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ONPALUIOBAHHA MEOWYHUX 30BEPAXEHb HA NPUKNALI TEXHONOII
BOJIb®PAM MATEMATUKA (MEDICAL IMAGE PROCESSING)

O. €. lpokon4yeHko
Banopisbkuli OepxkasHuli MeOu4yHUl yHieepcumem

MpoaHanizoBaHO OCHOBHI MeToAM Ta anropuTMKM MaTeMaTuyHOI 06pPo6KM MeauvHOro 3o6paxkeHHs sk 06'ekTa kKomn'to-
TepHoi MaTemaTtuku. lNpeactaBneHi MeToau Ta anroputMyM CUCTEMU KOMM'IOTEPHOT MaTeMaTUKU € akTyarnbHUMKU i MOXYTb
3HaWTU 3acTOCyBaHHsA B ranysi o6pobku meanyHunx 306paxeHb - aBTomaTtusadii npouecy o6pobkn 306paxeHb; B AKOCTI
iHCTPYMEHTY BMMIpIOBaHHSA Ta BU3HAYEHHSI ONTWUYHKMX MapameTpiB; igeHTudikaLlii i dopmyBaHHA 6a3n mMeauyHux 306pa-
KeHb. BnpoBagkeHHs NpeacTaBneHnX OKpeEMMX METOLAIB Ta anropuTMiB komn'toTepHoi Bonbdpam MaTtemaTukm cripusie
OonTUMI3aLii NpoLecy onpaLloBaHHA i NPeACTaBeHHA MeaWNYHMX 300paxeHb.

KnioyoBi cnoBa: megunyHe 306pa)KEHHF|, MaTemMaTUyHi METOAM Ta anropuTMun, KOMN'toTepHa maTemaTuka.

OB30P OTAEJIbHbIX MATEMATUYECKUX METOAOB U AJIITOPUTMOB
OBPABOTKM MEOWLUMHCKUX U3OBPAXEHWUA HA NPUMEPE
TEXHONOIrnn BOJNIb®PAM MATEMATUKA (MEDICAL IMAGE PROCESSING)

A. E. lNpokon4yeHko
3anopoxckuli 2ocydapcmeeHHbIl MedUUUHCKUU yHusepcumem

MpoaHanuanpoBaHbl OCHOBHblE METOAbI U anropUTMbl MaTemMaTuyeckoir 06paBGoTkn MeaMLMHCKOTO M300paxXeHnus kak
0o6bekTa KOMMblOTepHON MaTemaTuku. MpedcTaBneHHble MeTodbl U anropuUTMbl CUCTEMbI KOMMbIOTEPHOW MaTeMaTuku
aKTyanbHbl U MOTYT HalTV NpUMeHeHne B 0GnacTi o6paboTku MeanLMHCKUX M306paxeHnin - aBToMaTu3aumMmn npowecca
06paboTkn N30GpaKeHUit; B KaYecTBe MHCTPYMEHTa U3MepeHUs U onpefeneHnst onTUYECKUX napameTpoB; UaeHTUdN-
Kauum 1 chopMupoBaHua 6asbl MEAULIMHCKMX M306paxeHWi.

MpeacTaBneHHas B cTaTbe Npobrema akTyanbHa Takxke Ans CUCTEMbl COBPEMEHHOTO MEAMULIMHCKOrO 0byyeHus. B kave-
cTBe npumepa ucnonb3oBaHusa Bonbgpam Matematuku MoryT GbiTb PacCMOTPEHbI COOTBETCTBYHOLLME AEMOHCTpaLUK,
Hanpumep, crieuuanbHoi 06paboTKM PeHTreHorpamMmm U MopdoorMyecknx n3obpaxeHnii. [JaHHble MeToabl Cryxat ans
NOBbILIEHNS] ANArHOCTUYECKON 3HAYMMOCTU M LIEHHOCTUM MEAMLMHCKOTO (KIIMHWUYECKOro) MUCCrnedoBaHust U MOryT cry-
XUTb B PONKN y4eGHOI UHTepaKTUBHOWM AeMOHCTpaLum.

BHegpeHve npencTaBneHHbIX OTAeNbHbIX METOAOB M anropuTMOB KOMIMbloTepHoi Bonbdpam MatemaTuku cnoco6-
CTBYyeT, B LLENoM, ONTMMMU3aLMKM MpoLecca NpakTMyeckon obpaboTkiu 1 npeacTaBneHns MeauUMHCKUX M300paxeHui.

KnrouyeBble cnoBa: meguumHckoe M306pa>|<eHMe, mMaTemMmaTun4yeckme MeTodbl N anropntMbl, KOMNbOTEPHAA MaTemMaTu-

REVIEW OF MATHEMATICAL METHODS AND ALGORITHMS OF MEDICAL
IMAGE PROCESSING ON THE EXAMPLE OF TECHNOLOGY OF MEDICAL
IMAGE PROCESSING FROM WOLFRAM MATHEMATICA
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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 & based on Wolfram Mathematica are also relevant to the
problem of modern medical education. As an example of Wolfram Mathematica may be considered appropriate
demonstration, such as recognition of special radiographs and morphological imaging. These methods are used to
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improve 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'IOTEPHHX IIPO-
IpaMHUX 3ac00IB OTPUMaHHs, 30epeKeHHs, Kiacupi-
Karlii, 00poOKH eKCIIepIMEHTATBHAX PE3yIIbTATIB JIeKATh
MaTeMaTH4YHI METOIH Ta aJTOPUTMH. | He3alexHo Binx
00'eKTa TOCITIPKEHHS, pe3yJIbTaT 0€3I0CePETHBO MOB'S-
3aHUH 13 BCEOIYHUM MAaTEMAaTUYHUM i CTaTHCTUIHUM
aHaJTI30M OTPUMAHUX CKCIICPUMEHTATBHUX JaHuX [ 1,2].

Meta poGoTu: TeopeTHyHe OOTPYHTYBaHHS 3HAYCH-
HSI Ta MOJKJIMBOCTEH BIPOBAKEHHS JOJATKOBIX METOIIB
KOMIT'FOTEPHOI MATEMATHKH B TIPOLIEC OTIPAIIOBAHHS pe-
3yIBTaTiB EKCIIEPUMEHTABHIX TOCIIKEHB, TPEICTaB-
JeHUX y (opMi METUIHUX 300paKeHb I OTPUMaHHS
JIOJIATKOBOI 1H(OopMaITii.

OcHoBHA yacTHHA. BUKOHAHO OTIIAN Ta aHAJI3 HAy-
KOBO-TIPHKJIAJHAX [DKEpes IMIONO0 3aCTOCYBaHHS OKpe-
MUX MaTeMaTHYHAX METOIB Ta aJITOPUTMIB KOMIT' FOTEp-
HOT 00pOOKH METUYHUX 300paKCHb.

MenmuHe 300paskeHHS SIBISIE COO0I0 CydacHy (popMy
¢ikcarii, 30epeKeHHs 1 MPENCTaBICHHS EKCIIepUMEH-
TanbHUX qaHuXx [1,3]. OniHoBaHHS 300paXeHHS MOXE
3IIACHIOBATHCS SK 3aBISKHU Bi3yasi3allii, Tak i 3a JI0omo-
MOTOI0 KiNbKICHUX aHANITHYHHX, MAaTEMaTHYHHX, CTa-
TUCTHIHUX METOJIB Ta alTOPUTMIB.

MenuuHe 300pakeHHSI MICTHTB, SIK TIPABHIIO, KOMII-
JICKCHY 1H(OpPMAIIiI0 BITHOCHO 00'€KTa MEAUKO-6i0710-
T1YHOTO 200 KJIIHIYHOTO, B TOMY YHCJIi, FICTOXIMIYHOTO 1
aToQi310JIOrIYHOT0, TOCTIKSHHS. BpaxoByroun Takox,
10 MEAMYHE 300pakeHHS MICTHTh 3HAYHY, 1 HABITh HAJI-
JIUIIIKOBY KIUIBKICTh iH(pOpMaIii, akTyadbHOI 3aju-
MIAETHCS IPOOIIEMa 3aCTOCYBAaHHS OKPEMHUX MAaTeMaTHY-
HUX METOJIB ii BHJIYYEHHsI, MPEACTABICHHS Ta PO3ITi3-
HaBaHHS.

AKTyanmpHOIO € Tpo0OiieMa PO3IMi3HABAaHHS OKPEMHUX
CTPYKTYPHHUX €JICMEHTIB Ha 300payKeHHI, BU3HAYCHHS 1X
KUTbKOCTI, HopMu, po3Mipy, pO3MOJILTY Ta, BIacHE, IIPO-
O1eMa aBTOMATH3AII] IPOIIECy ONPALIOBAHHS MEINIHO-
r'0 300paXXCHHS KOMIT'TOTEPHUMH (ITPOTPaMHUMH) 3aCO-
0aMu. AKTYyaJIbHOFO 3QJTAIIAE€THCS MPo0IeMa MOJIIIICH-
HS SIKOCTI MEOUYHOTO 300paK€HHS - KOpETryBaHHs
KOHTPACTHOCTI, IHTEHCUBHOCTI, BHJIAJICHHS IIyMy, Jc-
(exTiB 1 TOMY MoIi0OHe.

AHaJi3 MEJIMYHOTO 300paKCHHS Ma€e Ha MET1 pO3B's-
3aHHS MPOOJIEMHU peecTparlii, iIHTeprnpeTanii i Kiacudi-
KaIlii 300paxxens [4, 5]. AKTyalnbHOIO € came podiieMa
IHTepIpeTallii, sKa Mae OyTH MOB'SI3aHOIO 13 3aralIbHOIO

0a3010 3HaHb a00 0a3010 MEJMKO-010JOTIYHUX 300pa-
KCHb Ta 3 METOJaMHU OTPUMAaHHS KITIHIYHUX JaHUX.
[MpuitaaTO BBA)XKaTH, IO AHANI3 MEAUIHUX 300paKCHD
pO3B's13y€ HACTYIHI TpobdiemMu [2]:

- peectpallist Ta Kiacudikalis 300paxeHsb;

- Bi3yai3allis Ta IpeCTaBICHHS 300paXeHb.

Jlo MeToiB OTpUMAaHHS KIIHIYHUX MEIUYHHUX 300pa-
KCHBb HaJIeKaTh: YIBTPa3ByKOBE AOCIIIKCHHS, METOIH
MIKpOCKOITii, TU(POBa paaioNoris, KOMIT'FOTepHa TOMO-
rpadis, METOIHU SAEPHOTO MATHITHOTO PE30HAHCY, I10-
3UTPOHHA eMiciiiHa Tomorpadis Ta inmn. Bkazani MeTo-
IIM HAJEKaTh 10 3arajJbHOBH3HAHUX CTAHZAPTHUX Me-
TOXIB CcydJacHO! MeAWYHOI (i3WKH, O[O0 YACTKOBO
PO3RTIIAAIOTHCS TAKOXK B SKOCTI CKIIAJI0BOI YACTHHU Ha-
BYAIILHOI MPOTpaMy 3 TUCIUILTIHN «MenuuHa (isuka
Ta GioizHKay», SKa HAJISKUTH JI0 TaK 3BAaHUX «OOJIOHCH-
KHX JUCIHIUTIH» 1 BUBYAETHCS B MEIUYHHUX YHIBEPCH-
TEeTax.

[Hma cTopona akTyanbHOCTI IPOOIEMH, IO PO3TIIS-
JIA€THCS B TaH1H myOImiKaliii, moB's3aHa i3 By3bKOIO CIelli-
ai3aIi€en iCHYIOUYHUX MPOTrpaMHO-alapaTHUX KOMII-
JICKCIB, SIK1 3aCTOCOBYIOTHCS B KJIIHIUHIH Ta eKCIIepHMEH-
TadpHIM  NOpakTUOi, HANpHUKIaX, MEIUYHUN
KOMIT'IOTEpHU30BAaHAN KOMIUIEKC aHaji3y 300pakeHb
«[liamopd». Komriuieke 3abe3neuye aBTOMaTU9IHE BBe-
JIEHHS 300paXeHb, BUIUICHHS 00'€KTIB Ta iX BHUMipIO-
BanHs1. CIieriaaizoBaHi mporpaMHi 3aco0H pO3MIIAAal0Th-
¢ BUPOOHUKAMU B SIKOCTI HEBII'€MHOI YaCTUHM ara-
paTHHX 3aCO01B TOCIIIXKEHHS, IO POOUTH HEMOYKITHBHM
BiZJOKpEeMJICHE iX BHKOPUCTAHHSI.

ToMy akTyalsHHM 3aJTUIIAETHCS BUKOPUCTAHHS CaMme
OKpEMHX, ajie YHIBepCaJbHUX MaTeMaTHIHHX METOIIB
Ta ATOPUTMIB TOCIIIKEHHS MEIHIHUX 300paxeHs. Jlo
OCTaHHIX MO’KHA BITHECTH CHCTEMY KOMIT FOTEPHOI Ma-
TeMaTHKW Big kommaHii Bousdpam (Wolfram
Mathematica) (morouna Bepcist 10), 1m0 MO3UIIOHYETh-
cs1 BAPOOHUKOM SIK YHIBEpCaTbHHIA MaTeMaTHYHHIN 3aCi0
a00 o0YHCITIOBAIbHE XMapHE CEPEIOBHIIE 13 BiIIOBII-
HOIO MoOBOI0 mporpamyBanHs (Wolfram Natural
Language Understanding System), cHCTEMOIO MOIEITIO-
BaHHs (SystemModeler), miaTpUMKOO XMapHUX TEXHO-
sorii (Wolfram Cloud), ciuctemMoro po3ropTaHHs pillieHb
CTOCOBHO HaykoBHX nociimpkeHb (Wolfram Universal
Deployment System ta Wolfram Discovery Platform).
Kpim Toro, Mathematica MicTuTh popmat 064HCITIOBATE-

78 ISSN 1996-1960. MeguuHa iHbopmaTuka Ta iHxeHepis. 2015. Ne 2



HUX TOKYMEHTIB, 110 30epira€ iHTepaKTUBHICTh Ta -
HaMmiyHicTh. OCTaHHE € aKTyaJIbHUM JUIsl BHPIIICHHS
HaBYAIBHO-METOANIHUX TPOOIIEM.

3aco0u KOMIT'IOTEPHOT MaTeMaThKy, Taki sk Wolfram
Mathematica mOCTIHHO BIOCKOHAIIOIOTLCSA, B TOMY
YHCIT, 32 paXyHOK PO3BHUTKY TEXHOJIOTii OIpanfoBaHHs
300paxenb (Image Processing). Cucrema koMi'rotep-
HO{ MaTeMaTHUKH! MiCTHTB TaKOK TaK 3BaHi TOTOBI pillleH-
Hs, HaIIpHUKJIal, MOAYJh ONPANIOBAHHS MEIUIHUX 300-
paxenb (Medical Image Processing) [6].

Bubip TexHoorii po3B'si3aHHS MpoOJIeMu MOxe Oa-
3yBaTUCS Ha TOTOBHX JEMOHCTpAIiHHUX PIilICHHAX (HA
MOMEHT HAIMCaHHS CTAaTTi MPHUOIU3HO NECATh THUCIU
MaTeMaTHYHAX MPUKIATHAX JEMOHCTPAIIiX 3 BIAKPHTUM
KOIIOM MICTHTBCSA 3a aJpecol po3poOHHKaA
demonstrations.wolfram.com). O6po0Oka abo ompariro-
BaHHS MEIIMYHOTO 300pa)KCHHS MPOTPaMHUMHE 3acoda-
Mu Bix Bomsdppam Marematmka (Medical Image
Processing), sik mpaBUIIO, BUKOPHCTOBYIOTHCS 3 METOIO
MOJIMIIEHHS SKOCTI 300paKeHHs, KOMIIeHcaIii ne-
(eKTIB, IO € HACTIIKOM BUKOPHUCTAHHS IIEBHOI amapar-
HOT a00 BHUMIpPIOBAJILHOI CHCTEMH, 1 PO3MOYHUHAETHCS 3
MOJIITIIIICHHST BUAMMOCTI Ta BiI0OpPY, HAPHKIIAN, OKpe-
MUX aHATOMIYHUX 9 TiCTOJIOTIYHHUX CTPYKTYP; CETMEH-
TaIii, TOOTO BUIUICHHS MEXIi MK CTPYKTYPHHMH KOM-
MOHEHTaMHU 300pakKeHHS; BHUSABICHHS 1 PO3PaXyHKY
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KIJIBKICHUX TapaMeTpiB, HANpHKJIAJ, BH3HAYCHHS
KUTBKOCTI, PO3paxyHKY IUIOII, 00'€éMy; pO3paxyHKy Ta
aHaJIi3y ricTorpamMu 300paxeHHs (KUTbKICHAH 1 IKiCHUH
aHaJi3 300pakeHHs); BU3HAUCHHS 1 KOPETryBaHHS PO3-
MOJIUTY PiBHIB IHTEHCHBHOCTI Ta KOHTPACTHOCTI; BHKO-
PHUCTaHHS METOIiB TpaHCc(hopMallii 300pakeHHS, B TOMY
Yucii 3a0apBJICHHS MIBTOHOBUX 300pakxeHb Ta
(GUTBTpaIi yCKIIATHEHUX 300paXKeHb; MOKPOKOBOTO TI0-
PIBHSHHS €JIEMEHTIB JACKUTBKOX 300paKeHb.

[IpencraBieHi MeToau Ta aXTOPUTMH CHCTEMH KOM-
M'IOTEPHOT MATEMATHKH € aKTYAIbHIMH 1 MOXKYTh 3HaH-
TH 3aCTOCYBaHHs B raiy3i 0OpoOKH MeaudHHX 300pa-
KCHB - aBTOMATHU3alil mporecy o6poOKn 300pakeHb; B
SIKOCTI IHCTPYMEHTY BHMIPIOBaHHS Ta BH3HAUYCHHS OII-
THYHHX TTapaMeTpiB; ieHTHdiKamii i GopMyBaHHS 6a3u
MEINYHUX 300pakeHb. OCTaHHE TAKOXK € aKTyaIbHUM
JUIS MEMYHOI OCBiTH. Bonbppam MaTemaTHka Moxe
OyTH BHKOPHCTaHa JJIs CIeIialbHOT 00pOOKH peHTTe-
HOrpaM 1 MOP(HOJIOTIYHUX 300pakeHb Ta MOXE ITiJBH-
IUTH JIarHOCTUYHY 3HAYYIIICTh MEAHMYHOTO (KIIHIYHO-
T'0) JTOCIIKEHHS.

BucnoBku. BripoBakeHHS IPENCTaBICHUX METOIIB
Ta aNTOPUTMIB KOMIT'IOTEPHOI MATEMAaTHKH CIPHSIE OII-
TUMI3alii mporiecy OIpamioBaHHA i IPEICTaBICHHS Me-
IUYHUX 300paKeHb.
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