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Llenb: paspaboTka MeTofa aBToOMaTn3aumm onvMcaHnAa AUCHa 3pUTENbHOr0 HepBa, YTo No3BonAeT AndidepeHLMpoBaTh AUCH 3pUTENBHOrO
HepBa C YeTHMMW rpaHMLaMu1, XapaKTepHbIMW Af1A HOPMarbHOM KapTUHbBI MMa3Horo AHa, U AUCH 3pUTENbHOr0 HEpBa C PasMbITbIMU FPaHu-
Liamu, xapaKTepHbIMM A51A pas3nnyHbIx BuaoB odtanbmonatonoruu. IVletogbl. B ocHOBE NpefnoreHHOro MeTOAa NEHUT anropuTM HaKo-
NMeHVA 0TCHETOB APKOCTU MO AuaroHanu, KoTopbli NoOKasbiBaeT, YTO n30bparKeHVA AvcHa 3pUTENbHOr0 HepBa C PasMbIThIMY FpaHMLaMm
xapaKTepuayloTca bonee nuHenHeIM HapacTaHvem (cnagom) ApPKOCTU B 06macT hpOHTOB MO CPaBHEHWIO C PE3YNLTAaTOM HaHOMMeHVA AnA
[OVCKa 3pUTENbHOr0 HepBa C HopManbHbIMY FrpaHuLaMu. [nA BuIABNEHVA 4aHHOM0 NpuaHaKa MoreT BbiTb MCnonb30BaHa nepsas Npon3Bo-
OHaA. [InA ymeHbLUIEeHUA BAVAHNA KPOBEHOCHBIX COCYA0B Ha pe3ynsraTel 06paboTKM HaKoMnMeHe 0TCHETOB APKOCTY MO AvaroHany NpoBo-
OUTCA B KpacHOM LIBETOBOM HaHare, TaK KaH B KpacHO LiBETOBOV KOMMOHEHTE MUHVMU3UPYETCA BAVAHVE KPOBEHOCHbLIX COCYA0B Ha rpa-
HVLbI AMCHa 3puTenbHOro Hepea. PeaynbTatel. [NprMeHeHve JaHHOro MeTofa AnA n3obpareHnii AMCHa 3pUTENbLHOro0 HepBa C PasMbIThbIMM
rpaHMLamMun NoHasbIBaET, YTO PesynbTaT HaKoMNeHns xapaKkTepyayeTca bonee MegneHHbIM n3veHeHeM ApHOcTU. o peaynstatam aHamu-
3a 20 n3obpareHunit rMasHoro gHa nomy4eHo, YTo B CPEAHEM 3HAYeHVE NepBOoVi MPOV3BO[HON pesynsrarta HaKoMMeHA 0TCYETOB APHOCTY
no gvaroHanu anAa n3obpar<eHuii AvcKa 3pUTEeNbHOrO HepBa C pas3MbITbIMU FPaHULaMM B 2 pasa MeHblue, YeM AnA n3obparieHuin gvicKa
3pUTENbHOrO HepBa C YETHUMU rpaHvLamy. 3aknioveHue. [1peanorHeHHbI MeTog No3BoNAET aBTOMaTU3VpoBaTh NPOLECC Mopdonornye-
CHOr0 OMMCaHWA rPaHuLbl ANCHA 3PUTENBLHOrO HEpBa Mo 1300pareHnAM rasHoro AHa M 4acTUYHO peLuvTb 3apaqy andidepeHLumansHom
OVNarHOCTUKKM. TaK HaK MCYEe3HOBEHWE YETHOCTW rpaHuL, AVCHa 3pUTENbHOr0 HepBa W MOABMEHVE WX PasMbITOCTV ABMAETCA OCHOBHbLIM
OVNarHOCTUHECHVM KPUTEPVEM MPW PasfiuyHbIX BUAAX NaTonornu, AaHHbI METOA MOHET BbiTb MCMONb30BaH MNPV CO3AaHNN MEAVLIMHCHIMX
3HCMEPTHbIX CUCTEM 1 MporpaMMHoro obecneveHyA no obpaboTHe M3obpareHnin rmasHoro gHa.

HnioueBblie cnoBa: g1cK 3puTensHOro HepBa, LundpoBble n3obparkeHna rmasHoro gHa, nepeasA Npovn3BogHan
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ABSTRACT Ophthalmology in Russia. 2018;15(3):325-329

Purpose. To develop the automating method for the description of the optic nerve head condition. The method allows to differentiate
the optic nerve head with clear boundaries typical for the normal fundus and optic nerve head with blurred boundaries typical for
different types of ophthalmopathology. Methods. The proposed method is based on integration algorithm of luminance samples along
the diagonal. It shows that optic nerve head images with blurred boundaries are characterized by a more linear increase in brightness
in the frontal region compared to the accumulation result for the case of normal optic nerve head. To identify this feature the first-
order derivative can be used. To reduce the effect of blood vessels on the result of processing luminance samples along the diagonal is
performed in the red channel since the blood vessels effect on the optic nerve head border is minimized in the red color component.
Results. The application of this method to images of optic nerve head with diffuse boundaries shows that the accumulation result is
characterized by a slower brightness variation. The analysis of 20 fundus images revealed that the value of the first-order derivative of
the result of accumulation of luminance readings diagonally for images of optic nerve head with blurred boundaries is 2 times smaller
than for images of optic nerve head with clear boundaries. Conclusions. The presented method can be used to create expert systems
which allow to automate the process of morphological description of the optic nerve head border from the fundus images and also
can partially solve the diagnostic problem. Since the disappearance of the clarity of the optic nerve head borders and the appearance
of their blurring are the main diagnostic criterions for various types of pathology this method can be used to create medical expert
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systems and software for the fundus images processing.

Heywords: optic nerve head, digital fundus images, first-order derivative

For citation: Tanaeva E.G., Hhafizov R.G. The Morphological Description Automation of the Optic Nerve Head Boundary in Digital
Fundus Images. Ophthalmology in Russia. 2018;15(3):325-329. https://doi.org/10.18008/1816-5095-2018-3-325-329

Financial Disclosure: No author has a financial or property interest in any material or method mentioned

There is no conflict of interests

The work is executed at financial support of the Ministry of education and science of Russian Federation, project RFMEFI577170254
“System intraoperative navigation technology to support augmented reality-based virtual 3D models of organs obtained from the

results of CT diagnostics, minimally invasive surgeries”.

BBEAEHMUE

Huck 3purenpHoro Hepsa ([I3H) sBnsercs LeHTpab-
HBIM 00'beKTOM Ha IM(POBBIX N300 parkeHIAX I7Ia3HOTO HA.
ITO OKpYITIOe UK OBATIbHOE 00pa3oBaHue B LIEHTPATbHBIX
OT/leIaX I[Ia3HOTO JIHA, B HOpMe JIMeIOlljee OTHOCUTEIbHO
YeTKye IpaHNIbl U O/efHO-Po30Bblit 1BeT. [TaTomorus spu-
TENILHOTO HepBa JOCTATOYHO OOLIMPHA M BKIIOYaeT B cebs
BOCHA/IUTETIbHBIE, COCYAUCTBIE, AUCTpodudeckme 3ab0meBa-
HIIS, @ TaKXKe Iaykomy [1].

OmicaHue mapaMeTpoB AUCKA 3pUTEIbHOIO HepBa sIBJIA-
eTCs1 BaKHBIM 9TalloM B pabore Bpada-odraabmonora [2].
VIMeHHO ¢ 0OCMOTpa [JICKa 3PUTENBHOTO HepBa HAaYMHAETCA
MICCTIefOBaHe ITIasHoro fHa [3]. B HacTosee Bpems s pe-
IIEHNA 9TOJ 3aflauyl B TOBCEIHEBHOI 0 TaIbMOTIOTMYECKOI
IPaKTVKe IO-IIPEKHEMY JCIIOIb3YIOTCS Pas3/IMyHble BUIbI
0(TaTbMOCKOINY C MOCTIEAYIOLUIVIM CTIOBECHBIM ONMMCAHVEM
BUJIUMBIX 00BEKTOB U CTPYKTYp. Bce cymjecTByromme me-
TORMKYM O(TaTbMOCKONMY SABIAIOTCSA CYOBEKTUBHBIMK [4].
Oco6eHHO 9TO KacaeTcs TAKMX MOMEHTOB, KaK IHTepIIpeTa-
LVIs 11BETA, ONpefie/IeHIsI YeTKOCTH VIV HE4eTKOCTY IPaHMUI]
00BEKTOB, CPaBHEHNME CYMMETPUYHOCTY HAPHBIX 0OEKTOB
u T.7i. ITosiB/IeHNe COBpEeMEHHBIX CYCTEM perucTpanmiu ung-
POBBIX IMAarHOCTMYECKMX M300pakeHui I03BOJISIET MeNM-

I[VHe BBIJITY Ha Ka4eCTBEHHO HOBBIl YPOBEHb 0O BEKTUBHO-
CTI. AKTya/IbHBIM BOIIPOCOM SIBJISIETCS NOIIO/IHEHME CUCTEM
HONTy4eHNs] MeIMLIMHCKUX M300paKeHMiI COBPEMEHHBIMU
NIPOrpPaMMHBIMM KOMIUIEKCAaMI, KOTOpBbIE IAIOT BO3MOX-
HOCTb B TOM M/IM MHOM 00'beMe aBTOMaTU3NPOBATD IPOLIECC
AMATHOCTYKY VI MHTEPIIpeTalyy IIO/TyYeHHBIX JAaHHBIX [5, 6].

HecmoTpst Ha mmMpoKuit CrieKTp 3abomeBaHWiT BCe BU-
3yaJIbHO pasNMuYMMble TaTonormdeckue usmeHenusa [I3H
MOYXHO CBECTM K IByM OCHOBHBIM COCTABJIAIOLIVIM: M3MEHe-
Hue 1BeTa u rpanu gucka [7]. Ecmu B Hopme [I3H nmeer
OTHOCUTENBHO YeTKJe I'PAHMIIBI, TO PV MHOXKECTBE MaTo-
JIOTMYECKNX COCTOSHMIT YeTKOCTb I'PAaHUI] TepseTCs, U 9TO
CTAQHOBMTCS OCHOBHBIM IIPM3HAKOM, OT/IMYAIONINM I1aTONO-
rnvyecku n3meHenHsiit J3H (puc. 1).

CymecTByeT 607bIIOe KOMNYECTBO PaboT B 06macTy 06-
pabOTKM AMArHOCTUYECKUX M300paKEHUI, MMOCBAIEHHBIX
Bompocy cermentanyn [I3H u gpyrux o6beKTOB ITTa3HOIO
mHa [8-14]. B To >xe BpeMs B 0(TaIbMOTIOTUN KPaeyroib-
HBIM BOIIPOCOM MHTEpIpeTanuy M300pakeHul ITa3HOTO
[HA ABJIAETCA BOIIPOC O PA3IMYMU MEXAY XapaKTepUCTH-
KaMJ IJIa3HOTO JHa B HOPME U X M3MEHEHUAMM IIPU HaTo-
norvu. Ilpennoxxen Meron, mosposaomumii audpdepeHun-
posath I3H ¢ 4yeTkrMu rpaHMIamMy, XapakTepHBIMU IS
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Puc. 1. lNprmepbl n3obparkeHunin gucka spuTtensHoro Hepea: [O3H ¢ HopmanbHeiMu rpaHuuamu (8) n O3H ¢ pasmbiTeiMuy rpaHvuamu (6)

Fig. 1. Examples of the optic disc images: optic disc with normal boundaries (a) and with blurred boundaries (6)

HOPMaJIbHOJ KapTUHBI I71asHoTro fHa, ¥ JJ3H ¢ pa3sMbIThIMK
TPAaHUIIAMMY, XapAKTePHBIMM [JIA pa3/IN4HBIX BUIOB IIaTO/IO-
TUY, OCHOBAHHBIN Ha pasHUIle B pe3yabTaTaX HAKOIUIEHUA
OTCYETOB SIPKOCTY IO AMATOHATIM.

METO/A BbIAENEHUA rPAHULbLI A3SH

Jnst BeImennennst rpanun HopManbHoro JJ3H Ha n3obpa-
JKEHUU T/IA3HOTO JTHA ObIT IPEJIOKEH METOJ], OCHOBAHHbII
Ha HAKOIVZIEHUUN OTCYETOB HPKOCTI/I B CE€UYCHUAX IIO OMaro-
Ham. C ydeToM ocobeHHOCTU popMbl nsobpakernsa [I3H
IIpeIaraeTcsl MPON3BOINUTD HAKOIUIEHNE OTCIETOB IPKOCTH
B CeYeHMAX S TI0 MATOHA/N U300 PaXKeHNs IUCKa 3PUTETh-
Horo HepBa (puc. 2):

Puc. 2. K npoueccy HaxKornneHnA O0TCHeTOB APHOCTU B CEYeHUAX Mo
anaroHanu

Fig. 2. To the process of luminance samples accumulation along the
diagonal
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rme P — xonuyecTBO ceyeHMII IO AMArOHaIM, MCHOIb3ye-
MBIX JI/I1 HAKOIUIEHUs; S, — CTPOKA HAKOIUIEHHOM APKO-
cru. Ceuenne S, 3amaeTcs ypaBHEHUEM I OTPe3Ka Mpsi-
MOIJI TMHUN.

Jlnsa yMeHblLIeHMs BAMAHUA KPOBEHOCHBIX COCY[IOB Ha
pe3ynbTaTel 06paboTKM HAKOIUIEHNE OTCYETOB SIPKOCTH Iie-
71ec006pa3HO IPOBOAUTD B KPACHOM KaHaJle, TakK KaK B Kpac-
HOIJ1 11BETOBOJI KOMITIOHEHTE B/IMsIHME KPOBEHOCHBIX COCYIOB
B obmactu rpannist [I3H MuHNMaIbHO.

V3sobpaxenns I3H ¢ pa3MbITbIMU IpaHUI[AMI XapaKTe-
PM3YIOTCsI IMHEIHbIM HapacTaHueM (CIajjoM) IPKOCTH B 06-
nacTy GpPOHTOB IO CPABHEHMIO C Pe3y/IbTaTOM HAKOIUICHMs
nns 1I3H ¢ HopmanmbHbIMY TpaHujaMu. [11s1 BbIABIEHNA 3TO-
IO IIPM3HAKA IIPefiIaraeTcs MCI0/Nb30BaTh IEPBYI0 IPOU3BO-
IHYI0 3HAaYEeHUI APKOCTU B HAKOIIEHHOI CTPOKE SPKOCTEIA.
Ilns cnydas nudpoBbIX M300paKeHUIT UCIIONb3YeTCA ANC-
KPETHBII aHaJIOT [IepPBOI IPOU3BOFHOI [15]:

ASZ(")Z Sz(”)_ Sy (” - 1)'

3HaueHuA QYHKIMK AS OYLYT CYLeCTBEHHO Pa3nyaTh-
cs1 i usobpaxkennit [I3H ¢ pasmbiToiMu rpannmamy 1 J[I3H
C HOpPMa/NbHBIMM TPaHMIIAMM, T.K. CKOPOCTb HapacTaHUA
(cmapa) stpkocTy B obmactyt GpoHTOB pasHasl.

PE3VIbTATDI

Ilist mccmenoBanusi ObUIM VICIIONB30BAaHBI L(POBbIE
M306paXKeHsI T/IA3HOTO THA, TOTyYeHHbIe C IOMOLIBIO Ip-
posoit pyanyc-xkamepsr TOPCON TRC-NW200. Brino 06-
paborano 20 n306pa>keHNMII ITA3HOTO [HA, IPOAHANTNU3UPO-
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BaHHBIX MpeJBAPUTEIBHO 3KCIEPTaMyU-0(TaTbMONTOTaMI.
[Tpu atom 10 n3o6pakeHNIT IIA3HOTO HA — C Pa3MBITHIMMU
rpanutamu JI3H n 10 — ¢ HopmanbHbiMu rpanntamu J13H.

Ha puc. 3 B xadecTBe mpuMepa IpefCcTaBNeHbl Pe3y/b-
TaTbl HAKOIIEHNUA OTCYETOB APKOCTY IIO AMArOHA/M U BbI-
YJIC/IeHA TIePBOIl IPOM3BOSHOIN [/ JJICKA 3PUTE/IbHOTO He-
pBa C HOpMa/IbHBIM KOHTYPOM M JJICKa 3pPUTEIbHOIO HepBa
C Pa3MBITBIM KOHTYpOM (puc. 3A).

PesynpraT HaKOIJIEHNA OTCYETOB APKOCTH IO AMArOHATIN
mns nsobpaxenus [I3H ¢ pasMbITBIMM IpaHUIIAMU XapaKTe-
pusyetcs 60Jiee MMHEITHBIM HapacTaHMeM (CIajioM) ApKOCTH
B 06/TacTH (POHTOB IO CPAaBHEHNIO C PE3Y/IbTATOM HaKOII/Ie-
Hys s cnydas J3H ¢ HopmanbHbiMuy rpannamu (puc. 3B).
3HaveHMe IepBoIl IPOU3BOHOI I CTydas U300paKeHns:
JO3H c HOpManbHBIMM TpaHMIIAMMU: MaKcumanbHoe 0,026,
munyuManpHoe -0,031; mns usobpakenusa [I3H c¢ pasmbl-
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TBIMM TpaHMIaMu: MakcumanbHoe 0,014, MuHMManbHOE
-0,02 (puc. 3B). HecMmoTpsi Ha HEKOTOpble HEOZHOPORHO-
CTM B CTPOKE HAKOIJIEHHBIX OTCYETOB SPKOCTH, BBI3SBAHHBIX
B/IUSHMEM KPOBEHOCHBIX cocyoB B obmactu JI3H, B cpen-
HeM 3Ha4eHIe IIPOU3BOJHOI /s cnydas nsobpakenus [I3H
C PasMbITBIMM I'paHKLaMu B 1,725 pas MeHblle, YeM JIJIA CITy-
yas usobpakenns I3H ¢ HopManbHBIMM TpaHNIIAMIA.

Ha pmc. 4 mpepcrabneHa rucrorpaMMa pacmpeperne-
HUs PE3yNbTAaTOB BBIYMC/IEHMIT TIePBOJ NPOU3BOMHON /A
20 n306pakeHNMII IIa3HOTO JHA.

ITo pesynbratam aHammsa 20 1300pa)KeHUII ITTa3HOTO
[IHA IOTTY4€HO, YTO B CPeJHEM 3HAa4YeHNe IIepBOil IPON3BO-
JHOJ pesynbTaTa HAKOIJIEHNS OTCYETOB SPKOCTU IO JMa-
roHamu A nsobpaxenuit [I3H ¢ pasMbIThIMU TpaHUIIAMA
B 2 pasa MeHblile, yeM i1 nzobpakenuit J3H ¢ yeTkumn
TpaHUIAMMU.
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Puc. 3. N3o06parkeruna O3H (A), peaynstaThl HAKONNEHUA O0TCHETOB APHKOCTM No auaroHanu (B) n nepsble NnponssogHble (B)

Fig. 3. Optic disc images (A), the results of accumulation of luminance samples along the diagonal (B) and the first-order derivative (B)
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Puc. 4. l'vcTorpamma pacnpefeneHna pesynsTaToB BelHMCNEHNA Nep-
BOV NMPOM3BOAHOM AnA N306pareHnin rmasHoro aHa

Fig. 4. Distribution histogram of the first-order derivative calculations
for the fundus images

SAKJTIOMEHUE

ITpenmoxkeHa MeTOAVKA, ITO3BOJIAON[ASA ABTOMATU3NPO-
BaTh MMPOLECCHI MOP(OTOTMIECKOTO OMMCAHNS TAPAMETPOB
JI3H, B vacTHOCTM TpaHuI AvcKa. 7 pelreHns TaHHOM 3a-
Iadu MOXKeT OBITh MCIIOIb30BAH a/ITOPUTM HAKOIUIEHNUS OT-

2018;15(3):325-329

CYeTOB APKOCTH II0 IVIAaTOHA/IN, TIPYMEHAEMBIil 1711 06HapY-
JKEHNSA TPAHNUI] HOPMaIbHOTO IMCKA 3PUTEIbHOIO HepBa Ha
1 QPOBBIX N300 paKeHNUAX ITTa3HOTO IHA. [IpuMeHeHne naH-
HOJI METOIMKY JI/IS M306paXkKeHMA AMCKa 3pUTETBHOTO HepBa
C PasMBITBIMM TPAaHUIIAMU TIOKA3bIBAeT, YTO Pe3y/NbTaT Ha-
KOIUIEHVs XapaKTepusyeTcsl 6oyiee Me[JIEHHbIM VM3MeHEeHM-
eM APKOCTH, a OTy4eHHBIi UMITY/IbC APKOCTY — JIMHENHBIM
HapacTaHyeM (crajjoM) GpoHTOB. [I/11 BBIABICHNA JAaHHOTO
IpU3HaKa MOXKEeT OBITh MCIIONb30BaHa ITepBast IPOV3BOTHA.
Pesymbrar aHanmusa 20 1300 paskeHNIT [TTA3HOTO THA ITOKa3aJl,
YTO B CpeflHeM 3HadeHMe IIepBOii IPOM3BOJHOI pe3yIbTaTa
HAKOIUIEHNS OTCYETOB APKOCTY TI0 IMArOHasN /A u30bpa-
sxeHuit [I3H ¢ pasMpITbIMM TpaHMIIAMM B 2 pas3a MEHBIIIE,
4yeM s usobpakennit [J3H ¢ yeTkymu rpaHuIiami.
JanHas MeTonyka no3Bossier guddepennyposars [I3H
C YeTKMMM TPAHUIIAMU, XapaKTePHLIMU [JI1 HOPMaJIbHOM
KapTUHBI I71a3HOTo JHa, 1 JI3H ¢ pasMbITbIMU IpaHMIjaMy,
XapaKTepHbIMM /I Pa3/INYHBIX BUJIOB IIATOMOI N, ¥ MOXKET
HIPUMEHATHCA B 0 TaTbMOIOTMYECKOI IPAKTUKE [/ aBTO-
MaTHU3alMyu IPOIeyphl ONMCAHNA I7T1A3HOTO JIHA.
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