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SUMMARY

The remote sepsing of the road infrastructure is using mathematical methods
for digital image processing. They can be considered as separate components
which can be united into a self-contained system. Efficiency in the remote sensing
of road infrastructure depends on the quality of the methods used.

The semi-automatic road network extraction techniques have increased the rate
of extraction of road networks. Consideration of possible algorithms makes it
possible to choose the most appropriate one by identifying the factors that
influence their implementation. Positive and negative aspects of the methods are
examined in terms to assess their results as advantages and disadvantages.

Road networks play an important role in a number of geospatial applications,
such as cartographic, infrastructure planning and trafic routing software. When it
comes to remote sensing, recognizing each object is a top priority. The
identification of the object with a remote sensed image, for instance, is very
important for the transport and for most of the economics spheres.
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I. BbBeaenune
L.1. AKTya/IHOCT Ha H3C/1€IBAHETO

EKCIIIOATallMOHHOTO CHCTOSHHE Ha IIBTHO-TPAHCIIOPTHHTE CTPYKTYPH H CBOPBKEHMS €
eqHa OT HaH-Ba)XHMTE XapaKTEPHCTHKH Ha TPAHCHOpPTHaTa HWHGpacTpykTypa.
VYnpaenenuero Ha WHGPAcTpyKTypara, HaONIONEHHWETO M CHOTBETHATa MOAAPHKKA ca
CBBp3aHH ¢ HaJexJHocrta Ha Tpadmka. Te ce HyxgasaT or HHGOpPMaUUsi, OTHOCHO
CHCTOSIHUETO M aMOPTH3aIHATA Ha NHTHO-TPAHCIOPTHHTE CTPYKTYPH ¥ CBHODPBIKEHHA.
IlponeckT no HUAECHTHGHUIMpPAHE HA CBHCTOSHHETO M OTKpHBaHE Ha HM3MeHeHUA (B T.4.
HEIOIYCTUMH H3MEHEHHA) Ha MbTHO-TPAHCIIOPTHHTE CTPYKTYPH H CHOPBXEHHIA MOXE Ja
Obae aBroMaTHueH M HONyaBTOMAaTHYEH. ABTOMATHYHHMAT NPOUEC BCEe oLle BOOM MO
OTYaCTH TPEIIHM WM HEUBJIHH pe3yiTaTH. I10onyaBTOMATHYHHAT IpOLEC 3HAYHTETHO
MOBHILABA CTEIEHTa Ha OTKPHBaHE Ha ITHTHO-TPAHCIIOPTHHTE CTPYKTYPH H ChOPBKEHHS,
cnectaBaiiku BpeMme U cpencrea. C uedn fa ce nono0pu MONyaBTOMATHYHHA NPOLIEC, B Ta3H
[McepTanus, ce NOCTaBid €IHA OCHOBHA LIeN: 0a ce paspabomu eOHa 2veKaga cucmemad,
KOSIMo 0a OMKpUsa NemMHUMe CMPYKmMypu U CbOPbICeHUA om usobpasicenus, dobumu om
OUCMAHYUOHHO U3CTe08aHe HA 3eMHamda NOGvLPXHOCM Ha mepumopuama Ha Benzapus.
Ta3u monyaBTOMAaTH3HUpaHa CHUCTEMa € CHBKYIHOCT OT ITOPHTMH, KOMTO Bede ca Oumm
pa3paboTeHH U TEXHUTE MOMOXUTEIHH U OTPHULUATENHH Y€PTH Ca H3BECTHH.

L.2. TIpeamer, neJi ¥ 3aJa4u Ha H3CIEABAHETO

Ilpeamer Ha aucepTaiuaTa ¢ o6paGoTka W aHamu3 Ha H300paxeHudA, A0OMTH OT
IMCTAHLMOHHO H3CAE/iBaHEe, IIPOBEACHO B bbarapus, HOCPEACTBOM YHHBEPCAIHA H
crieManu3MpaHa cHcTeMa 3a o00paboTka Ha M300paXeHHATa, KOATO TNO3BOJABA
M3BIMYAHETO Ha HMH(OpManus 3a IBTHO-TPAHCNIOPTHATAa CTPYKTYpAa H ChOPBKCHHUATA,
PErucTpUpaHu B H300paXXEHHUETO.

Ilen Ha paboTara € Ja ce M3IOI3BAaT OCHOBHHTE METOAH 3a INOJyJaBaHE HA ONMCaHHE
Ha IBTHHTE CTPYKTYPH U CBOPBXEHHA, [a C€ HalmpaBd CpPaBHEHHE U OLEHKd Ha
MOMYYEHHTE PE3YNTATH | Ja ce (HOpMylHpa METOJONOTHS B 3aBHCHMOCT OT IIOCTaBEHaTa
3agava.

3a 1 ce peanu3upa ueNTa ca pelleHy CIeHUTE 3aaqH:

o M3cneaBaHe U K1acu(UKaLKs Ha ChIIECTBYBAIIUTE METOAM H AITOPUTMH M CHCTEMH 33
JMCTaHIMOHHO HabMO/AEHHE Ha MbTHO-TPAHCIIOPTHHUTE CTPYKTYpPH 3a 00paboTka H aHaIU3
Ha 1300paXkeHus, OOUTH OT JUCTAHUHOHHO H3CIIEIBAHE;

o IlpunaraHe Ha OCHOBHHTE METOOM W aNTOPUTMH W CHCTEMH 33 JHCTaHIMOHHO
HabMOZeHHe Ha IBTHO-TPAHCIIOPTHUTE CTPYKTYPH H CHOPBKEHHA 3a 00paboTka M aHanu3
Ha u300pakeHHATa C KpaiHHa 1€ CpaBHEHHE H aHAJIM3 Ha PE3YIITaTHTE;

e Tlogbop u u360p Ha NHOCIEHOBATENHOCT Ha NpHiaraHe Ha H3GpaHHTE MeTOOM 3a
0o0paGoTka Ha H300paeHHA H CHCTEMH 3a NHCTAHLIMOHHO HabmoJeHHe Ha ITBTHO-
TPaHCIOPTHHUTE CTPYKTYPH U CHOPBHIKESHU,

¢ Pazpa6orka Ha MeToAUKa 3a HOpPMHpaHe Ha AIOCTEH MOJIEN, 3a 00paboTKa M aHalu3 3a
H3BIMYAHE Ha XapaKTePUCTHKHUTE Ha NTHO-TPAHCIIOPTHHUTE CTPYKTYPU U CHOPBIKEHH.

Tpu peuraBaHeTo Ha IIOCTABEHUTE 3aJa4YM Ca H3ION3BAHH HAY4YHHTE METOIH:

© aHAIN3 Ha U3CIIeABaHUTE 00EKTH;

* hopMynUpaHe Ha OCHOBHHTE PElllaBaHy 3aJa4H;

® y3cieABaHe Ha cieUGUYHN METOIU U ATOPHTMH 3a 00paboTka Ha N300paKeHus;
® eKCIIEPHMEHTAIHA NIPOBEPKA Ha NPHIATAHHTE METOAUKHY;

® aHaJIM3 Ha TOJIyYaBaHUTE PE3YNITATH.






HMigoou: Tlpm penyiupane Ha Gpos LBeroBe ce HamamgBa obema Ha (aiina.
[IpeoGpasyBaHero Ha LBETHOTO H300paXCHHE B IONYTOHOBO OCUIYPABA KAYECTBEHH
[IPaMCTPH 3a TIOC/IEABAIIA CHCTEMaA 3a 00paboTka ¢ IpeAcTaBeHaTa CHCTEMa 3a H3CICABAHE
HH 11YITHO-TPAHCIIOPTHH CTPYKTYPU M CHOPBKEHHS.

111.3. CpaBHeHue Ha METOAH 32 OTKPHBaHe Ha PLG0OBe MPH JAHCTAHIMOHHO
WiC/I¢/IBaHe HA MBTHATA HHPPACTPYKTYpa
]

I‘lopa;[n CBOATa CBIHHOCT MIbTHUINATA CC HaGJIIOHaBaT KaTO PpA3KO H3MCHCHHUC Ha
{pynxuuATa Ha APKOCTTA, KATO Ta3H NPOMSIHA IPUTEKABA XaPaKTEPeH KOHTYp u popma. Llle
(M) CpaBHﬂT JABaTa METOoMa 3a OTKpHBAaHC Ha pLﬁose npu JAHUCTAHIIMOHHO H3CJICABAHE: Canny
1 SUSAN.

HI.3.1. Memoo 3a omkpusane na pv6ose na Canny

Canny mpeiyara onmTHMalieH MeETOJ 3a HaMHpaHe Ha phOOBE B CIydauTe, KOraTo
H306paxkeHUATa ChABPKAT 3HAYUTENHO KoiudecTBo Oan wym [Can86]. Hesasncumo, de
JIRHHHTE 3a M300pa)XCHHETO ca AUCKPETHH, TO HeCTO pbOOBeTe My Ce Ompe;eNaT upes
JIOKJIHUTE MAaKCMMYMH Ha TIpajHeHTa My. 3acmyrata Ha Canny e, 4e ycmsea fa
(popMamH3Hpa Te3 KPUTEPHH H A2 MOKAXe de IbpBaTa pousBoaHa Ha [aycosara hyHKuHs
¢ NOAXOJAIIA 33 IOCTPOsABAHE HA ONTHUMATEH METOA Ha prOoBe. AMropuTEMbT Ha Canny €
CB3JaJiEH, 33 Ja YAOBJIETBOPH CIIEIHHTE LeH OT MaTEMaTHYECKa TTIE/[HA TOYKA!

1. MunuMaHa 4ecTora Ha IpemKuTe.

2. Jloxam13upaHH TPaHAYHHA TOYKH.

3. EnMHUYHN TpaHUYHU TOUKH.

AsnropursmeT Ha Canny naBa KaTo KpaeH pesyirarT OMHapHa rpaduka, ChCTaBEHA OT
MMKCE/TH, MPUHAIJIEXAITN KbM ph00Be, H IMHKCENH, HEMPHHAISKAIIH Ha HUKOH pB6. Canny
EMIIIPHYHO € YCTAHOBMIN, Y€ CHOTHOLIGHHE 1:3 MeXny NOMHUAT W TOPHMAT IIpar Ha
XHCTepesuca € ¢ Haii-100pH pe3ynTaTy.

PesynraTsT or Merona Ha Canny, NPHIOXKEH BBPXY MOMYTOHOBOTO H300paXKeHHE OT
¢ur. I11.2 e umoctpupan Ha ¢ur. 1113, Teucoka=200, Taucka=600. OTHOLICHHETO MEXIY
Jsara npara € 1:3, koeto e onTumanHo. HaGmonaBanurte ppGoBe ca AeHCTBHTENHM, HO HE
BCHYKH NPHHAMJIEKAT Ha 00EKT OT IBTHO-TPAHCIIOPTHATA CTPYKTYpa. OUepTaHHATa Ha BT
ca OTKPHTH, HO ce HaOII01aBaT U HEXEaHH MPEKbCBaHMUs.

Lue?
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Our. II1.3. Pesyararst ot Meroza Ha Canny, HPHIOKEH BBPXY MOIYTOHOBOTO
n3o0pakerue ot ¢ur. I11.2, Teucoxka=200, Tuucka=600

I11.3.2. Memoo 3a omkpusarie Ha pvboee — SUSAN

OcnoBHaTa MoTHBHpoBka Ha Smith u Brady mpu BbBexnanero Ha SUSAN e ma ce
HaMepH alrOpHTBM crocoGeH Ja pabotu B peanHo BpeMe [Smi94]. B Tosu cMucel B
JIOMBIHEHHE Ha TPUTE KpuTepus BbBexenu oT Canny, Smith i Brady no6aBar u 4eTBEPTH —
KOMITIOTBPHA e()eKTHBHOCT.

HnrepecHoro obaue ¢, ue SUSAN He € OCHOBaH Ha THPCEHETO HA TpagueHT. Taka
MeToza He ce 0asupa Ha MaTeMaTHJYecKa Omepanus, CBhp3aHa ¢ YHCIEHO AudepeHIHpaHe.
Ocnosnara uzies Ha SUSAN e, 9e BCEKH NUKCENT OT Ta3W OKPBKHOCT CE CPABHABA ChC
CTOMHOCTTAa Ha SPKOCITa Ha SAPOTO. AKO Te ca ONH3KM WIM DPaBHH, TO Ta3sH 06nacT ce
napuda USAN (univalue segment assimilating nucleus).

Merogsr SUSAN u3mosn3sa Macka ¢ opMara Ha OKPBKHOCT, € II€N pe3yirara Aa €
msorponen. Tosa e raBHoTO cBoiictBo Ha USAN, H3MOM3BaHO Aa ce HaMHpaT phOoBe M
BIIH. MOXKE JIa ce W3MOoN3Bar MOCTOSHHH Ternia i ['aycoBo pasnpenenenue. OOHKHOBEHO
pPamMyceT Ha OKPBKHOCITA € 3,4 IMKCela, IIPH KOETO IANOCTHATAa Macka e 37 muKcena.
Haii-mankara Bb3MOKHA Macka € ¢ pasmep 3x3 MHKcena U ce CIMTA 3a TPAZULIMOHHA.

3a cpaBHABAHETO Ha APKOCTHTE CE U3ITOJ3BA YPABHEHHETO:

_[«r)—w]“
(111.2) 0(7,170)=e ! , KBIETO 7 € MO3WIMATa Ha SOPOTO B

n300paXeHUETO, @ ¥ € IO3MIMATA Ha BCAKA [Pyra TOUKa B MackaTa, a { Wrpae poisTa Ha
Tpar, KOMTO onpezess MEHIMATHUST KOHTPACT, TIpH KOWTO JajieH prb Ime ce IeTeKTHpa.

Ha ¢ur. IIL8. e nokasan pesyararsT oT Meroma SUSAN, npunoxeH BBPXY
MOy ToHOBOTO u306paskeHue ot dmr. 111.2.

@wr. I11.8. Pesyararst ot Merofa SUSAN, npuinoxxed BbPXY ITOTyTOHOBOTO
msobpaxenue ot ¢ur. 111.2, makcumanen 6poit pr6ose — 30 000, npar Ha spkoctTa — 100

Makcumanauar 6poéi pr6oBe ¢ 30 000, xoeTo nelcTBa KaTO OrpaHHYMTENHA TOpHA
rpannna Ha Gpos oTkpuTH pBOOBe. IlparsT Ha sApkocrta ¢ 100. OTkpuTHTEe PBHOOBE Ca
M3LANO AEfCTBUTENHH, HENSHCTBUTENHH pe3yITaTH He ce HaOmonaBaT. ChINECTBYBa
BapuanT Ha MeTona SUSAN 1ia ce pHIIOXKH BEPXY BCEKH KaHANI Ha M300pa)KCHUETO U TPHTE
pe3ynraTa Grxa MOTIIM Ja Ce HACIOXKaT, 32 Ja € MOTydH eQUHEH Pe3yTaT.

[Mpunaradero Ha AOHNbBIHUTENEH GUITHP, KOHTO Ja Hamaiu myma OM pa3masan sSiCHO
ouepTaHKWTE TPaHHIM Ha HaGofaBaHUTE 0OEKTH, 3aII0TO TE €A MHOTO MAJIKH.



111.3.3. Cpasuenue no Kpumepuu, onpedersiyyu Kadecmeéomo HA Memooume 3a
omkpusane Ha pvboee nNpu OUCMAHYUOHHO U3CNe08aHe HA HbMHO-MPAHCHOPMHU
CIPDYKMYPU U CobOPBIHCEHUS

Mertomute 32 OTKpMBaHe Ha PBHOOBE ce H3MON3BAT B 3aBHCHMOCT OT KOHTEKCTa Ha
H3ceJBaHUAT O0EKT U NPOCTPAHCTBEHA Pa3/IeUTEIHATA CIIOCOOHOCT.

Yerupu ca OCHOBHMTE KpPUTSpHUHM IIPH OTKpHBaHe Ha peboBe [Can86]: merexiuuoHeH,
JIOKAIM3ALMOHEH, WHEHTHYHOCT, edekTUBHOCT, [[bpBHUTE Ba KPHTEpHs Ca OMNpPENCIALIM.
Enux 6bp3 anropHThM, IOKPHBAI ITBPBUTE JBA KPUTEPH Il OpJie MPENNoyeTeH npes 1o-
6aBHHA, KOHTO CHINO TH M3NBITHSIBA.

OrpanuyeHusTa Ha MeTozia Ha Canny 3a OTKpHBaHE Ha pbOOBE Cca CNEqHHUTE:

1. PesyntaThT € OMHapeH.

2. BposT Ha napaMeTpuTe BOXH IO ToNAM Opoi KoMOWHAIMH, BCAKA OT KOATO BOJM 1O
Pa3IH4eH pe3ynTaT.

3. PasmepyT Ha saporo Ha aycuaHa MOXe Ja ce OKaXKe ompeendlll 3a ONPeACITHETO
Ha MECTOTOIOKEHHETO Ha pEOOBeETE.

4. INukcenuTe, pa3NoNIOKEHH B BIIIHTE, KONTO HMAT IPEIIHA IIOCOKA, CIIPAMO [IOCOKUTE
Ha TEXHUTE ChCEAH BOAM JO OCTaBAHE HA OTBOPEHH PHOOBE H IUICBALIY CBBP3BAILH TOYKH
WM JTMHHH MeXay caMHuTe prooBe.

INocnenHoTo OrpaHMuYeHHe HE CHIUECTBYBa IPH METOAA 3a OTKpHBaHe Ha phOoBe
SUSAN. To# cBbp3pa ppboBere mo-modpe, a CBBP3BAIUNTE TOUKH HIHM JIMHHH MEXIY
caMuTe pBHOOBE MMaT cHrypHa Bpb3ka. MertomsT 3a oTkpuBaHe Ha prOoBe SUSAN e
HOAXONAMI, KOTaTo H300pa)KeHHATa Ca HACHTEHHM C MHOTO LIyM MM HPHTEXaBaT (uHa
CTPYKTYpa.

Hz600u: B npunoxenus merox Ha Canny BBpPXy OpPHIMHAIHOTO H300paXKeHHe ce
3a0ens3Ba NpeKaleHO MHOTO LIYM M HEXENaHH CMYIIEHHS, KOUTO Ipu oOpaboTkara chbe
merona SUSAN snuncear. Tosa e taka, 3amoro SUSAN wu3non3sa uuTErpaten MOAXoA 3a
topMupaHe Ha MPUOIHU3UTENHUTE CTOHHOCTH. [TaBHO MPEHMYILECTBO, OCHOBABAHO Ha TO3M
dakT e, 4ye Merona OTKpPHBAa JBYM3MEDHH XapaKTEPHCTHKM (BITM) Oe3 3aTpyqHEHHE.
IMpunmunst Ha SUSAN Moxe Oa ce pasmiexia Kato e(eKTHBEH HAUHH 33 HAMHpaHE Ha
XapaKTEPHCTHKUTE HAa IbTHATA HHPACTPYKTYpa, ¢ MOMOIITA Ha JTOKaIHa HHbOpMAIHs.

SUSAN orkpuBa pbboBeTe B M300pakeHHsITa TOYHO M Obp30o. C Hero Morar ga ce
OTKPHBAT KakTo pBOOBe, Taka M brik. ONpefensHET0 Ha MECTOMNOIOKEHHETO Ha
XapaKTEpHCTHKUTE Ha NMBTHAaTa MHGpPacTpyKTypa € HEe3aBHCHMO OT pa3Mepa Ha Mackara.
HuBoTO Ha OTHOLIEHMETO CHTHAN-IIyM € BUCOKO. CBbp3BaHETO Ha PHOOBE W JIMHUHE Ha
IBTHATE BB3NH € 100po. JIpyro NpeauMcTBO Ha TO3M LSUIOCTEH MOAXOL €, 4€ LIyMBT, HMa
TEHAEHIHMA KBM I10-CJ1a00 BIHSHME BBPXY TOYHOCTTA Ha Pe3yJITATHTE.

Camuar Meron 3a oTkpuBaHe Ha pnpOoBe SUSAN e KOpeHHO pa3iHyeH OT IPYTHUTE
METOAU 3a OTKPHBaHE Ha pBOOBE, 3alllOTO YBEIMYaBa HHBOTO Ha OTHONICHUETO CHTHAJ-
uryM. JIpyro ChIIECTBEHO NPEMMYILECTBO €, Y€ aIrOPHTbMA HE H3YKMCIABA U HE M3MON3BA
MPOM3BOJHUTE HA (YHKIHMATA, 2 H3MON3Ba caMaTa (YHKIMA Ha SPKOCTTA Ha BCEKH EIHH
nHKcen oT u3obpaxkennero. Tozn Merox paboru no 10 mbTH mo-6bp30 oT MeToaa Ha Canny.

I11.4. HaMupane Ha HeHTPaJHATA JIMHUA HAa LT Ype3 ANTOPHTBMBT 32 U3BJIHYAHE
Ha aHTHNapaJeHa oceBa Juuua (MAQOJI)

Ilpy  mocTaThYHO BHCOKAa  [POCTPAHCTBEHa  pa3feluTeNHa CHOCOOHOCT Ha
M300p2XKEHHETO, HAMMpPAHETO HA LECHTpalHa THHHA Ha NHTA € e(EeKTUBEH MeTon 3a
OTCTpaHABaHE Ha IPEIIKUTE H [OBHILABAHE HA HANEKIHOCTTA.

111.4.1. Memoovm “H3eauuane na anmunapanenna oceéa aunus '’ na Doucette

ITepBOHaUaNHOTO OTKPHBaHE HA TOYKUTE, KOWUTO Aa OBIAT CBBP3aHM H Aa (opmmupat
TIBTA MOXKE J1a C& OCBUIECTBU U M0 METOR npeniioxker oT Doucette u ap. [Dou04], Hapeuer
“H3BNudane Ha aHTUMapaNelHa 0CeBa TMHHUA .

3anganenute orpaHideHus Ha mupuHata B MAQOJL ca dakrop, koitTo He MO3BOABA HA
QITOPUTHMBT Jla C€ afanTHpa HAOBIHO M OTKPHBA ITHTHILA C LIMPHUHH, HAX Te3W HParoBU
croiiHocTH. HaMansBaHero Ha OrpaHMYEHHSATa HA MMPHUHATA BOAM OO MHO-ToisIM Opoi
HENPaBHJIHO OTKPHUTH LEHTPATHU TOYKH Ha BT (HEACHCTBUTENHH TO3HTHBH).

Kato usmo meromst Ha Doucette [Dou04] ce ocHoBaBa Ha rpagMeHTeH aHANH3.
MunuManHaTa ¥ MaKCHMAalHATa INHPHHA HA IBTS Ce M3MON3BA 332 OTPAHHYABaHE HA
OTKpHBAaHETO Ha HejeWcrsuTenHH Mapkepd. lllupuwHata Ha mBTS ce ompenens dYpes
H3YHC/IIBaHE Ha IEPIEHAMKYISPHOTO PAa3CTOSHHE MexJy napanenHutre pnboBe, kaTo 3a
LeJITa C€ W3MOI3BAT CTOMHOCTHTE 33 TPaJUCHTA.

CnenoBaTenHO HY)HUTE TApaMeTpH, KOUTo onucsBat Metoaa Ha MAOJI ca:

e Jlomyck — mOpencTaBisBa TOJEepaHCca, KOTaTo JHHHMTE ca ycnopeaHn (ordnra
MaKCHMAJIHUS BI'bJI HA OTKJIOHEHHE MEX Y TpPaAHEHTHH OpHEHTAIIHH);

¢ MuHMManHa IUHPHHA Ha OBTS — TOB2 € MHHHMMAIHOTO pa3CTOSHHETO MEXAY
YCHOpENHUTE TUHKH, 32 a CE& OTKpHE TMHHATA Ha IIBTH;

¢ MakcuManHa MIMPHHA HA OBTA — OrPaHMYaBA LIMPHHATA HA IBTA O OOpeleNieHa
CTOMHOCT.

Hzeo0u: NUAOIJI ce npuara BbPXY H3XOAHOTO U300paXEHUA OT METOAA 3a OTKPHBAHE
Ha pBOOBEe KaTO ro mojobpsBa, 3alOTO IO LIEHTPATH3HPA PE3YATara W ro rpymndpa B
orpaHnyeHa 00NacT U Taka MociaeaBamaTa oopaboTka 1 aHaNM3 ca yIeCHEHH.

I11.5. AJropuT™MHu 3a cerMenTanns

Cermenture ce JebvHHpAaT Karo XOMOTeHHH, TIpaHWYEIM KOMIOHEHTH B
n3o0paxkeHusaTa. CerMeHTalMATa € IIPoLeC HA Pa3feTHe Ha H300PaXEHUETO Ha CETMEHTH C
LeJ Ja Ce HAMEPAT pasiHYyHUTE OOEKTH, KOHTO Ja Ce pasrpaHuyaTr e€fHH OT JPYT M OT
OKOJIHaTa chena.

Tyk wme cpaBHHM YCTHPH, OCHOBAaHM Ha TeopuiATa Ha TIpadHTC alTOpHTMH 34
cerMeHTHpaHe Ha u3oOpaxenus. Te ca anropursMbeT Ha Beaulieu u Goldberg [Bea89] u
Tilton [Til03] 3a Hait-moOpo ciuBaHe, cerMeHTaLMs 3a CIUBaHe Ha AbpBera Ha Felzenszwalb
u Huttenlocher [Fel09], cermentanms ¢ mMuHuManeH cpeieH paspe3 Ha Wang u Siskind
{Wan01], u Hopmanmuzupas paspe3 #a Shi u Malik [Shi00].

1IL.5.1. Anzopummu 3a cezmenmayus, OCHO8ABAHY HA zpaghu

B anroputMute 3a 06paborka Ha H300paXKEHHS € YeCTO CpelaHo H300paXKEHHETO J1a ce
npencraeu xato rpad [Gon08]. I'papsr G(V,E) e anrebpuuna crpykrypa, cecrosia ce
OT MHOXECTBO OT BB3JIH

(11.3) V= {VI 2VaseinnV, } ¥ CBBp3BAIlM ' pebpa
(I11.4) E={e,e,,....e,}.

Ha Bcexn pwp0 mpHHammexar JBa Bb3ena KOUTO MOraT 1a NpPENCTAaBiiBAT NMOApPEAEHA
(opuenTHpaH rpad) win HenmofpeneHa (HeopueHTHpaH rpad) npoiika. CTemenTa Ha Bb3Ela €
paBHa Ha Gpos pp6OBE, KOWTO IO CBBP3BAT.
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@ur. I11.16. Cermenranus ¢ MUHHMAJIEH pa3Mep

Hz600u: Haii-noOpHAT W3BECTEH pesynraTt 3a mpobieMa ¢ MUHHMANHOTO INepheKTHO

ChBNAJICHHE € O(n2 log(n)+nm), KOETO Hak e HeynoOHO 3a pabora. M3momssaHusat

ATOPUTBM TYK € C BpEME 3a IpecMATaHe O(nmlog(n)). Moxe fga ce nokaxe, ue

ITOPHTMHUTE 32 MUHUMAJIEH CPEIEeH pa3pe3 U MUHHMAJIHO CPEHO ChOTHOLIEHHE Ha pa3pe3a
MOTaT Oa ce pelmaT B TOYHO NONMHOMHHANHO Bpeme. CerMeHTauusaTa ¢ MHHHMAIHO
CHOTHOILICHHE Ha pa3pe3 ce Ipriara ¢ NpubnkeHne, OCHOBAaHO Ha alropuThMa 3a GHHapHO
Thpcede. Cermentanusata Wang u Siskind nokassa nogoGHu TpyAHOCTH NPH M3YHCTEHAETO
KaTo cermenTanuATa Ha Shi u Malik.

H15.1.5. Exchepumenmantiu pe3yimamy ¢ ali20pummume Ha CeamMenmayus

bBsxa pasmienaHuM 4HeTHpU MeToJa 3a CerMeHTauus Ha Hu3o0paxenus. OcBeH ToBa,
HaCTOSALIOTO pa3smIeKAaHe IPEJCTaBs CPABHEHUE MEXIY pa3iIMIHI METOIM 3a CerMEHTalust
U OOfACHABAZ TAXHOTO NPUIIOKEHHE, BPEMEBA CIOMKHOCT, TEMAaTHYHA INPELW3HOCT U
BU3YyallHaTa 000CHOBAHOCT.

Hait-no6poro cnuBaHe U CAMBaHETO Ha IBpPBETa ce IpeAcTaBAT noOpe. Bpemero 3a
M3IIBIHEHHE Ha aJITOPUTHMA 33 CIIMBAHE Ha IBPBETA € 3HAYUTENHO no-Kpatko. Haii-nobporo
CIIMBAaHE pasrpaHHYaBa CETMEHTH CBbC CHJIHO TNOAOOEH pa3Mep Karo OTKIOHEHHETO OT
pa3Mepa Ha CETMEHTHTE € Hal-MalKo cpel YeTHpUTe anropurbma. CerMeHTHTE, TIONyYeHH
OT CIIMBAHETO Ha ABPBETA, IOKA3Ba MHOTO ITO-TOJAMA IPOMEHIMBOCT B Pa3Mepa.

ExcrieprMenTHTE NOKa3BaT, Y€ METOOH ,,0TrOpe-Hafony” (OCHOBaBaHHUTE Ha pa3pe3s)
JlaBaT Mo-JIoilla TEMATHYHA MPENU3HOCT OT METOIHUTE ,,0TRONy-Harope” (OCHOBaBAaHHUTE Ha
CIIHBaHe), 3aMI0TO C2 OCHOBAHHW Ha COOCTBEHH CTOMHOCTH. Pasznoobpasuero B pasmepure Ha
CETMEHTHTE € CPaBHHUTEIHO TOJIMO, HO HSIMa MHOTO Ha Opoi nogo0Hu Ha LIyM TOYKH WK
OT/ZIEJIHY IHKCEH (B CPAaBHEHUE ChC CIMBAHETO Ha ABPBETAa H CErMEHTALMATA ¢ MHHUMAJICH
CpeZieH paspes).

Ot uernpute OOCHLXKAAHU AITOPUTHMA, CETMEHTALMATA ¢ MHHHMA/EH CPEleH paspes
HMa Ha#-IbAroTo BpeMe Ha H3NBJIHEHHE, 32 KoeTo HMa ABe npuuvuu. [IvpBo, Hamupanero
Ha MHHHMAJIEH CPEJCH pa3pe3 B HEOPHEHTHPaH rpad H3M0/3Ba ATOPHTBMBT 32 IIPETErICHO
nep(hEKTHO CHBIIALEHME IIDH rOJEeMH rpadM, KOETO € M3YUCIMTENHO TEKKa OHepailys.
BropaTa npuunHa e, 4e pa3feMIHETO HA CETMEHTHTE € MHOTO HeGalaHCHpaHO, T.e. Camo
HAKOJIKO NHKCeJa (B MOBEYETO CIydaH caMo eIHH IHKCET) C€ OTAETAT OT TOJEMH CETMEHTH.
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OT uveTHpHUTE AIrOPHTHMA, TO3H 3a HAW-IOGPOTO CIHBaHE NaBa DPE3YNTATH, KOHMTO
BU3yaJHO ca Hai-GJaronpusTHH, Hai-pealMCTHYHM: TIPAaHHULMTE CA CETMEHTHTE Ce
HOJpaBHABAT N0 Hal-100pHs HauuH. Brpexn ToBa MeToza 3a Hail-1o6po clIMBaHe H3HMCKBA
3HAYUTENHO U3YHCIHTENHO BpeMe, KOETO IO IIPaBH HETOAEH 3a NPAKTHYHH LENH.
KommpoMyiceH BapHaHT € CerMeHTamusATa 3a CIMBAaHE HA [bpBETa, MOPAJH BHCOKOTO
CHOTHOLIEHHE Ha KoeduuMenTa Obp30AeicTBIE W MPENH3HA PEIYITaTH, KOETO IO MpaBH
ymoGen omepatnBeH Meron. Toii me Gbae M3MON3BaH 3a NOCAEABAINa KIAacHGMKALHA,
3aII0TO € TI0-YCTOHYHB Ha TPEIUKH.

H1.6. CBbp3aH KoOMNOHeHTeH GHIATHP

Unesta 3a cBBP3aHHTE KOMMOHEHTH HMABA OT Teopuara Ha rpadmure. CBbp3aHHTE
KOMITOHEHTH ce AeduHupaT xaro noarpad Ha HeHacodeH rpad, 3a KOHTO BCHUKM BB3IH Ca
cbp3ann ¢ pebpa. Ilpu wubpopure usoOpakeHHs TOBa O3HAYaBa HAOOp OT ITHKCEIM, B
PaMKHTe Ha KOMTO BCEKM ITMKCENT HMa MOHE €IWH ChCeX ChC ChIIaTa CTOMHOCT. TepMHHBT
“CBBP3aHH KOMIIOHEHTH OOMKHOBEHO C€ M3MOon3Ba 3a OHHapHM M306pa)keHHs, AOKATO MpU
TE3H B CHBaTa CKajla € I0-yHayHO fa Ce H3MON3Ba “CBbp3aHK 30HH”. CBBP3aHHTE 30HH
IpeICTaBIABAT 001aCTH, KBAETO MMa eIMH U ChIL HIOAHC Ha CHBOTO (WM OIpENEeH LBST,
aKO Ce U3IoN3Ba UBeTHO u3obpaxerue) [Lil08).

To3u GbunThp NpUTEkKABA HAKOH HENOCTATHIM. ToH He MOXe na OTCTpaHH IIyMa no
rpaHHIUTE Ha O0EKTHTE, 3 CBHLIO TAaKa H HE MOXE Ia CBBpPKE 0OEKTH, KOUTO Ca CBEP3aHH ¢
HSKOH IMKCEeIM Ha mymMa. ChIIecTBeH IpobaeM Ha CBBbP3aHuTe GHITPH € CBIIO M, Y€ TE HE
MoraT na o6pa6GoTBaT IPUIIOKPHBAILY ce B M300paxkeHHero obekTH. 3a Ja ce HpeMaxHar
TE3W HEJOCTATHIIHN CE H3TOM3BAT CBBP3aHN KOMIIOHEHTHN GuntpH oT Bropu pea [Will0].

CBBp3aHUAT KOMIIOHEHTESH QUITHP MOXE Ja Ce HPHIOXKH KaTo Jact oT 06paboTkaTa Ha
HHCKO, CPEHO HWIHM BHCOKO HHBO. KaTo CBBp3aH KOMIOHEHTEH ¢UATBD MOXe Ha ce
H3II0/I3BA TAKa HApEYeHOTO aTpHOYTHO oTBapsHe. To NeHCTBa N0 CIEAHHA HauHH: IPeCMATa
aTpuCyTa Ha BCAKa CBBP3aHA KOMIIOHEHTAa H 3aMa3Ba KOMIIOHEHTHTE, 3a KOUTO CTOHHOCTTa
HaJBHINABA HIKAKLB UHTEPBAT A .

Heka’ ja o3HauuM enHO OMHapHO u3o0paxenue B obmactta M ¢ MHOXECTBOTO

X © M . BunapuoTto cBBp3aHO OTBapsiHe [ x(X ) Ha X B Touka X €M cb3masa

CBBp3aHa KOMNOHeHTa Ha X , KOATO chaBpXa X ,ako X € X wmm 0 B ocraHaimure ciydan
[Wil00].
x,npux e X

x

MI.13 I (X)= .
( ) ( ) 0,6 ocmananume cnyvau

[o To3u Hauuu I , OTAcns CBbp3aHaTa KOMITIOHCHTA, KbM KOATO NPUHAMJICKH X H

HIHOpPHpA BCHUKH OCTAHAIH.
TpusuanHOTO OTBapsAHe [, M0 ONpPENENCH KPUTEPHH CE ONPENEIS OT:

C,axo C yooenemeopsasaT
(II1.14) Ir,(C)= .
0,6 ocmananume cnyuau
To u3MON3Ba yBENMHABALL Ce KPUTEpPHH [ , 32 [a NPHEME MM OTXBBPIM CBbP3aHH
koMmmoHenTH. Jlanen kputepuii T MoXe A2 ce O3HA4YM KaTo yBenWYaBall ce, ako e
M3MBAHEHO ycioBuero: korato C  ymosnereopsiea I, To u D ynmosnersopssa T 3a
seuukn Do C .
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ITpu o0paboTkata ¥ aHanM3a Ha HU(PPOBH H300PAKEHHA € KEMATETHO H3MON3BAHUTE
METO/IM Jla ca MHBAapHaHTHH. IloBeueTo OT GHATPUTE ca HHBAPHAHTHHU CIIPSIMO OTMECTBAaHE.
Mpu arpubyruBHMTE (GUITPH HHBAPHAHTHOCT KbM NAAEHO ACHCTBHE Ce€ MOCTHIra, aKo
CBBP3aHUTE KOMITOHEHTH €A ChIIO MHBADHAaHTHHU CIIPAMO AEHCTBHETO.

HampumMep, 3a aa ce NMOCTHTHE HHBAPUAHTHOCT CIIPAMO CKalMpaHe Ha H300paxeHHETo,

TpﬂGBa Jla CE€ U3NON3BaT MHBAPHAHTHH CIIPAMO TOBa anI/[6y’1‘Hl
b

(I1.15) kbaeto A e obnacrra Ha CBBD3aHATA_ KOMIOHEHTa C,al e

7 ’
MOMEHTA Ha HHEPLIHA.

Ilpu o6paGoTkaTa v aHanmza Ha UU(POBH M300PAKEHHS € XKEIATEIHO W3IMON3BAHHTE
METOIH Ja ca UHBapHAHTHH. IToBeYeTo OT QUITPUTE Ca MHBAPUAHTHH CIIPAMO OTMECTBAHE.
[lpu arpubyruBHHTEe (GUITPH HWHBAPUAHTHOCT KBM JMaJEeHO AEHCTBHE CE IIOCTHra, akKo
CBBP3aHUTE KOMIIOHEHTH €A ChIUO MHBAPHAHTHU CIIPAMO A€HCTBHETO.

IpoueckT Ha ceTMEHTauUMs TmpeMaxBa OONAcTH [MO-Malkd OT [JaJeHO HHBO.
Knacudukanusra Ha Mahalanobis ne 6opaBu ¢ reomerpuunu GopMH ¥ 0beJMHEHHETO Ha
noxo6HH 001acTH B €71HA N0-ronAMa He € oT ocoOeHa rousa.

H3600u: TopenocoyeHnTe pa3ChAECHHS BOAAT A0 U3BO/A, Y€ CBHP3AHNA KOMIOHEHTEH
¢unTep HAMa ocofeHa [MON3a, KOraTto ce Mpuiara ciel CerMeHTanus H Ipenu
KJacuukaus.

111.7. MeToan 3a k1acHpUKaUHA Ha H300paKeHHs

Knacudukanmsta € Mozmen, B YHATO OCHOBAa CTOH MaTeMaTH4eckata jormka. HeliraTa
Les e 1a OTKpUE CKPHTU WM SBHH XapaKTEPHCTHKU Ha 00eKTH B AafeH o0eM OT HaNWYHH
nanud [Jai00]. M3mnon3BadeTo Ha KiacMUKaTopuTe ce OCHOBaBa Ha (akra, 4e 4ypes TAX
JAHHHUTE MOTaT Ja OBAAT pasipeieleHH B Pa3MMUHH KIACOBe, CHOTBETCTBALM Ha OOLIM
xapakTepucTHkH. IIpH M3rpaxJaHeTo Ha CHCTEMaTa 3a AMCTAHIMOHHO HabmiogeHue Ha
fIETHO-TPAHCIIOPTHU CTPYKTYPH M CHOPBKEHUS CHUIO MI€ W3MON3BaMe MeToJa Ha
knacuukarmaTa. OTKpUTHTE XapaKTEPUCTUKU M 0COOEHOCTH B M300paXkeHHATa MOrar jaa
OBaaT pasiIMuHA BHAOBE PACTUTENHOCT, apTU(AKTH, NPHPOAHH 00EKTH 1 Ip.

Tyk me OBAaT pasrieqaHH TpH KiacupUKaTopa, ABa OT KOHTO C€ OCHOBaBar Ha
cnekTpasHa HHpOpMauWs, a TpeTHsi € KOMOMHanmMs OT CHOeKTpalHa M TeKCTypHa
nadopmamma. B cmydas m3oOpaxkeHHMeTO IMe MMa [Ba Kjaca CJe[ IHpHiaraHe Ha
wracuuramsra. IIbpBUAT € TO3W HA OOEKTHTE, OTrOBapsI(M Ha MBTHO-TPAHCHOPTHA
CIPYKTYpa H/HIIH CbOPHIKEHHE, @ BTOPHAT — BCHUKH OCTAHAITH OOEKTH.

II1.7.1. Knacugpuxayus no memooa na Mahalanobis

To3u kiaacudukarop paboTH ¢ BCEKH €IHH NMHUKCEN Ha U300paXKeHHETO M H3MO0N3Ba
pasctosHuero Ha Mahalanobis kato ¢yHKIMA 3a H3UHCICHHE Ha cTeneHTa Ha 00ocobsBaHe
MeXAy NHKCEeNa-KaHINAAT 32 KINacHpaHe B H30paHO KOOPIHHATHO MHOMKECTBO B LBETOBOTO
NPOCTPAHCTBO YepBeHOo-3eneH0-cuHbo (RGB). MetoasT Ha kiacuukauus Ha Mahalanobis
M3MepBa Pa3CTOSHHETO MEXIYy TouKa M pasnpenenenue [Leo0S5]. C u3nomsBaHeTo Ha
MeTpHKara Ha Mahalanobis ce npemaxBa wact oT orpaHHdeHusnTa Ha EBkinnoBata Merpuka.
Merpukara Ha Mahalanobis ycnsiBa ja oueprae, KakTo JMHEHHH, Taka ¥ KPHBONHHEHHH
KOHTYpH. EBKIHIOBaTa MeTpHKa HE OCBHUIECTBABA NOGpa KOpENaLMA MEXAy pPa3iHIHHTeS
JIMHEHHH XapaKTEPHCTHKH Ha o0eKTHTe, KOUTO Ce OTKPHUBAT B H300paxkeHHeTo. Merpukara
Ha Mahalanobis paspemaBa npoGreMure, KOraTo XapaKTepHCTHKHTE Ha HabiroJaBaHuUTe
00eKTH B M300PaXXEHHETO ca CHIIHO KOpelmupaHH. MamabupaHeTo Ha KOOPIAHHATHUTE OCH
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HpH MeTpukata Ha Mahalanobis craa upes aBTOMATHYHO H3YMCICHHE H Oe3 Hamecara Ha
yoBek-oneparop. Merpukara na Mahalanobis ce onpenens ot

2 _ T-lon
(111.16) ri=(x-m) C (x-m.),
KBJETO BeIVYUHATA F C¢ HapHua pascrosHue Ha Mahalanobis, C e kopapuauronHaTa

MaTpHiasa X, a

(.17 X = (X, %5 Xyaeenn Xy )
€ BEKTOp Ha AajcHa XapaKTepI/ICTI/IKa Ha 00EKT B I/I306pa)KCHPIeT0 H
(I1L.18) 1=ty g fy e M)

€ CpCAHO ApUTMETHYHHS BEKTOD.

Moxe na 6’52[8 MOKa3aHO MaTeMaTu4ecky, 4Y€ IOBBPXHOCTH BBPXY KOWUTO F ¢
Pa3CTOAHHUE ¢ MOCTOSHHA CTOMHOCT Ca €JIHUIICOMIM, KOUTO Ca LICHTPHPAHU OKOJO /I . HpPI

CIIEMAHK CITydaH, B KOUTO (YHKIMUTE ca HECBBP3aHH NMOMEXIY CH M BapHallHNTe UM BEB
BCHUKH TOCOKH Ca eIHAKBH, TE3H MOBBLPXHOCTH ca cepH, a pascTosHueTo Ha Mahalanobis
cTaBa eKBMBAJICHTHO Ha EBKmmoBOTO.

Tpute cros Ha U300paKEHHETO, CHOTBETCTBAIIM HA HEPBEHO, 3€I€HO M CHHBO CE
pasrnexaaT oraenHo. KopapHalMOHHATa MaTPHLA CE CTPOH KAaTO CUIMHTE C€ BbBEXKHAT OT
4OBEK-OMepaTop U o6pasyBaT AMArOHANHA Marpuua. KcruHckara marpuua TpaGsa na ce
TIOCTPOH, KAaTO Ce M3TON3BAT NpeKnacuduIupany ofpasim.

Meronst Ha Mahalanobis nputexasa cBOMTE IIPEUMYILECTBA, HO IICHATa 33 TAX €, 9€ €
TPYAHO I3 Ce ONpeAeTH KOBapHaHTHaTa Marpuua. MetonsT Ha Mahalanobis nsuckea
H3YACIMTENHO BpEME KBaAPAaTHYHO NPOMOPUMOHATHO Ha OPOs XapaKTEepHUCTHKH, KOUTO Ce
nabmonasar B M3obpaxennero. ToBa OrpaHHYeHHe € OT 3HAYEHUE, KOrato 6pos KiIacoBe
HapactHe. To3u (aKT € ChIECTBEH, 3aII0TO B CITyJai, KOraTo € HeoOXOIHMA Pa3nuyMMOCT
MexIy pasHooGpasHu o6ekTH, pascToanueTo Ha Mahalanobis Gn ce NpeBbpHANO B CIOXEH
W3YHCITHTENEH MpoGIieM.

Ha ¢ur. 1117 e npencraBen pesynTata OT MerpHkara Ha Mahalanobis BBpxy
CErMEHTHPAHOTO M300paXKeHMe C MeTONa Ha CIMBaHe Ha nppsera Ha Felzenszwalb n
Huttenlocher or ¢ur. I1.14. Cpearo apuTMeTHYHATa CTOXHOCT M 3a TPHUTE LBATA — CHH,
qepBeH W 3€leH € paBHa Ha 50. CTaHAapTHOTO OTKJIOHEHHE CBUIO € €AHAKBO 33 HBETOBETE K
e 50.

b

@ur. I11.17. Knacuduxarms 0o Merona Ha Mahalanobis
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H3600u: MeTonbT Ha CHbBMECTABAHE ¢ IOJIE3€H MHCTPYMEHT, HO HE BUHATH HYXEH B
CHCTEMa 33 JUCTAHIHOHHO HaOMONEHHE HA MBTHO-TPAHCIIOPTHY ChOPBXKEHHUA U CTPYKTYPH.
MertoasT 3a chBMecTABaHE [aBa NMONOOHH pe3yATaTH Ha Te3H, MONYYeHH OT METOAA 3a
knacudunupane Ha Mahalanobis, koeTo npasu MeTON3 33 CHBMECTABAHE HEHYXKHA YACT OT

CHCTCMATa 3a [UCTAaHLHMOHHO H3CIACABAHC HA [BTHO-TPAHCIIOPTHH CTPYKTYPH U

CBhOPBIKECHHUA.
b

I11.9. MaTemaTu4ecka MopoJiorus

-
Mop(bonormea OCBEH TEOPHA CC ABABA U TEXHHUKA 3a aHAJIN3. OcHoBHUTE orepauuHy Ha

MaTeMaTH4ecKaTa MOpQONOrHsA ca: eposus, IUIATalls, OTBapsSHC M 3aTBApAHE M
ckemeronnsaumd. Cnea mpumaraHe Ha TOCIHENOBATENHOCT OT MOP(OIOTHYHH OIEpaIluH,
u306paKeHHETO, MOMYYEHO 10 METOAA 3a KiacuduKanus Ha Mahalanobis ot ¢ur. 1I1.17 e
noa06peHo AOCTaThYHO, 33 a C€ M3II0/I3BA 33 MO-HATaThIIHA 00paboTKa U aHaNU3, KaKTo €
nokasauo Ha ¢ur. 111.25.

@ur. JIL25. Pesynrar oT NOCIEZ0BATEHE MOPDOIOrMMHH ONIEPALIUH, H3BBPIICHH
BBPXY H300paXXEHHETO, TIOMYYEHO 110 METOo/Ia 3a Kacutukarms Ha Mahalanobis or ¢ur.
.17

H3600u: MopdonoruyHuTe OIEPATOPH, KOWTO BKIIOYBAT OOCIMHEHME, CEYCHHE U
IOOMbIHEHUE, Ca HaM-TIOAXOAAIIH 3a CEJNEKTUBHO M3BIHYAHE WM MOATHCKAHE Ha
ONpefeneH: CTPYKTYpH B m3obpaxkenmara. M30opsT ce ocHOBaBa Ha opmara, pasMepa H
OPHEHTHPAHETO Ha CTPYKTYPHTE, KOUTO ce HabllFo1aBaT B H300paXkeHUATA.

IIpunaranero Ba MOpP(HOTOrHYIHH OIEpaLMH BEPXY KIACHOHLUMPAHOTO U306paKeHHE HE
MOXeE J1a ce u30erne, 3aMmoTo T¢ I'o NOKoOpABAT 3HAYHTENHO H Ca HeO6XO0AUMa IPOUEAYPa B
pasriexjaHara CuCTeMa 3a JUCTAHLMOHHO HabII0EHHE HA ITBTHO-TPAHCIOPTHH CTPYKTypH
¥ ChOPBKEHHS.

HL10. Camoopraunsupaiia ce Mpexa

Camoopranusmpamara ce MpeXa € THNI H3KYCTBEHa HEBPOHHA MpeEka, KOSTO €
NOJIrOTBEHA Jia H311013Ba 00y4eHHUe 6e3 yuuTen, ¢ uel Aa Aajie Pe3yTaT, KOUTO € eqHO- WIH
nvymepen [KohOl]. Haji-gecTo cpeliasnTe NpHIOXKEHHs Ha CaMOOPTaHM3MPANIATA CE
Mp&Ka ca ¢ Nen OBYyMepHM H3XOOHM jaHHu. JIpyra OCHOBH4 XapakTepHCTHKa Ha
PC3YATATHTE €, Y€ TE ca AMCKPETH3HPaHO MNpPEeACTaBsHE Ha BXOTHHTE. Pe3ynTaThT OT
CAMOOpraHM3MpallaTa Cce Mpeka Ce HapHya KapTa M HMa DPa3sMEpHOCT Ha BEKTOpHA
seimunHa. CaMOOpraHM3HpamaTa ce Mpexa Ce pasiIudaBa OT APYrHTe HEBPOHHH MpEXH,
S01I0TO TIO3BONABA Jla Ce 3ama3d TONOJIOTHYHHTE XapaKTEPHCTHKH HA BXOIHHTE NAHHU.
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ToBa npasu METOABT TMOAXOAANl 3a 00pabOTKa Ha BXOAHHM AAHHH C BHCOKAa PasMEpHOCT,
KOWTO JIa ObaT BU3yaNU3UPaHH KaTo €HO- WM ABYMEPHH.

3a pewasaHero Ha KOHKpETHa 3ajlaya, CBBP3aHA C IMPOEKTHPAHETO HA NBTHINA ce
npeajara MOAXON, KOWTO MO3BOJSABA Ch3JABAHETO Ha TrolsM OpOH TeopeTHYHH Tpacera
[MBa06]. [Ipencrasenn ca OCHOBHHTE €TAIIM 3a Ch3/aBaHE HAa TEOPETUYHO TPAce Ha MIBTALLA,
usnonspaiiku Delaunay Tpuanrymauus. ToBa ¢ mIMPOKO M3MON3BAH METOH, KOWTO MMa
NpEeaNUMCTBO Y€ Ch3/aJIeHATE [0 TO3H METOA TPUBI'BIHULM €A HAl-PABHOBLI'HIHM. 32 TAX €
XapaKTEPHO, 9€ B OIICAHATA OKOJIO KOMTO M [a € TAX OKPBKHOCT HE TIONajat APYrH TOYKH
OCBeH Te3H, hopMupaLy TPHBIbIHKEKA. ChINECTBYBALIMTE AITOPHTMHU 34 PEMICHUE HA Ta3H
3aJaua Ca UTEPATUBHH AJITOPUTMH, pa3leflll alrOpHTMU H JHPEKTHO MOCTPOCHHE Ha
Delaunay Tpuasrynauusta. [IpenmoxeHusT alTOPHTHM JABA HANEKIHH PE3YITATH.

CaMoOpraHm3aUMATa, MPEACTaBeHa TYK CE ChCTOH OT TPH CTHIIKH: KNacu(puKauud upe3
k-cpemHo KTbcTepHpaHe (k-means), OCHEABAHO OT TpHaHTyJanus Ha Delaunay n Hakpas
CerMeHTalys, OCHOBaHa HA MHHHMATHOTO OKPHBAIIO ABPBO.

11.10.1. Knacudurxayus upes k-cpeono knvcmepupare

MeronsT Ha k-cpenHoTo kirbcrepupane (k-means clustering) Leny pasnpeacnsHeTo Ha
1 Ha Gpoit 06eKTH B Kk Kfaca HapeveHy KTbCTEPH 110 TaKbb HAa4YHH, e ofAoGHuTE 06eKTH
Ja TIONAIHAT B €IHH M ChIIHM Kiac. K-cpenHoTo KnbeTepHpaHe ce u3sppliBa 6e3 obyucHue,

KOETO € 3HAYMTENHO NPEHMYILECTBO B CIIy4auTe, KOTaTo He pasnoJaraMe ¢ J0CTaTbIHO Ha
Opoili knacupuuupany o0ekTH. MeToabT M3NO0I3Ba MUHHUMHU3ALMA HA PA3TOAHHETO MEKAY

OGEeKTHTE B m -MEPHO TNpocTpaHCTBO. BposT xmbcrepu k TpsaGBa fa € H3BECTEH U €
€IMHCTBEHHAT CBOOOEH IIAPAMEThP.
3agauara 3a K-CPENHOTO KIIbCTEPHPAHE MOXKE Aa ce JepHHHpA IO CIETHHAT HAuYMH.

Heka X = {x],...,xn} € KpaHHO MHMKECTBO OT 00EKTH BCEKH INPENCTABEH 4pe3 BEKTOP
v.eR", a C={cl,...,ck} e pasnensnue Ha X B k HecBsp3aHu XrbcTepa. CTaBaapTHara

KOJHMYECTBEHA MAPKA 32 TOBA PA3ACIAHE € (I)OpMyJ'alaHa 4pe3 CPEAHOTO OTKIIOHCHHUE!

: 1
(IIL.19) D(C)==Y>d(v,,v.), xwaero d(v,v,) e wmipka 3a
n € Xec
OTKNOHeHHeTo 1 Besiko ¢ € C e mpencTaBeHo cbe ueHtpoua B v, € R™ u
1
(111.20) v, = —va .TIpu k <n uenra e ga ce namepu pazgensue C 8 k
n(c) =

KITBCTEpH, KOETO fa MuHuMu3upa D (C ) .

B cranzapTHHs CH BapHaHT, MAPKATa 32 OTKIOHEHHETO CE ONPEALIIs KaTo:

2
v, —V, " , Kpmeto (v, —V, " obo3nauaBa EBKIHIOBO

(1.21) d(vx,vc)=%|

PasTOSHHE, HO MOJKE Jia Ce H3MON3Ba M MeTpHkara Ha Mahalanobis. B Tosu ciyuvaii k-
CPENHOTO KIBCTEPHPAHE AaBa €IMHNTHYHY KITbCTEPH.

OcBeH, 4Ye € KOMIIIOTBPHO HMHTEH3MBEH, K-CPeIHOTO KIBCTEpHpaHe CTpaja H oT
OUCBUIHUAT HEOCTATHK, 4 Opos KscTepd K Tpala na e ussecreH. Hsxon sapuanTu Ha
TO3H METOJ TpeiaraT cilel MhPBOHAYATHOTO MHHHMH3HMPaHe Opos KIBCTEPH Aa Ce
MPOMEHH M OTHOBO JIa C&€ MUHUMU3Kpa C TN [a Ce MPOBEPH Jallh HOBOTO PELICHUE HE € 110~
no6po. Taka ce mocrura WrTepaTHBEH Mpolec, KOoHTo nogoOpsasa pesynrata. Mena
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[(Men05A] npenmnara k-cpeHOTO KITBCTEPHPAHE a Ce U3MOJI3BA 33 CTaOMIM3MPAHETO Ha
pesynratute npu Delaunay TpuaHrynmaumsra npu TBPCEHE Ha TOIOJOTHSTA Ha NHTHA
Mpesxka. Doucette u np. [Dou01] cbiuo Taka npuiara To3u MeTOL,.

PasMurara formka cpmo Taka Moxe na Obae NPHIOXKEHa KbM k-cpemHOTO
KrbcTepupane. To3u sBapHaHT Ha METOJa CE HapHYa ITOHAKOra c-Kiberepupane [Bez86].

Hzeoou: Kato msano moxe Ja ce mpueMe 4e Kk-CpesHOTO KIrbCcrepupaHe Hamupa
TPWJIOKEHHE TIPH METOIUTE Ha AMCTAHIBOHHOTO H3CIElBaHE Ha ITbTHO-TPAHCIOPTHHTE
CTPYKTYPH M ChOPBKEHHA KaTO EMH CBIIECTBEH, HO UTEPATHBEH, €TAIL.

111.10.2. Delaunay mpuanzynayus

Delaunay tpuanrymanusara [Del34] 3a MHOXECTBO OT TOYKH B PaBHMHATA € TaKaBa
TPHAHTYJIalUA, MPH KOATO HHMTO €OHA OT TOYKHTE € BHTPEIIHA 33 OIMCAaHUTE OKOIO
TPUBIBIHUIMTE OKPBKHOCTH. Llenra Ha TasM TPHAHTYNalUs € A2 C& MaKCHMMH3Hpa Haii-
MANKHAT Brbl H2 BCEKH OT TPHBI'BIHALATE HA TPHAHTy IALUSTA.

Tpuanrymauusara ma Delaunay e Meton 3a paspensHe Ha JaHHHM OT HEDaBHOMEPHO
PaMpPBLCHATH TOYKH, 33 [a C€ NO3BOJIM IUIABHA, JOKAJSHA HHTEPHOTAIMA MEXIY TAX.
H3nonssa ce METOABT HA €CTECTBEHATA HHTEPIONALYA MEXXY ChCEIH, KaTo CTOMHOCTTA Ha
JajcHa MPOUW3BOJHA TOYKA Ce OMpPEAeNst OT TPUTE Hal-Onu3ku [0 Hed W OTHOCHTEIHOTO
pascrosnve no Beska. Tpuanrymanuara Ha Delaunay moxe ma 6bme HaMepeHa xarto ce
H3M0JI3BA METOABLT Ha MPa3HHUTE KPBIOBE, CIIOPE KOHTO BCEKH KPBI, IPEMHHABAILL [(Pe3 TPH
€CTECTBEHO ChCEAHH TOYKH HE TpsbBa Ja cbOBPXKA IPYTH TOYKH OT HBPBOHAYATHO
3aganenure. Topa Cb3faBa €IUBCTBEHa TPHAHTYAAIMA 3a BCAKO MHOXECTBO OT TOYKH
[Hial4].

B nBymepHOTO NpOCTPaHCTBO ChINECIBYBA TpHaHTynamuss Ha Delaunay 3a Bcako
MHOKECTBO OT TOYKH. T4 € eIMHCTBEHa BHHArH, KOraTo B MHOXECTBOTO HE MOTAT Ja CE
HaMepAT YETHPH TOYKM, JIEKAllM Ha €IHA OKPBKHOCT. 3apajgd TOBa, Y€ MMHHUMH3MpA
MAajIKHUTe B, TPHaHrylanwaTa Ha Delaunay € reoMeTpudHO IpaBHiIHA.

Hzeo0u: Karo usano Delaunay Tpuawrymanmsara ¥ eKBHBaJeHTHaTa My Voronoi
AuarpaMa ca MOIIHY METOIH 32 Pa3/IeNsiHe Ha NOBbPXHOCT. OCHOBHOTO My MPEUMYIIECTBO
open OpYrd METOAM 34 TPHAHTYNAaHs €, Y€ OCHIYpPABAa BB3MPOH3BOIUMH PE3YITATH.
EdexTHBHM anTOPUTMH C€ MPHIATAT 33 TO3M METOH, KOETO ro IpaBu yRoOeH 32 pemaBaHe
Ha NPAKTHYECKH 3a124H, 32 TUCTAHIIOHHH HabIoIeAna Ha NBTHO-TPAHCIIOPTHH CTPYKTYPH
H ChOpBXKeHHs. Jlmarpamata Ha Voronoi € HHTEpIUCUMILIMHADEH IOAXOMA, KOHTO ce
mupunara B MHOTO OOGNacTH 3a pa3;ensHe Ha NPOCTPAHCTBOTO MW NPOCTPAHCTBEHO
MOJIE/THPaHe.

111.10.3. Pasmuma apzanusayus na npodeazosamu obracmu (FOrgER) anzopumvm

PasmuToTO MOAENMpaHE € YECTO HM3ION3BAHO MPH CETMEHTHpaHe, KATO NpeMaxBa
OTPaHUYEHHATA, HAJIOXKEHH OT craHnapTHHTe Merond. Meroasr FOrgER npeacrasnssa
TErJI0BEH Ipad 3a CBBP3BAHC HA BBH3IM B MPOIPECUBHO YrOJEMABAIIN CE KPUBOIMHENHH
mpexu [Dou02]. Tosn anropuTbM OTKpHBa BPB3KMTE MEXIY NOXOGHETO HAa BBIAH K
OPHEHTAllHOHHATA METPHKa C NMOMOINTa Ha pasmuTH GyHkiwmd. FOrgER amropurs™mer
KOMOMHHPA CaMOOPTaHH3aIMA C Pa3MHTA JIOTHKA.

BxoanuTe faHHM Ha TO3H aNropUTHM Ca LIEHTPOBETE, IONYYEHH OT TPHAHTY/IALHATA HA
Delaunay u knacudumupaHoro wsobpaxenue mo merona Ha Mahalanobis. 1lenta nHa
TIPUIOKEHATA METOMOIHIHA € Ja Ce KOHCTPYHPA TONONOTHYHO TIPABHIIHA MpeXa.
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KoHeTpyKIHATa Ha TOIIONOIUATA BKIIOYBA TPH HMBA, BCAKO OT KOETO €€ OMPERENs ChC
csouTe mnpaBuna. Haii-BMCOKOTO HMBO CBBP3Ba BEPOATHOCTHHM pasNpefeleHHs, 34 Jia
OCHTYpH GIIH30CT Ha TOUKUTE OT PE3YNTAHTHATA MPEKa.

H3zeo0u: Vanonspanero Ha FOrgER anropursM Iokasa HeAOCTATHUMTE HA METO/A W 'O
HATIPaBH HEMPUIOXUM, BBIPEKH MPEHMYIECTBATa, KOMTO NpHTexaBa. OCHOBEH HErom
HEMOCTATBK €, Y€ TOH He MO3BOABA [Ja C€ WIYHCIH Brbjla MEXAY ChCEAHHMTE BL3JINW
eqHO3HaYHO. To3H (HaKT ro M3KI0UBA OT Bb3MOXKHUTE allTOPHTMH, KOHUTO CE H3NON3BAT NPH
M3rpaXkiaHe Ha CHCTeMAaTa 3a [VCTAHLUHOHHO HaOMIOACHHE HA ITBTHO-TPAHCIIOPTHH
CTPYKTYDH M CBOPBIKEHH.

111.10.4. Cezmenmayus, noxpusauwa munumaney 6poti ovpeema

B agropurMuTe, M3IOI3BALIM ABPBETa HAMA IPOCTH HUKIH. CBBKYIHOCT OT BhpXOno
MOke J1a ObJie CBBp3aHa B pa3mHyHu AbpBera. Ha Bcekd ppb Ha ABPBO MOXKE Aa ce Npenuine
tersno. Cymara Ha TerjaTa Ha BCHYKH pr0OOBe AeQMHEpaA TEITI0TO Ha LAIOTO AbpBO. Mmaitiu
HpeABMA TOBA, MUHUMAIHO TOKPHBAIIO IBPBO Ce Ae(HHHPA KAaTO TaKoBa AbPBO, KOETO
CBBP3Ba BCHYKH HAJIMYHH BBPXOBE M KOETO MMa TEIIO HeE MO-TOAMO OT KOE Aa € JApYro
BB3MOXHO JbPBO, CBHP3BAIN0 HAIMYHOTO MHOXECTBO OT Bbpxose [Hlal4].

ITepBUAT ANMTOPUTEM 32 HAMHpAHE HA MHHAMANHO IOKPUBALIO ZLPBO € NPEMIOKEH OT
yewkuat marematix Otakar Boruvka npes 1926 romuna ¢ men ga ce MOCTUrHE ek TuBHO
enektpuduumpare Ha MopaBus. B Hamle BpeMe ce H3NOM3BAT IO-eDEKTHBHU aNrOPHTMH
kaTo To3u Ha Kruskal [Kru56].

H3600u: KaTo Beexu epeKTHBEH METOJ 33 CETMEHTALNS, TO3H AJIFOPHTEM € €BPHCTHUECH
W CHEJIOBATENHO HAMMPA CaMo JIOKaneH MUHHMYM. AJTOpuThMBT Ha Kruskal e eaun or
aqrOPMTMUTE, KOUTO C€ H3ION3BAT IPH U3IPaKIaHe HAa CHCIEMAa 32 JMCTaHUMOHHO
BalOMIOJeHHE Ha TIBTHO-TPAHCIIOPTHH CTPYKTYPH H CBOPBKEHHUS,

111.10.5. Jeycmpannu drunmpu
IlBycTpanuuTe (QUITPH C€a HeJIHHEHHH GunTpu, BbBeleHH oT Tomasi u ap. [Tom98].
Hpesta e fa ce npuiane nO-MAJKO TEIIO HA HKCEH, KOMTO Ca CHUICCTBEHO PA3THIHM IO
MHTEH3UTET OT LEHTpaleH nuKcel [lo CBOATA CBIMHOCT TOBA Ca KOHBOMIOTHBHM (PHITpH,
KAaTo Haii-4ecTo ce u3romsea I"aycoBo sapo.

JBycTpanHuTe GUITPH Ce M3MON3BAT 33 OMNIAXKIAHE HAa H300PaXEHHA M HAMANABaHE HA
TEKCTypaTa WX Mpd ThpceHe Ha pbOoBe, ¢ Men 3ama3sBaHe HA TIEOMETPHYHMTE
XapaKTepucTHKH. TexeH OCHOBEH HEAOCTATBK €, 4e MOraT Ja [aBaT B pE3YNTaT IUIOCKH
n306paxeHus, NOOJOOHM Ha CKMUM, W [I0pH Aa no0aBAT HechuiecTByBaiu pwubose. Kato
UAAO MONYYEHUTE PEIYNTATH ca NOGPH, HO YYBCTBHTENHOCTTZ Ha JBYCTpaHHMTE (GHITpH
KbM BXOIHHTE TIAPAMETPH W3UCKBA 3HAUUTEIHO TECTBAHE,

H3e00u: W3non3saHeTo Ha JBYCTpAaHHHMTE GMATPH ¢ Uel H3MIAXKIaHE Ha
m300paXkeHVeTo, HO 3ama3BaiKy OTKPUBAHETO Ha NCHCTBMTENHH IPaHHLM HE JOBEAE A0
HOJIOXKHUTEIIEH PE3YJITAT, 3AII0TO KPalHUA Pe3yinTaT ce OKa3a M3ITbIHEH C HEChLIIECTBYBALIK
pbOOBe, UHETO NMpeMaxBaHe Ce OKa3a CI0KHA U 6e3cMHCeHa 3a1a4a.

I1.10.6. Excnepumenmanru pesyrmamu

OCHOBHO MPEIMMCTBO HA CAMOOPTaHM3ALMATA €, Y€ CTOM 3HAYHTENHO N0-01M3K0 A0
GHOIOrUYECKUS MPOTOTHII-MO3bKA, OTKONKOTO APYruTe MojenH. IIpn cdopMupanero Ha
ABYMEpHATA KapTa Ce MOATHCKAT HECHUIECTBEHNTE INpPH3HAIM H OCODEHOCTH, a TIo-
CBLIIECTBEHUTE XapaKTEePHCTHKM HA BXOJHUTE CHUTHATM C€ KOAHpaT [OCPEACTBOM
HPOCTPAHCTBEHHUTE PA3CTOAHUA BPXY HEBPOHHATA PELIETKA.
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