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kompiuteruli xedvis warmodgenili saxelmZRvanelo Sei-

qmna saqarTvelos teqnikuri universitetis informatikisa 

da marTvis sistemebis fakultetis xelovnuri inteleq-

tis departamentis studentebisTvis wakiTxuli leqciebis 

safuZvelze. masSi ganxilulia organzomilebiani gamosa-

xulebebis cifruli damuSavebisa da analizis ZiriTadi 

sakiTxebi.  

saxelmZRvanelo gankuTvnilia bakalavriatisa da ma-

gistraturis studentebisTvis, is aseve saintereso iqneba 

kompiuteruli xedvis sakiTxebiT dainteresebul mkiTxve-

lTa farTo wrisaTvis. 
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vuZRvni mSoblebis 

 naTel xsovnas 

 
avtorisagan 

  
kompiuteruli xedvis warmodgenil saxelmZRvaneloSi 

ganxilulia 2D cifruli gamosaxulebebis damuSavebisa 

da analizisTvis saWiro aucilebeli Teoriuli sakiTxe-

bi da maTi praqtikaSi gamoyenebis konkretuli magaliTe-

bi. kompiuterul xedvas farTo gamoyeneba aqvs biologi-

aSi, dedamiwis zondirebis amocanebSi, manqanur xedvaSi, 

samedicino diagnostikaSi, sasoflo-sameurneo amocaneb-

Si, kartografiasa da, sazogadod, scenaTa analizis amo-

canebSi. 

warmodgenili saxelmZRvanelo am dargis pirveli 

qarTulenovani gamocemis mcdelobaa. mas safuZvlad dae-

do informatikisa da marTvis sistemebis fakultetis xe-

lovnuri inteleqtis departamentis studentebisTvis wa-

kiTxuli leqciebis kursi.  

miuxedavad didi mcdelobisa saxelmZRvanelo ver 

iqneba dazRveuli xarvezebisagan. avtori siamovnebiT mii-

Rebs yvela saqmian SeniSvnas, romelic xels Seuwyobs 

wignis daxvewas da gaiTvaliswinebs Semdegi gamocemisT-

vis. 

saxelmZRvanelo gankuTvnilia informatikisa da mar-

Tvis sistemebis fakultetis bakalavriatisa da magistra-

turis studentebisTvis, aseve am dargSi momuSave specia-

listebisTvis. 
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I Tavi. Sesavali 

 

1.1. kompiuteruli xedvis sagnis 

arsi da mizani 

 

Tvali grZnobis organoebs Soris yvelaze ufro infor-

maciul organos warmoadgens. is gvawvdis yvelaze didi 

moculobis informacias garesamyaros Sesaxeb da Se-

saZleblobas gvaZlevs davamyaroT urTierToba Cvens 

irgvliv arsebul sagnebTan uSualo fizikuri kontaqtis 

gareSe. misi saSualebiT xdeba obieqtebis adgilmdebare-

obis da urTierTganlagebis gansazRvra sivrceSi.  

amasTan erTad Tvali grZnobaTa organoebs Soris 

yvelaze ufro rTuli organoa da mis Sesaxeb arsebuli 

codna, ZiriTadad, exeba mxedvelobiTi informaciis damu-

Savebis im etapebs, romlebic uSualodaa dakavSirebuli 

sensorebidan miRebul monacemebTan. jerjerobiT waruma-

tebeli aRmoCnda mcdeloba Seqmniliyo iseTi manqanebi, 

romlebsac SeeZleboda “danaxva”. ukve SemuSavebuli 

mxedvelobiTi sistemebidan gansakuTrebiT warmatebuli 

aRmoCnda is sistemebi, romelic gamoiyeneba samrewvelo 

sferoSi, magaliTad, konveieridan detalebis asaRebad 

gankuTvnili robotis xelis samarTi sistemebi. 

gamoTvliTi manqanebis aparaturuli da programuli 

uzrunvelyofis ganviTareba emsaxureba praqtikaSi maTi 

mravalmxrivi da efeqturi gamoyenebis mizans. es ki Tavis 

mxriv xels uwyobs xelovnuri inteleqtis im dargis gan-

viTarebas, romelsac manqanuri aRqma ewodeba. kerZod, 

yvelaze didi yuradReba eqceva im amocanebs, romlebSic 

monacemebi warmodgenilia gamosaxulebebis saxiT.  
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sazogadod, gamosaxulebis saxiT warmodgenili mo-

nacemebis damuSaveba iyofa or mimarTulebad: kompiute-

ruli grafika da kompiuteruli xedva. isini warmoadgens 

kompiuteruli mecnierebis (informatikis) mniSvnelovan 

sferoebs.  

kompiuteruli grafikis amocana is aris, rom araga-

momsaxvelobiT saxeSi (ricxviTi monacemebi) warmodgeni-

li sawyisi monacemebidan moaxdinos gamosaxulebis aR-

warmoeba (miReba). es niSnavs, rom aseTi sistemis Sesasvl-

els warmoadgens ricxviTi monacemebi, xolo gamosasvl-

els ki _ gamosaxuleba. ricxviTi monacemebis vizualur 

saxed warmodgenis martivi magaliTebia: 1) funqciaTa da 

eqsperimentul monacemTa safuZvelze agebuli grafikebi; 

2) momxmareblis mier miTiTebul wertilebs Soris 

ekranze gavlebuli wirebi; 3) dRes ukve Zalian popu-

laruli manqanuri TamaSebi. manqanuri grafikis mimarTu-

lebas miekuTvneba agreTve manqanuri ferwera da mult-

filmebis manqanuri sinTezi.  

kompiuteruli xedvis mizania realuri samyaros 

scenebis da obieqtebis Sesaxeb sasargeblo daskvnebis 

formireba gadamwodebidan miRebuli gamosaxulebebis 

analizis safuZvelze. es gulisxmobs TviT obieqtebis 

garkveuli saxiT aRweras. Sesabamisad kompiuteruli xed-

vis sagans warmoadgens scenis aRweris formireba misi 

gamosaxulebis safuZvelze.  

kompiuteruli xedva moicavs Semdeg sam didmniSvne-

lovan amocanas: 

 

 gamosaxulebaTa damuSaveba; 

 saxeTa klasifikacia anu amocnoba; 
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 scenaTa analizi. 

gamosaxulebaTa damuSavebis sistema SeiZleba warmo-

vadginoT Semdegi sqemis saxiT (sur. 1.1).  

 

 
sur. 1.1 

 

sistemis gamosasvlelze axali gamosaxuleba miiRe-

ba Sesasvleli gamosaxulebis xmaurisagan gawmendis, kon-

trastirebis, sazRvrebis gamokveTis Sedegad. aseTi damu-

Savebis Sedegi unda iyos is, rom miRebuli gamosaxuleba 

gardaiqmnas analizisTvis ufro moxerxebul saxeSi, anu 

ufro advilad interpretirebadi gaxdes. konkretulad 

es gulisxmobs Semdegi amocanebis gadawyvetas: gamosaxu-

lebis gaumjobeseba, rac gulisxmobs geometriuli dama-

xinjebebis koreqcias, vizualuri xarisxis gaumjobeseb-

as, gamosaxulebis gaumjobesebas da aRdgenas, efeqtur 

kodirebas. magaliTad, suraTebi, romlebic dayovnebis 

Sedegadaa miRebuli, aseve gadarecxili suraTebi SeiZle-

ba gaumjobesdes kontrastis gazrdis meTodebis gamoyene-

biT. gamosaxuleba, romelzedac gvaqvs sikaSkaSeebis di-

di diapazoni, SeiZleba dayvanil iqnes gamosaxulebaze, 

sadac sikaSkaSeebis mxolod ori donea (Savi da TeTri). 

aseTi gardaqmnis Sedegad gamosaxulebaze miRebuli obi-

eqtebis siluetebidan SeiZleba miviRoT obieqtTa forme-

bi (obieqtebis momvlebi konturebi). aseve SeiZleba miviR-

oT sul axali gamosaxuleba sxva gamosaxulebaTa krebu-
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lidan, anu movaxdinoT gamosaxulebaTa sinTezi, vTqvaT,  

rogorc es tomografiaSia, sadac adamianis sxeulis ga-

nivi kveTebis 2𝐷 gamosaxulebebis  sinTezis Sedegad xde-

ba sxeulis sruli 3𝐷 suraTis miReba. zemoaRniSnuli 

amocanebi miekuTvneba gamosaxulebis damuSavebis dabal 

dones. 

gamosaxulebis damuSavebis saSualo doneze  sistem-

is Sesasvlels isev gamosaxuleba warmoadgens, magram ga-

mosasvleli ukve ara gamosaxuleba, aramed gamosaxulebi-

dan gamoyofili sxvadasxva atributebia. esenia: obieqteb-

is kideebi, konturebi da calkeuli obieqtebis individu-

alobebi – Taviseburebebi.    

saxeTa klasifikaciis anu amocnobis ZiriTad amoca-

nas warmoadgens saxis “mikuTvneba” romelime winaswar 

cnobili klasisaTvis. garkveuli azriT is manqanuri gra-

fikis Sebrunebul amocanas warmoadgens. amocnobis pro-

ceduris ganxorcielebis Sedegad gamosaxuleba gardaiqm-

neba raRac abstraqtuli saxiT warmodgenil aRweraSi: 

ricxvebis krebulSi, simboloebis jaWvSi, an grafSi. as-

eT dros gamosaxulebaze arsebuli obieqtebi aRiwereba 

maTi maxasiaTebeli niSan-Tvisebebis gazomvis Sedegad 

miRebuli ricxvebis erTobliobebis (simaRle, sigrZe, wo-

na, farTobi, perimetri, feri da a.S.) saxiT. marTalia, 

klasifikatoris Sesasvlels gamosaxuleba ar warmoadg-

ens, magram saxeTa klasifikaciis meTodebi farTod ga-

moiyeneba mxedvelobiT sistemebSi gamosaxulebaTa anali-

zisas (sur. 1.2).  

gamosaxulebaTa amocnobis gamoyenebis martiv magal-

iTs warmoadgens fostaSi konvertebis daxarisxebis pro-

cesi. am dros specialuri mowyobiloba swavlobs kon-
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vertze dawerili safosto indeqsis Semadgenel cifrebs 

da axdens maT identifikacias.  

 

 
sur. 1.2 

 

scenaTa analizis amocanaSi gamosaxulebis winas-

wari damuSavebis Sedegad miRebuli martivi, dabali don-

is simboluri aRweridan (kontureli suraTebi) xdeba ga-

dasvla ufro rTuli, maRali donis aRwerisaken (obieq-

tebi, maTi formebi, obieqtebis urTierTganlageba sivrce-

Si, orientacia) (sur. 1.3).  

zemoaRniSnul saxeTa klasifikaciis (anu amocnobis) 

da scenaTa analizis amocanebi, romelTa mizania gark-

veuli daskvnebis gakeTeba amocnobili obieqtebis Sesa-

xeb, dawyebuli gamosaxulebis analizidan da damTavre-

buli xedvasTan dakavSirebuli SemecnebiTi procesebiT, 

miekuTvneba damuSavebis maRal dones.  

 

 
sur. 1.3 

 

sailustraciod ganvixiloT konturul saxeSi war-

modgenili suraTis interpretaciis amocana (sur. 1.4). 
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suraTze warmodgenil gamosaxulebaze erTmaneTze moTav-

sebuli ramdenime mravalwaxnagas aRwera mocemulia wrf-

is monakveTebis simravlis saxiT (eskizuri aRwera). manam, 

sanam gadavalT ufro rTuli aRwerisaken, saWiroa am 

monakveTebiT SemosazRvruli im areebis gansazRvra, 

romlebic erTsa da imave obieqts miekuTvneba. garda 

amisa, saWiroa agreTve ganisazRvros obieqtebis urTi-

erTganlageba. aseTi informaciis codna mogvcems Sesa-

Zleblobas gadavideT gamosaxulebis martivi aRweridan 

(wrfis monakveTebis, wrewiris rkalebis done) ufro 

rTuli aRwerisaken (obieqtebis calkeuli areebis (nawi-

lebis) done). 

 

 
sur. 1.4 

 

sxva sityvebiT rom vTqvaT, gamosaxulebis winaswari 

damuSavebis etapze xdeba eskizis (gamosaxulebis kontu-

ruli suraTis) formireba, ris Sedegadac miiReba gamosa-

xulebis detaluri, magram mouwesrigebeli aRwera. Semd-

eg am aRweridan xdeba ufro ekonomiuri, struqturirebu-

li aRweris formireba, rac ukve garkveuli gadawyveti-

lebis miRebis SesaZleblobas iZleva. pirvel etaps ewo-
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deba gamosaxulebis analizi, xolo Semdgom damuSavebas 

ki scenis analizi. amgvarad, gamosaxulebis analizi iw-

yeba gamosaxulebidan, xolo scenis analizi ki _ eskizi-

dan. scenis analizis amocanis mizania gamosaxulebis sim-

boluri aRweris miReba. 

kompiuteruli xedvis is mniSvnelovani sakvanZo sa-

kiTxebi, romlebic am sagnis ZiriTad Sinaars warmoad-

gens, mocemulia blok-sqemis saxiT 1.5 suraTze. 

 

 
sur. 1.5 

 

ganvixiloT es sakiTxebi mokled, raTa gaverkveT 

imaSi, Tu ra konkretuli amocanebis gadawyvetas isaxaven 

isini miznad. 

kompiuteruli xedvis or mTavar sakiTxs warmoad-

gens: moZraobis TvalTvali (motion tracking) da gamosaxule-

bis analizi (image analysis).  
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moZraobis TvalTvalis saSualebiT xdeba moZravi 

obieqtebis aRmoCena dinamikur scenebze. es sakiTxi kompi-

uterul xedvaSi sakvanZo etapia, radgan is warmoadgens 

gamosaxulebis warmatebuli winaswari damuSavebis da 

segmentaciis etapebis Sedegs. is Zlier zegavlenas axd-

ens gamosaxulebis Semdgomi analizisa da amocnobis amo-

canaze. cifruli gamosaxulebebis damuSavebis iseT amo-

canaSi, rogoricaa satransporto scenis analizi, cxadia,  

SeuZlebelia raime satransporto monacemebis aRmoCena 

manam, sanam gamosaxulebaze TviT transporti ar iqneba 

aRmoCenili. 

gamosaxulebis analizi ikvlevs im monacemebs, rom-

lebic kompiuteruli xedvis amocanebis gadasawyvetad wa-

rmodgenili arian gamosaxulebis saxiT. es sakiTxi moic-

avs or qveTemas: a) niSan-TvisebaTa gamoyofa (feature extrac-

tion) da b) saxeTa klasifikacia (pattern classification). obieqt-

is kideebis aRmoCena da konturebis gamoyofa warmoad-

gens niSan-TvisebaTa gamoyofis or etaps, xolo obieqte-

bis amocnoba da obieqtebis Sepirispireba ki – saxeTa 

klasifikaciis.  

kidis aRmoCena (edge detection) gamoyofs da lokalize-

bas ukeTebs gamosaxulebis im wertilebs (piqselebs), ro-

melTa midamoSi (mezoblobaSi) adgili aqvs sikaSkaSis 

mkveTr cvlilebas. amasTan, ufro maRali donis proced-

urebis Sesruleba, rogoricaa obieqtis konturebis gamo-

yofa da amocnoba, mniSvnelovanwiladaa ganpirobebuli 

gamoyofili kideebis sizustiTa da dasrulebulobiT. 

obieqtis konturi TavisTavSi moicavs obieqtis formisT-

vis damaxasiaTebel saWiro informacias. mocemul 2𝐷 ga-

mosaxulebaze arsebuli obieqtis konturis gamoyofa wa-
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rmoadgens im midgomis mniSvnelovan nabijs, romelic 

efuZneba niSan-Tvisebaze damyarebuli obieqtebis amocno-

bas.  

gausis Teoria (Gaussian theory) gamoiyeneba gamosaxu-

lebaze arsebuli obieqtebis kideebis aRmosaCenad da uz-

runvelyofs ara marto maT karg aRmoCenas, aramed aseve 

zust lokalizaciasac. gamosaxulebaze gausis Teoriis 

gamoyenebis safuZvels warmoadgens gamosaxulebis signa-

lis mravalSkaliani (multi-scale) warmodgena. damtkicebul 

iqna, rom gausis birTvi aris erTaderTi birTvi, romels-

ac SeuZlia mravalSkalian gamosaxulebaze daamuSaos 

bevrი specifiuri maxasiaTebeli. 

miuxedavad imisa, rom kompiuteruli grafika da kom-

piuteruli xedva erTmaneTis sapirispiro amocanebs wyve-

ten, maT Soris mainc arsebobs kavSiri – TanakveTa. maga-

liTad, maTi saerTo interesis amocanas warmoadgens kom-

piuterSi gamosaxulebebis warmodgenis xasiaTi (monacem-

Ta struqturebi, Senaxva da Zieba, da a.S.). urTierTkavSi-

ri kompiuterul grafikas, gamosaxulebis damuSavebasa 

da saxeTa amocnobas Soris sqematurad naCvenebia 1.6 su-

raTze.  

kompiuteruli xedva gamoiyeneba adamianis moRvaweo-

bis mraval sferoSi, rogoricaa dokumentebis damuSaveba, 

distanciuri zondirebis sistemebi, radiologia, mik-

roskopia, robotebis samrewvelo marTva da kontroli. 

kompiuteruli xedvis bevr amocanaSi informaciis 

swrafi damuSaveba warmoadgens erT-erT mTavar moTxovn-

as. tipiuri xedvis sistemebi warmoadgens sistemebs, rom-

lebic realur droSi funqcionirebs da, Sesabamisad, ga-

mosaxulebis an gamosaxulebebis mimdevrobis (kadrebis 
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mimdevrobis) damuSaveba unda xdebodes Zalian mcire 

droSi. aqedan gamomdinare, kompiuteruli xedvis siste-

mebSi kompiuterebis swrafqmedebas da mexsierebis mocu-

lobas eniWeba Zalian didi mniSvneloba.  

 

 
sur. 1.6 

 

warmodgenil saxelmZRvaneloSi ganxiluli iqneba 

kompiuteruli xedvis rogorc fundamenturi, aseve gamo-

yenebiTi sakiTxebi, maT Soris Semdegi umniSvnelovanesi 

Temebi: 

scenis aRqma – ganixileba gadamwodebis saSualebiT rea-

luri scenebis gamosaxulebebis miRebis xerxebi; gamosa-

xulebaze realuri obieqtebis Tvisebebis warmodgenis sa-

Sualebebi, magaliTad, masalis, formis, ganaTebulobis 

da sivrciTi mimarTebebis. 

informaciis kodireba – gamosaxulebis saSualebiT dgin-

deba is informacia, rac samganzomilebiani samyaros ga-

gebis SesaZleblobas iZleva. kerZod, informacia obieqte-
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bis identifikaciisaTvis, maTi geometriuli da teqsturu-

li Tvisebebisa da moZraobis Sesaxeb. 

warmodgena – ganisazRvreba Tu rogori saxiT SeiZleba 

warmodgenil iqnes kompiuteruli xedvis sistemaSi obieq-

tebis, maTi nawilebis, Tvisebebisa da urTierTobebis aR-

wera.  

algoriTmebi – ganixileba gamosaxulebis damuSavebis ar-

sebuli meTodebi da realuri obieqtebisa da scenebis 

aRweris xerxebi. 

 

1.2. cifruli gamosaxulebis struqtura 

 

cifruli gamosaxulebebi SeiZleba warmodgenil iq-

nes sxvadasxva saxiT, magaliTad, naxatis, teqsturi gver-

dis, adamianis pirisaxis, katalogSi warmodgenili gasa-

yidi saqonlis saxiT. maTi gamoyenebis sfero Zalian far-

Toa, kerZod medicinaSi, biologiaSi, detalebis damzade-

bisas, dedamiwis zedapiris zondirebisas da a.S.  

cifruli gamosaxuleba Sedgeba striqonebisa da 

svetebis fiqsirebuli raodenobisagan. TiToeuli am st-

riqonisa da svetis gadakveTaSi moTavsebulia gamosaxu-

lebis elementi – e.w. piqseli (pixel). es sityva warmoadg-

ens ori sityvis _ “gamosaxulebis elementi” (picture ele-

ment), Semoklebis Sedegs. piqseli SeiZleba warmovidgin-

oT rogorc wertili cifrul gamosaxulebaze, romel-

Sic sikaSkaSe Rebulobs sxvadasxva diskretul mniSvne-

lobebs. xSirad es aris mniSvnelobebi 0-dan 255-is 

CaTvliT. kodirebis sqemidan gamomdinare 0 SeiZleba See-

sabamebodes sikaSkaSis yvelaze mcire mniSvnelobas 
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(Savs), xolo 255 – yvelaze did mniSvnelobas (TeTrs), an 

piriqiT. 

ferad gamosaxulebebSi yovel piqselSi gvaqvs sami 

ricxvi: erTi wiTeli, erTi cisferi da erTi mwvane fe-

risTvis. yvelaze ufro xSirad cifruli gamosaxulebis 

asaxva xdeba monitorze, romelic SeiZleba warmovidgin-

oT rogorc mexsierebis mqone satelevizio ekrani. fera-

di gamosaxulebis SemTxvevaSi piqselis gamonaTebisaTvis 

saWiroa energiis gadacema ekranis sxvadasxva lumines-

cenciuri masalisgan damzadebuli sami mezobeli ubnis-

aTvis. 

gamosaxulebaTa cifruli damuSavebisa da analizis 

sferoSi, sazogadod, sxvadasxva parametrebisTvis miRebu-

lia garkveuli aRniSvnebi. es aRniSvnebi Seesabameba ro-

gorc video monacemebTan dakavSirebul standartebs, ase-

ve algoriTmebs da a.S. zogierTi aseTi parametrisTvis 

praqtikaSi gamoyenebuli mniSvnelobebi mocemulia 1.1 

cxrilSi.  

 

cx. 1.1 

 
 

praqtikaSi sakmaod xSirad saqme gvaqvs 𝑁 = 𝑀 = 2𝐾, 

(𝐾 = 8,9,10) ganzomilebis cifrul gamosaxulebebTan. rac 

Seexeba gansxvavebuli naxevartonebis raodenobas gamosa-
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xulebaze, is ganisazRvreba 2-is xarisxiT, 𝑄 = 2𝐵 , sadac 

𝐵 aris bitebis raodenoba sikaSkaSis doneebis orobiTi 

warmodgenisas. roca 𝐵 > 1, Cven gvaqvs naxevartonuri 

gamosaxuleba, xolo roca 𝐵 = 1 _ binaruli anu Sav-

TeTri gamosaxuleba. 

 

1.3. cifruli gamosaxulebebis 

gamoyenebis magaliTebi 

 

cifruli gamosaxulebebis gamoyenebis sfero Zalian 

farToa. kompiuterebis mexsierebis gazrdam da telekomu-

nikaciuri arxebis gamtarunarianobis zrdam SesaZlebeli 

gaxada gamosaxulebebis monacemTa bazebis SemuSaveba. di-

di raodenobis gamosaxulebebTan efeqturi urTierTobis-

Tvis saWiroa iseTi moxerxebuli saSualebebis SemuSave-

ba, romlebic maT momxmareblisTvis advilad misawvdoms 

gaxdis. monacemTa bazebTan urTierTobis ukve arsebuli 

Cveulebrivi teqnologiebi SeiZleba gamoyenebul iqnes 

iseT gamosaxulebebTan wvdomisTvis, romelTac aqvT 

teqsturi Wdeebi. aseve mniSvnelovania monacemTa bazebSi 

gamosaxulebebis moZieba maTi Sinaarsidan gamomdinare. 

magaliTad, muzeumis monacemTa bazaSi Senaxuli suraTe-

bidan iseTi suraTebis SerCeva, romlebsac ferebis erT-

nairi palitra aqvs, an iseTi peizaJebis SerCeva, romleb-

zedac adamiani ar aris gamosaxuli. aseve arqiteqtors 

SeuZlia mis mier miTiTebuli gamosaxuleba-nimuSis mi-

xedviT monacemTa bazaSi moiZios yvela is Senoba, ro-

melsac misTvis saintereso Senobis msgavsi fasadi aqvs.  

gamosaxulebebis sainspeqcio kontroli SeiZleba ga-

moyenebul iqnes maTze arsebuli detalebis vargisianob-
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is dasadgenad. magaliTad, Tu detalze gakeTebulia sa-

WanWike xvrelebi, maSin aseTi detalis gamosaxulebaze 

SesaZlebelia maTi raodenobis daTvla da amiT detalis 

Semdgomi gamoyenebis SesaZleblobis dadgena; samedicino 

gamosaxulebebis, magaliTad, (a) Tavis tvinis, (b) Sinagani 

organoebis, (g) Tvalis analizi SesaZleblobas iZleva 

aRmoCenil iqnes sisxlZarRvebis dazianebebi, sxvadasxva 

anomaliebi, simsivneebi (sur. 1.7).  

   
                a                          b  

        

 
                       g 

sur. 1.7 

 

informaciul sistemebSi gavrcelebul amocanas 

warmoadgens nabeWd teqstebSi arsebuli informaciis 
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gardaqmna cifrul saxeSi. magaliTad, internetis saSua-

lebiT saWiroa raime Zveli wignis povna, an romelime de-

talis naxazis gardaqmna failSi, sadac Cawerili iqneba 

monacemebi am detalis geometriis Sesaxeb, romelic Tav-

is mxriv SemdgomSi gamoyenebuli iqneba am detalis da-

samzadeblad programul Carxze. 

xelovnuri Tanamgzavrebis saSualebiT regularu-

lad xdeba dedamiwis zedapiris didi nawilis skanireba 

da Semdeg misi gadmocema dedamiwaze cifruli gamosaxu-

lebis saxiT (sur. 1.8).  

am gamosaxulebebis Semdgomi damuSaveba bevr sasar-

geblo informacias iZleva. magaliTad, mdinaris wyalgam-

yofze arsebuli Tovlis raodenoba SeiZleba iyos Zali-

an mniSvnelovani kaSxlebSi wylis raodenobis reguli-

rebisTvis, wyalmomaragebisTvis, garemos dacvisTvis da 

a.S.  

 

   
sur. 1.8 

 

mraval sawarmoo procesSi arsebobs etapebi, rom-

lebic iTxovs calkeuli detalebis gadaadgilebas kon-

veierze. am dros saWiro xdeba detalebis moTavseba sxva-
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dasxva meqanizmebSi, maTi kontroli da a.S. aseTi opera-

ciebi Zalian Sromatevadia an saxifaToa sicocxlisaTv-

is. amitom, mizanSewonilia xedvis sistemis mqone roboti-

zebuli kompleqsis gamoyeneba. robotis xedvis sistema 

axdens detalebis amocnobas, arkvevs Tu romeli detale-

bi Cans konkretulad da rogor arian isini orientirebu-

li da ganlagebuli muSa sivrceSi. yoveli detalis 

amocnobis procesSi gamoiyeneba proeqtirebis avtomati-

zebul sistemaSi formirebuli samganzomilebiani mode-

li. robotis xedvis sistema axdens Sesasvleli gamosaxu-

lebis Sedarebas im kompiuterul gamosaxulebebTan, rom-

lebic generirebulia modelebis monacemebisa da sivrce-

Si obieqtis mdebareobis monacemebis safuZvelze. aseTi 

Sedarebis Sedegad miRebuli cudi damTxvevebi ignorir-

deba. amis Semdeg airCeva saukeTeso damTxveva. detalis 

amocnobis Semdeg robotis marTvis sistema gadascems ma-

nipulators informacias imis Sesaxeb, Tu rogor unda 

Caavlos xeli detals da sad moaTavsos igi. 

 

1.4. operaciebi gamosaxulebebze 

 
operaciebi, romlebic gamoiyeneba gamosaxulebaTa damu-

SavebisaTvis sxvadasxvaa imisda mixedviT, Tu damuSavebis 

romel etapze vimyofebiT, ra tipis Sedegi gvsurs mi-

viRiT, gamoTvlebis ra resursebia saWiro mocemuli ope-

raciis Sesasruleblad da sxv. kerZod, zogierTi ope-

racia gamoiyeneba gamosaxulebis xarisxis gasaumjobeseb-

lad adamianis mier maTi kargi vizualuri aRqmis mizniT, 

sxvebi ki im informaciis misaRebad, romelic saWiroa ga-

mosaxulebis avtomaturi damuSavebisaTvis; zogierTi ope-
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raciis gamoyenebiT kompiuteruli xedvis sistemis ga-

mosasvlelze miiReba axali gamosaxulebebi, xolo sxva 

operaciebi ki gamosasvleli monacemebis saxiT iZleva 

aRwerebs aragrafikul saxeSi da sxv.  

cifruli gamosaxulebis mimarT gamoyenebuli ope-

raciebi gamosaxulebis erTi saxidan  meoreSi gardasaqm-

nelad an raRac sxva saxiT warmosadgenad SeiZleba daiy-

os sam kategoriad: 

 

a) operaciebi gamosaxulebis elementze – piqselze; 

b) operaciebi mocemuli piqselis midamoze – lokaluri 

operaciebi; 

g) operaciebi mTel gamosaxulebaze – globaluri opera-

ciebi.     

 

ganvixiloT operaciaTa TiToeuli am kategoriis mier 

Sesrulebuli gardaqmnis arsi 𝑁 × 𝑁 ganzomilebis cif-

ruli gamosaxulebis da mocemuli piqselis P𝑃 × 𝑃 ganzo-

milebis midamos (mezoblobis) SemTxvevaSi: 

 

a) operaciebi gamosaxulebis elementze – piqselze: 

gamosasvleli sididis mniSvneloba gansazRvrul koor-

dinatSi damokidebulia mxolod Sesasvleli sididis 

imave koordinatSi mniSvnelobaze (sur. 1.9). 

 

 
sur. 1.9  

 

b) operaciebi mocemuli piqselis midamoze – lokaluri 

operaciebi: 
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gamosasvleli sididis mniSvneloba gansazRvrul koor-

dinatSi damokidebulia piqselis midamoSi Semavali Se-

sasvleli 𝑃2 raodenobis sidideebis mniSvnelobebze ima-

ve koordinatSi (sur. 1.10). 

 

 
sur. 1.10  

 

g) operaciebi mTel gamosaxulebaze – globaluri 

operaciebi: 

gamosasvleli sididis mniSvneloba gansazRvrul koor-

dinatSi damokidebulia Sesasvleli gamosaxulebis yvela 

elementis _ 𝑁2 raodenobis piqselebis mniSvnelobaze 

(sur. 1.11). 

 

 
sur. 1.11 

 

ganvixiloT zogierTi operaciis gamoyenebis magaliTebi. 

 

1.4.1. piqselebis modifikacia mcire midamoebSi  

 

piqselebSi sikaSkaSis mniSvnelobebi SeiZleba Seicvalos 

maT mezoblad ganlagebul uaxloes piqselebTan urTi-

erTkavSiris gaTvaliswinebiT, magaliTad, mezobeli st-

riqonebis an svetebis piqselebiT. xSirad binarul gamo-

saxulebaze gamoiyofa mcire areebi, sadac gvxvdeba 0-ebi-

sa da 1-ebis izolirebuli mniSvnelobebi. aseT SemTxveva-

Si areSi arsebul mezoblebTan Tanxvedris mizniT axde-
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nen maT Secvlas sawinaaRmdego mniSvnelobiT. aseTi ope-

raciis mizani SeiZleba iyos uwyveti gamosaxulebis disk-

retizaciis dros warmoSobili xmaurisgan gamosaxuleb-

is gawmenda an gamosaxulebis gamartiveba, magaliTad, 

masze arsebuli araarsebiTi wvril-wvrili areebis igno-

rirebis mizniT; an nabeWdi furclis gamosaxulebaze ar-

sebuli defeqtebis mosacileblad. piqselebis mniSvnelo-

bebis modifikaciis kidev erT magaliTs warmoadgens ope-

racia, romlis saSualebiTac xdeba obieqtis sasazRvro 

piqselebis mniSvnelobebis Secvla fonuri piqselebis 

mniSvnelobebiT. marTalia, aseTi operaciis Sedegad TviT 

obieqtis zomebi mcirdeba, magram samagierod misi sazRv-

rebi ufro mkafio da cxadi xdeba. 

 

1.4.2. gamosaxulebis xarisxis gaumjobeseba  

 

zogierTi operacia mTel gamosaxulebaze erTi da igive 

damuSavebas axorcielebs. SesaZloa, rom gamosaxuleba 

iyos Zalian muq tonSi, magaliTad, maqsimaluri sikaSkaS-

is mniSvneloba toli iyos 100-is. aqedan gamomdinare, ga-

mosaxulebis ekranze gamotanis dros misi  vizualuri 

xarisxis gaumjobesebis mizniT SesaZlebelia sikaSkaSis 

yvela mniSvneloba gavzardoT orjer. aseve mTeli gamo-

saxulebis xmaurisagan gasawmendad an araarsebiTi deta-

lebis mosaSoreblad yoveli piqselSi sikaSkaSis mniSv-

neloba SeiZleba SevcvaloT mis 33  fanjaraSi arsebul 

9 piqselSi sikaSkaSis mniSvnelobebis saSualo mniSv-

nelobiT. meore mxriv, gamosaxulebaze SesaZlebelia gan-

xorcieldes obieqtebis sazRvrebis kontrastis gazrda, 
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Tu yoveli piqselis mniSvnelobas SevcvliT massa da mis 

mezoblebs Soris kontrastis mniSvnelobiT. 

  

1.4.3. ramdenime gamosaxulebis kombinacia  

 

gamosaxulebis formireba SesaZlebelia ori sawyisi ga-

mosaxulebis SekrebiT an gamoklebiT. gamosaxulebaTa ga-

moklebas iyeneben, roca ainteresebT cvlilebis aRmoCena 

drois raime intervalis ganmavlobaSi. magaliTad, gamo-

saxulebaTa gamoklebiT SesaZlebelia moZravi obieqtis 

sazRvris SenarCuneba, Tumca ara idealuri saxiT. amave 

dros, imis gamo, rom  piqselebisTvis uaryofiTi mniSvne-

lobebi ar gamoiyeneba, gamosasvlel gamosaxulebaSi 

yvela cvlileba ar iqneba warmodgenili. aseve axali ga-

mosaxulebis formireba SesaZlebelia raime gamosaxule-

baze sxva gamosaxulebis  “damatebiT”, ris Sedegadac pir-

velisgan gansxvavebuli kombinacia miiReba. 

 

1.5. gamosaxulebis simboluri (aragrafikuli) 

aRweris formireba 

 

rogorc zemoT aRvniSneT,  kompiuteruli xedvis amocan-

is saboloo mizans warmoadgens scenis gamosaxulebis 

simboluri (aragrafikuli) aRwera, anu monacemTa iseTi 

struqturis miReba, romelic gamosaxulebas ar warmoad-

gens. Sesabamisad arsebobs gamosaxulebis analizis ope-

raciebi (e.w. maRali donis operaciebi), romlebiTac am 

amocanis gadawyveta xdeba. gamosaxulebis aragrafikuli 

aRweris magaliTs warmoadgens baqteriebis gamosaxuleb-

is analizis Sedegad miRebuli monacemebi sxvadasxva tip-
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is baqteriaTa raodenobis, maTi farTobebis, simZimis cen-

trebis mdebareobis Sesaxeb; qalaqis or sxvadasxva naw-

ils Soris satransporto nakadis moculobis gansazRvra 

videomonacemebze Catarebuli gamoTvlebis safuZvelze; 

Jurnalidan aRebuli teqstis skanirebis Sedegad miRe-

buli grafikuli gamosaxulebidan (garkveuli operacie-

bis Catarebis Sedegad) monacemTa iseTi struqturis mi-

Reba, romelic Seicavs amocnobili teqstis calkeul na-

wilebs da suraTebs teqstidan.  
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II Tavi. gamosaxulebis formireba da 

warmodgena 
 

2.1. mxedvelobis fsiqofizikuri Tvisebebi 

 

gamosaxulebis formirebis sistemis gamosasvlelze Cveu-

lebrivad vRebulobT fotosuraTs an ekranis gamosa-

xulebas, romelic Semdeg ukve aRiqmeba Cven mier. aqedan 

gamomdinare, aseTi sistemebis efeqturi SemuSavebisTvis 

Zalze mniSvnelovania adamianis mxedvelobis sistemis me-

qanizmebis codna.  

sinaTle warmoadgens sxivur energias, romelic 

moqmedebs mxedvelobis organoebze da saSualebas aZlevs 

maT ganaxorcielon mxedvelobiTi funqciebi. cnobilia, 

rom adamianisaTvis xiluli sinaTle warmoadgens eleqt-

romagnituri gamosxivebis formas, romelsac uWiravs 

speqtris viwro zoli talRis sigrZiT )780350(  nano-

metri(nm) (sur. 2.1).  

 

 
sur. 2.1 
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warmodgenil grafikze naCvenebia adamianis mxedvelobis 

sistemis speqtraluri mgrZnobiarobis damokidebuleba 

dacemuli sinaTlis talRis sigrZisgan. sinaTlis wyaros 

mier gamosxivebuli sinaTle xasiaTdeba gamosxivebis 

intensivobiT. adamianis Tvals is xvdeba an uSualod, an 

romelime obieqtidan arekvlis Semdeg. sinaTlis 

gamosxivebis wyaro xasiaTdeba speqtraluri simkvriviT, 

romelic ganimarteba rogorc energiis gamosxivebis 

siCqare talRis sigrZis erTeulovan intervalSi. 

gamosaxulebis formirebis sistemebSi gamoyenebulia 

sxvadasxva tipis sinaTlis wyaroebis gamosxiveba; kerZod, 

mzis, volframis lampis varvarebis, sinaTlis gamomsxive-

beli diodis, helium-neonis lazeris da a.S. amaTgan Ti-

Toeuls Sesabamisi gamosxivebis speqtraluri simkvrive-

ebi gaaCnia. TiToeuli am wyarodan wamosul gamosxivebas 

gansxvavebuli Seferiloba da sxvadasxva siZlieris si-

kaSkaSe aqvs da Sesabamisad sxvadasxvanairad aRiqmeba 

damkvirveblis mier. arsebobs sinaTlis SegrZnebis sami 

ZiriTadi maxasiaTebeli: ganaTebuloba (illumination), feris 

toni (hue) da gajerebuloba (saturation). Tu magaliTad 

gvaqvs erTnairi speqtraluri simkvrivis mqone ori gamos-

xivebis wyaro, maSin meti intensivobis mqone wyarodan wa-

mosuli sinaTlis sxivi adamianis mier aRiqmeba rogorc 

ufro kaSkaSa. meore mxriv, arsebobs magaliTebi, roca 

sagani, romlis yvela wertili erTnairi intensivobiT as-

xivebs, ar aRiqmeba rogorc Tanabrad ganaTebuli. aqedan 

gamomdinare, sinaTlis intensivoba ar SeiZleba aRebul 

iqnes ganaTebulobis raodenobriv maxasiaTeblad.  

niSans, riTac erTi feri meorisgan gansxvavdeba, fe-

ris toni ewodeba. amave dros bunebaSi vxvdebiT iseT fe-
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rebsac, romlebic ar Cans prizmaSi sinaTlis gavlis Se-

degad warmoSobil cisartyelaSi. magaliTad, aseT 

cisartyelaSi ar Cans mewamuli feri, romelic miiReba 

Tanabari raodenobis wvrilzoliani wiTeli da lurji 

ferebis Serevis Sedegad. amitom talRis sigrZe ar war-

moadgens feris adekvatur sazoms. 

sinaTlis SegrZnebis mesame maxasiaTebels warmoadg-

ens misi gajerebuloba. es maxasiaTebeli  SesaZleblobas 

iZleva, rom erTmaneTisgan ganvasxvaoT speqtraluri fe-

ri iseTive feris tonis mqone pasteluri mkrTali feri-

sagan. Tavisi arsiT gajerebuloba aRwers feris “siTeT-

res”. raodenobrivad gajerebuloba SeiZleba gaizomos 

procentebSi, risTvisac mocemuli feri unda Sedardes 

speqtralur fers ferTa grafikze. miuxedavad amisa, ga-

jerebuloba ar gamoiyeneba rogorc sinaTlis raodenob-

rivi maxasiaTebeli. 

samganzomilebian garesamyaroSi Cvens irgvliv arse-

buli obieqtebis vizualurad aRqmadi scena warmoadgens 

gamosaxulebis formirebis sistemis (optikuri, fotogra-

fiuli an satelevizio) mier Seqmnil 2𝐷 gamosaxulebas, 

romelic fiqsirdeba garkveul Camwer garemoSi (sur. 2.2).  

termini “gamosaxuleba” aRniSnavs brtyel obieqts, 

romlis saxe icvleba wertilidan wertilamde. Sav-TeTri 

gamosaxulebis SemTxvevaSi es cvlileba SeiZleba aRiwe-

ros erTaderTi parametriT, romelic Seesabameba obieqt-

is mocemuli wertilidan arekvlil da damkvirveblis 

Tvalis baduraze dacemul sinaTlis raodenobas. feradi 

gamosaxulebis SemTxvevaSi ki saWiroa sami parametri, 

romlebic Seesabameba wiTeli-mwvane-lurji (RGB) fereb-

is Sesabamis sinaTlis raodenobas.B 
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sur. 2.2 

 

garesamyaros obieqtebidan arekvlili sinaTlis sxi-

vi adamianis orive Tvalis baduraze dacemis Sedegad 

axdens ori gamosaxulebis formirebas. am ori gamosaxu-

lebis Serwymis Sedegad adamiani aRiqvams garesamyaros 

samganzomilebian saxeSi. zemoTqmulidan gamomdinare, ga-

resamyaros scenis aRqmis ZiriTad komponentebs warmoad-

genen: 

 

 garesamyaros scena obieqtebiT; 

 scenis ganaTebuloba; 

 scenidan arekvlili sinaTlis sxivebis aRqma. 

 

am TavSi Cven gavecnobiT 2 da 3-ganzomilebiani sce-

nebis cifruli gamosaxulebebis formirebis xerxebs 

gadamwodebis gamoyenebiT. gadamwodebiT SesaZlebelia 

sxvadasxva saxis gamosxivebis aRqma. kerZod, garda xilu-

li speqtris aRmqmneli gadamwodebisa, arsebobs gadamwo-
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debi, romelTa mgrZnobiaroba metia, vidre 780 nm (infra-

wiTeli), da aseve gadamwodebi, romlebic mgrZnobiarea  

mokletalRiani rentgenis sxivebisa da radiodiapazonis 

grZeltalRiani talRebis mimarT. 

organzomilebiani cifruli gamosaxuleba warmoad-

gens sinaTlis intensivobis mniSvnelobebis masivs. magram 

amave dros organzomilebiani gamosaxuleba aseve SeiZle-

ba warmoadgendes samganzomilebiani scenis proeqciasac. 

 

2.2. gamosaxulebis formirebis modeli 

 

gamosaxulebis formirebis geometriuli modelis rolSi 

SeiZleba ganvixiloT samganzomilebiani scenis yoveli 

wertilis proecireba (kameris obieqtivis centris gavl-

iT) gamosaxulebis sibrtyeze. aseT dros gamosaxulebis 

wertilis sikaSkaSe dakavSirebulia samganzomilebian ze-

dapirze mdebare wertilis gamosxivebis intensivobasTan. 

aseTi modelis fizikuri realizacia SesaZlebelia xvre-

liani ulinzo obieqtivis mqone kameris, e.w. obskuris ka-

meris (pinhole camera) meSveobiT. obskuris kamera warmoadg-

ens yuTis msgavsi korpusis mqone kameras patara xvreliT 

da aris ulinzo kameris umartivesi modeli (sur. 2.3).  

 

 
  

sur. 2.3 
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amasTan, rac ufro mcirea xvreli, miT ukeTesia fokusi, 

anu miT mkveTria gamosaxuleba da sinaTlis naklebi 

energiaa saWiro gamosaxulebis misaRebad scenis nebismie-

ri wertilidan. 

gamosaxulebis formirebisTvis gamoiyeneba aseve 

muxt-kavSirian principze damyarebuli xelsawyoebi (mkx) 

– kamerebi (charge-coupled device, CCD), romlebic 35 mm-iani 

fotofiris mqone fotokameris msgavsia da aqvT linzuri 

obieqtivi (sur. 2.4). gansxvavebiT fotokamerisagan, mkx-Si 

gamosaxulebis sibrtyeSi fotofiris nacvlad moTavsebu-

lia patara myartaniani ujredebis matrica, romelic si-

naTlis energias gardaqmnis eleqtrul muxtSi.  

 

 
sur. 2.4 
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dasawyisSi yvela ujredi sufTavdeba masSi dagrove-

buli muxtebisagan, xolo Semdeg ki sinaTlis energiis 

zemoqmedebis Sedegad ujredebSi iwyeba muxtebis dagro-

veba. dagrovebis drois marTva da gamosaxulebis kompiu-

terSi gadaweris procesi imarTeba kompiuteris meSveob-

iT. 

zemoTqmulidan gamomdinare saWiroa mxedvelobaSi 

miviRoT ori ram: 

 

 cnobilia, rom obieqtivi warmoadgens sinaTlis 

Semkrebs. sinaTlis wyarodan gamosaxulebis werti-

lebze dacemuli sinaTlis talRa vrceldeba sam-

ganzomilebiani wertilidan gamomavali sinaTlis 

sxivebis mier Seqmnili konusis SigniT. aseTive ko-

nusebi aqvs scenis yvela wertils. magram imis ga-

mo, rom linzebi araidealuria, aseve sinaTlis ga-

mosxivebis damokidebulebis gamo talRis sigrZis-

gan da sxvadasxva movlenebis gamo, sinaTlis ko-

nusis mier gamosaxulebis sibrtyeze Cndeba gada-

recxili laqa, romelsac gabnevis wre (circle of con-

fusion) ewodeba;  

 mkx-kamera agebulia sasruli raodenobis elemen-

tebisgan da ara usasrulod mcire wertilebisgan. 

amis gamo, misi yoveli ujredis reaqcia ganpirobe-

bulia samganzomilebiani zedapiris garkveuli we-

rtilis midamodan wamosuli da masze dacemuli 

sxivebiT.  

 

am ori efeqtis Sedegad adgili aqvs gamosaxulebis 

gadarecxvas (blurring) (sur. 2.5, (a) sawyisi gamosaxuleba, (b) 



32 

 

gadarecxili gamosaxuleba). amave dros aRniSnuli efeq-

tebi gansazRvraven gamosaxulebaze arsebuli umciresi 

detalebis simkveTresa da zomebs.  

 

    
 

        
                     a                 b  

sur. 2.5 

 

mkx-kameris ujredebis masivi iwarmoeba mikrosqemis 

saxiT, zomiT ≈  1 × 1 sm. piqselis gverdebis zomebi masiv-

Si, romelic Seicavs  512 × 512  piqsels, daaxloebiT to-

lia 0.001 duimisa.  

arsebobs mkx-kameris ujredebis sibrtyeze (an stri-

qonze) ganlagebis sxva xerxebic. magaliTad iseT amoca-

nebSi, sadac saWiroa gaizomos obieqtis mxolod sigane 

an gvsurs, rom miviRoT gamosaxuleba da movaxdinod misi 
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romelime grZeli fragmentis kontroli, SeiZleba ujre-

debis masivis wrfivad ganlageba. arsebobs wrfivi gadam-

wodebi, romelic Seicavs striqonSi 1000-dan 5000-mde piq-

sels. feradi gamosaxulebis an nabeWdi teqstis cifru-

li gamosaxulebis misaRebad gamoiyeneba wrfivi gadamwo-

dis msgavsi planSeturi skanerebi. maTSi qaRaldis fur-

clis gamosaxulebis formireba xdeba gadaadgilebadi 

optikuri sistemis meSveobiT. wriuli tipis Skalebis, ma-

galiTad saaTebis an spidometrebis kontrolisaTvis ga-

moiyeneba wriuli tipis gadamwodebi. 

gadamwodebis saSualebiT miRebuli gamosaxulebis 

aRqmisas Cndeba ramdenime problema. gamosaxulebis for-

mirebis idealizebuli modeli warmoadgens fizikuri 

samyaros mxolod miaxloebiT models. realurad adgili 

aqvs sxvadasxva saxis damaxinjebebs, romelTa jamuri 

efeqti vlindeba rogorc geometriul, aseve sikaSkaSes-

Tan dakavSirebul maxasiaTeblebSi.  

 

a) geometriuli damaxinjebebi 

gamosaxulebis formirebisas geometriuli damaxinjebis 

mizezi SeiZleba sxvadasxva iyos. magaliTad, is SeiZleba 

ganpirobebuli iyos optikuri sistemis obieqtivis damza-

debisas warmoSobili defeqtebiT, romlebic ar uzrun-

velyofs sinaTlis sxivebis zust gardatexas. 

 

b) dispersia 

sinaTlis sxivebi nivTierebaSi gasvlisas gardatydeba da 

ganibneva. aseTi defeqtebi Tan sdevs aerokosmosur fo-

tosuraTebs. amis mizezi ki is aris, rom wylis orTql-
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isa da temperaturuli gradientebis gamo atmosfero 

linzis Tvisebas iZens.  

 

g) blumingi _ Warbi sikaSkaSe  

imis gamo, rom mkx-s diskretuli ujredebi erTmaneTisgan 

izolirebuli ar aris, SesaZlebelia erT ujredSi dag-

rovili muxtebis gadadineba mezobel ujredebSi. blu-

mingi (blooming) dakavSirebulia iseT SemTxvevasTan, roca 

adgili aqvs  muxtis gadadinebas brtyeli gamosaxulebis 

gakaSkaSebul areSi. amis gamo gamosaxulebaze Cndeba kaS-

kaSa “yvavili”, romlis zomebi Cveulebrivze ufro didia 

(sur. 2.6, (a) blumingi, (b) eqsponirenuli gamosaxuleba). 

 

 
           a                             b  

sur. 2.6  

 

d) mkx matricis araerTgvarovneba 

warmoebis procesSi warmoSobili defeqtebis gamo mkხ 

matricis elementebis mgrZnobiaroba SesaZloa erTmane-

Tisgan gansxvavdebodes. Sesabamisad, mkხ matricis Tanaba-

ri ganaTebisas SeiZleba gansxvavebuli iyos sxvadasxva 
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ujredis reaqciac. aseT SemTxvevaSi intensivobis zusti 

mniSvnelobis gansazRvrisaTvis SeiZleba saWiro gaxdes 

yoveli piqselisTvis TiTo _ masStabis 𝑠 𝑖, 𝑗   mamravlebi-

sa da 𝑡 𝑖, 𝑗  wanacvlebebis mTeli masivis gansazRvra. es 

miiRweva Tu mkx matricas  Tanabrad gavanaTebT da Semd-

eg movaxdenT mis kalibracias. aseT SemTxvevaSi matricis 

elementSi (piqselSi) intensivobis sidide 𝐼2 𝑖, 𝑗  SeiZleba 

gamoTvlil iqnes Semdegnairad 

 

𝐼2 𝑖, 𝑗 = 𝑠 𝑖, 𝑗 𝐼1 𝑖, 𝑗 + 𝑡 𝑖, 𝑗 , 

 

sadac 𝐼1 𝑖, 𝑗  sawyisi intensivobaa. mkx matricaze ukidures 

SemTxvevaSi SeiZleba iyos ramdenime mkvdari wertili, 

romelic saerTod ar generirebs gamosasvlel signals. 

es defeqtebi mJRavndeba matricis Semowmebisas da maT 

aRmosafxvrelad gamoiyeneba programuli saSualebebi. 

aseT dros mkvdari wertilis gamosasvlel signals eni-

Weba misi mezobeli ujredebis gamosasvleli signalebis 

gasaSualoebuli mniSvneloba. 

 

e) CamoWra da cikluri dabruneba 

analoguri cifruli gardaqmnisas intensivobis mniSvne-

lobebma SeiZleba Zalian did sidideebs miaRwios. amitom 

xdeba maTi CamoWra maqsimalur mniSvnelobamde, an maRa-

li baitebis CamoWra, rac gulisxmobs maT ciklur dab-

runebas intensivobis mniSvnelobebis diapazonis dasaw-

yisSi. naxevartonuri gamosaxulebis SemTxvevaSi cikluri 

dabruneba gamosaxulebaze gvaZlevs naTel ares muqi 

centriT. feradi gamosaxulebis SemTxvevaSi ki SeiZleba 

adgili hqondes feris Secvlas. 
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v) qromatuli distorsia 

cnobilia, rom sxeulidan arekvlili an sinaTlis wyaro-

dan wamosuli sxvadasxva sigrZis sinaTlis talRebi 

linzaSi sxvadasxvanairad gardatydeba. amis gamo scenis 

erTi da igive ubnidan wamosuli sxvadasxva talRis 

sigrZis mqone sinaTlis talRebis fokusireba SeiZleba 

moxdes mgrZnobiare gadamwodis zedapiris ara erTsa da 

igive wertilSi (piqselSi), aramed gamosaxulebis gansx-

vavebul piqselebSi. magaliTad, Tu scenis periferiaze 

gvaqvs ubani, sadac adgili aqvs intensivobis mkveTr Sav-

TeTr gadasvlas, maSin gamosaxulebaze adgili eqneba in-

tensivobis ara mkveTr, aramed TandaTanobiT (wrfiv) ga-

dasvlas, romelic ramdenime piqsels moicavs (sur. 2.7).  

 

 
sur. 2.7  
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2.3. kompiuterSi gamosaxulebis Seyvanis  

teqnikuri saSualebebi 

 

optikuri gamosaxulebebis kompiuteris mexsierebaSi Sey-

vanisaTvis da miRebuli Sedegebis vizualizaciisaTvis 

arsebobs sxvadasxva teqnikuri saSualebebi. isini erTma-

neTisgan gansxvavdeba rogorc eleqtromagnituri gamos-

xivebis aRqmis principebiT, aseve eleqtromeqanikuri age-

bulebiT. kerZod, vizualizaciisaTvis gamoiyeneba maRali 

garCevisunarianobis mqone feradi displeebi da asaxvis 

sxva saSualebebi.  

gamosaxulebis Seyvana kompiuteris mexsierebaSi xo-

rcieldeba videogadamwodebis meSveobiT, romlebsac ga-

mosaxulebaze arsebuli sikaSkaSis optikuri ganawileba 

gadahyavs jer eleqtrul signalSi da Semdeg xdeba misi 

kodireba. imis gamo, rom gamosaxuleba warmoadgens ori 

sivrciTi cvladis funqcias, xolo eleqtruli signali 

ki erTi cvladis, kerZod, drois funqcias, amitom Sesaba-

misi gardaqmnis ganxorcielebisTvis iyeneben gaSlas. ma-

galiTad, satelevizio kameris gamoyenebisas gamosaxule-

bis wakiTxva xdeba striqon-striqon. amasTan yoveli 

striqonis farglebSi sikaSkaSis damokidebuleba sivrc-

iT 𝑥 koordinatze gardaiqmneba eleqtruli signalis amp-

litudis 𝑡 droze damokidebulebis proporciulad. ga-

dasvla erTi striqonis bolodan momdevnos dasawyisze 

xdeba myisierad. 

videogadamwodebis saxiT farTo gamoyeneba hpoves 

aseve fotodiodebis matricebma da muxt-kavSiriani prin-

cipis gamoyenebiT agebulma xelsawyoebma. matriculi ti-

pis videogadamwodebis gamoyenebisas iqmneba STabeWdile-
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ba, TiTqos gamosaxulebas vakvirdebiT mravali gamWvirva-

le ujredisagan Sedgenili ekranis ukan (miRma). matricu-

li videogadamwodis fragmenti naCvenebia 2.8 suraTze. 

aseTi tipis Tanamedrove videogadamwodebSi ujredebis 

raodenoba tolia an aRemateba (1024 × 1024).  

didi zomis gamosaxulebis, magaliTad  500 × 500 , 

sadac TiToeul piqselSi sikaSkaSis mniSvneloba Caiwe-

reba erTi baiti ganzomilebis mqone masiviT, kompiuterSi 

SeyvanisaTvis saWiro iqneba mexsiereba, romelic daitevs 

masivs ganzomilebiT 250 000 baiti. es sakmaod didi masi-

via da, Sesabamisad, moiTxovs kamerisgan did mexsierebas. 

amis gamo arsebobs specialuri platebi, romlebic mo-

Tavsebulia kompiuterSi da monawileobas iRebs kameris 

marTvaSi. dRes ukve Tanamedrove mwarmoeblebi gvTava-

zoben kamerebs, romelTac ramdenime gamosaxulebis Se-

naxva SeuZlia TviT kameris SigniT da romlebic, saWi-

roebisamebr, nebismier momentSi SeiZleba Seyvanil iqnes 

kameridan kompiuterSi.  

 

 
sur. 2.8  
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gamosaxulebis miReba aseve SesaZlebelia videokame-

riT, romelic saSualebas iZleva moxdes gamosaxulebeb-

is mimdevrobis Cawera tipuri sixSiriT 30kadri/wm. es 

adamians saSualebas aZlevs aRiqvas ara marto obieqtis 

sivrciTi maxasiaTeblebi calkeuli kadrebis saxiT, ara-

med obieqti moZraobaSi, raRac garkveuli drois ganmav-

lobaSi. imisaTvis, rom moZraobis aRqma iyos uwyveti, 

adamiani iyenebs sixSires 60 naxevarkadri/wm. Naxevarkad-

rebis mimdevroba warmoadgens gamosaxulebis yvela luwi 

da kenti striqonebisgan Sedgenil da erTmaneTis miyole-

biT rigrigobiT moZrav porciebis mimdevrobas. amave 

dros paralelurad xdeba xmis Cawerac. videokamerebs, 

romlebic gamoiyeneba gamosaxulebebis misaRebad manqanu-

ri damuSavebisaTvis, SesaZlebloba aqvs, rom gamosaxu-

lebis Cawera moaxdinos gamoyenebiTi amocanisaTvis saWi-

ro siCqariT. Sesabamisad maTSi ar gamoiyeneba naxevarka-

drebis teqnologia. videomimdevrobis kadrebis erTmane-

Tisagan gamoyofa xdeba Wdeebis saSualebiT. monacemTa 

didi masivis SemTxvevaSi ki misi moculobis Sesamcireb-

lad iyeneben gamosaxulebebis SekumSvis meTods. Msofli-

oSi yvelaze metad gamoyenebuli video sistemebia NTSC, 

PAL da SECAM.  

 

2.4. gamosaxulebis maTematikuri modeli 

 

gamosaxulebaTa kompiuteruli damuSaveba da analizi 

TavisTavad moiTxovs gamosaxulebis aRmweri maTematiku-

ri modelis agebas. gamosaxulebebis Sesaxeb saubrisas 

erTmaneTisgan unda ganvasxvaoT ori cneba – uwyveti da 

cifruli gamosaxulebebi.  
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2.4.1. uwyveti gamosaxulebis aRwera D 

 

(a) deterministuli midgoma 

 

sinaTlis wyaros mier gamosxivebuli energiis ganawi-

leba sivrculi 𝑥 da 𝑦 koordinatebis, 𝑡 drois da 𝜆 
talRis sigrZeebis mixedviT aRiwereba funqciiT 

𝐶(𝑥, 𝑦, 𝑡, 𝜆). aseve cnobilia, rom gamosxivebis energia pro-

porciulia eleqtruli velis amplitudis kvadratis da 

amis gamo namdvil dadebiT ricxvs warmoadgens. amave 

dros optikuri sistemis mier gamosaxulebis formirebi-

sas gamosaxulebis maqsimaluri sikaSkaSe da zomebi Sez-

Rudulia misi maformirebeli da mafiqsirebeli garemos 

garkveuli Tvisebebis (sinaTlis mgrZnobiare firis gaje-

rebulobis an kineskopis luminoforis gadaxurebis) da 

zomebis gamo.  

Teoriulad uwyveti gamosaxuleba formirdeba idea-

luri optikuri sistemis mier, anu iseTis, romelsac 

usasrulo sizuste gaaCnia. Sedegad miiReba organzomi-

lebiani uwyveti gamosaxuleba 𝑓(𝑥, 𝑦).  

 

gansazRvreba 2.1. uwyveti gamosaxuleba – es aris 

organzomilebiani 𝑓(𝑥, 𝑦) gamosaxuleba, romelic xasiaT-

deba warmodgenis usasrulo sizustiT rogorc sivrciTi 

𝑥 da 𝑦 koordinatebis, aseve intensivobis mniSvnelobebis 

mimarT sivrcis nebismier (𝑥, 𝑦) wertilSi.  

 

aseTi gamosaxulebis SemTxvevaSi (𝑋, 𝑌) sibrtyis ro-

melime (𝑥, 𝑦) wertilSi intensivoba warmoadgens obieqtis 

wertilebis gamosxivebis intensivobis funqcias (picture 



41 

 

function) obieqtis sibrtyeSi arsebuli Sesabamisi (𝑥1 , 𝑦1) 

wertilis midamodan. Sav-TeTri gamosaxuleba formalu-

rad aRiwereba rogorc ori namdvili cvladis namdvili 

funqcia. Cveulebrivad aseT funqciad gamoiyeneba inten-

sivobis funqcia 𝑓(𝑥, 𝑦), romelic gamosaxulebis sibrtyis 

nebismier (𝑥, 𝑦) wertilSi (piqselSi) Rebulobs namdvil 

mniSvnelobas da gansazRvravs intensivobis sidides am 

wertilSi. zemoTqmulidan gamomdinare, imis gamo, rom ga-

mosaxulebidan arekvlili da damkvirveblamde miRweuli 

sinaTlis raodenoba sasrulia da Tan arauaryofiTi, 

amitom funqcia, romelic aRwers gamosaxulebas, Sesa-

bamisad, SemosazRvrulia da arauaryofiTia. aqedan 

gamomdinare SeiZleba vTqvaT, rom realuri gamosa-

xulebisTvis arsebobs intensivobis zeda zRvari (gamosa-

xulebis maqsimaluri intensivoba) 𝑀, anu gamosaxuleba 

warmoidgineba aseTi saxis funqciiT  

 

0 ≤ 𝑓(𝑥, 𝑦) ≤ 𝑀, ∀(𝑥, 𝑦) ∈ 𝑅2. 

 

amasTan, imis gamo, rom gamosaxulebis zomebi SezRudu-

lia TviT optikuri maformirebeli sistemis maxasiaTeb-

lebiT da aseve gamosaxulebis maregistrirebeli garemos 

zomebiT, amitom vTvliT, rom yvela gamosaxuleba nulis-

gan gansxvavebulia mxolod garkveul marTkuTxa  

 

−𝐿1 ≤ 𝑥 ≤ 𝐿1, −𝐿2 ≤ 𝑦 ≤ 𝐿2 

 

areSi (sur. 2.9).   



42 

 

 
sur. 2.9 

 

gamosaxulebis intensivobis mniSvnelobas romelime (𝑥, 𝑦) 

wertilSi (piqselSi) aseve uwodeben naxevartonis dones 

an sikaSkaSes. 

zemoTqmulidan gamomdinare, realuri uwyveti 𝑓(𝑥, 𝑦) 

gamosaxuleba es aris sasrul marTkuTxa areSi mocemuli 

ori sivrciTi cvladis SemosazRvruli funqcia. 

 

(b)  statistikuri midgoma 

 

gamosaxulebis formaluri aRwerisTvis garda deter-

ministuli midgomisa, romelic gulisxmobs iseTi proce-

sebis aRweras, romelTa mimdinareobac calsaxadaa gan-

sazRvruli, arsebobs fizikuri sistemis (magaliTad, sig-

nalis) drosa da sivrceSi iseTi cvlilebebi, romelTa 

qcevis zusti prognozireba SeuZlebelia. swored aseTi 

sistemis (signalis) qcevis aRwerisTvis Semotanil iqna 

SemTxveviTi procesis cneba.  

yoveli eqsperimentis (cdis) Sedegs warmoadgens 

drois raRac intervalze gansazRvruli SemTxveviTi 

funqcia. Tu 𝑓 erTi cvladis SemTxveviTi funqciaa, maSin 

laparakoben SemTxveviT procesze, xolo Tu ori an meti 

cvladis – SemTxveviT velze. gamosaxulebebis aRwerisa-
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Tvis xSirad iyeneben SemTxveviTi organzomilebiani mim-

devrobebis maTematikur modelebs. amave dros, unda aRi-

niSnos, rom SemTxveviTi signalis yoveli calkeuli 

realizacia ukve deterministul funqcias warmoadgens. 

SemTxveviTi procesis Taviseburebebi vlindeba realiza-

ciaTa erTobliobis an mTeli ansamblis Seswavlisas. 

imis gamo, rom es ansambli albaTuria, Sesabamisad Sem-

TxveviTi procesis maxasiaTeblebic albaTuria. amitom, 

SemTxveviTi procesis realizaciebis individualuri 

Tvisebebis aRwerisTvis unda gamoviyenoT albaTobis Te-

oriis cnebebi.  

signalis qceva, kerZod ki misi amplitudebis ganawi-

leba, mWidrodaa dakavSirebuli albaTobaTa ganawilebis 

cnebasTan. gamosaxulebis mocemuli arisTvis, romelic 

SeiZleba Sesasvlel gamosaxulebasac warmoadgendes, 

SegviZlia ganvsazRvroT am areSi sikaSkaSis ganawilebis 

funqcia da simkvrivis funqcia.  

 

gansazRvreba 2.2. sikaSkaSis ganawilebis funqcia 

𝑃(𝑎) warmoadgens imis albaTobas, rom aridan aRebuli 

sikaSkaSis mniSvneloba naklebi an toli iqneba sikaSkaS-

is mocemul 𝑎 mniSvnelobaze, amasTan, roca  𝑎 izrdeba 

−∞-dan ∞-ken, 𝑃(𝑎) izrdeba 0-dan 1 -mde. ganawilebis 𝑃(𝑎) 

funqcia aris araklebadi 𝑎–s mimarT da Sesabamisad 

𝑑𝑃/𝑑𝑎 ≥ 0. 

 

gansazRvreba 2.3. sikaSkaSis simkvrivis funqcia war-

moadgens imis albaTobas, rom aridan aRebuli 𝑃 𝑎  gana-

wilebis funqciis mqone sikaSkaSis mniSvneloba moxvdeba 
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(𝑎, 𝑎 + 𝛿𝑎) intervalSi, rac gamoisaxeba rogorc 𝑝(𝑎)𝛿𝑎, 

sadac 𝑝(𝑎) - simkvrivis funqciaa 

 

𝑝 𝑎 𝛿𝑎 =  
𝑑𝑃(𝑎)

𝑑𝑎
 𝛿𝑎. 

 

ganawilebis 𝑃(𝑎) funqciis araklebadobis gamo simkvriv-

is funqcia unda akmayofilebdes Semdeg pirobebs: 

 

𝑝(𝑎) ≥ 0, da ∫ 𝑝 𝑎 𝑑𝑎 = 1.
∞

−∞
           (2.1) 

 

cifruli gamosaxulebisTvis, sadac sikaSkaSis mniSvne-

lobebi mTel ricxvebs warmoadgens, 𝛿𝑎 ganimarteba ro-

gorc sikaSkaSis mniSvnelobaTa intervalis sigane. Cven 

vTvliT, rom intervalis sigane mudmivia. xSirad sikaSka-

Sis simkvrivis funqcias afaseben areSi (gamosaxulebaze) 

arsebuli sikaSkaSis TiToeuli mniSvnelobis saerTo 

raodenobis gamoTvliT  𝑎  histogramis agebisas. amis 

Semdeg SeiZleba histogramis iseTnairi normireba, rom 

mis qveS arsebuli farTobis sidide toli iyos 1-is, anu 

akmayofilebdes (2.1) pirobas. aseT SemTxvevaSi aris nor-

mirebuli sikaSkaSis simkvrivis 𝑝[𝑎] funqcia tolia 

areSi sikaSkaSis 𝑎 mniSvnelobebis mqone piqselebis saer-

To Λ raodenobis normirebuli mniSvnelobis: 

 

𝑝 𝑎 =
1

Λ
[𝑎], sadac Λ =  [𝑎]𝑎  

  

sikaSkaSis ganawilebis funqcias 2.10,a suraTze mocemuli 

gamosaxulebisTvis aqvs 2.10,b suraTze warmodgenili sa-

xe. xolo 2.10,g suraTze warmodgenilia sikaSkaSis ara-
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normirebuli histograma, romelic Sefasebuli sikaSkaS-

is simkvrivis funqciis proporciulia. simaRle am his-

togramaze Seesabameba gamosaxulebaze sikaSkaSis 

mocemuli mniSvnelobis mqone piqselebis saerTo 

raodenobas. rogorc arisTvis gazomili ganawilebis 

funqcia, aseve histograma warmoadgens aris statistikur 

maxasiaTeblebs. 

 

 
a 

 

       
                    bA                        g     

sur. 2.10 

 

amave dros, saWiroa aRiniSnos, rom normirebul ro-

gorc 𝑃[𝑎], aseve 𝑝[𝑎] unda SevxedoT rogorc WeSmariti 
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(𝑃(𝑎) da 𝑝(𝑎)) ganawilebebis Sefasebebs, roca isini ga-

moTvlilia specifikuri arisTvis. Sesabamisad, gamosaxu-

lebis aRweris Cven mier warmodgenil modelSi rogorc 

gamosaxuleba, aseve specifikuri are ganixileba rogorc 

gamosaxulebis da aris maformirebeli sxvadasxva 

SemTxveviTi procesebis erTi realizacia.  

igive konteqstSi ganixileba qvemomoyvanili statis-

tikebic. kerZod: 

 

saSualo: 

uwyveti gamosaxulebis 𝑅 aris saSualo sikaSkaSe 𝑚𝑎 ga-

nisazRvreba rogorc areSi Semavali yvela (Λ) piqselis 

sikaSkaSeebis amokrebiTi saSualo  

 

𝑚𝑎 =
1

Λ
 𝑎[𝑖, 𝑗](𝑖,𝑗 )∈𝑅 . 

 

alternatiulad, cifruli gamosaxulebis SemTxvevaSi Tu 

gamoviyenebT aranormirebul sikaSkaSis histogramas si-

kaSkaSis 𝑎 diskretuli mniSvnelobebiT,  𝑎 = Λ ∙ 𝑝 𝑎 , ma-

Sin gveqneba 

 

𝑚𝑎 =
1

Λ
 𝑎 ∙ [𝑎]𝑎 . 

 

rogorc vxedavT, cifrul gamosaxulebaze saSualo si-

kaSkaSe 𝑚𝑎 warmoadgens uwyveti gamosaxulebis sikaSkaS-

is ganawilebis funqciis saSualo 𝜇𝑎 sikaSkaSis Sefaseb-

as.  
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standartuli gadaxra: 

Tu  𝑅 are Seicavs Λ raodenobis piqselebs, maSin sikaSka-

Sis mniSvnelobebis 𝑠𝑎 standartuli gadaxris  Caunacv-

lebel Sefasebas ewodeba amonakrebis standartuli ga-

daxra da igi moicema aseTnairad 

 

𝑠𝑎 =  
1

Λ − 1
 (𝑎 𝑖, 𝑗 − 𝑚𝑎  )2

 𝑖 ,𝑗  ∈𝑅
= 

=  
 𝑎2 𝑖 ,𝑗  −Λ𝑚𝑎

2
(𝑖 ,𝑗)∈𝑅

Λ−1
. 

 

Tu warmodgenil gamosaxulebaSi gamoviyenebT histogram-

is zemomoyvanil gamosaxulebas, miviRebT 

 

𝑠𝑎 =  ( 𝑎2∙[𝑎])−Λ∙𝑚𝑎
2

𝑎

Λ−1
. 

                     

𝑠𝑎 standartuli gadaxra warmoadgens uwyvet gamosaxule-

baze sikaSkaSis ganawilebis 𝜍𝑎 standartuli gadaxris 

Sefasebas.  

 

moda 

ganawilebis moda warmoadgens sikaSkaSis mniSvnelobaTa 

Soris im mniSvnelobas, romelic yvelaze ufro xSirad 

gvxvdeba gamosaxulebaze. 

 

2.4.2 diskretuli gamosaxulebis aRwera 

 

imis gamo, rom gamosaxuleba SesaZlebelia warmodgenil 

iqnes uwyveti funqciis saxiT, Sesabamisad kompiuterSi 
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funqciis  warmodgenis nebismieri xerxi zogadad gamosa-

degi iqneba aseve gamosaxulebis warmodgenisaTvis. zogi-

erTi midgoma Tavidanve SeiZleba ugulebelyofil iqnes, 

magaliTad, intensivobis funqciis warmodgena mraval-

wevris saxiT. cnobilia, rom am ukanasknelis warmodgena 

kompiuterSi xdeba misi koeficientebis krebulis saxiT. 

magram intensivobis funqciebis mxolod mcire raodenoba 

warmoadgens dabali xarisxis mravalwevrebs. sazogadod, 

realurad gamoyenebul intensivobis funqciebs rTuli 

analizuri saxe aqvs. amitom kompiuterSi maTi warmodge-

nisaTvis xdeba maTi mniSvnelobebis gazomva anu anaTvle-

bis aReba (𝑋, 𝑌) sibrtyis sakmaod didi raodenobis wer-

tilebSi da Semdgom Senaxva mexsierebaSi. amgvarad, 

cifruli gamosaxuleba kompiuterSi warmoidgineba disk-

retul mniSvnelobaTa organzomilebiani masivis an sxva 

sityvebiT, cxrilis saxiT. amisaTvis gamosaxulebis uwy-

veti sivrce da intensivobis uwyveti diapazoni ikvanteba 

diskretuli mniSvnelobebis krebulad da kompiuterSi 

gvaqvs organzomilebiani struqturis saxiT warmodgeni-

li gamosaxuleba.  

 

gansazRvreba 2.4. cifruli gamosaxuleba – es aris 

organzomilebiani diskretuli masivis saxiT warmodgeni-

li 𝐼 𝑖, 𝑗 , 𝑖 = 1, 𝑁     , 𝑗 = 1, 𝑀       gamosaxuleba,  romlis TiToeu-

li  𝑖, 𝑗  elementis mniSvneloba warmoadgens intensivobis 

mniSvnelobas aRebuls SezRuduli sizustiT.  

 

rogorc ukve aRvniSneT, organzomilebianiDgadamwo-

dis Sesasvlelze miwodebuli uwyveti 𝑓(𝑥, 𝑦) gamosaxule-

ba warmoadgens sxvadasxva cvladze damokidebul 2𝐷 fi-
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zikur signals, maT Soris ferze (𝜆), siRrmeze (𝑧), dro-

ze (𝑡). Cven mier umetes SemTxvevebSi ganxiluli iqneba 

2𝐷 monoqromatuli, statikuri gamosaxulebebi.    

Cveulebrivad yovel piqselSi intensivobis mniSvne-

lobad gamoyenebulia erTbaitiani ricxvebi, anu gamosa-

xulebaze gveqneba sikaSkaSis mniSvnelobebi 0-dan 255-is 

CaTvliT, xolo feradi gamosaxulebebis SemTxvevaSi yo-

vel piqselSi intensivobis warmosadgenad saWiroa sami 

mniSvneloba, TiTo-TiTo  sami ZiriTadi ferisTvis (RGB). 

zogjer samedicino amocanebisTvis gamoiyeneba 10 bitiani 

warmodgena, romelic intensivobisTvis gvaZlevs naxevar-

tonebis 1024 mniSvnelobas (0 − 1023). 

arsebobs sxvadasxva tipis gamosaxulebebi: 

 

 naxevartonuri – es aris monoqromatuli (Sav-TeT-

ri) cifruli gamosaxuleba 𝐼 𝑖, 𝑗 , romelSic yovel 

piqsels Seesabameba intensivobis erTi mniSvneloba. 

 mravalspeqtraluri (multispeqtraluri) – es aris 

organzomilebiani gamosaxuleba 𝑀 𝑖, 𝑗 , romelSic 

yovel sivrciT wertils Seesabameba mniSvnelobaTa 

veqtori. feradi gamosaxulebis SemTxvevaSi ki veq-

tori samganzomilebiania. 

 binaruli – es aris cifruli gamosaxuleba, roml-

is piqselebis mniSvnelobebia 0 da 1. 

 markirebuli – es aris cifruli gamosaxuleba 

𝐿 𝑖, 𝑗 , romelSic piqselis mniSvnelobad aiReba mni-

Svnelobebi sasruli alfabetidan. mocemuli piqse-

lisaTvis raime simbolos miniWeba xdeba mis mi-



50 

 

marT raime gadawyvetilebis miRebis Sedegad (maga-

liTad, klasifikaciis an segmentaciis). 

 

cifruli gamosaxulebebis damuSavebisa da analizis 

sistemis Sesasvlels SeiZleba warmoadgendes ara marto 

piqselebis mniSvnelobebis ricxviTi masivi, aramed sxva 

tipis ricxviTi (an veqtoruli) masivebi, magaliTad, gamo-

saxulebis filtraciis an sxvadasxva gardaqmnebis Sede-

gebi; aseve “simboluri” gamosaxulebebi, sadac piqseleb-

is mniSvnelobebs warmoadgens ara ricxviTi sidideebi, 

aramed Wdeebi, magaliTad, zRurblTan Sedarebis Sedegad 

miRebuli binaruli gamosaxulebebi, bmuli komponentebis 

markirebis Sedegad miRebuli masivebi da a.S. gamosaxule-

bis analizisas monacemTa struqturis saxiT gamoiyeneba 

geometriuli warmodgenebi da grafebi. am dros gamoyo-

fili niSan-Tvisebebi da areebi SeiZleba warmodgenili 

iyos rogorc binaruli gamosaxulebebis saxiT, aseve uf-

ro kompaqturi saxiTac, magaliTad, koordinatebis krebu-

liT, sazRvrebis kodebiT. monacemTa geometriuli struq-

turebis saSualebiT SesaZlebelia amosacnobi samganzo-

milebiani obieqtebis warmodgenac.  

Cveulebrivad ricxviTi masivis saxiT warmodgenil 

Sesasvlel monacemebze sruldeba Semdegi tipis opera-

ciebi: 

 

 operaciebi wertilebze da lokaluri operaciebi 

(sikaSkaSis gardaqmnebi da a.S.); 

 statistikuri gamoTvlebi (histogramebis gamoTv-

la, teqsturebis analizi da a.S.); 
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 geometriuli operaciebi (centraluri proeqcia, 

arawrfivi gardaqmnebi da a.S.); 

 gardaqmnebi (furies, hafis, adamaris da a.S.); 

 segmentaciis meTodebis gamoyenebiT geometriuli 

obieqtebis gamoyofa (sasazRvro mrudebis an areeb-

is).  

 

geometriuli warmodgenebis doneze SesaZloa saWi-

ro gaxdes Semdegi tipis operaciebi: 

 

 bulis operaciebi (gaerTianebebi, gadakveTebi da 

damatebebi); 

 warmoebuli simravleebis ageba (amozneqili 

garsebis, voronois diagramebis, ConCxuri simrav-

leebis da a.S.); 

 xilvadobis da mobilurobis gamoTvlebi (traeqto-

riis dagegmva da a.S.); 

 geometriuli Tvisebebis gamoTvlebi (bmulobis, mo-

mentebis da a.S.). 

 

gamosaxulebis damuSavebisas masTan akavSireben ko-

ordinatTa sistemas. arsebobs sxvadasxva tipis koordi-

natTa sistemebi: 

 

 rastrul koordinatTa sistema _ masSi gamoiyeneba 

striqonebisa da svetebis koordinatebi, xolo ana-

Tvlebis saTave  0,0  moTavsebulia gamosaxulebis 

zeda marcxena kuTxeSi. 
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 marTkuTxa koordinatTa sistema _ saTaviT  0,0  ga-

mosaxulebis qveda marcxena kuTxeSi. 

 marTkuTxa koordinatTa sistema _ saTaviT  0,0  ga-

mosaxulebis centrSi. 

 

koordinatTa sistema gamoiyeneba TiToeuli piqsel-

is adgilmdebareobis misaTiTeblad, rac aucilebelia 

gamosaxulebis kompiuteruli damuSavebisas.  

 

2.5. cifruli gamosaxulebis formatebi 

 

cifrul gamosaxulebebs farTo gamoyeneba aqvs teleko-

munikaciur sistemebSi, monacemTa bazebSi da manqanur 

xedvaSi. amis gamo sxvadasxva tipis aparaturul da prog-

ramul saSualebebs Soris monacemTa gacvlis uzrunvel-

sayofad gamosaxulebebisaTvis SemuSavda standartuli 

formatebi. maTi raodenoba ramdenime aTeuls aRwevs. Cven 

mokled ganvixilavT mxolod ramdenime mniSvnelovans. 

gamosaxuleba SeiZleba warmovidginoT rogorc 

baitnakadi, romelic gamosaxulebis piqselebs warmoadge-

ns rigrigobiT, striqon-striqon. baitebis aseT rigs xSi-

rad rastrul rigs uwodeben (raster order). baitnakadSi 

SeiZleba imyofebodnen striqonebis erTmaneTisgan 

gamomyofi markerebi (Wdeebi). sawyisi gamosaxulebis piq-

seluri monacemebi ar Seicavs parametrebs gamosaxulebis 

tipis, ganzomilebis, drois da miRebis xerxis Sesaxeb. 

aseTi saxis informacias xSirad weren xeliT videokaset-

is etiketze an vTqvaT qaRaldis furcelze. SedarebiT 

axlaxan SemuSavda standartuli formatebi, romlebSic 

gaTvaliswinebulia markirebisaTvis an piqseluri monace-



53 

 

mebis dekodirebisTvis saWiro aragrafikuli informaci-

is saTauris Senaxva. zogierTi kompaniis mier, romlebic 

uSveben grafikul mowyobilobebs da aparaturas gamosa-

xulebebis damuSavebisTvis, SemuSavebul iqna ramdenime 

standartuli formati, magram mxolod maTi nawilisTvis 

arsebobs Ria dokumentacia.  

gamosaxulebis failis saTauri (file header) Seicavs 

yvela im maxasiaTebels, romelic sruliad sakmarisia 

imisaTvis, rom moxdes misi damuSaveba sxvadasxva progra-

mebis saSualebiT. saTauri SeiZleba Seicavdes monacemebs 

gamosaxulebis tipisa da ganzomilebis, Seqmnis drois, 

saxelis da a.S. Sesaxeb. 

zogierTi standartuli formati Seqmnilia gamosa-

xulebaTa mxolod garkveuli tipisTvis, magaliTad, bina-

ruli da Sav-TeTri. formatebi SeiZleba erTmaneTisgan 

gansxvavdebodes gamosaxulebis ganzomilebis dasaSvebi 

zRvruli mniSvnelobebiT. arsebobs formatebi, romlebic 

gankuTvnilia kadrebis mimdevrobasTan samuSaod. sul 

axlaxans SemuSavebuli multimedia-formatebi SesaZleb-

lobas iZleva, rom gamosaxulebis monacemebTan erTad 

Seinaxos aseve teqsturi, audio da grafikuli infor-

maciac. aseve zogierT failSi gaTvaliswinebulia gamosa-

xulebis monacemebis SekumSvis procedura. amasTan, uSu-

alod gamosaxulebis failSi yvela piqselis mniSvnelo-

ba ar iwereba. gamomdinare im moTxovnidan, Tu ra xaris-

xis SekumSvaa saWiro da ra meTodis gamoyenebiT, SesaZ-

lebelia gamosaxulebis failis zomis Semcireba sawyisi 

gamosaxulebis 30 procentamde. monacemTa SekumSvis meTo-

debi iyofa SekumSvis meTodebad danakargis gareSe 

(lossless compression) da danakargebiT (lossy compression). pir-
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vel SemTxvevaSi sawyisi gamosaxuleba SeiZleba zustad 

iqnes aRdgenili gamosaxulebis failis monacemebis safu-

Zvelze. meore SemTxvevaSi ki, sawyisi gamosaxulebis ab-

soluturad zusti aRdgena SeuZlebelia. amasTan dana-

kargis SemCneva xan SesaZlebelia da xan ara.  

yvelaze ufro xSirad gamoyenebuli formatebidan 

aRsaniSnavia Semdegi: 

 

 PBM (Portable Bit Map, gadasatani rastruli formati) 

tipis formatebis ojaxSi Sedis formatebi: PBM, 

PGM da PPM. isini warmoadgenen gamosaxulebaTa 

failebis umartives formatebs. am formatebSi ga-

mosaxulebis saTauri da piqseluri monacemebi ina-

xeba ASCII kodSi. 

 GIF (Graphic Interchange Format, grafikuli monacemebis 

urTierTgacvlis formati). es formati gamoiyeneba 

didi raodenobis monacemebis Sesanaxad msoflio 

internet qselSi da arsebul monacemTa bazebSi. is 

martivi struqturisaa, Tumca feris kodirebisTvis 

masSi gamoiyeneba mxolod 8 bitiani sityvebi. amis 

gamo igi ar aris gankuTvnili im SemTxvevisaTvis, 

roca gamosaxuleba Seicavs ferTa did raodenobas 

anu 256 gansxvavebul ferze mets. 

 TIFF (Tag Image File Format, gamosaxulebaTa failebis 

teguri formati). is rTuli agebulebisaa, Tumca 

sakmaod moqnilia. is gamoiyeneba TiTqmis yvela 

tipis kompiuterebSi da skanerebiTvis warmoadgens 

ZiriTad formats. TIFF saSualebas iZleva, rom erT 

failSi SevinaxoT ramdenime gamosaxuleba ferebis 

garCevisunarianobiT 1-dan 24 bitamde/piqselze. 
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masSi gaTvaliswinebulia monacemTa SekumSva dana-

kargebiT da danakargebis gareSi. 

 JPEG (JFIF / JFI / JPG) (Joint Photographic Experts Group). is 

SedarebiT axalSeqmnili formatia, romlis SemuSa-

vebisas avtorebi miznad isaxavdnen SeeqmnaT uZravi 

maRalxarisxovani feradi gamosaxulebebis Sekum-

Svis xerxi. am formatSi gamoyenebul kodirebis 

meTods SeuZlia monacemTa nakaduri damuSaveba da 

SesaZleblobas iZleva, rom mis safuZvelze Semu-

Savdes realur droSi gamosaxulebaTa SekumSvisa 

da gaxsnis aparaturuli mowyobilobebi. am for-

matSi gamosaxulebis ganzomilebam SeiZleba 

miaRwios (64𝐾 × 64𝐾) piqselamde ferebis garCevis-

unarianobiT 24 biti/piqselze. TiToeul failSi 

SesaZlebelia mxolod erTi gamosaxulebis Senaxva, 

xolo gamosaxulebis saTaurSi ki misi miniatu-

ruli varianti 64𝐾-mde araSekumSuli baitis saxiT. 

am formatis mniSvnelovan upiratesobas warmo-

adgens misi damoukidebloba ferebis warmodgenis 

sistemisagan. monacemTa SekumSvis  maRali xarisxis 

misaRwevad gamoiyeneba moqnili, magram amave dros 

rTuli algoriTmi danakargebiT. xSirad misi sa-

SualebiT SesaZlebelia maRali xarisxis gamosa-

xulebis SekumSva fardobiT 20:1 xarisxis 

SeumCneveli danakargis gareSe. 

 PostScript (BDF / PDL / EPS). Bam formatebis ojaxi sa-

Sualebas iZleva SevinaxoT gamosaxulebaTa mona-

cemebiDASCII – is cxrilis sabeWdi simboloebis ga-

moyenebiT. es formatebi gamoiyeneba gamosaxule-

baTa ekranuli vizualizaciisaTvis. enebi PDL 
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(gverdebis aRweris ena) da EPS (inkafsulirebuli 

PostScript) gamoiyeneba grafikisa da gamosaxulebebis 

Sesanaxad maTi sxva dokumentebSi Semdgomi Casmis 

mizniT. gamosaxulebis piqselebis kodireba xdeba 

ASCII – is 7 bitianiPkodebiT da aqedan gamomdinare 

SesaZlebelia maTi redaqtireba da naxva teqsturi 

redaqtoris saSualebiT. formati PostScript gankuTv-

nilia naxevartonuri da feradi gamosaxulebebis 

Sesanaxad garCevisunarianobiT 75-3000 wertili/dui-

mze. 

 MPEG (MPG / MPEG-1 / MPEG-2). es formatebi warmo-

adgenen video-audio monacemebis, teqstisa da gra-

fikis SekumSvisaTvis gankuTvnil nakaduri tipis 

meTodebs. abreviatura MPEG iSifreba aseTnairad 

– Motion Picture Experts Group (moZravi gamosaxulebebis 

damuSavebis eqspertuli jgufi). formati MPEG-1 

gankuTvnilia multimedia kompiuterebisTvis da 

uzrunvelyofs SekumSuli audiomonacemebis gada-

cemas siCqariT 0,25 mgbiti/wm da SekumSuli video-

monacemebis gadacemas siCqariT 1,25 mgbiti/wm. 

MPEG-2 formatiT ki gadacemis siCqare aris 15 

mgbiti/wm, rac uzrunvelyofs am monacemebisTvis 

satalevizio xarisxs, gansxvavebiT MPEG-1 formati-

sagan.  
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III Tavi. gamosaxulebis diskretizacia da 

kvantireba 

 

3.1. sivrciTi gazomvebi gamosaxulebaze 

 

rogorc ukve zemoT aRvniSneT, cifruli gamosaxulebis 

yovel piqselSi Cven gvaqvs uwyveti gamosaxulebis raRac 

elementarul areSi (midamoSi) intensiobis gazomvis Se-

degad miRebuli sidide, anaTvali. Tu axla movaxdenT 

gamosaxulebis sibrtyis romelime piqselis ukuproecire-

bas dakvirvebuli scenis obieqtis zedapirze, maSin 

scenis Sesabamisi elementis zoma (proeqciis zoma) SesaZ-

leblobas gvaZlevs SevafasoT gadamwodis nominaluri 

garCevisunarianoba (nominal resolution).  

 

gansazRvreba 3.1. mkx gadamwodis nominaluri garCe-

visunarianoba tolia scenis im zedapiruli elementis 

gverdis ganzomilebisa, romelsac gamosaxulebis sibr-

tyeSi calke piqseli Seesabameba. 

 

magaliTad, Tu kvadratuli furceli gverdis zomiT 

25sm. warmodgenilia (500 × 500) piqseli ganzomilebis ci-

fruli gamosaxulebiT, maSin gadamwodis nominaluri 

garCevisunarianoba udris 0,05sm. aRsaniSnavia, rom nomina-

luri garCevisunarianobis cnebis gamoyeneba ar aris sa-

surveli im SemTxvevaSi, roca scenis obieqtebs Soris 

daSoreba siRrmis (damkvirveblidan siSoris) Tvalsazri-

siT didia. amis mizezi is aris, rom am dros nominaluri 
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garCevisunarianoba icvleba obieqtebis zedapirebis siSo-

risa da orientaciisgan damokidebulebiT. 

gadamwodis mier scenis dakvirvebuli sivrcis mocu-

lobis maxasiaTebels warmoadgens gamosaxulebis gadam-

wodis xedvis veli (field of view).  

  

gansazRvreba 3.2. gamosaxulebis gadamwodis xedvis 

veli ganisazRvreba dakvirvebuli scenis im zomiT, rom-

lis aRqmac mas SeuZlia (magaliTad, 20sm ×20sm). imis ga-

mo, rom es zoma SeiZleba icvlebodes scenis siRrmis 

cvlilebasTan erTad, ufro azriania cnebis - xedvis ku-

Txuri velis (angular field of view) – gamoyeneba (magaliTad, 

300 × 270). 

 

gadamwodis garCevisunarianoba axasiaTebs mis si-

zustes sicrciTi gazomvebis an maxasiaTebeli niSan-Tvi-

sebebis aRmoCenisas. 

 

gansazRvreba 3.3. termini garCevisunarianoba exeba 

gadamwodis sizustes gazomvebis Sesrulebis dros. 

 

formaluri TvalsazrisiT gadamwodis garCevisuna-

rianoba SeiZleba ganisazRvros ramdenime xerxiT. magali-

Tad, realuri samyaros terminebSi nominaluri garCevis-

unarianobis saSualebiT, vTqvaT aseTnairad – “mocemuli 

skaneris garCevisunarianoba dedamiwis zedapirze tolia 

erTi metrisa” an “erT milimetrze monakveTTa im wyvile-

bis raodenobiT, romelTa garCevac SeiZleba miRebul ga-

mosaxulebaze”. magram sxva Sinaarsi devs termin garCe-

visunarianobaSi, roca vlaparakobT im piqselebis raode-
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nobaze, romlebzedac kameras xeli miuwvdeba scenaze da-

kvirvebisas, anu kameris xedvis velSi moxvedrili piqse-

lebis raodenobaze. magaliTad, Tu gadamwodis saSualeb-

iT miviReT gamosaxuleba garCevisunarianobiT (640 × 480) 

piqseli, maSin xedvis velic amden nawilad daiyo. sxva 

sityvebiT, is gviCvenebs, Tu ramden nawilad daiyo gamo-

saxulebis gadamwodis xedvis veli. amas didi mniSvnelo-

ba aqvs rogorc zusti gazomvebis Casatareblad, aseve 

scenis mocemul areze dakvirvebisTvis. adamians SeuZlia 

gaarCios nacnobi adamianis saxe gamosaxulebaze garCe-

visunarianobiT (64 × 64), SesaZloa aseve (32 × 32), magram 

ukve garCevisunarianoba (16 × 16) amisTvis sakmarisi aRar 

aris. scenisaTvis garCevisunarianobis SerCevas didi mni-

Svneloba eniWeba. Zalian dabali garCevisunarianoba cud 

Sedegs iZleva obieqtebis amocnobisas anu gamosaxule-

baze gazomvebis Catarebisas, da piriqiT, Zalian maRals 

SeuZlia gaaZnelos algoriTmebis Sesruleba da amiT ga-

moiwvios mexsierebis didi danaxarji.   

 

3.2. gamosaxulebis diskretizacia 

 

gamosaxulebaTa damuSavebis cifrul sistemebSi uwyveti 

gamosaxuleba Sedis ricxvebis masivis saxiT, romelic mi-

iReba uwyveti gamosaxulebis diskretizaciisa da kvanti-

rebis Sedegad. diskretizaciis qveS igulisxmeba uwyveti 

gamosaxulebis aRmweri funqciis Secvla misi anaTvleb-

iT, anu mniSvnelobebiT argumentis mniSvnelobaTa sasru-

li simravlidan. kvantireba ki gulisxmobs imas, rom yov-

el wertilSi funqciis mniSvnelobebi icvleba maTTan 

uaxloesi mniSvnelobebiT, romlebic airCeva mniSvnelo-
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baTa sasruli simravlidan (kvantirebis doneebidan). rea-

lurad es imas niSnavs, rom sinaTlis uwyveti speqtri 

iyofa sasruli raodenobis kvantirebis doneebad. anaTv-

lebis mdebareoba da kvantirebis doneebi SeiZleba winas-

war iyos mocemuli an arCeul iqnes funqciis xasiaTidan 

gamomdinare. mTavari moTxovna, romelic waeyeneba dis-

kretizaciisa da kvantirebis process, aris is, rom miRe-

buli cifruli gamosaxuleba kargad aRsaqmeli unda iy-

os damkvirveblis mier.  

Cveulebrivad anaTvlebi aiReba erTmaneTisgan Tanab-

rad daSorebuli intervalebiT iseTnairad, rom maT Seqm-

nan regularuli bade. amisaTvis uwyveti gamosaxulebis 

sibrtyeze deben diskretizaciis bades (xSirad gamoiyene-

ba kvadratuli bade) da iReben sikaSkaSis funqciis an 

feris anaTvals badis yoveli ujredis centrSi an mTe-

li ujredis gasaSualebul mniSvnelobas (sur. 3.1).   

 

 
                 a                  b             

sur. 3.1 

 

Tumca zogjer anaTvlebs Soris araTanabar intervaleb-

sac irCeven. diskretizaciisTvis aseve gamoiyeneba eqvs-

kuTxa (heqsagonaluri) bade (sur. 3.2) 
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amave dros mniSvnelovania imis gageba, Tu rogor 

xdeba uwyveti gamosaxulebis diskretizacia anu anaTvle-

bis aReba da rogor gansazRvravs is sxvadasxva saxis me-

zoblobas, romelic Tavis mxriv mniSvnelovania gamosa-

xulebis damuSavebisas.  

 

 
sur. 3.2  

 

sazogadod, yvelaze ufro xSirad anaTvlebis marT-

kuTxa badiT aRebisas gamoiyeneba ori tipis mezobloba, 

4-bmuli da 8-bmuli, xolo eqvskuTxa badis SemTxvevaSi 

ki 6-bmuli. amitom cifruli gamosaxulebis damuSavebisas 

mocemuli piqselis midamo, anu mezobloba ganisazRvreba 

imisda mixedviT, Tu ramden bmulian mezoblobas avirC-

evT.         

diskretizaciis realur sistemebSi  diskretizaciis 

bades aqvs sasruli zomebi da anaTvlebi aiReba realuri 

gamosaxulebis garkveuli fizikuri maxasiaTeblebis, ma-

galiTad, sikaSkaSis gazomvis Sedegad. imis gamo, rom 

gamzomi xelsawyoebisTvis damaxasiaTebelia cdomilebis 

garkveuli sidide, diskretizaciis Sedegad miRebuli 

gamosaxuleba ar warmoadgens idealur cifrul gamosa-

xulebas. Tu anaTvlebis wertilebi qmnian 𝑛 × 𝑛 elemente-

bisgan Sedgenil kvadratul bades, maSin uwyveti gamosa-
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xulebidan aseTi gziT miRebuli gamosaxuleba warmoad-

gens 𝑛 × 𝑛 ganzomilebis diskretul gamosaxulebas, rome-

lic ganisazRvreba anaTvlebis wertilebSi misi mniSvne-

lobebis matriciT.   

vTqvaT, uwyveti gamosaxuleba SemosazRvrul marT-

kuTxa −𝐿1 ≤ 𝑥 ≤ 𝐿1, −𝐿2 ≤ 𝑦 ≤ 𝐿2 areSi warmodgenilia ori 

sivrciTi 𝑥 da 𝑦  cvladis 𝑓(𝑥, 𝑦) uwyveti funqciiT, rome-

lic realur gamosaxulebaze aRwers sikaSkaSis, optiku-

ri simkvrivis an sxva romelime parametris ganawilebas.  

aRvniSnoT ∆𝑥 -iT diskretizaciis biji sivrciTi 𝑥 

cvladisTvis da ∆𝑦 -iT sivrciTi 𝑦 cvladisTvis. Sedegad 

vRebulobT marTkuTxa bades, romlis kvanZebSi ganvalag-

oT wertilovani videogadamwodebi (sur. 3.3).  

 

 
sur. 3.3 

 

aseT SemTxvevaSi 𝑓(𝑥, 𝑦) gamosaxuleba mocemuli aRmoCn-

deba 2𝐷 ganzomilebis marTkuTxa gisosze (sur. 3.4),  
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sur. 3.4 

 

rac aseTnairad Caiwereba 

 

𝑓 𝑛1∆𝑥 , 𝑛2∆𝑦 = 𝑓 𝑥, 𝑦 |𝑥=𝑛1∆𝑥 ,𝑦=𝑛2∆𝑦
. 

 

am formulis mokled CawerisaTvis SemovitanoT aRniSvna: 

 

𝑓 𝑛1∆𝑥 , 𝑛2∆𝑦 ≡ 𝑓 𝑛1 , 𝑛2 . 

 

funqcia 𝑓 𝑛1 , 𝑛2  warmoadgens ori diskretuli cvladis 

funqcias da mas ewodeba organzomilebiani mimdevroba. 

amgvarad, uwyveti 𝑓(𝑥, 𝑦) gamosaxuleba, romelic warmoad-

gens ori sivrciTi cvladis uwyvet funqcias, diskreti-

zaciis Sedegad gardaiqmneba amokrefiTi mniSvnelobebis 

(anaTvlebis) cxrilad. am cxrilis ganzomileba (striqo-

nebisa da svetebis raodenoba) ganisazRvreba sawyisi Se-

mosazRvruli marTkuTxa aris (−𝐿1 ≤ 𝑥 ≤ 𝐿1, −𝐿2 ≤ 𝑦 ≤ 𝐿2) 

geometriuli zomebiT da diskretizaciis ∆𝑥 da ∆𝑦 bijis 

arCeviT Semdegi formulebis safuZvelze 
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𝑁1 = [
2𝐿1

∆𝑥
 ],  𝑁2 = [

2𝐿2
∆𝑦

 ], 

sadac [...] -iT aRniSnulia ricxvis mTeli nawili. 

im SemTxvevaSi, Tu uwyveti gamosaxulebis gansazRv-

ris are warmoadgens kvadrats, anu 𝐿1 = 𝐿2 = 𝐿, xolo dis-

kretizaciis 𝑥 da 𝑦 bijebi RerZebze erTmaneTis tolia, 

anu ∆𝑥= ∆𝑦 = ∆, maSin 

 

𝑁1 = 𝑁2 = 𝑁, 

 

da cxrilis ganzomileba tolia 𝑁2 . 

uwyveti gamosaxulebis diskretizaciis Sedegad mi-

Rebuli cxrilis elementi warmoadgens swored piqsels 

anu anaTvals. ganvixiloT axla am cxrilis 𝑓 𝑛1 , 𝑛2  ele-

menti (piqseli), romelic warmoadgens namdvil ricxvs. 

kompiuteri operirebs mxolod diskretul saxeSi 

warmodgenil ricxvebTan. amitom mis mexsierebaSi uwyveti 

𝑓 sididis Casawerad saWiroa am ukanasknelze movaxdinoT 

analogur-cifruli gardaqmna bijiT ∆𝑓. am operacias 

(uwyveti sididis diskretizacias donis mixedviT) uwode-

ben kvantirebas (sur. 3.5).  

Tu sikaSkaSis funqciis mniSvnelobebi moTavsebulia 

intervalSi  𝑓𝑚𝑖𝑛 , 𝑓𝑚𝑖𝑛 + 𝑐 , maSin kvantirebis doneebis ri-

cxvi udris 

 

𝑄 =  𝑐 ∆𝑓  . 
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amgvarad, kvantirebisas gazomvis Sedegad miRebuli 

anaTvlebis namdvili mniSvnelobebi gardaiqmneba mTel 

ricxvebad anu bitebis krebulad. 

 

 

 
sur. 3.5 

  

zemoTqmulis safuZvelze SeiZleba davaskvnaT, rom 

kompiuteris mexsierebaSi Senaxuli gamosaxulebis piqse-

lebi warmoadgens sawyisi uwyveti gamosaxulebis argu-

mentebis da doneebis mixedviT diskretizaciis Sedegs. 

cxadia imisTvis, rom diskretizaciis Sedegad miRebul 

cifrul gamosaxulebaSi SenarCunebul iqnes uwyveti 

gamosaxulebisTvis damaxasiaTebeli ZiriTadi informac-

ia, anu umniSvnelo diskretizaciis cdomilebis misaReb-

ad diskretizaciis bijebi ∆𝑥 da ∆𝑦 unda iyos sakmaod 

mcire sididis. amave dros, unda gaviTvaliswinoT isic, 

rom rac ufro mcirea diskretizaciis da kvantirebis 

bijebi, miT didia kompiuterSi gamosaxulebis warmomdge-

ni ricxviTi masivis moculoba da, Sesabamisad, miT 

ukeTesia diskretizebuli gamosaxulebis xarisxi.   

imisTvis, rom miviRoT maRali xarisxis kvantire-

buli gamosaxuleba, ar aris aucilebeli kvantirebis 

doneebis raodenobis winaswar SerCeva. sazogadod es 
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raodenoba SeiZleba gansazRvrul iqnes gamomdinare TviT 

gamosaxulebis xasiaTidan. kerZod, saWiroa gamosaxu-

lebis yoveli wertilis gamokvleva konturis (gamosaxu-

lebaze sikaSkaSis mkveTri cvlilebis adgilebis) arse-

bobis TvalsazrisiT. im ubnebisTvis, sadac sikaSkaSe 

mdovred icvleba, saWiroa kvantirebis doneebis maRali 

ricxvi, anu unda moxdes ufro zusti kvantireba. winaaRm-

deg SemTxvevaSi gamosaxulebaze SeiZleba miviRoT mcda-

ri konturebi, xolo im ubnebisTvis, sadac adgili aqvs 

sikaSkaSeebis mkveTr cvlilebebs, saWiroa uxeSi kvanti-

reba. kvantirebis yvelaze ufro martiv SemTxvevas warmo-

adgens Tanabarbijiani kvantirebis gamoyeneba. diskreti-

zaciis dros ki piriqiTaa, anaTvlebi unda iyos gan-

lagebuli xSirad, anu erTmaneTTan axlos konturebis 

siaxloves, raTa SenarCunebul iqnes maTi mkafiooba, xo-

lo iq sadac sikaSkaSeebi mdovred icvleba – iSviaTad.  

aRsaniSnavia, rom gamosaxulebis diskretizaciis, Ca-

weris da aRdgenis procesSi gamosaxulebis xarisxi 

fuWdeba. amis mizezi SesaZloa iyos: optikuri sistemis 

difraqciuli damaxinjebebi da aberacia, fotomasalebis 

arawrfivi damaxinjebebi, atmosferis turbulentobiT ga-

mowveuli damaxinjebebi, geometriuli damaxinjebebi da 

a.S. cxadia, aseT gamosaxulebebze gaZnelebulia niSan-

Tvisebebisa da erTgvarovani bmuli areebis (segmentebis) 

gamoyofa, rac ase aucilebelia scenaTa analizis amo-

canis gadasawyvetad.    
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IV Tavi. binaruli gamosaxulebebis analizi 
 

4.1. piqseli da misi garemo 

 

zogierT gamoyenebiT amocanebSi, magaliTad dokumentebis 

damuSavebisas da samrewvelo manqanuri xedvis zogierT 

amocanebSi, binaruli (or doniani) gamosaxulebebi gamoi-

yeneba rogorc Sesasvleli monacemebi gamosaxulebaTa 

damuSavebis algoriTmebisTvis. naxevartonuri an feradi 

gamosaxulebidan binaruli gamosaxulebis formirebisaT-

vis SeiZleba ganxorcieldes operacia, romelic gamosa-

xulebidan airCevs piqselTa garkveul qvesimravles 

rogorc wina planis piqselebs (foreground). danarCeni piq-

selebi ki ganixileba rogorc fonuri piqselebi (back-

ground). piqselebis SerCevis operacia SeiZleba iyos mar-

tivi, magaliTad zRurbluri operatori, romelic 

piqselebis mniSvnelobas irCevs sikaSkaSis mocemuli dia-

pazonidan an warmoadgens klasifikaciis romelime al-

goriTms.  

binaruli 𝐵 gamosaxulebis piqselebi iRebs mniSvne-

lobebs 0 an 1. daSvebulia, rom mniSvneloba 1 Seesabameba 

wina planis piqselebs, xolo 0 _ fonur piqselebs. piqse-

lis mniSvneloba 𝑖 striqonisa da 𝑗 svetis gadakveTaSi 

aRvniSnoT 𝐵 𝑖, 𝑗 -Ti. gamosaxuleba ganzomilebiT 𝑁 × 𝑀 Se-

dgeba 𝑁 striqonisgan, romelic gadanomrilia 0 -dan 

𝑁 − 1-is CaTvliT, da 𝑀 svetisgan, gadanomrili 0 -dan 

𝑀 − 1-is CaTvliT. amgvarad, binaruli 𝐵 gamosaxulebis 

elementi 𝐵 0,0  Seesabameba gamosaxulebis marcxena zeda 
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piqselis mniSvnelobas, xolo elementi 𝐵 𝑁 − 1, 𝑀 − 1  ki 

_ marjvena qveda piqselis mniSvnelobas. 

gamosaxulebis damuSavebis algoriTmebs saqme aqvs 

ara marto piqselebis mniSvnelobebTan, aramed maTi mezo-

beli piqselebis mniSvnelobebTanac. rogorc ukve zemoT 

aRvniSneT, piqselis midamos, anu mezoblobis ganxilvis-

as gamoiyeneba mezoblobis ori gansazRvreba: 4 -bmuli da 

8 -bmuli midamo. 𝐼 𝑖, 𝑗  cifruli gamosaxulebis  𝑖, 𝑗 , 

𝑖 = 0, 𝑁 − 1          , 𝑗 = 0, 𝑀 − 1            piqselis 4 -bmuli midamo _ 𝑁4 𝑖, 𝑗 , 

Sedgeba Semdegi piqselebisagan:  𝑖 − 1, 𝑗 ,  𝑖 + 1, 𝑗 ,  𝑖, 𝑗 − 1 , 

 𝑖, 𝑗 + 1 , xolo 8 -bmuli midamo _ 𝑁8 𝑖, 𝑗  ki Seicavs 4-bmu-

li midamos yvela piqsels da aseve diagonalurad ganla-

gebul mezobel piqselebsac:  𝑖 − 1, 𝑗 − 1 ,  𝑖 − 1, 𝑗 + 1 , 

 𝑖 + 1, 𝑗 − 1 ,  𝑖 + 1, 𝑗 + 1 . grafikulad  𝑖, 𝑗  piqselis es ori 

midamo warmodgenilia 4.1 suraTze, sadac (a) 4 -bmuli mi-

damoa, (b) 8-bmuli midamo. 

 

              
                    a                      b 

sur. 4.1 

   

4.2. trafaretebis gamoyeneba  

gamosaxulebebis damuSavebisas 

 

gamosaxulebaTa damuSavebis amocanebSi trafaretis  cne-

ba mniSvnelovan rols asrulebs. trafareti es aris piq-
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selTa koordinatebis simravle, romelTac miniWebuli 

aqvs wonebad wodebuli mniSvnelobebi. 4.2 suraTze naCve-

nebia sami erTmaneTisgan gansxvavebuli trafareti.  

 

 

 

 

 

 

 

        a                 b                g         

sur. 4.2 

 

pirveli ori – (a) da (b) warmoadgens kvadratuli tipis 

trafaretebs. pirvelis wonebis mniSvnelobebi tolia 1–

is, xolo meoresi ki erTmaneTisgan gansxvavebulebia. me-

sames ki aqvs marTkuTxedis forma da erTnairi wonebi. 

trafarets aqvs gansazRvruli koordinatTa saTave. Cveu-

lebrivad is emTxveva erT-erTi piqselis koordinatebs. 

Tu trafareti  simetriulia, maSin koordinatTa saTaved 

aiReba misi centraluri piqseli (magaliTad, (a) da (b) 

SemTxveva). xolo arasimetriuli trafaretis   SemTxveva-

Si ki _ nebismieri piqseli. magaliTad, (g) SemTxvevaSi sa-

Taved SeiZleba arCeul iqnes zeda piqseli. 4.3 suraTze 

naCvenebia woniTi koeficientebiani trafaretis gamoyeneb-

is Sedegebi naxevartonur gamosaxulebaze, sadac (a) saw-

yisi naxevartonuri gamosaxulebaa, (b) trafareti ganzo-

milebiT (3 × 3), (g) trafaretis gamoyenebis Sedegi da (d) 

Sedegis normireba trafaretis wonebis jamze gayofiT. 

  

1 1 1 

1 1 1 

1 1 1 

 

1 2 1 

2 4 2 

1 2 1 

 

1 

1 

1 

1 

1 
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                    a                        b  

 

    
                  g                       d 

sur. 4.3 

 

Sesasvlel gamosaxulebaze trafaretis  moqmedebis 

Sedegad formirdeba gamosasvleli gamosaxuleba. am ga-

mosaxulebaTa zomebi erTnairia. trafaretis gamoyenebis 

meqanizmi SemdegSi mdgomareobs. jer trafareti unda Se-

uTavsdes Sesasvlel gamosaxulebas iseTnairad, rom tra-

faretis centri unda emTxveodes damuSavebaSi myof mim-

dinare piqsels. amis Semdeg trafaretis yoveli piqselis 

wona mravldeba Sesasvleli gamosaxulebis Sesabamisi 

piqselis mniSvnelobaze. Semdeg es namravlebi jamdeba da 

miRebuli mniSvneloba Tavsdeba Sesasvleli gamosaxule-

bis damuSavebaSi myofi mimdinare piqselis adgilas. 
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im SemTxvevaSi, roca trafaretis centri emTxveva 

sasazRvro svetebSi an striqonebSi moTavsebul piqsel-

ebs, trafaretis zogierTi piqseli gamodis gamosaxuleb-

is sazRvrebs gareT. magram imis gamo, rom Sesasvleli 

da gamosasvleli gamosaxulebebis zomebi erTnairi unda 

iyos, amitom SesaZlebelia, rom Sesasvlel gamosaxuleb-

as perimetris gaswvriv daematos ramdenime warmosaxviTi 

striqoni da sveti, romlebSic piqselebis mniSvnelobebi 

toli iqneba 0 -is an raime mudmivasi. praqtikaSi xSirad 

piqselebis mniSvnelobebad iReben mniSvnelobebs uaxloe-

si striqonidan (an svetidan). 4.3 suraTze (b) niRbis gamo-

yenebis Sedegad miRebuli (g) gamosaxuleba warmoadgens 

Sesasvleli (a) gamosaxulebis dagluvebul gamosaxuleb-

as. 

 

4.3. bmuli komponentebi da maTi markireba 

 

vTqvaT, mocemuli gvaqvs binaruli gamosaxuleba 𝐵 da 

𝐵 𝑖, 𝑗 = 𝐵 𝑖′ , 𝑗′  = 𝜈, sadac 𝜈 = 0 an 𝜈 = 1. maSin,  

 

gansazRvreba 4.1. piqsels  𝑖, 𝑗  ewodeba bmuli piqsel-

Tan  𝑖′ , 𝑗′   mniSvnelobiT  𝜈, Tu arsebobs piqselebis iseTi 

mimdevroba  𝑖, 𝑗 =  𝑖0 , 𝑗0 ,  𝑖1 , 𝑗1 , …  ,  𝑖𝑙 , 𝑗𝑙 =  𝑖′ , 𝑗′  , rom 𝐵 𝑖𝑘 , 𝑗𝑘  =

𝜈, 𝑘 = 0, 𝑙     da  𝑖𝑘 , 𝑗𝑘   warmoadgens  𝑖𝑘−1 , 𝑗𝑘−1 -is mezobels ne-

bismieri 𝑘 = 1, 𝑙    -Tvis. xolo piqselebis mimdevroba 

 𝑖0 , 𝑗0 ,  𝑖1 , 𝑗1 , …  ,  𝑖𝑙 , 𝑗𝑙  hqmnis bmul gzas  𝑖, 𝑗  piqselidan 

 𝑖′ , 𝑗′   piqselisken. 
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bmuli komponenti (connected component) mniSvnelobiT 𝜈  

_ es aris iseTi 𝐶 piqselebis maqsimaluri simravle, rom-

elTa mniSvnelobebi tolia 𝜈-si da am piqselebis yoveli 

wyvili bmulia mniSvnelobiT 𝜈. sxva sityvebiT, bmuli ko-

mponenti es aris bmuli wertilebis iseTi  maqsimaluri 

simravle, romlis nebismier or wertils Soris arsebobs 

bmuli gza. magaliTad, 4.4 suraTze mocemul binarul ga-

mosaxulebaze 𝐴 wertili bmulia 𝐵 wertilTan, radganac 

SegviZlia vipovoT am wertilebis SemaerTebeli da 

mTlianad am areSi moTavsebuli uwyveti wiri. magram 𝐴 

wertili ar aris bmuli 𝐶-Tan, radganac maTi SemaerTebe-

li aseTi wiris povna SeuZlebelia.  

 

 
sur. 4.4  

 

bmuloba warmoadgens gamosaxulebaze gamoyofili 

raime qvesimravlis (aris) yvelaze metad cnobil topo-

logiur Tvisebas. 4.5 suraTze naCvenebia (a) binaruli 

gamosaxuleba, romelic Seicavs xuT bmul komponents, 

romlebSic piqselebis  mniSvneloba aris erTis toli.  
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es komponentebi akmayofilebs rogorc 4-bmulobis, 

aseve 8-bmulobis pirobebs, anu bmulebi arian orive pi-

robis mixedviT.  

 

 
 a                        b  

sur. 4.5 

 

gansazRvreba 4.2. 𝐵 binaruli gamosaxulebis bmuli 

komponentebis markirebis qveS igulisxmeba iseTi markire-

buli 𝐿𝐵 gamosaxulebis formireba, romelSic yovel piq-

sels miniWebuli aqvs im bmuli komponentis Wde, romel-

sac mocemuli piqseli miekuTvneba. 

   

Wde warmoadgens garkveul identifikators, romel-

ic gamoyenebulia rogorc obieqtis unikaluri saxeli. 

xandaxan, Tumca iSviaTad, gamoiyeneben simbolur Wdeeb-

sac, magram saerTod bmuli komponentebis markirebisTvis 

ufro moxerxebulia Wdeebad dadebiTi mTeli ricxvebis 

gamoyeneba. 4.5,b suraTze naCvenebia (a) binaruli gamosaxu-

lebis bmuli komponentebis markirebis Sedegad miRebuli 

markirebuli gamosaxuleba. 
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bmuli komponentebis markirebisTvis gamoiyeneba ram-

denime erTmaneTisgan gansxvavebuli algoriTmi. zogierT 

algoriTmSi navaraudevia, rom gamosaxuleba mTlianad 

aris Senaxuli mexsierebaSi da maSin TiToeuli komponen-

tis markirebisTvis gamoiyeneba ubralo rekursiuli da-

muSaveba, romlis drosac SesaZlebelia mTeli gamosaxu-

lebis piqselebis gadaTvaliereba. magram arsebobs al-

goriTmebi, romlebic gankuTvnilia iseTi didi ganzomi-

lebis gamosaxulebebis damuSavebisaTvis, romlebic 

mTlianad ver Tavsdeba mexsierebaSi da maTi damuSaveba 

xdeba nawil-nawil or-or striqonad.  

 

4.4. binaruli gamosaxulebebis morfologia 

 

termin morfologiis qveS igulisxmeba obieqtebis zomis, 

struqturisa da formis Tvisebebis aRwera. kompiuterul 

xedvaSi am terminis qveS gulisxmoben gamosaxulebaze 

arsebuli areebis (obieqtebis) formis Tvisebebis aRwe-

ras. maTematikuri morfologia aris geometriuli struq-

turebis damuSavebisa da analizis Teoria da meTodika. 

cifrul binarul da naxevartonur gamosaxulebebSi is 

Cveulebrivad gamoiyeneba rogorc gamosaxulebaze arse-

buli areebis formis Tvisebebis Sesaxeb geometriuli 

informaciis gamoyofis instrumenti maTi Semdgomi war-

modgenisa da aRweris mizniT. dasawyisSi maTematikuri 

morfologiis operaciebi gansazRvruli iyo rogorc ope-

raciebi simravleebze, magram isini aseve sasargeblo 

aRmoCndaAorganzomilebiani wertilebis simravleebis da-

muSavebis amocanebSic. Cven mier ganxiluli iqneba bina-

ruli morfologiis operaciebi da naCvenebi iqneba am 
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operaciebis gamoyenebis SesaZlebloba bmuli komponen-

tebis markirebis Sedegad miRebuli areebis damuSavebi-

saTvis.  

Cven zemoT ukve SemovitaneT uwyveti da cifruli 

gamosaxulebebis gansazRvrebebi. magram aRmoCnda, rom 

gamosaxuleba (rogorc uwyveti, aseve diskretuli) SeiZ-

leba ganisazRvros sxvanairadac. kerZod, rogorc koor-

dinatebis simravle. es ukanaskneli Seesabameba gamosaxu-

lebaze arsebuli obieqtebis Sesabamis wertilebs (piqse-

lebs). gamosaxulebis aseTi warmodgena ilustrirebulia  

4.6 suraTze, sadac mocemulia binaruli gamosaxuleba, 

romelic Sedgeba ori obieqtisgan, anu 𝐴 da 𝐵 simravlee-

bisgan, da aseTi warmodgenisTvis aucilebeli koordi-

natTa (𝑚, 𝑛) sistemisgan. magaliTisTvis, obieqti 𝐵 moce-

mul gamosaxulebaze Sedgeba wertilebisgan –  0,0 ,  1,0 , 

 0,1 .  

 
sur. 4.6  

  

binaruli morfologiis operaciebisTvis Sesasvlel 

monacemebs warmoadgens binaruli gamosaxuleba 𝐵 da e.w. 

struqturuli elementi (structuring element) 𝑆, romelic Cve-
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ulebrivad warmoadgens konkretuli konfiguraciis mqone 

binaruli diskretuli wertilebis simravles, gamiznuls 

gansazRvruli operaciebis CatarebisTvis. struqturuli 

elementi SeiZleba CavTvaloT rogorc raime formis 

mqone aris aRwera. am ares SeiZleba hqondes nebismieri 

zoma da binarul saxeSi warmodgenili forma. yoveli 

struqturuli elementi SeiZleba warmovidginoT rogorc 

zondi, romelic gamoiyeneba binaruli gamosaxulebidan 

monacemebis asaRebad. aseve struqturuli elementisTvis 

unda ganisazRvros is wertili (piqseli), romelic airCe-

va rogorc misi sawyisi _ aTvlis wertili, raTa movax-

dinoT misi pozicionireba gamosaxulebis romelime  piq-

selis mimarT. es niSnavs Semdegs: struqturuli elementi 

gamosaxulebis 𝑥 wertilSi gviCvenebs, rom misi aTvlis 

wertili emTxveva 𝑥 wertils. simetriuli struqturuli 

elementis SemTxvevaSi aTvlis wertilad aiReba centra-

luri wertili, Tumca SeiZleba nebismieri sxva wer-

tilis aRebac. gamosaxulebis elementaruli simetriuli 

struqturuli elementi ganisazRvreba rogorc wertili 

da misi mezoblebi gansaxilvel midamoSi. magaliTad, 

elementaruli samkuTxedebi xSirad ganixileba heqsago-

nalur badeSi, xolo  2 × 2  ganzomilebis kvadratebi ki 

_ kvadratul badeSi. amis magaliTs 2𝐷 gamosaxulebis 

SemTxvevaSi warmoadgens (3 × 3) ganzomilebis centrire-

buli fanjara gansazRvruli 8-bmuli elementis badeSi. 

arsebobs yvelaze ufro xSirad gamoyenebuli aseTi 

struqturuli elementebis krebuli, magaliTad, mocemu-

li zomebis mqone marTkuTxedi _  მართკუთხედი 𝑙, 𝑤   an 

mocemuli diametris mqone disko _  დისკო 𝑑  . gamosaxu-

lebaTa damuSavebis paketebSi arsebobs aseTi elementeb-
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is mTeli biblioTeka. ramdenime saxis struqturuli 

elementi naCvenebia 4.7 suraTze. 

 

    
     marTkuTxedi (3,5)    disko (5)       rgoli (5) 

 
sur. 4.7 

 

aTvlis wertilis binarul gamosaxulebaze mibmiT 

struqturuli elementi SeiZleba gadatanil iqnes gamo-

saxulebis nebismier piqselSi da gamoyenebuli binaruli 

gamosaxulebis arisTvis romelime formis mqone ele-

mentis dasamateblad, an imis Sesamowmeblad, Tavsdeba Tu 

ara elementis forma gamosaxulebis mocemul areSi. 

magaliTad, romelime detalze arsebuli naxvretis zomis 

kontrolisaTvis diskos formis struqturuli elementis 

gamoyenebiT SesaZlebelia SevamowmoT, rom patara zomis 

disko mTlianad Tavsdeba mocemul areSi, xolo didi 

zomis disko ki _ ara. 

 

4.4.1. binaruli morfologiis operaciebi 

 

Cven ganvixilavT binaruli morfologiis ZiriTad opera-

ciebs. aseTebia: gafarToeba (dilation), erozia (erosion), Ca-
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ketva (closing) da gaReba (opening). operaciebis am saxelebi-

dan Cans maTi arsi, kerZod, gafarToebis operacia 

afarToebs gamosaxulebaze arsebul ares, xolo erozia 

ki piriqiT _ ares amcirebs. Caketvis operacia SesaZleb-

lobas iZleva, rom movaxdinoT aris Sida xvrelebis Ca-

ketva da Tavidan moviSoroT aris sazRvris gaswvriv 

arsebuli Sezneqilobebi (ubeebi), xolo gaRebis operaci-

is saSualebiT xdeba aris sazRvarTan Sverilebis saxiT 

arsebuli patara fragmentebis Tavidan moSoreba. 

daxurvisa da gaRebis operaciebis gamoyeneba sasur-

velia gamosaxulebaTa damuSavebis iseT amocanebSi, sad-

ac winaswari damuSavebis operaciebis (magaliTad, zRurb-

luri binarizaciis an winaswari damuSavebis raime sxva 

operaciis) Catarebis Semdeg xdeba binaruli gamosaxule-

bis formireba patara xvrelebis mqone bmuli saxeebis 

saxiT, an roca bmuli komponentebis wyvilebi, romlebic 

gamosaxulebaze erTmaneTisgan gancalkavebuli unda 

iyos, aRmoCndeba SeerTebuli wina planis piqselebis 

viwro zoliT. 

ganvixiloT axla morfologiuri operaciebis maTe-

matikuri gansazRvrebebi. 

 

gansazRvreba 4.3. piqselTa 𝑋 simravlis 𝑡 veqtoriT 

gadatanis (translation) 𝑋𝑡 operacia moicema Semdegnairad  

 

𝑋𝑡 =  𝑥 + 𝑡|𝑥 ∈ 𝑋 . 

  

rogorc vxedavT, binarul gamosaxulebaze 1-is toli 

sikaSkaSis piqselebis simravlis gadatanas Tan sdevs 

simravlis yvela piqselis wanacvleba mocemuli manZil-
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iT. gadatanis 𝑡 veqtori moicema mowesrigebuli  𝛿𝑖, 𝛿𝑗  

wyvilis saSualebiT, sadac, 𝛿𝑖 gadatanis veqtoris kompo-

nentia striqonis mimarTulebiT, xolo 𝛿𝑗 _ svetis mimar-

TulebiT.  

 

gansazRvreba 4.4. binaruli 𝐵 gamosaxulebis  𝑆 st-

ruqturuli elementiT gafarToeba aRiniSneba rogorc 

𝐵 ⊕ 𝑆 da moicema gamosaxulebiT 

 

𝐵⨁𝑆 =   𝐵 + 𝑠 𝑠∈𝑆 . 

 

rogorc vxedavT gafarToeba warmoadgens piqselis 

midamoze gamoyenebul gaerTianebis operacias. 𝑆 struq-

turuli elementi gamoiyeneba binaruli gamosaxulebis 

yvela piqselis mimarT. yovelTvis, roca xdeba struqtu-

ruli elementis koordinatTa saTavis da 1-is toli 

binaruli piqselis SeTavseba, mTeli struqturuli ele-

mentis mimarT gamoiyeneba gadatanis da Semdeg ki logi-

kuri Sekrebis operaciebi gamosaxulebis Sesabamisi piqse-

lebis mimarT. logikuri Sekrebis Sedegebi ki gvaZlevs 

binarul gamosasvlel gamosaxulebas (sur. 4.8), sadac (a) 

sawyisi B binaruli gamosaxulebaa, (b) (3 × 3) ganzomile-

bis S marTkuTxa struqturuli elementi, (g) gafarToebis 

Sedegad miRebuli binaruli gamosaxuleba. 

ganvixiloT axla Tu ras warmoadgens gafarToebis 

operacia maTematikuri TvalsazrisiT B binaruli gamosa-

xulebis pirveli 1-is toli sikaSkaSis piqselis maga-

liTze. am piqselis koordinatebia  1,0 , anu is mdebare-

obs B gamosaxulebis pirveli striqonisa da nulovani 

svetis gadakveTis adgilas. am piqselis mimarT gadatanis 
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𝑆(1,0) operaciis Semdeg S struqturuli elementis koor-

dinatTa saTave daemTxveva  1,0  piqsels.  

 

     
                        a             b   

 

 
                 g               d 

 

    
                        e                v 

sur. 4.8 

 

logikuri Sekrebis operaciis Sedegad gamosasvlel 

gamosaxulebaze (romelic dasawyisSi nulebiTaa Sevsebu-

li) 1-is toli sikaSkaSis piqselebi moTavsdeba koordi-

natebSi  0,0 ,  0,1 ,  1,0 ,  1,1 ,  2,0  da  2,1 , da aseve 

virtualur koordinatebSi  0, −1 ,  1, −1  da  2, −1 , rom-
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lebic mxedvelobaSi ar miiReba. B binaruli gamosaxule-

bis Semdegi 1-is toli sikaSkaSis piqselisTvis koordina-

tebiT  1,1  sruldeba gadatana 𝑆(1,1). logikuri operaciis 

Catarebis Sedegad gamosasvlel gamosaxulebaze miviRebT 

piqselebs koordinatebiT  0,0 ,  0,1 ,  0,2 ,  1,0 ,  1,1 ,  1,2 , 

 2,0 ,  2,1 ,  2,2 . ase gagrZeldeba manam, sanam ar moxdeba s-

truqturuli elementis aslebis (gadatanis operaciis 

Sedegad miRebulebis) B sawyisi gamosaxulebis TiToeul 

1-is toli sikaSkaSis piqselTan logikuri Sekreba. Sede-

gad miiReba 4.8,g suraTze warmodgenili gamosasvleli 

gafarToebuli gamosaxuleba.  

4.9,a suraTze warmodgenilia wyvetis Semcveli bina-

ruli gamosaxuleba, romelzedac wyvetis Sesavsebad ga-

moyenebulia gafarToeba struqturuli elementiT (3 × 3) 

(sur. 4.9,b).  

 

 

                       
    a                    b 

sur. 4.9 

 

gansazRvreba 4.5. binaruli 𝐵 gamosaxulebis  𝑆 st-

ruqturuli elementiT erozia aRiniSneba rogorc 𝐵 ⊝ 𝑆 

da moicema gamosaxulebiT 
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𝐵 ⊝ 𝑆 =  𝑏|𝑏 + 𝑠 ∈ 𝐵  ∀𝑠 ∈ 𝑆 . 

 

eroziis operaciis Sesrulebisas struqturuli el-

ementi, iseve rogorc gafarToebisas, element-element 

„„gaivlis‟‟ Sesasvleli binaruli gamosaxulebis yvela 

piqsels. Tu gamosaxulebaze gadaadgilebisas romelime 

poziciaSi myofi struqturuli elementis yoveli 1-is 

toli sikaSkaSis piqseli emTxveva binaruli gamosaxu-

lebis 1-is toli sikaSkaSis piqsels, maSin xdeba struq-

turuli elementis centraluri piqselis logikuri 

ajamva gamosasvleli gamosaxulebis Sesabamis piqselTan. 

4.8,d suraTze naCvenebia binaruli gamosaxulebis (sur. 

4.8,a) struqturuli elementiT (sur. 4.8,b) eroziis opera-

ciis gamoyenebis Sedegi.  

4.10 suraTze warmodgenilia binaruli gamosaxule-

bidan (sur. 4.10,a) arasasurveli detalebis mocilebis 

mizniT eroziis operaciis gamoyeneba struqturuli ele-

mentiT (3 × 3) (sur. 4.10,b).  

 

 
                       a                  b    

sur. 4.10 

 

gafarToeba da erozia warmoadgens maTematikuri 

morfologiis yvelaze ufro martiv operaciebs. maTi 
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kompozicia ki warmoSobs kidev or, xSirad gamoyenebul 

operaciebs: Caketvas da gaRebas.  

  

gansazRvreba 4.6. binaruli 𝐵 gamosaxulebis  𝑆 st-

ruqturuli elementiT Caketva aRiniSneba rogorc 𝐵 ∙ 𝑆 

da moicema gamosaxulebiT 

 

𝐵 ∙ 𝑆 =  𝐵⨁𝑆 ⊝ 𝑆. 

 

rogorc vxedavT binaruli gamosaxulebis Caketva niSnavs 

erTi da igive mastruqturirebeli elementis gamoyenebiT 

jer eroziis operaciis Catarebas da Semdeg gafarToeb-

is. 4.8,a suraTze warmodgenili binaruli gamosaxulebis 

struqturuli elementiT (sur. 4.8,b) Caketvis operaciis 

Sedegi warmodgenilia 4.8,e suraTze.  

suraTze 4.11 warmodgenilia binarul gamosaxule-

baze (sur. 4.11,a) Caketvis operaciis gamoyenebis Sedegi 

struqturuli elementiT (3 × 3) (sur. 4.11,b).  

 

 
                       a                  b 

sur. 4.11  

 

gansazRvreba 4.7. binaruli 𝐵 gamosaxulebis  𝑆 st-

ruqturuli elementiT gaReba aRiniSneba rogorc 𝐵 ∘ 𝑆 

da moicema gamosaxulebiT 
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𝐵 ∘ 𝑆 =  𝐵 ⊝ 𝑆 ⨁𝑆. 

 

gaRebis operaciaSi ki piriqiTaa. jer erTi da igive 

struqturuli elementiT xdeba binaruli gamosaxulebis 

gafarToeba, xolo Semdeg ki _ erozia. binarul gamosa-

xulebaze (sur. 4.8,a) struqturuli elementiT (sur. 4.8,b) 

gaRebis operatoris moqmedebis Sedegi mocemulia 4.8,v  

suraTze. 

aseve gaRebis operatoris binarul gamosaxulebaze 

moqmedebis Sedegi (sur. 4.12,a) struqturuli elementiT 

(3 × 3), warmodgenilia suraTze 4.12,b. 

binaruli morfologiis meTodebi SeiZleba gamoyene-

bul iqnes manqanuri xedvis inspeqtirebis samrewvelo 

sistemebSi, magaliTad, saaTebis meqanizmSi arsebul kbi-

lanebze defeqtebis gamosavlenad, samedicino gamosaxu-

lebebis damuSavebisas da a.S. 

 

 
                       a                   b 

sur. 4.12  

 

binaruli morfologia aseve SeiZleba gamoyenebul iqnes 

obieqtis primitiuli (elementaruli) maxasiaTebeli ni-

San-Tvisebebis gamosayofad obieqtis amocnobis procesSi 

maTi Semdgomi gamoyenebis mizniT (sur. 4.13). magaliTad, 

brtyeli organzomilebiani obieqtis (sur. 4.13,a) formis 
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amocnobisTvis primitiuli niSan-Tvisebebis rolSi SeiZ-

leba gamoyenebul iqnes misi kuTxeebi. Tu movaxdenT 

mkveTri kuTxeebis mqone obieqtis gamosaxulebis gaRe-

bas diskos tipis struqturuli elementiT, maSin mivi-

RebT „„kuTxeebmoWrili‟‟  obieqtis gamosaxulebas (sur. 

4.13,b). Tu axla sawyis gamosaxulebas gamovaklebT am 

ukanasknels, miviRebT gamosaxulebas, romelzedac obieq-

tis mxolod kuTxeebi iqneba mocemuli (sur. 4.13,g).  

 

         
           a               Bb                g  

sur. 4.13 

  

es gamosaxuleba SeiZleba gamoyenebul iqnes obieqtis 

formis amocnobisaTvis. sazogadod ki, obieqtTa formis 

amocnobis sistemaSi niSan-TvisebaTa morfologiuri ga-

moyofis gamoyeneba sasargebloa, radganac igi primitive-

bis swrafi aRmoCenis SesaZleblobas iZleva. 

binaruli morfologiis operaciebis gamoyenebiT 

gamosaxulebaze mcire zomis areebis (obieqtebis) moSore-

bis magaliTi warmodgenilia 4.14 suraTze. rogorc vxe-

davT, sawyisi binaruli gamosaxuleba (sur. 4.14,a) Seicavs 

sxvadasxva zomis kvadratebs, maT Soris Zalian mcire 

zomisac, romelTa mosaSoreblad gamoyenebulia kvadra-

tuli formis struqturuli elementi. jer xdeba sawyisi 

gamosaxulebis erozia (sur. 4.14,b), xolo miRebul gamosa-
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xulebaze Semdeg iyeneben gafarToebis operators. Sede-

gad miiReba binaruli gamosaxuleba, romelzedac ukve 

mcire zomis obieqtebi aRar ari (sur. 4.14,g). 

 

 
     a              Bb              g 

sur. 4.14  

 

4.5. binarul gamosaxulebaze areebis momijnaobis 

aRwera grafebis saSualebiT 

 

gamosaxulebaTa analizisas mniSvnelovania ara marto 

calkeuli areebis Tvisebebis gansazRvra, aramed maT So-

ris sivrciTi urTierTmimarTebebisa da  urTierTkavSire-

bis codnac. es ukanaskneli gulisxmobs gamosaxulebaze 

erTmaneTis momijnave areebis (region adjacency) aRmoCenas. 

ori are erTmaneTis momijnaved CaiTvleba im SemTxvevaSi, 

Tu erTi aris piqseli warmoadgens meore aris piqselis 

mezobels. rogorc viciT, binarul gamosaxulebaze sul 

gvaqvs ori tipis are: wina planis areebi da fonuri 

areebi. amitom, zemoTqmulis Tanaxmad, aseT gamosaxule-

baze wina planis yvela are fonuri areebis momijnavea, 

magram ara erTmaneTis. im martiv SemTxvevaSi, roca foni 
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gamosaxulebaze warmoadgens erT bmul ares, maSin areebs 

Soris momijnaobis Tvisebebis gamoTvla amiT sruldeba.  

davuSvaT, rom wina planis areebi Seicavs xvrelebs. 

amasTan, TiToeuli xvrelis are miekuTvneba fons. Tu 

movaxdenT wina planis piqselebisTvis bmuli komponente-

bis markirebas, anu  mivaniWebT maT Sesabamis Wdeebs, 

maSin miviRebT markirebul gamosaxulebas, romelzedac 

wina planis yvela ares eqneba garkveuli ricxviTi Wdee-

bi, xolo fonuri areebis yvela piqseli markirebuli 

iqneba nulis toli sididis WdiT. analogiuri procedu-

riT SeiZleba Catardes bmuli komponentebis markireba 

fonuri piqselebisTvisac. Sedegad yvela fonur ares eq-

neba Sesabamisi Wde. SeiZleba aRmoCndes, rom areebidan 

yvelaze didi farTobis mqone are iwyebodes gamosaxule-

bis marcxena zeda kuTxeSi. am ares SeiZleba mieniWos 

gansakuTrebuli Wde, magaliTad, 0.  maSin danarCeni, nak-

lebi farTis mqone fonuri areebi Sesabamisi iqneba wina 

planze ganlagebuli xvrelebis.     

amgvarad, ori markirebuli gamosaxulebis saSualeb-

iT, romlebzedac Wdeebis saSualebiT moniSnulia (marki-

rebulia) rogorc wina planis, aseve fonuri areebi, SeiZ-

leba ganisazRvros wina planis TiToeuli arisTvis 

momijnave fonuri areebi (an piriqiT). gamosaxulebaze 

areebis momijnaobis Sesaxeb informaciis warmodgenisaT-

vis iyeneben struqturas, romelsac areebis momijnaobis 

grafs (region adjacency graph, RAG) uwodeben. am struqturis 

saSualebiT areebis momijnaobis warmodgena SeiZleba 

rogorc binaruli gamosaxulebis, aseve zogad SemTx-

vevaSi naxevartonuri da feradi gamosaxulebebis segmen-

taciis procesSic. 
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gansazRvreba 4.8. grafs, romlis TiToeul kvanZs 

Seesabameba gamosaxulebis romelime are, xolo wiboebiT 

erTmaneTTan SeerTebulia momijnave areebis Sesabamisi 

kvanZebi, areebis momijnaobis grafi ewodeba. 

 

4.17 suraTze warmodgenilia (a) markirebuli binaruli 

gamosaxuleba WdeebiT moniSnuli wina planis (dadebiTi 

ricxvebi) da fonuri areebiT, romelTagan didebi marki-

rebulia nulovani WdiT, xolo xvrelebiani areebi ki 

uaryofiTi ricxvebiT, da misi Sesabamisi (b) areebis mo-

mijnaobis grafi.  

warmodgenil magaliTSi wina planis areebs, rogorc 

es Cveulebrivadaa miRebuli, Wdeebad miniWebuli aqvs da-

debiTi ricxvebi. rac Seexeba fonur areebs, aq 0-ani Wde 

miniWebuli aqvs gamosaxulebis zeda marcxena kuTxeSi 

moTavsebul yvelaze didi farTobis mqone ares. 

 

 
a 
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 b 

sur. 4.17  

 

Semdeg ki misi mniSvneloba mcirdeba uaryofiTi mniSvne-

lobebisken gamosaxulebaze arsebuli sxvadasxva formis 

mqone xvrelebis Sesabamisi areebisTvis, romlebic wina 

planis areebs miekuTvneba.   

momijnaobis grafis asagebad iyeneben algoriTms, 

romelic Semdegnairad moqmedebs: gamosaxulebis damuSa-

veba xdeba orstriqonian porciebad, romlis drosac ga-

mosaxulebaze rogorc horizontaluri, aseve vertikalu-

ri momijnaobis mimarTulebebiT, xolo 8-bmulian SemTx-

vevaSi diagonaluri mimarTulebiTac, iZebneba gansxvave-

buli Wdeebis mqone wertilebi (piqselebi). algoriTmi 

manamde aramomijnave areebs Soris momijnaobis aRmoCenis 

SemTxvevaSi grafs axal wiboebs amatebs.  

aRniSnuli algoriTmis efeqturobaze gavlenas 

axdens ori faqtori: 

 

 monacemTa struqturis zoma.  

markirebis SedegadDgamosaxulebaze SeiZleba gv-

qondes aTasobiT Wde. aseT SemTxvevaSi SesaZloa 

SeuZlebeli an araracionaluri aRmoCndes monacem-
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Ta mTeli grafuli struqturis mTlianad mexsie-

rebaSi Senaxva. 

 gamosaxulebis damuSavebis droiTi danaxarji. 

gamosaxulebis piqsel-piqsel damuSavebisas momij-

naobis erTi da igive mimarTeba (anu areebis erTi 

da igive wyvilebisTvis) mravaljer Segvxvdeba. Se-

sabamisad, yoveli aseTi Sexvedrisas algoriTms 

mouxdeba grafze erTi da igive wibos damateba, 

rac gamosaxulebis damuSavebis dros gazrdis. ami-

tom sasurvelia, rom grafze wibos damateba momij-

nave areebis yoveli wyvilisTvis moxdes erTxel.  

 

4.6. zRurblis gamoyeneba naxevartonuri  

gamosaxulebebis binarizaciisaTvis 

 

naxevartonuri gamosaxulebidan binaruli gamosaxulebis 

misaRebad gamoiyeneba gamosaxulebis zRurbluri damuSa-

vebis anu zRurbluri binarizaciis meTodi. aseT gar-

daqmnas iyeneben imisaTvis, rom gamosaxulebaze erTmane-

Tisagan mkveTrad gamijnon wina planis (foreground) piqse-

lebi, romlebic CvenTvis saintereso obieqtebs Seesabame-

bian, im danarCeni piqselebisgan, romlebic fons (back-

ground) miekuTvneba, da agreTve gamosaxulebas moacilon 

masze arsebuli arasaWiro informacia. viciT ra gamosa-

xulebaze intensivobis mniSvnelobebis ganawileba, zRur-

blis moZebna aseT SemTxvevaSi problemas ar warmoad-

gens. zRurblis mniSvnelobad SeiZleba arCeul iqnes in-

tensivobis is mniSvneloba, romelic yvelaze kargad mo-

axdens am dayofas. Tu 𝑓 𝑖, 𝑗  warmoadgens uwyvet Sesasvl-

el gamosaxulebas, xolo 𝑔 𝑖, 𝑗  zRurbluri gardaqmnis 
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Sedegad miRebul uwyvet gamosasvlel gamosaxulebas, ma-

Sin aRniSnuli gardaqmna formalurad ase Caiwereba: 

 

𝑔 𝑖, 𝑗 =  
1, როცა  𝑓 𝑖, 𝑗 ≥ 𝑓0  

0, როცა 𝑓 𝑖, 𝑗 < 𝑓0

  

 

sadac, 𝑓0 zRurblis mniSvnelobaa intensivobis mixedviT. 

grafikulad es ase SeiZleba warmovadginoT (sur. 4.18). 

 

 
sur. 4.18 

 

TiTis anabeWdis  gamosaxulebis (sur. 4.19,a) zRurb-

luri binarizaciis (sur. 4.19,b) magaliTi warmodgenilia 

4.19 suraTze.  

martivi gamosaxulebis SemTxvevaSi, anu roca gvaqvs 

intensivobis erTi mniSvnelobis mqone obieqtebi da in-

tensivobis meore mniSvnelobis mqone foni (magaliTad, 

nabeWdi teqsti, naxazi da a.S.), maSin zRurblis mniSvne-

lobad airCeva intensivobis erTi 𝑓0 = 𝑡 mniSvneloba. Se-

degad, yvela piqseli, romelSic intensiobis mniSvneloba 

meti an toli iqneba 𝑡, xdeba wina planis piqseli, xolo 

danarCeni ki fonuri. aseT operacias zeda zRurbluri 

binarizacia (threshold above) ewodeba. 
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 a                    b 

sur. 4.19 

 

magram arsebobs zRurbluri binarizaciis sxva 

nairsaxeobebic. magaliTad, qveda zRurbluri binari-

zacia (threshold below), roca zemoaRwerilisgan gansxvave-

biT xdeba piriqiT: wina planis piqselebad xdebian is 

piqselebi, romelTa intensivobis mniSvnelobebi naklebia 

an toli zRurblis 𝑡 mniSvnelobaze. im SemTxvevaSi, Tu 

zRurblad gamoiyeneba ori mniSvneloba, qveda da zeda, 

maSin saqme gvaqvs zRurblur binarizaciasTan diapazonis 

mixedviT (threshold inside). aseT SemTxvevaSi wina planis piq-

selebad airCeva is piqselebi, romelTa mniSvnelobebi 

moTavsebulia zRurblur mniSvnelobebs Soris. xolo, 

Tu xdeba piriqiT, anu wina planis piqselebad airCeva is 

piqselebi, romelTa intensivobis mniSvnelobebi moTavse-

bulia zRurbluri mniSvnelobebis gareT, maSin saqme 

gvaqvs gare zRurblur binarizaciasTan (threshold outside). 

naxevartonuri gamosaxulebis binaruliT Secvla Zalian 

mosaxerxebelia, radganac am dros: a) gamosaxulebis aRq-

ma ufro advili xdeba da b) mkveTrad mcirdeba gamosaxu-

lebis Sesanaxad saWiro mexsierebis moculoba, radganac, 

Tu naxevartonuri gamosaxulebis TiToeuli piqselis Se-
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naxva ZiriTadad moiTxovs mexsierebis 8 bits, binaruli 

gamosaxulebis SemTxvevaSi es 1 bitis tolia.    

amgvarad, naxevartonuri gamosaxulebis binarizacii-

saTvis zRurblis arCeva aucilebel operacias warmoadg-

ens. gamosaxulebaTa damuSavebis bevr interaqtiul paket-

Si momxmareblisTvis gaTvaliswinebulia zRurblis Ser-

Cevis SesaZlebloba. cxadia, gamosaxulebaTa avtomaturi 

analizis SemTxvevaSi zRurblis SerCeva avtomaturad 

unda xdebodes. naxevartonur gamosaxulebaze zRurblis 

SerCevis martiv saSualebas warmoadgens intensivobis 

mniSvnelobebis (naxevartonebis doneebis) ganawilebis 

histogramis ageba. histograma warmoadgens grafiks (dia-

gramas), romelic gviCvenebs intensivobis TiToeuli mni-

Svnelobis Sesabamisi piqselebis raodenobas mocemul ga-

mosaxulebaze (sur. 4.20).  

 

 
sur. 4.20 

 

is SeiZleba mocemuli iyos aseTi gamosaxulebis saxiT: 

 

 𝑚 =    𝑖, 𝑗 |𝑓 𝑖, 𝑗 = 𝑚  , 
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sadac, 𝑚 aRniSnavs intensivobis mniSvnelobebs uwyvet 

𝑓 𝑖, 𝑗  gamosaxulebaze. magaliTad, 8-bitian cifrul naxe-

vartonur gamosaxulebaze gvaqvs naxevartonebis 256 do-

ne, anu 𝑚 = 0,1,2, … ,255. histogramis asagebad saWiroa vi-

moZraoT gamosaxulebaze piqsel-piqsel da daviTvaloT 

intensivobis TiToeuli mniSvnelobis Sesabamisi piqse-

lebis saerTo raodenoba.  

ganvixiloT 8-bitiani cifruli naxevartonuri gamo-

saxulebis histogramis gamoTvlis magaliTi. vTqvaT, 

gvaqvs aseTi gamosaxuleba (sur. 4.21) 

 

, 

sur. 4.21 

 

maSin mis histogramas eqneba 4.22 suraTze warmodgenili 

saxe (kentnomrian svetebSi mocemulia sikaSkaSis mniSvne-

lobebi, xolo luwnomrianSi ki maTi jamuri raodenobaa 

gamosaxulebaze).  

 
sur. 4.22  
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xolo grafikulad ki histogramas 4.23 suraTze mocemu-

li saxe eqneba. 

 

 
sur. 4.23 

 

histogramis ageba SeiZleba aseve feradi gamosaxu-

lebisTvis, mxolod am dros is unda aigos TiToeuli 

RGB ferisTvis cal-calke. 

aviRoT martivi gamosaxuleba, romelic warmoadgens 

fons masze moTavsebuli erTi obieqtiT (sur. 4.24,a). mis 

histogramas aqvs 4.24,b suraTze warmodgenili saxe. 

 

               
             aA                            b   

sur. 4.24 

http://homepages.inf.ed.ac.uk/rbf/HIPR2/images/wdg2.gif
http://homepages.inf.ed.ac.uk/rbf/HIPR2/images/wdg2hst1.gif
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rogorc vxedavT, miRebul histogramaze intensivobis 

mniSvnelobebis ganawilebas aqvs ori wvero (maqsimumi), 

romlebic erTmaneTisgan sakmaod daSorebulia da 

erTmaneTs ar TanakveTs. aseT histogramas ormodiani an 

bimodaluri histograma ewodeba. aq erTi wvero Seesaba-

meba Ria piqselebs, xolo meore ki _ muqs. magram SeiZ-

leba gvqondes iseTi histograma, romelzedac modebi 

erTmaneTs faravs. Tu gadafarva mcirea, maSin zRurblis 

rolSi SeiZleba aviRoT modebs Soris moTavsebuli dab-

lobidan (vakidan) nebismieri mniSvneloba. didi gadafar-

vis SemTxvevaSi ki, anu roca Ria da muqi piqselebis gana-

wilebebi erTmaneTs Zlierad faravs, zRurblis arCeva 

ukve rTuli xdeba, radganac am dros modebs Soris 

zRurblis asarCevi dablobi aRar aris. amas SeiZleba 

adgili hqondes maSin, roca gamosaxulebaze gvaqvs xma-

uri an obieqtis da fonis intensivobis mniSvnelobebis 

didi gabnevaa. aseT SemTxvevaSi zRurblis gansazRvri-

saTvis iyeneben sxvadasxva meTodebs. kerZod, axdenen his-

togramis maqsimumebs Soris moTavsebuli ubnis aproq-

simacias romelime gluvi funqciis saSualebiT, maga-

liTad paraboliT da Semdeg eZeben mis minimums (sur. 

4.25) 

 
sur. 4.25  
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V Tavi. formis warmodgena da aRwera 

 

5.1. aris formis warmodgena da aRwera 

 

binarul gamosaxulebaze areebis (obieqtebis) aRmoCenisa 

da gamoyofis Semdeg SesaZloa saWiro gaxdes maTi maxa-

siaTebeli niSan-Tvisebebis gansazRvra. es ukanasknelebi 

SemdgomSi SeiZleba gamoyenebul iqnes gamosaxulebis ana-

lizis ufro maRali donis procedurebis Casatareblad, 

rogoricaa: gamosaxulebaze obieqtebis adgilmdebareobis 

gansazRvra, obieqtebis amocnoba, sainspeqcio amocanebi, 

msgavsi obieqtebis moZebna gamosaxulebaTa did koleqci-

ebSi an ganawilebul monacemTa bazebSi. magaliTad, same-

dicino gamosaxulebis analizisas romelime organos 

forma mniSvnelovan rols asrulebs daavadebis diagnos-

tirebis saqmeSi. aseve mniSvnelovania forma astronome-

bisTvis, romlebic mis safuZvelze axdenen  galaqtikeb-

is, varskvlavTa sistemebis, planetebis klasifikacias, 

rac aucilebeli nabijia samyaros struqturis sxvadasx-

va aspeqtebis Seswavlis da axsnis gzaze. unda aRiniSnos, 

rom biologiuri formis analizi warmoadgenda gamosa-

xulebaTa analizis istoriulad erT-erT pirvel gamoye-

nebiT amocanas.  

sazogadod, ar arsebobs formis universaluri gan-

sazRvreba. is STabeWdileba, romelic adamianSi warmoiS-

veba obieqtis formis Sesaxeb, yalibdeba feris an inten-

sivobis paternebis (teqsturebis) aRqmis Sedegad, saida-

nac is ukve ayalibebs warmodgenas am obieqtis geo-

metriis Sesaxeb. Cven termin “formis”  qveS vgulisxmobT 

geometriul paterns (saxes), romelic simravleTa Teo-
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riis mixedviT SeiZleba warmoadgendes topologiuri az-

riT kompaqtur da Caketil wertilTa raRac simravles 

(mrudebs, zedapirebs, myar sxeulebs da a.S.).      

gamosaxulebaze gamoyofili aris (obieqtis) forma 

warmoadgens gamosaxulebis mniSvnelovan vizualur niS-

an-Tvisebas, romelic gamoiyeneba gamosaxulebis Sinaar-

sobrivi aRwerisaTvis. zemoTqmulidan gamomdinare, dgeba 

formis warmodgenisa da aRweris amocana, rac TavisTav-

ad rTul problemas warmoadgens.   

2𝐷 gamosaxulebaze aris formis warmodgena upirve-

les yovlisa moiTxovs misTvis mniSvnelovani niSan-Tvi-

sebebis gansazRvras im informaciaze dayrdnobiT, romel-

ic devs: 

 

 obieqtis formis garSemomwer kontursa (sazRvar-

sa) da mis niSan-TvisebebSi; 

 kontursa da misiT garSemoweril areSi.  

 

aseTi saxis bevri niSan-Tvisebaa SemuSavebuli, ro-

goricaa magaliTad, formis moxazuloba (shape signature), 

moxazulobis histograma (signature histogram), formis inva-

riantebi (shape invariants), momentebi (moments), simrude 

(curvature) da sxv. cxadia, TiToeuli es niSan-Tviseba fas-

deba imis mixedviT, Tu ramdenad zustad SeuZlia maT 

mocemul monacemTa bazaSi moiZion msgavsi formebi. Maga-

liTad, formaze damyarebuli gamosaxulebebis Zieba 

dResdReobiT warmoadgens erT-erT aqtualur kvlevis sa-

gans gamosaxulebaTa damuSavebisa da analizis sferoSi. 

misi gamoyenebis sferoebia meteorologia, medicina, kos-

mosi, warmoeba, garTobis industria, ganaTleba, marTl-
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wesrigi da Tavdacva. amave dros, formis warmodgena da 

aRwera unda iyos iseTi, rom gaadvildes misi Senaxva, ga-

dacema Sor manZilze, Sedareba sxva formasTan da amoc-

noba. Tavis mxriv, monacemTa bazaSi msgavsi formebis 

efeqturi moZieba moiTxovs formis maRali sizustiT aR-

weras. amasTan, formis aRwera unda iyos invariantuli 

gadaadgilebis, brunvis da masStabirebis mimarT.  

mas Semdeg, rac cifrul gamosaxulebaze moxda obi-

eqtis gamoyofa, (Cveulebrivad, segmentaciis da segmenti-

rebuli gamosaxulebis binarizaciis Sedegad) gamosaxu-

lebis analizis amocana moiTxovs obieqtis formis aRwe-

ras, risTvisac gamoiyeneba e.w. formis aRmweri (shape 

descriptor). sazogadod, formis aRmweri warmoadgens raRac 

ricxvebis simravles, romelic Seqmnilia mocemuli for-

mis aRwerisaTvis. amasTan gansxvavebuli formebisTvis 

aRmwerebi sakmaod gansxvavebulebi unda iyos, raTa SeZ-

los maTi erTmaneTisagan garCeva. aseve sxvadasxva forme-

bisTvis isini unda xasiaTdebodes Ziebis maRali sizus-

tiT, kompaqturobiT, dabali gamoTvliTi sirTuliT, mdg-

radi efeqturi ZiebiT. formis aRmwerebs aseve unda SeeZ-

los xmauris Semcveli, damaxinjebuli da defeqtiani 

formebis povna. formis martivi aRmwerebia: farTobi, pe-

rimetri, kompaqturoba da a.S.  

formis aRmwerebi ZiriTadSi iyofa or kategoriad:  

 

 konturze damyarebuli aRmwerebi; 

 areze damyarebuli aRmwerebi. 

 

zemoTqmulidan gamomdinare, formis warmodgenisa 

da aRweris xerxebi iyofa or klasad: konturze damyare-



100 

 

bul da areze damyarebul meTodebad. aseTi dayofa 

ganpirobebulia imiT, Tu saidan xdeba niSan-Tvisebebis 

gamoyofa – mxolod konturidan, Tu aridan. xolo TiTo-

eul am klasSi Semavali  meTodebi ki Tavis mxriv iyofa 

struqturul da globalur meTodebad, rac ganisazRvre-

ba imiT, forma warmodgenilia rogorc erTi mTliani, Tu 

igi warmodgenilia konturis danawevrebiT miRebuli ca-

lkeuli monakveTebis (primitivebis) saxiT. formis war-

modgenisa da aRweris zemowarmodgenili klasifikacia 

mocemulia 5.1 suraTze.  

 

 
sur. 5.1  

 

5.2. konturze damyarebuli formis warmodgena da aRwera 

 

rogorc ukve aRvniSneT, konturze damyarebuli formis 

aRwerisas gamoiyeneba mxolod konturTan dakavSirebuli 
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informacia. aq ganixileba ori midgoma: uwyveti (globa-

luri) da diskretuli (struqturuli). uwyveti midgomi-

sas konturi ganixileba mTlianobaSi da ara danawevrebu-

li saxiT. Sesabamisad, formis aRmwer niSan-TvisebaTa 

veqtorSi swored es mTlianobaa asaxuli. formis diskre-

tuli aRwerisas ki konturi garkveuli kriteriumis 

safuZvelze nawevrdeba calkeul monakveTebad, romleb-

sac primitivebs uwodeben, xolo TviT forma ki aseTi 

midgomisas warmoidgineba simboloebis mimdevrobis an 

grafis (an xis) saxiT.  

konturze damyarebuli formis aRwerisas saWiroa 

davicvaT kompromisi aRweris sizustesa da efeqturobas 

Soris. igulisxmeba, rom erTi mxriv forma unda iyos aR-

werili rac SeiZleba zustad, da amave dros, es aRwera 

unda iyos rac SeiZleba kompaqturi (lakonuri) formebis 

Semdgomi analizisa da monacemTa bazebSi moZiebisTvis.  

formis globaluri warmodgenis meTodebi formas 

aRwers niSan-TvisebaTa mravalganzomilebiani ricxviTi 

veqtoris saSualebiT konturis informaciaze dayrdnob-

iT. aseTi aRwerisaTvis konturi warmoidgineba formis 

konturidan aRebuli sasruli raodenobis wertilTa 

(anaTvlebis) simravliT. wertilebis SerCeva SeiZleba 

sxvadasxva safuZvelze dayrdnobiT. magaliTad, simZimis 

centridan daSorebis safuZvelze. Tu konturi warmodge-

nilia erTmaneTisgan Tanabrad daSorebuli 𝑘 raodenobis 

𝑠1, 𝑠2, . . . , 𝑠𝑘 anaTvali wertilebis saSualebiT, maSin Se-

saZlebelia am konturis gardaqmna 𝑓 𝑠1 ,𝑓 𝑠2 , . . . , 𝑓 𝑠𝑘  

ricxviT mimdevrobaSi, sadac 𝑓 𝑠𝑖 , 𝑖 = 1, 𝑘      warmoadgens 

mocemuli konturis 𝑘 wertilSi aRebuli romelime niS-

an-Tvisebis ricxviT mniSvnelobas. amgvarad, formis kon-
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turi SeiZleba aRiweros niSan-TvisebaTa ricxviTi veqto-

riT 

 

𝐗 =  𝑓 𝑠1 , 𝑓 𝑠2 , . . . , 𝑓 𝑠𝑘  . 

 

aRwerili gardaqmnis magaliTi warmodgenilia  

5.2,a,b suraTze, sadac (a)-ze mocemulia TanabaranaTvlebi-

ani konturi, xolo (b)-ze ki _ ricxviTi mimdevroba, rom-

lis TiToeuli wevri warmoadgens konturis TiToeul 

anaTvalSi aRebuli mxebis 𝑥 RerZis mimarT daxris kuT-

xis mniSvnelobas. miRebul mimdevrobaSi ricxviTi mniSv-

nelobebi moTavsebulia intervalSi  0 − 360 0, xolo kon-

turze moZraobisaTvis sawyis wertilad arCeulia kon-

turis ukiduresad qveda wertili. amasTan, konturze moZ-

raoba xdeba saaTis isris brunvis mimarTulebiT. 

 

 
                a                             b     

sur. 5.2  

 

ganvixiloT mokled formis globaluri warmod-

genis zogierTi meTodi. 
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formis konteqsti warmoadgens formis aRmwers, ro-

melic gamoyofs obieqtis formisTvis damaxasiaTebel 

globalur niSan-Tvisebas konturis garkveul wertileb-

Si. formis konteqstis analizi iwyeba 𝑁 anaTvalis aReb-

iT formaze kideebis gamoyofis Sedegad miRebuli gamo-

saxulebidan. ganvixiloT misi arsi 5.3,a suraTze warmod-

genili A simbolos formis magaliTze. jer simbolos 

gamosaxulebis mimarT gamoviyenoT kidis gamoyofis ope-

ratori, rac mogvcems mocemuli formis kidis gamosaxu-

lebas – konturs (sur. 5.3,b). miRebuli konturis romeli-

me 𝑝 wertilSi formis konteqstis sapovnelad saWiroa 

vipovoT mocemuli 𝑝 anaTvalis wertilidan veqtorebi 

konturis yvela sxva danarCeni anaTvlebis wertilebamde. 

Sedegad miviRebT veqtorebis simravles 𝑝 wertilSi 

(sur. 5.3,g). aRniSnuli veqtorebi gamoxatavs mTliani 

formis xilulobas mocemuli 𝑝 wertilis mimarT. miRe-

buli veqtorebis 𝑟 sigrZisa da 𝑄 orientaciis dakvant-

viT xdeba histogramis rukis miReba, romelic gamoiyeneba 

𝑝 wertilis warmosadgenad (sur. 5.3,d). ase xdeba kon-

turis TiToeuli anaTvali wertilisTvis. mocemuli 

formis konteqstis misaRebad TiToeuli anaTvalis Sesa-

bamisi histograma gluvdeba, xolo Semdeg ki xdeba maTi 

gaerTianeba, ris Sedegadac miiReba A formis konteqsti 

(sur. 5.3,e), romelSic striqonebis raodenoba anaTvlebis 

raodenobis tolia.  

formis moxazuloba formas warmoadgens sasazRvro 

wertilebidan (koordinatebidan) warmoebuli erTganzo-

milebiani funqciis saSualebiT. praqtikaSi formis moxa-

zulobis raodenobrivi aRwerisaTvis  gamoiyeneba ramde-
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nime aRmweri, rogoricaa magaliTad, simZimis centris 

profili, manZili simZimis centridan, simrude da sxv.  

 

          
           a                 b                  g 

   
   d                  e 

სურ. 5.3  

 

formis aRmwerad simZimis centridan manZilis gamo-

yenebis SemTxvevaSi erTganzomilebiani funqciis mniSvne-

lobebad aiReba manZili formis simZimis centridan kon-

turis wertilebamde. konturze wertilebis arCeva xdeba 

iseTnairad, rom maT Soris radialuri kuTxeebi an in-

tervalebi konturis gaswvriv erTmaneTis toli iyos 

(sur. 5.4). amgvarad, rac ufro didia aseTi wertilebis 

raodenoba (simravle) konturze, miT ufro zustia kon-
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turis aRwerac. magram es Tavis mxriv iwvevs gamoTvlebis 

fasis  zrdas. 

 

 
sur. 5.4  

 

aseTi niSan-Tvisebis gamoyenebis magaliTi mocemu-

lia 5.5 suraTze, sadac 𝑟 𝑡  aRniSnulia manZili formis 

simZimis centridan konturis wertilebamde. simrudis, 

rogorc formis aRmweris gamoyenebis SemTxveva moce-

mulia 5.6 suraTze, sadac  ZaRlis forma warmodgenilia 

konturis im wertilebis (anaTvlebis) saSualebiT, rom-

lebSic simrudes maRali mniSvnelobebi aqvs. 

 

 

 
sur. 5.5  
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sur. 5.6 

 

formis konturis moxazulobis aRmwer kidev erT 

funqcias warmoadgens konturis normalis mimarTulebiT 

aRebuli manZilebis mimdevroba. konturis nebismier wer-

tilSi normalis mimarTulebiT aRebuli manZili gamo-

iTvleba rogorc sigrZis funqcia. 5.7,a suraTze warmod-

genil SemTxvevaSi  umoklesi  manZili konturis nebismie-

ri 𝐴 wertilidan mis mopirdapired moTavsebul 𝐵 werti-

lamde ganisazRvreba konturis 𝐴 wertilSi mxebis mim-

arT gavlebuli normalis mimarTulebiT (unda aRiniSnos, 

rom es mimarTeba wertilebs Soris simetriuli ar aris). 

5.7,b suraTze warmodgenilia formis moxazulobebi wre-

wirisa da samkuTxedisTvis. moxazuloba mgrZnobiarea 

xmauris mimarT. am ukanasknelis Sesamcireblad axdenen  

moxazulobis dagluvebas an moxazulobis niSan-Tvisebas 

iyeneben ukve dagluvebuli konturisaTvis.  

konturis aRmweri wertilebis raodenobis (ganzomi-

lebis) Semcirebis (Sesabamisad, gamoTvlebis fasis) erT-

erT gzas warmoadgens formis aRmwerad  sasazRvro 

momentebis  gamoiyeneba. Tu formis sazRvars warmovadg-
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enT rogorc formis moxazulobas 𝑧 𝑖 , maSin 𝑟-uli 𝑚𝑟 

momenti da 𝜇𝑟 centraluri momentis Sefaseba SeiZleba 

ase Caiweros 

  

𝑚𝑟 =
1

𝑁
  𝑧 𝑖  𝑟𝑁

𝑖=1   da 𝜇𝑟 =
1

𝑁
  𝑧 𝑖 − 𝑚1 𝑟𝑁

𝑖=1 , 

 

sadac, 𝑁 sazRvris wertilebis raodenobaa. 

 

    
          a                           b 

sur. 5.7  

 

imisaTvis, rom formis aRwera iyos invariantuli gadaad-

gilebis, brunvis da masStabirebis mimarT, iyeneben 

normalizebul centralur momentebs: 

 

𝑚𝑟    =
𝑚𝑟

 𝜇2 
𝑟

2     da  𝜇𝑟   =
𝜇𝑟

 𝜇2 
𝑟

2   

 

formis struqturuli aRweris meTodebSi forma, 

rogorc aRvniSneT, danawevrebulia misi konturis primi-

tivebad (monakveTebad), romlebic Tavis mxriv SeiZleba 

warmodgenili iqnes meore rigis polinomebiT, rogori-
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caa magaliTad wriuli, elifsuri an paraboluri monak-

veTebi. 5.8 suraTze warmodgenilia SemTxveva, roca qro-

mosomebis amocnobisTvis gamoyenebulia formis sintaqsu-

ri aRwera. rogorc suraTidan Cans, formis konturi da-

nawevrebulia monakveTebad, romlebic  warmoadgens didi 

simrudis mqone amozneqil monakveTebs, didi simrudis 

mqone Cazneqil monakveTebs, wrfeebs da a.S.  

 

 
sur. 5.8  

 

formis aRweris struqturuli meTodebi erTmaneTis-

gan gansxvavdeba primitivebis SerCeviTa da maT organiza-

ciiT. sazRvris danawevrebis Sedegi ki moicema zogadi 

saxiT warmodgenili simboloebis  

 

𝑆 = 𝑠1, 𝑠2 , .  .  . , 𝑠𝑛 
 

mimdevrobiT, sadac 𝑠𝑖 SeiZleba iyos magaliTad, frimanis 

jaWvuri kodis elementi, mravalkuTxedis gverdi, B-
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splaini (uban-uban polinomialuri mrudi), kvadratuli 

(meore rigis) rkali da a.S. aseve 𝑠𝑖 SeiZleba warmoadgen-

des romelime niSan-Tvisebas, rogoricaa magaliTad, si-

grZe, saSualo simrude, maqsimaluri simrude da a.S.  

formis aRmwerebi, romlebic gamoiyeneba struqturu-

li midgomisas, mocemulia 5.1 suraTze. 

formis struqturuli aRweris meTodebis dadebiT 

mxares warmoadgens unari, marTon okluziis (dafarvis) 

problema, rasac adgili aqvs dinamikur scenaze obieqte-

bis mier erTmaneTis nawilobrivi an mTliani gadafarvis 

SemTxvevaSi. Tumca amave dros am midgomas uaryofiTi 

mxareebic gaaCnia. kerZod, imis gamo, rom ar arsebobs 

obieqtisa da formis formaluri gansazRvreba, Sesabamis-

ad ucnobia mocemuli formis aRwerisaTvis saWiro primi-

tivebis raodenoba. aqedan gamomdinare, aRniSnuli midgo-

mis gamoyenebis warmatebuloba ganpirobebulia monacemTa 

bazaSi arsebuli formis konturis niSan-Tvisebebis 

Sesaxeb aprioruli codniT. aseve uaryofiT mxares war-

moadgens aseTi meTodebisTvis damaxasiaTebeli maRali 

gamoTvliTi sirTule da mgrZnobiaroba xmauris mimarT.   

 

5.3. areze damyarebuli formis warmodgena da aRwera 

 

rogorc zemoT aRvniSneT, areze damyarebuli formis 

warmodgenisa da aRweris meTodebi formis warmodgenis-

Tvis konturTan erTad iyeneben aris yvela piqselTan da-

kavSirebul informacias. iseve rogorc konturze damya-

rebuli meTodebi, areze damyarebuli formis aRweris 

meTodebic iyofa globalur da struqturul meTodebad, 
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imisda mixedviT – axdenen isini formis danawevrebas 

calkeul qvenawilebad, Tu ara.  

globaluri midgomisas forma ganixileba rogorc 

erTi mTliani. aseT midgomaze damyarebuli meTodebi fo-

rmis aRwerisaTvis iyeneben areSi piqselebis ganawilebas, 

romlebic Tavis mxriv naklebad ganicdis xmaurisa da 

cvlilebebis gavlenas. Sesabamisad, isini ufro advilad 

arTmeven Tavs mniSvnelovani defeqtebis mqone formebis 

aRweras, gansxvavebiT konturze damyarebuli meTodebis-

gan. formis aseTi warmodgenis Sedegia niSan-TvisebaTa 

ricxviTi veqtori, romelsac iyeneben formis aRwerisaT-

vis. areze damyarebuli formis globaluri aRmwerebi 

mocemulia 5.1 suraTze. ganvixiloT mokled zogierTi es  

globaluri meTodi. 

formis aRweris popularul meTodebs warmoadgens     

statistikuri momentebis (moments) meTodebi, romelTa 

saSualebiTac ganisazRvreba areSi piqselebis ganawile-

ba. dabali rigis momentebi anu momentebis invariantebi 

(maT geometriul momentebsac uwodeben) asaxavs areSi 

piqselebis ganawilebasTan dakavSirebul fizikur arss. 

rac Seexeba maRali rigis momentebis gansazRvras, aq 

siZneles warmoadgens maTi fizikuri interpretaciis 

problema. baduri (grid) meTodebi formis aRwerisaTvis 

iyenebs marTkuTxa bades, romelic formas edeba zemodan. 

amis Semdeg xdeba badis skanireba marcxnidan marjvniv 

da zemodan qvemoT. Sedegad miiReba binaruli matrica, 

romelSic erTianebi Seesabameba badis im ujrebs, romle-

bic formiTaa dafaruli, xolo nulianebi ki im ujrebs, 

romlebic ar aris formiT dafaruli. sabolood forma 

warmoidgineba binaruli niSan-TvisebaTa veqtoriT. aseTi 
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meTodebis dadebiTi mxarea warmodgenis simartive, xolo 

uaryofiTi ki _ mgrZnobiaroba xmauris mimarT. magram 

isini ar aris invariantuli gadaadgilebis, brunvis da 

masStabirebis mimarT. 5.9 suraTze mocemulia ori sxva-

dasxva formis warmodgena marTkuTxa badis saSualebiT.  

 

  
sur. 5.9 

 

warmodgenil formebze baduri aRmwerebis gamoyenebis 

Sedegad miRebul binarul matricebs Sesabamisad aseTi 

saxe aqvs: 

 

 
 
 
 
 
 
0 0 1 1 1 1 0 0 0
0 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 0 0 1 1
0 0 1 1 0 0 0 1 1 

 
 
 
 
 

   

 
 
 
 
 
 
0 0 1 1 0 0 0 0 0
0 1 1 1 0 0 0 0 0
1 1 1 1 0 0 0 0 0
1 1 1 1 0 0 0 0 0
0 1 1 1 1 1 1 0 0
0 0 0 1 1 1 0 0 0 

 
 
 
 
 

 

 

baduri meTodebisgan gansxvavebiT formis matricis 

(shape matrix) meTodebSi formaze kvadratuli badis nacvl-

ad xdeba koncentruli wrewirebisgan Sedgenili polaru-

li badis da radialuri wrfeebis, centriT sxeulis sim-

Zimis centrSi, zeddeba (sur. 5.10). ganvixiloT polaruli 

badis agebis procedura 5.10 suraTze warmodgenili for-

misTvis, sadac 𝐺 aRniSnulia formis simZimis centri, 
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xolo 𝐺𝐴 ki formis maqsimaluri radiusi. SemovxazoT 𝐺 

wertilidan erTmaneTisgan Tanabrad daSorebuli 𝑛 kon-

centruli wrewiri. Semdeg dawyebuli 𝐺𝐴-dan saaTis 

moZraobis sawinaaRmdego mimarTulebiT 𝐺 wertilidan 

gavataroT radialuri wrfeebi, romlebic TiToeul 

wrewirs dayofs 𝑚 raodenobis Tanabar rkalebad. Sedeg-

ad miviRebT polarul koordinatebSi warmodgenil for-

mis matricas.  

 
sur. 5.10  

 

formis aRmwer niSan-TvisebaTa binaruli veqtoris 

mniSvnelobebi miiReba koncentruli wrewirebisa da ra-

dialuri wrfeebis gadakveTis wertilebidan. kerZod, 

wrewirebi Seesabameba formis matricis svetebs, xolo 

radialuri wrfeebi ki _ striqonebs. 5.10 suraTze moce-

muli formisTvis polaruli badis agebis Sedegad vRebu-

lobT: 𝑛 = 5 striqons da 𝑚 = 12 svets. Sesabamis binarul 

matricas ki aseTi saxe aqvs:  
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1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0 1 1 1
1 0 0 0 0 1 1 0 0 0 0 1
1 0 0 0 0 1 1 0 0 0 0 0 

 
 
 
 

 

 

aRsaniSnavia, rom formis matrica invariantulia gadata-

nis, brunvis da masStabirebis mimarT. magram, imis gamo, 

rom formis matrica warmoadgens formis gaiSviaTebul 

amonakrebs, is advilad ganicdis xmauris gavlenas. amis 

gamo formis matricis  meTodebi naklebad saimedoa.  

konturze damyarebuli struqturuli meTodebis 

msgavsad, areze damyarebul formis warmodgenis midgoma-

Sic arsebobs struqturuli meTodebi. aqac gamoyofili 

are nawevrdeba qveareebad, romlebic Semdeg gamoiyeneba 

formis warmodgenisa da aRwerisaTvis. aseTi meTodebi 

mocemulia 5.1 suraTze.  

mokled ganvixiloT amozneqili garsis (convex hull) 

meTodis arsi.  

 

gansazRvreba 5.1. 𝑅 ares ewodeba amozneqili mxol-

od da mxolod maSin, Tu am aris nebismieri ori 𝒙1 , 𝒙2 ∈ 𝑅 

wertilis SemaerTebeli monakveTi mTlianad am aris Sig-

niT mdebareobs.  

 

𝑅 aris amozneqili garsi warmoadgens im umcires 

amozneqil 𝐻 ares, romelic akmayofilebs pirobas: 𝑅 ⊂ 𝐻. 

5.11 suraTze mocemuli obieqtisTvis masze Semoxazuli 

konturi warmoadgens am obieqtis amozneqil garss. 
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sur. 5.11 

 

aseTi midgomisas forma warmoidgineba amozneqili garse-

bisgan Sedgenili seriis saSualebiT. 5.12 suraTze moce-

muli 𝑆 arisTvis amozneqili garsi ganisazRvreba ro-

gorc am aris Semcveli umciresi amozneqili simravle. 

aseTi midgomisas xmauris gavlenis Sesamcireblad for-

mis danawevrebamde axdenen konturis dagluvebas.  

 

gansazRvreba 5.2. sxvaobas 𝐻 − 𝑅 ewodeba 𝑅 aris 

amozneqilobis deficiti. 

 

5.12 suraTze warmodgenilia 𝑆 are da misi amozneqili 

garsi, xolo muqi feriT ki aRniSnulia amozneqilobis 

deficiti.  

 
sur. 5.12 
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amozneqili garsis gamoyofis procesi  SeiZleba 

ganvixiloT rogorc amozneqilobis deficitebis povnis 

amocana aris sazRvris gaswvriv (sur. 5.12). Sesabamisad, 

forma SeiZleba warmodgenil iqnes rekursiuli proce-

duris Sedegad miRebuli e.w. Cazneqilobis xis saxiT. 

kerZod, pirvelad amozneqilobis deficitebis saSuale-

biT xdeba mocemuli obieqtis amozneqili garsis  miReba. 

Semdeg miRebul amozneqilobis deficitebSi isev iZebneba 

amozneqili garsebi da amozneqilobis deficitebi. Semdeg 

miRebuli amozneqilobis deficitebiT isev iZebneba amoz-

neqili garsebi da amozneqilobis deficitebi da a.S. 

manam, sanam miRebuli amozneqilobis deficitebi Seicavs 

amozneqilobebs. es procedura warmodgenilia 5.13 suraT-

ze, sadac obieqtis amozneqili garsi da misi Cazneqi-

lobebi warmodgenilia 5.13,a suraTze, xolo amozneqili 

garsi warmodgenili Cazneqilobis xis saxiT mocemulia 

5.13,b suraTze. amasTan, TiToeuli Cazneqiloba SeiZleba 

aRiweros misi farTobis, qordis sigrZis (amoWrili 

Cazneqilobis SemaerTebeli wiris), maqsimaluri simrudis 

da sxva maxasiaTeblebis saSualebiT.   

 

5.4. formis martivi aRmwerebi 

 

sazogadod, gamosaxulebaze gamoyofili areebis yve-

laze metad gavrcelebuli maxasiaTebeli niSan-Tvisebebi 

Semdegia: 

 

 geometriuli (magaliTad, aris farTobi, simZimis 

centri, eqstremaluri wertilebi); 
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 formis (magaliTad, simrgvale, eileris ricxvi, mo-

mentebi); 

 intensivobis (magaliTad, aris saSualo intensivo-

ba, sxvadasxva teqsturuli statistikebi). 

 

 

 
a 

 
 

b 

sur. 5.13 
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5.1 suraTze mocemulia formis aRmwerebis CamonaTva-

li, romlebic gamoiyeneba rogorc konturze, aseve areze 

damyarebuli formis globaluri aRwerisas. maT Soris 

aris e.w. formis martivi aRmwerebic, romlebsac SeuZlia 

erTmaneTisgan ganasxvaos mxolod mkveTrad (mniSvnelov-

nad) gansxvavebuli formebi. marTalia, formis martivi 

aRmwerebi kompaqturebia, magram amave dros ar gamoirCeva 

maRali sizustiT. swored amis gamo maT iyeneben sxva 

aRmwerebTan erTad kombinaciaSi. ganvixiloT zogierTi 

martivi formis aRmweri binaruli gamosaxulebis maga-

liTze. 

 

 aris farTobi: 

 

𝐴 =  1

 𝑖,𝑗  ∈𝑅

 

 

sadac 𝑅-iT aRniSnulia aris piqselTa simravle. rogorc 

vxedavT, aris farTobi masSi Semavali piqselebis raode-

nobis tolia. 

 

aris simZimis centri (centroid) -  𝑖 , 𝑗    

 

𝑖 =
1

𝐴
  𝑖,𝑗  ∈𝑅𝑖 

𝑗 =
1

𝐴
  𝑖,𝑗  ∈𝑅𝑗 

 

anu simZimis centris koordinatebi  𝑖 , 𝑗   tolia 𝑅 aris 

piqselebis koordinatebis saSualo mniSvnelobebis. unda 
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aRiniSnos, rom Tumca wyvilebi  𝑖, 𝑗 ∈ 𝑅 mTel ricxvebs 

warmoadgens, magram  𝑖 , 𝑗   koordinatebi zogadad ar aris  

mTeli ricxvebi. amis gamo, sakmarisia, rom simZimis cent-

ris koordinatebi gamoTvlil iqnes mZimis Semdeg erTi 

niSnis sizustiT. 

 

aris perimetris sigrZe: 

𝑅 aris perimetris sigrZe 𝑃 warmoadgens aris globalur 

Tvisebas. martivad, im aris perimetri, romelsac ar aqvs 

xvrelebi, SeiZleba gansazRvruli iqnes misi sasazRvro 

piqselebis simravlis saSualebiT. 𝑅 aris piqsels 

ewodeba sasazRvro, Tu misi erT-erTi mezobeli ar eku-

Tvnis 𝑅-s. im SemTxvevaSi, roca piqselis arisadmi an 

fonisadmi mikuTvneba ganisazRvreba 8-bmulobiT, maSin 

perimetris piqselebisgan miRebuli simravle iqneba 4-

bmuli. da piriqiT, Tu piqselis arisadmi an fonisadmi 

mikuTvneba ganisazRvreba 4-bmulobiT, maSin perimetris 

piqselebis simravle warmoadgens 8-bmuls. aqedan gamom-

dinare, 𝑅 arisTvis vRebulobT 4-bmuli  𝑃4 perimetrisa 

da 8-bmuli 𝑃8 perimetris Semdeg gansazRvrebebs: 

 

𝑃4 =   𝑖, 𝑗 ∈ 𝑅|𝑁8 𝑖, 𝑗 − 𝑅 ≠ 0  ; 

𝑃8 =   𝑖, 𝑗 ∈ 𝑅|𝑁4 𝑖, 𝑗 − 𝑅 ≠ 0  . 

 

𝑃 perimetris  𝑃  sigrZis gamosaTvlelad saWiroa 𝑃 peri-

metris piqselebis mowesrigeba aseTi saxis mimdevrobad – 

𝑃 =<  𝑖0 , 𝑗0 , …  ,  𝑖𝐾−1, 𝑗𝐾−1 >, romelSic piqselebis yoveli 

Semdegi momdevno wyvili erTmaneTis mezoblebia (maT 

Soris pirveli da bolo piqselebi). maSin perimetris 

sigrZe  𝑃  ase ganisazRvreba:  
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 𝑃 =   𝑘| 𝑖𝑘+1 , 𝑗𝑘+1 ∈ 𝑁4 𝑖𝑘 , 𝑗𝑘   + 

 2  𝑘| 𝑖𝑘+1 , 𝑗𝑘+1 ∈ 𝑁8 𝑖𝑘 , 𝑗𝑘 − 𝑁4 𝑖𝑘 , 𝑗𝑘   , 

 

sadac 𝑘 + 1 gamoiTvleba moduliT 𝐾K(𝐾 piqselTa mimdev-

robis sigrZis tolia). amgvarad, ori vertikalurad an 

horizontalurad momijnave piqseli mogvcems perimetris 

sigrZis zrdas 1-iT, xolo diagonalurad momijnave ori 

piqseli ki _ perimetris sigrZis zrdas daaxloebiT 1,4 –

iT. 

aris 𝐴 farTobisa da 𝑃 perimetris gamoTvla saSua-

lebas gvaZlevs, rom gamoiTvalos aris kompaqturoba 

(compactness) 

 

kompaqturoba (1):   

 

𝐶1 =
 𝑃 2

𝐴
. 

 

magram, samwuxarod, cifruli saxiT warmodgenili figu-

rebisTvis sidide  𝑃 2

𝐴
   umcires mniSvnelobas Rebulobs 

ara wrewirisTvis (rogorc es uwyveti saxiT warmodgeni-

li brtyeli figurebis SemTxvevaSia), aramed rvakuTxede-

bisa da rombebisTvis. amis gamo kompaqturobis niSan-

Tvisebis gansazRvrisTvis Semotanili iqna meore formu-

la 

 

kompaqturoba (2):  

 

𝐶2 =
𝜇𝑅

𝜍𝑅
, 
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sadac 𝜇𝑅 da 𝜍𝑅 tolia Sesabamisad aris simZimis centri-

dan aris sasazRvro wertilebamde gadaxrebis sididis 

saSualo mniSvnelobisa da saSualokvadratuli gadax-

risa Sesabamisad. evklidur sivrceSi yvelaze ufro kom-

paqtur ares warmoadgens wre. 5.14 suraTze mocemulia (a) 

kompaqturi da (b) arakompaqturi areebis magaliTebi. 

 

 
       a                b                           

sur. 5.14 

 

eqscentrisiteti (eccentricity):  

eqscentrisiteti warmoadgens erTmaneTis mimarT marTo-

bulad ganlagebuli maqsimaluri sigrZis qordebis far-

dobas (an sxva sityvebiT, obieqtis didi RerZis patara 

RerZTan fardobas). 5.15 suraTze warmodgenil SemTxveva-

Si aseTi qordebia 𝐴 da 𝐵. 

 
sur. 5.15  
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saSualo radialuri manZili:  

 

𝜇𝑅 =
1

𝐾
   𝑖𝑘 , 𝑗𝑘 −  𝑖 , 𝑗   𝐾−1

𝑘=0 , 

 

radialuri manZilis saSualokvadratuli gadaxra: 

 

𝜍𝑅 =
1

𝐾
    𝑖𝑘 , 𝑗𝑘 −  𝑖 , 𝑗   − 𝜇𝑅 

1
2 𝐾−1

𝑘=0 , 

 

sadac piqselTa simravle  𝑖𝑘 , 𝑗𝑘 , 𝑘 = 0,1, … , 𝐾 − 1  warmoad-

gens gansaxilveli 𝑅 aris 𝑃 perimetris elementebis kre-

buls. aRsaniSnavia, rom kompaqturobis 𝐶2 mniSvneloba 

monotonurad izrdeba figuris cifruli saxis wrexaz-

Tan miaxloebasTan erTad da amJRavnebs msgavs qcevas ro-

gorc cifrul, aseve uwyvet saxeSi warmodgenili figu-

rebisTvis. 

ganvixiloT konturze damyarebuli formis martivi 

aRmwerebis, eqscentrisitetisa da kompaqturobis gamoye-

nebis magaliTi 5.16 suraTze warmodgenili obieqtebis-

Tvis. 5.16,a suraTze mocemuli obieqtis formis eqscent-

risiteti TiTqmis 1-is tolia (𝑎 ≅ 𝑏). magram imis gamo, 

rom obieqts wagrZelebuli forma ara aqvs, es niSan-

Tviseba ar gamodgeba rogorc mocemuli obieqtis formis 

aRmweri. kompaqturoba am SemTxvevaSi ufro Sesaferisi 

aRmweri iqneba. rac Seexeba 5.16,b,g suraTze warmodgenil 

obieqtebs, miuxedavad imisa, rom isini gansxvavebul 

formebs warmoadgens, maTi kompaqturobis mniSvnelobebi 

erTnairia (𝑎 = 2𝑏). amitom kompaqturoba, rogorc formis 

aRmweri, aseT SemTxvevaSi ar gamodgeba. Sesabamisad, maT-
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Tvis eqscentrisitetis, rogorc niSan-Tvisebis gamoyeneba  

ufro Sesaferisi iqneba.   

 
                    a                b  

    

 
                         g 

sur. 5.16 

 

Caxazuli sworkuTxedi da eqstremaluri wertilebi: 

gamosaxulebis analizisas xSirad Zalze mniSvnelovania 

da sasurvelia vicodeT romelime aris miaxloebiTi 

adgilmdebareoba gamosaxulebaze. am ukanasknelTanaa da-

kavSirebuli aRmweri marTkuTxedis (bounding box) cneba. is 

warmoadgens marTkuTxeds, romelic Semoxazulia areze 

da exeba mis kidura wertilebs zemodan, qvemodan, marcx-

nidan da marjvnidan. rogorc 5.17 suraTidan Cans, ares 

SeiZleba hqondes 8 gansxvavebuli eqstremaluri piqseli: 

zeda marjvეna, zeda marcxეna, zemodan marcxena, qvemodan 

marcxena, zemodan marjvena, qvemodan marjvena, qveda mar-

cxეna, qveda marjvეna.  
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sur. 5.17 

 

eqstremaluri wertilisTvis damaxasiaTebelia is, 

rom mis koordinatas aqvs zRvruli mniSvneloba stri-

qonis an svetis mixedviT. aq "zRvrulis" qveS igulisxme-

ba koordinatis maqsimaluri an minimaluri mniSvneloba 

gansaxilveli aris yvela piqselisaTvis. eqstremaluri 

piqselebi ganlagebulia Caxazuli marTkuTxedis gver-

debze. isini qmnis urTierTsawinaaRmdego mxareebze gan-

lagebuli wertilebis wyvilebs: zeda marcxnidan da qve-

da marjvnidan; zeda marjvnidan da qveda marcxnidan; mar-

jvena zemodan da marcxena qvemodan; marjvena qvemodan da 

marcxena zemodan. TiToeuli es wyvili gansazRvravs 

marTkuTxediT Semovlebuli figuris eqstremaluri wer-

tilebis RerZebs (suraTze naCvenebia punqtiriT). gamo-

sadegobis TvalsazrisiT am RerZebis Tvisebebidan 

arCeulia maTi sigrZe da mimarTuleba.  

imis gamo, rom aRniSnuli eqstremaluri wertilebi 

miRebulia uwyveti gamosaxulebis cifrulad gardaqmnis 

Sedegad, amitom evkliduri manZilis formuliT gamoTv-
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lili RerZis sigrZe cotaTi ufro naklebi iqneba, gansx-

vavebiT uwyveti SemTxvevisgan. ganvixiloT, magaliTad, 

manZilis gamoTvla or horizontalurad momijnave piq-

sels Soris gamosaxulebaze. am SemTxvevaSi manZili 

marcxena piqselis marcxena kidesa da marjvena piqselis 

marjvena kides Soris 2-is tolia, xolo manZili am piqse-

lebis centrebs Soris ki 1-is. cifrul gamosaxulebaze 

manZilis gamoTvlisas SesaZlebelia mxedvelobaSi miRe-

bul iqnes evkliduri manZilis Sesworeba. es nazrdi 

damokidebulia RerZis 𝜃 orientaciaze da tolia 

 

𝑄 𝜃 =

 
 

 
1

 cos 𝜃 
:      𝜃 < 450

1

 sin 𝜃 
:      𝜃 > 450

  

 

am Sesworebis gaTvaliswinebiT eqstremalur (𝑖1 , 𝑗1) da 

(𝑖2 , 𝑗2) wertilebs Soris eqstremaluri RerZis sigrZe to-

li iqneba 

 

𝐷 =  (𝑖2 − 𝑖1)2 + (𝑗2 − 𝑗1)2 + 𝑄(𝜃). 

 

gamosaxulebaze aris formis aRwerisaTvis xSirad 

iyeneben meore rigis momentebs. kerZod:  

 

meore rigis centraluri momenti striqonze:   

 

𝜇𝑖𝑖 =
1

𝐴
 (𝑖 − 𝑖 )2

(𝑖,𝑗 )∈𝑅
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meore rigis Sereuli centraluri momenti: 

 

𝜇𝑖𝑗 =
1

𝐴
  𝑖 − 𝑖  (𝑗 − 𝑗 )

(𝑖,𝑗 )∈𝑅

 

 

meore rigis centraluri momenti svetze: 

 

𝜇𝑗𝑗 =
1

𝐴
 (𝑗 − 𝑗 )2

(𝑖 ,𝑗 )∈𝑅

 

 

meore rigis centraluri momentebi striqonze da svetze 

- 𝜇𝑖𝑖 da 𝜇𝑗𝑗  SeiZleba gamoyenebul iqnes rogorc aris 

piqselebis koordinatebis gadaxris zoma simZimis cent-

ris (amitomac maT centralur momentebs uwodeben) koor-

dinatebidan Sesabamisad striqonis da svetis mimarTule-

biT. rac Seexeba 𝜇𝑖𝑗  Sereul centralur moments, is 

iTvaliswinebs piqselis koordinatebis gadaxras simZimis 

centris koordinatebis mimarT orive mimarTulebiT. aR-

niSnul sidideebs xSirad iyeneben rogorc aris formis 

martiv maxasiaTeblebs. isini invariantulia gadaadgile-

bis da masStabirebis mimarT da maTi gamoyeneba SeiZleba 

nebismieri formis areebisTvis.    

 

5.5. obieqtebis amocnoba formaze dayrdnobiT 

 

obieqtis formis amocnoba erT-erT mniSvnelovan rols 

asrulebs gamosaxulebaTa analizis amocanaSi. aq ganixi-

leba ori midgoma. erTi, romlis mixedviTac forma gani-

xileba rogorc erTi mTliani struqtura da gadawyveti-
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lebis miReba xdeba amis gaTvaliswinebiT. aseTi midgomis 

magaliTs warmoadgens stilizebuli xelnaweri simbo-

loebi, rogoricaa, magaliTad, Cinuri simboloebi, sadac 

jer xdeba calkeuli Strixebisa da blokebis iden-

tifikacia, romlebisganac Semdeg konstruirdeba Sesaba-

misi simbolo. meore midgomisas ki xdeba obieqtis 

siluetis konturis Seswavla, kerZod, masze iZebneba kuT-

xeebi,  Sverilebi, amozneqilobebi, Cazneqilobebi, maRali 

simrudis mniSvnelobis mqone wertilebi da a.S. aseTi 

midgomis magaliTs warmoadgens adamianis saxis profil-

is amocnoba. magram arsebobs amocanebi, romlebSic orive 

midgomis gamoyenebaa saWiro, magaliTad, teqnikur naxa-

zebSi, sadac gvxvdeba rogorc wirebi da simboloebi, 

romelTa amocnobisTvis maTi struqturis analizia auci-

lebeli, aseve wrewirebi da mravalkuTxedebi, romelTa 

identifikacia moiTxovs konturebis analizs.   

 formaze damyarebuli obieqtebis amocnoba gansxvav-

deba sxva niSniT (magaliTad, obieqtze damyarebuli 

amocnoba, modelze damyarebuli amocnoba) gansazRvruli  

amocnobisgan. saqme isaa, rom adamianis mier mocemuli 

formis aRqma damokidebulia dakvirvebis wertilis mde-

bareobaze sivrceSi da xedvis kuTxeze. Sesabamisad, moce-

muli forma damkvirveblisTvis SeiZleba gamoCndes 

SedarebiT ufro didad, an patarad, SeiZleba gamoCndes 

mxolod misi zedxedi, an daxrilad da a.S. amis gamo, 

formis invariantulobis problema afinuri gardaqmnebis 

(gadatanis, brunvis, masStabirebis) mimarT formaze 

damyarebuli amocnobis dros erT-erTi centralur prob-

lemas warmoadgens. garda aRniSnuli problemisa, rea-

lur scenaze Cveulebriv saqme gvaqvs ara erT, aramed 
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ramdenime obieqtTan, romlebic amave dros SeiZleba erT-

maneTs nawilobriv faravdnen.          

formaze damyarebuli obieqtebis amocnoba mniSvne-

lovanwilad efuZneba gamosaxulebaze arsebuli obieqte-

bis formebis ricxviTi aRmwerebis SeTanxmebulobasE 

(matching) monacemTa bazaSi arsebul standartul for-

mebTan. kerZod, TiToeuli obieqtis formis aRwerisaTvis, 

gamomdinare iqedan, Tu razea damyarebuli formis war-

modgena da aRwera, iyeneben Sesabamis formis aRmwerebs. 

Sedegad miiReba formis aRmweri niSan-TvisebaTa ricxvi-

Ti veqtori. amis Semdeg amocnobis amocana emyareba moce-

muli formis aRmwerebis mniSvnelobebis SeTanxmebulo-

basEtipiuri formebis warmomdgen standartul sidideeb-

Tan da Semdgom klasifikacias maT Soris msgavsebis sa-

fuZvelze.   

formebis SeTanxmebulobisas mniSvnelovan amocanas 

warmoadgens formebs Soris arsobrivi Sesabamisobebis 

(correspondences) gansazRvra. amocana aseTnairad ismeba: vi-

povoT mocemuli 𝑅1, 𝑅2, . . . , 𝑅𝑛 formebis elementebs 

Soris arsobrivi kavSirebi (siaxlove). es gulisxmobs 

formaTa Soris erTi formis TiToeuli anaTvlis werti-

lisTvis meore formaze raime niSan-Tvisebis (an niSan-

Tvisebebis) mixedviT yvelaze ufro msgavsi anaTvlis 

wertilis povnas. anaTvlebis wertilebs Soris Sesabami-

sobebis gansazRvra gvaZlevs Sesabamisobas mTlianad 

formebs Sorisac. Sesabamisobebi xelis or mtevanze Ser-

Ceul wertilebs (anaTvlebs) Soris naCvenebia 5.18 suraT-

ze. 
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sur. 5.18  

 

im SemTxvevaSi, Tu formis konturi danawevrebulia 

calkeul primitivebad, maSin or formas Soris Sesabami-

sobis gansazRvrisaTvis saWiroa maTi konturebis primi-

tivebs Soris msgavsebis gansazRvra, ris safuZvelzec sa-

bolood ganisazRvreba msgavseba Sepirispirebul form-

ebs Sorisac (sur. 5.19).  

 

 
sur. 5.19 

  

 sazogadod, formaTa Soris Sesabamisobis dadgena 

rTul amocanas warmoadgens, radganac igi moiTxovs 

formebis struqturis gagebas globalur da lokalur 

doneebze da, aseve, formebis Semadgeneli calkeuli nawi-
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lebis funqciebis codnas. magaliTad, 5.20 suraTze moce-

muli formebisaTvis Sesabamisobis dadgena rTul amoca-

nas warmoadgens gamomdinare obieqtebis Semadgeneli 

nawilebis (saxelurebi, yelebi, sadgamebi) gansxvavebuli 

raodenobisa da erTi da igive nawilebis gansxvavebuli 

zomebisa.  

 

 
sur. 5.20  

 

formaTa Soris SeTanxmebulobis anu msgavsebis gan-

sazRvra moiTxovs Sesabamisi msgavsebis metrikis arse-

bobas. formaTa msgavsebis zoma, anu manZilis funqcia 

formebis 𝑆 erTobliobaze warmoadgens iseT funqcias 

𝑑: 𝑆 × 𝑆 → ℝ, romelic xasiaTdeba metrikisTvis damaxasia-

Tebeli TvisebebiT. kerZod, 𝑆 erTobliobis yvela 𝐴, 𝐵, 

an 𝐶 formisTvis sruldeba Semdegi pirobebi: 

 

1. (arauaryofiToba) 𝒅 𝑨, 𝑩 ≥ 𝟎; 

2. (identuroba) 𝒅 𝑨, 𝑨 = 𝟎, nebismieri 𝑨 formisTvis; 

3. (erTaderToba) 𝒅 𝑨, 𝑩 = 𝟎, gulisxmobs, rom 𝑨 = 𝑩 ; 

4. (samkuTxedis aqsioma) 𝒅 𝑨, 𝑩 + 𝒅 𝑨, 𝑪 ≥ 𝒅 𝑩, 𝑪 . 

 

manZilis funqcias, romelic akmayofilebs (2), (3) da (4) 

pirobebs ewodeba metrika. rac Seexeba arauaryofiTobis 
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pirobas, is gamomdinareobs (2) da (4) pirobebidan. Tu man-

Zilis funqcia akmayofilebs mxolod (2) da (4) pirobebs, 

maSin mas fsevdometrikuli funqcia ewodeba. obieqtebis 

amocnobisTvis sasurvelia, rom msgavsebis zoma invarian-

tuli iyos afinuri gardaqmnebis mimarT. 5.21 suraTze 

warmodgenilia aseTi gardaqmnis  magaliTi 𝐴 da 𝐵 for-

mebisTvis, sadac 𝑑 𝐴, 𝐵 = 𝑑 𝑔 𝐴 , 𝑔 𝐵  . 

 

 

 
sur. 5.21  

    

formaTa Soris msgavsebis zomebi ZiriTadad efuZne-

ba or wertils Soris 𝐿𝑝 manZilis cnebas. Tu 𝑥, 𝑦 ∈ ℝ𝑘 , ma-

Sin 𝐿𝑝 manZili aseTnairad ganisazRvreba  

 

𝐿𝑝 𝑥, 𝑦 =    𝑥𝑖 − 𝑦𝑖  
𝑝𝑘

𝑖=0  
1

𝑝 . 

  

aRniSnul manZils minkovskis manZilsac uwodeben. Tu 

𝑝 = 2, maSin vRebulobT evklidur 𝐿2 manZils; Tu 𝑝 = 1, 

maSin gvaqvs manhetenis 𝐿1 manZili; xolo Tu 𝑝 → ∞, maSin 

vRebulobT „maqs‟ metrikas _ 𝑚𝑎𝑥𝑖 =   𝑥𝑖 − 𝑦𝑖   . 
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aseve arsebobs amocnobis meTodebi, romlebSic 

amocnoba xdeba manqanuri swavlebis gamoyenebiT, magram 

mas Semdeg, rac miRebulia SeTanxmebulobis Sedegebi. 

aseT amomcnob sistemaSi gamoiyeneba diskriminantuli 

klasifikatori, romlis swavleba swored SeTanxmebulo-

bis Sedegebis safuZvelze xdeba. am midgomisas klasifi-

katoris agebis erT-erT cnobil meTods warmoadgens 

baiesis gadawyvetilebis Teoriis gamoyeneba. aRniSnuli 

midgomis Tanaxmad TiToeuli formis aRmweris mniSvne-

lobebis ganawileba obieqtTa TiToeul klasisTvis sa-

Sualebas iZleva ganisazRvros mocemuli obieqtis ama 

Tu im klasisadmi mikuTvnebis albaToba. kerZod, obieqti 

miekuTvneba im klass, romlis mimarTac  aRmwers yvelaze 

didi albaToba aqvs.  
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VI Tavi. gamosaxulebebis gaumjobeseba da 

restavracia 
 

6.1. Sesavali 

 

xSirad gadamwodebidan miRebul gamosaxulebaze im sa-

survel informaciasTan (monacemebTan) erTad, romlis 

gamoyofac aucilebelia, gvxvdeba agreTve arasasurveli 

monacemebic, romlebic xels uSlis gamosaxulebis Semd-

gomi damuSavebisa da analizis process. moviyvanoT ara-

sasurveli monacemebis Semcveli gamosaxulebis ramdenime 

magaliTi:  

 

 gamosaxulebis umetesi nawili Cabnelebulia da 

masze arsebuli obieqtebi Znelad gasarCevia; 

 fotosuraTze gvxvdeba ramdenime kargad SesamCnevi 

grZeli nakawri; 

 dokumentis skanirebisas misi teqstur failad 

gardaqmnis mizniT fonze Cndeba xmauris piqselebi 

da aseve SesaZlebelia zogierTi piqselis gamo-

toveba calkeul simboloebSi.  

 

aseTi monacemebisgan gamosaxulebis gasaTavisufleb-

lad saWiro operaciebi xorcieldeba xolme calkeuli 

piqselisa da misi garemos doneze. gamosaxulebis gasaum-

jobeseblad gamoiyeneba gamosaxulebebis damuSavebis me-

Todebi, kerZod ori procedura: gamosaxulebis xarisxis 

gaumjobeseba da restavracia (aRdgena).  
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gamosaxulebis gaumjobesebis arsi mdgomareobs 

gamosaxulebaze iseTi gardaqmnebis (operaciebis)  Catare-

baSi, romlebic gazrdis maTze arsebuli obieqtebis an 

mniSvnelovani detalebis aRmoCenis SesaZleblobas ada-

mianis an manqanis mier, anu sxva sityvebiT, gaaadvilebs   

gamosaxulebis aRqmas misi vizualuri xarisxis gaumjo-

besebis xarjze. am tipis gardaqmnebs gamosaxulebis 

preparirebasac uwodeben. aseTi gardaqmnebis magaliTebia: 

xmauris CaxSobis, dagluvebis, kontrastis gaZlierebis 

da kideebis gamokveTis operatorebi. 

restavraciis qveS gulisxmoben gamosaxulebis 

restavracias (aRdgenas), anu masze iseTi gardaqmnebis Ca-

tarebas, romlis Sedegad  damaxinjebuli gamosaxuleba 

miuaxlovdeba idealur gamosaxulebas.  

zemoTqmulidan gamomdinare orive proceduris mi-

zania gamosaxulebis gardaqmna iseT axal gamosaxulebad, 

romelic ufro moxerxebeli iqneba misi Semdgomi anali-

zisTvis. gamosaxulebis subieqturi aRqmis gaumjobeseba 

SesaZlebelia, Tu gamosaxulebis aRmwer funqciaze gamo-

viyenebT adamaris da furies gardaqmnebs. gamosaxulebis 

gaumjobesebis mizans ar warmoadgens is, rom miRebuli 

gamosaxuleba miuaxlovdes raRac idealizebul origin-

als. aseTi amocana ganixileba gamosaxulebis restavra-

ciisas.  

restavraciisas xdeba gamosaxulebaze im damaxin-

jebebis aRmofxvra, romlebic warmoiSoba damuSavebis 

procesis msvlelobisas aparaturis zemoqmedebis Sedeg-

ad. restavraciis meTodebidan aRsaniSnavia iseTebi, rom-

lebic xels uwyobs scenis gamosaxulebaze obieqtebis 

gamoyofis amocanis gadawyvetas.  
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ganvixiloT ramdenime meTodi, romelTa mizania 

damaxinjebebis mqone gamosaxulebebidan iseTi gamosaxu-

lebebis miReba, romlebic kargad aRqmadi iqneba damkvir-

veblis mxridan da aseve advilad dasamuSavebeli kompiu-

terisTvis.  

 

6.2. tonebis ganawilebis cvlileba gamosaxulebaze 

 

6.2.1. kontrastis Secvla  

 

foto da satelevizio gamosaxulebebis yvelaze ufro 

gavrcelebul defeqts warmoadgens susti kontrasti, 

rac gamowveulia aRsadgeni intensivobis mniSvnelobebis 

diapazonis SezRudulobiT da xandaxan Sesabamisi donee-

bis gadacemis maxasiaTeblis arawrfivobiT. aseT dros 

gamosaxulebaze intensivobis done icvleba ara Savidan 

TeTrisken, aramed ruxidan cota ufro Ria ruxisken. es 

niSnavs, rom gamosaxulebaze intensivobis mniSvnelobebis 

cvlilebis diapazoni dasaSvebze ufro viwroa. 

bevr SemTxvevaSi SesaZlebelia kontrastis Secvla, 

Tu movaxdenT gamosaxulebis yoveli piqselis sikaSkaSis 

cvlilebas. dabalkontrastuli uwyveti gamosaxulebebis 

SemTxvevaSi aseTi koreqcia rTuli gansaxorcielebelia, 

radgan aseT dros Znelia nebismieri donis gadacemis 

maxasiaTeblis realizeba maRali sizustiT. cifruli 

gamosaxulebis SemTxvevaSi ki saWiro maxasiaTeblis miRe-

ba SedarebiT advilia. Tumca am dros arawrfivi opera-

toris moZiebisas saWiroa mxedvelobaSi miviRoT kvanti-

rebis Secdomebi. aseTi proceduris Catarebis Sedegad 

SeiZleba aRmoCndes, rom gamosasvleli gamosaxulebis 
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intensivobis diapazonSi zogierTi done ar iqnes gamoye-

nebuli. es gamoiwvevs imas, rom gamosasvlel gamosaxule-

baze intensivobis zogierTi vardnebi gadaaWarbebs Sesa-

bamis vardnebs Sesasvlel gamosaxulebaze, rasac Sede-

gad SeiZleba mohyves mcdari konturebis gaCena. amis Ta-

vidan asacileblad gamosasvleli gamosaxuleba ikvan-

teba ufro meti raodenobis doneebiT, vidre Sesasvleli.  

gamosaxulebis xarisxis Sesacvlelad xSirad iyene-

ben piqselebis intensivobebis (naxevartonuri doneebis) 

mniSvnelobebis cvlilebas. amisaTvis gamoiyeneba sxva-

dasxva gardaqmnis funqciebi (operatorebi), romlebsac 

tonuri ganawilebis funqciebi ewodeba. maTi saSualebiT 

moicema intensivobis Sesasvleli mniSvnelobebis axali 

mniSvnelobebiT Secvlis wesi. ramdenime aseTi tonuri 

ganawilebis funqcia warmodgenilia 6.1 suraTze.  

 

 
 

 
sur. 6.1 



136 

 

es funqciebi gansazRvravs Sesasvleli piqselebis 

intensivobebis mniSvnelobebis axal, gamosasvlel mni-

Svnelobebad gardaqmnis wess. gamosaxulebaze intensivob-

is mniSvnelobebis gardaqmnas  gaWimvas (stretching) an nor-

malizacias uwodeben, radgan aRniSnuli gardaqmnis 

saSualebiT xdeba  intensivobis mniSvnelobebis dinamiku-

ri diapazonis gafarToeba – gaWimva. histogramis gar-

daqmnis operacia SeiZleba Catardes rogorc mTlian ga-

mosaxulebaze, aseve mis romelime areze. aseTi gardaqm-

nis magaliTi mocemulia 6.2 suraTze. 6.2,b suraTze war-

modgenilia intensivobis dinamikuri diapazonis gafar-

Toebis anu gaWimvis Sedegi 6.2,a suraTze warmodgenili 

SemTxvevisTvis. rogorc vxedavT, intensivobis dinamikuri 

diapazonis gafarToebis Sedegad moxda naxevartonebis 

doneebis mniSvnelobaTa diapazonis gazrda, ramac 

Sedegad gamosaxulebis kontrastis gazrda gamoiwvia. 

cxadia, realurad aseT operacias praqtikaSi iyeneben 

Cabnelebuli gamosaxulebebis SemTxvevaSi.  

 

 
             a                   b 

sur. 6.2 

 

gamosaxulebaze kontrastis gazrdisTvis, anu inten-

sivobis mniSvnelobebis dinamikuri diapazonis gafarToe-



137 

 

bisTvis iyeneben wrfivi kontrastirebis meTods, romel-

ic warmoadgens aseTi saxis gardaqmnas:  

 

          𝑔 𝑛1 , 𝑛2 = 𝑎𝑓 𝑛1, 𝑛2 + 𝑏              (6.1) 

 

sadac, 𝑎 da 𝑏 mudmivi parametrebia. aRniSnuli para-

metrebis gansazRvra SeiZleba ori xerxiT.  

pirvel SemTxvevaSi Sesasvlel gamosaxulebaze gani-

sazRvreba arsebuli intensivobis 𝑓 mniSvnelobebi da 

diapazoni [𝑓𝑚𝑖𝑛 , 𝑓𝑚𝑎𝑥 ]. amis Semdeg (6.1) gardaqmnis Tanaxm-

ad, gamosasvlel gamosaxulebaze unda miviRoT inten-

sivobis axali 𝑔 mniSvnelobebi, anu [𝑔𝑚𝑖𝑛 , 𝑔𝑚𝑎𝑥 ] diapazoni. 

es gardaqmna ase SeiZleba Caiweros: 

 

 
𝑔𝑚𝑖𝑛 = 𝑎𝑓𝑚𝑖𝑛 + 𝑏
𝑔𝑚𝑎𝑥 = 𝑎𝑓𝑚𝑎𝑥 + 𝑏

  

 

saidanac ganisazRvreba 𝑎 da 𝑏 parametrebis mniSvnelobe-

bi: 

 

𝑎 =
𝑔𝑚𝑎𝑥 −𝑔𝑚𝑖𝑛

𝑓𝑚𝑎𝑥 −𝑓𝑚𝑖𝑛
, 𝑏 =

𝑔𝑚𝑖𝑛 𝑓𝑚𝑎𝑥 −𝑔𝑚𝑎𝑥 𝑓𝑚𝑖𝑛

𝑓𝑚𝑎𝑥 −𝑓𝑚𝑖𝑛
. 

 

meore SemTxvevaSi, 𝑎 da 𝑏 parametrebisTvis iReben 

iseT mniSvnelobebs, romlebsac intensivobis mniSvnelo-

bebis maTematikuri molodini da dispersia dahyavT 

“standartul” sidideebamde. amisaTvis jer winaswar xde-

ba Sesasvleli gamosaxulebis 𝜇𝑓 maTematikuri lodinisa 

da 𝜍𝑓
2 dispersiis Sefaseba, xolo Semdeg 𝑎 da 𝑏 paramet-
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rebi iseTnairad SeirCeva, rom gamosasvleli gamosaxule-

bisTvis miviRoT “standartuli” 𝜇𝑔 da 𝜍𝑔
2: 

 

𝑔 𝑛1 , 𝑛2 =
𝑓 𝑛1, 𝑛2 − 𝜇𝑓

𝜍𝑓
∙ 𝜍𝑔 + 𝜇𝑔 = 

𝜍𝑔

𝜍𝑓
∙ 𝑓 𝑛1, 𝑛2 + 𝜇𝑔 − 𝜇𝑓

𝜍𝑔

𝜍𝑓
 , 

 

anu Sedegad gveqneba: 

 

𝑎 =
𝜍𝑔

𝜍𝑓
 ;  𝑏 = 𝜇𝑔 − 𝜇𝑓

𝜍𝑔

𝜍𝑓
 . 

   

gamosaxulebaze kontrastis gazrdis magaliTebi mo-

cemulia 6.3 suraTze, sadac (a) sawyisi gamosaxulebaa, (b) 

kontrastis gazrdis Sedegad miRebuli gamosaxuleba.  

    

   

 
                     a                 b 

sur. 6.3 
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rogorc vxedavT, moxda intensivobis mniSvnelobebis 

dinamikuri diapazonis gafarToeba. 

aRsaniSnavia, rom mocemul gamosaxulebebze, imisda 

mixedviT, Tu rogor gamoiyureba isini vizualurad, 

magaliTad, vTqvaT sawyisi gamosaxuleba bnelia an masze 

gvxvdeba calkeuli gansxvavebuli sibnelis mqone ubnebi 

(areebi), am gamosaxulebisTvis SeiZleba gamoyenebuli 

iqnes tonuri ganawilebis iseTi funqcia, romelic bneli 

piqselebis sikaSkaSes gazrdis, xolo Ria piqselebis 

sikaSkaSes ki Seamcirebs.   

erT-erT aseT tonuri ganawilebis funqcias aqvs 

aseTi saxe _ 𝑓 𝑥 = 𝑥
1

𝛾 . rogorc vxedavT, is arawrfivi 

funqciaa da imisda mixedviT, Tu ra mniSvnelobebs 

miiRebs 𝛾, Sedegic sxvadasxva iqneba. aseTi funqciis mier 

ganxorcielebul intensivobis mniSvnelobebis diapazonis 

gardaqmnas gamosaxulebaze gama-koreqcias (Gamma 

correction) uwodeben. Tu 𝑓 𝑥 = 𝑥0.5, maSin aseTi funqcia in-

tensivobis dabal mniSvnelobebs ufro metad gazrdis, 

vidre  maRals. Tu 𝛾 = 2.0, maSin es gamoiwvevs intensivob-

is mniSvnelobebis gazrdas. garda aRniSnuli funqciisa, 

SesaZlebelia gamoyenebuli iqnes ufro rTuli saxis 

funqciac. zogadad SeiZleba iTqvas, rom am funqciebis 

moqmedebis Sedegad gamosasvlel gamosaxulebaze piqse-

lebis intensivobis mniSvnelobebs Soris gansxvaveba 

unda gaxdes ufro SesamCnevi, rac gamosaxulebis aRqmas 

ufro gaaadvilebs. amgvarad, gamosaxulebis gaumjobeseba 

SesaZlebelia mis piqselebze garkveuli funqciis – ope-

ratoris gamoyenebiT. ganasxvaveben Semdegi saxis opera-

torebs: 
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gansazRvreba 6.1. wertilovani operatori  es aris 

operatori, romlis moqmedebis Sedegad gamosasvleli 

piqselis mniSvneloba ganisazRvreba mxolod erTi Sesas-

vleli piqselis mniSvnelobiT, anu 𝑂𝑢𝑡 𝑥, 𝑦 = 𝑓 𝐼𝑛𝑝 𝑥, 𝑦  .  

 

aq operatoris 𝑓 funqcia SeiZleba damokidebuli iyos 

garkveul globalur parametrebze. 

 

gansazRvreba 6.2. kontrastis gazrdis operatori es 

aris wertilovani operatori, romelic gamosaxulebaze 

mniSvnelovani detalebis gasaZliereblad intensivobis 

Sesasvleli mniSvnelobebisTvis iyenebs uban-uban gluv 

funqcias 𝑓 𝐼𝑛𝑝 𝑥, 𝑦  . 

 

imis gamo, rom wertilovani operatori moqmedebs 

erT Sesasvlel piqselze da gamosasvlelic erTi piqse-

lia, maTi gamoyeneba piqselTa masivze SesaZlebelia ro-

gorc nebismieri mimdevrobiT, aseve erTdrouladac 

(paralelurad). unda aRiniSnos, rom Zalian sasargebloa 

gamosaxulebis xarisxis gaumjobeseba aramonotonuri to-

nuri ganawilebis funqciebiT, radganac aseTi gamosaxu-

lebebi  kargad aRiqmeba adamianis mier, magaliTad, diza-

insa da JurnalistikaSi. magram igive midgomis gamoyeneba, 

magaliTad, rentgenologiaSi unda ganxorcieldes Zalin 

frTxilad, raTa ar moxdes intensivobis im arsebiTi Ska-

lis Secvla, romelsac iyeneben adamiani-eqspertebi da 

romelzedac SeiZleba momarTuli iyos sxvadasxva gadam-

wodebi.  
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6.2.2. preparireba 

 

gamosaxulebaze intensivobis mniSvnelobebis gardaqmnis 

sakmaod farTo klass preparirebas uwodeben. preparireb-

is bevri procedura gulisxmobs gamosaxulebis element-

element gardaqmnas misi vizualuri xarisxis gaumjobese-

bis mizniT. zRurbluri damuSaveba am gardaqmnis kerZo 

SemTxvevas warmoadgens.Agamosaxulebis element-element 

gardaqmnis funqciebis (preparirebisTvis gamoyenebuli 

funqciebis) Taviseburebas warmoadgens is, rom jer erTi, 

Znelia maTi fizikuri interpretacia da realurad gar-

daqmnis funqciis SerCeva xdeba empiriulad, gamomdinare 

konkretuli amocanis gadawyvetidan da, meorec, prepari-

reba xorcieldeba dialogur reJimSi, Sesabamisad, gar-

daqmnis funqcia parametrebis mcire raodenobas unda Sei-

cavdes da maTi arsi operatorisTvis gasagebi unda iyos. 

ganvixiloT preparirebisTvis gamoyenebuli gardaqmnis 

zogierTi funqciis moqmedeba.    

gamosaxulebis zRurbluri damuSavebis ganzoga-

debas warmoadgens gardaqmna, romelsac intensivobis 

CamoWra ewodeba (sur. 6.4).  

  

 
sur. 6.4 
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am gardaqmnis arsi SemdegSi mdgomareobs: Sesasvle-

li gamosaxulebis sikaSkaSis mniSvnelobebidan xdeba 

mniSvnelobebis garkveuli e.w. “muSa” diapazonis gamoyo-

fa. aseTi diapazonis sikaSkaSis mniSvnelobaTa Skalaze 

gadaadgilebiT da misi siganis cvlilebiT SesaZlebelia 

ganisazRvros, Tu sikaSkaSis ra mniSvnelobebia warmod-

genili mocemul gamosaxulebaze (aseve gamosaxulebis 

romel wertilebSi) da romeli ara; aseve movaxdinoT 

gamosaxulebaze erTmaneTisgan sikaSkaSeebiT gansxvavebu-

li calkeuli obieqtebis vizualuri analizi. gamosaxu-

lebaze arsebuli is areebi (detalebi), romlebic ar 

xvdeba sikaSkaSeebis mocemul diapazonSi, anu miekuTvne-

ba fonur elementebs, daTrgunuli iqneba. suraTze 6.4. 

mocemul SemTxvevaSi foni Savia, anu aRniSnuli gardaq-

mniT xdeba Savi fonis daTrgunva. 6.5 suraTze naCvenebia 

SemTxveva, roca adgili aqvs intensivobis CamoWris ope-

racias fonis SenarCunebiT.  

 

 
sur. 6.5 

 

aseT SemTxvevaSi gamosaxuleba ZiriTadad SenarCunebu-

lia, magram masze adgili aqvs sikaSkaSis mniSvnelobebis 

mocemul intervalSi moxvedrili calkeuli ubnebis “ga-

monaTebas”. Tu es intervali ekvris sikaSkaSis Skalis 
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sazRvars, maSin gvaqvs e.w. arasruli zRurbluri gardaq-

mnis SemTxveva (sur. 6.6). 

 

 
sur. 6.6 

 

Tavisi arsiT wrfivi kontrastirebis gardaqmnis 

msgavsia kontrastuli masStabireba. am funqciis saSua-

lebiT gamosaxulebaze sikaSkaSis mniSvnelobebis diapa-

zonis garkveuli intervali (ubani) iWimeba mTel Skalaze 

(sur. 6.7). aseTi operaciis (gardaqmnis) Sedegad gamosa-

xulebaze im detalebis kontrasti, romelTa sikaSkaSis 

mniSvnelobebi aRniSnul intervalSi moxvda, izrdeba, 

xolo is detalebi, romelTa sikaSkaSis mniSvnelobebi am 

intervalis gareTaa, gardaiqmneba erTgvarovan fonur 

elementebad.  

 

 
sur. 6.7 
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kerZod: Sav (sur. 6.8,a), TeTr (sur. 6.8,b) an rux (sur. 6.8,g) 

fonebad.  

 

      
   E       a                   b                 g 

sur. 6.8  

 

kontrastuli masStabireba SeiZleba aseve gamoyeneb-

ul iqnes sikaSkaSis mniSvnelobebis Sebrunebuli mniSvne-

lobebis misaRebad, anu mocemuli gamosaxulebis Sebru-

nebuli gamosaxulebis _ “negativis” misaRebad (sur. 6.9,a). 

 

      
                    a                    b 

sur. 6.9  

 

gardaqmnis kidev erT funqcias warmoadgens kontras-

tuli masStabirebis xerxiseburi funqcia (sur. 6.9,b). 

praqtikaSi is sakmaod warmatebulad gamoiyeneba iseT 

gamosaxulebebze, romlebzedac gvaqvs ramdenime msxvili 

are sikaSkaSis mniSvnelobebis mdovre cvlilebiT. aseTi 

gardaqmnis Sedegad praqtikulad ar icvleba gamosaxule-
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bis aRqmis xarisxi, magram mkveTrad izrdeba gamosaxule-

baze arsebuli wvril-wvrili detalebis kontrasti.  

gamosaxulebis element-element gardaqmnas miekuTv-

neba aseve gamosaxulebis gardaqmna fsevdoferebSi. aR-

niSnuliAgardaqmnisas sikaSkaSis yovel ricxviT mniSvne-

lobas monitoris ekranze Seusabameben gansazRvrul 

fers. cnobilia, rom adamianis Tvali ufro aRiqvams fe-

rebis cvlilebas gamosaxulebaze, vidre sikaSkaSis. amis 

gamo aseTi gardaqmna xSirad gamoiyeneba praqtikaSi, gan-

sakuTrebiT ki samedicino diagnostikis sistemebSi. zoga-

dad, Sesabamisobis wesi SeiZleba nebismieri iyos, Tumca 

praqtikaSi cdiloben, rom gardaqmnis funqcia Tavisi xa-

siaTiT iyos gluvi. aseTi gardaqmnis Sedegad Sesasvlel 

gamosaxulebaze sikaSkaSis mdovre cvlilebas gamosasvl-

el gamosaxulebaze feris aseve mdovre cvlileba unda 

Seesabamebodes.   

 

6.2.3. histogramis gardaqmna  

 

Tu davakvirdebiT wrfivi kvantirebis Sedegad miRebul 

bunebrivi scenis gamosaxulebas, vnaxavT, rom misi sikaS-

kaSeebis ganawilebis histogramaze ufro dabali doneeb-

is sikaSkaSeebi Warbobs, rac niSnavs, rom gamosaxulebis 

elementebis umravlesobas eqneba saSualoze dabali si-

kaSkaSis mniSvnelobebi. aseT gamosaxulebebze muq ubneb-

Si detalebis garCeva Zneli xdeba. aseTi gamosaxulebeb-

is gaumjobesebis erT-erT meTods warmoadgens histogra-

mis gaTanabreba (histogram equalization). am midgomis arsi 

mdgomareobs sawyisi gamosaxulebis sikaSkaSeebis iseT 

gardaqmnaSi mis histogramaze dayrdnobiT, rom axali 
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gamosaxulebis histogramas hqondes sasurveli saxe, anu 

axali gamosaxulebis histogramaze miviRoT sikaSkaSeebis 

iseTi ganawileba, romelic gamosaxulebas vizualurad 

ufro kargad aRsaqmels gaxdis. aseTi gardaqmnis arsi 

sqematurad warmodgenilia 6.10 suraTze.  

gamosaxulebaze aseTi gardaqmnis gansaxorcieleb-

lad iyeneben operators, romelsac edeba Semdegi ori 

SezRudva: a) gamosasvlel gamosaxulebaSi gamoyenebul 

unda iqnes sikaSkaSis yvela dasaSvebi mniSvnelobebi, da 

b) gamosasvlel gamosaxulebaSi sikaSkaSis yoveli mniSv-

nelobisTvis unda gvqondes piqselebis daaxloebiT erT-

nairi raodenoba. pirveli SezRudva iZleva gamosaxuleb-

is kargi aRqmis SesaZleblobas, xolo meore damatebiTia 

da misi vargisianoba fasdeba eqsperimentebis SedegebiT. 

histogramis gaTanabreba SeiZleba Sesruldes rogorc 

mTeli gamosaxulebisTvis (global histogram equalization), aseve 

misi calkeuli areebisTvis (local histogram equalization).  

 

 

 

sur. 6.10  

 

histogramis gaTanabrebis operatoris moqmedebis 

Sedegi naCvenebia 6.11 suraTze, sadac mocemulia rogorc 

TviT (a) Sesasvleli gamosaxuleba, misi (b) tonuri gana-

http://en.wikipedia.org/wiki/File:Histogrammspreizung.png
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wilebis funqcia da histograma, aseve mis histogramaze 

gaWimvis operatoris moqmedebis Sedegad miRebuli (g) 

gamosasvleli gamosaxuleba, misi (d) tonuri ganawilebis 

funqcia da histograma.  

 

   
a                               b 

 

      
              g                               d 

sur. 6.11 

 

rogorc vxedavT, gamosaxulebis tonuri ganawilebis 

mrudis cvlileba marTlac iwvevs rogorc mTliani 

gamosaxulebis saxis cvlilebas, aseve masze arsebuli 

calkeuli detalebis ufro gamokveTilad warmoCenas. 

histogramis gaTanabrebis kidev erTi magaliTi warmodge-

nilia 6.12 suraTze, sadac (a) sawyisi gamosaxuleba da mi-

http://en.wikipedia.org/wiki/File:Unequalized_Hawkes_Bay_NZ.jpg
http://en.wikipedia.org/wiki/File:Unequalized_Histogram.svg
http://en.wikipedia.org/wiki/File:Equalized_Hawkes_Bay_NZ.jpg
http://en.wikipedia.org/wiki/File:Equalized_Histogram.svg
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si Sesabamisi histogramaa, xolo (b) histogramis gaTanab-

rebis Sedegad miRebuli gamosaxuleba da misi Sesabamisi 

histogramaa. suraTidan Cans, rom sawyisi gamosaxulebis 

histogramas gaTanabrebamde hqonda pikis saxe, xolo 

gaTanabrebis Semdeg moxda misi gaWimva, ramac mkveTrad 

Secvala sawyis gamosaxulebaze sikaSkaSeebis ganawileba 

da Sesabamisad gamosaxuleba vizualurad ufro kargad 

aRsaqmeli gaxda.   

magaliTad, did erTgvarovan areebze (ca, mindori 

da a.S.) histogramis gaTanabrebis gamoyenebis Sedegad 

aRniSnuli SezRudvis gamo miRebul gamosaxulebaze gveq-

neba sikaSkaSis ufro meti gansxvavebuli mniSvnelobebi  

da, Sesabamisad, gamosaxuleba ufro kontrastuli iqneba.  

  

 
                 a                             b         

                        sur. 6.12 



149 

 

(a) da (b) SezRudvebi imas niSnavs, rom miRebul ga-

mosasvlel gamosaxulebaze gveqneba sikaSkaSis yvela 

dasaSvebi 𝑧 = 𝑧1, 𝑧 = 𝑧2 , . . . , 𝑧 = 𝑧𝑛 
mniSvnelobebi; amasTan 

TiToeuli 𝑧𝑘 gamoyenebuli iqneba daaxloebiT 𝑞 =

 𝑁 × 𝑀 /𝑛-jer. aq 𝑁 da 𝑀 gamosaxulebis striqonebisa da 

svetebis raodenobaa. imisaTvis, rom ganisazRvros gamosa-

xulebis dinamikuri diapazonis gamWimavi tonuri garda-

qmnis 𝑓 funqcia, saWiroa vicodeT mxolod Sesasvleli 

gamosaxulebis 𝐻𝑖𝑛𝑝  𝑖  histograma (𝑖 -sikaSkaSis mniSvnelo-

baa gamosaxulebaze). am histogramis TiToeuli jibe [𝑖] 

inaxavs Sesasvlel gamosaxulebaze 𝑧𝑖 sikaSkaSis mniSv-

nelobis mqone piqselebis raodenobas. amis Semdeg xdeba 

sikaSkaSis pirveli zRurbluri 𝑡1 mniSvnelobis gansazR-

vra. amisaTvis Sesasvleli gamosaxulebis histogramaze 

xdeba 𝑖-uri indeqsis gazrda manam, sanam naklebi sikaS-

kaSis mniSvnelobebis mqone piqselebis jamuri raodenoba 

ar gadaaWarbebs 𝑞1 zRurbls. Sedegad miviRebT imas, rom 

Sesasvleli gamosaxulebis yvela im piqsels, romelTa 

sikaSkaSis mniSvneloba 𝑧𝑘 < 𝑡1 − 1-ze, gardaqmnis Sedegad 

gamosasvlel gamosaxulebaze mieniWeba 𝑧1 mniSvneloba. 

TviT 𝑡1 zRurblis mniSvneloba ki ganisazRvreba Semdegi 

utolobidan 

 

 𝐻𝑖𝑛𝑝  𝑖 ≤ 𝑞1 <  𝐻𝑖𝑛𝑝  𝑖 
𝑡1
𝑖=1

𝑡1−1
𝑖=1 . 

 

utoloba gviCvenebs, rom 𝑡1 warmoadgens sikaSkaSis im 

umcires mniSvnelobas, romlisTvisac histogramaze arse-

bobs sikaSkaSis naklebi mniSvnelobebis mqone araumetes 
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𝑞1 piqselisa. 𝑘-uri zRurbluri mniSvneloba 𝑡𝑘 gamoiTv-

leba iteraciulad Semdegi utolobis safuZvelze 

 

 𝐻𝑖𝑛𝑝  𝑖 ≤ (𝑞1 + 𝑞2 +  … + 𝑞𝑘) <  𝐻𝑖𝑛𝑝  𝑖 
𝑡𝑘
𝑖=1

𝑡𝑘−1
𝑖=1 . 

 

praqtikaSi ki gardaqmnis 𝑓 funqcia moicema e.w. gardaqmn-

is cxrilis (look-up table) saxiT. misi ageba advilia, Tu 

gamoviyenebT zemomoyvanil formulebs. 𝑡𝑘 zRurblebis 

gamoTvlili mniSvnelobebi Tavsdeba 𝑇 𝑖  masivSi manam, 

sanam sruldeba utoloba. amgvari moqmedebebis Sedegad 

miiReba gardaqmnis funqcia  

 

𝑧𝑜𝑢𝑡 = 𝑓 𝑧𝑖𝑛𝑝  = 𝑇 𝑧𝑖𝑛𝑝  . 

 

unda aRiniSnos, rom xSirad gamosasvleli gamosaxu-

lebis sikaSkaSis dasaSveb mniSvnelobaTa diapazoni aris 

xolme ufro farTo, vidre Sesasvlelis. aseT SemTxve-

vaSi SeuZlebelia gardaqmnis iseTi 𝑓 funqciis ageba, 

romelic Sesasvleli gamosaxulebis naxevartonebis do-

neebs asaxavs gamosasvleli gamosaxulebis doneebis 

mTel diapazonze.  

garda kontrastis gazrdisa histogramis gaTanab-

rebas iyeneben im SemTxvevaSic, roca saWiroa ori an meti 

gamosaxulebis erTmaneTTan Sedareba romelime specifi-

kuri maxasiaTeblis, magaliTad teqsturuli maxasiaTeb-

lis mixedviT. amisaTvis jer maTi histogramebi normali-

zaciis saSualebiT daiyvaneba “standartul” saxeze (es 

gansakuTrebiT sasargebloa, roca gamosaxulebebi miRe-

bulia sxvadasxva garemodan), xolo Semdeg ki 𝑏 = 𝑓 𝑎   
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(𝑎-intensivobis mniSvnelobaa Sesasvlel gamosaxulebaze, 

𝑏-ki gamosasvlel gamosaxulebaze) funqciis gamoyenebiT 

xdeba histogramis gardaqmna iseT histogramad, romelic 

mudmivi iqneba intensivobis nebismieri mniSvnelobisTvis. 

gamosaxulebis statistikuri aRweris SemTxvevaSi histog-

ramis “standartul” saxeze dayvana niSnavs intensivobis 

simkvrivis funqciis dayvanas “standartul” saxeze. aseTi 

gardaqmnis realizaciisTvis gamosaxulebis TiToeul 

elementze xorcieldeba arawrfivi gardaqmna, romelic 

aigeba Sesasvleli gamosaxulebis intensivobis mniSvne-

lobaTa ganawilebis histogramis saSualebiT. es Seesaba-

meba iseTi gamosasvleli gamosaxulebis miRebas, romel-

zedac intensivobis mniSvnelobebi mocemuli dinamikuri 

diapazonis [𝑔𝑚𝑖𝑛 , 𝑔𝑚𝑎𝑥 ] farglebSi TanabaralbaTuri iqne-

ba (sur. 6.13,a), anu 

 

𝑝𝑔 𝑔 =
1

𝑔𝑚𝑎𝑥 −𝑔𝑚𝑖𝑛
 , sadac,  𝑔𝑚𝑖𝑛 ≤ 𝑔 ≤ 𝑔𝑚𝑎𝑥 . 

 

 aRniSnul intervalSi ganawilebis funqcia wrfivia 

(sur. 6.13,b): 

 

𝑃𝑔 𝑔 =
𝑔−𝑔𝑚𝑖𝑛

𝑔𝑚𝑎𝑥 −𝑔𝑚𝑖𝑛
 . 

 

aqedan,  

 

𝑃𝑓 𝑓 =
𝑔 𝑓 −𝑔𝑚𝑖𝑛

𝑔𝑚𝑎𝑥 −𝑔𝑚𝑖𝑛
 . 
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sur. 6.13. 

 

Sedegad Sesasvleli gamosaxulebis histogramis gardaqm-

nis funqcia aseTi iqneba: 

 

𝑔 𝑓 =  𝑔𝑚𝑎𝑥 − 𝑔𝑚𝑖𝑛  𝑃𝑓 𝑓 + 𝑔𝑚𝑖𝑛 . 

 

Tumca, praqtikulad, aseTi Sedegi nebismieri gamosaxu-

lebisTvis SeiZleba miaxloebiTi iyos. realurad miRebu-

li histogramebi Zalian araTanabaria da xasiaTdeba 

amozneqilobebisa da Cavardnebis didi raodenobiT. his-

togramaze intensivobis im mniSvnelobebs, romlebic yve-

laze ufro maRalalbaTuria, 𝑝𝑓 𝑓  histogramaze Seesa-

bameba wveroebi (maqsimumebi), xolo intensivobis ganawi-

lebis funqcia 𝑃𝑓 𝑓  am adgilebSi mkveTrad zrdadi iqne-

ba (sur. 6.14) 
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“Sesaferisi” gardaqmnis 𝑏 = 𝑓 𝑎 = 𝑔 𝑓  funqciis age-

bis SemTxvevaSi, damokidebuleba intensivobis Sesasvlel 

da gamosasvlel simkvrivis funqciebsa da gardaqmnis 

𝑏 = 𝑓 𝑎  funqcias Soris moicema aseTnairad: 

 

𝑝𝑏 𝑏 = 𝑑𝑏 = 𝑝𝑎 𝑎 𝑑𝑎 ⟹ 𝑑𝑓 =
𝑝𝑎  𝑎 𝑑𝑎

𝑝𝑏  𝑏 
     (6.2) 

 
sur. 6.14 

 

(6.2) gamosaxulebidan Cans, rom Sesaferisoba 𝑏 = 𝑓 𝑎  

funqciisTvis niSnavs mis diferencirebadobas da imas, 

rom 𝑑𝑓/𝑑𝑎 ≥ 0. maSin, zemoTqmulis Sesabamisad, histogra-

mis gaTanabrebis moTxovna mdgomareobs imaSi, rom 

𝑝𝑏 𝑏 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡. es ukanaskneli ki  niSnavs: 

 

𝑓 𝑎 =  2𝐵 − 1 ∙ 𝑃 𝑎 , 

 

sadac, 𝑃 𝑎  intensivobis ganawilebis funqciaa. amgvarad, 

kvantirebuli ganawilebis funqcia, normirebuli 0-dan 
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 2𝐵 − 1  -mde, warmoadgens gardaqmnis cxrils, aucileb-

els histogramis gaTanabrebisTvis. 

zemoaRwerili kontrastis gaWimvisa da histogramis 

gafarToebis (gardaqmnis) operatorebis gamosaxulebaze 

moqmedebis Sedegebi warmodgenilia 6.15 suraTze, sadac 

(a) sawyisi, xolo (b) histogramis gaTanabrebis Sedegad 

miRebuli gamosaxulebebia. 

 

   
            a                           b 

sur. 6.15  

 

amave dros, unda aRiniSnos is naklovanebebic, rac 

Tan axlavs gardaqmnis funqciis gamoyenebas histogramis 

gafarToebisas. kerZod, adgili aqvs, erTi mxriv, inten-

sivobis maRalalbaTuri anaTvlebis diapazonis gafar-

Toebas, rac doneebis mixedviT intensivobis kvantirebi-

sas iwvevs Secdomebs da Sesabamisad gamosaxulebaze ara-

sasurvel efeqtebs (magaliTad “gauparsaobis” efeqti 

portretze) da, meore mxriv, dabalalbaTuri anaTvlebis 

diapazonis Seviwroebas, rac gamoiwvevs “aratipiuri” in-

tensivobis mqone detalebisTvis kontrastulobis dakar-
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gvas. aseTi efeqtebisgan Tavis asarideblad gardaqmnis 

funqcias ageben ara realuri, aramed dagluvebuli his-

togramis saSualebiT. amis gamo histogramis gardaqmna 

miaxloebiTi xdeba. 

 

6.3. mcire zomis areebis moSoreba gamosaxulebaze 

 

gamosaxulebaze xSirad gvxvdeba mcire zomis areebi, 

romlebic warmoSobilia xmauris mizeziT an arsobrivi 

TvalsazrisiT warmoadgens arasaintereso (umniSvnelo) 

detals, romlis mxedvelobaSi miReba gamosaxulebis 

aRwerisas saWiro ar aris. sasurvelia, rom gamosaxuleba 

gaTavisufldes aseTi areebisgan calkeul piqselebze ze-

moqmedebis an bmuli komponentebidan Sesabamisi komponen-

tebis moSorebis gziT. 

gamosaxulebis xmaurisgan damaxinjebis mizezebi 

SeiZleba sxvadasxva warmomavlobis iyos. magaliTad, vi-

deogadamwodis xmauri, xmauri gamowveuli optikuri sis-

temis mier gamosaxulebis formirebisas, fotomasalis 

marcvlovneba, xmauri gamosaxulebis gadamcem arxSi da 

a.S. maTi gavlenis minimizebisTvis SeiZleba gamoyenebul 

iqnes statistikuri filtraciis klasikuri meTodebi. 

meore midgoma gulisxmobs sivrciTi damuSavebis evris-

tikuli meTodebis gamoyenebas. xmauri, romelic ganpiro-

bebulia videogadamwodebis da gadacemis arxebis mier, 

gamosaxulebaze vlindeba rogorc gancalkevebuli ele-

mentebis izolirebuli cvlilebebi, romelTa Soris 

sivrciT korelacias adgili ar aqvs. aseT dros piqsele-

bis damaxinjebuli mniSvnelobebi sagrZnoblad gansxvav-

deba TavianTi mezoblebisgan. martivi midgoma, romelic 
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am dros SeiZleba gamoyenebul iqnes, mdgomareobs zRur-

bluri meTodis gamoyenebaSi, romlis drosac xdeba gamo-

saxulebis yovel piqselSi sikaSkaSis mniSvnelobis 

gazomva da Tu is aWarbebs misi uSualo mezoblebisgan 

Semdgari jgufis saSualo sikaSkaSes zRurblis garkveu-

li sididiT, maSin am piqselSi sikaSkaSe icvleba jgufis 

saSualo sikaSkaSis sididiT. aseve xmauris CaxSoba Se-

saZlebelia dabalsixSiruli sivrculi filtraciis ga-

moyenebiT im mizeziT, rom xmauri sivrculad dekoreli-

rebulia da misi speqtri Seicavs ufro maRal sivrciT 

sixSireebs, vidre Cveulebrivi gamosaxulebis speqtri.  

   

6.3.1. “marili da wiwaka” tipis xmaurisgan gawmenda 

 

gamosaxulebis zRurbluri binarizaciis dros xSirad 

warmoiSoba xmauri - e.w. “marili da wiwaka”. “marili” ga-

mosaxulebaze Seesabameba muqi feris areebis im 

piqselebs, romlebmac gamosaxulebis binarizaciisas 

raRac mizezebis gamo SeZles gadaelaxaT Ria feris 

piqselebisTvis dadgenili zRurbli, xolo “wiwaka” ki 

piriqiT – Seesabameba Ria feris areebis im piqselebs, 

romelTa mniSvnelobebi binarizaciis zRurblze naklebi 

aRmoCnda. aseT dros binarul gamosaxulebaze arsebul 

Ria feris areebSi gvaqvs 1-is toli sikaSkaSis muqi 

piqselebi an, piriqiT, 1-is toli sikaSkaSis Ria 

piqselebi muqi feris areebis SigniT. sxvadasxva 

raodenobis “marili da wiwaka” tipis xmauris Semcveli 

gamosaxuleba warmodgenilia  6.16 suraTze, sadac TeTri 

wertilebi aRniSnavs “marils”, xolo Savi wertilebi ki 

_ “wiwakas”. 6.16 suraTze mocemulia: (a) sawyisi gamosaxu-
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leba, (b) gamosaxuleba, romelzedac “marili da wiwaka” 

wertilebis raodenoba piqselTa saerTo raodenobis 1%-s  

Seadgens, (g) “marili da wiwaka” wertilebis raodenoba 

piqselTa saerTo raodenobis 10%-s Seadgens, da (d) “ma-

rili da wiwaka” wertilebis raodenoba piqselTa saerTo 

raodenobis 20%-s Seadgens. 

 

     
                a                            b     

      
             g                            d 

sur. 6.16 
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gamosaxulebis masze arsebuli aseTi 1-is toli 

sikaSkaSis anomaliuri piqselebisgan gasawmendad, rom-

lebic praqtikulad ganlagebulia erTgvarovani areebis 

SigniT, saWiroa mxedvelobaSi miviRoT maTi urTierTkav-

Sirebi uaxloes midamoSi ganlagebul mcire raodenobis 

piqselebTan (magaliTad, uaxloesi striqonebisa da sve-

tebis piqselebTan). binaruli gamosaxulebis SemTxvevaSi 

piqselebis izolirebuli mniSvnelobebi 1 da 0 icvleba 

sawinaaRmdego mniSvnelobebiT. faqtobrivad amiT xdeba 

diskretizaciis dros gamosaxulebaze warmoSobili xmau-

ris moSoreba, anu gamosaxulebis gamartiveba masze arse-

buli mcire areebis moSorebiT, romlebic gamosaxule-

baze SeiZleba warmoadgendes raime mcire, umniSvnelo 

detals an defeqts qaRaldis gamosaxulebaze. erT-erTi 

meTodi, romelsac iyeneben aseTi gamosaxulebis daglu-

vebisTvis, aris logikuri gasaSualoebis anu logikuri 

dagluvebis meTodi. is eyrdnoba daSvebas, rom gamosaxu-

lebis piqselebi, romlebic moTavsebulia gamasaSualo-

ebeli fanjris sazRvrebSi, ganixileba rogorc bulis 

anu logikuri cvladebi. aqedan gamomdinare, mocemul 

wertilSi intensivobis dagluvebuli  funqciis sidide 

SeiZleba ganisazRvros am cvladebiT gansazRvruli bu-

lis funqciiT. vTqvaT, gvinda avagoT Semdegi maxasiaTeb-

lebis mqone dagluvebis logikuri operatori: 

 

 piqselSi mniSvneloba “0” icvleba mniSvnelobiT 

“1” mxolod da mxolod maSin, Tu yvela mezobel 

piqselSi mniSvneloba aris “1”; 
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 piqselSi mniSvneloba “1” icvleba mniSvnelobiT 

“0” mxolod da mxolod maSin, Tu yvela mezobel 

piqselSi mniSvneloba aris “0”. 

 

am moTxovnebis dasakmayofileblad saWiroa Sesabamisi 

logikuri operatoris ageba. magaliTad, vTqvaT, gvaqvs 

dagluvebis logikuri operatori, romelic akmayofilebs 

zemomoyvanil pirobebs da iyenebs (3 × 3) ganzomilebis 

fanjaras (sur. 6.17), romlis elementebia  

 

 
sur. 6.17 

 

maSin fanjris centraluri piqselisTvis intensivobis 

axali mniSvneloba 𝑒 ′
 gamoiTvleba formuliT 

 

𝑒 ′ = 𝑒  𝑎𝑏𝑐𝑑𝑓𝑔𝑖 ⋁𝑒 𝑎⋁𝑏⋁𝑐⋁𝑑⋁𝑓⋁𝑔⋁⋁𝑖 , 

 

romlis mixedviTac 𝑒 ′ = 1 mxolod da mxolod maSin, Tu 

𝑒 = 0 da yvela mezobel piqselSi ki gvaqvs 1; an Tu 𝑒 = 1 

da mezobeli piqselebis mniSvnelobebidan erTi mainc 

udris 1. magram zogierT SemTxvevaSi es izolirebuli 

piqselebi SeiZleba ar warmoadgendes xmauris Sedegs, 

aramed Seesabamebodes ufro msxvili obieqtebis fonze 
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arsebul mcire kontrastul detalebs (magaliTad, qvis 

lodi did mindorSi, patara mindori tyis masivSi, Rili 

perangze da a.S.). gamosaxulebis aRwerisas SeiZleba saWi-

ro gaxdes aseTi mcire detalebis ignorireba. 

“marili da wiwaka” tipis xmaurisgan binaruli 

gamosaxulebis gasawmendad aseve iyeneben trafaretebs, 

romelTa moqmedeba naCvenebis 6.18 suraTze.  

 

 

 
sur. 6.18 

 

kerZod, operaciebi, romlebic sruldeba Sesasvlel ga-

mosaxulebaze, warmodgenilia trafaretebis saSualebiT. 

rogorc suraTidan Cans, Tu Sesasvleli gamosaxulebis 

midamo emTxveva marcxniv myof trafarets, maSin es mida-

mo icvleba marjvena trafaretiT mocemuli midamoTi. 

aRweril meTodSi gamoiyeneba mxolod ori trafareti.  

Tu Sesasvleli gamosaxuleba warmoadgens markire-

bul gamosaxulebas, romlis formireba moxda zRur-

blebis nakrebis gamoyenebiT an klasifikaciis Sedegad, 

maSin misi xmaurisagan gasawmendad SeiZleba gamoyenebul 

iqnes ganzogadebuli saxis trafareti (sur. 6.19).  
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a 

 

 
b 

sur. 6.19 

 

suraTidan Cans, rom nebismier 𝐿 Wdis mqone piqsels, 

romelic izolirebulia erTnairi WdeebiT markirebuli 

Tavisi 8-bmuli mezoblebiT (sur. 6.19,a), eniWeba Wde 𝑋. aq 

𝐿 Wde SeiZleba warmoadgendes gamosaxulebaze gamoyeneb-

ul 𝑘 Wdeebs Soris nebismiers. unda aRiniSnos, rom 4-

bmuli mezoblobis gamoyenebis SemTxvevaSi (sur. 6.19,b) 

diagonaluri elementebi mxedvelobaSi ar miiReba. 

garda amisa gamoiyeneba sxva midgomac, kerZod, sasa-

zRvro piqselebis mniSvnelobebi icvleba fonuri elemen-

tebis piqselebis mniSvnelobebiT.  

 

6.3.2. mcire komponentebis moSoreba  

 

Cven mier ganxiluli iyo binarul gamosaxulebaze  bmu-

li komponentebis gamoyofis xerxebi da aseve is niSan-

Tvisebebi, romelTa gamoTvlac SesaZlebelia piqselTa 
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im simravleze, romlebic erTi bmul komponents qmnis. 

sazogadod, gamosaxulebis aRwera SeiZleba Seicavdes 

komponentebis simravles, romelTagan TiToeuli Seesaba-

meba gamosaxulebis fonidan gamoyofil romelime ares 

da niSan-TvisebaTa simravles, gamoTvlils TiToeuli am 

komponentisTvis. gamosaxulebis “marili da wiwaka” tipis 

xmaurisgan gawmendis algoriTmma gamoTvlili niSan-

Tvisebebis gaTvaliswinebiT SesaZlebelia am aRweridan 

moaxdinos nebismieri komponentis waSla. magaliTad, 

SeiZleba waiSalos mcire raodenobis piqselebis 

Semcveli komponentebi an Zalian wvrili komponentebi. 

gamosaxulebis amgvarma damuSavebam SeiZleba xeli 

Seuwyos aris sazRvarTan zogierTi xmauris Semcveli 

areebis waSlas. 

 

6.4. gamosaxulebis dagluveba 

 

zogadad, realuri gamosaxuleba SeiZleba warmovidgi-

noT rogorc Sedgenili ori gamosaxulebisgan: ZiriTadi 

- idealuri gamosaxulebisgan da raime SemTxveviTi 

xmaurisgan warmoSobili gamosaxulebisgan. magaliTad, 

aseTi gamosaxulebis martivi modelis asagebad SeiZleba 

davuSvaT, rom gamosaxulebaze raime erTgvarovani 

obieqtis Sesabamisi aris piqselebis mniSvnelobebi 

tolia 𝑔𝑟 + 𝑁 0, 𝜍 , sadac 𝑔𝑟  _ intensivobis mniSvnelobaa 

idealur gamosaxulebaze, xolo 𝑁 0, 𝜍  _ gausis (norma-

luri) ganawilebis mqone xmauria gamosaxulebaze. 

xmaurisgan gamosaxulebis gasawmendad xSirad 

iyeneben gasaSualoebis operacias, kerZod, mocemul 

piqselSi intensivobis mniSvneloba icvleba mis uSualo 
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midamoSi intensivobis funqciis saSualo mniSvnelobiT. 

amasTan, aRniSnuli operatoris moqmedebis Sedegad 

gamosaxulebis aRmweri intensivobis funqcia ise unda 

dagluvdes, rom moxdes saSualod yvelaze ufro Zlieri 

xmauris CaxSoba, magram ise, rom gamosaxulebaze ar dai-

kargos (SesamCnevi darCes) intensivobis mniSvnelobebis 

vardnebi. zogadad, es SeiZleba ase Caiweros: 

 

𝒈𝒘 𝒊, 𝒋 = 𝒈 𝒊, 𝒋 -is raime midamos saSualo mniSvnelo-

bas. 

 

sadac, 𝑔𝑤  𝑖, 𝑗  - dagluvebuli gamosasvleli, xolo 𝑔 𝑖, 𝑗  

Sesasvleli gamosaxulebebia. intensivobis funqciis gasa-

Sualoebis process funqciis regularizacias uwodeben. 

gasaSualoebas is uaryofiTi efeqti mosdevs Tan, rom 

gamosaxulebaze detalebi ufro defokusirebuli anu 

bundovani xdeba.  

intensivobis erTganzomilebiani uwyveti funqciis 

SemTxvevaSi regularizaciis ori magaliTi warmodgeni-

lia 6.20,a,b suraTze, sadac 𝑔(𝑥) intensivobis funqciaa, 

xolo 𝑔𝑤 (𝑥) ki misi dagluvebuli variantia. suraTebidan 

Cans, rom regularizacia marTlac axdens funqciebis 

garkveuli azriT, dagluvebas. kerZod, Tu 𝑔(𝑥) wyveti-

lia, maSin funqcia 𝑔𝑤 (𝑥) uwyvetia da Tu 𝑔(𝑥) uwyveti 

funqciaa, maSin 𝑔𝑤 (𝑥) funqcias aqvs uwyveti warmoebuli. 

rogorc vxedavT, 𝑔𝑤 (𝑥) funqciis “gadasasvleli aris” 

sigane damokidebulia fanjris zomaze. kerZod, fanjris 

𝑤 zomis zrdasTan erTad gamosaxuleba ufro bundovani 

(defokusirebuli) xdeba da, piriqiT, rac mcirea fanjris 

𝑤 zoma, miT ufro zustad axdens 𝑔𝑤 (𝑥) funqcia 𝑔(𝑥) 
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funqciis aproqsimacias. regularizebul 𝑔𝑤 (𝑥) funqcias 

aseve xSirad 𝑔(𝑥) funqciis mcocav an mimdinare 

saSualos uwodeben. 

 

 
a 

 
b 

sur. 6.20  

 

Tu 𝐼 𝑖, 𝑗  intensivobis diskretuli funqciaa, maSin 

misi dagluvebuli funqcia 𝐼𝑤  𝑖, 𝑗  ganisazRvreba for-

muliT 



165 

 

𝐼𝑤  𝑖, 𝑗 =
1

𝐴𝑤
  𝐼 𝑚, 𝑛 𝑤 𝑖 ,𝑗   , 

 

sadac 𝑤 𝑖, 𝑗  aris gamosaxulebis  𝑖, 𝑗  elementis 𝐴𝑤  

farTis mqone fanjara (midamo). konkretul SemTxvevaSi 

fanjara SeiZleba iyos martivi geometriuli formis, 

magaliTad, marTkuTxa, fuZiT  2𝑏 + 1  da simaRliT 

 2 + 1 .  maSin zeda formula miiRebs saxes 

 

𝐼𝑤  𝑖, 𝑗 =
1

 2𝑏+1  2+1 
  𝐼 𝑖 + 𝑚, 𝑗 + 𝑛 −≤𝑛≤−𝑏≤𝑚≤𝑏  . 

 

magaliTad, dagluvebis filtrs, romelic gamosasvleli 

gamosaxulebis yovel piqsels aniWebs mocemuli piqselis 

 5 × 5  fanjaraSi arsebuli 25 piqselis intensivobis 

mniSvnelobebis saSualos, eqneba aseTi saxe:  

 

𝐼𝑤  𝑖, 𝑗 =
   𝐼 𝑖 + 𝑚, 𝑗 + 𝑛 2

𝑛=−2
2
𝑚=−2  

25
 . 

unda aRiniSnos, rom gamosasvleli gamosaxulebis 

defokusireba anu gabundovaneba yovelTvis ar aris sa-

sargeblo. saerTod, gamosaxulebis analizisas, cxadia, 

gvinda, rom gamosaxuleba vizualurad gamoiyurebodes 

kargad, anu iyos mkafio da mkveTri. erT-erT SemTxvevas, 

roca is sasargebloa, warmoadgens diskretuli binaru-

li gamosaxuleba.  

rogorc vxedavT, dagluvebis operacia ganxorci-

elda piqselis marTkuTxa midamoSi TanabarSewonili 

mniSvnelobebis gamoyenebiT. aseT filtrs gamasaSualoe-

beli filtri ewodeba. magram Tanabari wonebis miniWebis 

nacvlad upriania piqselebisTvis iseTi wonebis miniWeba, 
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romelTa sidide mcirdeba centralur piqselsa 𝐼 𝑖𝑐 , 𝑗𝑐  da 

Sesasvlel piqselebs Soris manZilis zrdasTan erTad. 

aseTi TvisebiT xasiaTdeba gausis filtri. misi gamoyene-

bisas  𝑖, 𝑗  piqselis mniSvnelobis Sewonva xdeba woniTi  

 

𝑔 𝑥, 𝑦 =
1

 2𝜋𝜍
𝑒

−
𝑑2

2𝜍2 

 

funqciis saSualebiT, sadac, 𝑑 =   𝑖 − 𝑖𝑐 
2 +  𝑗 − 𝑗𝑐 

2 war-

moadgens manZils gamosasvlel gamosaxulebaze arsebul 

 𝑖, 𝑗  da midamos centralur  𝑖𝑐 , 𝑗𝑐  piqselebs Soris. 

 

6.5. medianuri filtri 

 

gasaSualoebis operacia karg Sedegs iZleva maSin, roca 

piqselis midamo erTgvarovania. aseT midamoSi xmauri 

aRiwereba nulovani maTematikuri molodinis mqone gana-

wilebiT. magram roca aseTi operatori gamoiyeneba ori 

erTgvarovani aris sazRvarze, anu im adgilas, sadac 

adgili aqvs intensivobis mkveTr vardnas, maSin am 

areebis mniSvnelobebis gamoyenebas mivyavarT sazRvris 

waSlisken (gadarecxvisken).  

xmaurisgan gamosaxulebis gawmendis kidev erT meT-

ods warmoadgens medianuri filtracia, romelic miekuT-

vneba signalebis arawrfivi damuSavebis meTods.  

erTganzomilebiani medianuri filtri warmoadgens 

gamosaxulebaze mosriale fanjaras, romelic moicavs 

piqselTa kent raodenobas  3,5,7, …  . medianuri filtraci-

is Sedegad fanjris centraluri piqselis mniSvneloba 
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icvleba fanjaraSi moxvedrili piqselebis mniSvneloba-

Ta medianiT.  

vTqvaT, 𝐴 𝑖  warmoadgens 𝑛 namdvil ricxvTa dala-

gebul, zrdis an klebis mixedviT, diskretul mimdevrob-

as, sadac 𝑛-kentia. maSin misi mediana warmoadgens mimdev-

robis im elements, romlisTvisac am mimdevrobaSi arse-

bobs sididiT misi toli an masze naklebi 𝐴  𝑛 − 1 /2  

elementi da sididiT misi toli an maze meti 𝐴  𝑛 − 1 /2  

elementi. magaliTad, 5-elementian fanjaraSi moxvda ga-

mosaxulebis piqselebis Semdegi mniSvnelobebi: 60, 80, 160, 

90, 130. maSin mimdevrobis mediana udris 90 da Sesabamisad 

fanjris centralur elementSi is Caiwereba. unda aRi-

niSnos, rom medianuri filtri erT SemTxvevaSi SeiZleba 

aRmoCndes xmauris CamxSobi, xolo meore SemTxvevaSi ki 

mis moqmedebas SeiZleba mohyves gamosaxulebis xarisxis 

gauareseba. Tu Cvens magaliTSi piqselis mniSvneloba - 

160 Seesabameba xmaurs, maSin medianuri filtraciis Sede-

gad moxdeba gamosaxulebis gaumjobeseba, da, piriqiT, Tu 

is ar Seesabameba xmaurs, maSin adgili eqneba gamosaxu-

lebis xarisxis gauaresebas. moviyvanoT 𝐴 𝑖  medianis 

ramdenime Tviseba. kerZod: 

 

𝑚𝑒𝑑 𝐾 ∙ 𝐴 𝑖  = 𝐾𝑚𝑒𝑑 𝐴 𝑖  ; 

𝑚𝑒𝑑 𝐾 + 𝐴 𝑖  = 𝐾 + 𝑚𝑒𝑑 𝐴 𝑖  , 

𝑚𝑒𝑑 𝐴 𝑖 + 𝐵 𝑖  ≠ 𝑚𝑒𝑑 𝐴 𝑖  + 𝑚𝑒𝑑 𝐵 𝑖   

sadac, 𝐾 mudmivia. 

 

Tu medianuri filtris gamoyenebis efeqti umniSvneloa, 

maSin xdeba fanjris zomis gazrda 3 piqselidan 5 piqse-

lamde. ase iqcevian manam, sanam filtris moqmedeba ar 
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iwyebs gamosaxulebis gauaresebas. zogadad ki is areebi 

gamosaxulebaze, romlebic filtris gavlis Semdeg ar 

Seicvala, Seucvleli rCeba filtris xelmeored gamoye-

nebis drosac.  

erTganzomilebiani filtris garda, SesaZlebelia 

organzomilebiani filtris gamoyenebac, anu roca gamo-

saxulebaze gadaadgileba moxdeba organzomilebiani sa-

surveli formis fanjris saSualebiT, magaliTad, mart-

kuTxa an jvaredini. cxadia, (𝐿 × 𝐿) fanjris zomis medi-

anuri filtri ufro efeqturi iqneba xmauris CasaxSobad, 

vidre (𝐿 × 1) fanjris zomis erTganzomilebiani fil-

trebi gamoyenebuli mimdevrobiT jer horizontalurad 

da Semdeg vertikalurad. Tumca am dros adgili aqvs 

gamosaxulebis xarisxis mniSvnelovan gauaresebas. 

medianuri filtris gamoyenebis Sedegebi sxvadasxva 

fanjris SemTxvevaSi naCvenebia 6.21 suraTze, sadac (a) 

sawyisi gamosaxulebaa, (b) fanjara zomiT (3 × 3), g) 

fanjara zomiT (15 × 15).  

gamosaxulebis dagluvebas medianuri filtris gamo-

yenebiT upiratesobasTan erTad, rac mis simartiveSi 

mdgomareobs, naklic gaaCnia. kerZod, mis gamoyenebas miv-

yavarT gamosaxulebis detalebis sazRvrebis waSlamde.   
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                  a                         b 

 

 
g 

sur. 6.21  
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VII Tavi. kidis aRmoCena gamosaxulebaze 
 

7.1. kidis arsi gamosaxulebaze 

 

kidis aRmoCena (edge detection) gamosaxulebaze warmoadgens 

Zalian mniSvnelovan nabijs gamosaxulebis maxasiaTebeli 

niSan-Tvisebebis gamovlenis mimarTulebiT. is warmoad-

gens sazRvris lokalizaciis process. sazRvari Seicavs 

arsobriv niSan-Tvisebebs da mniSvnelovan informacias 

gamosaxulebis Sesaxeb. gamosaxulebaze is erTmaneTisgan 

yofs or erTgvarovan, gansxvavebuli sikaSkaSis mniSvne-

lobebis mqone ares. amgvarad, sazRvari gamosaxulebaze 

warmoadgens adgils, sadac xdeba sikaSkaSis, an gamosa-

xulebis sxva romelime parametris (feri, teqstura) 

mkveTri, naxtomiseburi lokaluri cvlileba –  wyveta.  

 

gansazRvreba 7.1. sazRvari gamosaxulebaze warmoad-

gens iseTi piqselebis simravles, romelTa uaxloes mida-

moSi (mezoblobaSi) adgili aqvs sikaSkaSis mniSvnelobe-

bis mkveTr, naxtomisebur cvlilebas – vardnas.   

 

aRniSnuli piqselebis simravles gamosaxulebaze 

kideebs an kidis wertilebs uwodeben. amgvarad, kideebi 

gamosaxulebaze asaxavs piqselisa da misi uaxloesi me-

zoblebis lokalur Tvisebebs. kidis wertilebis erTob-

lioba qmnis obieqtis konturs – sazRvars or erTgvarov-

an ares Soris. kidis wertilSi intensivoba mkveTrad 

icvleba obieqtis konturis ganivi mimarTulebiT. auci-

lebeli ar aris, rom kideebi gamosaxulebaze emTxveodes 

fizikur kideebs. Tu gamosaxulebis kideebi intensivobis 
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wyvetis adgilebia, fizikuri kideebi zedapiris wyvetis 

adgilebs warmoadgens. magram, magaliTad, Crdilebis ki-

deebi ar Seesabameba zedapiris wyvetis adgilebs. idea-

luri kide naCvenebia 7.1,a suraTze, xolo gadarecxili –

7.1,b suraTze. 

 

          
a)                  a                 Bb 

sur. 7.1 

 

Teoriulad kideebs SeiZleba hqondes sxvadasxva 

saxis profili (sur. 7.2,a,b,g), Tumca realobaSi xmauris 

gavlenis gamo (sur. 7.2,d) profili SeiZleba warmoCndes 

rogorc sxvadasxva saxis profilebisgan Sedgenili kom-

pozicia.  

 
a)                  A a                   b 

 

 
              g                  d 

sur. 7.2  
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zemoTqmulidan gamomdinare, bunebrivia interesi 

gamosaxulebaze sazRvris aRmoCenis mimarT, radganac is 

SeiZleba ganpirobebuli iyos sxvadasxva mizeziT. kerZod, 

sikaSkaSis mniSvnelobebis mkveTri cvlileba damaxasia-

Tebelia obieqtis sazRvrebisTvis, roca, vTqvaT, muqi 

obieqti moTavsebulia Ria fonze an piriqiT. sikaSkaSis 

mkveTr cvlilebebs aseve iwvevs scenis obieqtebis arekv-

lis unaris cvlilebebic, romlebic erTmaneTisgan 

SeiZleba sakmaod gansxvavdebodes – magaliTad, zolebi 

zebras da laqebi leopardis sxeulebze; sikaSkaSis 

cvlilebebi SeiZleba agreTve gamoiwvios obieqtebidan 

dacemulma Crdilebma; da bolos, sikaSkaSis cvlilebebs  

SeiZleba iwvevdes obieqtis zedapiris orientaciis 

cvlilebebic.             

gamosaxulebaze kideebis aRmoCenis procedura Sed-

geba ramdenime nabijisgan (sur. 7.3).  

 

 
sur. 7.3  

 

rogorc suraTidan Cans, pirvel nabijze unda Ca-

tardes kidis filtraciis operacia (edge filtering), rac gu-

lisxmobs kidis sididis (edge magnitude), rogorc lokalu-

ri kontrastis sazomis, da orientaciis (edge orientation) 

gansazRvras, xolo Semdeg ki kidis lokalizacias (edge 

localization). 
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amocanebi, romelTa gadawyvetac saWiroa kidis lo-

kalizaciisTvis, Semdegia: 

 

 kideebis xmaurisgan gawmenda; 

 mcdari kideebis moSoreba, wvrili konturebis mi-

Reba; 

 kideebis binaruli rukis miReba. 

 

unda aRiniSnos, rom kidis xmaurisgan gawmenda SeiZleba 

ganxorcieldes kidis filtraciis operaciamdec. kidis 

aRmoCenis nabijebis konkretul gamosaxulebaze gamoyene-

bis Sedegebi mocemulia 7.4 suraTze, sadac (a) sawyisi 

gamosaxulebaa, (b) kidis sidide, (g) kidis orientacia, (d) 

kidis binaruli ruka.  

 

 

 

        
                a                           b  

sur. 7.4 
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               g                              d 

sur. 7.4 

 

rogorc zemoT aRvniSneT, kidis aRmoCenisTvis mni-

Svnelovania ganvsazRvroT misi orientacia da mimarTu-

leba (sur. 7.5).  

 

 
sur. 7.5 

 

warmodgenil suraTze mocemulia: 
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 kidis normali: kidis wertilSi sikaSkaSis mniSvne-

lobis maqsimaluri cvlilebis mimarTuleba (erTe-

ulovani veqtori kidis marTobulia); 

 kidis mimarTuleba: konturis mimarT gavlebuli 

mimarTuli mxebi (kidis paraleluri erTeulovani 

veqtori); 

 kidis orientacia: kuTxe (radianebSi an graduseb-

Si) sikaSkaSis mniSvnelobis maqsimaluri cvlileb-

is mimarTulebasa da abscisaTa RerZs Soris.      

 

amgvarad, kide gamosaxulebis  𝑋, 𝑌  sibrtyeze warmo-

adgens lokaluri kontrastis ares, sadac uwyveti inten-

sivobis 𝑓 𝑥, 𝑦  funqciis gradientis sidide didia, anu 

adgili aqvs maRal kontrasts. kideebis aRmoCena gvexma-

reba gamosaxulebis Sesaxeb sasargeblo informaciis 

gamoyofaSi. 

 

7.2. konturebi 

 

rogorc ukve viciT, gamosaxulebaze sikaSkaSis mimarT 

erTgvarovani areebis gamosayofad, anu gamosaxulebis 

binarizaciisaTvis, gamoiyeneba zRurbluri damuSaveba 

(sur. 7.6). miRebuli areebis geometriuli maxasiaTeblebi 

ki warmoadgens mniSvnelovan niSan-Tvisebebs gamosaxule-

baze arsebuli obieqtebis klasifikaciisTvis da gamosa-

xulebis, rogorc mTlianis aRqmisTvis. magram xSirad 

sazRvrebis saSualebiT gamoyofil erTgvarovan areebze 

ufro mniSvnelovania am areebis sazRvrebi – konturebi. 

eqsperimentebiT dadgenilia, rom biologiuri sistemebi 

mxedvelobis analizatoris mier garesamyaros obieqtebis 



176 

 

aRqmisas yuradRebas aqcevs ara gansxvavebas obieqtebis 

sikaSkaSeebs Soris, aramed obieqtebis moxazulobas – 

konturebs. konturebis gamoyofis amocana mdgomareobs 

gamosaxulebaze obieqtebis konturebis moxazulobis pov-

naSi binaruli gamosaxulebis agebis gziT.  

  

 
sur. 7.6  

 

konturis arsis gasagebad ganvixiloT gamosaxule-

baze konturis Semcveli romelime are. vTqvaT, sikaSkaSis 

mniSvnelobebis vardnas erTganzomilebian SemTxvevaSi 

aqvs 7.7,a suraTze mocemuli saxe. aq 𝑓 𝑥  sikaSkaSis funq-

ciaa, xolo sikaSkaSis vardnis maxasiaTeblebs ki war-

moadgens: 𝑓0 - vardnis simaRle, 𝜃 - daxris kuTxe da 𝑥0 - 

daxrili monakveTis centris koordinati.  

sikaSkaSis vardna maSin CaiTvleba konturad, Tu mi-

si simaRle 𝑓0 da daxris kuTxe 𝜃 garkveul zRurblur 

mniSvnelobebs gadaaWarbebs. 7.7,a suraTze warmodgenili 
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SemTxveva gamosaxulebaze sikaSkaSis realur vardnas 

Seesabameba.  

 

 
                                                ა 

 

                                                ბ 

sur. 7.7 

 

idealuri vardnis SemTxvevaSi ki, konturis aRmom-

Cenma deteqtorma mis arsebobaze unda miuTiTos daxrili 

monakveTis centrSi moTavsebul mxolod erTaderT wer-

tilSi (sur. 7.7,b). 

organzomilebiani sikaSkaSis funqciis SemTxvevaSi 

ki sikaSkaSis vardnis maxasiaTeblebs  emateba kidev erTi 

maxasiaTebeli – vardnis orientacia sibrtyeze (kuTxe si-

brtyeze). 7.8,a suraTze naCvenebia SemTxveva, roca lokal-

ur areSi gvaqvs sworxazovani konturi. konturis idea-

lurma aRmomCenma ki unda mogvces konturis usasrulod 
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wvrili uwyveti wiri im aris centrSi, sadac adgili aqvs 

sikaSkaSis mniSvnelobebis cvlilebas (sur. 7.8,b), aq 𝛼 - 

konturis wiris daxris kuTxea 𝑥1 RerZis mimarT.   

 

 
            a                       b 

sur. 7.8  

 

magram amave dros, realur gamosaxulebebze kontu-

ris aRmoCenisas yvelaferi idealurad ar aris. kerZod, 

SeiZleba wavawydeT Semdeg SemTxvevebs: 

 

 miRebuli konturi SeiZleba ar aRmoCndes Sekruli 

wiri, aramed adgili hqondes konturis wyvetebs  

 

aseTi Seukravi konturis magaliTi warmodgenilia 7.9  

suraTze. es imaze miuTiTebs, rom gamosaxulebis am adgi-

lebSi sikaSkaSis mniSvnelobebis cvlileba sakmarisad 

mkveTrad ar xdeba.    
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sur. 7.9 

 

gamosaxulebaze xmauris arsebobis gamo konturi Se-

iZleba SecdomiT aRmoCndes iq, sadac obieqtis sazRvari 

realurad ar gadis. aseT adgilebSi realuri konturis 

mosaZebnad mimarTaven gamosaxulebis damatebiT damuSave-

bas. kerZod: sazRvrebis midevnebis proceduras, interpo-

lacias, aRmoCenili konturuli wirebis calkeuli 

“fragmentebis (naglejebis)” simravleSi bmuli komponen-

tebis gamovlenas da a.S. 

 

 konturebis gamovlenisas maTi gadarecxvis, xma-

uris an TviT aRmomCeni algoriTmis naklovanebis 

gamo SeiZleba adgili hqondes ara marto wyvetebs, 

aramed miRebuli konturis wirebis sisqe dasaSveb-

ze meti aRmoCndes.  

 

aseT SemTxvevaSi konturis wiris dasaviwroveblad mimar-

Taven binaruli gamosaxulebis damuSavebis specialur 

procedurebs, rasac grafikuli preparatis “skeletiza-

cias”- daviwroebas uwodeben. sqeli konturi da misi “ske-

letizaciis” Sedegi naCvenebia 7.10 suraTze.  

 



180 

 

 
sur. 7.10 

 

 gamosaxulebaze xandaxan arsebobs iseTi areebi, 

romelTa sazRvrebis warmomdgeni wirebi ar Seesa-

bamebaDkonturis zemomoyvanil gansazRvrebas.  

 

amas maSin aqvs adgili, roca, magaliTad, binarul gamo-

saxulebaze arsebobs obieqtebi, romelTa sazRvrebi bina-

rizaciis Sedegad warmodgenilia wvrili wirebis saxiT 

(sur. 7.11,a), an roca romelime areSi sikaSkaSis mniSvne-

lobebis cvlilebas texilis forma aqvs (sur. 7.11,b). mag-

ram wvrili wiri TavisTavad warmoadgens konturs da 

amitom mis gamosayofad zRurbluri damuSavebac sak-

marisia. xolo rac Seexeba texils, imisaTvis, rom is 

mivusadagoT konturis gansazRvrebas, saWiroa sikaSkaSis 

𝑓 funqciis winaswari diferencireba (sur. 7.11,g).  

 

 
         a                   b                     g 

sur. 7.11  
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 imis gamo, rom gamosaxuleba cifrulia, anu warmo-

adgens piqselebis simravles 𝟐𝑫 sivrceSi, amitom 

arsebobs sazRvrebis warmodgenis Tavisebureba.  

 

argumentis diskretulobis gamo grafikuli prepara-

ti – konturi binarizebul cifrul gamosaxulebaze moi-

cema erTeulovani da ara nulovani sisqis  wirebis sa-

SualebiT, rogorc es uwyveti gamosaxulebis SemTxveva-

Sia, anu is ar aris warmodgenili usasrulod wvrili 

wiris saxiT (sur. 7.12,a,b). ra Tqma unda, konturis war-

modgena ufro marTebuli iqneboda ara piqselebis er-

TobliobiT Sedgenili wiris, aramed piqselebs Soris ga-

mavali sazRvris aRmniSvneli wiris saSualebiT (sur. 

7.12,g warmodgenilia punqtiriT). magram garkveuli mize-

zebis gamo konturis aseTi saxiT warmodgenas iSviaTad 

iyeneben. 

 

 
        a                     b                     g 

sur. 7.12  

 

7.3. kidis aRmoCenis diferencialuri meTodebi 

 

rogorc zemoT aRvniSneT, maRali kontrastis mqone wer-

tilebis (kideebis) gamovlena gamosaxulebaze SesaZlebe-

lia gamosaxulebis lokalur areebSi sikaSkaSis mniSvne-
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lobebs Soris sxvaobebis gamoTvliT. aseTi wertilebis 

simravleebi gamosaxulebaze gansazRvravs scenis calke-

ul obieqtebs Soris  sazRvrebs.  

kideebis aRmoCenis meTodebi sakmaod bevria da 

erTmaneTisgan gansxvavebuli. miuxedavad amisa isini Ziri-

Tadad iyofian or kategoriad: 

 

 gradientze damyarebuli: kideebis aRmosaCenad iye-

neben intensivobis funqciis pirveli rigis warmoe-

bulebis eqstremumebs. am kategorias miekuTvneba, 

magaliTad, robertsis, previtis, sobelis operato-

rebi. maT mier gamoyofili niSan-Tvisebebi gamoir-

Ceva Zalian mkveTri kideebiT.  

 laplasianze damyarebuli: kideebis aRmosaCenad in-

tensivobis funqciis meore rigis warmoebulze eZe-

ben nulze gadasvlis (meore warmoebulis niSnis 

cvlilebis) wertilebs. am kategorias miekuTvneba 

operatorebi, magaliTad, gausiani, gausianis lap-

lasiani, gausianebis sxvaoba, qenis deteqtori da 

a.S.  

 

gradientuli da laplasis operatorebis moqmedebis 

sailustraciod 7.13 suraTze warmodgenilia (a) erTgan-

zomilebiani 𝑓(𝑥) signali, (b) misi pirveli rigis warmoe-

buli da (g) meore rigis warmoebuli. rogorc vxedavT, 

(b) SemTxvevaSi kidis wertilebi ganlagebulia pirveli 

warmoebulis absoluturi mniSvnelobis _  
𝑑𝑓

𝑑𝑥
  maqsimu-

mebSi, xolo (g) SemTxvevaSi ki meore warmoebulis _ 
𝑑2𝑓

𝑑𝑥 2 

nulze gadasvlis wertilebSi. 
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sur. 7.13  

 

7.4. gradientze damyarebuli operatorebi 

 

gamomdinare iqidan, rom sasazRvro wertilebSi  (piqse-

lebSi) adgili aqvs sikaSkaSis mniSvnelobebis mkveTr 

vardnas, gamosaxulebaze sazRvrebis gamosavlenad yvela-

ze ufro mizanSewonilia mocemul wertilSi intensivo-

bis funqciis gradientis gansazRvra. rogorc cnobilia, 

gradientuli operatori ∇ warmoadgens veqtoruli tipis 

operators, romlis komponentebi orTogonaluri mimar-

TulebiT aRebuli pirveli rigis kerZo warmoebulebia, 

anu: 

 

∇=  
𝑑

𝑑𝑥
,

𝑑

𝑑𝑦
 . 

 

mocemuli uwyveti intensivobis 𝑓 𝑥, 𝑦  funqciisTvis 

is Semdegnairad Caiwereba: 

 

∇𝑓 𝑥, 𝑦 =  
𝑑𝑓

𝑑𝑥
,
𝑑𝑓

𝑑𝑦
 = (𝑓𝑥 , 𝑓𝑦). 
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iseve rogorc yvela veqtors, masac gaaCnia sidide 

(moduli)  𝛻𝑓 𝑥, 𝑦   da orientacia 𝜙 ∇𝑓 . gamosaxulebis 

mocemul wertilSi gradientis sidide  gviCvenebs gansx-

vavebas mocemuli da misi mezobeli piqselis mniSvnelo-

bebs Soris, anu lokaluri kontrastis (vardnis) sidides. 

xolo orientacia ki mocemuli piqselis mis mezobel piq-

selebTan gansxvavebebs Soris udidesi gansxvavebis mimar-

Tulebas, rac, savaraudod, warmoadgens orientacias, mi-

marTuls kidis ganivad (kidis normalis gaswvriv). unda 

aRiniSnos, rom gradientis gamoTvlisas xSirad iTvlian 

mxolod mis sidides, magram gasaTvaliswinebelia is, rom 

gradientis orientacia didi informaciis matarebelia. 

imis gamo, rom cifruli gamosaxuleba ar warmoadgens 

uwyveti tipis gamosaxulebas, amitom warmoebulis gan-

sazRvra piqselTa diskretuli simravlis saxiT warmod-

genil gamosaxulebaze xdeba miaxloebiT. orTogonaluri 

mimarTulebiT kerZo warmoebulebis miaxloebiTi gamoT-

vlisaTvis iyeneben mezobel piqselebSi sikaSkaSeebis 

mniSvnelobebs Soris sxvaobebs.  

 

7.4.1. robertsis operatori 

 

gamosaxulebis kontrastirebisa da vardnebis aRmoCe-

nisTvis robertsis mier SemoTavazebul iqna organzomi-

lebiani diskretuli diferencirebis martivi arawrfivi 

operatori, romelsac aseve robertsis jvaredin operat-

orsac uwodeben. am midgomis ZiriTadi arsi is aris, rom 

mocemul piqselSi gradientis sididis gansazRvrisTvis, 

anu kidis (intensivobis vardnis) aRmoCenisTvis jer 

xdeba intensivobis funqciis warmoebulebis moZebna 
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orTogonaluri mimarTulebebiT, xolo Semdeg ki kidis 

saboloo aRmoCenisTvis maTi gaerTianeba. aRvniSnavT, 

rom mocemuli piqselisTvis orTogonalur mimarTulebe-

bad SeiZleba avirCoT diagonalebi fanjaraSi zomiT 

(2 × 2) (sur. 7.14). 

 

 
sur. 7.14  

 

amgvarad, I[𝑖, 𝑗], 𝑖 = 1, 𝑁     , 𝑗 = 1, 𝑀      , cifruli gamosaxule-

bis romelime [𝑖, 𝑗] piqselSi  gradientis sidide toli iq-

neba 

 

 𝛻𝑓 𝑖, 𝑗  =  𝑓𝑥
2 + 𝑓𝑦

2 ≈ 𝑅 𝑖, 𝑗 = 

  𝐼 𝑖, 𝑗 − 𝐼 𝑖 + 1, 𝑗 + 1  2 +  𝐼 𝑖, 𝑗 + 1 − 𝐼 𝑖 + 1, 𝑗  2 

 

rogorc vxedavT, diskretul SemTxvevaSi gradientis 

𝑅[𝑖, 𝑗] sididis misaRebad orTogonaluri mimarTulebiT 

aRebuli warmoebulebi aproqsimirdebian mezobel piqse-

lebSi sikaSkaSeebis mniSvnelobebs Soris sxvaobiT. xSir-

ad gamoTvlebis siCqaris gazrdis mizniT mimarTaven ro-

bertsis operatoris gamartivebas. kerZod, kvadratSi ay-

vanisa da kvadratuli fesvis nacvlad iyeneben absolut-

ur mniSvnelobebs: 

 

𝐹 𝑖, 𝑗 =  𝐼 𝑖, 𝑗 − 𝐼 𝑖 + 1, 𝑗 + 1  +  𝐼 𝑖, 𝑗 + 1 − 𝐼 𝑖 + 1, 𝑗  . 

 



186 

 

cnobilia, rom gradientis sididis gamosaTvlel zemo-

moyvanil formulebs Soris adgili aqvs Semdeg Tanafar-

dobas: 

 

𝑅 𝑖, 𝑗 ≤ 𝐹 𝑖, 𝑗 . 

 

rac Seexeba gradientis orientacias, is aseTnairad gamo-

iTvleba  

 

𝜙 ∇𝑓 = 𝑎𝑟𝑐𝑡𝑔 𝑓𝑥/𝑓𝑦 . 

 

aRmoCnda, rom kideebis povna SeiZleba e.w. gamoTv-

liTi trafaretebis saSualebiTac. robertsis operato-

risTvis trafaretebs aseTi saxe aqvs (sur. 7.15) 

 

 
sur. 7.15  

 

rogorc vxedavT, trafareti aris fanjara zomiT (2 × 2), 

romlis ujredebSi moTavsebuli ricxvebi warmoadgens 

wonebs, romlebzedac unda gamravldes Sesabamisi sikaS-

kaSis mniSvnelobebi. pirveli trafareti Seesabameba gra-

dientis sididis gamosaangariSebeli formulis fesqveSa 

gamosaxulebis pirvel wevrs, xolo meore ki – meores.  

Tu robertsis operatoriT gadavaadgildebiT mTel 

gamosaxulebaze element-element, miviRebT gradientul 

gamosaxulebas. xolo TviT gradientuli gamosaxulebis 

miRebis process sivrciT diferencirebas, konturebis ga-
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moyofas, simkveTris gazrdas uwodeben. unda aRiniSnos, 

rom robertsis operatori saukeTeso Sedegs iZleva mk-

veTr dabalxmaurian gamosaxulebebze.  

robertsis operatoris moqmedebis Sedegi naCvenebia 

7.16 suraTze, sadac (a) sawyisi gamosaxulebaa, (b) robert-

sis operatoriT miRebuli da Semdeg binarizebuli gamo-

saxuleba. 

 

              
          a                             b   

                  sur. 7.16  

 

7.4.2. sobelis da previtis operatorebi 

 

aRmoCnda, rom gamosaxulebaze Zlieri xmauris arsebobis 

SemTxvevaSi kideebis gamoyofisTvis saWiroa intensivobis 

funqciis dagluveba, raTa SevamciroT saSualod yvelaze 

Zlieri xmauris gavlena, magram amave dros SevinarCunoT 

intensivobis vardnebi. gasaSualoebis amocanis Sesrule-

bam moiTxova gradientuli operatori, romelic imuSaveb-

da fanjriT (3 × 3)-ze. aseTi arawrfivi operatorebi Se-

moTavazebuli iqna sobelis da previtis mier. 

sobelis mier SemoTavazebuli operatoris fanjara-

Si elementebis aRniSvnebi mocemulia 7.17 suraTze.  
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                      sur. 7.17 

 

kidis aRmosaCenad gamosaxulebis yovel  𝑖, 𝑗  wer-

tilSi gamoiTvleba 𝐺 𝑖, 𝑗  sidide formuliT 

 

𝐺 𝑖, 𝑗 =  𝑋2 + 𝑌2 

                an       𝐺 𝑖, 𝑗 =  𝑋 + 𝑌 , 

sadac, 

 

𝑋 =  𝐴2 + 2𝐴3 + 𝐴4 −  𝐴0 + 2𝐴7 + 𝐴6 , 

𝑌 =  𝐴0 + 2𝐴1 + 𝐴2 −  𝐴6 + 2𝐴5 + 𝐴4 . 

 

sidideebi 𝐴𝑖 , 𝑖 = 0,7     warmoadgens fanjris elementebis 

sikaSkaSeebis mniSvnelobebs, xolo 1, 2, da 1 ki woniTi 

koeficientebia. Sesabamisad, 𝑋 da 𝑌 sidideebisTvis sobe-

lis operatoris trafaretebi ase gamoiyureba (sur. 7.18) 

 

 
sur. 7.18  
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am trafaretebis centraluri elementebi emTxveva gamosa-

xulebis  𝑖, 𝑗  wertils. 

rac Seexeba previtis operators, misi fanjarac ise-

Tivea, rogorc sobelis. gamosaxulebis yovel  𝑖, 𝑗  wer-

tilSi previtis operatoris sidide tolia  

  

𝐺 𝑖, 𝑗 =  𝑋2 + 𝑌2 

                an       𝐺 𝑖, 𝑗 =  𝑋 + 𝑌 , 

sadac, 

 

𝑋 =  𝐴0 + 𝐴1 + 𝐴2 −  𝐴6 + 𝐴5 + 𝐴4 , 

𝑌 =  𝐴0 + 𝐴7 + 𝐴6 −  𝐴2 + 𝐴3 + 𝐴4 . 

 

sidideebi 𝐴𝑖 , 𝑖 = 0,7     warmoadgens fanjris elementebis 

sikaSkaSeebis mniSvnelobebs. aq woniTi koeficientebi 1-

is tolia. 𝑋 da 𝑌 sidideebisTvis ki sobelis operatoris 

trafaretebia (sur. 7.19) 

 

 
sur. 7.19  

 

rac Seexeba gradientis orientacias, orive opera-

tori gamoirCeva mis mimarT dabali mgrZnobiarobiT.    

sobelis da previtis operatorebi msgavsi operato-

rebia, Tumca sobelis operatoris mier gamoyofili kon-

turi ufro sqelia, vidre previtis operatoris mier. am 

operatorebis moqmedeba naCvenebia 7.20 suraTze, sadac (a) 
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sawyisi gamosaxulebaa, xolo (b) da (g) Sesabamisad sobe-

lis da previtis operatorebiT miRebuli gamosaxulebe-

bia. 

 

        
          a                     b                     g     

                          sur. 7.20  

 

 garda zemoaRniSnuli arawrfivi operatorebisa, 

arsebobs aseve mTeli rigi arawrfivi operatorebi, ker-

Zod, uolisis, rozenfeldis da a.S., romelTa saSuale-

biT SesaZlebelia kideebis aRmoCena.  

 gradientuli operatorebi, ZiriTadad, karg Sede-

gebs iZleva gamosaxulebaze erTmaneTisgan izolirebuli 

(gancalkevebuli) obieqtebis sazRvrebis sapovnelad. mag-

ram maT naklovanebebic gaaCnia. kerZod, obieqtebis 

sazRvrebis simrudisa da CrdilebiT gamowveuli intensi-

vobis mdovre cvlilebis gamo xandaxan sazRvrebi ikarge-

ba. aseve, maRalkontrastul areebze warmoiSveba ramdeni-

me piqselis sisqis mqone sazRvrebi, romelTa daviwroeba 

calke amocanas warmoadgens.    
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7.5. laplasianze damyarebuli operatorebi 

(laplasianebi) 

 

gamosaxulebaze arsebuli kideebi yovelTvis ar warmoad-

gens im lokalur areebs, sadac adgili aqvs intensivobis 

mkveTs vardnas. xSirad aseT areebSi adgili aqvs inten-

sivobis mdovre – TandaTanobiT gadasvlas erTi mniSvne-

lobidan meoreSi. aseT SemTxvevaSi gvaqvs aRmavali 

(zrdadi) gradientis sidide,  romelic, aRwevs ra piks, 

Semdeg iwyebs daSvebas. amgvarad, idealuri vardnis aRmo-

Cena moiTxovs im optimaluri mrudis povnas, romelic 

optimaluri gradientis sidides mogvcems. magram arse-

bobs meTodebi, romelTa saSualebiT pikebis povna SesaZ-

lebelia uSualod. rogorc zemoganxiluli erTganzomi-

lebiani signalis magaliTidan Cans (sur. 7.13), idealuri 

kidis moZebna niSnavs intensivobis funqciis warmoebulis 

maqsimumis (aRmavali kide dadebiTi qanobiT) an minimumis 

(daRmavali kide uaryofiTi qanobiT) povnas. am eqstremu-

mebis sapovnelad Cven funqciis pirveli warmoebuli 

gavutoleT nuls. Tu axla movaxdenT pirveli warmoe-

bulis isev gawarmoebas, miviRebT intensivobis funqciis 

meore warmoebuls. aRmoCnda, rom optimaluri kideebis 

(gradientis sididis eqstremumebis) povna ekvivalenturia 

meore rigis warmoebulze im adgilebis povnisa, sadac is 

nulis toli xdeba. es kargad Cans 7.13 suraTze. gamo-

saxulebaze diferencialuri operatorebis gamoyenebisas 

meore rigis warmoebulis nulze gadasvlis wertilebi 

iSviaTad emTxveva xolme zustad piqselebs. Cveulebrivad 

isini piqselebs Soris xvdeba. Cven SegviZlia es “nulebi” 

erTmaneTisgan ganvacalkevoT nulze gadasvlis wertile-
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bis moZebniT anu im adgilebis povniT, sadac erTi piqse-

li dadebiTia, xolo misi mezobeli ki _ uaryofiTi, an 

piriqiT.      

nulze gadasvlis wertilebs aqvs erTi kargi Tvise-

ba _ isini uzrunvelyofs Sekruli konturebis miRebas 

garda im kerZo SemTxvevisa, roca konturi gadis gamosa-

xulebis sazRvrebs gareT.  

Cveulebrivad, nulze gadasvlis (niSnis cvlilebis) 

wertilebis povnaze damyarebul meTodebTan dakavSirebu-

lia ori problema: 

 

 isini gvaZlevs ori piqselis sisqis kideebs (kontu-

rebs) (dadebiTi piqseli erT mxares da uaryofiTi 

piqseli meore mxares) (sur. 7.21); 

 isini SeiZleba Zalian mgrZnobiare iyos xmauris 

mimarT.  

 
sur. 7.21 

 

7.5.1. laplasis operatori 

 

laplasis operatori (laplasiani) warmoadgens skalars, 

romlis komponentebi funqciis meore rigis warmoebule-

bia. uwyveti intensivobis 𝑓(𝑥, 𝑦) funqciisTvis mas aseTi 

saxe aqvs 
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∆= ∇2𝑓 𝑥, 𝑦 =
𝑑2𝑓

𝑑𝑥2 +
𝑑2𝑓

𝑑𝑦2 . 

 

cifruli gamosaxulebisTvis gamoyenebuli lapla-

siani warmoadgens uwyveti funqciis laplasianis aproq-

simacias, iseve rogorc es gradientis SemTxvevaSi gvqon-

da. is wrfivi operatoria. laplasianis saintereso Tvi-

sebas warmoadgens misi invariantuloba brunvis mimarT. 

kerZod, is ar aris damokidebuli warmoebulebis aRebis 

mimarTulebis arCevaze, mTavaria isini orTogonaluri 

iyos. amis gamo, meore rigis warmoebulebis jami 

nebismieri ori orTogonaluri mimarTulebiT erTmaneTis 

tolia. amgvarad, laplasiani ar aris mgrZnobiare kidis 

orientaciis mimarT, anu ar iZleva sasargeblo infor-

macias kidis orientaciis Sesaxeb. aseve imis gamo, rom 

Cven saqme gvaqvs meore rigis warmoebulTan, is ormagad 

aZlierebs xmaurs. magram es ukanaskneli marto amiT ar 

aris ganpirobebuli, aramed cnobilia, rom rac ufro ma-

Ralia warmoebulis rigi, miT ufro mgrZnobiarea opera-

tori.  

vTqvaT, gamosaxuleba mocemulia 7.17 suraTze war-

modgenili fanjris saSualebiT da movaxdinoT misi cen-

traluri elementis laplasianis Sefaseba 4-bmuliani me-

zoblobis pirobebSi. amisaTvis gamoviyenoT Semdegi miax-

loebebi: 

𝑑2𝑓

𝑑𝑥2
≈

1

𝜀2
(𝐴7 − 2 𝑖, 𝑗 + 𝐴3), 

𝑑2𝑓

𝑑𝑦2
≈

1

𝜀2
(𝐴5 − 2 𝑖, 𝑗 + 𝐴1) 

 



194 

 

sadac 𝜖 manZilia ori mezobeli elementis centrebs Sor-

is, xolo 1, -2 da 1 woniTi koeficientebia. am ori mdgene-

lis gaerTianebiT miviRebT laplasianis Sefasebas cent-

raluri  𝑖, 𝑗  piqselisTvis. 

 

𝑑2𝑓

𝑑𝑥2 +
𝑑2𝑓

𝑑𝑦2 ≈
4

𝜀2  
1

4
 𝐴7 + 𝐴5 + 𝐴3 + 𝐴1 − [𝑖, 𝑗] . 

 

amgvarad, 4-bmuliani mezoblobisas fanjris centralur 

elementSi laplasianis miaxloebiTi mniSvnelobis gamo-

saTvlelad saWiroa misi 4 mezoblis sikaSkaSeebis saSu-

alo mniSvnelobas gamovakloT intensivobis mniSvneloba 

centralur elementSi. cxadia, erTgvarovan areSi lap-

lasis operatoris mniSvneloba 0-is tolia. magram amas 

adgili aqvs iseT areebSic, sadac sikaSkaSe wrfivad icv-

leba. 

7.22 suraTze warmodgenilia gamosaxulebis mocemul 

wertilSi laplasianis gamosaTvleli trafaretebi 4-

bmuliani da 8-bmuliani mezoblobis SemTxvevebisTvis 

 

   
sur. 7.22 

 

laplasis operatoris gamosaxulebaze moqmedebis 

Sedegi naCvenebia 7.23 suraTze, sadac (a) sawyisi gamosa-

xulebaa, (b) laplasis operatoris moqmedebis Semdeg mi-

Rebuli gamosaxuleba. 
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         a                                                     b 

sur. 7.23 

 

7.6. kideebis aRmoCena gausis filtraciiT da log -

filtraciiT 

 

gausis funqcia (gausiani) farTod gamoiyeneba rogorc 

maTematikaSi, aseve gamoyenebiT amocanebSi. gamosaxulebe-

bis cifruli damuSavebis SemTxvevaSi ki _ gamosaxuleba-

Ta filtraciisTvis. kerZod, dagluvebisa da kideebis 

aRmoCenis amocanebSi. ganvixiloT gausis funqciis is 

Tvisebebi, romlebic mas sasargeblos xdis aRniSnuli 

amocanebis gadawyvetis saqmeSi.  

gausis funqcias ori cvladis SemTxvevaSi aseTi sa-

xe aqvs 

 

𝑔 𝑥, 𝑦 = 𝑐𝑒
−

(𝑥2+𝑦2)

2𝜍2 , 

 

sadac 𝑐 mudmivaa, 𝜍 - saSualokvadratuli gadaxra. erTi 

cvladis gausis funqcia da misi pirveli da meore rigis 

warmoebulebi naCvenebia 7.24 suraTze.  
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aRniSnuli funqciebi gausis normaluri ganawilebis 

simkvrivis funqciis msgavsia. amasTan, normaluri ganawi-

lebis dros 𝑐 mudmiva ise SeirCeva, rom ganawilebis mru-

dis qveS farTobi 1-is toli iyos. xolo gamosaxulebis 

filtraciisTvis trafaretis formirebisas ki 𝑐-s iseTi 

mniSvneloba SeirCeva, rom trafaretis yvela elementis 

mniSvneloba mTeli ricxvi iyos. rogorc suraTidan Cans, 

gausiani mocemulia koordinatTa saTavis mimarT simet-

riuli funqciis saxiT. amitom misTvis, rogorc normalu-

ri ganawilebisTvis, saWiro ar aris 𝜇 maTematikuri lo-

dinis mniSvnelobis mocema.  

 

 
sur. 7.24 

 

rogorc vxedavT, koordinatTa saTavidan daSorebis zr-

dasTan erTad funqciis mniSvneloba 0-ken miiswrafvis. 

Sesabamisad, filtraciisas gamosaxulebis im piqselebis 

intensivobis mniSvnelobebi, romlebis centrTan axlosaa, 
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ufro mniSvnelovani iqneba, vidre misgan ufro 

daSorebuli piqselebis. amasTan, dasamuSavebeli piqsele-

bis midamos sigane damokidebulia 𝜍-s sidideze. filtris 

trafaretis woniTi koeficientebis 95% modis gausianis 

centridan 2𝜍 manZilis sazRvrebSi. rogorc suraTidan 

Cans, meore warmoebuls aqvs amozneqiloba uaryofiT na-

xevarsibrtyeSi da ori gverdiTi amozneqiloba dadebiT 

naxevarsibrtyeSi. funqcia nulis toli xdeba −𝜍 da 𝜍 

wertilebSi, romlebic Seesabameba 𝑔(𝑥) funqciis gada-

Runvis da 𝑔′ (𝑥) funqciis eqstremumis wertilebs.  

rogorc zemoT aRvniSneT, laplasiani mgrZnobiarea 

xmauris mimarT, amis gamo mas erTnairi warmatebiT SeuZ-

lia rogorc kideebis, aseve xmauris aRmoCenac. am prob-

lemis gadasaWrelad jer mimarTaven gamosaxulebis dag-

luvebas 𝜍 siganis gausis dagluvebis operatoriT (gaus-

is birTviT), xolo Semdeg ki kideebis aRmosaCenad iyeneb-

en laplasis operators. Sedegad miiReba meore rigis di-

ferencialuri filtri (operatori),  

 

𝐿𝑜𝑔 = ∆𝑔 𝑥, 𝑦 =
𝑑2

𝑑𝑥2
𝑔 𝑥, 𝑦 +

𝑑2

𝑑𝑦2
𝑔 𝑥, 𝑦 = 

= 𝑐
𝑥2+𝑦2−2𝜍2

𝜍4 𝑒−(𝑥2+𝑦2)/2𝜍2
, 

 

romelsac gausianis laplasiani (Laplacian of the Gaussian, 

LoG) anu log-filtri ewodeba.  

ori cvladis log-filtrs, centrirebuls koordi-

natTa saTavis mimarT (𝜇 = 0) da gausianis standartuli 

gadaxriT   (𝜍 = 1) aqvs aseTi saxe 
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𝐿𝑜𝑔 𝑥, 𝑦 = −
1

𝜋𝜍4  1 −
𝑥2+𝑦2

2𝜍2  𝑒
𝑥2+𝑦2

2𝜍2 , 

 

xolo misi grafiki 3𝐷 sivrceSi warmodgenilia 7.25 su-

raTze.  

 

 
sur . 7.25 

 

log-filtris grafikebi 𝜍 sxvadasxva mniSvnelobe-

bisTvis mocemulia 7.26 suraTze.  

uwyveti 𝐿𝑜𝑔(𝑥, 𝑦) log-filtris diskretuli miaxlo-

ebiTi mniSvnelobis misaRebad SeiZleba gamoyenebul 

iqnes trafareti (sur. 7.27).  
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 sur. 7.26  

 

 
sur. 7.27 

 

amasTan unda aRiniSnos, rom trafaretis zomebi SeiZleba 

nebismieri iyos, magram miuxedavad amisa, misi elementebis 

jami aucileblad nulis toli. 

nabijebi, romelTa Sesrulebac saWiroa kideebis aR-

mosaCenad log-filtris gamoyenebiT Semdegia: 

 

 log-filtris gamoyeneba gamosaxulebaze; 



200 

 

 nulze gadasvlis wertilebis aRmoCena gamosaxu-

lebaze; 

 zRurblis gamoyeneba nulze gadasvlis wertileb-

ze Zlieri wertilebis (romelTa Soris gansxvaveba 

didia) SenarCunebis mizniT.  

   

es bolo nabiji saWiroa imisTvis, rom gamosaxulebaze 

darCnen is wertilebi, romelTa intensivobebs Soris di-

di gansxvavebaa, anu sadac gvaqvs kideebi, da daiTrgunos 

nulze gadasvlis susti wertilebi, radganac aseTi wer-

tilebi yvelaze ufro xSirad xmaurs Seesabamebian. 

7.28 suraTze warmodgenilia zemoTaRniSnuli nabi-

jebis Sesabamisad ganxorcielebuli kideebis aRmoCenis 

Sedegi, sadac (a) sawyisi gamosaxulebaa, xolo (b) da (g) 

Sesabamisad (15 × 15) da (21 × 21) zomis trafaretebis ga-

moyenebiT miRebuli gamosaxulebebi.  

  

 
             a                 b               g    

sur. 7.28 

 

log-filtris gamoyeneba karg Sedegs iZleva inten-

sivobis mniSvnelobaTa sxvaobis ori tipisTvis. kerZod, 

mcire zomis laqebisTvis, romelTa centri emTxveva fil-
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tris trafaretis centrs da farTo, safexurovani, tra-

faretis centrTan axlos myofi kideebisTvis.  

log-filtris aproqsimacia SesaZlebelia filtriT, 

romelic warmoadgens ori gansxvavebuli gadaxris mqone 

gausianis sxvaobas 

 

𝑔′′  𝑥, 𝑦 ≈ 𝑐1𝑒
−

𝑥2+𝑦2

2𝜍1
2

− 𝑐2𝑒
−

𝑥2+𝑦2

2𝜍2
2
. 

 

gamosaxulebisTvis es niSnavs, rom misi dagluveba jer 

xdeba 𝜍1 siganis mqone gausianiT, Semdeg _ 𝜍2 siganis gau-

sianiT, xolo Semdeg aiReba maTi sxvaoba. Sedegad miReb-

ul filtrs (operators) gausianebis sxvaoba (Difference of 

Gaussian, Dog)Danu dog-filtri ewodeba. formalurad dog-

filtri ase warmoidgineba 

 

𝐷𝑜𝐺 = 𝑔𝜍1
− 𝑔𝜍2

= 𝑐  
1

𝜍1
𝑒−(𝑥2+𝑦2)/2𝜍1

2
−

1

𝜍2
𝑒−(𝑥2+𝑦2)/2𝜍2

2
 . 

 

erTi cvladis SemTxvevaSi funqciebi 𝑔𝜍1
(𝑥), 𝑔𝜍2

(𝑥) da ma-

Ti sxvaoba grafikulad warmodgenilia 7.29 suraTze.   

imisaTvis, rom gausianebis sxvaobis Sesabamisi mrud-

is centraluri amozneqiloba dadebiT naxevarsibrtyeSi 

iyos, saWiroa, rom 𝜍1 < 𝜍2. 𝜍2 mniSvneloba unda SeirCes 

𝜍1 mniSvnelobis gaTvaliswinebiT iseTnairad, rom filt-

ris gamoZaxilis mniSvnelobebs Soris arsebuli nulze 

gadasvlis wertilebi koreqtulad iyos ganlagebuli da 

amasTan filtris uaryofiTi koeficientebis jami gawo-

nasworebuli iyos dadebiTi koeficientebis jamiT.  
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sur. 7.29  

 

dog-filtris diskretuli miaxloeba miiReba zemo-

warmodgenili uwyveti dog-filtris gamosaxulebis ap-

roqsimaciiT. amasTan, iseve rogorc log-filtris SemTx-

vevaSi, aqac aucilebelia, rom trafaretis yvela elemen-

tis jami nulis toli iyos.  

dog-filtris gamoyeneba gamosaxulebaze kideebis 

aRmosaCenad msgavsad log-filtrisa igive nabijebis Ses-

rulebas saWiroebs.  

  

7.6.1. qenis deteqtori 

 

qenis deteqtori (Canny detector) warmoadgens kideebis aR-

momCen efeqtur wrfiv operators. mis pirvel da yvelaze 

ufro cxad Tvisebas warmoadgens dabali cdomilebis 

koeficienti. es Zalian mniSvnelovania, radganac opera-

torma ar unda gamotovos kidis wertili iq, sadac is 

aris da unda gviTxras ara, maSin roca is ar aris. qenis 
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operatoris moqmedebis Tanamimdevroba mravalsafexuria-

nia. jer operatori xmauris mocilebis mizniT axdens 

naxevartonuri gamosaxulebis dagluvebas 𝜍 gadaxris 

mqone gausis filtriT. amis Semdeg dagluvebul gamosa-

xulebaze gamoiyeneba romelime gradientuli operatori 

maRali sididis pirveli rigis sivrciTi warmoebulebis 

mqone areebis (konturebis) gamosayofad. miRebul kontu-

rebze yvelaze maRali gradientis sididis mqone Txemuri 

wertilebis (wveroebis) gamosayofad algoriTmi miyveba 

konturs da nulis tol sikaSkaSis mniSvnelobas aniWebs 

yvela im piqsels, romlebSic gradientis sidide ar 

aRemateba mocemuli piqselidan gradientis mimarTulebis 

gaswvriv orive mxares myof or mezobel (TiTo piqseli 

TiTo mxares) piqselSi gradientis sidides. aseT proce-

duras Sedegad moyveba konturis daviwroveba. aRniSnul 

meTods aramaqsimaluri CaxSoba (nonmaximum  suppression) 

ewodeba. aRniSnuli procedura imarTeba ori, 𝑇1 (maRali) 

da 𝑇2 (dabali) zRurblis saSualebiT (𝑇1 > 𝑇2). gradient-

ul gamosaxulebaze konturze gadaadgilebis procesi 

aucileblad unda daiwyos Txemis im wertilidan, romel-

Sic gradientis sidide metia 𝑇1 zRurblze. amis Semdeg 

konturis miyola grZeldeba aRniSnuli wertilis 

gradientis mimarTulebis gaswvriv orive mxares manam, 

sanam ar mivaRwevT Txemis im wertilamde, romelSic gra-

dientis sidide naklebi aRmoCndeba 𝑇2 zRurblze. amgvar-

ad, gradientuli gamosaxulebis nebismieri wertili, 

romelSic gradientis sidide metia 𝑇1-ze, iTvleba kidis 

anu konturis wertilad. konturis wertilad iTvleba 

agreTve mocemul wertilTan bmuli yvela is wertili, 

romelSic gradientis sidide metia 𝑇2-ze. Cveulebriv, 
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zRurblis dabal 𝑇2 mniSvnelobad iReben maRali 𝑇1 mni-

Svnelobis daaxloebiT naxevars.  

qenis operatoris moqmedebis Sedegi naCvenebia  7.30 

suraTze, sadac (a) sawyisi gamosaxulebaa, (b) gausis fi-

ltris gamoyenebiT miRebuli gamosaxuleba, (g) konturis 

daviwroebiT miRebuli gamosaxuleba. 

 

 
             a                b                g 

sur. 7.30  

 

qenis deteqtoris efeqturoba ganpirobebulia sami 

parametris – gamosaxulebis dagluvebis etapze  gamoyene-

buli gausianis 𝜍 siganiT da konturis miyolis etapze 

gamoyenebuli 𝑇1 da 𝑇2 zRurblebis sididiT. gausianis si-

ganis gazrda amcirebs deteqtoris mgrZnobiarobas xmau-

ris mimarT. gausianis siganis gazrdiT aseve izrdeba 

gamoyofili kidis wertilebis lokalizaciis cdomileba. 

rac Seexeba zRurblebis sidides, kargi Sedegis misaReb-

ad maRali zRurbli unda iyos sakmaod maRali, xolo 

dabali zRurbli ki sakmaod dabali. dabali zRurblis-

Tvis didi mniSvnelobis miniWeba gamoiwvevs xmauris 

Semcveli kideebis danawevrebas, xolo maRali zRurblis 

sakmaod dabali mniSvneloba ki gazrdis cru da arasa-

surveli kidis fragmentebis raodenobas. 
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qenis operatoris gamoyenebas Tan sdevs erTi prob-

lema. kerZod, es exeba SemTxvevas, roca gradientul ga-

mosaxulebaze erT wertilSi erTmaneTs xvdeba kidis sami 

sworxazovani segmenti (monakveTi), anu gvaqvs 𝑌-tipis 

SeerTeba. aseT SemTxvevas adgili aqvs maSin, roca kide 

nawilobriv dafarulia sxva obieqtiT. aRniSnul SemTxve-

vaSi konturis mimyoli algoriTmi 3 monakveTidan ors 

ganixilavs rogorc kidis sworxazovan segments, xolo 

mesames rogorc wirs, romelic uaxlovdeba, magram mTli-

anad ar uerTdeba aRniSnul segments.  

7.31 suraTze mocemulia qenis operatoris gamoyene-

bis magaliTi gamosaxulebaze, romelzedac suraTis qve-

da marcxena kuTxeSi gvaqvs 𝑌-tipis SeerTebis SemTxveva; 

(a) sawyisi gamosaxulebaa, (b) qenis operatoris moqmedeb-

is Sedegad miRebuli gamosaxuleba. 

 

    
a                    b 

sur. 7.31  

 

 

 

 

 

http://homepages.inf.ed.ac.uk/rbf/HIPR2/images/cln1.gif
http://homepages.inf.ed.ac.uk/rbf/HIPR2/images/cln1can1.gif
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VIII Tavi. scenis gamosaxulebaTa analizi 

 

8.1. Sesavali 

 
scenis gamosaxulebis analizi warmoadgens gamosaxule-

baTa cifruli damuSavebis yvelaze ufro mniSvnelovan 

nawils da moicavs amocanaTa farTo wres, romelTa mi-

zania scenis gamosaxulebis analizis saSualebiT moax-

dinos gamosaxulebidan sasurveli informaciis (araga-

momsaxvelobiTi xasiaTis) gamoyofa avtomaturi an naxev-

radavtomaturi (interaqtiuli) meTodebis saSualebiT. 

literaturaSi mas aseve sxva dasaxelebebic aqvs: gamosa-

xulebidan monacemebis gamoyofa, scenaTa analizi, gamo-

saxulebaTa aRwera, avtomaturi deSifrireba, gamosaxu-

lebaTa amocnoba da a.S. 

gansxvavebiT gamosaxulebaTa damuSavebis sxva saxee-

bisgan, scenis gamosaxulebis analizis Sedegs warmoadg-

ens ara suraTi, aramed misi aRwera, gamosaxuli ricxveb-

is krebulis, simboloTa jaWvis an grafis saxiT. garda 

amisa gansxvaveba gamosaxulebaTa analizsa da klasikur 

saxeTa amocnobas Soris mdgomareobs imaSic, rom anali-

zisas xdeba ar marto scenaze arsebuli areebis klaseb-

ad gamoyofa, aramed misi mTavari mizani rTuli scenebis 

aRweraa, romelTa mravalferovneba SeiZleba imdenad di-

di iyos, rom ar aRiweros winaswar mocemul terminebSi. 

garda amisa gamosaxulebaTa analizis sistemebSi xSirad 

gamoiyeneba aprioruli monacemebi rogorc gamosaxuleba-

ze arsebuli obieqtebis, aseve maTi urTierTmimarTebebis 

Sesaxeb.  
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kompiuteruli xedvis amocanebis Seswavlisas inter-

ess warmoadgenen amocanebi, romlebic dakavSirebulia  

obieqtebis amocnobasTan niSan-Tvisebebis gamoyenebiT, 

fonidan obieqtis gamoyofis xerxebTan, rac kompiuterul 

xedvaSi cnobilia rogorc segmentaciis procesi da maT 

interpretaciasTan. mxedvelobis sistemaSi analogiuri 

procesebis Seswavlam warmoaCina gamosaxulebis winas-

wari damuSavebis miznebi da maTi kavSiri realuri gare-

samyaros Sinagani warmodgenis cnebasTan. es procesebi 

win uswrebs scenis calkeul obieqtebad danawevrebas da 

maTi amocnobis procedurebs.  

zemoTqmulidan gamomdinare, scenis gamosaxulebis 

analizis procesi moicavs or etaps:  

 

 gamosaxulebis winaswari damuSaveba, rac gulis-

xmobs gamosaxulebis iseT winaswar damuSavebas, 

romelic gaaadvilebs misi analizisaTvis saWiro 

saukeTeso (informaciuli) niSan-Tvisebebis gamoyo-

fas; magaliTad, sawyisi gamosaxulebis xarisxis 

gaumjobeseba, xmaurisgan gawmenda, sikaSkaSis Ska-

lis gardaqmna da a.S.  

 segmentacia, romlis arsi dakavSirebulia mxedve-

lobis erT-erT centralur sakiTxTan, fonidan 

obieqtis gamoyofis problemasTan da romlis miza-

nia gamosaxulebis (rogorc saxis) danawevreba 

calkeul obieqtebad (qvesimravleebad), anu erTnai-

ri Tvisebebis mqone areebad, romelTa arCeva gani-

sazRvreba an raime konkretuli miznidan gamomdi-

nare, an am areebis SesabamisobiT realur obieqteb-

Tan an maT nawilebTan. 
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scenaTa analizis umartivesi gamoyenebis sferos wa-

rmoadgens gamosaxulebaze arsebuli obieqtebis klasifi-

kacia gamosaxulebis raodenobrivi maxasiaTeblebis (niS-

an-Tvisebebis) safuZvelze. rac gulisxmobs imas, rom obi-

eqtis Tvisebebis gansazRvris Semdeg ukve SesaZlebelia 

movaxdinoT misi mikuTvneba romelime winaswar cnobili 

obieqtebis klasisTvis. klasis qveS igulisxmeba raRac 

kategoria, gansazRvruli masSi Semavali elementebis 

TvisebaTa erTobliobiT. am amocanis gadawyvetaSi Ziri-

Tadi roli eniWeba im maxasiaTeblebis anu niSan-Tvisebe-

bis gamoyofas, romelTa erTobliobiT aRiwereba gamosa-

xulebis obieqtebi. amitom niSan-Tvisebebis SerCevisa da 

maTi mniSvnelobebis gansazRvris etapi erT-erTi mniSvne-

lovania klasifikaciis amocanaSi. 

 
8.2. scenis gamosaxulebaTa amocnoba: zogadi modeli 

 

kompiuteruli xedvis gamoyenebis sxvadasxva SemTx-

vevaSi scena organzomilebiania. aseTi scenis magaliTebs 

warmoadgens: dokumentebi, didi simaRlidan gadaRebuli 

dedamiwis zedapiris fotosuraTebi (roca reliefi SeiZ-

leba ugulebelyofili iqnes), nimuSebi, romlebzedac 

dakvirveba xorcieldeba mikroskopis saSualebiT (roca 

xedvis siRrme umniSvneloa) da detalebis damuSavebuli 

brtyeli zedapirebi. arsebobs mTeli rigi amocanebisa, 

sadac gamosaxulebebi ganixileba rogorc im infor-

maciis wyaro, romlis safuZvelzec saWiro xdeba garkve-

uli gadawyvetilebis miReba. magaliTad, samedicino 

diagnostikaSi, sadac adamianis romelime organos Sem-

cveli samedicino gamosaxuleba analizdeba avadmyo-
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fobis aRmoCenis mizniT an daqtilogramebi (adamianis Ti-

Tis anabeWdebis gamosaxulebebi), romlebic gamoiyeneba 

pirovnebis dadgenis mizniT da a.S. aseTi amocanebis gada-

sawyvetad gamoiyeneba saxeTa amocnobis Teoria. am Teo-

riis mixedviT zemoaRwerili amocanebis gadawyvetisas 

saxes warmoadgens swored gamosaxuleba. aseT SemTxve-

vaSi saxeTa amocnobis amocanaa gamosaxulebaTa klasifi-

kacia garkveuli pirobebis safuZvelze, romlis Ta-

naxmadac is gamosaxulebebi, romlebic saxeTa erT klass 

miekuTvneba, xasiaTdeba siaxlovis maRali xarisxiT. 

ufro konkretulad es niSnavs sakvlev gamosaxulebaze 

gamoTvlili niSan-Tvisebebis klasifikacias. amave dros 

arsebobs amocanebi, sadac saWiro xdeba TviT gamosaxu-

lebaze arsebuli obieqtebis povna da amocnoba. aqedan 

gamomdinare, yvela amocana, romelic warmoiSoba gamo-

saxulebaze saxeTa amocnobis meTodebis gamoyenebisas, 

iyofa or jgufad: 

 

 gamosaxulebaTa klasifikacia anu amocnoba; 

 gamosaxulebaze obieqtebis (lokaluri areebis) 

povna da amocnoba. 

 

amocanaTa pirvel jgufSi amocnobis amocana wydeba 

mTeli gamosaxulebisTvis, anu amocnobis procesSi xdeba 

gamosaxulebis mikuTvneba ramdenime winaswar cnobili 

klasidan erT-erTisadmi. es niSnavs, rom amocnobis amo-

canis amoxsna warmoadgens aseTi saxis asaxvis realiza-

cias:  

 

gamosaxuleba ⟹ klasis nomeri. 
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magram, Tavis mxriv, saxeTa klasifikacia niSnavs niSan-

TvisebaTa sivrcis asaxvas gadawyvetilebaTa sivrceSi. 

aqedan gamomdinare, amocnobis procesi Seicavs or etaps:  

 

 niSan–TvisebaTa SerCeva da mowesrigeba; 

 klasifikacia. 

 

aRniSnulis gaTvaliswinebiT, zemonaxsenebi asaxvis 

realizaciisTvis saWiroa ori saxis asaxvis realizacia:  

 

gamosaxuleba ⟹ niSan-Tvisebebi 

da  

niSan-Tvisebebi ⟹ klasi. 

 

realurad es niSnavs klasSi Semavali gamosaxu-

lebisTvis klasis aRmniSvneli Wdis (nomris, simbolos) 

miniWebas. aqedan gamomdinare, gamosaxulebebis klasifika-

cia warmoadgens gamosaxulebebisTvis Wdeebis miniWebis 

process maTi niSan-Tvisebebis aRweris safuZvelze.  

gamosaxulebebis klasifikaciis amocanis gadawyvet-

is procesis zogadi sqema naCvenebia 8.1 suraTze. 

 

 

 
sur. 8.1  
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pirveli jgufis magaliTebs warmoadgens adamianis 

pirisaxis amocnoba fotosuraTis saSualebiT, TiTis ana-

beWdebis amocnoba, nabeWdi da xelnaweri simboloebis 

amocnoba, daavadebaTa diagnostika samedicino gamosaxu-

lebebis saSualebiT da a.S. 

amocanaTa meore jgufSi amocnobis procesi warmo-

adgens gamosaxulebis damuSavebis ufro farTo amocanis 

nawils, kerZod, dakavSirebuls amosacnobi geometriuli 

obieqtebis ZiebasTan mTel gamosaxulebaze. am SemTxveva-

Si obieqtebs warmoadgenen gamosaxulebis nebismier ad-

gilze ganlagebuli SedarebiT mcire zomis lokaluri 

areebi (fragmentebi). am dros analizdeba gamosaxulebaze 

arsebuli yvela fragmenti. TiToeuli maTganisTvis xdeba 

niSan-TvisebaTa formireba da Semdgom ki klasifikacia. 

amasTan, informacia imis Sesaxeb: aris Tu ara obieqtebi 

gamosaxulebaze, ra raodenobis, rogoria maTi orienta-

cia, zomebi da a.S., xSir SemTxvevaSi ucnobia. swored 

obieqtis zogierTi maxasiaTeblis arcodna gamosaxu-

lebaze obieqtebis moZiebisa da amocnobis amocanas ma-

Tematikur da gamoTvliT aspeqtSi ufro rTuls xdis 

pirveli jgufis amocanebTan SedarebiT. aseTi amocanis 

amonaxsns warmoadgens ara marto moZiebuli obieqtis-

Tvis Sesabamisi klasis gansazRvra, aramed misi maxasia-

Teblebisac: gamosaxulebaze mdebareobis, zomis, feris, 

orientaciis da a.S. gamosaxulebaze obieqtebis moZiebisa 

da amocnobis sqema mocemulia 8.2 suraTze. 

meore jgufis magaliTebs warmoadgens: aero-kos-

mosuri suraTebis deSifrireba, teqstebis avtomaturi 

kiTxva, lokaluri paTologiebis moZieba samedicino 

gamosaxulebebze da a.S. 
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rogorc vxedavT, gamosaxulebaTa klasifikaciis 

amocanis gadawyvetis sqema warmoadgens Ziebisa da amo-

cnobis amocanis gadawyvetis sqemis Semadgenel elements. 

meore jgufis amocanebi farTo gagebiT miekuTvneba maRa-

li donis amocanaTa jgufs. kerZod, amocanebs, dakavSire-

buls dakvirvebuli gamosaxulebis an scenis analizis 

amocanasTan. mocemul SemTxvevaSi scenis analizis qveS 

igulisxmeba gamosaxulebaze arsebuli obieqtebis sruli 

aRwera maTi adgilmdebareobis da urTierTganlagebis mi-

TiTebiT. Tumca SeiZleba adgili hqondes sawinaaRmdego 

SemTxvevasac, rodesac meore jgufis amocanebis gadawyve-

tis meTodebi gamoiyeneba rogorc Semadgeneli elemente-

bi pirveli jgufis amocanebis gadawyvetisas. amis magal-

iTs warmoadgens adamianis pirisaxis amocnobis amocana 

fotosuraTebis safuZvelze, romelic mdgomareobs piri-

saxeze mkveTrad gamoxatuli interesis areebis: Tvalis, 

cxviris, tuCebis da a.S., moZiebaSi.  

 

 
sur. 8.2 

 

amocnobis procesis pirvel etapze niSan-TvisebaTa 

SerCevisa da mowesrigebis kriteriumi ganisazRvreba maTi 
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mniSvnelovnebiT saxeTa daxasiaTebisTvis. meore etapi ki 

mdgomareobs gadawyvetilebis miRebaSi, romliTac xdeba 

saxis mikuTvneba ama Tu im klasisadmi, risTvisac gamo-

iyeneba mkacri maTematikuri meTodebi. am amocanas asru-

lebs klasifikatori – mowyobiloba an algoriTmi, rom-

lis Sesasvlels warmoadgens obieqtis aRwera, xolo ga-

mosasvlels ki _ klasis Wde.  

ganvixiloT klasifikaciis zogadi modelis Semad-

geneli elementebi. am modelSi gvaqvs simravle, romelic 

Sedgeba obieqtebis winaswar cnobili 𝑚 klasisagan. kla-

sebi warmodgenilia an raime aRweris formaSi an yoveli 

klasisTvis obieqtebis magaliTebis simravlis (eta-

lonuri (training) saxeebis) saxiT. magaliTad, simboloebis 

klasifikaciisas yoveli simbolosTvis arsebobs an misi 

garegnuli aRwera, an saxeebis krebuli. im obieqtTa sim-

ravles, romelTa mikuTvnebac romelime winaswar cnobi-

li klasisTvis ver moxerxda, amovardnebis anu araklasi-

ficirebul obieqtTa qvesimravle ewodeba.  

garesamyaroSi arsebuli realuri fizikuri obi-

eqtis aRqmisTvis saWiroa misi iseTnairi warmodgena cif-

ruli monacemebis saxiT, romelic gamosadegi iqneba man-

qanuri damuSavebisaTvis. aseT mowyobilobas warmoadgens 

gadamwodi. imis gamo, rom Cven SeviswavliT kompiuterul 

xedvas, Sesabamisad, gadamwodi unda axdendes monacemebis 

organzomilebiani masivebis generirebas.  

gadamwodisagan miRebuli monacemebidan obieqtis ma-

xasiaTebel niSan-TvisebaTa gamomyofs uwodeben eqstraq-

tors (extractor) an preprocesors (preprocessor). misi funq-

ciaa am monacemebSi klasifikaciisTvis sasargeblo in-

formacia aRmoaCinos. is moTavsebulia gadamwodsa da 
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klasifikators Soris da mis funqciebSi aseve SeiZleba 

Sediodes, magaliTad, gamosaxulebis filtracia an xmau-

risgan gawmenda. Cveulebrivad, niSan-TvisebaTa eqstraq-

tori realizdeba programulad.  

klasifikatoris funqcia is aris, rom gadamwodebi-

sagan miRebuli sawyisi monacemebis safuZvelze, romle-

bic warmodgenilia niSan-TvisebaTa veqtorebis saxiT, 

obieqts mianiWos winaswar cnobili 𝑚 klasidan: 𝐶1, 𝐶2, . . 

. , 𝐶𝑚−1, 𝐶𝑚 = 𝐶𝑟 , sadac 𝐶𝑟 aris amovardnebis klasi, erT-

erTi klasis Wde. klasifikaciis procesis Sesabamisi 

blok-sqema mocemulia 8.3 suraTze. sawyis monacemebs obi-

eqtis klasifikaciisaTvis warmoadgens 𝑑-ganzomilebis 

niSan-TvisebaTa 𝐱 veqtori.  

 

 
sur. 8.3 

 

klasifikaciis sistemaSi yovel SesaZlo klass Se-

esabameba bloki, romelSic inaxeba mocemuli klasis Se-

saxeb swavlebis procesSi miRebuli garkveuli K cnobe-
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bi da aseve damuSavebis garkveuli maxasiaTeblebi. gamoT-

vlebis Sedegebi 𝑚-uri blokidan gadaecema gadawyveti-

lebis mimReb bloks, romelic wina etapze gamoTvlili 

sidideebis Sedarebis safuZvelze iRebs gadawyvetilebas, 

Tu romel klass unda miekuTvnos mocemuli obieqti.   

  

8.2.1. klasifikaciis sistemis cdomilebebis Sefaseba 

 

iseve rogorc yvela sistemas, klasifikaciis sistemis 

funqcionirebisas adgili aqvs cdomilebebs.  

klasifikaciis sistemis cdomilebis koeficienti 

(error rate) warmoadgens erT-erT ricxviT maxasiaTebels 

imisa, Tu ramdenad kargad wyvets sistema masze dakisreb-

ul amocanas. sxva maxasiaTeblebs warmoadgens klasifi-

kaciis sistemis siCqare (drois erTeulovan intervalSi 

damuSavebuli obieqtebis raodenoba) da Rirebuleba, ro-

melic Seicavs aparaturuli da programuli uzrunvel-

yofis da sistemis daproeqtebis xarjebs. rac Seexeba si-

stemis warmadobas, is damokidebulia rogorc cdomile-

baTa raodenobaze, aseve amovardnebis ricxvze. Tu siste-

ma yvela Semaval obieqts aklasificirebs amovardnebis 

klasSi, maSin es imas niSnavs, rom sistema cdomilebebs 

ar uSvebs, magram amave dros igi usargebloa.  

 

gansazRvreba 8.1. klasifikaciis cdomilebas adgili 

aqvs yovelTvis, roca klasifikatori Sesasvlel obieqts 

akuTvnebs 𝐶𝑖 klass, maSin roca WeSmarit klass warmoad-

gens 𝐶𝑗 , amasTan 𝑖 ≠ 𝑗 da 𝐶𝑖 ≠ 𝐶𝑟 , sadac 𝐶𝑟 - amovardnebis 

klasia.  
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gansazRvreba 8.2. klasifikaciis sistemis empiriuli 

cdomilebis koeficienti tolia damoukidebel testur 

monacemebze daSvebuli cdomilebebis raodenoba gayofi-

li klasifikaciis cdaTa raodenobaze. 

 

gansazRvreba 8.3. klasifikaciis sistemis empiriuli 

amovardnebis koeficienti tolia damoukidebel testur 

monacemebze daSvebuli amovardnebis raodenoba gayofi-

li klasifikaciis cdaTa raodenobaze. 

 

gansazRvreba 8.4. damoukidebeli testuri monacemebi 

warmoadgens cnobili klasebis etalonur obieqtebs, amo-

vardnebis klasis obieqtebis CaTvliT, romlebic ar iyv-

nen gamoyenebuli niSan-TvisebaTa da klasifikaciis al-

goriTmebis SemuSavebisas. 

 

aRniSnuli cdomilebebi SeiZleba gamoyenebul iqnes 

praqtikaSi klasifikaciis sistemis warmadobis testire-

bisTvis. amasTan, mkacrad unda vakontroloT, rom siste-

mis proeqtirebis dros gamoyenebuli etalonuri saxeebi 

da satesto saxeebi warmoadgendes im obieqtebis warmo-

madgenel (reprezentaciul) saxeebs, romelsac sistema 

momavalSi daamuSavebs. aseve, sistemis testirebisTvis ga-

moyenebuli saxeebi damoukidebeli unda iyos proeqtire-

bis dros gamoyenebuli saxeebisgan. im SemTxvevaSi, Tu 

sawyisi monacemebi imeorebs romelime Teoriul ganawi-

lebas, aseT SemTxvevaSi sistemis warmadobis SefasebisT-

vis SesaZlebelia gamoTvlil iqnes Teoriuli cdomileb-

is albaToba da ara empiriuli cdomilebis koeficienti 

testirebis monacemebze dayrdnobiT.  
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davuSvaT, rom jibis kompiuteris xelnaweri simbo-

loebis amomcnobi moduli sworad amoicnobs momxmareb-

lis mier Seyvanili simboloebis 95%-s. imis gamo, rom 

momxmarebels TviTon SeuZlia Semdeg moaxdinos Semavali 

dokumentis redaqtireba, 5%-iani  cdomilebis koeficien-

ti warmoadgens dasaSveb sidides. magaliTad, man unda 

gaiTvaliswinos, rom yuradReba unda miaqcios simbolo 

„8‟-is zeda nawilis ufro akuratulad daweras, raTa sis-

temas is ar aerios simbolo „6‟-Si. magram, roca saqme gva-

qvs sabanko sistemasTan, romelic kiTxulobs xelnawer 

cifrebs depozituri blankidan, 5%-iani cdomileba SeiZ-

leba miuRebeli iyos.      

 

8.2.2. mcdari amoqmedebebi da mcdari gamotovebebi 

 

cdomilebebis gansakuTrebul klass warmoadgens ori 

klasis problema (two-class problems). igi warmoiSoba maSin, 

roca ori klasi erTmaneTs arsobrivad ewinaaRmdegeba:  

a) kargi obieqti da cudi obieqti; b) obieqti imyofeba ga-

mosaxulebaze da obieqti gamosaxulebaze ar imyofeba, an 

g) adamians aRmouCines D daavadeba da ar aRmouCines. 

aseT SemTxvevebSi cdomilebebs gansakuTrebuli mniSvne-

loba aqvs da amasTan isini arasimetriulebia.  

aRniSnuli SemTxvevebidan sailustraciod yvelaze 

metad (g) SemTxveva gamodgeba. Tu sistema SecdomiT 

ambobs, rom adamians aqvs D daavadeba, maSin aseT cdomi-

lebas mcdari amoqmedeba an pozitiuri cdomileba 

ewodeba. xolo Tu sistema SecdomiT ambobs, rom adami-

ans ar aqvs D daavadeba, maSin aseT cdomilebas mcdari 

gamotoveba an negatiuri cdomileba ewodeba. cxadia, 



218 

 

mcdari amoqmedebis SemTxvevaSi adamianma damatebiTi ana-

lizebi unda Caitaros, xolo mcdari gamotovebis SemTx-

vevaSi diagnozi daikargeba da adamiani ar ganikurneba, 

rac adamianisTvis SeiZleba saSiSi aRmoCndes. amgvarad, 

aRniSnul cdomilebebs gansxvavebuli fasi adevs. Sesaba-

misad, klasifikaciis sistemas unda hqondes Tviseba ga-

dawyvetilebis miRebisas moaxdinos mcdari gamotovebebis 

minimizacia mcdari amoqmedebebis raodenobis gazrdis 

xarjzec ki.  

naklebad dramatulia (a) SemTxveva. mis magaliTs 

warmoadgens sistema, romelic erTmaneTisgan arCevs da-

zianebel da dauzianebel alublebs. am SemTxvevaSi, mcd-

ar amoqmedebebs Sedegad mohyveba is, rom alubali moxv-

deba namcxvarSi, da ara sacalo vaWrobis obieqtSi. rac 

Seexeba (b) SemTxvevas, aq mcdar amoqmedebebs SeiZleba mo-

hyves zedmeti energiis daxarjva sinaTlis anTebaze im 

mizeziT, rom scenaze faqtobrivad moZraoba ar xdeba, 

xolo sistema aCvenebs, rom gzaze avtomobilma Caiara, 

rasac sinamdvileSi adgili ar hqonia. 

 

8.3. kavSiri sistemis sizustesa da amokrebis 

sisrules Soris 

 

dokumentebis an gamosaxulebebis moZiebis (document retriev-

al, DR) amocanebSi saWiroa, rom momxmareblis moTxovnebSi 

arsebuli niSan-Tvisebebis safuZvelze vipovoT interesis 

obieqtebi _ 𝐶1 klasi, romlebsac SesaZloa mohyves aseve 

mcire raodenobis, momxmareblisTvis arasaintereso obi-

eqtebic _ 𝐶2 klasi. magaliTad, momxmarebelma SeiZleba 

SeukveTos suraTebi, romlebzec gamosaxuli iqneba mzis 
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Casvlis scena an cxeni. klasifikaciis sistemis warmado-

ba, romlis daniSnulebac momxmareblis moTxovnebis mom-

saxurebaa, xasiaTdeba sizustiT da amokrebis sisruliT. 

 

gansazRvreba 8.5. dokumentebis moZiebis sistemis si-

zuste tolia moZiebuli relevanturi (𝐶1 klasis WeSma-

riti elementebi) dokumentebis raodenoba gayofili moZi-

ebuli dokumentebis (𝐶1 klasis elementebs damatebuli 

𝐶2 klasis elementebi (mcdari amoqmedebebi)) saerTo 

ricxvze.  

 

gansazRvreba 8.6. dokumentebis moZiebis sistemis 

amokrebis sisrule tolia sistemis mier moZiebuli re-

levanturi dokumentebis ricxvi gayofili relevanturi 

dokumentebis saerTo ricxvze monacemTa bazaSi. 

 

magaliTisTvis ganvixiloT monacemTa baza, romel-

Sic inaxeba 200 gamosaxuleba mzis Casvlis sceniT da 

romelTa moZiebazec aris momxmareblis moTxovna. vTqvaT, 

saZiebo (klasifikaciis) sistemam Ziebis Sedegad am 200 

relevanturi gamosaxulebidan ipova 150 suraTi da kidev 

momxmareblisTvis ararelevanturi (arasaintereso) 100 

suraTi. maSin klasifikaciis am operaciis sizuste toli 

iqneba 150/250=60%, xolo amokrebis sisrule ki 

150/200=75%. ra Tqma unda, Tu sistema daabrunebs ukan mo-

nacemTa bazis yvela suraTs, maSin is miaRwevs 100% amok-

rebis sisrules, magram Sedegad sistemis sizuste Zalian 

dabali iqneba. meore mxriv, Tu klasifikaciis sistema mo-

marTulia mcdari amoqmedebebis dabal koeficientze, maS-
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in sistemis sizuste maRali iqneba, magram amokrebis sis-

rule aseT SemTxvevaSi SeiZleba dabali aRmoCndes.  

 

8.4. scenis gamosaxulebaze organzomilebiani 

obieqtebis amocnobis zogadi struqtura 

 

organzomilebiani scenis cifrul gamosaxulebaze obieq-

tebis amocnobis  zogadi struqtura warmodgenilia 8.4 

suraTze.  

 

 
sur. 8.4 
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gamosaxulebaze obieqti SeiZleba ganisazRvros ro-

gorc urTierTdakavSirebuli nawilebis erToblioba, 

romelTa Tvisebebi (magaliTad sikaSkaSis doneebi, teqs-

tura, zomebi, forma) da mimarTebebi (magaliTad Sefarde-

biTi urTierTmdebareoba, SefardebiTi ganzomileba da 

a.S.) akmayofilebs mocemul SezRudvebs. aqedan gamomdina-

re, gamosaxulebaze obieqtebis amosacnobad saWiroa ga-

mosaxulebaze moiZebnos is areebi, romlebic Seesabameba 

obieqtis nawilebs. 

proceduras, romelic gamoiyeneba gamosaxulebis na-

wilebis mosaZebnad, ewodeba segmentacia an niSan-Tviseba-

Ta gamoyofa. niSan-TvisebaTa gamoyofis arsi is aris, 

rom gamosaxulebaze gamoiyos gansakuTrebuli tipis 

lokaluri areebi, magaliTad mkveTrad gamoxatuli ki-

deebi, sadac adgili aqvs sikaSkaSis donis naxtomisebur 

cvlilebas, wrfeebi, mrudebi, laqebi, kuTxeebi da a.S. 

segmentaciis saSualebiT xdeba piqselebis maxasiaTebeli 

qvesimravleebis gamoyofa, anu gamosaxulebis danawevreba 

iseT bmul areebad, romlebic xasiaTdeba TvisebaTa 

erTgvarovnebiT. 

segmentaciisa da niSan-TvisebaTa gamoyofis pro-

cesebi SeiZleba ganxilul iqnes rogorc piqselebisTvis 

gansakuTrebuli identifikatorebis – Wdeebis miniWebis 

procesi, romelic gansazRvravs maTi garkveuli klasi-

sadmi mikuTvnebas. Wdeebad SeiZleba gamoyenebul iqnes 

rogorc mTeli ricxvebi, aseve simboloebi. amgvarad, 

segmentaciis procesis Sedegs warmoadgens ara piqsele-

bis, aramed simboloebis saxiT aRwerili gamosaxuleba. 

es simboloebi Tavis mxriv SeiZleba isev dajgufebuli 

iqnes ukve axal simravleebad sxvadasxva kriteriumebis 
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safuZvelze. am process resegmentacia ewodeba. magali-

Tad, piqselTa simravle SeiZleba danawevrdes bmul are-

ebad; erTmaneTisgan SeiZleba ganvasxvaoT romelime aris 

calkeuli nawilebi (Cazneqili/amozneqili, wagrZele-

buli da a.S.). aseve sxvadasxva geometriul kriteriumebze  

dayrdnobiT SeiZleba resegmentirebuli iyos bmuli rka-

lebi da mrudebi (an aris sazRvrebi). 

gamosaxulebis resegmentaciis Sedegad miRebuli 

calkeuli nawilebis krebuli saSualebas gvaZlevs gav-

zomoT gamosaxulebis nawilebis sxvadasxva Tvisebebi da 

maT Soris mimarTebebi. am nawilebis geometriuli Tvise-

bebi (magaliTad, farTi, wagrZelebuloba da a.S.) damoki-

debulia mxolod am nawilebis Semadgeneli piqselebis 

simravleze, maSin, roca sxva Tvisebebi damokidebulia am 

piqselebis sikaSkaSis doneze (magaliTad, maTi saSualo 

Seburuloba). 

zemoTqmulidan gamomdinare, scenis gamosaxulebaze 

obieqtebis amocnoba SeiZleba ganxilul iqnes rogorc 

gamosaxulebaze iseTi qvesimravleebis povnis amocana, 

romelTa Tvisebebi da mimarTebebi akmayofilebs mocemul 

SezRudvebs. 

gamosaxulebaze arsebuli obieqtis nawilebi Tavian-

Ti TvisebebiTa da mimarTebebiT SeiZleba warmodgenil 

iqnes relaciuri struqturis, anu moniSnuli grafis sa-

SualebiT (obieqtis grafi), romlis kvanZebi warmoadgens 

obieqtebis calkeul nawilebs, kvanZebis Wdeebi – Tvise-

bebis mniSvnelobebs, xolo rkalebis Wdeebi mimarTebebis 

mniSvnelobebs. amgvarad, gamosaxulebaze obieqtebis 

amocnoba gulisxmobs gamosaxulebis nawilebis (qvesim-

ravleebis) gamoyofas (niSan-TvisebaTa gamoyofis meTode-
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bisa da segmentaciis saSualebiT), maTi Tvisebebis gamoT-

vlas da mimarTebebis gansazRvras da amis safuZvelze 

relaciuri struqturis agebas. sxva sityvebiT, am grafis 

im qvegrafebis moZiebas, romlebic mocemuli qvegrafis 

msgavsia. gamosaxulebaze obieqtebis amocnobis zemoaR-

werili principi gulisxmobs, rom scena SeiZleba gan-

xilul iqnes rogorc organzomilebiani. magram es prin-

cipi gamodgeba samganzomilebiani SemTxvevisTvisac, roca 

cnobilia obieqtis orientacia (magaliTad, Tu obieqti 

mdgradad aris moTavsebuli brtyel zedapirze da mas 

zemodan davyurebT). aseT dros sirTule mdgomareobs 

imaSi, rom gamosaxulebis xiluli nawilebi SeiZleba ar 

Seesabamebodes obieqtis nawilebs. am dros obieqtebi 

scenaze SeiZleba erTmaneTs faravdes da adgili hqondes 

maT damaxinjebas. aseTi ram SesaZlebelia 2𝐷 SemTxveva-

Sic ki segmentaciisas warmoSobili Secdomebis gamo.  

 

8.5. obieqtebis warmodgena niSan-TvisebaTa veqtoris 

saSualebiT 

 

klasifikaciis procesSi obieqtebis aRsawerad gamoiyene-

ba maTi warmodgena gazomvaTa anu niSan-TvisebaTa veqto-

rebis saxiT. niSan-Tviseba warmoadgens damoukidebel ga-

zomvad sidides. amocnobis procesSi obieqtis aRsawerad 

saWiroa avirCioT obieqtis maxasiaTebeli 𝑑 gazomvadi 

sidideebi da warmovadginoT isini rogorc erTi werti-

li 𝑑-ganzomilebis gazomvaTa an niSan-TvisebaTa sivrce-

Si. niSan-TvisebaTa veqtori swored aseTi sidideebis er-

Tobliobas warmoadgens.  vTqvaT, gazomvaTa (niSan-Tvise-

baTa) sivrce aris 𝑑 ganzomilebis. maSin aseT sivrceSi 
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nebismieri saklasifikacio 𝐴 obieqtis Sesabamisi veqtor-

is 𝑖-ur koordinats eqneba erTi da igive arsi. magaliT-

ad, nebismieri obieqtis aRmweri veqtoris pirveli kompo-

nenti SeiZleba iyos obieqtis farTi, meore – obieqtis 

perimetri, mesame – xvrelebis raodenoba obieqtSi da a.S. 

rac Seexeba komponentebis ricxviT mniSvnelobebs, isini 

ufro mosaxerxebelia warmovadginoT namdvili ricxvebis 

saxiT. klasifikaciis amocanis amoxsnisTvis xdeba niSan-

TvisebaTa sivrcis danawevreba. iTvleba, rom niSan-Tvise-

baTa sivrcis is nawili, romelSic aRmoCndeba ucnobi 

obieqtis niSan-TvisebaTa veqtori, gansazRvravs am obieq-

tis mikuTvnebas Sesabamisi klasisadmi.  

veqtorTa msgavsebis raodenobrivi SefasebisaTvis ki 

SeiZleba evkliduri an sxva romelime metrikis gamoyene-

ba. 

 

gansazRvreba 8.7. 𝑑 -ganzomilebis niSan-TvisebaTa 

sivrceSi niSan-TvisebaTa 𝒙𝟏 da 𝒙𝟐 veqtorebs Soris evk-

liduri manZili tolia 

 

 𝐱𝟏 − 𝐱𝟐 =  (𝐱𝟏 𝑖 − 𝐱2 𝑖 )2𝑑
𝑖=1  

 

klasifikaciis Teoriasa da praqtikaSi aseve Zalian 

mniSvnelovania imis gansazRvra, Tu romeli niSan-Tvise-

bebia informaciuli amocnobisTvis. magaliTisTvis ganvi-

xiloT xelnaweri simboloebis amocnobis amocana. davuS-

vaT, rom calkeuli simboloebis erTmaneTisgan izolire-

ba SesaZlebelia bmuli komponentebis markirebis algo-

riTmis gamoyenebiT an momxmareblisTvis moTxovnis daye-
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nebiT, rom simboloebis Cawera moxdes cxadad gasarCev 

marTkuTxa areebSi. CavTvaloT aseve, rom binaruli gamo-

saxulebis saxiT warmodgenili TiToeuli simbolosTvis 

V TavSi gamoyenebuli meTodebis saSualebiT SesaZlebe-

lia Semdegi niSan-Tvisebebis gamoTvla: 

 

 simbolos farTobi (Savi feris piqselebis raode-

noba);  

 aRmweri marTkuTxedis simaRle da sigane; 

 xvrelebis raodenoba simboloSi; 

 simbolos maformirebeli Strixebis raodenoba; 

 simbolos piqselTa simravlis simZimis centri; 

 simbolos piqselebze gamavali im mTavari RerZis 

mimarTuleba, romlis mimarTac inerciis momenti 

iRebs umcires mniSvnelobas; 

 simbolos piqselTa meore rigis momentebi mTavari 

RerZebis (inerciis udidesi da umciresi momentebis 

mqone RerZebis) mimarT. 

 

Semdeg intuiciuri mosazrebebisa da etalonuri sim-

boloebis analizis safuZvelze SeiZleba simboloebis 

zemoganxiluli niSan-Tvisebebisgan cxrilis Sedgena (cx. 

8.1). aRniSnul cxrilSi mocemulia 10 sxvadasxva simbo-

los 8 niSan-Tvisebis mniSvnelobebi. imisTvis, rom cxri-

lSi niSan-TvisebaTa ricxviTi monacemebi ufro zusti 

gaxdes, saWiroa gaviTvaliswinoT monacemebi TiToeuli 

simbolos didi raodenobis saxeebisgan. amis Semdeg ukve 

SeiZleba klasifikaciisTvis saWiro gadawyvetilebis mi-

Rebis proceduris formulireba, an prototipebis im kre-
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bulis formireba, romelic SepirispirebisTvis gamodge-

ba.  

 

gansazRvreba 8.8. calkeuli obieqtis Sepirispirebis 

process obieqtis prototipTan (modelTan) an klasis aR-

werasTan verifikacia ewodeba. 

 

cx. 8.1 

 
 

Cven mier sqematurad warmodgenili gadawyvetilebis 

miRebis procedura modelur magaliTs warmoadgens da 

sinamdvileSi Sorsaa gadawyvetilebis miRebis im proce-

durisgan, romelic SeZlebs gamarTulad muSaobas xel-

naweri simboloebis amocnobis realur sistemaSi. maga-

liTad, Zalian Znelia Strixebis raodenobis saimedo aR-

wera da gamoTvla. 

 

8.6. klasifikatoris realizaciis algoriTmebi 

 

saxeTa klasifikaciis klasikuri midgomis Tanaxmad 

saklasifikacio ucnobi obieqti warmoidgineba elemen-

taruli niSan-Tvisebebis veqtoris saxiT. aseT midgomaze 
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damyarebuli amocnobis sistema SeiZleba agebul iqnes 

sxvadasxva xerxiT. kerZod, niSan-TvisebaTa veqtorebi sis-

temisTvis SeiZleba cnobili gaxdes swavlebis procesis 

Sedegad an prognozirebuli iyos raRac modelebis safu-

Zvelze. SemdgomSi Cven ganvixilavT amocnobis sistemis 

swavlebis Sedegad formirebuli etalonuri saxeebis mo-

nacemTa bazis gamoyenebis or alternatiul meTods.  

 

8.6.1. klasifikacia uaxloesi saSualo mniSvnelobis 

mixedviT  

 

monacemTa klasifikaciis martivi algoriTmi, klasifika-

cia uaxloesi saSualo mniSvnelobis mixedviT (the nearest 

class mean) mdgomareobs TiToeul klasSi Semavali etalo-

nuri monacemebis (saxeebis) dajgufebaSi am klasis maTe-

matikuri lodinis (saSualo mniSvnelobis) veqtoris, anu 

simZimis centris gamoyenebiT 

 

𝐱i =
1

𝑛 𝑖
 𝐱𝑖𝑗

𝑛 𝑖
𝑗=1  , 

 

sadac 𝐱𝑖𝑗  warmoadgens niSan-TvisebaTa 𝑗-ur etalonur 

veqtors 𝑖-uri klasisTvis, xolo 𝑛𝑖 - etalonuri veqto-

rebis raodenobaa 𝑖-ur klasSi. ucnobi obieqti niSan-Tvi-

sebaTa 𝐱 veqtoriT miekuTvneba 𝑖-ur klass, Tu is mniSvne-

lovnad ufro axlosaa 𝑖-uri klasis maTematikuri lodi-

nis veqtorTan, vidre sxva klasebis maTematikuri lo-

dinis veqtorebTan. Tu 𝐱 veqtori arc erTi klasis maTe-

matikuri lodinis veqtorTan ar aris sakmaod axlos, 

maSin is miekuTvneba amovardnebis klass. klasifikaciis 
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aseTi algoriTmi martivi da sakmaod swrafia da 

gamodgeba iseTi amocanebisTvis, sadac TiToeul klasSi 

moxvedrili obieqtebi, erTi mxriv, kompaqturadaa ganla-

gebuli da, meore mxriv, sakmaod daSorebulia sxva 

klasebisgan. aseTi klasifikaciis magaliTi, romelSic 

gvaqvs organzomilebiani niSan-TvisebaTa veqtorebi, gana-

wilebuli or klasSi, naCvenebia 8.5 suraTze, sadac erTi 

klasis obieqtebi aRniSnulia ×  simboloTi, xolo meo-

resi – 0. 

imis gamo, rom TiToeul klasSi arsebobs wertile-

bi, romlebic Tanabari manZiliTaa daSorebuli orive 

klasis centrebisgan, klasifikaciis cdomilebis koefi-

cienti aranulovani iqneba. mocemuli algoriTmisTvis 8.3  

suraTze warmodgenili klasifikaciis funqcionaluri 

blok-sqema Semdegnairad SeiZleba iyos interpretirebu-

li: 𝑖-uri funqcionaluri 𝒇𝒊 𝐱, 𝐊  bloki iTvlis manZils 

ucnob Sesasvlel 𝐱 veqtorsa da Sesabamisi etalonuri 

saxeebis klasis maTematikuri lodinis veqtors Soris. 

etalonuri saxeebi (nimuSebi) warmoadgens TiToeuli 

klasis Sesaxeb K  apriorul informacias (cnobebs). 

sirTuleebi warmoiSoba maSin, roca etalonuri sa-

xeebis klasebs aqvs rTuli struqtura. 8.5 suraTze naCve-

nebia SemTxveva, roca saxeebis klasebi kargadaa erT-

maneTisgan gamoyofili (ganmxoloebuli), magram gamom-

dinare maTi struqturidan, centrTan siaxloveze damya-

rebuli klasifikacia cud Sedegs mogvcems. amas aqvs ram-

denime mizezi. pirveli mizezi is aris, rom meore klasi 

(saxeebi aRniSnulia 0-iT) mravalmodaluria. 
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sur. 8.5  

 

masSi Semavali saxeebi ganlagebulia or cal-calke myof 

kompaqtur klasterebSi, romlebic cudad aRiwereba erTi 

saSualo mniSvnelobiT, romelic warmoadgens or modas 

Soris moTavsebul wertils. pirveli klasis (aRniSnulia 

×-iT) ramdenime saxe ufro axlosaa meore klasis centr-

Tan, vidre pirvelis. suraTze warmodgenili saxeebis 

SeswavliT Cans, rom meore klasSi gvaqvs ori moda da 

amitom is SeiZleba davyoT or qveklasad, romelTac eq-

neba TavianTi saSualo mniSvnelobebi. amis gakeTeba SeiZ-

leba organzomilebiani wertilovani grafikis saSua-

lebiT (sur. 8.6), magram ufro meti ganzomilebis SemTxve-

vaSi saxeebis struqturis gageba Zalian Zneli iqneba.  

meore mizezi momdinareobs pirveli da mesame klase-

bis wagrZelebulobidan. cxadia, mesame klasis saxeebi, 

romelTac aqvs 𝑥2 koordinatis didi mniSvnelobebi, uf-

ro axlosaa meore klasis saSualo mniSvnelobasTan, 
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vidre mesames. analogiurad, mcire 𝑥1 koordinatis sidi-

dis mqone pirveli klasis (×) saxeebi axlos iqneba meore 

klasis erT-erT qveklasis saSualo mniSvnelobasTan im 

SemTxvevaSic ki, Tu mas davyofT or modad. aRniSnuli 

problema zogierT SemTxvevaSi SeiZleba Tavidan acile-

bul iqnes manZilis gamoTvlis wesis Secvlis gziT, Tu 

mxedvelobaSi miviRebT saxeebis gansxvavebul ganawi-

lebebs ganzomilebebis sxvadasxva mimarTulebiT.  

 

 
sur. 8.6  

 

ucnobi obieqtis niSan-TvisebaTa 𝐱 veqtorsa da kla-

sis maTematikuri lodinis 𝐱𝐜 veqtors Soris “modifici-

rebuli” manZili SesaZlebelia gamoTvlil iqnes evkli-

duri manZilis komponentebis masStabirebiT 𝐶 klasis sa-

Sualokvadratuli 𝜍𝑖 gadaxris (klasis elementebis “gab-

nevis” maxasiaTeblis) gamoyenebis gziT niSan-TvisebaTa 
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sivrcis TiToeuli 𝑖-uri koordinatis mimarTulebis gas-

wvriv. 

 

gansazRvreba 8.8. Skalirebuli (masStabirebuli) anu 

normirebuli evkliduri manZili (scaled Euclidean distance) 𝐱 

veqtorsa da klasis maTematikuri lodinis 𝐱𝒄 veqtors 

Soris tolia 

 

 𝐱 − 𝐱𝐜 =   ((𝐱 𝑖 − 𝐱𝐜 𝑖 )/𝜍𝑖)
𝟐

𝑑

𝑖=1

 

 

Skalireba TiTqmis yovelTvisaa aucilebeli, roca sxva-

dasxva koordinatTa RerZebis gaswvriv gamoiyeneba sxva-

dasxva ganzomilebis erTeulebi. magaliTad, movaxdinoT 

avtomanqanebis klasifikacia niSan-Tvisebebis, 𝐱 𝟏 =manZi-

li metrebSi da 𝐱 𝟐 =wona kilogramebSi, mixedviT. aseT 

SemTxvevaSi meore niSan-Tviseba Skalirebis gamoyenebis 

gareSe mniSvnelovnad Seamcirebs avtomobilebis sigrZe-

ebs Soris gansxvavebis gavlenas klasifikaciis Sedegze.   

8.6 suraTze warmodgenili magaliTis SemTxvevaSi, 

roca meore klasis ori modisTvis gvaqvs maTematikuri 

lodinis cal-calke mniSvnelobebi, aseT SemTxvevaSi 𝑥1 

da 𝑥2 niSan-Tvisebebis cal-calke, klasze damokidebuli 

Skalireba mogvcems klasifikaciis karg Sedegs. magram 

amocanebis umetesoba aseTi martivi ar aris. Tu elifse-

bi, romlebic warmoadgens klasebSi saxeebis ganawilebas, 

ar aris gazomvaTa sivrcis RerZebis gaswvriv ganlage-

buli, rogorc es naCvenebia suraTze 8.6., maSin ucnob veq-
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torsa da klasis maTematikuri lodinis veqtors Soris 

manZilis koreqtuli gamoTvlisTvis saWiroa koordi-

natebis gardaqmna. es sakiTxi ganxiluli iqneba mogviane-

biT, baiesis klasifikaciis Seswavlis dros. ufro rTul 

amocanasTan gvaqvs saqme, roca gazomvaTa 𝑑-ganzomi-

lebian sivrceSi saxeebis simravlis sazRvari mrudwiru-

lia. 

 

8.6.2. klasifikacia uaxloes mezoblamde manZilis 

mixedviT 

 

saxeTa klasifikaciis ufro moqnil, magram amasTan rea-

lizaciis drois TvalsazrisiT ufro xangrZliv meTods 

warmoadgens algoriTmi, romelSic ucnobi niSan-Tviseba-

Ta 𝐱 veqtoris mikuTvneba xdeba im klasisadmi, romlis 

calke aRebul romelime etalonur saxesTan es veqtori 

uaxloesi manZiliTaa daSorebuli. klasifikaciis am mid-

gomas uaxloesi mezoblis wesi (nearest neighbor rule) ewode-

ba. es algoriTmi efeqturia maSinac ki, roca klasebs   

𝑑-ganzomilebian gazomvaTa sivrceSi rTuli struqtura 

aqvs da roca klasebi erTmaneTs faravs. aseTi midgoma 

ar moiTxovs raime winaswari varaudebis arsebobas ga-

zomvaTa sivrceSi niSan-TvisebaTa veqtorebis ganawilebis 

modelebis Sesaxeb. algoriTmi iyenebs mxolod cnobil 

etalonur saxeebs.   

vTqvaT, yoveli klasisTvis cnobilia Sesabamisi  sa-

xeebi. aRvniSnoT 𝑖-uri klasis 𝑗-uri saxis niSan-TvisebaTa 

veqtori 𝐱𝑖𝑗 . uaxloesi mezoblis wesis mixedviT 𝐱 ucnobi 

veqtoris klasifikacia mdgomareobs am veqtorisadmi uax-

loesi saxis moZebnaSi da im klasis gansazRvraSi, rom-
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elsac is unda miekuTvnos. romelime 𝑘 (klasi) da 𝑙 (saxe) 

indeqsebisTvis es niSnavs, rom Tu 

 

 𝐱𝑘𝑙 − 𝐱 <  𝐱𝑖𝑗 − 𝐱 , ∀𝑖, 𝑗, 

  

maSin ucnobi 𝐱 miekuTvneba 𝑘 klass. 

arsebobs monacemTa iseTi struqturebi, romlebic 

gamosaTvleli manZilebis raodenobis Semcirebis SesaZ-

leblobas iZleva. aseTi struqturebis magaliTs warmo-

adgens monacemTa xiseburi da badiseburi struqturebi.  

klasifikaciis warmodgenili midgomis dros sau-

keTeso saklasifikacio gadawyvetilebis miReba SeiZleba 

ganxorcieldes monacemTa bazaSi uaxloesi 𝑘 niSan-Tvise-

baTa veqtorebis SemowmebiT. 𝑘 > 1-ze mniSvnelobebi 𝑑-gan-

zomilebian gazomvaTa sivrceSi uzrunvelyofs saukeTeso 

amonakrebs veqtorTa ganawilebisaTvis. es ki gansakuT-

rebiT sasargebloa klasterTa gadakveTis areebSi. aseT 

areSi moxvedrili ucnobi veqtori SeiZleba miekuTvnos 

im klass, romlis warmomadgenelic masTan uaxloesi 

aRmoCnda. aseTi SemTxvevebis dros klasifikacia arsob-

rivad SemTxveviTia. kvlevebiT dadgenilia, rom saxeTa 

raodenobis usasrulo gazrdisas Secdomebis koeficien-

ti zRvarSi, maSinac ki roca 𝑘 = 1, Secdomebis optima-

lur koeficients aWarbebs ara umetes orjer. marTalia, 

Teoriulad SesaZlebelia ukeTesi Sedegis miReba, roca 

𝑘 > 1, anu Tu ganvixilavT ramdenime uaxloes mezobels, 

maSin ucnob niSan-TvisebaTa 𝐱 veqtori miekuTvneba im 

klass, romelic yvelaze ufro xSiria 𝑘 uaxloes mezob-

lebs Soris. magram 𝑘 -s didi mniSvnelobebis gamoyenebis 

efeqturoba damokidebulia imaze, aris Tu ara saxeebis 
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Sesabamisi raodenoba gazomvaTa sivrcis yovel gansa-

xilvel areSi, raTa SevwyvitoT uaxloesi mezoblis 

Zieba ucnobi 𝐱 veqtorisgan Zalian daSorebul saxeebs 

Soris. ori klasis amocanaSi, roca gvaqvs 𝑘 = 3 SemTxve-

va, Cven SegveZlo mogvexdina 𝐱-is, rogorc im klasis ele-

mentis klasificireba, romlis 2 an 3 saxe 𝐱-is axlosaa 

ganlagebuli. or klasze metis SemTxvevaSi ki SesaZlo 

kombinaciaTa raodenoba meti xdeba da gadawyvetilebis 

miRebac ufro rTulia. 

am midgomiT klasifikaciisas mniSvnelovan prob-

lemas warmoadgens gamoTvlebi. Tu magaliTebis raodeno-

ba didia, maSin saWiroa didi mexsiereba. aseve, Tu gazom-

vaTa sivrce ar aris danawevrebuli, maSin iZulebuli 

viqnebiT, rom gamovTvaloT manZilebi ucnob veqtorsa da 

yvela saxes Soris. am meTodis did upiratesobas sxveb-

Tan SedarebiT warmoadgens is, rom klasterebs SeiZleba 

hqondes rTuli forma. maTTvis ar aris aucilebeli, rom 

iyvnen brunvis RerZis mimarT simetriuli an amozneqili.  

 

8.7. amocnobis struqturuli meTodebi 

 

xSirad obieqtebis amocnobisTvis SeiZleba sakmarisi ar 

aRmoCndes  obieqtis maxasiaTebeli ubralo ricxviTi an 

simboluri niSan-Tvisebebis gamoyeneba, magaliTad, simbo-

loebis amocnobis amocanaSi. ganvixiloT 2 simbolos 

SemTxveva (sur. 8.7). orive maTgani xasiaTdeba: erTnairi 

aRmweri marTkuTxedebiT, naxvretebis da Strixebis (mo-

nakveTebis) erTnairi raodenobiT, erTnairi simZimis 

centrebiT, striqonebis da svetebis gaswvriv erTmaneTis 

toli meore rigis momentebiT da aseve imiT, rom am 
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simboloTa mTavari RerZebi TiTqmis erTmaneTs emTxveva. 

TiToeul am simbolos aqvs ori ube (Sezneqiloba), 

romlebic SeiZleba warmovadginoT rogorc fonis 

simbolos SigniT SeRwevis asaxva. TiToeul am ubes aqvs 

Tavisi warmosaxviTi Camketi, romelic SeiZleba warmo-

vidginoT rogorc raRac monakveTi, romelic ubes ketavs. 

 

 
sur. 8.7  

 

magram am or simbolos gaaCnia erTmaneTis ganmasxva-

vebeli niSan-Tvisebac, romelic mdgomareobs maT urTi-

erTkavSirSi. kerZod, am ori ubis erTmaneTis mimarT 

sivrcul ganlagebaSi. marcxniv myofi simbolos zeda 

ubis Camketi moTavsebulia qveda ubis Camketis marjvniv, 

xolo marjvniv myofi simbolos zeda ubis Camketi gan-

lagebulia qveda ubis Camketis marcxniv. primitiul niS-

an-Tvisebebs Soris urTierTkavSiris Sesaxeb informacia 

SeiZleba gamoyenebul iqnes damuSavebis ufro maRal 

etapze, kerZod, amocnobisTvis ufro mZlavri niSan-Tvise-
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bebis formirebis mizniT. aseTi midgoma daedo safuZvl-

ad saxeTa struqturuli amocnobis meTodebs. 

saxeTa statistikuri amocnobisas obieqtis Sesaxeb 

arsobrivi informacia warmoidgineba niSan-TvisebaTa veq-

torebis saSualebiT, romlebic Cveulebriv warmoadgens 

obieqtis aRmweri raRac elementaruli sidideebis veqto-

rebs, magaliTad, ricxvebs an logikur sidideebs. es si-

dideebi warmoadgens obieqtis globaluri Tvisebebis ga-

zomvis Sedegebs, rogoricaa, magaliTad, farTobi an 

inerciis momentebi. Cven mier warmodgenili simboloebis 

amocnobis magaliTi ki ufro rTulia, radganac masSi, 

garda zemoaRniSnulisa, aseve yoveli simbolosTvis izo-

meba naxvretebis da Strixebis raodenobac. es ki Tavis 

mxriv moiTxovs naxvretebis moZiebis proceduris arsebo-

bas da segmentaciis algoriTms simbolos Strixebad 

danawevrebisTvis.   

simboloTa struqturuli amocnobisas ki obieqtis 

Sesaxeb arsobrivi informacia warmoidgineba ara marto 

globaluri niSan-Tvisebebis, aramed simboloTa elemen-

taruli nawilebis erTobliobis, maTi atributebis da 

urTierTmimarTebebis saxiT. 8.8 suraTze naCvenebia sam 

sxvadasxva saxeSi warmodgenili ′𝐴′ simbolo, romelTac 

TiTqmis erTnairi struqtura aqvs. TiToeuli maTgani 

SeiZleba warmovidginoT rogorc Sedgenili Semdegi 4 

Strixisgan _ monakveTisgan: ori horizontaluri da ori 

vertikaluri an daxrili. amasTan TiToeul simbolos 

aqvs naxvreti zeda nawilSi da ube qvemoT, romlebic 

erTmaneTisgan gamoyofilia horizontaluri monakveTiT 

_ CamketiT. 
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sur. 8.8 

 

Tu primitivebs Soris arsebobs binaruli mimarTeba, 

maSin obieqtis arsis struqturuli aRwera SeiZleba war-

modgenili iqnes grafis saSualebiT. davuSvaT, rom 

simboloebis Semadgenel monakveTebs, ubeebs da naxvre-

tebs Soris SesaZlebelia, rom arsebobdes saxeTa amoc-

nobisTvis sasargeblo Semdegi mimarTebebi: 

 

 CON (kavSiri): miuTiTebs calkeul monakveTebs 

Soris kavSirze; 

 ADJ (momijnaoba): miuTiTebs, rom monakveTi esazRv-

reba naxvrets an ubes; 

 ABOVE (zemoT): miuTiTebs, rom erTi naxvreti 

(naxvreti an ube) moTavsebulia meoris zemoT. 

 

8.9 suraTze warmodgenilia ′𝐴′ simbolos struqturuli 

aRwera grafis saSualebiT zemomoyvanili binaruli mi-

marTebebis gamoyenebiT (S – Strixi, L – naxvreti, B – ube).  
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sur. 8.9  

 

xSirad saxeTa struqturuli amocnobis realizacia 

SesaZlebelia grafTa Sepirispirebis (matching) algoriT-

mebis saSualebiT. amave dros, or primitivs Soris arse-

buli mimarTeba Tavad SeiZleba ganxilul iqnes rogorc 

elementaruli niSan-Tviseba, Sediodes niSan-TvisebaTa ve-

qtorSi rogorc komponenti da mxedvelobaSi iqnes miRe-

buli statistikuri gadawyvetilebis miRebisas. erT-erTi 

aseTi umartivesi xerxi mdgomareobs imaSi, rom mocemuli 

saxisTvis SeiZleba gamoTvlil iqnes mocemul mimarTeba-

Ta raodenoba or sxvadasxva tipis niSan-Tvisebas Soris 

(magaliTad, ube mdebareobs horizontaluri Strixis qve-

moT). amis Semdeg am mimarTebaTa  raodenobis aRmricxavi 

mricxvelis sidide gamoiyeneba rogorc niSan-Tviseba 

amocnobisTvis.   

saxeTa amocnobis struqturuli meTodebi sasargeb-

loa iseTi rTuli saxeebis amocnobisTvis, romlebic 
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Tavis mxriv Sedgeba ufro dabali donis bevri saxisgan. 

sargeblianoba Cans gansakuTrebiT maSin, roca scenaze 

ramdenime obieqtia ganTavsebuli. 

 

8.8. uzustobaTa matrica 

 

uzustobebis matrica gamoiyeneba klasifikaciis eqsperi-

mentebis Sedegebis warmosadgenad. 8.2 cxrilSi warmodge-

nilia uzustobaTa matricis hipoteturi magaliTi cif-

rebis amocnobisas. cxrilis 𝑖-uri striqonisa da 𝑗-uri 

svetis gadakveTaSi moTavsebuli elementi tolia klasi-

fikaciis eqsperimentebis im ricxvisa, romelTa drosac 𝑖-

ur klasSi Semavali obieqti mcdarad iyo klasificire-

buli rogorc 𝑗-uri klasis obieqti. diagonaluri 𝑖 = 𝑗 
elementebi ki Seesabameba WeSmarit (swor) klasifikacias. 

cxadia, idealur klasifikacias Seesabameba matrica, rom-

lis yvela aradiagonaluri elementi 0 -is tolia. roca 

aradiagonaluri elementebis mniSvnelobebi didia, es 

niSnavs, rom klasebi arasworadaa arCeuli da saWiro 

xdeba niSan-TvisebaTa procedurebisa da klasifikaciis 

procesis damatebiTi analizi. testirebis proceduris 

dros uzustobebis matrica gviCvenebs im mosalodneli 

Secdomebis tipebsa da koeficientebs, romelTac adgili 

eqneba momdevno eqsperimentebis dros. 8.2 cxrilSi naCve-

neb magaliTSi eqsperimentebis dros 1000 Sesasvleli 

veqtoridan 7 miekuTvna amovardnebis klass (𝑅). me-9 kla-

sis 3 Sesasvlel veqtors arasworad miekuTvna me-4 klas-

is Wde, xolo me-4 klasis ori veqtori arasworad aris 

klasificirebuli rogorc me-9 klasis elementebi. amgva-

rad, eqsperimentis dros jamSi 25 Sesasvleli veqtori 
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arasworad iyo klasificirebuli. gamomdinare im daSvebi-

dan, rom satesto monacemebi damoukidebelia  saswavlo 

monacemebisagan, Cven SegviZlia gamovTvaloT amovardne-

bis empiriuli koeficienti, romelic tolia 7/1000=0,007 

da cdomilebis saerTo koeficienti 25/1000=0,025. rac 

Seexeba me-9 klasis elementebs, maTi cdomilebis koe-

ficienti udris 5/100=0,05. 

 

cx. 8.2 

 
 

8.9. gadawyvetilebaTa xe 

 

saxeTa amocnobis rTuli amocanebis gadawyvetisas, roca 

saqme gvaqvs sxvadasxva niSan-Tvisebebis did raodenobas-

Tan da gvixdeba ucnob niSan-TvisebaTa veqtoris Sedare-

ba mraval etalonuri saxeebis niSan-TvisebaTa veqtor-

Tan, amocnobis procesi did dros moiTxovs. zogierT 
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SemTxvevaSi aseTi Sedareba dauSvebelia, radgan igi Sei-

Zleba dakavSirebuli iyos did danaxarjebTan da dros-

Tan. magaliTad, samedicino diagnostikaSi, sadac niSan-

TvisebaTa gazomva SeiZleba moiTxovdes  ZviradRirebul 

laboratoriul analizebs da danaxarjebs. aseT SemTxve-

vebSi obieqtebis klasifikaciisTvis mimarTaven gadawyve-

tilebis miRebis Tanmimdevrul proceduras. gadawyveti-

lebaTa xis gamoyeneba saSualebas iZleva, rom movaxdin-

oT niSan-TvisebaTa gamoyofis da klasifikaciis etapebis 

urTierTmonacvleoba.   

 

gansazRvreba 8.9. gadawyvetilebaTa xe warmoadgens 

struqturas, romlis saSualebiTac xdeba klasifikaciis 

procesis realizeba.  

 

aRniSnuli struqtura gadawyvetilebis miRebisTvis dro-

is yovel momentSi iyenebs erT an ramdenime niSan-Tvise-

bas. gadawyvetilebaTa xe, romelic asaxavs klasifikaciis 

proceduras Cven mier ganxilul xelnaweri simboloebis 

amocnobis amocanaSi (cx. 8.1), mocemulia 8.10 suraTze. am 

xis kvanZebi warmoadgens niSan-TvisebaTa veqtoris sxva-

dasxva niSan-Tvisebebs. TiToeul kvanZs ganStoebebiT Ta-

visi niSan-Tvisebis TiToeuli SesaZlo mniSvnelobisTvis 

aqvs TiTo Svilobili kvanZi. gadawyvetilebis miRebis 

procedura Svilobil kvanZs irCevs mocemuli niSan-Tvi-

sebis mniSvnelobis safuZvelze ucnob niSan-TvisebaTa 

veqtorSi. Svilobili kvanZi SeiZleba miuTiTebdes sxva 

niSan-Tvisebis Semowmebaze an SeiZleba aRmoCndes furc-

lovani kvanZi, romelic Seicavs gadawyvetilebis xeze uk-

ve gavlili gzis Sedegad miRebul klasifikaciis Sedegs. 
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sur. 8.10  

 

gansazRvreba 8.10. binaruli gadawyvetilebis xe 

warmoadgens binaruli xis saxiT warmodgenil monacemTa 

struqturas, romlis TiToeul kvanZTan dakavSirebulia 

gadawyvetilebis arCevis funqcia. gadawyvetilebis arCev-

is funqcia gamoiyeneba niSan-TvisebaTa ucnobi veqtoris 

mimarT da igi gansazRvravs, mimdinare kvanZis romeli 

Svilobili kvanZi unda iqnes Semdeg nabijze damuSavebu-

li _ marcxena Tu marjvena. 

 

martiv SemTxvevaSi, roca niSan-TvisebaTa mniSvnelo-

bebi ricxvebs warmoadgens, gadawyvetilebis arCevis 

funqcia kvanZSi ubralod erTmaneTs adarebs ucnobi 
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niSan-TvisebaTa veqtoris konkretuli niSan-Tvisebis 

sidides zRurblTan da irCevs marcxena Svilobil kvanZs, 

Tu niSan-Tvisebis aRniSnuli sidide naklebia zRurblze, 

an marjvena Svilobil kvanZs winaaRmdeg SemTxvevaSi. 

amasTan, xis yovel ganStoebad kvanZSi inaxeba mxolod 

Sesadarebeli niSan-Tvisebis tipi da zRurbli. TiToeul 

furclovan kvanZSi inaxeba saxeTa klasis Wde. im SemTx-

vevaSi, roca xis Semovlis procedura miaRwevs fur-

clovan kvanZs, ucnobi niSan-TvisebaTa veqtori klasifi-

cirdeba rogorc saxeTa Sesabamisi klasis elementi. ga-

dawyvetilebaTa xis struqtura, agebuli etalonuri 

monacemebis koreqtuli klasifikaciisTvis, mocemulia 

8.11 suraTze. 

 

 
sur. 8.11  

 

suraTze warmodgenili gadawyvetilebis xe agebulia 

xeliT. mocemuli etalonuri monacemebi ubralod warmo-

adgens modelur magaliTs. maSin roca realur amocaneb-

Si gacilebiT meti raodenobis niSan-Tvisebaa da kidev 
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ufro meti etalonuri saxe. magaliTad, samedicino diag-

nostikaSi ramdenime aseuli niSan-Tvisebaa da ramdenime 

aTasi etalonuri saxe. aseT SemTxvevaSi gadawyvetilebis 

xis xeliT ageba ukve SeuZlebelia. amitom gadawyvetile-

bis xis formirebisTvis mimarTaven gadawyvetilebis xis 

formirebis avtomatur proceduras. amasTan, mocemuli 

etalonuri saxeebis simravlisTvis SeiZleba arsebobdes 

erTze meti maklasificirebeli gadawyvetilebis xe. 

amitom, Zalian mniSvnelovania iseTi niSan-Tvisebebis 

arCeva, romlebic garkveuli kriteriumiT saukeTeso xes 

iZleva. 

Cveulebriv, upiratesobas aniWeben martiv anu umci-

resi doneebis (Sesasrulebeli Sedarebebis naklebi rao-

denobis) mqone xeebs. sailustraciod ganvixiloT etalo-

nuri monacemebi da maTi klasifikaciisTvis SesaZlo 

gadawyvetilebaTa 2 xe (sur. 8.12).  

 

 
sur. 8.12 

 

orive xe saSualebas iZleva, rom etalonur saxeTa simra-

vle davyoT or klasad _ klasi I da klasi II, rogorc 

es kargad Cans TviT etalonuri monacemebidan. magram 

marcxena xes martivi struqtura aqvs da niSan-TvisebaTa 



245 

 

veqtoris klasifikacisTvis is erT Sedarebas iTxovs, 

maSin rodesac meore, ufro didi zomis marjvena xe Se-

darebebis ufro met ricxvs saWiroebs.  

 

8.10. gadawyvetilebis miRebis baiesis wesi 

 

axla ganvixiloT gadawyvetilebis miRebis iseTi amocana, 

roca albaTobaTa ganawilebebis Sesaxeb winaswar anu ap-

rioruladaa cnobili da gvsurs ganvaxorcieloT iseTi 

klasifikacia, roca  mosalodneli cdomilebis koefici-

enti umciresi iqneba.  

davuSvaT gvaqvs muqi wiTeli feris alublis infra-

wiTeli gamosaxuleba da masze ganxorcielda erTaderTi 

gazomva 𝑥, romlis safuZvelzec unda ganisazRvros, alu-

bali dazianebulia Tu ara. amasTan, vTqvaT dauzianebeli 

alubali miekuTvneba 𝜔1 klass, xolo dazianebuli _ 𝜔2 . 

aseve davuSvaT, rom Cven winaswar gavaanalizeT bevri da-

zianebuli da dauzianebeli didi raodenobis alublis 

zedapirze arsebuli areebi, ase rom Cven ukve winaswar 

gvaqvs ganawilebis funqciebi (sur. 8.13). am suraTze marj-

vena 𝑝 𝑥|𝜔1  mrudi aRwers gasazomi 𝑥 sididis ganawile-

bas, aRebuls didi raodenobis dauzianebeli alublebis 

zedapiris areebidan, marcxena 𝑝 𝑥|𝜔2  mrudi ki gasazomi 

𝑥 sididis ganawilebas, aRebuls didi raodenobis dazia-

nebeli alublebis zedapiris areebidan. amave dros gan-

xorcielda monacemTa iseTi normireba, rom TiToeuli 

mrudis qveS arsebuli farTobi 1.0 toli iyos. amis gamo, 

TiToeuli mrudi SeiZleba CaiTvalos rogorc albaToba-

Ta simkvrive.  
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sur. 8.13 

 

suraTidan Cans, rom aRniSnuli mrudebi erTmaneTs nawi-

lobriv faravs. amis mizezi SemdegSi mdgomareobs: alub-

lis zedapiris SeWyletili are Seicavs wyals, romelic 

infrawiTel gamosxivebas ufro metad STanTqavs, vidre 

dauzianebeli are, Sesabamisad naklebi arekvlis mqone 

areebis arseboba ufro albaTuria dazianebuli aluble-

bisTvis. imis gamo, rom wylis Semcveloba varirebs, icv-

leba alublis elferic da swored amis gamo ganawile-

bis mrudeebi kveTs erTmaneTs. gadakveTis are Seesabameba 

SemTxvevas, roca zogierTi muqi feris dauzianebeli 

alubali iseve aireklavs infrawiTel gamosxivebas, ro-

gorc zogierTi Ria feris SeWyletili alubali. 

Tu dazianebuli da dauzianebeli alublebis gamo-

Cena TanabaralbaTuria da Tu yvela klasifikaciis cdo-
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milebis fasi erTnairia, maSin SeiZleba miRebul iqnes 𝜔1 

gadawyvetileba, roca 𝑥 > 𝑡, da 𝜔2 winaaRmdeg SemTxvevaSi 

(𝑡 gadawyvetilebis miRebis zRurblia). 

gadawyvetilebis miRebis aseTi strategiis SemTxve-

vaSi 𝑡  zRurblis marjvniv mdebare daStrixuli are war-

moadgens mcdari gamotovebebis (ar xdeba swori gadawyve-

tilebis miReba) gaormagebul koeficients: es aris 𝑥 si-

didis didi mniSvnelobis gazomvis albaToba dazianebu-

li alublisTvis. imis gamo, rom TiToeuli klasis apri-

oruli albaToba tolia 0.5 _ daStrixuli aris farTobi 

udris mcdari gamotovebebis gaormagebul koeficients 

da amitom TiToeuli albaTobaTa simkvrive ise unda 

iyos masStabirebuli, rom erTi mrudis qveS arsebuli 

saerTo farTobi 0.5-is toli iyos. 𝑡 zRurblis marcxniv 

mdebare daStrixuli are warmoadgens mcdari amoqmede-

bebis gaormagebul albaTobas. es aris albaToba imisa, 

rom kargi alubali miekuTvneba dazianebulebs, roca 

𝑥 < 𝑡. imis gamo, rom klasifikaciis sistemis Sesasvlel-

ze dazianebuli da dauzianebeli alublebis albaTobebi 

TiTqmis Tanabaria, amitom sinamdvileSi TiToeuli mrudi 

mTeli albaTobis 0.5-s warmoadgens. amis gamo moniSnuli 

areebis farTobi orjer metia maT realur zomebTan Se-

darebiT. klasifikaciis jamuri cdomileba tolia orive 

mrudis qveS arsebuli daStrixuli areebis farTobebis 

jamisa. unda aRiniSnos, rom gadawyvetilebis miRebis 𝑡 

zRurblis  marcxniv an marjvniv gadaweviT izrdeba da-

Strixuli are da Sesabamisad izrdeba klasifikaciis 

cdomilebac.  

Cven mier ganxiluli magaliTi asaxavs im gansakuT-

rebul SemTxvevas, roca gvaqvs ori TanabaralbaTuri 
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klasi cdomilebis erTnairi fasiT. magram realurad 

klasebis raodenoba metia da amasTan maTi aprioruli 

albaTobebic SeiZleba gansxvavebuli iyos. amitom ganvi-

xiloT klasifikaciis iseTi SemTxveva, roca gvaqvs 𝑚 

klasi, xolo rac Seexeba cdomilebebs, gavamartivoT Sem-

Txveva da CavTvaloT, rom isini Tanabaria. gadawyvetile-

bis miRebis baiesis proceduris mixedviT obieqti unda 

miekuTvnos im klass, romelsac is yvelaze maRali alba-

TobiT miekuTvneba.  

 

gansazRvreba 8.11. baiesis klasifikatori dakvirve-

buli niSan-Tvisebebis safuZvelze obieqts akuTvnebs im 

klass, romelsac is yvelaze maRali albaTobiT miekuTv-

neba. 

 

imisaTvis, rom mocemuli gazomili 𝑥 sididiT gamovTva-

loT albaTobebi, saWiroa vicodeT Semdegi ganawilebebi: 

 

 pirobiTi albaTuri ganawileba: 𝑝 𝑥|𝜔𝑖 , ∀𝜔𝑖 kla-

sisTvis; 

 aprioruli albaToba: P𝑃 𝜔𝑖 , ∀𝜔𝑖 klasisTvis; 

 upirobo albaTuri ganawileba: 𝑝 𝑥 . 

 

Tu yvela 𝜔𝑖 klasi xasiaTdeba yvela SesaZlo SemTxvevis 

momcveli sakuTari araTavsebadi albaTobebiT, maSin 

baiesis wesi SeiZleba gamoyenebuli iyos TiToeuli kla-

sis aposterioruli albaTobebis gamosaTvlelad am 

klasebis aprioruli albaTobebisa da 𝑥 sididis TiToeu-

li klasisTvis pirobiTi albaTuri ganawilebiT  
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𝑃 𝜔𝑖 𝑥 =
𝑝 𝑥 𝜔 𝑖 𝑃(𝜔 𝑖)

𝑝(𝑥)
=

𝑝 𝑥 𝜔 𝑖 𝑃(𝜔 𝑖)

 𝑝 𝑥 𝜔𝑗  𝑃(𝜔𝑗 )𝑚
𝑗 =1

          (8.1) 

 

axla davubrundeT klasifikatoris funqcionalur blok-

sqemas (sur. 8.3). mis TiToeul blokSi Cven viTvliT 

𝑓𝑖 𝑥, 𝑲 = 𝑃 𝜔𝑖 𝑥 ,  romlis gamoTvlac baiesis wesis (8.1.) mi-

xedviT SeiZleba, rogorc 𝑝 𝑥 𝜔𝑖 𝑃(𝜔𝑖)/𝑝(𝑥). radganac 𝑝 𝑥  

erTnairia yvela blokisTvis, amitom is SeiZleba mxedve-

lobaSi ar miviRoT da saklasifikacio 𝜔𝑖 gadawyvetile-

ba 𝑥 sididis romelime 𝜔𝑖  klasisadmi mikuTvnebis Sesaxeb 

miviRoT 𝑝 𝑥 𝜔𝑖 𝑃(𝜔𝑖)-is maqsimaluri mniSvnelobis mixed-

viT.  

baiesis klasifikatoris proeqtirebisas aucilebe-

lia gvqondes K cnoba (informacia) TiToeuli klasis 

aprioruli 𝑃 𝜔𝑖   albaTuri da klasis 𝑝 𝑥 𝜔𝑖  pirobiTi 

albaTuri ganawilebis Sesaxeb. am sidideebis codna sa-

Sualebas iZleva amocnobis procesSi miviRoT optimalu-

ri gadawyvetileba. aq sirTules warmoadgens aprioruli 

albaTobebis gansazRvra. magaliTad, rogor ganvsazRv-

roT imis albaToba, rom damxarisxebel mowyobilobaSi 

Semavali nebismieri alubali dazianebuli aRmoCndeba? 

Tu am xdomilebis albaToba damokidebulia amindze da 

mkrefavTa jgufze, maSin am pirobebis yoveli cvlilebis 

dros aucilebeli informaciis misaRebad SeiZleba saWi-

ro gaxdes etalonuri monacenebis didi raodenoba.  

praqtikuli amocanebis gadawyvetisas aucilebelia, 

rom 𝑝 𝑥 𝜔𝑖  raRacnairad gamovTvloT. amisTvis iyeneben 

empiriul meTods, romelic gulisxmobs 𝑥 gazomili si-

dideebis diapazonis intervalebad danawevrebas, TiTo-

eul am intervalSi saxeebs Soris 𝑥 sididis gamoCenis 
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sixSiris gamoTvlas, da am gamoTvlili sixSireebis ma-

sivSi an histogramaSi Senaxvas. amasTan, unda aRiniSnos, 

rom aucilebelia albaTobis funqciis normireba iseT-

nairad, rom 𝑥-is yvela SesaZlo mniSvnelobebis jami to-

li iyos 1.0. 

im SemTxvevaSi, Tu 𝑥-is ganawileba romelime erT-

erTi cnobili parametruli modelis msgavsia, maSin SeiZ-

leba, rom ganawileba warmovadginoT misi maxasiaTebeli 

parametrebis mcire raodenobis saSualebiT. Cveuleb-

rivad iyeneben puasonis ganawilebebs _ eqsponencialurs 

da normalurs (gausis). 

 

8.11. gamosaxulebebis niSan-Tvisebebi 

 

gamosaxulebis niSan-Tviseba ewodeba mis umartives gan-

masxvavebel Tvisebas an maxasiaTebels. arsebobs bunebri-

vi tipis niSan-Tvisebebi, romelTa arsi mdgomareobs ima-

Si, rom maTi dadgena SesaZlebelia gamosaxulebis vizua-

luri analizis Sedegad. niSan-TvisebaTa meore jgufs ki 

warmoadgens e.w. xelovnuri niSan-Tvisebebi, romlebic 

miiReba gamosaxulebis specialuri damuSavebis an gazom-

vebis Sedegad. bunebriv niSan-Tvisebebs miekuTvneba: in-

tensivoba, obieqtis koordinatebi gamosaxulebaze, gamo-

saxulebis calkeuli areebis teqstura, obieqtebis kon-

turebis forma. xolo xelovnurs – sikaSkaSeebis ganawi-

lebis histogramebi, sivrciTi sixSireebis speqtrebi.  

rogorc zemoT aRvniSneT, gamosaxulebaTa  klasifi-

kacia moiTxovs Sesabamisi niSan-Tvisebebis SerCevas. maTi 

formireba warmoadgens pirvel etaps nebismier saxeTa 

amocnobis sistemisTvis da aqedan gamomdinare, am siste-



251 

 

mis funqcionirebis xarisxic maT SerCevazea damokidebu-

li. niSan-TvisebaTa formirebis procesi rTul amocanas 

warmoadgens, radganac maTi saSualebiT gamosaxulebis 

aRwera anu niSan-TvisebaTa krebulis ageba jer-jerobiT 

evristikul proceduras warmoadgens (ar aris formali-

zebuli) da bevrad aris damokidebuli TviT mkvlevaris 

gamocdilebasa da kvalifikaciaze.  

gamosaxulebaTa Tvisebebis Seswavlisas sasurvelia, 

rom calke iqnes Seswavlili gamosaxulebaze is niSan-

Tvisebebi, romlebic bunebrivi xasiaTisaa, da calke niS-

an-Tvisebebi, romlebic warmoiSoba gamosaxulebaze gar-

kveuli tipis qvesimravleebis (obieqtebis) gamoyofisas. 

es ukanasknelebi warmoadgens qvesimravleebis niSan-

Tvisebebs. interesi maT mimarT ganpirobebulia imiT, rom 

xSirad saWiroa gamosaxulebaze arsebuli obieqtebis 

zomebisa da konfiguraciis  gansazRvra. gamosaxulebebze 

obieqtebis gamoyofa anu gamosaxulebaTa danawevreba qve-

simravleebad segmentaciis amocanas warmoadgens. xolo 

am qvesimravleebis geometriuli Tvisebebi, dakavSirebu-

li obieqtebis topologiasTan, metrikul TvisebebTan, 

formasTan da a.S. ganisazRvreba geometriuli niSan-

Tvisebebis saSualebiT.  

ase rom, saxeTa amocnobis yoveli axali sistemis 

agebisas saWiro xdeba rogorc sakvlevi gamosaxulebis, 

aseve masze arsebuli obieqtebis  specifikis gaTvaliswi-

neba. miuxedavad amisa, wlebis ganmavlobaSi dagrovilma 

codnam SesaZlebeli gaxada, rom gamoyofiliyo niSan-

TvisebaTa is ZiriTadi jgufebi, romlebic warmatebiT 

gamoiyeneba gamosaxulebaTa aRwerisa da amocnobisTvis. 

qvemoT ganvixilavT am  jgufebs cal-calke.  
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8.11.1. sikaSkaSis niSan-Tvisebebi 

 

ganaTebuloba warmoadgens gamosaxulebis umniSvnelo-

vanes niSan-Tvisebas, romelic gamoixateba iseT sidideeb-

Si, rogoricaa sikaSkaSe, gamosxivebis speqtraluri in-

tensivoba, feris koordinatebi da a.S. maT sikaSkaSis ni-

San-Tvisebebi ewodeba. maTi gazomva SeiZleba rogorc ga-

mosaxulebis calkeul wertilebSi, aseve maT midamoSi. 

magaliTad, gamosaxulebis romelime  𝑗, 𝑘  wertilis 

 2𝑤 + 1 ×  2𝑤 + 1  midamoSi (fanjaraSi) saSualo sikaSka-

Sis mniSvneloba ganisazRvreba formuliT 

 

𝑌  𝑗, 𝑘 =  1
 2𝑤 + 1 2    𝑌 𝑗 + 𝑚, 𝑘 + 𝑛 𝑤

𝑛=−𝑤
𝑤
𝑚=−𝑤 . 

 

sikaSkaSis niSan-Tvisebebis gazomva gansakuTrebiT 

mniSvnelovania maSin, roca aucilebeli xdeba gamosaxu-

lebaze gamosaxuli obieqtebis gamoyofa da aseve maTi 

markireba. 

 

8.11.2. albaTuri niSan-Tvisebebi 

 

am jgufis niSan-Tvisebebis arsi gamomdinareobs gamo-

saxulebis statistikuri aRweridan. kerZod, gamosaxule-

baze intensivobis funqcia ganixileba rogorc staciona-

ruli SemTxveviTi procesis an procesebis (feradi 

gamosaxulebis SemTxvevaSi) realizacia. aseT SemTxvevaSi 

gamosaxulebis niSan-Tvisebebs warmoadgens SemTxveviTi 

procesis ricxviTi maxasiaTeblebi, romelTagan yvelaze 

ufro xSirad gamoiyeneba  
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 sikaSkaSis maxasiaTeblebi, rogoricaa gamosaxule-

baze sikaSkaSis mniSvnelobebis ganawilebis histo-

grama, sikaSkaSis funqciis sawyisi 𝛼𝑘 da centra-

luri 𝜇𝑘 momentebi;  

 gamosaxulebis teqsturuli maxasiaTeblebi, rom-

lebsac miekuTvneba SemTxveviTi procesis korela-

ciuri Tvisebebis ganmsazRvreli maxasiaTeblebi, 

rogoricaa gamosaxulebis korelaciis koeficien-

ti, gamosaxulebis korelaciis funqcia da a.S.; 

 gamosaxulebis energetikuli maxasiaTeblebi, rom-

elTac miekuTvneba maTi energetikuli speqtris 

anaTvlebi; 

 speqtraluri niSan-Tvisebebi, romelTa gamosayof-

ad gamoiyeneba gamosaxulebis gardaqmnis speqtra-

luri modeli. aseT gardaqmnebs, romlebic gamosa-

xulebis speqtrs iZleva miekuTvneba karunen-loe-

vis gaSla, furie-gardaqmna (gamosaxulebis furie 

niSan-Tvisebebi), kosinus gardaqmna (kosinusuri ni-

San-Tvisebebi), radonis gardaqmna. 

 

8.11.3. histogramuli niSan-Tvisebebi 

 

gamosaxulebaze sikaSkaSeebis ganawilebis histograma Se-

iZleba gamoyenebuli iqnes niSan-TvisebaTa garkveuli 

klasis Sesaqmnelad. histogramis forma sakmao informac-

ias iZleva gamosaxulebis Tvisebebis Sesaxeb. magaliTad, 

Tu histogramas aqvs viwro forma, es niSnavs, rom gamosa-

xuleba xasiaTdeba dabali kontrastulobiT, anu saqme 

gvaqvs sikaSkaSeebis doneebis simciresTan, xolo bimoda-
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luri histogramis SemTxvevaSi gamosaxuleba xasiaTdeba 

mkveTri sikaSkaSeebis mqone areebis arsebobiT.  

 

8.11.4. geometriuli niSan-Tvisebebi 

 

am jgufs miekuTvneba is niSan-Tvisebebi, romlebic dakav-

Sirebulia gamosaxulebaze arsebuli obieqtebis geomet-

riul maxasiaTeblebTan (magaliTad, farTobi, simZimis 

centri, eqstremaluri wertilebi, manZili, kuTxeebi, mo-

mentebi da a.S.). kerZod, isini SeiZleba warmoadgendes 

gamosaxulebis garkveuli Tvisebebis maxasiaTeblebs: 

 

 gamosaxulebaze arsebuli obieqtis geometriuli 

zomebi horizontaluri an vertikaluri mimarTu-

lebiT; 

 manZili obieqtis or yvelaze ukiduresad daSoreb-

ul wertils Soris; 

 obieqtis perimetri da farTobi; 

 obieqtis kompaqturoba (Sefardeba mis farTobsa 

da perimetrs Soris); 

 gamosaxulebaze arsebuli obieqtis Sesabamisi geo-

metriuli figurebis (wrewiri, mravalkuTxedi da 

a.S.) ricxviTi maxasiaTeblebi. 

 

obieqtis geometriuli maxasiaTeblebis raodenobri-

vi Sefasebis Sedegad miRebuli mniSvnelobebi warmoadge-

ns metrikul niSan-Tvisebebs. gamosaxulebis metrikuli 

maxasiaTeblebi efuZneba manZilis gazomvas gamosaxule-

baze arsebuli obieqtis wertilebs Soris. gamosaxuleb-
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is analizisas gamoyenebuli metrikebis umravlesobas 

aqvs saxe: 

 

 evkliduri metrika 

𝑑𝐸 =   𝑥𝑖 − 𝑥𝑗  
2

+  𝑦𝑖 − 𝑦𝑗  
2
 

1
2 
; 

 

 absoluturi manZili 

 

𝑑𝑚 =  𝑥𝑖 − 𝑥𝑗  +  𝑦𝑖 − 𝑦𝑗  ; 

 

 maqsimaluri manZili 

 

𝑑𝑋 = 𝑚𝑎𝑥  𝑥𝑖 − 𝑥𝑗  ,  𝑦𝑖 − 𝑦𝑗   . 

 

diskretuli gamosaxulebis SemTxvevaSi koordi-

natTa sxvaobebi warmoadgens mTel ricxvebs, xolo evk-

liduri manZili ki Cveulebrivad ar warmoadgens mTel 

ricxvs, rac Secdomis mizezi xdeba ricxvis damrgvalebi-

sas an CamoWrisas cifruli damuSavebis dros. 

geometriuli niSan-Tvisebebidan Zalian specifikurs 

da mniSvnelovans warmoadgens obieqtis konturis geomet-

riasTan dakavSirebuli niSan-Tvisebebi. rogorc viciT, 

adamiani obieqtebs maTi konturis mixedviT aRiqvams. aqe-

dan gamomdinare, konturis aRwera gamosaxulebis amocno-

bisTvis sasargeblo maxasiaTeblebs iZleva. obieqtis kon-

turTan dakavSirebul lokalur niSan-Tvisebebs warmoad-

gens:  
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 kide _ sikaSkaSis mkveTri vardnis adgili kontur-

is ganivi mimarTulebiT (sur. 8.14,a);  

 kuTxe _ konturis mkveTri mobrunebis (mimarTuleb-

is cvlilebis) adgili (sur. 8.14,b ). 

 laqa _ gamosaxulebaze SedarebiT mcire zomis 

are, romelSic sikaSkaSis mniSvneloba daaxloebiT 

mudmivia da amasTan mniSvnelovnad gansxvavdeba mi-

si midamos sikaSkaSis mniSvnelobebisgan (sur. 

8.14,g);  

 monakveTi _ gamosaxulebaze sikaSkaSisa da siganis 

daaxloebiT mudmivi mniSvnelobiს mqone viwro wa-

grZelebuli are. sikaSkaSis mniSvnelobebis ganawi-

lebas monakveTis perpendikularuli mimarTulebiT 

aqvs ∪-s (an ∩-s) magvari forma (sur. 8.14,d).  

 

 
                      a               b 

 
                      g               d 

sur. 8.14  
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8.11.5. topologiuri niSan-Tvisebebi  

 

aRniSnuls miekuTvneba is niSan-Tvisebebi, romlebic axa-

siaTebs gamosaxulebaze arsebuli obieqtis topologiur 

Tvisebebs. am ukanasknelis qveS igulisxmeba is Tvisebebi, 

romlebic invariantulia topologiuri anu homeomorfu-

li gardaqmnebis mimarT. kerZod, urTierTcalsaxa uwyve-

ti (pirdapir da uku) gardaqmnebi. amis gamo topologiu-

ri niSan-Tvisebebi apriorulad invariantulia geometri-

uli gardaqmnebis farTo speqtris mimarT. niSan-Tviseba-

Ta aRniSnuli Tanxvedris gamo topologiuri niSan-Tvi-

sebebi sakmaod arainformaciulia da Sedegad viRebT 

imas, rom obieqtebi, romlebsac sxvadasxva geometria 

aqvs, topologiuri aRweris TvalsazrisiT erTmaneTisgan 

ar ganirCeva. aseTi obieqtebi naCvenebia 8.15 suraTze. 

 

 
sur. 8.15 

  

rac Seexeba invariantulobas gardaqmnis mimarT, mis 

magaliTad SeiZleba warmovidginoT e.w. “elastikuri” de-

formacia. kerZod, rezinis furclis gaWimva, romelzedac 

daxatulia winaswar mocemuli formis mqone obieqti 

(sur. 8.16).  
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sur. 8.16 

 

gaWimvis Sedegad vRebulobT am obieqtis garkveul sivr-

ciT deformacias (sur. 8.17). iseTi gardaqmnebi, romlis 

drosac moxdeba rezinis furclis gawyveta an misi erTi 

nawilis SeerTeba meoresTan, dauSvebelia. cxadia, manZi-

li ar warmoadgens topologiur Tvisebas, radganac re-

zinis furclis daWimvisas is SeiZleba icvlebodes. 

 

 
sur. 8.17 

 

aseve ar warmoadgens topologiur Tvisebas wirebis per-

pendikularoba da paraleluroba. amave dros unda aRi-

niSnos, rom ar arsebobs gaWimvis iseTi operaciebi, ro-

melTa moqmedebis Sedegad moxdeba obieqtis bmulobis 

gazrda an Semcireba.  
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topologiuri niSan-Tvisebebis raodenoba didi araa 

da amasTan maTi gamoTvla sakmaod rTulia. ganvixiloT 

zogierTi maTgani. 

 

 obieqtis bmuli komponentebis raodenoba _ es aris 

obieqtis Semadgeneli bmuli komponentebis is mini-

maluri raodenoba, romelTagan TiToeulSi nebis-

mieri ori wertili SeiZleba SeerTebul iqnes mT-

lianad am komponentSive arsebuli wiriT. 8.18 su-

raTze naCvenebia Sesabamisad: (a) erTi, (b) ori da 

(g) sami bmuli komponentisgan Semdgari obieqtebi; 

 obieqtSi “naxvretebis” raodenoba _ axasiaTebs 

bmuli komponentebis im raodenobas, romlebic obi-

eqtis SigniTaa, magram mas ar miekuTvneba; 

 eileris ricxvi _ gamoiTvleba rogorc sxvaoba 

obieqtis bmuli komponentebis raodenobasa da mas-

Si naxvretebis raodenobas Soris.  

 

vTqvaT, mocemuli gvaqvs erTi bmuli komponentisgan 

Sedgenili obieqti, romelic Seicavs 3 naxvrets (sur. 

8.18,a). cxadia, am figuris topologiuri gardaqmnis Se-

degad masSi naxvretebis ricxvi ar Seicvleba. cnobilia 

is fundamenturi Tanafardoba, romelic arsebobs bmuli 

komponentebis 𝐶 raodenobasa da naxvretebis 𝐻 raodeno-

bas Soris. mas eileris ricxvi ewodeba da aqvs aseTi 

saxe 

 

𝐸 = 𝐶 − 𝐻. 
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radganac 𝐶 da 𝐻 warmoadgenen topologiur Tvisebebs, 

amitom 𝐸-c topologiuri Tvisebaa. Cven mier warmodgeni-

li magaliTis SemTxvevaSi 𝐶 = 1 da 𝐻 = 3. aqedan gamomdi-

nare eileris ricxvi 𝐸 = −2.     

 

 
               a                b                            

 
                       g 

sur. 8.18 

 

arseboben aseve topologiuri Tvisebebi, romlebic 

dakavSirebuli arian diskretizebuli obieqtebis amozne-

qilobasTan. 

zemoaRniSnuli topologiuri Tvisebebi SeiZleba 

gamoyenebul iqnes rogorc simboloebi gamosaxulebaze 

arsebuli obieqtis amocnobisas. magram garda amisa, to-

pologiuri Tvisebebi SeiZleba gamoyenebul iqnes aseve 

sxvadasxva geometriuli sidideebis, magaliTad, diskre-

tuli gamosaxulebis qvesimravlis perimetrisa da far-
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Tobis gamosaTvlelad. kerZod, qvesimravlis farTobi am 

SemTxvevaSi zustad tolia misi elementebis (piqselebis) 

ricxvisa, xolo perimetris gamoTvlisaTvis saWiroa 

mxedvelobaSi miviRoT is faqti, rom is daaxloebiT pro-

porciulia qvesimravlis garSemowerilobis farTisa. 

analogiurad izomeba wirebisgan Sedgenili qvesimravlis 

rkalis sigrZe. zogadad, uwyveti gamosaxulebis rkalis 

perimetri da sigrZe SeuZlebelia zustad gazomil iqnes, 

magram SesaZlebelia maTi aproqsimacia masSi Cawerili 

mravalkuTxediT. cxadia, am dros aseTi xerxiT gamoTv-

lili rkalis sigrZe izrdeba an ucvleli rCeba (yovel 

SemTxvevaSi ar mcirdeba) am mravalkuTxedis gverdebis 

sigrZis SemcirebasTan erTad. aseT SemTxvevaSi amboben 

rkalis “𝜀-sigrZis” Sesaxeb, sadac 𝜀 warmoadgens rkalis 

aproqsimaciisTvis masSi Caxazuli mravalkuTxedis um-

ciresi gverdis sigrZes. empiriulad dadgenil iqna, rom 

raime rkalis “𝜀 sigrZe” xSirad SeiZleba aproqsimire-

bul iqnes 𝜀-is maCvenebliani funqciiT 𝐿𝜖 = 𝐾𝜀−𝑑 , sadac 

𝑑 ≥ 0; wrfisTvis 𝑑 = 0, xolo Zalian daklaknili mrude-

bisTvis ki 𝑑 ≅ 0.25; rogorc vxedavT, aq 𝑑 SeiZleba gamo-

yenebul iqnes rogorc sworxazovnebis sazomi. amave miz-

nisTvis SeiZleba gamoyenebul iqnes rkalis sigrZis far-

doba mis qordasTan. 

gamosaxulebaze raime qvesimravlis simaRle an siga-

ne martivad SeiZleba ganvsazRvroT, Tu gamovTvliT man-

Zils aris yvelaze maRla da yvelaze dabla myof hori-

zontalur wirebs Soris an yvelaze ufro marjvena da 

yvelaze ufro marcxena vertikalur wirebs Soris. msgav-

sad gamoiTvleba qvesimravlis wagrZelebuloba mocemu-

li mimarTulebiT. 



262 

 

niSan-TvisebaTa SerCevisas martivi midgoma mdgoma-

reobs imaSi, rom niSan-Tvisebebad SeiZleba avirCioT yve-

la piqselisgan Semdgari mouwesrigebeli krebuli, magr-

am aseTi midgoma Zalian rTuli gamoTvliTi sirTuleeb-

is gamo arapraqtikulia.   
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IX Tavi. feri da ganaTebuloba 

 
feris aRqmas didi mniSvneloba aqvs adamianisTvis, radga-

nac realuri buneba ferTa mravalsaxeobiT xasiaTdeba. 

Tavis mxriv feris aRqma ganisazRvreba rogorc sinaTlis 

fizikuri bunebiT, aseve sistemis _ Tvali-tvini Tavisebu-

rebebiT. adamiani feris Sesaxeb informaciis safuZvelze 

axdens garesamyaros obieqtebis amocnobas, drois aRqmas 

da a.S. teqnologiurma progresma xeli Seuwyo feradi 

gamosaxulebebis miRebisa da damuSavebis mowyobilobebis 

Seqmnasa da ganviTarebas. aman ki Tavis mxriv ganapiroba 

feradi gamosaxulebebis manqanuri damuSavebis gamoyene-

biTi sistemebis Seqmna. feradi gamosaxulebis SemTxveva-

Si gamosaxulebis yovel piqselSi gvaqvs gazomvis ramde-

nime mniSvneloba, rac zogierT amocanaSi obieqtebis 

klasifikaciis SesaZleblobasac ki iZleva gamosaxuleb-

is rTuli damuSavebis gareSe. am TavSi Cven SeviswavliT 

feradi gamosaxulebebis damuSavebis mxolod ZiriTad 

sakiTxebs, dakavSirebuls, magaliTad, obieqtebis ganaTe-

bulobasTan, feriT monacemebTan, rasac didi mniSvnelo-

ba aqvs kompiuteruli xedvis algoriTmebis gamoyenebiT 

scenebis interpretaciisTvis. 

 

9.1. sinaTlisa da feris fizikuri Tvisebebi 

 

rogorc viciT, eleqtromagnituri velis xiluli speqt-

ri moicavs diapazons daaxloebiT (400 − 700)nm. far-

glebSi (sur. 9.1). es niSnavs, rom 𝜆 talRis sigrZis mqone 

eleqtromagnituri gamosxiveba aRniSnuli diapazonidan 
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adamianis mxedvelobiT organoze zemoqmedebis Sedegad 

iwvevs masze feris SegrZnebas. 

 

 
sur. 9.1 

 

cnobilia, rom sinaTle vakuumSi vrceldeba 

(3 × 108) m/wm siCqariT. es gvaZlevs SesaZleblobas ga-

movTvaloT, magaliTad, lurji feris sinaTlis sixSire, 

romelic (0.75 × 1015) hc-is tolia. rentgenis gamosxivebis 

sixSire aTasjer metia, xolo radiotalRebis ki – mili-

ardjer naklebi.  

sinaTlis sxivi obieqtis zedapirze dacemis Semdeg 

airekleba da ecema kameris sinaTlis mgrZnobiare gadamw-

ods an adamianis Tvalis receptorebs. am dros feris mi-

marT warmoSobili mgrZnobiaroba damokidebulia Semdeg 

sam faqtorze: 

 

 energetikuli speqtri – aRwers obieqtis zedapir-

ze dacemuli sinaTlis energiis ganawilebas tal-

Ris sigrZeebis mixedviT; 

 obieqtis zedapiris speqtraluri arekvlis unari – 

gansazRvravs dacemuli sinaTlis speqtris gar-

daqmnas arekvlil speqtrSi; 
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 gadamwodis speqtraluri mgrZnobiaroba, romelze-

dac ecema obieqtis zedapiridan arekvlili sinaT-

le. 

 

gansazRvreba 9.1. TeTri feris sinaTle warmoadgens 

xilul speqtrSi Semavali yvela sigrZis talRis sinaT-

lis komponentebis narevs, romelTac TiTqmis erTnairi 

energiebi gaaCniaT. 

  

garda zemoaRniSnuli faqtorebisa, romlebic gan-

sazRvravs adamianis mier feris mgrZnobiarobas, arsebobs 

aseve damatebiTi faqtorebic. isini dakavSirebulia ro-

gorc fizikur, aseve aRqmis TaviseburebebTan. sxvadasxva 

masalisgan damzadebuli obieqtebis zedapirebi sxvada-

sxvanairad aireklavs maTze dacemul sinaTlis sxivebs. 

magaliTad, mqrqal zedapirze dacemuli sinaTlis sxive-

bi airekleba yvela mimarTulebiT Tanabrad. aseve dace-

muli sxivebis energia (intensivoba) damokidebulia mnaTi 

energiis wyarosa da zedapiris elementebs Soris manZil-

ze. rac metia es manZili, miT naklebia maTze dacemuli 

sinaTlis sxivebis energia. aqedan gamomdinareobs, rom 

erTi da imave masalisgan damzadebuli zedapirebis gamo-

saxulebaze piqselebSi intensivobis mniSvnelobebi SeiZ-

leba gansxvavebuli iyos gamosxivebis wyarosa da obieq-

tebis zedapirebs Soris dacemuli sxivebis gaswvriv 

gansxvavebuli manZilebis gamo. obieqtis zedapiridan 

arekvlili da gadamwodze dacemuli sinaTlis sxivis 

energiis gansazRvrisaTvis, garda manZilisa, kidev ufro 

didi mniSvneloba aqvs zedapiris orientacias sinaTlis 

wyaros mimarT, anu 𝜗 kuTxes dacemul sxivsa da ze-
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dapiris mimarT dacemis wertilSi aRmarTul normals 

Soris. 

 

9.2. ferebis RGB sistema 

 

mxedvelobis analizatorebis fotoreceptorebi mgrZno-

biarea talRis sigrZis mxolod garkveuli diapazonis 

mimarT. amasTan, TviT am diapazonSi maTi mgrZnobiaroba 

araTanabaria. es naCvenebia  9.2 suraTze, sadac mocemulia 

adamianis Tvalis baduraze arsebuli sami gansxvavebuli 

tipis kolbis mgrZnobiarobis mrudebi (1, 2, 3).  

 

 
sur. 9.2 

 

kolbebis TiToeuli es tipi Seicavs sxvadasxva qimiur 

pigments, romelTac gaaCnia gansxvavebuli mgrZnobiaroba 

sxvadasxva talRis sigrZis mimarT. es kargad Cans 9.2 su-
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raTze warmodgenili mrudebidan. kerZod, mrudi 1 Seesa-

bameba im kolbebs, romlebic mgrZnobiarea lurji feris 

mimarT talRis sigrZeebiT  400 − 500 nm. mrudi 2 Seesaba-

meba im kolbebs, romlebic Zalian mgrZnobiarea mwvane 

feris mimarT da ufro naklebad lurji da wiTeli fe-

rebis mimarT, xolo mrudi 3 ki im kolbebs, romlebic 

Zalian mgrZnobiarea wiTeli feris mimarT da ufro 

naklebad mwvane feris mimarT. suraTze aseve mocemulia 

myartaniani gadamwodis (mtg) mgrZnobiarobis mrudi, 

romelic, rogorc vxedavT, moicavs adamianis samive ti-

pis kolbis mgrZnobiarobas. 

xiluli speqtris zemoqmedebis Sedegad adamianis 

SegrZnebis formirebisas tvini mxedvelobaSi iRebs reaq-

cias ramdenime kolbisgan Sedgenili aridan. cnobilia, 

rom amisTvis sakmarisia sul sami tipis kolba. zogierTi 

cxovelis Tvalis badura Seicavs mxolod erT an ori 

tipis receptors. aqedan gamomdinare, cxadia, maT mier 

samyaroSi arsebuli ferebis aRqma adamianTan SedarebiT 

ufro SezRudulia _ Raribia. 

zemoTqmuli daedo safuZvlad teqnikuri xedvis 

sistemebSi ferebis warmodgenas _ Seiqmna ferTa samferi-

ani RGB (wiTeli-mwvane-lurji) sistema. gamosaxulebis 

piqselSi feris aRwerisaTvis gamoiyeneba 3 baiti, rac 

gvaZlevs  28 3 ≈ 16mln. sxvadasxva feris kods. magram es 

ar niSnavs, rom arsebobs 16 mln. feri, radganac adamians 

realurad ar SeuZlia am raodenobis feris erTmaneTis-

gan garCeva. kompiuters SeuZlia ganasxvaos erTmaneTisg-

an nebismieri ori kodi, magram isini SeiZleba ar war-

moadgendes im ferebs, romelTa erTmaneTisgan garCeva 

adamianebs SeuZliaT. 
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ferTa RGB sistemaSi TiToeuli ferisTvis gamoyo-

filia TiTo baiti. rac Seexeba am komponentebis mexsie-

rebaSi Senaxvis Tanamimdevrobas, Teoriuli ganxilvisaT-

vis, cxadia, amas mniSvneloba ar aqvs. magram igi mniSvne-

lovania programirebisas. rac Seexeba ferad displeebs 

(monitorebs), romelTa ferebis garCevisunarianoba ada-

mianis mxedvelobis sistemis Sesabamisia, maT srulfero-

van (true color) an sxvanairad, ferTa realistur aRmwarmoe-

bel displeebs uwodeben. amasTan ferTa warmodgenisTvis 

saWiroa araumcires 16 bitisa, xolo 15 bitiani RGB kodi-

rebisas TiToeuli 𝑅, 𝐺, 𝐵 feris warmodgenisTvis gamoi-

yeneba 5 biti. qvemoT naCvenebia ferebis warmodgena sam 

sxvadasxva RGB, CMY (ferTa subtraqtuli sistema, cisfe-

ri-mewamuli-yviTeli, Subtractive Color System), da HSI (toni-

gajerebuloba-intensivoba, Hue-Saturation-Intensity) samferian 

sistemebSi (cx. 9.1).  

 aRsaniSnavia, rom xSirad axdenen xolme intensivo-

bis mniSvnelobebis masStabirebas, imisTvis, rom isini 

moxvdes ara [0;255], aramed [0;1] diapazonSi, rac amarti-

vebs feradi gamosaxulebebis damuSavebis algoriTmebs. 

rac Seexeba HSI sistemas, misi komponentebis miReba SesaZ-

lebelia RGB sistemidan specialuri algoriTmis gamoye-

nebiT, romelic komponentebisTvis gvaZlevs Semdeg diapa-

zonebs: 

 

𝐻 ∈  0.0; 2𝜋 , 𝑆 ∈  0.0; 1.0  da 𝐼 ∈  0; 255 . 

 

RGB sistemas ferTa aditiur sistemas uwodeben, 

radganac ferebi aq warmoidgineba ZiriTadi ferebis Sav 

ferTan  0,0,0  ajamvis saSualebiT. aseTi sistema kargad 
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udgeba RGB displeebs, romlebSic sinaTlis gamosxiveba 

xdeba luminoforis 3 tipis midamodan. luminoforis sami 

mezobeli elementi qmnis erT piqsels. am elementebs ece-

ma eleqtronebis konebi intensivobiT 𝑐1, 𝑐2, 𝑐3. adamianis 

Tvali ki erTmaneTTan axlos ganlagebuli elementebidan 

wamosul gamosxivebas aRiqvams rogorc erT  𝑐1 , 𝑐2 , 𝑐3  

fers. es niSnavs, rom sami gansxvavebuli sigrZis mqone 

sinaTlis talRa, wamosuli eleqtronul-sxivuri milakis 

ekranis mcire midamodan, erTmaneTs ereva da adamianis 

mier aRiqmeba rogorc erTi. 

 

cx. 9.1 
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xSirad, gamomdinare sxvadasxva miznebidan, magaliT-

ad, ferebis monacemebis interpretaciisTvis adamianis an 

kompiuteruli programebis mier, an sxva ferTa sistemaSi 

gardaqmnisTvis axdenen gamosaxulebis ferebis monaceme-

bis normirebas. vTqvaT gvaqvs scena, romlis gamosaxule-

ba araerTgvarovnadaa ganaTebuli. magaliTad, obieqtis 

zedapiris wertilebi ganlagebulia sinaTlis wyaroebi-

dan sxvadasxva manZilze, an imyofeba zogierTi wyaros 

CrdilSi. aseT SemTxvevaSi romelime feris moZiebis al-

goriTmma SeiZleba cudi Sedegebi mogvces, Tu winaswar 

ar moxdeba piqselTa intensivobis mniSvnelobebis normi-

reba. amisTvis SeiZleba gamoviyenoT, magaliTad, aseTi 

tipis normireba: 

 

intensivoba 𝐼 =  𝑅 + 𝐺 + 𝐵 /3; 

normirebuli wiTeli 𝑟 = 𝑅/ 𝑅 + 𝐺 + 𝐵 ; 

      normirebuli mwvane   𝑔 = 𝐺/ 𝑅 + 𝐺 + 𝐵 ; 

normirebuli lurji 𝑏 = 𝐵/ 𝑅 + 𝐺 + 𝐵 . 

 

aseTi normirebis Semdeg piqselis normirebul ferTa 

mdgenelebis jami 1-is toli iqneba. arsebobs normirebis 

sxva xerxebic.  

ferTa CMY sistemas ewodeba subtraqtuli imis 

gamo, rom kodebis mniSvnelobebi axasiaTebs STanTqmuli 

gamosxivebis intensivobas. am sistemaSi samferiani kode-

bis magaliTebs warmoadgenen: TeTri _  0,0,0 , radganac 

TeTri feris sinaTle ar unda STainTqas, Savi _ 

 255,255,255 , radganac TeTri feris sinaTlis yvela kom-

ponenti unda iyos  STanTqmuli da yviTeli _  0,0,255 , 

radganac dacemuli TeTri feris sinaTlis lurji 
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komponenti unda iyos STanTqmuli, xolo wiTeli da 

mwvane ferebi unda aireklos da warmoSvas yviTeli fe-

ris aRqmis SegrZneba. 

rac Seexeba ferTa HSI sistemas, masSi feradi piqse-

lis kodi aseTia: pirveli mniSvneloba warmoadgens sina-

Tlis intensivobis (I) saerTo mniSvnelobas, xolo danar-

Ceni ori ki feradobis or sidides – toni (H) da gajere-

buloba (S). 9.3 suraTze naCvenebia HSI sistemis ferTa 

sivrcis struqtura.  

 

 
sur. 9.3  

 

vertikaluri RerZi Seesabameba intensivobas (I), toni (H) 

ganisazRvreba rogorc kuTxe 0-dan 2𝜋-mde wiTeli feris 
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RerZis mimarT. sufTa wiTel fers Seesabameba 0-is toli 

kuTxe, sufTa mwvane fers _ 2𝜋/3, xolo sufTa lurjs _ 

4𝜋/3. ferebis sivrceSi wertilis warmosadgenad mesame 

koordinats warmoadgens gajerebuloba (S). is axasiaTebs 

feris (feris tonis) sisufTaves da icvleba 0-dan 1-mde. 

Tu 𝑆 = 1, maSin gvaqvs idealurad sufTa (gajerebuli) fe-

ri, xolo Tu 𝑆 = 0, maSin gvaqvs aragajerebuli feri an, 

sxva sityvebiT, ruxi feris raRac elferi. 

HSI sistemas aseve HSV sistemasac eZaxian. am sistema-

Si intensivobis nacvlad gamoiyeneba termini sinaTlovne-

ba (color value). HSI sistemas xSirad iyeneben grafikis di-

zainerebi, radganac igi saSualebas iZleva movaxdinoT 

sikaSkaSisa da tonis uSualo kontroli. 

 

9.3. feradi histogramebi 

 

feradi gamosaxulebis histograma SeiZleba gamoyenebul 

iqnes monacemTa bazebSi ZiebisTvis, an obieqtebis amocno-

bisTvis. histogramis asagebad saWiroa gamosaxulebaze 

daTvlil iqnes garkveuli tipis piqselebis raodenoba. 

amisTvis gamosaxulebaze gavlisas TiToeuli piqseli 

ikiTxeba erTjeradad da histogramis Sesabamis jibeSi 

xdeba maTi raodenobis Tanamimdevruli ajamva.  

feradi gamosaxulebis histogramis agebis martivi 

miaxloebiTi meTodi gulisxmobs feris (R, G, B) sambaiti-

an mniSvnelobaSi yoveli feriTi mdgenelisgan ori maRa-

li Tanrigis bitis gaerTianebas. aseTnairad miRebuli 6 

bitiani kodis safuZvelze xdeba histogramis ageba, rome-

lic Seicavs 26 = 64 Tanrigs (jibes). aseve SeiZleba ai-

gos histogramebi TiToeuli ferisTvis cal-calke da 
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Semdeg moxdes maTi gaerTianeba. magaliTad, calkeuli 16-

Tanrigiani RGB histogramebis gaerTianebiT SeiZleba 48-

Tanrigiani histogramis miReba.  

vTqvaT, gvaqvs raime 𝐼 gamosaxulebis  𝐼  histograma 

da aseve modeluri (etalonuri)  𝑀 gamosaxulebis  𝑀  

histograma. am ori histogramis gadakveTa ewodeba am 

histogramebis Sesabamisi jibeebis (ferebis mixedviT qve-

simravleebis) yvela 𝐾 wyvilSi arsebuli minimaluri 

mniSvnelobebis jams. formalurad es ase Caiwereba 

 

gadakveTa   𝐼 ,  𝑀  =  𝑚𝑖𝑛  𝐼  𝑗 ,  𝑀  𝑗  𝐾
𝑗 =1 . 

 

Tu movaxdenT am sididis normirebas, risTvisac misi 

mniSvneloba unda gaiyos modelur gamosaxulebaSi arse-

buli piqselebis raodenobaze, miviRebT sidides, romel-

sac msgavsebas (match value) uwodeben. es maxasiaTebeli 

gamoiyeneba mocemuli 𝐼 da modeluri 𝑀 gamosaxulebebis 

feriTi Semadgenlobis msgavsebis raodenobriv zomad da 

igi aseTnairad gamoiTvleba 

 

Mmsgavseba   𝐼 ,  𝑀  =
 𝑚𝑖𝑛   𝐼  𝑗  , 𝑀  𝑗   𝐾

𝑗 =1

  𝑀  𝑗  𝐾
𝑗=1

. 

 

unda aRiniSnos, rom Tu modelur 𝑀 gamosaxulebaSi ar 

aris mocemuli 𝐼 gamosaxulebis fonuri piqselebi, amiT 

msgavsebis mniSvneloba ar mcirdeba. 

garda aRniSnuli meTodisa, arsebobs sxva meTo-

debic. magaliTad, histogramebis normireba maTi sixSire-

ebis histogramebad gardaqmnis gziT, risTvisac yovel 

jibeSi arsebuli piqselebis raodenoba (piqselebis mric-
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xvelis Cveneba) iyofa piqselebis saerTo raodenobaze. 

amis Semdeg SesaZlebelia es ori gamosaxuleba erTma-

neTs Sedardes maTi msgavsebis dasadgenad evklidur met-

rikaze damyarebuli kriteriumis mixedviT. arsebobs aseve 

gamosaxulebebis Sedarebis alternatiuli meTodic, ro-

melSic sixSireebis histogramebis nacvlad gamoiyeneba 

ganawilebis funqciebis Sepirispireba. 

 

9.4. feradi gamosaxulebebis segmentacia 

 

ganvixiloT ferad gamosaxulebaze adamianis pirisaxis 

gamosaxulebis saxis Ziebis amocana zogadad. gamosa-

xulebis misaRebad gamoyenebulia kompiuterTan mierTebu-

li mciregabaritiani kamera. AmisTvis gamoviyenoT gamosa-

xulebaze im ZiriTadi aris Ziebis algoriTmi, romelic 

Seesabameba adamianis pirisaxis gamosaxulebis saxes. da-

sawyisSi, imisTvis, rom swavlebis procesis etapze movax-

dinoT adamianis pirisaxis saxis Sesabamisi piqselebis 

Tvisebebis gansazRvra, xdeba sxvadasxva adamianis pirisa-

xis gamosaxulebidan miRebuli saxeebis gaanalizeba. ase-

ve, axal gamosaxulebaze adamianis pirisaxis piqselebis 

moZebna xdeba feriTi  𝑟, 𝑔  mniSvnelobebis saSualebiT, 

romlebic unda SeTanxmdes etalonur monacemebTan. 

operaciebi, romlebic gamoyenebulia gamosaxuleba-

ze adamianis saxis Sesabamisi aris ZiebisTvis, dayofilia 

sam ZiriTad etapad. pirvel etapze Sesasvlel monacemebs 

warmoadgens markirebuli gamosaxuleba, sadac piqselebs 

Wdeebi eniWeba klasifikaciis algoriTmis saSualebiT, 

romelic amisTvis iTvaliswinebs swavlebis procesis 

dros damaxsovrebul etalonur gamosaxulebebs. markire-
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bul gamosaxulebaze fonisa da pirisaxeebis saxeTa piq-

selebis umetesoba koreqtulad aris markirebuli, magram 

aseve SeiZleba aRmoCndes piqselebi, romelTac Wdeebi 

arakoreqtulad aqvs miniWebuli. markirebuli gamosaxu-

lebis bmuli komponentebis damuSavebisas aseTi kompo-

nentebi, gamomdinare maTi zomebidan da saxis mimarT maTi 

mdebareobidan, an erTiandeba, anda mocilebul unda 

iqnes gamosaxulebidan. amave dros bmuli komponentebis 

damuSavebisas mxedvelobaSi miiReba mxolod gamosaxule-

bis wina planze arsebuli piqselebi.  

damuSavebis meore etapze adamianis pirisaxis saxed 

airCeva yvelaze ufro Sesaferisi komponenti da xdeba im 

komponentebis moSoreba, romlebic Tavisi zomiT Zalian 

pataraa an didia. TviT zomis Sesafaseblad ki gamoyene-

bulia didi raodenobis testuri gamosaxulebebis anali-

zis Sedegad miRebuli empiriuli gamocdileba. meore 

etapis operaciebis realizaciis Sedegad gamosaxulebaze 

komponentebis raodenoba mcirdeba. mesame etapze ki ukve 

xdeba am darCenili komponentebis mocileba an gaerTi-

aneba gamosaxulebaze winaswar arCeul saxis aresTan. 

amisTvis algoriTmi iyenebs ramdenime evristikul wess 

pirisaxis saxis struqturis mimarT. kerZod, mxedvelo-

baSi miiReba is, rom gamosaxulebaze SeiZleba imyofe-

bodes mxolod erTi adamianis pirisaxe. warmodgenili 

algoriTmis programa 1 wm.-Si amuSavebs 30 gamosaxulebas. 

amave dros damatebiTi algoriTmebis saSualebiT gamosa-

xulebaze xdeba Tvalebisa da cxviris Sesabamisi areebis 

adgilmdebareobis gansazRvra. aRniSnuli algoriTmis an-

alizi gviCvenebs, rom masSi mTavar moments warmoadgens 

aTasobiT feris kodebis klasterizacia, rac gvaZlevs 
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gamosaxulebis markirebis saSualebas, romelSic gveqneba 

mxolod ramdenime erTmaneTisgan gansxvavebuli Wde. aR-

saniSnavia, rom am algoriTmSi swavlebis procesSi ada-

mianTa pirisaxeebis saxeTa aRmoCena xdeba xeliT anu in-

teraqtiulad. 

adamianis pirisaxis saxis aRmoCenis magaliTi naCve-

nebia 9.4 suraTze, sadac (a) sawyisi gamosaxulebaa, (b) 

markirebuli da (g) adamianis pirisaxis saxeze gamoyo-

fili calkeuli areebis sazRvrebi. 

 

        
               a                             b                

 

 
                              g 

sur. 9.4  
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9.5. ganaTebuloba 

 

sinaTlis talRis arekvlis TvalsazrisiT obieqtebis ze-

dapirebis Tvisebebi erTmaneTisgan gansxvavebulia. sxva 

sityvebiT, maT gansxvavebuli sarkuli Tvisebebi gaaCnia. 

amasTan, sinaTlis dacemuli talRa sxeulis zedapiridan 

airekleba geometriul optikaSi cnobili arekvlis kano-

nis Sesabamisad. magaliTad, mqrqali zedapirebidan sinaT-

le Tanabrad airekleba yvela mimarTulebiT. amave dros 

zedapirze dacemuli sinaTlis talRis energia (intensi-

voba) pirdapir proporciuladaa damokidebuli manZilze 

sinaTlis wyaromde. zemoTqmulidan gamomdinare, gamosa-

xulebaze intensivobis mniSvnelobebis ganawileba piqse-

lebSi iqneba araTanabari gadamwodsa da obieqtis zedapi-

ris wertilebs Soris sinaTlis sxivebis gaswvriv man-

ZilTa gansxvavebulobis gamo. aseve mniSvneloba aqvs 

TviT zedapiris orientacias sinaTlis wyaros mimarT. 

 

9.5.1. sinaTlis erTeulovani wyaros gamosxiveba  

 

vTqvaT, raime obieqtis 𝐴 brtyel zedapirs ecema si-

naTlis talRa (nakadi) raRac sakmaod Sors moTavsebuli 

erTeulovani 𝑆 wyarodan (sur. 9.5). amis gamo, rogorc 

obieqtis zedapirze dacemuli, aseve ganaTebuli zedapir-

is yoveli wertilidan arekvlili sxivebi SeiZleba erT-

maneTis paraleluri CavTvaloT da maT nacvlad ganvixi-

loT erTi erTeulovani 𝐬 veqtori. sinaTlis energia ze-

dapiris farTis erTeulze, anu intensivoba 𝑖, romelic 

ecema zedapirul 𝐴𝑗  elements, proporciulia am elemen-

tis proeqciis farTisa sibrtyeze, romelic dacemuli  
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sur. 9.5 

 

sinaTlis 𝐬 sxivis marTobulia. am proeqciis farTis 

gamosaTvlelad saWiroa 𝐴𝑗   elementis farTi gamravldes 

𝐴𝑗   elementidan zedapiris sibrtyis mimarT aRmarTuli 

normalis erTeulovan 𝐧  veqtorsa da 𝐬 veqtors Soris 

arsebuli 𝜗𝑗 kuTxis kosinusze, anu 

 

𝐶𝑗 = 𝐴𝑗 𝑐𝑜𝑠𝜗𝑗 . 

 

magram kuTxis kosinusi udris skalarul namravls 𝐧 ∙ 𝐬, 

sadac 𝐧 normalis erTeulovani veqtoria brtyeli zeda-

piruli 𝐴𝑗  elementis mimarT. aqedan gamomdinare, zedapir-

ul elementze dacemuli sinaTlis intensivobis mniSvne-

loba miaxloebiT SeiZleba aseTnairad warmovidginoT  

 

𝑖 ≈ 𝐧 ∙ 𝐬 

 

Tavis mxriv zedapirze dacemuli sinaTlis energia damo-

kidebulia TviT wyaros simZlavreze, romelic sinaTlis 
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energias SeiZleba asxivebdes yvela mimarTulebiT, an ro-

melime konkretuli mimarTulebiT mcire kuTxis fargle-

bSi. Cven mier warmodgenil modelSi ganxilul iqna brt-

yeli zedapiris ganaTeba. magram Tu zedapiri ar aris 

brtyeli, anu mrudwirulia, maSin is SeiZleba warmovid-

ginoT rogorc mcire zomis brtyeli elementebis simrav-

le. zedapirze dacemuli sinaTlis talRis im nawils, 

romelic airekleba zedapiruli elementis mier, am ele-

mentis albedos uwodeben. 

 

gansazRvreba 9.2. zedapiruli elementis albedo to-

lia arekvlili sinaTlis talRis energiis fardobisa 

zedapirze dacemuli sinaTlis talRis energiasTan. 

 

magram zogierTi zedapirisTvis arekvlili sina-

Tlis wili damokidebulia sinaTlis wyaromde mimar-

Tulebasa da zedapiris mimarT aRmarTul normals 

Soris kuTxeze. amitom albedo yovelTvis ver gamodgeba 

rogorc zedapiris maxasiaTebeli. 

 

9.5.2. difuziuri arekvla 

 

aqamde Cven ganvixileT obieqtebis zedapirebis ganaTebisa 

da arekvlis modeli, romelSic ar iyo gaTvaliswinebu-

li damkvirvebeli da Sesabamisad ar xdeboda zedapiru-

li elementebis Sefaseba am ukanasknelTa mxridan. axla 

ki ganvixiloT modeli, romelSic damkvirvebeli ukve 

gaTvaliswinebulia (𝐕 wertilebi). aseTi modeli, romel-

ic ganmartavs Tu ra aris difuziuri arekvla anu arekv-

la lambertis kanonis mixedviT, mocemulia 9.6 suraTze.  
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sur. 9.6 

 

aseT dros sinaTle, romelic ecema zedapirul elements 

Tanabrad airekleba yvela mimarTulebiT im naxevarsfer-

os sazRvrebSi, romlis centrs warmoadgens TviT zedapi-

ruli elementi. aqedan gamomdinare, dakvirvebis yoveli 

wertilidan es elementi gamoCndeba rogorc mudmivi si-

kaSkaSis mqone midamo (are). saerTod, sinaTlis difuzi-

ur arekvlas adgili aqvs maSin, roca zedapirze arsebu-

li xorklianobis zomebi mniSvnelovnad aRemateba dace-

muli sinaTlis talRis sigrZes. arekvlili sinaTlis in-

tensivoba proporciulia dacemuli sinaTlis intensivo-

bisa, xolo TviT proporciulobis koeficienti zedapi-

ris albedos tolia. muqi zedapirebis albedo ufro nak-

lebia, vidre Riasi. rac Seexeba zedapiruli 𝐴𝑗  elementi-

dan difuziurad arekvlili sinaTlis intensivobis miax-

loebiT mniSvnelobas, is tolia  

 

𝑖 ≈ 𝐧𝐣 ∙ 𝐬 

 

gansazRvreba 9.3. difuziuri arekvlis Tvisebis mqo-

ne zedapirebi sinaTles aireklavs Tanabrad yvela mimar-
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TulebiT. amis gamo aseTi zedapirebi dakvirvebis yvela 

wertilidan gamoiyureba rogorc erTnairad kaSkaSa. 

 

difuziuri arekvlis Tavisebureba isaa, rom obieqt-

is zedapiruli elementi erTnairad kaSkaSa Cans yvela im 

mimarTulebidan, romelic am elementis naxevarsferoze 

gadis. 9.6 suraTze mocemul SemTxvevaSi zedapiruli 𝐴1  

da 𝐴2  elementebis sikaSkaSeebi erTnairi iqneba dakvirve-

bis 𝑉1 da 𝑉2  wertilebidan. Tu samive zedapiruli elemen-

ti erTnairi masalisganaa damzadebuli, maSin maTi albe-

doebis sidideebic erTnairi iqneba. aqedan gamomdinare, 

elementi 𝐴2  iqneba ufro kaSkaSa, vidre 𝐴1, xolo 𝐴1  

iqneba ufro kaSkaSa, vidre 𝐴3. gansxvaveba sikaSkaSeebSi 

gamowveulia imiT, rom gansxvavebulia kuTxeebi am ele-

mentebsa da ganaTebulobis mimarTulebas Soris. zedapi-

ruli elementi 𝐴3 dakvirvebis 𝑉1  da 𝑉2 wertilebidan sa-

erTod ar Cans. zogadad ki, elementi ar Cans, Tu   

 

𝐧 ∙ 𝐯 < 0, 

 

sadac 𝐯 erTeulovani veqtoria damkvirveblis xedvis mi-

marTulebaze.   

 

9.5.3. sarkuli arekvla  

 

im SemTxvevaSi, roca sinaTlis talRa ecema sarkuli ze-

dapiris msgavs gluv zedapirs, maSin sarkuli zedapiri-

dan sinaTlis arekvla xdeba sinaTlis arekvlis kanonis 

Sesabamisad, anu dacemisa da arekvlis 𝜙 kuTxeebi erTma-

neTis tolia (sur. 9.7).  
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sur. 9.7 

 

amasTan sarkulad arekvlili sxivi (𝐑), dacemis wertil-

Si zedapiris mimarT aRmarTuli normali (𝐍) da dacemu-

li sinaTlis sxivi (𝐒) erT sibrtyeSi imyofeba. im SemTx-

vevaSi, Tu sarke idealuria, maSin dacemuli sxivi (𝐒) 

srulad airekleba sarkulad da aseve erTnairi iqneba 

maTi speqtraluri Semadgenloba, anu  arekvlili sxivi 

(𝐑) ar aris damokidebuli obieqtis zedapiris ferze. 

magaliTad, Tu TeTri feris sinaTliT gavanaTebT wiTe-

li feris obieqts, maSin masze davinaxavT TeTr aTinaTs. 

rac Seexeba sarkulad arekvlili (𝐑) sxivis intensivo-

bas, misi miaxloebiTi mniSvneloba ganisazRvreba aseTnai-

rad: 

 

𝑖~(𝐑 ∙ 𝐕)𝛼 

 

sadac 𝐑 _ sarkulad arekvlili sxivis mimarTulebaa, 𝐕 _ 

mimarTuleba zedapiruli elementidan dakvirvebis werti-

lisken, 𝛼 _ zedapiris bzinvarebis (shininess) parametria, 
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romlis mniSvneloba Zalian bzinvare zedapirebisTvis 

tolia an metia 100-is. 𝛼-s zrdasTan erTad xdeba 𝑐𝑜𝑠𝛼𝜙-s 

Semcireba, amasTan miT ufro Zlierad, rac ufro 𝜙 Sor-

deba 0-s.  

 

gansazRvreba 9.4. sarkuli arekvla axasiaTebs zeda-

piris sarkulobis Tvisebas (sarkuloba).  

 

obieqtis zedapiridan sarkulad arekvlili sinaTlis 

sxivi vrceldeba mis irgvliv arsebul viwro konusSi.  

 

gansazRvreba 9.5. kaSkaSa laqas obieqtis zedapirze, 

romelic warmoiqmneba sinaTlis wyarodan wamosuli sxiv-

is sarkuli arekvlis Sedegad, aTinaTi ewodeba.  

 

aTinaTi damaxasiaTebelia metalis, SuSis, cvilis da 

sxva masalisagan damzadebuli obieqtebis zedapirebisTv-

is. 

  

9.5.4. intensivobaze moqmedi faqtorebi 

 

cnobilia, rom obieqtis zedapirze dacemuli sinaTlis 

intensivoba damokidebulia sinaTlis wyarosa da zeda-

pirs Soris arsebul manZilze. kerZod, zedapirze dace-

muli sinaTlis intensivoba ukuproporciulia wyaromde 

manZilis kvadratisa. es modeli gamosadegia agreTve obi-

eqtidan arekvlili sinaTlisTvisac. kerZod, romelime 

wertilSi moTavsebuli damkvirveblisTvis intensivoba 

agreTve ukuproporciuli iqneba manZilisa damkvirvebel-

sa da zedapiris elements Soris, anu manZilis zrdasTan 
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erTad moxdeba zedapirze dacemuli sinaTlis intensivo-

bis Semcireba. 

zemoTqmulidan gamomdinare, zedapirebis ganaTebis 

modelis ganxilvisas mxedvelobaSi unda miviRoT rog-

orc difuziuri, aseve sarkuli komponentebi. magaliTad, 

Tu Cven gavanaTebT Cveulebrivi jibis farniT wiTel 

vaSls, miviRebT wiTel obieqts TeTri aTinaTiT. wiTeli 

feris sinaTle airekleba difuziurad, xolo aTinaTi 

warmoiSoba sarkuli arekvlis Sedegad. Tu Cven wiTeli 

vaSlis Semcvel scenaze mxedvelobaSi miviRebdiT mxo-

lod sarkul arekvlas, maSin vaSlis zedapiris umetesi 

nawili ar gamoCndeboda saerTod. magram rTuli scenebis 

SemTxvevaSi, roca scenaze gvaqvs ramdenime sxvadasxva ze-

dapiri da amasTan scena naTdeba sinaTlis ramdenime wya-

ros saSualebiT, aseT SemTxvevaSi yoveli zedapiridan 

arekvlili sinaTle rTul suraTs hqmnis da praqtikul-

ad SeuZlebeli xdeba zedapirebidan areklili sinaTlis 

energiis mxedvelobaSi miReba. aseTi procesis modelire-

bisTvis ganaTebis models saWiroa daematos gabneuli si-

naTlis komponenti, rac xSirad gamoiyeneba manqanur gra-

fikaSi zedapirebis Sesaferadeblad.  

 

gansazRvreba 9.6. gabneuli sinaTle warmoadgens 

sinaTles, romelsac scenis nebismier areSi aqvs inten-

sivobis mudmivi mniSvneloba. gabneuli sinaTle mxedve-

lobaSi miiReba sinaTlis ramdenime wyaros arsebobisa 

da sxvadasxva zedapirebidan mravaljeradi kvlav arekv-

lisas. 
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rogorc viciT, realurad sinaTlis wyaroebi asxi-

vebs eleqtromagnituri gamosxivebis raRac garkveul 

speqtrSi (garda lazerebisa, romlebic gamosxivebis mo-

noqromatul wyaros warmoadgens). Sesabamisad zedapiri-

dan arekvlili an STanTqmuli sinaTlec raRac garkveu-

li speqtrisaa. aqedan gamomdinare, SesaZlebelia Sesaba-

misi gadamwodebis SemuSaveba. magaliTad, arsebobs mrava-

lspeqtraluri skanerebi, romelTac SeuZlia erTeulova-

ni zedapiruli elementidan intensivobis 200 mniSvnelob-

is generireba. Tumca adamians sinaTlis xiluli speqtr-

is aRsaqmelad sul sami mniSvneloba (magaliTad, RGB an 

HSI) sWirdeba. 

 

9.6. feris aRqma adamianis mier 

 

adamianis mier ferebis aRqmis meqanizmebis Seswavla Zal-

ze mniSvnelovania. jer erTi, isini SeiZleba gamoyenebul 

iqnes rogorc modeli Sesabamisi teqnikuri sistemebis 

Sesaqmnelad. meorec, manqanuri grafikisa da grafikuli 

displeebis gamoyenebis ZiriTadi mizani swored adamiansa 

da kompiuters Soris interfeisis organizaciaa. sinamdvi-

leSi adamianebis mier ferebis aRqma subieqturia. TiToe-

uli feri adamianSi sxvadasxva SegrZnebebs aRZravs, maga-

liTad, Senobebis SigniT oTaxebis kedlebs pastelur 

ferebSi Rebaven; bevr adamianze cisferi feri damawyna-

reblad moqmedebs da a.S. amitom ferTa kombinaciebis 

SerCeva Zalze mniSvnelovania interfeisebis proeqtirebi-

sas. 

adamianis Tvalis baduraze im receptorebis raode-

noba, romlebic wiTeli da mwvane feris mimarT mgrZnobi-
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area, bevrad sWarbobs im receptorebis ricxvs, romlebic 

lurji feris mimarT aris mgrZnobiare. es gansakuTrebiT 

igrZnoba baduris foveaze (baduris centraluri ubani), 

sadac lurji feris mgrZnobiare receptorebis ricxvi 

Zalian mcirea. amis gamo ferebTan dakavSirebuli infor-

maciis damuSaveba ZiriTadad mimdinareobs badurasTan 

dakavSirebul neironul qselSi. 

 

9.7. mravalspeqtraluri gamosaxulebebi 

 

gadamwodi, romlis saSualebiTac yovel piqselSi samive 

feris (RGB) mniSvnelobebis gazomva xdeba, miekuTvneba 

mravalspeqtraluri gadamwodebis kategorias. magram 

intensivoba SeiZleba gaizomos xiluli speqtris gare-

Tac. magaliTad, speqtris infrawiTel diapazonSi. aseT 

diapazonSi Tanamgzavridan gadaRebul suraTebze gaxure-

buli asfaltis gzebi kaSkaSa obieqtebad Cans, xolo 

civi wylis masivebi ki muqad gamoiyureba. xSirad erT 

piqselze Catarebul ramdenime gazomvas SeuZlia gaamar-

tivos zedapirebis klasifikaciis amocanis amoxsna. rac 

Seexeba mravalspeqtralur maskanirebel sistemas, misi 

aparaturuli nawili SeiZleba Zalian ZviradRirebuli 

aRmoCndes. misi damzadeba moiTxovs maRal sizustes, 

radganac man unda SeZlos TiToeuli zedapiruli ele-

mentidan arekvlili ramdenime speqtraluri diapazonis 

gamosxivebis erTad Sekreba.  
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X Tavi. teqstura 

 

10.1. teqsturis arsi 

 

bunebrivi scenebis umetesoba xasiaTdeba imiT, rom maTi 

sivrcis udidesi nawilisTvis ar aris damaxasiaTebeli 

raime mniSvnelovani (arsebiTi) detalebis arseboba. aseT 

areebze scena SeiZleba davaxasiaToT rogorc raRac gan-

meorebadi struqturis arseboba, romelic msgavsia qso-

vilis struqturis, an aguriT aSenebuli kedlis sura-

Tis. aseTi struqturis mqone areebs teqsturebs uwode-

ben. teqsturis elementebi da maTi sivrciTi organiza-

ciis wesi SeiZleba nebismierad  icvlebodes, magram ucv-

leli unda iyos sikaSkaSis mniSvnelobebis cvlilebis 

ganmeorebadobis maxasiaTeblebi. ufro konkretulad teq-

stura moicavs gamosaxulebis Semdeg Tvisebebs: 

 

 teqsturaSi SeiZleba moiZebnos fragmenti, romlis  

„„suraTi‟‟ regularulad meordeba im aris farg-

lebSi, romlis zomebi gacilebiT didia fragment-

is zomebTan SedarebiT;  

 es „„suraTi‟‟ warmoiqmneba fragmentis garkveuli 

araSemTxveviTi wesiT ganlagebuli elementaruli 

Semadgeneli nawilebisgan; 

 fragmentis elementaruli nawilebi warmoadgens 

erTgvarovan erTeulebs, romlebsac mTel teqstu-

rul areSi daaxloebiT erTnairi forma aqvs.   
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gamosaxulebaze teqsturis arsebobis dros xSirad 

saWiro xdeba xolme aseTi aris anu teqsturis rogorc 

sazRvrebis dadgena, aseve misi umciresi struqturuli 

erTeulis, marcvlis (teqselis) zomebis gansazRvra. ze-

moTqmulidan gamomdinare, teqstura SeiZleba ganxilul 

iqnes rogorc niSan-Tviseba da aqedan gamomdinare auci-

lebeli xdeba misi raodenobrivi aRwera.  

teqstura sxva niSan-TvisebebTan erTad warmoadgens 

kidev erT maxasiaTebel niSan-Tvisebas, romelic gamoiye-

neba gamosaxulebis arsobriv areebad segmentaciisTvis 

maTi Semdgomi klasifikaciis mizniT.  

teqstura gamosaxulebaze aRwers ferebis an inten-

sivobebis mniSvnelobebis sivrciT ganawilebas. vTqvaT 

romelime aris histogramaze 50% uWiravs TeTr piqsel-

ebs, xolo 50% _ Savs. aseTi Savi da TeTri ferebis erT-

nairi ganawilebis mqone, magram erTmaneTisgan gansxvave-

buli sami teqstura mocemulia 10.1 suraTze. 

 

 
sur. 10.1 

 

warmodgenili gamosaxulebebi SeiZleba ganvixiloT 

rogorc erTmaneTisgan gansxvavebuli sami teqsturis ma-

galiTi.   

teqstura SeiZleba daiyos bunebriv da xelovnur 

teqsturebad. 10.1 suraTze warmodgenili xelovnuri teqs-
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tura Sedgeba Savi da TeTri feris areebisgan. magali-

Tad, Wadrakis tipis teqsturaze areebi warmoadgens fe-

rebis monacvleobiT ganlagebul patara kvadratebs or-

ganzomilebian badeze. teqsturis magaliTs warmoadgens 

neitralur fonze ganlagebuli grafikuli niSnebisgan 

Semdgari struqtura. aseTi niSnebis magaliTebia wrfivi 

monakveTebi, wertilebi, varsklavebi an asoebi da cif-

rebi. bunebriv teqsturebs warmoadgens bunebrivi scene-

bis gamosaxulebebis obieqtebi, romlebic qmnis perio-

dul struqturebs, romlis magaliTebia: qviSa, qvebi, ba-

laxi, miwaze Camovardnili foTlebi, saxlebis saxura-

vebi da a.S. (sur. 10.2) 

 

 
       foTlebi         foTlebi           balaxi 

 

 
  agurebi          agurebi             qva 

sur. 10.2 
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teqsturuli analizis erT-erT amocanas warmoad-

gens teqsturis cnebis zusti gansazRvra. cnobilia ori 

ZiriTadi midgoma: 

 

 struqturuli: teqstura warmoadgens garkveuli 

regularobiT (araSemTxveviTad) an rigiTobiT gan-

lagebuli primitiuli teqselebis simravles. 

 statistikuri: teqstura aris gamosaxulebis an mis 

romelime areSi intensivobis mniSvnelobebis gana-

wilebis raodenobrivi maxasiaTebeli. 

 

pirveli midgoma Tavisi bunebrivi mimzidvelobiT 

marTlac gamoiyeneba regularul xelovnur gamosaxule-

bebze. magram praqtikaSi xSirad iyeneben ufro zogad 

meore midgomas, romelic gamoTvlebis CatarebisTvis uf-

ro martivia. 

 

10.2. teqsturis aRwera teqselebis saSualebiT 

 

imis gamo, rom teqstura warmoadgens sivrceSi raime we-

siT ganlagebuli elementaruli e.w. teqselebis (texel) 

simravles, amitom misi struqturuli aRwera SesaZlebe-

lia Seicavdes rogorc TviT teqselebis, aseve maTi sivr-

ciTi mimarTebebis aRweras. cxadia, teqselebi unda eqvem-

debarebodes segmentacias da aseve maTi sivrciTi urTi-

erTkavSiris gansazRvrisaTvis unda arsebobdes Sesabami-

si gamoTvliTi meTodi.  

teqsturis struqturuli geometriuli aRweris erT-

erTi meTodi SemdegSi mdgomareobs: gamosaxulebaze teq-

selebad airCeva is areebi, romelTa aRmoCena SesaZlebe-
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lia damuSavebis ubralo, magaliTad, zRurbluri binari-

zaciis msgavsi operaciebis gamoyenebiT. teqselebis sivr-

ciTi urTierTkavSiris maxasiaTeblebi ganisazRvreba maT-

Tvis agebuli voronois diagramidan. 

vTqvaT, gamosaxulebaze aRmoCnda teqselebis raRac 

simravle da amasTan TiToeuli maTgani SeiZleba warmod-

genil iqnes erTi maxasiaTebeli wertiliT, magaliTad, 

teqselis simZimis centriT. am wertilebis simravle 

aRvniSnoT 𝑆. am simravlis nebismieri 𝑃 da 𝑄 wyvilis Se-

maerTebel monakveTze SeiZleba gavlebul iqnes perpen-

dikulari, romelic 𝑃𝑄  monakveTs Suaze gayofs. es per-

pendikulari sibrtyes yofs or naxevarsibrtyed. amasTan, 

erTi naxevarsibrtyis wertilebi ufro axlosaa 𝑃 wer-

tilTan, xolo meoris wertilebi ki 𝑄-Tan. aRvniSnoT 

𝐻𝑄 𝑃  im wertilebis naxevarsibrtye, romlebic ufro ax-

losaa 𝑃 wertilTan 𝑃𝑄  monakveTis perpendikularis 

mimarT. aseTive procedura SeiZleba gameordes 𝑆 simrav-

lis yoveli 𝑄 wertilisTvis. 𝑃 wertilisTvis voronois 

mravalkuTxedi ewodeba mravalkuTxeds, romelic Seicavs 

yvela im wertils, romlebic 𝑃 wertilTan ufro axlos 

imyofeba, vidre 𝑆 simravlis nebismier sxva wertilTan. 

voronois mravalkuTxedi ganisazRvreba gamosaxulebiT 

 

𝑉 𝑃 =  𝐻𝑄(𝑃)𝑄∈𝑆,𝑄≠𝑃 . 

 

voronois mravalkuTxedebi, agebuli wriuli tipis teqse-

lebis simravlisTvis, warmodgenilia  10.3 suraTze. ro-

gorc vxedavT, Sida teqselebisTvis voronois mraval-

kuTxedebi warmoadgens eqvskuTxedebs, xolo sasazRvro 

teqselebisTvis ki gansxvavebuli forma  aqvs. 
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sur. 10.3 

 

mas Semdeg, rac gamosaxulebaze moxda teqselebis 

aRmoCena da maTTvis aigo voronois mravalkuTxedebi, uk-

ve SeiZleba mravalkuTxedebis formis niSan-Tvisebebis 

gamoTvla. amis Semdeg es Tvisebebi SeiZleba gamoyenebul 

iqnes mravalkuTxedebis klasterebad dajgufebisaTvis. 

es klasterebi gamosaxulebaze mogvcems teqselebis erT-

gvarovan areebs. magaliTad, 10.3 suraTis msgavsi Sablo-

ni, Tu mas ganvavrcobT didi ganzomilebis gamosaxule-

baze, SeiZleba Seesabamebodes erTgvarovani teqsturis 

mqone ares, romlis aRwerisaTvis gamosadegi iqneba wesie-

ri eqvskuTxedis formis niSan-Tvisebebi. 

 

10.3. teqsturis raodenobrivi maxasiaTeblebi 

 

teqsturis xarisxobrivi aRwerisTvis iyeneben TviT teqse-

lis zomas. sxvadasxva teqsturebSi maT sxvadasxva zo-

mebi gaaCnia, rac lokaluri struqturis sivrciTi gan-

meorebadobis periodTanaa dakavSirebuli. didi periodi 

Seesabameba msxvil struqturas, xolo mcire _ wvrils. 

marTalia teqselis zoma ar aris sakmarisi imisTvis, rom 

movaxerxoT teqsturis raodenobrivi gazomva, magram is 

gvaZlevs SesaZleblobas movaxdinoT garkveuli daskvnis 

gakeTeba. kerZod, niSan-Tvisebebis mcire ricxviTi mniSv-



293 

 

nelobebi unda Seesabamebodes wvril teqsturebs, xolo 

didi mniSvnelobebi _ msxvils.  

teqselebis aRmoCena bunebriv gamosaxulebebze gaci-

lebiT ufro rTulia, vidre xelovnurad Sedgenil gamo-

saxulebebze. amitom naxevartonur (an ferad) gamosaxu-

lebaze piqseluri monacemebis saSualebiT teqselebis 

aRmoCenis sanacvlod arCeven gamoiTvalon teqsturis ri-

cxviTi maxasiaTeblebi (magaliTad, teqsturuli statis-

tikebi, sivrciTi avtokorelaciuri funqcia, mocemuli 

wertilis midamoSi sikaSkaSis vardnebis ricxvi da sxv.). 

aseTi midgomis upiratesoba imaSi mdgomareobs, rom 

ricxviTi maxasiaTeblebi SesaZlebelia gamoyenebuli iq-

nes rogorc teqsturebis segmentaciisTvis, aseve klasi-

fikaciisTvis. 

 

10.3.1. kideebis simkvrive da mimarTuleba  

 

kideebis gamoyofa warmoadgens gamoyenebis Tvalsazri-

siT kargad cnobil da martiv gzas gamosaxulebaze maxa-

siaTebeli niSan-Tvisebebis aRmoCenisTvis. amitom buneb-

rivi iqneba, rom teqsturuli analizisTvis gamoviyenoT 

kideebis aRmoCenis deteqtori. gamosaxulebaze fiqsirebu-

li zomis mocemul areSi kideebis raodenoba warmoadg-

ens am aris Sevsebulobis garkveul maxasiaTebels. kidee-

bis gamoyofisas aseve xdeba maTi mimarTulebebis ga-

moTvlac, romlebis gamoiyeneba teqsturis aRwerisaTvis.  

ganvixiloT 𝑁 piqselisgan Sedgenili are. movaxdi-

noT am aris damuSaveba kidis gradientuli operatoriT. 

aseTi damuSavebis Sedegad aris yoveli 𝑝 piqselisTvis 

gveqneba Semdegi ori sidide: 1) gradientis moduli  
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Mag(p), da 2) gradientis mimarTuleba Dir(p). teqsturis 

erT-erT umartives maxasiaTebel niSan-Tvisebas warmoad-

gens kideebis simkvrive (kideebis ricxvi farTobis erT-

eulze)  

 

𝐹 =
 {𝑝|𝑀𝑎𝑔(𝑝) ≥ 𝑇} 

𝑁
 

 

sadac, 𝑇 zRurblis sididea. kideebis simkvrive axasiaT-

ebs teqsturis Sevsebulobis xarisxs, magram ara mis ori-

entacias. 

teqsturis raodenobrivi daxasiaTebisTvis zemowar-

modgenili maxasiaTebeli SeiZleba gavafarTooT teqstu-

ris orientaciis maxasiaTebliT. amisTvis gamoviyenoT 

gradientis modulisa da mimarTulebis histogramebi. 

aRvniSnoT 𝐻𝑚𝑎𝑔  𝑅 -iT 𝑅 aris piqselebSi gradientis mo-

dulis mniSvnelobebiT agebuli normirebuli histograma, 

xolo 𝐻𝑑𝑖𝑟 -iT gradientis mimarTulebis normirebuli his-

tograma. Cveulebriv, orive histograma Seicavs fiqsire-

buli Tanrigebis mcire raodenobas (daaxloebiT 10), rom-

lebic Seesabameba gradientis modulisa da mimarTuleb-

is mniSvnelobaTa diapazonebs. aRniSnuli histogramebis 

normireba xdeba maTi gayofiT 𝑅 areSi piqselebis 𝑁𝑅 

raodenobaze. Sedegad, 𝑅 aris teqsturis raodenobrivi 

aRwera warmoidgineba histogramebis wyvilis saSualebiT: 

 

𝐹𝑚𝑎𝑔  𝑑𝑖𝑟 = (𝐻𝑚𝑎𝑔  𝑅 , 𝐻𝑑𝑖𝑟  𝑅 ).® 

 

ganvixiloT 10.4 suraTze warmodgenili ori gamosa-

xuleba zomiT (5 × 5)-ze. rogorc vxedavT, marcxena gamo-
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saxuleba ufro metad aris Sevsebuli, vidre marjvena. 

kerZod, marcxena gamosaxulebaze kideebi arsebobs 25-ve 

piqselSi. Sesabamisad kideebis simkvrive udris 1.0. maSin 

rodesac, marjvena gamosaxulebaSi 25 piqselze modis 6 

kide, da aqedan gamomdinare kideebis simkvrive udris 0.24. 

axla avagoT gradientis modulisTvis orTanrigiani his-

togramebi, TiTo Tanrigi muqi da Ria kideebisTvis. rac 

Seexeba gradientis mimarTulebis histogramebs, avirCioT 

sami Tanrigi Sesabamisad horizontaluri, vertikaluri 

da diagonaluri kideebisTvis. marcxena gamosaxuleba 

Seicavs 6 muq da 19 Ria kides. 

 

 
sur. 10.4 

 

am gamosaxulebisTvis gradientis modulis normirebul 

histogramas aqvs aseTi saxe _  0.24; 0.76 . es niSnavs, rom 

kideebis 24% aris muqi da 76% ki Ria. marcxena gamosaxu-

leba Seicavs 12 horizontalur da 13 vertikalur kides, 

xolo diagonalur kideebs, ar Seicavs. gradientis mimar-

Tulebis normirebul histogramas eqneba Semdegi saxe: 

 0.48; 0.52; 0.00 , rac niSnavs, rom gamosaxulebaze aris 

48% horizontaluri kide, 52% vertikaluri da 0% diago-

naluri.     
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marjvena gamosaxuleba Seicavs 6 Ria kides, xolo 

muq kides _ ara. gradientis modulis normirebuli his-

tograma tolia  0.00; 0.24 . am gamosaxulebaze aris mxo-

lod diagonaluri kideebi, ris gamoc gradientis mimar-

Tulebis histogramas aqvs saxe  0.00; 0.00; 0.24 . warmodge-

nili ori gamosaxulebis erTmaneTisgan gansasxvaveblad 

sakmarisi iqneboda kideebis simkvrivis niSan-Tvisebis ga-

moyeneba, magram histogramuli niSan-Tvisebebi warmoad-

gens teqsturis aRwerisaTvis gacilebiT ufro mZlavr 

meTods. 

histogramebis erTmaneTTan Sesadareblad gamoiye-

neba maT Soris manZilis cneba. or 𝑛 Tanrigian 𝐻1 da 𝐻2 

histogramas Soris manZili 𝐿1 gamoiTvleba formuliT: 

 

𝐿1 𝐻1 , 𝐻2 =  |𝐻1 𝑖 − 𝐻2 𝑖 |𝑛
𝑖=1 . 

 

10.3.2. momijnaobis matricebi  

 

momijnaobis matrica (co-occurrence matrix) warmoadgens or-

ganzomilebian 𝐶 masivs (matricas), romelSic striqone-

bisa da svetebis indeqsebi qmnis gamosaxulebaze piqsele-

bisTvis dasaSveb sikaSkaSis mniSvnelobaTa (doneTa) 𝑉 

simravles. magaliTad, naxevartonuri gamosaxulebisTvis 

𝑉 SeiZleba iyos intensivobis dasaSveb mniSvnelobaTa 

simravle, xolo feradi gamosaxulebisTvis ki SesaZlo 

ferTa simravle. Sesabamisad, momijnaobis matricis gan-

zomileba ganisazRvreba gamosaxulebaze sikaSkaSis done-

ebis raodenobiT. 𝐶 matricis 𝐶 𝑖, 𝑗  elementis ricxviTi 

mniSvneloba miuTiTebs, Tu ramdenjer Sexvda gamosaxu-

lebaze sikaSkaSis 𝑖 mniSvneloba romelime mocemul si-
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vrciT mimarTebaSi (horizontaluri, vertikaluri an 

diagonaluri mimarTulebiT) sikaSkaSis 𝑗 mniSvnelobas. 

sivrciTi mimarTebis magaliTs SeiZleba warmoadgendes 

aseTi mimarTeba: “𝑖-s mniSvneloba 𝑗-s mniSvnelobisTvis 

warmoadgens marjvena mezobels”. 

zemoTqmulis asaxsnelad ganvixiloT magaliTi, ro-

melSic 𝑉 warmoadgens gamosaxulebaze sikaSkaSis mniSv-

nelobaTa simravles, xolo sivrciTi mimarTeba ki aRiwe-

reba 𝐝 veqtoris saSualebiT. am veqtoriT moicema wa-

nacvleba 𝑖-uri da 𝑗-uri sikaSkaSis mniSvnelobis mqone 

piqselebs Soris.  

aRvniSnoT 𝐝-Ti wanacvlebis veqtori  𝑑𝑟, 𝑑𝑐 ,  sadac 

𝑑𝑟 Seesabameba gamosaxulebaze gadaadgilebas striqoneb-

is mimarTulebiT (zemodan qvemoT), xolo 𝑑𝑐 ki gadaadgi-

lebas gamosaxulebis svetebis mimarTulebiT (marcxnidan 

marjvniv). gamosaxulebaze sikaSkaSis mniSvnelobaTa sim-

ravle aRvniSnoT 𝑉-Ti. maSin raRac 𝐼 gamosaxulebisTvis 

naxevartonuri momijnaobis matrica 𝐶𝑑 ganisazRvreba 

Semdegi gamosaxulebiT: 

 

𝐶𝑑  𝑖, 𝑗 =    𝑟, 𝑐 |𝐼 𝑟, 𝑐 = 𝑖, 𝐼 𝑟 + 𝑑𝑟, 𝑐 + 𝑑𝑐 = 𝑗  , 

 

sadac 𝑟 = 1, 𝑁     , 𝑐 = 1, 𝑀      . 10.5,a suraTze mocemulia (4 × 4) 

ganzomilebis 𝐼 naxevartonuri gamosaxuleba naxevartone-

bis sami doniT, anu 𝑉 =  0,1,2 . Sesabamisad, warmodgenili 

gamosaxulebisTvis momijnaobis matrica (3 × 3) ganzomi-

lebis iqneba. 10.5,b,g,d suraTze mocemulia naxevartonuri 

momijnaobis matricebi 𝐶 0,1 , 𝐶 1,0  da 𝐶 1,1  sxvadasxva 

wanacvlebis veqtorebisTvis, kerZod, (b) 𝒅 = (0,1), (g) 
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𝒅 = (1,0), da (d) 𝒅 = (1,1). 𝐶 0,1  matricaSi elementi  1,0  

udris 2-s. es niSnavs, rom gamosaxulebaze 𝑗 = 0 mniSvne-

loba orjer gvxvdeba rogorc 𝑖 = 1-is marjvena mezobe-

li. elementi  0,1  udris 0. es niSnavs, rom mniSvneloba 

𝑗 = 1 erTxelac ar gvxvdeba rogorc 𝑖 = 0  piqselis mezo-

beli. momijnaobis yvelaze meti mniSvneloba, romelic 

udris 4, inaxeba  0,0  elementSi. amgvarad, mocemul gamo-

saxulebaze nulovani piqseli warmoadgens meore nulo-

vani piqselis marjvena mezobels gamosaxulebis oTx 

sxvadasxva adgilas. 

 

 
       a                   b             g            d 

sur. 10.5 

 

arsebobs standartuli naxevartonuri momijnaobis 

matricis ori ZiriTadi nairsaxeoba. pirvels ewodeba 

normirebuli naxevartonuri momijnaobis matrica, ro-

melic aRiniSneba 𝑁𝑑 -Ti da ganisazRvreba gamosaxulebiT  

 

𝑁𝑑  𝑖, 𝑗 =
𝐶𝑑 [𝑖, 𝑗]

  𝐶𝑑 [𝑖, 𝑗]𝑗𝑖
  . 
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am gamosaxulebiT gamoTvlili momijnaobis mniSvnelobe-

bi miekuTvneba  0,1    diapazons. isini SeiZleba ganxilul 

iqnes rogorc albaTobis mniSvnelobebi ufro didi gan-

zomilebis matricaSi. 

meore nairsaxeobas ewodeba simetriuli naxevarto-

nuri momijnaobis matrica da aRiniSneba 𝑆𝑑 . am matricaSi 

xdeba erTmaneTTan simetriul mimarTebaSi myofi momij-

nave wyvilebis dajgufeba:  

 

𝑆𝑑  𝑖, 𝑗 = 𝐶𝑑  𝑖, 𝑗 + 𝐶−𝑑[𝑖, 𝑗]. 

 

momijnaobis matricebis saSualebiT xdeba teqstu-

ris Tvisebebis warmoCena, magram maTi gamoyeneba uSua-

lod gamosaxulebis analizisaTvis mouxerxebelia, maga-

liTad, ori teqsturis Sedarebis amocanaSi. amis nacv-

lad momijnaobis matricebi gamoiyeneba im niSan-Tvisebe-

bis ricxviTi mniSvnelobebis gamoTvlisTvis, romlebic 

gamodgeba teqsturis ufro kompaqturi warmodgenisTvis.  

normirebuli momijnaobis matricis safuZvelze Se-

saZlebelia gamoviTvaloT teqsturis Semdegi niSan-Tvi-

sebebi: 

 

energia =   𝑁𝑑
2 𝑖, 𝑗 𝑗𝑖 ; 

 

entropia = −  𝑁𝑑  𝑖, 𝑗 𝑙𝑜𝑔2𝑁𝑑  𝑖, 𝑗 𝑗𝑖 ; 

 

kontrasti =    𝑖 − 𝑗 2𝑁𝑑  𝑖, 𝑗 𝑗𝑖 ; 

 

erTgvarovneba =   
𝑁𝑑  𝑖,𝑗  

1+ 𝑖−𝑗  𝑗𝑖 ; 
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korelacia =
   𝑖−𝜇 𝑖  𝑗−𝜇 𝑗  𝑁𝑑  𝑖,𝑗  𝒋𝒊

𝜍𝑖𝜍𝑗
, 

 

sadac, 𝜇𝑖 , 𝜇𝑗  _ saSualo mniSvnelobebi, xolo 𝜍𝑖 , 𝜍𝑗 _ sa-

Sualo kvadratuli gadaxrebia gamosaxulebis striqone-

bisa da svetebis mimarTulebiT gamoTvlili 𝑁𝑑  𝑖  da 

𝑁𝑑  𝑗  jamebisTvis, romlebic Tavis mxriv gamoiTvleba 

Semdegi formulebis saSualebiT: 

 

𝑁𝑑  𝑖 =  𝑁𝑑  𝑖, 𝑗 𝑗 ; 

𝑁𝑑  𝑗 =  𝑁𝑑  𝑖, 𝑗 𝑖 . 

 

teqsturuli niSan-Tvisebebis gamoTvlisas mniSvne-

lovan problemas warmoadgens wanacvlebis 𝒅    veqtoris 

SerCeva. 𝒅    veqtoris iseTi mniSvnelobebis SesarCevad, ro-

mlebic teqsturuli saxis yvelaze gamoxatul struqtu-

ras Seesabameba, gamoiyeneba hipotezebis Semowmebis 𝜒2  

statistikuri kriteriumi. 𝒅    veqtoris es mniSvnelobebi 

Seesabameba 

 

𝜒2 𝑑 =    
𝑁𝑑

2[𝑖, 𝑗]

𝑁𝑑  𝑖 𝑁𝑑 [𝑗]
− 1

𝑗𝑖

  

 

sididis maqsimums. 
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XI Tavi. gamosaxulebebis moZieba maTi 

Sinaarsis mixedviT 
 

11.1. gamosaxulebebis monacemTa bazebi 

 

kompiuterebis mexsierebisa da warmadobis zrdam SesaZ-

lebeli gaxada gamosaxulebebis monacemTa bazebis rea-

luri gamoyeneba. aseTi bazebi arsebobs xelovnebis na-

warmoebTa suraTebis, Tanamgzavrebidan miRebuli suraTe-

bis, samedicino suraTebis da aseve sakoleqcio suraTeb-

is saxiT. mxatvruli koleqciebis momxmareblebs SeiZle-

ba gauCndeT romelime mxatvris suraTebis naxvis survi-

li, an imis garkveva, Tu romel mxatvars ekuTvnis moce-

muli suraTi. samedicino suraTebis bazebiT SeuZliaT 

isargeblon studentebma, romlebic swavloben anatomias, 

an eqimebma, romelTac sWirdebaT mocemuli daavadebis 

mqone avadmyofebis suraTebi. aseTi monacemTa bazebisad-

mi mimarTvebi SeiZleba iyos gansxvavebuli da mravalfe-

rovani. umravles SemTxvevaSi aseTi bazebi SeiZleba in-

ducirebuli iyos mxolod gasaRebi sityvebis mixedviT. 

es sityvebi kompiuterSi Sehyavs operators, romelic  

axdens gamosaxulebebis klasifikacias kategoriebis mixe-

dviT. magram amave dros monacemTa bazebSi gamosaxulebe-

bi SeiZleba moZiebul iqnas maTi vizualuri Sinaarsis, 

kerZod, ferTa ganawilebis, areebis (obieqtebis) teqstur-

isa da formebis, areebis sivrciTi ganlagebis mixedviT 

gamosaxulebis warmodgenisa da indeqsaciisTvis.  

Sinaarsze damyarebuli gamosaxulebebis moZieba 

warmoadgens meTods, romelic didi moculobis monacem-

Ta bazaSi momxmareblis moTxovnidan gamomdinare gamosa-
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xulebis moZiebisTvis iyenebs vizualur Sinaarss. Sinaar-

sze damyarebul tipiuri gamosaxulebebis moZiebis siste-

mebSi monacemTa bazaSi arsebuli gamosaxulebebis vizua-

luri Sinaarsi gamoiyofa da aRiwereba mravalganzomile-

biani niSan-TvisebaTa veqtorebis saSualebiT. aseTi sis-

temis blok-sqema naCvenebia 11.1 suraTze.  

 

 
sur. 11.1  

 

Tavis mxriv monacemTa bazaSi gamosaxulebebis niSan-

TvisebaTa veqtorebis saSualebiT xdeba niSan-TvisebaTa 

monacemTa bazis formireba. gamosaxulebebis moZiebisT-

vis momxmarebeli uzrunvelyofs sistemas gamosaxulebe-

bi-magaliTebiT (nimuSebiT), an mosaZebni obieqtebis eski-

zebiT. amis Semdeg  sistema aRniSnuli nimuSebidan ax-

dens Sesabamisi niSan-TvisebaTa veqtorebis formirebas. 

Semdeg xdeba msgavsebis, anu manZilis gamoTvla  moTxov-

naSi miTiTebul gamosaxulebebi-magaliTebis niSan-Tvise-

baTa veqtorebsa da monacemTa bazebSi arsebul gamosaxu-
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lebebs Soris da Zieba xorcieldeba indeqsaciis daxma-

rebiT. es ukanaskneli uzrunvelyofs monacemTa bazaSi 

ZiebisTvis efeqturi gzis moZebnas. amisaTvis arsebul sa-

Ziebo sistemebSi Ziebis procesis varirebisTvis gaTva-

liswinebulia ukukavSiri, rac arsobrivi Sedegebis miRe-

bis SesaZleblobas iZleva.  

gamosaxulebebis Ziebis aseTi algoriTmebi Tavisi 

ganviTarebis sawyis etapzea. ukve SemuSavebulia da ga-

moiyeneba ramdenime komerciuli da kvleviTi sistema, sa-

dac gamosaxulebebis moZieba xdeba maTi Sinaarsidan ga-

momdinare. amave dros, mimarTvas aseT sistemis mimarT 

SeiZleba hqondes Tavisi SezRudvebic.  

gamosaxulebebis monacemTa bazasTan samuSaod saWi-

roa Ziebis raime xerxis qona, romelic ufro mosaxerxe-

beli da efeqturi iqneba, vidre bazaSi yvela gamosaxu-

lebis gadarCeva.  

is kompaniebi, romlebic qmnis gamosaxulebebis mona-

cemTa bazebs da uzrunvelyofs maTTan klientebis wvdo-

mas, axorcielebs damuSavebis or etaps: pirvel etapze 

xdeba koleqciisaTvis gamosaxulebebis SerCeva, xolo 

meoreze ki _ maTi klasifikacia maTTvis saerTo katego-

riebisa da gasaRebi sityvebis miniWebiT. gamosaxulebebis  

moZiebisaTvis SeiZleba gamoyenebul iqnes iseTi atribu-

tebi, rogoricaa zogadi kategoria, magaliTad, gamosaxu-

lebaze arsebuli obieqtebis da adamianTa saxelebi, Seqm-

nis TariRi da wyaros dasaxeleba. raime mimarTvis Sesa-

bamisad Ziebis procesis daCqarebisTvis xdeba gamosaxu-

lebebis indeqsacia am atributebis mixedviT. rac Seexeba 

Ziebas gasaRebi sityvebis mixedviT, mas gaaCnia rigi Sez-

Rudvebisa. TviT gasaRebi sityvebis SerCeva rTul amoca-
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nas warmoadgens da amasTan aracalsaxaa. sxvadasxva ada-

mianebs gamosaxulebis aRwerisaTvis SeuZliaT gamoiyenon 

sxvadasxva gasaRebi sityvebi, Tumca maTi saSualebiT ga-

mosaxulebebis Zieba sakmaod araefeqturia. 

zogierTi gamosaxulebebis monacemTa bazebi SemuSa-

vebuli iqna Ziebis konkretuli sistemis Sromisunariano-

bis sademonstraciod. amis magaliTs warmoadgens IBM 

kompaniis mier SemuSavebuli sistema _ moTxovna gamosa-

xulebebis Sinaarsis mixedviT (QBIC, Query by Image Content). 

am sistemaSi gamosaxulebebis Zieba xorcieldeba maTi vi-

zualuri Sinaarsidan gamomdinare, kerZod, mxedvelobaSi 

miiReba ferebs Soris procentuli Tanafardoba, ferebis 

sivrciTi ganawileba da teqstura. meore sistema – saZie-

bo manqana Virage (Virage Search Engine) SemuSavebuli iqna 

kompania Virage, Inc.-is mier. am sistemaSi gamosaxulebebis 

Zieba xorcieldeba feris, kompoziciis, teqsturisa da 

struqturis mixedviT.  

 

11.2. moTxovnebis ageba nimuSis mixedviT 

 

monacemTa bazebis terminologiiT moTxovna nimuSis mi-

xedviT (query-by-example, QBE) ewodeba raRac cxrilis sax-

iT warmodgenil moTxovnas, romelic  Sevsebulia mniSv-

nelobebiTa da SezRudvebiT. es cxrili Semdeg SeiZleba 

konvertirebuli iyos SQL enis formatSi. nimuSis mixed-

viT moTxovnebis agebis pirveli sistema SemuSavebuli 

iqna kompania IBM-is mier. dReisdReobiT msgavsi tipis 

sistemis magaliTs warmoadgens Microsoft Access. 

gansxvavebiT standartuli tipis relaciuri baze-

bisgan, romlebSic atributebs ricxvebi an teqsturi mo-
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nacemebi warmoadgens, nimuSis mixedviT moTxovnebis for-

mirebis meqanizmi daiyvaneba momxmareblisTvis moxerxebu-

li interfeisis micemaSi formis moTxovnis parametrebiT 

Sesavsebad da ar Seicavs sxva raime damatebiT saSuale-

bebs. 

gamosaxulebebis monacemTa bazebSi moTxovnebis ni-

muSis mixedviT gamoyeneba ufro farTo SesaZleblobebs 

iZleva. mimarTvis atributebis mniSvnelobebis dabeWdvis 

nacvlad, gamosaxulebebis monacemTa bazis momxmarebelma 

sistemas SeuZlia warudginos gamosaxulebis nimuSi, an 

daxatos igi ekranze interaqtiul reJimSi, an sqematurad 

gamosaxos saZiebeli obieqtis konturi (eskizi). amis Sem-

deg Ziebis sistemam monacemTa bazaSi unda moiZios war-

modgenili gamosaxulebis msgavsi gamosaxulebebi, an ga-

mosaxulebebi, romlebzedac es obieqtebia ganlagebuli. 

amaSi mdgomareobs Sinaarsis mixedviT gamosaxulebebis 

moZiebis yvela  sistemis arsi. TiToeul maTgans gaaCnia 

Tavisi sakuTari saSualebebi rogorc moTxovnis warsad-

genad, aseve msgavsebis gansazRvrisaTvis moTxovnasa da 

monacemTa bazis konkretul gamosaxulebas Soris da 

Ziebis Sedegad miRebuli gamosaxulebebidan Sesabamisi 

gamosaxulebis arCevisaTvis.  

msjelobis zogadobisTvis CavTvaloT, rom  moTxov-

na Sedgeba momxmareblis mier warmodgenili gamosaxule-

bisgan da masTan erTad SezRudvebis raRac krebulisgan. 

gamosaxulebis rolSi SeiZleba gamodiodes cifruli 

foto, momxmareblis mier uxeSad daxatuli suraTi, an 

konturuli gamosaxuleba. aseve SeiZleba mocemuli iyos 

carieli gamosaxulebac. magram am SemTxvevaSi moZiebuli 

gamosaxulebebis simravle unda akmayofilebdes moTxov-
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naSi miTiTebuli SezRudvebis erTobliobas. SezRudvebi 

SeiZleba mocemuli iyos raRac gasaRebi sityvebis saxiT, 

an SeiZleba iZleodes im obieqtebs, romlebic unda iyos 

gamosaxulebaze, an unda aRwerdes am obieqtebs Soris 

sivrciT mimarTebebs. yvelaze ufro zogad saxeSi moT-

xovna Seicavs cifrul gamosaxulebas, romelic unda Se-

dardes monacemTa bazaSi arsebul gamosaxulebebs, Tanax-

mad gamosaxulebebs Soris manZilis gansazRvrisTvis ga-

moyenebuli metrikisa. Tu msgavsebis mniSvneloba udris 

0-s, es niSnavs, rom gamosaxuleba zustad Seesabameba mom-

xmareblis moTxovnas. Tu msgavsebis mniSvneloba metia 0-

ze, es niSnavs, rom gamosaxulebasa da moTxovnas Soris 

arsebobs msgavsebis sxvadasxva xarisxebi. saZiebo siste-

mebi Cveulebrivad monacemTa bazebidan iZleva gamosaxu-

lebaTa krebuls, dalagebuls maTi msgavsebis sxvadasxva 

xarisxis mixedviT. 

 

11.3. gamosaxulebebs Soris msgavsebis 

gansazRvra 

 

imisaTvis, rom raodenobrivad ganisazRvros msgavseba 

moTxovnaSi miTiTebul gamosaxulebasa da monacemTa ba-

zaSi arsebul gamosaxulebebs Soris, iyeneben manZilis 

gansazRvris garkveul metrikas, an maxasiaTebels. gamosa-

xulebaTa msgavsebis maxasiaTeblebi SeiZleba daiyos 

oTx jgufad: 

 

 msgavseba ferebis mixedviT; 

 teqsturuli msgavseba; 

 formis msgavseba; 
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 obieqtebis da maTi mimarTebebis msgavseba. 

 

11.3.1. ferTa msgavsebis maxasiaTeblebi 

 

xSirad aseT maxasiaTeblebad irCeven Zalian martivebs. 

isini saSualebas iZleva, rom erTi gamosaxulebis fere-

bis Semadgenloba Sedardes meore gamosaxulebis ferebis 

Semadgenlobas, an moTxovnaSi mocemul parametrebs. maga-

liTad, QBIC sistemaSi momxmarebels SeuZlia Tavis moT-

xovnaSi miuTiTos saZebn gamosaxulebebSi ferebis pro-

centuli Semadgenloba. momxmarebels SeuZlia ferebis 

cxrilidan airCios 5 feramde da miuTiTos TiToeuli 

maTganis raodenobrivi Semadgenloba procentebSi yove-

li saZiebeli gamosaxulebisTvis. amis Semdeg sistema iw-

yebs im gamosaxulebebis moZiebas, romlebSic ferTa pro-

centuli Semadgenloba axlosaa moTxovnaSi miTiTebul 

parametrebTan. amasTan mxedvelobaSi ar miiReba gamosa-

xulebaze sxvadasxva ferebis piqselebis sivrciTi ganawi-

leba. gamosaxulebebis monacemTa bazebSi sasurveli ga-

mosaxulebis Ziebis msgavsi xerxi efuZneba ferTa histo-

gramebis Sepirispirebas.  amisaTvis SeiZleba gamoyenebul 

iqnes ferTa histograma. am dros Ziebis sistemis momxma-

rebeli miuTiTebs gamosaxuleba-nimuSs da irCevs brZane-

bas im gamosaxulebebis moZiebisTvis, romlebic axlosaa 

gamosaxuleba-nimuSTan manZilis TvalsazrisiT ferTa 

histogramis safuZvelze. manZilis zomebi ferTa histog-

ramis safuZvelze unda iTvaliswinebdes ori sxvadasxva 

feris msgavsebis raodenobrivi Sefasebis SesaZleblobas. 

magaliTad, QBIC sistemaSi manZili ferTa histogramis 

safuZvelze Semdegnairad ganisazRvreba: 
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𝑑𝑖𝑠𝑡  𝐼, 𝑄 =   𝐼 −  𝑄  
𝑇
𝐴( 𝐼 −  𝑄 ), 

 

sadac, 𝒉(𝑰) da 𝒉(𝑸) warmoadgens Sesabamisad 𝑰 da 𝑸 

gamosaxulebebis 𝐾 jibian histogramebs, xolo 𝑨 ki 𝐾 × 𝐾 

ganzomilebis msgavsebis matricaa. msgavsebis matricaSi 

elementebi, romelTa mniSvnelobebi axlosaa 1-Tan, Seesa-

bameba msgavs ferebs, xolo elementebi, romlebic axlo-

saa an tolia 0-is, Seesabameba mkveTrad gansxvavebul fe-

rebs. 

manZilis gansazRvris kidev erT zomas warmoadgens 

ferTa maketi (color layout). moTxovnis formirebisas momxma-

rebels, Cveulebriv miewodeba carieli bade. momxmare-

belma am badis TiToeuli ujrisTvis mniSvneloba SeiZ-

leba airCios ferebis cxrilidan da maketis bade gaafe-

rados maTi saSualebiT.  

saZiebo sistema Ziebis Sedegad axdens ferTa aseTi 

palitris mqone gamosaxulebebis nakrebis SerCevas. fer-

Ta maketis mixedviT Ziebis Catarebisas gaferadebuli ba-

dis nacvlad moTxovnaSi SeiZleba miTiTebul iqnes gamo-

saxuleba-nimuSi. aseT SemTxvevaSi sistema iwyebs im gamo-

saxulebebis Ziebas, romlebSic ferTa sivrciTi ganawi-

leba axlosaa ferTa ganawilebasTan gamosaxuleba-nimuS-

Si. ferTa maketis gamoyenebisas momxmarebels miewodeba 

carieli bade. momxmarebelma am badis TiToeuli ujris 

Sesavsebad SeiZleba gamoiyenos cxrilidan aRebuli 

misTvis sasurveli feri. 11.2 suraTze mocemul SemTx-

vevaSi momxmarebelma Tavisi moTxovnis formirebisTvis 

ferTa cxrilidan (zeda marcxena bade) gamoiyena ori 

feri da maTi saSualebiT gaaferada (6 × 6) ganzomilebis 

badis maketi (zeda marjvena bade).  
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gaferadebuli badis ferTa maketis safuZvelze ga-

mosaxulebebis msgavsebis raodenobrivi SefasebisTvis sa-

Wiroa maT Soris manZilis gansazRvra, romelic mxedve-

lobaSi miiRebda ori gaferadebuli badis Sinaars.                      

 

 
sur. 11.2 

 

manZilis am zomam, 𝑑 𝑐𝑜𝑙𝑜𝑟  unda uzrunvelyos moTxovnaSi 

miTiTebuli badis TiToeuli ujredis Sedareba monacem-

Ta bazis nebismieri gamosaxulebis gaferadebuli badis 
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Sesabamis ujredTan. yvela ujredis Sedarebis Sedegebi 

erTiandeba gamosaxulebebs Soris badeze damyarebuli 

ferTa msgavsebis (gridded color distance) mniSvnelobis  

 

𝑑𝑔𝑟𝑖𝑑𝑑𝑒𝑑 _𝑐𝑜𝑙𝑜𝑟  𝐼, 𝑄 =  𝑑 𝑐𝑜𝑙𝑜𝑟

𝑔

(𝐶𝐼 𝑔 , 𝐶𝑄 𝑔 ) 

 

misaRebad, sadac, 𝑪𝑰 𝒈  aris monacemTa bazidan 𝑰 gamosa-

xulebis badis 𝒈 ujredis feri, xolo 𝑪𝑸 𝒈  ki moTxov-

naSi mocemuli 𝑸 gamosaxulebis Sesabamisi 𝒈 ujredis 

feri. 

badeSi Semavali ujredebis ferebis warmosadgenad 

gamoiyeneba sxvadasxva xerxebi, kerZod: 

 

 badis ujredis sazRvrebSi feris saSualo mniSvne-

loba; 

 feris saSualo mniSvneloba da saSualo kvadratu-

li gadaxra; 

 ferebis mravaljibiani histograma. 

 

badeebis ujredebs Soris manZilis zoma 𝑑  mxedve-

lobaSi unda iRebdes feris warmodgenis mocemul xerxs 

da uzrunvelyofdes iseTi manZilebis miRebas, romelTa 

interpretaciac SesaZlebelia. magaliTad, Tu feris sa-

Sualo mniSvneloba warmodgenilia ricxvebis (𝑅, 𝐺, 𝐵) sa-

meulis saxiT, maSin aseT SemTxvevaSi msgavsebis misaReb 

zomad (magram ara saukeTesod) SeiZleba gamoyenebuli  

iyos aseTi saxis zoma  
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𝑑 =  𝑅𝑄 , 𝐺𝑄 , 𝐵𝑄 − 𝑅𝐼 , 𝐺𝐼 , 𝐵𝐼 2. 

 

analogiuri midgoma gamoiyeneba manZilis gansazRvrisaT-

vis histogramebis safuZvelze QBIC sistemaSi. 

 

11.3.2. teqsturuli msgavsebis maxasiaTeblebi 

 

teqsturuli msgavsebis maxasiaTeblebi ufro rTulia, 

vidre ferebis mixedviT msgavsebis maxasiaTeblebi. gamo-

saxulebebs, romlebic erTmaneTTan axlosaa teqsturuli 

msgavsebis maxasiaTeblebiT, unda hqondes ferebis (an 

sikaSkaSis mniSvnelobebis) erTnairi sivrciTi ganawile-

ba. Tumca am gamosaxulebebis ferebis (an sikaSkaSeebis) 

mniSvnelobebi erTmaneTs SeiZleba ar emTxveodes. ori 

teqsturis msgavsebis SefasebisTvis SeiZleba gamoyene-

bul iqnes X TavSi ganxiluli teqsturuli maxasiaTeb-

lebi. 

teqsturuli msgavsebis maxasiaTeblebis ganxilvisas 

saWiroa dazustdes ori aspeqti: 

 

 teqsturis warmodgena; 

 msgavsebis gansazRvra teqsturis arCeuli warmod-

genis gaTvaliswinebiT. 

 

teqsturis warmodgenis erT-erTi yvelaze gavrcele-

buli xerxi efuZneba teqsturuli aRweris veqtoris 

gamoyenebas (texture description vector). es aris  veqtori, rom-

lis ricxviTi komponentebi Seesabameba mocemuli gamosa-

xulebis teqsturis ganzogadebul parametrebs an gamosa-

xulebis garkveul ares. teqsturuli aRweris veqtorebis 
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magaliTebs warmoadgens: haralikis xuTkomponentiani veq-

tori, romelSic inaxeba Sesasvleli matricidan aRebuli 

niSan-Tvisebebi da cxrakomponentiani veqtori, romlis 

komponentebi Seesabameba lavsis energetikul teqsturul 

maxasiaTeblebs. teqsturuli aRweris veqtori SeiZleba 

gamoyenebul iqnes mTliani gamosaxulebis teqsturisT-

vis, magram aseT SemTxvevaSi kargi Sedegi miiRweva mxo-

lod erTgvarovani teqsturis mqone gamosaxulebebisTvis. 

ufro zogadi saxis gamosaxulebebisTvis teqsturuli 

aRweris veqtori gamoiTvleba yoveli piqselisTvis mis 

mcire midamoSi (15 × 15). amis Semdeg xdeba piqselebis 

dajgufeba klasterirebis gamoyenebiT, romelic Tavis 

unikalur Wdes aniWebs yovel axladaRmoCenil teqstu-

rul kategorias. 

piqselebs SeiZleba SevufardoT teqsturuli aRwer-

is veqtori da amis Semdeg movaxdinoT piqselebis marki-

reba Sesabamis teqsturul kategoriasTan kuTvnilebis 

mixedviT. es saSualebas iZleva ganvsazRvroT manZilis 

sxvadasxva teqsturuli zomebi. aseTi zomis umartives 

magaliTs warmoadgens manZili arCeuli nimuSidan (pick-

and-click distance). am dros momxmarebeli irCevs teqsturas 

moTxovnaSi miTiTebuli mocemuli gamosaxulebis teqstu-

ruli aris SigniT nebismier piqselze Tagvis dawkapune-

biT an irCevs teqsturis nimuSs teqsturebis romelime 

misawvdomi krebulidan. teqsturis arCeuli nimuSi war-

moidgineba teqsturuli aRweris veqtoris saxiT, romel-

ic Ziebis procesSi edareba monacemTa bazaSi myofi gamo-

saxulebebis teqsturuli aRweris veqtorebs. manZilis 

zoma ganisazRvreba Semdegi gamosaxulebiT: 
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𝑑𝑝𝑖𝑐 𝑘_𝑎𝑛𝑑 _𝑐𝑙𝑖𝑐𝑘  𝐼, 𝑄 = 𝑚𝑖𝑛𝑖∈𝐼 𝑇 𝑖 − 𝑇(𝑄) 2, 

 

sadac, 𝑻(𝒊) warmoadgens 𝑰 gamosaxulebis 𝒊-uri piqselis 

teqsturuli aRweris veqtors, xolo 𝑻(𝑸) _ momxmareb-

lis mier arCeuli im teqsturuli nimuSis teqsturuli 

aRweris veqtors, romelic gamoyenebulia moTxovnaSi. 

SeiZleba mogveCvenos, rom es meTodi moiTxovs didi 

moculobis gamoTvlebs, magram moculoba SeiZleba mniS-

vnelovnad Semcirdes, Tu gamosaxulebebis monacemTa ba-

zaSi SevinaxavT TiToeuli gamosaxulebis teqsturuli 

kategoriebis sias. teqsturuli kategoriebi ganisazRvre-

ba klasterizaciis procedurebis gamoyenebiT. Ziebis 

procesSi monacemTa bazis yoveli gamosaxulebisTvis au-

cilebelia moxdes moTxovnaSi mocemuli teqsturuli 

aRweris veqtoris Sedareba am gamosaxulebisTvis siaSi 

Senaxuli teqsturuli aRweris veqtorebTan. 

manZilis gansazRvra teqsturis arCeuli nimuSidan, 

rogorc es zemoT iyo gamoyenebuli, momxmareblis mxri-

dan moiTxovs teqsturis interaqtiulad miTiTebas. amis 

gamo gaZnelebulia manZilis aseTi zomis avtomaturi ga-

moyeneba moTxovnaSi aRniSnuli gamosaxulebis mimarT.   

teqsturuli msgavsebisTvis ufro zogad zomas warmoadg-

ens zemoganxiluli ferebis msgavsebisTvis gamoyenebuli 

zomis ganzogadeba teqsturebis SemTxvevisTvis. moTxov-

naSi mocemul gamosaxulebas edeba bade da misi yoveli 

ujredisTvis iangariSeba teqsturuli aRweris veqtori. 

analogiuri procedura tardeba monacemTa bazis gamosa-

xulebebisTvisac. badeze damyarebuli teqsturaTa msgav-

seba (gridded texture distance) gamoiTvleba Semdegi formuliT: 
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𝑑𝑔𝑟𝑖𝑑𝑑𝑒𝑑 _𝑡𝑒𝑥𝑡𝑢𝑟𝑒  𝐼, 𝑄 =  𝑑 𝑡𝑒𝑥𝑡𝑢𝑟𝑒𝑔 (𝑇𝐼 𝑔 , 𝑇𝑄 𝑔 ), 

 

sadac, 𝑑 𝑡𝑒𝑥𝑡𝑢𝑟𝑒  SeiZleba iyos badis ujredebs Soris 

evkliduri manZili an manZilis romelime sxva zoma. 

ferTa histogramebs Soris manZilis gansazRvris 

msgavsad SeiZleba manZili ganisazRvros aseve teqstur-

ul histogramebs Sorisac. amisTvis TiToeuli teqsturu-

li kategoriisTvis histogramaSi warmodgenilia piqsel-

Ta raodenoba, romelTa teqsturuli aRweris veqtori 

miekuTvneba mocemul kategorias. 

momxmareblis moTxovnis safuZvelze monacemTa ba-

zebSi msgavsi teqsturebis mqone gamosaxulebebis Ziebis 

Sedegebi warmodgenilia 11.3 suraTze.  

 

11.3.3. formis msgavsebis maxasiaTeblebi 

 

feri da teqstura SeiZleba gamoyenebul iqnes rogorc 

gamosaxulebis globaluri atributebi. fersa da teqstu-

raze damyarebuli manZilis zoma gankuTvnilia imis gan-

sasazRvravad, Seicavs Tu ara romelime gamosaxuleba mo-

cemul fers an teqsturas da moTavsebulia Tu ara am 

feris da teqsturis areebi gamosaxulebis sivrcis imave 

areebSi, rac moTxovnaSi miTiTebul gamosaxulebazea. 

forma ar warmoadgens gamosaxulebis atributs. azri ar 

aqvs SekiTxvas, Tu ra forma aqvs gamosaxulebas. formis 

cneba SeiZleba gamoyenebul iqnes gamosaxulebis romeli-

me aris mimarT. formis maxasiaTeblebis gamoyenebisas sa-

Wiro xdeba damatebiTi damuSavebis operaciebis (gansxva-

vebiT feris da teqsturis maxasiaTeblebisgan) Catareba, 

radganac formis msgavsebis maxasiaTeblebis gamoTvlis 
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win saWiroa areebis identifikacia. xSirad es xdeba xe-

liT, Tumca zogierT SemTxvevaSi SesaZlebelia avtoma-

turi segmentaciis gamoyenebac. 

 

 
sur. 11.3  

 

obieqtebis amocnobis meTodebi maT organzomile-

bian saxeTa formaze dayrdnobiT mniSvnelovan rols 

asrulebs gamosaxulebaTa analizis amocanebSi. Cven mier 

V TavSi ukve Seswavlili iqna binaruli  gamosaxulebis 
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areebis zogierTi Tviseba. Seswavlis Semdeg es Tvisebebi 

CaTvlil iqna rogorc formis globaluri maxasiaTeble-

bi (global shape properties), radganac isini aRwers formas 

mTlianobaSi. gamosaxulebis ori aris formis Sedareba 

SeiZleba ganxorcielebul iqnes formis globaluri Tvi-

sebebis gamoyenebiT saxeTa amocnobis statistikuri meTo-

debis safuZvelze (VIII Tavi). areebis formebis Sepiris-

pirebisTvis SeiZleba aseve gamoyenebul iqnes struqtu-

ruli meTodebi. am dros SesaZlebelia forma aRiweros 

misi primitiuli elementebis CamonaTvaliT da maT Soris 

sivrciTi mimarTebebiT. imis gamo, rom formis struqtu-

ruli aRwera warmoadgens relaciur grafs, formis aR-

werebis SepirispirebisTvis SeiZleba gamoyenebul iqnes 

grafebis Sepirispirebis meTodebi. aseTi midgoma warmo-

adgens Zalian mZlavr iaraRs, radgan am SemTxvevaSi 

formis aRwera Tavis TavSi moicavs sivrciT mimarTebebs, 

romlebic invariantulia organzomilebiani gardaqmnebis 

umetesobis mimarT. magram TviT grafebis Sepirispirebis 

procesi SeiZleba mimdinareobdes Zalian nela, radgan 

elementebis ricxvis zrdasTan erTad damuSavebis droc  

eqsponencialurad izrdeba.  

Sinaarsis mixedviT gamosaxulebebis Ziebis sistemeb-

Si sasurvelia gamoyenebul iqnes meTodebi, romlebic 

swrafad gansazRvravs Tu ramdenad axlosaa erTmaneTTan 

gamosaxulebis aris forma da moTxovnaSi miTiTebuli 

forma. xSirad gvaqvs iseTi moTxovna, rom formebis 

Sepirispirebis meTodebi invariantuli iyos gadatanisa 

da zomis mimarT, an brunvis mimarT, raTa mocemuli for-

mis are gamosaxulebaze moZebnil iqnes sivrceSi misi 

orientaciisagan damoukideblad. Tumca, monacemTa bazaSi 
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gamosaxulebebis moZiebisTvis invariantuloba brunvis 

mimarT yovelTvis ar moiTxoveba. arsebobs bevri gamosa-

xuleba, romlebzedac obieqtebs erTi da igive orienta-

cia aqvs. magaliTad, xeebi, Senobebi, manqanebi da a.S. 

arsebobs formis mravali maxasiaTebeli. maT Soris 

uxeSi globaluri maxasiaTeblebi, romlebic amartivebs, 

magram ar uzrunvelyofs obieqtebis amocnobas, aseve de-

talizebuli maxasiaTeblebic, romelTa saSualebiTac 

xdeba Zalian specifikuri formis obieqtebis amocnoba. 

martivi maxasiaTeblis magaliTs warmoadgens formis 

histograma. is saSualebas iZleva, rom damuSavebis pro-

cesidan amoRebul iqnes is are, romelic ar SeiZleba 

warmatebulad SevupirispiroT moTxovnaSi miTiTebul  

formas. amave dros, formis histogramis gamoyenebisas 

SeiZleba adgili hqondes mraval mcdar moqmedebas. am 

mxriv ufro efeqturia sazRvrebis Sepirispirebis meTo-

debi. isini operireben aris sazRvris saxiT warmodgenil 

formasTan. es meTodebi saSualebas iZleva, rom vipovoT 

areebi, romelTa formebi aRiwereba msgavsi sazRvrebiT. 

eskizur saxeSi warmodgenili formebis Sepirispireba 

SeiZleba kidev ufro zusti aRmoCndes, radgan am dros 

ganixileba ara marto erTi obieqtis sazRvari, aramed ga-

mosaxulebaze arsebuli konturebis simravle, romlebic 

Seesabameba erT an meti raodenobis obieqtebs. konture-

bis es simravle (eskizi) Seepirispireba moTxovnaSi moce-

mul konturul gamosaxulebas, romelic daxatuli an 

arCeuli iyo momxmareblis mier. formis histogramuli 

da eskizuri  maxasiaTeblebi ganxiluli iqneba qvemoT.  
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11.3.4. formis histogramebi 

 

zemoT Cven ganvixileT histogramebis gamoyeneba gamosa-

xulebaTa SepirispirebisTvis maTi ferisa da teqsturis 

mixedviT msgavsebis dadgenis mizniT. histogramebis gamo-

yeneba mimzidvelia imiT, rom maT Soris manZilis gansaz-

Rvra martivia da amis gamo advilad gamoTvladi. aqedan 

gamomdinare, sruliad bunebrivia histogramebis gamoye-

neba formebis aRweris SepirispirebisTvis. aq mTavari 

probleba mdgomareobs im cvladis gansazRvraSi, romli-

Tac unda aigos histograma. 

ganvixiloT nebismieri formis mqone bmuli are bina-

rul gamosaxulebaze. davuSvaT, rom am aris piqselebis 

mniSvnelobebi 1-is tolia, xolo gamosaxulebis yvela 

sxva danarCeni piqselis ki 0-is. histogramebis Sepirispi-

rebis erT-erTi xerxi mdgomareobs proeqciul Sepirispi-

rebaSi (projection matching), rac gulisxmobs aRniSnuli 

aris gamosaxulebis striqonebsa da svetebze horizonta-

luri da vertikaluri proeqciebis gamoyenebas. vTqvaT, 

are moicavs 𝑛 striqonsa da 𝑚 svets. avagoT histograma, 

sadac yovel striqonsa da svets SevusabamoT histogra-

mis erTi Tanrigi. histogramis Tanrigis mniSvneloba to-

lia Sesabamis striqonSi an svetSi moTavsebuli erTis 

toli piqselebis raodenobisa. aseTnairad SesaZlebelia 

𝑛 + 𝑚 Tanrigiani histogramis ageba, romelic gamodgeba 

erTnairi zomis mqone areebis SepirispirebisaTvis.  

imisaTvis, rom proeqciuli Sepirispireba ar iyos 

damokidebuli masStabze, SeiZleba movaxdinoT striqone-

bisa da svetebis Sesabamisi Tanrigebis dafiqsireba. Tu 

Tanrigebis mimdevrobas iseTnairad ganvsazRvravT, rom 
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isini Seesabamebodes gamosaxulebaze aris daTvalierebis 

mimarTulebas zeda marcxena kuTxidan qveda marjvena 

kuTxisken, maSin SesaZlebelia, rom uzrunvelyofil iq-

nes gadatanis mimarT invariantuloba. proeqciuli Sepi-

rispireba ar aris invariantuli brunvis mimarT, magram 

misi saSualebiT SesaZlebelia gamosaxulebebis Sedareba 

mobrunebis mcire kuTxeebis da sxva umniSvnelo geomet-

riuli damaxinjebebis SemTxvevaSi. 

 

11.3.5. eskizuri Sepirispireba 

 

eskizuri Sepirispirebis sistemebSi momxmarebels aqvs 

SesaZlebloba daxatos gamosaxulebis eskizuri suraTi, 

romelic Seicavs gamosaxulebis ZiriTad konturebs. amis 

Semdeg monacemTa bazaSi xdeba msgavsi konturebis Semc-

veli gamosaxulebebis moZieba. erT-erT aseT sistemaSi, 

ART MUSEUM,  inaxeba cnobili suraTebis feradi gamosa-

xulebebi. gamoyenebamde xdeba maTi winaswari damuSaveba 

Sualedur mdgomareobamde, e.w. abstraqtul gamosaxule-

bamde (abstract image) miyvanis mizniT. operaciebi, romlebic 

sruldeba winaswari damuSavebis etapze, Semdegia: 

 

 afinuri gardaqmnis saSualebiT xdeba gamosaxule-

bis Semcireba (magaliTad, ganzomilebamde (64 × 64) 

piqseli). xmauris mosacileblad gamoiyeneba media-

nuri filtri. miRebul Sedegs normirebul gamosa-

xulebas uwodeben.  

 sikaSkaSis vardnebis aRmosaCenad iyeneben gradien-

tul operatorebs. am dros sruldeba 2 ZiriTadi 

moqmedeba: jer gamosaxulebaze globaluri zRurb-
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lis saSualebiT, romelic SeirCeva gradientis 

saSualosa da dispersiis mixedviT, xdeba globa-

luri vardnebis aRmoCena. amis Semdeg globaluri 

vardnebidan lokalurad gamoTvlili zRurblebis 

gaTvaliswinebiT airCeva lokaluri vardnebi. ase-

Ti damuSavebis Sedegad miiReba xmaurisgan gawmen-

dili konturuli gamosaxuleba (refined edge image).  

 miRebul konturul gamosaxulebaze xorcieldeba 

konturebis daviwroeba da zedmeti konturebis mo-

Soreba. Sedegad miRebul gamosaxulebas abstraq-

tuli gamosaxuleba ewodeba. is warmoadgens xmau-

risgan TiTqmis gawmendil gamosaxulebas, romel-

zedac warmodgenilia sawyisi gamosaxulebis Ziri-

Tadi konturebi.  

 

mas Semdeg, rac momxmarebeli Tavis moTxovnaSi miu-

TiTebs gamosaxulebis uxeS eskizs, amis Semdeg xdeba 

misi zemoaRwerili winaswari damuSaveba, kerZod, zomebis 

normireba, binarizacia, daviwroeba da zedmeti konture-

bis moSoreba. Sedegad miiReba gamosaxuleba, romelsac 

xazovani eskizi ewodeba (linear sketch). 

xazovani eskizis miRebis Semdeg ukve SeiZleba misi 

Sepirispireba abstraqtul gamosaxulebebTan. Sepirispi-

rebis algoriTms korelaciuri xasiaTi aqvs. orive gamo-

saxuleba badeebis saSualebiT nawevrdeba ujredebad. 

moTxovnaSi mocemuli gamosaxulebis TiToeuli ujredis-

Tvis iangariSeba lokaluri korelacia monacemTa bazi-

dan aRebuli gamosaxulebis Sesabamis ujredTan. amasTan,  

gamoTvlebis saimedoobis gazrdis mizniT lokaluri ko-

relacia gamoiTvleba ramdenjerme monacemTa bazidan 
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aRebuli gamosaxulebis ujredis mdebareobis wanacvleb-

is ramdenime mniSvnelobisTvis. am ramdenime wanacvlebis-

Tvis gamoTvlili korelaciebidan airCeva maqsimaluri. 

swored es mniSvneloba aiReba rogorc Sepirispirebis 

Sedegi moTxovnaSi mocemuli gamosaxulebis da monacem-

Ta bazidan aRebuli gamosaxulebis or ujreds Soris. 

yvela ujredze Catarebuli msgavsi gamoTvlebis Sedegad 

miRebuli lokaluri kontrastis maqsimaluri mniSvnelo-

bebis jami iZleva gamosaxulebebis  msgavsebis maxasia-

Teblis mniSvnelobas. gamosaxulebebs Soris msgavseba 

anu manZilis zoma maxasiaTeblis am mniSvnelobis ukup-

roporciulia. amgvarad, zemoTqmulidan gamomdinare man-

Zilis zoma formalurad aseTnairad SeiZleba Caiweros 

 

𝑑𝑠𝑘𝑒𝑡𝑐  𝐼, 𝑄 =
1

 𝑚𝑎𝑥 𝑛 [𝑑 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 (𝑠𝑖𝑓𝑡𝑛  𝐴𝐼 𝑔 ,𝐿𝑄  𝑔  ]𝑔

 , 

 

sadac, 𝑨𝑰(𝒈) aRniSnavs abstraqtuli gamosaxulebis badis 

𝒈 ujreds, gamoTvlils monacemTa bazidan aRebuli 𝑰 ga-

mosaxulebisTvis, 𝒔𝒉𝒊𝒇𝒕(𝑨𝑰(𝒈) aRniSnavs igive 𝒈 ujreds 

imave abstraqtul gamosaxulebaze wanacvlebis Semdeg, 

xolo 𝑳𝑸(𝒈) ki aRniSnavs moTxovnaSi miTiTebuli 𝑸 gamo-

saxulebis xazovani eskizis badis 𝒈 ujreds.  
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XII Tavi. moZraobis aRmoCena dinamikur 

scenebze 

 
bunebaSi garda statikuri scenebisa, xSirad gvxvdeba di-

namikuri scenebic. magaliTad, videoze gadaRebuli ga-

mocdili samTo moTxilamuris mTidan daSveba SeiZleba 

gamoviyenoT rogorc saswavli filmi axalbeda samTo 

moTxilamuris aRsazrdelad. aseve, romelime dinamikur 

procesze, magaliTad, mcenaris zrdis an sxva romelime 

movlenis Sesaxeb drois garkveul intervalebSi gadaRe-

buli gamosaxulebebis mimdevroba saSualebas iZleva da-

vakvirdeT am  movlenas dinamikaSi. dinamikuri scenis ma-

galiTs warmoadgens transportis moZraoba, romelzedac 

dakvirveba SeiZleba ganxorcieldes uZravi an moZravi 

damkvirveblis mier. amasTan, miRebuli gamosaxulebebis  

mimdevrobaze arsebuli cvlilebebi SeiZleba gamoyeneb-

ul iqnes rogorc maxasiaTebeli niSan-Tvisebebi moZravi 

obieqtebis aRmosaCenad, an maTi moZraobis traeqtoriebis 

gansasazRvravad. magaliTad, gamosaxulebaze piqselebis 

sikaSkaSis an feris cvlileba, rogorc maxasiaTebeli 

niSan-Tviseba, SeiZleba sasargeblo aRmoCndes gamosaxu-

lebaze moZravi obieqtebis aRmoCenisa da amocnobisTvis. 

obieqtis moZraobis analizi SesaZleblobas iZleva 

ganisazRvros misi forma, siCqare an sxva romelime para-

metri. aseTi amocanebis amoxsna ki moiTxovs gamosaxule-

bebis mimdevrobis (kadrebis mimdevrobis) segmentaciis 

avtomatur saSualebebs maTze mniSvnelovani momentebis, 

movlenebis an scenebis gamoyofis mizniT. Cven ZiriTad 

yuradRebas davuTmobT  sakiTxebis Seswavlas, dakavSire-
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buls  moZraobis aRmoCenasTan organzomilebian gamosa-

xulebebsa da videomimdevrobebze, da aseTi gamosaxule-

bebis damuSavebas maxasiaTebeli niSan-Tvisebebis gamoyo-

fis mizniT.  

dinamikur scenaze obieqtebis moZraobis analizis 

amocana iyofa ori etapad:   

 

 moZraobis gazomva; 

 moZraobis Sesaxeb monacemebis gamoyeneba scenis 

segmentaciisTvis da samganzomilebiani informaci-

is gamoyofa obieqtebis formisa da moZraobis Se-

saxeb. 

 

12.1. moZraobis arsi gamosaxulebaze 

 

gamosaxulebebis mimdevrobaze SeiZleba davakvirdeT mra-

valnair moZraobas. realurad TiToeul maTganTan dakav-

Sirebulia sxvadasxva gamoyenebiTi amocana, romelTa 

speqtri sakmaod farToa, dawyebuli ubralod moZravi 

obieqtis aRmoCenidan da damTavrebuli ramdenime moZravi 

obieqtis fardobiTi moZraobisa da formis gansazRvriT.  

zogadad gamoyofen moZraobis oTx SesaZlo SemTxve-

vas (igulisxmeba, rom terminebi kamera da damkvirvebeli 

sinonimebia): 

 

 uZravi kamera, erTi moZravi obieqti, mudmivi foni; 

 uZravi kamera, ramdenime moZravi obieqti, mudmivi 

foni; 

 moZravi kamera, SedarebiT mudmivi foni; 

 moZravi kamera, ramdenime moZravi obieqti. 
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 umartives SemTxvevaSi uZravi kamera akvirdeba 

SedarebiT mudmiv fons. aseT fonze obieqtebis  moZraoba 

iwvevs gamosaxulebebis Sesabamis areebSi piqselebis si-

kaSkaSis mniSvnelobebis da feris cvlilebas. aRniSnuli 

piqselebis saSualebiT SesaZlebelia moZravi obieqtis 

formis, moZraobis siCqaris da traeqtoriis gansazRvra. 

aseTi tipis videogadamwodebi farTod gamoiyeneba dac-

viT da gamSveb sistemebSi; warmoebaSi, sadac saWiroa mu-

Sa sivrceSi romelime detalis arsebobis Sesaxeb infor-

macia; satransporto nakadis kontrolis saqmeSi moZravi 

avtomanqanebis aRmosaCenad; da a.S. moZravi obieqtebis mi-

devneba garkveuli drois ganmavlobaSi saSualebas iZle-

va ganvsazRvroT maTi moZraobis traeqtoria da aseve mi-

viRoT informacia maTi qcevis Sesaxeb. amis magaliTs 

warmoadgens adamianTa TavSeyris adgilis kontroli vi-

deokameris saSualebiT. ramdenime kameris SemTxvevaSi ki 

aseTi TvalTvali saSualebas iZleva ganvsazRvroT obi-

eqtis traeqtoria 3-ganzomilebian sivrceSi.  

im SemTxvevaSi, roca viyenebT moZrav kameras, is 

Tavis mxriv gamosaxulebaze iwvevs garkveul cvlilebebs 

maSinac ki, Tu scena uZravia. moZravi kameris gamoyenebas 

aqvs garkveuli mizani. kerZod: 

 

 iZleva garemomcveli sivrcis Sesaxeb ufro met in-

formacias; 

magaliTad, panoramuli kameris saSualebiT SeiZ-

leba scenis panoramuli-farTokuTxiani xedis mi-

Reba. 
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 miRebuli monacemebiT SesaZlebelia scenaze obi-

eqtTa ganlagebis fardobiTi siRrmis gamoTvla; 

es ukanaskneli emyareba imas, rom kamerasTan ufro 

axlos myofi obieqtebis gamosaxulebebi ufro sw-

rafad icvleba, vidre Sors mdgomi obieqtebis. 

 

 ramdenime wertilidan dakvirveba (triangulaciuri 

gazomvebi) saSualebas iZleva miviRoT kamerasTan 

axlos myofi obieqtebis 3-ganzomilebiani formis 

aRqmisa da gamoTvlisTvis saWiro monacemebi;  

es procesi msgavsia binokularuli stereosistemis 

gamoyenebiT 3-ganzomilebiani obieqtebis formis  

aRqmis procesis.  

 

gamosaxulebebis mimdevrobis analizi moicavs 3 

ZiriTad nabijs:  

 

 moZravi obieqtebis aRmoCena; 

 aseTi obieqtebis moZraobis TvalTvali kadridan 

kadrze; 

 obieqtebis traeqtoriebis analizi maTi qcevis amo-

cnobis mizniT. 

 

gamosaxulebebis mimdevrobebis analizi dinamikuri 

scenebis amocnobisa da gaanalizebis SesaZleblobas iZ-

leva. kerZod, iseTi samecniero da sainJinro amocanebis 

Seswavlis SesaZleblobas, rogoricaa satransporto na-

kadebi, biologiuri zrdis procesebi, dawyebuli mole-

kuluri donidan da damTavrebuli ekosistemis doniT, 
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samrewvelo procesebi, avtonomiuri sistemebi, robotebi 

da sxv.   

 

12.2. gamosaxulebebis gamokleba 

 

rogorc ukve aRvniSneT (I Tavi) gamosaxulebebis gamok-

leba gamoiyeneba rogorc erT-erTi xerxi mudmiv fonze 

moZravi obieqtebis aRmosaCenad. vTqvaT, 30 kadri/wamSi 

sixSiris mqone videokameris saSualebiT sawarmoSi vak-

virdebiT konveieris moZraobas, romelic gamoiyureba ro-

gorc erTgvarovani muqi foni. Tu am dros kameris xedvis 

areSi xdeba Ria feris obieqtebis gadaadgileba, maSin am 

obieqtebis wina da ukana kideebi erTi kadris ganmavlo-

baSi sul ramdenime piqseliT gadaadgildeba. Tu axla 

drois 𝑡 − 1 momentSi arsebul 𝐼𝑡−1 gamosaxulebas gamova-

klebT drois 𝑡 momentSi arsebul 𝐼𝑡 gamosaxulebas, maSin 

miRebul gamosaxulebaze mxolod am piqselebis mniSvne-

lobebi iqneba nulisgan gansxvavebuli da, Sesabamisad, 

kargad SesamCnevi. gamosasvleli piqselis mniSvnelobis 

gamoTvla SeiZleba formuliT 

 

𝑄 𝑖, 𝑗 = 𝐼𝑡−1 𝑖, 𝑗 − 𝐼𝑡 𝑖, 𝑗 ; 

 

an Sesasvleli piqselebis mniSvnelobaTa sxvaobis abso-

luturi sididiT 

 

𝑄 𝑖, 𝑗 =  𝐼𝑡−1 𝑖, 𝑗 − 𝐼𝑡 𝑖, 𝑗  . 
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im SemTxvevaSi, Tu gvsurs gamosaxulebisTvis raime 𝐶 

mudmivas gamokleba, maSin gamosasvleli piqselis mniSv-

neloba gamoiTvleba formuliT 

  

𝑄 𝑖, 𝑗 = 𝐼𝑡 𝑖, 𝑗 − 𝐶. 

 

gamoklebis operatoris moqmedeba icvleba, Tu piqse-

lis mniSvneloba uaryofiTi xdeba. aseT SemTxvevaSi ga-

moiyeneba specialuri grafikuli formatebi, romlebSic 

uaryofiTi mniSvnelobebis mqone piqselebis asaxvisaTvis 

iyeneben e.w. ferebis rukas (colormap). im SemTxvevaSi, Tu 

gamosaxulebis formats ar SeuZlia aseTi piqselebis 

asaxva, maSin maT mniSvnelobad iReben 0-s (anu gamosaxu-

lebaze isini Savi feris xdeba), an piriqiT, xdeba uaryo-

fiTi mniSvnelobis Sebruneba. magaliTad, sikaSkaSis mni-

Svneloba -30 aseTi Sebrunebis Semdeg toli xdeba 225-is 

(255-30). aseTi SemTxveva naCvenebia 12.1 suraTze, sadac (a) 

sawyisi gamosaxulebaa, xolo (b) sikaSkaSeebis Sebrunebis 

Semdeg miRebuli gamosaxuleba.  

 

          
                a                           b 

sur. 12.1 

http://homepages.inf.ed.ac.uk/rbf/HIPR2/images/son1sub3.gif
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aRniSnuli problema ar warmoiSoba im SemTxvevaSi, 

Tu operatori iyenebs sxvaobis absolutur mniSvnelobas. 

amis gamo xSirad swored aseT operators iyeneben. maga-

liTisTvis ganvixiloT aseTi SemTxveva: vTqvaT, gvaqvs 

romelime scenis gamosaxulebebis mimdevroba. or kadrs 

Soris sxvaobis absoluturi mniSvneloba, roca scenaze 

araferi moZraobs, gvaZlevs gamosaxulebas, romelzedac 

piqselebis mniSvnelobebi ZiriTadad nulis toli iqneba, 

magram Tu scenaze moZraobas eqneba adgili, maSin piqse-

lebi gamosaxulebis sivrcis im adgilebSi, sadac sikaS-

kaSeebis cvlilebas hqonda adgili, mogvcems sxvaobebis 

did mniSvnelobebs. magaliTisaTvis ganvixiloT gamosa-

xuleba (sur. 12.2,a), romelzedac warmodgenilia sxvada-

sxva xelsawyoebi. msgavsi scenis gamosaxuleba, mxolod 

mcireodeni gansxvavebebiT warmodgenilia 12.2,b suraTze. 

Tu gamovTvliT am or kadrs Soris sxvaobis absolutur 

mniSvnelobas, maSin is areebi, sadac sikaSkaSeebis cvli-

leba moxda, ufro Ria feris gaxdeba (sur. 12.2,g).   

   

 

       
              a A                            b   

sur. 12.2 

 

http://homepages.inf.ed.ac.uk/rbf/HIPR2/images/scr1.gif
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                              g 

sur. 12.2 

 

amgvarad, gamoklebis Sedegad miRebuli gamosaxule-

ba muqia im adgilebSi, sadac naxevartonebis doneebis 

sivrciTi cvlileba mcirea. Sesabamisad, gamosaxulebaze 

moZraobis dafiqsireba SegviZlia gamosaxulebis mxolod 

im adgilebSi, sadac adgili hqonda sikaSkaSis doneebis 

cvlilebas. miRebuli Sedegi miuTiTebs sikaSkaSis done-

ebis sivrciTi cvlilebis gadamwyvet rolze moZraobis 

aRmoCenis gansazRvraSi.   

 

12.3. scenaze wertilTa gadaadgilebis veqtorebis 

gamoTvla 

 

3𝐷 scenaze wertilebis gadaadgileba Sesabamisad iwvevs 

maTi gamosaxulebebis gadaadgilebas 2𝐷 gamosaxulebaze. 

12.3 suraTze mocemulia wertilebis gamosaxulebebis  

masStabis cvlilebis da panoramirebis sami SemTxveva. 
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sur. 12.3  

 

scenaze arsebuli wertilebis masStabis Semcirebas (zoom 

out) adgili aqvs uZravi kameris fokusuri manZilis Semci-

rebisas an fiqsirebuli fokusuri manZilis mqone kameris 

scenis obieqtebidan daSorebis zrdisas. am dros gamosa-

xulebaze optikur RerZze arsebuli wertilis gamosaxu-

leba ar gadaadgildeba. gamosaxulebis am wertils Sek-

rebis fokusi (focus of contraction) ewodeba. obieqtebis masS-

tabis gazrda (zoom in) xdeba uZravi kameris fokusuri man-

Zilis zrdisas an kameris gadaadgilebisas scenis im gan-

sakuTrebuli wertilis – e.w. gafarToebis fokusisken 

(focus of expansion), romelSic gamosaxulebis masStabi ar 

icvleba. xolo kameris panoramirebas (hgavs scenis mim-

arT damkvirveblis Tavis mobrunebis efeqts) mivyavarT 

samganzomilebiani wertilebis gamosaxulebebis gadaadgi-

lebisken.  

rogorc aRvniSneT, moZraoba 2𝐷 gamosaxulebebze 

mWidrodaa dakavSirebuli sikaSkaSis doneebis sivrciT 

da droiT cvlilebebTan. TiToeuli am sididis gamoTv-

la SesaZlebelia sivrciTi da droiTi warmoebulebis ga-

mosaTvleli lokaluri operatorebis saSualebiT. aseTi 
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operatori “xedavs” dakvirvebis qveS myofi obieqtis 

mxolod im mcire segments, romelic sididiT misi niRbis 

zomis tolia. 12.4 suraTze warmodgenilia aseTi niRbis 

anu aperturis gamosaxulebaze dadebis efeqti.  

 

 
                       a                   b                  

sur. 12.4 

 

12.4,a suraTze naCvenebia konturi, romelic gamosaxule-

bebis mimdevrobis pirveli gamosaxulebidan (uwyveti wi-

ri) gadaadgilda da meore gamosaxulebaze aRmoCnda sxva 

adgilas (wyvetili wiri).  

aRniSnul SemTxvevaSi gadaadgileba pirveli gamosa-

xulebidan meore gamosaxulebaze SeiZleba aRiweros ga-

daadgilebis veqtoris saSualebiT. magram am SemTxvevaSi 

ar SegviZlia, rom gadaadgileba calsaxad ganvsazRvroT. 

saqme isaa, rom gadaadgilebis veqtors SeeZlo pirveli 

gamosaxulebis konturze arsebuli romelime wertili 

SeeerTebina meore gamosaxulebis konturis nebismier 

wertilTan. am SemTxvevaSi SegviZlia ganvsazRvroT mxo-

lod gadaadgilebis veqtoris is komponenti, romelic 

konturis normalis gaswvrivaa mimarTuli, maSin roca, 

konturis paralelurad mimarTuli komponenti ucnobi 
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rCeba. es ganusazRvreloba cnobilia rogorc aperturis 

problema.  

gadaadgilebis veqtoris calsaxa gansazRvra maSin 

aris SesaZlebeli, roca obieqtis kuTxe operatoris niR-

bis SigniT mdebareobs (sur. 12.4,b). aRniSnuli miuTiTebs, 

rom lokaluri operatorebis saSualebiT moZraobis Se-

saxeb mxolod arasruli informaciis miReba SeiZleba.      

 

gansazRvreba 12.1. gamosaxulebaze 2𝐷 gadaadgilebis 

veqtorebis 2𝐷 masivs, romelic warmoadgens 3𝐷 scenis 

wertilebis moZraobas (mocemuls, rogorc es naCvenebia  

12.3 suraTze) ewodeba moZraobis  veli. 

 

amgvarad, gamosaxulebaze gadaadgilebis veqtorebi aR-

wers scenis 3𝐷 wertilebis gamosaxulebebis gadaadgile-

bas. gadaadgilebis veqtoris ageba aseTnairad xdeba: ga-

daadgilebis veqtoris dasawyisi imyofeba 3𝐷 wertilis 

drois 𝑡 momentSi miRebul gamosaxulebaze, xolo bolo 

_ (𝑡 + 𝛿) momentSi miRebul imave wertilis gamosaxule-

baze. amgvarad, gadaadgilebis TiToeuli veqtori Seesa-

bameba wertilis myisier siCqares drois 𝑡 momentSi. 

 

gansazRvreba 12.2. gafarToebis fokusi ewodeba  ga-

mosaxulebis im wertils, saidanac gamodis moZraobis ve-

lis yvela gadaadgilebis veqtori.  

 

Cveulebrivad, mas Seesabameba 3𝐷 scenis im wertilis  ga-

mosaxuleba, romliskenac moZraobs kamera. 
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gansazRvreba 12.3. gamosaxulebis im wertils, saiTke-

nac ikribeba moZraobis velis yvela gadaadgilebis veq-

tori, ewodeba Sekrebis fokusi. 

 

es ukanaskneli warmoadgens 3𝐷 scenis im wertilis gamo-

saxulebas, romelsac kamera Sordeba.  

moZraobis velis gamoyeneba SeiZleba rogorc obieq-

tebis amocnobisTvis, aseve maTi moZraobis analizisTvis. 

unda aRiniSnos, rom gadaadgilebis veqtorebis gamoTv-

lisas ori  SezRudvidan aiReba erT-erTi. kerZod,  

 

 an miiReba daSveba, rom 3𝑫 scenis 𝑷 wertilis da 

misi raRac midamos gamosaxulebaze intensivoba 

drois im  𝒕𝟏, 𝒕𝟐  intervalSi, romlis ganmavlobaSi  

xdeba am wertilis gadaadgilebis Sefaseba, TiTqm-

is mudmivia;  

 an miiReba daSveba, rom drois  𝒕𝟏, 𝒕𝟐  intervalis 

ganmavlobaSi obieqtebis kideebis gamosaxulebebis 

intensivobebs Soris sxvaoba TiTqmis mudmivia. 

 

12.4. optikuri nakadi 

 

rogorc zemoT aRvniSneT, droSi cvladi gamosaxule-

bebidan (gamosaxulebebis mowesrigebuli mimdevrobidan) 

SeiZleba bevri sasargeblo informaciis miReba. aRmoCnda, 

rom zogierTi amocanis amoxsna ufro advili xdeba, Tu 

gvaqvs gamosaxulebebis droiTi mimdevroba. gamosaxule-

bebis gamoklebis Seswavlisas aRvniSneT, rom gamosaxu-

lebebis mimdevrobaze obieqtTa gadaadgilebasTan erTad 

adgili aqvs intensivobis suraTebis gadaadgilebasac. 
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scenis gamosaxulebaze intensivobis suraTis moCvenebiT 

moZraobas, romelsac adgili aqvs scenis obieqtebis 

mimarT kameris moZraobisas,  optikur an gamosaxulebis 

nakads uwodeben. optikuri nakadi (an gamosaxulebis siC-

qare) es aris siCqareTa veli, romelic gamosaxulebebis 

mimdevrobis erT gamosaxulebas gardaqmnis meore gamosa-

xulebaSi. Tumca, rogorc aseTi, is ar ganisazRvreba 

calsaxad. gamosaxulebebis sibrtyeze is aRiqmeba ro-

gorc aSkara moZraoba vizualuri aRqmis safuZvelze da 

aqvs siCqaris ganzomileba. Tu optikuri nakadi ganisazR-

vreba ori TanmimdevrobiTi gamosaxulebiT, maSin is war-

moCindeba rogorc gadaadgilebis veqtori erTi gamosaxu-

lebis niSan-Tvisebebidan (vTqvaT, obieqtis kuTxe, simZi-

mis centri) meore gamosaxulebis igive niSan-Tvisebebam-

de. 12.5 suraTze warmodgenilia moZravi obieqtis optiku-

ri nakadis veqtori videomimdevrobaze. 

 

 
sur. 12.5  

 

rac Seexeba moZraobis vels, is sufTa geometriuli 

cnebaa da yovelgvari orazrovnebis gareSe warmoadgens 

3𝐷 fizikuri moZraobis velis (gadaadgilebis veqtore-

bis) proeqcias 2𝐷 gamosaxulebaze. sxva sityvebiT, moZra-

obis veli aris obieqtis realuri moZraoba proecirebu-
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li gamosaxulebis sibrtyeze. amasTan, mniSvnelovania 

aRiniSnos, rom optikuri nakadi warmoadgens uwyveti siv-

rcisTvis damaxasiaTebel cnebas, maSin, rodesac moZrao-

bis veli mis diskretul analogs warmoadgens.    

 

gansazRvreba 12.4. optikuri nakadi aris moZraobis 

veli, gamoTvlili im daSvebiT, rom gamosaxulebis inten-

sivoba Sesabamisi wertilebis siaxloveSi SedarebiT mud-

mivia. 

 

idealur SemTxvevaSi arsebobs Sesabamisoba optikur 

nakadsa da moZraobis vels Soris, Tumca es yovelTvis 

ase ar aris. ganvixiloT magaliTi. 

vTqvaT, gvaqvs uZravi obieqtivis win mbrunavi idea-

luri erTgvarovani sfero (sur. 12.6,a). misi zedapiris 

mrudwirulobis gamo masze adgili aqvs intensivobis su-

raTis cvlilebas. Tumca, am dros intensivobis suraTi 

zedapirTan erTad ar moZraobs da ar xdeba gamosaxule-

bis droSi cvlileba. aRniSnul SemTxvevaSi optikuri na-

kadi yvelgan nulis tolia, xolo moZraobis veli ki nu-

lisgan gansxvavebulia.  

 

 
                       a               b 

sur. 12.6 
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axla ganvixiloT igive sfero, mxolod uZravi, ro-

melic naTdeba sinaTlis moZravi wyaros saSualebiT 

(sur. 12.6,b). SevamCnevT, rom sinaTlis wyaros moZraobas-

Tan erTad icvleba sferos zedapiris intensivobis sura-

Tic, anu sferos zedapirze xdeba sikaSkaSis mniSvnelo-

bebis cvlilebebi. aseT SemTxvevaSi, optikuri nakadi nu-

lisgan gansxvavebuli unda iyos, Tumca moZraobis veli 

yvelgan nulis tolia. 12.7 suraTze warmodgenilia kidev 

erTi magaliTi, roca vertikaluri 𝑧 RerZis mimarT mbru-

navi obieqtis moZraobis veli da optikuri nakadi erTma-

neTs ar emTxveva. optikuri nakadi da moZraobis veli 

aseve ar emTxveva erTmaneTs, roca gvaqvs magaliTebi sce-

nebisa sarkuli arekvlebiT da CrdilebiT.  

 

 
sur. 12.7  

 

axla vnaxoT, Tu ra igulisxmeba intensivobis sura-

Tis moCvenebiTi moZraobis qveS. ganvixiloT gamosaxule-
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baze 𝑃 wertili, romelSic intensivobis mniSvneloba 

drois 𝑡 momentSi 𝐸-s tolia (sur. 12.8).  

 

 
sur. 12.8  

 

davsvaT kiTxva: gamosaxulebis romeli 𝑃′ wertili iqneba 

mocemuli wertilis Sesabamisi drois (𝑡 + 𝛿) momentis Se-

sabamis meore gamosaxulebaze, an sxvanairad, rogor moZ-

raobs drois am intervalSi intensivobis suraTi. Cveu-

lebriv, 𝑃 wertilis midamoSi unda iyos 𝐸 intensivobis 

mniSvnelobis mqone wertilebis sakmao raodenoba. Tu 

gamosaxulebis am nawilSi intensivobis cvlileba uwyve-

tia, maSin 𝑃 wertili moTavsebuli iqneba intensivobis 

erTnairi mniSvnelobebis mqone 𝐶 wirze. drois (𝑡 + 𝛿) 

momentSi ki misi Sesabamisi iqneba intensivobis erTnairi, 

𝐸 mniSvnelobis mqone 𝐶′ wiri. aq saintereso sakiTxs war-

moadgens imis gansazRvra, Tu ra Sesabamisoba arsebobs 𝐶 

da 𝐶′ wirebis wertilebs Soris. magram am sakiTxze 

pasuxis gacema rTulia, radganac moZraobis dros wiris 

forma icvleba.  
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amgvarad, cvlad gamosaxulebaze optikuri nakadis 

cvlilebis calsaxad gansazRvra lokalur informaciaze 

dayrdnobiT SeuZlebelia.  

 

12.5. optikuri nakadis gantoleba 

 

cnobilia optikuri nakadis gamoTvlis meTodebi gamosa-

xulebis ara marto interesis wertilebSi (piqselebSi), 

aramed gamosaxulebis yvela piqselSi. Cven ganvixilavT 

klasikur meTods, romelic erToblivad iTvaliswinebs 

rogorc sivrciT, aseve droiT gradientebs, gamoTvlils 

aranakleb ori TanmimdevrobiTi kadrisTvis. am meTodebs 

diferencialuri meTodebi ewodeba. 12.9 suraTze warmod-

genilia kameris xedvis areSi moZravi obieqtis gamosaxu-

lebebi (fonis intensivobis mniSvneloba aris 3, xolo 

obieqtis _ 9).  

 

 
                      a               b 

sur. 12.9 

 

12.9,a suraTze, romelic Seesabameba drois 𝑡1 moments, mo-

cemulia gamosaxulebis qveda marcxena kuTxeSi moTavse-

buli samkuTxa obieqti, xolo 12.9,b suraTze ki _ meore 
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gamosaxuleba drois 𝑡2 momentSi, mxolod zemoT, erTi 

piqseliT wanacvlebuli igive obieqtiT. warmodgenili 

magaliTi xsnis zogierT im daSvebas, romlebic mxedve-

lobaSi unda iqnes miRebuli optikuri nakadis maTemati-

kuri modelis agebisas. kerZod, daiSveba, rom: 

 

 obieqtis arekvlis Tvisebebi da misi ganaTebuloba 

drois  𝐭𝟏, 𝐭𝟐  intervalSi ucvlelia; 

 drois aRniSnul intervalSi manZilis cvlileba 

obieqtidan kameramde an sinaTlis wyaroebamde um-

niSvneloa; 

 gamosaxulebis (drois 𝐭𝟏 momentis Sesabamisi) ne-

bismieri mcire 𝐍𝐱,𝐲 midamo SeiZleba napovni iqnes 

meore gamosaxulebaze garkveul wanacvlebul 

𝐍𝐱+𝛅𝐱,𝐲+𝛅𝐲 mdebareobaSi drois 𝐭𝟐 momentSi. 

 

marTalia, realurad es daSvebebi ar sruldeba, magram 

zogjer isini optikuri nakadis veqtorebis gamoTvlis 

SesaZleblobas iZleva.   

gamoviyenoT axla miRebuli daSvebebi optikuri na-

kadis gantolebis misaRebad da vuCvenoT, Tu rogor SeiZ-

leba misi saSualebiT optikuri nakadis veqtorebis ga-

moTvla.                               

vTqvaT, gamosaxulebis 𝑛 × 𝑛 midamos centraluri pi-

qseli, romelic aRiwereba uwyveti intensivobis 𝑓 𝑥, 𝑦, 𝑡  

funqciiT drois 𝛿𝑡 intervalSi  gadaadgilda (𝛿𝑥, 𝛿𝑦) man-

ZiliT da aRmoCnda wertilSi  𝑥 + 𝛿𝑥, 𝑦 + 𝛿𝑦  intensivobiT 

𝑓 𝑥 + 𝛿𝑥, 𝑦 + 𝛿𝑦, 𝑡 + 𝛿𝑡  (sur. 12.10).  
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                     sur. 12.10  

 

maSin, zemomoyvanili daSvebebis gaTvaliswinebiT, 

mocemul wertilSi intensivobis mniSvnelobebisTvis  Se-

iZleba daiweros 

 

𝑓 𝑥, 𝑦, 𝑡 = 𝑓 𝑥 + 𝛿𝑥, 𝑦 + 𝛿𝑦, 𝑡 + 𝛿𝑡 . 

 

intensivobis funqciis teiloris mwkrivad gaSliT 

da im daSvebis gaTvaliswinebiT, rom piqselis wanacvle-

bis sidide mcirea, gveqneba 

 

𝑓 𝑥 + 𝛿𝑥, 𝑦 + 𝛿𝑦, 𝑡 + 𝛿𝑡 ≈ 𝑓 𝑥, 𝑦, 𝑡 +
𝜕𝑓

𝜕𝑥
𝛿𝑥 +

𝜕𝑓

𝜕𝑦
𝛿𝑦 +

𝜕𝑓

𝜕𝑡
𝛿𝑡   (12.1). 

 

 𝑥, 𝑦, 𝑡  wertilis 𝑛 × 𝑛 midamos simciris gamo (12.1) gamosa-

xulebaSi ugulebelyofilia maRali rigis wevrebi (maTi 

simciris gamo) da ganixileba mxolod wrfivi wevrebi. 

aRsaniSnavia, rom mocemuli gamosaxuleba warmoadgens 

erTi cvladis funqciis SemTxvevis _ 𝑓 𝑥 + 𝛿𝑥 ≈ 𝑓 𝑥 +

𝑓 ′ 𝑥 𝛿𝑥 ganzogadebas ramdenime cvladis SemTxvevaze. op-

tikuri nakadis gantolebis miRebis Semdegi nabijisTvis 

ganvixiloT 12.11 suraTze warmodgenili SemTxveva.  
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sur. 12.11  

 

optikuri nakadis veqtori 𝐕 =  𝛿𝑥, 𝛿𝑦  warmoadgens veqt-

ors, romlisTvisac unda moiZebnos drois 𝑡1 momentSi 𝑁1 

gamosaxulebis  𝑥, 𝑦  midamos wanacvleba 𝑁2 gamosaxuleb-

is iseTive intensivobis mqone  𝑥 + 𝛿𝑥, 𝑦 + 𝛿𝑦  midamoSi 

drois 𝑡2 momentSi. es niSnavs, rom  

 

𝑓 𝑥 + 𝛿𝑥, 𝑦 + 𝛿𝑦, 𝑡 + 𝛿𝑡 = 𝑓 𝑥, 𝑦, 𝑡           (12.2), 

 

anu 𝐕 mimarTulebiT moZraobisas 𝑁2 gamosaxulebis mida-

mos intensivoba drois 𝑡2 momentSi tolia 𝑁1 gamosaxu-

lebis midamos intensivobisa drois 𝑡1 momentSi.  

Tu movaxdenT (12.1) da (12.2) tolobebis gaerTianebas, 

gveqneba 

 
𝜕𝑓

𝜕𝑥
𝛿𝑥 +

𝜕𝑓

𝜕𝑦
𝛿𝑦 +

𝜕𝑓

𝜕𝑡
𝛿𝑡 = 0. 
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im daSvebis gaTvaliswinebiT, rom  𝑥, 𝑦  midamoSi inten-

sivobis cvlileba ar xdeba, aRniSnuli gantolebidan mi-

viRebT optikuri nakadis gantolebas 

 

−
𝜕𝑓

𝜕𝑡
𝛿𝑡 =

𝜕𝑓

𝜕𝑥
𝛿𝑥 +

𝜕𝑓

𝜕𝑦
𝛿𝑦 =  

𝜕𝑓

𝜕𝑥
,
𝜕𝑓

𝜕𝑦
 ∘  𝛿𝑥, 𝛿𝑦 = ∇𝑓 ∘   𝛿𝑥, 𝛿𝑦 , 

 

romelic gveubneba, rom gamosaxulebebis mimdevrobis 

SemTxvevaSi intensivobis cvlileba gamosaxulebis moce-

mul (𝑥, 𝑦) wertilSi drois 𝑡 momentSi tolia am wertil-

Si intensivobis sivrciTi ∇𝑓 gradientis skalaruli nam-

ravlisa optikuri nakadis 𝐕 veqtorze. 

am gantolebis amonaxsni ar iZleva nakadis 𝐕 veqto-

ris zustad (calsaxad) gansazRvris saSualebas, magram 

mas adebs wrfiv SezRudvas. gamosaxulebaze SeiZleba iy-

os bevri iseTi 𝑁2 midamo, romelSic intensivoba emTxveva 

𝑁1 midamos intensivobas. 12.12 suraTze warmodgenil SemT-

xvevaSi sworxazovani kideebis mqone obieqti drois  𝑡1 , 𝑡2  

intervalSi wainacvlebs marjvniv.  

 

 
sur. 12.12  
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suraTidan Cans, rom mcire midamos (aperturis) centriT 

 𝑥, 𝑦  wertilSi, SemTxvevaSi SeiZleba arsebobdes nakadis 

ramdenime SesaZlo veqtori. Tu ganvixilavT mcire aper-

turas, centriT 𝑃 wertilSi, maSin 𝑃 wertilis axal  

mdebareobad SesaZlebelia ganvixilod kidis 𝑄𝑅 monakve-

Tis gaswvriv ganlagebuli wertilebi 𝑅, 𝑄 an romelime 

sxva.  

12.13 suraTze naCvenebia marjvniv moZravi kvadratu-

li obieqti gansxvavebuli oTxi kidiT.  

 

 
sur. 12.13  

 

gadaadgilebis veqtorebsa da kideebze maT sawyis werti-

lebze drois 𝑡1 momentSi dadebulia wrfivi SezRudva, 

romlis mixedviTac veqtorebis boloebi drois 𝑡2 moment-

Si aseve kideebze unda imyofebodes. erTnairi SezRudve-

bi mocemuli obieqtis yvela wveros mimarT gvaZlevs uf-

lebas vTqvaT misi marjvniv wanacvlebis Sesaxeb. imis ga-

mo, rom obieqti myaria, aseTi qceva damaxasiaTebeli iqne-

ba obieqtis sazRvris gaswvriv moTavsebuli yvela werti-

lisTvis.   
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zogad SemTxvevaSi, SeiZleba obieqts arc hqondes 

mkveTrad gamoxatuli sworxazovani kideebi, magram miu-

xedavad amisa, 12.11 suraTi iseTive warmatebiT SeiZleba 

iqnes gamoyenebuli Tanabari intensivobis mqone mrudwi-

ruli konturebisTvisac. aseT SemTxvevaSi, suraTze naC-

venebi kideebi unda ganvixiloT rogorc mxebebi im kon-

turis mimarT, romlis lokaluri aproqsimaciisTvisac 

isini gamodgeba. 

rac Seexeba 12.12 suraTs, is SeiZleba Semdegnairad 

iyos interpretirebuli: gamosaxulebis 𝑃 wertilSi in-

tensivobis cvlileba SeiZleba ase Caiweros −
𝜕𝑓

𝜕𝑡
𝛿𝑡. opti-

kuri nakadis gantolebis mixedviT intensivobis es cvli-

leba tolia intensivobis sivrciTi ∇𝑓 gradientis da op-

tikuri nakadis 𝐕 veqtoris skalaruli namravlisa. opti-

kuri nakadis veqtoris moduli  𝐕  sididiT SeiZleba to-

li iyos normalis gaswvriv intensivobis vardnis axal 

mdebareobamde manZilisa, an SeiZleba aRmoCndes gacileb-

iT ufro didi, Tu nakadis veqtoris mimarTuleba mkveT-

rad gansxvavdeba sivrciTi gradientis mimarTulebisgan. 

am ukanasknelis magaliTad SeiZleba moviyvanoT Toki, 

romelsac Zalian swrafad ewevian vertikalurad zemoT 

da romelic amave dros cotaTi vibrirebs horizontalu-

ri mimarTulebiTac. maSin Tokis boloebi gamosaxuleba-

ze umniSvnelod wainacvlebs.    
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12.6. moZravi obieqtebis TvalTvali 

videomimdevrobebze 

 

obieqtis TvalTvali (object tracking) warmoadgens dinamikur 

scenaze moZravi obieqtis (an obieqtebis) aRmoCenis (lo-

kalizaciis) process drois garkveuli periodis ganmav-

lobaSi. es procesi gulisxmobs drois sxvadasxva momen-

tebSi sivrceSi moZravi obieqtis mdebareobis wertilebis 

dagrovebas da Semdeg maT safuZvelze moZraobis traeq-

toriis agebas. 12.14 suraTze naCvenebia sami obieqtis 

gluvi traeqtoriebi, agebuli drois sxvadasxva momentis 

Sesabamisi 6 wertilis saSualebiT.  

 

 
sur. 12.14  

 

zogadi daSvebebi, romlebic gaTvaliswinebuli unda iy-

os fizikuri obieqtebis 3𝐷 sivrceSi moZraobisas, Semde-

gia: 
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1. moZravi fizikuri obieqtis adgilmdebareoba dro-

is ganmavlobaSi icvleba gluvad; 

2. moZravi fizikuri obieqtis siCqare drois ganmav-

lobaSi icvleba gluvad rogorc sididiT, aseve 

mimarTulebiT; 

3. drois yovel momentSi obieqti SeiZleba imyofebo-

des sivrcis mxolod erT areSi; 

4. ori sxvadasxva obieqti drois erTsa da imave mo-

mentSi ar SeiZleba imyofebodes sivrcis erTsa da 

imave areSi. 

 

pirveli sami daSveba sruldeba 3𝐷 sivrcis 2𝐷 proeqcie-

bisTvisac. saqme isaa, rom obieqtebis 3𝐷 sivrceSi uwyve-

ti moZraobisas gamosaxulebebze (gamosaxulebebis mimdev-

robaze) Cans maTi gamosaxulebebis uwyveti traeqtoriebi. 

rac Seexeba meoTxe daSvebas, is SeiZleba dairRves imis 

gamo, rom kameris win obieqtebi SeiZleba erTmaneTs fa-

ravdes. aseTi problema warmoiSoba maSin, roca kamera 

erT adgilzea fiqsirebuli. adamianebis monawileobiT Ca-

tarebulma eqsperimentebma aCvena, rom maT SeuZliaT amo-

icnon obieqtebi da moaxdinon moZraobis analizi kadre-

bis mimdevrobaze dayrdnobiT im SemTxvevaSi, Tu es uka-

nasknelebi Seicavs moZravi obieqtebis mxolod calkeul 

wertilebs.  

ganvixiloT axla algoriTmi, romelSic zemoCamoT-

vlili daSvebebi gamoiyeneba kadrebis mimdevrobaze ga-

moyofil wertilebze gamavali gluvi traeqtoriebis 

simravlis gamosaTvlelad. jer SemovitanoT gluvi tra-

eqtoriis maTematikuri gansazRvreba, xolo Semdeg ki 𝑚 

traeqtoriebis gluvi simravlis, rogorc iseTi calsaxa 
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traeqtoriebis simravlis gansazRvra, romelTaTvisac 

“gluvobis” 𝑚 mniSvnelobebis jami optimaluria.  

 

gansazRvreba 12.5. Tu 𝑖-uri obieqtis TvalTvali 

xorcieldeba drois 𝑡 = 1,2, . . . , 𝑛  momentebSi gamosaxule-

bebis 𝑝𝑖 ,1 , 𝑝𝑖 ,2 , . . . , 𝑝𝑖 ,𝑡 , . . . , 𝑝𝑖 ,𝑛 wertilebSi, maSin am wertile-

bis 𝑇𝑖 =  𝑝𝑖 ,1 , 𝑝𝑖 ,2 , . . . , 𝑝𝑖,𝑡 , . . . , 𝑝𝑖 ,𝑛  mimdevrobas 𝑖-uri obieqtis 

traeqtoria ewodeba. 

 

aq 𝑝𝑖 ,𝑛 warmoadgens 𝑇𝑖-uri traeqtoriis wertils me-𝑛-e 

kadrze. 

traeqtoriis nebismieri ori wertilisTvis SeiZleba 

ganisazRvros sxvaobis veqtori 

 

𝑉𝑖,𝑡 = 𝑝𝑖 ,𝑡+1 − 𝑝𝑖,𝑡 . 

 

moZravi obieqtis traeqtoriis 𝑝𝑖 ,𝑡 wertilSi gluvo-

bis sidide 𝑆𝑖,𝑡 gamoiTvleba traeqtoriis am wertilSi Se-

mavali da gamomavali veqtorebis sxvaobis safuZvelze. 

rac Seexeba gluvobis mimarTulebas, is gamoiTvleba am 

veqtorebis skalaruli namravliT, xolo siCqaris glu-

voba ki gamoiTvleba am veqtorebis sigrZeebis geometriu-

li da ariTmetikuli saSualoebis Sedarebis safuZvelze. 

amgvarad, traeqtoriis 𝑝𝑖 ,𝑡 wertilSi gluvobis sidide 

tolia 

 

𝑆𝑖,𝑡 = 𝑤  
𝑉𝑖,𝑡−1∘𝑉𝑖,𝑡

 𝑉𝑖,𝑡−1  𝑉𝑖,𝑡  
 +  1 − 𝑤  

2  𝑉𝑖,𝑡−1  𝑉𝑖,𝑡  

 𝑉𝑖,𝑡−1 + 𝑉𝑖,𝑡  
       (12.3), 
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sadac, 𝑤 woniTi koeficientia da 0 ≤ 𝑤 ≤ 1, Sesabamisad 

gluvobis sidide 0 ≤ 𝑆𝑖,𝑡 ≤ 1. aRniSnuli gamosaxulebis 

pirveli wevri Seesabameba gluvobis mimarTulebas, xolo 

meore _ siCqaris gluvobas. Tu traeqtoria wrfivia da 

wertilebi erTmaneTisgan Tanabari  manZilebiTaa daSore-

buli, maSin (12.3) gantolebis mixedviT yvela sxvaobis 

veqtori erTmaneTis tolia da Sesabamisad 𝑆𝑖,𝑡 = 1.0, rac 

wertilSi gluvobis optimalur mniSvnelobas warmoadg-

ens. siCqaris an mimarTulebis cvlileba amcirebs  𝑆𝑖 ,𝑡 si-

dides.  

davuSvaT, gvaqvs 𝑛 kadrisgan Sedgenili gamosaxule-

bebis mimdevroba da TiToeul maTganze 𝑚 raodenobis 

moZravi wertili. movniSnoT es wertilebi pirvel kadr-

ze WdeebiT 𝑖 = 1,2, . . . , 𝑚. amocana mdgomareobs SemdegSi: vi-

povoT moZravi 𝑚 wertilebis 𝑇𝑖 traeqtoriebi kadrebis 𝑛 

mimdvrobaze minimaluri jamuri gluvobis mniSvnelobiT. 

cxadia, am SemTxvevaSi gveqneba 𝑚 traeqtoria, romelTa-

gan TiToeulze iqneba 𝑛 raodenobis wertili.   

jamuri gluvoba 𝑇𝑠 ganisazRvreba rogorc yvela 𝑚 

traeqtoriaze gamoyofil wertilebSi gluvobis sididee-

bis mTliani jami  

 

𝑇𝑠 =   𝑆𝑖,𝑡
𝑛−1
𝑡=2

𝑚
𝑖=1  . 

 

zemoTqmulidan gamomdinare, traeqtoriebis mTliani 

SesaZlo raodenoba 𝑛 kadrze tolia 𝑚𝑛 , saidanac arCeu-

li unda iqnes mxolod 𝑚 raodenobis traeqtoria. Sesa-

bamisad, unda arsebobdes am traeqtoriebis gonivrulad 

arCevis meTodi. imis gamo, rom TiToeuli traeqtoria 
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gluvia, azriani iqneboda midgoma, romlis mixedviTac 

yvela SesaZlo traeqtoriebis simravlidan moxdeboda im 

traeqtoriebis arCeva, romlebic moaxdenda traeqtorieb-

is gluvobis, anu jamuri 𝑇𝑠 gluvobis maqsimizacias. 

aqedan gamomdinare, traeqtoriebis povnis meTodi SeiZle-

ba formulirebul iqnes rogorc optimizaciis amocana. 

amave dros, gamokvlevebiT dadgenilia, rom ori kadris 

SemTxvevaSi gluvobis gamoyenebas moZraobis dafiqsire-

bisTvis azri ar aqvs _ minimum sami kadri maincaa saWiro 

obieqtis mdebareobis cvlilebis gamosaTvlelad. cxadia,  

mocemuli amocanis gadasawyvetad, anu zusti traeqtori-

ebis sapovnelad SeiZleba ganxiluli iqnes traeqtori-

ebis yvela SesaZlo kombinacia. marTalia, imis gamo, rom 

𝑡 = 1 kadrze sawyisi wertilebis arCeva xdeba nebismie-

rad, Sesabamisad, traeqtoriebis raodenoba 𝑚𝑛−1-is toli 

iqneba. magram aseTi gamoTvlebis fasi Zalian maRalia. 

amitom algoriTmSi axali wertilebis mikuTvneba Sesaba-

misi traeqtoriebisadmi xorcieldeba iteraciuli opti-

mizaciis algoriTmis gamoyenebiT. kerZod, es algoriTmi 

agrZelebs traeqtoriebs  𝑡 + 1  kadramde (anu umatebs 

maT  𝑡 + 1  kadris  wertilebs) im daSvebiT, rom traeqto-

riebi 𝑡 kadramde ukve miRebulia, xolo  𝑡 + 1  kadris 

wertilebis mikuTvneba ukve arsebuli traeqtoriebisadmi 

xorcieldeba uaxloesi mezoblis Ziebis kriteriumis ga-

moyenebiT. amasTan, yovel momdevno  𝑡 + 1  kadrze traeq-

toriebisTvis axladmierTebuli wertilebis Sesabamisoba 

mowmdeba jamuri gluvobis maqsimizaciis kriteriumiT. 

aRniSnul TvalTvalis algoriTms xarbi gacvlis algo-

riTmi (greedy exchange algorithm) ewodeba.  
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ganvixiloT am algoriTmis moqmedeba 12.15 suraTze  

mocemuli magaliTisTvis, sadac warmodgenilia ori, Ο 

da □ obieqtis traeqtoria da maTTan erTad optikuri na-

kadis veqtorebi pirvel xuT wertilSi.  

 

 
sur. 12.15  

 

12.1 cxrilSi ki mocemulia wertilebis koordinate-

bi gamosaxulebis sibrtyeze da gluvobis sidideebi tra-

eqtoriebis zogierTi wertilisTvis.  

 

cx. 12.1  
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pirvel kadrze wertilebs Wdeebi SeiZleba mieniWos ne-

bismierad, magaliTad, obieqts □1≡1=T[1,1] da obieqts 

Ο1≡2=T[2,1]. amis Semdeg traeqtoriebi SeiZleba gagrZel-

des momdevno kadrebis uaxloesi wertilisken: uaxloes 

wertils mieniWeba Wde T[1,2]=Ο2 da darCenils ki _ T[2,2]= 

□2. magram Wdeebis miniWebisas SevcdiT namdvili traeqto-

riebis arCevaSi. marTlac, gamovTvaloT jamuri gluvoba 

orive traeqtoriisTvis mas Semdeg, rac avirCevT uaxlo-

es mezobels drois 𝑡 = 3 momentSi (mesame kadrze). cxri-

lis 12.1. pirveli ori striqonidan Cans, rom aRniSnuli 

Wdeebis miniWebis Sedegad traeqtoriebis jamuri gluvo-

ba tolia 0.97+0.98=1.95. magram Tu axla wina kadrze (𝑡 = 2) 

miniWebul Wdeebs (T[1,2]=Ο2 da T[2,2]=□2) adgilebs Sevucv-

liT, maSin jamuri gluvobisTvis miviRebT ukeTes mniSv-

nelobas, 0.99+0.99=1.98. aseTi cvlilebis Sedegad drois 

𝑡 = 2 momentSi traeqtoriebs eqneba saxe, (□1, □2) da (Ο1, 

Ο2). Semdegi uaxloesi mezoblis arCeva drois 𝑡 = 3 da 

𝑡 = 4 momentebisTvis mogvcems jamuri gluvobis saukeTe-

so mniSvnelobas, amitom WdeebisTvis adgilebis Secvla 

saWiro aRar iqneba. magram, drois 𝑡 = 5 momentSi uaxlo-

esi mezoblis arCeva mogvcems traeqtoriebs (□1, □2, □3, □4, 

Ο5) da (Ο1, Ο2, Ο3, Ο4, □5). am SemTxvevaSi jamuri gluvoba 

toli iqneba 2.84+2.91=5.75. Tu axla traeqtoriebis bolo 

wertilebis Wdeebs adgilebs SevucvliT da isev gamovTv-

liT jamur gluvobas, vnaxavT, rom jamuri gluvobis 

mniSvneloba  gaumjobesdeba da toli iqneba, 2.89+2.94=5.83. 

amgvarad, saboloo Sedegi iqneba gamosaxulebaze Ο da □ 

obieqtebis moZraobis TvalTvalis Sedegad miRebuli 

namdvili traeqtoriebi, kerZod, 12.15 suraTze mocemuli 

Wdeebis Sesabamisi.   
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12.7. videomimdevrobebis segmentacia 

 

videomimdevrobebis segmentacia warmoadgens videomonace-

mebis damuSavebis erT-erT amocanas, romlis mizania vi-

deokadrebis grZeli mimdevrobis danawevreba calkeuli 

kinoscenebis amsaxveli kadrebis  qvemimdevrobebad. maga-

liTad, ramdenime wuTiani sainformacio telesiuJeti yo-

velTvis Seicavs 10-15 wamian fragmentebs. Cveulebriv, 

aseT fragmentebSi kamera gviCvenebs studiaSi magidasTan 

mjdom wamyvans. foni am dros yovelTvis mudmivia, magram 

SeiZleba icvlebodes scenis masStabi. aseTi fragmentis 

Semdeg xdeba uSualod gadasvla konkretuli movlenis 

(magaliTad, politikuris, sportulis da a.S.) amsaxvel 

videomimdevrobaze, sadac TviT movlena naCvenebia sxvada-

sxva planiT da agreTve maT Soris gadasvlebiT. es gada-

svlebi SeiZleba daedos safuZvlad videomimdevrobebis 

segmentacias. kerZod, maTi aRmoCena SesaZlebelia gamosa-

xulebebze drois garkveuli intervalis ganmavlobaSi 

maxasiaTebeli niSan-Tvisebebis mniSvnelovani cvlilebe-

bis Sesaxeb informaciaze dayrdnobiT.  

vTqvaT, gvaqvs videomimdevrobis 𝐼𝑡 da 𝐼𝑡+𝛿 kadrebi. 

maSin maT Soris sxvaobis raodenobrivi SefasebisTvis 

SeiZleba gamoviyenoT Sesabamis piqselebs Soris saSua-

lo sxvaoba. drois 𝛿 intervali imisda mixedviT, Tu ro-

goria kameris efeqti, SeiZleba moicavdes erT an ramde-

nime intervals. amgvarad, sxvaoba 𝐼𝑡 da 𝐼𝑡+𝛿 kadrebs Sor-

is aris 

 

 𝑑𝑝𝑖𝑥𝑒𝑙  𝐼𝑡 , 𝐼𝑡+𝛿 =
   𝐼𝑡  𝑖 ,𝑗  −𝐼𝑡+𝛿 [𝑖,𝑗 ] 𝑀

𝑗 =1
𝑁
𝑖=1

𝑁×𝑀
         (12.4). 



353 

 

imis gamo, rom sxvaoba SeiZleba didi aRmoCndes kameris 

mcire panoramuli wanacvlebis drosac ki, an raRac obi-

eqtis moZraobisas TiTqmis uZrav scenaze, (12.4) gamosaxu-

lebam SeiZleba mogvces xarisxobrivad araswori Sedege-

bi. kadrebs Soris gansxvavebis Sefasebis ufro ukeTesi 

varianti mdgomareobs gamosaxulebis dayofaSi did blo-

kebad da Semdeg imis SemowmebaSi, aris Tu ara am blokeb-

is umetesoba orive gamosaxulebaze erTmaneTis Sesabami-

si. am midgomis mixedviT, Sesabamis blokebs Soris sikaS-

kaSis mniSvnelovani cvlilebis niSan-Tvisebad gamoiyene-

ba statistikuri maxasiaTebeli, dasajerobis fardoba 

(12.5)   

 

𝑟 =
 
𝑣1+𝑣2

2
+ 

𝑢1−𝑢2
2

 
2
 

2

𝑣1𝑣2
                  (12.5), 

 

𝑑𝑏𝑙𝑜𝑐𝑘  𝐵1, 𝐵2 =  
1,    თუ  𝑟 > 𝜏𝑟 ;

0,    თუ  𝑟 ≤ 𝜏𝑟 ;
  

 

𝑑 𝐼1 , 𝐼2 =  𝑑𝑏𝑙𝑜𝑐𝑘  𝐵1𝑖 , 𝐵2𝑖 𝐵1𝑖∈𝐼1;𝐵2𝑖∈𝐼2
, 

 

sadac: 𝑢1 da 𝑣1 Sesabamisad intensivobis maTematikuri 

lodini da dispersiaa 𝐼1 gamosaxulebis 𝐵1 blokSi, xo-

lo 𝑢2 da 𝑣2 ki Sesabamisad 𝐼2 gamosaxulebis 𝐵2 blokSi; 

𝑑𝑏𝑙𝑜𝑐𝑘  𝐵1, 𝐵2  _ Sesabamisoba blokebs Soris; 𝜏𝑟 - zRurbl-

is mniSvneloba; 𝑑 𝐼1, 𝐼2  - sxvaoba 𝐼1 da 𝐼2 gamosaxulebebs 

Soris.  

Tu blokebis umetesobas Soris nulovani gansxvave-

baa, maSin iTvleba, rom orive gamosaxuleba erT plans 

miekuTvneba. roca orive gamosaxulebas aqvs mkveTrad ga-
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moxatuli teqstura, maSin (12.5) ufro stabiluria, vidre 

(12.4). magram samwuxarod isic arastabiluri xdeba kamer-

is mcire wanacvlebebiT gamowveuli kadrTaSorisi cvli-

lebebis SemTxvevaSi.  
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XIII Tavi. gamosaxulebebis segmentacia 
 

13.1. segmentaciis arsi da miznebi 

 

scenis gamosaxulebaze obieqtebisa da maTi nawilebis 

povna xorcieldeba segmentaciis, an niSan-TvisebaTa gamo-

yofis meTodebis saSualebiT. niSan-Tvisebebis gamoyofis 

qveS igulisxmeba gamosaxulebaze gansakuTrebuli tipis 

lokaluri saxasiaTo niSnebis gamoyofa, kerZod, sikaSka-

Sis doneebis mkveTrad gamoxatuli vardnebis _ kideebis, 

wrfeebis, mrudebis, laqebis, kuTxeebis da a.S. segmentaci-

isas ki xdeba diskretuli gamosaxulebis gamartiveba mi-

si calkeul bmul areebad _ segmentebad danawevrebis 

gziT. segmentebi gamosaxulebaze warmoadgens erTnairi 

naxevartonebis doneebis mqone momijnave bmuli elemente-

bis erTobliobas. segmentacia iZleva SesaZleblobas mo-

vaxdinoT gadasvla gamosaxulebis umartivesi niSan-Tvi-

sebebidan misi aRwerisTvis saWiro iseTi saSualebebis 

krebulze, romlebiTac SesaZlebeli iqneba scenis gamo-

saxulebis simboluri aRwera. aseTi aRwerisas piqselebs 

eniWeba ara sikaSkaSis doneebis mniSvnelobebi, aramed im 

klasebis aRmniSvneli Wdeebi, romelTac isini miekuTvne-

ba. aseTi simboloebis magaliTebs warmoadgens obieqtis 

sworxazovani an mrudwiruli sazRvrebis (momvlebi kon-

turi, silueti) Semadgeneli wertilebisgan Sedgenili 

jaWvebi, mudmivi sikaSkaSis mqone bmuli komponentebi, fe-

rebi an teqsturebi, elementaruli geometriuli figure-

bi (marTkuTxedi, samkuTxedi, wrewiri). amgvarad, gamosa-

xulebis analizi SeiZleba ganvixiloT rogorc gamosa-

xulebis nawilebis iseTi erTobliobebis povnis amocana, 
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romelTa Tvisebebi da urTierTmimarTebebi akmayofilebs 

mocemul SezRudvebs da SeiZleba aRweril iqnes moniSnu-

li grafis saSualebiT. 

gamosaxulebaTa analizis mraval gamoyenebiT amoca-

naSi danawevreba xdeba iseT areebad, romlebTanac dakav-

Sirebulia mocemuli amocanisTvis saWiro arsobrivi in-

formacia. magaliTad, dedamiwis zondirebisas Tanamgzav-

ridan miRebuli gamosaxulebis damuSavebisas arsobriv 

areebs warmoadgens tyis masivebi, mdinareebi, sasoflo-

sameurneo daniSnulebis farTobebi da a.S. sxva amocaneb-

Si interesis areebad SeiZleba ganixilebodes sasazRvro 

piqselebi, romlebic dajgufebulia monakveTebadDan wre-

wiris rkalebad. aseve interesis areebs SeiZleba warmo-

adgendes piqselTa raime formis mqone erTobliobebi 

(wrewiri, elifsi, mravalkuTxedebi da a.S.). gamosaxule-

bis segmentacias aqvs ori ZiriTadi mizani. erTi mdgoma-

reobs imaSi, rom gamosaxuleba daiyos misi Semdgomi 

analizisTvis mosaxerxebel nawilebad. xolo meore miza-

ni ki TviT gamosaxulebis aRweris formis Secvlaa. aq 

igulisxmeba, rom segmentaciis Sedegad gamosaxuleba 

ukve aRiwereba ara intensivobis funqciis, aramed ufro 

maRali donis struqturebis saSualebiT.  

formalurad gamosaxulebis segmentaciis procesi 

ase SeiZleba iqnes warmodgenili:  

aRvniSnoT 𝑿-iT cifrul gamosaxulebaze arsebuli ele-

mentebis (piqselebis) simravle. amave dros, vTqvaT, erTi 

mxriv mocemulia is pirobebi, romlebiTac xdeba 𝑿 sim-

ravlis nebismieri bmuli 𝑨 komponentis (aris) erTgva-

rovnebis dadgena da meore mxriv, Sesabamisi logikuri 

funqcia 𝑭(𝑨), romelic udris 1, Tu mocemuli pirobebi 
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sruldeba, da udris 0, winaaRmdeg SemTxvevaSi. maSin seg-

mentaciis mizania vipovoT 𝑿 simravlis iseTi danawevreba 

𝑨𝒊, 𝒊 = 𝟏, 𝒏       bmul komponentebad (areebad), rom Sesruldes 

Semdegi pirobebi:  

 

1. 𝑿 =  𝑨𝒊
𝒏
𝒊=𝟏  da 𝑨𝒊 ∩ 𝑨𝒋 = 𝟎, roca 𝒊 ≠ 𝒋; 

2. yoveli 𝑨𝒊 warmoadgens bmul komponents; 

3. nebismieri 𝑨𝒊 -Tvis, 𝑭 𝑨 = 𝟏; 

4. 𝑭 𝑩 = 𝟎 yoveli iseTi 𝑩 bmuli komponentisTvis, 

romelsac aqvs saxe  

𝑩 = 𝑨𝒊𝟏 ∪ 𝑨𝒊𝟐 ∪ .  .  .  ∪ 𝑨𝒊𝒌, 𝒌 > 1. es piroba miuTiTebs 

𝑨𝒊 bmuli komponentebis _ segmentebis “maqsimalu-

robaze”.  

 

warmodgenili pirobebi miuTiTeben im mTavar formalur 

moTxovnebze, romlebsac unda akmayofilebdes segmenti-

rebul gamosaxulebaze arsebuli erTgvarovani areebi 

(segmentebi). amasTan segmentaciis Sedegad miRebuli aree-

bi unda akmayofilebdes Semdeg moTxovnebs: 

 

 segmentirebuli gamosaxulebis areebi (segmentebi) 

unda iyos sruli da erTgvarovani raime niSan-Tvi-

sebis mimarT (sikaSkaSis, feris an teqsturis); 

 segmentirebuli areebis Sida nawilebs unda hqon-

des martivi forma da ar unda Seicavdes didi ra-

odenobis wvril-wvril naxvretebs; 

 momijnave segmentirebuli areebi mniSvnelovnad 

unda gansxvavdebodes erTmaneTisgan im maxasiaTebe-
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li niSnis mniSvnelobis mixedviT, romlis mimarT-

ac isini erTgvarovania; 

 yoveli segmentirebuli aris sazRvari unda iyos 

gluvi, yovelgvari dakbilvebisa da wyvetebis gare-

Se. 

 

realurad zemoaRniSnuli moTxovnebis Sesruleba rTu-

lia. amis gamo saWiro xdeba scenis Sesaxeb damatebiT ap-

rioruli informaciis gamoyeneba. 

segmentaciis amocanis gadawyveta emyareba or urTi-

erTsawinaaRmdego midgomas. pirvelSi, gamosaxulebis el-

ementebis lokaluri maxasiaTeblebis msgavsebis safuZ-

velze xdeba maTi gaerTianeba Sesabamis segmentSi, ro-

melsac Semdgom eniWeba saxeli anu arsobrivi Wde. aseT 

midgomas miekuTvneba meTodebi: zRurbluri damuSavebis 

da klasterizaciis; areebis dagrovebis da danawevrebis. 

meore midgomaSi xdeba gamosaxulebis im areebis gamoyo-

fa, romlebic Seesabameba gamosaxulebis elementebis lo-

kaluri maxasiaTeblebis mkveTr wyvetebs an gansxvavebebs. 

Sesabamisad, aq segmentaciis amocana daiyvaneba sazRvr-

ebis gamoyofis amocanaze. Sesabamis meTodebs warmoad-

gens: sivrciTi diferencirebis meTodebi; maRalsixSiru-

li filtracia; funqcionaluri aproqsimacia. TiToeul 

am CamoTvlil meTodSi naCvenebia gamosaxulebis damu-

Savebisadmi midgomis Tavisebureba da Sesabamisad Semo-

Tavazebulia erTgvarovani areebis gamoyofis sakiTxis 

dasmisa da gadawyvetis (winaswar mocemuli garkveuli 

kriteriumiT) Sesabamisi xerxi. segmentebi gamoiyofa ga-

mosaxulebis wertilebis garkveuli lokaluri maxasia-
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Tebeli niSan-Tvisebebis mimarT, rogoricaa magaliTad, 

sikaSkaSis done, feri an teqstura.   

TiToeuli zemoaRniSnuli meTodis gamoyenebis Sede-

gi mniSvnelovnad aris damokidebuli TviT gamosaxule-

bis sirTuleze. segmentaciis Sedegad miRebuli erTgva-

rovani are warmoadgens lokalur-kontrastul warmona-

qmns, romlis araerTgvarovneba mis garemomcvel gamosa-

xulebis nawilTan SedarebiT gacilebiT mcirea, vidre 

gansxvaveba. imis gamo, rom gamosaxulebaze adgili aqvs 

segmentebis mravalnairobas, xolo maT SigniT ki maxa-

siaTeblebis variacias, maTi Sesabamisi klasterebi niSan-

TvisebaTa sivrceSi erTmaneTs faravs. amis gamo klaste-

rizacia gamoiyeneba ufro martivi gamosaxulebebis – his-

tologiuri gadanaWrebis, sisxlis sinjebis da a.S. seg-

mentaciisaTvis. aseT gamosaxulebebSi erTgvarovani aree-

bis raodenoba mcirea, xolo maTi zomebi sakmaod didi. 

danawevrebis meTodebi segmentebis araerTgvarovnebis 

gansazRvrisaTvis iTxovs globaluri kontrastis arse-

bobas, ris gamoc maTi gamoyenebisas jer xdeba gamosaxu-

lebis Zlieri sawyisi danawevreba Semdgomi dagrovebiT. 

gamosaxulebaze lokalur-kontrastuli warmonaqmnebis 

gamosayofad ufro gamosadegia dagrovebisa da sazRvre-

bis analizis meTodebi. amis mizezi ki is aris rom 

Tavisi garemocvis mimarT ufro kontrastul ares sazR-

vris calkeul ubnebze SeiZleba hqondes ufro naklebi 

kontrasti, vidre Tavis SigniT. aseTi ubnebis arsebobas 

dagrovebis meTodebis gamoyenebisas mivyavarT mezobeli 

elementebis Serwymisken. 

rTuli gamosaxulebebis segmentaciisTvis ufro ga-

mosadegi aRmoCnda sazRvrebis analizis meTodebi im mi-
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zeziT, rom areebis sazRvris garkveul nawilSi erTgva-

rovnebis darRvevisas misi danarCeni nawili SeiZleba 

aRdgenil iqnes erTgvarovnebis mocemuli kriteriumis 

Tanaxmad, xolo dabalkontrastuli ubnebis (sazRvrebis 

wyvetebis) aRdgena xdeba Sepirispirebis meTodebis gamo-

yenebiT. rTuli gamosaxulebebis segmentacia moiTxovs 

kompleqsur midgomas. aq saWiroa mxedvelobaSi miRebul 

iqnes rogorc erTgvarovnebis sxvadasxva pirobebi, aseve 

TviT gamosaxulebis sxvadasxva maxasiaTeblebi, rac gu-

lisxmobs imas, rom, erTi mxriv, segmentaciisTvis SeiZle-

ba erToblivad iqnes gamoyenebuli rogorc klasteriza-

ciis, aseve dagrovebis da sazRvrebis analizis meTodebi. 

meore mxriv, mxedvelobaSi unda iqnes miRebuli rogorc 

gamosaxulebis elementebis sxvadasxva maxasiaTeblebi 

(sikaSkaSe, feri), aseve gamosaxulebis sxvadasxva tipis 

fragmentebis (elementi, garemo, segmenti) maxasiaTeblebi. 

amave dros scenis gamosaxulebis segmentaciisTvis Sesa-

bamisi meTodis SerCevisaTvis aseve saWiroa mxedvelobaSi 

miviRoT gamosaxulebis Sesaxeb arsebuli konteqsturi 

informaciac. cifruli gamosaxulebis segmentaciis maga-

liTebi, sadac mocemulia rogorc sawyisi, aseve segmen-

tirebuli gamosaxulebebi, naCvenebia 13.1 suraTze. 

garda zemoaRniSnuli meTodebisa arsebobs aseve 

segmentaciis sxva meTodebic. kerZod: 

 

 modelze damyarebuli (model-based) segmentacia: 

gamosaxulebis segmentacia xdeba segmentebis moce-

muli formis da sxva Tvisebebis (modelis) safuZ-

velze;  
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 kideze damyarebuli (edge-based) segmentacia: obieq-

tis konturebi iZebneba kidis wertilebis midev-

nebis gziT; 

 teqsturaze damyarebuli (texture-based) segmentacia: 

segmentebis gamosayofad gamoiyeneba areebis teqs-

turuli Tvisebebi; 

 moZraobaze damyarebuli (motion-based) segmentacia: 

obieqtebis lokalizacia xdeba maT gadaadgile-

baze dayrdnobiT. 

 

      
 

 

                   
 

sur. 13.1 
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axla ganvixiloT segmentaciis meTodebi da maTi Se-

sabamisi zogierTi algoriTmi ufro detalurad.  

 

13.2. klasterizaciis meTodebi 

 

miCneulia, rom gamosaxulebaze erTgvarovani obieqtebi 

gvevlineba rogorc klasterebi (msgavsi Tvisebebis mqone 

obieqtebis aracarieli qvesimravleebi) niSan-TvisebaTa 

sivrceSi. aqedan gamomdinare, segmentebis gamoyofis amo-

cana SeiZleba ganxilul iqnes rogorc gamosaxulebis 

sivrceSi ganxorcielebuli klasterizacia (clustering).  

gamosaxulebis segmentaciisas klasterizaciis meTo-

dis gamoyenebiT monacemTa dajgufeba xdeba gamosaxuleb-

is sivrceSi, anu am dros mxedvelobaSi miiReba gamosaxu-

lebis elementebis ara marto speqtraluri maxasiaTeble-

bi, aramed maT Soris sivrciTi urTierTobebic, xolo 

klasterizacia ki xorcieldeba niSan-TvisebaTa sivrceSi. 

realurad es imas niSnavs, rom gamosaxulebis yoveli 

piqselisTvis ganisazRvreba maxasiaTebel niSan-TvisebaTa 

krebuli, warmodgenili  veqtoris saxiT. amis Semdeg niS-

an-TvisebaTa sivrceSi gamoiyofa wertilTa (veqtorTa) 

grovebi _ klasterebi, romelTac gamosaxulebis sivrce-

Si Seesabameba TvisebebiT msgavsi bmuli elementebis are-

ebi _ segmentebi. Tavis mxriv niSan-Tvisebebi SeiZleba 

asaxavdes:  

 

 piqselis maxasiaTebels, warmodgenils skalaruli 

(sikaSkaSe) an veqtoruli (feri, sikaSkaSe mraval-

zonalur gamosaxulebaSi, geofizikuri da geoqimi-

uri velebis mniSvnelobebi) saxiT;  
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 piqselis midamos maxasiaTeblebs skalaris (saSua-

lo sikaSkaSe, sikaSkaSis gradienti) an veqtoris 

(mezobeli elementebis sikaSkaSeebi, maTi sikaSkaS-

is dispersia da a.S.) saxiT;  

 gamosaxulebis winaswar gamoyofili fragmentebis 

maxasiaTeblebs: forma, zoma, teqstura da a.S.  

 

amgvarad aseTi midgomis dros gamosaxulebis segmen-

tacia SeiZleba warmovidginoT rogorc niSan-TvisebaTa 

sivrceSi gamoyofili klasterebis ukuasaxva gamosaxule-

bis sivrceSi, sadac bmuli komponentebis markirebis al-

goriTmis gamoyenebis Sedegad miiReba bmuli areebi _ 

segmentebi. 

klasteruli analizi, romelic warmoadgens segmen-

taciis erT-erT meTods, TviT SeiZleba daiyos sam mimar-

Tulebad. pirveli efuZneba im daSvebas, rom klasterebi 

Seesabameba sawyis monacemTa simravlis ganawilebis sim-

kvrivis funqciis maqsimumebs (modebs). aseTi midgoma ki 

Tavis mxriv moiTxovs simkvrivis funqciis Sefasebas da 

mis safuZvelze modebis gamoTvlas. am midgomaze dafuZ-

nebuli klasterizaciis meTodebi Tavisi arsiT miekuTv-

neba monacemTa analizis statistikur mimarTulebas da 

maT araparametruli klasterizaciis meTodebi ewodeba. 

aseTi midgomis dros winaswar ucnobia rogorc monacem-

Ta ganawileba, aseve klasterTa raodenoba.  

im SemTxvevaSi, roca monacemTa ganawileba da klas-

terTa raodenoba winaswaraa cnobili, gamoiyeneba klast-

er-analizis meore mimarTuleba _ parametruli klaste-

rizaciis meTodebi. aseT SemTxvevaSi monacemTa simravl-

is klasterebad dayofis kriteriumad SesaZlebelia gamo-
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yenebul iqnes kriteriumebi, romlebsac evristikuli xa-

siaTi aqvs, an romlebic miRebulia klasterizaciis xa-

risxis maCveneblis minimizaciiT an maqsimizaciiT. arse-

bobs xarisxis maCveneblebis sakmaod farTo speqtri. ker-

Zod: klasteris centrsa da mocemul elements Soris 

manZilis kvadratis minimumi; klasteris elementebs Sor-

is manZilebis kvadratebis saSualo; sxvadasxva klaste-

rebis elementebs Soris manZilebis kvadratebis saSualo 

da a.S. am mimarTulebis algoriTmebs Soris yvelaze uf-

ro popularulia ISODATA da misi sxvadasxva modifika-

ciebi. 

klaster-analizis mesame mimarTulebas miekuTvneba 

ierarqiuli tipis algoriTmebi. aseT meTodebSi dasawyis-

Si monacemTa simravlis yvela elementi ganixileba ro-

gorc calkeuli klasteri. amis Semdeg xdeba yvelaze 

ufro msgavsi ori uaxloesi klasteris gaerTianeba da 

es procesi grZeldeba manam, sanam  ar miiReba erTaderTi 

klasteri. cxadia, aseTi sqema moiTxovs klasterebs Sor-

is msgavsebis SefasebisaTvis Sesabamisi metrikis Semota-

nas. aseTi procedurebis Catarebis Sedegad aigeba xis 

msgavsi struqtura, e.w. “dendrograma”, romelic asaxavs 

klasterTa Tanamimdevruli gaerTianebis process klas-

terizaciis zomis gaTvaliswinebiT. amasTan aRsaniSnavia, 

rom xis garkveul doneze erT klasterad gaerTianebuli 

ori klasteri aseTad rCeba Semdeg doneebzedac. 

miuxedavad zemoaRniSnul mimarTulebebs Soris gan-

sxvavebisa, maTi gamoyenebiT monacemTa simravlis klas-

terebad danawevreba unda iyos sasurveli, anu miRebuli 

klasterebi unda akmayofilebdes erTgvarovnebis pirob-

as. 
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gamoTvliTi TvalsazrisiT klasterizaciis sxvada-

sxva procedurebi iTxovs mexsierebis gansxvavebul mocu-

lobas da drois danaxarjs. iq, sadac yovel piqselSi 

niSan-Tvisebis mniSvneloba dardeba sxva danarCen piqse-

lebSi niSan-Tvisebebis mniSvnelobebs, drois danaxarji 

didia. aseve drois did danaxarjs moiTxovs klasteriza-

ciis iteraciuli procedura _ ISODATA,  imis gamo, rom 

masSi mravaljer xdeba gamosaxulebis elementebze gav-

la. histogramis modebis Ziebaze damyarebul klasteriza-

ciis algoriTmebSi imis gamo, rom maTSi monacemebze gav-

la erTxel xdeba, drois danaxarji naklebia.  

geometriuli TvalsazrisiT yoveli klasteri niSan-

TvisebaTa sivrceSi SeiZleba warmovidginoT rogorc yve-

laze ufro msgavsi Tvisebebis mqone kompaqturad ganla-

gebul wertilTa grova (erToblioba), an Rrubeli. Tu 

niSan-TvisebaTa veqtorebi organzomilebiania da warmod-

genilia namdvili ricxvebis wyvilebis saxiT, maSin veq-

torTa aseTi simravlis klasterizacia SeiZleba ganxor-

cieldes evklidur sibrtyeze erTmaneTTan axloganlage-

buli wertilebis qvesimravleebis moZebniT. swored ase-

Ti SemTxvevaa warmodgenili 13.2 suraTze.  

suraTze warmodgenili wertilebi warmoadgens evk-

lidur sibrtyeze ganlagebul gazomvis Sedegebs. wer-

tilTa es simravle danawevrebulia sam klasterad, ro-

melTagan TiToeuli warmoadgens erTmaneTTan axlogan-

lagebuli wertilebis qvesimravleebs.  

zogadad, klasterizaciis amocana ganixileba aseT-

nairad: mocemulia 𝐾 klasteri 𝐶1, 𝐶2, . . . , 𝐶𝐾 da maTi 

Sesabamisi maTematikuri lodinebi 𝑚1, 𝑚2, . . . , 𝑚𝐾 . 

sidides  
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𝐷 =    𝑥𝑖 − 𝑚𝑘 2
𝑥𝑖∈𝐶𝑘

𝐾
𝑘=1 , 

 

romelic gansazRvravs sawyisi monacemebis siaxloves maT 

Sesabamis klasterebTan, ewodeba kvadratuli cdomileba.  

 

 
sur. 13.2  

 

Tu klasterizaciisTvis viyenebT umcires kvadratTa 

meTods, maSin monacemTa simravlis 𝐾 klasterad dayofis 

yvela SesaZlo SemTxvevis gadarCevis Sedegad SeiZle-

boda im variantis naxva, romlis drosac 𝐷 iRebs minima-

lur mniSvnelobas. magram es moiTxovs gamoTvlebis did 

moculobas da dros. amitom iyeneben miaxloebiT me-

Todebs. Zalze mniSvnelovania imis codna, winaswaraa 

cnobili klasterebis 𝐾 raodenoba, Tu ara. zogierT al-

goriTmSi 𝐾 parametris mniSvneloba momxmareblis mier 

moicema. sxvebSi ki, saukeTeso 𝐾-s povna xdeba romelime 

kriteriumis safuZvelze. magaliTad, aseTi: yoveli klas-

teris dispersia ar aRematebodes winaswar mocemuli 

zRurblis mniSvnelobas.  
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iteraciuli klasterizacia maTematikuri lodinis 

gamoyenebiT (Iterative K-means clustering). klasterizaciis es 

algoriTmi warmoadgens eqstremumis Ziebis martiv itera-

ciul algoriTms. sawyis monacemTa simravles warmoadg-

ens 𝑛-ganzomilebian veqtorTa simravle. am simravleSi 𝐾 

raodenobis klasterTa gamosayofad saWiroa Semdegi moq-

medebebis ganxorcieleba: 

 

1. iteraciis 𝑛 mricxvels mivaniWoT mniSvneloba 1. 

2. avirCioT nebismierad 𝐾 maTematikuri 𝑚1 1 , 𝑚2 1 , . 

. . , 𝑚𝐾 1   lodinis mniSvnelobebi (anu nebismierad 

davanawevroT veqtorebis simravle 𝐾 raodenobis 

klasterebad da gamovTvaloT maTi maTematikuri 

lodinis mniSvnelobebi). 

3. TiToeuli 𝑥𝑖 veqtorisTvis gamovTvaloT manZili 

𝐷 𝑥𝑖 , 𝑚𝑘 𝑛   yoveli 𝑘 = 1, 𝐾     -Tvis da movaTavsoT
 

𝑥𝑖-

uri uaxloesi maTematikuri lodinis veqtoris 

mqone  𝐶𝑗 klasterSi. 

4. gavzardoT 𝑛-is mniSvneloba erTiT da movaxdinoT 

maTematikuri lodinis mniSvnelobebis koreqtireba 

axali 𝑚1 𝑛 , 𝑚2 𝑛 , . . . , 𝑚𝐾 𝑛  simravlis misaRe-

bad. 

5. gavimeoroT nabijebi 3 da 4 manam, sanam yvela 𝑘-Tv-

is ar Sesruldeba piroba 𝐶𝑘 𝑛 = 𝐶𝑘 𝑛 + 1 , 𝑘 = 1, 𝐾     . 

 

warmodgenili algoriTmi kargi krebadobiT xasiaT-

deba, Tumca miRebuli Sedegi umciresi kvadratuli cdo-

milebis kriteriumis azriT ar iqneba aucileblad glo-

balurad optimaluri. amasTan aRsaniSnavia, rom nabiji 2 
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veqtorTa simravlis 𝐾 raodenobis klasterebad nebismie-

rad danawevrebisTvis da Semdgom maTi maTematikuri lo-

dinis gamoTvlisTvis SeiZleba Secvlili iqnes, xolo 

nabijze 5 ki SesaZlebelia algoriTmis dasruleba, Tu 

bolo iteraciaze klasterebi veqtorTa mcire raodeno-

bas SeecvalaT. 

 

klasterizaciis algoriTmi ISODATA (Iterative self-

organizing data analysis techniques). klasterizaciis erT-erT 

yvelaze gavrcelebul algoriTms warmoadgens ISODATA, 

romelSic erTdroulad gamoiyeneba rogorc evristiku-

li midgoma, aseve xarisxis maCvenebeli. dasawyisSi aq 

nebismierad xdeba klasterizaciis sawyisi centrebis ar-

Ceva, risTvisac iyeneben amonakrebs monacemTa mocemuli 

simravlidan. amis Semdeg mimdinare monacemi miekuTvneba 

im klasters, romlis centridan mocemul monacemamde 

manZilis kvadrati minimaluria (xarisxis maCvenebeli). 

mas Semdeg, rac moxdeba monacemebis mikuTvneba Sesabamisi 

klasterebis centrebisadmi, xdeba klasterebis centre-

bis koreqtireba. amisaTvis yoveli klasteris centri 

utoldeba am klasteris amokrebiT saSualos. centrebis 

koreqtirebis procedura iteraciulia da grZeldeba 

manam, sanam ar iqneba miRebuli wina nabijis identuri 

Sedegi. amgvarad, algoriTmSi manZilis kvadratis mini-

malurobis kriteriumis safuZvelze xdeba klasterTa 

centrebis mdebareobis Tanamimdevruli gaumjobeseba.  

aqac, iseve rogorc 𝐾-saSualoebis algoriTmSi, vTq-

vaT, mocemuli gvaqvs 𝐾 raodenobis 𝐶1, 𝐶2, . . . , 𝐶𝐾 klas-

teri Sesabamisi maTematikuri lodinebiT 𝑚1, 𝑚2, . . . , 𝑚𝐾 
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da  𝑘-uri klasteris kovariaciis Σ𝑘 matrica. Tu sawyisi 

simravlis 𝑥𝑖 elementebi warmoadgens veqtorebs, anu  

 

𝑥𝑖 =  𝜈1 , 𝜈2 , … , 𝜈𝑛  , 

 

maSin maTematikuri lodinis TiToeul 𝑚𝑘 veqtors eqneba 

saxe 

 

𝑚𝑘 =  𝑚1𝑘 , 𝑚2𝑘 , … , 𝑚𝑛𝑘  , 

 

xolo 𝑘 klasteris kovariaciis matrica ki iqneba aseTi 

 

 =  

𝜍11   𝜍12  .  .  .  𝜍1𝑛  
 𝜍12   𝜍22  .  .  .  𝜍2𝑛  
 .       .                .     
𝜍1𝑛   𝜍22  .  .  .  𝜍𝑛𝑛  

 𝑘 , 

 

sadac, 𝜍𝑖𝑖 = 𝜍𝑖
2 aris veqtorebis 𝑖-uri 𝜈𝑖 komponentis dispe-

rsia, xolo 𝜍𝑖𝑗 = 𝜌𝑖𝑗 𝜍𝑖𝜍𝑗 ki veqtorebis 𝑖-ur da 𝑗-ur kompo-

nentebs Soris kovariacia (𝜌𝑖𝑗  -korelaciis koeficientia 

𝑖-ur da 𝑗-ur komponentebs Soris, 𝜍𝑖 - 𝑖-uri komponentis 

saSualo kvadratuli gadaxraa, 𝜍𝑗 - 𝑗-uri komponentis sa-

Sualo kvadratuli gadaxraa). 

algoriTmis realizacia moiTxovs Semdegi nabijebis 

ganxorcielebas: 

 

1. veqtori 𝑥𝑖 mivakuTvnoT im 𝑙-ur klasters, romlis-

Tvisac gamosaxuleba 
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𝐷Σ =  𝑥𝑖 − 𝑚𝑙 
′   𝑥𝑖 − 𝑚𝑙 

−1

𝑙

 

iRebs minimalur mniSvnelobas. 

2. Tu  

 

 𝑚𝑖 − 𝑚𝑗  < 𝜏𝜐 , 

 

maSin 𝑖 da 𝑗 klasterebi erTmaneTs erwymis (erTian-

deba); 𝜏𝜐 - dispersiis zRurbluri mniSvnelobaa. 

3. Tu 𝑘-uri klasteris kovariaciis Σ𝑘 matricis maq-

simaluri sakuTari mniSvneloba 𝜍𝑘 gadaaWarbebs 𝜏𝜐 

zRurbls, maSin 𝑘-uri klasteri nawevrdeba. 

4. Tu yoveli 𝑖-uri klasterisTvis sruldeba piroba 

 

 𝑚𝑖 𝑡 − 𝑚𝑖 𝑡 + 1  < 𝜀, 

 

an Tu Sesrulda iteraciaTa maqsimalurad dasaSve-

bi raodenoba, maSin algoriTmis muSaoba srulde-

ba. 

 

histogramuli meTodebi. zemoaRwerili algoriTmebi 

iteraciuli xasiaTisaa da, aqedan gamomdinare, moiTxovs 

gamosaxulebaze mravaljerad gavlas. es ki Tavis mxriv 

saWiroebs gamoTvlebis did moculobas da dros. amis 

Tavidan asacileblad gamosaxulebaTa segmentaciisaTvis 

SemuSavebul iqna histogramis modebis Ziebaze (histogram 

mode seeking) damyarebuli meTodi, romelSic gamosaxu-

lebis histogramis gamoTvlis safuZvelze xdeba modebis 

(lokaluri maqsimumebis wertilebis) gansazRvra. klaste-
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rebad (𝐶1 , 𝐶2, 𝐶3 , 𝐶4) ki cxaddeba is mniSvnelobebi histog-

ramaze, romlebic moTavsebulia histogramis lokaluri 

maqsimumis orive mxares ganlagebul lokalur minimumebs 

Soris. aRniSnuli SemTxveva, anu roca histogramaze 

gvaqvs ramdenime lokaluri maqsimumi, Seesabameba mraval-

modian histogramas da igi warmodgenilia  13.3 suraTze.  

 

 
sur. 13.3  

 

histogramul meTodebSi klasterizacia xorcielde-

ba monacemTa niSan-Tvisebebis sivrceSi. martivi gamosaxu-

lebis SemTxvevaSi, roca gvaqvs raime erTgvarovan fonze 

moTavsebuli erTi obieqti, histogramas aqvs saxe (sur. 

13.4).  

 
sur. 13.4 
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aseT SemTxvevaSi obieqtis fonidan gamosayofad sak-

marisia 𝑇 zRurblis erTi mniSvnelobis aReba. Sesabami-

sad, yvela piqseli, romelSic sikaSkaSis mniSvneloba me-

ti iqneba 𝑇 zRurblze, miekuTvneba obieqts, danarCeni ki 

fons.  

im SemTxvevaSi, roca fonze moTavsebulia ramdenime 

obieqti, maSin ukve TiToeuli obieqtis gamoyofisTvis 

zRurblis ramdenime mniSvnelobaa saWiro. aseTi SemTxve-

va warmodgenilia 13.5 suraTze, sadac gvaqvs zRurblis 

𝑇1 da 𝑇2 mniSvnelobebi. piqselebi, romlebSic sikaSkaSis 

mniSvnelobebi naklebia 𝑇1-ze, miekuTvneba fons, xolo 

obieqtebs miekuTvneba is piqselebi, romlebSic sikaSkaS-

is mniSvnelobebi moTavsebulia 𝑇1 da 𝑇2 mniSvnelobebs 

Soris da aseve isini, romelTa sikaSkaSis mniSvnelobebi 

metia 𝑇2-ze. 

 

 
sur. 13.5  

 

magram realurad modebis Zieba dakavSirebulia mni-

Svnelovan siZneleebTan, radganac histogramis sirTulis 

gamo xSirad Zalian Zneli xdeba modebis erTmaneTisgan 
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gancalkeveba. miCneulia, rom niSan-TvisebaTa sivrceSi mi-

Rebuli klasterebi Seesabameba gamosaxulebaze arsebul 

erTgvarovan areebs (obieqtebs). Sesabamisad gamosaxule-

bis sivrceSi segmentebis gamosayofad xorcieldeba mi-

Rebuli klasterebis ukuasaxva niSan-TvisebaTa sivrcidan 

gamosaxulebis sivrceSi. gamosaxulebis im segmentis piq-

sels, romlis intensivobis mniSvneloba xvdeba histogra-

maze miRebul 𝑖-ur klasterSi, eniWeba 𝑖-uri mniSvneloba. 

amasTan, segmentebis rolSi aiReba maqsimaluri bmuli 

komponentebi. am meTodis Sesabamis algoriTmebSi sawyis 

monacemebze gavla xdeba mxolod erTxel da amis gamo 

isini klasterizaciis iteraciul algoriTmebTan Sedare-

biT ufro swrafia. 

 

rekursiuli histogramuli meTodi (olanderis 

meTodi). igi warmoadgens zemoaRwerili klasterizaciis 

histogramuli meTodis gaumjobesebul variants, romel-

Sic modebis ZiebisTvis gamoyenebulia rekursiuli pro-

cedura. am midgomis ZiriTadi arsi mdgomareobs imaSi, 

rom jer moda moiZebnos mTliani gamosaxulebis histog-

ramaze, xolo Semdeg ki klasterizaciis Sedegad miRebu-

li yoveli klasteris Sesabamisi areebis histogramebze. 

procesi meordeba manam, sanam ar damTavrdeba segmentire-

buli areebis Semdgomi danawevreba. 

segmentaciis procesi jer iwyeba iseTi trafaretis 

formirebiT, romelic moicavs gamosaxulebis yvela piqs-

els. Semdeg igeba am trafaretiT moculi gamosaxulebis 

histograma, romlis saSualebiTac klasterizacia xor-

cieldeba niSan-TvisebaTa sivrceSi. Sedegad miiReba kla-

sterTa raRac simravle, romlebsac gamosaxulebaze erT-
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gvarovani areebi Seesabameba; dgindeba gamosaxulebis piq-

selebis am klasterebisadmi kuTvnileba. Tu klasterTa 

ricxvi niSan-TvisebaTa sivrceSi erTis tolia, maSin moc-

emuli trafaretiT procesi sruldeba. Tu klasterebis 

ricxvi erTze metia, maSin TiToeuli maTganisTvis gamoi-

yeneba markirebis (Wdeebis miniWebis) procedura da TiTo-

euli klasteris WdisTvis igeba bmuli areebis simravle. 

amis Semdeg TiToeuli bmuli komponenti gamoiyeneba axa-

li trafaretis generirebisTvis, romelic moTavsebulia 

trafaretebis sacavSi.  

trafaretebi, romlebic sacavSia moTavsebuli, See-

sabameba im areebs gamosaxulebaze, romlebic segmentaci-

is kandidatebs warmoadgens. sacavidan aRebuli yoveli 

momdevno trafareti gansazRvravs histogramis asagebad 

saWiro piqselebs. TviT klasterizaciis procesi ki meor-

deba sacavis dacarielebamde. klasterizaciis aRniSnul 

process rekursiul sivrciT klasterizacias uwodeben. 

aseTi klasterizaciis magaliTi warmodgenilia 13.6 

suraTze. sawyis gamosaxulebaze mocemulia oTxi obieq-

ti: balaxi, ca, da ori xe. klasterizaciis procesis mim-

dinare trafareti (zeda marcxena kuTxeSi) Seesabameba 

cisa da xis Semcvel ares. am aris histogramis klasteri-

zaciis Sedegad ferTa sicrceSi vRebulobT or klast-

ers, erTs cisTvis, da meors xisTvis. cis klasteri Seic-

avs erT bmul komponents, xolo xis _ ors. TiToeuli am 

komponentisTvis igeba trafareti da Tavsdeba sacavSi 

segmentaciis procesSi Semdeg iteraciebze maTi gamoyene-

bis mizniT.  

feradi gamosaxulebebis SemTxvevaSi rekomendebu-

lia, rom histogramebis gamoTvla xdebodes sami RGB fe-
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radi komponentidan ara TiToeulisTvis cal-calke, ara-

med karunen-loevis gardaqmnis (mTavari komponentebis) 

msgavsi cvladebis aseTi krebulebisTvis:  𝑅 + 𝐺 + 𝐵 /3, 

 𝑅 − 𝐵 /2  da (2𝐺 − 𝑅 − 𝐵)/4. 

 

 
sur. 13.6 

 

Tu gamosaxuleba warmoadgens muq fonze moTavseb-

ul TeTr obieqts (martivi gamosaxuleba) da niSan-Tvise-

baTa sivrce erTganzomilebiania, maSin klasterizacia 

niSan-TvisebaTa sivrceSi daiyvaneba zRurblis iseTi si-

didis gansazRvraze, romelic masze nakleb an tol yve-
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la wertils miakuTvnebs erT klasters, xolo danarCen-

ebs ki sxvas. amgvarad, aq dgeba zRurblis gamoTvlis 

proceduris gansazRvris amocana. martiv SemTxvevaSi es 

procedura daiyvaneba naxevartonebis doneebis histogra-

mis analizze da Semdgom zRurblisTvis im mniSvnelobis 

miniWebaze, romelic histogramis or maqsimumis wertils 

(modas) Soris moTavsebul areSi mdebareobs, iq sadac 

sikaSkaSis mniSvnelobebis sixSire dabalia. rTuli gamo-

saxulebebis SemTxvevaSi ki mimarTaven histogramis for-

mis gaumjobesebis xerxebs, romlebSic erTmaneTTan Serw-

ymulia gamosaxulebis sivrciTi informacia da info-

rmacia naxevartonebis sikaSkaSis mniSvnelobebis Sesaxeb. 

maTi arsi mdgomareobs imaSi, rom histogramis formis 

gasaumjobeseblad iyeneben gamosaxulebis lokalur Tvi-

sebebs, magaliTad mocemuli piqselis gradientis mniSvne-

lobebs an laplasians. aseTi midgomis magaliTs warmoa-

dgens algoriTmi, romelSic histograma gamoiTvleba piq-

selis sivrciT-lokaluri arisTvis. aseT ares SeiZleba 

warmoadgendes piqselis (33 × 33) an (65 × 65) zomis me-

zobloba. gamosaxulebis saerTo zRurblis sididis gan-

sasazRvravad xdeba gamoTvlili histogramebis zRurb-

lebis sivrciTi interpolacia. sxva algoriTmSi zRurb-

lis gamosaTvlelad histograma gamoiTvleba mxolod im 

piqselebisTvis, romlebSic laplasianis mniSvnelobebi 

didia. 

amave dros unda aRiniSnos is naklovanebebi, romle-

bic gaaCnia klasterizaciis meTods. kerZod, isini mJRavn-

deba gamoyofili sazRvrebis aramkafiobaSi, maT wyveteb-

Si. amasTan erTad, imis gamo, rom klasterebis ricxvi wi-

naswar yovelTvis cnobili araa, xolo TviT klasteri-
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zaciis procesi bevradaa damokidebuli evristikebze, Se-

sabamisad segmentebis raodenobis winaswar ganWvretac 

SeuZlebelia. magram amave dros es meTodi xasiaTdeba 

didi mdgradobiT xmauris mimarT. amis gamo klasteriza-

ciis meTodma Tavisi gavrceleba hpova martivi gamosaxu-

lebebis segmentaciisTvis, sadac mosaZiebeli areebis ri-

cxvi mcirea, xolo farTi ki didi. 

 

13.3. areebis dagrovebის meTodi  

 

areebis dagrovebis (region growing) meTodi, gansxvavebiT ga-

mosaxulebis erTgvarovan areebad danawevrebis meTode-

bisgan, erTgvarovani areebis formirebas iwyebs gamosaxu-

lebis romelime wertilidan (Cveulebrivad procesi iwye-

ba zeda marcxena kuTxidan) da Semdeg axdens mezobeli 

piqselebis Tanamimdevrul mierTebas raime kriteriumis 

safuZvelze ufro didi areebis misaRebad, romlebic 

akmayofilebs segmentaciis pirobebs. IV TavSi ganvsazRv-

reT bmulobis arsi binaruli gamosaxulebisTvis. magram 

sazogadod, bmuloba SeiZleba aseve gansazRvrul iqnes 

naxevartonuri gamosaxulebisTvisac.  

 

gansazRvreba 13.1. naxevartonuri gamosaxulebis 𝑅 

elementTa simravles ewodeba elementaruli bmuli are, 

Tu: 

 

1. 𝑅 simravlis yvela elements aqvs naxevartonebis 

erTnairi done; 
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2. 𝑅 simravlis nebismieri ori elementi SeerTebulia 

momijnave elementebis jaWviT, romelTagan TiToeu-

li miekuTvneba 𝑅-s; 

3. elementebis nebismieri simravle, romelic moicavs 

𝑅-s, magram ar emTxveva mas, ar akmayofilebs wina 

or pirobas. 

 

meore piroba SeiZleba aRebul iqnes rogorc bmuli aris 

ganmarteba, xolo mesame piroba aRniSnavs, rom aseTi are  

zomiT maqsimaluri unda iyos. 

segmentaciisTvis areebis dagrovebis midgomis gamo-

yenebisas aris formirebis erTgvarovnebis kriteriumi 

SeiZleba emyarebodes aris Semdeg maxasiaTeblebs: 

 

 saSualo sikaSkaSe; 

 dispersia; 

 feri; 

 teqstura; 

 moZraoba; 

 forma; 

 zoma. 

 

areebis dagrovebis meTodis realizebisTvis arse-

bobs sami gansxvavebuli midgoma: areebis Serwyma (region 

merge), areebis danawevreba (region split), areebis danawevreba 

da Serwyma (region split and merge).  

meTodis idea mdgomareobs SemdegSi: gamosaxulebis 

sivrceSi airCeva ramdenime sastarto wertili, romelTa 

raodenoba iTvleba rom winaswaraa cnobilia. praqtiku-
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lad ki sastarto wertilebis arCeva damokidebulia amo-

canis bunebaze. amis Semdeg es wertilebi markirdeba; 

Semdeg winaswar arCeuli metrikiT xdeba maTi Sedareba 

mezobel wertilebTan erTgvarovnebis pirobis Sesrule-

baze. pirobis Sesrulebis SemTxvevaSi mezobel wertils 

eniWeba sastarto wertilis Wde. amis Semdeg ukve es  

mezoblebi ganixileba rogorc sastarto da igive proce-

dura Tavidan meordeba maTi mezoblebis mimarTac. sabo-

lood, gamosaxulebis yoveli wertili miiRebs ama Tu im 

Wdes. magram realobaSi, Cveulebriv, aprioruli informa-

ciis arqonis gamo, sastarto wertilebi airCeva nebismie-

rad. amis gamo areebis dagrovebis meTodebs aqvs empiri-

uli xasiaTi.  

dagrovebis meTodebi emyareba Semdeg ZiriTad momen-

tebs:  

 

 sawyisi piqselebis arCeva;  

 im logikuri predikatis saxe, romelic marTavs 

areebis dagrovebis process;  

 gamosaxulebis gadaxedvis mimarTulebis gansazRv-

ra. 

  

areebis dagrovebis procesi grZeldeba manam, sanam 

Sesadarebel piqselebs da areebis piqselebs Soris gan-

sxvaveba sagrZnobi ar gaxdeba. piqselTa SedarebisaTvis 

iyeneben statistikur kriteriumebs. areebis dagrovebi-

saTvis r. haralikisa da l. Sapiros mier SemoTavazebul 

iqna areebis dagrovebis haralikis meTodi, romlis mix-

edviTac are warmoadgens bmuli piqselebis simravles sa-

erTo amokrebiTi saSualoTi da gafantulobiT. 
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vTqvaT, gvaqvs 𝑁 piqselisgan Sedgenili 𝑅 are da mi-

si mezobeli piqseli intensivobis mniSvnelobiT 𝑦. 𝑅 ar-

is amokrebiTi saSualo 𝑋  da gafantuloba 𝑆2 ganisaz-

Rvreba Semdegi gamosaxulebebiT: 

 

𝑋 =
1

𝑁
 𝐼[𝑖, 𝑗]

[𝑖,𝑗 ]∈𝑅

 

da 

 

𝑆2 =   𝐼 𝑖, 𝑗 − 𝑋  2
[𝑖 ,𝑗 ]∈𝑅 . 

 

im daSvebis gaTvaliswinebiT, rom 𝑅 aris yvela piqseli 

da Sesadarebeli 𝑦 piqseli damoukidebelia da maTi in-

tensivobebi aRiwereba erTnairi normaluri ganawilebiT, 

SemTxveviTi sidide 

 

𝑇 =  
 𝑁 − 1 𝑁

 𝑁 + 1 
 𝑦 − 𝑋  2/𝑆2 

1
2

 

 

aRiwereba  𝑁 − 1  Tavisuflebis xarisxis mqone stiuden-

tis 𝑡-ganawilebiT. Tu 𝑇-s mniSvneloba sakmaod pataraa, 

maSin 𝑦 piqseli daemateba 𝑅 ares da amokrebiTi saSua-

losa da gafantulobis mniSvnelobebi Tavidan gamoiTv-

leba 𝑦 piqselis mniSvnelobis gaTvaliswinebiT Semdegi 

formulebis gamoyenebiT 

 

𝑋 𝑛𝑒𝑤 ← (𝑁𝑋 𝑜𝑙𝑑 + 𝑦)/(𝑁 + 1) 

da 

𝑆𝑛𝑒𝑤
2 ← 𝑆𝑜𝑙𝑑

2 + (𝑦 − 𝑋 𝑛𝑒𝑤
2

) + 𝑁(𝑋 𝑛𝑒𝑤 − 𝑋 𝑜𝑙𝑑 )2. 
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im SemTxvevaSi, Tu 𝑇-s mniSvneloba Zalian didia, ma-

Sin es niSnavs, rom 𝑦 piqselis 𝑅 arisadmi kuTvnilebis 

albaToba mcirea. xolo Tu 𝑦 piqselSi intensivobis mni-

Svneloba gansxvavdeba intensivobis mniSvnelobebisgan 

yvela mezobel areSi, maSin ukve es piqseli aiReba ro-

gorc axali aris sawyisi piqseli. areebis dagrovebis 

ufro mkacri kriteriumi ki SeiZleba moiTxovdes ara 

marto 𝑦 piqselis mniSvnelobis siaxloves mezobeli 

aris amokrebiT saSualosTan, aramed imasac, rom am ari-

dan mezobeli piqselis mniSvnelobac sakmaod axlos 

iyos 𝑦 piqselis mniSvnelobasTan. 

ganvixiloT areebis dagrovebis erT-erTi cnobili 

algoriTmi, romelSic Sesasvleli gamosaxuleba warmo-

idgineba (2 × 2), (4 × 4) an (8 × 8) ganzomilebis mqone tra-

faretis dadebis Sedegad miRebuli ujredebis saxiT. 

TiToeuli am ujredisTvis xdeba naxevartonuri doneebis 

albaTobaTa ganawilebis Sefaseba. amis Semdeg, dawyebu-

li romelime ujredidan, magaliTad zeda marcxena mxa-

res ganlagebulidan, xdeba misi statistikebis Sedareba 

mezobel ujredebTan maTi msgavsebis dasadgenad. msgavse-

bis sazomad gamoiyeneba kolmogorov-smirnovis testi. Tu 

ori ujredi akmayofilebs msgavsebis pirobas, maSin isini 

erTiandeba da warmoqmnis fragments, Tu ara, maSin Serwy-

mas adgili ar aqvs. miRebuli fragmentisTvis isev ganisa-

zRvreba statistikebi, dardeba misi mezoblebis sta-

tistikebs da meordeba zemoaRwerili procedura. magram 

romeliRac nabijze fragmentis dagroveba wydeba. swored 

aseTi fragmenti qmnis erTgvarovan ares. amis Semdeg xde-

ba Semdegi fragmentis formireba, risTvisac airCeva is 
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ujredi, romelic ar moxvda erTgvarovan areSi da pro-

cesi isev meordeba Tavidan. 

areebis dagrovebis algoriTmebis ganviTareba moxda 

evristikebis SemotaniT, rac gamoixata globaluri info-

rmaciis gamoyenebiT lokaluri gadawyvetilebebis misa-

Rebad. kerZod, mezoblebis gaerTianebis proceduram un-

da gaiTvaliswinos globaluri Sedegebi. aseT algoriT-

mSi Tavidan sawyisi gamosaxuleba nawevrdeba naxevarto-

nebis mudmivi doneebis “atomarul” areebad, romelTa 

gaerTianeba xdeba im evristikebiT, romlebic efuZneba 

momijnave areebis sazRvrebze arsebul informacias. saqme 

isaa, rom or “atomarul” ares Soris sazRvari Seicavs 

nawilebs, romelTa gaswvriv naxevartonebis doneebs So-

ris sxvaobebi mcirea. aq evristikis gamoyenebis arsi 

imaSi mdgomareobs, rom ori are erTmaneTs erwymis, Tu 

maT Soris sazRvari sustia (anu adgili aqvs dabal 

kontrasts) da Serwymis Sedegad miRebuli axali aris 

sazRvari ufro moklea, vidre wina oris. aseTi SemTxveva 

naCvenebia 13.7 suraTze. 

 

 
sur. 13.7 
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areebis dagrovebisTvis aseve iyeneben funqcionalur 

aproqsimacias, rogorc maTematikur safuZvels gamosaxu-

lebaze erTgvarovani areebis gamoyofisTvis. amisaTvis 

aproqsimaciis funqciis (mudmivis an wrfivis) SerCevis 

Semdeg gamosaxulebaze iZebneba maTi Sesabamisi lokalu-

ri areebi, romelTa aproqsimaciac SesaZlebelia martivi 

aproqsimaciis funqciebiT. Serwyma ki xdeba im areebis, 

romelTa aproqsimaciis koeficientebi sakmaod axlosaa 

erTmaneTTan. 

xSirad areebis dagrovebis algoriTmis moqmedebis 

Sedegi damokidebulia zRurblis arCevaze. yvelaze ufro 

martiv SemTxvevas warmoadgens mudmivi zRurblis gamoye-

neba. aseT midgomaze damyarebul algoriTmebSi dasagro-

vebeli are da misi mezobeli wertili erTmaneTs erwymis, 

Tu am wertilisa da aris saSualo sikaSkaSis mniSvnelo-

bebs Soris sxvaoba naklebia zRurblis dasaSveb mniSvne-

lobaze. TviT zRurblis mniSvnelobis Sefaseba ki xdeba 

gamosaxulebis Sesaxeb arsebuli aprioruli informaciis 

safuZvelze.  

13.8 suraTze warmodgenilia magaliTi, romelSic 

zRurbli gamoyenebulia areebis jer Serwymis da Semdeg 

dagrovebis operaciebis Sesrulebis Semdeg. zRurblis 

mniSvnelobad gamoyenebulia areSi sikaSkaSeebis mniSvne-

lobebis absoluturi sxvaobis (𝑇) ori mniSvneloba. 13.8,a  

suraTze mocemulia sawyisi gamosaxuleba, romelzedac 

gvaqvs ori sawyisi wertili _ 1 da 7, xolo 13.8,b,g  

suraTebze ki aseTi damuSavebis Sedegi Sesabamisad 𝑇 = 4 

da 𝑇 = 8 mniSvnelobebisTvis.  
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          a                    b                  g     

                      sur. 13.8  

 

amave dros, areebis dagrovebis procesi SeiZleba 

ganxorcieldes Serwymis sawinaaRmdego midgomiTac. ami-

saTvis sawyis gamosaxulebas ganixilaven rogorc sawyis 

segments da axdenen mis Tanamimdevrul danawevrebas kva-

drantebad (meoTxedebad). TiToeul kvadrants amowmeben 

erTgvarovnebis pirobaze. im SemTxvevaSi, Tu piroba ar 

sruldeba, maSin kvadranti isev iSleba kvadrantebad da 

es procesi grZeldeba manam, sanam ar moxdeba mTeli 

gamosaxulebis danawevreba erTgvarovan kvadrantebad. am-

is Semdeg iwyeba miRebuli momijnave kvadrantebis Serwy-

ma maTi msgavsebis safuZvelze ufro didi zomis erTgva-

rovani areebis misaRebad. erTgvarovnebis Sefaseba xdeba 

sxvadasxva xerxebiT, magaliTad segmentSi sikaSkaSis 

mniSvnelobebis gafantulobiT, naxevartonebis doneebis 

maqsimalur da minimalur mniSvnelobebs Soris sxvaobis 

mcire mniSvnelobiT da a.S. Tumca Serwymis kriteriumad 

SeiZleba gamoyenebul iqnes sxva maCvenebelic, magaliTad, 

dasamuSavebeli gamosaxulebebis klasis Sesaxeb semanti-

kuri informacia. es imas niSnavs, rom areebis dagrovebis 

procesze SeiZleba gavlena iqonios gamosaxulebis gamom-

saxvelobiTi xasiaTis informaciamac, rogoricaa, magali-
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Tad, naxevartonebis donis sidide, aris forma, sazRvris 

simkveTre. 

gansxvavebulia erTmaneTisgan danawevrebis xerxebic. 

magaliTad, arsebobs algoriTmebi, sadac are nawevrdeba 

meoTxedebad manam, sanam am ukanasknelTa Soris ar miiR-

weva sakmaod mcire sididis gansxvaveba. 13.9 suraTze war-

modgenilia segmentaciis etapebi gamosaxulebis danawev-

rebisa da Serwymis midgomis gamoyenebis SemTxvevaSi. ar-

is danawevrebis procesi xorcieldeba kvadri xis gamoye-

nebiT. 

 

 
                    sur. 13.9  

 

kvadri xis gamoyenebis meore magaliTi mocemulia 

13.10 suraTze. rogorc suraTidan Cans, meore kvadrantma 
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ver daakmayofila erTgvarovnebis kriteriumi, amitom mo-

xda misi isev dayofa kvadrantebad. Sedegad miRebuli  

me-5, me-6, me-7, me-8 kvadrantidan mxolod mexuTem ver 

daakmayofila erTgvarovnebis kriteriumi, amitom is isev 

daiyo kvadrantebad. miRebulma me-9, me-10, me-11, me-12 

kvadrantma daakmayofila erTgvarovnebis kriteriumi da 

amiT danawevrebisa da Serwymis procesi dasrulda. 

  

 
sur. 13.10 

 

areebis dagrovebis meTodis algoriTmebis xasiaTi 

Tavisi moqmedebis bunebiT mimdevrobiTia. aseTi algori-

Tmebi ufro gamosadegia lokalur-kontrastuli warmo-

naqmnebis gamosayofad. gamosaxulebebi aq muSavdeba ite-

raciul reJimSi, rac moiTxovs drois did danaxarjs da 

mexsierebas. amave dros ar arsebobs zRurblis gansazRv-

ris Teoriuli dasabuTeba. algoriTmebis Sedegad mi-

Rebuli erTgvarovani areebi damokidebulia Serwymis ka-
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nonze. amis gamo dagrovebis algoriTmebi klasterizaci-

is algoriTmebTan SedarebiT ufro metad empiriulia. 

 

13.4. areebis warmodgenis xerxebi 

 

gamosaxulebaze areebis gamomyof algoriTmebSi aucile-

blad gaTvaliswinebuli unda iyos TiToeuli am arisT-

vis damaxasiaTebeli Tvisebebis kompaqturad warmodgeni-

sa da Senaxvis SesaZlebloba, gamosaxulebis analizisT-

vis maTi Semdgomi gamoyenebis mizniT. gamoyofili are-

ebis warmodgenisTvis arsebobs sxvadasxva xerxebi, maT 

Soris: sawyis gamosaxulebaze zeddebis, markirebuli ga-

mosaxulebebi, sazRvrebis kodireba, monacemTa garkveuli 

struqturebis gamoyeneba kvadrantuli (kvadri) xeebisa 

da maxasiaTebel TvisebaTa cxrilis saxiT. CamoTvlili 

xerxebidan areebis warmodgenisTvis yvelaze ufro xSi-

rad mainc markirebuli gamosaxulebebi gamoiyeneba. ganvi-

xiloT TiToeuli es xerxi cal-calke. 

 

13.4.1. sawyis gamosaxulebaze zeddebis xerxi 

 

zeddebis (overlay) xerxis qveS igulisxmeba gamosaxule-

baze gamoyofili areebis iseTi warmodgena, rodesac 

sawyis gamosaxulebaze erTi an ramdenime feris zedde-

biT xdeba CvenTvis saintereso informaciis asaxva. aseTi 

midgoma gamoyenebulia bevr gamosaxulebis damuSavebis 

programul paketSi. Cveulebriv sawyisi gamosaxuleba 

naxevartonuria, xolo zeddebis ferad ki gamoiyeneba 

iseTi feri, romelic gamosaxulebaze kargad gamoCndeba. 

amasTan es ori gamosaxuleba muSavdeba cal-calke da 
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erTmaneTTan kavSiri ar aqvs. magaliTad, segmentaciis 

Sedegebis sademonstraciod gamoyofili areebis sasazRv-

ro piqselebs (konturebs) SeiZleba sikaSkaSis mniSvne-

lobebad TeTri feri mivaniWoT. xSirad areebis sazRvre-

bis TvalsaCinoebisTvis konturebis sisqe erT piqselze 

metia. 13.11 suraTze warmodgenilia ramdenime karkasuli 

tipis detalisgan Sedgenili scenis gamosaxuleba, ro-

melzedac detalebis sainspeqcio kontrolisaTvis amosa-

cnobi obieqtebis modelebis proeqciebi zemodanaa dade-

buli sawyis naxevartonur gamosaxulebaze.  

 

 
sur. 13.11  

 

13.4.2. markirebuli gamosaxulebebi 

 

gamosaxulebis markireba gamosaxulebis analizis proce-

sis erT-erT mniSvnelovan Sualedur nabijs warmoadgens. 

misi arsi mdgomareobs TiToeuli gamoyofili arisTvis 

unikaluri identifikatoris (Wdis) (Cveulebrivad warmoa-

dgens mTel ricxvs, magram SeiZleba simboloc iyos) 

miniWebaSi. amis Sesaxeb ukve aRvniSneT bmuli komponen-
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tebis markirebisas (IV Tavi). im SemTxvevaSi, Tu Wdeebis 

mniSvnelobebi mcire sidideebs warmoadgens, maSin naxe-

vartonuri gamosaxulebis saxiT asaxvisas markirebuli 

gamosaxuleba sakmaod bneli iqneba. amis Tavidan asaci-

leblad, anu vizualurad ukeTesi gamosaxulebis misaRe-

bad SeiZleba markirebuli gamosaxulebis sikaSkaSis mni-

Svnelobebis dinamikuri diapazonis gaWimva an histogra-

mis gafarToebis meTodis gamoyeneba. 

 

13.4.3. sazRvrebis kodireba  

 

gamosaxulebaze gamoyofili areebis warmodgenisTvis Se-

iZleba gamoyenebuli iqnes maTi sazRvrebi. amasTan sazRv-

rebis Sesaxeb informacia devs ara uSualod gamosaxule-

baze, rogorc es zeddebis xerxis gamoyenebisas xdeba, 

aramed monacemTa garkveul struqturaSi. aseTi struqtu-

ris erT-erT umartives magaliTad SeiZleba moviyvanoT 

aris sasazRvro piqselebisgan Sedgenili wrfivi sia. 

ganvixiloT gamoyofili aris konturis kompaqturi war-

modgenisTvis aseTi siis nairsaxeoba, romelsac frimanis 

jaWvuri kodi ewodeba (Freeman chain code). sasazRvro wer-

tilebis siis jaWvur kodSi gardaqmnisas xdeba am siidan 

aRebuli informaciis kidev erTxel damatebiTi diskre-

tizacia. ganvixiloT axla jaWvuri kodirebis mTavari 

principi. kodirebisTvis gankuTvnili sasazRvro mrudi 

ideba kvadratul badeze. am badis ujredebis zomebi gan-

sazRvravs kodirebis sivrciT garCeviTobas. amis Semdeg 

sasazRvro mrudze airCeva sawyisi wertili da, dawyebu-

li am wertilidan, kvadratul badeze xdeba sakvanZo 

wertilebis gansazRvra. aseT wertilebad badeze airCeva 
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badis is wertilebi, romlebic yvelaze axlosaa ganla-

gebuli sasazRvro mrudTan. aRniSnuli sakvanZo werti-

lebi ganixileba rogorc im texilis wveroebi, romli-

Tac sasazRvro mrudis aproqsimacia xdeba. am texilis 

TiToeuli gverdi warmoadgens monakveTs, romelic erT-

maneTTan aerTebs badis sakvanZo wertils mis erT-erT 

mezobelTan. am monakveTebis mimarTulebis kodireba 8-

bmulobis SemTxvevaSi xdeba mcire sididis mTeli ricxv-

ebiT, dawyebuli 0-dan da damTavrebuli kodirebisTvis 

gamoyenebuli momijnave mezoblebis mimarTulebebis rao-

denobis ricxvamde, anu 7-mde. texili wiris TiToeuli 

aseTi monakveTis kodebis erToblioba qmnis jaWvur 

kods.   

jaWvuri kodi binaruli gamosaxulebis sazRvrisT-

vis warmoadgens mTeli 𝑐 =  𝑐0 , 𝑐1 , … , 𝑐𝑛−1  ricxvebis mimdev-

robas, sadac 𝑐𝑖 , 𝑖 = 0, 𝑛 − 1           mniSvnelobebs iRebs  0,1, … ,7  

simravlidan. elementebis raodenobas 𝑐 mimdevrobaSi 

ewodeba jaWvuri kodis sigrZe. 𝑐0 da 𝑐𝑛−1 elementebi war-

moadgens kodis sawyis da bolo wertilebs.  

13.12 suraTze warmodgenilia jaWvuri kodirebis 

magaliTi, romelSic wrfivi monakveTebis daxris kuTxee-

bis (mimarTulebebis) kodirebisTvis gamoyenebulia 8-bmu-

li jaWvuri kodi, anu kodirebisTvis ganixileba ara mar-

to horizontaluri da vertikaluri, aramed diagonalu-

ri mimarTulebebic. kodis ricxviTi mniSvneloba 0 Seesa-

bameba 00-iT mimarTul monakveTs, mniSvneloba 1 _ 450-iT 

mimarTul monakveTs, da ase Semdeg, mniSvneloba 7 _ 3150 

-iT mimarTul monakveTs. suraTze sasazRvro mrudis saw-

yisi wertili aRniSnulia eqvskuTxediT, xolo badisa da 

mrudis gadakveTis wertilebi ki _ rombebiT.  
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sur. 13.12  

 

sasazRvro mrudis sawyisi wertilis koordinatebi da 

jaWvuri kodi sruliad sakmarisia am mrudis aRsadgenad 

badis sivrciTi garCevis mixedviT. jaWvuri kodi, garda 

imisa, rom mkveTrad amcirebs sazRvris monacemebis Senax-

visaTvis saWiro mexsierebis moculobas, aseve SeiZleba 

gamoyenebuli iyos mrudeebis damuSavebis operaciebSi, 

magaliTad, obieqtebis formis mixedviT amocnobisas. Tu 

gamoyofil ares aqvs ara marto gare sazRvari, aramed 

Seicavs erT an ramdenime naxvrets, maSin TiToeuli maT-
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gani cal-calke SeiZleba warmovadginoT jaWvuri kodis 

saxiT.  

im SemTxvevaSi, Tu gamosaxulebaze gamoyofili aris 

mexsierebaSi Sesanaxad saWiro ar aris misi yvela sasaz-

Rvro piqselis koordinatebis Senaxva, maSin mrudi SeiZ-

leba aseve miaxloebiT warmovadginoT monakveTebis sax-

iT, magram gansxvavebiT jaWvuri kodirebis meTodisgan, am 

SemTxvevaSi monakveTebis wveroebis koordinatebi nam-

dvili ricxvebia da ar aris aucilebeli, rom isini bad-

is kvanZebs emTxveodes. gamosaxulebaze gamoyofili aris 

sasazRvro mrudis warmodgenis am meTods poligonaluri 

aproqsimacia ewodeba (sur. 13.12). aRniSnuli midgoma 

amartivebs sazRvrebis damuSavebisTvis saWiro gamoTvl-

ebs da iZleva mexsierebis ekonomiis saSualebas.  

 

13.4.4. kvadri xeebi 

 

cifrul gamosaxulebaze gamoyofili areebis kompaqturi 

warmodgenis kidev erT xerxs warmoadgens kvadrantuli 

anu kvadri xeebi (quad tree). am SemTxvevaSi are aRiwereba 

ara marto misi sazRvris Sesaxeb monacemebis saSuale-

biT, aramed mTlianobaSi. kvadri xis yoveli kvanZi Seesa-

bameba gamosaxulebaze arsebul raRac kvadratul ares. 

amasTan kvanZis aRniSvnisTvis gamoiyeneba samidan erT-

erTi Wde. kerZod, es Wdeebia: Sevsebulia (full, F), carie-

lia (empty, E), nawilobriv Sevsebulia (mixed, M). Tu kvanZi 

moniSnulia Sevsebulis aRmniSvneli WdiT, maSin kvadrat-

uli aris TiToeuli piqseli miekuTvneba interesis ares. 

Tu kvanZi moniSnulia carielis aRmniSvneli WdiT, maSin 

Sesabamisi kvadratuli are da interesis are erTmaneTs 
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ar kveTs, xolo Tu are moniSnulia rogorc nawilobriv 

Sevsebuli, maSin kvadratuli aris piqselebis mxolod 

nawili warmoadgens interesis aris piqselebs, danarCene-

bi ki ara. kvadrantul xeze Svilobili kvanZebi mxolod 

nawilobriv Sevsebul kvanZebs gaaCnia, rac Seexeba Sevse-

bul da cariel kvanZebs, isini foTlovanebia.  

gamosaxulebaze gamoyofili (8 × 8) piqseli ganzomi-

lebis mqone aris kvadri xis saSualebiT warmodgenis 

SemTxveva naCvenebia 13.13 suraTze.  

 

 
sur. 13.13 

 

rogorc vxedavT, aris sazRvrebi ar warmoadgens sworxa-

zovan monakveTebs. amis gamo Sesabamisi kvadri xe Sedgeba 

4 donisagan. suraTze warmodgenili 4 Svilobili kvanZi 

Seesabameba zeda marcxena, zeda marjvena, qveda marcxena 

da qveda marjvena kvadrantebs. xis pirveli donisTvis 

kvadrantebis gadaTvlis rigiToba aRniSnulia wrexazeb-

Si Cawerili ricxvebis saSualebiT.    
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13.4.5. TvisebaTa cxrilebi 

 

gamosaxulebaTa analizis zogierT amocanaSi gamoyofi-

li aris warmodgena saWiroa ara misi Semadgeneli piqse-

lebis, aramed gamoyofili niSan-Tvisebebis saSualebiT. 

swored aris aseT warmodgenas uwodeben TvisebaTa 

cxrils (property table). aseTi cxrili hgavs relaciur mona-

cemTa bazis cxrils. kerZod, gamosaxulebis TiToeul 

ares cxrilSi Seesabameba cxrilis striqoni, xolo Ti-

Toeul Tvisebas _ sveti. aris Tvisebebad SeiZleba gamo-

viyenoT misi geometriuli Tvisebebi _ zoma, forma, aseve 

intensivoba, feri, teqstura da Cven mier wina TavebSi 

ukve ganxiluli aris yvela maxasiaTebeli niSan-Tviseba.   

 

13.5. sazRvrebis analizis meTodi 

 

gamosaxulebaTa analizis zogierTi amocana moiTxovs 

ara erTgvarovani areebis, aramed maTi sazRvrebis an zo-

gierTi sxva struqturis, magaliTad, sworxazovani monak-

veTebis an wrewirebis rkalebis gamoyenebas. aq ganvixil-

avT swored aseTi struqturebis moZiebasTan dakavSireb-

ul sakiTxebs. sazRvrebis analizis meTodi emyareba ga-

mosaxulebis im gansakuTrebul Tvisebas, rom gamosaxu-

lebis Sesaxeb yvelaze meti informacia devs sxvadasxva 

araerTgvarovani areebis sazRvrebze, anu iq, sadac adgi-

li aqvs sikaSkaSeebis mkveTr vardnas, sxvanairad rom 

vTqvaT, erTgvarovnobis wyvetas. sazRvrebis analizis 

amocana moicavs or etaps: kidis elementebis moZieba da 

Sepirapireba. 
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13.5.1. areebis sazRvrebis midevneba 

 

gamosaxulebaze segmentaciis an bmuli komponentebis mar-

kirebis Sedegad miRebuli areebis gamoyofis Semdeg Se-

saZlebelia TiToeuli am aris sazRvris moZebna. meTods, 

romelic am amocanis gadasawyvetad gamoiyeneba, sazRvre-

bis gamoyofa (boundary extraction) ewodeba. gamosaxulebis 

segmentacia sazRvrebis gamoyofis xerxis gamoyenebiT 

SeiZleba ganxorcieldes ori gziT: mimdevrobiTi da pa-

raleluri. pirvel SemTxvevaSi mTel gamosaxulebaze im 

wertilebis povnis xarjze, romelTa midamoSic adgili 

aqvs sikaSkaSis mkveTr vardnebs, xdeba sazRvrebis frag-

mentebis gamoyofa. meore SemTxvevaSi, dawyebuli rome-

liRac wertilidan, Tanamimdevrulad xdeba amave sazRv-

arze arsebuli momijnave wertilebis moZieba. xSirad sa-

zRvrebis moZiebuli monakveTebi, imis gamo, rom maTi na-

wili SeiZleba mcdarad iyos gamoyofili, xolo nawili 

ki gamotovebuli, ar qmnis Sekrul konturs. aqedan gamom-

dinare, saWiro xdeba sazRvrebis wyvetebis adgilebis 

Sevseba. amisTvis SemuSavebulia specialuri meTodebi, 

romelTac Sepirapirebis (an gadabmis) meTodebi ewodeba. 

kidis elementebis Sepirapirebis arsi mdgomareobs sazRv-

ris bmuli elementebis SeerTebaSi da maT SevsebaSi uwy-

veti sazRvris miRebamde. amasTan procesis mimdinareobis 

dros paralelurad unda moxdes mcdari sazRvrebis 

gacxrilva. am amocanis Sesasruleblad gamoiyeneba evri-

stikuli Ziebis da dinamikuri programirebis meTodebi, 

wirebisa da mrudeebis Sepirapirebisa da relaqsaciis 

(aRdgenis) meTodebi.  
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areebis sazRvrebis gamoyofisTvis iyeneben sazRvre-

bis midevnebis (border tracing) algoriTmebs. am saxis marti-

vi algoriTmi aseTia: movaxdinoT gamosaxulebis yvela 

wertilis gadarCeva da TiToeuli bmuli komponentis 

(aris) pirveli sasazRvro wertilebisgan SevadginoT ma-

Ti koordinatebis sia. amis Semdeg TiToeuli arisTvis, 

dawyebuli pirveli sasazRvro wertilidan, movaxdinoT 

bmuli komponentis sazRvris midevneba saaTis isris mima-

rTulebiT manam, sanam isev ar davbrundebiT sawyis wer-

tilSi. es algoriTmi emyareba im daSvebas, rom yoveli 

sazRvari SemosazRvravs Sekrul ares. aseTi algoriTmi 

advili gamosayenebelia mcire zomis gamosaxulebisTvis. 

magram didi gamosaxulebis SemTxvevaSi, romelic mTlia-

nad SeiZleba ar moTavsdes mexsierebaSi, aseTi algoriT-

mi ar gamodgeba, radganac sazRvris midevnebis procesSi 

SeiZleba saWiro gaxdes mravaljeradi mimarTva Seyvana-

gamoyvanis mowyobilobisadmi, sadac inaxeba sawyisi gamo-

saxuleba.  

ganvixiloT algoriTmi, romelic axdens areebis sa-

zRvrebis gamoyofas gamosaxulebis marcxnidan-marjvniv, 

zemodan-qvemoT mimarTulebiT daTvalierebis gziT. aq 

sawyis monacemebad gamoiyeneba markirebuli gamosaxule-

ba, xolo gamosasvlel monacemebs unda warmoadgendes 

TiToeuli aris sazRvari, warmodgenili saaTis isris mi-

marTulebiT mowesrigebul wertilTa koordinatebis si-

is saxiT. markirebuli gamosaxulebis piqselebis mniSvne-

lobebi, romelTac algoriTmi iyenebs rogorc Sesasv-

lel monacemebs, Seesabameba areebis Wdeebs. ivaraudeba, 

rom gamosaxulebaze gvaqvs mxolod erTi fonuri are. mi-

si Wdis mniSvneloba eniWeba im areebs, romelTa sazRvre-
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bis gamoyofa ar moiTxoveba. algoriTmi, imis nacvlad, 

rom moaxdinos TiToeuli aris sazRvris midevneba, gamo-

saxulebis piqselebs amuSavebs marcxnidan-marjvniv, zemo-

dan-qvemoT da axdens sasazRvro piqselebis jaWvebis 

formirebas, romlebic Tavis mxriv qmnis areebis sazRv-

rebis bmul fragmentebs. algoriTmis muSaobis nebismier 

momentSi gamosaxulebaze gveqneba mimdinare areebis (cur-

rent regions) simravle, romelTa sazRvrebi nawilobriv, mag-

ram jer kidev arasrulad iyo gamoyofili, damuSavebuli 

areebis (past regions) simravle, romelTa sazRvrebi srul-

ad gamoiyo da momavali areebis (future regions) simravle, 

romlebic gamosaxulebis piqselebis gadarCevis procesSi 

jer ar gamovlenila. mimdinare areebis sasazRvro piqse-

lebis jaWvebi inaxeba monacemTa struqturebSi. Tu are 

srulad aris damuSavebuli, anu sazRvari srulad gamoi-

yo da misi sazRvris Sesaxeb monacemebi moTavsebulia 

gamosasvlel monacemebSi, maSin am aris Sesaxeb arsebuli 

informacia heS-cxrilidan amoiReba. roca gamosaxulebis 

algoriTmiT damuSavebisas gvxvdeba axali are, maSin mis 

Sesaxeb informacia Caiwereba heS-cxrilSi. mocemuli 

aris Sesaxeb heS-cxrilSi arsebuli Canaweri Seicavs mo-

cemuli aris Sesaxeb drois mocemuli momentisTvis for-

mirebuli bmuli jaWvebis siis Sesaxeb maCvenebels. TiTo-

euli jaWvi warmoadgens sasazRvro piqselebis koordina-

tebis bmul sias, dalagebuls maTi aRmoCenis mixedviT. 

sazRvris midevnebis aRniSnul algoriTms gamosaxulebis 

damuSavebis TiToeul nabijze saqme aqvs markirebuli ga-

mosaxulebis sam striqonTan. es aris damuSavebaSi myofi 

mimdinare striqoni, da aseve striqonebi mis zemoT da 

qvemoT. gamosaxulebis zeda da qveda kidura striqonebis 
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SemTxvevaSi maT emateba fonuri piqselebis TiTo fiqtiu-

ri striqoni. TiToeuli striqonis damuSavebis Semdeg im 

mimdinare areebis jaWvebi, romelTa sazRvrebis srulad 

gamoyofa ukve dasrulda, erTiandeba erT mTlian sazRv-

rad da Tavsdeba gamosasvlel monacemebSi, xolo heS-

cxrilidan da areebis koordinatebis siidan ki amoiReba 

informacia srulad damuSavebuli areebis Sesaxeb. aseTi 

algoriTmis saSualebiT areebis sazRvrebis gamoyofis 

procedura markirebuli gamosaxulebisTvis naCvenebia  

13.14 suraTze, sadac (a) markirebuli gamosaxulebaa, xo-

lo (b) sazRvrebis gamoyofis proceduris Sedegebi.   

 

 
 a 

 

 
 b 

sur. 13.14  
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paraleluri segmentaciis xerxis gamoyenebisas kid-

is elementebis sapovnelad gamoiyeneba: 

 

 maRalsixSiruli sivrciTi filtracia, romelic 

efuZneba im faqts, rom speqtris maRalsixSiruli 

mdgenelebi (Seesabameba sikaSkaSis mkveTr vardnebs) 

gamosaxulebaze gvaZlevs informacias obieqtebis 

sazRvrebis Sesaxeb. am mizniT xdeba gamosaxulebis 

intensivobis funqciis furie-gardaqmna, rac Sedeg-

ad gvaZlevs sivrciTi koordinatebis gardaqmnas 

sixSireTa speqtrSi, romlis maRalsixSiruli 

mdgenelebi Seesabameba gamosaxulebaze arsebuli 

obieqtebis mkveTr kideebs, xolo dabalsixSiruli 

mdgenelebi ki _ TiTqmis erTnairi naxevartonebis 

mqone areebs. speqtris maRalsixSiruli mdgenele-

bis gamoyofisa da Semdeg furie ukuasaxvis gan-

xorcielebis Sedegad, anu isev sivrciT koordina-

tebSi gadasvliT, miiReba gamosaxuleba, romelze-

dac kideebi mkveTrad xazgasmuli iqneba. aseTi ga-

mosaxulebis zRurbluri damuSavebiT ki miiReba 

binaruli konturuli gamosaxuleba. 

 gradientuli operatori, romelic efuZneba gamosa-

xulebis im Tvisebas, rom kidis wertilebSi inten-

sivobis funqciis gradientis modulis sidide uf-

ro metia. aqedan gamomdinare, gamosaxulebaze gra-

dientuli gardaqmnis gamoyenebis Sedegad miiReba 

gradientuli gamosaxuleba, romelic zRurbluri 

damuSavebis Sedegad gvaZlevs binarul konturul 

gamosaxulebas, romlis erTeulovani elementebi 

gansazRvravs sikaSkaSis funqciis sazRvrebs. gra-
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dientis modulis sidide ganisazRvreba gamosaxu-

lebis mezobeli elementebis mniSvnelobebs Soris 

diskretuli sxvaobebis gamoTvliT rogorc stri-

qonis, aseve svetis gaswvriv. es gvaZlevs saSuale-

bas, rom gamosaxulebaze vipovoT Sesabamisad ver-

tikaluri da horizontaluri vardnebi. magram ase-

Ti diskretuli diferencireba xasiaTdeba xmauris 

mimarT mgrZnobiarobiT. am ukanasknelis Sesasus-

teblad mimarTaven gamosaxulebis dagluvebas, ris-

Tvisac iyeneben e.w. areebis SeniRbvas (masking area), 

rac gulisxmobs sxvaobebis aRebas ara mezobel 

elementebs, aramed elementebis mezobel jgufebs 

Soris. aseve gamoiyeneba Cven mier VII TavSi ganxi-

luli diskretuli diferencirebis arawrfivi me-

Todebi, kerZod, robertsis jvaredini operatori, 

sobelis operatori da sxv.   

 funqcionaluri aproqsimacia, romelic areebis 

sazRvrebis gamosayofad iyenebs optimizaciis al-

goriTmebs. viciT, rom idealuri vardna ganixileba 

rogorc safexurovani signali (sur. 7.1,a). aqedan 

gamomdinare, realuri gamosaxulebis fragmenti Se-

iZleba aproqsimirebuli iqnes cvladi parametreb-

is mqone idealuri vardniT. Tu mocemuli fragmen-

tisTvis aseTi aproqsimaciis Catareba sakmaod zus-

tad moxdeba, SeiZleba CaiTvalos, rom am adgilas 

vardnas adgili aqvs aproqsimaciis moZiebuli para-

metrebiT. 

 

mimdevrobiTi segmentaciis xerxs ki miekuTvneba saz-

Rvris midevnebis meTodebi. aq sazRvris monakveTebis mo-
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Zieba xorcieldeba mimdevrobiTi Ziebis gziT da moicema 

sami wesis saSualebiT:  

 

 sawyisi wertilis arCeva; 

 mezobeli wertilis mierTeba; 

 midevnebis procesis SeCereba. 

 

sawyisi wertilis gansazRvra SeiZleba sxvadasxva 

xerxiT ganxorcieldes, magaliTad obieqtis sikaSkaSis 

mniSvnelobebs Soris Sualeduri mniSvnelobiT, eqsper-

tis miTiTebiT. midevnebis procesis SeCereba xdeba maSin, 

roca ver xerxdeba im Semdegi wertilis moZieba, rome-

lic akmayofilebs mierTebis pirobas. aRsaniSnavia, rom 

mierTeba xorcieldeba TiTo elementis doneze da amas-

Tan iseTis, romelic uzrunvelyofs sazRvris Sekvras, 

magram ara mis TviTgadakveTas. amasTan, sazRvris yoveli 

Semdegi wertilis mierTebisas Cndeba SesaZlebloba, rom 

gaTvaliswinebul iqnes rogorc lokaluri, ise globa-

luri monacemebi, da aseve aRniSnuli sazRvris agebisas 

dagrovili gamocdileba. 

sazRvris gamoyofis procesisTvis Zalian mniSvne-

lovania zRurblis sididis gansazRvra. misi mniSvneloba 

ise unda SeirCes, rom man, erTi mxriv, xeli Seuwyos saz-

Rvris rac SeiZleba meti WeSmariti monakveTebis da, meo-

re mxriv, rac SeiZleba naklebi mcdari monakveTebis ga-

moyofas. zRurblis sididis SerCeva xSirad empiriulad 

xdeba, Tumca arsebobs misi SerCevis avtomaturi xerxi, 

damyarebuli gamosaxulebis globalur Tvisebebze da 

aseve histogramis analizis Sedegad. imis gamo, rom sazR-

vrebis gamoyofis meTodi emyareba gamosaxulebaze arse-
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buli lokaluri araerTgvarovnobebis analizs, Sesaba-

misad, bunebrivia maTi mgrZnobiaroba xmauris mimarT. Se-

degad bmuli elementebis simravlisagan formirebuli ga-

moyofili sazRvrebi gamosaxulebaze SeiZleba moicavdes 

arabmul areebsac. amitom, xSirad sazRvrebis analizis 

meTodiT gamosaxulebis segmentaciamde mimarTaven gamo-

saxulebis winaswar filtracias. 13.15,a,b suraTze warmo-

dgenilia SemTxveva, roca sazRvris gamoyofisTvis gamo-

yenebuli iqna qenis operatori da agreTve is problemebi, 

romlebic sazogadod warmoiSoba kidis gamoyofis da 

sazRvris midevnebis algoriTmebis gamoyenebisas. rogorc 

suraTidan Cans, obieqtebis nawilebis konturebis seg-

mentebi mcdaradaa Serwymuli ganaTebuli an Crdilovani 

areebis konturebTan. kerZod, gamosaxulebis (sur. 13.15,a) 

zeda nawilSi arsebuli sarkuli anarekli xels uSlis 

kidis deteqtors maSuqis qromirebuli rgolis sazRvris 

formirebaSi.  

 

 
sur. 13.15,a 

 

xolo qveda gamosaxulebaze (sur. 13.15,b) ki avtomo-

bilis Crdili erwymis saburavs (romelic aseve Serwymu-
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lia frTasTan), ris Sedegadac rogorc saburavis, aseve 

misi solebis sazRvrebi arasakmarisad kargad aris gamo-

yofili.  

 

 
sur. 13.15,b 

 

warmodgenili SemTxvevidan Cans, rom gamoyofili 

sazRvrebis segmentebi zustad ar emTxveva gamosaxulebis 

areebs. xandaxan aseT damTxvevas adgili aqvs da maSin 

areebis aRmoCena SesaZlebelia gamoyofili sazRvrebis 

Sesaxeb monacemebis safuZvelze. aseTi damTxvevis magali-

Ti mocemulia 13.16 suraTze, sadac simboloebi xasiaTde-

ba fonis mimarT maRali kontrastiT, ramac gaaadvila ga-

mosaxulebaze maTi aRmoCena. amis Semdeg ukve SesaZlebe-

lia gamoyofili sazRvrebis segmentebis gaanalizeba, Tu 

movaxdenT sasazRvro piqselebis segmentirebas sworxa-

zovan monakveTebad, wrewirebis rkalebad da a.S. magali-

Tad, sworkuTxa Senobis sazRvari SeiZleba daiyos oTx 

sworxazovan monakveTad.  
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sur. 13.16  

 

13.6. Tavsebadi mezobeli konturuli fragmentebis 

dajgufeba mrudebad 

 

xSirad sazRvrebis analizis meTodebis gamoyenebiT 

ver xerxdeba uwyveti sazRvrebis mTlianad gamoyofa, anu 

zogierT ubanze SesaZloa adgili hqondes wyvetebs. ase-

Ti wyvetebis aRsadgenad, rogorc ukve aRvniSneT, gamoi-

yeneba Sepirapirebis meTodebi, romelTaTvisac sawyis ga-

mosaxulebas warmoadgens markirebuli sasazRvro elem-

entebis mqone binaruli gamosaxuleba. am amocanis gada-

sawyvetad, ZiriTadad arsebobs ori gza: jer aRiweros 

sazRvris yvela gamoyofili monakveTi da Semdeg moxdes 

maTi gaanalizeba, an vimuSaoT sazRvris gamoyofil mona-

kveTebTan rogorc erT mTlian gamosaxulebasTan.  

Sepirapirebis procesis Tavisebureba mdgomareobs 

imaSi, rom sazRvarze wyvetis adgilis aRdgena unda mox-

des sworad. saWiroa mxedvelobaSi miviRiT is, rom mezo-

beli monakveTebis SeerTebis Sedegad unda miviRoT saWi-

ro formis Sekruli sazRvari. TviT konturis formis 

gansazRvrisaTvis unda gamoviyenoT globaluri informa-

cia, magaliTad gamosaxulebis histograma.  
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im SemTxvevaSi, Tu sazRvris forma winaswaraa cno-

bili, maSin monakveTebis sapovnelad SeiZleba gamoviyen-

oT aproqsimacia, SeTanxmebuli filtracia an hafis gar-

daqmna. Tu wyvetis adgilas elementebis ricxvi orze me-

tia, maSin dgeba gadarCevis amocana. amitom wyvetis Sesa-

bamisi CanarTis asarCevad iyeneben gamosaxulebis Sesaxeb 

apriorul informacias. 

axla davuSvaT, rom 13.5.1. paragrafSi ganxiluli 

konturis midevnebis algoriTmis Sesasvlels warmoad-

gens ara markirebuli gamosaxuleba, aramed markirebuli 

konturuli gamosaxuleba, romelzedac konturis piqse-

lebs miniWebuli aqvs mniSvneloba 1, xolo danarCenebs _ 

0. aseT SemTxvevaSi areebis sazRvrebis calkeuli segmen-

tebis midevnebis amocana ufro rTuli xdeba. aseT dros 

ukve aucilebeli araa, rom Sekruli areebi konturuli 

piqselebiT iyos SemosazRvruli. konturebis segmentebi 

Sedgeba bmuli konturuli piqselebisagan. segmentebi 

SeiZleba iwyebodes romelime wverodan, kuTxis wertili-

dan an Sepirapirebis adgilidan da mTavrdebodes rome-

lime sxva wveroze, kuTxis wertilze an Sepirapirebis 

adgilze. segmentebi am dros ar Seicavs Sualedur Sepi-

rapirebis adgilebs an kuTxeebs. 13.17 suraTze warmod-

genilia markirebuli konturuli gamosaxulebis magali-

Ti. piqseli [3,3] warmoadgens Sepirapirebis piqsels (junc-

tion pixel), romelSic erTmaneTs uerTdeba sami sxvadasxva 

sworxazovani konturuli segmenti. piqseli [5,3] _ kuTxis 

piqselia, romelic SeiZleba ganxilul iqnes rogorc 

segmentis bolo wertili im SemTxvevaSi, Tu mocemul 

amocanaSi daSvebulia, rom segmentebi mTavrdebodes kuT-

xis wertilebiT.  
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sur. 13.17 

 

aseTi segmentebis midevnebis algoriTmSi moiTxoveba 

Semdegi operaciebis Sesruleba: 

 

 axali segmentis midevneba; 

 Sida piqselis damateba segmentisaTvis; 

 segmentis dasruleba;  

 Sepirapirebis adgilis moZebna; 

 kuTxis moZebna. 

 

iseve rogorc sazRvrebis midevnebis zemoganxiluli 

algoriTmis SemTxvevaSi, konturebis dajgufebis proce-

duris yovel nabijze Sesabamisi informaciis Sesanaxad 

mizanSewonilia gamoyenebuli iqnes monacemTa efeqturi 

struqturebi. aseTi monacemTa struqturebi zemoaRweri-

li sazRvrebis midevnebis algoriTmSi gamoyenebuli mo-

nacemTa struqturebis msgavsia. damuSavebuli, mimdinare 

da momavali areebis nacvlad aq gvaqvs damuSavebuli, 

mimdinare da momavali konturebis segmentebi. segmentebi 

warmoadgens gamosaxulebaze arsebuli sworxazovani an 

mrudxazovani wirebis Sesabamisi konturuli wertilebis 
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siebs. mimdinare segmentebi inaxeba operatiul mexsiereba-

Si. maTi wvdomisTvis gamoiyeneba heS-cxrili. damuSavebu-

li segmentebi ki inaxeba diskur failSi da maTi Sesaba-

misi adgili heS-cxrilSi Tavisufldeba. mTavari gansxva-

veba mdgomareobs Sesapirapirebeli piqselebis da maTSi 

Semavali segmentebis aRmoCenaSi. kerZod, gamosaxulebis 

daTvaliereba xorcieldeba zemodan-marcxniv mimarTule-

biT, xolo maTgan gamomavali segmentebis ki _ marjvni-

dan-qvemoT mimarTulebiT. magaliTisTvis ganvixiloT  

operatori, romelic adgens, warmoadgens Tu ara mocemu-

li piqseli izolirebul wertils, axali segmentis sawy-

is wertils, Zveli segmentis Sida wertils, Zveli segmen-

tis bolo wertils, Sepirapirebis Tu kuTxis wertils. 

imis mixedviT, Tu ras warmoadgens mocemuli piqseli, 

operatoris moqmedebac Sesabamisia. aseTi operatoris 

moqmedebis Sedegi markirebul konturul gamosaxulebaze 

(sur. 13.17) warmodgenilia 13.18 suraTze. 

 

 
sur. 13.18  

 

mocemul suraTze wertili (5,3) ganixileba rogorc 

kuTxis wertili. im SemTxvevaSi, Tu segmentebis dasamTav-

reblad kuTxis wertilebi ar iqneboda gamoyenebuli, ma-
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Sin me-3 segmentis sigrZe 5-is toli iqneboda da is war-

moidgineboda aseTi siis saxiT: 

 

((3,3),(4,3),(5,3),(5,4),(5,5)). 

 

13.7. moZravi obieqtebis konturebis gamoyofa 

 

Cven ukve ganvixileT organzomilebian gamosaxule-

bebze moZravi obieqtebis aRmoCenis da maTi niSan-Tvisebe-

bis gamoyofis sakiTxebi (XII Tavi). iseve, rogorc statik-

uri scenebis SemTxvevaSi, aqac dgas moZravi obieqtebis 

segmentaciis, anu maTi konturebis gamoyofis amocana. am 

paragrafSi Cven gavecnobiT organzomilebian gamosaxu-

lebebze moZravi obieqtebis segmentaciis sakiTxs. 

 

13.7.1. moZravi obieqtebis sazRvrebis dadgena 

 

organzomilebian gamosaxulebaze moZravi obieqtebis kon-

turebis aRmosaCenad gamoiyeneba monacemebi rogorc siv-

rciTi, aseve droiTi kontrastis Sesaxeb. statikuri sce-

nebis gamosaxulebebis SemTxvevaSi mxedvelobaSi miiRebo-

da erT gamosaxulebaze romelime niSan-Tvisebis (sikaS-

kaSe, teqstura da a.S.) sicrciTi kontrastis cvlileba. 

magram dinamikuri scenebis SemTxvevaSi ukve sxva SemTxve-

vasTan gvaqvs saqme. Tu gvaqvs, magaliTad, scenis ori 

𝐈[𝑥, 𝑦, 𝑡] da I[𝑥, 𝑦, 𝑡 + ∆𝑡] gamosaxuleba, maSin maTTvis SeiZ-

leba gamoviTvaliT da erToblivad ganvixilod sivrci-

Ti da droiTi gradientebi. aseT sidided moiazreba sivr-

ciT-droiTi gradienti (s-dg) (spatio-temporal gradient magni-

tude, STG), romelic ganisazRvreba rogorc sivrciTi da 
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droiTi gradientebis modulebis namravli da is Semd-

egnairad gamoisaxeba  

 

𝐒𝐓𝐆 𝑥, 𝑦, 𝑡 =  [𝑥, 𝑦, 𝑡]   𝐈 𝑥, 𝑦, 𝑡 − 𝐈[𝑥, 𝑦, 𝑡 + ∆𝑡  . 

 

am sididis mniSvnelobebi gamosaxulebaTa wyvilis yvela 

piqselisaTvis SeiZleba warmovadginoT 𝐒𝐓𝐆[∙] gamosaxu-

lebis saxiT da Semdeg masze gamoviyenoT Cven mier kon-

turebis gamoyofisTvis aqamde ganxiluli yvela meTodi. 

magram miRebuli konturebi ukve iqneba ara uZravi, ara-

med moZravi obieqtebis konturebi. 

 

13.7.2. moZraobis traeqtoriebis dagroveba 

 

davuSvaT, rom videomimdevrobis ori kadris saSualebiT 

SevZeliT gadaadgilebis veqtorebis gamoTvla. vTqvaT, 

rom isini gansazRvrulia gamosaxulebis ara yvela, ara-

med mxolod interesis ramdenime wertilisTvis an aris-

Tvis (XII Tavi). gadaadgilebis veqtorebi SeiZleba gamo-

yenebul iqnes gamosaxulebaze raime niSniT erTgvarovani 

areebis gamosayofad. xolo rac Seexeba klasterizacias, 

is unda movaxdinoT gamosaxulebaze gadaadgilebis veq-

torebis adgilmdebareobis, maTi siCqaris da moZraobis 

mimarTulebis mxedvelobaSi miRebiT. 13.19 suraTze war-

modgenil SemTxvevaSi A da B obieqtebi gadataniT 

moZraobas asrulebs, xolo C obieqti ki brunviTs. aRsa-

niSnavia, rom gamosaxulebaze gadataniTad moZravi obieq-

tis aRmoCena ufro advilia, vidre mbrunavis.  
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sur. 13.19  

 

amasTan, imis gamo, rom gadataniTi moZraobisas  obieqte-

bis yvela wertils erTnairi siCqare aqvs, maTi Sesabami-

si klasterebi gamosaxulebaze erTmaneTTan mWidrod iq-

neba ganlagebuli. rac Seexeba mbrunav obieqtebs, maTi 

aRmoCena gamosaxulebis ufro rTul damuSavebas moiT-

xovs.  
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