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UHTEMPALUUA METOOA OLIEHKUA MPT U3OBPAXEHUA HA OCHOBE
3HAYEHUW, HOPMUPOBAHHbBIX MO LWKAJE XAYHCO®UNOA B
AEATEJNIbHOCTb BPAYA-PAOUOIJIOIA

ConosbeBa C.H., MaTtkuH A.E.

@I'AOY BIIO «Yp®@Y», o. Examepunbype, Poccus

B crarbe paccmaTtpuBaeTcs 3agada, 1Mo BHEIpEeHHI0 MeTona oneHkn MPT u3o00paxkeHuss Ha OCHOBE
3HaYeHUH, HOPMUPOBAHHBIX M0 IIKajge XayHchuina B AEATENbHOCTb Bpaua-paguonora. Mozenb
IIO3BOJISIET HOPMAJW30BaTh 3HA4YeHHUsT HMHTeHCHMBHOCTH MPT pasnuumii HacTpoek BpeMeH 3axBaTa B
ToMorpae M COOTHECTH HOPMAIM30BAaHHbIC 3HAYEHHUS HMHTEHCUBHOCTH C 3HAYCHMSMHU IIKaJbI
Xayachwina. [lanHas MOelb TO3BOJIUT U3BJIeYb U3 JaHHBIX MPT HOmMOMHUTENBHBIN THAarHOCTUYCCKHMA
IIPU3HAK, a TAKXKE YMEHbIINTH KoandecTBo ckaHnpoaHnuil KT u cBsa3Hble ¢ HuM 3atpatsl. [IpencraBiensl
KOHLIENITYaJIbHBIE U aJITOPUTMUYECKAE MOJECIIH.

KiroueBble ¢JI0BAa: KOMIIBIOTepHAss ToMorpadus, MarHUTHO-PE30HAHCHAs ToMmorpadus, NIKaia
Xayncduina, ncesno KT.

Integration of the method of evaluation of MRI based on the values of
the hounsfield scale in the activity of the radiologist

Solovyeva S.N., Matkin A.E.
Ural Federal University, Yekaterinburg, Russia

The article deals with the problem of introducing methods for the evaluation of MRI based on the values
normalized by the Hounsfield scale in the radiologist's activity. The model allows to normalize the intensity
of MRI. Various settings for temporary capture in the tomograph and correlation of the normalized values
of the themes with the values of the Hounsfield scale. This model allows to extract additional diagnostic
function from MRI data, as well as to reduce the amount of CT and related costs. Conceptual and
algorithmic models are presented.

Keywords: computed tomography, magnetic resonance imaging, Hounsfield scale, pseudo CT.

BBeneHue

B HacTosiwee BpeMs cnpoc K MPT-uccnefoBaHWsIM pacTeT, No AaHHbiM [1] 3a nATb ner
konunyectBo MPT-nccnefoBaHui BbIPOC/O B ABa pasa. [na naumeHTa MPT BOCNpUHMMAETCS Kak
ToBap (ycnyra), rae OH OXWAAET MONyYUTb PEHTIEHOSIONMYECKOe 3aK/ItoYeHWEe AO0CTOBEPHO
oTpaXkaloLweo MHMOpMauMIo O €ero COCTOSIHMM 340poBbs. [Ana Bpada-pagmonora npouecc

onuncaHust MPT cHMMKa siBNsieTcs paboynM NpoLEeCCOM, 3aKI04aloLWEMCs B BU3yaslbHOM OCMOTpe

CHUMKa M OnucaHusi 0bHapyXeHHbIX obnactelt uHTepeca. OAHAKO, B HACTOSILLLEE BPEMS YMCIIO
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oLMboK B PEHTrEHO/IOMMYECKOM 3aK/THOYEHUM BeNUKO. [laHHble OLIMBKN CBSI3aHHbI C CXOXECTbIO

MPT KapTuHbl pasHbiXx MatonorMn [2-4], a Takke pasnuMuMeM B WHTepnpeTaumn MPT
n3obpaxeHns pasHbiMM BpadamMu [5]. OgHOM M3 NPUYMH MONyYeHUs OWMbKK, SBNSETCS
OTCYTCTBME MNPUBSA3KM 3HAYEHUA MHTEHCMBHOCTM OT aHaToMmyeckux MPT wuzobpaxeHuns K
61onoro-pnanyecknM CBOMCTBaM MUCCeayeMon TKaHu. [lonyyYeHHble 3HaYeHUst MHTEHCUBHOCTM
MOryT pas3/iMyaTbCs B 3aBMCMMOCTM OT 3aZaHHbIX HAcTpoek ToMmorpada (BpemeHa 3axsaTa TE,
TR), a TakXke n3-3a HEIMHENHOCTM rpagmMeHTa U He 0AHOPOAHOCTM MarHWTHOro nons. Takxe, B
MPT-aMarHOCTMKE, HET CTaHAAPTU3UMPOBAHHOW OLEHOYHOW LUKasbl ANS MHTEHCMBHOCTEW OT
aHaTtoMmuuyecknx MPT, koTopas 6bl CTaBuia B COOTBETCTBME MATOIOMMYECKON M/UNK 300pPOBOM
TKAHW [OMANa30H 3HA4YeHU WHTEHcMBHOCTM. B KT AmMarHocTvke B KayecTBe OAHOro U3
ANArHOCTUYECKOro Mpu3Haka, MNOMMMO BM3yallbHOM OLEHKM KOHTPACTHbIX CTPYKTYp Ha
N300paXXeHNM, UCMOMb3YETCS 3HAYEHUS] MUKCENS Ha W300paXKeHWW, KOTOPbLIA OTpaXxaeT
PEHTrEHONOrMYECKy0 MNIOTHOCTb MCCNEAYEMOM TKaHM M OLEHMBAETCA NO WKane XayHchunaa.

B naHHOM cTaTbe paccMaTpuBaETCs 3a/1a4a, N0 BHEAPEHWUIO MeToAa oLeHKM MPT nsobpaxeHus
Ha OCHOBE 3Ha4YeHWW, HOPMMPOBAHHbLIX MO LWKane XayHchunga B AeATENbHOCTb Bpadva-
paguonora. [aHHas Moaenb cnocobHa HOPManuM30BaTb 3HAYEHUS WHTEHCMBHOCTM MPT
OTHOCUTENbHO apTedaKToB HEeOAHOPOAHOCTM MArHUTHOrO MONS M pasHbIX HACTPOeK BpeMeH
3axBaTa B ToMorpade 1 COOTHECTU HOPMasIM30BaHHbIE 3HAYEHNS1 MIHTEHCUMBHOCTM C 3HAYEHUSIMN
Wwkanbl XayHchdwunaa. daHHas Mogenb Mo3BOAMT M3BfeYb M3 AaHHbIX MPT AONOAHWUTENbHbLIN
ANArHOCTUYECKMI MPU3HaK, a TakXKe YMEHbLWUTb KOJTIMYECTBO CKaHMpoBaHui KT 1 CBS3HblE C HUM
3aTpaTtbl. B paboTe cTtaTbe He paccMaTpuBalOTCA TeXHUYeckMe OCOBeHHOCTM peanusauunn
BHeapseMoro Metoaa. lNpeacrasneHbl KOHUENTYaslbHblE U anNrOpUTMUYECKUE MOAENMN.

KoHLuenTyasibHas Mogesib

BHeapeHne mogenun oueHkn MPT n3o6paXkeHW Ha OCHOBE 3HAYeHWM, HOPMMPOBAHHLIX MO
LKane XayHcdhunaa — 370 MHGOPMaLMOHHO-MaTepuanbHbIA NPOLECC C hYHKLUUSMN:

e CUCTEMATU3aUMM 3HAHUW, HAKOMJIEHHbIX B AMArHOCTMYECKNe nNpakTukn KT cneumanucra
n cneumanucta MPT, npu pelueHnn noTpebHoCTen NocneaHero;

e 00beanHeHne MeToaoB oueHkn MPT nsobpaxkeHui ¢ MeTogamm, npuMeHsieMbiMn B KT,
a VIMEHHO CB#A3blBaHME pAaHHbIX MPT BbIpaXXe€HHbIX B WHTEHCMBHOCTW CUrHana c
MoKa3aTeneM PeHTreHOBCKOW MAIOTHOCTU HOPMUPOBAHHBLIM M OLEHMBAEMBIM MO LLUKane
XayHcohunga;

e OKaszaHue creumanucty avarHocty MPT ycnyrn no nonyvyeHuto AO0MNOSHUTENbHbIX
KOIMYECTBEHHbIX MPU3HAKOB AN15 NPOBEAEHUS ANArHOCTUKM, CTaHAAPTU3MPOBAHHBIX U

MCNONb3yeMbIX PpeHTreHonorom B KT npu NOCTaHOBKE AMarHo3a.

\ C AnekTp W Hay4HbIA XXypHan “CucTteMHan UHTerpauus B agpaBooxpaHeHuun” - N26(36) 2017 - www.sys-int.ru e
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e TMOJTyYEHNS SKCMEPTHOrO MHEHUSI U 3HAHWM M3 HAy4HOW NIMTEpPaTypbl O AESTENbHOCTU

MNytem:

AvarHocta KT n MPT, 06obuweHre Hanbonee 3Ha4nMMbIX KpUTEPUEB AN AMArHOCTUKN U
LUMPOKO MCMOMb3YEMbIX METOAOB UX MOSTyYEHUS;

e 06paboTkn paHHbIX MPT, no nepesody WX B APYryt0 MOAAnbHOCTb NPUrOAHYIO ANS
nocneayoLero aHanusa;

e NpefoCTaBfieHMsa Creuuanncty MHCTPYMEHTOB [/19 aBTOMATUYECKOro W3B/eYEeHUs
NMPU3HAKOB, W MNPeAOCTaB/IEHNs CrPaBOYHON MHMOPMaUMM MO  UHTepnpeTauum
MOSTYYEHHbIX MPU3HAKOB A1 AMArHOCTUKN.

Bblle 03By4YeHHble (DYHKLUUM peanm3yloTCs Ha OCHOBE CTPYKTYpbl M3 Bpayel paavonoros,
MEeToAMYECKOM MHGOopMaunM (3HaHMI) O NpoLecce AMArHOCTUKM U UX KPUTEPUSX, MPOrPaMMHOIo
KOMMnekca, 06paboTkM  MeauMUMHCKMX U300paXkeHnh C  NOCNeaylolmM  M3BJIeYEHNEM
ANArHOCTUYECKMX MPU3HAKOB M AMANora-normyeckod CUCTEMbl Ansl CBA3M CMEUManMCcToB C
NporpaMMon.

MeToa Hanpa.fieHa Ha MoJlyYeHne HOBbLIX CBOWCTB O MCCieAyeMOMN TKaHn B 30He MHTepeca Mo
MPT mn306paxxeHnto, paHee He AOCTYMNHOW 6e3 npuMeHeHust gononHuTensHoro KT uccnenosaHus.
Lenb wuHTEerpaumMm 3akao4vaeTcs B NoAyvYeHun 6onbluero Konmnvectsa MHQOPMaLMOHHbIX
NPW3HaKOB /151 MOCTAHOBKM 3aK/II0YEHUS N YMEHbLLIEHME KOJIMYECTBa CKaHMPOBaHUS U CBA3HOIO
C HUM auckomdopTa AN NaumeHTa, a TakKe YMeHblUeHne CBSA3Hble C 3TUM 3aTpaThbl.

B kauectBe npoTOTMNA nNpeanaraeMoro peweHus B3aT Metod [6]. [paduyeckoe

npeacraBfieHMe BHeApPSAeMOro MeTo[a nokasaHa Ha pucyHke 1.

&( ANEeKTPOHHbIA Hay4YHbIX XXypHan “CucreMHas UHTerpauusa B agpaBooxpaHeHun” - Ne6(36) 2017 - www.sys-int.ru @
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M3BneyeHne KOMYECTBEHHbIX
npusHakos B ea. Hu
-
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3aknodeHne

CTPYKTYpHas MOJESb

NpeobpasosaHue nsobpaxkeHns MPT

KT nccneposanne

MonyyeHne KT nsobpaxeHua
nauueHTa

Cneumanuct KT
AaunarHocr

<

MonyyeHne KayecTBEHHbIX U
KONNYECTBEHHbIX NPU3HAKOB

B3 no KT

i ANarHocTuke

¥

AHanus NPU3HaKoB

3aknoyeHne

Puc. 1. Obwas cxema BHegpeHUs Mogenm

CTpyKTypHasl CxeMa MeToAa OLIEHKM NS 33/a4yM nepeBojla MoAafibHOCTU U306paXkeHust

NPeACTaB/IeHA Ha PUCYHKe 2.

Bxojman

0 IpOTOTHII HYJIEROTO PAHIA

HHOPMAITHA

BrixojgHas
HHQOPMAITHA

Puc. 2. CUCTEMHO-CTPYKTYpHas MoAenb Mo npeanaraeMoMy pelleHnto: HOBU3Ha 0603HaueHa LUTpVIXOBKOﬁ
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Ha pucyHke 2 Ucronb3yoTca creayiowme 0603HaueHns:

1 - naumeHT;

2 - nevyaluunn Bpay;

3 - MPT guarHocT;

4 - KT gmarHocr;

5 - nHTepdeiic;

6 - MeToa oueHkn MPT no 3Ha4eHusaM LWKasnbl XayHchwunaa.

MNpennaraemMoe pelleHne CBA3aHO C BBEAEHWEM MoAcMCTEM 6 U MoaepHM3aumen 3. PasBuTune
NOACUCTEMBI 3 CBSA3AHHO C HEOHXOAMMOCTLIO YCTaHOBKM MporpamMMHoro obecrneveHns (6nok 6)
Ha paboyeM komnbloTepe MPT anarHocTa, U 0byyeHns paboTbl C NPOrpamMMON.

BeeneHve noacmucTeMbl 6 CBA3AHHO C OTCYTCTBUEM CBSA3M MeXAY 3HAaYEeHUSAMU MHTEHCMBHOCTU
MPT 3HaueHusiIM wWwkKanbl XayHchunga W HeobxOAUMOCTbD  MpOBEAEeHMS  pacyeToB
KO3(ppuumMeHTOB No 0byvarowmM AaHHbIM. A Takxke, CBSI3aHHO C OTCYTCTBMEM LUKa/IMPOBaHWUS
pe3ynbtatoB MPT © BbINOMHAET COMOCTaB/EHNE 3HAYEHUIO MHTEHcMBHOCTM MPT 3HauyeHus
LKanbl XayHcdhwunga no paHee pacCYMTaHHbIM NapamMeTpam Mogenu.

Ha pucyHke 3 npeacTtaBneHbl CUCTEMHO-CTPYKTYPHbIE MOAENM MEPBOro paHra, Ansi LeCToun

NoACUCTEMBI.
E MPOTOTHII TIEPBOTO PaHra H
i i
{ {
{ |
{ {
{ {
{ {
{ {
HER 6.2 6.3 H
{ |
Bxonnas : 6.4 4 Brixomnas
uH(OpMAIKS | | nHpopmarms
{

Puc. 3. CUCTEMHO-CTPYKTYpHasi MoAesnb NepBOro paHra
Ha pucyHke 6 ncnonb3yloTcs cneaytowme 0603HaveHuns:
6.1 - noacucTeMa HopManu3auun 3HaveHun MPT;
6.2 - nogcucTemMa pacyeTa napaMeTpoB MOAENN;
6.3 - noacucTeMa pacyeTa 3HauyeHuI wWkanbl XayHcdunaa no MPT;
6.4 - uHTEpdenc.
AnroputMmndeckas mMoaenb
B pamkax gaHHOW cTaTbk ByaeT nNpeacTaBneHa anropyTMuyeckas Mogesb aropuTma paboTol

NoACUCTEMbI 6, 3aK/HOYAIOLLYHOCS B pacyeTe 3HayeHUMM MHTEHCMBHOCTM MPT un3o06paxkeHust B
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COOTBETCTBUM C PErPECCUOHHON MOAENbIO MO PaHee paccyMTaHHbIM MAapaMeTpaM U pacuyeTe 3T

~

nXx

napaMeTpoB. ANropuMTMUYecKasl MoAesb NOACUCTEMbI 6 NpeACTaB/IEHA Ha PUCYHKe 4.

BxogHble gaHHble:
- napbl 3HaYeHnn KT MPT;
- 3Ha4yeHna MPT

B KayecTBe BXOAHbIX
LAHHbIX NOJTyYeH bl
3HavyeHuna MPT nan

napbl 3Ha4eHU i KT n

MPT?

3aaHve ueHTpoB
KomnoHeHT (kmeans) n

PacyeT HavaNbHbIX |-

BECOB M MaTpuL,
KoBapuaumu

MN3meHeHne napameTpoBs
CMECH C UCNO/b30BaHUEM
anropuTMa pekypcuBHoro
oxuaaHua (EM-anroputm)

CoxpaHeHwue cpesHux
3HAYEHWI, MaTpuy,
KOBapuaLWu 1 BECOB ANA
KaXA0M KOMMNOHEHTbI
cmecu

NoaBeneHue
pesynbTatos

6.1

Mopcncrema
6.1

NHnymanmsay
VA moaenm

6.6

OnTummsauma
napameTpos
cmecu

6.9

CoxpaHeHue
pesynbratos

fori=l.length(l) [~~~ 777777
6.7
fork=1.K o]
6.8
Bommcnenue Pk |
6.10 |
Bblumcnenve p(1*i) |TTTTTTTTTT
6.11
6.12
Bommenenne |
K
F=flx= Z\l‘,[.")ﬁ»l\'l
6.13

BbixoaHas
MHbopmaums

BblumcneHue p(l*i)

Puc. 4. Anropytmmnyeckas cxema paboTbl NogCcUCTEMbI 6

Pacyet
OTHOCUTEIbHbIX
WUHTEHCMBHOCTEN I*
no BXO4HbIM
AaHHbIM oT MPT

Havano unkna no
3HaYeHuam I*

Havano umkna no K
KOMMOHEHTam cmecHu

BbluncneHve pyHKL MM
61130CTM 418 KaXK[,0ro
KOMMOHEeHTa
oTHoCUTeNbHO I¥i

Bbluncnenne
YC/IOBHOrO Mar.
OXMAaHUA 3HAYEeHUA

HU ot 3apaHHoro I1*i

KoHew, umkna (6.7)
Mo KOMMOHEHTaM

BbluncneHune 3HaveHuA

HU ot 3agaHHoro I*i

KoHeu umkna (6.5)
no 3HayeHus I*
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BbiBOAbI

M3noXeHa OCHOBHas wuaes Mo W3B/IEYEHUIO [AOMOSMHUTENbHLIX Npu3HakoBs U3 MPT
n306paXkeHns, ANs AanbHEMLLEro WUCNoNb30BaHWM B AMArHOCTUKe. PaccMoTpeHa 3ajada, no
BHEAPEHUIO MeToAa oLeHKN MPT n306paXeHnsi Ha OCHOBE 3HaY€HMIM, HOPMUPOBAHHbIX MO LIKase
XayHcdhunga B AesaTenbHOCTb Bpada-paguonora. lpeacrtaesneHa obuwas cxema opraHu3auum
npepnaraemMoro metoaa, 6e3 nposeaeHunst KT nccnegosanus. MNpuseaeHbl CTPYKTYPHO — 6/104HbIE

MOAENN PEeLIeHUs.
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