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Anroputm OiHapu3zalii (oTo300pakeHb rpCbKUX NOPij
Ha HEOJHOPiAHOMY (OHI

HaHHaH pa60Ta NOCBAIICHa OIMCaHUIO MOI[I/Iq)I/IH,I/IpOBaHHOI‘O ajiroputMa 6I/IHapI/I321].[I/H/I HBETHBIX CbOTOCHI/IMKOB
TOPHBIX TNOPOJ C LECJIbKO BBIACICHUA 00BEKTOB HHTEpPECa, SABJIAIOIIMXCA pa3IMIHbIMU 10 BEJIMYUHE CbpaKH,I/I}IMI/I
MUHEPAJIOB, MNPEACTABJIEHHBIMM Ha HEOAHOPOAHOM CI)OHe, JJIA o0OecrieyeHus: B JNAIbHENIIIEM BO3MOXHOCTH
ABTOMATHU3AIIMH BBITIOJTHEHNSI TPaHYJIOMETPUUYECKOTO aHAITI3a UX cocTaBa. [IpencTaBiieHs! pe3yibTaThl IKCIIePUMEH-
TaJIbHBIX WCCJICAOBAHMI BO3MOKHOCTEM TIPEIOKEHHOTO AJITOPUTMA, TTOATBEPKAAIOIINE TMMOBBIIIEHNE TOCTOBEPHOCTH
OWHapM3aIWy 1 BBIIEITICHUS KOHTYPOB (DpaKIMii MUHEPAJIOB 110 CPABHEHHIO C MCXOTHBIM METOIOM.

KmroueBble ciioBa: o6pabotka n3o0paxkeHuid, OMHapU3aLus, HEOJHOPOIHBIN (OH,

BBIJICJICHHE KOHTYPOB, I'PaHyJIOMETPHUUYECKHIA COCTaB, FOpHasi MOpo/a.

This article is devoted to description of the modified algorithm of the rock color photos binarizing. The
purpose of this processing is the detection of the objects of interest that represent the different size mineral
fractions on the heterogeneous background. It gives the opportunity to automate the process of the
granulometric composition analysis in the future. The experimental researches of the proposed algorithm
show the validity enhancement of the binarization and the edge detection of the mineral fractions comparing
to the original method.

Keywords: image processing, binarization, heterogeneous background,

edge detection granulometric composition, rock.

Lst poboTa mpucBsUeHa onucy MoAM(pIKOBaHOTO aropuTMy OiHapu3allii KOMBOPOBHX (DOTO3HIMKIB TipCHKHX TOPIJ 3
METOI0 BHSBJIEHHS OO0 €KTIB iHTepecy, IO € Pi3HMMH 3a pO3MIpoM (pakUissMH MiHepasiB, sfKi MpencTaBieHi He
HeostHOpiqHOMY (OHi, 151 3a0e3MeyeHHs B TOAATBIIOMY MOMKIIMBOCTI aBTOMATH3aLlil MPaHyIOMETPHUIHOTO aHai3y iX
crany. HaeemeHi pesysbraTté eKCTIepMMEHTATIBHIX JOCIIHKEHb 3arpoTiOHOBAHOTO aTOPUTMY, SIKi TIiITBEPIDKYIOTH
TiIBAIIICHHST TOCTOBIPHOCTI OiHapwm3allii Ta BISIBIICHHS KOHTYPIB (DpaKiiiii MiHepaliB y TIOPIBHSHHI 3 BUXITHAM METOIIOM.
Kuarouosi ciioBa: 00pobka 300pakeHb, OiHapu3aLisl, HEOAHOPIAHUN (OH, BUSBIEHHs KOHTYPIB,
rpaHyJIOMETPUYHUI CKIIaf, TipHAYA MOpPOo/a.

BBenenue

O,I[HI/IM M3 OCHOBHBIX 3TaIlOB TEXHOJIOTMYECKOI'O IIporecca B l"OpHOfI IIPOMBIIIIJIICHHOCTH
ABJICTCA OIMPEACIICHUC I'PAHYJIOMETPUICCKOTO COCTaBa TOPHBIX ITOPO/I. Ono npeaACTaBJIsICT
coboit pacueT MpPOLUCHTHOI'O BECOBOI'0 COACPIKAHUA B IOPOJAC PA3JIMYHBIX IIO BECIMYHUHC
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¢bpaxuit [1]. Jlng pemeHus STod 3a1a4yll TPATUIIMOHHO MPUMEHSETCS CUTOBBINH METO/,
OCHOBaHHBIM HA MPOCEMBAHUM MOPOJIBI Yepe3 HaOOp pazMUYHBIX 1O BETHYMHE sueek [2].
DTOT MeToA TpeOyeT CYIIECTBEHHOTO MPUMEHEHHSI PyYHOTO TPyJia U BPEMEHHBIX 3aTpar,
YTO 3aTpyJHsET ero NpuMEHEeHHEe B psijie CllydyaeB, HAapuUMep, JUIs IPOBEIECHUS dKCIpecc-
aHanuza. TakuM o0pa3oMm, aKTyalbHOU SIBISIETCS 3a/a4ya pa3pabOTKH TEXHOJOTHi, 1M03BO-
JSIOUINX OCYLIECTBIISITH OINpeeNieHuEe I'paHyJIOMETPUYECKOr0 COCTaBa TOPHBIX MOPOJ B
ABTOMATHU3UPOBAHHOM WJIM aBTOMATUYECKOM peKMMaxX ¢ MUHUMAIIBHBIMU 3aTpaTaMu pPyYHOTO
TpyZa 1 00JIaJal0IUX JOCTATOYHBIM YPOBHEM TOYHOCTH.

OnHolt U3 BO3MOKHOCTEH pellieHHs 3a7aul IPOBEAECHHSI SKCIPECC-KOHTPOJISL TPaHyJIo-
METPUYECKOr0 COCTaBa SIBJISIETCSl MCIOJIb30BaHMe (hoTorpaguueckux n3o0pakeHu, moiy-
YEHHBIX B Ipoliecce JoObMU WK nepepadoTku [3] ropHbix nopoj. [Ipu ucnonaszoBanuun
TaKOro MOJX0/Ja OJTHUM W3 BOKHEHIIUX JTAINOB, ONMPEACISIONUX TOYHOCTh KOHEUHOTO pe-
3yJbTaTa, SIBIISETCS IpeJBapuTelbHasi 00paboTKa MCXOJHOTO CHUMKA, KOTOpPas SIBIISETCS
HEeTpUBHAIBHON 3amadeil [4]. DTOT sTan BKIIOYaeT B cedsl Takhe ONepaliy Kak (GpriibTparus
IITyMOB, TIOBBIIIICHHE KOHTPACTA, BhIZICJICHE OOBEKTOB HHTEpeca (KOHTYPOB), OMHApU3AITHIO U T.]I.,
croco0 BBIMOJIHEHUS KOTOPBIX CYHIECTBEHHO 3aBHCHT OT KadecTBa U XapaKTEPUCTHK
HUCXOJHBIX m300pakeHnit. KoHeuHO# menbio o0paboTKH SIBJISETCS TOJyUCHHE JTaHHBIX B
BHJI€, TIPUTOJTHOM JIJISl aBTOMATUYECKOTO (aBTOMATU3UPOBAHHOI0) aHAJIW3a TPAHYJIOMETPHU-
YECKOT'0 COCTaBa.

OCHOBHBIMHU TIPOOJIEMaMU, YCIOKHSIOIMUMU MPeIBApUTENbHYI0 00paboTKy M300pa-
JKEHUH, SIBISIFOTCS HEOJHOPOTHOCTH (hoHA M OCBelleHHs] mpu (OPMUPOBAHUM CHUMKA,
HaJM4YMe Pa3MBIThIX U HU3KOKOHTPACTHBIX 00JacTel, «CIUIMAaHNe» U YaCTUIHOE MEePEKPHI-
THE (HAJIO)KEHUE) 00BEKTaMU JIPYT IpyTa.

Tax, Hanpumep, HEOTHOPOTHOCTH (JOHA M OCBEIICHHUS 3aTPYAHSIET IPUMEHEHHE Tpa-
JUITHOHHBIX CIIOCO00B (rutbTpanuu (MenuanHoro ¢uibTpa win Guistpa Bunepa [5]) u
yIJIydllleHue pa3/iefieHus] 00beKTOB Ha OCHOBE PUMEHEHHS THCTOTPAMMHBIX METOI0B [5-7]
WK TpeoOpa3oBaHus pacTsOKEHUsI KOHTpacTa [6]. Hanwmdne HU3KOKOHTPACTHBIX M 3acBe-
YEHHBIX 00JIacTel JieJlaeT HEBO3MOXKHBIM HETOCPECTBEHHOE BbIIEIEHHE KOHTYPOB OOBEKTOB
WHTEpeca Ha OCHOBE HCIIOJB30BaHUS MOPOTOBLIX (MeTon Xyanra w Banra [8]) wimm rpa-
mueHTHBIX (omepatop Cobens 5], [6]) meTomoB.

ITocTanoBka 3agaun. B pabote [9] 6611 npeioskeH anropuT™ OuHapu3aiy (GOTOCHH-
MKOB TOPHBIX TOPOJ MO3BOJISIOIIMIA BBIIENSATH KOHTYPhI OOBEKTOB MHTEpECa C IEJIbI0 IPOBe-
JIeHUs1 JAJIbHEHIIero rpaHyIOMeTpUYecKoro aHammsa. Ero HeoctarkoM sIBJISIETCs! BBLIETICHHE
3HAYUTENILHOTO KOJTHYECTBA HEMH(POPMATHUBHBIX (JIOKHBIX) KOHTYPOB, OTPAXKAIOIINX CTPYK-
Typy, @ He T'paHUIBI OOBEKTOB MHTEpeca, a TaKKe HEJ0CTaTOYHas YyBCTBHUTEIBLHOCTh IPU
pa3lieNIeHny CONPUKACAIOIINXCS 0OBEKTOB C OJJUHAKOBBIMHU SIPKOCTHBIMH CBOWCTBAMH, YTO
00YyCJIOBIJICHO HCITOTF30BAHUEM TOJIHKO OJTHOTO (KPacHOTO) IBETOBOTO KaHAA.

B nannO# paboTe mpemiokeH MoIU(UIIMPOBAHHBIA AITOPUTM OWHAPH3AIH I[BETHBIX
(hOTOCHHMKOB TOPHBIX MTOPO/JI, KOTOPBIH 3a CUET yUeTa BCEX I[BETOBBIX KAaHAIOB MO3BOJISET
MOBBICUTH JJOCTOBEPHOCTh UX aHAJIN3A.

Peinenue 3amaun

HpeﬂHO)KeHHLIﬁ AJITOPUTM COCTOUT U3 CJICAYIOIIUX IIaroB:

1
a) MOBBILICHHE SIPKOCTH U KOHTPACcTa KPACHOTO L[BETOBOro KaHana [, (BBIOpaH Kax
Haubosee MHPOPMATUBHBI HA OCHOBAHWM JKCIIEPUMEHTATBHBIX HMCCIIEIOBAHUN) MOCIE
macmrabuposanus ero ua orpesok [0,1];

0) ynajneHue HeoJHOPOJHOTO (poHa (CiIeyeT OTMETHTh, YTO €ro BBIOOpP OKa3hIBACT
CYIIECTBEHHOE BIIUSIHUE Ha CTIOC00 00paboTKu m300paKeHus);

54 «CKyCCTBEHHBI UHTEIIIEKT 2014 Ne 3



Aneopumm ounapuzayuu homouzoopadicenuii 20pHuIX NOPOO HA HEOOHOPOOHOM (PoHe 3A

B) IpeoOpa3oBaHue SIPKOCTH MOIYYCHHOTO U300PKEHUS C MENbI0 YIyUIleHUs pa3-
JeleHus: 0ObEKTOB;

') BbLIEJIEHUE KOHTYPOB;

1) OMHapHU3aIys MOJYYEHHOTO N300pakeHus;

€) CUHTEe3 M300pakeHUs Ha OCHOBE MHAEKCOB MAaKCHMaJIbHOTO 3HAYEHHsI I[BETOBOM
COCTaBIISIIOIIEH KaX10T0 TUKCES;

) TIOJTaBJIEHUE MAJO3HAYMMBIX Pa3IUInil y cPOPMHPOBAHHOTO N300paKEHHUS;

3) BBIIOJIHEHHE IIaroB B) — I). CieayeT OTMETUTh, 4TO BUJ NpeoOpa3oBaHUi, IIpu-
MEHSIEMBIX Ha 9TOM 3TaIle, HEeCKOJIbKO OTIIMYAeTCs 0T (hOpMYJI, UCTIONB3YEMBIX Ha IIarax B)-T);

W) TMar 1) I i300paKeHHsI, TIOTY4IeHHOTO TI0CTIe BBITIOJTHEHUS TPEIbIYINETro dTara;

K) opMHpOBaHUE UTOTOBOTO M300PaKEHUS HA OCHOBAHHH CITUSHUS JBYX OMHAPHBIX
CHUMKOB, TIOJTyYE€HHBIX Ha Iarax €) v u).

1
IToBblieHne SPKOCTU U KOHTpacTa JUist n300paxenust [, BbImonHseTCs 0 hopMmyIie:

e (@lxyfk@ﬂmf{“LJ N

X,y r

JUISL BCEX IUKCETIeH 1/1306pa>1<eH1/1$1, SAPKOCTb KOTOPBIX YAOBJICTBOPAIOT yCJIIOBHUIO

1

(]’{)x,y SE ?

rae ,1 = (I } + 0.5)/ 2,al } — cpenHee 1o u3o0paxenuio [ }

Jlnst meWrpanmm3anuu (yaajieHus1) (poHA OCYIECTBISETCS Mpeodpa3oBaHUE SPKOCTH
KaKJI0T0 TTHKCENs H300pakeHus I” 110 CIeLyIOmeMy alrOpUTMY.

1. V3o6pakenne I° pa3zbmBaeTcs Ha IepeKphIBAIONINECS OKHA PAa3MEPHOCTBIO 3%3
MUKcens (BO BCEX OKOHHBIX MPEOOPa30BAHMSIX MPEUIOKEHHOTO aITOPUTMA MPUMEHSIOTCS

OKHA TaKoro pasMepa), M Ul KaXIO0ro IHKCEIs W, y TEKYIIEro OKHA BBIOJHACTCS Ipe-

oOpazoBaHue:

Wiy = Wiy +Tx,y’ (2)

Irjile W — ero cpejisis SpKoCTh, B pe3yJIbTaTe 4ero GpopMupyercs uzobpaskenue I°.
2. Tlonydernue m3o6paxennss /' Ha ocHOBE CTENEHHBIX MPeoOpa3oBaHMil, obecrie-
YUBAIOIIMX HETMHEHHOCTh TPEOOPa30BaAHUS SIPKOCTEH:

=) ) G)

OTOT mIar SABISCTCH OJJHUM H3 OCHOBHBIX IIPH IMOJABJICHUN (HpI/IBeI[eHI/II/I K 6en0My

nBery) (oHa.
3. TlocnemoBaTtenbHOE JABYKpPATHOE MPUMEHEHUE PAHTOBOM (QuibTparmu (1Mo MaKCH-

Mymy miis obiacta 3x3 mukcens) [10] ¢ mociaeayromuM BBIOJIHEHUEM 1-To 1mara, B pe-
5
3ysbTaTe 4ero Gpopmupyercs uzoopaxenue [ .

4. Tlonyuenue nzobpaxenus [ % 1o crenyromei popmyore:

e =), @)
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5. ®opmuposanue uzodpaxkenus | 7 CJIEIYIOIUM 00pa3oM:

6
17 _(16 1+(1an)
Xy Xy '

6. Ha mociemHem 1mare mukceau OPOUCXOJUT IOCIIECAOBATCIIbHAA 3aMCHA BCCX 3HA-

)

YeHHuM SPKOCTH, KOoTopble mpeBbimaoT M , ma 1. DT0 3HAUEHWE PAaCCUUTHIBAETCS Kak
CpeiHee 1O SPKOCTSIM U300pakeHusl, yI0BIETBOPSIOUINM YCIOBHUIO:

TI<I;Z,y<1' (6)

DTOT mpoliece MPOUCXOIKT 10 TeX 0P, MoKa Bbmonsiercs yenosue M > T, + (1-1;)/3.
Ha ocHOBe 9KCIepHMEHTAIbHBIX HCCIENOBaHUM peKoMeHayercs ucnonb3osars 1| = 0.9
npHpaBHUBAIOTCA 1. 3aTeM mpUMeHsieTcss paHrosas (GuibTpanus (II0 MAKCUMYMYy) B pe-

8
3yJIbTate 4ero u popmupyeTcs uzodbpaxenue - .
[IpeoOpazoBaHue SIPKOCTH C MENBIO YIYUIICHUS pa3/ieJeHus] 00BEKTOB BBHITOTHSIETCS
C HCIIOJTE30BAHUEM CIIEAYIOMIAX (POPMYIL:

(8 118, o

Iﬁ,y:(lf,y)l ( ’y) ;Ii,yél8

9 8 1+(’ % )H Y6 _ 88
e =(2)) 16, > 15,18 <05, ™)

(s 1418 o

7, =) e, 18 > 15,18 50.5
9 1+127

=, ) yj, ®)

rne I° — cpenHee 3HaUYeHWe SPKOCTH IS NIHKcelel m300paxeHns [°, ups MHTEH-
cuBHOCTh MeHbIe 1. [locne 3Toro BeIMOTHSETCS CriaakuBaHue Ha OocHOBE (hopmybl (2), B
pesynbTate yero u Gpopmupyercs uzobpaxenue /' .

Jlnst BBIZICNIEHHs] KOHTYPOB MCIIOIB30BAJICS JIallJlaCHaH rayccuana [6] co 3HauYeHHeM
o =0,5, B pe3yibTare pacyera KOToporo (JopMHpOBAIACh Macka pa3MepoM 3X3 ITHKCEIs.

Iocre mpuMeHeHHs! TOTydYeHHON Macku K cHuMKy ' dopmupyetcs msobpakenue ', s

KOTOPOr'o BEIYUCIIACTCA MUHUMAJIBHOC 3HAYCHUC 1 12 T.k. OJHHUM U3 HEAJOCTATKOB ITpHUMC-

min *
HCHHJA JallllaChaHa rayCcCuaHa ABJISACTCA @OpMHpOBaHHe HBOﬁHBIX KOHTYpPOB, TO IJIA BCEX

THKcenelt u306pakeHus [, 3HAUEHHS APKOCTH KOTOPHIX MeHbIe 0, oHM 0OHyIsmoTcs. Jlanee

min °

BBITOJIHAIOTCA Hp606pa30BaHI/I$I, YCUIIMBAIOMINE pa3/IAIrsa MEXIY IBETOM KOHTYpa 1 (I)OHa:
12
1+7

12 min
(112 )l”min g2
X,y min

14 13 -1
X,y
I} = (]x,y) . (10)

13 _(s12
]x,y_(]x,y
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I[Tpom3BoMTCs OMHApW3AIHMS TOTYYEHHOTO M300paxkeHHss ['' ¢ HCIONB30BaHMEM
ycioBust [ i“y >7", roe I'" — s10 cpe/iHee IO MHUKCEIsIM CHUMKa [ " 3HaueHWs MHTEH-
CHUBHOCTH KOTOPBIX Ooubie 0. 3aTeM BBIMOTHIECTCS paHToBast (prIbTparmys mopsiaKa 7 Jiis,
B pe3ylibTaTe uero opMupyercs neppoe OuHapHoe nzodpaxenue [ ;m .

Jnst ymydineHus: pa3jielieHus: 00beKTOB € pa3IMYHBIMHU SPKOCTHBIMU M I[BETOBBIMU
XapaKTEePUCTHKAMH HEOOXOIMMO UCTIOIh30BaTh HH(POPMAIIHIO 000 BCEX €T0 IIBETOBBIX Ka-
Hajax MCXOJHOTO M300paxkeHus. B mpeioxKeHHOM alropuT™Me 3TO BBIOJIHSETCS CIEAyIo-

1M 06pasoM: (opMupyeTcs u300pakerne ., Ha OCHOBE MHJEKCOB MAKCUMAIBLHOTO 3Haue-
HUS [IBETOBOM COCTABJISIOIIEH KaXKIOTo ITMKCENIs ¥ MaciuTadbupyercs Ha otpesok [0,1].

[Tociie 3TOro OCYyIIECTBIAETCS MOABIEHIE MAIO3HAYMMBIX Pa3IuuMi MEXTy 3Hade-
HMSIMHU SPKOCTH OJHOTO M TOTO K€ IHKCEIS Y PAa3sHbIX IBETOBBIX KAHAIOB. JTO OCYILIECT-
BIISETCS IIyTEM IIPUCBOEHUS | 3HAYEHMSAM SPKOCTH TeX HMHMKCeNel y m3obpaxkenus [ ilnd \
IS KOTOPBIX Pa3HHIA HX HHTEHCHBHOCTEH y JIIOOBIX ABYX BBIOPAHHBIX BETOBBIX KAHAIIOB
He TpeBbIInaeT 3HaueHus d_, /4. [Ipu 5ToM d_, — CpeHee [0 PAa3HOCTH MESK/TY MHTCHCHB-

HOCTSIMH JUTSl TIApbl BBIOPAHHBIX IBETOBBIX KAHAJIOB. 3aTeM MPOMCXOHUT MeIraHHas (IIbT-
parws HOJTy9eHHOTO CHIUMKA | JTBAK/TBI BBITOTHSIETCS paHTOBAst (PIITBTPAITAS (110 MAKCHMYMY).
[TorydeHHOE W300paXkeHWe TOJBEpraeTcss INpeoOpa3oBaHuio 1o ¢dopmyie (2) B

2
pesynbrate dero dopmmupyercst cHuMoK [, ;. IIpeoGpasoBaHue SIPKOCTH H300paKEHHS

2
1}, ¢ uemnbio yiTydmreHus pasjeneHus 00beKTOB OCYIIECTBIsIeTCs 110 hopmye:

(7
(I;d )x,y _ ((Iid )x,y -((r2, )y)' (), o

ITOCJIC YeTO JBAXIBI BBHITIOJHSACTCS paHroBas (GUiIbTpanus (10 MaKCUMyMY) JUIS 00JIacTh
3x3 muKces.

3
BeisieneHne KOHTYpOB y u3o0paenust [, TakKe OCYIIECTBISCTCS HA OCHOBE IPH-

MEHEHUsl JIalUlaCaH TaycCHaHa C BBIIICONMCAHHBIMU MapaMeTpamu. [locie mpumeHeHus
& 3
TIOJTy4eHHON Macku K cHUMKY ., (hopMupyetcs n3obpaxkenue I, , JUlsl KOTOPOTO BHIUUCIISET-

¢ MMHHMAJIEHOE 3HaueHue [ 4

., ¥ JUIS IUKCEJIEH, 3HaYeHUs! IPKOCTH KOTOPBIX MeHsblle 0, oHn
oOHyIIsTIOTCS. Jlanee OCyIIeCTBIISIETCS YCHIICHHE pa3lIirsl MEXITy IIBETOM KOHTypa U ()oHa Ha

OCHOBE IPeoOpPa30OBaAHMS:

+/nin
(I;d )x’y = ((I;d )x,y 1_((1;‘” )"’y)l o /ZJ (12)

u popmyisl (10) B pesynbTare uero Gpopmupyercs usodpaxenue | 57 d-

14
BuHapu3arys 5Toro H300pakeHus OCYIIECTBIIAETCS TaKXKe KaK ¥ it chumka [ . B
pesyJibTaTe 3Toro GopMupyercs usobpakenue I, .

Urtorosoe uzobpaxenue [° sBiseTcs pe3yibTaToM CIUSHUS CHUMKOB 1, w I
(Ha OCHOBE MaKCHMyMa SIPKOCTH) W TOCJIEAYIOIIEro MPUMEHEHUSI PaHTrOBO# (pHiIbTpariu
nopsizka 4.

IKcnepuMeHTAIbHbIE Pe3yJIbTAThI. |IpecTapieHHblI MOMU(UITMPOBAHHBIN AITOPATM
OBUT TIpUMEHEH 11 00pabOTKH M300paKeHHU, COACPIKAIMX pa3InIHble MUHEPATBI TOPHBIX
MOPO/JT Ha HEOHOPOTHOM (hoHE, MPIMEPOM KOTOPOTO MOXKET CITYKHTh CHUMOK, IIBETOBHIC

KaHaJIbl KOTOPOTO MpeJCTaBIeHbl Ha puc. 1 a) — 1 B).
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Pucynox 1 — I[BeToBBIE KaHABI HCXOIHOTO H300paKEHUS:
a) KpacHbIiA; 0) 3eJIeHbIi; B) CHHUH

Ha puc. 2 a) npezcraBieH pe3yiabTaT MOBBIMCHHUS SPKOCTH W KOHTpAacTa KPacHOTO
[[BETOBOTO KaHala B pe3yJibTaTe Yero, B YaCTHOCTH, HAOIIOAAETCs U yIydllleHue BU3yallb-
HOW pa3InYMMOCTH KaMHS B JIEBOM BepxHeM yriy. Ha puc. 2 6) mpuBeJeHbI pe3yabTaThl
ynasieHus poHa (3aMEHBI €ro OeJIbIM I[BETOM), a Ha pHC 2 B) — YIIyUIIEHHs pa3zeieHus: 00beK-
ToB. [locneanuit sTan obecrieunBaeT TakKe YMEHbIICHHE HEMH(POPMATUBHON JeTaM3aIui
gacTell 00BEKTOB, OOYCIIOBJIICHHONW OCOOCHHOCTSMH WX (hopMBI U CTpYKTypbhl. Ha pwmc.2 )
O0TOOpaXXeH pe3ysIbTaT YIy4IleHus pa3ielieHnuss 00beKTOB Ha H300paKeHNUH, KOTOPOE OBLIO
MOJTy4eHO Ha OCHOBE MHJIEKCOB I[BETOBOTO KaHala ¢ MAKCHMMAJbHOHM SIPKOCTBIO JUIS KaXKI0TO
nuKceNs. To n300pakeHne MO3BOJISIET JIydllle pa3fAeuTh OOBEKTh PA3IMUHBIX IIBETOB.

Ha puc. 3 a) nmpencrapieHsl pe3yibTarThl OMHApU3aAIKA KPacHOTO IIBETOBOTO KaHAJa IS
ucxoaHoro anroput™a. Ha puc 3 6) — 3 1) poJIeMOHCTPHPOBAHO TIPUMEHEHHE MOIADHUITAPO-

BAHHOIO aaroput™Ma Ounapusauuu. [Ipu 3toM Ha puc. 3 6) npuseneHo uzobpaxenue | },m (6m-

2
HapU3alysl KPAaCHOrO IBETOBOTO KaHana), Ha PHC. 3 B) — CHUMOK [}, a Ha puc. 3 r) — KOHeY-

HBIA pe3ysbTar. OueBHIHO, YTO UCTIONB30BaHNE HH()OPMAITUH O ITBETOBBIX KAHAIAX TTO3BOJIHIIO
YIIyUIIUTh pa3zielieHue 00BEKTOB Pa3IMUHbIX 1BETOB. [Ipu cpaBHEHMN pe3ynbTaToB OMHApU3a-
MM KPacHOT'O I[BETOBOTO KaHajla MCXOJHOTO (pHUc. 3 a) U KOHEYHOIo pe3ysbTaTa MOAU(HUIH-
poBaHHOTO (pUC. 3 T) AITOPUTMOB MOXKHO YBHJIETh, YTO B TIOCIICJHEM CITydae YMEHBIIIAeTCs
KOJIMYECTBO BBIJIETIEHHBIX JIOKHBIX KOHTYPOB, a TAKKe YIIyUIlIaeTcs pa3/ieliecHue OOBEKTOB.
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B) r)
Pucynok 2 — Pe3ynbrarel 00pabOTKH HCXOAHOTO CHUMKA: a) TIOBBILICHNE SPKOCTH M KOHTpacTa IJist
KPacHOTO L[BETOBOI'0 KaHana; 0) ynanenue (hoHa; B) ylIydlIeHHe paseleHust 00bEeKTOB

(u306paxkenue [ ;1) ynyumrenne paznenenust 00beKTOB (M300paXKeHne ],i 7)

B)

PucyHok 3 — Pe3aynbrarsl OvHapu3anyu: a) MpUMEHEHHE UCXOJHOTO aArOprUT™Ma; 0) n300parkeHne

1 2
1 bin > B — M300pakeHre 1 bin > T — UTOTOBOE M300paKeHUE
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3A

BriBOoaBI

[IpemrokeHHbIA B JaHHON paboTe MO M(DUIMPOBAHHBIN AJTTOPHUTM OMHAPH3AIHN IIBETHBIX
(OTOCHUMKOB TOPHBIX TOPOJ] C LENBI0 BBIJICICHHUS O0OBEKTOB MHTEpeca IS MPOBEICHUS
JATBHEHINETO TPaHYJIOMETPUYECKOTO aHaIM3a MO3BOJISIET TOBBICHTH JIOCTOBEPHOCTH HX
BBISIBJICHUSI 110 CPABHEHUIO ¢ UCXOMHBIM MeTozioM. K HemocTaTkaM MpeayioKeHHOTo MOAXo/ia
CJIEZIyeT OTHECTH BBISBIICHHE, XOTh U B MEHBINEH CTENEHH, JOKHBIX KOHTYpOB, 00yCIIOB-
JICHHBIX CTPYKTYPOU OOBEKTOB, HEBO3MOKHOCTh OOPAOOTKH 3aCBEYCHHBIX OOBEKTOB (UTO
BEIpa)KaeTCsl B MHTEPIIPETAIIMN HECKOJIBKHX TaKUX OOBEKTOB B Ka4eCTBE €MHON CTPYK-
TYpbI) U OOJBIIYIO BEIUUCTUTEIHHYIO CIIOKHOCTD.
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RESUME
L.G. Achmetshina, A.A. Yegorov, IM. Udovick

The Binarization Algorithm of the Rock Photos

with Heterogeneous Background

This article is devoted to description and experimental researches of the modified
algorithm of the rock color photos processing. The purpose of this processing is the
detection of the objects of interest that represent the different size mineral fractions on the
heterogeneous background. It gives the opportunity to automate the process of the
granulometric composition analysis in the future.

The complicity of the edge detection of the objects of interest is provided by the
heterogeneous of the background and brightness, the geometrical form of the objects and
their optical properties and the ability of the «adhesion» of the different objects in the
single structure.

The proposed algorithm includes next stages: brightness and contrast enhancement
for the red color channel; background erasing (implemented by the consequent applying of
the smoothing, filtering and exponential transformations); intensity changing to improve
objects separation (implemented by the exponential transformations); edge detection
(implemented by the Laplacian of Gaussian with the following exponential transforma-
tions); binarization; synthesizing the image based on the index of the color channel
maximum and rejection of the unimportant differences; intensity changing to improve
objects separation and edge detection (with the slightly different form of the used
transformation); binarization and the merging two received binary images to get the final
result.

The experimental researches of the proposed algorithm show the validity enhancement of
the binarization and the edge detection of the mineral fractions comparing to the original method.

Cmamus nocmynuna 6 peoakyuio 02.04.2014.
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