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B cratse paccMaTpHBaeTCs aBTOMATU3HPOBAHHBIN aITOPUTM CETMEHTALlUH 3epeH Ha IHU(POBBIX N300pakeHUSIX NUTH(OB MeTa/uioB. [t
CerMEeHTAIMU MCIOJIB3YeTCsl METOJl MapKepHOro BoJopaseia. ABTOMaTHYECKHH MOMCK MapKepOB OCYIIECTBIACTCS Ha OMHAPHBIX H300paEeHUIX
3€peH aJIrOpHUTMOM IIPe/IENbHOI 2pO3HH.

AHanmu3 pa3MepoB 3€PEH SBISICTCS BAXXHBIM Pa3JIeliOM METAIUIOTpaduy U MPOBOJUTCS MPU aHATU3E KauecTBa
MPOAYKIIMHA METALTYPIrHYCCKON MPOMBIIIICHHOCTA. METOIOB MPSIMOTO OTIPEIeNICHIsI 00bEMOB 3€PCH HE CYILECTBYET,
M03TOMY, OOBIYHO, OMPEICISIOT MX IUIOIIAAX Ha MPEeIBAPHTENILHO 00pabOTaHHBIX, C IIEbI0 BBISIBICHUS TPAHHUIL,
nudax MeTania, CICNaHHbIX B Pa3HbIX HAMPABICHHUAX. 3aTeM MO MOJYYSHHBIM JaHHBIM BBIYHCISIOT CPEIHUI 00beM
3epeH.

CyiiecTByrolre B HACTOSIIEE BPEMs CIOCOOBI OMpENESNICHUsT pa3MEepOB 3epeH IO H300pakeHWIo mumda
MO0 OYeHb TPYMOEMKH (M3-3a HEO0OXOTUMOCTH HAOWpaTh CTAaTHUCTUKY) W CYOBEKTHBHBI, JMOO YPE3BBHIYANHO
TpeOoBaTeNbHbl K MPOM3BOAUTEIBHOCTH KOMIIBIOTEPOB MW B psifie CIy4aeB BBIJAIOT HEKOPPEKTHBIC PE3yJbTaThI.
[TosToMy, B HacTosimee BpeMs CICHUATUCTHI-METAUIOrpadbl 3aWHTEPECOBAHBI B pa3pabOTKE HOBBIX METOJOB
ABTOMATHYECKOTO OMPECIICHHS TUTOMIANeH 3epeH.

Oco0cHHO BayKHAa aBTOMATH3AIMs MPOIecca M3MEPEHUS Pa3MepoB 3epeH Ha Iumudax TUokcuaa ypana. Tak
KaK K SJICPHOMY TOIUIHBY, CICTAHHOMY Ha €0 OCHOBE MPEIbSBIISIFOTCSA OYCHB KECTKUE TPEOOBAHUS.
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Puc. 1. M306paxenue mmda okcuaa ypaHa.

N3o0pakeHue 3epeH MUOKCUIA YpaHa BBITJLSIUT CICAYIOIUM oOpa3oM (cM. puc. 1). Ha aTom nzo0OpaxkeHun
3€pHa - 3TO CBETIIBIC BBHIMTYKJIBIC MHOTOYTOJILHUKHU. TEeMHBIC JIMHUY — TPAHUIBI 3¢PEH, a TEMHbBIE MSITHA — MOPEL. YacTh
TpaHUIl 3¢PCH Ha H300paKCHUHU IMOJHOCTHIO OTCYTCTBYET H3-3a TOTO, YTO CKOPOCTH TPABJICHHS COCCHHUX 3EPEH
OKa3aJuCh OYEHb ONMM3KMMHU. Tak Kak Ha nUTM(E MMEIOTCS CTYNEeHbKH, HEKOTOpbIE I'DAHUIIBI OKa3bIBAIOTCS HE B
(dokyce ¥ Ha M300paKEHHH OHHM Pa3MBITHL. Jlake XOpOIIO BHIMMBbIC TPAHHIBI YaCTO MMEIOT pa3pbiBbl. Takke Ha
n300paKeHUHU TIPUCYTCTBYIOT HOPBI PA3IIMYHOTO pa3Mepa.

B Hacrosiiee Bpems AJsl PEUICHHs 3a7a4 CETMEHTALUHM Pa3IMYHBIX KIACCOB H300paKEHUIl yCHEUIHO
TIPUMEHSIETCS OTHOCUTEIILHO HOBBIH METOJIl CerMeHTaluu — Boxopasnen (watershed) [4]. B reonesnn Bomopasmenom
Ha3bIBACTCS JIMHUS TOBEPXHOCTH, pas3/ieisiiolnasi 0acceiiHbl 1ByX pek. Mest anropurMa cerMeHTaun n3o00paxkeHui ¢
MMOMOIIBEI0 BOJIOpAa3fesia COCTOMT B TOM, YTO HCXOJHOE IIOJIYTOHOBOE H300pPaKCHHE MOXHO IIPEICTABUTH Kak
TOTMOTPaIUECKYI0 KapTy MECTHOCTH. BBICOTa TOUKM HAJT ypOBHEM Mops OyJeT paBHA 3HAUCHUIO €¢ SIPKOCTH.

IMocTpouTh JIMHUIO BOJOpA3/eia MO OIMPEICIICHUIO JOCTATOYHO CJIOKHO, TOITOMY OOBIYHO HCIOIB3YIOT
METOJ] MOJCTHPOBAHUS TIOTPYKeHUs. Eciy HadyaTh MOTpy»KaTh MECTHOCTh B BOJIy YPOBEHB 3a YPOBHEM, HA HEH CTaHYT
ITOCTETIICHHO 00pa30BBIBaThCs OacceiHbl. J{J1st TOro 4ToOBI B IPOIIECCE MOTPYKEHIS TBa OAacCeiHA HE CIHIINCH, MEKIY
HUMH cTpouTcs nambOa. Korja Boja NOCTHTHET MaKCHMAJIbHOTO YPOBHsI, TOCTPOCHHBIC NaMOBI OyIyT 00pa30BBIBATH
TpaHuUIlbl BOJIOpA3/ieNa, T.€. TPaHHIbl OOBEKTOB.

[MpuHuMas BO BHUMaHHE TOT (DAKT, YTO AJTOPUTM CUUTAeT OacceHaMHM Na)ke caMble MaJieHbKHE U
He3HaYMMble OOBEKTHI, HANpUMeEp, IIyM WM HECYLIECTBEHHbIC KOJEOAHUs SIPKOCTH IO MONI0 H300pa)KeHws,
MPUMEHEHUE aJrOPUTMa B €ro KJIacCHYeCKOM BHUJIE NMPHBOIUT K Ype3MEpHO cermeHTanuu (oversegmentation). Jlis
rogaByeHus 3P peKTa IYpe3MePHON CeTMEHTAIIMN UCTIONB3YIOT ABa moaxona [5]. [TepBrelii — BBeIeHHE MOPOTa TITyOUHBI
Oacceitna. Ecniu B MOMEHT Hadaia CTPOUTEIHCTBA TaMOBI TITyOMHA OJHOTO M3 0acCEeHOB MEHBIIE 3aJaHHOTO Mopora
— nam0a He CTpOWTCs, a 0ACCEHHBI CIMBAIOTCSA B OJUH. BTOpOIi mMOIX0a — MapKepHEIA Bogopasnell. B aTtom ciydae
MapKephbI 337a10T HHULUUPYIoIIHe OacceiHbl. B mporecce paboThI 3TOr0 alroputMa HOBBIC 0aCCeHBI HE CO3/IAI0TCS.

Pyunast pacctaHoBKa MapKepOB Ha M300pakK€HUM 3E€PEH — CYIICCTBCHHO MCHEE TPYIOeMKas Omepalus IO
CPaBHCHHIO C PYYHOH JOCTPOWKOI TPaHMIl, TAK KaK B 3TOM CJIydae Omeparopy TpeOyercs s KaXIOoro 3epHa 3a1aTh
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TOJIBKO OAHY TOYKYy — ero ueHtrp. Ha puc. 4 mokazaH pe3ynbTaT MOCTPOSHHSI TPaHMI] METOIOM BOJOpaszeia ¢
HCIIOJIb30BaHNEM MapKEPOB C PUC. 3 I UCXOAHOTO U300pakeHuUs ¢ puc. 2.
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Puc. 2. UcxoaHoe nzobpaxenne Puc. 3. Mapxkepsl Puc. 4. Pe3ynbrar cerMeHTamum
numda

Jnst aBTOMaTH4eCKOW pPacCTaHOBKM MapKepOB MOXKHO BOCIIOJB30BAaThCS TEM, YTO 3€pHa IPEICTABISIOT
co00i1 BeIMyKIiIbIe (UTYphI U OOJIbIIasi YacTh TPAHMI] IPUCYTCTBYET Ha M300paskeHnH. CBOHCTBOM HaXOIUTh LEHTPHI
BBHIITYKJIBIX OOBEKTOB Ha OWHApHOM H300pakeHHH oOnamaeT MopdQosiormyeckas oIepanust NpeiesbHON 3po3un
(ultimate erosion), KOTOpast HCMOIB3YET KPYTIIBII CTPYKTYPHBIH 2JIeMEHT [6].

OcHOBHOW WIeell anropuTMa IpEeNbHOW JpO3MM  SBISIETCS WTEpallMOHHAs JpO3Hs OOBEKTOB C
OTCIIe)KUBAaHHEM MOMEHTa, KOTZa OOBEKT B Pe3ylbTaTe SPO3MM HCYE3HET IMONHOCThIO. Mapkepamu SBIAIOTCS Te
OOBEKTHI, KOTOPBIE HCYE3HYT B XOJI€ IOCIEAYIOIISH HTepalHu.

W
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Puc. 5. [lony4yenue mapkepoB ¢ MOMOIIBIO MPEIETBLHON 3p0O3Un

PaccmoTpumM mporiecc monydeHuss MapkepoB. B BepxHeMm psimy puc. 5 TOKazaHbl UTEpaldd 3pO3HH, B
HIDKHEM — MapKepbl, HaKaIUIMBaeMbIe B Ipoliecce HTeparuidi. ICXOaHBIM SBISETCS y9acTOK M300pakeHHUS TPaHMIL
3epeH (puc. 5a). OObeKTaMH, TOIBEPTAIOIIUMUCS DPO3HH, SBISIFOTCS BHYTPEHHOCTH 3epeH (0003HAYEHBI YEPHBIM
uBeToM). B pesynbrare mepBoit 3po3un (puc. 50) Bce 0OBEKTHI CTANIHM MEHbBIIE, HO HH OJWH W3 HUX TOJHOCTHIO HE
HcYe3, MO3TOMY HOBBIX MapKepoB He oOpasyercs. [locie BTopoii ureparuu 3po3uu (pUc SB), KOTOpas MPUMEHSIETCS K
pe3yabpTaTy MEepBOiA, UCUe3 OJUH OOBEKT, KOTOPBIH CTAHOBHUTCS MapKEepOM H T. . [[pUMEHEHHE 3pO3UH MPOUCXOTUT
JI0 TEX I0p, TIOKa HE UCUC3HYT BCe OOBEKTHI HA M300paKCHUH.

[onyuynts OMHapHOE M300pa’KCHHE TPAHHUI] 3€PECH MOXKHO C MOMOINBI0 JeTekropa rpanul] Kanuu (Canny)
[6]. HeoOXoauMo OTMETHTE, YTO MPUCYTCTBYIOIIUE HA N300PaKCHUN MEJKHE TOPHI PUBOIAT K IOSBICHHUIO JIUITHAX
TpaHMUII, YTO MIPH HCIIOIB30BAHNH NPEAETHHOI SPO3HH, B CBOIO OYEpeIb, IPUBOINUT K MOSBICHUIO JHUITHAX MapKEpOB.
ITo »TOli TpWuYMHE HEOOXOAUMO NPEIBAPHUTEIBHO YIAIHTh ¢ M300paxeHws numda memkue mopbl. Caenath 3ToO
MOXXHO, HCKIIIOYMB W3 PACCMOTPEHHS HEOONbIINE TEMHBIE OOBEKTH, KOTOpPBIE OOHAPYKHBAIOTCS METOIOM
ITOPOTOBOTO OTCEUCHHUSI.
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Takum oOpa3oM, mpemaraeTcsi METOI aBTOMATU3MPOBAHHOTO BEIIEICHUS 3ePeH Ha M300paXKECHUAX IUTH(HOB

METAJIJIOB, COCTOSIUIUHN U3 CIAEAYIONINUX OTepaLIUi:

yIAJIeHHE C KCXOIHOTO N300pakeHHs TIop;

JICTeKTUPOBAaHUE TPaHuIl MeTo1oM KaHHu;

HaXO0X/ICHHE MapPKEPOB C MIOMOIIBIO AJTOPUTMA TIPEIENIbHOM IPO3HH;
KOPPEKIIUsI MApKEPOB OMEPATOPOM;

MPUMEHEHNE MAPKEPHOTO BOZOpa3eia K HCX0THOMY H300paxeHHIO.
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Puc. 6. VcxoxHoe nzobpakeHne ¢ Puc. 7. Pe3ynbraT MapkepHOTO Puc. 8. PesynbraT py4Hoit
HalJIeHHBIMU MapKepaMu BOJIOpa3zena JIOCTPOMKH IPaHHULL

HpeﬂHO)KeHHBIﬁ METOA MOXKCET OBITE yCnemHo MPUMEHCH Il CETMCHTAllUM 3C€PEH Ha I/I306pa)K€HI/IHX

(OB pasIMYHBIX METAUIOB, B TOM 4YHCIE M OKcuzaa ypaHa. CieayeT OTMETHTh, YTO NMpH 00paboTKe J0CTaTOYHO
KOHTPACTHBIX M300pakeHHH NUIM(OB C HEOOJBIIMM KOJIMYECTBOM IOp M OTCYTCTBYIOIIMX T'PAHMI] JaHHBI METOX
Jaxe 0e3 pydyHOIl KOpPEeKIMH MapKepOB JaeT pe3yibTar, OJM3KUH K PEe3yNIbTaTy JOCTPOWKU TPaHUIl 3€PEH IKCIIEPTOM

(cMm puc. 6-8).
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MARKER-CONTROLLED WATERSHED ALGORITHM FOR SEGMENTATION OF METAL’S GRAINS

Mavrin G.N., Safonov I.V.

The paper describes automated algorithm of grains segmentation on the digital images of metals. The method of marker-controlled
watershed is used for segmentation. Automatic location of markers on the black and white images is performed by ultimate erosion method.

The analysis of grains sizes is the important part of metallography and carried out at the production quality
analysis in iron and steel industry. The automation of this process on metallographic section of uranium dioxide is
especially important because of the hard demands to nuclear fuel.

The image of grains of uranium dioxide looks like at figure 1. The grains are the light convex polygons on
this image. Dark lines are boundaries of grains, and dark stains are pores. Some grains boundaries on the image are
completely absent because the etching speeds of adjacent grains have appeared very closely. Due to the step plates on
metallographic section, some boundaries appear not in focal point and on the image they are fuzzy. Even the well
visible boundaries frequently have breaks. The image also contains a number of pores. Size of pores may differ from
one to another.

New method of segmentation - watershed is successfully applied to solving problem of segmentation of
various classes of the images [4]. Since the algorithm considers as basins even the smallest and not significant objects,
for example, noise or unessential oscillations of brightness on the image, the application of classical algorithm results
in oversegmentation. To suppress oversegmentation effect one uses two methods [5]. The first method is an
introduction of a threshold of basin's depth. The second method is a marker-controlled watershed.
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Fig. 2. The initial image of Fig. 3. Markers Fig. 4. Segmentation result
metallographic section

The hand-held drawing of markers on the image of grains is much less laborious operation in comparison
with hand-held drawing of boundaries. In the figure 4 the result of construction of boundaries by a watershed method
with usage of markers from the figure 3 for the initial image from the figure 2 is shown.

For automatic arrangement of markers it is possible to take advantage of fact that the grains represent convex
figures and the most part of boundaries is present on the image. The morphological operation of ultimate erosion [6]
that uses a round structural unit has property to find centers of convex objects on the binary image.

It is possible to obtain the binary image of grains boundaries with the help of the Canny [6] detector. It’s
worth noted, that the little pores presented on the image may cause the appearance of superfluous boundaries. This
may cause the appearance of superfluous markers, during the usage of ultimate erosion. For this reason it is necessary
to delete little pores from the image of metallographic section before such process. It is possible to make it by
eliminating small dark objects, which are found out by threshold detection.
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Thus, the method of the automated separation of grains on the images of metallographic sections is offered.

The method consists of the following steps:

1)
2)
3)
4)
1y

Deleting pores from the initial image;
Detecting of boundaries by a Canny method;
Finding of markers with the help of ultimate erosion algorithm;
Correction of markers by the operator;
Applying marker-controlled watershed to the initial image.
The offered method can be successfully applied for grains segmentation on the images of metallographic

sections of various metals, including of uranium dioxide. It's worth noted, that during the processing of enough
contrast images of metallographic sections with small amount of pores and absent boundaries the given method even
without hand-held correction of markers can achieve results comparable with the result of drawing grains boundaries
by the expert (see the figures 5-7).
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Fig. 5. Initial image with Fig. 6. Marker-controlled Fig. 7. Result hand-held
obtained markers watershed result drawing of boundaries
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