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BukopuctaHHAa nepeTBopeHHA KapyHeHa-JloeBa ana aHanisy
MPT-300paxeHb noanHu

Poboma npucesyeHa SUKOPUCMaHHIO rnepem-
eopeHHsi KapyHeHa-floesa Ons awHanizy MPT-
306paxeHb. PosansHyma cneyucgpika o020 8uUKo-
pucmaHHs1 0nsi bazamosumMipHUX 306paxkeHb. [lo-
KasaHi MOXueocmi 8UKOPUCMaHHS nepemeopeH-
Hs KapyHeHa-Jloega dnsi ompumaHHsi o3Hak MPT-
306paxeHb. BcmaHosrneHo, wo Haubinbwuli eHe-
COK y npedcmaessieHHs 306pakeHHs Maromb OeKi-
Nibka nepuwiux 6a3ucHux ¢yHkyil. HadaHo pekome-
HOauii wodo 0OHO20 3 MOXUBUX Memodie ompu-

MaHHs 03Hak MPT-306paxeHb 0nsl Knacugikauii

ma OiaeHoCMUKU X80p0ob, wo ennugarome Ha by-
dosy mo3ky rroduHu. bibn. 11, puc. 1.

KnrouoBi cnoBa: xgopoba Anbyzelimepa, crna-
boymcmeo, xeopoba [lapkiHCOHa, MazHImHo-
pes3oHaHCHa Komrr'romepHa momoepadpis, nepem-
eopeHHsi KapyHeHa-lToesa.

Bctyn

MarHiTHo-pe3oHaHcHa Tomorpacpia (MPT) e
OOHMM i3  HaWbinblW  BaXknuBMX Ta  Ha-
NOG’EKTMBHILLMX CTPYKTYPHUX OOCHIIKEHb OOB-
Horo Mo3ky nioguHu. 3a gonomoroto MPT Ha cbo-
FOOHILIHIN OeHb AiarHOCTYIOTb LNy HWU3KY 3axBo-
ptoBaHb, 30Kpema xBopoOy AnbLrerimepa, XBopooy
MapkiHcoHa, cnaboymcTBa Ta iH.[5, 6].

Pesynbtatom MPT gocnigxeHb € Tomorpadiy-
HAA 3HIMKNM — 300pa)XeHHs, Ha SKMX CrnocTepira-
loTbCsA 0cobnuBOCTi OyaooBM MO3KY, MNATOSONiYHI
3MiHW Ta CTPYKTYpPHi BiOXWUMEHHs, SKi i € CBOEpia-
HUM «nokasHukamun» xsopobwu [11]. MNpwu giarHocTyn-
Ui xBopob aHania oTtpumaHux MPT-300paxeHb
NpoBOAMTbL [OCBiAYEeHUn nikap. B 3anexHocTi Bia
xBopobu nikap gocnigxye MPT 306paxeHHs1 Ha pi-
3Hi MOXNUBI BiOXUITEHHS Big HopMU. 3okpema, anis
XBOpobu Anburenimepa Ta cnaboymcTBa xapakte-
pHUMK € aTpodpis rinokamna Ta 3MiHW B Kopi; Ans
xBopobu [MapkiHcoHa MPT BMKOpWCTOBYIOTb, abu

BUKIMIOYNTW iHLUI MOXNUBI NPUYNHN CUMMATOMIB, TaKi
SIK MOPYLUEHHSA KpOBOOBIry Ta NyXmuHMW.

lMpoBedeHHs piarHocTukM 3a AaHumm MPT-
OOCHNIMKEHHST € CKIagHOK Mpouedyporo, ska Mae
enemMeHTn cyB’ekTMBI3MY, O MOXEe MaTu Hacnig-
KOM HETOYHOCTI AiarHo3y, KM CTaBuTb fikap npu
BiyanbHoMmy aHanisi MPT 306paxeHb. Yepes ue
iCHye HeobOXigHICTb Yy pO3BUTKY METOAIB aBTOMaTu-
YHoro aHanisy i knacudikauii MPT-306paxeHb Ta
po3pobkM cucteM aBTOMaTU3aUii Ta AONOMOrM BU-
POGEHHS pilLIEeHHSN Nikaps.

Ha cborofHilWHin AeHb iCHye Bernuka KinbKiCTb
MeTOofiB aBTOMATUYHOI AiarHOCTUKY, L0 3aCHOBaHI
Ha pi3HOMaHITHMX MeTogax obpobkn 300paxeHb Ta
BUKOPUCTOBYHOTb Pi3Hi 03HaKkM 306paxkeHb MPT ans
knacudikauii [1-4, 7]. O3Hakamu B Takux meTtogax
MOXyTb OyTU cTatucTu4Hi napametpu [1, 3], napa-
MeTpu, OTPMMaHi 3a [AOMOMOroK  4acTOTHO-
4acoBOro nepeTBOPEHHSA Ta BenBneT-
nepeTBopeHHs [4, 7].

Uepe3 HeOoCKOHanMICTb iCHYHUMX MeToaiB Ta
HEMOXIMBICTb BUKOHYBATWU AiarHOCTUKY 3axBOpto-
BaHb Ha paHHIX CTafisx, Ha CbOrOOHILUHIN OeHb ic-
Hye HEeODOXiOHICTb Y PO3BUTKY METOAIB pO3paxyHKy
Ta BMbopy o3Hak MPT-306paxeHb [9], Wwo € ocob-
NNBO aKTyanbHUM ANs 3aXBOPHBAHHS Ha XBOPOOY
Anburerimepa.

B gaHin poboTi NponoHyeTbCs 3acTOCOBYBaTU
AN OTPUMaHHSA 03HaK knacudikauii nepeTBopeHHs
KapyHeHa-loeBa [8]. B poboTi 3anponoHoBaHo Ho-
BUA MeToA BuMAINeHHs o3Hak MPT-300paxeHb Ha
OCHOBI poO3Knagy 300paxeHHs B OnTUMarbHOMY
6a3unci No BigHOLLEHHIO A0 cepeaHbOKBaApaTUYHOI
Nnoxmbku, Ta NOAanbLIOMY BMKOPUCTAHHI BigHOBMeE-
HUX 3pi3iB. 3a AOMOMOroK LBbOro MNEepPEeTBOPEHHS
MOXHa OTpUMaTW OnNTUManbHWA Gasuc posknagy
300paxeHHs, B AkoMy OyayTb po3KnageHi, a 3ro-
OOM BiQHOBMNEHi 3a HEMOBHMM CMEKTpoM 300pa-
XXEHHS1 ANnst OTPUMaHHSA O3HaKk.
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MepeTBOopeHHs KapyHeHa-lloeBa ans oTpMmaH-
HSl onTMManbHoro 6asucy

MepeTtBopeHHaAM KapyHeHa-JloeBa Ha3vBaEeTb-
Csl MEeTO[ NepeTBOPEHHA HenepepBHUX Ta AUCKpe-
THUX cuUrHanis y Habip HekopenboBaHMX koedilieH-
TiB [8]. B 3aranbHOMYy Bunagky nepetBopeHHs1 Ka-
pyHeHa-JloeBa onncyeTbCA CniBBIOHOLEHHAM:

F<u>=fz_;F<k>A<k,u>,

ae A(k,u) - yHkuis aapa; F(k) - k-Tui Bianik
ANCKPETU30BaHOro CcurHany aosxuHow N; agpo

A(k,u) AIKOTO 3a/]0BONbHAE PIBHAHHS:
N-1
Mu)A(ku)= Y K, (kk')A(K'\u),
k=0
ne K. (kk') - xoBapiauitta yHKuis AMCKPETY-
30BaHOro curHany, a A(u) npu cikcosaHux U noc-
TitHa. OyHKLT A(k,u) € BNacHMMU YHKLISMN KO-

BapiauifiHOT MaTpu1Li AMCKPETU30BAHOIO curHany, a
A(u) -ii BnacHMMm 3HaueHHsIMM [10].

OnTumManbHM 6a3uc BNOpsiAKOBaAHMX BEKTOPIB
ana MPT-306paxeHHs

Hexan maemo P ouudposaHnx MPT-
300paxeHb, KOXHE 3 AKUX OMUCYETbCS MaTpuLELD
l,,0e p=1..P — 3Ha4YeHHs enemMeHTy MaTpuLi — €

iHTEHCMBHICTIO BOKCens 300paKeHHs, WO 3Haxo-
ONTbCS Ha NepeTUHi CTPOKM 1, CTOBMLUS C Ta 3pi3y S,
r=1.R c=1.C s=1.S,

B pgaHin poboTi NponoHyeTbCs OTpuMaHHs Ga-
31Cy, B SIKOMYy MOXHa NpeacTaBnsaTy  eneMeHTU
MPT-306paxeHHsi, 3a OOMNOMOrol NepeTBOPEHHS
KapyHeHa-lloeBa anst KOXHOro 3 psAaKiB 300paxkeH-
HA. [ns uboro BUMKOHYETbLCS peopraHisauis mar-
pUuUb KOXHOro 3 P 300paxeHb, Npu SKin psgok
Xros HMNSI KOXHOTO 300paxeHHsa p 3armMae Bigno-

BifHe Mmicue y Matpuui X, ,s 3 po3mipHicTio P xC .

KinbkicTb Takux maTpuub cknagae AobyTok R Ha S.

HacTynHMM Kpokom B 3arnpornoHOBaHOMY MeTO-
Oi € po3paxyHOK MaTpuui KoBapiauin Ansa KOXHOI
MaTpuui X, ,s 3 MOnepefHiM LEeHTpyBaHHAM Ta

Xr,c,s — M
[ ’

Ae L, — CepelHe 3HaYeHHs y cToBMU,i Xross

HopMani3auieto:

Z = cov(

o, — CepegHbO-KBagpaTuyHe BiAXWIEHHS 3Ha4YeHb

[

IHTEHCMBHOCTI Yy CTOBNL X/ 4 .

Hapani HeoOxigHO BMKOHAaTU pO3paxyHOK Brna-
CHMX 4Mcen Ta BMNACHUX BEKTOPIB AN KOXHOI

OTPUMaHOI MaTpuui Z,’S BUKOPUCTOBYHOUN PiBHSIH-
HS1
(Z-4E)-V =0,

ae A — BrnacHi uicna, V' — BnacHi Bektopu; E —
OfMHNYHA MaTpuLs.

3 UbOro piBHSAHHSA BUNMMBAE, WO BIIACHUMU Yn-
cnamy matpuui matTb ByTy Ynicna, Wo 3a40BOSb-
HAOTb PIBHAHHA:

det(Z-1E)=0

lMicna 3HaxomKeHHS PO3B’A3KY PIBHAHHA Ha-
CTYMHMM KPOKOM AJ151 OTPUMaHHSA 6a3ucy Heobxia-
HO BigcopTyBaTW BMacHi BEKTOPW Y BiANOBIQHOCTI
00 3HayeHb MoAyrniB BiAMNOBIOHUX M BIIACHUX 4K-

. . . - C
cen. BigcopToBaHi BnacHi BekTopu {VCST} aBna-
c=1

loTb coboto 6asuc KapyHeHa-JloeBa Ofisi KOXHOMO
psgka MPT-306paxeHHs, akun Byae BUKOPUCTaHO
B noganblmx  po3paxyHkax o3Hak MPT-
300paxeHb.

Hapani KOXHWA psigoK MOXHa po3Knactu 30-
BpaxeHHs |, Ans oTpuMaHHs Habopy koedilieHTiB

posknagy:
K [C] = <VCST’Xr,-,s> = chST [n] ’ X[n]‘
n=1

ne V' [n] — n-Te 3HaueHHsl BMAcHOro BEKTOPY

- - c o .

V" 3 Gasucy (V7| 5 x[n] - n-uit enemenT 3i
c=1

CTPOYKM X, .

OTxe, 3a OOMOMOrOK HaBeAEHOI npoueaypu
MOXHa OTpuUMaTW po3knaz KoxHoro psigka MPT-
300paXXeHHs B OTpMMaHoMy Ansi Hboro Gaswuci, Ta
JocnigXyBaTu NOro CRekTp.

HoBun MeTon BwuAineHHA  o3Hak MPT-
300paxeHb Ha OCHOBi nepeTtBopeHHA KapyHe-
Ha-JloeBa

Mpu nobyposi 6asncy ona nepeTBopeHHs Ka-
pyHeHa-JloeBa BenuuMHM BracHWX 3Ha4YeHb Mart-
puLi KoBapiaLi € XxapakTepucTUKO Aucnepcii, aKy
Hece B cobi BignoeigHa 6a3ncHa dyHkuis. Yum Gi-
NbLIUM € BNacHe 3Ha4YeHHa AN BignoBigHOro Bna-
CHOroO BeKTopa, TMM OinblIoK € Aucnepcis, ska
npegcrtaenexHa y Hoomy [8]. [ucnepcia € xapakre-

PUCTMKO MPUCYTHOCTI AeTanemn Ha 300paxeHHi, i i
BENUUMHa XapakTepusyeTbCa MOOYyNsiMU BRACHUX
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3HauyeHb, WO BigMoBigaloTb BekTopaM Gasucy Ka-
pyHeHa-JloeBa. Ha puc. 1 nogaHo TUMNOBY 3anex-
HICTb BHECKY KOXHOI 6a3ucHol yHKuii B novaTKo-

35

BUA CUrHam B 3anexHocTi Big Homepy 6asucHoi
dyHKUii ana geskoro psgka MPT-306pakeHHs.

30
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10

basis function information contribution (%)
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basis function humber

cumulative sum of basis function information contribution (%)

10 10°

basis function number

Puc. 1. I'pacpikn 3anexHoCTi BiACOTKOBOro BHECKY BMOPSAAKOBAaHUX BIIACHUX BEKTOPIB BiA NOpPAAKOBOro Ho-
Mepa: a) YacTka gucnepcii 6asmcHMx PYHKLiN; 6) KyMyNATUBHa cyma BHecKy 6a3uMcHUX (PyHKLUi B aucnepcito

BuaHo, Wwo Bknag pisHMx 6asnMcHMX BekTopis B
BiQHOBINEHW curHan byae pisHUM, 3anexHo Big To-
ro, SKUM € MOAynb BRacHOro 3HayeHHs. Lle cno-
CTEepexXeHHs MOKNageHo B OCHOBY MeTody OTpwu-
MaHHS 03Hak MPT-306paxeHsb, skuii po3pobneHo B
L poboTi.

B paHiin poboTi NMponoHyeTLCA BUKOPUCTOBYBaA-
TM B SKOCTi xapaktepuctuk MPT-306paxeHb pe-
3ynbTaTh BiAHOBMEHHSA PSAKiB 300paKeHHst Nno He-
MOBHOMY CMEKTPY BIlacHUX BeKTopiB. [pn LboMy

pO3paxyHOK 3HayeHb BigHoBneHoro psagka MPT-
306paxeHHs y, . BedeTbCs 3a BUPA3OM:

c
Vs = 2.K[c]- VST, i=1.C.
c=I
Mpu BigHOBREHI psigka 300paxkeHHs 3a 3anpo-
MOHOBAHMM METOAOM, 3aneXHO Bif KiNIbKOCTi BeK-
Topis L =C -i+1 qki BuKopucTOBYIOTHCS AN BiA-
HOBIEHHSI, B pe3ynbTylodoMy 3006paxkeHHi OyayTb
BifoOpaxeHi Ti uM iHWI geTani no4yaTKkoBoro 306pa-
YXEeHH4A.
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Ockinbkn 6asnc € BnopsiaKoBaHUM, TO Hambi-
nbLUi gucnepciviHi BHECKN HECYTb B COBI KOMMOHEH-
M 3 nepwumn Homepamw. Lle nobpe BuMAaHO Ha
puc. 1, (a), Ae BigoOpaxeHi 3anNexHOCTi BrACHUX
yncen Big X nopsigkoBoro Homepa. Ha puc. 1, (6)
BWOHO, WO noHag 75% no4yaTKOBOrO CUrHany He-
CyTb B cobi nepwi AecAtb 6a3ncHMUX yHKUin. Tob-
TO HanbinblW XapakTepHi (3aranbHi) BRNacTUBOCTI
(o3HakKn) gnst Oesikoi rpynu MOXITMBO BULINUTK 3a
A0MOMOror 3o06pakeHb, BiGHOBNEHMX 3@ NepLUMMm
KOMMOHEHTaMu, SKi HecyTb Hambinbll Baromun
BHECOK, @ YaCTKOBE - 3a OCTaHHIMM KOMMOHEHTaMM.
Y BigHoBneHHi MPT-306paxeHb 3anexHo Big me-
TOAVKN AOCRIAXEHHS MOXHa BUKOPUCTOBYBATM Taki
Habopu 6a3nCHNX BEKTOPIB,:

—  BEKTOpW, SIKMM BIigMNoBigalTb Kinbka Hanmbinb-
Wwmnx BnacHumx uucen. lMNMpu ubomy GyayTh Big-
HOBIEHi 3aranbHi AeTani 306paXeHHs;

—  BEKTOpH, SKMM BiAMNoOBigaTb MEHLWi BNacHi Yu-
cna. MNpu ubomy ByayTb BiOHOBMEHI BiANOBIAHI
aetani 3o6paxeHb;

— KombiHauia BeKTopiB 3 Pi3HUMW BenuinHamu
BigMNOBiOHMX BNMacHUX 3Ha4Y€Hb.

I3 3acTtocyBaHHAM 3anpONOHOBAHOIMO MeToay
ONSA BUAINEHHA HexapaKTepHUX NaTonorii Ta Bia-
XUINeHb MOXHa OTPMMAaTK XapaKTepHi O3HaKu ne.-
HUX 3Pi3iB 3006pakeHHs1, po3knagatouu, Hanpukniag,
300paxkeHHsA XxBoporo B 6a3unci, CTBOPEHOMY Ha OcC-
HOBi 300paxeHb OesKol rpynM YMOBHO 340pPOBUX
Ta/abo ymoBHO xBopux. [Npu Takomy nigxogi Big-
MiHHOCTI OyQyTb MICTUTUCb Yy «XBOCTi» 0a3nCHMX
YHKUIN. AKWOo X cTBOpUTU Basnc Ha OCHOBI 30-
OpaxeHb, OTPMMaHUX y NauUieHTiB 3 NEBHUM OKpe-
MUMW 3axXBOPIOBaHHSIM, Hanpuknag 3 XBopoboio
Anburerimepa, To ocobnueocTi 6yayTe MiCTUTUCH
He TiNbKM B «XBOCTi», a i B NEPLUNX-TONIOBHUX KOM-
MOHEHTaXx.

BucHoBKku

B pobGoTi npeacrtaBneHo HOBMIA Migxia Ans Mo-
XINMBOro oTpumaHHsi o3Hak MPT 306paxeHHs1 Ha
OCHOBI nepeTBopeHHa KapyHeHa-Jloesa. [JaHun ni-
Oxia nonsirae B oTpumaHHi 6a3ucy KpyHeHa-Jloesa
ONsl KOXHOro psigka 300paKeHHs!, 3acTOCYBaHHI
NepeTBOPEHHS [0 KOXHOrO psgka 300pakeHHs
OKpeMo, Ta nogarnbLioMy BiOHOBMNEHHI eneMeHTiB
300paXkeHHs1 3 BUKOPUCTAHHAM 3a3ganerigb BU3Ha-
YeHoro Habopy 0asncHMx BekTopiB. 3anponoHoBa-
HWI Nigxig B noganblomy Moxe 6yTn BUKOPUCTaHO
ONs oTpUMaHHS iHbopMaUinHNX O3HaK ANnga Knacu-
dikauii Ta giarHOCTUKN XBOPOO, LLIO NepLLIOYeproBo
BUKNUKaKOTb Qoi3ionorivyHi 3MiHM B rOSTOBHOMY MO3KY
NOONHN.

O3Hakn, OTpMMaHi Ha OCHOBI 3anNPONOHOBAHOIO
MeToAy MOXyTb OyTW BUKOpUCTaHi ans knacudika-
TopiB, NOGYAOBAHNX HA OCHOBI Pi3HMX MeTodiB Ma-
LLUIMHHOMO HaBYaHHS.
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Ucnonb3oBaHne npeobpa3oBaHUA KapyHeHa-ro3Ba Anfa aHanusa
MPT - nsobpaxeHnn YyenoBeka

Paboma nocssuweHa npuMeHeHur rnpeobpasosaHuss KapeHeHa-flosea 0Ons aHanusza MPT-
u3obpaxeHul. PaccmompeHa crieyuguka e2o npumeHeHus 0ii MHO20MepPHbIX u3obpaxeHul. NokasaHb!
B803MOXXHOCMU ripeobpasosaHusi KapyHeHa-Jlosea Onisi nonydyeHusi npusHakoe MPT-usobpaxeHul. Ycma-
Ho8/IeHO, YMo Haubosnbwuli eknad umerom rnepeble basucHble hyHkyuu. lNpusedeHbl pekomeHOayuu Ka-
cameJsibHO 803MOXHbIX Memo008 rosly4eHus Mpu3HaKos O Knaccugukayuu u duasHocmuku 3abosieea-
Huli, Komopable 8/lusiom Ha cmpoeHue Mo3za vesnoeeka. bubn. 11, puc. 1.

KnioyeBble cnoBa: 6osnes3Hb Anbuyzelimepa, crnaboymue, MagHUMHO-pe30HaHCHasi momozpachus,
npeobpa3sosaHue KapyHeHa-Jloasa.
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Application of karhunen-loeve transormation for human MRI analysis

The aim of this work is to develop new method for feature extraction from MRI images based on
Karhunen-Loeve transform. Application of Karhunen-Loeve transform for multidimensional MRI images
feature extraction is presented. The main result of this work is that the first basis function has the major
contribution into decomposition of MRI picture, the next basis functions contributions are decreasing with
their number. Recommendations for feature extraction using proposed approach for diagnosis and
classification of brain diseases are given. References 11, figures 1.

Keywords: Alzheimer disease, electroencephalography, magnetic resonance imaging, single photon
emission computed tomography, diagnostics, dementia.
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