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AN'OPHTMH HENMHEHHOI'O CIL'IAXMBAHHSI SIMP-TOMOI'PAMM,
OCHOBAHHHE HA HEHM3O0TPOITHOH JH®®Y3HH

:Institute of Measurement Science, Slovak Academy of Scien-
ces, Dubravska cesta 9, 842 19 Bratislava, Slovak Republic

1.BBeneHue

B SIMP-ToMorpaduu (TOMOTrpaduM Ha OCHOBE SZIEPHOTO MarHUTHOTO
pe3ocHaHca), KOoTopas NMpeACTaBAseT ONHY M3 Haub6olnee GHCTPO paa-
BHBAWUMUXCS O6nacTeu MeNHMUMHCKOM MHTPOCKONMM, 3HAYUTENbHHH HMH-
Tepec ucclenoBaTelled yAenseTcsd B NoclelHee BpeMs GLICTPHM Me-
TonaM cé6opa SIMP-naHHbX. KpoMe Npoyux MOOBOAOB, MOTHMBMPYKUMX
STO HanpaBlleHHe, clelyouMe JABa KaXyTCsd 6HTb OCO6EEHHO BaXHLMH:

1)3nMMMHHMPOBaAHHE MIM MHHMMM3alUMS BIMSHUA apTedakKTOB, BO3-—
HHKapuux B pe3ylbTaTe HABUXEHHUS OpPraHoOB,

2)o6pa3oBaHMe INOCTATOYHOTrO O6beMa NaHHHX, HYXHHX OIS Tpex-
MepHoy (3D) BuU3yanu3alUMUM M306paxXeHHS B TNPHEMIEeMOM AN MeaHulHu-
HHl NpOMeXyTKe BpeMeHM (MHMHYTH).

Bonee Toro, 6ncTpue MeToan SIMP-ToMorpadum (Hanp."3D Flash
Sequence") MOryT yBenMuMTb 3HauYeHHe ToMOrpaduyeckKoro orobépa-
XeHMsI Ha KIMHMYEeCKOH NpaKTHKe, TaK KakK OHM o6ecneyMBawnT yBe-
nHYeHHe 4YHMcCNa NalUMeHTOB o6cnenoBaHHHX Ha ToMorpadMuyeckoHn
YCTaHOBKe, a TakKXe HNOCTaBISOT MNalUUeHTy 60NbuMH KoMPOpT.

llapanenbHo C TMNporpeccoM HOOCTUTCHYTHM B SIMP-ToMorpaduu
Pa3BMBAKWTCH M MeTOXAH aHanuM3a M onucaHus SIMP u3o6paxeHHH, KO-
TOpHe yny4ywawT Npouecc MeIULUMHCKOM INHMAarHOCTHUKM M COBEpUeHCT-
BYOT o6yyeHHe B paMKaxX YHHMBEPCHUTETCKHMX KYPCOB IO HeBpOaHaTo-
MMM W HeBponoruu ([1],[2]). Tak xak Haub6ollee yBlIeKaTellbHbM
BHIOM npencTaBlleHUsS BHM3yallbHHX MO3HaHMM, OCO6EHHO B MelHlHHe,
sABNsdeTcsa (3D) o6beMHas BH3yalM3aluus, NOsSBIeHHMe 6HCTpux SMP
MEeTOZOB Mocnyxu/lo KaK 6H HOBHM BH30BOM B 3TOM o6nacTu. Cer-
MeHTaumuss M ynyvyueHue H3IO6EpaxXeHUH NpPeACTaBNASOT ABa OCHOBHHX
MéTozma o6paboTKM MeNULUMHCKMX M306paXeHMH Ha HMXHEeM YpPOBHe
("low-level processing"), KOTOopWe HEO6XONMMH ANS pPeueHus 60-
ee CNoXHHX 3azay MHTepnpeTaluMM ITUX M306paxeHun. OnHaxko, ec-
M Takue 3azlayM OTHOCSATCSH K MCXOAHHM JIaHHHM, NONYyYeHHHM 6HCT-
PuMK SIMP MeTomaMu, TO Nepell pelleHMeM 3THX 3allay NpPUXOOMTCH
S3aHMMATbCS IPO6/NEeMOH HU3IKOIO OTHOWEeHWS CcUrHan/uyM (SNR).

B 1990 rony IlNlepoHa ¥ Manuxk ([3]) NpennoxuiM HOBHH MeTOX
HeIMHeMHOM PUNbTpPaAaUMM, KOTOPHM B 3HAYMUTENbHOM CTENeHH YMeHb-—
laeT HexenaTenbHHi 2PpPekT 6nHcTpooro cé6opa SAMP-maHHbX. Hx non-
Xon Kk "off-line" o6pab6oTKe OCHOBHBaeTCsI Ha PUIUYECKOM IOHSATHH
HeMsorponHo#n anddysmnmu. llepBoHavanbHOe NpPUMEHeHMe 3TOro MeToza
CrlmaxmMBaHusl M3o6paXeHWH K INOCTPOEHHMKW MacuTabHOro npocTpaHCcTBa
("scale-space") M KX OeTeKuUMM TpaHulU o6nacTey 6un0 pacUMpeHo
Pepurom ([4]) Ha crnaxuBaHue "dual-echo" SIMP M306paxeHun MO3I-
ra. MeTon Henao'_[‘po‘nﬁoﬂ IUPPYy3HH, KOTOpPHH paccMaTpHMBaeTCH
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B CTaTbM ['epura, OTHOCHUTCS MCKIOYUTENbHO K HBYXMEpPHHM Clyuya-
AM. Jinsg TOro, 4YTO6W KO3pPUUMEHT Auddy3unm - PyHKUMS NpoCTpaH-
CTBEHHHX KOOpIMHAT M BPeMeHM - OTpaxall OTHOUEeHHMe uyMa M pes-
KOCTH TpaHMU B IIAaHHOM M306paxeHUWM, NpHU ero onpenejleHWH BBO-
IAWUTCS HeKoTOopnH napameTp K. 3TOT napaMeTp [4] BHYMCHNSEeTCHd Ha
OCHOBE€ KYMY/NATHBHHX TMCTOCpaMM TIpallMeHTOB (MX MONY/NS) HCXOn-
HOro M306paXeHMss M He 3aBUCHUT OT MTEPATHBHOIO Npollecca He-
M30TPONHOH IHPPy3MHM. B cTaTbe HMCCNAeNOBaHW TaKXe BO3MOXHOCTH
HMCNO/Nb30BaHMsI MHOTUOMEepHOM NpHUpoln SIMP CHMrHajoB B 3ajave cria-
XMBaHMUS M TOCNelyluUen CcerMeHTauuu. Psaay BONpPOCOB, OXHAKO,
BHMMaHWe YyIle/leHO He6uno. [lepeYuciuMM Te M3 HHX, KoTophe 6ynyT
PacCMOTpEeHH B NAaHHOM CTaTke:

—3aBMCHMOCTb 3HauyeHMM napaMeTpa K OoT 3TamnoB MTepalMH,
—albTepHaTHUBHAA CXeMa OMCKpeTH3allMM YpaBHEeHMS HeHM3OTPOIHOH
Andpdpy3uu M UHMPPOBHX TI'palHeHTOB,

-~KONMYECTBEHHHH KpUTEepuM NNsI OCTAHOBJIEHMS Npollecca MTepa-
UHH,

—XapaKTepHCTHKa KOHEeYHOro 3ppekTa cCrinaXuMBaHUSA HMIOEpaxXeHHd.

2.CrnaxMBaHMe C TNOMOLbK HEUM3OTPONMHOHM NHPdPYy3IHH

B o6ueM cnyyae 1nuddysmus paccMaTpUBAETCS KAK MIOTPOIHHHA
npouecc, KOTOpPHH XapaKTepu3yeTcs KOHCTAHTOM ANns OaHHOro o6tmbe-
Ma BellecTBa - Ko3dppuuMeHTOM Inupdy3uuM c . Jing ANABYXMepHOro CKa-
nsapHoro nons I(x,y) (B HAaHHOM clydae Ionsg SpKOCTeH H3obpaxe-
HHUA) Npouecc nudpdy3uMHM ONUCHBaAeTCs CclelYouMM IndpdepeHlranbHHM
YPaBHEeHHEM B YAaCTHHX MNPOM3BOAHHX:

dl(z,y,t)
ot

rae X,y-nNpoCTpaHCTBeHHWe KOOpIAMHaTH, t-BpeMa MWiIM napaMmeTp
3BONWUMH Npoluecca; Ansd OUCKpeTHoro cnydass t o6o3HauyaeT HoMep
HTepaluuMu. CrnaxmMBaHue M3O6paXeHUMHM, OCHOBaHHOEe Ha MYnbTHMac-
uta6HoM ("multiscale") noaxone, XKOTOpoe nNpenioXeHo B CTaThbe
[3], TpebyeT 4YacTHYHOro MIM TONHOrO TnNonaBlneHus nuddy3uu
B M306paxXeHMHM Ha rpaHuuax ob6nacTeu. 3TO Tpe6oBaHue He YTO
MHOEe, KakK BBeJleHHe TMnoaxonsued yHKUMM TNpPOBOAMMOCTH c(X,Yy,t)
BMECTO KOHCTaHTH Ko3pdpuuueHTa nupdysuu. TakuMm o6pas3oM ypaBHE-
HHe (1) nNpuMHHMMaeT BHUI

=divie: VI(z,y,t)] (1)

ol(z,y,t) .
—611.!_* = div [¢(z,y,t) - VI(z,y,1)] (2)
Ecnu npennonoXuTb, YTO B NAHHOM MOMEHTe BpEeMeHM (Ha OaHHOM
MacuTa6HOM ypoBHe) t, Mo/JOXeHHe TpaHUl, COOTBETBYWWHUX STOMY

MOMEHTY, M3IBECTHO, TO Ue/Nb CrlaXMBaHMS NpPHU NOMOUM HEeu3OoTpon-
HOW nHddy3uM MOXHO CHOpPMYyNHPOBaATh KaK MPEennoyYTHTeNbHOe yCulie-
HHUEe CcrnaxuMBaHUs M3o06paXxeHMss BHYTPHM OINHOPOIHWX O6/1acTey M OI-
HOBPEMEHHO NpennouTHUTe/lbHOe rnoJaBlieHHWe CrlaxXuBaHUs yepesd rpa-
HHUYHHE MMKceNb. 3TY lUellb MOXHO 6H/NO 6b MIeallbHO OJOCTHUYL, €ClH
6 ¢yHKUMA C(x,y,t) NpHHMMana TONbKO XOBa 3HAYEHMUSI: 3IHadYeHHe
"1" B nuKCenax BHYTPM o6nacTeM, M 3HayeHue "O0" B nukcenax Ha



rpaHylax o6nacTeH.

ECTecTBeHHO, UYTO IIOJIOXeHHue rpaHHMlL 3apaHee HEeM3BeCTHO
u dyHKUHMIO C(X,Y,t) MOXHO CTPOMTb TONbKO KakK HEKOTOpoe Npu6nu-
XeHMe K HuIneallbHOM PYHKLUMM CO 3HAUYeHHMSIMM M3 oTpe3ka <0,1>. [le-
poHa ¥ Manuk TpennoXunu MCMNONb3OBATh B KayeCTBe MHAMKATOPA
rpaHMl Clheaywouyw IoKa3aTellbHyklw ¢@YHKUHMI0O IPAaJlMEHTOB SPKOCTEH

U306paxXeHus:

c(VI(z,y,t)) =exp{ — [M] (3)

llapaMeTp K , KOTOpPHHW BXOIMT B 3KCIIOHEHT, KaK Mh YXe yrnoMsa-
Hynu B BBelleHMM, MIpaeT pOJib HEKOTOpOro ¢akTopa B3BeUHBaKLUETro
BIMsHMe WyMa Ha oONpeneneHue TrpaHul o6nacTer NocpeincTBOM ole-—
paTopa rpaauMeHTa SpPKOCTeH HM3o6paxeHuss. Ha puc.l uanwcTpupyeTr-
CAd 3aBMCHMMOCTb QOpPMH rpaduka PyHKUMHM NPOBOAMMOCTH C(X,y,t) oT
3Ha4YeHuH napaMeTpa K , NpHYEM KOHKpPETHOEe 3HaYeHHe MOXHO MH-
TepnpeTHpoBaTk KaK BBeNeHHEe HeKOTOpOoro nopora rpaiMeHTOB Ins
KNnacCHPMKAUMM TPAHMYHHX TNMUKCeNoB. JInsi yTOYHEHMS 3TOro coob6pa-
XeHuss pacCMOTPHMM HEKOTOPHH (GHKCHUPOBAHHHWM YPOBeHb nOUPDY3IUM,
(Hanp. ¢ = 0.1), XOTOpoMy 6yneT COOTBETCTBOBATb pa3Hoe Crna-
XuBaHMe. Torma nnsg oTAeNlbHHX 3HayeHHMH napameTpa K , KOTophe
onpeneneHHHM O6pa30M OTpaxXawT YpPOBeHb WyMa B M3o6paxXeHuH, IO-
nyyaeM pa3xYHHe 3HaYeHus TrpalMeHToOB VI, Iy,..., KOTOpHE
MOXHO CcuYMTaTb IoporaMM AnsS NMHUKCeNOoB, TNpHHalleXauux rpaHuuaMm
o6nacter. YeM 60nblie NMOPOTOBHW TpaiMeHT, TeM 60/NbluMe 3HAYeHHUS
TrpPaIHeHTOB JONYCKaWTCsd NN CrlaXuBaHusa nudpdysnen.

Ilpn Bu6Ope MeTOoza BHYMCIEeHHMsS napaMerpa K aBTopu [3], [5]
MCXOOaAT M3 CleAyouUuX coobpaxeHuH. [lpennonaraercsi, 4YTO pacrnpe-
DeneHUss aMNAUTYZD CpaAHMeHTOB NN WYMOBHX TOYEK M TOYEeK TrpaHHU
OTNH4YawTCHA. BHYMCAsSeTCcs KYMYNATHBHasd TIHUCTOrpaMMa CrpalMeHTOB
BO BceM u306paxeHuM (rnob6anbHasi TMCTOrpaMMa) ¥ IPMHMMaeTCs
NpennojoxXeHWe © TOM, 4YTO HMXHuX 80 % nmnpencraBnsgeT TONbKO
SHepruw uyma. IlepoHa M ManMK MCHNONb3YWT TY Xe "OUeHKY myna“t
OIHakKo B kKauvecTBe napaMeTpa K 6epyT 90 % KBaHTHIb rnob6anbHOM
TMCTOrpaMMbl TCpagHeHTOB.

Kax noxasanu Hauu npelnBapUTellbHhe KOMNbOTEpHHE 3KCNepHMeH-
T, NepBOHavYalbHOe BHYMUC/eHHMe MapaMeTpa K , KOTOpOe MCNonb3y-
eTCs KaK KOHCTaHTa BO BCeM MNocnenyiueM npouecce nuddy3uu, He-
AOCTAaTOYHO, TMOCKONbKY OTpHMLUATeNbHO CKa3nhBaeTCsd Ha Ka4yecTBe
CrnaxmMpBaeMhx HM306paxeHuH, nonydyaeMnx Ha nocnenywumux
MTepauusax. Ha OCHOBe 3THX pe3ynbTaTOB MW MOAMPMUMPOBaNM Npo-
uenypy Heu3oTponHou Aupdy3uu TakuM ob6pa3oM, YTOEH MapaMeTp
K Buuucnsincsa nns KaxOoW MTepalMM 3aHOBO.

Ha npouecc HeusoTponHon Aupdys3uu 6yneT OKa3HBaTb BIMAHHE
KpoMe napaMerpa K Takxe BH6Op POpMYy/H ONsA uudppoBoro rpalmMeHTa

I. MepoHa ¥ Manuk ([3]) YTBepxmawT, YTO 3TOT BHGOp ZNaeT pe-
3YynbTaTH, KOTOphe BHM3yallbHO HeoTnUYMMH. HTo6H Y6eIOuTbCH
B 3TOM, B crnenywueM naparpage paccCMOTpuMM YeTHpe BuIa onpene-
NeHUsT Takux TpaZMEeHTOB M MNpoBeleM TeCTOBHE BHYMCIEHHH, Heo6-
XOnuMbe nns o6pa6OTKM peanbHbX SIMP-TOMOTrpaMM.
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3.HekoTopHe BONPOCH AMCKPETHOrO BHYMCIIEHMUS
2D HeM3OTpPONHOM NUPPYIUM

OnmHueM KOPOTKO CTaHAApTHHM Nepexol OT HeNpepuBHOM GOpMYIH~
POBKM 3alauyv INUPPy3HM K ee IUCKPEeTHOMY BapHaHTy. Jns OMUCKpPe~
TH3aumMu B [3], [4] ucnoneb3yercs YypPaBHeHHe (2), nepenucaHHO®
B BHIe



8l(z,y,t) @ 8 8 9
ot - oz C(l‘,y,t)‘ggf(x,y,t) +5§ c(z,y,f)-B;I(x,y,t) (4)
CHadana AllllpPOKCHMHUDpYEeTCH YacTHada NnNpoM3IBonHad APKOCTH

B CKoOb6Kax: 151 KaXIOW MPOCTPAHCTBEHHOW KOOPIMHATH MNOoNydYaeTcsd
KOHe4YHass pa3HOCTb, 3aTeM TMpPOBOIAMTCSH KOHEeUYHas annpoKcHMaluusd
BHEWNHEeW MPOM3BONHOW. B pesaynpTaTe nonydyaem GpopMyny:

01(z,y,t ! 2
(Zty ! = Az? {C(:':+ Tz,y,f)-[I(I+Az’%”‘”z’y’”] B
(e~ 52,0,0) - (e,9,8) ~ 1(z = A,y 1)] } +

1 A
?{c(r,y-k _221”'[I(Isy+Ayrt)_I(I:yst)] -

ey =10 Ueu ) -1y -2u0] ) )

lanee npousBonHasg SPKOCTHU OTHOCHTENbHO BPEMEHM AalNpPOKCUMHPY-
€TCsI pa3HOCTbhbI, COOTBETCTBYWLEW IBYM MNOCNeNYWLUHM HTepalUHsM,
npyHyeM crneuMalbHO BHYMUC/NEHa MHTerpalbHasg KOHCTaHTa BpeMeHH,
KoTopyw 6yneM o6o3HayaTb A ([4]). B peaynpTaTe nonydaeM nucC-
KpeTHOe ypaBHeHMe Inns NHKcena (1,j), KOTOpoe NoCNe HeKOTOPOro
NpeobpaszoBaHusd NpHUHUMaeT BUI:

If_?'l = fl-tj- + /\[CN-DNI +cs-Dsl + cw-DwlI + CE‘DEI] (6)

DXI 0603HayvyawT KOHeYHHe Pa3HOCTH SApPKOCTeH NlIsi COOTBeTCTBY-
OUMX CcocenHMX TNHUKCENOB M UeHTpalnbHOro nHKcena (1,3j) :ansa
(i-1,37), x=N; onng (i+1,j), x=S ; nana (i,j-1), x=W ; ansg
(i,j+1), x=E . CnenyeT OTMETHTb, YTO 3HayeHUd KO3PPULUMEHTOB
Inedysum Cnr Cgr Cy: Cgp Kak BHAOHO M3 ypaBHeHHUHA (5) BHYHUCIAKT-
CA nanga Oyr (Ha paccCTOSHHH 1/2 A%, 1/2 Ay Mexny NHKCeNoM
(1,7) m cocenHumu nuxcenamu N, S, W, E .

Ilng Toro, 4YTO6H MAaKCHMMalbHO YIPOCTUTb HMTEepaTUBHOE pelleHHe
9TOro AMCKPETHOrO YPAaBHEHMS HEeM3OTpONnHOM Auddy3ur, B paborTax
[3] M [4] 3HaueHMs aMNNAUTYH CPAAMEHTOB NP BHYMUCIEHUU PYHKUHH
NIPOBONMMOCTH (ONpeneNneHHOM Ha pacTpe M306paXeHHs) annpoKCHMHM=—
PYKTCS HeCHMMMeTPHYHHMM Pa3HOCTHAMM SAPKOCTEH B COCeIHHUX INHKCe-=
lax ¥“ B UeHTpaflbHOM nHKcene. TakuMM O6pa3oM TMapaMeTp uyMa
K BHuMcnsgeTcs Ha OCHOBe TIMCTOCpaMMb pa3HOCTeH, a He Ha OCHOBe
TpanmueHTOB.

C OnHOM CTOPOHH MOXHO CKa3aTb, 4YTO C NOSBleHHeM EHCTpHX
NpoueccopoB xnacca "RISC" BHYMCAXTE/lbHHE JOBOAHN AN BCEX
YNPOuWeHHus, NPUHATHX B YNOMAHYTHX pa6oTax, TepswT CBOH BeCb.
C npyrom cTopoHn Tpe6oBaHus 60Nee TOYHOHM M HaZeXHOM CerMeHTra-=
Uun SIMP mM3o6paxXeHu, crelLuanbHO MO3ra, Koropas B 3HAYHMTENNbHOH
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CTeNneHH 3aBUCHUT OT JNOCTATOYHOIO OTHOUWEHHMS CHUTHal/uyM, TpPHUBO-
OAT B JAaHHOM Clnydyae K Heo6XOOMMOCTHM YCTpaHeHMS YIpPOouawnLux
DNeMeHTOB aNnropuTMoB 2D HeusoTponHou nuddysuu. IosToOMy Mu
CYMTaNM lenecoo6pa3HbM INeperTH K 60Jlee TOYHHM BapuMaHTaM 3TOro
AQNropuTMa, TNpPOBeCTHU COOTBETCTBYWLHE BHYMCIHTEIbHHE 3KCIlepy-
MEHTH, M HaKOHell CPaBHHMTb MNONYYeHHbe pe3yNbTaTh.

C Uenbkw OAHO3HAYHOrIO OIIMCaHMS OTHAENbHHX BAapPHMAHTOB aNro-
puTMa 2D HeM3OTpOnHOH ANPPY3IMM HAM TMOHANOEMTCSH CXeMa pacTpa
M306paxeHus, KOTopas NMPHUBOAMTCS Ha PHUC.2. Kak MH yxe YTNOMSAHY-
1M, QnNanbue A0 YNPOUWEeHHMS 3alMCH MHIEKCOB OTHAENbHHX BeNHUYMH
onpezensieMHX B 4-OKPECHOCTH UEHTpa/lbHOrO NMKCena (i,j), 6ynem
HMCronb30BaTk CHUMBONH: N, S, W, FE (puc.2). PaccTogHue Mexny
nMKcenaMu o603HayYMM yYepe3d AX (BAONb OCH X) M AY (BOONb OCH
Y). B maHHOM cnydyae nonaraem /M = /Yy = 1. CTraHZapTHHe He-
CHMMETPHYHHE pPa3HOCTH O603HAaYMM ClelyluUMM o6pa3oM:

DH = Ijy = Ii_ 4-1 » ij i-1,75.

Puc.?2



3.1 UnMdpoBHE TI'PANMEHTH NN OnpeneneHuss @QYHKUMHM NPOBOAMMOCTH

c(x,y,t)

A

[lepBniM BO3MOXHHM YTOUYHEHMEM BHYUCHEHUI GYHKLUMH [PO-
BOIUMOCTH C(X,y,t) dBngeTcs Tnepexon OT pa3HocTed DH wu DV
K CHMMMETPMYHHM TrpanuMeHTaM GC, MM GC, , KOTOophe omnpeneneHH
(OTHOCHMTENIbHO LEeHTPalbHOIO NHMKCEena) M3BECTHHMHU GOpMYyNaMH:

GCi(v,5) =1/2- ({Ig — Iw| + |Is — In|) (7)
MM

GOiliid) = 1/2+/ Tg—Tw)* + (T = In)* (8)

[IOCKONbKY InON8 BHYHUCNEHHUS NHUCKPETHOTIO YpaBHeHMA (6) Heob6Xxo-
IWMB 3HadYeHMsa GyHKUMM C() B TOYKax Mexny INMKcenaMuM (Ha pac-
CTOAHMAX /X/2 #u /Yy/2) (HAa pUC.2 OHM OTMeYeHH KpeCTHKaMH),
COOTBETCTBYWUHE 3IHAYEHHUS CHUMMETPHYHHX TPaIMeHTOB GC, MU GC2
cCnenyeT HMHTepPNONHMPOBATEh.

5. OTMeTHM, YTO HeCMOTpPS Ha 60/bUYyl0 YYBCTBUTENbHOCThb
FPalnMeHTOB OTHOCHMTEeNbHO MyMa, Ha JaHHOM 2Talle o6paboTKH,
T.€. Innsg BbYMCINEHMS TNapaMeTpa uyMa K Ha OCHOBE TMCTOrpaMM
pannMeHTOB, HacC HHTepecyeT 6o0Jee JeTallbHasd XapaKTepMUCTHKaA
H306paxeHuda. [lo3TOMY, BTOpas BO3MOXHOCTb YTOYHEHMUS OUCKPETHO-
'O anropMTMa HEH3OTPONHOH IOHPPY3IMHM KaxXeTcsd TakKxe NoaxXoNsueH.
OHa coCcTOMUT B nepexolle K CHMMETPMUYHHWM rpanmMeHTaM Po6epTca
GS; (GS,), koTopwe naHw (Hanp. [6]) cnenywuen GopMynou:

GSi(i,5) = 1/V2- (Is = Ig| + [Lip1541 — L)) (9)

B nocnenywoueM HM3NOXeHMHM MbH He 6yldeM INPHBOIMT MNono6Hue d¢op-
MYnu nOnsg rpaiMeHTOB, olnpenefnsgeMbx MNPH NOMOUH KBaHpETHOFO KOp-
Hia. Ha puc.2 ucnonb3ywTcs clenywune ob6osHaveHus A = Ig - Ip

A = Ii41 441 — Ijs - TakmM obpasoM, B ITOM ciydae nonydaeM
TOYHble auaqéAHﬁ rpan%eHTOB PoG6epTca B cy6nuKcenax, ob6o3HauyeH-
HHX OTHOCHMTEeNnbHO LIeHTpalbHOrLO IIHKCeIna NW, SE, SW, NE.
OnsaTb-TaKM, HYXHbHEe 3HadyeHHUd TpallMEHTOB AN TOYEeK, pacloONOoXeH-
HHX Ha pacTosSHHUAX AX/2 #u Ay/2 (Ha pHUC.2 - KPeCTHKH) MOXHO
BHYMCNIUTb TNPHU MOMOUM MHTEPNONSUMM (Hamnp.IMHEHHOH) .

3.2 AnbTepHaTHBHasg cxemMa HOHMCKpeTH3allMM YPAaBHEHHS He-
HM30TpOonHOH OHUPPY3IHUH

BMecTo Toro, 4YTO6H MNOCNeloBaTeNlbHO aNlNpPOKCHMMPOBATL YypaB-
HeHue nupdysuu, s3anmucaHHoe B BuAe (4), MOXHO CHadana pacKpHTb
CKO6KM M npeo6pa3oBaTh YpPaBHeHHe CNenyluMM O6pas3oM:
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2 2
8 Oc OI dc 0l 0*I 0o I] (10)

?3_?!:%”3_::4-33; 8y+c(z, ’t).[@+3—3ﬂ

Tenepb MOXHO TIEepeHTHM K aNnpoKCHMaUMsIM MNPOMIBOAHHX KOHeY-
HHMM Pa3HOCTSMM, NpHYeM Ha 3TOT pal3 MNoaydYaeM TakxXe Pa3HOCTH
dyHKUMM TNpoBOAMMOCTH C(X,y,t): D c() O7ss TOPUM3OHTANbHOTO
H Dyc() - BEepTHKallbHOIO Hanpaaneﬂnﬂ. Ins Heu3oTpONHOM nuddy-
3MK~ ToNydYaeM clejywuee albTepHaTHBHOE INHCKpeTHOe YpaBHeHHe

(t - HoOMep HTepalluH) :
I'*(z,y) = I'(z,y) + A [Dzc()-D=1() + Dyc()-DyI() + () - AI()] (11)

rae A -MHTerpanbHas KOHCTAHTa TOrO Xe BMAA Kak npexze. Yepes
o603HavyaeM UMPpoBOM JlamnacHaH oNnpeZeneHHHH AN LeHTpallb-
HOoro nuxkcena (1i,7).

B.

EcTecTBeHHO, 4YTO NOAOG6HHH BHE6OP BHMAa UUPPOBHX Trpaiu-
€HTOB, KOTOpHH MH pacCMOTpelM B YacTax A, B, MOXHO chenaThk
M B Clnyyae BTOPOHM JMCKpPeTHOHM CcxXeMun. ECHIM B38Tb, HamnpuMep,
UeHTpanbHHe TpaAMEeHTH, TO ANs OaHHOrO pacTpa M306paxXeHHUs INo-
nyyaeM INONHHM Ha6op TOYHHX 3HayeHMH c(x,y,t) , T.e. 3HAYEHHH
KO3pPHUUMEHTOB AUPPY3IMM NN KaxXZOro NuKcena (Mo CpaBHEHHKW CO
CTaHZAApPTHOM CXeMOoM IllepoHa M Manuka He Tpeb6yeTCs MHTEepIoNnsSUus
3HaYeHMH B MPOMEXYTOYHHX ToOuYKax). Hcnonb3ys o603HauyeHue M3
pHUc.2, ypaBHeHMe (1l1l) 3anuueM B cllellypuleM Bure:

', J)"'P(%J)'f"\{[ :J)—Cw] DH+[ (¢,5 —CN] DV + ¢4(i, ) AI‘(:,;)}
12)

I .

HaxoHel ONUUEM MHTEpPecHYWw CXeMy, KoTopass coderaeT
anbTepHAaTHBHYKW AOUCKPeTHM3alMK YpaBHEeHHS HEeM3OTpPONHOM Iuddy3IHH
C BHYMCJIEHHMEeM BCeX HYXHHX KOHeYHHX BellHYMH Ha cy6NHMKcelax.
BBeneM cHavana (cy6)pacTep (NONHHE TOYKM Ha PHUC.2), KOTOPHH
NOBEPHYT OTHOCHTENbHO MCXOAHOrO pacTpa Ha /4 u war KOTOpOTrO
(Aw = j&: new 1) OTHOCHTENbHO HAara McxojHoro pacTpa (old 1)
X = 1/(2\[“) . CneflyeT OTMeTHMTb, YTO TaK KaK MMeeT MeCTO
X = A Ay A (pUc.2), 3HayYeHMs rpadUeHTOB Po6eprca B HC—
XOOHOM pacTpe CTAHOBATCH B HOBOM pacTpe 3HauYeHUSMM lLeHTpallb-
HHX rpPazueHTOB. [IpM NMOMOWM JNMHEHHOWM HMHTEPHNONSLUHWM, M3 3HAUYEHHH
SPKOCTeH B IMKCellaX MCXOIHOrO pacTpa nojlydyYaeM 3HauyeHus B CO-
OTBETCTBYWUHX Cy6NHKcenax: Iyw + Isg Igw + Iyg- TakuM o6pa-

30M B COOTBeTCTBYWUEM ypaBHEHHMHM, TIONYy4YeHHOM M3 (1l2), HUCNONb-~
3yeM:

a) TOYHO BHYMC/EHHHEe KOHeYHHe Pa3HOCTH (YHKUMM NPOBOAMUMO—

CTH (Cnw » CSE ¢ Cgw  + CNE) ¢ —
6) Ppa3HOCTH SPKOCTeM B MNMKCenax u cyénukcenax (DH, D
- puc.2) .



3HayeHHusd BellMYHMH ollpelleleHHbX B cysnmcceﬂax HCIIONNb3YKNTCHA
npu 3TOM HCKINKOYHTEeNIbHO B INpolecce IIPOMeXyTOYHHX BH‘JHCHEHHP&,
HO ,E[HCIJCIJYSHH npo6eraeT TONbKO B NMHKCeNlaxXx MCXOINHOTO pacTtpa.

4 .0npegeneHre GyHKUHMH NN KPUTEepUsT OCTAHOBIEHHMS MTepaTHBHOTO
npoluecca AUCKPEeTHOW HEeM3OTPOTTHOM NUPPy3HUHM

Inss crnaxupaHus AMP-ToMorpaMM NpMU TNOMOLHM HEU3OTPOITHOHW INHUGP-—
dy3MHM CHNYXHUT MTepaTHBHBK anropuMTM. B pa6orax [3], [4] npouecc
HTepallMH OCHOBaH Ha O3SMINHMPHUYECKHX BHBOZAX, T.e. ONTHMMallbHOe
YHUCNO HMTepaluH yCcTaHaBIMBaeTCs NPH MNOMOWM KayeCTBEHHOH OLEeHKH
pe3ynbTaToB. Bonpoc noAxoAsuer YMCIeHHOW XAPaKTepPUCTHKHU OKOH—
YaTeNnbHOTO appeKrTa CrnaxuBaHUA e- coxpaHeHHeM T paH#ML
("Edge-Preserving Smoothing") Takxxe He pacCMaTpHBalICH.

Kaxkx Mo yXe YINOMSHYNY B BBeIeHHMM, OIHOH M3 aKTyallbHHX 3a-
Iay MeIMUMHCKOHW MHTPOCKONHMHM sABNfeTCs 3azgada 3D BHM3yalM3alHH
Moara Ha OcCHoBe 2D ToMorpaMM, INOJNYYeHHHX 6nHCTpuMM SMP MeTona-
MHM. OKOHYATeNnbHOH lenbkw TAaKOoH BH3yalM3alUMM SBJ/IAEeTCH, KOHEeYHO,
pa3pa6oTka nporpaMM, KOTOphHe NO3BONANM 6H Bpayy, 6e3 NONONHHU-
TeNbHWX 3HAHMM M YCHMIWK NonyyaTb 3D u3o6paxeHus mMo3ra (MIu
IPYrMX OpraHoB) Ha AuCninee. 3TO TNPHUBOAMUT K TpebOBaHM = Ha
BCex o2Tanax npeno6pa6oTku SMP-maHHHWX, K KOTOPHM OTHOCHTCH
M CriaxuMBaHMe, MCNONb30BaThb AJICOPHUTMH, ylNpaBlideMhHe MHMHHUMYMOM
napaMeTpOB 3aJaBaeMbXx INOoJb3OBaTelNeM.

Bhue Nnepe4YyMCleHHHe MOMEeHTH NOCHYXHM/IH ANOBOAOM K NOCTPOEHHK
noaxonsuer GyHKUMM — YMUCIEHHOTO KpUTepusa AN aBTOMaTHUYECKOH
OCTaHOBKM mnpouecca uTepauuu ([7]). KonuyeCcTBeHHHE MepH, KOTO-=
pHe MCNonb3ywTCsS AN MCCNeNoBaHMM B O6/MAaCTH KOMNbOTEPHOTO MO=
IenupoBaHusa cb6opa U O6pPaboTKH ToMOrpaduyecKux U3O6paxXeHuu,
conepxaT BaXHHH METONMYECKHH I/I€eMeHT, a MMEHHO -MHpopMalH 06
UIeaNbHHX M3IO6EpaxXeHusx, T.H. @aHToMax. ONATb-TaKH, NOCKONbLKY
MenMUMHCKas MNpaKTHKa HyXrnaerTcsd B KONMHMYEeCTBEHHOH OlLeHKe IpHMe-
HEeHMUS alITOPUTMOB K peaNbHHM TOMOrpaguueCKHUM NaHHbM, YHUC/IeHHbEe
XapaKTepPUCTUKM, MCNONb3yeMpe B BHYMCIEHHAX, KOTOpPHE IO IXHB
6HTb TpaHCHNapaHTHW ANd TNONb3OBaTens, Helb3d OCHOBHBATb Ha
paHTOMax. TakuM o6pa3OM Haueu Lelbl B 3TOM naparpage saBnsgeTCHd
BHBeleHMe pa3yMHOM (PyHKUHMM B KayecTbe ocTaHaB/MBawuUero KpuTe-
PMS, a Takxe MOCTPOeHHe KONUYeCTBEHHOH MepH addexTa Crinaxupa-

HHS .

lpyHMBacaH ([8]) mnNpennoxuin YHUCNEeHHYIw Mepy, OTHOUeHHe
CHMrHan/uym (SNR), 1nOns OLEHKHM BHIIONHEHHS alCOPUTMOB PEKOH-=
CTPYKUMM HM3O6paxeHMs Mo NpoekuusM. OHa XapakTepusyeT raobalb-
HYK0 TOYHOCTb pPEKOHCTPYMPOBAHHOIO HM306paXeHMs OTHOCHTENbHO
MIeanbHOro Mao6paxeHus (paHToMa). SNR onpenensercs cnenyouewn
dopmy nos:

N N 2
Yi=1 Zj.—_l ij

13
Yot Ticy iy = il )

SNR(dB) = 10.log

Pne t;. - o603HayYeHH YPOBHH SpKOCTEeM BXOAHOro ¢aHTOMa, fj
= prBgH SIpKOCTeH B BHXOIOHOM (peKOHCTPYMPOBAHHOM) H306paxe=
HUK. PaaMep M306paxeHuu: N x N nuxkcenos . B kKayecTee daHTOMa
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}) OoBHYHO HMcCHonb3dyeTcs ¢aHTOM lWllenna M JloraHa ([2]). SNR
@;quug SBHO BeneT ce6d NONO6HO CTaHINAPTHOHM XapaKTepMUMCTHKe
OTHOLEeHUs CHMrHana M uWyMa, MCIONb3yeMOW B TeOpHMHM CHIHanoB. Ta-
Koe MnoBelleHHMe CcoOBNajaeT C OCHOBHOM MOTHMBHMPOBKOM 3ajayM 3ria-
XHMBaHusa SIMP M3o06paXeHMHM Mo3ra IIpM IOMOUM HEUM3OTPONHOU nubddy-
3MM, MMEHHO C leNbl 3TOM oOlepallMM = IOBHCHTb 3HAYeHHMS OTHOle-
HHUS CHUrHan/uyM. 3TO O6CTOSTENbCTBO ONpaBALBaeT Hau BH6Op
- B34Tb Kak pas3 dopMyny (13) 3a OCHOBY HMCKOMOHM QYHKUMH = KpHU-
Tepus NN OCTaHOBJIeHMS MTepauuH . Tak Kak NpM XapakKTepu3aluu
pe3ynbTaTOB CrlaXMBaHUA TOMOTLpaMMH nocne (p+l) HTepauuu
(p=1), nDaHHbMH (t;.:) (MOeanbHHM QaHTOMOM) MH He pacrnonaraem,
npennaraeM MOIHUPULUHPOBaHHYW GYHKUHIWO, T.H.OTHOCHTEIbHOE OTHO-
ueHne curHan/uyM (Rgyr) - OnpenenuM 3Ty QYHKUMO Clenywuen
dopmMynou:

l'-1 ZJ-I (p+1 "J')2
11 2j=1 (pfij =Hd -’j)2

P*1Rsyr(dB) = 10.log (14)

+ - -
B KOTOpOM pf % 1fi‘ YPOBHH SPKOCTeH H3o6paXeHHUH, IMNOoNyuYeH-
HoX mocne p-Tou U (p¥l)-om HUTepauuu. KpuTepumt OCTaAHOBIEHUS
HTepaluMH TMOTOM oONlpenensieTcs Kak

[PRsnr —**! Rsnrl

p+1 SC
PRsnr

< thr (15)

Hrak, ecnM 3anaThCs 4YaCTHbHM 3HauyeHHeM Topora.thr (o6unyYHO
thr = 0.05), To npouecc wuTepauum 6yneT OoCTAaHOBNEH NpPMU BHION-
HeHUMM ycnoBus (15). BMecTo @yuxun¥ (14) Mox¥o HCNonb30BaTh ee€
HOPMHMPOBaHHYK BepcHw. IlycTb max ¥ maxdif omnpezneeHH
cCnenywuuMM o6pa3oM:

PHlmaz = maz; ; (P+1f;j), Plmazdif = maz; ; |Pfij —Ptl fijl :

Torpa dopMyna IOnsd HOPMMPOBAHHOTO OTHOCHTENbHOro Ko3hdULH~
eHTa RNgyr onpenenseTcs Kak

i 2:-1 (rp+::;.—.)

E (Pj‘ _p+1f|..)2 (16)
J-l ;imazdif

PY ' RNsnr(dB) = 10.log

Ecnu o603HayMM _4Yepeas {Of } YPOBHM SpPKOCTHM BXOIHOTLO M30~
6paxeHuss U depes £i4) yponu% SIDKOCTM OKOHYaTeNnbHOTO H3o06pa~
XeHHs, TIoAy4YeHHOro i M ONTHMAaNbHOM YMCNe uUTepauuy CTraaxuBar
HHMs, M ONpenenuMM BeNIMYMHH max M maxdif KaK MHMHMMAllbHbie 3Haye~
HUS  Ans BCeu IuMPPYy3uM, TO NOCTULHYTHM 3PPeKT CrnaxXuBaHHA

KOTOpO€ CcoOXpaHseT rpaHuMUN oO6lnacTey, MOXHO xapaKTepu3oBaTp
dyHKUHeH



zt—l ZJ—I (r_:-,iﬁuz')z
S, SN, (k)

mazdi f

Tsnr(dB) = 10.log (17)

5. Pe3ynbTaTH BHYUCIMUTENbHHX JKCIepMMeHTOB 2D crnaxuMBaHHA

Anst CpaBHeHUS UYHMCNEHHHX XapakTEepPUCTHK, a TaKxe AN BU3y-
aNbHOM OLEHKH Pe3yNbTaTOB IPUMEHEeHMUS OTHENbHHX alITOPUTMOB,
OTNHMYaOUUXCST BHEOPOM UMPPOBOTO rpaJUMeHTa M CXEeMOW OUCKpeTH3a-
UMK YpaBHEeHWS HeU3OTPONHOHM nHddy3Mu, B 3anadye CrinaxumBaHug SAMP
TOMOIpaMM TONOBW (MO3ra), MH NpPOBeIM HaboOp BHYMUCIAMUTENbHHX DK-—
CllepHMMeHTOB. B KaudecTBe TeCTOBHX Haoﬁpgxeunﬁ 6B M36paHH TpPH
TOMOTLpaMMu (cedyeHuss) w3 3D kKy6a (256~ BOKCeNoB), NONyYeHHHe
npu nomouu SMP-ToMorpaduyecKou yCTaHOBKH "Magnetom SP (Sie-

mens - 1.5 T)" B paauMoIMarHOCTHUYECKOM KJIMHMKE 6ONbHMLUN HMMEeHM
"Derera" B ropoze bpaTucnapa (CnoBakus). Bnla MCNonib3oBaHa
T.H. "3D Flash" u3MepuTenbHas IOCNeNOBATENbHOCTb CO CHeAyKUH-

MH NNapaMeTpaMH:
TR = 30 ms, TE = 5 ms, FOV = 256 mm, flip angle = 40

PasMep M3OTPONHOro BOKCena 1x1x1l mm.

9KCNepMMeHTH MNpPOBOAMIMCh Ha paboyeH CTaHUMH HP-Apollo
720. Jina aBTOMaTHYECKOM OCTAHOBKM Ipollecca HMTepaluu¥ MH MC-
MONb30OBanNM KpUTepuu - PyHKUMI RNgyp (16)

Takx Kak peaynbTaTh HNs OTAENbHWX CpPe30B JIMllb MUHMMATbHO
OTnIMYalnuCh HOPYr OT IOpyra, MH IPMBOAMM NaHHHe, OTHOCsuHecsd
TONbKO K OAHOMY BH6paHHOMY clydaw. Bo Bcex cinyyasax BHYMCIH-
TeNbHHX 2KCIIEPHMEHTOB, pel3ynbTaTh KOTOpPHX OINMCHBAeM, MCNONb-
30BaMMChb TrpalAMeHTH, oNnpeneNeHHne 4Yepe3 ab6CONKTHHE 3HaYeHUs
Pa3HocTeH, Tak KaK MCNONb3OBaHHMe BTOPOM BepCHHM TPaAaIdMUEHTOB,
KoTopasi TpebyeT 6onble BHYMUCNEHMM, He INOKa3allo HMKAKOW palHHU-
UH .

Ha puc.3 nokazaHh MCXOAOHOe U of6paboTaHHoe H3ob6paxeHud (ce-
YeHUSI rONOBHW Ha YpPOBHe rna3). Puc.3a nokal3uwBaeT 3alyMIEeHHHH
OpHUrMHan, Ha puc.36 H306paxeHHe, CrllaXeHHOe HEeUM3IOTPONHOHM OHu-
ddysmern npu noMouM CTAHAZAPTHOrO anropuTMa IlepoHy M Manuka
(OIMcKpeTH3aumMad no NepBOHAYaNbHOM CXeMe (4), MCXONHHH pacTp,
Ans BHYHMCNeHUsI GYHKUMM NPOBOIMMOCTH C(Xx,y,t) M WyMOBOro napa-
MeTpa K MCNONb30BaHbH BMEeCTO rpaJAMEeHTOB pPa3HOCTH).

Ha puc.3B NnokaszaHo H3o6paxeHHe, CrllaXeHHoOe TMNpH NOMOUWH
TOM Xe caMo¥ CcxXeMH Oupdy3MM ¢ LUEeHTpalbHHX CPAAMEHTOB NNd IO-
nydeHMS 3HadyeHMM GYHKUMM TIPOBOIAMMOCTHM C(X,y,t). HakoHel,
PUC.3r nokxasznBaeT pe3ynbTaT HEeHM3OTPOINHOro nuddy3UOHHOrO crina-
XMBaHMSA Ha OCHOBe allbTepPHAaTMBHOH CXeMh IHCKpeTH3alUMH YypaBHe-
Hua (11) B NMOBEPHYTOM pacTpe, BKIWYUMTENbHO CY6ENHMKCeNoB
M C ucCrnonb3oBaHMEeM LeHTpalbHHX TCpalHeHTOB B 3TOM cy6EpacTpe
(unn rpanueHTOB Po6epTca B MCXOIHOM pacTpe) IANs BHYUCNEeHMSH

®YHKUMM c(x,y,t).
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Puc.3

Ing 6onbuen HATNSAHOCTH HAa PHUC.4 HU306paxXeHH yBe/lMYeHHHe
ONMHAKOBHE (QparMeHTH TeX Xe CaMbhiX M306paXeHMM KaK Ha MNpeabay-
UeM PHMCYHKe.

108






110

OKasnBaeTCs, YTO BCe pacCMOTpeHHHe BapMaHTH UMPPOBHIX rpa-
IMEHTOB M CXeMh MTepaTHMBHOIO Npollecca HeuM30TPONHOH nuddy3uu
NanT nydyuue pe3ynbTaTh, YeM MCXOIHHH AalropuTM. OTME@THM, uTO
B M306paXeHUM MONYYEeHHOM MNpHU MOMOUM BTOrLO aANropuTMa, OCOG6eHHOo
OYeBMIHHW HernajgkKuve rpaHHULUH o6racTed, KOTOphe YMeHbUaKwT Kaye-
CTBO rnocnenywuer 3D BHU3yanu3alMH.

XOoTSg B3aMMHOe BH3yallbHOE CpaBHeHHMe pe3ylbTaTOB pPaCCMOTpPEH-
HHX BHYHUIUTENbHHX albTepHaTHB IOKal3unBaeT Heb6OoNbliMe OTNHYMA,
HaM KaxeTcCf, 4YTO albTepHaTHUBHas CXeMa M HUCIONb30BaHHe CYG6IHK-
CeNloB NPHUBOASAT K 60nbueMy CrlaXuMBaHMKO IIPH YIOOBIETBOPHMTEIbLHOM
COXpaHeHHMHM TpaHHUU. 3TH BHBOIH IOTBEpPXJAaKwTCHd KOJIMYeCTBEeHHHMHU
pe3ynbTaTaMM 3KCNEepHMMEHTOB, KOTOphe NpHBeleHHW B Tab6nuuax 1,
2, 3. B aTux TabnuMuax B NepBOM cToNb6le NpelcCTaBleHH 3Ha4YeHHud
napaMerpa K (nmoporoeoro rpalMeHTa, OIlpelelleHHOro kKaxk 90 %
KBaHTHNb THUCTOrpaMMH rpajMeHTOB). BTopou cTon6el InpeiacTaBlsgeT
HOMep HMTepauMu (NOCNeAHUH HOMep SABASeTCS OANHOBPEMEeHHO ONTH-
MalbHBM YMCJIOM HMTepauuu). HakoHel, B NoclefHeM cCToNn6lle NPHUBO-
AATCS 3Ha4YeHHUSI OTHOCHMTENbHOTO OTHOUEHMS CHUTLHaN/uyM, TNONydYeH-
HOT'O O KaxIoW MTepaluMM CTrlaXuBaHUL.

Ta6.I OTHOCHTCS K anroputmy IllepoHy # Manuka (uM3o6paxeHue
Ha puc.36), Ta6.II K cnyyaw C LeHTpalbHHMH rpaguMeHTaMM (COOT-
BeTCTByeT puc.3B ), Ta6.III- COOTBETCTBYyeT ClyyYaw albTepHa-
TUBHOHM CXeMu M cy6pacTpa (puc.3r).

Ta6.I Ta6.II ’ Ta6.III

LK [t [RNswr] LK [t[RNsve]  [K_Jt[RNsvr]
21.0 [ 1] 26.84 33.0 | 1] 24.19 23.0 | 1] 26.59
17.0 | 2| 33.04 27.0 | 2| 31.99 19.0 [2 | 31.55
15.0 | 3 | 37.07 25.0 | 3 | 35.92. 17.0 | 3 [ 34.70
13.0 | 4| 39.80 23.0 [ 4 | 38.70 16.0 [ 4 | 36.67

Angd 3THUX TpexX aNrOpPUTMOB MONYYEHH ClIelyllHe 3IHaYeHUs QYHK-
MU IbNRf XapakTepulywueHn YNnydueHMe OTHOUEHUS CHUTHaN/UyM

[N [ Tsnr ]

I [ 21.96
II. || 20.42
I1. || 19.32

OTMETHMM, UYTO TMOCKONbKY TNpennoXeHHas ¢dopMyna Ha 3TOT pa3
BK/i0OYaeT pe3ylbTaTH ABYX TMNOCHeAYWOUMX UTEepaluuu crnaxngaﬁﬂﬂr
Tak 4YeM HHXe 3HadeHue @GYHKUHMH IENR' TeM nonydyaem 6onbuee
ynydueHHe OTHOWEHHS CHTrHan/uyM. I[lIOCKONbKY NpPpUBEINeHHHe 3Haue~
HMA OTHOCATCHA K pe3ynbTaTaM CrNaxXMBaHUs , KOTopwe MnonydeHd
Kak ONTHMMyM = B CMuC/e KpuUTepusd (15)- uMeeM enuHyw OCHOBY ANA



BCeX CpaBHMBaeMHX alropMTMOB. HMTak, MOXHO crenaTh BHBOJ, 4YTO
Haubonbumnu SPPEeXT CriaxuBaHUS HEMU3OTPONHOM nudPdysuen (npu
coxXpaHeHMM TI'paHHll) naeT TpeTbMH (III) BHYMCIMTENbHHHM alro-
PUTM .

6 . BHBOJIH

Ha OCHOBe NpoBeeHHbHX KOMIbHKTEepHHX SKCIIepMMeHTOB MOXHO
clenlaTb ClelyYouHMe BHBOIM :

1) Bu6op ¢opMynn LUMPPOBOIO rpaiMeHTa oONpenenseT 3HadeHue
KBAHTHNA THUCTOTPaAaMMh TpaJMeHTOB. T.e. 3Ha4YeHMe T[apaMeTpa
K noxkazaTenbHoM @QYHKLUMM C() TNPOBOAMMOCTHM . ClenoBaTeNbHO,
KOHKpeTHas ¢opMa 3TOH PYHKLUMHM BIHMSIET Ha BHIIOJHEHHWE HEeM3O0TpPOI-—
HoW nndpdys3uu, T.e. Ha 3pPeKT crinaxuBaHus SMP-TOMOrpaMM.

2) AnbTepHaTHMBHas CxeMa JIMCKpeTH3auuu IudpdepeHlLMnaNnbHOTO
YPaBHEHHUSA HEU3OTPONHOH Nuddy3uM, HUCHonb3ywuasgs cybépacTep H30-
6paxeHusi, ob6ecneuypaeT 6oNee MNIOTHYKW aNNpPOKCHMaUMW0 HeNpepuB-
HOM QYHKLUMM NPOBOIMMOCTHM KOHEYHHM YHMCJIOM TOYeK, 4YTO obecneum-
BaeT 6o/ee rnajkoe crilaxXxMBaHMe INpHM COXpaHeHHMM rpaHul. Bonee
TOr'O, OUCKpeTHOe ypaBHeHHMe HEeHM3OTPONHOM 1updy3uMHM B 3TOM CHy-
Yae COoOepXHMT pPa3HOCTH SIPKOCTEeH HM306paXeHHMS M Pa3HOCTH PYHKUHMH
NPOBOAMMOCTH C( ), NpHuyYeM o6e 3THU BeNMYMHH NONHOCTbK Onpenene-
Ho B Todykax cy6pacTpa M pacTpa. TakMM 06pa3oM, HCKIKWYEHHEe
annpoKcHMMaluMM PYHKUMHM TNPOBOIAMMOCTHM 3HaYeHHMSIMM Ha Jyrax Mexny
COCenHUMH TIMKCelaMM INo3BONgeT eIMHbHM CIIOCO60M paccCMaTpHMBaTb
IUCKpeTHOe YpaBHeHHMe HEeM3OTPONHOH IUPPY3UM NN TOYeK NKN6oH
OKPeCTHOCTH LUeHTpalbHOrLO INHMKCeNna, B TOM YHUCIe M PAHCOBOH, YTO
6yner onHom M3 lenen NocnenyouMxX MCCleOOBaHHH.

3) C OIHOM CTOPOHH Nepexol OT HeCHMMMEeTPHYHHX Pa3HOCTeH,
MCNONb3OBAHHHX B CTAHAapTHOM CXeMe, K CHMMMETPHMYHHM TIpaJHeHTaM
YhnpouaeT BHYMCNEHHMS, TaK KaK He HYXHH CFOpPM3OHTallbHhe M BEepTH-
KanbHbe pas3HOCTHM, M TaKuM O06pa3oM KOMIEHCHPYWOTCS NONONHHTENb—
Hbe 3aTpaTh Ha BHYMC/IEHHe CaMHX CpaAMeHTOB M Ha MHTEepondalUMio
HYXHHX 3HayeHMH. C OPYroM CTOPOHH 3TOT INepexon zxenaeT obpa-
60TKYy mM306paxeHUM He3aBMCHMMOM OT HMX XapakKTepa (MUX CHMMETPHH) .

4) BbHuYMCNIUTENbHHE 3KCINEepHMMEHTH TMOATBEepAMNM, YTO pa3pabo-
TaHHHHX HaMM KpUTEepHH ONnd aBTOMAaTHYECKOro OCTAHOBIEHHA Ipo—
llecca #MTepauuu pa6oTaeT TOYHO M HaIEeXHO. OonTUManbHOe YHMCIO
UTepaluyt Ans AaHHoro Ttuna SMP-ToMorpaMM 6unno 4-6, 4YTO MeHbue,
YeM yycno 10, KOTOpoe MNPUBOAMTCS KakK ONTHMYyM B pa6orax [3],

[4].

Ing npoBeneHuss BHYMUCIHUTENbHHX SKCIEPHUMEHTOB C npennoxXeH-
HBMM BepCHsMM alCOPUTMOB CrllaXvBaHMA AMP-ToMOIpaMM MO3ra npH
TOMOWM HEeM3OTpONnHOM AnGPYy3MM 6B pa3paboTaHbn NporpaMMHLE
CpencTBa, KOTophe 6yAyT MCNONb30BaTbCA B nocnenywunx xonnbm:
TepPHHX 3KCNepMMeHTax. B HacTosduee BpeMsd npozonxaeTcs pa3pa
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6oTka 3D anropdMTMOB CrllaXMBaHMs M HCClelOBaHHE OIITHMAbHHX
UMPPOBHX CXeM nnsd 3Toro 6onee obuero cnyyas. CreayerT oOTMe-
TUTb, YTO BHYMCHAMUTENbHHE 3aTpaTH OTAEeNbHHX ANTOPHUTMOB (CTaH-
NapTHHX M anbTepPHATHBHHX) OTIMYaNMCh APYT OT Jpyra /IHuWb He-
MHOro: o6pafoTka OAHOro M306paxeHUs pa3MepoM 256 X 256 NHKCce-
NOB IONMNAcChk HECKONbKO CeKyHA (<10) . BonpoCH BHYMCIHUTEINbHHX
Tpe6oBaHMM B crnydyae 3D cCrnaxXuMBaHMs HYXZalWTCs, KOHe4YHO, B 60-
nee noApo6HOM aHanHuse.

ABTOpP CcTaThH BHpaxaeT CBOI 6narofapHoCcTk KoNJeram
H.Xonnennepy M A.llMcapy 3a NOMOlb, OKa3aHHYKW IPH IIPOBeIeHHUH
KOMITBOTEPHHX 3KCIIepPHMEHTOB.

Pa6oTa nonnepxaHa rpaHToM N.2/1016/94 CnoBalLKOro rpaHTOBO-
ro areHTCTBa AN HAYKH.
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