIi-
HIYHIN Ta eKClepUMeHTalbHIN MPaKTHUIl, HAPUKJIIAJ,
MEJUYHUNA KOMI'HOTEPU30BAHHUN KOMIUIEKC aHallizy
300paxenp «iamopd». Kommnuekc 3abezneuye aBTO-
MaTHUYHE BBEJCHHS 300paxeHb, BUIIJICHHS 00'€KTIB Ta
ix BuMmipwoBanHi. CrenianizoBaHi nporpamMHi 3acoou
pO3risigarThcss BUPOOHUKAMHU B SKOCTI HEBia'€éMHOT
YaCTHHHU anapaTHHUX 3ac00iB HOCIKEHHS, [0 POOUTH
HEMOXJIMBUM BilOKpeMJIeHE iX BUKOpPUCTaHHA. Tomy
aKTyaJbHUM 3aJIULIA€THCA BUKOPUCTAHHS caMe€ OKpe-
MHX, ajié yHiBepCcaJlbHUX MaTeMaTUYHUX METOIIB Ta
QJITOPUTMIB JIOCIIi)KEHHS MEIUYHUX 300paxeHb. Jlo
OCTaHHIX MOJXHa BIiJJHECTH CHUCTEMY KOMI'IOTEPHOI
MateMaTuKu Biag komnaHii Bonbdppam (Wolfram
Mathematica) (morouna Bepcis 10), mo Mo3uLioHY-
€ThCSI BUPOOHHUKOM SIK YHIBEpCaAJIbHUI MaTeMaTUIHU I
3aci0 abo oOuucIiIOBalbHE XMapHE CEPEOBHIIE 13 Bij-
MOBiIHOW0 MOBOI mporpamyBaHHs (Wolfram Natural
Language Understanding System), cucTtemMorw Moje-
noBaHHsA (System Modeler), miATpUMKO0 XMapHHX
texHoJoriit (Wolfram Cloud), cuctemMorw po3ropTaHHs
pillieHb CTOCOBHO HayKoBHUX aociigxeHb (Wolfram
Universal Deployment System Ta Wolfram Discovery
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Platform). Kpim Toro, Mathematica micTuth ¢popmar
004YHUCITIOBAIILHUX OKYMEHTIB, 1[0 30epirae iHTep-
aKTUBHICTBH Ta NMHaMiuHICTh. OCTAHHE € aKTyaJlbHHUM
Ui BUPILICHHS HABYaJIbHO-METOAMYHHUX MPOOIEM.

3acobu koMn'roTepHOi MaTeMaTHKH, TakKi sK
Wolfram Mathematica, mocTiiiHO BJOCKOHAJIIOTHCS,
B TOMY YHCJi 32 paXyHOK PO3BUTKY TEXHOJIOrii ompa-
noBaHHg 300paxeHp (Image Processing). Cucrtema
KOMIT'FOTEPHOT MaTeMAaTUKH MICTUTh TaKOX TakK 3BaHI
FOTOBI pilICHHS, HAMPUKJIAL, MOAYJb ONpalIOBAHHS
MenuuHux 3o00paxenp (Medical Image Processing)
[6].

Bubip TexHonorii po3B's3aHHs Ipo0IeMHu MOXe OyTH
0a30BaHMM Ha FOTOBUX JAEMOHCTpPAI[iHHUX PIMICHHIX
(Ha MOMEHT HAmUCaHHS CTATTI MPUOIHU3HO NECATH
TUCSY MAaTEMaTUYHUX NMPUKIAJHUX AEMOHCTpalil i3
BIIKPUTUM KOJOM MICTUTBCS 3a aJApecOr pO3pOOHU-
ka demonstrations.wolfram.com). O6poOnenHs ab6o
OIpalOBAaHHI MEIUYHOTO 300paKeHHS NPOTPaMHUMHU
3acobamu Big Bonbppam Maremaruka (Medical Image
Processing), sik npaBUiI0, BAKOPHUCTOBYETHCS 3 METOIO
MOJIIMIIEHHS IKOCTI 300paXkeHHsI, KomneHcanii nedek-
TiB, 1[0 € HACIiJKOM BUKOPUCTAHHS MMEBHOI amapaTHoOi
a00 BHUMIipIOBaJIbHOI CUCTEMHU 1 PO3MOYUHAETHCH 3
MOJIIMIIEHHS BUIMMOCTI Ta BiiOOPY, HAIPUKJIIAJ, OKpe-
MHUX aHATOMIYHUX YH TICTOJOTIYHHUX CTPYKTYyp; Cer-
MeHTalii, ToOOTO BUIIJICHHS MEXi MK CTPYKTYpHUMH
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KOMIIOHEHTaMH 300paKeHHs; BUSABICHHS 1 pO3PaXyHKY
KiTbKICHUX mapaMeTpiB, HalpuKJajg, BU3HAYCHHS
KIJIBKOCTI, pO3paxyHKYy Mo, 00'eMy; po3paxyHKy Ta
aHani3y rictorpaMu 300pakeHHs (KiIbKICHUM 1 gKic-
HUW aHaji3 300pakeHHs); BUSHAYCHHS 1 KOpEeTyBaHHS
po3moAiny piBHIB IHTEHCUBHOCTI Ta KOHTPACTHOCTI;
BUKOPHUCTAHHS METOJiB TpaHchopmanii 300paxeHHs,
B TOMY 4YHCJi, 3a0apBIICHHS MIBTOHOBHUX 300pakeHb Ta
¢binpTpanmii yckinagHeHUX 300pakeHb; MOKPOKOBOTO
MOPIBHSAHHS €JIEMEHTIB AEKIJIbKOX 300paKeHb.

I[IpencraBieHi MeTOOM Ta AJITrOPUTMH CHCTEMHU
KOMIT'FOTEPHOT MaTEeMaTUKH € aKTyaJbHUMHU 1 MOXKYTh
3HAWTH 3aCTOCYBaHHS B rajiy3i oOpoOKH MeJUYHHUX
300paxkeHb - aBTOMaru3amii mpouecy oOpoOku 30-
OpaXeHb;, B SKOCTI IHCTpyYMEHTa BHMIPIOBAaHHS Ta
BU3HAYCHHS ONTHUYHUX MapamMeTpiB; imeHTudikamii i
dbopmyBaHHsA 0a3u MenMYHUX 300pakeHb. OcCTaHHE
TaKOX € aKTyaJbHUM JUIsI MeIU4YHO1 OCBiTH. Bonbdpam
MaremaTuka MOXe OyTH BUKOpPHCTaHa HJIs CHEIi-
anbHOi O0O0pOOKHM peHTreHorpaM i MOpPGOJOTIYHUX
300paKeHb Ta JO3BOJHTH MiABUIIUTH JAIaTHOCTUYHY
3HAYYU[ICTh MEIUYHOTO (KJIIHIYHOIO) AOCIIAXKEHHS.
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