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I Tavi. monacemTa SeTavseba  

2D sivrceSi 

 
1.1. Sesavali 

 

realur cxovrebaSi arsebobs bevri amocana, roca organ-

zomilebian sivrceSi saWiroa Sesabamisobis dadgena ga-

mosaxulebebs, gamosaxulebebsa da rukebs da aseve gamo-

saxulebebsa da obieqtebis modelebs Soris. magaliTad, 

ganvixiloT qalaqis ganaSenianebis, kerZod, axali nagebo-

bebis aRricxvis amocana mSeneblobebis dagegmvis an axa-

li rukebis Seqmnis mizniT. TviTmfrinavidan gadaRebuli 

qalaqis aerofotosuraTebi dardeba manamde arsebul qa-

laqis rukebs maTi ganaxlebis mizniT. Sesabamisad xdeba 

qalaqis Sesaxeb arsebuli monacemTa bazis ganaxleba, in-

formaciis Setana arsebuli Senobebis, gzebis, sawarmoe-

bis da a. S. Sesaxeb. meore magaliTad SeiZleba ganvixil-

oT samedicino amocana. vTqvaT, saWiroa pacientis gulsa 

da filtvebSi gamavali sisxlis nakadis gamokvleva. amis-

aTvis pacients jer uReben rentgenis suraTs. Semdeg mis 

sisxls umateben specialur saღebavs da isev uReben ren-

tgenis suraTs. meore suraTze ukve gamoCndeba sisxlis 

nakadi da aseve xmauri da sxvadasxva ucxo fragmenti, 

romlebic adamianis sxeulis sxvadasxva qsovils Seesaba-

meba, magaliTad, Zvlebs. Tu axla meore gamosaxulebas 

gamovaklebT pirvels, maSin miRebul gamosaxulebaze 

rogorc xmauris, ise ucxo fragmentebis raodenobac Sem-

cirdeba da xazgasmiT gamoCndeba saRebavis gamoyenebiT 

gamowveuli cvlilebebi. magram manam, sanam movaxdenT ga-
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mosaxulebebis gamoklebas, saWiroa pirveli gamosaxule-

bis geometriuli gardaqmna (deformireba) meore gamosa-

xulebasTan misi SeTavsebis mizniT. es gardaqmna saWiroa 

rentgenis suraTis gadaRebisas pacientis sxeulis qsovi-

lebis poziciis mcire cvlilebebis, deformaciebis, gamo-

wveuls misi sxeulis pozis cvlilebiT, gulis feTqviT, 

sunTqviT da a. S.  kompensaciisaTvis.  

amave dros unda aRiniSnos, rom geometriuli garda-

qmnis Tvisebebi Zalze mniSvnelovania obieqtTa iseTi Tv-

isebebis asarCevad, romelic ar aris damokidebuli scen-

is farglebSi kameris an obieqtebis ganlagebaze. 

 

1.2. geometriuli gardaqmnebis arsi 

2D sivrceSi 

 

gamosaxulebebs, gamosaxulebebsa da rukebs, da aseve ga-

mosaxulebebsa da obieqtebis modelebs Soris Sesabamis-

obis dadgenis amocana moiTxovs erTi 2D  koordinatTa 

sivrcis meoreze Seqcevad asaxvas. amisTvis unda ganisaz-

Rvros iseTi geometriuli gardaqmna, romelic dakvirveb-

is erTi wertilidan danaxuli scenis obieqtis wertil-

ebs SeuTanadebs dakvirvebis sxva wertilidan danaxuli 

imave obieqtis (gamosaxulebis) an sxva obieqtis wertil-

ebs. samedicino amocanaSi aseT obieqts warmoadgens dak-

virvebis sxvadasxva wertilidan danaxuli adamianis sxe-

ulis romelime anatomiuri ubani. magaliTi, romelic aR-

wers aseT asaxvas organzomilebiani  sivrcis or, 𝑀 da 𝐼 

gamosaxulebas Soris (romlebic winaswaraa SerCeuli), 

sadac 𝑀 SeiZleba iyos ruka, romelime obieqtis modeli, 
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gamosaxuleba, xolo 𝐼 gamosaxuleba, warmodgenilia (1.1) 

gantolebisa da 1.1  suraTis  saxiT. 

 

𝑀 𝑥, 𝑦 = 𝐼 𝑔 𝑥, 𝑦 ,  𝑥, 𝑦   ; 

                    𝐼 𝑟, 𝑐 = 𝑀 𝑔−1 𝑟, 𝑐 , −1 𝑟, 𝑐  .         (1.1) 

 

 
sur. 1.1 

 

gansazRvreba 1.1. erTi organzomilebiani koordinat-

Ta sivrcis asaxvas meoreze organzomilebiani gardaqmna 

(2D transformation) ewodeba. 

 

(1.1) gantolebiT gansazRvrul gardaqmnas xandaxan 

sivrcულ gardaqmnas, geometriul gardaqmnas an deforma-

cias (gamoiyeneba mxolod arawrfivi gardaqmnebisas) uwo-

deben. 𝑔 da  asaxvis funqciebi gansazRvraven Sesabamiso-

bas modelis  𝑥, 𝑦  wertilebsa da gamosaxulebis  𝑟, 𝑐  we-

rtilebs Soris. am funqciebis saSualebiT SesaZlebelia 

modelis nebismier maxasiaTebeli wertilisTvis (magali-

Tad, wertili SeiZleba iyos naxvretis centri, mravalku-

Txedis wvero, ori monakveTis gadakveTis wertili da a. 

S.) gamoiTvalos Sesabamisi wertilis koordinatebi gamo-
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saxulebaze. CavTvaloT, rom asaxvis funqciebi Seqcevad-

ia. aseT SemTxvevaSi Seqceuli funqciebis saSualebiT Se-

saZlebelia gardaqmnis orive mimarTulebiT Sesruleba. 

Cven mier qalaqis ganaSenianebis Sesaxeb zemoT naxs-

eneb magaliTSi asaxvis funqciebis gamoyeneba SesaZlebl-

obas iZleva rukaze arsebuli obieqtebis konturebi gar-

daiqmnas obieqtebis konturebad aero-foto gamosaxuleb-

aze. amis Semdeg, gamosaxulebis is are, romelic rukaze 

Seesabameba obieqts, SeiZleba gaanalizebul iqnes axali 

obieqtebis, magaliTad, axali Senobebis, sasoflo-sameur-

neo naTesebisa da a. S. aRmosaCenad. dResdReobiT aseTi 

amocanebis gadawyveta adamianis mier xdeba interaqtiuli 

programebis gamoyenebiT.  

rac Seexeba samedicino amocanas, Tu misTvis cnobi-

lia Sesabamisi asaxvis funqciebi, maSin rentgenologs 

rentgenis suraTebis analizisTvis SeuZlia ganixilos  

𝐼2 𝑟2 , 𝑐2 − 𝐼 𝑔 𝑟2 , 𝑐2 , 𝑟2 , 𝑐2   sxvaobiT mocemuli gamosaxul-

eba. am SemTxvevaSi asaxvis funqciebi ori gamosaxulebis 

msgavsi wertilebis SeTavsebis (image registration) saSuale-

bas iZleva. 

amgvarad, 2D gamosaxulebebs Soris Sesabamisobis 

dadgena moiTxovs maT SeTavsebas. ori gamosaxulebis er-

TmaneTTan SeTavseba maTi wertilebis garkveuli geomet-

riuli gardaqmnis procesia.   

 

gansazRvreba 1.2. ori gamosaxulebis SeTavseba (image 

registration) ewodeba am gamosaxulebebis Semadgeneli wert-

ilebis iseTi geometriuli gardaqmnis process, romlis 

drosac gamosaxulebebis niSnadi (maxasiaTebeli) werti-

lebi koordinatebis erTsa da imave mniSvnelobas miiReb-
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en. ra Tqma unda, am dros igulisxmeba, rom am or gamosa-

xulebaze erTi da igive scenaa gamosaxuli, oRond es ga-

mosaxulebebi axlo mdebare wertilebidanaa damzerili. 

 

zemoTqmulidan gamomdinare, SeTavsebis procesis Se-

sasvlels warmoadgens dakvirvebis (damzeris) axlo mdeb-

are wertilebidan miRebuli ori gamosaxuleba, xolo ga-

mosasvlels ki garkveuli geometriuli gardaqmnis Sede-

gi, rodesac erTi gamosaxulebis maxasiaTebeli wertile-

bi aisaxeba meoris Sesabamis wertilebSi ise, rom ori ga-

mosaxuleba Seirwymeba erT gamosaxulebad. 1.2,g suraTze 

warmodgenilia dakvirvebis ori sxvadasxva (Tumca axlom-

debare) wertilidan gadaRebuli _ a) da b) gamosaxulebe-

bis SeTavsebis magaliTi, rodesac maxasiaTebeli werti-

lebi winaswaraa gamoyofili.  

 

   
           a      b 

 
                         g 

sur. 1.2 
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organzomilebiani (brtyeli) gardaqmnebis gamoyeneb-

isas Tavs iCens zogierTi Teoriuli aspeqti, romelsac 

didi praqtikuli mniSvneloba aqvs. kerZod, rogoria 𝑔 

da  asaxvis funqciebis saxe, aris Tu ara isini wrfivi, 

uwyveti da a. S.; gardaiqmneba Tu ara asaxvis Sedegad er-

Ti 2D sivrcis wrfeebi meore sivrceSi wrfeebad Tu mru-

dwirebad; erTnairia Tu ara gardaqmnis Sedegad manZile-

bi Sesabamis wertilTa wyvilebs Soris orive sivrceSi; 

rogor SeiZleba sxvadasxva funqciis Tvisebebi gamoyeneb-

uli iqnes sasurveli asaxvis misaRebad. aseve mniSvnelo-

vania, Tu rogori iqneba modelis an gamosaxulebis Semc-

veli organzomilebiani sivrce _ uwyveti Tu diskretu-

li. Tu am sivrceebidan erTi mainc warmoadgens cifrul 

gamosaxulebas, maSin miRebuli Sedegis sizustesa da vi-

zualur warmodgenaze gavlenas diskretizaciis efeqti 

moaxdens.      

  

1.3. wertilis warmodgena 2D sivrceSi 

 

rogorc viciT, organzomilebian evklidur sivrceSi (si-

brtyeze) wertilis mdebareoba ganisazRvreba 2 koordina-

tiT da wertili SeiZleba warmodgenili iyos veqtor-st-

riqonis an veqtor-svetis saxiT. magaliTad, 𝑃 wertilis-

Tvis Sesabamisad gveqneba 𝑷 =  𝑥, 𝑦  da 𝑷 =  𝑥, 𝑦 𝑡 =  
𝑥
𝑦  veqt-

orebi, sadac 𝑡 transponirebis indeqsia. amave dros, gar-

kveuli amocanebis gadawyvetisas SeiZleba saWiro gaxdes 

wertilis koordinatebis gansazRvra sibrtyeze mdebare 

sxvadasxva koordinatTa sistemis mimarT, wiris gadasvla 

wirSi, wirebs Soris wrfivobisa da paralelurobis Sena-
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rCuneba, maT Soris kuTxeebis gasazRvra, aseve geometriu-

li figurebis parametrebs Soris funqciuri damokidebu-

lebebis SenarCuneba iseTi geometriuli gardaqmnebis Se-

srulebisas, rogoricaa gadatana, mobruneba da masStabi-

reba. aseT gardaqmnebs afinuri an geometriuli gardaqm-

nebi ewodeba.   

cnobilia, rom manqanuri xedvis sistemebSi gamoiye-

neba ramdenime tipis koordinatTa sistema ($2.4.2, I nawi-

li). es ki saWiroebs indeqsirebis Sesabamisi sistemis Se-

moRebas. amitom, Tu romelime wertili gvinda warmovad-

ginoT sxvadasxva koordinatTa sistemaSi, maSin maTi erT-

maneTisgan gansasxvaveblad SeiZleba gamoviyenoT am sist-

emebis aRmniSvneli damatebiTi indeqsebi, vTqvaT, wertil-

is zeda indeqsi. magaliTad, romelime 𝑃𝑗 maxasiaTebeli 

wertilis koordinatebi koordinatTa 𝑪 sistemaSi aRvni-

SnoT 𝑃𝑗
𝑐 . magram perspeqtiuli proeqciis an afinuri gar-

daqmnebisas, sadac gansxvavebuli da sxvadasxva ganzomi-

lebis koordinatTa sistema gamoiyeneba, indeqsirebis ase-

Ti sistema arTulebs monacemebis kompiuterul damuSa-

vebas. aRmoCnda, rom aseTi gardaqmnebisas (gansakuTrebiT 

afinuri gardaqmnebisas) maTematikuri formulebi SeiZle-

ba Caiweros ufro gamartivebuli formiT, rac gaadvil-

ebs monacemebis kompiuterul damuSavebas. am mizniT mosa-

xerxebeli aRmoCnda wertilebis warmodgena erTgvarova-

ni koordinatebis gamoyenebiT. sazogadod, maTematikaSi 

nebismieri  𝑥1 ,𝑥2 ,… , 𝑥𝑛  wertili 𝑛 ganzomilebiani sivrce-

Si warmoidgineba rogorc  𝑠𝑥1, 𝑠𝑥2 ,… , 𝑠𝑥𝑛 , 𝑠  wertili 

 𝑛 + 1  ganzomilebis sivrceSi, sadac, 𝑠 ≠ 0 nebismieri na-

mdvili ricxvia. aRniSnuli  𝑛 + 1  ricxvi gansazRvravs 
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sawyisi wertilis erTgvarovan koordinatebs 𝑛 ganzomi-

lebian sivrceSi. magaliTad, organzomilebian sivrceSi 

veqtorul saxeSi warmodgenili 𝑷 =  𝑥, 𝑦 𝑡 wertilis erT-

gvarovani koordinatebi daiwereba Semdegnairad _ 

𝑷 =  𝑠𝑥, 𝑠𝑦, 𝑠 𝑡 sadac 𝑠 ≠ 0 da mas masStabirebis koeficien-

ti ewodeba. Cveulebrivad misi mniSvneloba 1 -is toli 

aiReba. maSin organzomilebian sivrceSi veqtorul saxeSi 

warmodgenili 𝑷 =  𝑥, 𝑦 𝑡 wertilis erTgvarovani koordi-

natebi 𝑷 =  𝑥, 𝑦, 1 𝑡 saxeSi Caiwereba. erTgvarovani koordi-

natebis cnebis gaCena gamoiwvia 𝑛 ganzomilebiani sivrci-

dan   𝑛 + 1  ganzomilebis sivrceSi ukugardaqmnis saWir-

oebam. amasTan, erTgvarovani koordinatebidan dekartis 

koordinatTa sistemaSi gadasasvlelad sakmarisia 𝑃 wer-

tilis pirveli ori koordinati gavyoT masStabirebis 

koeficientze.  

 

1.4. ZiriTadi afinuri gardaqmnebi sibrtyeze 

 
praqtikaSi gamoyenebuli sivrciTi gardaqmnebis farTo 

klasi SeiZleba warmovadginoT matricisa da erTgvarov-

an koordinatebSi warmodgenili wertilis (veqtoris) na-

mravlis saxiT. am SemTxvevaSi matrica ganixileba rog-

orc geometriuli gardaqmnis operatori, romlis saSua-

lebiTac xorcieldeba veqtorul saxeSi warmodgenili 

wertilis sivrciTi gardaqmna sibrtyeze. ganvixiloT is 

ZiriTadi sivrciTi gardaqmnebi sibrtyeze, romelic far-

Tod gamoiyeneba cifruli gamosaxulebebis analizis am-

ocanebSi. 
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masStabireba. masStabireba (scaling) warmoadgens erT-

erT yvelaze gamoyenebad sivrciT gardaqmnas. is xorcie-

ldeba koordinatTa saTavis mimarT. erTgvarovani masS-

tabirebis SemTxvevaSi yvela obieqtis ganzomileba erT-

nairad icvleba. masStabirebis magaliTi obieqtis _ sam-

kuTxedis SemTxvevaSi, roca masStabirebis koeficienti 2-

is tolia, warmodgenilia 1.3 suraTze. rogorc vxedavT, 

samkuTxedis erT-erTi wveros _ 𝑷 =  1,2  koordinatebis 

mniSvnelobebi  masStabirebis Semdeg ormagdeba da miiRe-

ba axali 𝑷′ =  2,4  wvero. Tu aseT masStabirebas movaxd-

enT samkuTxedis darCenili ori wverosTvisac, miviRebT 

punqtiriT aRniSnul samkuTxeds, romelic sawyisze orj-

er ufro didia. 

 

 
sur. 1.3 

 

masStabireba warmoadgens wrfiv gardaqmnas, amitom 

is SeiZleba warmodgenili iqnes 2D evkliduri sivrcis 

ori bazisuri veqtoris wrfivi kombinaciiT masStabireb-

is koeficientis gamoyenebiT. magaliTad,  1,2 = 1 1,0 +

2 0,1  da 2 1,2 = 2 1 1,0 + 2 0,1  = 2 1,0 + 4 0,1 =  2,4 . 
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organzomilebiani 𝑃 𝑥, 𝑦  wertilis masStabireba, 

rogorc sivrciTi gardaqmna SeiZleba warmodgenili iqn-

es rogorc am wertilis 𝑥 da 𝑦 koordinatebis daWimva 

raRac 𝑐 sididiT, ris Sedegadac miiReba axali 𝑃′ 𝑥′ ,𝑦′  

wertili, sadac 

 

𝑥′ = 𝑐𝑥 da 𝑦′ = 𝑐𝑦. 

 

iqidanGgamomdinare, rom masStabireba wrfiv gardaqm-

nas warmoadgens, is SeiZleba Caiweros  matricul saxeSi 

𝑪 matricis, romlis diagonaluri elementebi masStabire-

bis 𝑐 koeficientia da 𝑷 =  𝑥, 𝑦 𝑡 veqtor-svetis namravlis 

saxiT: 

 

 
𝑥 ′

𝑦′  =  
𝑐 0
0 𝑐

  
𝑥
𝑦 =  

𝑐𝑥
𝑐𝑦 = 𝑐  

𝑥
𝑦 . 

 
xolo zogad SemTxvevaSi masStabirebis gardaqmna matri-

culad warmoidgineba:  

 

 
𝑥 ′

𝑦′  =  
𝑐𝑥 0
0 𝑐𝑦

  
𝑥
𝑦 =  

𝑐𝑥𝑥
𝑐𝑦𝑦

 , 

 
an mokled 

 

𝑷′ = 𝑪𝑷 
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saxiT, romelSic erTeulovani veqtorebis masStabireba 𝑥 

da 𝑦 mimarTulebiT gansxvavebuli 𝑐𝑥 da 𝑐𝑦 sididis koef-

icientebiT xorcieldeba.   

masStabirebis saSualebiT xdeba milimetrebSi gazo-

mili gamosaxulebis namdvili koordinatebis sistemidan  

gadasvla striqonebis da svetebis erTeulebSi gazomili 

gamosaxulebis piqselur (rastrul) koordinatTa sistem-

aze. namdvil koordinatTa sistemaSi gamosaxulebis wer-

tilis 𝑥 da 𝑦 koordinatebi namdvili ricxvebia da izom-

eba magaliTad mm-Si. amave dros rastrul koordinatTa 

sistemaSi 𝑥 da 𝑦 koordinatebi gamosaxulebis piqselTa 

masivSi ar warmoadgenen piqselebis indeqsebs (koordina-

tebs). rastrul koordinatTa sistemaSi gamosaxulebis 

TiToeul wertils aqvs mTelricxva piqseluri koordin-

atebi, romlebic gamosaxulebis masivSi striqonis da 

svetis nomers Seesabamebian. kvadratuli piqselebis mqone 

kameris gamoyenebisas zemoaRniSnuli gadasvlisas masSta-

birebis koeficientebs orive RerZis mimarTulebiT aqvT 

erTnairi mniSvnelobebi 𝑐𝑥 = 𝑐𝑦 = 𝑐. xolo satelevizio 

standartis mqone kameris SemTxvevaSi masStabis koefici-

entebis fardoba unda iyos 4 3  -is toli.   

 

mobruneba. mobruneba (rotation) warmoadgens iseT gar-

daqmnas sibrtyeze, romlis drosac mobruneba xorcield-

eba romelime wertilis mimarT. vTqvaT gvaqvs organzomi-

lebiani 𝑷 =  𝑥, 𝑦  wertili. Tu am wertils movabrunebT 

koordinatTa saTavis mimarT saaTis isris sawinaaRmdego 

mimarTulebiT 𝜃 kuTxiT, miviRebT axal 𝑷′ =  𝒙′ , 𝒚′   wert-

ils (sur. 1.4). 
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sur. 1.4 

 

miRebuli axali 𝑷′ wertilis  koordinatebi iqneba  

 

𝑥′ = 𝑥 cos𝜃 − 𝑦 sin𝜃, 

𝑦′ = 𝑥 sin𝜃 + 𝑦 cos𝜃. 

 

aRniSnuli gardaqmna matriculi saxiT ase Caiwereba: 

 

 
𝑥′

𝑦′  =  
cos 𝜃 − sin 𝜃
sin𝜃    cos 𝜃

  
𝑥
𝑦 =  

𝑥 cos 𝜃 − 𝑦 sin𝜃
𝑥 sin 𝜃 + 𝑦 cos 𝜃

 , 

 

an mokled 

 

𝑷′ = 𝑹𝑷 

 

sadac, 𝑹 mobrunebis matricaa.  

imis gamo, rom mobruneba wrfiv gardaqmnas warmoad-

gens, misi matricis svetebis gansazRvra aseve SesaZlebe-

lia am gardaqmnis gamoyenebiT bazisuri veqtorebis mima-

rTac (sur. 1.5). 
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sur. 1.5 

 

sazogadod ki, nebismieri sxva veqtoris gardaqmna 

SeiZleba warmovadginoT bazisuri veqtorebis wrfivi ko-

mbinaciis, anu bazisuri veqtorebis mobrunebaTa kombina-

ciis saxiT. 

 

𝑅𝜃  𝑥, 𝑦  = 𝑅𝜃 𝑥 1,0 + 𝑦 0,1  = 

= 𝑥𝑅𝜃  1,0  + 𝑦𝑅𝜃  0,1  = 

= 𝑥 cos 𝜃, sin 𝜃 + 𝑦 − sin𝜃, cos 𝜃 = 

=  𝑥 cos 𝜃 − 𝑦 sin 𝜃, 𝑥 sin 𝜃 + 𝑦 cos 𝜃 . 

  

unda aRiniSnos, rom sibrtyeze mobrunebis gardaqmna 

SeiZleba Sesruldes ara marto koordinatTa sistemis 

saTavis, aramed sibrtyis nebismieri wertilis mimarT. am-

isTvis saWiroa mobrunebis wertilis gadatana koordina-

tTa saTaveSi, Sesabamisi mobrunebis gardaqmnis Sesrule-

ba da miRebuli Sedegis isev mobrunebis sawyis centrSi 

gadatana. magram gadatanis Sesasruleblad 2 × 2 ganzomi-

lebis matrica ar gamodgeba _ saWiroa  3 × 3 ganzomileb-
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is gardaqmnis matrica, rac Tavis mxriv moiTxovs Sesaba-

misad wertilis erTgvarovan koordinatebSi warmodgenas.    

 

orTogonaluri da orTonormirebuli gardaqmnebi 

 

gansazRvreba 1.3. veqtorTa simravles ewodeba orTo-

gonaluri, Tu am simravlis yvela veqtori wyvil-wyvil-

ad orTogonaluria. 

 

aRniSnuli gansazRvrebidan gamomdinareobs, rom Tu 

veqtorTa simravle orTogonaluria (marTobulia), maSin 

am simravlidan aRebuli veqtorTa nebismieri wyvilis sk-

alaruli namravli nulis toli iqneba. magram Tu orTo-

gonalur veqtorTa simravle warmoadgens erTeulovan ve-

qtorTa simravles, maSin 

 

gansazRvreba 1.4. veqtorTa simravles ewodeba orTo-

normirebuli, Tu is orTogonaluria da misi yvela veqt-

ori erTeulovania. 

 

mobrunebis gardaqmnis Sesrulebis Semdeg narCunde-

ba bazisuri veqtorebis sigrZe da orTogonaluroba. amis 

Sedegs warmoadgens is, rom manZili gardaqmnis Sedegad 

miRebul axal wertilebs Soris igivea, rac sawyis wert-

ilebs Soris. am TvisebiT xasiaTdeba e.w. mkacri gardaqm-

na. aseTi gardaqmna gamoiyeneba myartaniani sxeulebiT op-

erirebisas da erTi koordinatTa sistemidan sxva koor-

dinatTa sistemaSi gadasasvlelad. marTalia, Tanabari, 

1.0 -gan gansxvavebuli koeficientiT  masStabirebisas veq-

torebis sigrZe icvleba _ kuTxe maT Soris ucvleli rC-
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eba. aRniSnuli gardaqmnebi mniSvnelovania obieqtebis is-

eTi Tvisebebis Ziebisas, romlebic invariantulia scenaze 

maTi da kameris ganTavsebis mimarT.   

 

gadatana. im SemTxvevaSi, roca saWiroa sibrtyeze 

wertilebis raRac mocemul manZilze gadaadgileba, ga-

moiyeneba gadatanis (translation) sivrciTi gardaqmna. es ga-

rdaqmna koordinatTa sistemis saTavis cvlilebis ekviva-

lenturia. aseTi gardaqmnis saWiroeba warmoiSoba maSin, 

Tu gvsurs, magaliTad, gamosaxulebis piqselis koordi-

natebis [striqoni, sveti] gardaqmna rukis koordinatebad 

(ganedi, grZedi). imis gamo, rom gadatanis gardaqmnis ga-

moyenebiT ver moxdeba koordinatTa sistemis  0,0  saTav-

is Tavis TavSi asaxva, Sesabamisad mas ver warmovadgenT 

2 × 2 matricisa da wertilis koordinatebis namravlis 

saxiT, rogorc es iyo masStabirebisa da mobrunebis gar-

daqmnebis SemTxvevaSi. misi matriculi saxiT warmodge-

nisTvis SeiZleba 2 × 2 matricis ganzomilebis gazrda 

3 × 3 matricamde. Sesabamisad, saWiro iqneba wertilis ko-

ordinatebs davumatoT kidev erTi koordinati. amisTvis 

gadavideT erTgvarovan koordinatebze. damatebuli koo-

rdinatis mniSvnelobad iReben 1.0 an sxva romelime sidi-

des. aqedan gamomdinare, 𝑷 𝑥, 𝑦  wertili aseTnairad war-

moidgineba: 

 

𝑷 =  𝑥, 𝑦 ≅  𝑤𝑥, 𝑤𝑦, 𝑤 =  𝑥, 𝑦, 1 , 𝑤 = 1. 

 

imis gamo, rom 𝑷 wertili aRiwereba samelementiani  

veqtor-striqoniT, Sesabamisad gadatanis gardaqmnis mat-
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ricac 3 × 3 ganzomilebis unda iyos. zemoTqmulidan gam-

omdinare, 𝑷 𝑥, 𝑦  wertilis  𝑷′ =  𝒙′ , 𝒚′   wertilSi gadatan-

is gardaqmna SeiZleba warmovadginoT 3 × 3 ganzomilebis 

𝑫 gadatanis matricisa da 𝑷 𝑥, 𝑦 𝒕 veqtor-svetis namravl-

is saxiT.  

 

 
𝑥′

𝑦′

1
 =  

1 0 𝑥0

0 1 𝑦0

0 0 1
  

𝑥
𝑦

1
 =  

𝑥 + 𝑥0

𝑦 + 𝑦0

1
 . 

 

amgvarad, gadatanis Semdeg  𝑥, 𝑦  koordinatebis mqo-

ne wertilis axali koordinatebi iqneba: 

 

 𝑥 ′ , 𝑦′  = 𝑫  𝑥, 𝑦  =  𝑥 + 𝑥0 , 𝑦 + 𝑦0 . 

 

rogorc vxedavT, gadatanis gardaqmnis Sedegad mox-

deba mocemuli wertilis 𝑥 da 𝑦 koordinatebis sibrtye-

ze gadatana Sesabamisad 𝑥0 da 𝑦0 manZiliT. 

 

wanacvleba. wanacvlebis (shear) sivrciTi gardaqmnis 

qveS igulisxmeba koordinatTa sibrtyis wertilebis wan-

acvleba koordinatTa romelime RerZis gaswvriv. aseTi 

gardaqmna naCvenebia me-1.6 suraTze, sadac adgili aqvs 

 U, V  koordinatTa sibrtyis wertilebis wanacvlebas 𝑣 

RerZis gaswvriv am RerZidan maTi daSorebis proporciu-

lad. aseTi wanacvlebis Sedegad  𝑢, 𝑣  wertili gardaiqm-

neba  𝑢, 𝑒𝑢𝑢 + 𝑣  wertilad (sur. 14.6,a). xolo Tu  𝑢, 𝑣  wer-

tilis wanacvleba xdeba 𝑢 RerZis gaswvris, maSin es wer-

tili gardaqmnis Semdeg aRmoCndeba  U, V  sibrtyis 

 𝑢 + 𝑒𝑣𝑣, 𝑣  wertilSi (sur. 1.6,b).  
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               a                        b 

sur. 1.6  

 

aqedan gamomdinare, Sesabamisi gardaqmnebi matric-

ul saxeSi Caiwereba ase:  

 

 

𝑥
𝑦

1
 =  

1 0 0
𝑒𝑢 1 0
0 0 1

  
𝑢
𝑣
1
 ;   

𝑥
𝑦

1
 =  

1 𝑒𝑣 0
0 1 0
0 0 1

  
𝑢
𝑣
1
 . 

 

amasTan, unda aRiniSnos, rom wanacvlebis matricis veqt-

or-svetebi SeiZleba miRebul iqnes am gardaqmnebis bazis-

ur veqtorebze gamoyenebis Sedegadac.  

 

RerZis mimarT simetria. sivrciTi gardaqmnis mexuTe 

tips warmoadgens RerZis mimarT simetriuli gardaqmna 

(reflection). misi arsis gansazRvrisTvis ganvixiloT simetr-

ia koordinatTa saTaveze gamavali romelime RerZis, mag-

aliTad, 𝑢 RerZis mimarT (sur. 1.6). aseTi simetriuli ga-

rdaqmnisas  1, 0 ,  0, 1  bazisuri veqtorebi aisaxeba  1, 0 , 

 0, −1  veqtorebze. xolo simetria 𝑣 RerZis mimarT  1, 0 , 

 0, 1  bazisur veqtorebs asaxavs  −1, 0 ,  0, 1  veqtorebze. 
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iseve, rogorc wina SemTxvevebSi, aqac aRniSnuli gardaq-

mnebis Cawera SesaZlebelia 2 × 2 an 3× 3 ganzomilebis ma-

tricis saSualebiT.  

amgvarad, nebismieri afinuri gardaqmna SeiZleba wa-

rmovidginoT Cven mier zemoganxiluli 5 gardaqmnis komb-

inaciis saxiT. amasTan, TiToeul am gardaqmnas aqvs Sesa-

bamisi ukugardaqmna.  

 

1.5. mobrunebis, masStabirebisa da gadatanis  

afinuri gardaqmnebis erToblivi gamoyeneba 

 

veqtorul saxeSi warmodgenil sibrtyis wertilebze, ro-

mlebic SeiZleba sxvadasxva formis obieqtebis wveroebs 

warmoadgenen, matriculi operaciebis gamoyenebiT SesaZ-

lebelia obieqtebis zedapirebis formisa da mdebareobis 

cvlilebebis ganxorcieleba. amisTvis ki SeiZleba erTze 

meti sivrciTi gardaqmnis Sesruleba gaxdes saWiro. gan-

vixiloT samive sivrciTi gardaqmnis erTdrouli gamoyen-

ebis magaliTi 1.7 suraTze mocemuli zogadi SemTxvevisT-

vis. sawyisi 𝑰 𝐫, 𝐜  gamosaxuleba miRebulia kvadratul- 

piqselebiani kameriT (square-pixel camera), romlis optikuri 

RerZi mimarTulia msoflio 𝑾 𝐱, 𝐲  koordinatTa sistemis  

muSa sivrcis sibrtyis (suraTis sibrtyis) marTobulad. 

amocana imaSi mdgomareobs, rom piqseluri  𝑟, 𝑐  ([striqo-

ni, sveti]) koordinatebidan miviRoT msoflio 𝑾 koordi-

natTa sistemis  𝑥, 𝑦  koordinatebSi (gazomili magaliT-

ad, mm-Si) gardaqmnis formula. aseTi geometriuli garda-

qmnis Sesasruleblad gamosaxulebis maxasiaTebeli wert-

ilebis mimarT saWiroa gamoviyenoT samive sivrciTi gar-
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daqmnis _ mobrunebis 𝑹, masStabirebis 𝑺 da gadatanis 𝑫 

matricebis kombinacia.  

 

 
sur. 1.7 

 

aRniSnuli 𝑫, 𝑺, 𝑹 gardaqmnebis kombinacia matricul 

saxeSi ase warmoidgineba: 

 

 

𝑥𝑤

𝑦𝑤
1

 =  
1 0 𝑥0

0 1 𝑦0

0 0 1
  

𝑠 0 0
0 𝑠 0
0 0 1

  
cos 𝜃 − sin 𝜃 0
sin 𝜃    cos 𝜃 0

0   0 1
  

𝑥𝑖

𝑦𝑖

1
 ,   (1.2) 

 

anu mokled ase Caiwereba: 

 

𝑷𝑗
𝑤 = 𝑫𝑥0 ,𝑦0   𝑺𝑠 𝑹𝜃  𝑷𝑗

𝑖 . 

 

piqseluri koordinatebis [striqoni, sveti] muSa siv-

rcis sibrtyis  𝑥, 𝑦  koordinatebSi asaxva ganisazRvreba 

Semdegi oTxi parametris saSualebiT: 
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1. 𝜽 mobrunebis kuTxiT; 

2. piqselebis mm-Si gadasayvanad 𝒔 masStabis koeficien-

tiT;  

3. 𝒙 RerZis mimarTulebiT 𝒙𝟎 gadaadgilebis sididiT; 

4. 𝒚 RerZis mimarTulebiT 𝒚𝟎 gadaadgilebis sididiT. 

 

aRniSnuli parametrebis gamosaTvlelad muSa sivrc-

eSi unda SeirCes iseTi wertilebi, romlebic aSkarad Se-

samCnevia da romelTa maxasiaTebeli niSan-Tvisebebic gam-

osaxulebaze advilad sapovnelia. aseT wertilebs sakon-

trolo wertilebi (control points) ewodeba.  

 

gansazRvreba 1.5. sakontrolo wertilebi ewodeba 

erTmaneTisgan aSkarad gansxvavebul da advilad sapovn-

el wertilebs, romlebic gamoiyeneba sxvadasxva koordi-

natTa sistemebs Soris cnobili Sesabamisobebis dasadge-

nad. 

 

swored am wertilebis koordinatebis saSualebiT 

xdeba zemoaRniSnuli parametrebis mniSvnelobebis gamoT-

vla. 1.7 suraTze isini Seesabameba 𝑷1 da 𝑷2 sakontrolo 

wertilebs da aRniSnulia ‘‘+’’ simboloTi.  

praqtikuli amocanebis gadawyvetisas, magaliTad, 

dedamiwis zedapiris aerofotosuraTebis damuSavebisas, 

sakontrolo wertilebis rolSi xSirad iReben gzajva-

redinebs, Senobebis kuTxeebs, mdinareebis mkveTr xveul-

ebs, maRal anZebs da a. S. amave dros aRsaniSnavia, rom 

erTi da imave niSan-Tvisebis mqone wertili, magaliTad, 

𝑷1 SeiZleba warmodgenili iyos ori an meti gansxvavebu-
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li veqtoris saSualebiT. magaliTad, erTi maTgani SeiZ-

leba warmoadgendes 𝑰 gamosaxulebaze wertilis piqsel-

ur koordinatebs, xolo meore _ mm-Si gazomil  𝑥, 𝑦  ko-

ordinatebs koordinatTa msoflio 𝑾 sistemaSi. aRvniSn-

oT es wertilebi Sesabamisad 𝑷1
𝑖  da 𝑷1

𝑤 . 1.7 suraTze moce-

muli SemTxvevisTvis 𝑷1
𝑖 =  100,60  da 𝑷1

𝑤 =  200,100 .  

zemoT dasmuli amocanis gadasawyvetad unda gamoiT-

valos oTxive parametris mniSvneloba. amisTvis saWiroa 

vicodeT rogorc 𝑷1, aseve 𝑷2 wertilebis koordinatebi 

koordinatTa orive sistemaSi. Tu am wertilebis koordi-

natebis mniSvnelobebi cnobilia, maSin (1.2) matricul ga-

ntolebebze dayrdnobiT TiToeuli wertilisTvis miiRe-

ba ori oTxucnobiani gantoleba. 

 

          𝑥𝑤 = 𝑥𝑖  𝑠 cos 𝜃 − 𝑦𝑖  𝑠 sin 𝜃 + 𝑥0 .            (1.3)  

          𝑦𝑤 = 𝑥𝑖  𝑠 sinθ +𝑦𝑖  𝑠 cos θ +𝑦0 .             (1.4) 

 

amgvarad, 𝑷1 da 𝑷2 wertilebisTvis gveqneba 4 ganto-

lebisgan Semdgari oTxucnobiani gantolebaTa sistema. 

misi amoxsniT miiReba zemoCamoTvlili oTxive parametr-

is ricxviTi mniSvneloba.  

mobrunebis 𝜃 kuTxis gamoTvla SesaZlebelia danar-

Ceni parametrebisagan damoukideblad. kerZod, 𝑰 gamosaxu-

lebis koordinatTa sistemaSi 𝑷1𝑷2
            veqtoris mimarTule-

ba ganisazRvreba:  

 

𝜃𝑖 = 𝑎𝑟𝑐𝑡𝑔  𝑦2
𝑖 − 𝑦1

𝑖  𝑥2
𝑖 − 𝑥1

𝑖     

 

kuTxiT. xolo koordinatTa 𝑾 sistemaSi ki:  
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𝜃𝑤 = 𝑎𝑟𝑐𝑡𝑔  𝑦2
𝑤 − 𝑦1

𝑤  𝑥2
𝑤 − 𝑥1

𝑤     

 

kuTxiT. maSin 𝑷1𝑷2
            veqtoris mobrunebis kuTxis mniSvne-

lobad aiReba am ori kuTxis mniSvnelobaTa sxvaoba: 

 

𝜃 = 𝜃𝑤 − 𝜃𝑖 . 

 

mobrunebis kuTxis mniSvnelobis zemoaRniSnul gantole-

baTa sistemaSi CasmiT ganisazRvreba sin 𝜃 da cos 𝜃 mniSvn-

elobebi, ris Sedegad gantolebaTa sistema daiyvaneba sa-

mucnobiani sami gantolebisgan Semdgar sistemaze, rome-

lic amoixsneba 𝑠, 𝑥0 da 𝑦0 ucnobebis mimarT.  

  

1.5.1. afinuri gardaqmnis magaliTebi 

 

sivrciTi gardaqmnis amocana ganvixiloT afinuri defor-

maciis da obieqtis amocnobisa da mdebareobis gansazRv-

ris konkretul magaliTebze. 

 

afinuri deformacia. vTqvaT, marTkuTxa badis cifr-

uli gamosaxulebidan (sur. 1.8,a) gvinda paralelogramis 

formis fragmentis amoReba. amisTvis savsebiT sakmarisia 

sami wertilis aReba. pirveli wertili gansazRvravs fr-

agmentis, rogorc axali gamosaxulebis sawyis wertils 

da Seesabameba paralelogramis erT-erT wveros, xolo 

pirveli wertilis momijnave meore da mesame wertilebi 

ki Seesabameba paralelogramis danarCen wveroebs. sawyis 

gamosaxulebaze (sur. 1.8,a) SerCeul am sam wertilze, 

romlebic araperpendikularul RerZebs gansazRvravs, wa-

nacvlebis afinuri gardaqmnis gamoyenebis Sedegad miiRe-
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ba deformirebuli gamosaxuleba _ daxrili badis gamos-

axuleba (sur. 1.8,b). aseTi deformirebuli gamosaxulebi-

dan isev marTkuTxa badis gamosaxulebis misaRebad saWi-

roa wanacvlebuli gamosaxulebidan iseTi axali mesame 

gamosaxulebis formireba, romlis RerZebi emTxve-

vaEdaxrili badis gamosaxulebis (sur. 1.8,b) formirebisT-

vis gamoyenebul daxril RerZebs. miRebuli axali gamosa-

xulebis fragmenti mocemulia 1.8,g suraTze. aRsaniSnavia, 

rom samive _ a), b) da g) gamosaxulebebis ganzomileba er-

Tnairia da tolia 128 × 128 piqselis. amasTan, 1.8,b su-

raTze mocemuli deformirebuli gamosaxulebis marjvena 

mxares arsebuli samkuTxedi Savi ferisaa imis gamo, rom 

gamosasvleli (deformirebuli) gamosaxulebis am ubanSi 

sawyisi gamosaxulebis amokrefiTi mniSvnelobebiT Sedge-

nili paralelogrami ar emTxveva sawyisi gamosaxulebis 

sazRvrebs da Sesabamis piqselebSi sikaSkaSis mniSvnelo-

ba nulis toli aiReba. 

 

     
      a                b                  g 

sur. 1.8 

 

aseTive midgomaa gamoyenebuli 1.9,a suraTze mocemu-

li gamosaxulebis SemTxvevaSic, sadac momxmareblis mi-

er mocemuli sami wertili gamoyenebul iqna sawyisi ga-
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mosaxulebidan (dolaris banknoti) paralelogramis fo-

rmis fragmentis sivrciTi gardaqmnisTvis. deformirebu-

li gamosasvleli gamosaxulebis (portretis) misaRebad 

gamoyenebuli iqna wanacvlebis afinuri gardaqmna. miRe-

buli gamosasvleli gamosaxuleba Seicavs  𝑟, 𝑐  koordin-

atebis mqone 𝑛 × 𝑚 (magaliTad, 512 × 512) piqsels. miRebu-

li gamosasvleli gamosaxulebis TiToeul  𝑟, 𝑐  piqselSi 

sikaSkaSis mniSvnelobad aiReba anaTvali sawyisi gamosa-

xulebis  𝑥, 𝑦  koordinatis mqone piqselidan.  

 

     
       a                            b 

 
                        g 

sur. 1.9 

 

sawyisi gamosaxulebidan aRebuli amokrefiTi piqse-

lis koordinatebis gamosaTvlel gantolebas bazisuri 

veqtorebis gamoyenebiT Semdegi saxe aqvs:  
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𝑥
𝑦 =  

𝑥0

𝑦0
 +

𝑟

𝑛
  

𝑥1

𝑦1
 −  

𝑥0

𝑦0
  +

𝑐

𝑚
  

𝑥2

𝑦2
 −  

𝑥0

𝑦0
  ; 

 

xolo matriculi formiT ki aseTi: 

 

 

𝑥
𝑦

1
 =  

 𝑥1 − 𝑥0 𝑛  𝑥2 − 𝑥0 𝑚 𝑥0

 𝑦1 − 𝑦0 𝑛  𝑦2 − 𝑦0 𝑚 𝑦0

0 0 1

  
𝑟
𝑐
1
 . 

 

rogorc vxedavT, Sesasvleli gamosaxulebis piqsel-

is  𝑥, 𝑦  koordinatebi ganisazRvreba im axali RerZebis 

erTeulovani veqtorebis saSualebiT, romlebic momxmar-

eblis mier miTiTebuli wertilebiT iyo mocemuli. amas-

Tan, unda moxdes miRebuli koordinatebis mniSvnelobeb-

is damrgvaleba, raTa 𝑰1 cifrul gamosaxulebaze piqsel-

is koordinatebisTvis miviRoT mTelricxva mniSvnelobe-

bi. Tu gardaqmnis (afinuri deformaciis) Sedegad 𝑥 an 𝑦 

koordinatis mniSvneloba cdeba gamosaxulebis sazRvars, 

maSin gamosasvleli gamosaxulebis Sesabamis piqselSi 

sikaSkaSis mniSvneloba nulis (Savi feris) tolia, anu 

𝑰2 𝑟, 𝑐 = 0 (Savi samkuTxedi 1.9,g suraTis zeda marjvena 

kuTxeSi. sawinaaRmdego SemTxvevaSi 𝑰2 𝑟, 𝑐 = 𝑰1 𝑥, 𝑦 .   

 

obieqtis amocnoba da adgilmdebareobis gansazRvra. 

am amocanebis gadasawyvetad ganvixiloT im gardaqmnasTan 

dakavSirebuli gamoTvlebi, romelic 1.10 suraTze warmo-

dgenili a) obieqtis modelis da b) gamosaxulebaze arse-

buli obieqtis sivrciTi SeTavsebisTvisaa (matching) saWi-

ro.  
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        a                           b 

sur. 1.10 

 

davuSvaT, rom amocnobisTvis saWiro niSan-Tvisebeb-

is gamoyofisas obieqtis gamosaxulebaze aRmoCenili iqna 

mxolod sami _ 𝐻1, 𝐻2 da 𝐻3 naxvretis centris koordina-

tebi. aRniSnuli sivrciTi gardaqmnisas unda moxdes mod-

elis  𝑥, 𝑦  wertilebis asaxva gamosaxulebis  𝑢, 𝑣  werti-

lebze. vTqvaT, rom CvenTvis cnobilia is garemo, sadac 

gamosaxulebis formireba xdeba da Sesabamisi masStabis 

koeficientic. aseve vuSvebT, rom piqseluri koordinate-

bis mimarT winaswar ganxorcielda masStabirebis gardaq-

mna, ris Sedegadac miRebuli iqna 𝑢 da 𝑣 koordinatebis 

mniSvnelobebi.  

obieqtis modelis wertilebis da gamosaxulebis Se-

sabamisi wertilebis sivrciTi SeTavsebis proceduris ga-

nxorcielebisTvis saWiro mobrunebisa da gadatanis gar-

daqmnebis parametrebis misaRebad, romlebic am wertileb-

is SeTavsebas uzrunvelyofen, sakmarisia gamosaxulebis 

mxolod ori wertili. 1.1 da 1.2 cxrilebSi mocemulia 
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Sesabamisad obieqtis modelisa da gamosaxulebis werti-

lebis koordinatebi da maT Soris manZilebi.  

 

cx. 1.1  

… 

 

cx. 1.2 

 
 

sivrciTi gardaqmnis parametrebis gamoTvlisTvis 

daiSveba hipoteza  𝐴, 𝐻2  da  𝐵, 𝐻3  wertilebis wyvilebis 

Sesabamisobis Sesaxeb. amasTan unda aRiniSnos, rom es hi-

poTeza emyareba wertilebs Soris ukve cnobili manZile-

bis Sesaxeb monacemebs.   

modelis 𝐴 da 𝐵 wertilebs Soris veqtoris mimarT-

uleba tolia 𝜃1 = 𝑎𝑟𝑐𝑡𝑔 9.0 8.0  = 0.844. gamosaxulebaze 

𝐻2 da 𝐻3 wertilebs Soris Sesabamisi veqtoris mimarTu-

leba tolia 𝜃2 = 𝑎𝑟𝑐𝑡𝑔 12.0 0.0  = 𝜋 2 = 1.571. aqedan gamom-

dinare, veqtoris mobrunebis kuTxe 𝜃 = 0.727 radians. Tu 

(1.2) gantolebaSi CavsvamT modelis da gamosaxulebis Se-

sabamisi 𝐴 da 𝐻2 wertilebis cnobil koordinatebs, mivi-

RebT 2 wrfivi gantolebisgan Sedgenil sistemas: 
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𝑢
𝑣
1
 =  

10
12
1

 =  
cos 𝜃 − sin𝜃 𝑢0

sin 𝜃 cos 𝜃 𝑣0

0 0 1

  
8

17
1

 ,        (1.5) 

 

sadac, 𝑢0 da 𝑣0 warmoadgenen gamosaxulebis sibrtyeze 

gadatanis ucnob parametrebs. rac Seexeba sin𝜃 da cos 𝜃 

mniSvnelobebs, isini advilad gamoiTvleba, radganac 

cnobilia 𝜃 kuTxis sidide.  

mocemuli wrfivi gantolebaTa sistemis amonaxsnia 

𝑢0 = 15.3 da 𝑣0 = −5.95. miRebuli Sedegis Sesamowmeblad 

SeiZleba gamoviyenoT Sesabamisi wertilebis meore wyvi-

li _ 𝐵 da 𝐻3 wertilebi. maTTvisac gamoTvlebiT miiReba 

gadatanis parametrebis msgavsi mniSvnelobebi. Tu aseTive 

gamoTvlebs movaxdenT sxva Sesabamisi wertilebis mimar-

Tac, miRebuli Sedegebi erTmaneTisgan mcirediT iqneba 

gansxvavebuli. cxadia, rom rac ufro meti iqneba im wer-

tilebis ricxvi, romelTa mimarTac ganxorcielda sivrc-

iTi gardaqmna, miT ufro zustad moxdeba modelisa da 

obieqtis gamosaxulebis organzomilebiani wertilebis 

SeTavseba. 

sivrciTi gardaqmnis parametrebis gansazRvris Semd-

eg ukve SeiZleba gamoiTvalos modelis nebismieri werti-

lis koordinatebi gamosaxulebis sibrtyeze. magaliTad, 

1.10,a suraTze mocemuli obieqtis _ „saxeluris“ modelis 

𝑅 da 𝑄 wertilebis koordinatebia Sesabamisad [29,19] da 

[32,12]. (1.5) gantolebaSi ukve gamoTvlili parametrebis _ 

𝑢0, 𝑣0, 𝜃 kuTxis da modelis 𝑅 wertilis koordinatebis 

mniSvnelobebis CasmiT miiReba am wertilis koordinatebi 

gamosaxulebis sibrtyeze _ 𝑅𝑖 =  24.4,27.4  :  
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𝑢𝑅

𝑣𝑅

1
 =  

24.4
27.4

1
 =  

cos 𝜃 − sin 𝜃 15.3
sin 𝜃 cos 𝜃 −5.95

0 0 1
  

29
19
1

 . 

 

igive gardaqmnis Catareba modelis 𝑄 =  32,12  werti-

lisTvis mogvcems am wertilis 𝑄𝑖 =  31.2,24.2  koordinat-

ebs gamosaxulebaze.  

sivrciTi gardaqmnis parametrebis codna saSualebas 

iZleva obieqtis gamosaxulebis wertilebis koordinateb-

is saSualebiT ganisazRvros obieqtis Sesabamisi werti-

lebis koordinatebi koordinatTa msoflio sistemaSi. 

amave dros mxedvelobaSi misaRebia is garemoeba, rom gam-

osaxulebaze arsebuli sxvadasxva damaxinjebis, niSan-Tv-

isebis gansazRvrisas daSvebuli uzustobebisa da gamoT-

vlebis cdomilebebis gamo gamoTvlili koordinatebis 

mniSvnelobebi SesaZlebelia ar iyos zusti. magaliTad, 

manipulaciuri robotis funqcionireba xdeba uwyvet mu-

Sa sivrceSi, maSin rodesac gamosaxulebaze koordinate-

bi diskretulia. amitom robotis xelis mier gamosaxule-

baze xiluli obieqtis asaRebad robotis xeli ufro fa-

rTod unda gaiSalos, vidre es 𝑅𝑖𝑄𝑖 wertilebis saSual-

ebiT gamoTvlili obieqtis „saxeluris“ sisqea.  

rogorc viciT, cifrul gamosaxulebaze sikaSkaSis 

mniSvnelobebi gansazRvrulia mxolod diskretuli mTe-

lricxva badis kvanZebSi. vTqvaT, Cven gvinda davadginoT 

𝐶𝑖 da 𝐷𝑖 naxvretebis arseboba 1.10,a suraTze mocemul mo-

delze am naxvretebis midamoSi Ria feris sikaSkaSis mni-

Svnelobis mqone piqselebis moZiebiT. gamosaxulebaze aR-

niSnuli naxvretebis centrebis koordinatebis gansazR-

vrisTvis saWiroa modelis wertilebis sivrciTi gardaq-
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mnis Sedegad miRebuli koordinatebis mniSvnelobebi da-

vamrgvaloT mTel ricxvamde; an iqneb gamosaxulebaze Se-

mowmdes ara erTi piqseli naxvretis centrSi, aramed ra-

Rac midamo centriT gardaqmniT miRebuli namdvili mni-

Svnelobis koordinatebis mqone wertilSi. warmodgenili 

magaliTi gviCvenebs organzomilebiani obieqtebis amoc-

nobis potenciur SesaZleblobas obieqtis modelis wert-

ilebis obieqtis gamosaxulebaze arsebul mniSvnelovani 

niSan-Tvisebebis wertilebTan sivrciTi Tanxvedris safu-

Zvelze.  

 

gansazRvreba 1.6. TanxvedriT amocnoba (recognition-by-

alignment) ewodeba obieqtis amocnobis meTods, romelSic 

mobrunebis, masStabirebisa da gadatanis gardaqmnis gamo-

yenebiT xorcieldeba modelis gardaqmnili maxasiaTebe-

li niSan-Tvisebebis sivrciTi SeTavseba gamosaxulebis 

niSan-TvisebebTan. 

 

1.6. afinuri gardaqmnis zogadi saxe 

 

Cven ganvixileT xuTi saxis afinuri gardaqmna _ mobrune-

ba, masStabireba, gadatana, wanacvleba da RerZis mimarT 

simetria. TiToeul am gardaqmnas aqvs iseTive tipis uku- 

gardaqmna. Tu ganvixilavT zogadi saxis organzomilebia-

ni afinuri gardaqmnis matricas, Cawerils zemoaRniSnu-

li gardaqmnebis kompoziciis saxiT, romelic aRwers er-

Ti organzomilebiani sivrcis asaxvas meoreze, maSin igi 

warmoadgens gantolebas, romelic Seicavs 6 parametrs. 
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𝑥
𝑦

1
 =  

𝑎11 𝑎12 𝑎13

𝑎21 𝑎22 𝑎23

0 0 1
  

𝑢
𝑣
1
 .               (1.6) 

 

am parametrebis mniSvnelobebi gamoiTvleba sami, er-

TmaneTis Sesabamisi arakolinearuli wertilebis wyvil-

is saSualebiT. Sesabamisad gveqneba eqvsi wrfivi ganto-

lebisgan Sedgenili sistema, romelic miiReba, Tu (1.6) ga-

ntolebas CavwerT wertilTa TiToeuli wyvilisTvis. Tu 

aRniSnuli Sesabamisi wyvilebia   𝑥𝑗 , 𝑦𝑗  ,  𝑢𝑗 , 𝑣𝑗   , 𝑗 = 1,3     wer-

tilebi, maSin (1.6) gantoleba aseT saxes miiRebs: 

 

             
𝑢
𝑣
1
 =  

𝑎11 𝑎12 𝑎13

𝑎21 𝑎22 𝑎23

0 0 1
  

𝑥
𝑦

1
 .             (1.7) 

 

nebismieri am wertilis koordinatebis gamoTvlisas 

warmoSobili cdomilebebis gamo gardaqmnis parametrebis 

mniSvnelobebic garkveuli cdomilebiT miiReba. parametr-

ebisTvis bevrad ukeTesi Sedegi miiReba, Tu gamoTvlisTv-

is gamoviyenebT umciresi kvadratebis meTods didi raod-

enobis Sesabamisi sakontrolo wertilebis wyvilebisTv-

is.  

cnobilia, rom sibrtyeze monacemTa 𝑛 raodenobis 

sawyisi   𝑥𝑗 , 𝑦𝑗  , 𝑗 = 1, 𝑛       wertilebis wrfiT aproqsimaciis 

amocanaSi am wertilebis 𝑦 = 𝑓 𝑥  modelTan (wrfesTan) 

Tanxvedris sazomad SeiZleba gamoyenebul iqnes sawyisi 

wertilebis modelisgan 𝑒𝑗 = 𝑦 − 𝑦𝑗  gadaxris kvadratebis 

jami (sur. 1.11): 

𝑆𝑢𝑚 =   𝑓 𝑥𝑗  − 𝑦𝑗  
2𝑛

𝑗=1 . 
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saukeTesod CaiTvleba iseTi parametrebis mqone 

𝑦 = 𝑓 𝑥  modeli, romelic gadaxris kvadratebis jamis 

(𝑆𝑢𝑚) minimums iZleva. 

 

 
sur. 1.11  

 

msgavsi midgoma gamoiyeneba cdomilebis funqciis 

gansazRvrisTvisac. kerZod, cdomilebis minimaluri sidi-

dis misaRebad cdomilebis funqcia aseTnairad ganisazR-

vreba 

 

𝜀 𝑎11 ,𝑎12 ,𝑎13 ,𝑎21 ,𝑎22 ,𝑎23 =    𝑎11𝑥𝑗 + 𝑎12𝑦𝑗 + 𝑎13 − 𝑢𝑗  
2

+𝑛
𝑗=1

                                     𝑎21𝑥𝑗+𝑎22𝑦𝑗+𝑎23−𝑣𝑗2.               (1.8) 

 

gamovTvaloT am funqciis eqvsi 𝜕𝜀 𝜕𝑎𝑖𝑗  kerZo warmo-

ebuli TiToeuli 6 ucnobi 𝑎𝑖𝑗  parametris mixedviT da ga-

utolod isini nuls. Sedegad miviRebT matricul forma-

Si Caweril Semdeg eqvs gantolebas: 
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.  

 

sazogadod, gamosaxulebasa da rukas an or gamosax-

ulebas Soris Sesabamisobis dadgenisTvis iyeneben didi 

raodenobis sakontrolo wertilebs.  

 

1.7. afinur gardaqmnaze damyarebuli  

2D obieqtebis amocnobis meTodebi 

 

$1.5.1-Si Cven ukve ganvixileT afinuri gardaqmnis gamoyene-

biT organzomilebian gamosaxulebaze obieqtis amocnob-

is erT-erTi meTodi _ amocnoba gamosaxulebaTa Tanxved-

riT, romelic emyareba obieqtis modelis wertilebis ga-

mosaxulebis wertilebze asaxvas. amocnobis zogadi sax-

is meTodebis gamoyenebisas niSan-Tvisebad SeiZleba gamo-

yenebul iqnas wertilis nebismieri zogadi niSan-Tviseba. 

magram Tu saqme gvaqvs romelime gamoyenebiT sferosTan, 

romelic xasiaTdeba gamorCeulad damaxasiaTebeli gansx-

vavebeli TvisebebiT, maSin saWiroa am niSan-Tvisebebis 

klasificireba da, aqedan gamomdinare, maTTvis Sesabamisi 

Wdeebis miniWeba. konkretul amocanebSi, magaliTad, obie-

qtebis Semadgeneli calkeuli nawilebis daxarisxebis am-

ocanaSi aseTi Wdeebi SeiZleba aRniSnavdnen maT kuTxeebs 

an naxvretebis centrebs, xolo rukebis damuSavebis amo-

canaSi konturebis gadakveTis wertilebs an maRali simr-
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udis mqone wertilebs miwisa da mdinaris zedapirebis 

Sexebis sazRvarze.  

winaswar cnobil modelze damyarebuli obieqtebis 

amocnobis meTodis arsi mocemulia 1.12 suraTze, sadac 

TviTmfrinavis detali warmodgenilia konturuli mode-

lis saxiT (sur. 1.12,a). konturul modelze arsebuli pat-

ara wreebi Seesabameba im maxasiaTebel niSan-Tvisobriv 

wertilebs, romlebic SeiZleba gamoyenebuli iqnes deta-

lis modelisa da gamosaxulebis SeTanadebisTvis. 1.12,b, 

g,d suraTze warmodgenilia sami gansxvavebuli xedidan 

miRebuli realuri detalis gamosaxuleba. kerZod, b) wa-

rmoadgens realuri detalis gamosaxulebas, romlis or-

ientacia TiTqmis emTxveva modelis orientacias; g) deta-

li Semobrunebulia 450 -iT da d) gamosaxuleba miRebul-

ia detalis sibrtyis mimarT daxrili kameris saSualeb-

iT, ris gamoc detali gamosaxulebaze Semobrunebulia 

da damrecad Cans. amocana mdgomareobs imis gansazRvra-

Si, Seicavs Tu ara warmodgenili gamosaxulebebidan ro-

melime (magaliTad, 1,12,b,g,d) mocemuli modelis (sur. 

1.12,a) Sesabamisi obieqtis saxes. aseTi gamosaxulebis aRm-

oCenis Semdeg ukve SesaZlebelia ganisazRvros obieqtis 

kameris mimarT mdebareobis (pose) parametrebi _ lokali-

zacia da orientacia. 

 

 
a 
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                         b               g  

 

  
d         

sur. 1.12            

 

ganvixiloT gamosaxulebaze obieqtis amocnobis ram-

denime meTodi. 

 

bazur lokalur niSan-Tvisebebze damyarebuli meTo-

di. bazuri lokaluri niSan-Tvisebebis meTodi obieqtis 

amocnobisTvis (local-feature-focus method) mxedvelobaSi iRebs 

obieqtis lokalur maxasiaTebel niSan-Tvisebebs da maT 

urTierTganlagebas. aRniSnuli meTodis gamoyenebisas 

TiToeuli amosacnobi obieqtisTvis winaswar xdeba TiTo 

modelis formireba. TiToeuli modeli Tavis mxriv aRiw-

ereba bazuri niSan-Tvisebebis (focus features) garkveuli 

simravliT, romlebic obieqtis ZiriTad da amasTan erT-

ad advilad aRmosaCen _ mkafio lokalur maxasiaTeblebs 

warmoadgenen (igulisxmeba, rom obieqtebi erTmaneTs ar 

faravs).Yamave dros mocemuli modeli Seicavs TiToeuli 

bazuri lokaluri niSan-Tvisebis siaxloveSi arsebuli 
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maxasiaTebeli niSan-Tvisebebis simravlesac _ klasters. 

niSan-Tvisebebis es klasteri gamoiyeneba imis verifikaci-

isTvis (dadasturebisTvis), sworad iqna Tu ara napovni 

Sesabamisi bazuri niSan-Tviseba da aseve gamoiyeneba sivr-

ceSi obieqtis mdebareobis (koordinatebis) da orientac-

iis gansasazRvrad.  

ganvixiloT gamosaxulebaTa SeTavsebiT obieqtis am-

ocnobis algoriTmi bazuri lokaluri niSan-Tvisebebis 

meTodis gamoyenebiT. algoriTmi axdens winaswar mocemu-

li obieqtis 𝑭 modelis da gamosaxulebis SeTavsebas 

 𝑭1,𝑭𝟐, … , 𝑭𝑀  bazuri niSan-Tvisebebis safuZvelze. obieqt-

is modelis TiToeuli 𝑭𝑚 , 𝑚 = 1, 𝑀       bazuri niSan-Tvisebi-

sTvis aseve gansazRvrulia mis mimdebared arsebuli 

𝑺 𝑭𝑚   niSan-Tvisebebis simravle am bazuri niSan-Tvisebis 

verifikaciisTvis, anu misi sworad aRmoCenis dasadastur-

eblad. amave dros gamosaxulebaze, romelic vTqvaT erT 

an ramdenime obieqts Seicavs xdeba maxasiaTebeli 

 𝑮1,𝑮𝟐, … , 𝑮𝐼  niSan-Tvisebebis gamoyofa. amasTan, TiToeu-

li 𝑮𝑖 , 𝑖 = 1, 𝐼     niSan-TvisebisTvis ganisazRvreba gamosaxu-

lebaze mis siaxloveSi arsebuli 𝑺 𝑮𝑖  niSan-Tvisebebis 

simravle. Sedarebis algoriTmi jer iwyebs obieqtis mo-

delis bazuri niSan-Tvisebebis Ziebas. mocemuli modelis 

Sesabamisi 𝑭𝑚 , 𝑚 = 1, 𝑀       bazuri niSan-Tvisebis aRmoCenis 

Semdeg algoriTmi cdilobs am bazuri niSan-Tvisebis si-

axloveSi aRmoaCinos gamosaxulebis 𝑺 𝑮𝑖  niSan-Tvisebebi. 

amasTan, rac SeiZleba meti. Tu gamosaxulebaze aRmoCnda 

modelis bazuri niSan-Tvisebis siaxloveSi arsebuli 

𝑺 𝑭𝑚   niSan-Tvisebebis msgavsi 𝑺 𝑮𝑖  niSan-Tvisebebi, maSin 

niSan-TvisebaTa am or simravles Soris Sesabamisobis da-
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dgenis SemTxvevaSi algoriTmi ayalibebs hipoTezas gamo-

saxulebaze mocemuli obieqtis arsebobis Sesaxeb. aRniS-

nuli hipiTezis SemowmebisTvis gamoiyeneba verifikaciis 

procedura, romelmac unda gansazRvros dakvirvebul sc-

enaze mocemuli obieqtis arsebobis safuZvlianoba. maga-

liTad, brtyeli waxnagebis mqone obieqtebis amocnobisas 

verifikaciis proceduraSi rogorc Sesaferisi mtkicebu-

leba xSirad gamoiyeneba obieqtis sazRvrebi. modelisa 

da gamosaxulebis Sesabamisi niSan-Tvisebebis simravleeb-

is saSualebiT ganisazRvreba afinuri gardaqmnis is para-

metrebi, romliTac moxdeba modelis wertilebis gamosa-

xulebis wertilebze asaxva. es gardaqmna gamoiyeneba obi-

eqtis modelis sazRvris TiToeuli monakveTis koordina-

tebis gamosaxulebis sivrceSi Sesabamisi monakveTis kid-

ura wertilebis koordinatebSi asaxvisTvis. modelis sa-

zRvris gardaqmnili monakveTebi TiTqmis unda emTxveod-

es Sesabamis monakveTebs gamosaxulebaze Tu obieqti sxva 

obieqtebiT ar aris gadafaruli. Tumca gamosaxulebaze 

xmauris arsebobisa da niSan-Tvisebebis gamoyofis da ma-

Ti Sesabamisobis dadgenis procesSi warmoSobili cdomi-

lebebis gamo mcirea imis albaToba, rom modelis garda-

qmnili monakveTebi zustad Tanxvedrili iqneba Sesabamis 

monakveTebTan gamosaxulebaze. amis gamo gamosaxulebaze 

msgavsi monakveTebis moZieba SeiZleba ganxorcieldes mo-

delis yoveli gardaqmnili monakveTis irgvliv arsebul 

marTkuTxa areSi. Ziebis procesSi damTxvevis arsebiTi 

niSnebis povnis SemTxvevaSi modelis monakveTi moiniSne-

ba rogorc verificirebuli. sakmarisi raodenobis mode-

lis verificirebuli monakveTebis arsebobis SemTxvevaSi 

CaiTvleba, rom obieqti gamosaxulebaze arsebobs, anu is 
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napovni iqna. rac Seexeba obieqtis mdebareobas gamosaxu-

lebaze, is ganisazRvreba afinuri gardaqmniT gamoTvli-

li parametrebis meSveobiT.  

bazuri lokaluri niSan-Tvisebebis meTodis sailus-

traciod ganvixiloT gamosaxulebaze ori, 𝐸 da 𝐹 mode-

lis Sesabamisi obieqtebis moZiebis magaliTi (sur. 1.13).  

 

 
sur. 1.13 

 

gamosaxulebaze gamoyofil maxasiaTebel niSan-Tvis-

ebebs warmoadgenen masze arsebuli mrgvali xvrelebi da 

maxvili kuTxeebi. gamosaxulebaze modelebis Sesabamisi 

obieqtebis moZiebisTvis SemoTavazebuli iqna hipoTeza 𝐹 

modelis 𝐹1 lokaluri niSan-Tvisebis da gamosaxulebis 

𝐺1 niSan-Tvisebis Sesabamisobis Sesaxeb. amisaTvis model-
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is 𝐹1 niSan-Tvisebis siaxloves arsebuli 𝐹2, 𝐹3 da 𝐹4 niS-

an-TvisebebisTvis gamosaxulebaze napovni iqna 𝐺1 niSan-

TvisebasTan axlomdebare Sesabamisi 𝐺2, 𝐺3 da 𝐺4 niSan-

Tvisebebi. gamosaxulebaze 𝐹 modelis Sesabamisi obieqtis 

arseboba ki dadasturebuli iqna verifikaciis gamoyeneb-

iT. 

meore, 𝐸 modelis SemTxvevaSi SemoTavazebuli iqna 

hipoTeza, erTi mxriv, 𝐸1 lokalur niSan-Tvisebasa da mis 

siaxloves ganlagebul 𝐸2, 𝐸3 da 𝐸4 niSan-Tvisebebs da, 

meore mxriv, gamosaxulebis 𝐺5, 𝐺6, 𝐺7 da 𝐺8 niSan-Tviseb-

ebs Soris Sesabamisobis Sesaxeb. magram es hipoTeza uar-

yofili iqna imis gamo, rom verifikaciis procesSi ver 

moxerxda 𝐸 modelis sazRvris da gamosaxulebaze arseb-

uli monakveTebis erTmaneTTan sakmarisad kargi SeTavse-

ba. amis mizezia is, rom gamosaxulebaze 𝐹 modelis Sesa-

bamisi obieqti nawilobriv faravs 𝐸 modelis Sesabamis 

obieqts. 

 

klasterizacia mdebareobis mixedviT. rogorc aRvni-

SneT, modelisa da gamosaxulebis niSan-TvisebaTa Ta-

nxvedra SeiZleba ganxorcieldes gadatanis,  mobrunebisa 

da masStabirebis (gmm) afinuri gardaqmnis erToblivi ga-

moyenebiT, romlis parametrebis gansazRvrisaTvis sakmar-

isia ori sakontrolo wertilis SeTavseba. kerZod, Tu 

gamosaxulebis ori aseTi wertili SeuTavsda modelis 

or Sesabamis wertils, maSin gardaqmnis parametrebi gam-

oiTvleba (1.2) gantolebis saSualebiT. magram sakontro-

lo wertilebis avtomaturi gansazRvra ar aris martivi 

amocana, radganac SeiZleba adgili hqondes SeTavsebis 
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aracalsaxa variantebis arsebobas. amisTvis iyeneben mde-

bareobis (pozis) mixedviT klasterizaciis meTods. aR-

niSnuli meTodis gamoyenebisas modelisa da gamosaxule-

bis SeTavsebisTvis gmm afinuri gardaqmnebi xorcieldeba 

sakontrolo wertilebis yvela SesaZlo wyvilisTvis. ga-

rdaqmnebis Sedegad miRebuli parametrebis simravlis 

klasterizaciiT miRebuli klasterebidan xdeba im klas-

teris gamoyofa, romelic yvelaze axlos myofi paramet-

rebis mniSvnelobebs Seicavs. aseTi klasteri maSin arse-

bobs, Tu modelsa da gamosaxulebas Soris SeTavsebuli 

maxasiaTebeli niSan-Tvisebebis wertilebis raodenoba be-

vria. amasTan unda aRiniSnos, rom niSan-Tvisebebis werti-

lebis yvela SesaZlo wyvilis damuSaveba gamoTvlebis 

did fasTan aris dakavSirebuli. 

vTqvaT, gvaqvs raRac afinuri gardaqmna 𝑇, romliT-

ac xdeba 𝑀 modelis 𝑂 obieqtTan Tanxvedra  𝐼 gamosaxu-

lebaze. maSin 

 

gansazRvreba 1.7. 𝑇 afinuri gardaqmnis 𝛼 parametreb-

iT gansazRvrul 𝑂 obieqtis lokalizacias da orientac-

ias am obieqtis mdebareoba anu poza ewodeba.  

 

Cven mier zemoganxilul aerofotosuraTebisa da 

rukebis SeTavsebis amocanaSi niSan-Tvisebebis wertileb-

ad SeiZleba gamoviyenoT gamosaxulebis segmentaciis Se-

degad gamovlenili monakveTebis, magaliTad, gzebis gada-

kveTis wertilebi, an gamoyofili areebis kuTxeebi, maga-

liTad, mindvrebis. praqtikaSi SeTavsebisTvis xSirad iye-

neben monakveTebis SeerTebis sxvadasxva tips, magaliTad, 

‘L’, ‘Y’, ‘T’, ‘isari’, da ‘X’ (sur. 1.14).  
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sur. 1.14 

 

ganvixiloT segmentebis SeerTebis sxvadasxva tipis 

gamoyeneba gamosaxulebisa da modelis SeTavsebis amoca-

naSi. vTqvaT, rom SeTavsebisTvis viyenebT monakveTebis 

SeerTebis mxolod LX an TY tipis wyvilebs (sur. 1.15). mo-

cemul magaliTSi monacemTa SeTavsebisaTvis gvaqvs mode-

lis wertilebis 5 wyvili da gamosaxulebis 4 wyvili. ma-

rTalia, am monacemebs Soris yvela SesaZlo wyvilebis 

raodenoba 5 × 4 = 20 -is tolia, magram maTgan mxolod 10 

wyvili Seesabameba Cven mier arCeuli monakveTebis SeerT-

ebis tipebs gamosaxulebis da modelis SeTavsebis amoca-

naSi. Tu TiToeuli am wyvilisTvis gamoviTvliT afinuri 

gardaqmnis parametrebis mniSvnelobebs (cx. 1.3), vnaxavT, 

rom isini sakmaod gansxvavdeba erTmaneTisgan da paramet-

rebis sivrceSi ar qmnis klasterebs garda sami wyvilisa, 

romlebic cxrilis bolo svetSi aRniSnulia ‘‘*’’ simbo-

loTi.  

 
sur. 1.15  
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cx. 1.3  

 
 

gamoTvlili parametrebis es sami simravle qmnis klast-

ers, romelSic maTi saSualo mniSvnelobebi tolia: 

 

𝜃 = 0,68, 𝑠 = 2,01, 𝑢0 = 233, 𝑣0 = −41. 

 

amasTan unda aRiniSnos, rom rac ufro zustad mox-

deba modelisa da gamosaxulebis maxasiaTebeli niSan-Tv-

isebebis wertilebis erTmaneTTan SeTavseba, miT ufro 

axlos iqneba erTmaneTTan afinuri gardaqmnis parametre-

bis mniSvnelobebic. SeTavsebis procesSi warmoSobili 

cdomilebebi ZiriTadSi gamowveulia niSan-Tvisebebis we-

rtilebis mdebareobis gansazRvris uzustobiT da gamo-

saxulebis formirebisas warmoSobili arawrfivi damaxin-

jebebiT. Tu afinuri gardaqmnis parametrebi gamoiTvleba 

sakmarisi sizustiT, maSin isini SeiZleba gamoyenebuli 

iqnes SeTavsebuli wertilebis verifikaciisTvis. aseTi 

wertilebi ki Semdeg ukve SeiZleba gamoviyenoT rogorc 

sakontrolo wertilebi iseTi arawrfivi an afinuri gar-

daqmnisTvis (parametrebis ufro didi raodenobiT, vidre 
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gmm gardaqmnisas), romelic sakontrolo wertilebis uf-

ro maRali sizustiT SeTavsebas uzrunvelyofs.   

 

geometriuli heSireba. Cven mier ganxiluli bazuri 

lokaluri niSan-Tvisebebisa da mdebareobis mixedviT 

klasterizaciis meTodebi gamoiyeneba im SemTxvevaSi, ro-

ca gamosaxulebas unda SeuTavsdes erTi modeli. ramde-

nime obieqtis modelis SemTxvevaSi ki SeTavseba unda gan-

xorcieldes rigrigobiT, risTvisac zemoaRwerili meTo-

debi ar gamodgeba. modelebis didi monacemTa bazis Se-

mTxvevaSi SeTavsebis amocanis gadasawyvetad gamoiyeneba 

geometriuli heSirebis meTodi, romelic moiTxovs winas-

wari damuSavebis didi raodenobis operaciebis Catarebas 

da did mexsierebas, Tumca sabolood uzrunvelyofs sw-

raf amocnobas da obieqtis mdebareobis parametrebis ga-

nsazRvras.   

vTqvaT, rom gvaqvs modelebis didi monacemTa baza 

da ucnobi obieqti, romlis maxasiaTebeli niSan-Tvisebebi 

gamosaxulebaze gamoyofilia da moTxovnaa, rom misi moZ-

ieba gamosaxulebaze moxdes modelebidan erT-erTis afi-

nuri gardaqmnis Sedegad. amgvarad, amocana imaSi mdgoma-

reobs, rom ganisazRvros Tu romelia es modeli da ra 

gardaqmna unda gamoviyenoT modelisa da gamosaxulebaze 

arsebuli ucnobi obieqtis SeTavsebisTvis.  

davuSvaT, 𝑴 modeli mocemulia 𝑝𝑖 , 𝑖 = 1,8     maxasiaTe-

beli wertilebis mowesrigebuli simravlis saxiT (sur. 

1.16), anu 𝑴 =  𝑝1 ,𝑝2 ,𝑝3 , 𝑝4 , 𝑝5 , 𝑝6 ,𝑝7 , 𝑝8 . 
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sur. 1.16 

 

am modelis nebismieri sami arakolinearuli werti-

lis 𝐸 =  𝑒00, 𝑒01 , 𝑒10  qvesimravle SeiZleba gamoyenebuli 

iqnes afinuri gardaqmnis bazisis formirebisTvis, roml-

iTac koordinatTa sistema moicema 𝑴 modelze (sur. 

1.18,a.). Sesabamisad, koordinatTa am sistemaSi nebismieri 

𝑥 ∈ 𝑴 wertili SeiZleba warmovadginoT afinuri  𝜉, 𝜂  ko-

ordinatebiT (sur. 1.17), sadac 

 

𝑥 = 𝜉 𝑒10 − 𝑒00 + 𝜂 𝑒01 − 𝑒00 + 𝑒00 . 

 

 
sur. 1.17 

 

Tu axla 𝑥 wertilis mimarT gamoviyenebT 𝑇 afinur 

gardaqmnas, miviRebT: 
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𝑇𝑥 = 𝜉 𝑇𝑒10 − 𝑇𝑒00 + 𝜂 𝑇𝑒01 − 𝑇𝑒00 + 𝑇𝑒00 . 

 

rogorc vxedavT, 𝑇 afinuri gardaqmnis Sedegad miR-

ebul 𝑇𝑥 wertils  𝑇𝑒00 ,𝑇𝑒01 ,𝑇𝑒10  bazisis mimarT aqvs ig-

ive  𝜉, 𝜂  afinuri koordinatebi, rac 𝑥 wertils hqonda 𝑇 

gardaqmnamde  𝑒00 , 𝑒01 , 𝑒10  bazisis mimarT. 𝑇 afinuri gar-

daqmnis Sedegad miRebuli obieqti warmodgenilia 1.18,b 

suraTze. 

 
             a                        b   

sur. 1.18 

 

winaswari damuSavebis etapze xdeba heS-cxrilis fo-

rmireba, romelic monacemTa bazaSi arsebul yvela mod-

els Seicavs. heS-cxrili iseTnairad igeba, rom TiToeu-

li misi elementis indeqss warmoadgens afinuri  𝜉, 𝜂  ko-

ordinatebis  wyvili. am elementSi inaxeba  𝑴, 𝑬  modeli-

bazisi wyvilebis sia (sur. 1.19). es wyvilebi warmoadgenen 

iseT 𝑴 modelebs, romlebSic romelime 𝑥 ∈ 𝑴 wertilis 

afinuri koordinatebi 𝑬 bazisis mimarT  𝜉, 𝜂 -s tolia. 
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heS-cxrilis formirebisTvis arsebobs specialuri algo-

riTmi.  

 
sur. 1.19 

 

aseTi wesiT agebuli heS-cxrili SemdegSi ukve gamo-

iyeneba obieqtebis amocnobisTvis. aseve amocnobis proce-

sSi gamoiyeneba akumulatoruli 𝑨 masivi, romlis indeqs-

ebs warmoadgens modeli-bazisi wyvilebi. TiToeuli 

 𝑴, 𝑬  wyvilis masivis elementebis inicializacia xdeba 

nulovani mniSvnelobebiT da gamoiyeneba xmis micemis 

proceduraSi im hipoTezis mxardasaWerad, romlis Tanax-

madac arsebobs iseTi 𝑻 gardaqmna, romelic  𝑴, 𝑬  wyvi-

ls asaxavs gamosaxulebaze. xmis micemis Semdeg paramet-

rebi gamoiTvleba mxolod im modeli-bazisi wyvilebisTv-

is, romlebmac xmebis didi raodenoba daagroves. aseTi 

wyvilebi aseve gamoiyeneba rogorc erT-erTi etapi veri-

fikaciis proceduraSi.  

amave dros unda aRiniSnos, rom geometriuli heSir-

ebis algoriTmis muSaobisas damuSavebis sxvadasxva etap-

ze SeiZleba adgili hqondes cdomilebebs, gamowveuls 

Semdegi mizezebiT: 
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 cdomilebebi niSan-TvisebaTa wertilebis koordinat-

ebis gansazRvrisas; 

 gamotovebuli an zedmeti niSan-TvisebaTa wertilebi; 

 obieqtebis urTierTgadafarva; 

 aramdgradi bazisebi; 

 niSan-Tvisebebis wertilebis simravleze mcdari afin-

uri gardaqmnebis Sesruleba.  

 

kerZod, heSirebis algoriTmma SeiZleba moaxdinos 

mcdari gardaqmnebi iseT wertilTa qvesimravlezec ki, 

romlebmac verifikacia gaiara, magram araswor Sedegs iZ-

leva. 1.20 suraTze naCvenebia SemTxveva, roca algoriTmma 

arasworad gansazRvra mocemuli modelis arseboba gamo-

saxulebaze. warmodgenil magaliTSi gamosaxulebis niS-

an-TvisebaTa wertilebis 60%-ma (sur. 1.20,a) daadastura 

hipoTeza gamosaxulebaze im obieqtis (sur. 1.20,b) arsebo-

bis Sesaxeb, romelic sinamdvileSi gamosaxulebaze (sur. 

1.20,a) ar arsebobs. 

 

 
a)                      a                           b 

sur. 1.20  
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msgavsi tipis cdomilebebi damaxasiaTebelia aseve 

mdebareobis mixedviT klasterizaciisa da bazuri loka-

luri niSan-Tvisebebis meTodebisTvisac. 

 

1.8. 2D obieqtebis amocnoba relaciuri  

modelebis gamoyenebiT 

 

zemoT Cven mier ganxiluli iyo gamosaxulebisa da mode-

lis wertilebis SeTavsebis sami midgoma, magram aRniSnu-

li midgomebi SeiZleba gamoyenebuli iyos 2D gamosaxul-

ebaze obieqtebis amocnobisTvisac. ganixilaven obieqteb-

is amocnobis sam zogad midgomas, romelSic amocnobis 

amocana warmodgenilia rogorc modelis struqturuli 

komponentebis asaxva gamosaxulebis struqturul kompon-

entebze. kerZod, im SemTxvevaSi, Tu gamosaxulebaze niS-

an-Tvisebebis markirebis xerxi SeTanxmebulia modelis 

niSan-Tvisebebis markirebis xerxTan, maSin amocnobis pr-

ocesi ekvivalenturia modelis sakmarisi raodenobis ni-

San-Tvisebebis asaxvisa gamosaxulebis dakvirvebul niSan-

Tvisebebze. gamosaxulebaze obieqtebis amocnobis zemoaR-

niSnuli sami midgomis arseboba swored asaxvis gansxvav-

ebuli xerxiTaa ganpirobebuli. CvenGganvixilavT obieqte-

bis amocnobis interpretaciis xeze damyarebul midgomas. 

gamosaxulebisa da modelis SeTavsebis meTodebis 

ganxilvisTvis saWiroa SemovitanoT Semdegi oTxi mniSvn-

elovani cneba: 

 

 nawili (part) – scenis gamosaxulebaze arsebuli obie-

qti an romelime struqturuli elementi, magaliTad, 

gamosaxulebis segmentaciis Sedegad gamoyofili ar-
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is segmenti, kidis (sazRvris) segmenti, naxvreti, kuT-

xe an laqa;   

 Wde (label) – damuSavebis raRac etapze obieqtis nawi-

lisTvis raime simbolos mikuTvneba misi identifika-

ciis/amocnobis mizniT;  

 mikuTvneba (assignment) – obieqtis nawilebis Wdeebze 

asaxva. Tu, magaliTad, rukis gamosaxulebaze 𝑃1-iT 

aRniSnulia romelime aris segmenti, xolo 𝐿1 da 𝐿2 

tbisa da mindvrisTvis mikuTvnebuli simboloebia 

(Wdeebia), maSin mikuTvneba SeiZleba Seicavdes  𝑃1 ,𝐿2  

wyvils, an SesaZloa  𝑃1 ,  𝐿1 ,𝐿2   darCenili ganuzRvre-

lobis (aracxadobis) misaTiTeblad. Tu gvaqvs 

 𝑃1 , 𝑁𝐼𝐿 , maSin es imas niSnavs, rom rukis gamosaxule-

baze 𝑃1 nawils Wdeebis mimdinare simravleze interp-

retacia ar aqvs. Sesabamisad, scenis interpretacia 

warmoadgens mikuTvnebis warmomqmneli yvela wyvilis 

simravles; 

 mimarTeba (relation) – warmoadgens abstraqtul maTema-

tikur cnebas. mimarTebebis moZebna da gamoTvla xde-

ba scenis obieqtebs Soris da maT inaxaven obieqtebis 

modelebisTvis. magaliTad, Canaweri 𝑅4 𝑃1 ,𝑃2  niSnavs, 

rom gamosaxulebaze 𝑃1 da 𝑃2 gamoyofili areebi mo-

mijnavea.  

                            

warmodgenili cnebebi saSualebas iZleva ganisazRv-

ros SeTanxmebuli markirebis (consistent labeling) cneba. 

vTqvaT, mocemulia scenis gamosaxulebis nawilebis 𝑃 si-

mravle (magaliTad, monakveTebis, an rkalebis simravle 

gamosaxulebaze), am nawilebis Wdeebis 𝐿 simravle, 𝑅𝑃 mi-
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marTeba 𝑃 simravleze da 𝑅𝐿 mimarTeba 𝐿 simravleze. maS-

in, 

gansazRvreba 1.8. SeTanxmebuli markireba 𝑓 ewodeba 

gamosaxulebis nawilebisTvis iseTi Wdeebis mikuTvnebas, 

romelic akmayofilebs Semdeg pirobas:  

 

Tu  𝑝𝑖 , 𝑝𝑖 ′  ∈ 𝑅𝑃 , maSin  𝑓 𝑝𝑖 , 𝑓 𝑝𝑖 ′   ∈ 𝑅𝐿, 

 

rac niSnavs, rom SeTanxmebuli markirebisas is mimarTeb-

ebi, romelic arsebobs nawilebs Soris, unda SenarCundes 

maT Wdeebs Sorisac. sxva sityvebiT, SeTanxmebuli marki-

reba warmoadgens 𝑃 simravlis 𝐿 simravleze asaxvas, rom-

elic akmayofilebs zemoT moyvanil pirobas. ganvixiloT 

1.21 suraTze warmodgenili magaliTi, sadac mocemulia a) 

scenis gamosaxulebis Semadgeneli nawilebis simravle, 

b) am nawilebisTvis Wdeebis simravle da Sesabamisad maT 

Soris binaruli mimarTebebi:  

 

          
     a     b 

sur. 1.21 
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a) SemTxvevaSi 

 

𝑃 =  1,2,3 Eda 𝑅𝑝 =   1,2 ,  2,1 ,  2,3  , 

 

b) SemTxvevaSi 

 

𝐿 =  𝑎, 𝑏, 𝑐, 𝑑, 𝑒 Eda  

𝑅𝐿 =   𝑎, 𝑐 ,  𝑐, 𝑎 ,  𝑐, 𝑏 ,  𝑐, 𝑑 ,  𝑒, 𝑐 ,  𝑒, 𝑑  . 

 

maSin SeTanxmebuli markireba iqneba:  

 

  1,𝑎 ,  2, 𝑐 ,  3, 𝑑  . 

 

meore magaliTad ganvixiloT 1.10,a suraTze warmod-

genili obieqtis amocnobis amocana, romlis niSan-Tviseb-

ebic mocemulia 1.1 cxrilSi. obieqtebis SeTavsebisTvis 

gamoviyenoT „mimarTeba“ _ manZili, romelic gansazRvru-

lia wertilebis nebismieri wyvilisTvis. kerZod, naxvret-

ebis nebismier wyvils Soris mimarTeba ganisazRvreba maT 

Soris manZiliT, romelic invariantulia gadaadgilebis 

da mobrunebis, magram ara masStabirebis mimarT. imis saC-

veneblad, rom modelis 𝐴 da 𝐵 da 𝐵 da 𝐶 wertilebs So-

ris manZili 12-is tolia, gamoviyenod aRniSvnebi – 

12 𝐴, 𝐵  da 12 𝐵, 𝐶 . rogorc manZilebis cxrilidan Cans, 

mimarTeba 12 𝐶, 𝐷  ar aris swori. magram Tu gaviTvalisw-

inebT cdomilebebs, gamowveuls mcire damaxinjebebiT da 

aseve warmoSobils niSan-TvisebaTa gamoyofisas, mimarTe-

ba 12 𝐶, 𝐷  SeiZleba CaiTvalos WeSmaritad maSinac ki, Tu 
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manZili 𝐶 da 𝐷 Soris realurad 12 ± ∆ tolia, sadac ∆ 

raRac mcire sididea.  

 

interpretaciis xe (interpretation tree, IT). rogorc 

aRiniSna, gamosaxulebaze obieqtis amocnobis amocanaSi 

gamosaxulebisa da modelis SeTanadebis etapze erT-erT 

mniSvnelovan nabijs warmoadgens obieqtis nawilebisTvis 

Sesabamisi Wdeebis mikuTvnebis procedura. SeTanadebis 

procesSi SeTanxmebuli markirebis Tanamimdevruli war-

modgenis erTerT xerxad gamoiyeneba interpretaciis xe.  

 

gansazRvreba 1.9. xes, romelzec warmodgenilia obie-

qtis nawilebisTvis Wdeebis mikuTvnebis yvela SesaZlo 

varianti, interpretaciis xe ewodeba. 

 

interpretaciis xeze TiToeuli Sto mTavrdeba maS-

in, Tu adgili aqvs srul SeTanxmebul mikuTvnebas an Tu 

Sesabamisi arasruli (nawilobrivi) mikuTvnebisTvis ar 

sruldeba romelime mimarTeba. 1.22 suraTze warmodgeni-

lia 1.10,a suraTze mocemuli gamosaxulebis monacemebis 

interpretaciis xis fragmenti. mocemuli xe 3 doniania, 

romelTaganac TiToeuli Seesabameba gamosaxulebaze ar-

sebuli 3 – 𝐻1, 𝐻2, 𝐻3 naxvretidan erT-erTisTvis Wdis mi-

kuTvnebis process. pirvel doneze imis gamo, rom manZil-

is mixedviT ar aris SezRudva, SeuTanxmeblobebs adgili 

ar aqvs, magram meore doneze SesaZlo Wdeebis umetesobi-

sTvis xeze moZraobis gzebi manZilis erTi Semowmebis Se-

mdeg wydeba. magaliTad, imis gamo, rom 21 𝐻1,𝐻2  mimarTe-

ba irRveva 𝑂 𝐴, 𝐴  mimarTebiT, arasruli mikuTvneba 

  𝐻1,𝐴 ,  𝐻2 ,𝐴    SeuTanxmebelia. interpretaciis xeze mar-
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TkuTxedebiT aRniSnuli Wdeebis gza Seesabameba srul 

SeTanxmebul mikuTvnebas. SeTanxmebulia aseve elifsebiT 

aRniSnuli Wdeebis gzac, magram imis gamo, rom igi Seic-

avs erT cariel Wdes – NIL, Sesabamisad SemowmebisTvis 

naklebi SezRudvebi aqvs. es mikuTvneba Seicavs sruli mi-

kuTvnebis (aRniSnulia marTkuTxedebiT) pirvel or wyv-

ils gadasmuli WdeebiT da manZilis erTi Semowmebas. un- 

 

 
sur. 1.22 

 

da aRiniSnos, rom bevri Sto interpretaciis xeze warma-

tebulad mTavrdeba (adgili aqvs srul SeTanxmebul mik-

uTvnebas) mimarTebaTa simetriulobis gamo. marTalia xe 

potenciurad SeiZleba Seicavdes masze gadasaadgilebe-

li gzebis eqsponencialur raodenobas, magram realurad 
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maTi umetesoba mTavrdeba mesame doneze SemzRudavi mima-

rTebebis arsebobis gamo. rac Seexeba NIL cariel Wdes, 

misi gamoyeneba saSualebas gvaZlevs, movniSnoT artefaq-

tebi an scenis sxva obieqtis niSan-Tvisebebi. 
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II Tavi. 3D scenebis aRqma 

2D gamosaxulebebze dayrdnobiT 

 

2.1. Sesavali 

 

realobaSi xSirad gvxvdeba SemTxvevebi, roca organzomi-

lebiani gamosaxulebis struqturis interpretaciisTvis 

saWiroa gaTvaliswinebuli iqnas samganzomilebiani scen-

is obieqtebis samive ganzomileba. magaliTad, adamians 

aqvs Tviseba aRiqvas da gaanalizos 3D scenis struqtura 

mxedvelobiTi analizatoris baduraze proecirebuli 2D 

gamosaxulebaze dayrdnobiT. aseT SemTxvevaSi 3D obieqt-

is amocnobis amocana gacilebiT rTuli xdeba. kerZod, 

scenaze ganaTebulobis cvalebadobis (magaliTad, Crdi-

lebis arsebobis gamo) da obieqtis zedapiris sikaSkaSis 

mis orientaciaze damokidebulebis gamo rTuli xdeba ni-

San-Tvisebebis gamoyofisa da segmentaciis procedurebis 

ganxorcieleba. aseve, imis gamo, rom dakvirvebis wertil-

is cvlilebasTan erTad icvleba scenis gamosaxulebis 

Tvisebebi, obieqtebis orientacia, adgili aqvs obieqtebis 

urTierTgadafarvas, rTuli xdeba gamosaxulebaze gazom-

vebis Catareba.  

iseve rogorc 2D SemTxvevaSi, aqac 3D obieqtebi gani-

xileba rogorc sivrculad urTierTdakavSirebuli nawi-

lebis erToblioba, romelTa Tvisebebi da urTierTmimar-

Tebebi akmayofileben mocemul SezRudvebs. Sesabamisad, 

mocemuli klasis obieqtis amocnobisTvis saWiroa gamo-

saxulebaze moiZebnos iseTi nawilebis erToblioba, rom-

lebic Seesabameba garkveuli dakvirvebis wertilidan 
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scenaze danaxuli obieqtis nawilebs (zedapirebs). gamo-

saxulebaze aseTi nawilebis povnis amocana gaadvildeba, 

Tu gamosaxulebis TiToeuli wertilisTvis cnobilia 

zedapiris mimarT normalis orientacia scenis Sesabamis 

wertilSi (igulisxmeba, rom obieqti gaumWvirvalea da 

gamosaxulebis TiToeuli wertili Seesabameba scenis 

erTaderTi zedapiris wertils). Tu cnobilia zedapiris 

orientacia, maSin gamosaxulebaze SesaZlebelia erTnai-

ri orientaciis mqone areebis povna, anu segmentaciis pr-

oceduris Catareba da im areebis gamoyofa, romlebic 

scenaze gluv zedapirebs Seesabameba. TiToeuli aseTi 

are ki obieqtis garkveul nawils warmoadgens.  

3D scenebis analizisaTvis saWiroa ganxilul iqnes 

is samganzomilebiani Tanafardobebi, romlebic arsebobs 

kameras, scenis obieqtebsa da TviT obieqtebs Soris. am 

ukanasknels gadamwyveti mniSvneloba eniWeba iseTi amoca-

nebis gadawyvetisas, rogoricaa, magaliTad, obieqtis mde-

bareobisa da orientaciis gansazRvra kameris (dakvirveb-

is wertilis) mimarT, iseTi gamosaxulebebis damuSaveba, 

romlebzedac obieqtebi erTmaneTs mTlianad an nawilob-

riv faraven, an obieqtis mxolod erTi mxare Cans. aseTi 

amocanebis gadawyvetisas gansakuTrebuli mniSvneloba en-

iWeba 3D scenebis 2D gamosaxulebebis formirebis maTema-

tikur modelebs da maT safuZvelze gansazRvrul samgan-

zomilebian Tanafardobebs. arsebobs gamosaxulebebis 

formirebis sxvadasxva meTodi, romlebic mimarTulia  

3D obieqtis gamosaxulebis sibrtyeze proecirebisas da-

karguli siRrmis koordinatis aRdgenisaken. maTi saSua-

lebiT xdeba scenis an siRrmiseuli an moculobiTi su-

raTis aRdgena. Sesabamisad, 3D scenis uwyveti gamosaxul-
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ebis formirebis modelebi iyofa or kategoriad: gamosa-

xulebis siRrmiseuli formirebis da gamosaxulebis moc-

ulobiTi formirebis modelebad. 

 

2.2. Sinagani gamosaxulebebi 

 
3D scenis 2D gamosaxulebebis formirebisas mniSvnelova-

nia, rom SevinarCunoT rac SeiZleba meti informacia sc-

enis samganzomilebiani bunebis Sesaxeb, raTa Semdgom sc-

enis Sesaxeb vimsjeloT mis 2D gamosaxulebebze dayrdn-

obiT. amisTvis SemuSavebuli iqna 2 midgoma:  

 

1. 3D scenis warmodgena iseTi erTi an ramdenime 2D gam-

osaxulebiT, romlebSic Senaxuli iqneba scenisTvis 

damaxasiaTebeli niSan-Tvisebebi; 

2. 3D obieqtis formis gansazRvra romelime niSan-Tvise-

baze dayrdnobiT _ siRrmis Sesaxeb informaciis miR-

eba sxvadasxva wyarodan. 

 

aqedan gamomdinare, 3D scenis aseTi 2D gamosaxuleb-

ebis misaRebad SeiZleba gamoyenebuli iqnes gamosaxuleb-

is aRqmis iseTi sxvadasxva tipis saSualebebi, romlebze 

dayrdnobiTac sawyisi gamosaxulebidan moxdeba e. w. Sin-

agani gamosaxulebebis (intrinsic images) formireba. es ukana-

skneli warmoadgens 3D scenis iseT 2D Sualedur warmod-

genas, romelSic inaxeba scenis Sinagani arsebiTi loka-

luri maxasiaTeblebi. faqtobrivad, scenis gamosaxuleba 

iSleba axali gamosaxulebebis simravled, romlebSic as-

axulia sawyisi gamosaxulebis Sinagani bunebis sxvadasx-
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va aspeqti. am simravlis TiToeuli Sinagani gamosaxuleb-

is yovel piqselSi SeiZleba inaxebodes am piqselis Sesa-

bamisi scenis obieqtis zedapiruli elementis Semdegi 

oTxi Sinagani maxasiaTeblidan erT-erTi:  

 

 siRrme (daSoreba) _ manZili gamosaxulebis piqseli-

dan scenis Sesabamis zedapirul elementamde; 

 normali _ scenis zedapiruli elementis normalis 

mimarTuleba anu orientacia; 

 ganaTebuloba _ scenis zedapiruli elementis ganaT-

ebuloba; 

 albedo (obieqtis zedapiridan areklili sinaTlis 

sxivis nakadis fardoba dacemuli sxivis nakadTan) an 

scenis zedapiruli elementis sxva romelime arekvl-

is maxasiaTebeli.  

 

amasTan, 3D scenis rac SeiZleba zusti aRqmisTvis 

Sinagani gamosaxulebebi dakvirvebis sxvadasxva wertili-

dan unda iyos miRebuli. adamianebi advilad axdenen 

zemoaRniSnuli maxasiaTeblebis Sefasebas, Tumca Sinaga-

ni gamosaxulebebis avtomaturi ageba jer kidev kvlevis 

sagans warmoadgens. 2.1 suraTze mocemulia 2 martivi sce-

nis gamosaxulebis Sesabamisi Sinagani gamosaxulebebi, 

sadac a) scenis gamosaxulebaa, b) arekvlis gamosaxuleba 

da g) ganaTebulobis gamosaxuleba.  
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      a                 b                 g 

sur. 2.1 

 

Sinagani gamosaxulebis meore magaliTad ganvixiloT 2.2 

suraTze warmodgenili scenis gamosaxulebis fragmenti, 

romelic moicavs kvercxis kidis viwro zols. am fragme-

ntis yoveli piqseli Seicavs Siga gamosaxulebis oTxi 

Sinagani maxasiaTeblis Sesaxeb informacias. kerZod, mni-

Svnelobebs zedapiris siRrmis, misi orientaciis, ganaTe-

bulobis da albedos Sesaxeb (sur. 2.2). suraTidan Cans, 

rom magidaze ganivi mimarTulebiT moZraobisas siRrmis 

sididis cvlileba xdeba TandaTanobiT, xolo magidis 

kidisken ki _ ufro swrafad. siRrmis wyvetas adgili 

aqvs iq, sadac kvercxis zedapiri magidas faravs. magidis 

zedapiris orientacia (zedapiris normalis mimarTuleba) 

erTnairia mis yvela wertilSi, garda kidisa, sadac is 

mkveTrad icvleba. rac Seexeba kvercxis zedapiris orien-

tacias, is mdored icvleba wertilidan wertilamde. al-

bedos mniSvnelobebi gviCvenebs, rom magida ufro muqi 

(sikaSkaSis mniSvneloba tolia 5-is) masalisganaa damza-
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debuli, vidre kvercxi (sikaSkaSis mniSvneloba tolia 9-

is). CrdilSi myofi magidis Sesabamisi piqselebi ufro 

naklebadaa ganaTebuli (sikaSkaSis mniSvneloba udris 1),  

 

 
sur. 2.2 

 

vidre Crdilis gareT arsebuli magidis Sesabamisi 

piqselebi. rac Seexeba kvercxis zedapiris im piqselebs, 

romlebic Seesabameba ganaTebis mimarTulebasTan mcire 

kuTxiT ganlagebul zedapirul elementebs, isini ufro 
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muqad Canan (sikaSkaSis mniSvneloba udris 3), vidre 

uSualod sinaTlis wyaros win arsebuli zedapiruli 

elementebis Sesabamisi piqselebi:  

 

2.3. brtyelwaxnagiani obieqtebis konturuli 

gamosaxulebebis markireba 

 

davuSvaT, rom gvaqvs samganzomilebiani brtyelwaxnagiani 

obieqtis organzomilebiani gamosaxuleba. aseT gamosaxu-

lebaze kideebis gamoyofis operatoris moqmedebisa da 

binarizaciis Sedegad miiReba obieqtis konturuli naxa-

zi _ eskizi. obieqtebis am saxiT warmodgena mniSvnelovn-

ad amartivebs gamosaxulebis analizis amocanas. magali-

Tad, advilad SeiZleba obieqtis warmodgena da aRwera 

misi wveroebis koordinatebis, maT Soris kavSirebis ar-

sebobis, momijnave waxnagebis miTiTebiT, da a. S. magram 

arsebobs Sebrunebuli amocanac _ rogor movaxdinoT ko-

nturuli suraTidan 3D obieqtis rekonstruqcia. sxva si-

tyvebiT rom vTqvaT _ konturuli naxazis rogori „inte-

rpretacia“ unda moaxdinos kompiuterma, rom aRdges 3D 

obieqtis forma. 

brtyeli waxnagebis orientacia erTnairia mTeli ze-

dapiris gaswvriv. Teoriulad daSvebulia, rom gamosaxu-

lebaze aseT waxnagebs sikaSkaSis erTnairi mniSvnelobis 

mqone areebi Seesabameba. wiboebi ki im adgilebs, sadac 

icvleba zedapiris orientacia da Sesabamisad sikaSkaSis 

mniSvneloba. amgvarad, gamosaxuleba SeiZleba warmovid-

ginoT rogorc mravalkuTxedis formis da erTmaneTisgan 

gansxvavebuli sikaSkaSis mniSvnelobis mqone areebisgan 



64 

 

Sedgenili qsovilis naWeri. Tumca realurad, praqtikaSi, 

waxnagebis Sesabamis areebs gamosaxulebaze sikaSkaSis 

erTnairi mniSvnelobebi ar aqvs da momijnave waxnagebis 

sazRvari xmauris gamo gadarecxilia da amitom mkafiod 

ar Cans.   

vTqvaT, rom mocemuli gvaqvs 3D obieqti, romlis 

struqtura mkacrad aris gansazRvruli. kerZod, obieqtis 

kuTxeebi samwaxnagiania, romlebic brtyel zedapirebs wa-

rmoadgenen da yvela kuTxe sami brtyeli waxnagis gadakv-

eTiTaa miRebuli. aseTi obieqti mocemulia 2.3 suraTze.  

 

 
sur. 2.3 

 

misi 3D struqturuli komponentebis aRwerisTvis gamo-

viyenoT terminebi: waxnagebi, nakecebi (zedapiris orient-

aciis mkveTri cvlilebis adgili, an ori sxvadasxva zed-

apiris SeerTebis are) da kuTxeebi, xolo maTi gamosaxu-

lebebisTvis 2D gamosaxulebaze ki terminebi: areebi, wib-

oebi da SeerTebebi. davuSvaT, rom gvaqvs 3D obieqtis 2D 

konturuli gamosaxuleba, romelic Sedgeba areebisa, wi-

boebisa da SeerTebebisagan; aseve is, rom dakvirvebis we-

rtilis mcire cvlilebisas gamosaxulebaze konturuli 

naxazis topologiuri Tvisebebi praqtikulad ar icvle-

ba. es ukanaskneli niSnavs, rom gamosaxulebaze axali wa-
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xnagebi, wiboebi an SeerTebebi arc qreba, da arc warmoi-

Soba. aseT SemTxvevaSi amboben, rom obieqti imyofeba e. w. 

„standartul mdgomareobaSi“.  

3D brtyelwaxnagiani obieqtis rekonstruqciisTvis 

misi konturuli naxazis saxiT warmodgenis SemTxvevaSi, 

saWiroa kompiuterma moaxdinos obieqtis struqturuli 

komponentebis gamosaxulebebis _ areebis, wiboebis da Se-

erTebebis interpretacia. amisTvis konturul naxazze xd-

eba maTi Sesabamisi WdeebiT markireba, risTvisac iyeneben 

specialur algoriTmebs. markirebuli konturuli naxazi 

kompiuters aZlevs saSualebas daadginos Sesabamisoba 3D 

obieqtis struqturul komponentebsa da maT Sesabamis ga-

mosaxulebebs Soris 2D konturul gamosaxulebaze rog-

orc obieqtis formis rekonstruqciis, aseve misi amocno-

bis mizniT. aRmoCnda, rom brtyelwaxnagiani obieqtebis, 

romelTa yvela kuTxe 3 waxnagis gadakveTiTaa formireb-

uli, gamosaxulebebze SeerTebebis warmomqmneli wiboeb-

is yvela SesaZlo konfiguraciis raodenoba SezRudul-

ia. kerZod, is 16-is tolia. isini warmodgenilia 2.4 sura-

Tze.  

 
sur. 2.4 
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rogorc vxedavT, erTmaneTTan SeerTebuli wiboebis 

raodenobidan da maT Soris kuTxeebis sidididan gamomd-

inare, ganasxvaveben SeerTebebis 4 tips. esenia: 𝐿 tipis Se-

erTebebi, isris tipis SeerTebebi, Canglis tipis SeerTeb-

ebi da 𝑇 tipis SeerTebebi.  

 

2.4. 2D gamosaxulebebze asaxuli 3D scenis 

niSan-Tvisebebi 

 
adamians 3D scenis 2D gamosaxulebebze dakvirvebisas Se-

uZlia aRmoaCinos iseTi niSan-Tvisebebi, romelic mas 3D 

sivrcis aRqmis SesaZleblobas miscems. aseTi niSan-Tvise-

bebis raodenoba sakmaod bevria. magaliTad, roca scenis 

gamosaxulebaze erTi obieqti faravs meore obieqts, xo-

lo es ukanaskneli ki sxva obieqts, es niSnavs, rom aRni-

Snuli obieqtebi scenaze sxvadasxva siRrmezea ganlageb-

uli; Tu obieqtis erTi mxare ufro ganaTebulia, vidre 

misi sapirispiro, aseve obieqtis Crdilis sidide da mde-

bareoba gamosaxulebaze saSualebas iZleva ganisazRvros 

scenis ganaTebis wyaros daSoreba da  mdebareoba mocem-

uli obieqtis mimarT; Tu gamosaxulebaze gvaqvs, magali-

Tad, rkinigzis liandagis SpalebiT Seqmnili teqsturu-

li are, maSin misi periodis TandaTanobiT Semcireba miu-

TiTebs damkvirveblisgan siRrmis mimarTulebiT am aris 

TandaTanobiT daSorebas. xolo Tu aseTi are Seesabameba 

Robes, romelic konusurad viwrovdeba, vTqvaT, marcxnid-

an-marjvniv mimarTulebiT, maSin es imas miuTiTebs, rom 

damkvirveblis mimarT Robis sivrciTi daSoreba damkvir-

veblidan marjvena mimarTulebiT moZraobisas izrdeba. 
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3D sivrcis aRqmis aseTi magaliTebi warmodgenilia 2.5 

suraTze.  

 

 
sur. 2.5 

 

aRniSnuli magaliTebi siRrmis maxasiaTebeli niSan-

Tvisebis sxvadasxva gamovlinebebs warmoadgenen. Sesabami-

sad aseT niSan-Tvisebad SesaZlebelia SemovitanoT:  

  

gansazRvreba 2.1. Sualeduri mdebareoba (interposition) 

warmoadgens siRrmis (daSorebis) maxasiaTebel niSan-Tvi-

sebas da gvxvdeba maSin, roca damkvirvebels scenis gamo-

saxulebaze erTi obieqti ufaravs meore obieqts. es niS-

an-Tviseba miuTiTebs, rom damfaravi obieqti ufro axlo-

saa damkvirvebelTan, vidre dafaruli. 
 
amgvarad, urTierTganlagebis gamoyenebiT mniSvnel-

ovnad SeiZleba gaadvildes scenis gamosaxulebaze arse-

buli obieqtebis erTmaneTis mimarT sivrciTi ganlagebis, 

anu fardobiTi siRrmis gansazRvra da Sesabamisad gamo-
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saxulebis interpretacia. amave dros, damkvirveblisgan 

rac ufro siRrmeSia ganlagebuli obieqti scenis gamosa-

xulebaze, miT ufro mcirea misi zomebi (sur. 2.6).  

 

 
sur. 2.6 

 

Sesabamisad, ganixilaven siRrmis maxasiaTebel kidev erT 

niSan-Tvisebas: 

 

 gansazRvreba 2.2. perspeqtiuli masStabirebis (pers-

pective scaling) niSan-Tviseba miuTiTebs, rom scenis gamosa-

xulebaze obieqtamde manZili misi ganzomilebis ukupro-

porciulia. 

 

aq termini „masStabireba“ gamoyenebulia im obieqteb-

is ganzomilebebis Sesadareblad, romlebic gamosaxule-

bis sibrtyis paralelur sibrtyeSi mdebareoben. rogorc 

vxedavT, obieqtis ganzomileba gamosaxulebaze SeiZleba 

gamoyenebul iqnes 3D scenaze misi mdebareobis siRrmis 

gamosaTvlelad. 

scenis gamosaxulebaze dakvirvebisas aRmovaCenT, 

rom obieqtebis ganzomileba icvleba imis mixedviT, es 

obieqti gamosaxulebis sibrtyis paralelurad devs Tu 
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ara. Tu isini gamosaxulebis sibrtyis paraleluradaa 

moTavsebuli, maSin maTi ganzomileba ufro didia, vidre 

im obieqtebis, romlebic sibrtyis mimarT maxvili kuTxiT 

arian ganlagebuli. cxadia, rom aseTive efeqts eqneba ad-

gili gamosaxulebis sibrtyis mimarT maxvili kuTxiT 

ganlagebuli Robis vertikaluri elementebis SemTxvevaS-

ic. kerZod, damkvirveblidan daSorebis  zrdasTan erTad 

Robis elementebis simWidrove sul ufro gaizrdeba 

(sur. 2.5). magram rakursis efeqts adgili ar eqneba, Tu 

damkvirvebeli Robes uyurebs Robis sibrtyis marTobuli 

mimarTulebiT. rogorc vxedavT, aseTi efeqti erTmaneTT-

an akavSirebs 2D obieqtis gamosaxulebas 3D obieqtis st-

ruqturasTan. aRniSnuli efeqti gansazRvravs niSan-Tvi-

sebas: 

 

gansazRvreba 2.3. rakursis efeqti (foreshortening) gamo-

saxulebaze warmoiSoba maSin, roca scenis obieqtze dak-

virveba xdeba misi simetriis RerZis mimarT maxvili kuT-

xiT.    

 

damkvirveblis mimarT obieqtis ganzomilebis cvli-

lebas adgili aqvs aseve teqsturuli gradientis (texture 

gradient) SemTxvevaSic. kerZod, Tu teqsturis elementebis 

mimarT gamoviyenebT masStabirebis da rakursis efeqts, 

maSin teqsturul suraTze miRebuli cvlilebi damkvir-

vebels aZlevs informacias teqsturuli zedapiris daSo-

rebisa da orientaciis Sesaxeb. aRniSnuli efeqti kargad 

Cans, Tu, magaliTad, aguriT aSenebul saxls an romeli-

me mcenaris plantaciis gamosaxulebas davakvirdebiT. te-

qsturuli gradienti warmodgenilia 2.7 suraTze. simind-
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is yanis gamosaxuleba Seicavs ramdenime teqsturas (mce-

nareebi da kvalebi) da teqsturul gradients. gamosaxu-

lebaze qvemodan-zemoT mimarTulebiT moZraobisas, imis 

gamo, rom simindis furclebis raodenoba gamosaxulebis 

farTobis erTeulze sul ufro meti xdeba, teqsturis  

simkvrivec Sesabamisad izrdeba. asevea aguris kedlis Se-

mTxvevaSic, kerZod, suraTis siRrmis mimarTulebiT moZ-

raobisas. 

 

 
sur. 2.7 

 

teqsturuli gradientis arsis gasagebad ganvixil-

oT 2.8 suraTi, romelzec warmodgenilia damkvirveblis 

moZraobisas a) siCqaris masStabireba (cvlileba): 𝐴 obie-

qtis gamosaxuleba ufro swrafad moZraobs, vidre 𝐵 obi-

eqtis, b) rakursis masStabireba, g) teqsturuli gradien-

ti: miuTiTebs, rom damkvirveblidan daSorebasTan erTad 

zedapiri sul ufro mrude xdeba, da d) paralaqsis (moZ-

raobis paralaqsis) efeqtebis warmoqmnis sqema. TiToeul 

sqemaze gamosaxulebis wina sibrtye aRniSnulia vertika-

luri monakveTiT, xolo obieqtebi ganlagebulia misgan 

marjvniv. rogorc suraTidan Cans, damkvirveblis teqstu-
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ruli gamosaxulebis centrisken moZraobisas teqselebis 

(anu teqsturis elementebis) simWidrove sul ufro da 

ufro izrdeba, rac scenaze damkvirveblis mimarT obieq-

tebis ganlagebis siRrmis zrdaze miuTiTebs. zogadad 

SegviZlia vTqvaT, rom gamosaxulebaze teqsturis cvli-

leba, rogorc niSan-Tviseba SeiZleba gamoyenebuli iqnes 

am teqsturis Semcveli 3D zedapiris siRrmis an orienta-

ciis gamosaTvlelad.   

 

  
           a                         b      

 
g 

 
                         d 

sur. 2.8 
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gansazRvreba 2.4. gamosaxulebaze damkvirveblis mier 

romelime mimarTulebiT aRqmul an gazomil teqsturis 

cvlilebas, teqsturuli gradienti ewodeba. 

 

es niSan-Tviseba xSirad ganpirobebulia  damkvirveb-

lis mimarT im 3D zedapirebis sxvadasxva daSorebiT (si-

RrmiT) an orientaciiT, romelTa teqsturac gamosaxule-

bazea mocemuli.   

im SemTxvevaSi, Tu teqsturis Semcveli zedapiris 

mimarT normali ar emTxveva dakvirvebis mimarTulebas, 

maSin aseTi zedapirebi gamosaxulebaze iwveven teqsturu-

li gradientis formirebas, Tumca sawinaaRmdegos yovel-

Tvis adgili ar aqvs.   

damkvirveblis sivrciTi obieqtis mimarT moZraobis-

as warmoiSoba paralaqsuri wanacvleba. msgavs efeqts ad-

gili aqvs maSinac, roca damkvirvebeli uZravia, xolo 

obieqti moZravi. es efeqti axsnilia 2.8,d suraTze warmo-

dgenili sqemiT. kerZod, damkvirvebels 𝑓1 wertilidan 𝑓2 

wertilSi gadaadgilebisas eCveneba, rom 𝐴 da 𝐵 obieqte-

bi erTmaneTs Sordeba da rom masTan ufro axlos myofi 

𝐴 obieqti moZraobs ufro swrafad, vidre ufro Sors 

myofi 𝐵 obieqti. paralaqsuri wanacvlebis efeqts vxvde-

biT magaliTad, roca quCaSi mivdivarT da vxedavT sxva-

dasxva obieqts. Tu axla erT Tvals davxuWavT, maSin im 

obieqtebis gamosaxulebebi, romlebsac gverdze Cavuvl-

iT, Cveni Tvalis baduraze ufro swrafad moZraobs, vid-

re im obieqtebis gamosaxulebebi, romlebic Cven win mde-

bareoben da sakmao manZiliT arian daSorebuli. aseve av-

tomobiliT moZraobisas Sors myofi Semxvedri manqanebis 

gamosaxulebebi baduraze stabilurad mdgradad formir-



73 

 

deba. magram CvenTan TandaTan moaxloebisas maTi gamosa-

xulebebi Cvens mimarT Zalian swrafad gadaadgildeba. 

msgavs movlenas aqvs adgili maSinac, roca damkvirvebe-

li dgas. am dros damkvirveblisTvis avtomobilebi, rom-

lebic mis mimarT axlos moZraoben mas eCveneba ufro 

swrafad moZravi, vidre Sors myofi moZravi avtomobile-

bi.  

amgvarad, zemoaRniSnulis safuZvelze SeiZleba gan-

vixiloT siRrmis maxasiaTebeli Semdegi niSan-Tviseba:  

 

gansazRvreba 2.5. paralaqsuri wanacvleba moZrav da-

mkvirvebels aZlevs informacias gamosaxulebaze scenis 

obieqtebis ganlagebis siRrmis Sesaxeb. damkvirvebelTan 

ufro axlos myofi obieqtebis gamosaxulebebi mis mim-

arT ufro swrafad moZraoben, vidre ufro daSorebuleb-

is. 

 

2.5. obieqtebis sivrciTi maxasiaTebeli  

Tvisebebis aRqmis xerxebi 

 

zemoT ganxiluli iyo 2D gamosaxulebebis maxasiaTebeli 

niSan-Tvisebebi, romlebic SeiZleba gamoyenebuli iyos 3D 

scenis struqturis interpretaciisTvis, obieqtebis zeda-

pirebis formis aRdgenisTvis. magram obieqtis formis aR-

dgena SeiZleba maSinac, Tu gvaqvs erTi gamosaxuleba, 

romelzedac romelime erTi niSan-Tvisebaa warmodgenili. 

Tumca aseT SemTxvevaSi amocanis amoxsna ufro rTuli 

xdeba. amocanis amonaxsnis arsebobis da erTaderTobis 

sakiTxis gadawyveta Znelad misaRwevia, Tu ar viciT obi-

eqtis zedapiris ganaTeba, arekvlisunarianoba da norma-
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lis mimarTuleba. zedapirze dacemuli sinaTlis arekv-

la damokidebulia dakvirvebisa da ganaTebis mimarTule-

baze. gamosaxulebidan 3D scenis zedapiris orientaciis 

Sesaxeb informaciis mosapoveblad bevri meTodi iqna Se-

muSavebuli. es meTodebi cnobilia rogorc formis gan-

sazRvris meTodebi 𝑋-iT, romlebsac mokled ase weren _ 

„formebi 𝑿-iT“, sadac 𝑋 -iT aRniSnulia is sakvanZo maxa-

siaTebeli niSan-Tvisebebi, romelTa gamoyofiTac gamosa-

xulebidan SeiZleba 3D obieqtis formis gansazRvra.  

 

gansazRvreba 2.6. gamosaxulebidan 3D obieqtis zeda-

piris orientaciis gansazRvris process aRdgena (recovery) 

ewodeba. 

 

am procesis Sedegad miiReba e. w. „𝟐𝟏

𝟐
-ganzomilebiani“ 

da ara „𝟑-ganzomilebiani“ eskizi, radganac masze 3D sce-

na warmodgenilia ara mTlianad, aramed mxolod misi xi-

luli zedapirebiT, anu arasrulad.  

sazogadod, erT gamosaxulebaze dayrdnobiT zedapi-

ris orientaciis calsaxad gansazRvra SeuZlebelia Tu 

ar SemovitanT raime damatebiT daSvebebs. amocana ufro 

martivdeba, Tu gvaqvs dakvirvebis sxvadasxva wertilidan 

miRebuli scenis ori an meti gamosaxuleba. Tu cnobilia 

dakvirvebis wertilebis urTierTmdebareoba, maSin SesaZ-

lebelia Sesabamis gamosaxulebebze xiluli scenis ze-

dapiris nebismier wertilamde manZilis gansazRvra. maga-

liTad, stereoskopuli xedvis sistemis SemTxvevaSi am 

manZilis gamoTvla SeiZleba triangulaciis meTodiT, an 

uSualod gazomva sxvadasxva tipis manZilsazomebis gamo-
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yenebiT. aseve manZilis gamoTvla SeiZleba, Tu gvaqvs mo-

Zravi kameriT miRebuli scenis gamosaxulebebis mimdev-

roba. am SemTxvevaSi gamosaxulebidan SesaZlebelia rog-

orc kameris moZraobis kanonis, ise fardobiTi manZileb-

is gansazRvra gamosaxulebaze xiluli obieqtebis zeda-

pirebis wertilebamde.  

ganvixiloT zogierTi is niSan-Tviseba, romlis sce-

nis gamosaxulebidan gamoyofiTac SesaZlebelia 3D obie-

qtis formis aRdgena.  

 

2.5.1. obieqtebis formis gansazRvra erT 

niSan-Tvisebaze dayrdnobiT 

 

formis gansazRvra ganaTebulobis mixedviT (shape from 

shading). damkvirveblis mier obieqtis aRqma damokidebul-

ia sinaTlis wyarodan masze dacemuli da areklili sina-

Tlis raodenobasa da mimarTulebaze. Tavis mxriv, arek-

lili sinaTlis raodenoba ganisazRvreba zedapiris are-

kvlisunarianobiT _ albedoTi. sazogadod, zedapiris 

arekvlisunarianoba aris arekvlisa da dacemis mimarTu-

lebebis funqcia da, aqedan gamomdinare, is sinaTlis mi-

marTulebis (orientaciis) maxasiaTebel Tvisebas warmoa-

dgens. obieqtebis zedapirebis umetesoba ZiriTadad SeiZ-

leba daiyos sarkul (amreklav) da difuziur (gambnev) 

zedapirebad. sarkuli zedapirebisTvis, rogoricaa mina 

an gaprialebuli metali, arekvlisunarianoba arekvlis 

yvela kuTxisTvis nulTan axlosaa garda zedapiris brW-

yviala (kaSkaSa) nawilis Sesabamisi arekvlis kuTxisa. 

xolo difuziurad amreklavi, an idealurad mqrqali ze-

dapirebisTvis arekvlisunarianoba yvela mimarTulebiT 
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erTnairia, anu sinaTle yvela mimarTulebiT Tanabrad an 

TiTqmis Tanabrad airekleba. aseT zedapirebs lambertis 

zedapirebs uwodeben (sur. 2.9). obieqtebis umetesobas sa-

rkuli da difuziuri arekvlis zedapirebis garkveuli 

nazavis Tvisebebi aqvs. intensioba lambertis zedapiris 

romelime  𝑥, 𝑦, 𝑧  wertilSi  damokidebulia sinaTlis 𝑆 

wyaros ganaTebis mimarTulebasa da am wertilSi aRmarT-

ul 𝑛 normals Soris 𝛼 kuTxeze (sur. 2.9). lambertis ze-

dapiris sikaSkaSe dacemuli sinaTlis sxivis energiis  

proporciulia. gluvi zedapirebis mqone obieqtebis Semc-

veli scenebis gamosaxulebebze (magaliTad, burTi) xSir-

ad vxvdebiT aTinaTebs, romlebic ganlagebuli arian ze-

dapiris im wertilebis midamoSi, romlebSic sinaTlis 

wyarodan wamosuli sxivi da damkvirveblis mimarTuleb-

iT arekvlili sxivi am wertilebSi zedapiris mimarT aR-

marTul normalTan erTnair kuTxeebs qmnis.  

 

 
sur. 2.9 

 

amave dros ganaTebulobis mimarTulebasa da zedapi-

ris normals Soris kuTxis zrdasTan erTad gluvi obi-

eqtebis zedapiruli elementebi sul ufro muqi xdeba. 
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sazogadod ki, scenaze arsebuli brtyeli zedapirebi ga-

mosaxulebaze erTgvarovnad gamoiyureba da maTi gamosa-

xulebis yovel wertilSi intensiobis mniSvneloba ganaT-

ebulobis mimarTulebasa da sibrtyis mimarT am wertil-

Si aRmarTul normals Soris kuTxis proporciulia. 

zedapiris formis gansazRvrisTvis gamoiyeneba sxva-

dasxva maTematikuri midgoma, romelze dayrdnobiTac ze-

dapiris mimarT normalis gamoTvla gamosaxulebis piqse-

lSi intensiobis mniSvnelobis safuZvelze xdeba. aseTi 

midgomebis umetesoba eyrdnoba models, romelic aRwers 

kavSirs ganaTebulobasa da zedapiris orientacias Sor-

is. am SemTxvevaSi parametrebis SefasebisTvis saWiroa ka-

meris kalibracia. zogierTi meTodi ki moiTxovs ramdeni-

me kameris gamoyenebas. sazogadod ki, ganaTebulobis mo-

nacemebis mixedviT formis gansazRvris modelebSi moiT-

xoveba Semdegi sidideebis mniSvnelobebis codna:  

 

 dacemuli da arekvlili sinaTlis energiis raodeno-

ba; 

 dacemuli da arekvlili sinaTlis mimarTuleba; 

 zedapiruli elementis orientacia da arekvlis koe-

ficienti. 

 

ganaTebulobis monacemebis mixedviT formis gamoTv-

lisas iseT garemoSi, sadac ganaTebulobis marTva SesaZ-

lebelia, didi raodenobis parametrebis mxedvelobaSi 

miRebas azri ar aqvs. 2.10,a,b suraTze naCvenebia kavSiri 

gamosaxulebis piqselebSi intensiobis mniSvnelobebis sa-

xiT warmodgenil ganaTebulobis monacemebsa da sinaTl-

is wyarodan ganaTebuli obieqtis (larnaki) formas Sor-
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is. rogorc vxedavT, samganzomilebian saxeSi warmodgeni-

li intensiobis funqciis grafiki (sur. 2.10,b) kargad war-

moaCens larnakis zedapiris formas.    

        
          a   b  

sur. 2.10  

 

formis gansazRvra teqsturis mixedviT (shape from 

texture). cnobilia, rom Tu gvaqvs teqsturuli samganzomi-

lebiani zedapiri, maSin mis gamosaxulebaze teqsturis 

aSkara cvlilebebi iZleva informacias am zedapiris or-

ientaciisa da formis Sesaxeb. 2.11 suraTze warmodgenil-

ia erTgvarovani teqsturuli zedapiris mqone daxrili 

sibrtyis perspeqtiuli gamosaxuleba.  

 

 
sur. 2.11 
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rogorc vxedavT, sibrtyis gamosaxulebaze adgili 

aqvs teqselebs Soris rogorc manZilis, ise maTi zomeb-

is, orieqtaciisa da formis (eqscentrisitetis) cvlileb-

as.  

aseTi zedapiris orientaciis gamosaTvlelad SeiZl-

eba gamoviyenoT CvenTvis ukve cnobili teqsturuli gra-

dientis gansazRvreba 2D gamosaxulebis SemTxvevaSi. gan-

vixiloT es amocana TiTqmis brtyeli, erTgvarovani teqs-

turis mqone 3D zedapirisTvis, romelzedac garkveuli 

kuTxiT dakvirvebisas mis organzomilebian gamosaxuleba-

ze formirdeba teqsturuli gradienti. damkvirveblis da 

zedapiris urTierT mdebareobis aRwerisTvis  aseT SemT-

xvevaSi gamoiyeneba ori kuTxuri sidide _ daxra da cer-

obi.  

teqsturuli zedapiris proeqciis misaRebad gamoviy-

enoT obskuris kameriT miRebuli perspeqtiuli proeqci-

is modeli (sur. 2.12):  

 

 
sur. 2.12 
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SevuTavsoT 𝒙𝒘 =  𝑥𝑤 ,𝑦𝑤 , 𝑧𝑤   msoflio koordinatTa siste-

ma gamosaxulebis formirebis optikur sistemas iseTnair-

ad, rom koordinatTa saTave daemTxves fokusis wertils, 

xolo optikuri RerZi −𝑧𝑤 mimarTulebas, anu kameris 

(damkvirveblis) optikur RerZs; 3D zedapiris gamosaxul-

ebis sibrtyis koordinatTa 𝒙𝒊 =  𝑥𝑖 , 𝑦𝑖  sistema moTavsebu-

lia 𝑧 = 𝑓 < 0 wertilSi, 𝑓 fokusuri manZilia, ise, rom 

𝑥𝑖 = 𝑥𝑤 da 𝑦𝑖 = 𝑦𝑤  ; teqsturuli zedapiri aRiwereba masT-

an SeTavsebuli 𝒙𝒔 =  𝑥𝑠 , 𝑦𝑠 , 𝑧𝑠  koordinatTa sistemiT, sa-

TaviT zedapiris da 𝑧𝑤 RerZis gadakveTaSi.  

aseTnairad warmodgenili teqsturuli zedapiris 

orientaciis aRwerisTvis daxra da cerobi Semdegnairad 

ganisazRvreba:   

 

gansazRvreba 2.7. brtyeli zedapiris daxra 𝜏 (tilt) ga-

nisazRvreba rogorc kuTxe gamosaxulebis sibrtyis 𝑥𝑖 

RerZsa da zedapiris normalis 𝑧𝑠 proeqcias Soris.  

 

gansazRvreba 2.8. zedapiris cerobi 𝜎 (slant) es aris 

kuTxe zedapiris 𝑧𝑠 normalsa da 𝑧𝑤 optikuri RerZis mim-

arTulebas Soris. 

 

rogorc vxedavT, 𝑥𝑠 RerZi SeTanasworebulia daxris 

mimarTulebasTan, 𝑧𝑠 RerZi SeTanasworebulia zedapiris 

normalTan, xolo 𝑦𝑠 qmnis marjvena orTogonalur koor-

dinatTa sistemas.  

amgvarad, 3D zedapiris orientaciis gansazRvra Ses-

aZlebelia cerobi-daxra sistemis gamoyenebiT. suraTidan 

Cans, rom cerobis mniSvnelobebi icvleba  00 , 900  interv-
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alSi, xolo daxris mniSvnelobebi ki  −1800, 1800  inter-

valSi. 

ganvixiloT cerobi-daxra sistemis gamoyeneba zedap-

iris orientaciis gansazRvrisTvis konkretul magaliTe-

bze. vTqvaT sworad mdgomi adamiani pirdapir uyurebs 

puris yanas, romelsac is aRiqvams rogorc brtyel zeda-

pirs. Tavis vertikaluri mdgomareobisas yanis brtyeli 

zedapiris daxra toli iqneba 900-is. Tu adamiani Sors 

iyureba, maSin cerobis sidide axlos iqneba 900-Tan. Tu 

adamiani iyureba pirdapir fexebqveS, maSin cerobis sidi-

de axlos iqneba 00-Tan. Tavis marcxniv mobrunebiT 450-

iT yanis brtyeli zedapiris daxra toli iqneba 450-is. 

xolo Tavis marjvniv mobruneba 450-iT gamoiwvevs yanis 

brtyeli zedapiris daxras 1350-iT.  

2.13 suraTze warmodgenilia damkvirveblis mier dak-

virvebis sxvadasxva kuTxidan, romlebic daxrisa da cer-

obis sxvadasxva mniSvnelobebs Seesabameba, danaxuli sin-

usoiduri badiT dafaruli brtyeli zedapiris gansxvave-

buli gamosaxulebebi. rogorc vxedavT, daxrisa da cero-

bis sxvadasxva mniSvneloba srulad gansazRvravs mocemu-

li zedapiris orientacias damkvirveblis mimarT.  

daxra da cerobi, rogorc zedapiris orientaciis 

maxasiaTebeli sidideebi, SeiZleba gamoyenebuli iyos ne-

bismieri brtyeli zedapirisTvis. magaliTad, Senobebis 

gare da Siga kedlebisTvis, yuTebisa da vagonebis gverd-

ebisTvis da a. S. maTi, rogorc maxasiaTeblebis gamoyene-

ba SeiZleba aseve mrude zedapirebisTvisac, Tumca imis 

gamo, rom aseTi zedapiris normalis mimarTuleba cvale-

badia, teqsturuli gradientis gamoTvlac ufro rTulia.   
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sur. 2.13 

 

formis gansazRvra konturis mixedviT (shape from 

boundary). adamians Seswevs unari aRadginos 3D obieqtis 

sivrciTi forma gamosaxulebaze misi konturis moxazul-

obis _ siluetis safuZvelze. aseTi midgoma farTod gam-

oiyeneba 3D statikuri obieqtebis rekonstruqciisaTvis. 

am mizniT SemuSavebuli iqna specialuri meTodebi gluvi 

mrudiT SemosazRvruli aris Siga wertilebSi zedapiris 

mimarT normalebis mimarTulebis gamosaTvlelad, rac 

Tavis mxriv obieqtis zedapiris formis xasiaTs gansaz-

Rvravs. magaliTad, elifsi gamosaxulebaze adamians miu-

TiTebs sivrceSi diskos an sferos arsebobaze. vTqvaT, 

gamosaxulebaze gvaqvs martivi gluvi wriuli kontu-
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ri. sigluve aq imas niSnavs, rom samganzomilebian sivr-

ceSi obieqtis kidis zedapiris mimarT aRmarTuli norma-

lebi marTobuli aris rogorc xedvis mimarTulebis, ise 

gamosaxulebaze formirebuli wriuli ganivi kveTis ele-

mentebis mimarTac. es saSualebas iZleva gamosaxulebis 

konturis wertilebs mivakuTvnoT erTaderTi (unikaluri) 

normali. wriuli konturis diametris bolo wertilebSi 

normalebis mimarTulebebi urTierTsawinaaRmdegoa. amis 

Semdeg ukve SeiZleba diametris gaswvriv zedapiris nor-

malebis mimarTulebis gluvad cvlilebebis interpoli-

reba im pirobiT, rom diametris Sua wertilis normali 

mimarTulia uSualod damkvirveblisken. Tumca amis misa-

Rwevad saWiro iqneba damatebiTi SezRudvebis Semotana, 

magaliTad, elifsur da sferul zedapirebs Soris gansx-

vavebis mxedvelobaSi miReba, an is, rom Tu damkvirvebeli 

uyurebs elifsis bolos, maSin zedapiri sferosgan gans-

xvavebuli iqneba. aseTi daSvebebi zedapiris calsaxa gan-

sazRvris SesaZleblobas iZleva. Nnormalis zedapiris 

mimarT interpolaciisas, rogorc SezRudva, SeiZleba ga-

moyenebuli iqnes informacia ganaTebulobis Sesaxeb. sab-

olood, yvela am monacems SeuZlia dagvexmaros, rom er-

TmaneTisgan ganvasxvaoT kvercxi da burTi, magram ara 

burTis Siga da gare zedapirebi.  

siluetis gamoyenebas 3D obieqtis sivrciTi formis 

gansazRvrisTvis aqvs Tavisi upiratesoba. kerZod, silue-

tebi advilad da martivad misaRebia gansakuTrebiT maSin, 

roca obieqti daxurul garemoSi imyofeba da gamosaxul-

ebaze misi siluetis misaRebad gamoyenebulia statikuri 

kamerebi da moZravi Crdilebic cotaa. aseTi sistema war-

modgenilia 2.14 suraTze, sadac, 𝑂 obieqtis 𝑆1
𝑘 siluetis 
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gamosaxulebis formireba dakvirvebis sxvadasxva 𝐶𝑘 , 

𝑘 = 1,4     wertilSi moTavsebul 𝑘-ur kameraze xdeba drois 

𝑡1 momentSi.  

 

 
sur. 2.14 

 

amasTan obieqtis formis aRdgenis xarisxi miT ukeT-

esia, rac metia siluetebis gamosaxulebis raodenoba. 2.15 

suraTze naCvenebia a) 3D obieqtis sivrciTi formis aRdg-

enis SemTxveva b) 6 siluetis, g) 36 siluetis da d) 66 si-

luetis gamosaxulebis SemTxvevaSi. amasTan, unda aRiniS-

nos, rom siluetis gamoyenebiT 3D obieqtis formis reko-

nstruqcia saWiroebs kalibrirebuli kamerebis gamoyeneb-

as.  

 
 a      b      g           d 

sur. 2.15 



85 

 

siRrmis gansazRvra fokusirebiT (depth from focus). 

rogorc cnobilia, adamiani raime obieqtis mkafiod dasa-

naxad axdens masze Tvalis fokusirebas fokusuri manZi-

lis cvlilebis saSualebiT. msgavs moqmedebas adgili 

aqvs damkvirveblidan (kameridan) obieqtis zedapiris ro-

melime elementamde, romelsac gamosaxulebaze piqseli 

Seesabameba, manZilis (siRrmis) gansazRvrisas. fokusireba 

saSualebas iZleva ganisazRvros scenaze obieqtis mdeba-

reobis siRrme damkvirveblis mimarT. am principze dayrd-

nobiT SemuSavda specialuri mowyobilobebi, romlebSic 

kameris obieqtivis fokusireba avtomaturad xorcielde-

ba. gamosaxulebebis proeqciuli formirebis erT-erT Se-

zRudvas warmoadgens is, rom fokusirebiT siRrmis gansa-

zRvris meTodi ar gamodgeba gamosaxulebebis moculobi-

Ti formirebisTvis, radganac am dros qreba (aRar Cans) 

optikuri RerZis mimarTulebiT arsebuli fokusgareSe 

struqturebi. Tumca es meTodi Tavisi simartivis gamo 

gaumWvirvale zedapirebis siRrmis gansazRvrisTvis sakma-

od sasargeblo meTods warmoadgens.   

siRrmis gansazRvras safuZvlad udevs midgoma, rom-

lis mixedviTac obieqtis wertilis daSoreba 𝑑 bazisis 

sibrtyis (kameris obieqtivis centrze gamavali da optik-

uri RerZis marTobuli sibrtyis) mimarT warmoadgens ga-

mosaxulebis  𝑥, 𝑦 𝑇koordinatebis funqcias. optikidan cn-

obilia, rom funqcia, romelic aRwers wertilis gamosa-

xulebis formirebas warmoadgens gamosaxulebis formir-

ebis sistemis erT-erT mniSvnelovan maxasiaTebels. mas 

wertilis gabnevis funqcia ewodeba. gabnevis funqcias 

mkafio maqsimumi aqvs fokalur sibrtyeSi, xolo fokal-

uri sibrtyidan daSorebasTan erTad intensiobis mniSvne-
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loba manZilis kvadratis proporciulad mcirdeba. es ni-

Snavs, rom gamosaxulebis optikuri formirebisas yvela 

im wertilebs, magaliTad, konturebis, wirebis, romlebS-

ic wertilebis mkafio gamosaxuleba miiReba, aseve sikaS-

kaSis donis eqstremumi eqnebaT fokalur sibrtyeSic. aqe-

dan gamomdinare, optikuri sistemis obieqtze fokusireba 

SeiZleba ganvixiloT rogorc procesi, romlis drosac 

obieqtivis fokusuri manZilis garkveul diapazonSi raR-

ac mudmivi bijiT nabij-nabij cvlilebisas siRrmis mima-

rTulebiT, obieqtis gamosaxuleba fokusur sibrtyeSi 

isev mkafio rCeba.  

es principi udevs safuZvlad kameris obieqtivis fo-

kusirebis avtomaturi marTvis (avtofokusirebis) algor-

iTms, romlis moqmedeba naCvenebia 2.16 suraTze, sadac, 𝑆𝑓 

_ fokusis wertilia,  𝑆𝑚𝑖𝑛 ,𝑆𝑚𝑎𝑥   _ fokusuri manZilis 

mniSvnelobebis cvlilebis diapazonia, 𝜀 _ fokusuri man-

Zilis cvlilebis bijis sididea  da 𝐼1, 𝐼2, . . . , 𝐼𝑛 foku-

suri manZilis mniSvnelobebis Sesabamisi gamosaxulebeb-

ia. algoriTmi ase muSaobs. 𝑓 fokusuri manZilis yvela 

SesaZlo mniSvnelobisTvis xdeba Sesabamisi gamosaxule-

bebis formireba, romelTa mimarTac gamoiyeneba kidis aR-

moCenis operatori. kidis TiToeuli piqselisTvis mexsie-

rebaSi inaxeba 𝑓 fokusuri manZilis is mniSvneloba, ro-

melic kidis yvelaze ufro mkveTr gamosaxulebas iZleva. 

fokusuri manZilis es mniSvneloba gamoiyeneba mocemuli 

piqselis Sesabamisi 3D zedapiris wertilis siRrmis gan-

sazRvrisTvis. magram gamosaxulebis yvela wertili ar 

Seesabameba zedapiris kontrastul areebs. Sesabamisad am 

wertilebSi ar miiReba kidis simkveTris is mniSvnelobe-

bi, romelic siRrmis gamoTvlisTvis iqneba gamosadegi.  
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sur. 2.16  

 

moZraobis aRqmasTan dakavSirebuli niSan-Tvisebebi 

(motion phenomena). damkvirveblis 3D obieqtis mimarT an pi-

riqiT moZraobisas adgili aqvs Sesabamis cvlilebebs  

gamosaxulebaze, anu paralaqsur wanacvlebas. es cvlil-

ebebi ki SeiZleba gamoyenebuli iqnes obieqtis sivrciTi 

formis aRdgenisTvis. im SemTxvevaSi, Tu moZravi kamera 

uaxlovdeba obieqts, maSin iqmneba STabeWdileba, rom Ti-

Tqos gamosaxulebaze am obieqtis wertilebi sxvadasxva 

mimarTulebiT iSleba, xolo piriqiT, Tu kamera Sordeba 

obieqts, maSin gamosaxulebis wertilebi ikribeba erT we-

rtilSi. gamosaxulebis im wertils, romelic yvela da-

narCeni wertilis gaSlis (an Sekrebis) centrad aRiqmeba, 

gafarToebis fokusi ewodeba ($12.3., I nawili). 2.17 suraT-

ze warmodgenilia gafarToebis fokusi kameris obieqtis-

ken moZraobis SemTxvevaSi. 

yvelaze ufro farTod gafarToebis fokusi 3D siv-

rcis wertilebamde Sesabamisi manZilebis gamosaTvlel-
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ad gamoiyeneba. es ki 2D gamosaxulebis safuZvelze obieq-

tis formis aRdgenis SesaZleblobas iZleva. 

 

 

 
sur. 2.17 
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III Tavi. 3D gamosaxulebebis aRqma 

 

3.1. 3D scenis 2D gamosaxulebebis formirebis 

maTematikuri modelebi  

 

3D scenis 2D gamosaxuleba ar iZleva informacias obieq-

tebis damkvirveblidan daSorebis, maTi mdebareobis, zo-

mebis, urTierTganlagebis, ganaTebulobisa da sxva maxa-

siaTeblebis Sesaxeb. magram aseTi informaciis miReba Se-

iZleba iribi niSan-Tvisebebis dadgenis gziT. magaliTad, 

scenaze obieqtebis ganlagebis siRrmis Sesaxeb informa-

ciis miReba SeiZleba, Tu gveqneba scenis gamosaxulebebi 

dakvirvebis sxvadasxva wertilidan. aRmoCnda, rom aseTi 

gamosaxulebebis erTmaneTTan SeTanadebiT SesaZlebelia 

scenis 3D struqturis rekonstruqcia. kerZod, obieqtebis 

formis, zomebis, sivrciTi ganlagebis gansazRvra. cxad-

ia, rom es moiTxovs rogorc gamosaxulebis formirebis 

procesis, aseve scenisa da misi gamosaxulebis wertileb-

is koordinatebs Soris Tanafardobebisa da gamosaxule-

bis aRqmis mowyobilobebis parametrebis gansazRvras.  

3D uwyveti gamosaxuleba, msgavsad 2D uwyveti gamo-

saxulebisa, formalurad aRiwereba rogorc namdvili  

cvladis namdvili funqcia, romelic 3D  sivrcis nebismi-

er (𝑥, 𝑦, 𝑧) wertilSi iRebs namdvil mniSvnelobas da gan-

sazRvravs intensiobis (sikaSkaSis) 𝑓(𝑥, 𝑦, 𝑧) sidides am we-

rtilSi.  

3D sivrceSi obieqtis mdebareobis aRwerisTvis mosa-

xerxebelia aTvlis ori sistemis gamoyeneba. marTalia, 

gamosaxulebis sibrtyesTan dakavSirebuli aTvlis siste-
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ma mosaxerxebelia gamosaxulebaze wertilebis mdebareo-

bis koordinatebis gansazRvrisTvis, magram mouxerxebel-

ia 3D obieqtis wertilebis mdebareobis koordinatebis 

gansazRvrisTvis, risTvisac saWiro xdeba manZilebis gaz-

omva kameris mier gansazRvruli garkveuli mdebareobis 

mqone RerZebis mimarT. amis gamo aseTi sistemas praqtika-

Si xSirad ar iyeneben. am mdgomareobidan idealur gamo-

savals warmoadgens swored koordinatTa ori sistemis 

gamoyeneba. pirveli aris dakvirvebul scenasTan dakavSi-

rebuli msoflio koordinatTa 𝑿′ =  𝑋1 
′ , 𝑋2 

′ ,𝑋3 
′  𝑇 sistema 

da meore _ kamerasTan dakavSirebuli 𝑿 =  𝑋1 , 𝑋2 ,𝑋3 
𝑇 koo-

rdinatTa sistema (sur. 3.1), romlis 𝑋3 RerZi emTxveva ka-

meris optikur RerZs.  

 

 
sur. 3.1 

 

gadaadgileba msoflio koordinatTa sistemidan ka-

meris koordinatTa sistemaSi moiTxovs gadatanis da mo-

brunebis gardaqmnebis Sesrulebas. amisTvis, jer xdeba 

msoflio koordinatTa sistemis saTavis gadatana kameris 

koordinatTa sistemis saTaveSi gadatanis 𝑻 veqtoris sa-
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SualebiT, xolo Semdeg gadatanili sistemis mobruneba 

kameris Sesabamis RerZebTan SeTavsebamde (sur. 3.1). maTe-

matikurad gadatana SeiZleba aRiweros veqtorebis sxvao-

biT, xolo mobruneba koordinatebis veqtoris matricaze 

gamravlebiT: 

 

𝑿 = 𝑹 𝑿′ − 𝑻 . 

 

3.1.1. gamosaxulebis formirebis proeqciuli 

sistemis modeli 

 

sazogadod, kameris optikuri sistemis mier 3D sivrcis 

sxvadasxva wertilebis gamosaxulebebi gamosaxulebis si-

vrceSi proecirdeba fokaluri sibrtyidan sxvadasxva ma-

nZilze. magram, Tu manZili kamerasa da dakvirvebul sce-

nas Soris gacilebiT metia optikuri sistemis fokusur 

manZilze, maSin SeiZleba CaiTvalos, rom gamosaxulebis 

formireba xdeba kameris fokalur sibrtyeSi. Sesabamis-

ad, gamosaxulebis formirebis modelad SeiZleba avirCi-

oT kameris proeqciuli modeli, romelSic 3D scenis 2D 

gamosaxuleba miiReba kameris obieqtivis  optikuri cent-

ris gavliT misi proecirebiT fokalur sibrtyeSi (gamo-

saxulebis sibrtyeSi). gamosaxulebis formirebis proeq-

ciuli modelis gamoyenebiT SeiZleba ganisazRvros 3D 

scenis wertilebsa da 2D sibrtyeze miRebul maT gamosa-

xulebebs (proeqciebs) Soris arsebuli Tanafardobebi.  

3D scenis 2D gamosaxulebis formirebis geometriu-

li modelis rolSi Cven mier ukve ganxiluli iyo obsku-

ris kamera ($2.2., I nawili). aseTi sistema centraluri (pe-

rspeqtiuli) proecirebis optikur sistemas warmoadgens, 
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ramdenadac yvela sxivma erT centralur wertilSi _ ob-

skuris kameris xvrelSi unda gaiaros. aRniSnuli sistema 

Seicavs gamosaxulebis sibrtyis centrSi centrirebul 

erT koordinatTa sistemas, rac mosaxerxebelia gamosax-

ulebaze wertilebis mdebareobis gansazRvrisTvis. mas 

„kameracentrul“ sistemasac uwodeben (sur. 3.2). suraTze 

warmodgenilia aseT sistemaSi obieqtis wertilis gamo-

saxulebis formirebis geometria. rogorc vxedavT, obieq-

tis  𝑋1 , 𝑋2 ,𝑋3 
𝑇 wertilidan wamosuli sxivi gadis obsku-

ris kameris naxvretSi da kveTs gamosaxulebis sibrtyes 

 𝑥1 ,𝑥2 , −𝑑′  𝑇 wertilSi.  

 

 
sur. 3.2 

 

magram Tu obieqti  gamWvirvalea, maSin erT koordi-

natiani sistema mouxerxebelia 3D sivrceSi obieqtis wer-

tilebis mdebareobis (koordinatebis) calsaxa gansazRv-

risTvis. aseT SemTxvevaSi gamosaxulebis formirebis aR-

niSnuli modeliT obieqtis yvela wertili, romlebic 

obieqtivze gamaval wrfeze mdebareobs, aisaxeba gamosa-
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xulebis sibrtyis erT wertilSi. amgvarad, 2D gamosaxu-

lebis TiToeul wertils 3D sivrceSi Seesabameba am wer-

tiliT da obieqtivis centriT gansazRvruli wrfe, rome-

lzec unda mdebareobdes obieqtis Sesabamisi wertili. 

aqedan gamomdinare, gamosaxulebis mocemuli wertili 

calsaxad ar gansazRvravs obieqtze Sesabamisi wertilis 

mdebareobas. Sesabamisad, 3D scenis 2D gamosaxulebis fo-

rmirebisas ikargeba scenis samganzomilebiani struqtur-

is Sesaxeb mniSvnelovani informacia.  

zemoaRniSnuli ganapirobebs Semdegi 2 fundamenturi 

amocanis gadawyvetis aucileblobas: 

 

 3D obieqtis nebismieri mocemuli wertilisTvis 2D 

gamosaxulebaze misi proeqciis mdebareobis gansazRv-

ra; 

 2D gamosaxulebis nebismieri mocemuli wertilisTvis 

im wrfis gansazRvra, romelzec unda idos 3D obieq-

tis Sesabamisi wertili.  

 

am amocanebis gadawyveta moiTxovs pirdapiri da 

ukuproeqciuli gardaqmnebis Sesabamisi Tanafardobebis 

gansazRvras. amisTvis ganvixiloT 3D scenis 2D sibrtyeze 

perspeqtiuli proecirebis amocana 3.3 suraTze warmodge-

nili gamosaxulebis formirebis martivi modelis safu-

Zvelze, sadac 𝒗(𝑥, 𝑦, 𝑧)𝑡 wertilia 3D sivrceSi, 

𝒗𝒑  𝑥𝑝 ,𝑦𝑝 ,𝑧𝑝 
𝑡
 misi proeqciaa gamosaxulebis wina sibrtye-

ze, xolo 𝑓 obieqtivis fokusuri manZilia. gamosaxuleb-

is formirebis procesis ganxilva ufro mosaxerxebelia 

gamosaxulebis wina sibrtyeze, vidre namdvil sibrtyeze, 
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romelic dakvirvebis obieqtidan obieqtivis ukan mdebare-

obs. amasTan, namdvil sibrtyeze obieqtis gamosaxuleba, 

gansxvavebiT wina sibrtyisgan, gadabrunebulia, Tumca ga-

mosaxulebebis ganzomileba orive sibrtyeze erTnairia. 

gamosaxulebis wina sibrtye warmosaxviTi sibrtyea, rome-

lic obieqtivis centridan 𝑓 manZiliTaa daSorebuli ob-

ieqtis mimarTulebiT.  

 

 
sur. 3.3 

 

aRmoCnda, rom suraTze mocemuli martivi SemTxvevi-

sTvis, sadac 𝑦 RerZi kameris optikur RerZs emTxveva da 

gamosaxulebis sibrtyis marTobulia, pirdapiri proeqci-

uli gardaqmnis formulebis gansazRvrisTvis sakmarisia 

ganvixiloT saproeqcio sxivisa da 𝒗 da 𝒗𝒑  wertilebis 

koordinatebiT Seqmnili samkuTxedebis msgavseba, romlis 

safuZvelzec SesaZlebelia pirdapiri gardaqmnis formu-

lebis miReba. kerZod, samkuTxedebis msgavsebidan gamom-
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dinare 3D sivrcis 𝒗(𝑥, 𝑦, 𝑧)𝑡 wertilis gamosaxulebis sib-

rtyeze 𝒗𝒑  𝑥𝑝 ,𝑦𝑝 ,𝑧𝑝 
𝑡
 proeqciis koordinatebisTvis gveqne-

ba Semdegi gantoleba: 

 
𝑥𝑝

𝑓
=

𝑥

𝑓+𝑦
 ; 𝑦𝑝  = 0 ; Dda  

𝑧𝑝

𝑓
=

𝑧

𝑓+𝑦
 ; 

 

saidanac, 

              𝑥𝑝 =
𝑓𝑥

𝑓+𝑦
 ;  𝑦𝑝  = 0 ; Dda  𝑧𝑝 =

𝑓𝑧

𝑓+𝑦
 .         (3.1) 

 

rogorc vxedavT, pirdapiri gardaqmnis (3.1) gantole-

ba SesaZleblobas iZleva 3D sivrcis nebismieri 𝒗 werti-

lis 𝒗𝒑 proeqciis koordinatebi gamosaxulebis sibrtye-

ze ganisazRvros kameris fokusuri manZilisa da 𝒗 wert-

ilis msoflio koordinatebis saSualebiT. Tu (3.1) gan-

tolebidan ganvsazRvravT 𝑥 cvlads: 

 

                   𝑥 =
𝑥𝑝

𝑓
 𝑦 + 𝑓 =

𝑥𝑝

𝑧𝑝
𝑧,                   (3.2) 

 

maSin es ukanaskneli gvaZlevs kameris obieqtivis 

(0, −𝑓, 0)𝑡 centrsa da gamosaxulebis sibrtyis  (𝑥𝑝 , 0, 𝑧𝑝)𝑡 

wertilze gamavali wrfis gantolebas da warmoadgens 

ukuproeqciuli perspeqtiuli gardaqmnis erT-erT saxes, 

romelic gamosaxulebis mocemuli (𝑥𝑝 , 0, 𝑧𝑝)𝑡 wertilisTv-

is 3D sivrceSi gansazRvravs im wrfis gantolebas, rome-

lzec unda idos (𝑥𝑝 , 0, 𝑧𝑝)𝑡 wertilis Sesabamisi obieqtis 

wertili.  
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(3.1) gantolebidan Cans, rom gamosaxulebis sibrtye-

ze 𝒗𝒑 proeqciis koordinatebi mxolod 𝒗 wertilis mso-

flio koordinatebiT da Sesabamisi 𝑓 𝑓 + 𝑦  proporciu-

lobis koeficientiT ganisazRvreba, ris gamoc SeuZlebe-

lia ganisazRvros dakvirvebis wertilidan obieqtamde ma-

nZili da aseve obieqtis zomebi.  

magram bunebrivi scenebis umravlesobaSi obieqtebi 

gaumWvirvalea. am SemTxvevaSi dakvirvebuli 3D sivrce da-

dis 2D zedapirebze. sivrciTi obieqtis zedapiri im SemT-

xvevaSi proecirdeba srulad gamosaxulebis sibrtyeze, 

Tu obskuris kameris mcire diametris xvrelSi gamaval 

erTi da imave sxivze am zedapiris erT wertilze meti 

wertili ar devs. Tu es piroba ar sruldeba, maSin zeda-

piris Sesabamisi nawilebi uxilavi rCeba. am efeqts dafa-

rvas uwodeben. dafaruli 3D sivrce maSin SeiZleba gavxa-

doT xiluli, Tu sinaTlis wertilovan wyaros movaTavs-

ebT kameris mcire diametris xvrelSi (sur. 3.4). aseT Se-

mTxvevaSi scenis uxilavi nawilebi kamerasTan 

 

 
sur. 3.4 
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axlos myofi obieqtebis CrdilSi iqneba moTavsebuli. 

cxadia, rom aseT SemTxvevaSi 3D obieqtis formis sruli 

aRdgena SeuZlebelia. am amocanis gadasawyvetad iyeneben 

gamosaxulebebis stereoskopuli formirebis meTods. 

 

3.1.2. gamosaxulebis formirebis  stereoskopuli 

sistemis modeli 

 

3D formis rekonstruqciis erT-erT xerxs warmoadgens 

gamosaxulebebis formirebis stereoskopuli meTodi, ro-

melic emyareba scenis gamosaxulebis formirebas dakvir-

vebis sivrcis sxvadasxva wertilSi moTavsebuli ori 

gadamwodis saSualebiT. aRsaniSnavia, rom gamosaxulebis 

formirebis aseT sistemas warmoadgens adamianis mxedve-

loba.  

zemoT aRiniSna, rom proeqciuli gardaqmnis gamoyen-

ebiT gamWvirvale obieqtis gamosaxulebis formirebisas 

adgili aqvs mravali wertilis asaxvas gamosaxulebis 

sibrtyis erT wertilSi. aqedan gamomdinare es ukanaskne-

li calsaxad ar asaxavs 3D sivrceSi obieqtis Sesabamis 

wertils. aseve sazogadod SeuZlebelia calsaxad ganisa-

zRvros sivrceSi obieqtis romelime zedapiris orienta-

cia mxolod erT gamosaxulebaze dayrdnobiT. meore mx-

riv, Tu cnobilia obieqtis orientacia, maSin SesaZlebe-

lia imis winaswar Tqma, Tu rogor gamoiyureba is gamo-

saxulebaze, rac Semdgom misi amocnobis saSualebas mo-

gvcems. amgvarad, zemoaRniSnuli calsaxobis misaRwevad 

sakmarisi ar aris mxolod  erTi gamosaxuleba, aramed 

saWiroa kidev raRac damatebiTi monacemebi. gaumWvirvale 

obieqtis SemTxvevaSi Cven vxedavT mxolod mis 2D zedapi-
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rebs da ara realur 3D obieqts. Sesabamisad, damkvirveb-

lis mimarT 3D obieqtis zedapiris wertilebis sivrciTi 

ganlagebis gansazRvrisTvis saWiroa e. w.  siRrmis gamo-

saxulebis formireba, romelic garda sikaSkaSis mniSvne-

lobisa gamosaxulebis yovel piqselSi moiTxovs agreTve 

damatebiT informacias dakvirvebis wertilidan zedapir-

is TiToeul wertilamde manZilis (siRrmis) Sesaxeb. ase-

Ti damatebiTi informaciis miRebis standartul meTods, 

romelic gamosaxulebis TiToeuli piqselisTvis calsax-

ad asaxavs 3D sivrceSi obieqtis Sesabamisi wertilis 

mdebareobas, warmoadgens stereoskopia. 

stereoskopuli meTodiT siRrmis gamosaxulebis, 

anu 3D scenaze obieqtis dakvirvebis wertilidan daSore-

bis gansazRvrisTvis damatebiTi monacemebis misaRebad 

scenis gadaReba xdeba dakvirvebis ori wertilidan da 

Sesabamisad miiReba scenis ori gamosaxuleba _ stereowy-

vili. Tu cnobilia dakvirvebis ori wertilis urTierT-

mdebareoba, maSin stereoskopuli triangulaciis princi-

pze dayrdnobiT manZilsazomis gamoyenebiT SeiZleba ga-

nisazRvros manZili (siRrme) im zedapiris TiToeul wer-

tilamde, romelic orive gamosaxulebaze moCans.  

arsebobs siRrmis gazomvis sxvadasxva meTodi, rom-

lebic e. w. triangulaciis principzea damyarebuli. ker-

Zod, stereoskopia, aqtiuri triangulacia, siRrmis gan-

sazRvra fokusirebiT, konfokaluri mikroskopia da sxv.  
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3.1.3. siRrmis gansazRvris stereoskopuli sistemis 

modeli 

 

siRrmis aRqmis martivi stereoskopuli sistemis geomet-

riuli modeli warmodgenilia 3.5 suraTze. sistema Sed-

geba ori, erTmaneTTan axlos ganlagebuli kamerisgan, 

romelTa optikuri RerZebi erTmaneTis paraleluria. ka-

merebis gamosaxulebis (stereogamosaxulebebis) sibrtyee-

bi am modelSi komplanarulia (erT sibrtyeSi mdebareo-

bs). aTvlis sistemis koordinatTa saTaved aRebulia ka-

merebis obieqtivebis centrebis SemaerTebeli wrfis, e. w. 

bazisis sigrZis Sua wertili. siRrmis aRqmis aseTi sis-

tema damaxasiaTebelia mravali biologiuri organizmisa-

Tvis.  

 

gansazRvreba 3.1. 3D scenis stereoskopuli aRqmisas 

dakvirvebis wertilebSi moTavsebuli kamerebis optikur 

RerZebs Soris manZilis 𝒃 veqtors stereoskopuli bazi-

si ewodeba. 

 

 
sur. 3.5 
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scenis obieqtze dakvirveba erTmaneTisgan 𝒃 bazis 

veqtoriT daSorebuli kamerebidan iZleva Sesabamisad da-

kvirvebis sxvadasxva kuTxes. am kuTxeebs Soris gansxvave-

bis gamo gamosaxulebebis sibrtyeze formirdeba scenis 

wertilebis erTmaneTis mimarT wanacvlebuli ori proeq-

cia.  

 

gansazRvreba 3.2. scenis wertilis proeqciebs ster-

eogamosaxulebebis sibrtyeze SeuRlebuli wyvili ewode-

ba. 

 

3.5 suraTze warmodgenil SemTxvevaSi 𝑥1
𝑟 da 𝑥1

𝑙 war-

moadgenen scenis 𝑋1 wertilis proeqciebs Sesabamisad 

marjvena da marcxena kamerebis gamosaxulebebis sibrtye-

ebze. Sesabamisad, isini SeuRlebuli wyvilia. 

 

gansazRvreba 3.3. scenis obieqtze ori wertilidan  

dakvirvebis Sedegad gamosaxulebebis sibrtyeze formire-

buli proeqciebis mdebareobebs Soris gansxvavebas dispa-

ratuloba an paralaqsi ewodeba.  

 

swored disparatulobis sididis safuZvelze aRiqv-

ams damkvirvebeli mis mimarT scenis obieqtebis siRrmes  

(daSorebas). paralaqsi warmoadgens veqtorul sidides 

da igi 𝒃 stereoskopuli bazisis paraleluria. Sesabamis-

ad, Tu orive kamera zustad aris orientirebuli obieqt-

ze, maSin damkvirveblisTvis paralaqsis mimarTuleba uk-

ve winaswaraa cnobili, magram paralaqsis gamoTvla yove-

lTvis araa SesaZlebeli. kerZod, Tu gamosaxulebis ro-

melime seqtorSi stereobazisis mimarTulebiT sikaSkaSis 
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doneebis cvlilebis raime niSani ar Cans, maSin paralaq-

sis gamoTvla SeuZlebelia.  

3.5 suraTze mocemul SemTxvevaSi scenis obieqtze 

dakvirvebis kuTxeebs Soris gansxvaveba umniSvneloa. dis-

paratulobis sidide 𝑝 ki tolia: 

 

       𝑝 = 𝑥1
𝑟 − 𝑥1

𝑙 = 𝑑′ 𝑋1+𝑏
2 

𝑋3
− 𝑑′ 𝑋1−

𝑏
2 

𝑋3
= 𝑏

𝑑 ′

𝑋3
 ,     (3.3) 

 

sadac, 𝑥1
𝑟 da 𝑥1

𝑙 obieqtis 𝑋1 wertilis proeqciebia Sesa-

bamisad marjvena da marcxena kamerebis gamosaxulebebis 

sibrtyeebze, 𝑋3 manZilia kameris obieqtividan obieqtamde 

koordinatTa 𝑍 RerZis gaswvriv, xolo 𝑑′ _ manZili gamo-

saxulebis sibrtyesa da kameris obieqtivs Soris, anu 𝑓 

fokusuri manZili. rogorc vxedavT, disparatulobis si-

dide 𝑝 ukuproporciulia 𝑋3 manZilis (nulis tolia usa-

srulod daSorebuli obieqtisTvis) da proporciulia 𝑏 

stereoskopuli bazisis da kamerebis 𝑓 fokusuri manZil-

is (daSorebuli obieqtebisTvis 𝑑′ ≈ 𝑓). amgvarad, obieqt-

is daSorebis zrdasTan erTad kameridan obieqtamde man-

Zilis gansazRvra ufro rTuli xdeba. amasTan, scenis 

obieqtis paralaqsuri wanacvleba (disparatulobis sidi-

de) miT metia, rac ufro axlosaa obieqti kamerasTan. 3.6 

suraTze warmodgenilia adamianis mxedvelobis marcxena 

da marjvena analizatorebze formirebuli 3D sivrcis 𝐶, 

𝐹 da 𝑃 wertilebis stereogamosaxulebebi. amasTan, 𝑃 

bifiqsaciis (interesis) wertilia da warmoadgens 

analizatorebis monokularuli xedvis RerZebis 

gadakveTis wertils. 𝐶 wertili analizatorebTan ufro 
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axlosaa, vidre bifiqsaciis 𝑃 wertili, xolo 𝐹 wertili 

ki ufro Sors. rogorc vxedavT, 𝐶 wertilis stereoga-

mosaxulebebs Soris disparatulobis sidide ufro did-

ia, vidre 𝐹 wertilis.  

 

 
sur. 3.6 

 

Tu (3.3) gantolebas zogad saxeSi CavwerT, maSin gve-

qneba: 

 

                        𝑥𝑟 − 𝑥𝑙 = 𝑏
𝑓

𝑍
 ;                   (3.4) 

 

aqedan ki SesaZlebelia ganisazRvros 𝑍 manZili stereo-

sistemis bazuri sibrtyidan sivrciTi obieqtis  𝑋, 𝑌, 𝑍  

wertilamde. kerZod, (3.4) gantolebidan gveqneba: 



103 

 

𝑍 =
𝑏𝑓

𝑥𝑟−𝑥 𝑙  ; 

 

rogorc vxedavT, scenis wertilis damkvirveblidan 𝑍 da-

Sorebis _ siRrmis gamosaTvlelad saWiroa stereogamo-

saxulebebze mis Sesabamis stereowyvilebs _ SeuRlebul 

wyvilebs Soris disparatulobis sididisa da optikuri 

sistemis kalibraciis proceduriT miRebuli parametreb-

is codna. Tumca imis dadgena, rom scenis wertilebsa da 

maT Sesabamis SeuRlebul wyvilebs Soris namdvilad ar-

sebobs Sesabamisoba, sazogadod advil amocanas ar war-

moadgens.    

Tu scenis TiToeuli wertilisTvis cnobilia misi 

kameris sibrtyidan daSoreba, maSin SesaZlebelia siRrm-

is rukis _ siRrmis gamosaxulebis (range image) miReba. in-

tensiobis gamosaxulebisgan gansxvavebiT igi warmoadgens 

gamosaxulebas, romlis TiToeuli piqselis mniSvneloba 

warmoadgens gadamwodis saSualebiT gazomili manZilis 

funqcias, anu manZils kameris sibrtyidan scenis Sesabam-

is wertilamde.   

siRrmis rukis miReba SeiZleba rogorc specialuri 

siRrmis kameris, ise stereowyvilebis gamosaxulebebis 

saSualebiT. am ukanasknel SemTxvevaSi stereowyvilis 

erTi gamosaxulebis nebismieri wertilisTvis meore ste-

reowyvilis gamosaxulebaze iZebneba misi Sesabamisi Se-

uRlebuli wertili. Semdeg, triangulaciis meTodis ga-

moyenebiT stereowyvilebze napovni yvela SeuRlebuli 

wyvilisTvis 3D sivrceSi ganisazRvreba maTi Sesabamisi 

sivrciTi wertilebis koordinatebi. am koordinatebis 
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saSualebiT ki ganisazRvreba manZili obieqtidan kameris 

bazur sibrtyemde. 

scenis siRrmis gazomva aseve SesaZlebelia Tu ste-

reoskopul sistemaSi erT-erTi kameris nacvlad sinaTl-

is wyaros gamoviyenebT. aseT SemTxvevaSi scenis siRrmis 

suraTis rekonstruqciisTvis saWiroa miRebuli gamosa-

xulebis TiToeuli piqselisTvis ganisazRvros masze ga-

naTebis (sxivebis) dacemis mimarTuleba. faqtobrivad es 

monacemebi disparatulobis Sesaxeb monacemebis ekviva-

lenturia. siRrmis gansazRvris aseT meTods aqtiuri 

triangulacia ewodeba. 

realur optikur sistemebs siRrmis aRqmis SezRudu-

li veli aqvs. Ees imas niSnavs, rom 3D obieqtis mkafio 

gamosaxulebis miReba mxolod im SemTxvevaSi xdeba, ro-

ca misi daSoreba kameridan _ anu siRrme raRac garkve-

ul sazRvrebSi meryeobs. am sazRvrebis gareT gamosaxu-

leba ukve bundovani xdeba. swored am princips emyareba 

fokusis saSualebiT siRrmis gansazRvris meTodebi. 

aRniSnuli midgoma triangulaciis meTodisTvis damaxa-

siaTebeli yvela ZiriTadi TvisebiT xasiaTdeba. erTader-

Ti gansxvaveba imaSi mdgomareobs, rom aq ori sxivis nac-

vlad bevri sxivi gamoiyeneba. es midgoma ar gamodgeba 

moculobiTi gamosaxulebebis formirebisTvis, radganac 

am dros optikuri RerZis mimarTulebiT ganlagebuli 

dakvirvebis obieqtisTvis damaxasiaTebeli struqturebi  

qreba _ ar Cans. AaseTi meTodebi gansakuTrebiT gamosade-

gia wvrili detalebis Semcveli gaumWvirvale  zedapire-

bis, magaliTad, metalis damuSavebuli zedapirebis 

struqturis gansazRvrisaTvis. aRniSnuli meTodi im Se-

mTxvevaSi muSaobs, Tu zedapiri wvril detalebs Seicavs. 



105 

 

sawinaaRmdego SemTxvevaSi gamoiyeneba ganaTebis konfoka-

luri meTodi. aseTi midgomis saWiroeba arsebobs masa-

laTmcodneobasa da sicocxlis Semswavlel mecnierebeb-

Si, sadac Zalian mniSvnelovania obieqtis struqturis 

mikroskopuli moculobiTi gamosaxulebis formireba. 

amisTvis gamoiyeneba konfokaluri mikroskopia. aseTi mi-

dgomis mTavari principi mdgomareobs imaSi, rom naTdeba 

mxolod fokusur sibrtyeSi arsebuli wertilebi. es ki 

miiRweva gamosaxulebis sibrtyeze lazeris sxivebis kon-

is skanirebis gziT, romlis fokusireba fokusur sibrt-

yeze mikroskopis optikuri sistemis mier xdeba.  

 

3.1.4. stereogamosaxulebebi 

 

stereogamosaxulebebi gamoiyeneba momxmareblisTvis in-

teraqtul reJimSi samganzomilebiani scenebis warmodgen-

isTvis, rac kompiuteruli grafikis amocanas warmoadg-

ens. igi kompiuteruli xedvis Sebrunebuli amocanaa anu 

roca cnobilia samganzomilebiani zedapiris yvela 

 𝑋, 𝑌, 𝑍  wertili da grafikulma sistemam unda moaxdinos 

misi marcxena da marjvena gamosaxulebebis formireba. 

(16.3) gantolebaze  dayrdnobiT, obieqtis  𝑋, 𝑌, 𝑍  wertil-

is 𝑥𝑟 da 𝑥𝑙 proeqciebi zogad saxeSi SeiZleba ase Caiwer-

os:  

 

𝑥𝑟 = 𝑓
𝑋+𝑏

2 

𝑍
 ; 

𝑥𝑙 = 𝑓
𝑋−𝑏

2 

𝑍
 ; 

                        𝑦𝑟 = 𝑦𝑙 = 𝑌𝑓 𝑍 .                  (3.5) 
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(3.5) gantolebebi saSualebas gvaZlevs gamovTvaloT 

samganzomilebiani scenis mocemuli  𝑋, 𝑌, 𝑍  wertilis 

marcxena  𝑥𝑙 ,𝑦𝑙  da marjvena  𝑥𝑟 , 𝑦𝑟  gamosaxulebebi cnobi-

li 𝑏 bazisis sigrZisa da 𝑓 fokusuri manZilis SemTxve-

vaSi. amgvarad, grafikuli sistema axdens cal-calke ori 

gamosaxulebis formirebas. momxmareblisTvis maTi miwo-

deba xdeba ori xerxidan erTerTiT: an a) specialuri 

Cafxutis meSveobiT, romelSic CamontaJebuli displeeb-

iT erTi gamosaxuleba miewodeba marcxena Tvals, xolo 

meore marjvenas, an b) ekranis monitorze gamosaxulebebi 

miewodeba rigrigobiT damatebiT ferebTan erTad, xolo 

momxmarebeli am gamosaxulebebs akvirdeba sxvadasxva fe-

radi filtrebis mqone specialuri saTvalis saSualebiT.  

 

3.1.5. Sesabamisobis dadgena stereogamo- 

saxulebebs Soris 

 

scenis wertilebis siRrmis sworad gansazRvra SeuZlebe-

lia manam, sanam stereogamosaxulebebze ar moxdeba SeuR-

lebuli wertilebis niSan-Tvisebebis mdebareobis zust-

ad dadgena. cxadia, rom sawinaaRmdego SemTxvevaSi siRr-

mis mniSvnelobebic arasworad iqneba gansazRvruli. Seu-

Rlebuli wyvilebis dadgena ki maT Soris Sesabamisobis 

gansazRvris gziT xdeba, ris Semdegac ukve SesaZlebelia 

scenis wertilebis siRrmis gamoTvla. 

 

kros-korelaciis meTodi. Sesabamisobis dadgenis 

erT-erT tradiciul meTods warmoadgens kros-korelaci-

is meTodi, romelic emyareba daSvebas, rom stereowyvil-

is pirveli 𝐼1 gamosaxulebis 𝑃1 wertilisTvis stereowyv-
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ilis meore 𝐼2 gamosaxulebaze unda arsebobdes iseTi 

are, romelSic moiZebneba 𝑃1-is Sesabamisi 𝑃2 wertili. Zi-

ebis aris ganzomileba ganisazRvreba gamosaxulebebis mi-

saRebad saWiro kameris momarTvis parametrebis (magaliT-

ad, kalibraciis parametrebis, etalonuri gamosaxulebeb-

is) safuZvelze. aseTi aris SigniT Ziebisas is 𝑃2 piqseli, 

romlisTvisac kros-korelaciis operators maqsimaluri 

gamoZaxili eqneba, CaiTvleba 𝑃1 piqselisTvis saukeTeso 

Sesatyvis da Sesabamisad, SeuRlebul piqselad. amis Sem-

deg 𝑃1 da 𝑃2 wertilebis wyvilis saSualebiT triangu-

laciis meTodis gamoyenebiT gamoiTvleba 3D sivrcis Se-

sabamisi wertilis koordinatebi. siRrme ki gamoiTvleba 

rogorc manZili kameris bazur sibrtyemde.  

 

simboloebis Sedarebis meTodi. stereogamosaxuleb-

ebs Soris niSan-TvisebaTa Sesabamisobis dadgenis meore 

xerxs warmoadgens simboloebis Sedarebis meTodi. igi 

gulisxmobs erT stereogamosaxulebaze romelime niSan-

Tvisebis moZiebas da Semdeg mis Sedarebas meore stereo-

gamosaxulebis niSan-TvisebasTan. aq xSirad gamoyenebuli 

tipuri niSan-Tvisebebia: SeerTebebi, monakveTebi da aree-

bi gamosaxulebaze. aRniSnuli niSan-Tvisebebis Sedarebis 

procesi maT Soris Sesabamisobis dadgenis mizniT SeiZ-

leba aRiweros Cven mier ukve ganxiluli SeTanxmebuli 

markirebis  enaze ($1.8). 

vTqvaT, gamosaxulebis nawilebis 𝑃 simravlis rol-

Si ganixileba 𝐼1 pirveli gamosaxulebis niSan-TvisebaTa 

simravle, xolo Wdeebis 𝐿 simravlis rolSi ki 𝐼2 meore 

gamosaxulebis niSan-TvisebaTa simravle. Tu gamosaxule-
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baze erTze meti tipis niSan-Tvisebaa, maSin TiToeul 

nawils Sesabamisi Wde unda hqondes. ufro metic, sivrci-

Ti 𝑅𝑃 mimarTebebi 𝑃 simravleze unda emTxveodes sivrc-

iT 𝑅𝐿 mimarTebebs 𝐿 simravleze. amasTan, magaliTad, Tu 

erT gamosaxulebaze 2 tipis SeerTeba erTmaneTTan monak-

veTiTaa dakavSirebulia, maSin aseve monakveTiT unda iy-

os erTmaneTTan dakavSirebuli Sesabamisi SeerTebebi me-

ore gamosaxulebaze. Tu Sesadarebel niSan-Tvisebebs wa-

rmoadgenen monakveTebi, maSin SedarebisTvis SeiZleba ga-

moyenebuli iyos paralelurobisa da kolinearulobis 

mimarTebebi. xolo areebis SedarebisTvis SeiZleba gamo-

yenebuli iyos areebis momijnaveobis mimarTeba.    

stereogamosaxulebebis Sedarebisas Sesabamisobis 

dadgenis procesSi SeiZleba warmoiSvas rigi problema, 

magaliTad, roca erT-erT gamosaxulebaze SeuRlebuli 

niSan-Tvisebis aRmoCena SeuZlebeli xdeba erT-erTi dak-

virvebis wertilis wanacvlebis gamo, an roca erT gamo-

saxulebaze niSan-Tvisebebi Cans, xolo meoreze dafaru-

lia romelime zedapiris mier, da a. S. amgvarad, simbol-

oebis Sedarebis proceduriT ver iZebneba saukeTeso Se-

Tanxmebuli markireba, aramed xdeba Sedarebis miaxloebi-

Ti proceduris gamoyeneba. amitom SeuRlebul niSan-Tvi-

sebaTa Soris Sesabamisobis dadgena srulad ver xerxde-

ba, ris gamoc siRrmis mniSvnelobebi miiReba 3D sivrcis 

wertilebis mxolod patara simravlisTvis, Sesabamisoba 

monakveTebs Soris ganisazRvreba mxolod ramdenime wer-

tilis doneze, ver xerxdeba Sesabamisobis gansazRvra 

areebis yvela wertilisTvis. Sedegad miiReba meCxeri si-

Rrmis ruka, anu meCxeri matrica, romelSic elementebis 

mniSvnelobebi yvelgan gansazRvruli araa. aseTi siRrmis 



109 

 

rukidan koreqtuli siRrmis rukis _ arameCxeri matricis 

misaRebad matricis cnobil sidideebs Soris mniSvnelo-

bebis gansazRvrisTvis iyeneben wrfivi interpolaciis me-

Tods.    

simboloebis Sedarebis meTodis gamoyenebisas cdo-

milebebi bevr etapze warmoiSoba. amitom praqtikaSi uf-

ro farTo gamoyeneba aqvs kros-korelaciis meTods. 

 

epipolaruli SezRudva. stereogamosaxulebebis Se-

darebis amocana SeuRlebuli niSan-Tvisebebis dadgenis 

mizniT martivdeba, Tu cnobilia kamerebis urTierT ori-

entacia. aseT SemTxvevaSi proecirebis geometriuli Tvi-

sebebi ar aris damokidebuli scenis struqturaze da da-

mokidebulia mxolod kamerebis Siga parametrebze da maT 

urTierTmdebareobaze (gare parametrebze). maT Seiswavl-

is epipolaruli geometria (epipolar geometry).  

saerTod, zogadi saxis stereosistemis konfigurac-

ia uSvebs kamerebis nebismier ganlagebas da orientacias. 

magram amasTan erTad TiToeuli kameris xedvis veli un-

da moicavdes scenis mniSvnelovan nawils. aqedan gamom-

dinare, epipolarul geometriaze dayrdnobiT SeiZleba  

iseTi epipolaruli konfiguraciis stereosistemis Seqm-

na, romelic SeuRlebuli wyvilebis Ziebis process gaa-

martivebs. aseTi stereosistema warmodgenilia 3.7 suraT-

ze, sadac 𝑪 da 𝑪′ kamerebis optikuri centrebia, xolo 

maTi SemaerTebeli wrfe ki stereosistemis bazisi. rog-

orc vxedavT, 3D sivrcis 𝑿 wertilis koordinatebs mar-

cxena da marjvena kamerebis gamosaxulebebis sibrtyeze 

Sesabamisad  warmoadgenen  𝒙  da 𝒙′ proeqciebi da ismis 

kiTxva: ra mimarTeba arsebobs am SeuRlebul wertilebs 
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Soris? rogorc suraTidan Cans, sivrcis 𝑿 wertili, misi 

𝒙  da 𝒙′ proeqciebi da kamerebis 𝑪 da 𝑪′ optikuri cent-

rebi komplanarulebia. 

    

 
sur. 3.7 

 

gansazRvreba 3.6. sibrtyes, romelic gadis 3D sivrc-

is 𝑿 wertilze, mis 𝒙 da 𝒙′ stereoproeqciebze da kamere-

bis 𝑪 da 𝑪′ optikur centrebze, epipolaruli sibrtye 

(epipolar plane) ewodeba.  

 

davuSvaT, rom Cven viciT 𝑿 wertilis mxolod 𝒙 

proeqciis mdebareoba marcxena kameris gamosaxulebis 

sibrtyeze da gvainteresebs, sad mdebareobs misi SeuRle-

buli (ucnobi) 𝒙′ proeqcia marjvena kameris gamosaxuleb-

is sibrtyeze (sur. 3.7). epipolaruli sibrtyis gansazRv-

rebidan gamomdinare 𝒙′ proeqciis maformirebeli sxivi 𝝅 
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epipolarul sibrtyeze devs, iseve rogorc 𝒙 proeqciis. 

aqedan gamomdinare, 𝒙′ proeqcia 𝝅 epipolaruli sibrtyis 

da marjvena kameris gamosaxulebis sibrtyis gadakveTis 

𝑰′ wrfeze unda mdebareobdes. es wrfe warmoadgens 𝒙 pr-

oeqciis maformirebeli sxivis proeqcias marjvena kamer-

is gamosaxulebis sibrtyeze. 𝑰′ wrfes 𝒙 proeqciis Sesaba-

misi epipolaruli wrfe ewodeba. analogurad gveqneba ma-

rjvena kameris SemTxvevaSi. kerZod, roca viciT 𝑿 werti-

lis 𝒙′ proeqciis mdebareoba marjvena kameris gamosaxu-

lebis sibrtyeze da veZebT ucnobi 𝒙 proeqciis mdebareo-

bas marcxena kameris gamosaxulebis sibrtyeze. zemomoyva-

nili msjelobis msgavsad miviRebT, rom ucnobi 𝒙 proeq-

cia 𝒙′ proeqciis Sesabamis da marcxena kameris gamosaxu-

lebis sibrtyeze myof 𝑰 epipolarul wrfeze unda mdeba-

reobdes. amgvarad, 3D sivrcis 𝑿 wertilis 𝒙 da 𝒙′ proeq-

ciebis mdebareoba stereogamosaxulebebze SezRudulia 𝑰 

da 𝑰′ epipolaruli wrfeebiT. es movlena cnobilia rog-

orc epipolaruli SezRudva. rogorc vxedavT, epipolar-

ul geometriaze damyarebul stereosistemaSi SeuRlebu-

li wertilebis Ziebis amocana 2D sivrcidan daiyvaneba 

erTganzomilebian sivrceze, anu epipolarul wrfeze.  

zemoTqmulis safuZvelze SeiZleba SemovitanoT epi-

polaruli sibrtyis zogadi da wrfis Semdegi: 

 

gansazRvreba 3.7. sibrtyes, romelic gadis stereosi-

stemis bazaze da kveTs stereogamosaxulebis sibrtyeebs 

Sesabamis epipolarul wrfeebze, epipolaruli sibrtye 

ewodeba. 
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gansazRvreba 3.8. epipolaruli sibrtyis da stereo-

gamosaxulebis sibrtyis gadakveTis wrfes, epipolaruli 

wrfe ewodeba.  

 

epipolaruli sibrtye (𝜋) da wrfeebi (𝐼𝑒 da 𝐼′𝑒 ′ ) war-

modgenilia 3.8 suraTze.  

 

 
sur. 3.8 

 

epipolaruli sibrtyis gansazRvrebidan gamomdinar-

eobs, rom 3D sivrceSi 𝑿 wertilis mdebareobis cvlile-

basTan erTad icvleba epipolaruli sibrtyis mdebareob-

ac, kerZod, is iwyebs „brunvas“ bazisis wrfis irgvliv 

(sur. 3.9). 

rogorc 3.8 suraTidan Cans, epipolaruli sibrtye 

stereosistemis baziss kveTs 𝑒 da 𝑒 ′ wertilebSi, romle-

bic amave dros epipolarul wrfeebze mdebareoben. Sesa-

bamisad gvaqvs Semdegi: 
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gansazRvreba 3.9. stereosistemis bazis wrfis da ga-

mosaxulebis sibrtyis kveTis wertils, epipoli ewodeba. 

 

 
sur. 3.9 

 

imisTvis, rom stereogamosaxulebebidan avagoT sce-

nis zusti modeli, saWiroa misi wertilebis siRrmis zu-

stad gamoTvla. es ki Tavis mxriv moiTxovs SeuRlebuli 

wyvilebis mdebareobis zustad gansazRvras. imisTvis, 

rom SeuRlebuli wyvilebis Ziebis procesi gaadvildes, 

zustad iyos gansazRvruli maTi mdebareoba, saWiroa st-

ereogamosaxulebebi erTmaneTis mimarT ise movmarToT 

(gausworoT), rom yvela epipolaruli wrfe Sesabamisi 

gamosaxulebis gverdebis (ZiriTadSi iReben horizontal-

ur gverdebs) paraleluri iyos. aseT SemTxvevaSi, meore 

kameris gamosaxulebaze SeuRlebuli wertili imave st-

riqonze iqneba, romelzec is aris pirveli kameris gamo-

saxulebaze. stereogamosaxulebebis momarTvis am proc-
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ess reqtifikacia-gasworeba (stereo rectification) ewodeba. amis 

Semdeg ukve SeiZleba Ziebis procesis dawyeba. 

 

3.2. manZilsazomebi da siRrmis 

gamosaxulebebi 

 

manZilsazomebi warmoadgenen mowyobilobebs, romelTa 

saSualebiT SesaZlebelia dakvirvebis wertilidan manZi-

lis _ siRrmis gazomva samganzomilebiani scenis obieqt-

ebis zedapirebis elementebamde. manZilsazomiT miRebuli 

gamosaxuleba _ siRrmis gamosaxuleba Seicavs monacemebs 

uSualod obieqtis zedapiris formis Sesaxeb. aseT xels-

awyos warmoadgens lazeruli manZilsazomi _ lidari 

(LIDAR _ Light Detection and Range _ sinaTlis aRmoCena da si-

Rrmis gansazRvra). manqanuri xedvis sistemebSi lidareb-

is saSualebiT xdeba 3D zedapirebis siRrmis gamosaxul-

ebis formireba.  

lidaris SemadgenlobaSi Sedis lazeruli gamomsxi-

vebeli, skaneri da mimRebi. lidari amplitudur-moduli-

rebuli lazeruli sxivis saSualebiT anaTebs 3D obieqt-

is zedapirs da mimRebis saSualebiT aRiqvams misgan arek-

lil signals. Sesabamisad, manZili obieqtis zedapiramde 

izomeba gamosxivebul da areklil signalebs Soris fa-

zaTa sxvaobiT (fazuri wanacvlebiT) anu im droze dayr-

dnobiT, romlis ganmavlobaSic amplitudur-modulirebu-

li lazeris sinaTlis sxivi gaivlis manZils gamosxiveb-

is momentidan obieqtis zedapiramde da Semdeg ukan moZ-

raobisas mimRebamde. aqedan gamomdinare, manZili 𝑑 skan-

ersa da obieqtis zedapirs Soris gamoiTvleba formul-

iT: 
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𝑑 =
𝑐 × 𝑡

2
 , 

 

sadac 𝑐 sinaTlis siCqarea, xolo 𝑡 dro, romelsac sina-

Tlis sxivi xarjavs gamomsxiveblidan mimRebTan misvlam-

de.   

lidaris teqnologiazea damyarebuli 3D lazeruli 

skanerebis muSaobis principi.  is Cveulebrivi fotokamer-

is msgavsia, magram am ukanasknelisgan gansxvavebiT, rome-

lic Tavis gamosaxulebaze mxolod obieqtis zedapirze 

naxevartonebis ganawilebis suraTs iZleva, skaneri gamo-

saxulebis TiToeul wertilSi zedapiramde manZilis mni-

Svnelobasac iZleva, ris safuZvelzec gamoiTvleba am we-

rtilebis sivrciTi koordinatebi. amgvarad, lazeruli 

skanirebis Sedegad obieqtis TiToeuli skanirebuli wer-

tilisTvis gveqneba monacemebi misi sivrciTi 𝑋, 𝑌, 𝑍 ko-

ordinatebis, arekvlis intensiobis da feris Sesaxeb. ob-

ieqtis skanirebis Sedegad miiReba monacemebis didi kreb-

uli, romelsac wertilebis Rrubels uwodeben. es mona-

cemebi skaneris gamosasvlelze warmodgenilia arastruq-

turirebuli koordinarebis saxiT dekartis koordinatTa 

sistemaSi. wertilebis Rrublebis yvelaze metad gavrce-

lebuli formatebia: TXT, IGS da ASCII. aseTnairad miReb-

uli monacemebi Semdgom gamoiyeneba 3D obieqtebis form-

is rekonstruqciisTvis. magram obieqtis zusti 3D gamosa-

xulebis formirebisTvis erTi skanireba sakmarisi ar ar-

is. saWiroa ramdenime skanireba, Tanac dakvirvebis sxva-

dasxva wertilidan. amis Semdeg xdeba dakvirvebis sxvada-

sxva wertilidan skanirebis Sedegad miRebuli monacemeb-

is dayvana erT saerTo koordinatTa sistemaze, rac gul-
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isxmobs miRebuli gamosaxulebebis erTmaneTze mibmas _ 

SeTavsebas  SeTanasworebis gziT, ris Sedegadac miiReba 

obieqtis zusti 3D suraTi. 3D lazerul skanerebs far-

To gamoyeneba aqvs rogorc mrewvelobaSi (detalebis 3D 

modelebis Seqmna, detalebis xarisxis Semowmeba, samrewv-

elo metrologia), mSeneblobaSi, aseve, vizualizaciis 

amocanebSi, animaciaSi, renderingSi, reliefis cifruli 

modelis SeqmnaSi, samedicino vizualizaciaSi, arqeolo-

giaSi da a. S.  

 

3.3. gamosaxulebebis moculobiTi formirebis 

principebi 

 

yvela is meTodi, romelsac SeuZlia damkvirveblidan 3D 

obieqtamde daSorebebis (siRrmeebis) simravlis erTdrou-

lad gazomva, SeiZleba gamoyenebuli iqnes gamosaxulebe-

bis moculobiTi formirebisTvis. magram, garda siRrmis 

gamosaxulebebis formirebis meTodebisa, moculobiTi ga-

mosaxulebebis misaRebad damatebiT saWiroa kidev ori 

bazuri principis Semotana. kerZod:  

 

 ganaTebulobis Sreebad daSla _ gamosaxulebebis 

proeqciuli formirebisas CvenTvis ucnobia, Tu scen-

is ra siRrmidanaa mosuli is ganaTeba, romelic gam-

osaxulebis sibrtyeze gamosaxulebas iZleva. is SeiZ-

leba modiodes proeqciuli sxivis nebismier wertil-

idan ($3.1.1.). magram SesaZlebelia, rom scenis ganaTeba 

iseTnairad vareguliroT, rom sinaTle siRrmis mxo-

lod garkveul diapazons ecemodes. aseT SemTxvevaSi 
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CvenTvis ukve cnobili iqneba scenis ra siRrmidan 

xdeba gamosaxulebis sibrtyis ganaTeba;  

 siRrmis gansazRvra proeqciaTa simravliT: tomogra-

fia _ 3D obieqtis calkeuli proeqcia mxolod nawi-

lobriv informacias iZleva misi moculobiTi suraT-

is Sesaxeb. amitom daismis kiTxva, SesaZlebelia Tu 

ara dakvirvebis sxvadasxva wertilidan (xedvis sxva-

dasxva mimarTulebidan) calkeuli proeqciebis miRe-

ba da Semdeg maTi gaerTianebiT obieqtis sruli 3D 

gamosaxulebis miReba. meTodebi, romlebic  proeqcia-

Ta simravlis saSualebiT siRrmis gansazRvris SesaZ-

leblobas iZleva, cnobilia rogorc tomografia. 
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IV Tavi. obieqtebis mdebareobis (pozis) 

gansazRvra 3D sivrceSi 

 
4.1. wertilis 3D koordinatebis gamoTvla 

zogadi saxis stereoskopul sistemaSi 

 
4.1 suraTze mocemulia stereoskopuli sistemis zogadi 

sqema. orive, 𝑪𝟏 da 𝑪𝟐 kamera mimarTulia 3D sivrcis er-

Ti da imave muSa nawilisken, romelTanac dakavSirebulia 

msoflio 𝑾 koordinatTa samganzomilebiani sistema. 3D 

sivrcis 𝑷 wertilis gamosaxulebebs 𝑪𝟏 da 𝑪𝟐 kamerebze 

Sesabamisad warmoadgens 𝑷𝟏 da 𝑷𝟐 wertilebi.  

 

 
sur. 4.1 
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suraTidan Cans, rom msoflio 𝑾 koordinatTa sam-

ganzomilebian sistemaSi 𝑷𝒘 wertilis koordinatebi _ 

 𝑃𝑥
𝑤 ,𝑃𝑦

𝑤 , 𝑃𝑧
𝑤 

𝑡
 SeiZleba gamoiTvalos 𝑪𝟏 da 𝑪𝟐 kamerebze ga-

mosaxulebis maformirebeli ori, 𝑃𝑤𝑂1 da 𝑃𝑤𝑂2 sxivis 

gadakveTis wertilis koordinatebis saSualebiT.  

zogadi stereoskopuli sqemis mixedviT (sur. 4.1) 3D 

sivrceSi wertilis koordinatebis gamosaTvlelad saWi-

roa: 

 

 muSa 𝐖 koordinatTa sivrceSi 𝐂𝟏 kameris mdebareob-

is (pozis) da aseve kameris ramdenime Siga parametr-

is, magaliTad, fokusuri manZilis codna. yvela es 

parametri warmoidgineba e. w. kameris matricis saSua-

lebiT, romelic maTematikurad aRwers gamosaxuleb-

is TiToeuli 𝐏𝟏 wertilis formirebisTvis saWiro 

sxivs 3D sivrceSi.  

 muSa 𝐖 koordinatTa sivrceSi 𝐂𝟐 kameris mdebareob-

is da Siga parametrebis codna, aseve 𝐂𝟐 kameris mat-

rica. 

 Sesabamisobis dadgena muSa sivrcis 3D 𝐏𝐰 wertilsa 

da mis or 𝐏𝟏 da 𝐏𝟐 SeuRlebul 2D gamosaxulebebs 

Soris. 

 𝐏𝐰 wertilis koordinatebis gamoTvlis formula pr-

oeqciuli 𝐏𝐰𝐎𝟏 da 𝐏
𝐰𝐎𝟐 sxivis saSualebiT. 

 

unda aRiniSnos, rom 4.1 suraTze mocemuli orive ka-

mera kalibrirebulia msoflio 𝑾 koordinatTa sistema-

Si. im SemTxvevaSi, Tu dakvirvebis obieqtis modeli cnob-

ilia, maSin stereoskopul sistemaSi wertilis samive ko-
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ordinatis gamosaTvlelad erTi kameris gamoyenebac ki 

sakmarisia. aRniSnulis saCveneblad davuSvaT, rom 4.1 su-

raTze arsebuli piramidis simaRle mocemulia, anu cno-

bilia 𝑃𝑧
𝑤 koordinati. es niSnavs, rom 𝑷 wertilis mdeba-

reobis mimarT arsebobs SezRudva, igi unda imyofebodes 

𝑧 = 𝑃𝑧
𝑤 sibrtyeze. maSin, danarCeni ori, 𝑥 da 𝑦 koordina-

tebis gansazRvra SesaZlebelia 𝑪𝟏 kameridan wamosuli 

gamosaxulebis maformirebeli sxivis aRniSnul sibrtyes-

Tan gadakveTis wertilis saSualebiT. amgvarad, modelis 

Sesaxeb informacia ukve TavisTavad iZleva im SezRudvas, 

rac sakmariss xdis erTi kameris gamoyenebas samganzomi-

lebian sivrceSi wertilis koordinatebis gansazRvrisT-

vis.  

 

4.2. afinuri gardaqmnebi 3D sivrceSi 

 
I TavSi Cven ganvixileT afinuri gardaqmnebi organzomi-

lebian sivrceSi. aseTi gardaqmnebi samganzomilebian siv-

rceSic gamoiyeneba. maT farTo gamoyeneba aqvT ara marto 

3D manqanur xedvaSi, aramed robototeqnikaSi da virtua-

lur realobaSi. aqac ZiriTad sivrciT gardaqmnebs war-

moadgenen gadatana, mobruneba, masStabireba da wanacvle-

ba. iseve rogorc organzomilebian SemTxvevaSi, aqac ga-

moTvlebis simartivisTvis gamoviyenebT iseTive aRniSvn-

ebs. kerZod, magaliTad, 𝑷 wertilis koordinatebi 

 𝑃𝑥 ,𝑃𝑦 ,𝑃𝑧 
𝑡
 3D sivrceSi warmodgenili iqneba oTxi erTgva-

rovani  𝑠𝑃𝑥 , 𝑠𝑃𝑦 , 𝑠𝑃𝑧 , 𝑠 
𝑡
 koordinatis saxiT, sadac 𝑠 aranu-

lovani masStabirebis koeficientia da Cveulebrivad ud-
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ris 1. amasTan, wertilis koordinatebi Caiwereba veqtor-

svetis  saxiT. 

3D sivrceSi afinuri gardaqmnebis ganxorcieleba 

moiTxovs wertilis mdebareobis gansazRvras sxvadasxva 

koordinatTa sistemis mimarT. ganvixiloT scena (sur. 

4.2), sadac gvaqvs 4 koordinatTa sistema:  

 

1. modelTan (obieqtTan) dakavSirebuli M koordinatTa 

sistema;  

2. msoflio (muSa sivrcis) W koordinatTa sistema;  

3. C gadamwodis koordinatTa sistema;  

4. D gadamwodis koordinatTa sistema.  

 

Sesabamisad, scenis 𝑷 wertilis (piramidis wveros) 

koordinatebi am koordinatTa sistemebis mimarT gansxva-

vebulia. magaliTad, 𝑷 wertili C gadamwodis koordina-

tTa sistemidan 𝑸 wertilis marcxniv Cans, xolo D gada-

mwodis koordinatTa sistemidan ki 𝑸 wertilis marjvniv, 

anu es gadamwodebi piramidas sxvadasxva mxridan xedaven. 

Sesabamisad, 𝑷 wertilis koordinatebic am oTxi koordi-

natTa sistemis mimarT gansxvavebuli iqneba. kerZod, C 

gadamwodis koordinatTa sistemis mimarT _ 𝑷𝐶 =

 𝑃𝑥
𝐶 ,𝑃𝑦

𝐶 ,𝑃𝑧
𝐶 , D gadamwodis koordinatTa sistemis mimarT _ 

𝑷𝐷 =  𝑃𝑥
𝐷 ,𝑃𝑦

𝐷 , 𝑃𝑧
𝐷 , modelis M koordinatTa sistemis mimarT 

_ 𝑷𝑀 =  𝑃𝑥
𝑀 ,𝑃𝑦

𝑀 ,𝑃𝑧
𝑀 =  𝑏 2,𝑏 2,  2

2
  𝑏 , sadac 𝑏 piramidis fuZis 

gverdis sigrZea, xolo msoflio W koordinatTa sistem-

is mimarT piramidis wveros koordinatebi SeiZleba warm-

ovadginoT rogorc M koordinatTa sistemis W koordin-
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atTa sistemis mimarT gadatanisa da mobrunebis gardaqmn-

ebis kombinaciis Sedegad miRebuli koordinatebi: 

 

𝑷𝑊 =  𝑃𝑥
𝑤 ,𝑃𝑦

𝑤 ,𝑃𝑧
𝑤  = 𝑻𝑹  

𝑏

2
,
𝑏

2
,
 2

2
𝑏 , 

 

sadac TR –iT aRniSnulia gadatanis da mobrunebis gar-

daqmnebis kombinacia.   

 

 
sur. 4.2 

 

gadatana. gadatanis gardaqmnis Sesrulebis dros 𝑷𝟐 

wertilis koordinatebis misaRebad meore koordinatTa 
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sistemaSi gadatanis veqtoris 𝑥0, 𝑦0, 𝑧0 koordinatebi ja-

mdeba 𝑷𝟏 wertilis koordinatebTan pirvel koordinatTa 

sistemaSi (sur. 4.1). magaliTad, imisTvis, rom erTmaneTT-

an davakavSiroT modelis koordinatTa sistemaSi arsebu-

li wertilis koordinatebi mis koordinatebTan msofl-

io koordinatTa sistemaSi, saWiroa Sesruldes gadatan-

is (da aseve mobrunebis) garkveuli gardaqmna (sur. 4.2), 

romelic mokled ase Caiwereba: 

 

𝑷𝟐 = 𝑻 𝑥0 , 𝑦0 , 𝑧0 𝑷
𝟏; 

 

matricul formaSi ki mas aseTi saxe eqneba: 

 

𝑷𝟐 =

 
 
 
 
𝑃𝑥

2

𝑃𝑦
2

𝑃𝑧
2

1  
 
 
 

=  

1  0  0  𝑥0

 0  1  0  𝑦0

0  0  1  𝑧0

0  0  0  1

 

 
 
 
 
𝑃𝑥

1

𝑃𝑦
1

𝑃𝑧
1

1  
 
 
 

. 

 

masStabireba. samganzomilebiani masStabirebis matr-

icis gamoyeneba SesaZleblobas iZleva koordinatTa sis-

temis TiToeuli mimarTulebis mimarT gamoviyenoT gansx-

vavebuli masStabirebis koeficientebi, Tumca isini SeiZ-

leba erTnairebic iyos. magaliTad, ganzomilebis erTeu-

lebis cvlilebisas an erTgvarovani masStabirebisas, ro-

ca gansazRvruli zomis mqone modelis miRebaa saWiro. 

zemoTqmuli mokled ase SeiZleba Caiweros: 

 

𝑷𝟐 = 𝑺𝑷𝟏 = 𝑺 𝑠𝑥 , 𝑠𝑦 , 𝑠𝑧 𝑷
𝟏; 

 
xolo matricul formaSi ki: 
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𝑃𝑥

2

𝑃𝑦
2

𝑃𝑧
2

1  
 
 
 

=

 
 
 
 
𝑠𝑥𝑃𝑥

2

𝑠𝑦𝑃𝑦
2

𝑠𝑧𝑃𝑧
2

1  
 
 
 

 

𝑠𝑥   0  0  0
 0  𝑠𝑦   0  0

0  0  𝑠𝑧   0

0  0  0  1

 

 
 
 
 
𝑃𝑥

1

𝑃𝑦
1

𝑃𝑧
1

1  
 
 
 

. 

 

mobruneba. mobrunebis matrica advilad iwereba, Tu 

mobrunebas vaxdenT romelime erT-erTi koordinatTa Re-

rZis mimarT. aseTi matricis veqtor-svetebis komponenteb-

ad gaxdebian mobrunebis Sedegad miRebuli (gardaqmnili) 

erTeulovani bazisuri veqtorebis komponentebi. magaliT-

ad, 𝑂𝑍 RerZis irgvliv mobruneba organzomilebiani gar-

daqmnis msgavsia (I Tavi), mxolod 3D SemTxvevaSi mas ema-

teba wertilis 𝑧 koordinati. 4.3 suraTze naCvenebia Tu 

rogor xdeba erTeulovani bazisuri veqtorebis mdebare-

obis cvlileba Sesabamisad a) 𝑂𝑋, b) 𝑂𝑌 da g) 𝑂𝑍 koor-

dinatTa RerZebis mimarT 𝜃 kuTxiT mobrunebis SemTxveva-

Si:  

 

a) 

 
 

𝑷𝟐 = 𝑹 𝑋1 , 𝜃 𝑷𝟏 ; 
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𝑃𝑥

2

𝑃𝑦
2

𝑃𝑧
2

1  
 
 
 

=  

1       0                0         0 
 0     cos 𝜃    − sin𝜃   0  
0     sin 𝜃     cos 𝜃      0  
0        0                0       1

 

 
 
 
 
𝑃𝑥

1

𝑃𝑦
1

𝑃𝑧
1

1  
 
 
 

. 

 

b) 

 
 

𝑷𝟐 = 𝑹 𝑌1 , 𝜃 𝑷𝟏; 

 
 
 
 
𝑃𝑥

2

𝑃𝑦
2

𝑃𝑧
2

1  
 
 
 

=  

cos 𝜃        0       sin𝜃         0 
    0             1          0             0  
−  sin 𝜃    0       cos 𝜃        0  
   0           0          0             1 

 

 
 
 
 
𝑃𝑥

1

𝑃𝑦
1

𝑃𝑧
1

1  
 
 
 

. 

 

g) 
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𝑷𝟐 = 𝑹 𝑍1 ,𝜃 𝑷𝟏; 

 
 
 
 
𝑃𝑥

2

𝑃𝑦
2

𝑃𝑧
2

1  
 
 
 

=  

cos 𝜃       −  sin𝜃       0        0 
sin 𝜃          cos 𝜃         0        0
  0                 0               1        0 

   0               0             0        1   

 

 
 
 
 
𝑃𝑥

1

𝑃𝑦
1

𝑃𝑧
1

1  
 
 
 

. 

sur. 4.3 

 

ganvixiloT magaliTi, romelSic msoflio 𝑾 koor-

dinatebis kameris 𝑪 koordinatebSi gardaqmna moiTxovs 

mobrunebisa da gadatanis gardaqmnebis kombinaciis Sesr-

ulebas (sur. 4.4). rogori iqneba aseTi kombinirebuli ga-

rdaqmnis matrica? 

 
sur. 4.4 

 

jer CavweroT 𝑹 mobrunebis gardaqmnis matrica. ami-

sTvis pirvelad CavweroT msoflio 𝑾 koordinatTa sis-

temis bazisuri veqtorebis koordinatebi kameris 𝑪 koor-

dinatebSi. gardaqmnis matrica saSualebas mogvcems msof-

lio koordinatTa sistemis nebismieri wertilis koordi-



127 

 

natebi gardavqmnaT kameris koordinatTa sistemaSi. ker-

Zod: 

 

𝑿𝑾 =
− 2

2
𝑿𝑪 + 0𝒀𝑪 +

− 2

2
𝒁𝑪; 

   𝒀𝑾 = 0𝑿𝑪 + 1𝒀𝑪 + 0𝒁𝑪; 

             𝒁𝑾 =
 2

2
𝑿𝑪 + 0𝒀𝑪 +

− 2

2
𝒁𝑪.            (4.1) 

 

(4.1) formulebiT miRebuli 𝑾 koordinatTa sistemis 

bazisuri veqtorebis gardaqmnili koordinatebi Seadgen-

en mobrunebis marticis, romelic aRwers kameris 𝑪 koor-

dinatTa sistemis 𝑾 koordinatTa sistemis mimarT orien-

tacias, sam svets. magram garda mobrunebisa, 𝑾 koordina-

tTa sistemis wertilebi iseTnairad unda gadavitanoT 𝑧 

RerZis gaswvriv, rom 𝑾 koordinatTa sistemis saTaves 𝑪 

koordinatTa sistemaSi  0,0,𝑑 𝑡 -s toli koordinatebi hqo-

ndes. aqedan gamomdinare, kombinirebuli gardaqmnis mat-

ricas aseTi saxe eqneba: 

 

𝑻𝑹𝑾
𝑪 =

 
 
 
 
 

− 2

2
    0     2

2
   0

  0     1     0    0
− 2

2
    0  − 2

2
  𝑑

  0     0    0   1 
 
 
 
 

. 

 

mobruneba nebismieri RerZis irgvliv. mobruneba ne-

bismieri RerZis mimarT SeiZleba warmodgenili iyos (4.2) 

gantolebis saxiT, romlis 𝑟𝑖𝑗  koeficientebis matrica 

orTonormirebulia. es niSnavs, rom matricis striqonebi 

(da svetebi) warmoadgenen urTierTorTogonalur erTeu-
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lovan veqtorebs. aseTive TvisebebiT xasiaTdeba koordi-

natTa RerZebis mimarT elementaruli mobrunebis yvela 

matrica.  

nebismieri mobruneba 3D sivrceSi SeiZleba warmovi-

dginoT rogorc mobruneba raRac 𝑨 RerZis irgvliv gar-

kveuli 𝜃 kuTxiT. es SeiZleba iyos nebismieri RerZi, ama-

sTan iseTi, romelic ar emTxveva koordinatTa sistemis 

romelime RerZs. amis saCveneblad davuSvaT, rom bazisu-

ri 𝑿𝟏 veqtori gardaiqmneba meore bazisur 𝑿𝟐 veqtorSi. 

mobrunebis 𝑨 RerZis sapovnelad saWiroa ganisazRvros 

𝑿𝟏 da 𝑿𝟐 veqtorebis veqtoruli namravli. im SemTxvevaSi, 

Tu 𝑿𝟏 veqtori mobrunebis dros ar icvleba, es niSnavs, 

rom is emTxveva brunvis RerZs. mokled 𝑨 RerZis irgvliv 

𝜃 kuTxiT mobruneba ase Caiwereba: 

 

𝑷𝟐 = 𝑹 𝐴, 𝜃 𝑷𝟏, 

 

xolo matriculad ase: 

 

              

 
 
 
 
𝑃𝑥

2

𝑃𝑦
2

𝑃𝑧
2

1  
 
 
 

=    

𝑟11        𝑟12    𝑟13      0   
𝑟21       𝑟22      𝑟23     0  
𝑟31        𝑟32     𝑟33     0 

0        0       0      1

 

 
 
 
 
𝑃𝑥

1

𝑃𝑦
1

𝑃𝑧
1

1  
 
 
 

.           (4.2) 

 

im SemTxvevaSi, Tu saqme gvaqvs moZrav myar obieqtT-

an, romelic sivrceSi gadaadgildeba 𝑡1 momentidan 𝑡2 mo-

mentamde, aseTi gadaadgilebis Sedegi SeiZleba warmovad-

ginoT gadatanis erTi veqtorisa da mobrunebis erTi mat-

ricis saSualebiT, imis miuxedavad, Tu rogori traeqto-
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ria hqonda aRniSnul intervalSi moZrav sxeuls. aseT 

SemTxvevaSi gadatanisa da mobrunebis parametrebis Sesan-

axad sakmarisia erTgvarovan koordinatebSi Cawerili ga-

rdaqmnis erTi matrica, romlis 9 elementi Seesabameba 

mobrunebas, xolo 3 _ gadatanas: 

 

 
 
 
 
𝑃𝑥

2

𝑃𝑦
2

𝑃𝑧
2

1  
 
 
 

=   

𝑟11        𝑟12    𝑟13      𝑡𝑥    
𝑟21       𝑟22      𝑟23     𝑡𝑦   
𝑟31        𝑟32     𝑟33     𝑡𝑧  

0        0       0      1

 

 
 
 
 
𝑃𝑥

1

𝑃𝑦
1

𝑃𝑧
1

1  
 
 
 

. 

 

4.3. obieqtebis SeTanasworeba afinuri  

gardaqmnebis gamoyenebiT 

 

ganvixiloT afinuri gardaqmnis gamoyenebiT nebismieri 

myari sxeulis modelis (koordinatebiT 𝑴 koordinatTa 

sistemaSi) da 𝑾 koordinatTa sistemaSi gazomvis Sedeg-

ad miRebuli monacemebiT agebuli obieqtis sivrciTi Se-

Tanasworebis amocana sam wertils Soris Sesabamisobis 

dadgenis safuZvelze. aRniSnuli amocana ganvixiloT 

ori kongruentuli, samkuTxedis 𝐴𝐵𝐶 modelis da gazomv-

is Sedegad agebuli 𝐷𝐸𝐹 samkuTxedis gamosaxulebis SeT-

avsebis magaliTze. amocana mdgomareobs iseTi 𝑻𝑴
𝑾 garda-

qmnis povnaSi, romelic modeluri 𝐴𝐵𝐶 samkuTxedis 𝐴, 𝐵 

da 𝐶 wveroebs gardaqmnis 𝐷𝐸𝐹 samkuTxedis 𝐷, 𝐸, 𝐹 wvero-

ebad muSa sivrceSi. amisTvis jer saWiroa iseTi gardaqm-

nis ganxorcieleba, rom samkuTxedebis 𝐴 da 𝐷 wveroebi 

gadaadgildes da SeuTavsdes (daemTxves) msoflio 𝑾 ko-

ordinatTa sistemis saTaves, da Semdeg, samkuTxedebis is-
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eTnairad mobruneba 𝑋𝑊 RerZis irgvliv, rom orive, 𝐴𝐵 

da 𝐷𝐸 gverdebi moTavsdes 𝑾 koordinatTa sistemis 𝑋𝑌 

sibrtyeze da amasTan daemTxves 𝑋𝑊 RerZs (sur. 4.5). imis-

Tvis, rom samkuTxedebi mTlianad aRmoCndnen 𝑋𝑌 sibrtye- 

 
sur. 4.5 

 

ze, saWiroa maTi mobruneba 𝑋𝑊 RerZis irgvliv. samkuTxe-

debis mobrunebis kuTxis sidide ganisazRvreba kuTxis 

mniSvnelobiT 𝐴𝐶 da 𝐷𝐹 gverdebsa da 𝑋𝑌 sibrtyes Soris. 

aseTi gardaqmnis Sedegad 𝐴 da 𝐷 wveroebis koordinate-

bi da aqedan gamomdinare, 𝐵 da 𝐸, 𝐶 da 𝐹 wveroebis koo-
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rdinatebic erTmaneTis toli iqneba (sur. 4.6).  gardaqmn-

is gantoleba, romelic wveroebis SeTavsebas axorciel-

ebs, iseTnairad SeiZleba Caiweros, rom miviRoT CvenTvis 

sasurveli iseTi 𝑻𝑴
𝑾 gardaqmna, romelic 𝑷𝒊

𝑴 wertilebs 

Sesabamis 𝑷𝒊
𝑾 wertilebSi asaxavs. 

Teoriulad nebismieri sami wertilis SeTavseba sr-

uliad sakmarisia nebismieri ori kongruentuli myari sx-

eulis SeTavsebisTvis, magram praqtikaSi gazomvisa da ga-

moTvlebis cdomilebis arsebobis gamo obieqtebis SeTav-

sebisTvis wertilTa did raodenobas iyeneben.   

 

 
sur. 4.6 

 

4.4. kameris maTematikuri modeli 

 

3D sivrceSiGarsebuli obieqtis kameraze proecirebisas 

misi wertilebis koordinatebis cvlilebis modelireba 

msoflio 𝑾 koordinatTa sistemidan kameris 𝑪 koordi-
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natTa sistemaSi gadasvlisas, aseve perspeqtiuli proeci-

rebisas masStabisa da msoflio koordinatebis cvlileb-

is aRwera moiTxovs kameris modelis formalizebul wa-

rmodgenas. aRmoCnda, rom 𝑪 kameris maTematikur modelad 

SeiZleba aRebuli iqnes perspeqtiuli proeqciis matrica: 

 

𝑷𝑰 =  𝑪𝑾
𝑰 𝑷𝑾, 

 

romelic matricul saxeSi ase Caiwereba: 

 

     
𝑠𝑃𝑟

𝐼

𝑠𝑃𝑐
𝐼

𝑠

 = 𝑪𝑾
𝑰

 
 
 
 
𝑃𝒙

𝑊

𝑃𝒚
𝑊

𝑃𝒛
𝑊

1  
 
 
 

=  

𝑐11    𝑐12    𝑐13    𝑐14

𝑐21     𝑐22    𝑐23    𝑐24

𝑐31     𝑐32    𝑐33      1
 

 
 
 
 
𝑃𝒙

𝑊

𝑃𝒚
𝑊

𝑃𝒛
𝑊

1  
 
 
 

,      (4.3) 

 

sadac, 𝑠 masStabirebis koeficientia, xolo 

 

𝑃𝑟
𝐼 =

 𝑐11    𝑐12    𝑐13    𝑐14  ∘ 𝑃𝑥
𝑊   𝑃𝒚

𝑊    𝑃𝒛
𝑊    1  

 𝑐31     𝑐32    𝑐33      1 ∘ 𝑃𝑥
𝑊   𝑃𝑦

𝑊    𝑃𝑧
𝑊    1 

, 

 

𝑃𝑐
𝐼 =

 𝑐21    𝑐22    𝑐23    𝑐24  ∘ 𝑃𝒙
𝑾  𝑃𝒚

𝑾   𝑃𝒛
𝑾   1  

 𝑐31     𝑐32    𝑐33      1 ∘ 𝑃𝒙
𝑾  𝑃𝒚

𝑾   𝑃𝒛
𝑾   1 

. 

 

aRmoCnda, rom kameris  𝑪𝑾
𝑰  

3×4
 matrica warmoadgens  

perspeqtiuli proeqciis matricas, romelic msoflio 𝑾 

koordinatTa sistemis 𝑷𝑾 =  𝑃𝑥
𝑊 ,𝑃𝑦

𝑊 , 𝑃𝑧
𝑊 

𝑡
 wertils gardaq-

mnis 2D 𝑰-uri gamosaxulebis 𝑷𝑰 =  𝑃𝑟
𝐼 , 𝑃𝑐

𝐼 𝑡 wertilSi. swor-

ed aRniSnuli matricis parametrebi gamoiyeneba koordin-

atebis cvlilebis modelirebisTvis msoflio 𝑾 koordi-

natTa sistemidan kameris 𝑪 koordinatTa sistemaSi gada-
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svlisas, masStabis cvlilebis aRwerisTvis, rogorc pe-

rspeqtiuli gardaqmnis, ise obieqtis msoflio koordina-

tebis gamosaxulebis striqonebisa da svetebis koordina-

tebSi gardaqmnisTvis. 

axla ganvsazRvroT 𝑪𝑾
𝑰  perspeqtiuli matricis ele-

mentebis mniSvnelobebi.  

 

4.5. perspeqtiuli proeqciis matrica 

 

Cven mier miRebuli perspeqtiuli proeqciis (3.1) gantole-

bebi ganxiluli iyo martivi SemTxvevisTvis  ($3.1.1.), kerZ-

od, roca kameris 𝑪 koordinatTa sistema emTxveoda mso-

flio 𝑾 koordinatTa sistemas. aseT SemTxvevaSi gamosa-

xulebis  𝑃𝑥
𝐹 ,𝑃𝑦

𝐹  koordinatebi warmodgenilia ganzomile-

bis igive erTeulebSi (𝐹 aRniSnavs imas, rom koordinate-

bi gazomilia namdvil ricxvebSi), rac 3D sivrcis koor-

dinatebi, da ara piqselis koordinatebSi (striqoni, sve-

ti). msoflio da kameris koordinatTa sistemebis aRmniS-

vneli indeqsebis gaTvaliswinebiT es gantolebebi SeiZl-

eba ase Caiweros: 

 

𝑃𝑥
𝐹 𝑓 = 𝑃𝑥

𝐶 𝑃𝑧
𝑊    an  𝑃𝑥

𝐹 =  𝑓 𝑃𝑧
𝐶  𝑃𝑥

𝐶 ; 

          𝑃𝑦
𝐹 𝑓 = 𝑃𝑦

𝐶 𝑃𝑧
𝑊    an  𝑃𝑦

𝐹 =  𝑓 𝑃𝑧
𝐶  𝑃𝑦

𝐶 ;      (4.4) 

 

sadac 𝑓 _ fokusuri manZilia. im SemTxvevaSi, Tu perspeq-

tiuli gardaqmnisas kameris koordinatTa sistemis saTa-

ve moTavsebulia proeqciis centrSi, maSin 𝑃𝑧
𝐹 = 𝑓 yovel-

Tvis (sur. 4.7).  



134 

 

 
sur. 4.7 

 

am SemTxvevaSi perspeqtiuli proeqciis gardaqmna ganisa-

zRvreba erTaderTi parametriT _ 𝑓 fokusuri manZiliT. 

Sesabamisad, perspeqtiuli proeqciis gardaqmnis matricas 

aqvs saxe: 

 

𝑷𝑭 = 𝚷𝑪
𝑭 𝑓 𝑷𝑪 

            

𝑠𝑃𝑥
𝐹

𝑠𝑃𝑦
𝐹

𝑠𝑃𝑧
𝐹

𝑠

 =  

1     0      0      0
0      1     0      0
0      0     1      0
 0    0   1 𝑓  0 

 

 
 
 
 
𝑃𝑥

𝐶

𝑃𝑦
𝐶

𝑃𝑧
𝐶

1  
 
 
 

.           (4.5) 

 

𝚷𝑪
𝑭 𝑓  matricis ganzomileba udris  4 × 4   da is Se-

iZleba gamoyenebuli iqnes afinuri gardaqmnis sxva matr-

icebTan kombinaciaSi. magram imis gamo, rom mesame striq-

oni, romelic iZleva 𝑃𝑧
𝐹 = 𝑓, sinamdvileSi saWiro ar ar-

is, is xSirad arc iwereba. amasTan, am matricis rangi 3-

is tolia da ara 4-is. Sesabamisad, mas ar gaaCnia Sebrun-

ebuli matrica.   

perspeqtiuli proeqciis gardaqmnis matricis gansaz-

Rvra sxvagvaradac SeiZleba, Tu kameris koordinatTa si-
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stemis saTaves movaTavsebT gamosaxulebis centrSi, maSin 

𝑃𝑧
𝐹 = 0 yovelTvis (sur. 4.8).  

 

 
sur. 4.8  

 

aseT SemTxvevaSi perspeqtiuli proeqciis gardaqmnis 

matrica miiRebs saxes:   

 

𝑷𝑭 = 𝚷𝑪
𝑭 𝑓 𝑷𝑪 

                 

𝑠𝑃𝑥
𝐹

𝑠𝑃𝑦
𝐹

𝑠𝑃𝑧
𝐹

𝑠

 =  

1     0      0      0
0      1     0      0
0      0     0      0
 0    0   1 𝑓  1 

 

 
 
 
 
𝑃𝑥

𝐶

𝑃𝑦
𝐶

𝑃𝑧
𝐶

1  
 
 
 

.           (4.6) 

 

aRniSnuli matricis aseTi saxiT warmodgenis upirateso-

ba imaSi mdgomareobs, rom roca 𝑓 → ∞, maSin perspeqtiu-

li proeqcia uaxlovdeba sworkuTxa proeqcias. 

zogad SemTxvevaSi (sur. 4.1) msoflio 𝑾 koordinat-

Ta da kameris 𝑪 koordinatTa sistemebi erTmaneTisgan 

gansxvavdeba. 3D sivrcisG𝑷𝑾 wertilis msoflio koordi-

natebis (namdvili ricxvebis) kameris 𝑷𝑪 koordinatebSi 

gardasaqmnelad rogorc cnobilia saWiroa gadatanisa 

da mobrunebis gardaqmnebis rTuli kombinaciis Sesrule-
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ba, rac sabolood gvaZlevs gardaqmnis matricis elemen-

tebs: 

 

𝑷𝑪 = 𝑻 𝑡𝑥 , 𝑡𝑦 , 𝑡𝑧 𝑹 𝛼, 𝛽, 𝛾 𝑷𝑾;  

𝑷𝑪 = 𝑻𝑹𝑾
𝑪  𝛼, 𝛽, 𝛾, 𝑡𝑥 , 𝑡𝑦 , 𝑡𝑧 𝑷

𝑾; 

 
 
 
 
𝑃𝑥

𝐶

𝑃𝑦
𝐶

𝑃𝑧
𝐶

1  
 
 
 

=   

𝑟11        𝑟12    𝑟13      𝑡𝑥    
𝑟21       𝑟22      𝑟23     𝑡𝑦   
𝑟31        𝑟32     𝑟33     𝑡𝑧  

0        0       0      1

 

 
 
 
 
𝑃𝑥

𝑊

𝑃𝑦
𝑊

𝑃𝑧
𝑊

1  
 
 
 

. 

 

rogorc vxedavT, kombinirebuli gardaqmna aRiwereba mob-

runebis sami  𝛼, 𝛽, 𝛾  parametrisa da gadatanis sami 

 𝑡𝑥 , 𝑡𝑦 , 𝑡𝑧  parametris saSualebiT. 

msoflio 𝑾 koordinatTa sistemidan kameris 𝑪 koo-

rdinatTa sistemaSi gadasvlisTvis da Semdgom 𝑷𝑪 werti-

lebis gamosaxulebis sibrtyis 𝑷𝑭 wertilebad perspeqti-

uli proeqciis gardaqmnisTvis SeiZleba movaxdinoT gar-

daqmnaTa kompoziciis formireba. rogorc zemoT aRiniS-

na, gardaqmnis matricis mesame striqoni SeiZleba ugulv-

ebelvyoT, radganac is 𝑃𝑧
𝐹-Tvis yovelTvis iZleva mudmiv 

mniSvnelobas. gamosaxulebis sibrtyeze 𝑷𝑭 wertilis 

 𝑃𝑥
𝐹 , 𝑃𝑦

𝐹  koordinatebi warmoadgens namdvil ricxvebs. imi-

sTvis, rom movaxdinoT am namdvili koordinatebis gard-

aqmna 𝑷𝑭 wertilis Sesabamisi piqselis koordinatebad 

(striqonisa da svetis nomrebad), saWiroa movaxdinoT ma-

sStabirebis gardaqmna, rac mogvcems 𝑷𝑰 gamosaxulebis 

wertilis (piqselis)  𝑃𝑟
𝐼 , 𝑃𝑐

𝐼  koordinatebs. aseTi gardaqm-

nis matricas Semdegi saxe eqneba: 
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𝑷𝑭 = 𝚷𝑪
𝑭 𝑓 𝑷𝑪 = 

𝚷𝑪
𝑭 𝑓  𝑻𝑹𝑾

𝑪  𝛼, 𝛽, 𝛾, 𝑡𝑥 , 𝑡𝑦 , 𝑡𝑧 𝑷
𝑾 = 

 𝚷𝑪
𝑭 𝑓 𝑻𝑹𝑾

𝑪  𝛼, 𝛽, 𝛾, 𝑡𝑥 , 𝑡𝑦 , 𝑡𝑧  𝑷𝑾; 

                
𝑠𝑃𝑥

𝐹

𝑠𝑃𝑦
𝐹

𝑠

 =  

𝑑11    𝑑12    𝑑13    𝑑14

𝑑21     𝑑22    𝑑23    𝑑24

𝑑31     𝑑32     𝑑33     1
 

 
 
 
 
 
𝑃𝒙

𝑾

𝑃𝒚
𝑾

𝑃𝒛
𝑾

1  
 
 
 
 

.          (4.7)… 

 

rogorc vxedavT, miRebul matricul gantolebaSi 

matricis elementebia 𝑑𝑖𝑗 , da ara 𝑐𝑖𝑗 , rogorc es kameris 

matricaSia. es imis gamoa, rom aRniSnul gantolebaSi 

elementebis gazomvis erTeulebs jer kidev warmoadgens 

ara kameris koordinatTa sistemis, aramed msoflio koo-

rdinatTa sistemis gazomvis erTeulebi, magaliTad, mil-

imetrebi an duimi. imisTvis, rom ganzomilebis am erTeu-

lidan gadavideT kameris koordinatTa sistemis ganzomi-

lebis erTeulebze, anu gamosaxulebis sibrtyeze arsebu-

li piqselebis striqonebisa da svetebis nomrebis mniSv-

nelobebze, saWiroa gamosaxulebis wertilebis mimarT ma-

sStabirebis gardaqmnis gamoyeneba. amisTvis Tu (4.7) gan-

tolebaSi SevitanT masStabirebis Tanamamravlebs, maSin 

aRniSnuli gantolebiT SesaZlebeli iqneba kameris 𝑪 ma-

tricis da Sesabamisad piqselebis striqonebisa da svete-

bis nomrebis gansazRvra. davuSvaT 𝑑𝑥 da 𝑑𝑦 warmoadgens 

gamosaxulebis piqselis siganes da simaRles msoflio 𝑾 

koordinatTa sistemis erTeulebSi. amocana imaSi mdgoma-

reobs, rom gamosaxulebis koordinatTa sistemaSi, saTav-

iT  0,0  gamosaxulebis qveda marcxena kuTxeSi,  mocemu-

li piqselebis  namdvili  𝑃𝑥
𝐹 ,𝑃𝑦

𝐹  koordinatebidan gadavi-
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deT mTelricxva  𝑟, 𝑐  koordinatebSi, romlebic gamosa-

xulebis piqselebis striqonebisa da svetebis nomrebia, 

koordinatTa saTaviT gamosaxulebis zeda marcxena piqs-

elSi. namdvil ricxvebSi warmodgenili koordinatebis 

piqselur koordinatebSi gardaqmna vertikaluri RerZis 

mimarTulebis cvlilebis gaTvaliswinebiT ase warmoidg-

ineba: 

 

               𝑷𝑰 =  
𝑠𝑟
𝑠𝑐
𝑠
 = 𝑺𝑭

𝑰  
𝑠𝑃𝑥

𝐹

𝑠𝑃𝑦
𝐹

𝑠

 , 

 

sadac, 𝑺𝑭
𝑰  gardaqmnas aseTi saxe aqvs: 

 

𝑺𝑭
𝑰 =  

0 − 1

𝑑𝑦
0

1

𝑑𝑦
0 0

0 0 1

 . 

 

aseTi gardaqmniT sabolood viRebT kameris srul 

matricas, romelic msoflio 𝑾 koordinatTa sistemaSi 

mocemuli wertilebis samganzomilebian namdvil koordi-

natebs gardaqmnis gamosaxulebis piqselur koordinateb-

ad. kameris srul matricas aseTi saxe aqvs:   

 

𝑷𝑰 =  𝑺𝑭
𝑰 𝚷𝑪

𝑭 𝑓 𝑻𝑹𝑾
𝑪  𝛼, 𝛽, 𝛾, 𝑡𝑥 , 𝑡𝑦 , 𝑡𝑧  𝑷𝑾; 

 
𝑠𝑃𝑟

𝐼

𝑠𝑃𝑐
𝐼

𝑠

 =  

𝑐11    𝑐12    𝑐13    𝑐14

𝑐21     𝑐22    𝑐23    𝑐24

𝑐31     𝑐32    𝑐33      1
 

 
 
 
 
 
𝑃𝒙

𝑾

𝑃𝒚
𝑾

𝑃𝒛
𝑾

1  
 
 
 
 

. 
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rogorc vxedavT, miRebuli matrica emTxveva kameris 

perspeqtiuli proeqciis (4.3) matricas.  

praqtikaSi kameris matricis misaRebad zemoaRweri-

li gamoTvlebis sakmarisi sizustiT Catareba sirTule-

ebTanaa dakavSirebuli, radganac Znelia manZilebisa da 

kuTxeebis zusti gazomva. amitom kameris matricis elem-

entebis konkretuli mniSvnelobebis gamoTvlisTvis iyene-

ben kameris kalibraciis proceduras. 

 

4.6. marTkuTxa da susti perspeqtiuli 

proeqciebi 

 

marTkuTxa (orTogonaluri _ orthographic) proecirebisas 

kameris 𝑷𝑪 wertilis koordinatebi advilad miiReba, Tu 

Sesabamis wertils msoflio 𝑾 koordinatTa sistemaSi 

CamovaSorebT 𝑧 koordinatas. es niSnavs, rom marTkuTxa 

proecirebisas 3D sivrcis wertilebis proecireba kamer-

is optikuri RerZis paraleluri mimarTulebiT xorcie-

ldeba (sur 4.9).  

 

 
sur. 4.9 

 

marTkuTxa proeqciis matricas aseTi saxe aqvs:  

 

𝑷𝑭 = 𝚷𝑪
𝑭 ∞ 𝑷𝑪; 
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𝑃𝑥

𝐹

𝑃𝑦
𝐹 =  

1   0   0   0
0   1   0   0

 

 
 
 
 
𝑃𝑥

𝐶

𝑃𝑦
𝐶

𝑃𝑧
𝐶

1  
 
 
 

. 

 

obieqtis perspeqtiuli proeqciis kargi miaxloeba 

miiReba, Tu jer movaxdenT mis marTkuTxa proecirebas 

da Semdgom miRebuli Sedegis Tanabar masStabirebas nam-

dvili gamosaxulebis sibrtyeSi. perspeqtiuli proecire-

bis (arawrfivi asaxvis) aseT miaxloebiT models, romel-

ic miiReba 3D sivrcis wertilisTvis 𝑧 koordinatis Cam-

oSorebiT da Semdeg Tanabari masStabirebis gamoyenebiT, 

ewodeba susti perspeqtiuli proeqcia (weak perspective pro-

jection). igi warmoadgens sruli perspeqtiuli proecirebis 

wrfiv miaxloebas (aproqsimacias). masStabirebis 𝑠 koefi-

cientis mniSvnelobad aiReba kameris 𝑓 fokusuri manZil-

is fardoba proeqciasa da obieqts Soris 𝑑 manZilTan _ 

𝑠 = 𝑓 𝑑 . zemoaRwerili gardaqmnis Sedegad miRebuli sus-

ti perspeqtiuli proeqciis matrica ase gamoiyureba:   

 

𝑷𝑭 = 𝚷𝑪
𝑭 𝑠 𝑷𝑪; 

 
𝑃𝑥

𝐹

𝑃𝑦
𝐹 =  

𝑠   0   0   0
0   𝑠   0   0

 

 
 
 
 
𝑃𝑥

𝐶

𝑃𝑦
𝐶

𝑃𝑧
𝐶

1  
 
 
 

. 

 

obieqtis gamosaxulebis formirebis procesi orive 

_ marTkuTxa da perspeqtiuli proecirebis sistemebis er-

Tdrouli gamoyenebiT warmodgenilia 4.10 suraTze. rog-

orc suraTidan Cans, marTkuTxa proeqcia SeiZleba warm-
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ovidginoT rogorc usasrulo fokusuri manZilis mqone 

perspeqtiuli proeqcia. marTkuTxa proeqcia gamoiyeneba 

manqanur grafikaSi, roca saWiroa obieqtis ganivi kveTeb-

is sworad asaxva. aseve is gamoiyeneba kompiuterul xed-

vaSi Teoriuli kvlevebis Catarebisas, radganac misi gar-

daqmnis matricasTan muSaoba ufro advilia da is karg 

miaxloebas iZleva Teoriuli modelebis Semowmebisas.  

 

 
sur. 4.10 

 

susti perspeqtiuli proeqciis gamoyenebis vargisia-

nobas aqvs Tavisi sazRvari, romlis dasadgenad iyeneben 

empiriul xerxs. kerZod, manZili  𝑑  obieqtamde daaxloe-

biT 20-jer unda aRematebodes TviT obieqtis zomas. rac 

Seexeba miaxloebis sizustes, isic kameris optikur RerZ-

sa da obieqts Soris daSorebazea damokidebuli. kerZod, 

rac ufro axlosaa obieqti optikur RerZTan, miT ufro 

maRalia sizuste. zemoTqmulis sailustraciod ganvixil-

oT 4.11 suraTze warmodgenili SemTxveva. Tu samkuTxa 

obieqti kameris optikuri RerZidan marjvniv daiwyebs ga-

danacvlebas, amas mohyveba 𝐴 da 𝐵 wertilebis perspeqti-
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uli proeqciebis sul ufro metad erTmaneTTan daaxloe-

ba manam, sanam sabolood 𝐵 wertilis proeqcia ar dafa-

ravs 𝐴 wertilis proeqcias. maSin rodesac, marTkuTxa 

proecirebisas obieqtis aseTi gadanacvlebis SemTxvevaSi 

manZili 𝐴 da 𝐵 wertilebis proeqciebs Soris ucvleli 

iqneba. amitom bevr samrewvelo xedvis sistemebSi da ase-

ve aerofotogadaRebebis Catarebis dros interesis obieq-

tis aparaturuli centrireba kameris xedvis velSi xde-

ba. 

 
sur. 4.11 

 

4.7. wertilis koordinatebis gamoTvla 

ramdenime kameris SemTxvevaSi 

 

ganvixiloT or kameriani mxedvelobis sistemis modelis 

SemTxvevaSi samganzomilebiani  𝑥, 𝑦, 𝑧  wertilis msoflio 



143 

 

koordinatebis gamoTvlis amocana am wertilis 2 kalib-

rirebuli kameris saSualebiT miRebuli ori 2D gamosa-

xulebis piqseluri koordinatebis _  𝑟1 , 𝑐1  da  𝑟2 , 𝑐2  gam-

oyenebiT. sqematurad aseTi mxedvelobis sistema mocemu-

lia 4.1 suraTze. TiToeuli kameris modeli ki ganisazRv-

reba (4.3) gantolebiT. kamerebze wertilis gamosaxulebe-

bis formirebis procesi aRiwereba 𝑥, 𝑦 da 𝑧 cvladebis 4 

wrfivi gantolebisgan Semdgari ori sistemiT (4.8).  

 

 
𝑠𝑟1

𝑠𝑐1

𝑠
 =  

𝑏11    𝑏12    𝑏13    𝑏14

 𝑏21     𝑏22    𝑏23    𝑏24

𝑏31     𝑏32    𝑏33      1
  

𝑥
𝑦
𝑧
1

 ; 

             
𝑡𝑟2

𝑡𝑐2

𝑡
 =  

𝑐11    𝑐12    𝑐13    𝑐14

 𝑐21     𝑐22    𝑐23    𝑐24

𝑐31     𝑐32    𝑐33      1
  

𝑥
𝑦
𝑧
1

 .            (4.8) 

 

Tu am gantolebebidan gamovricxavT erTgvarovan 𝑠 

da 𝑡 koordinatebs, miviRebT 𝑥, 𝑦, 𝑧 sami cvladis 4 wrf-

iv gantolebas: 

 

𝑟1 =  𝑏11 − 𝑏31𝑟1 𝑥 +  𝑏12 − 𝑏32𝑟1 𝑦 +  𝑏13 − 𝑏33𝑟1 𝑧 + 𝑏14; 
𝑐1 =  𝑏21 − 𝑏31𝑐1 𝑥 +  𝑏22 − 𝑏32𝑐1 𝑦 +  𝑏23 − 𝑏33𝑐1 𝑧 + 𝑏24; 
𝑟2 =  𝑐11 − 𝑐31𝑟2 𝑥 +  𝑐12 − 𝑐32𝑟2 𝑦 +  𝑐13 − 𝑐33𝑟2 𝑧 + 𝑐14 ; 
𝑐2 =  𝑐21 − 𝑐31𝑐2 𝑥 +  𝑐22 − 𝑐32𝑐2 𝑦 +  𝑐23 − 𝑐33𝑐2 𝑧 + 𝑐24 . 

 

𝑥, 𝑦 da 𝑧 koordinatebis gamosaTvlelad sakmarisia 

gantolebaTa am sistemidan amovxsnaT nebismieri sami gan-

toleba. Tumca sistemidan aRebuli 3 gantolebisgan Sed-

genili gantolebaTa sxvadasxva qvesimravle 𝑥, 𝑦 da 𝑧 ko-
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ordinatebis erTmaneTisgan cotaTi gansxvavebul mniSvne-

lobas mogvcems. Cveulebrivad, erTad oTxive gantoleba 

araTavsebadia, rac kameris aRweris miaxloebiTi model-

is arsebobiTaa gamowveuli. es ki misi parametrebis gan-

sazRvrisas Tavis mxriv ganapirobebs garkveul cdomile-

bebs, rasac emateba kameraze 3D sivrcis wertilebis gam-

osaxulebebis koordinatebis mniSvnelobebis gazomvis 

cdomilebebi. amis gamo 3D sivrceSi ori proeqciuli sxi-

vi erTmaneTs „absoluturi sizustiT“ ar kveTs. aRniSnu-

li problemis rac SeiZleba kargad gadawyveta emyareba 

proeqciuli sxivebis „daaxloebis“ (warmoadgenen gadajv-

aredinebul wrfeebs) gansazRvras, anu sxivebis SemaerTe-

beli umciresi monakveTis sigrZis gamoTvlas. aseTi midg-

oma warmodgenilia 4.12 suraTze, sadac 𝑷𝟏 da 𝑷𝟐 werti-

lebi erT wrfeze mdebareobს, xolo 𝑸𝟏 da 𝑸𝟐 wertilebi 

meoreze. 𝒖𝟏 da 𝒖𝟐 ki am wrfeebis erTeulovani mimmarTve-

li veqtorebia. veqtori 𝑽 = 𝑷𝟏 + 𝑎1𝒖𝟏 −  𝑸𝟏 + 𝑎2𝒖𝟐  warmo-

adgens am wrfeebis SemaerTebel umokles (Tavisufal) ve-

qtors, xolo 𝑎1 da 𝑎2 gamosaTvleli skalaruli mamrav-

lebia. maTi mniSvnelobebis gansazRvrisTvis saWiroa ise-

Ti gamoTvlebis Catareba, romlebic 𝑽 veqtoris sigrZis 

minimizirebas moaxdenს. magram gamoTvlebis gaiolebisTv-

is SesaZlebelia davuSvaT SezRudva, rom 𝑽 veqtori mar-

Tobuli iyos orive, 𝒖𝟏 da 𝒖𝟐 veqtoris mimarT. daSvebu-

li SezRudvidan gamomdinare, amocana swored sxivebis 

SemaerTebeli umoklesi 𝑽 veqtoris gansazRvraSi mdgoma-

reobs.   
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sur. 4.12 

 

Tu 𝑽 veqtoris sigrZe garkveul zRurblze naklebi, 

anu „sakmarisad mcire“ aRmoCnda, maSin misi Suawertili 

SeiZleba aRebuli iqnes rogorc proecirebadi sxivebis 

gadakveTis wertili, anu  𝑥, 𝑦, 𝑧 𝑡 =  1 2    𝑷𝟏 + 𝑎1𝒖𝟏 +

𝑸𝟏+𝑎2𝒖𝟐 wertili. xolo Tu es monakveTi sakmaod grZe-

li aRmoCnda, maSin CaiTvleba, rom  𝑟1, 𝑐1  da  𝑟2 , 𝑐2  koor-

dinatebis gamoTvla garkveuli cdomilebebiT moxda.  

3D sivrceSi wertilis koordinatebis gasazomad xS-

irad ori kameris nacvlad SeiZleba gamoyenebul iqnes 

erTi kamera da mimarTuli ganaTeba. am SemTxvevaSi maTe-

matikuri da geometriuli gamoTvlebi iseve xdeba, rog-

orc ori kameris SemTxvevaSi. 

 

4.8. kameris kalibracia 3D sivrcis aRqmisas 

 

kameris erT-erT Semadgenel nawils warmoadgens obieqti-

vi, romlis xarisxi mniSvnelovanwilad gansazRvravs miR-
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ebuli gamosaxulebis xarisxs. obieqtivi Sedgeba linze-

bisagan, romlebic imis gamo, rom idealurebi ar aris, 

gamosaxulebis formirebisas garkveul aberaciebs (damax-

injebebs) iwveven gamosaxulebebze. Sedegad, gamosaxuleb-

is sibrtyeze kameriT miRebuli 3D sivrcis wertilis re-

aluri gamosaxulebis proeqcia ar emTxveva centralur 

proeqcias. es SemTxveva warmodgenilia 4.13 suraTze, sad-

ac, Cans gansxvaveba 3D sivrcis 𝑋𝑖 wertilebidan wamosu-

li sxivebis 𝑥𝑖 idealuri da realuri proeqciebis geome-

triul mdebareobas Soris. am gansxvavebebis minimumamde 

dayvanisTvis linzebs iseTnairad arCeven, rom jamuri da-

maxinjebebi gacilebiT naklebi iyos, vidre nebismieri ma-

Tganis. Tavis mxriv, es damaxinjebebi 3D sivrcis aRqmisas  

cdomilebebs iwvevs.  

 

 
sur. 4.13 

kameriT gadaRebisas gamowveuli cdomilebebis minim-

izaciisTvis axdenen kameris kalibracias. kalibraciis 

qveS igulisxmeba kameris iseTi momarTvis procesi, ris 

Sedegadac kameriT miRebuli gamosaxulebis xarisxi  mwa-
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rmoeblis mier garantirebul specifikacias Seesabameba. 

kerZod, igulisxmeba gadaRebis Sesabamisi pirobebidan ga-

momdinare kameriT miRebuli gamosaxulebebis centralu-

ri proeqciis maxasiaTebeli sidideebis gansazRvra da am 

proeqciidan gamosaxulebis wertilebis gadaxra. es sidi-

deebi Seicavs proecirebuli gamosaxulebebis cdomilebe-

bis mxolod sistematur nawils (gamowveuls damaxinjebe-

biT, da kameris sxva defeqtiT) da maT kalibraciis para-

metrebi ewodeba. aqedan gamomdinare, kameris kalibraciis 

mizania rac SeiZleba maRali sizustiT daukavSiros erT-

maneTs misi gamosaxulebis sibrtyeze formirebuli obi-

eqtis gamosaxulebis piqseluri koordinatebi (striqoni-

sa da svetis nomrebi) obieqtis Sesabamisi wertilebis 

koordinatebs 3D sivrceSi. gamosaxulebebis damuSavebis 

procesSi kalibraciis procedura win uswrebs iseTi amo-

canebis gadawyvetas, rogoricaa obieqtebis samganzomile-

biani koordinatebis, orientaciis, zomebis da triangul-

aciur meTodze damyarebuli manZilis gamoTvla.  

kameris kalibraciis procedura Sedgeba 2 ZiriTadi 

komponentisagan: 

 

 sivrciTi kalibraciis stendi, romlis gamosaxulebe-

bze dayrdnobiT xorcieldeba cifruli kamerebis ka-

libracia; 

 programuli uzrunvelyofa, romliTac xorcieldeba 

kameris kalibraciis parametris gamoTvla. 

 

kameris maTematikuri modelis ($4.4) ganxilvisas  

vnaxeT, rom kameris matricas aqvs (4.3) gantolebiT war-

modgenili saxe, romlis amoxsna moiTxovs 11 parametris 



148 

 

gansazRvras. davuSvaT, rom kameris mdebareoba dakvirve-

buli scenis obieqtis, e. w. kalibraciis stendis (calibra-

tion jig) mimarT (romlis zomebi winaswar cnobilia) da fo-

kusuri manZili fiqsirebulia. SemovitanoT 𝑛 wyvili wer-

tilisgan Semdgari  𝑷𝑗
𝑰, 𝑷𝑗

𝑾  simravle, romelTa piqseluri 

𝑷𝑗
𝑰 =  𝑃𝑟

𝐼 , 𝑃𝑐
𝐼  koordinatebi gamosaxulebis sibrtyeze da sa-

mganzomilebiani 𝑷𝑗
𝑾 =  𝑃𝑥

𝑊 ,𝑃𝑦
𝑊 , 𝑃𝑧

𝑊  koordinatebi msoflio 

𝑾 koordinatTa sistemaSi mocemulia. kalibraciis sten-

di saWiroa imisTvis, rom 𝑛 raodenobis kalibraciis wer-

tilebis krebulisTvis advilad iqnas dadgenili mkafio 

3D wertilebis  𝑃𝑥
𝑊 ,𝑃𝑦

𝑊 , 𝑃𝑧
𝑊  koordinatebi. amasTan igi ze-

dmiwevniT zustad unda iyos moTavsebuli msoflio 𝑾 

koordinatTa sistemaSi. amis Semdeg kameris saSualebiT 

xdeba kalibraciis stendis gamosaxulebis miReba da gan-

isazRvreba kalibraciis wertilTa  𝑃𝑟
𝐼 , 𝑃𝑐

𝐼  piqseluri ko-

ordinatebi kameris gamosaxulebis sibrtyeze. aRsaniSna-

via, rom wertilebis raodenoba _ 𝑛 ar unda iyos 6-ze na-

klebi. amasTan yvelaze kargi Sedegi miiRweva maSin, roca 

𝑛 ≥ 25. 3D  kalibraciis stendis magaliTi warmodgenilia 

4.14 suraTze. igi Sedgeba 200-ze meti markirebuli sayrd-

eni wertilisgan, romelTa sivrciTi koordinatebi cno-

bilia. kalibraciis procesSi kameris saSualebiT xdeba 

sayrdeni wertilebis gamosaxulebebis miReba sivrcis ra-

mdenime dakvirvebis wertilidan. amasTan kameris optiku-

ri RerZis orientaciis cvlileba xdeba rogorc vertika-

lur, ise horizontalur sibrtyeSi. amis Semdeg miRebuli 

kalibraciis gamosaxulebebi erToblivad maTematikurad 

muSavdeba specialuri programuli uzrunvelyofis gamo-

yenebiT. 
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sur. 4.14 

 

4.8.1. kalibraciis parametrebis 

gamoTvla 

 

aRniSvnebisa da gamoTvlebis simartivisTvis msoflio 𝑾 

koordinatTa sistemaSi kalibraciis 𝑗 (𝑗 = 1, 𝑛     ) wertileb-

is 𝑷𝑗
𝑾 =  𝑃𝑥

𝑊 ,𝑃𝑦
𝑊 ,𝑃𝑧

𝑊  koordinatebi aRvniSnoT rogorc 

 𝑥𝑗 , 𝑦𝑗 , 𝑧𝑗  , xolo misi Sesabamisi 𝑷𝑗
𝑰 =  𝑃𝑟

𝐼 , 𝑃𝑐
𝐼  piqseluri koo-

rdinatebi gamosaxulebis sibrtyeze _  𝑢𝑗 ,𝑣𝑗  . maSin, kali-

braciis TiToeuli wertilisTvis iwereba Semdegi 2 gant-

oleba: 

 

𝑢𝑗 =  𝑐11 − 𝑐31𝑢𝑗  𝑥𝑗 +  𝑐12 − 𝑐32𝑢𝑗  𝑦𝑗 +  𝑐13 − 𝑐33𝑢𝑗  𝑧𝑗 + 𝑐14 ; 
𝑣𝑗 =  𝑐21 − 𝑐31𝑣𝑗  𝑥𝑗 +  𝑐22 − 𝑐32𝑣𝑗  𝑦𝑗 +  𝑐23 − 𝑐33𝑣𝑗  𝑧𝑗 + 𝑐24 ; 

 



150 

 

warmodgenili wrfivi gantolebebi miiReba gamosaxu-

lebebis formirebis modelidan masStabirebis 𝑠 koefici-

entis gamoricxvis gziT. Sesabamisad, gantolebebi aRwer-

en TiToeuli proeqciuli sxivis geometriul Tvisebebs 

da amasTan kalibraciis TiToeul wertils Seesabame-

ba erTi proeqciuli sxivi.  

Tu axla gantolebebSi arsebul cnobil da ucnob 

wevrebs erTmaneTisgan calkeul veqtorebSi ganvacalkev-

ebT iseTnairad, rom marcxena mxares aRmoCndes cnobili 

sidideebi (𝑛 kalibraciis wertilebis wyvilebidan), xo-

lo marjvena mxares 𝑐𝑘𝑚 , 𝑘 = 1,3    , 𝑚 = 1,4     ucnobebi, romel-

Ta gamoTvlac unda moxdes, maSin gantolebebi matricul 

saxeSi ase SeiZleba warmovadginoT: 

 

 
𝑥𝑗 , 𝑦𝑗 , 𝑧𝑗 , 1,0,0,0,0,−𝑥𝑗𝑢𝑗 , −𝑦𝑗𝑢𝑗 , −𝑧𝑗𝑢𝑗

0,0,0,0,𝑥𝑗 , 𝑦𝑗 , 𝑧𝑗 , 1, −𝑥𝑗𝑣𝑗 , −𝑦𝑗𝑣𝑗 , −𝑧𝑗𝑣𝑗
 

 
 
 
 
 
 
 
 
 
 
 
𝑐11

𝑐12

𝑐13
𝑐14
𝑐21

𝑐22
𝑐23

𝑐24
𝑐31

𝑐32
𝑐33 

 
 
 
 
 
 
 
 
 
 

=  
𝑢𝑗

𝑣𝑗
 . 

 

iqedan gamomdinare, rom proeqciis TiToeuli sxivi 

iZleva 2 aseT gantolebas, Sesabamisad, kalibraciis 𝑛 

wertilisTvis gveqneba 2𝑛 wrfivi gantolebisgan Semdga-

ri sistema. es gantolebebi mokled ase Caiwereba: 

 

𝑨2𝑛×11𝐱11×1 ≈ 𝒃2𝑛×1, 
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sadac, 𝐱 aris ucnobebis veqtor-sveti, xolo 𝒃 gamosaxu-

lebis koordinatebis veqtor-sveti. imis gamo, rom ganto-

lebaTa sistema Seicavs 11 ucnobs, xolo gantolebaTa 

raodenoba 12-is an metis tolia, gamodis, rom gantoleba-

Ta sistema e. w. zegansazRvruli sistemaa da amitom ar 

arsebobs iseTi 𝐱 veqtori, romelic daakmayofilebs sis-

temis yvela gantolebas. aseTi sistemis rac SeiZleba 

zusti, anu saukeTeso amonaxsnis mosaZebnad iyeneben um-

cires kvadratTa meTods. aRniSnul meTodze dayrdnobiT 

unda ganisazRvros ucnobi parametrebis iseTi nakrebi 

(Cvens SemTxvevaSi ucnobi 𝑐𝑘𝑚  parametrebis iseTi 𝐱 veqt-

ori), romlisTvisac dakvirvebul koordinatebsa da kame-

ris matricis saSualebiT gamoTvlil koordinatebs Sor-

is sxvaobebis (evkliduri metrikiT) kvadratebis jami 

(yvela gantolebisTvis) iqneba minimaluri. kalibraciis 2 

wertilisTvis aseTi 4 sxvaoba gamosaxulebis sibrtyeze  

warmodgenilia 4.15 suraTze. am sxvaobebs naSTebi (residual)  

 

 
sur. 4.15 
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ewodeba. suraTze isini warmodgenilia dakvirvebis wert-

ilebsa (aRniSnulia Ria wrewirebiT) da (4.3) gantolebiT 

mocemuli kameris matricis gamoyenebiT gamoTvlil wer-

tilebs (aRniSnulia muqi wrewirebiT) Soris sxvaobebiT. 

rogorc vnaxeT, kameris maTematikuri modeli warmo-

dgenilia 11 parametriani kameris matriciT (4.3), romelTa 

mniSvnelobebis gamoTvlac saWiroa, raTa ganisazRvros 

Sesabamisoba 3D sivrceSi obieqtis wertilebis msoflio 

koordinatebsa da misi gamosaxulebis piqselur koordi-

natebs Soris kameris gamosaxulebis sibrtyeze. magram 

daismis kiTxva: saWiroa Tu ara yovelTvis am 11 parametr-

is gansazRvra. zemoT naCvenebi iyo, rom msoflio koor-

dinatTa sistemaSi kameris mdebareobis mocemisTvis sak-

marisia mobrunebisa da gadatanis matricebis sam-sami da-

moukidebeli parametris, gamosaxulebis namdvili koor-

dinatebidan piqselur koordinatebSi gadasasvlelad 2 

masStabis koeficientis da 𝑓 fokusuri manZilis mocema. 

rogorc vxedavT, kameris modelis TerTmetive parametri 

ar aris damoukidebeli. Tu maT damoukideblebad CavTv-

liT, maSin SeiZleba davuSvaT, rom mobrunebis paramet-

rebi aRiwereba araorTonormirebuli mobrunebis matric-

iT. maRali xarisxis kameris SemTxvevaSi aseTi SezRudva 

(parametrebis damoukidebloba) zedmetia, magram Tu gamo-

saxulebis sibrtye optikuri RerZis marTobuli ar aris, 

maSin zedmeti parametrebi kameris ukeTes models iZleva. 

xolo zedmeti raodenobis parametrebis Sefaseba kalib-

raciis meti wertilis arsebobas moiTxovs. amasTan, es 

zedmeti parametrebi uSualod kameris Siga maxasiaTeb-

lebs ar warmoadgens. miuxedavad aRniSnulisa, afinur 

gardaqmnas ramdenime upiratesobac aqvs. kerZod, is karg-
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ad muSaobs, Tu: gamosaxulebis striqonebsa da svetebs an 

gamosaxulebis sibrtyesa da optikur RerZs Soris arseb-

obs daxra; is kargad muSaobs rogorc piqselur, ise nam-

dvil koordinatebTan gamosaxulebis sibrtyeze; aseve ga-

moTvlebisTvis ar aris saWiro iteraciuli meTodebis 

gamoyeneba.      

 

4.9. 3D sivrceSi dakvirvebuli obieqtis  

mdebareobis gansazRvris martivi meTodi 

 

3D sivrceSi dakvirvebuli obieqtis mdebareoba (poza) da 

geometriuli Tvisebebi SeiZleba ganisazRvros kameris 

gamoyenebiT. ganvixiloT obieqtis mdebareobis gansazRvr-

is martivi xerxi gamosaxulebis sibrtyeze misi sami wer-

tilis koordinatebis safuZvelze. aRniSnuli meTodis 

Rirseba isaa, rom praqtikul gamoyenebasTan erTad mas 

Semoaqvs ramdenime mniSvnelovani cnebis idea. erT-erTi 

maTgania ukuperspeqtiuli gardaqmna, romlis arsi mdgo-

mareobs obieqtebis samganzomilebiani Tvisebebis gamoTv-

laSi perspeqtiuli proeqciiT miRebuli maTi organzomi-

lebiani gamosaxulebebis Tvisebebze dayrdnobiT. xolo 

meore – optimizaciis proceduris gamoyeneba parametreb-

is im saukeTeso nakrebis mosaZebnad, romelic obieqtis 

samganzomilebiani wertilebis gamosaxulebis organzomi-

lebian wertilebTan Sesabamisobas uzrunvelyofs. davuS-

vaT, rom CvenTvis cnobilia obieqtis geometriuli mode-

li, kameris fokusuri manZili da aseve simartivisTvis 

vTqvaT, rom msoflio koordinatTa da kameris koordina-

tTa sistemebi erTmaneTs emTxveva. amis gamo wertilebis 

aRniSvnaSi koordinatTa sistemis maCvenebeli indeqsebi 
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CamovaSoroT, anu gveqneba 𝑷𝑖
𝑾 = 𝑷𝑖

𝑪 ≡ 𝑃𝑖 . amasTan ganxilu-

li iqneba wertilebis mxolod namdvili da ara piqselu-

ri koordinatebi.  

3D sivrceSi obieqtis mdebareobis Sefasebis  marti-

vi magaliTi mocemulia 4.16 suraTze.  

 

 
sur. 4.16 

 

rogorc vxedavT, scenis obieqts warmoadgens 𝑃1𝑃2𝑃3 

samkuTxedi, romlis gverdebis sigrZe cnobilia, xolo  

misi proeqcia gamosaxulebis 𝑢 − 𝑣 sibrtyeze isev 𝑄1𝑄2𝑄3 

samkuTxedia. 𝑃𝑖 , 𝑖 = 1,3     wertilebis koordinatebi ucnobia 

da amocana mdgomareobs am koordinatebis gamoTvlaSi, 

rac sabolood samkuTxedis mdebareobas gansazRvravs si-

vrceSi. Cven vuSvebT, rom viciT Tu obieqtis romel wer-

tilebs vakvirdebiT da, aqedan gamomdinare, viciT maT 

wyvilebs Soris manZilebi. myari obieqtis SemTxvevaSi es 

manZilebi obieqtis sivrceSi gadaadgilebisas ar icvle-
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ba. 𝑃𝑖 , 𝑖 = 1,3     wertilebis rolSi SeiZleba ganvixiloT ma-

galiTad adamianis pirisaxis maxasiaTebeli wertilebi, 

Tvalebi da cxviri. 𝑃𝑖 wertilebis koordinatebis gansaz-

Rvra SeiZleba gamosaxulebaze 𝑄𝑖 , 𝑖 = 1,3     wertilebis saS-

ualebiT, romelTa koordinatebic gamosaxulebis sibrty-

eze cnobilia. fokusuri 𝑓 manZili warmoadgens manZils 

perspeqtiuli proeqciis centridan gamosaxulebis sibrt-

yemde. Sesabamisad, kameris 𝑪 koordinatTa sistemis mim-

arT gamosaxulebis 𝑄1 , 𝑄2 ,𝑄3 wertilebis koordinatebi 

iqneba 𝑄𝑖 =  𝑢𝑖 , 𝑣𝑖 , −𝑓 , 𝑖 = 1,3    . 

aRvniSnoT kameris koordinatTa sistemis saTavidan 

dakvirvebuli 𝑄𝑖 , 𝑖 = 1,3     wertilebisken mimarTuli erTeu-

lovani veqtorebi 𝒒𝑖 -iT. igive mimarTulebazea ganlageb-

uli 𝑃𝑖 wertilebic. aqedan gamomdinare, 𝑃𝑖 wertilebis 

koordinatebis gansazRvra 𝑄𝑖 wertilebis koordinatebze 

dayrdnobiT SesaZlebelia, Tu gamoviTvliT sam 𝑎𝑖 skala-

rul sidides gantolebaTa sistemidan: 

 

                  𝑃𝑖 = 𝑎𝑖𝒒𝑖 .                       (4.9) 

  

radganac obieqtis warmodgenil modelSi 𝑃1 ,𝑃2 da 

𝑃3 wertilebs Soris manZilebi cnobilia, (4.9) gantolebe-

bidan SesaZlebelia am manZilebTan dakavSirebuli Semde-

gi sami gantolebis miReba: 

 

                𝑑𝑚𝑛 =  𝑃𝑚 − 𝑃𝑛 ,                  (4.10) 

 

sadac 𝑚, 𝑛 = 1,3     da 𝑚 ≠ 𝑛. Tu (4.10) -Si 𝑃𝑖 wertilebis koo-

rdinatebis nacvlad CavsvamT 𝑄𝑖 wertilebis cnobil koo-
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rdinatebs da 3D sivrceSi wertilebs Soris manZilebs 

warmovadgenT skalaruli namravlis saSualebiT, imis ga-

TvaliswinebiT, rom 𝒒𝑖 ∘ 𝒒𝑖 = 1, miviRebT: 

 

                    𝑑𝑚𝑛
2 =  𝑎𝑚𝒒𝑚 − 𝑎𝑛𝒒𝑛 

2; 

𝑑𝑚𝑛
2 =  𝑎𝑚𝒒𝑚 − 𝑎𝑛𝒒𝑛 ∘  𝑎𝑚𝒒𝑚 − 𝑎𝑛𝒒𝑛 ; 

                 𝑑𝑚𝑛
2 = 𝑎𝑚

2 − 2𝑎𝑚𝑎𝑛 𝒒𝑚 ∘ 𝒒𝑛 + 𝑎𝑛
2.       (4.11) 

 

Cven miviReT sami 𝑎𝑖 cvladis sami kvadratuli gan-

toleba, romelSic 𝑑𝑚𝑛  sidideebi obieqtis modelidanaa  

cnobili, xolo sami skalaruli 𝒒𝑚 ∘ 𝒒𝑛 namravli cnobi-

lia 𝑄𝑖 wertilebis koordinatebis meSveobiT. amgvarad, 

Cven mier zemoT dasmuli amocana 𝑃𝑖 , 𝑖 = 1,3     wertilebis  

3D koordinatebis gamoTvlaze dayvanil iqna sami cvlad-

is sami kvadratuli gantolebis amoxsnaze. Teoriulad 

(4.11) gantolebaTa sistemas SeiZleba hqondes rva 

 𝑎1 , 𝑎2 ,𝑎3  sameulisgan Semdgari sxvadasxva amonaxsni. ama-

sTan unda aRiniSnos, rom mocemuli SemTxvevisTvis sivr-

ceSi sami wertilis nebismieri mdebareobisTvis koordi-

natTa sistemis meore mxares arsebobs am wertilebis sa-

rkuli asaxvebi koordinatebiT  – 𝑎1 , −𝑎2 ,−𝑎3 . aqedan gamo-

mdinare, Tu (4.11) gantolebaTa sistemas akmayofilebs ko-

ordinatebis erTi sameuli, maSin mas meore sameulic da-

akmayofilebs. Sesabamisad Teoriulad SesaZlo 8 amonaxs-

nidan Cven realurad SeiZleba gvqondes yvelaze didi 

mxolod oTxi, imis gamo, rom obieqti SeiZleba ganlageb-

uli iyos gamosaxulebis sibrtyis mxolod erT mxares. 

𝑎𝑖 , 𝑖 = 1,3     sidideebis da Sesabamisad, 𝑃𝑖 , 𝑖 = 1,3     werti-

lebis koordinatebis gamosaTvlelad saWiroa  (4.11) gan-



157 

 

tolebaTa sistemis amoxsna, risTvisac iyeneben arawrfivi 

optimizaciis meTods. maTematikurad es niSnavs 𝑎𝑖 , 𝑖 = 1,3     

cvladis funqciebis sami fesvis  povnas:  

 

𝑓 𝑎1 , 𝑎2 ,𝑎3 = 𝑎1
2 − 2𝑎1𝑎2 𝒒1 ∘ 𝒒2 + 𝑎2

2 − 𝑑12
2; 

𝑔 𝑎1 ,𝑎2 , 𝑎3 = 𝑎2
2 − 2𝑎2𝑎3 𝒒2 ∘ 𝒒3 + 𝑎3

2 − 𝑑23
2; 

 𝑎1 ,𝑎2 , 𝑎3 = 𝑎1
2 − 2𝑎1𝑎3 𝒒1 ∘ 𝒒3 + 𝑎3

2 − 𝑑13
2; 

 

4.10. kameris maxasiaTebeli parametrebis tipebi 

 

kameris kalibracia niSnavs misi im parametrebis dadgen-

as, romlebic axasiaTeben mis geometriul Tvisebebs da 

mdebareobas. aRniSnuli parametrebi iyofa 2 jgufad: 

 

 gare parametrebi; 

 Siga parametrebi. 

 

gare parametrebi aRweren kameris koordinatTa sis-

temis mdebareobas da orientacias 3D msoflio koordin-

atTa sistemaSi. isini gansazRvraven gardaqmnas 3D obieq-

tis koordinatTa sivrcidan kameris 3D koordinatTa sis-

temaSi (sur. 4.17). es gardaqmna Sedgeba gadatanisa da mob- 

runebis gardaqmnebis parametrebisgan: 

 

 gadatanis parametrebia: 

 

𝒕 =  𝑡𝑥   𝑡𝑦   𝑡𝑧 
𝑇
; 
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 mobrunebis parametrebia: 

 

𝑹 =    

𝑟11        𝑟12    𝑟13      0   
𝑟21       𝑟22      𝑟23     0  
𝑟31        𝑟32     𝑟33     0 

0        0       0      1

 . 

 

gadatanis parametrebi aRweren kameris mdebareobas 

msoflio koordinatTa sistemaSi, xolo mobrunebis para-

metrebi ki mis orientacias. SevniSnoT, rom mobrunebis 

damoukidebel parametrTa raodenoba samis, da ara cxris 

tolia. 

 
sur. 4.17 

 

Siga parametrebi warmoadgenen kameris maxasiaTebl-

ebs. isini damokidebulia konkretuli kameris Tavisebu-

rebebze. isini gansazRvraven gardaqmnas kameris 3D koor-

dinatTa sistemidan gamosaxulebis 2D koordinatTa sist-

emaSi (sur. 4.18). es parametrebia: 
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 mTavari  𝐮𝟎,𝐯𝟎  wertili _ kameris optikuri RerZis 

da gamosaxulebis sibrtyis gadakveTis wertili; 

 masStabis  𝐝𝐱, 𝐝𝐲  koeficientebi _ piqselis horizon-

taluri 𝑥 da vertikaluri 𝑦 zomebisTvis;  

 kadris damaxinjebis (distorsiis) 𝛕𝟏 koeficienti _ 

mocemuli kameris kadris ganzomilebebs Soris Tana-

fardobis damaxinjebis aRmricxveli masStabirebis 

koeficienti;  

 𝐟 fokusuri manZili _ manZili kameris obieqtivis op-

tikuri centridan gamosaxulebis sibrtyemde; 

 obieqtivis damaxinjebis (𝐤𝟏) koeficienti _ kameris 

obieqtivis radialuri damaxinjebis modelirebisTvis 

gamoyenebuli masStabirebis koeficienti. 

 

 
sur. 4.18 

 

aRsaniSnavia, rom kameris koordinatTa sistemis sa-

Tave 𝑂 moTavsebulia misi obieqtivis optikur centrSi, 

romelzec gadis optikuri RerZi. es ukanaskneli ki gamo-
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saxulebis sibrtyis marTobulia. rac Seexeba mTavar wer-

tils _ 𝐶0 𝑢0,𝑣0  ZiriTadad is moTavsebulia gamosaxule-

bis centrSi. xolo, 𝑑𝑥 da 𝑑𝑦 ki warmoadgenen msoflio 

koordinatTa sistemis namdvil erTeulebSi gazomil, ma-

galiTad, mm-Si, piqselis zomebis masStabis koeficient-

ebs horizontaluri da vertikaluri mimarTulebiT. da-

vuSvaT, rom mocemuli kamerisTvis cnobilia 𝑢0, 𝑣0, 𝑑𝑥 , 𝑑𝑦 

da kadris damaxinjebis 𝜏1 parametrebis mniSvnelobebi. 

maSin kameris kalibraciis procesSi saWiro iqneba 𝑓 fo-

kusuri manZilis da obieqtivis damaxinjebis 𝑘1 koefici-

entis gansazRvra. 

 

4.11. 3D obieqtebis rekonstruqcia 

 

3D scenis obieqtebis rekonstruqcia warmoadgens kompiu-

teruli xedvis erTerT centralur sakiTxs, romlis amo-

canaa obieqtebis formis aRdgena maTi erT an ramdenime 

2D gamosaxulebaze dayrdnobiT. obieqtebis rekonstruqc-

ia farTod gamoiyeneba medicinasa da teqnikuri xedvis 

sistemebSi, kosmosur kvlevebSi, virtualuri realobis 

garemoSi obieqtebis modelebis SeqmnisTvis. obieqtis re-

konstruqciis procesi Sedgeba 4 ZiriTadi nabijisagan: 

 

1. 3D (siRrmis) monacemebis Segroveba; 

2. siRrmis monacemebis sivrciTi SeTanasworeba; 

3. zedapiris ageba; 

4. optimizacia. 
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damkvirveblidan (kameridan) scenis obieqtis Sesaxeb 

3D monacemebis Segrovebisas siRrmis monacemebi (range data) 

aRebuli unda iqnes dakvirvebis sxvadasxva wertilidan 

miRebuli xedebis erTobliobidan, romlebic mTlianoba-

Si moicavs obieqtis garemomcvel mTel zedapirs. xSirad 

amisTvis sakmarisia 8-10 xedi, magram rTuli obieqtebis 

SemTxvevaSi, roca saWiroa maRali sizuste, aseTi xedeb-

is raodenoba sakmaod didi unda iyos. meore mxriv, rac 

ufro metia aseTi xedebis raodenoba, miT metia gamoTvl-

ebis fasic (dro). amitom konkretuli amocanebis gadawy-

vetisas unda davicvaT garkveuli balansi xedebis raode-

nobasa da gamoTvlebis fass Soris. TiToeuli xedidan 

miRebuli monacemebi Sedgeba obieqtis zedapiris Sesaba-

misi nawilidan aRebuli erTi siRrmis gamosaxulebisgan 

(brtyeli gamosaxuleba) da aseve xSirad naxevartonuri 

an feradi gamosaxulebisgan. siRrmis gamosaxuleba Seic-

avs monacemebs kameris obieqtividan obieqtis Sesabamisi 

zedapiris wertilebamde daSorebebis (siRrmis) Sesaxeb. 

aseTi gamosaxulebis miRebis ramdenime gza arsebobs. mag-

aliTad, ramdenime kalibrirebuli kameridan miRebuli 

kameris matricis gamoyeneba. Tumca aseTi gziT agebuli 

obieqtis modeli ar xasiaTdeba maRali sizustiT, gamoye-

nebuli kamerebis optikuri sistemis dabali sizustis ga-

mo. maRali sizustis miRweva SesaZlebelia lazeruli ga-

manaTeblisa da kamerisgan Semdgari sistemis gamoyenebiT. 

aseTi sistema saSualebas iZleva maRali sizustiT gani-

sazRvros lazeruli sxivis, obieqtis zedapiris da kame-

ris xedvis sxivis gadakveTis wertilis koordinatebi da 

Sesabamisad siRrmis gamosaxulebac. obieqtis mTliani 

zedapiris modelis ageba SesaZlebelia sxvadasxva xede-
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bidan miRebuli aseTi siRrmis gamosaxulebebis damuSave-

bisa da gaerTianebis gziT miRebuli monacemebis safuZve-

lze. rac Seexeba intensiobis mniSvnelobebs, isini SeiZ-

leba gamoyenebuli iqnes siRrmis monacemebis SeTavsebis 

proceduraSi. ferad gamosaxulebebTan SeTavsebuli siR-

rmis gamosaxulebebis miReba SesaZlebelia ramdenime sxv-

adasxva komerciuli modelis lazeruli skaneris gamo-

yenebiT.  

 

gansazRvreba 4.1. siRrmis monacemebis gaerTianebis 

process maTi erTian 3D koordinatTa sistemaSi gardaqm-

nis (dayvanis) gziT uwodeben SeTavsebis process (registra-

tion).  

 

siRrmis monacemebis SeTavsebis Semdeg ukve SeiZleba 

obieqtis zedapiris rekonstruqciis etapis dawyeba. magr-

am sxvadasxva xedidan miRebuli siRrmis monacemebis SeT-

avsebis (dajgufebis) Sedegad miiReba 3D wertilebis gr-

ova (Rrubeli) da ara obieqtis modeli. am ukanasknelis 

misaRebad saWiroa monacemebis Semdgomi damuSaveba. obie-

qti 3D saxeSi SeiZleba warmodgenili iyos ornairad:  

 

1. 3D wertilebis da maTi damakavSirebeli wiboebisgan 

Sedgenili bmuli poligonaluri badis (connected poly-

gon mesh) saxiT, romliTac obieqtis zedapiri warmoi-

dgineba; 

2. samganzomilebiani kubebis anu voqselebis (voxels _ 

volume elements) simravlis saxiT, romliTac 3D obieqt-

is mTliani moculoba warmoidgineba. 
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amasTan erTi warmodgena SeiZleba gardaqmnili iqnes meo-

reSi.  

poligonaluri bade warmoadgens wveroebis, wiboeb-

is da waxnagebis erTobliobas, romelic gansazRvravs 

mravalwaxnaga obieqtis formas 3D sivrceSi. poligoni 

(polygon) es aris erT sibrtyeSi moTavsebuli (komplana-

ruli) waxnagebis krebuli. Cveulebrivad waxnagebi SeiZ-

leba iyos samkuTxa, oTxkuTxa, an martivi amozneqili 

mravalkuTxedebi (poligonebi). magram bade aseve SeiZle-

ba Sedgebodes yvelaze ufro zogadi saxis Cazneqili 

mravalkuTxedebisgan, an xvrelebis mqone mravalkuTxede-

bisgan. samkuTxa da oTxkuTxa badiT warmodgenili zeda-

pirebis mqone obieqtebi mocemulia 4.19 suraTze. 

 

 
sur. 4.19 

 

voqselebiT warmodgenili 3D obieqtis modeli ageb-

ulia erTmaneTis identuri da fiqsirebuli regularuli 

badis ujredebSi moTavsebuli sivrciTi (moculobiTi) 

elementebisgan. am process „voqselizacias“ uwodeben. am-

gvarad, aseTi gardaqmnis Sedegad miiReba uwyveti 3D obi-

eqtis 3D  diskretuli modeli garkveuli miaxloebiT. 4.20 

suraTze warmodgenilia uwyveti zedapiri da misi erTna-
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iri zomis kubebiT voqselizaciis Sedegad miRebuli dis-

kretuli zedapiri. amasTan rac ufro mcirdeba voqseleb-

is zoma, miT umjobesdeba obieqtis diskretul saxeSi 

warmodgenis sizuste, magram es Tavis mxriv moiTxovs ko-

mpiuteris did mexsierebas da gamoTvlebis did fass. 

Cveulebrivad yvelaze xSirad iyeneben martiv modelebs, 

magaliTad, kubebisagan agebul modelebs (sur. 4.21).  

 

 
sur. 4.20 

 

 

 
sur. 4.21 

 

amave dros obieqts SesaZloa hqondes iseTi dafaru-

li zedapirebic, romlebic arc erTi xedidan ar Cans. ob-

ieqtis zedapiris rekonstruqciis dros sasurvelia, rom 
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rac SeiZleba meti iyos msgavseba rekonstruirebuli da 

realuri obieqtis formebs Soris da amave dros SenarCu-

nebul iqnes am ukanasknelis topologia. magram rekonst-

ruqciis dros SeiZleba warmoiSvas xmaurTan dakavSireb-

uli problema. ganvixiloT es sakiTxi skamis rekonstru-

qciis magaliTze (sur. 4.22,a). rogorc vxedavT, SeTavsebu-

li siRrmis monacemebi erTmaneTTan mWidrodaa ganlage-

buli, magram amave dros adgili aqvs xmaursac. kerZod, 

arseboben realuri skamis gareT ganlagebuli zedmeti 

wertilebi, gansakuTrebiT skamis zurgis mxares, romel-

ic warmodgenilia erTi mTliani nawilis saxiT. 4.22,b su-

raTze mocemulia martivi rekonstruqciis Sedegi, rome- 

 

 
         aA             b             g  

sur. 4.22 

 

lSic siRrmis monacemebi warmodgenilia erTmaneTTan 

mWidroT ganlagebuli 3D wertilebis Rrubelis saxiT 

da ar aris gaTvaliswinebuli TviT obieqtis geometria, 

anu calkeuli urTierTkavSirebi obieqtis Semadgenel na-
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wilebs Soris. Sesabamisad, rekonstruqciis SedegSi ar 

aris gaTvaliswinebuli obieqtis topologia. 

SeTavsebuli siRrmis monacemebis Semdgomi damuSave-

biT SesaZlebelia rekonstruqciis ukeTesi Sedegis miRe-

ba (sur. 4.22,g). rogorc vxedavT, rekonstruirebuli skami 

warmodgenilia 3D wertilebis karkasis saxiT, romelSic 

skamis Semadgeneli calkeuli nawilebi erTmaneTisgan ga-

moyofilia, TiTqmis moSorebulia xmauris wertilebi da 

zurgis vertikalurad ganlagebul Tamasebs Soris arseb-

obs Tavisufali Sualedebi. 4.22,g suraTze warmodgenili 

rekonstruqciis Sedegi miRebulia sivrciTi amokveTis 

(space carving) meTodis gamoyenebiT.… 

3D obieqtebis rekonstruqciis meTodebs Soris mniS-

vnelovani adgili uWiravT midgomebs, romlebsac foto-

kamerebidan da videokamerebidan miRebuli monacemebis 

damuSaveba SeuZliaT. am midgomebSi 3D rekonstruqciisTv-

is mesame ganzomilebis aRdgena kameriT miRebul organ-

zomilebian monacemebze dayrdnobiT xdeba. kamera aseT 

SemTxvevaSi warmoadgens ukuproecirebis mowyobilobas, 

anu is axdens 3D scenis gadayvanas 2D gamosaxulebaSi. 

magram aseTi gadasvlisas ikargeba informacia obieqtis 

kuTxeebis, realuri zomebis da a. S. Sesaxeb. scenis 3D 

formis SefasebisTvis saWiro informaciidan gamomdinare, 

rekonstruqciis midgomebi iyofa or jgufad:  

 

 scenis obieqtebis geometriaze damyarebuli meTode-

bi; 

 fotometriul informaciaze damyarebuli meTodebi. 
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informacias obieqtebis geometriis Sesaxeb iyeneben 

scenaze martivi obieqtebis (sfero, kubi, prizma da a. S.) 

arsebobis SemTxvevaSi. xolo rTuli formis obieqtebis 

SemTxvevaSi ki iyeneben fotometriul informacias (fizi-

kuri optikis nawili, romelic Seiswavlis sinaTlis wya-

ros gamosxivebis energetikul raodenobriv maxasiaTebl-

ebs, magaliTad, sinaTlis Zalas, ganaTebulobas, sikaSka-

Ses, da a. S.). erT-erT popularul sferos, romelSic 

aseTi informacia gamoiyeneba warmoadgens stereoxedva 

($3.1.2.). 

 

4.11.1. sivrciTi amokveTis algoriTmi 

 

sivrciTi amokveTis algoriTmi warmoadgens meTods, rom-

liTac 3D obieqtebis formis rekonstruqcia scenidan im 

areebis moSorebis gziT xdeba, romlebic ar Seesabamebi-

an Sesasvlel gamosaxulebebs. am midgomis ZiriTad arsSi 

gasarkvevad ganvixiloT 4.23 suraTi. algoriTmis mixedv-

iT scenis sivrce nawevrdeba elementarul sivrciT kube-

bad (voqselebad) da igi warmoidgineba rogorc aseTi ku-

bebisagan Semdgari erToblioba, romelTa damuSavebac 

erTdrouladaa SesaZlebeli. im obieqtis ganivkveTi, rom-

lis rekonstruqciac dakvirvebis sxvadasxva wertilSi 

moTavsebuli kamerebidan (sensorebidan) miRebuli xedeb-

is krebulis gamoyenebiT unda moxdes, mocemulia 4.23,a 

suraTze. erTi kameris gamoyenebiT miRebuli erT-erTi 

xedi warmodgenilia 4.23,b suraTze. scenis sivrce arasa-

Wiro nawilebis (voqselebis gareT arsebulis da xmaur-

iT gamowveuli) moSorebis mizniT SeiZleba daiyos calk-

eul areebad, iqidan gamomdinare, Tu sad aris obieqtTan 
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da kamerasTan mimarTebiT ganlagebuli siRrmis monaceme-

bis Sesabamisi wertilebi. suraTidan Cans, rom kameris 

xedvis areSi xvdeba obieqtis qvemoT da marcxniv ganlag-

ebuli wertilebi. kameris xedvis konusur areSi moxved-

rili sivrcis is nawili, romelic mdebareobs obieqtis 

skanirebul zedapirsa da kameras Soris (Ria ruxi feris) 

moTavsebulia obieqtis win da amitom SeiZleba mocileb-

uli iqnas. fonisa da obieqtis Sesaxeb siRrmis monacemeb-

is arsebobis SemTxvevaSi dakvirvebuli scenis sivrcidan 

aseve SeiZleba mocilebul iqnas sivrcis damatebiTi naw-

ilebi (muqi ruxi feris). meore mxriv, ar SeiZleba obieq-

tis ukan arsebuli wertilebis moSoreba, radgan erT ka-

meraze dayrdnobiT ar SeiZleba imis mtkiceba, es werti-

lebi obieqts ekuTvnis Tu mis ukan aris ganlagebuli, ma-

gram Tu obieqts SevxedavT meore kameris saSualebiT 

(anu sxva xedidan) (sur. 4.23,g), maSin is saSualebas mogv-

cems scenis sivrces movaciloT damatebiT kidev raRac 

axali nawili. xedebis raodenobis kidev ufro gazrdiT   

 

 
    a  b                  g 

sur. 4.23  

SesaZlebelia scenis sivrcidan TiTqmis yvela arasaWiro 

nawilis moSoreba, rac sabolood migviyvans iqamde, rom 
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bolos dagvrCeba mxolod voqselebiT warmodgenili obi-

eqtis modeli. magram Tu voqseli arasworad iqna moSor-

ebuli, maSin aman SeiZleba obieqtis swori nawilebis mo-

Sorebac gamoiwvios.  

4.24,a,b,g suraTze naCvenebia, Tu rogor SeiZleba gan-

isazRvros scenis sivrcidan aRebuli romelime erTeul-

ovani sivrciTi kubis mdebareoba scenaze erTi kameridan 

miRebul xedze dayrdnobiT Sesabamisad 4.24 suraTze mo-

cemul a), b) da g) SemTxvevebisTvis: 

 

 
         a                 b                 g     

sur. 4.24 

 

 a) kubi moTavsebulia kamerasa da siRrmis monacemebs 

Soris. es niSnavs, rom kubi mdebareobs obieqtis saz-

Rvrebs gareT da is SeiZleba moSorebul iqnas; 

 b) kubi mTlianad moTavsebulia siRrmis monacemebis 

ukan. aseT SemTxvevaSi, kameris mdebareobis gaTvalis-

winebiT, kubi obieqtis SigniT moTavsebulad iTvle-

ba; 
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 g) kubi moTavsebulia nawilobriv siRrmis monacemeb-

is ukan da nawilobriv win. am SemTxvevaSi iTvleba, 

rom is kveTs obieqtis zedapirs.  

 

rac Seexeba scenaze erTeulovani kubis markirebas misi 

mdebareobidan gamomdinare, is Semdegnairad SeiZleba ga-

nxorcieldes. kubis 8 kidura wvero proecirdeba kameris 

gamosaxulebis sibrtyeze da maTi amozneqili garsi saz-

ogadod qmnis eqvskuTxeds. kameris centridan eqvskuTxed-

ze gamavali sxivebi qmnis konuss, romelic iseTnairad 

aris wakveTili, rom zustad moicvas kubi. Tu eqvskuTxe-

dze proecirebuli siRrmis monacemebis yvela wertili 

moTavsebulia wakveTili konusis ukan, anu wertilebi ka-

meridan ufro Sors aris vidre kubis yvelaze kidura 

wvero, maSin iTvleba, rom kubi obieqtis sazRvrebs gare-

Taa moTavsebuli. xolo, Tu yvela es wertili kubis yve-

laze uaxloes wveroze ufro axlosaa moTavsebuli obi-

eqtTan, maSin iTvleba, rom kubi mdebareobs obieqtis Sig-

niT. sawinaaRmdego SemTxvevaSi kubi obieqtis sazRvarze 

devs.   

Cven ganvixileT erTi kubisa da erTi kameris SemTx-

veva da vnaxeT, rom scenis sivrcidan carieli nawilebis 

mosaSoreblad ara erTi, aramed ramdenime kameraa saWi-

ro. amasTan, kubebis markirebisas zemoaRwerili proced-

ura unda Sesruldes TiToeuli kamerisTvis cal-calke, 

da Tu erTi kamera mainc ambobs, rom kubi obieqtis sazR-

vrebs gareTaa moTavsebuli, maSin kubi marTlac iTvleba 

sazRvrebs gareT moTavsebulad. Tu yvela kamera ambobs, 

rom kubi devs obieqtis SigniT, maSin is jer kidev iTvl-

eba obieqtis SigniT myofad. romelime xedidan SeiZleba 
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aRmoCndes, rom is marTlac devs obieqtis gareT, magram 

es xedi ganxilvaSi ar monawileobda. mesame SemTxvevaSi, 

roca kubi obieqtis arc SigniTaa da arc gareT, is iTv-

leba obieqtis sazRvarze mdebare kubad.   

amave dros unda aRiniSnos sivrciTi amokveTis alg-

oriTmisTvis damaxasiaTebeli SezRudvebic. kerZod:  

 

 Sesasvleli gamosaxulebebi miRebuli unda iyos ka-

librirebuli kamerebidan;  

 algoriTmis gamoyeneba problematuria aralambertu-

li zedapirebis mqone obieqtebis SemTxvevaSi;  

 algoriTmis sizuste SezRudulia voqselebis garCev-

isunarianobiT _ amis gamo voqselebi patara unda 

iyos. 

 

4.12. obieqtis formis gamoTvla 

ganaTebulobis mixedviT 

 

aRmoCnda, rom obieqtis ganaTebuloba garkveuli gamoTv-

lebis Catarebis Sedegad SeiZleba gamoyenebuli iqnes mi-

si formis gamosaTvlelad. aseTi gamoTvlebis safuZvels 

warmoadgens adamianis mxedvelobisTvis damaxasiaTebeli 

Tviseba _ aRiqvas obieqtis zedapirebi, romelTa ganaTeb-

ulobac xedvis mimarTulebiT TandaTanobiT mcirdeba, 

rogorc zedapirebi, romlebic mas TandaTan Sordeba. ma-

galiTad, pirisaxis loyaze wasmuli kanze ufro muqi fe-

ris grimi pirisaxes ufro viwros aCens imis gamo, rom 

muqi feris grimi damkvirvebels uqmnis iluzias, rom ase-

Ti zedapirebi misgan ufro Sorsaa, vidre es sinamdvile-
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Sia. da piriqiT, kanze ufro Ria feris grimis wasmisas 

damkvirvebeli pirisaxes rogorc ufro savses (sruls)  

xedavs. cnobilia, rom ($2.4.1.) obieqtis zedapiris elemen-

tSi intensiobis mniSvnelobasa (ganaTebulobasa) da mas-

ze aRmarTul normals Soris arsebobs damokidebuleba, 

romelic aRiwereba lambetris arekvlis formulis saSu-

alebiT. meTodebi, romlebic zedapiris mimarT normalis 

gamoTvlisTvis iyenebs misi gamosaxulebis ganaTebulob-

is intensiobis Sesaxeb monacemebs, cnobilia rogorc fo-

rmis gamoTvlis meTodebi zedapiris ganaTebulobis mixe-

dviT (shape from shading). ganaTebulobis mixedviT obieqtis 

formis gamoTvlis klasikur modelebSi ivaraudeba, rom 

cnobilia sinaTlis wyaroebis ganaTebis mimarTulebebi 

da aseve is, rom zedapiri lokalurad gluvia. am midgom-

is arsi naCvenebia 4.25 suraTze, sadac marcxniv mocemul-

ia lambertis zedapiris mqone obieqtebis gamosaxuleba, 

romelic miRebulia kamerasTan axlos moTavsebuli sina-

Tlis wyaroTi ganaTebisas. am SemTxvevaSi obieqtis zeda-

piris ganaTebulobis intensioba zedapiris normalsa da 

dacemuli sinaTlis mimarTulebas Soris kuTxis propor-

ciulia. xolo marjvena suraTze mocemulia zedapiris 

mimarT normalebi obieqtebis konturis ramdenime wert-

ilSi. suraTidan Cans, rom gamosaxulebaze ufro kaSkaSa 

wertilebi Seesabameba im wertilebs, romelTa normalebi 

sinaTlis wyaris mimarTulebiTaa mimarTuli. xolo nor-

malebi, romlebic damkvirvebliskenaa mimarTuli suraT-

ze aRniSnulia jvrebiT. rac Seexeba damkvirveblidan ga-

mosaxulebis TiToeuli wertilis 𝑧 daSorebis (siRrmis) 

gansazRvras, amisTvis SeiZleba gamosaxulebis erT-erT 

yvelaze ufro kaSkaSa wertils mivaniWoT siRrmis raRac 
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𝑧0 mniSvneloba da Semdeg, gamosaxulebis gaswvriv ganla-

gebuli danarCeni wertilebis siRrmis mniSvnelobebi gan-

vsazRvroT maTi normalebis mimarTulebis cvlilebidan 

gamomdinare.  

 

 
sur. 4.25 

 

4.12.1. stereofotometruli meTodi 

 

am meTodis gamoyenebiT 3D obieqtebis rekonstruqcia mo-

iTxovs scenisken mimarTuli 2 an meti kalibrirebuli ka-

meris gamoyenebas. am dros, imis gamo, rom adgili aqvs 

kamerebis xedvis velebis gadakveTas, dgeba stereowyvil-

is gamosaxulebebze scenis erTsa da imave nawilebs Sor-

is Sesabamisobebis dadgenis amocana. Sesabamisobis dadg-

enis Semdeg scenis TiToeuli wertilis wanacvlebis si-

didisa da kamerebis kalibraciis parametrebis codnis 

safuZvelze miiReba siRrmis gamosaxuleba. stereoxedvis 

sistemis saimedoobis gazrdisTvis zrdian kamerebis rao-

denobas.     
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V Tavi. 3D obieqtebis warmodgenis  

modelebi 
 

5.1. Sesavali 

 

samganzomilebiani obieqtebis modelebi farTod gamoiye-

neba rogorc kompiuterul xedvaSi, ise manqanur grafika-

Si. am ukanasknelSi samganzomilebiani obieqtebi warmod-

genili unda iyos monacemTa iseTi struqturis saxiT, 

romelic mosaxerxebeli iqneba grafikuli scenebis gamo-

Tvlisa da ekranze vizualizaciisTvis. modelebidan erT-

erTi yvelaze ufro farTod gavrcelebulia 3D poligon-

aluri badis tipis modeli, romelic warmoadgens mrava-

lkuTxedebis krebuls, agebuls samganzomilebiani werti-

lebisa da maTi SemaerTebeli wiboebisgan. gluvi da mar-

tivi zedapirebis aRwerisTvis manqanur grafikaSi aseve 

SemuSavebulia sxva modelebic. kerZod, meore rigis zed-

apirebi (kvadrikebi), B – splain zedapirebi da sxva. gra-

fikuli modelebi garda obieqtebis sivrciTi formis Se-

saxeb informaciisa, aseve SeiZleba Seicavdnen informaci-

as im ferisa da teqsturis Sesaxeb, romelic obieqtis 

zedapirs vizualuri asaxvisas zemodan edeba. 5.1 suraTze 

warmodgenilia saTamaSo ZaRlis uxeSi 3D  poligonaluri 

badiT agebuli modeli da imave modelis renderingis Se-

degad miRebuli gamosaxuleba masze teqsturebis dadebis 

Semdeg.  

kompiuterul xedvaSi obieqtebi iseTi saxiT unda 

iqnes warmodgenili, romelic gamosaxulebebze maTi amo-

cnobis amocanas gaaadvilebs. es Tavis mxriv gulisxmobs 
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garkveuli Sesabamisobis dadgenis SesaZleblobas obieq-

tis warmodgenis modelsa da gamosaxulebaze am obieqti-

dan aRebul maxasiaTebel niSan-Tvisebebs Soris, magram 

samganzomilebiani obieqtebis amocnobisas gamosaxulebe-

bi SeiZleba sxvadasxva formatis iyos. kerZod, naxevar-

tonuri, feradi an manZilsazomiT miRebuli, an kidev ma-

Ti kombinaciebi. es ki iwvevs niSan-TvisebaTa mravalfer-

ovnebis da raodenobis zrdas da Sesabamisad arTulebs 

amocanis gadawyvetas. magram obieqtebis samganzomilebia-

ni modelebis umetesoba ar aris gankuTvnili niSan-Tvise-

baTa aseTi raodenobisa da mravalferovnebisTvis. amitom 

konkretuli tipis amocanis gadasawyvetad saWiro xdeba 

Sesabamisi modelis SemuSaveba.  

 

      
sur. 5.1 

 

zemoTqmulidan gamomdinare, samganzomilebiani obie-

qtebis amocnobis amocanis ganxilvamde mimovixiloT obi-

eqtebis warmodgenis yvelaze ufro metad gavrcelebuli 

modelebi. gamoarCeven zogadi saxis Semdeg models: geom-

etriuli tipis modelebi (Sedgeba wertilebis, monakveTe-

bisa da zedapirebisagan), simboluri tipis modelebi 

(Sedgeba elementaruli komponentebisa da maT Soris siv-
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rciTi urTierTkavSirebisgan) da funqciuri tipis mode-

lebi (Sedgeba funqciuri nawilebisa da maT Soris funq-

ciuri kavSirebisagan). ganvixiloT es modelebi. 

 

5.2. geometriuli modelebi 

 

kompiuterul xedvaSi am modelebis gamoyenebis  pirveli 

mcdeloba ekuTvnis amerikel mecniers l. roberts. igi 

exeba gamosaxulebaze mravalwaxnaga obieqtebis amocnob-

is problemas. am amocanis gadasawyvetad gamoyenebuli 

iyo obieqtebis martivi karkasuli tipis (wire-frame models) 

modelebi da gamosaxulebebidan gamoyofili calkeuli 

wrfivi monakveTebis erTmaneTTan SeTanadebis procedura. 

wrfivi monakveTebis gamoyenebaze damyarebuli modelebi 

dResac popularulia. garda amisa, mrudwiruli da met-

ic, nebismieri formis mqone zedapirebis ufro zusti wa-

rmodgenisTvis SemuSavebuli iqna sxvadasxva alternati-

va. Cven ganvixilavT badis tipis modelebs, zedapiri – 

wibo - wvero tipis modelebs, voqseluri tipis model-

ebs, oqtantur xeebze damyarebul modelebs, ganzogadeb-

ul cilindrebze damyarebul modelebs, superkvadrebze 

damyarebul da deformaciul modelebs. aseve vaCvenebT 

gansxvavebas WeSmarit (namdvil) samganzomilebian model-

ebsa da maxasiaTebeli tipis modelebs Soris, romlebic 

samganzomilebian obieqts warmoadgenen dakvirvebis sxva-

dasxva wertilidan (xedidan) miRebuli misi organzomil-

ebiani gamosaxulebebis simravlis saSualebiT.  
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5.2.1. 3D badis tipis modelebi 

 

rogorc viciT, obieqtebi 3D sivrceSi SeiZleba aRiweros 

mravalkuTxedebis warmomqmneli wveroebis da maTi Semae-

rTebeli wiboebis simravlis saSualebiT ($2.3.). 3D sivrc-

eSi obieqtebis warmodgenis aseT martiv geometriul 

xerxs 3D poligonaluri badis tipis models (3D mesh) 

uwodeben. imis gamo, rom mravalkuTxedi SeiZleba mrava-

lnairi iyos, Sesabamisad aseTi badis tipis modelebic 

bevria. Tu modeli Sedgeba erTi tipis mravalkuTxedebis-

gan, maSin gvaqvs regularuli poligonaluri badis ti-

pis modeli (3D regular mesh). Tu karkasuli modeli Sedge-

ba mxolod samkuTxedebisgan, maSin gvaqvs samkuTxa badis 

tipis modeli (triangular mesh) (sur. 5.2).  

 

 
sur. 5.2 

 

imis gaTvaliswinebiT, Tu ramdenad saWiroa mxedve-

lobaSi miviRoT obieqtis wvril-wvrili detalebi, misi 

poligonaluri badis tipis modeliT warmodgenis sizus-

te SeiZleba gansxvavebuli iyos, dawyebuli uxeSi sizus-
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tidan da damTavrebuli maRal sizustemde. 5.3 suraTze 

warmodgenilia saTamaSo ZaRlis sami karkasuli modeli, 

romlebic Seesabameba misi warmodgenis sxvadasxva garCe-

visunarianobas.  

 

 
 

 
sur. 5.3 

 

aRniSnuli modelebi SeiZleba gamoyenebuli iqnes 

rogorc grafikuli vizualizaciisTvis, aseve obieqtis 

amocnobisTvis siRrmis monacemebze dayrdnobiT. amocnob-

is amocanis amoxsnisTvis maxasiaTebeli niSan-Tvisebebis 

gamoyofis operatorebma siRrmis monacemebidan is niSan-
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Tvisebebi unda gamoyon, romlebic Sesaferisi iqneba po-

ligonaluri badis tipis modelTan SeTanadebisaTvis. 

 

5.2.2.  „zedapiri – wibo – wvero“ tipis  

modelebi 

 

samganzomilebiani xedvis sistemebi Tavisi ganviTarebis 

adreul etapze ZiriTadSi muSaobdnen brtyeli waxnageb-

is mqone mravalwaxnaga obieqtebTan. Sesabamisad obieqte-

bis amocnobisa da maTi mdebareobis SefasebisTvis mTav-

ar maxasiaTebel niSan-Tvisebebad gamoyenebuli iyo wibo-

ebi.  

 

gansazRvreba 5.1. obieqtis samganzomilebian models, 

romelic mxolod wveroebsa da wiboebs Seicavs karkasu-

li tipis modeli (wire-frame model) ewodeba.  

 

is warmoadgens obieqtis umartivesi saxis geometri-

ul models, romelic gamoiyeneba kompiuterSi obieqtis 

maTematikuri warmodgenisაTvis. mas aseve kideebis warmo-

dgenis modelsac uwodeben. 5.4 suraTze warmodgenilia 

kubis tipuri karkasuli tipis modeli. karkasuli tipis 

modeli Sedgeba wertilebisgan, wirebisgan, rkalebisa da 

wreebisgan, koniksebisa (conics _ konusisა da sibrtyis ga-

dakveTis Sedegad miRebuli ganivkveTis SemomsazRvreli 

konturi) da mrudeebisაgan. obieqtis aseTi modelis sax-

iT warmodgenisas igulisxmeba, rom misi zedapirebi brt-

yelia, xolo yvela kide wrfivia.  
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sur. 5.4 

 

karkasuli tipis modelis ganzogadebas warmoadgens 

zedapiri – wibo – wvero (surface–edge–vertex) tipis modeli. 

am modelis SemTxvevaSi monacemTa struqtura Seicavs mo-

nacemebs obieqtis  yvela wveros, zedapiris da wibos Se-

saxeb da aseve cnobebs maTi topologiuri urTierTkavSi-

rebis Sesaxeb. es ukanaskneli miuTiTebs, Tu romeli zed-

apirebia ganlagebuli wibos TiToeul mxares da romeli 

wveroebi warmoadgenen wiboebis daboloebebs. mravalwax-

naga obieqtebis SemTxvevaSi zedapirebi brtyelia, xolo 

wiboebi wrfivi monakveTebia. magram mocemuli modeli 

SeiZleba ganzogadebuli iyos iseT mravalwaxnaga obieq-

tebzec, romelTa zedapirebi da wiboebi mrudwirulia. 

aseTi modelis monacemTa struqtura warmoadgens ierarq-

iuli tipis struqturas, romelic iwyeba yvelaze zemoTa 

donidan, sadac gvaqvs amosacnobi obieqtebis simravle da 

grZeldeba qvemoT, sadac dabal doneebze ganlagebulia 

zedapirebi da rkalebi. 

zedapiri – wibo – wvero modelis gamoyenebiT mova-

xdinoT 5.5 suraTze mocemuli samganzomilebiani obieqt-

is aRwera, romelic Sedgeba brtyeli da cilindruli 

tipis zedapirebisagan.  
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sur. 5.5 

 

simartivisTvis ganvixiloT mxolod ramdenime xilu-

li 𝐹1, 𝐹2, 𝐹3, 𝐹4 da 𝐹5 zedapiri da maTi Sesabamisi wiboe-

bi. aRniSnuli zedapirebidan 𝐹1, 𝐹3, 𝐹4 da 𝐹5 zedapirebi 

brtyelia, xolo 𝐹2 cilindrulia. 𝐹1 SemosazRvrulia 

erTi sazRvriT, romelic Sedgeba erTaderTi wibosgan, 

romelic SeiZleba warmovadginoT wrewiris rkalis saSu-

alebiT. 𝐹2-s ori aseTi sazRvari aqvs. 𝐹3-s aqvs oTxi wr-

fivi monakveTisgan Sedgenili gare sazRvari da Siga na-

xvretis sazRvari wriuli tipis rkalis saxiT. 𝐹4 da 𝐹5 

zedapirebs aqvT oTxi monakveTisgan Sedgenili TiTo-Ti-

To sazRvari. 𝐸1 wibo erTmaneTisgan yofs 𝐹3 da 𝐹5 waxn-

ags. Tu 𝐸1 wibos sawyis wertilad aviRebT 𝑉1 wveros, xo-

lo bolo wertilad 𝑉2 wveros, maSin 𝐹3 zedapiri iqneba 

marcxena waxnagi, xolo 𝐹5 ki 𝐸1 wibos marjvena waxnagi. 

𝑉2 wverosTan dakavSirebulia sami _ 𝐸1, 𝐸2 da 𝐸3 wibo.  

karkasuli tipis modelebis naklovan mxares warmoa-

dgens maT mier realuri obieqtebis warmodgenis aracal-

saxoba (orazrovneba) da maTi mxolod adamianis interpr-

etaciaze sruli damokidebuleba, gansakuTrebiT rTuli 

obieqtebis SemTxvevaSi. aseve am modelebiT SeuZlebelia 
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obieqtis moculobis gamoTvla, ganivkveTisa da sxva maxa-

siaTeblebis gansazRvra.   

 

5.2.3. ganzogadebul cilindrze 

damyarebuli modelebi 

 

bunebaSi arsebuli bevri biologiuri Tu adamianis mier 

warmoebuli obieqtis moculoba wagrZelebuli formisaa. 

Sesabamisad, aseTi tipis obieqtebis aRwerisTvis iyeneben 

ganzogadebul cilindrze damyarebul modelebs (genera-

lized-cylinder models). ganzogadebuli cilindris modeli Se-

icavs: 

 

 ganzogadebuli cilindrebis simravles; 

 maT Soris sivrciT mimarTebebs; 

 obieqtis globalur Tvisebebs. 

 

5.6,a suraTze mocemulia ganzogadebuli cilindris 

modeliT warmodgenili TviTmfrinavi, romelic Seicavs 

1, 2 da 3 WdiT markirebul ganzogadebul cilindrebs. 

maT Soris sivrciTi mimarTebebi mocemulia 5.6,b suraTze. 

     
    a    b 

sur. 5.6 
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obieqtebis amocnobisTvis aseTi tipis modelebis ga-

moyenebis arsi imaSi mdgomareobs, rom moaxdinos 3D obi-

eqtebis danawevreba martiv geometriul figurebad, rac 

amocnobis process gaamartivebs. 

 

gansazRvreba 5.2. ganzogadebuli cilindri ewodeba 

moculobiT myar sxeuls, romelic moicema 3D mrudwiru-

li RerZiT da mis TiToeul wertilSi gansazRvruli ga-

nivkveTis funqciiT.  

 

ganivkveTi warmoadgens Sekrul brtyel mruds, rom-

lis forma ucvlelia, magram masStabi RerZis gaswvriv 

SeiZleba icvlebodes. Cveulebrivad, aseTi modelis Sez-

Rudva imaSi mdgomareobs, rom ganivkveTi RerZis marTob-

uli unda iyos mis yovel wertilSi. ganivkveTi „gadaad-

gildeba“ RerZis gaswvriv, ris Sedegadac xdeba cilind-

ruli formis sxeulis formireba. 5.7 suraTze warmodgen-

ilia ganzogadebuli cilindri da mis ganivkveTebTan da-

kavSirebuli koordinatTa sistemebi.  

 

 

 
sur. 5.7 
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magaliTad, Cveulebrivi wriuli cilindri warmoad-

gens ganzogadebul cilindrs, romlis RerZi wrfivi mon-

akveTia, xolo ganivkveTi ki mudmivi radiusis mqone wre; 

ganzogadebul cilindrs warmoadgens konusi, romlis 

RerZi wrfivi monakveTia, xolo ganivkveTi ki wre, roml-

is radiusi izrdeba RerZis erT boloSi nulovani mniSv-

nelobidan maqsimalur mniSvnelobamde RerZis meore bo-

loSi. paralelepipedic warmoadgens ganzogadebul cil-

indrs, romlis RerZi wrfivi monakveTia, xolo ganivkveTi 

_ fiqsirebuli zomis sworkuTxedi. ganzogadebuli cil-

indria toric, romlis RerZi wrea, xolo ganivkveTi mud-

mivi radiusis wre.   

ganzogadebuli cilindris aRwerisTvis SeiZleba ga-

moviyenoT misi maxasiaTebeli sxvadasxva parametri. maga-

liTad, misi RerZis sigrZe, ganivkveTis saSualo sigane, 

ori ganivkveTis fardoba da konusurobis kuTxe (taper 

angle) _ konusis wveros kuTxe. rac Seexeba cilindrebs 

Soris sivrciT mimarTebebs, amisTvis gamoiyeneba bmulob-

is cneba, magram cilindrebis SeerTebis bmulobis saSua-

lebiT aRweris garda, romelic bolo wertilebis Tanx-

vedris SemTxvevaSi gamoiyeneba, cilindrebi SeiZleba ise-

Tnairad iyos SeerTebuli, rom erTi cilindris bolo 

wertili SeiZleba SeerTebuli iyos meore cilindris 

romelime Siგa wertilTan. aseT SemTxvevaSi cilindrebis 

SeerTebis aRwerisTvis SeiZleba gamoyenebuli iqnas ise-

Ti parametrebi, rogoricaa cilindrebis Sexebis wertil-

is koordinatebi, erTi cilindris meoris mimarT daxris 

an mobrunebis kuTxe. rac Seexeba obieqtis globalur ma-

xasiaTeblebs, aseTad  SeiZleba gamodges obieqtis mode-

lSi arsebuli cilindrebis Semadgeneli nawilebis rao-
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denoba, wagrZelebuli nawilebis raodenoba da SeerTebe-

bis simetria. ganzogadebuli cilindrebis gamoyenebiT 

SesaZlebelia aseve ierarqiuli modelis agebac, romelS-

ic obieqtis detalizaciis sxvadasxva done warmodgeni-

li iqneba ierarqiis sxvadasxva doneze. aseTi saxiT warm-

odgenili adamianis sxeulis uxeSi modeli mocemulia 5.8 

suraTze (wyvetili xazebiT aRniSnulia cilindrebis Re-

rZebi). rogorc vxedavT, sxeuli warmodgenilia Reroebis 

krebulis anu cilindrebis saxiT, romlebic warmoadgen-

en adamianis Tavs, sxeuls, xelebsa da fexebs. ierarqiis 

Semdeg doneze sxeuli SeiZleba daiyos kisris da tanis 

qveda nawilebad, xelebi – mxris, mklavis da mtevnis ci-

lindrebad. aseve daiyofa calkeul cilindrebad fexebi. 

ierarqiis Semdeg doneze xelis mtevani daiyofa xelisgu-

lad da 5 TiTad, da a. S.    

 

 
sur. 5.8 

 

ganzogadebuli cilindris, rogorc myari sxeulis 

calsaxa gansazRvrisTvis gamoiyeneba ori maTematikuri 

funqcia, romlebic cilindris RerZsა da ganivkveTs aR-
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weren TiToeul wertilSi. dekartis  𝑥, 𝑦, 𝑧  koordinatTa 

sistemaSi RerZi SeiZleba warmodgenili iyos parametr-

ul saxeSi, rogorc rkalis 𝑠 sigrZis funqcia:  

 

𝒂 𝑠 =  𝑥 𝑠 , 𝑦 𝑠 , 𝑧 𝑠  . 

 

amasTan, mosaxerxebelia, rom TiToeul 𝒂 𝑠  wertil-

Tan dakavSirebuli iyos koordinatTa lokaluri sistema 

saTaviT am wertilSi. amave koordinatTa sistemaSive gan-

isazRvreba ganivkveTi. is SeiZleba aRiweros rogorc ga-

nivkveTis sibrtyis wertilebis simravle, an parametrul 

saxeSi warmodgenili misi momvlebi konturiT (mrudiT), 

parametriT 𝑟 :  

 

განივკვეთის საზღვარი =  𝑥 𝑟, 𝑠 ,𝑦 𝑟, 𝑠  . 

 

𝑠 parametrze damokidebuleba miuTiTebs im faqtze, 

rom ganivkveTis forma cilindris RerZis gaswvriv SeiZ-

leba icvlebodes. zemomoyvanili ganzogadebuli cilind-

ris RerZisa da ganivkveTis funqciebi mocemulia koordi-

natTa msoflio sistemaSi. magram SesaZlebelia maTi gar-

daqmna ganzogadebuli cilindris RerZTan dakavSirebul 

koordinatTa  lokalur sistemaSic.  

3D ganzogadebuli cilindris 2D gamosaxulebaze pr-

oecirebisas miiReba 2 tipis proeqcia: lenti da elifsi. 

lenti warmoadgens cilindris „grZeli“ nawilis proeqc-

ias, xolo elifsi ki misi ganivkveTis proeqcias, Tumca 

imis gamo, rom ganivkveTi yovelTvis SeiZleba ar iyos 

wrewiri, Sesabamisad misi proeqciac yovelTvis ar iqneba 
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elifsi, magram zogierTi ganzogadebuli cilindri mTl-

ianad simetriulia da amis gamo maT ar aqvT „grZeli“ an 

„mokle“ nawilebi. xolo im cilindrebisTvis, romlebsac 

aseTi nawilebi aqvT, SemuSavebuli iqna obieqtebis gamo-

saxulebaze lentebis Ziebis algoriTmebi, romlebic gam-

osaxulebaze cilindris RerZis formis msgavs wagrZele-

bul areebs eZeben.  

3D obieqtebis ganzogadebuli cilindrebis saxiT wa-

rmodgenis erT-erTi upiratesoba imaSi mdgomareobs, rom 

misi saSualebiT adviladaa SesaZlebeli myari sxeulis 

bevri parametris gamoTvla.  

 

5.2.4. oqtantebis xeebze damyarebuli 

modelebi 

 

damkvirvebeli 3D obieqtze dakvirvebisas mas xedavs ara 

mTlianad, aramed mxolod im nawils, romelic misi xedv-

is kuTxuri velis areSia. amave dros, rogorc viciT, 3D 

rastri warmoadgens  2𝑛 × 2𝑛 × 2𝑛 , (𝑛 mTeli ricxvia), gan-

zomilebis mqone voqselebad (voxel _ volume element) wodebu-

li (moculobiTi piqseli) elementebis (kubebis) masivs 

(simravles). Sesabamisad, 3D sivrce SeiZleba warmovadgin-

oT rogorc voqselebis krebulisagan Sedgenili mocul-

oba, romlis TiToeuli elementi gviCvenebs, aris Tu ara 

masSi obieqtis romelime nawili. amgvarad, voqselebis sa-

SualebiT SesaZlebelia 3D uwyveti sivrcis diskretuli 

warmodgena garkveuli miaxloebiT (sur. 5.9).  
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sur. 5.9 

 

magaliTad, 3D binaruli gamosaxuleba warmoadgens 

3D rastrs, romelic Sedgeba TeTri da Savi feris voqse-

lebisgan. vTqvaT, Savi voqselebis simravle warmoadgens 

obieqts, xolo TeTri voqselebis simravle ki fons. mag-

ram Tu 3D binaruli gamosaxuleba Sedgeba Savi feris vo-

qselebis msxvili blokebisagan, maSin is SeiZleba warmo-

vadginoT aseTi calkeuli blokebisgan (kvanZebisgan) Sed-

genili xis saSualebiT. aqedan gamomdinare, SemuSavebuli 

iqna iseTi meTodebi, romlebic scenis 3D areebad dayof-

is (dekompoziciis) SesaZleblobas iZleva (sur. 5.10). ase-

Ti midgomis gamoyenebiT SeiZleba damuSavdes scenis mxo- 

    
sur. 5.10 
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lod is nawilebi, romlebic damkvirveblis xedvis kuTx-

uri velis areSi arian. amis Sedegad, mkveTrad mcirdeba 

dasamuSavebeli masivis moculoba, da Sesabamisad gamoTv-

lebis fasic.  

am ideis realizaciisTvis gamoiyeneba e. w. oqtanteb-

is xe (octree), romlis safuZvelzec SesaZlebelia 3D scen-

is ierarqiuli aRwera da masze damyarebuli obieqtis mo-

delis warmodgena. oqtantebis xe warmoadgens 3D sivrcis 

Sesaxeb arsebuli informaciis Sesanax monacemTa struqt-

uras. sazogadod, is gamoiyeneba moculobebis an zedapi-

rebis warmodgenisTvis. maTi upiratesoba warmodgenis 

sxva modelebTan SedarebiT gansakuTrebiT gamoixateba 

maSin, roca 3D sivrceSi arsebuli moculobebi erTmaneT-

Tan ukiduresad bmulia. aseTi obieqtis magaliTs warmoa-

dgens adamiani, romlis zedapiris are mcire raodenobis 

wertilebs Seicavs da mis irgvliv arsebuli sivrce ar 

warmoadgens interess. oqtantebis xes SeuZlia daiWiros 

adamianis formis arsi mis irgvliv arsebuli carieli 

sivrcis an formis sruli Siga sivrcis modelirebiT da 

ar daxarjos amisTvis adgili mexsierebaSi. oqtantebis x-

is modelis gamoyeneba sasargebloa magaliTad, robotis 

mier gzis dagegmvis amocanaSi. am dros roboti cdilobs 

moZraobisas raimes ar daejaxos. amitom mas ainteresebs 

is zedapirebi, romelsac unda Semouaros (Tavi aaridos), 

da ara is, rac am zedapirebis SigniT an garSemo aris. 

oqtantebis xe warmoadgens kvadri xeebis samganzomilebi-

an analogs.  

 

gansazRvreba 5.3. oqtantebis (rvaobiTi) xe (octree) ew-

odeba ierarqiuli tipis monacemTa xismagvar struqtur-
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as, romlis TiToeuli kvanZi _ oqtanti Seesabameba kubu-

ri formis ares da romelSic TiToeul oqtants SeiZle-

ba rva ganStoeba hqondes, romlebic kubis oqtantebad 

danawevrebaze miuTiTeben.  

 

oqtantebis xis gamoyenebiT 3D scena rekursiulad 

(rekursia _ Tavis TavSi ganmeorebadi procedura) iyofa 

8 3D oqtantad (sur. 5.11).  

 

 
 

 
sur. 5.11 

 

oqtantebis xis dasawyisSi gvaqvs kvanZi (oqtanti), 

romelSic scena mTlianadaa moTavsebuli (sur. 5.11). mas 

universalur kubs uwodeben. am kvanZs xis Zireuli  kvan-

Zi (root node) ewodeba. amis Semdeg Zireuli kvanZi Tanamimd-

evrulad iyofa jer 8 qvekubad _ oqtantad, Semdeg etap-
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ze ukve TiToeuli oqtanti iyofa 8 oqtantad da a. S. man-

am, sanam ar iqneba miRweuli scenis sasurveli detaliza-

cia. TiToeuli qvekubis markireba xdeba Wdeebis mniSvne-

lobebiT 0_7. Sesabamisad, gadasawyveti amocanidan gamom-

dinare, aseTi dayofiT SesaZlebelia scenis 3D sivrcis 

detalizaciis sxvadasxva xarisxis miRweva.  

oqtantebis xis TiToeul oqtants eniWeba Tavisi Se-

sabamisi Wde, romelsac sami mniSvnelobidan erT-erTis 

miReba SeuZlia. kerZod:  

 

F _ Sevsebulia (Seferilia Savi feriT)  _ oqtanti 

mTlianad devs 3D obieqtis SigniT; 

E _ carielia (Seferilia TeTri feriT)  _ oqtanti 

mTlianad devs 3D obieqtis gareT; 

P _ nawilobriv Sevsebulia (Seferilia ruxi feriT)   

_ oqtanti nawilobriv Seicavs 3D obieqts; 

 

oqtantebs Wdeebis mniSvnelobebiT _ Sevsebulia da 

carielia ar gaaCniaT Svilobili kvanZebi, rac niSnavs, 

rom Semdeg doneze maT ganStoebebi ar gaaCnia. xolo na-

wilobriv Sevsebulia Wdis mniSvnelobis mqone oqtanti 

nawevrdeba rva naklebi moculobis mqone Svilobil qve-

oqtantad da TiToeuli maTgani mowmdeba imis gasarkvev-

ad, is mTlianad devs obieqtis SegniT, Tu gareT. oqtant-

ebis danawevreba grZeldeba manam, sanam yvela maTgani ar 

aRmoCndeba an obieqtis SigniT, an gareT. amgvarad, obieq-

tis warmodgenis aseTi modeli saSualebas iZleva Sevina-

xoT mxolod im blokebSi arsebuli informacia, romleb-

ic obieqts Seesabameba. es ki Tavis mxriv mniSvnelovnad 
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amcirebs monacemebis moculobas da aadvilebs amocnobis 

amocanis amoxsnas.   

3D obieqtis sivrciTi dekompoziciis da Sesabamisi 

oqtantebis xis magaliTi naCvenebia 5.12 suraTze. 5.12,a su-

raTze warmodgenilia martivi obieqti, romelic mTliana-

daa Casmuli universalur kubSi (sur. 5.12,b), xolo Sesab-

amisi oqtantebis xe mocemulia 5.12,g suraTze.    

 

 
sur. 5.12 

 

5.2.5. superkvadrebze damyarebuli 

modelebi 

 

3D obieqtebis modelis formirebisTvis superkvadrebis 

(superquadrics) gamoyenebis arsi imaSi mdgomareobs, rom ma-
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Ti saSualebiT SesaZlebelia deformirebadi geometriu-

li figurebis modelireba iseTi tipis deformaciebis me-

SveobiT, rogoricaa gaWimva, Seviwroeba, dagrexa da Run-

va.  

superkvadrebi warmoadgenen meore rigis zedapirebis 

(kvadrebis) gafarToebas, romelSic Sedian superelifso-

idebi, supertoroidebi da superhiperboloidebi. isini 

SemuSavebuli iqna manqanuri grafikis da kompiuteruli 

xedvis amocanebisTvis rogorc primitivebi (umartivesi 

bazisuri elementebi) 3D formebis warmodgenisTvis. supe-

rkvadrebi SeiZleba SevadaroT Tixis naWrebs, rogorc 

prototipebs, romelTa deformirebiT (maTTvis sxvadasx-

va formis micemiT) da SewebebiT SesaZlebelia obieqteb-

is modelebis ageba. 5.13,a,b suraTze warmodgenilia sami 

obieqti da superkvadrebis gamoyenebiT agebuli maTi Se-

sabamisi modelebi.  

 
      a 

 

 
    b 

sur. 5.13 
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maTematikurad superkvadrebi qmnis garkveuli param-

etrebis mimarT parametrizebuli zedapirebis ojaxs. sup-

erkvadri maTematikurad warmoidgineba samganzomilebiani 

𝑺 𝜂, 𝜔  veqtoris saSualebiT, romlis 𝑥, 𝑦 da 𝑧 komponent-

ebi moicema rogorc 𝜂 da 𝜔 kuTxeebis funqciebi: 

 

𝑺 𝜂, 𝜔 =  
𝑥
𝑦
𝑧
 =  

𝑎1𝑐𝑜𝑠
𝜀1 𝜂 𝑐𝑜𝑠𝜀2 𝜔 

𝑎2𝑐𝑜𝑠
𝜀1 𝜂 𝑠𝑖𝑛𝜀2 𝜔 

𝑎3𝑠𝑖𝑛
𝜀1 𝜂 

 , 

 

sadac, −
𝜋

2
≤ 𝜂 ≤

𝜋

2
 da aRniSnavs kuTxes 𝑥 RerZsa da 𝑥 − 𝑦 

sibrtyeSi 𝑺 veqtoris proeqcias Soris, xolo  −𝜋 ≤ 𝜔 ≤

𝜋 da aRniSnavs kuTxes 𝑺 veqtorsa da 𝑥 − 𝑦 sibrtyeSi mis 

proeqcias Soris. 𝑎1, 𝑎2 da 𝑎3 parametrebiT moicema supe-

rkvadris zomebi Sesabamisad 𝑥, 𝑦 da 𝑧 mimarTulebiT. 𝜖1 

da 𝜖2 parametrebi ki gansazRvraven superkvadrebis for-

mas.  

superkvadrebis saSualebiT SeiZleba obieqtebis Se-

madgeneli iseTi „saamSeneblo“ blokebis modelebis aRwe-

ra, rogoricaa sferoebi, elifsoidebi, cilindrebi, para-

lelepipedebi da aseve maTi „Sualeduri“ formebi. magal-

iTad, Tu 𝜖1 = 𝜖2 = 1, maSin superkvadri warmoadgens eli-

fsoids, xolo Tu amasTan 𝑎1 = 𝑎2 = 𝑎3, maSin gvaqvs 

sfero; Tu 𝜖1 ≪ 1 da 𝜖2 = 1, maSin zedapiri cilindris 

msgavsia. amgvarad, parametrebisTvis sxvadasxva mniSvnel-

obebis SerCeviT SesaZlebelia sxvadasxva 3D formis ze-

dapirebis miReba (sur. 5.14). 
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sur. 5.14 

 

superkvadrebze damyarebuli modelebi ZiriTadaT 

gamoiyeneba manZilsazomebidan miRebuli monacemebis dam-

uSavebisTvis. am mizniT sxvadasxva formis gluvi zedapi-

rebis misaRebad SemuSavebuli iqna parametrebis SerCevis 

mTeli rigi meTodi.   

 

5.3. xilvadobis klasebze damyarebuli  

modelebi 

 

3D obieqtebis xilvadobis klasebze damyarebuli model-

ebis (view classes models) saSualebiT aRwera emyareba obieq-

tebis ara sruli sivrciTi formiT, aramed dakvirvebis 

nebismieri wertilidan miRebuli obieqtebis 2D gamosaxu-

lebebiT warmodgenas. marTlac, obieqtebi dakvirvebis sx-

vadasxva wertilidan anu xedidan sxvadasxvanairad Cans. 

am xedebs maxasiaTebel xedebs (characteristic views) uwodeben. 

cxadia, rom obieqtze dakvirvebis yvela wertilidan miR-

ebul xedebs Soris aRmoCndeba xedebi, romlebic erTman-

eTis msgavsi iqneba. magaliTad, obieqtze dakvirvebis wer-

tilebis erTi simravlisTvis cilindris proeqcia gamo-

saxulebis sibrtyeze SeiZleba warmoadgendes raRac 
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zols, xolo dakvirvebis meore simravlisTvis ki el-

ifss. aqedan gamomdinare, Tu klasterizaciis algoriTm-

is gamoyenebiT movaxdenT dakvirvebis yvela wertilidan 

miRebuli xedebis dajgufebas maTi msgavsebis mixedviT, 

rac gamosaxulebis sibrtyeze maTi proeqciebis msgavseba-

sac niSnavs, maSin miviRebT maxasiaTebeli xedebis, anu 

klasebis raRac simravles. am klasebs xilvadobis klas-

ebs (view classes) uwodeben. amgvarad, xilvadobis klasi wa-

rmoadgens dakvirvebis wertilebis raRac simravles, ro-

melsac gamosaxulebis sibrtyeze msgavsi Tvisebebis mqo-

ne obieqtis proeqciebi Seesabameba. magaliTad, aseT Tvis-

ebas SeiZleba warmoadgendes is, rom gamosaxulebaze xi-

luli iqneba obieqtis erTi da igive zedapirebi, an erTi 

da igive monakveTebi, an erTi xilvadobis klasis TiToe-

uli dakvirvebis wertilidan xiluli obieqtis gamosaxu-

lebaze konturebSi gamoyofil struqturebs Soris far-

dobiTi manZili (SeTanxmebuli markirebisas fardobiTi 

manZiliT ganisazRvreba saukeTeso asaxva mimarTebaTa ne-

bismieri raodenobis SemTxvevaSi, $1.8) sakmaod mcirea. ama-

sTan, cxadia, rom erTi xilvadobis klasSi Semavali obi-

eqtis xedebi erTmaneTis ufro metad msgavsi unda iyos, 

vidre sxva xilvadobis klasSi Semavali nebismieri xedi. 

sazogadod, xedebis ricxvi SeiZleba usasrulo iyos.  

5.15 suraTze naCvenebia kubis xilvadobis 3 klasi, 

romlebic miiReba dakvirvebis im  wertilebis dajgufeb-

iT (klasterizaciiT), romlebic wrfivi monakveTebisgan 

Sedgenil, topologiurad izomorful _ msgavs struqtu-

rebs iZleva. rogorc vxedavT, xilvadobis TiToeul kla-

si gansazRvravs kubis zedapirebis sxvadasxva raodenob-

as.  
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sur. 5.15 

 

5.16 suraTze mocemulia 3 kubisgan Sedgenili gaumW-

virvale obieqti da gamosaxulebis sibrtyeze 3 gansxvave-

buli: wina, gverdiTi da zeda  xedidan miRebuli proeqc-

iebi.  

    

      
sur. 5.16 
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xolo 5.17 suraTze mocemulia 2 gansxvavebuli xedidan 

danaxuli skamis gamosaxuleba, romlebic maT Soris far-

dobiTi manZilis simciris gamo erTsa da imave xilvadob-

is klass miekuTvneba. 

 

 
sur. 5.17 

 

mas Semdeg, rac 3D obieqtisTvis  koreqtulad ganis-

azRvreba xilvadobis klasi, obieqtis mdebareobis (poz-

is) gansazRvrisTvis SeTavsebis amocana modelsa da gamo-

saxulebas Soris Sesabamisobebis dadgenis mizniT daiyva-

neba 2D SeTavsebis  SemTxvevaze. 

 

5.4. obieqtebis fizikaze damyarebuli da 

deformirebadi modelebi 

 

fizikaze damyarebuli modelebi (physics-based models) gamo-

iyeneba elastikuri masalisgan damzadebuli fizikuri 

obieqtebis garegani formis (geometriis) da qcevis mode-

lirebisTvis. kerZod, Tu rogor iqceva elastikuri obie-

qti masze Zalebis, brunvis momentebis, Siga deformacieb-

is, maRali temperaturisa da sxva fizikuri sidideebis 
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moqmedebis SemTxvevaSi. isini ufro realisturad asaxavs 

realuri samyaros obieqtebs, vidre geometriuli model-

ebi. amis magaliTs warmoadgens adamianis gulis modeli, 

romlis mizania warmoaCinos gulis formisa da qcevis 

modelireba drois raRac garkveuli periodis ganmavlo-

baSi. aseTi modeli saSualebas iZleva SeviswavloT da 

gavigoT gulis funqcionirebis Taviseburebebi. obieqtis 

fizikaze damyarebuli modelebis mniSvnelovan klass wa-

rmoadgens deformirebadi modelebi (deformable models). ase-

Ti modelebis arseboba imiT aris gamowveulia, rom fiz-

ikuri sxeulis forma gare Zalebis zemoqmedebiT SeiZle-

ba drosa da sivrceSi icvlebodes. es modelebi farTod 

gamoiyeneba gamosaxulebaTa sinTezis (kompiuteruli gra-

fika), gamosaxulebaTa analizis (kompiuteruli xedva), 

formis dizainis (kompiuteruli geometriuli dizaini), 

gamosaxulebebis disparatulobis (stereoxedvis) da gam-

osaxulebebis nakadis velebis (gamosaxulebis sibrtyeze 

moZravi obieqtebis gamosaxulebebis proeqciebis siCqaris 

veli), uZravi an video gamosaxulebebidan obieqtebis fo-

rmisa da moZraobis gansazRvrisaTvis.   

deformirebadi modelebi, ganicdis ra gare Zalebis 

zemoqmedebas, Tavis mxriv, gamosaxulebis monacemebidan 

gamomdinare, SezRudvebs adeben maT. am Zalebis moqmedeb-

is Sedegad modelebi gamosaxulebaze aqtiurad formird-

eba da gadaadgildeba, raTa advilad iqnas miRweuli ma-

Ti maqsimaluri Tanxvedra interesis obieqtebis gamosax-

ulebebTan da Semdeg SenarCundes garkveuli drois gan-

mavlobaSi. aseTi qcevis gamo deformirebadi modelebis 

gamoyenebam didi interesi gamoiwvia samedicino gamosaxu-

lebebis analizis sferoSi maTi gamoyenebis Tvalsazris-
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iT. aq deformirebadi modelebis gamoyeneba sasargeblo 

aRmoCnda anatomiuri struqturebis segmentaciis, formis 

warmodgenis, gamosaxulebebis SeTavsebisa da gamosaxul-

ebebis mimdevrobaze moZraobis TvalTvalis amocanebSi im 

SezRudvebis gaTvaliswinebiT, romlebic momdinareobs  

gamosaxulebis monacemebidan im apriorul codnasTan er-

Tad, romelic am struqturebis mdebareobasTan, zomasTan 

da formasTanaa dakavSirebuli. deformirebad modelebze 

damyarebul midgomaSi erTad gaerTianebulia geometriis, 

fizikisa da aproqsimaciis Teoriebi. geometria gamoiyene-

ba obieqtis formis warmodgenisTvis, fizika ki  SezRud-

vebs adebs modelis formis cvlilebas sivrcesa da dro-

Si, xolo aproqsimaciis Teoria uzrunvelyofs modelis 

gamosaxulebis gazomil monacemebTan morgebis meqanizme-

bis formalur safuZvlebs. 

 

5.4.1. aqtiuri konturis modelebi 

 

deformirebadi modelebi obieqtis formas warmoadgenen 

2DDmrudis an 3DDzedapiris saxiT, romlebic SeiZleba de-

formirebuli iyos am klasis obieqtebis konkretul egz-

emplarTan Sesabamisobis dadgenis mizniT. maT SeuZliaT 

gadaadgileba Sinagani Zalis, romelic cdilobs deform-

aciis dros models SeunarCunos sigluve, da garegani 

Zalis, romelic gansazRvravs modelis gadaadgilebas 

obieqtis sazRvrisken, gavleniT. 

gamosaxulebaTa analizis amocanebSi deformirebadi 

modelebidan yvelaze metad gamoiyeneba daklaknili anu 

aqtiuri konturis modeli (snake or  active contour model). misi 

moqmedeba dakavSirebulia obieqtis garSemomweri kontur-
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is (siluetis) formis cvlilebasTan. gamosaxulebaze aq-

tiuri konturebi warmoadgenen brtyel konturebs. isini 

gamoiyeneba obieqtebis sazRvrebis miaxloebiTi mdebareo-

bisa da formis gansazRvrisaTvis im daSvebiT _ SezRudv-

iT, rom sazRvrebi uban-uban uwyvetia an gluvi. aqtiuri 

konturis modelis gamoyeneba sasargebloa iseTi amocan-

ebis gadasawyvetad, rogoricaa segmentacia, moZravi obie-

qtebis TvalTvali da stereogamosaxulebebis Serwyma. ma-

galiTad, gamosaxulebebis segmentaciis amocanaSi aqtiu-

ri konturis modelis gamoyenebas segmentaciis sxva meT-

odebisgan gansxvavebiT aqvs garkveuli upiratesobebi. ke-

rZod, misi gamoyeneba moiTxovs mxolod gamosaxulebis 

lokaluri maxasiaTeblebis codnas, rac ufro zusti 

amonaxsnis miRebas uzrunvelyofs. aseve obieqtebis sazR-

vrebis dadgenisTvis ar moiTxovs kideebis da sazRvrebis 

idealuri modelebis gamoyenebas; aqtiuri konturi bmul-

obis (uwyvetobis) gamo ar saWiroebs sazRvris calkeuli 

fragmentebis (sazRvris wyvetebis gamo) gaerTianebas erT 

uwyvet konturSi, an calkeuli areebis  gaerTianebas; ga-

moyofili kideebi erTi piqselis sisqisaa. 

gamosaxulebaze aqtiuri konturis qceva xelis mtev-

nis TiTebze gaWimuli rezinis lentis qcevis msgavsia, 

sadac TiTebi 2D xuTi wertilis rols TamaSobs, xolo 

rezinis lenti ki am xuT wertilze gamavali Sekruli 

konturis. am dros gaWimuli rezinis lenti cdilobs Se-

ikumSos iseT mdgomareobamde, anu miiRos iseTi forma, 

romlis drosac is, erTi mxriv, minimalurad daWimuli 

iqneba (drekadobis Zala minimaluri iqneba) da, meore mx-

riv, rezinis momWimavi drekadobis Zalebi ar gawonaswor-

deba masze moqmedi gare ZaliT, kerZod, TiTebis winaaRm-
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degobis _ reaqciis ZaliT. es procesi naCvenebia 5.18 sur-

aTze, sadac Savi areebi Seesabameba xelis mtevnis TiT-

ebs. rogorc vxedavT, rezinis SekumSvis procesi mTavrd-

eba maSin, rogorc ki is Seexeba Sav areebs.  

 

 
sur. 5.18 

 

amasTan, rezinis lents ar SeiZleba hqondes usasru-

lod didi simrude da im wertilsac ki, romelSic masze 

didi Zala moqmedebs, lenti gluvad unda Semoevlos. es 

niSnavs, rom aqtiuri konturi masze gare Zalebis moqmed-

ebis Sedegad gamosaxulebaze gadaadgilebisas (rezinis 

lentis msgavsad) cdilobs iseTi formis miRebas (aqedan 

momdinareobs saxeli „aqtiuri“), rasac misi mxridan mini-

maluri energiis daxarjva dasWirdeba. aqedan gamomdina-

re, aseT konturs rac SeiZleba gluvi forma unda hqond-

es. Sesabamisad, kargi iqneba, Tu aqtiuri konturis qcevis 

modelirebis algoriTmebis parametrebSi misi iseTi maxa-

siaTeblebi aisaxeba, rogoricaa, magaliTad, gluvoba, pa-

rametrebis mniSvnelobebis cvlilebis sazRvrebi, an kon-

turis formaze damatebiT kidev sxva raime SezRudva _ 

vTqvaT, rom konturs hqondes romelime martivi mrudis 
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forma. zemoTqmulidan gamomdinare, aqtiuri konturis 

formis qcevis modelirebiT SesaZlebelia SeviswavloT 

elastikuri fizikuri sxeulebis formis cvlileba masze 

raime Zalis moqmedebis Sedegad. aqedan gamomdinare, SeiZ-

leba SemovitanoT aqtiuri konturis Semdegi 

 

gansazRvreba 5.4. daklaknili an aqtiuri konturi 

ewodeba organzomilebian deformirebad konturs, romel-

ic 𝑁 raodenobis fiqsirebuli wertilisgan Sedgeba:  

 

𝑃 =  𝑃1, 𝑃2 , .  .  . , 𝑃𝑁 , 𝑃𝑖 =  𝑥𝑖 , 𝑦𝑖 , 𝑖 = 1, 𝑁     . 

 

formalurad aqtiuri konturi ganisazRvreba rog-

orc 𝐼 𝑥, 𝑦 ,  𝑥, 𝑦 ∈ ℝ2 gamosaxulebis sibrtyeSi Casmuli 

parametrul saxeSi warmodgenili (parametrizebuli) 

𝑃 𝑠 =  𝑥 𝑠 , 𝑦 𝑠   mrudi, sadac 𝑥 𝑠  da 𝑦 𝑠  koordinatebis  

funqciebia da 𝑠 ∈  0,1  _ parametri, romelic warmoadgens 

namdvil cvlads. aseTi mrudi obieqtis sazRvrisken gada-

adgilebisas cdilobs masze moqmedi Siga da gare Zaleb-

is energiis funqcionalis minimizebas. 𝐼 𝑥, 𝑦  gamosaxule-

baze konturis formas aRniSnuli funqcionali gansazRv-

ravs. funqcionali aq ganixileba rogorc aqtiuri kontu-

ris energiis warmomadgeneli da konturis saboloo fo-

rma am energiis minimaluri mniSvnelobiT ganisazRvreba. 

Siga Zalebi Seesabameba konturis deformaciis energias 

da cdilobs daicvas igi zedmeti moRunvisagan. isini axa-

siaTeben mrudis daWimulobas, elastikurobas, da Sesaba-

misad mrudis  formas. gare Zalebi aqtiur konturs akav-

Sireben gamosaxulebis monacemebTan. isini cdiloben  mi-
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izidon aqtiuri konturi interesis obieqtis sazRvrebis-

ken. amisTvis gare Zalebs iseTi funqciis saxiT warmoad-

genen, romlis lokaluri minimumebi emTxveva interesis 

areSi sikaSkaSis maqsimalur mniSvnelobebs, kideebs da 

interesis sxva niSan-Tvisebebs, rac aqtiur konturs aiZu-

lebs gadaadgildes obieqtis sazRvris mimarTulebiT ma-

nam, sanam sabolood Siga da gare Zalebis energiis funq-

cionali minimums ar miaRwevs. aqtiuri konturis model-

is asagebad unda vicodeT gamosaxulebaze obieqtis saz-

Rvris modeli. amisTvis saWiroa kidis gamoyofis romel-

ime operatoris gamoyenebiT sikaSkaSeebis lokaluri var-

dnis adgilebis povna. xolo aqtiuri konturis SeTavseba 

obieqtis sazRvarTan SeiZleba ganxorcieldes rogorc 

interaqtul, ise avtomatur reJimSi. zemoaRwerili proc-

esi warmodgenilia 5.19 suraTze 

 

 
sur. 5.19 

 

aqtiuri konturis qcevis imitaciisTvis saWiroa kon-

turis formisa da gamosaxulebaze misi mdebareobis _ 



205 

 

koordinatebis Sesaxeb arsebuli informaciis Sesanaxad 

monacemTa Sesabamisi struqturis SerCeva. ganvixiloT ma-

rtivi SemTxveva. vTqvaT, drois 𝑡 momentisTvis konturi 

Sedgeba 𝑁 wertilisgan. aRvniSnoT isini 𝑃𝑗 ,𝑡 -Ti. TiToe-

ul aseT wertils hyavs 2 uSualo mezobeli _ 𝑃𝑗−1,𝑡 da 

𝑃𝑗+1,𝑡 . warmovidginoT, rom am 𝑁 wertilze gaWimulia rez-

inis lenti. maSin TiToeul wertilze imoqmedebs misi 

ori uSualo mezoblis reaqciis (daWimulobis) Zala, ro-

melic cdilobs am wertilis gadaadgilebas konturis 

SigniTa mimarTulebiT. Sesabamisad, am Zalebis moqmedeb-

is Sedegad 𝑃𝑗 ,𝑡 wertili daiwyebs aCqarebul moZraobas 

axali adgilmdebareobisken _ 𝑃𝑗 ,𝑡+1 wertilisken (sur. 

5.20). iTvleba, rom TiToeul wertils erTeulovani masa 

aqvs. maSin, Tu cnobilia wertilis aCqareba, SesaZlebel-

ia misi siCqarisa da mis safuZvelze ki koordinatebis 

gansazRvrac.  

 

 
sur. 5.20 

 

amgvarad, drois mocemuli 𝑡 momentisTvis aqtiuri 

konturis monacemTa struqturaSi Senaxuli unda iyos 

TiToeuli wertilis aCqareba da siCqare. unda aRiniSnos, 
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rom modelirebis sawyis momentSi ar aris aucilebeli, 

rom isini nulis toli iyos. amave dros, TiToeul wert-

ils saWiroa mivakuTvnoT aseve logikuri cvladi _ dro-

Sa-Wde, romlis mniSvneloba gviCvenebs _ mocemuli wert-

ili ganagrZobs moZraobas, Tu gaCerda _ waawyda romeli-

me wertils, e. w. xist SezRudvas. zemoTqmulidan gamomd-

inare, kompiuteris mexsiereba garda aqtiuri konturis 

Sesaxeb monacemebisa unda inaxavdes aseve sawyis monacem-

ebsac. kerZod, es SeiZleba iyos naxevartonuri gamosaxu-

leba, organzomilebiani konturis wertilebis simravle, 

zedapiris samganzomilebiani wertilebis simravle da a. 

S.  

ganvixiloT aqtiuri konturis gadaadgilebis gamoT-

vlis martivi algoriTmi, romelic drois mocemul 𝑡 mo-

mentSi aqtiuri konturis 𝑃𝑗 ,𝑡 , 𝑗 = 1, 𝑁      wertilebis koordi-

natebis safuZvelze gamoiTvlis drois momdevno 𝑡 + 1 mo-

mentSi maTi axali mdebareobis Sesabamisi 𝑃𝑗 ,𝑡+1 wertile-

bis koordinatebs. konturis wertilebi gadaadgildeba 

manam, sanam ar waawydeba xist SezRudvas, anu sxva sityve-

biT, sanam maTze moqmedi marezultirebeli Zala 0-is to-

li ar gaxdeba. algoriTmi cikluri xasiaTisaa da mas 

aseTi saxe aqvs:  

 

algoriTmi 

 

Sesasvleli monacemebi:  mocemulia aqtiuri konturis 

sawyisi mdebareobis 𝑃𝑗 ,𝑡 , 𝑗 = 1, 𝑁      wertilis koordinatebi 

drois 𝑡 momentSi; TiToeuli wertilisTvis cnobilia 𝑽𝑗 ,𝑡 

siCqare da 𝑨𝑗 ,𝑡 aCqareba.  
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gamosasvleli monacemebi: aqtiuri konturis 𝑃𝑗 ,𝑡+1, 

𝑗 = 1, 𝑁      wertilis koordinatebi drois 𝑡 + 1 momentSi; Ti-

Toeuli 𝑁 wertilisTvis gamoTvlilia 𝑽𝑗 ,𝑡+1 siCqare da 

𝑨𝑗 ,𝑡+1 aCqareba. 

 

mocemulia drois ∆𝑡 biji. konturis TiToeul 𝑃𝑗 ,𝑡 , 

𝑗 = 1, 𝑁      wertilze manam, sanam is ar waawydeba xist SezR-

udvas, xorcieldeba Semdegi moqmedebebi: 

 

𝑗 ≔ 1;  

1. gamovTvaloT konturis 𝑃𝑗 ,𝑡 wertilze misi mezobeli 

wertilebis mxridan moqmedi marezultirebeli Zalis 

mniSvneloba; 

2. marezultirebeli Zalis mniSvnelobis safuZvelze 

gamovTvaloT aCqarebis 𝑨𝑗 ,𝑡+1 veqtori; 

3. 𝑨𝑗 ,𝑡+1 aCqarebis safuZvelze gamovTvaloT siCqaris 

𝑽𝑗 ,𝑡+1 veqtori: 

𝑽𝑗 ,𝑡+1 = 𝑽𝑗 ,𝑡 + 𝑨𝑗 ,𝑡∆𝑡; 

 

4. gamovTvaloT konturis 𝑃𝑗 ,𝑡 wertilis axali 𝑃𝑗 ,𝑡+1 we-

rtilis mdebareobis koordinatebi 𝑽𝑗 ,𝑡 siCqaris safu-

Zvelze: 

 

𝑃𝑗 ,𝑡+1 = 𝑃𝑗 ,𝑡 + 𝑽𝑗 ,𝑡∆𝑡; 

 

5. Tu 𝑃𝑗 ,𝑡+1 wertili aRmoCndeba monacemebis romelime 

wertilis raRac midamoSi (gamoTvlebis sizuste moi-

cema rogorc algoriTmis parametri), Seejaxeba mona-

cemebis romelime wertils, kides an aqtiuri kontur-
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is modelis zedapiris bolo nawils, maSin am wert-

ils edeba xisti SezRudva da misi gadaadgileba wyd-

eba.  

6. gadavdivarT konturis Semdeg  

 

𝑗 ≔ 𝑗 + 1 

 

wertilze da gamoTvlebs vimeorebT ciklurad manam, 

sanam 𝑗 ar  gaxdeba 𝑁-is toli. 

 

amasTan, algoriTmis muSaobisas SeiZleba aRmoCndes ise-

Ti SemTxveva, roca is muSaobas ver daasrulebs. magali-

Tad, roca aqtiuri konturis modeli gamoiyeneba molapa-

rake adamianis tuCebis gamosaxulebis modelirebisTvis. 

amasTan aucilebelia gamosaxulebaze konturis sawyisi 

mdebareobis mocema. 

aqtiuri konturis meTodis nakls rac Seexeba, is 

funqcionalis woniTi koeficientebis SerCevis aucileb-

lobasa da gamosayofi obieqtis sazRvris sakmarisad mci-

re midamoSi konturis sawyisi miaxloebis mocemaSi mdgo-

mareobs. 

 

5.4.1.1. aqtiur konturis modelis gamoyeneba  

samedicino gamosaxulebebis analizis amocanebSi 

 

samedicino gamosaxulebebis vizualizaciis sxvadasxva 

saSualebebis ganviTarebam didi gavlena moaxdina medici-

nis ganviTarebaze. samedicino gamosaxulebebi klinicist-

ebs saSualebas aZlevs miiRon is informacia, romelic 

xels uwyofs avadmyofobis diagnozis dasmas, mis mkurna-
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lobas, daavadebis mimdinareobis Tvalyuris devnebas. ma-

galiTad, anatomiuri struqturebis detaluri formis 

dadgena qirurgs saSualebas aZlevs winaswar dagegmos 

operaciis optimaluri strategia, radioTerapiisas das-

xivebis im dozis gansazRvras, romelic simsivnes gaanad-

gurebs da amave dros saSiSi ar iqneba axlo myofi janm-

rTeli qsovilisTvis. 

samedicino gamosaxulebebis analizis specialisteb-

isTvis rTuli aRmoCnda kompiuteris daxmarebiT anatomi-

uri struqturebis rentgeniT, kompiuteruli tomografiT 

(CT), magnitur-rezonansuli tomografiT (MR), ultrabge-

riT da vizualizaciis sxva saSualebebiT miRebuli same-

dicino gamosaxulebebidan sasargeblo informaciis gamo-

yofa. miuxedavad imisa, rom vizualizaciis Tanamedrove 

saSualebebi Siga anatomiuri struqturebis araCveulebr-

ivad karg gamosaxulebebs iZleva, kompiuterebis gamoyene-

ba Siga struqturebis zusti da efeqturi raodenobrivi 

Sefasebis da analizisTvis mainc SezRudulia. maRali 

xarisxis biosamedicino kvlevebisa da mkurnalobisTvis, 

dawyebuli diagnozis dasmidan da damTavrebuli sxivuri 

TerapiiT da qirurgiuli CareviT, saWiroa bio-samedici-

no gamosaxulebebidan efeqturad gamoiyos zusti, ganmeo-

rebadi da raodenobrivi monacemebi.    

aqtiuri konturis modelebi dasawyisSi SemuSavebu-

li iyo kompiuteruli xedvis da manqanuri grafikis amo-

canebis saWiroebebisTvis, magram aRmoCnda, rom maTi gam-

oyeneba aseve SesaZlebelia samedicino diagnostikis amo-

canebSic. kerZod, rentgeniT, kompiuteruli tomografiT 

(CT), magnitur-rezonansuli tomografiT (MR), ultrabge-



210 

 

riT da vizualizaciis sxva saSualebebiT miRebuli same-

dicino gamosaxulebebis analizisTvis.  

organzomilebiani da samganzomilebiani deformire-

badi modelebi gamoyenebuli iqna sxvadasxva saxis anato-

miuri struqturis segmentaciis, vizualizaciis, maTSi mi-

mdinare procesebis TvalTvalisa da raodenobrivi Sefa-

sebisTvis. 

anatomiuri struqturebis segmentacia, rac gulisxm-

obs gamosaxulebis danawevrebas struqturebis Sesabamis 

erTgvarovan areebad warmoadgens samedicino gamosaxul-

ebebis analizis erT-erT mniSvnelovan etaps iseTi amoca-

nebis Sesasruleblad, rogoricaa gamosaxulebebis SeTav-

seba, markireba da moZraobis TvalTvali. es amocanebi 

moiTxovs, rom sawyis gamosaxulebaze arsebuli anatomi-

uri struqturebi Semcirdes maTi formebis kompaqtur, 

analizur warmodgenamde. segmentaciis proceduris inte-

raqtul reJimSi Sesruleba Zalian Sromatevadia da aseve 

drois did danaxarjs moiTxovs. magaliTad, gulis marc-

xena parkuWis segmentacia gulis gamosaxulebaze. marcxe-

na parkuWis segmentacia aucilebeli winapirobaa diagno-

stikisTvis iseTi informaciis gamosaTvlelad, rogoric-

aa magaliTad, gandevnis fraqciis Tanafardoba, parkuWis 

moculobis Tanafardoba, gulis gamomuSaveba, kedlis mo-

Zraoba misi gasqelebis analizisTvis, da a.S. 

amJamad samedicino gamosaxulebebis segmentacia ume-

tesad interaqtiul reJimSi xorcieldeba gamocdili op-

eratoris meSveobiT. operatori am dros kompiuteris Ta-

gvis an trekbolis gamoyenebiT ikvlevs moculobiTi (3D) 

gamosaxulebis TiToeul Sreze arsebul interesis ares. 

magram aseTi midgoma operatoris subieqturi Tu sxvadas-



211 

 

xva obieqturi mizezebis gamo naklebad produqtiulia. 

gamosaxulebis segmentaciisTvis damuSavebis iseTi daba-

li donis meTodebis gamoyeneba, rogoricaa areebis dagr-

oveba, kideebis aRmoCena da maTematikuri morfologiis 

operaciebi, aseve moiTxovs mniSvnelovani raodenobis 

eqspertebis mxridan interaqtiul Carevas. metic, Znelia, 

modelis armqone (modelisgan Tavisufali) am midgomebis 

avtomatizeba anatomiuri struqturebis formis sirTuli-

sa da cvalebadobis gamo rogorc TiToeul individSi, 

aseve maT Soris. aseve gamosaxulebaze xmaurma da arte-

faqtebma SeiZleba gamoiwvios mcdari areebis gamoyofa 

an sazRvrebis wyvetebi am meTodebiT aRdgenil obieqteb-

Si. 

deformirebad modelebze damyarebulma segmentaciis 

proceduram gamosaxulebis winaswari damuSavebis meTod-

ebTan erTobliobaSi SeiZleba gadalaxos interaqtiul 

da tradiciul gamosaxulebis damuSavebasTan dakavSireb-

uli bevri SezRudva. es bmuli da uwyveti geometriuli 

modelebi obieqtis sazRvars ganixilavs rogorc erT mT-

lians da saSualebas iZleva, rom obieqtis formis Sesax-

eb winaswari codna gamoyenebuli iyos rogorc segmenta-

ciis amocanis SemzRudavi. am modelebisTvis damaxasiaTe-

bel uwyvetobas da sigluves SeuZlia daakompensiros 

obieqtis sazRvrebze arsebuli xmauri da sxvadasxva dar-

Rveva. amasTan, modelebis parametruli warmodgena SesaZ-

leblobas iZleva, rom obieqtis forma kompaqturad da 

analizurad aRiweros. deformirebadi modelebis aseTma 

Tvisebebma ganapiroba iseTi meTodis Seqmna, romelic gam-

osaxulebis gabneuli an xmauris Semcveli lokaluri ni-
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San-Tvisebebis erTmaneTTan dakavSirebis gziT axdens ob-

ieqtis bmuli da Tanamimdevruli modelis formirebas.  

samedicino gamosaxulebebis analizisTvis deformi-

rebadi modelebis gamoyenebis pirvel magaliTs warmoad-

gens deformirebadi aqtiuri konturis modeli. sawyisi 

gamosaxulebis segmentaciis an kidis gamoyofis operato-

ris gamoyenebis Semdeg binarizebul gamosaxulebaze mom-

xmarebeli Cveulebrivad aTavsebs aqtiuri konturis mod-

els interesis obieqtis siaxloves da deformirebadobis 

Tvisebis gamo interaqtulad gadaadgilebs mas manam, san-

am ar miusadagebs interesis obieqts. ganvixiloT defor-

mirebadi aqtiuri konturis modelis gamoyenebis magali-

Ti kompiuteruli tomografis (CT) saSualebiT miRebuli 

moculobiTi gamosaxulebis erTi Sris segmentaciis amo-

canaSi (sur. 5.21), sadac a) gulis marcxena parkuWis erTi 

Sris kompiuteruli tomografiT miRebuli sawyisi inten-

siobis gamosaxulebaa, b) am ukanasknelze kidis gamoyof-

is operatoris gamoyenebiT da binarizaciiT miRebuli 

konturuli gamosaxuleba, g) sawyisi deformirebadi aqt-

iuri konturi, d) _ v) aqtiuri konturis gadaadgileba 

marcxena parkuWis sazRvrisken interesis obieqtTan sr-

ul SeTavsebamde. aqtiuri konturis erTi Sris sawyis ga-

mosaxulebaze morgebis Semdeg is SeiZleba gamoviyenoT 

rogorc sazRvris sawyisi miaxloeba mezobeli SreebisT-

visac. aseTnairad miRebuli 2D konturebis mimdevrobis 

wevrebis erTmaneTTan dakavSirebiT miiReba uwyveti 3D  

zedapiris modeli.   
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sur. 5.21 
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VI Tavi. 3D scenis gamosaxulebebze 

obieqtebis amocnoba maTi modelebis 

safuZvelze 
 

6.1. obieqtebis amocnobis zogadi struqtura 

 

kompiuteruli xedvis im amocanebSi, sadac SeuZlebelia 

obieqtebis samganzomilebiani xasiaTis ugulvebelyofa, 

magaliTad, roca scenis obieqtebi damkvirvebelTan axl-

os aris ganlagebuli da saWiroa dakvirvebis wertilid-

an maTi daSorebis (siRrmis) gansazRvra, obieqtebis 3D 

formis rekonstruqcia, amocnoba maTi formis mixedviT, 

dedamiwis aerofotosuraTebis analizi reliefis gaTva-

liswinebiT da a. S., maSin saqme gvaqvs 3D scenasTan. aseT 

SemTxvevaSi, 2D scenisgan  gansxvavebiT amocnobis amoca-

na rTuldeba imis gamo, rom saWiro xdeba bevri ramis ga-

Tvaliswineba, magaliTad: obieqtebis ganaTebis cvalebad-

obiT gamowveuli Crdilebis; dakvirvebis sxvadasxva wer-

tilidan obieqtis xedebis gansxvavebulobis; obieqtebis 

gadafarvis da a.S. obieqtebis zedapirebis sikaSkaSis or-

ientaciaze  damokidebulebis gamo rTuli xdeba maxasia-

Tebeli niSan-Tvisebebisa da segmentaciis procedurebis 

Catareba.  

3D scenis erTaderT cifrul gamosaxulebaze (igul-

isxmeba, rom ar gvaqvs stereogamosaxulebebi, an manZil-

sazomiT miRebuli monacemebi) obieqtebis amocnobis zog-

adi struqtura warmodgenilia 6.1 suraTze.  
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sur. 6.1 

 

3D scenis analizis amocanaSi, iseve rogorc es iyo 

2D scenis SemTxvevaSi, obieqtebi ganixileba rogorc er-

TmaneTTan sivrculad dakavSirebuli nawilebis erTobl-

ioba. amitom, mocemuli klasis obieqtis amocnobisTvis 

gamosaxulebaze unda moiZebnos im nawilebis krebuli, 
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romlebic dakvirvebis garkveuli wertilidan danaxuli 

obieqtis nawilebs Sesabameba (gamosaxulebis an obieqtis 

nawilebis krebuli, maTi Tvisebebi da maT Soris mimarT-

ebebi SeiZleba aRiweros moniSnuli grafis saSualebiT, 

sadac kvanZebi _ nawilebs, kvanZebis Wdeebi _ Tvisebebis 

mniSvnelobebs, xolo rkalebis Wdeebi _ mimarTebebis mni-

Svnelobebs Seesabameba). magram, imis gamo, rom xSirad 

obieqtis zedapirebi mrudwirulia da TiTqmis Tanabari 

ganaTebis SemTxvevaSic ki gamosaxulebis xilul nawile-

bze sikaSkaSis mniSvnelobis sidide cvalebadia _ segmen-

taciis Cveulebrivi meTodebiT am nawilebis gamoyofa 

rTuli xdeba.    

gamosaxulebaze obieqtis xiluli zedapirebis Sesa-

bamisi areebis povnis amocana martivdeba, Tu gamosaxule-

bis TiToeuli wertilisTvis (piqselisTvis) cnobilia 

zedapiris normalis orientacia scenis Sesabamis werti-

lSi. aq igulisxmeba, rom obieqti gaumWvirvalea da gamo-

saxulebis TiToeul wertils scenis erTaderTi zeda-

piris wertili Seesabameba. aqedan gamomdinare, Tu viciT 

scenis zedapiris orientacia, maSin segmentaciis proced-

uris gamoyenebiT gamosaxulebaze SeiZleba gamovyoT er-

Tnairi orientaciis mqone areebi (segmentebi), romlebic 

scenis gluv zedapirebs Seesabameba da vipovoT am areeb-

is sazRvrebi kidis gamoyofis operatorebis gamoyenebiT. 

cnobilia, rom TiToeuli aseTi zedapiri obieqtis erT 

garkveul nawils Seesabameba (zedapiris orientaciis gan-

sazRvris meTodebi gamosaxulebaze ganxilulia II TavSi). 

am meTodebSi scenis gamosaxulebaze kideebis an teqstu-

ris elementebis gamoyofisTvis iyeneben niSan-TvisebaTa 

aRmoCenis meTodebs. aseTi damuSavebis Sedegad miiReba 
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niSan-TvisebaTa ruka, romelic agebulia ara gamosaxule-

bis piqselebSi sikaSkaSis mniSvnelobebis, aramed gamosa-

xulebis mixedviT. am rukas pirveladi eskizi ewodeba da 

is warmoadgens gamosaxulebidan scenis Sesaxeb informa-

ciis mopovebis pirvel etaps. obieqtis zedapiris orient-

aciis gansazRvris process aRdgena ewodeba. am procesis 

Sedegad miiReba ara 3D, aramed e. w. ’’𝟐
𝟏

𝟐
 - ganzomilebis 

(𝟐
𝟏

𝟐
D) eskizi’’. eskizi 2

1

2
 - ganzomilebis imis gamoa, rom 

is Seicavs informacias ara mTeli scenis, aramed mxol-

od dakvirvebis wertilidan danaxuli zedapirebis Sesax-

eb.   

sazogadod, zedapiris orientaciis calsaxad gansa-

zRvra mxolod erTi gamosaxulebiT SeuZlebelia. amisTv-

is saWiroa raRac damatebiTi monacemebi. magaliTad, Tu 

cnobilia scenis mimarT dakvirvebis ori wertilis urT-

ierTmdebareoba, maSin SesaZlebelia zedapiris TiToeul 

gamosaxulebaze Sesabamis wertilebamde manZilis gansaz-

Rvra triangulaciis meTodiT. im SemTxvevaSi, Tu gvaqvs 

siRrmis gamosaxuleba, maSin segmentaciis proceduriT 

SeiZleba damkvirveblidan erTnairi manZiliT daSorebu-

li scenis calkeuli nawilebis (segmentebis) povna. aqac 

iseve rogorc 2D SemTxvevaSi Sedegad miiReba simboluri 

gamosaxuleba, sadac piqselebis Wdeebi aRniSnaven niSan-

Tvisebebis (magaliTad, zedapiris orientaciis) an zedapi-

rebis tipebs. saWiroebis SemTxvevaSi simboluri gamosa-

xulebis mimarT SeiZleba resegmentaciis sxvadasxva meT-

odebis gamoyeneba. magaliTad, bmuli komponentebis marki-

reba. aseve SegviZlia scenis nawilebis sxvadasxva tipis 

Tvisebebis, magaliTad, zedapiris farTobis, perimetris 
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an maT Soris mimarTebebis gamoTvla. 3D obieqtis amocn-

obisTvis  ufro sasargebloa misi zedapirebis, da ara 

misi gamosaxulebis areebis aRmweri Tvisebebisa da sxva 

maxasiaTeblebis codna.  

mas Semdeg, rac 3D scenis gamosaxuleba daiyofa ob-

ieqtis zedapirebis Sesabamis nawilebad, gamoiTvleba am 

zedapirebis Tvisebebi da dadgindeba maT Soris mimarTe-

bebi, amocnobis amocanis amoxsna jer kidev Zneli rCeba. 

amis mizezi isaa, rom sazogadod obieqtis orientacia 

ucnobia, anu ar aris cnobili dakvirvebis wertilis mde-

bareoba sivrceSi. amis gamo ucnobia Tu obieqtis romeli 

mxare Cans gamosaxulebaze.  

 

6.2. 3D obieqtebis amocnoba ucnobi dakvirvebis 

wertilis SemTxvevaSi 

 

roca obieqtis orientacia cnobilia, maSin SegviZlia vi-

winaswarmetyveloT, Tu rogor gamoCndeba is gamosaxule-

baze. aseT SemTxvevaSi gamosaxulebaze obieqtis im xilu-

li nawilebis Sesaferisi nawilebis konfiguraciebis mo-

Ziebis Sedegad, romlebic gamosaxulebaze unda Candes, 

SeiZleba mocemuli obieqtis amocnoba. magram amocnobis-

Tvis aseTi xelsayreli SemTxveva maSin gveqneba, Tu moc-

emulia siRrmis gamosaxuleba an gamosaxulebis orienta-

ciis suraTi, da ara (an ara mxolod) misi intensiobis 

funqcia. aseTi sawyisi monacemebis SemTxvevaSi amocno-

bisTvis saWiroa gamosaxulebaze obieqtis im zedapirebis 

Sesaferisi konfiguraciebis moZieba, romlebic unda Can-

des dakvirvebis mocemuli wertilidan, Tumca, Tu scena-

ze obieqts nawilobriv meore obieqti faravs, maSin gamo-
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saxulebaze mosalodneli kombinaciebidan yvela SeiZle-

ba ar aRmoCndes.  

gacilebiT rTuldeba amocnobis amocana, roca obie-

qtis orientacia ucnobia. am SemTxvevaSi SeiZleba pirdap-

iri midgomis meTodi gamoviyenoT. amisTvis unda warmovi-

dginoT, Tu rogor gamoCndeboda obieqti dakvirvebis 

sxvadasxva wertilidan miRebul gamosaxulebebze da Sem-

deg moviZioT gamosaxulebis nawilebis an zedapirebis 

saboloo konfiguraciebi. magram imis gamo, rom dakvirve-

bis wertilebis raodenoba SeiZleba bevri aRmoCndes, Se-

sabamisad gamoTvlebis fasic didi iqneba.  

amocnobis gamoTvlebis fasis Sesamcireblad SeiZl-

eba gamoviyenoT obieqtis an misi nawilebis martivi niS-

an-Tvisebebis krebuli da ara obieqti mTlianobaSi. amas-

Tan, gamosaxulebaze dakvirvebuli niSan-Tviseba an are 

(SeiZleba iyos binaruli gamosaxuleba, koordinatebis 

simravle, jaWvuri kodebi da a. S) unda Seesabamebodes 

obieqtis an misi nawilis niSan-Tvisebas. magram sazogad-

od, yovelTvis ase ar xdeba, anu obieqtis yvela niSan-

Tviseba gamosaxulebaze ar warmoSobs Sesabamis niSan-

Tvisebas. xolo im niSan-Tvisebebis arseboba, romelTa 

asaxvac SesaZloa moxdes gamosaxulebaze, mxolod im Se-

mTxvevaSia SesaZlebeli, Tu obieqts sivrceSi  aqvs gansa-

zRvruli mdebareoba da orientacia. amgvarad, gamosaxu-

lebis TiToeuli dakvirvebuli niSan-Tviseba garkveul 

SezRudvas adebs rogorc scenaze arsebul obieqtebs, ise 

maT SesaZlo mdebareobas da orientacias. Tu gamosaxul-

ebis niSan-TvisebaTa simravlisTvis am SezRudvebis gada-

kveTa aracariel simravles warmoadgens, maSin es imis ma-

Cvenebelia, rom garkveuli obieqti marTlac imyofeba 
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scenaze da uWiravs scenis sivrceSi gansazRvruli mdeba-

reoba da orientacia. obieqtebis amocnobisTvis niSan-

Tvisebebze damyarebuli midgomis efeqturoba damokideb-

ulia niSan-Tvisebebis arCevisas Semdegi Taviseburebebis 

gaTvaliswinebaze: 

 

1. zogierTi maTgani xiluli unda iyos obieqtis orien-

taciisgan damoukideblad; 

2. isini advilad gamosayofi unda iyos gamosaxulebaze; 

3. isini unda gamoirCeodes sakmao informatiulobiT, 

anu ar unda gvxdebodes nebismieri obieqtis nebismi-

er nawilze; 

4. isini Zlier SezRudvebs unda adebdes obieqtis mde-

bareobasa da orientacias. 

 

amasTan, gaviTvaliswinoT, rom 1) da 2) pirobis dakmayof-

ilebisTvis unda avirCioT martivi tipis niSan-Tvisebebi. 

magram, amave dros 3) da 4) pirobis dakmayofilebisTvis 

isini amasTan Zalian martivebic ar unda iyos. 

amocnobis amocana martivdeba, Tu obieqti cnobilia, 

xolo misi mdebareoba da orientacia ucnobi. magram kid-

ev ufro martivdeba, Tu mdebareoba da orientacia nawi-

lobriv SezRudulia. miuxedavad amisa, zemoaRweril niS-

an-TvisebaTa gamoyofaze damyarebuli midgoma amocnobis 

aseT SemTxvevebSic ki SeiZleba gamosadegi aRmoCndes.  
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6.3 3D obieqtebis amocnobis meTodebis 

SerCevis kriteriumebi 

 

samganzomilebiani obieqtebis warmodgenis modelebis ga-

cnobis Semdeg ukve SesaZlebelia ganvixiloT gamosaxul-

ebaze maTi amocnobis meTodebi. magram imis gamo, rom am-

ocnobis ama Tu im meTodis gamoyeneba mniSvnelovnad ar-

is damokidebuli konkretul amocanaze, monacemebis tip-

ze da im moTxovnebze, romlebic waeyeneba amocnobis Se-

degebs, Zneli xdeba obieqtebis amocnobis saerTo midgom-

is Camoyalibeba. Sesabamisad, arsebobs bevri kriteriumi 

anu SezRudva, romlebic gansazRvravs, amocnobis romeli 

meTodi iqnes gamoyenebuli konkretuli gamoyenebiTi amo-

canis gadasawyvetad. ganvixiloT am kriteriumebidan zo-

gierTi: 

 

 romel sferos miekuTvneba amocana _ sainJinrosas 

Tu fsiqologiisas _ gamoyenebiTi teqnikuri amocane-

bis gadawyvetisas xSirad vxdebiT SemTxvevebs, rode-

sac amocanis specifikidan gamomdinare, SesaZlebelia 

misi gamartiveba. aseTi amocanis magaliTs warmoadg-

ens robotisTvis iseTi mxedvelobis sistemis SemuSa-

veba, romelsac detalebis grovidan erTi detalis 

aReba SeuZlia. am amocanis sapirispiros warmoadgens 

amocana fsiqologiis sferodan, romelic exeba adam-

ianis mier obieqtebis amocnobis procesis gagebas. 

aseTi amocanebi rTulia da maTi gadawyveta moiTx-

ovs iseTi zogadi Teoriis SemuSavebas, romelSic 

mravali fsiqologiuri faqtori iqneba gaTvaliswine-

buli.    
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 scenaze arsebuli obieqtebi qarxnulia Tu bunebri-

vi ? _ adamianis mier damzadebuli bevri qarxnuli 

warmoebis obieqtisTvis SesaZlebelia zusti kompiut-

eruli modelis ageba. aseve, bunebrivi obieqtebisgan 

gansxvavebiT advilad SesamCnevi da aRmosaCenia am ob-

ieqtebis maxasiaTebeli niSan-Tvisebebi. amitom, xelo-

vnuri obieqtebisTvis advilad misasadagebelia saxe-

Ta amocnobis cnobili meTodebi. maTgan gansxvavebiT, 

bunebrivi obieqtebis formireba bunebaSi xdeba sxva-

dasxva procesis zegavleniT. amis gamo isini Tviseba-

Ta didi mravalferovnebiT gamoirCeva (erTi tipis 

obieqtebis SemTxvevaSic ki). magaliTad, mobiluri 

robotis marTvisTvis bunebriv garemoSi amocnobis 

amocana gacilebiT ufro rTulia, vidre amocnobis 

amocana da obieqtebis mdebareobis gansazRvra sawar-

moo xazis avtomatizaciis procesSi.     

 obieqtebis zedapirebi mravalwaxnagaa, kvadrebia Tu 

nebismieri formisaa ? _ winaT, amosacnobad ganixila-

vdnen mravalwaxnagiani formis mqone obieqtebs. aseTi 

tipis obieqtebis modelireba martivia, magram dRes 

interesi gaizarda kvadrebis tipis zedapirebis (𝑛 ga-

nzomilebiani hiperzedapiri (𝑛 + 1) ganzomilebian si-

vrceSi) mqone obieqtebis mimarT, romlebsac miekuTvn-

eba mrewvelobis sferoSi damzadebuli obieqtebis 

umravlesoba. aRmoCnda, rom aseTi obieqtebis model-

is da gazomvis Sedegad miRebuli monacemebi SeiZle-

ba aRiweros erTnairi primitivebiT. rac Seexeba nebi-

smieri formis zedapirebs, isini SeiZleba Sedgebodn-

en erTmaneTTan gluvad SeerTebuli zedapiruli fr-
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agmentebisgan, romelTa elementaruli formis primi-

tivebad segmentireba sirTules warmoadgens.   

 obieqtebis raodenoba scenaze _ xSirad dakvirvebul 

scenaze obieqtebis amocnobisas igulisxmeba, rom am-

osacnobi obieqtebi daSorebuli arian sxva obieqteb-

isgan. magram yovelTvis es ase ar aris. scenaze ramd-

enime obieqtis arsebobis dros maTi maxasiaTebeli 

niSan-Tvisebebi SeiZleba erTmaneTs faravdes an erTm-

aneTSi airios. amitom, globaluri niSan-Tvisebebis 

gamoyofaze damyarebuli meTodebi karg Sedegs iZle-

va erTi obieqtis Semcveli scenebisTvis. scenaze bev-

ri obieqtis arsebobis SemTxvevaSi ki gansakuTrebul 

mniSvnelobas iZens segmentaciis procedura, romelic 

obieqtebis calcalke gamoyofis da maTTan damoukid-

ebeli muSaobis SesaZleblobas iZleva.   

 amocnobis Sedegebis gamoyenebis mizani _ iqidan gam-

omdinare, Tu ra mizans emsaxureba obieqtis amocnoba 

_ sainspeqcio kontrols, manipulaciuri robotis mi-

er obieqtis  CabRujvas, mobiluri robotis mier wi-

naaRmdegobis Semovlas, Tu sxvas, amocanis gadawyvet-

isas yuradReba unda gamaxvildes Sesabamis aspeqteb-

ze. kerZod, magaliTad, sainspeqcio kontrolis amoc-

anaSi obieqtis wvrilwvril detalebze. aseT amocana-

Si modelirebisa da gazomvis sizuste maRali unda 

iyos; manipulaciuri robotis mier obieqtis  CabRuj-

vis amocanaSi saWiroa rogorc obieqtis geometriu-

li maxasiaTeblebis codna, aseve yuradReba unda mi-

eqces mis wonas, simtkices da robotis muSa sivrceSi 

obieqtis xelmisawvdomobis SesaZleblobas; mobilur-

ma robotma, romelic obieqtebs amoicnobs misi moZ-
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raobis traeqtoriis siaxloveSi da amasTan Tavi un-

da aaridos winaaRmdegobebs, sakmarisia icodes uxeSi 

monacemebi obieqtis zomebis, formisa da adgilmdeba-

reobis Sesaxeb. 

 sawyisi monacemebi organzomilebiania Tu samganzomi-

lebiani ? _ adamiani sakmaod kargad aRiqvams 3D sce-

nas erTi TvaliTac. SemuSavebulia mxedvelobiTi si-

stemebi, romelTa Sesasvlel monacemebs mxolod 2D 

naxevartonuri gamosaxulebebi warmoadgens. scenis 

obieqtis gamosaxulebaze gamoyofili 2D niSan-Tvise-

bebi obieqtis 3D modelTan dakavSirebulia proeqci-

uli gardaqmnis saSualebiT. amocnobis procesi gul-

isxmobs am gardaqmnis gamoTvlas da obieqtis identi-

fikaciis Semowmebas. 3D monacemebi amocnobis proc-

ess amartiveben. amis gamo bevr Tanamedrove sistemaSi 

iyeneben manZilsazomidan miRebul monacemebs. iTvle-

ba, rom es monacemebi saSualebas iZleva Sefasdes 

obieqtis zedapiris forma da mdebareoba, rac aadvi-

lebs SesaZlo obieqtebis modelebis SerCevas da amc-

irebs aracalsaxobis xarisxs im gardaqmnis gamoTvl-

isas, romliTac xdeba sxvadasxva manZilsazomidan mi-

Rebuli proeqciebis SeTavseba.      

 obieqtebis modelebi geometriulia Tu simboluri ? 

_ geometriuli modelebi zustad aRweren 3D sivrce-

Si obieqtis formas. aseTi modelebi ufro xSirad 

gamoiyeneba samrewvelo daniSnulebis manqanuri xedv-

is amocanebSi, sadac amosacnobi obieqtebi winaswar 

mocemul mcire simravles miekuTvneba. simboluri mo-

delebi ki obieqtebis mTel klasebs aRweren da gamo-
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iyeneba iseT amocanebSi, sadac  obieqtebis ramdenime 

klasia da amasTan TiToeul klasSi obieqtebs Soris 

SeiZleba raRac gansxvaveba iyos. magaliTad, samedic-

ino gamosaxulebebis analizis amocanebSi, sadac ada-

mianis TiToeuli organo dakavSirebulia obieqtebis 

calke klasTan, xolo TiToeuli adamianis organos 

gamosaxuleba mocemuli klasis unikalur obieqts 

warmoadgens. aseve, magaliTad, savarZlebs Soris bev-

ri individualuri gansxvavebaa, romelTa gaTvaliswi-

neba ufro moqnili modelis gamoyenebas moiTxovs, 

vidre geometriuli modelia.  

 gaTvaliswinebulia Tu ara obieqtebis modelebis cv-

lileba swavlebiT, Tu isini winaswar gansazRvrul-

ia ? _ obieqtebis modelebi SeiZleba Seicavdnen didi 

raodenobis zust monacemebs, romelTa momzadeba ad-

amianis mier xeliT sirTules warmoadgendes. aseve 

arasakmarisi SeiZleba aRmoCndes avtomatizebuli pr-

oeqtirebis sistemidan miRebuli monacemebi da saWi-

ro gaxdes maTSi garkveuli damatebebis Setana an ma-

Ti struqturis cvlileba, magaliTad, monacemebSi ni-

San-Tvisebebis xazgasma. amasTan dakavSirebiT, kargi 

iqneboda amocnobis sistemaSi swavlebis iseTi proce-

duris ganxorcieleba, rodesac sistema SeZlebda ob-

ieqtis geometriuli Tvisebebis damaxsovrebas.  

 

6.4. amocnoba geometriuli modelebis 

sivrciTi SeTanasworebis gamoyenebiT 

 

3D obieqtebis amocnobisas, roca modelis monacemebis 

(modelis wertilebis) da gazomvis monacemebis (gamosaxu-
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lebis wertilebis) erTmaneTTan SeTavseba xdeba sivrci-

Ti SeTanasworebis xerxiT, iyeneben iseTive meTodebs, ro-

gorc es organzomilebian SemTxvevaSi iyo (I Tavi). aseTi 

obieqtebis amocnobis algoriTmis mTavari idea gamosaxu-

lebis wertilebis simravlesa da obieqtis 3D modelis 

wertilebis simravles Soris Sesabamisobis dadgenaSi 

mdgomareobs. amisTvis saWiroa Semdegi nabijebis Sesru-

leba: 

 

1. vuSvebT hipoTezas, rom wertilebis or simravles 

Soris arsebobs Sesabamisoba; 

2. Sesabamisobis daSvebidan gamomdinare, gamovTvaloT 

modelis wertilebis gamosaxulebis wertilebSi asa-

xvis gardaqmna; 

3. gamoviyenoT modelis wertilebis mimarT ganxorcie-

lebuli gardaqmna modelis gardaqmnili wertilebis 

simravlis misaRebad; 

4. modelis wertilebisa da gamosaxulebis wertilebis 

Sesabamisobis Sesaxeb daSvebuli hipotezis dasadast-

ureblad an uarsayofad SevadaroT erTmaneTs mode-

lis gardaqmnili wertilebi da gamosaxulebis wert-

ilebi. 

 

ganvixiloT sivrciTi SeTanasworebiT amocnobis am-

ocana 3D-3D da 2D-3D tipis SemTxvevebisTvis ufro deta-

lurad.  

 

3D-3D sivrciTi SeTanasworeba. davuSvaT, rom obieqt-

ebis 3D modelebi warmodgenilia modelebis wertilebT-

an dakavSirebuli maxasiaTebel niSan-TvisebaTa krebulis 
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saxiT. wamoyenebulia hipoTeza modelis wertilebisa da 

gamosaxulebis monacemTa wertilebis simravleebs Soris  

Sesabamisobis arsebobis Sesaxeb. Tu sawyis monacemebs ma-

nZilsazomidan miRebuli siRrmis (gazomvis) monacemebi 

warmoadgens, maSin obieqtis amosacnobad aucilebelia 3D 

wertilebis Sesabamisi wyvilebi _ „monacemTa (gamosaxul-

ebis) wertili _ modelis wertilis niSan-Tviseba“. sivr-

ciTi SeTanasworebis proceduris gamoyenebiT iZebneba 

Sesabamisoba modelis arCeul sami wertilis niSan-Tvise-

bebsa da gazomvebis Sedegad gamoTvlil Sesabamisi sami 

wertilis niSan-Tvisebebs Soris. aseTi sivrciTi SeTanas-

worebiT miRebuli Sesabamisoba gansazRvravs im samgan-

zomilebian gardaqmnas, romelic Tavis TavSi Seicavs 3D 

mobrunebis da 3D gadatanis operaciebs. aRniSnul garda-

qmnas modelis sami wertili gadahyavs gamosaxulebis 

(monacemebis) Sesabamis wertilebSi. amave dros unda aRi-

niSnos, rom Tu wertilebis Sesabamisoba sworad aris 

moZebnili da xmaurs ar aqvs adgili, maSin maRali sizu-

stis 3D gardaqmnis misaRebad sakmarisia wertilebis sam 

wyvils Soris Sesabamisobis dadgena. magram praqtikaSi 

es iSviaTad aris SesaZlebeli. amitom SemuSavebulia uf-

ro saimedo meTodebi, romlebic zusti gardaqmnis misaR-

ebad Cveulebrivad wertilebis 10 wyvils Soris Sesabami-

sobas iyeneben. mas Semdeg, rac miRebulia sasurveli gar-

daqmna, romelic kargad adgens Sesabamisobas modelis 

wertilebsa da gamosaxulebis wertilebs Soris, is ukve 

SeiZleba gamoyenebuli iqnes modelis yvela sxva danar-

Ceni wertilis mimarT, da Sesabamisad, modelis gardaqm-

nili wertilebis simravlis misaRebad. miRebuli simrav-
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le ukve uSualod SeiZleba Sedardes monacemebis (gamo-

saxulebis) wertilebis mTel simravles.  

iseve rogorc 2D SemTxvevaSi, aqac verifikaciis pr-

oceduriT dgindeba, Tu ramdenad kargad aris erTmaneT-

Tan sivrcobrivad SeTanasworebuli modelis gardaqmni-

li wertilebi da gamosaxulebis wertilebi. verifikaci-

is SedegiT ganisazRvreba warmatebiT ganxorcielda SeT-

avseba, Tu saWiroa gadasvla Sesabamisi wertilebis Semd-

eg SesaZlo krebulze.  

Sesabamisi wertilebis wyvilebis moZiebisTvis Semu-

Savebuli iqna algoriTmebi, romlebSic aseTi wertileb-

is SerCeva xdeba modelis wertilebis da monacemTa wer-

tilebis lokaluri niSan-Tvisebebis gaTvaliswinebiT an 

konkretuli amocanis specifikidan gamomdinare monacem-

Ta dajgufebis romelime xerxis gamoyenebiT. 

3D-3D tipis niSan-TvisebaTa Sesabamisobis magaliTi 

warmodgenilia 6.2 suraTze, sadac naCvenebia skamis 3D 

modelis wertilebis da gazomvebiT miRebuli 3D monace-

mebis saSualebiT agebuli skamis karkasuli modelis we-

rtilebis Sesabamisi wyvilebi. mocemuli Sesabamisoba mi-

Rweuli iqna skamis modelis 3 monakveTiT (MP1-MP2, MP3-

MP2, MP4-MP2) Sedgenili 3D kvanZebis (SeerTebebis) _ wer-

tilebis da misi 3D gazomvebis monacemebiT agebuli kark-

asuli modelis wertilebis sivrciTi SeTanasworebis Se-

degad. wertilebis es wyvilebi Semdgom SeiZleba gamoye-

nebuli iyos modelis wertilebis monacemTa wertilebSi 

gardaqmnis gamosaTvlelad, rac aucilebelia 3D-3D sivr-

ciTi SeTanasworebis procedurisTvis.  

3D modelis wertilebis da gazomvis monacemebs  

Soris Sesabamisobis dadgenis da mis safuZvelze obieqt-
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ebis amocnobis procesis mniSvnelovan etaps warmoadgens 

niSan-TvisebaTa gamoyofa. kerZod, es procedura efeqtu-

ri iqneba iseTi obieqtebisTvis, romlebzec advilad moi-

Zebneba erTmaneTisgan gansxvavebuli Tvisebebis mqone we-

rtilebi, magaliTad, kuTxis wertilebi, Sverilebis wve-

roebi, CaRrmavebebi. magram Tu obieqtis zedapirebi gluv-

ia da masze aseTi gansxvavebuli wertilebi ar aris an 

iSviaTia, maSin ufro srulyofili meTodebis gamoyenebaa 

saWiro. 

  

 
sur. 6.2 

 

2D-3D sivrciTi SeTanasworeba. sivrciTi SeTanaswor-

eba aseve SeiZleba gamoyenebuli iyos 2D-3D tipis SeTav-

sebisTvis. am dros saqme gvaqvs SemTxvevasTan, roca obie-

qtis modeli samganzomilebiania, xolo gazomvis monace-

mebi aRebulia organzomilebiani gamosaxulebidan. aseTi 

SeTavsebis dros modelis wertilebis gardaqmna monacem-

ebis wertilebSi rTul amocanas warmoadgens. kerZod, ga-

rda 3D mobrunebisa da 3D  gadatanis gardaqmnis komponen-
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tebisa, is aseve Seicavs perspeqtiuli proeqciis kompone-

ntsac. Sesabamisad, sruli gardaqmnis Sefaseba SesaZleb-

elia Sesabamisi wertilebis simravlis, an Sesabamisi mo-

nakveTebis simravlis, an 3D wris 2D proeqciiT sibrtyeze 

_ elifsiT da Sesabamisi wertilebis erTi wyvilis dama-

tebiT, an am samive tipis  niSan-Tvisebis kombinaciis saf-

uZvelze. aseTi midgoma modelisa da monacemebis werti-

lebis sivrciTi SeTavsebisTvis karg Sedegs iZleva. gar-

daqmna gamoiyeneba 3D modelis niSan-Tvisebebis mimarT, 

raTa miRebul iqnes 2D monacemebis (gamosaxulebis) niS-

an-Tvisebebi, Tumca sasurveli (potenciuri) gardaqmnis 

gamosaTvlelad niSan-Tvisebebs Soris Sesabamisobebi yo-

velTvis SeiZleba ar iyos zustad arCeuli. amis Semdeg 

gamoTvlebis Sedegad miRebuli gardaqmna ukve gamoiye-

neba 3D modelis niSan-Tvisebebze im 2D niSan-Tvisebebis 

misaRebad, romlebic SeiZleba aRmoCenili iyos monaceme-

bSi. magram aq, 2D-2D an 3D-3D SeTanasworebis SemTxvevisg-

an gansxvavebiT, Cndeba axali problema. kerZod, is, rom 

3D obieqtis nebismier 2D perspeqtiul proeqciaze garda-

qmnis (proecirebis) Sedegad miRebuli zogierTi niSan-Tv-

iseba SeiZleba aRmoCndes iseT zedapirebze, romlebic ka-

meridan ar Cans, an dafaruli arian damkvirvebelTan uf-

ro axlos myofi sxva zedapirebiT. amis gamo, gardaqmnis 

gamoyenebis Sedegad miRebuli im gardaqmnili niSan-Tvis-

ebebis simravlis zustad gansazRvrisTvis, romlebic un-

da Sedardes gamosaxulebis niSan-Tvisebebs, saWiroa ga-

moviyenoT dafaruli niSan-Tvisebebis Ziebis algoriTme-

bi. dafaruli zedapirebis moSorebis msgavsi algoriTme-

bi gamoiyeneba manqanur grafikaSi, romlebic Sesabamis 

karkasul modelTan erTad 3D scenis sruli renderingis 



231 

 

(gamosaxulebis vizualizacia modelis safuZvelze) Sesa-

Zleblobas iZleva. 

magaliTisTvis ganvixiloT obieqtebis amocnobis 

TRIBORS (A Triplet-Based Object Recognition System) sistemis mu-

Saoba, romelic brtyeli waxnagebis mqone mravalwaxnagi-

ani obieqtebis amocnobisTvis iyenebs xilvadobis klaseb-

ze damyarebul modelebs. sistema eZebs Sesabamisobebs 3D 

modelis monakveTebis sameulebsa (tripletebs) da 2D ga-

mosaxulebaze monakveTebis sameulebs Soris. Sesabamisob-

is dadgenis procesSi modelis sameulebis dalageba ise-

Tnairad xdeba, rom SeTavsebis procesSi pirvelad airCes 

aRmoCenis maRali albaTobis mqone sameulebi, xolo aR-

moCenis dabali albaTobis mqone sameulebis damuSaveba 

saerTod ar moxdes. sameulebi xilvadobis klasSi aRiwe-

reba maTi maidentificirebeli 9 parametris mqone veqto-

ris saSualebiT. sivrciTi SeTanasworebisas erTmaneTs 

edareba msgavsi parametrebis mqone modelisa da gamosax-

ulebis sameulebi. warmatebuli SeTavsebis SemTxvevaSi 

gamosaxulebis sameulis monakveTebis SeerTebis wertil-

ebi wyvildeba modelis savaraudo Sesabamis 3D wvero-

ebTan. gardaqmnis gamosaTvlelad gamoiyeneba wertil-we-

rtil Sesabamisobaze damyarebuli iteraciuli algoriT-

mi. amis Semdeg gardaqmna gamoiyeneba 3D obieqtis karkas-

uli tipis modelis mimarT da dafaruli kideebis aRmom-

Ceni algoriTmis saSualebiT ganisazRvreba xiluli wib-

oebi. TiToeuli nawinaswarmetyvelebi kidisTvis ganisa-

zRvreba misi uaxloesi monakveTi gamosaxulebaze da ver-

ifikacia xorcieldeba imis safuZvelze, Tu ramdenad 

msgavsia TiToeuli nawinaswarmetyvelebi kide mis uaxlo-

es monakveTTan gamosaxulebaze. warmodgenili amomcnobi 
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sistemis muSaobis principi naCvenebia 6.3 suraTze, sadac 

a) 3D obieqtis gamosaxulebaze gamoyofili kideebia; b) 

SeTavsebuli monakveTebis sameulebi (aRniSnulia msxvili 

wirebiT) da obieqtis mdebareobis sawyisi Sefaseba; g) mo-

delTan saboloo SeTavseba da mdebareobis Sefaseba. 

 

 
   a       b         g 

sur. 6.3 

 

gluvi obieqtebis sivrciTi SeTanasworeba. ganvixi-

loT nebismieri 3D obieqtis amocnobis da mdebareobis 

Sefasebis amocana erTi 2D naxevartonuri gamosaxulebis 

monacemebze dayrdnobiT. am amocanis gadasawyvetad gamo-

iyeneba xilvadobis klasebze damyarebuli modeli. xil-

vadobis modeli warmoadgens modelur klass, romelSic 

mxolod is Tvisebebia warmodgenili, rac saWiroa 3D  ob-

ieqtis romelime  xediT, anu rakursiT danaxvisTvis. mag-

ram 3D  obieqtis xilvadobis modelis saSualebiT warmo-

dgena sakmaod rTul amocanas warmoadgens. Cven ganvixi-

lavT gluvi zedapirebis mqone 3D obieqtebis mdebareob-

is gansazRvris amocanas. aseT SemTxvevaSi 3D obieqtis 

modelireba xdeba 2
1

2
 - ganzomilebiani xedebis, e. w. mod-
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elis rakursebis krebulis (simravlis) saSualebiT. Ti-

Toeuli rakursi aigeba im 5 gamosaxulebaze dayrdnobiT, 

romlebic Seesabameba dakvirvebis centralur wertils, 

da Semdgom am wertilis zemoT, qvemoT, marcxniv da mar-

jvniv mobrunebis Sedegad miRebul gamosaxulebebs. avto-

mobilis modelis erTi rakursis asagebad saWiro aseTi 

xuTi gamosaxuleba warmodgenilia 6.4 suraTze. dakvirve-

bis centraluri wertilis Sesabamisi avtomobilis silu-

eti (centraluri gamosaxuleba suraTze) miRebulia kide-

ebis gamoyofisa da maTi mrudwirul monakveTebad segmen-

taciis Sedegad. am segmentebisTvis gamoiTvleba invarian-

tuli niSan-Tvisebebi, romlebic Semdeg, amocnobis pro-

cesSi gamoiyeneba modelis rakursis indeqsirebuli wv-

domisTvis (gamosaxulebebis monacemTa bazaSi gamosaxu-

lebebis moZiebisTvis romelime atributis, rogorc inde-

qsis gamoyeneba).  

 

 
sur. 6.4 
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centralur gamosaxulebaze siluetis kidis TiToe-

uli 2D  𝑢, 𝑣  wertilis Sesabamisi 3D wertilis  𝑥, 𝑦, 𝑧  

koordinatebis gamoTvla xdeba imis msgavsad, rogorc es 

stereosistemaSia. zeda da qveda gamosaxulebebi gamoiye-

neba obieqtis kideebis simrudis gamosaTvlelad 𝑦 RerZ-

is mimarTulebiT, xolo marcxena da marjvena gamosaxul-

ebebi _ 𝑥 RerZis mimarTulebiT. aseve stereoskopuli gam-

oTvlebis msgavsad ganisazRvreba centralur kidis gamo-

saxulebaze nakeci da markirebuli wertilebis sivrciTi 

mdebareoba. amgvarad, modelis 2
1

2
 - ganzomilebiani raku-

rsi Sedgeba obieqtis siluetis kideebis 3D koordinateb-

isgan, nakeci da markirebuli wertilebisgan, romlebic 

Seesabameba centralur gamosaxulebas gamoyofili kidee-

biT (centralur kidis ruka), damatebuli TiToeuli am 

wertilSi simrudeebis mniSvnelobebiT 𝑥 da 𝑦 mimarTul-

ebiT. rakursis aRweraSi Semaval am monacemebze dayrdno-

biT Semdgom ukve SesaZlebelia kidis rukis gamoTvla 

mocemuli xilvadobis klasSi Semavali nebismieri sxva 

dakvirvebis wertilisTvis. amgvarad, xilvadobis klasi 

aRiwereba: 

 

 zemoaRwerili 3D wertilisa da simrudis mniSvnelo-

bebis simravliT;  

 invariantuli niSan-Tvisebebis simravliT, romlebic 

gamoiyeneba modelis rakursebis indeqsirebuli wvdo-

misTvis.  

 

3D wertilebis koordinatebi, iseve rogorc es ste-

reosistemebSia, gamoiTvleba centraluri da momijnave 



235 

 

kidis rukebs Soris Sesabamisobis dadgenis safuZvelze. 

xolo invariantuli niSan-Tvisebebi gamoiTvleba centra-

luri gamosaxulebis 2D  kidis rukis mixedviT. 

gasaanalizebeli gamosaxulebis damuSavebis proces-

Si misTvis aigeba kidis ruka da formirdeba mrudwiru-

li monakveTebis simravle. mrudwiruli monakveTebi gamo-

iyeneba modelis xedebis monacemTa bazis indeqsirebisTv-

is, raTa moxdes „obieqti-xedi“ hipoTezebis formireba. 

indeqsirebis sqemis safuZvelze generirebuli hipoTezebi 

mowmdeba SeTavsebis proceduraSi. TiToeuli hipoteza 

Seicavs amosacnobi obieqtis rogorc saidentifikacio 

monacemebs, aseve mis miaxloebiT mdebareobas. xolo ve-

rifikacia xorcieldeba savaraudo (kandidati) obieqtis  

TiToeuli modelis morgebiT 2
1

2
 - ganzomilebiani rakur-

sis dakvirvebuli kidis rukaze. igulisxmeba, rom dasaw-

yisSi savaraudo obieqts uWiravs is mdebareoba, romelic  

Seesabameba im modelis centralur rakurss, romlisTvis-

ac xdeba SeTavseba. modelis am rakursis Sesabamisi arse-

buli kidis ruka edareba dakvirvebul kidis rukas. magr-

am umetes SemTxvevaSi maTi sivrciTi SeTanasworeba ar 

iqneba sakmarisad zusti. amis gamo, SeTavsebis dros saWi-

roa mdebareobis parametrebis dazusteba, raTa Sevamci-

roT 2D manZili sibrtyeze arsebul kidis rukasa da dak-

virvebul kidis rukas Soris. aseTi SeTavsebis procesis 

nabijebi warmodgenilia 6.5 suraTze.  kerZod, kidis ruka 

gamoiTvleba  sawyisi (dakvirvebuli) gamosaxulebis mixe-

dviT – kideebis aRmoCenis etapi (sur. 6.5,a); amis Semdeg 

indeqsirebis etapze gamoiTqmeba hipoTeza obieqtis mdeba-

reobis Sesaxeb – modelis rakursis arCevis etapi (sur. 
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6.5,b); Semdeg, ramdenime iteraciis proceduris gamoyeneb-

iT xdeba modelis sazRvris  generireba – modelis mor-

gebis etapi (sur. 6.5,g); da bolos, SeTavsebis Sedegad mi-

iReba sivrciTi SeTanasworebis saboloo Sedegi (sur. 

6.5,d).  

 

   
                 a    b 

 

 
          g                          d    

sur. 6.5 

 

6.5. amocnoba sawyisi monacemebisa da  

relaciuri modelebis SedarebiT 

 

imisTvis, rom 3D obieqtebis amocnobisas gadasvla moxd-

es geometriuli modelebidan simboluri tipis modeleb-

isken, SeiZleba msgavsad 2D SemTxvevisa, gamoyenebuli iy-

os relaciuri modeli. amisTvis mimarTaven sawyisi mona-

cemebis SeTanadebas relaciur modelebTan. Sesabamisi 

modelebisa da meTodebis SerCeva ki sawyisi monacemebid-

an gamomdinare xdeba. 
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3D relaciuri modelebi. aseTi tipis modelebi Sed-

geba 3D primitivebisa da maT Soris sivrciTi mimarTebe-

bisagan. primitivebis rolSi SeiZleba iyos moculobiTi 

da zedapiruli tipis elementebi, 3D wrfivi da mrudwir-

uli monakveTebis maxasiaTebeli niSan-Tvisebebi. moculo-

biTi primitivebis magaliTs warmoadgens ganzogadebuli 

cilindrebi 3D bmulobis mimarTebebTan erTad. moculo-

biTi primitivebis rolSi aseve iyeneben e. w. geonebs 

(geons, geometric ions), romelTa Sesaxebac arsebobs varaudi, 

rom maT adamianis mxedvelobis sistema iyenebs. warmoeba-

Si damzadebuli obieqtebi SeiZleba warmovadginoT maTi 

Semadgeneli brtyeli da cilindruli tipis zedapirebis 

CamoTvliT da zedapirebis momijnaobis mimarTebebiT. re-

laciur modelebSi sivrciT mimarTebebTan (SeerTeba, pa-

raleluroba da kolinearuloba) erTad SeiZleba aseve 

gamoyenebuli iyos 3D wrfivi da mrudwiruli monakveTe-

bi.  

3D obieqtebis uxeSi modelebis asagebad SemuSavebu-

li iqna sami tipis moculobiTi elementis _ Reroebis 

(sticks), firfitebis (plates) da wveTebis (blobs) modelebi 

(sur. 6.6). es modelebi gamoiyeneba adamianis mier Seqmni-

li obieqtebis aRwerisa da amocnobisTvis, romelTa Sema-

dgenel nawilebs SeiZleba hqondeT brtyeli an mrudwir-

uli zedapirebi. amasTan daiSveba zemoaRniSnuli mocul-

obiTi nawilebis nairsaxeobebis arsebobac. obieqtis uxe-

Si amocnobisTvis misi Semadgeneli TiToeuli nawilis 

zusti aRweris nacvlad (rogorc es iyo „zedapiri-wibo-

wvero“ SemTxvevaSi) SeiZleba misi TiToeuli nawili kla-

sificirebuli iqnes rogorc Rero, firfita an wveTi.  
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                         a  

 

 
                         b  

 

 
    g  

sur. 6.6 

 

Reroebi warmoadgens grZel, wvril nawilebs, rom-

lebSic SeiZleba mxolod erTi mniSvnelovani ganzomile-

bis gamoyofa. firfitebi es aris brtyeli, farTo nawil-

ebi erTmaneTTan axlos ganlagebuli brtyeli zedapireb-

iT, romlebic erTmaneTTan Txeli kidiTaa SeerTebuli. 

firfita xasiaTdeba ori mniSvnelovani ganzomilebiT. 

wveTi ki aris nawili, romelsac aqvs sami mniSvnelovani 

ganzomileba. nawilebis samive es tipi warmoadgens „TiTq-
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mis“ amozneqils. aqedan gamomdinareobs is, rom Rero ar 

SeiZleba Zalian moiRunos, naoWebi firfitis zedapireb-

ze ar SeiZleba Zalian didi iyos, xolo wveTs ar unda 

hqondes Zalian didi Cazneqilobebi.  

„Reroebi-firfitebi-wveTebi -s“ tipis modelebi aRwe-

ren Tu rogor xdeba Reroebis, firfitebisa da wveTebis 

gaerTianebiT obieqtis formireba, magram aseTi modelebi 

obieqtebis uxeS aRweras iZleva. maTSi ar aris zustad 

miTiTebuli nawilebis fizikuri SeerTebis wertilebi. 

magaliTad, Reros aqvs 2 logikuri kidura wertili, maT 

Soris arsebuli Siga wertilebis logikuri simravle da 

logikuri simZimis centri. TiToeuli es wertili SeiZ-

leba ganvixiloT rogorc SeerTebis wertili. aseve fir-

fitas aqvs kideebis wertilebis simravle, zedapiris wer-

tilebis simravle da simZimis centri. wveTsac aqvs zeda-

piruli wertilebis simravle da simZimis centri. ai ase-

Ti minimaluri informacia gamoiyeneba obieqtebis am tip-

is modelebSi. 

Cven mier ganxiluli „Reroebi-firfitebi-wveTebi-s“ 

tipis modelis relaciuri struqtura warmoadgens obieq-

tis detalizebuli simboluri modelis sakmaod karg ma-

galiTs. aRniSnuli relaciuri modeli Seicavs 5 mimarT-

ebas. kerZod, unaruli mimarTeba _ „martivi nawilebi“ _ 

warmoadgens obieqtis nawilebis sias. TiToeul nawils 

aqvs ramdenime aRweriTi atributi (niSan-Tviseba) misi ti-

pis CaTvliT (Rero, firfita an wveTi). aseve SesaZloa 

Seicavdes informacias nawilis zomebisa da formis  Se-

saxeb. mimarTeba _ „aerTebs/eyrdnoba“ Seicavs obieqtis 

struqturis Sesaxeb yvelaze metad mniSvnelovani infor-
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maciis garkveul nawils. is warmoidgineba 4-elementiani 

korteJebis _ (𝑠1 , 𝑠2, ეყრდნობა,როგორ) saxiT, romlis 𝑠1 da 

𝑠2 komponentebi aRniSnaven martiv nawilebs, mimarTeba 

„ეyrdnოbა“ iRebs WeSmarit (True) mniSvnelobas, Tu 𝑠1 war-

moadgens 𝑠2-is sayrdens, da mcdars (False), sawinaaRmdego 

SemTxvevaSi, xolo „rogor“ aRwers 𝑠1 da 𝑠2-s Soris See-

rTebis tips.  

danarCeni 4 mimarTebiT moicema SezRudvebi. mimarTe-

ba „sammagi SezRudva“ Seicavs 4-elementian korteJebs _ 

(𝑠1, 𝑠2 , 𝑠3,იგივე),  sadac 𝑠2 martivi nawili exeba rogorc 𝑠1, 

ise 𝑠3, xolo „igive“ iRebs WeSmarit mniSvnelobas, Tu 𝑠1 

da 𝑠3 exeba 𝑠2-is erTsa da imave bolos (an zedapirs), da 

mcdars sawinaaRmdego SemTxvevaSi. mimarTebebi „paralel-

uri“ da „marTobuli“ Seicavs (𝑠1, 𝑠2) tipis wyvilebs, rac 

mianiSnebs imas, rom modelis 𝑠1 da 𝑠2 martivi nawilebi 

Sesabamisad paraleluria an marTobuli.  

6.7 suraTze warmodgenilia obieqtis - skamis Reroe-

bi-firfitebi-wveTebi-is tipis modelis sruli relaciu-

ri struqtura, sadac gvaqvs 2 tipis martivi nawili.  
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sur. 6.7 

 

cxadia, rom  yvela skamma, romlis nawilebs Soris-

ac msgavsi mimarTebebi iqneba, unda daakmayofilos ganxi-

luli modeli. 

 

xilvadobis klasebze damyarebuli relaciuri 

modelebi. im SemTxvevaSi, Tu obieqtebis amocnobisTvis 

sawyis monacemebs warmoadgens organzomilebiani gamosa-

xulebebi, maSin amocnobisTvis sruli 3D modelebis nac-

vlad sakmarisia xilvadobis klasebze damyarebuli mode-

lebis gamoyeneba. aseTi modelebis agebisas amocnobis si-

stemis swavleba xorcieldeba xelovnurad aRebuli mona-

cemebis an obieqtis realuri gamosaxulebebis gamoyeneb-

iT. obieqtebis gamosaxulebebze gamoyofili 2D niSan-Tvi-
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sebebis simravle damokidebulia obieqtebis xilvadobis 

klasze. swavlebis procesSi saswavlo nakrebis TiToeu-

li gamosaxulebidan gamoyofili niSan-Tvisebebi gamoiye-

neba Sesabamisi rakursiT danaxuli obieqtis relaciuri 

aRwerisTvis. amis Semdeg obieqtis xilvadobis klasebis 

formirebisTvis xdeba relaciuri aRwerebis klasteriza-

cia. xilvadobis TiToeuli klasi warmoidgineba kombini-

rebuli relaciuri aRweriT, romelic Seicavs xilvadob-

is am klasSi Semavali yvela xedis gamosaxulebidan gam-

oyofil yvela niSan-Tvisebas. miRebuli kombinirebuli 

relaciuri aRwera ki warmoadgens xilvadobis klasis 

relaciur models. Cveulebrivad TiToeuli obieqtisTvis 

igeba xuTi xilvadobis klasi Sesabamisi relaciuri aRw-

eriT. xilvadobis klasebze damyarebuli modelebi SeiZ-

leba gamoyenebuli iqnes sruli relaciuri SeTavsebis 

gziT amocnobisTvis, rac monacemTa bazaSi didi raoden-

obis sxvadasxva modelis arsebobisas drois sakmaod did 

danaxarjs moiTxovs. am procesis daCqareba SeiZleba  re-

laciuri indeqsaciis gamoyenebiT.  

xilvadobis klasebze damyarebuli 3D obieqtebis 

amocnobis sistemis magaliTad SeiZleba ganvixiloT re-

laciuri indeqsirebis sistema RIO (relational indexing of ob-

jects). am sistemis mier mravalobieqtian scenaze 3D obieq-

tebis amocnoba xdeba maT 2D gamosaxulebebze dayrdnob-

iT. sistemis Sesasvlels warmoadgens erTi kameridan mi-

Rebuli intensiobis gamosaxulebebis wyvilebi, romelTa-

gan erTi miRebulia scenis marcxena mxridan, xolo meo-

re _ marjvena mxridan  ganaTebis Sedegad (sur. 6.8).  
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sur. 6.8 

 

am or gamosaxulebaze dayrdnobiT ganisazRvreba 

Crdilebis da aTinaTebis (highlights) areebi, rac mxolod 

scenis obieqtebis Sesabamisi maRali xarisxis sikaSkaSee-

bis vardnebis gamosaxulebas iZleva. 6.9,a suraTze mocem-

ulia marcxena da marjvena gamosaxulebebze (sur. 6.8) ki-

dis gamoyofis operatoris gamoyenebis Sedegad miRebuli 

kidis gamosaxuleba (kidis ruka), romlidanac moSore-

bulia Crdilebi da aTinaTebis umetesoba. xolo 6.9,b su-

raTze ki miRebuli kidis gamosaxulebidan gamoyofili 

wrfivi monakveTebi da wriuli rkalebi, romelTa safuZ-

velzec ukve xdeba obieqtebis maxasiaTebeli niSan-Tvise-

bebis (monakveTebis, wriuli rkalebis da elifsebis) fo-

rmireba (sur. 6.9,g).  

 

 
     a                           b                   
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                        g  

sur. 6.9 

 

amocnobis RIO sistema gankuTvnilia brtyeli, cili-

ndruli da kuTxvili (threaded) zedapirebis mqone obieqte-

bTan samuSaod. aseTi SezRudva gansazRvravs sistemaSi 

gamosayenebeli maRali donis niSan-Tvisebebs. RIO siste-

maSi gamoiyeneba Semdegi 10 niSan-Tviseba: elifsebi, koaq-

sialuri (saerTo RerZis mqone) rkalebi (2, 3 da mravalj-

eradi), erTmaneTTan axlos myofi da erTmaneTisgan daSo-

rebuli paraleluri monakveTebi, U da Z formis sameul-

ebi, L, Y da V tipis SeerTebebi. 6.10 suraTze naCvenebia 6.9 

suraTze warmodgenili wrfivi da wriuli rkalebis seg-

mentebis, monakveTebis kombinaciiT miRebuli ramdenime 

niSan-Tviseba. monakveTebis tipis niSan-Tvisebebi Seicavs 

2 L tipis SeerTebas da paraleluri xazebis wyvils, xo-

lo wriuli rkalebis segmenti ki Sedgeba 3 koaqsialuri 

rkalisgan. amasTan unda aRiniSnos, rom yvela rkali an 

monakveTi saboloo jamSi SeiZleba ar gaxdes amocnobis-

Tvis aucilebeli niSan-Tvisebebis nawili.  

xilvadobis TiToeuli modelis struqturuli aRwe-

ra xdeba grafis saSualebiT, romlis kvanZebi warmoadg-

ens sxvadasxva tipis niSan-Tvisebas, xolo SemaerTebeli 
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rkalebi maT Soris mimarTebebs. grafis relaciur indeq-

saciaSi gamosayeneblad xdeba misi dekompozicia (daSla) 

e. w. 2-grafis simravleebad.  

 

 
 

 
sur. 6.10 

 

gansazRvreba 6.1. grafs, romelic Sedgeba raRac mim-

arTebiT SeerTebuli ori kvanZisgan, 2-grafi ewodeba. 

 

6.11 suraTze warmodgenilia 6 waxnagiani obieqtis _ 

qanCis erTi xilvadobis modeli, 3 niSan-Tvisebisa da maT 

Soris mimarTebebis gamoyenebiT agebuli sruli grafis 

nawili da misi dekompozicia 2-grafis simravleebad.   

amocnobis procesSi saWiro xdeba ucnobi gamosaxu-

lebis Sedareba monacemTa did bazaSi arsebuli obieqte-

bis xilvadobis modelebTan. relaciuri indeqsacia saSu-

alebas iZleva, rom Camoyalibdes hipoTezebis patara kre-
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buli imis Sesaxeb, Tu ra obieqtebia warmodgenili moce-

mul gamosaxulebaze. indeqsaciis gamoyeneba ki moiTxovs  

 

 

 
sur. 6.11 

 

monacemTa struqturis winaswar momzadebas, kerZod, heS-

cxrilis Seqmnas, romelic amocnobis procesSi gamoyeneb-

uli iqneba monacemTa bazasTan mimarTvisTvis. heS-cxril-

is formirebis Semdeg is ukve gamoiyeneba bazasTan opera-

tiul (on-line) reJimSi samuSaod amocnobis amocanis gada-
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sawyvetad. aseve gamoiyeneba xmis daTvlis mowyobilobeb-

is _ damgrovebeli amjamavebis (accumulators for voting) nakre-

bi monacemTa bazaSi arsebuli TiToeuli xilvadobis mo-

delisTvis cal-calke. scenis analizis procesSi jer 

xdeba niSan-TvisebaTa (monakveTebi, wriuli rkalebi da 

elifsebi) gamoyofa da relaciuri aRweris ageba 2-grafe-

bis simravlis gamoyebiT. Semdeg, heS-cxrilSi wvdomisTv-

is saWiro indeqsis misaRebad xdeba am aRweris TiToeu-

li 2-grafis kodireba. cxrilis SerCeul jibesTan (xmis 

micemis mowyobilobasTan) dakavSirebulia sia. is Seicavs 

yvela im xilvadobis models, romelSic Sedis mocemuli 

2-grafi. amis Semdeg siis TiToeuli xilvadobis modeli-

sTvis xorcieldeba xmis micemis procedura. zemoaRweri-

li moqmedebebi xorcieldeba scenis gasaanalizebel ga-

mosaxulebaze arsebuli yvela 2-grafisTvis. bolos ki 

amocnobis hipoTezebad airCeva is xilvadobis modelebi, 

romlebic yvelaze met xmas miiRebs.  

hipoTezebis generirebis Semdeg amocnobis RIO sist-

emaSi iwyeba verifikaciis procesi. relaciuri indeqsaci-

is dros dgindeba Sesabamisobebi gamosaxulebis organ-

zomilebian niSan-Tvisebebsa da xilvadobis modelis or-

ganzomilebian niSan-Tvisebebs Soris. Tavis mxriv, 2D xi-

lvadobis modelis niSan-Tvisebebi dakavSirebulia sava-

raudo (hipoTezuri) obieqtis 3D modelis niSan-Tvisebeb-

Tan. RIO sistemaSi verifikaciisTvis gamoiyeneba Sesabami-

si 2D-3D tipis wertilebis wyvilebi, 2D-3D monakveTebis 

wyvilebi da 2D elifsi-3D wrewiris wyvilebi, romlebze 

dayrdnobiTac gamoiTvleba savaraudo obieqtis 3D mode-

lis gamosaxulebis sibrtyeze geometriuli asaxva. aseTi 

gardaqmnis Sedegad moxdeba 3D modelis monakveTebis da 
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wriuli rkalebis proecireba gamosaxulebis sibrtyeze 

da gamoiTvleba manZili savaraudo obieqtsa da monacem-

Ta bazaSi arsebul xilvadobis modelebs Soris, romlis 

sidide gansazRvravs, verifikacia warmatebulia Tu amoc-

nobis hipoTezaa araswori. 6.12,a,b suraTze naCvenebia Se-

sabamisad arakoreqtuli da koreqtuli hipoTezebis maga-

liTebi. 

 

   
              a                              b 

sur. 6.12 

 

amgvarad, verifikaciis proceduriT mowmdeba Tu ra-

mdenad kargad aris erTmaneTTan sivrcobrivad SeTanas-

worebuli savaraudo obieqtis 2D gamosaxulebaze gamo-

yofili niSan-Tvisebebi scenis obieqtebis kideebis gamo-

saxulebasTan. xolo savaraudo obieqtis SeTavsebuli ni-

San-Tvisebebi ki gamoiyeneba misi mdebareobis gansazRvri-

saTvis. 
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6.6. amocnoba funqciur modelebze  

dayrdnobiT 

 

rogorc aRvniSneT, geometriuli modelebis gamoyenebiT 

zustad SeiZleba aRiweros konkretuli obieqtebis for-

mebi. avtomatizirebuli proeqtirebis sistemis (computer-

aided design) saSualebiT agebuli modeliT SesaZlebelia 

erTi obieqtis aRwera yvela Tavisi gansakuTrebuli wer-

tilebiT da zomebiT. am SemTxvevaSi igulisxmeba, rom 

amocnobis sistemisTvis samyaros  yvela obieqtis geomet-

riuli modeli winaswaraa cnobili. magram realurad es 

ase ar aris da amocnobis realurma sistemam unda SeZl-

os iseTi obieqtebis amocnobac, romelTa formis model-

ebi winaswar cxadi araa. rac Seexeba relaciur model-

ebs, isini aRweren im obieqtebis klasebs, romlebsac er-

Ti da igive relaciuri struqtura aqvT. amis gamo rela-

ciuri modelebi ufro zogadi saxis modelebs warmoad-

genen. ganvixiloT magaliTisTvis skami, romelic SeiZle-

ba aRiweros rogorc obieqti, romelsac aqvs zurgi, das-

ajdomi da oTxi fexi, romlebic dasajdomis kuTxeebTan 

qvemodanaa mierTebuli. magram skami, romelsac oTxi fex-

is nacvlad sajdomTan qvemodan tumbo aqvs  mierTebuli, 

ar Seesabameba CvenTvis nacnobi skamis aRweras da daniSn-

ulebas. obieqtis funqciaze damyarebuli modelebi ar iZ-

leva mis raime konkretul geometriul an struqturul 

sqemas. nacvlad amisa, obieqtis kategoria (anu romel ka-

tegorias miekuTvneba obieqti) ganisazRvreba im codnidan 

gamomdinare, romelic aucilebelia, raTa obieqtma ifunq-

cioniros rogorc aRniSnuli kategoriis egzemplarma. 

kategorias warmoadgens skami, magida, sawoli, wignebis 
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Taro da a. S. ufro maRali donis kategoriaa aveji, rom-

lis bazuri donis kategoriebs warmoadgenen zemoCamoTv-

lili kategoriebi. codnis bazaSi bazuri warmomadgenl-

oba warmodgenilia obieqtebis formis, fizikuri da fun-

qciuri Tvisebebis Sesaxeb codnis primitiuli (elementa-

ruli) msxvili naWrebis saxiT, romlebic SeiZleba gamoy-

enebuli iyos rogorc primitivebi saWiro funqciis gansa-

zRvrisas. amgvarad, obieqtebis amocnobisTvis maT funqc-

iur daniSnulebaze damyarebuli midgoma zemoCamoTvli-

li modelebis Semdgom ganviTarebas warmoadgens. aseTi 

midgomisas ganisazRvreba obieqtebis klasebi maTi funqc-

iuri daniSnulebidan gamomdinare. Cven mier ganxilul 

magaliTSi skami aris obieqti, romelsac adamiani iyenebs 

dasajdomad da romelsac SeiZleba hqondes ramdenime er-

TmaneTisgan gansxvavebuli relaciuri struqtura. Tumca 

yvela isini akmayofilebdes funqciuri SezRudvebis erT 

krebuls.   

obieqtis funqciaze damyarebuli amocnobis sistemis 

magaliTs warmoadgens amocnobis universaluri sistema, 

romelic amocnobisTvis iyenebs obieqtebis formis maxa-

siaTeblebs da funqciur Tvisebebs GRUFF (Generic Object 

Recognition Using Form and Function). amocnobisTvis aRniSnul 

sistemaSi gamoiyeneba codnis baza, romelSic codna war-

modgenilia 3 doneze: 

 

1. codnis bazaSi arsebuli yvela obieqtis kategorieb-

is ierarqia;  

2. TiToeuli kategoriis gansazRvra maTi funqciuri 

Tvisebebis terminebSi; 
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3. codnis primitivebi, romelsac efuZneba funqciuri 

gansazRvrebebi. 

 

codnis primitivebi. funqciaze damyarebuli obieqt-

is kategoriis gansazRvris safuZvels warmoadgens 6 co-

dnis primitivi.  

 

gansazRvreba 6.2. codnis primitivi moiazreba rog-

orc parametrizebuli proceduruli codnis msxvili na-

Weri, romelic ayalibebs garkveul bazisur warmodgenas 

_ cnebas (codnis warmodgenis elementi) obieqtis form-

is, fizikuri da funqciuri Tvisebebis Sesaxeb.        

 

TiToeuli codnis primitivi Sesasvleli monacemeb-

is saxiT iRebs 3D obieqtis formis Tvisebebis garkveul 

nawils (porcias) primitivis parametrebis mniSvnelobebT-

an erTad da ukan abrunebs Sefasebis zomas, romlis  mni-

SvnelobaTa diapazoni moTavsebulia 0 da 1 Soris, da mi-

uTiTebs, Tu ramdenad kargad akmayofilebs Sesasvleli 

monacemebi mocemul moTxovnebs. amocnobis GRUFF  sistem-

aSi ganixileba 6 codnis primitivi, romlebic gansazRvr-

avs Semdeg cnebebs:  

 

 fardobiTi orientacia (normali 1, normali 2, mniSvn-

elobaTa diapazoni) (relative orientation) _ gamoiyeneba im-

is gansasazRvravad, Tu ramdenad kargad Seesabameba 

ori zedapiris fardobiTi orientacia (zedapirebis 

normalebs Soris kuTxis sidide) garkveul sasurvel 

urTierTganlagebas (sasurvel diapazons). magaliTad, 

Cven mier ganxiluli skamis SemTxvevaSi dasajdomis 
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zedapiri TiTqmis marTobuli unda iyos zurgis ze-

dapiris;  

 ganzomilebebi (formis elementi, ganzomilebis tipi,   

mniSvnelobaTa diapazoni) (dimensions) _ gamoiyeneba 6 

tipis ganzomilebis: sigane, siRrme, simaRle, farTo-

bi, momijnave zedapirisa da moculobis gazomvisTvis. 

magaliTad, devs Tu ara, magaliTad, obieqtis zedapi-

ris sigane an siRrme sasurvel mniSvnelobaTa diapa-

zonSi; 

 siaxlove (formis elementi erTi, formis elementi 

ori, mniSvnelobaTa diapazoni) (proximity) _ amowmebs 

obieqtis formis elementebs Soris Tvisobriv sivrc-

iT mimarTebebs, rogoricaa: zemoT, qvemoT da axlos. 

magaliTad, imisTvis, rom CanTa advili asawevi iyos, 

mas saxeluri simZimis centris zemoT unda hqondes; 

 Tavisufali sivrce (obieqtis aRwera, Tavisufali si-

vrcis moculoba) (clearance) _ amowmebs Tavisufalia 

Tu ara obieqtis Semadgenel nawilebs Soris arsebu-

li sivrce raime winaaRmdegobisgan. magaliTad, 6.13 

suraTze skamze dasajdomi sivrce warmodgenilia  

marTkuTxa formis mravalwaxnagis moculobis saxiT. 

es primitivi gamoiyeneba obieqtis formis potenciuri 

funqciuri elementis xelmisawvdomobis Semowmebis 

mizniT, anu xelmisawvdomia Tu ara igi. Sefasebis zo-

ma 1-is tolia, Tu aRniSnuli moculoba Tavisufalia 

da 0-is, Tu dakavebulia.    
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sur. 6.13 

 

 mdgradoba (forma, orientacia, gamoyenebuli Zala) 

(stability) _ amowmebs, darCeba Tu ara mocemuli formis 

obieqti mdgrad mdgomareobaSi, roca is moTavsebul-

ia raime sayrden sibrtyeze mocemuli orientaciiT  

da masze raRac Zala moqmedebs;  

 SemosazRvra (Cazneqiloba, orientacia, SemomsazRvre-

li sibrtye) (enclosure) _ amowmebs obieqtis formaSi 

saWiro Rruebisa da Cazneqilobebis arsebobas mocem-

uli orientaciis SemTxvevaSi. magaliTad, Rvinis Wiq-

as Rvinis Casasxmelad unda hqondes Cazneqiloba. xo-

lo normaluri orientaciis SemTxvevaSi (vertikalur 

mdgomareobaSi) Wiqis Cazneqiloba SemosazRvrulia 

sayrdeni sibrtyis paraleluri sibrtyiT (sur. 6.14). 

 

funqciuri Tvisebebi. obieqtis funqciuri klasis gansaz-

Rvra miuTiTebs im funqciur Tvisebebze, romelsac unda 

flobdnen mocemuli klasis obieqtebi codnis primitive-

bis terminebSi. GRUFF sistemaSi obieqtebis klasebisTvis: 

aveji, WurWeli da xelsawyoebi, gamoiyo funqciuri kate- 



254 

 

 
sur. 6.14 

 

goriebi, romlebic ganisazRvra Semdegi 4 SesaZlo traf-

aretiT:  

 

 uzrunvelyofs 𝑿-is stabilurobas; 

 uzrunvelyofs 𝑿-Tvis zedapirs; 

 uzrunvelyofs 𝑿-Tvis sacavs; 

 uzrunvelyofs 𝑿-Tvis saxelurs; 

 

sadac 𝑋 warmoadgens trafaretis parametrs. magaliTad, 

skamma unda uzrunvelyos masze mjdomi adamianis stabil-

uri simyare da unda hqondes dajdomisTvis vargisi zeda-

piri; zafxulSi xilis Sesanaxad unda arsebobdes Sesaba-

misi grili sacavi; xolo kars unda hqondes kargi saxel-

uri, rom advilad gaiRos. 

 

kategoriebis ierarqia. amocnobis GRUFF  sistemaSi 

obieqtebis yvela kategoria gaerTianebulia kategoriebis 

xeSi. sistemas mxolod am kategoriebis amocnoba SeuZl-

ia. xis zeda doneze moTavsebulia yvelaze zogadi kateg-

oriebi, magaliTad, aveji da WurWeli. qvemoT moZraobis-
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as yovel Semdeg doneze xdeba kategoriebis TandaTanobi-

Ti detalizacia. magaliTad, kvanZs aveji aqvs konkretu-

li obieqtebis klasebis Svilobili kvanZebi _ skami, ma-

gida, merxi, wignebis karada, sawoli, romlebic Tavis 

mxriv aseve detalizdeba. magaliTad, skami arsebobs sxva-

dasxvanairi. kerZod: Cveulebrivi skami, Sezlongi, savar-

Zeli-saqanela, maRali skami. aseTi xis magaliTi warmod-

genilia 6.15 suraTze.  

 

 
sur. 6.15 
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amocnobis warmodgenil sistemaSi obieqtebis kateg-

oriebis funqciuri gansazRvreba gamoiyeneba ara obieqte-

bis amosacnobad, aramed gadawyvetilebis misaRebad imis 

Sesaxeb, SeuZlia Tu ara am dakvirvebul 3D obieqts, moc-

emuls siRrmis monacemebis saxiT, imoqmedos rogorc mo-

cemuli kategoriis elementma. aq funqciaze damyarebuli 

analizis procesi Sedgeba ori etapisagan:  

 

 winaswari damuSaveba;  

 amocnoba.  

 

winaswari damuSavebis etapze xdeba 3D siRrmis mona-

cemebis damuSaveba. damuSavebis procesi ar aris damokid-

ebuli kategoriaze _ yvela obieqti muSavdeba erTnairad. 

3D siRrmis monacemebis analizis Sedegad maTgan gadairC-

eva yvela potenciuri funqciuri elementi. amocnobis et-

apze es elementebi gamoiyeneba indeqsebis asagebad, rome-

lTa safuZvelzec Semdeg xdeba obieqtebis kategoriebis 

ranJireba (raime niSniT ganlageba). indeqsi Sedgeba funq-

ciuri elementisa da aseve misi farTobisa da moculobi-

sgan. is kategoriebi, romelTa Sedareba indeqsis monacem-

ebis safuZvelze SeuZlebelia, Ziebidan gamoiricxeba. xo-

lo darCenili kategoriebi ki mowesrigdeba Semdgomi Se-

fasebisTvis. obieqtis romelime klasisadmi kuTvnilebis 

TiToeuli hipoTezisTvis jer gamoiZaxeba am klasis co-

dnis primitivebi. maTi saSualebiT gamoiTvleba Tu ramd-

enad kargad akmayofilebs sawyis monacemebSi moZiebuli 

funqciuri elementi mocemuli klasis moTxovnebs. TiTo-

euli codnis primitivi ukan abrunebs gamoTvlili Sefas-

ebis ricxviT mniSvnelobas. aseTnairad miRebuli Sefase-
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bebi erTiandebian iseTnairad, rom miRebul iqnas sabol-

oo asocirebuli Sefaseba, romelic aRwers, Tu ramdenad 

kargad Seesabameba sawyisi monacemebidan miRebuli funq-

ciuri elementebis mTeli simravle savaraudo (hipoTez-

iT daSvebuli) obieqtis kategorias. 

 

6.7. amocnoba garegnul 

saxeze (garegnobaze) dayrdnobiT 

 

aqamde Cven mier ganxiluli amocnobis sistemebis umete-

sobaSi amocnoba emyareboda midgomas, roca modeli gani-

xileboda rogorc obieqtis 2D gamosaxulebebidan ganca-

lkevebuli, damoukideblad arsebuli erTeuli. axla gan-

vixiloT midgoma, romelic obieqtis amocnobisTvis iyen-

ebs mis garegnul saxeze damyarebul modelebs (appearance-

based models). am modelebSi obieqtebi warmodgenilia mexsi-

erebaSi Senaxuli maTi sxvadasxva xedidan miRebuli 2D 

gamosaxulebebis krebulis saxiT. ucnobi obieqtis ward-

genis SemTxvevaSi amocnoba xdeba misi SedarebiT mexsier-

ebaSi arsebul gamosaxulebebTan (recognition by appearance). 

obieqti warmodgenilia gadamwodidan miRebuli sawyisi 

monacemebis _ signalis doneze, xolo Sedareba xorci-

eldeba intensiobis saxiT warmodgenili gamosaxulebebis 

uSualo Sedarebis gziT. amocnobisTvis am dros ar gamo-

iyeneba ufro maRali donis niSan-Tvisebebi, magaliTad, 

obieqtebis nawilebidan gamoyofili. Sesabamisad, mcirea 

amocnobisTvis saWiro gamoTvlebis fasi da dro. garegan 

saxeze damyarebuli amocnobis meTodebis simartivem gana-

piroba maTi farTo gamoyeneba gamosaxulebebis did kre-
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bulebze. am midgomis safuZvelze yvelaze mniSvnelovani 

Sedegebi miRebul iqna adamianis pirisaxis amocnobis am-

ocanaSi.   

obieqtis garegnul saxeze damyarebuli amocnobis 

procesi  SeiZleba daiyos or etapad:  

 

 sistemis daswavlis etapze iqmneba markirebuli gamo-

saxulebebis 𝑫𝑩 =  < 𝐼𝑗    , 𝐿𝑗 >𝑗=1,𝑘      monacemTa baza, sad-

ac 𝐼𝑗 _ 𝑗 - uri saswavlo gamosaxulebaa, xolo 𝐿𝑗 ki 

am  gamosaxulebis Wdea;  

 amocnobis etapze ucnobi amosacnobi obieqtis 𝐼𝑢 ga-

mosaxuleba edareba 𝑫𝑩 monacemTa bazaSi arsebul 

saswavlo  𝐼𝑗 , 𝑗 = 1, 𝑘      gamosaxulebebs da eniWeba masT-

an yvelaze axlos myofi (yvelaze msgavsi) saswavlo 

gamosaxulebis 𝐿𝑗 Wde. gamosaxulebebs Soris msgavse-

bis (siaxlovis) raodenobriv sazomad gamoiyeneba evk-

liduri manZili. 𝐼𝑗 , 𝑗 = 1, 𝑘      saswavlo gamosaxulebebi-

dan 𝐼𝑢 gamosaxulebis  yvelaze ufro msgavs gamosax-

ulebad miiCneva is, romelTa Sorisac  𝐼𝑢    − 𝐼𝑗 [ ] , 

𝑗 = 1, 𝑘      evkliduri manZili minimaluria, an 𝐼𝑢 ∙ 𝐼𝑗 skal-

aruli namravlia maqsimaluri.  

 

amasTan erTad, TiToeuli am etapisTvis aucilebel-

ia gaTvaliswinebuli iyos Semdegi detali:  

 

 saswavlo gamosaxulebebi rac SeiZleba srulad unda 

asaxavdnen amosacnob obieqtebs. magaliTad, adamianis 

pirisaxis (aseve sxva obieqtebis) SemTxvevaSi saswav-

lo gamosaxulebebis simravle unda Seicavdes adamia-
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nis pirisaxis gamosaxulebebs sxvadasxva gamometyve-

lebiT, sxvadasxva ganaTebiT, sxvadasxva rakursiT ga-

daRebuls da a. S.; 

 obieqti unda iyos mkveTrad gamoyofili. kerZod, Ti-

Toeuli pirisaxis mdebareoba da ganzomileba praqti-

kulad erTnairi unda iyos. sawinaaRmdego SemTxveva-

Si saWiro gaxdeba mdebareobisa da ganzomilebis pa-

rametrebis gamoTvla yoveli calkeuli SemTxvevisT-

vis;   

 imis gamo, rom warmodgenili midgoma ar saWiroebs 

obieqtis fonisgan gamoyofas, amitom foni monawile-

obas unda iRebdes rogorc gadawyvetilebis miRebis, 

ise swavlebis procesSi; 

 mcire ganzomilebis gamosaxulebebis, magaliTad, 

(100x100) piqselis SemTxvevaSic ki, romelic sakmaris-

ia adamianis pirisaxis amosacnobad, gamosaxuleba Se-

icavs 10000 piqsels. savaraudoa, rom saswavlo nimuS-

ebis raodenoba am ricxvze bevrad ufro mcire iqneba. 

Sesabamisad, saWiro gaxdeba ganzomilebis Semcirebis 

meTodis gamoyeneba. 
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VII Tavi. scenis aRweris meTodebi 

 

7.1. scenaTa analizis mizani 

 

scenaTa analizis amocana zogadad gulisxmobs ara mar-

to gamosaxulebaze arsebuli obieqtebis 3D formis rek-

onstruqcias, moZraobis TvalTvals, an obieqtebis da 

scenis klasifikacias, anu maT mikuTvnebas winaswar cno-

bili romelime klasisadmi, aramed TviT scenis struqtu-

ris aRweris amocanasac. arsebobs mravali praqtikuli 

amocana, sadac es ukanaskneli ufro mniSvnelovania, vid-

re klasifikacia. aseT SemTxvevasTan maSin gvaqvs saqme, 

roca kompiuteruli xedvis sistema marTvis an gadawyvet-

ilebis miRebis sistemis komponents warmoadgens. aseTi 

sistemis magaliTia satransporto saSualebis marTvis 

sistema, sadac scenis struqturis codna Zalian mniSvne-

lovania. is saSualebas iZleva ganisazRvros moZraobis 

SesaZlo mimarTuleba da winaaRmdegobebi gzaze. magram 

amave dros 3D maxasiaTeblebis mixedviT SeiZleba erTman-

eTisgan Znelad gasarCevi aRmoCndes trotuari an gzispi-

ri savali nawilisgan. amgvarad, aseTi amocanebis gadawy-

veta moiTxovs gamosaxulebebidan ara obieqtebis fiziku-

ri maxasiaTeblebis aRdgenas, aramed ufro metad sceneb-

is gaazrebul, logikurad gamarTul  Sinaarsobriv aRwe-

ras, struqturis arsis gagebas. am dros gamoiyeneba meT-

odebi, romlebsac saqme aqvT uSualod scenaze arsebul 

struqturul mimarTebebTan. igulisxmeba, rom am droisT-

vis gamosaxulebis damuSavebisa da analizis Sedegad uk-

ve miRebulia scenebis Sesaxeb garkveuli aprioruli inf-
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ormacia _ codna maTi Semadgeneli calkeuli obieqtebis 

(an/da maTi nawilebis) Sesaxeb da is Cawerilia simbolur 

saxeSi, anu viciT ras unda velodoT scenaze. obieqtis 

simbolur saxeSi warmodgena niSnavs mis aRweras iseTi 

simboluri terminebis, rogoricaa „sibrtye“, „kvadri“, 

„kuTxe“, an „pirisaxe“ da a. S. siis, da ara TviT formis 

Semadgeneli piqselebis saxiT. mocemuli scenis struqtu-

ris aRwerisTvis saWiroa scenebis klasis Sesaxeb winasw-

ari codna gavaerTianoT mocemuli scenis Sesaxeb konkr-

etul simbolur informaciasTan. magaliTad, vTqvaT, rom 

scenaze arsebuli obieqtebi warmoadgenen mravalwaxna-

gebs. magram Tu damkvirvebelma ar icis mravalwaxnagis 

struqtura, maSin misTvis SeuZlebeli iqneba aseTi obieq-

tebis identifikacia da Sesabamisad scenis aRwera.  

xSir SemTxvevaSi gamosaxulebis aRweris qveS igul-

isxmeba misi aRwera niSan-Tvisebebis saSualebiT, romleb-

ic ganisazRvrebian rogorc mTlianad gamosaxulebisTvis 

(globaluri niSan-Tvisebebi), aseve misi calkeuli qvesim-

ravleebisTvis (lokaluri niSan-Tvisebebi). magaliTad, 

qvesimravleebis geometriul niSan-Tvisebebi, aseve mimar-

Tebebi qvesimravleebs Soris, romelTa daxasiaTeba SeiZ-

leba gamoTqmebiT _ „zemoT“, „marcxniv“, „axlos“, „maT So-

ris“ da a. S. Tu mocemulia niSan-TvisebaTa da mimarTeba-

Ta erToblioba, maSin ukve SesaZlebelia gamosaxulebis 

sityvieri aRwera gamosaxulebis Sesaxeb kiTxva-pasuxebis 

saxiT da imis gansazRvra, marTlac gvaqvs Tu ara gamosa-

xulebaze qvesimravleebis is kombinaciebi, romlebsac mo-

cemuli Tvisebebi aqvs da romelTa Soris mocemuli mima-

rTebebi arsebobs.  
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scenis aRwera SeiZleba detalizaciis sxvadasxva 

doneze ganxorcieldes. magaliTisTvis ganvixiloT mart-

ivi scena, romelic Sedgeba yuTisa da cilindrisgan 

(sur. 7.1). scenis detalizaciis uxeS doneze aRwerisas Cv-

en SegviZlia vTqvaT, rom scenaze aris yuTi da cilind-

ri. magram Tu Cven gvainteresebs scenis struqtura, maSin 

detalizaciis xarisxi unda gavzardoT da arsebul aRwe-

ras davumatoT, rom yuTi cilindris marcxniv devs. Tu 

ganvagrZobT detalizacias, maSin yuTi SegviZlia davaxa-

siaToT rogorc 3 oTxkuTxedisgan Semdgari obieqti, da 

a. S. amgvarad, aseTi TanamimdevrobiT Cven SegviZlia sru-

lad aRvweroT mocemuli scenis struqtura. aqedan gamom-

dinare,   

 

 
sur. 7.1 

 

gansazRvreba 7.1. gamosaxulebis gamokvlevis proc-

ess scenis Sesaxeb iseTi informaciis miRebis mizniT, 

rogoricaa xiluli zedapirebis forma, obieqtebis iden-

turoba da maTi sivrciTi an dinamikuri urTierTkavSire-

bi, scenaTa analizi ewodeba.  
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7.2. codnis gamoyenebis adgili 

kompiuterul xedvaSi 

 

monacemebis damuSavebis TvalsazrisiT kompiuterul xed-

vaSi ganixileba damuSavebis 3 done: dabali, saSualo da 

maRali. damuSavebis umaRles dones, rac dakavSirebulia 

gamosaxulebis monacemebis interpretaciasa da gansjasT-

an miekuTvneba gamosaxulebis gageba.  

gamosaxulebis gageba, anu gamosaxulebidan an gamo-

saxulebebis mimdevrobidan maRali donis informaciis  

miReba xelovnuri inteleqtis erTerT yvelaze ufro rT-

ul gamowvevas warmoadgens. aRniSnulSi igulisxmeba da-

muSavebis dabal da saSualo doneze miRebul monacemeb-

ze dayrdnobiT gamosaxulebis monacemebis Sinaarsis xar-

isxobrivi aRwera. gamosaxulebis gageba fokusirebulia 

TiToeuli obieqtis da maT Soris mimarTebebis Seswavla-

ze, romelic efuZneba gamosaxulebis damuSavebisa da ana-

lizis Sedegebs da aerTianebs erTmaneTTan xelovnur in-

teleqts da kognitiur Teorias, raTa gamosaxulebis Si-

naarsidan gamomdinare moxdes scenis interpretacia. mis 

detalebSi wvdoma moiTxovs xelovnuri inteleqtis mni-

Svnelovani Semadgeneli nawilebis _ codnis warmodgenis 

modelebis, produqciuli sistemebis, relaciuri struqt-

urebis, semantikuri qselebis, Sesabamisobis dadgenis, ga-

nsjis, problemebis gadaWris, swavlebis da a. S. arsSi 

garkvevas. amgvarad,  

 

gansazRvreba 7.2. gamosaxulebis gagebaSi igulisxme-

ba maRali donis (abstraqtuli) informaciis miReba gamo-

saxulebidan an gamosaxulebebis mimdevrobidan.  
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kompiuterul xedvaSi codna gamoiyeneba damuSavebis 

sxvadasxva etapze, dawyebuli niSan-TvisebaTa gamoyofid-

an (magaliTad, codna imis Sesaxeb, rom mravalwaxnagas 

aqvs wrfivi kideebi) da damTavrebuli scenis sruli aRw-

eriT.   

scenis Sesaxeb codnas xSirad uwodeben „models“. 

ganasxvaveben 2 tipis models: 2D da 3D modelebs. 2D mo-

deliT xdeba gamosaxulebebis an maTi elementebis warm-

odgena. magaliTad, „manqanebi gzaze arian“. am modelis 

upiratesoba imaSi mdgomareobs, rom is pirdapir SeiZle-

ba SeuTavsdes gamosaxulebebs an maT niSan-Tvisebebs. nak-

lovaneba ki isaa, rom misi saSualebiT SeuZlebelia obi-

eqtebis 3D geometriis an 3D mimarTebebis warmodgena. aqe-

dan gamomdinare, 2D modelis gamoyeneba efeqturia maSin, 

roca obieqtebis orientacia an dakvirvebis wertili ucv-

lelia.  

3D modeli Seicavs informacias scenaze obieqtebis 

3D mdebareobis, mimarTebebis da formis Tvisebebis Sesax-

eb. aqedan gamomdinare, 3D modelebi bevr SemTxvevaSi Se-

iZleba iyos gamoyenebuli. am modelebis gamoyenebis pro-

blema maTi moqnilobidan da agebis sirTulidan momdina-

reobs. kerZod, marTalia maTi gamoyeneba efeqturia obie-

qtebis sxvadasxva orientaciis SemTxvevaSi, magram advi-

li ar aris scenis aRweris modelebTan SeTavseba.    

amgvarad, gamosaxulebaze dayrdnobiT scenis aRwe-

risTvis mas Semdeg, rac aigeba gamosaxulebis Siga mode-

li, aseve saWiroa garkveuli codnis arseboba realuri 

scenis Sesaxeb. magaliTad, Tu Cven gvaqvs romelime qala-

qis satelituri an aerofotogamosaxuleba, maSin Sesamis-
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obis dadgena gamosaxulebis modelsa da realobas Sor-

is moiTxovs zogad codnas quCebis, saxlebis, parkebis, 

mdinareebis da a. S. ganlagebis Sesaxeb qalaqebSi, da ag-

reTve konkretul codnas konkretuli saxlebis, quCebis, 

parkebis, mdinareebis da a. S. wyobis Sesaxeb konkretul 

qalaqSi. Tu scenis gamosaxulebis modeli emTxveva rea-

lobas, maSin scena sworad iqneba aRwerili.  

zemoTqmulidan gamomdinare, gamosaxulebis gagebis 

mizania gamosaxulebaze dayrdnobiT scenis gaazrebuli, 

arsobrivi formaluri aRwera. xolo amocanebi, romlebs-

ac is moicavs varirebs dawyebuli gamosaxulebaze calk-

euli obieqtebis amocnobidan da damTavrebuli scenis 

sruli aRweriT codnis warmodgenis garkveuli sistemis 

farglebSi. Tu gamosaxulebis gagebis amocana koreqtul-

adaa Sesrulebuli, maSin kompiuteruli xedvis sistemas 

„esmis“ gamosaxulebis arsi. magaliTad, Tu robots SeuZ-

lia Seasrulos brZaneba _ „konveierze arsebuli detal-

ebis grovidan airCie mxolod 3 naxvretis mqone detali“, 

maSin es imas niSnavs, rom robotis mier sworad moxda 

gamosaxulebis monacemebis interpretacia. 

garesamyaros aRqmisas mTavari gansxvaveba damkvirve-

bel-adamiansa da xelovnuri xedvis sistemas Soris am 

ukanasknelSi realuri samyaros Sesaxeb codnis arsebob-

is naklovanebaSi mdgomareobs. kompiuteruli xedvis sis-

temebma, mas Semdeg rac moaxdenen scenis Siga modelebis 

agebas, mis verifikacias, ganaxlebas garesamyaros cvli-

lebisas, damuSavebis Sesabamisi operaciebis ganxorciel-

ebas, unda moaxdinon maT winaSe dasmuli amocanis Sesru-

leba. im SemTxvevaSi, Tu Siga modeli Seesabameba realo-

bas, maSin gamosaxulebis interpretaciis mizani miRweul-
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ia. gamosaxulebis warmodgenebis raodenobas aqvs mzardi 

xasiaTi. damuSavebis procesSi miRebuli axali monaceme-

bi dardeba arsebul modelTan da Seusabamobis arsebob-

is SemTxvevaSi xdeba modelis modifikacia. gamosaxuleb-

is monacemebis interpretacia ar aris calsaxad damokid-

ebuli mxolod am axal monacemebze. sawyis modelebs So-

ris gansxvavebebi monacemebis sxvadasxvanairad interpre-

taciis mizezi SeiZleba gaxdes maSinac ki, Tu isini yove-

lTvis Tavsebadia agebul modelTan. gamosaxulebis sabo-

loo interpretacia maSin SeiZleba CaiTvalos sworad, 

Tu fasdeba mxolod Sesabamisoba modelsa da gamosaxu-

lebis monacemebs Soris. scenis Sesaxeb arsebuli codnis 

gamoyenebiT gamosaxulebaze gamoyofili yvela obieqtis 

interpretaciis Semdeg, magaliTad, scenaze didi cisferi 

da mwvane areebi interpretirebuli unda iyos rogorc 

Sesabamisad Rrubeli da balaxi, xdeba am obieqtebis mar-

kireba, ris Sedegadac miiReba scenis aRwera.   

gamosaxulebis gagebis procesis mTavar amocanas wa-

rmoadgens marTvis im strategiebis gansazRvra, romelic 

damuSavebis procesSi nabijebis Sesabamis mimdevrobas 

uzrunvelyofs. ufro metic, kompiuteruli xedvis siste-

mam am dros unda SeZlos gamklaveba hipoteturi da ara-

calsaxa interpretaciebis did raodenobasTan.  

 

7.3. gamosaxulebis gagebis marTvis 

strategiebi 

 

biologiuri sistemebisTvis damaxasiaTebelia maTSi mimd-

inare procesebis marTvis rTuli da kompleqsuri strat-

egia, romelic moicavs informaciis paralelur damuSave-
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bas, dinamikuri aRqmis qvesistemis ganawilebas, qcevis cv-

lilebas da a. S. kompiuteruli xedvis, rogorc xelovnu-

ri inteleqtis erTerTi mimarTulebis mTavari mizania mi-

aRwios manqanis iseT qcevas, romelic biologiuri siste-

mebis qcevis msgavsi iqneba teqnikurad ganxorcielebadi 

procedurebis gamoyenebiT. gamosaxulebis gageba moiTx-

ovs TanamSromlobas informaciis damuSavebis rTul amo-

canebsa da Sesabamis marTvas Soris. kerZod, mniSvnelova-

nia damuSavebis procesis yoveli Semdgomi nabijis gansa-

zRvra. imisTvis, rom gamoTvlebi efeqturad ganxorciel-

des (gamoTvlebis fasi didi ar iyos), saWiroa damuSaveb-

is procesis marTva. arsebobs marTvis sxvadasxva strate-

gia, romelTa arCeva damokidebulia imaze, Tu ra mizans 

isaxavs kompiuteruli xedvis procesis mimdinareoba da 

ra saxis codna arsebobs scenis Sesaxeb. gamosaxulebis 

damuSavebis procesSi marTva iyenebs scenis Sesaxeb arse-

bul codnas. ganvixiloT kompiuterul xedvaSi gamoyeneb-

uli marTvis strategiebi. 

 

7.3.1. paraleluri da mimdevrobiTi damuSavebis 

procedurebis marTva 

 

gamosaxulebis damuSavebisTvis SeiZleba orive procedu-

ris gamoyeneba. mimdevrobiTi damuSavebisas operaciebi 

yovelTvis Tanamimdevrulad mimdinareobs. mimdevrobiTi 

marTvis strategia bunebrivia tradiciuli, fon neimanis 

arqiteqturis (mimdevrobiTi moqmedebis) kompiuterebisTv-

is, magram ar gamodgeba biologiuri organizmebisTvis, 

sadac xSirad saWiroa didi raodenobis operaciebis erT-

drouli (paraleluri) Sesruleba garkveuli siCqariT. 
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rac Seexeba paraleluri moqmedebis kompiuterebs, miuxe-

davad maTi programirebis sirTulisa, dRes ukve cnobil-

ia, rom gamosaxulebis damuSavebis dabali donis operac-

iebi paralelurad SeiZleba Sesruldes. 

 

7.3.2. ierarqiuli marTva 

 

kompiuteris mexsierebaSi gamosaxuleba damuSavebis sxva-

dasxva etapze sxvadasxvanairad aris warmodgenili. am 

dros monacemebis marTvasTan dakavSirebiT sakvanZo sak-

iTxs warmoadgens aseTi kiTxva: damuSaveba unda imarTeb-

odes gamosaxulebis monacemebis Sesaxeb informaciis sa-

fuZvelze, Tu ufro maRali donis codniT? gansxvaveba 

am midgomebs Soris Semdegnairad SeiZleba aRiweros: 

 

 marTva gamosaxulebis monacemebze dayrdnobiT (qvem-

odan-zemoT marTva) (control by image data, bottom-up control): 

qvemodan-zemoT marTvis strategiebi emyareba monacem-

ebis struqturis agebas damuSavebis Semdgomi nabije-

bisTvis (sur. 7.2). imis gamo, rom aseTi marTva damoki-

debulia sawyis monacemebze, mas aseve monacemebiT ma-

rTul process uwodeben. amave dros algoriTmis Ti-

Toeuli nabiji SeiZleba Sedgebodes ramdenime qvena-

bijisgan. amasTn gamosaxulebis warmodgena qvenabije-

bze ucvlelia. algoriTmi iwyeba rastruli gamosax-

ulebis winaswari damuSavebiT (gamoiyofa umartivesi 

niSan-Tvisebebi _ sikaSkaSis mniSvnelobebi TiToeul 

piqselSi, konturebis wertilebis koordinatebi, teq-

sturis parametrebi da a. S.); Semdeg etapze umartive-

si niSan-Tvisebebis safuZvelze xdeba segmentebis (ob-
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ieqtebis) gamoyofa (xdeba TiToeuli segmentis Sesa-

bamisi WdiT markireba, magaliTad, simboloTi), rom-

lebic SeiZleba Seesabamebodes realur obieqtebs an 

maT nawilebs; gamosaxulebis gagebis etapze ki xdeba 

gamoyofili segmentebis formaluri aRwera da maTi 

Sedareba dasaSveb areSi (are, sadac unda moiZebnos 

amocanis amonaxsni) warmodgenil realur obieqtebT-

an, risTvisac gamoiyeneba saxeTa amocnobis meTodebi. 

obieqtebis Sesaxeb codna (modeli) gamoiyeneba mxol- 

         

 
sur. 7.2 

        

od scenis aRwerebis Sedarebisas. 

       gamosaxulebis gagebis qvemodan-zemoT marTvis 

strategiis Sesabamisi algoriTmebi emyareba deivid 



270 

 

maris midgomas, romlis mixedviTac scenis analizis 

amocana iwyeba 2D intensiobis gamosaxulebis damuSa-

vebidan da mTavrdeba 3D gamosaxulebis gagebiT gamo-

saxulebis damuSavebis sxvadasxva doneze miRebuli 

Sualeduri warmodgenebis mimdevrobis gavliT. qvemo-

dan-zemoT marTvis strategiis gamoyeneba sasargebl-

oa maSin, Tu gamosaxulebis damuSavebisTvis xelmisa-

wvdomia martivi da efeqturi meTodi, romelic ar iq-

neba damokidebuli gamosaxulebis Sinaarsze. 

 modelze damyarebuli marTva (zemodan-qvemoT marTva) 

(top-down control): zemodan-qvemoT marTvis strategiis 

mTavari principi mdgomareobs gamosaxulebis Siga 

modelis agebasa da mis verifikaciaSi, romlis qveS 

igulisxmeba mizanze orientirebuli damuSaveba (sur. 

7.3). aseTi marTvis SemTxvevaSi gamosaxulebis damuSa-

veba imarTeba codnis (modelis) gamoyenebiT, amitom 

mas modeliT marTul process uwodeben.  

       scenis Sesaxeb codnaze dayrdnobiT zemodan-qve-

moT moZraobisas miznebi damuSavebis ufro maRal 

doneebze iyofa qvemiznebad ufro dabal doneebze, 

romlebic Semdeg isev iyofa qvemiznebad momdevno 

qveda doneebze da a. S. manam, sanam qvemiznebi miRebu-

li an uaryofili ar iqneba. amisTvis damuSavebis Ti-

Toeul doneze xdeba hipoTezis generireba scenis ga-

mosaxulebaze konkretuli obieqtis an struqturis 

arsebobis an ar arsebobis Sesaxeb etalonTan Sedar-

ebis gziT da Semdgom am hipoTezis testireba. scenis 

aRwera miiReba masze arsebuli obieqtebis Tanamimde-

vruli ZiebiT, romlis drosac iTvaliswineben manam-

de miRebul warmatebebs da warumateblobebs, da Sem-
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deg ki xdeba aRmoCenil obieqtebs Soris mimarTebeb-

is interpretacia. gamosaxulebis gagebis procedura 

mTavrdeba Siga modelis verifikaciiT, romlis Sede-

gadac modeli miiReba an uaryofili iqneba. damuSave-

bis procesSi Siga modelis ganaxleba xdeba hipoTez-

is testirebis Sedegebidan gamomdinare. ganvixiloT  

   

 
sur. 7.3 

 

  aRniSnuli midgomis magaliTi. vTqvaT, adamiani mivi-

da sastumroSi manqaniT da sTxova sastumros TanamS-

romels Tavisi manqanis sastumros win mdebare did 

avtosadgomze sadme parkireba, TviTon ki avida Tavis 

nomerSi da axla fanjridan cdilobs moZebnos, Tu 

sad aris misi ruxi feris jipi liberti parkirebu-

li. Sesabamisad pirveli donis mizans warmoadgens 
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sastumros win avtosadgomis moZebna. am miznis Sesr-

ulebis Semdeg qvemizans warmoadgens avtosadgomze 

arsebul manqanebs Soris yvela ruxi feris manqanis 

moZebna da Semdeg gadawyvetilebis miReba, am ruxi 

feris manqanebidan romelia jipi liberti. Tu aRwer-

ili procesis dros yvela wina mizani Sesrulebul-

ia, maSin bolo mizani mdgomareobs imis dadgenaSi, 

aris Tu ara konkretuli ruxi feris jipi liberti 

misi manqana. am miznis Sesasruleblad aucilebelia 

misi manqanis Sesaxeb konkretuli codna. im SemTxve-

vaSi, Tu konkretuli Tvisebebis testireba warmateb-

uli aRmoCnda, maSin manqana miiCneva am adamianis kuT-

vnilad. Tu testireba warumatebeli aRmoCnda, maSin 

saWiroa testirebis ganaxleba ufro maRal doneze 

da jer kidev testireba gauvleli manqanis aRmoCena. 

amgvarad, yvela aRniSnuli miznis Sesruleba SeiZle-

ba sastumros nomris fanjridan yurebiT da avtomob-

ilebis, ferebisa da jipi libertebis Sesaxeb zogadi 

da konkretuli codnis _ modelebis gamoyenebiT.  

       imis gamo, rom codna scenis an obieqtebis Sesax-

eb gamosaxulebis gagebis bevr procesSi gamoiyeneba, 

zemodan-qvemoT marTva Zalian efeqturia. amis gamo 

mas farTod iyeneben kompiuteruli xedvis gamoyeneb-

iT sistemebSi.  

 

zemoaRwerili ierarqiuli marTvis strategiebi gam-

oyenebuli operaciebis tipebis TvalsazrisiT erTmaneTi-

sagan ar gansxvadeba. gansxvaveba gamoixateba operaciebis 

gamoyenebis TanamimdevrobaSi an yvela gamosaxulebis mo-

nacemebis, an mxolod  SerCeuli gamosaxulebis monaceme-
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bis mimarT. marTvis arCeuli meqanizmi ar warmoadgens 

mxolod gzas damuSavebis miznisken. is gavlenas axdens 

mTel marTvis strategiaze. arc qvemodan-zemoT da arc 

zemodan-qvemoT midgomebs ar SeuZlia axsnas xedvis pro-

cesi an amoxsnas mxedvelobiT aRqmasTan dakavSirebuli 

rTuli amocanebi, Tumca, am midgomebis garkveuli kombin-

aciiT SesaZlebelia gamosaxulebis monacemebis damuSave-

bisTvis ufro moqnili da Zlieri marTvis strategis Sem-

uSaveba.  

 

7.3.3. kombinirebuli marTva 

 

kombinirebuli marTvis meqanizmi iyenebs orive, monacemeb-

iT da modelebiT marTul marTvis strategiebs. is ukeT-

es Sedegs iZleva vidre zemoaRwerili midgomebi cal-ca-

lke. imisTvis, rom dabal doneze gamosaxulebis monacem-

ebis damuSaveba gaadvildes, gamoiyeneba ufro maRal do-

neze arsebuli informacia. magaliTad, aerofotosuraTe-

bis gamoyenebiT manqanebis Zebnisas aucilebelia monacem-

ebiT marTuli marTva, magram amave dros amocanis gamar-

tivebis mizniT SeiZleba gamoyenebuli iyos damuSavebis 

ufro maRal doneze arsebuli codna. kerZod is, rom gam-

osaxulebaze manqanebi rogorc konkretuli zomis marT-

kuTxa obieqtebi Cans, da aseve, rom yvelaze maRali alba-

TobiT (yvelaze xSirad) maTi naxva gzebze SeiZleba.  

kombinirebuli marTvis gamoyenebis magaliTad SeiZ-

leba ganvixiloT gulis mkvebavi sisxlZarRvebis (koron-

aruli arteriebis) sazRvrebis avtomaturi gamoyofis am-

ocana, sadac gamosaxuleba warmodgenilia rentgenis su-

raTis saxiT. samwuxarod, qvemodan-zemoT Ziebis algori-
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Tmi cudad muSaobs rTuli da dabali xarisxis gamosaxu-

lebebis SemTxvevaSi, romlebSic sisxlZarRvebi paralel-

uria da erTmaneTTan mWidrodaa ganlagebuli, aqvT xSiri 

gantotva an erTmaneTs faraven. amis gamo, aseT rTul ga-

mosaxulebebze sazRvrebis saimedod gamoyofisTvis Semu-

Savebuli iqna hibriduli marTvis strategia, romelSic 

monacemebis damuSaveba qvemodan-zemoT da zemodan-qvemoT 

marTvis strategiis nabijebis kombinaciiT xdeba. am midg-

omaSi Semdegi principebia Tavmoyrili: 

 

 modelze damyarebuli midgoma: modeli upiratesobas 

aZlevs simetriul marcxena da marjvena sazRvrebs, 

rogorc  yvelaze metad tipurs sisxlZarRvebis gamo-

saxulebebisTvis. 

 hipotezis agebis da verifikaciis midgoma: cvladi 

garCevisunarianobis mqone gamosaxulebebis gamoyeneb-

iT jer xdeba dabali garCevisunarianobis gamosaxu-

lebaze sisxlZarRvis miaxloebiTi sazRvrebis gamoy-

ofa (romelic ufro swrafi procesia), xolo Semdeg 

ki aseTnairad miRebuli sazRvrebis sizustis gazrd-

isTvis gamoiyeneba maqsimaluri garCevisunarianobis 

gamosaxuleba. 

 aprioruli codna: grafze damyarebuli Ziebisas mizn-

is funqciis modificirebisTvis gamoiyeneba codna si-

sxlZarRvis sazRvrebis maformirebeli kideebis mima-

rTulebebis Sesaxeb. 

 mravalsafexuriani midgoma: damuSavebis mTeli proc-

esis ganmavlobaSi gamoiyeneba sxvadasxva siZlieris 

modeli.  
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hibriduli midgomis SemTxvevaSi sisxlZarRvis marc-

xena da marjvena sazRvrebi erTdroulad iZebneba. amisT-

vis xorcieldeba 3D grafze damyarebuli Zieba da sazRv-

ris simetriis modeli Sesabamisad CarTulia Ziebis pro-

cesSi. modelis simetriulobas sazRvris Ziebis saboloo 

Sedegze ufro didi gavlena aqvs, vidre arasimetriulob-

as. modeli Ziebis process mimarTavs cudi xarisxis (mwi-

ri) monacemebis Semadgenlobis mqone areebisaken, xolo 

iq, sadac monacemebis xarisxi misaRebia, Zieba gamosaxul-

ebis monacemebze dayrdnobiT xorcieldeba.  

 

7.3.4. araierarqiuli marTva 

 

rogorc aRvniSneT, ierarqiuli marTvisas yovelTvis ars-

ebobs damuSavebis zeda da qveda doneebi.  araierarqiuli 

marTva ki, piriqiT, SeiZleba ganvixiloT rogorc konkur-

enti eqspertebis TanamSromloba damuSavebis imave donee-

bze. igi gamoiyeneba iseTi amocanebis gadasaWrelad, rom-

lebic SeiZleba daiSalos ramdenime qveamocanad, romel-

Tagan TiToeuli moiTxovs garkveul eqspertul Sefaseb-

as. amasTan, eqspertizebis rigiToba ar aris gansazRvru-

li. araierarqiuli marTvis ZiriTadi idea imaSi mdgomar-

eobs, rom amocanis saboloo gadawyvetisTvis eqspertis-

gan miiRos rac SeiZleba meti daxmareba. Sesabamisad arC-

euli eqsperti cnobili unda iyos Tavisi unariT, magal-

iTad, maRali sandoobiT, efeqturobiT da a. S. raTa moc-

emul pirobebSi amocanis gadasawyvetad uzrunvelyos 

rac SeiZleba meti informaciis miwodeba. eqspertebidan 

romelime eqspertis SerCevis kriteriumi SeiZleba gansx-

vavebuli iyos. erTi variantia, rom eqspertebs mieceT Se-
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saZlebloba Tavad gansazRvron sakuTari SesaZleblobe-

bi dasmuli amocanis gadawyvetaSi Tavisi wvlilis Sesa-

tanad. meore variantia, rom TiToeul eqsperts winaswar 

miekuTvnos fiqsirebuli Sefaseba da Semdeg maTgan airC-

es yvelaze maRali Sefasebis mqone eqsperti. eqspertis 

arCevis kriteriums safuZvlad SeiZleba daedos eqsperte-

bis mier gamoTvlili empiriulad aRmoCenili Sefasebeb-

is garkveuli kombinacia, da amocanis amoxsnis faqtiur 

mdgomareobaze damokidebuli Sefasebebi. saklaso dafis 

principi sasargebloa konkurenti eqspertebis araierarq-

iuli marTvis momsaxureobisTvis. vTqvaT, eqspertebi imy-

ofebian saklaso oTaxSi. Tu nebismier maTgans surs Tav-

isi codna an dakvirvebebi sxvebs gauziaros, dafaze keT-

deba Sesabamisi Canaweri, romelsac yvela dainaxavs da 

gamoiyenebs. am SemTxvevaSi dafa warmoadgens konkretul 

monacemTa struqturas, romlis wvdoma SeuZlia nebismier 

eqsperts da SeiZleba gamoyenebuli iyos nebismier xedvis 

sistemaSi. aq dafa moklevadiani mexsierebis (short-term me-

mory) funqcias asrulebs. igi Seicavs informacias gamos-

axulebis interpretaciis Sesaxeb. xolo grZelvadiani me-

xsiereba (long-term memory) ki ganixileba rogorc ufro 

zogad informaciis Semcveli codnis baza, romelic gam-

osadegia gadasawyveti amocanebis TiTqmis yvela warmod-

genisTvis. magaliTad, aero-kosmosuri gamosaxulebebis 

analizis amocanaSi mTeli informacia konkretuli gamo-

saxulebis Sesaxeb inaxeba dafaze (segmentirebuli areeb-

is Tvisebebi da maT Soris mimarTebebi _ kavSirebi). daf-

aze arsebuli monacemTa struqtura iyenebs aris Sesaxeb  

apriorul globalur codnas, rogoricaa piqselebis fi-

zikuri ganzomileba, mzis mdebareobis mimarTuleba da a. 
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S. saklaso dafis sistemis  upirvelesi mizani mdgomare-

obs gamosaxulebaze interesis adgilebis, rac SeiZleba 

maRali sizustiT identificirebaSi, raTa maRali alba-

TobiT dadgindes interesis aris arseboba.   

amgvarad, zemoTqmulis safuZvelze SeiZleba iTqvas, 

rom nebismier gamosaxulebis gagebis sistemaSi unda Tan-

aarsebobdes codnis warmodgenis xerxebis mravalferov-

neba, obieqtebis aRweris meTodebi da damuSavebis marTv-

is strategiebi. 

 

7.4. scenis markireba WdeebiT 

 

gamosaxulebis gagebis amocanaSi konteqsti mniSvnelovan 

rols TamaSobs. Sesabamisad, dgeba sakiTxi segmentaciis 

Semdegad gamoyofili areebis arsobrivi, anu semantikuri 

markirebis Sesaxeb. vTqvaT, rom gamosaxulebis segmentac-

iis Sedegad miRebuli areebi Seesabameba obieqtebs an 

maT nawilebs, romelTa Soris urTierTmimarTebebi aRwe-

rilia areebis momijnaobis grafis saSualebiT. obieqtis 

Tvisebebi aRiwereba unaruli mimarTebebiT, xolo obieqt-

ebs Soris urTierTmimarTebebi binaruli (an 𝑛 - aruli) 

mimarTebebiT. aseTi grafis da misi Sesabamisi segmentire-

buli gamosaxulebis magaliTi mocemulia 7.4 suraTze, 

sadac a) warmodgens gamosaxulebas segmentaciis Sedegad 

gamoyofili da 1, 2, 3, 4, 5 WdeebiT (ricxvebiT) markirebu-

li areebiT, xolo b) ki Sesabamis areebis momijnaobis 

grafs (§4.5., I nawili). 0 WdiT markirebulia gamosaxuleb- 
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               a                   b 

sur. 7.4 

 

is gareT arsebuli piqselebi. es Wde miuTiTebs im areeb-

ze, romlebic momijnaobis grafSi gamosaxulebis sazRvr-

ebs exeba. gamosaxulebis analizis Semdeg scenis markire-

bis procesSi gamosaxulebis TiToeul obieqts eniWeba 

Sesabamisi arsobrivi Wde. aseTi gziT miRebuli gamosaxu-

lebis interpretacia unda Seesabamebodes scenis Sesaxeb 

arsebul codnas. obieqtis markireba TanxvedraSi  unda 

iyos scenis SinaarsTan, da im SemTxvevaSi, Tu interpret-

aciis raodenoba erTze metia, maSin upiratesoba unda mi-

eniWos yvelaze metad albaTurs. TanxvedraSi yofna niSn-

avs, rom araswor konfiguraciaSi gamosaxulebis arcer-

Ti ori obieqti ar gamoCndeba, magaliTad, obieqti, rome-

lic markirebulia rogorc saxli da moTavsebulia im 

obieqtis SuaSi, romelic markirebulia rogorc tba, sce-

nebis umetesobaSi ganixileba rogorc araTanxvedraSi my-

ofi. amis sapirispirod, obieqti tbis SuaSi, markirebuli 

rogorc saxli garSemortymuli obieqtiT, markirebuli 

rogorc gazoni, SeiZleba CaiTvalos sruliad misaRebad. 
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scenis Sesaxeb arsebuli codnis safuZvelze gamosa-

xulebaze obieqtebis da areebis swori markirebis misaR-

wevad ganixileba ori midgoma: 

 

 diskretuli markireba markirebis saboloo etapze 

uSvebs TiToeuli obieqtisTvis mxolod erTi Wdis 

mikuTvnebis saSualebas. aq Zalisxmeva mimarTulia Se-

Tanxmebuli markirebis miRwevaSi mTel gamosaxuleba-

ze. 

 albaTuri markireba uSvebs obieqtebisTvis mravalje-

radi Wdis Tanaarsebobis SesaZleblobas. Wdeebi alb-

aTurad Sewonilia; TiToeul obieqts eniWeba ndobis 

Wde. 

 

am midgomebs Soris gansxvaveba interpretaciis mdg-

radobaSi (robastulobaSi) mdgomareobs. diskretuli ma-

rkireba yovelTvis: an daadgens SeTanxmebul markirebas, 

an aRmoaCens SeTanxmebuli markirebis miniWebis SeuZleb-

lobas. albaTuri markireba ki yovelTvis interpretaciis 

SedegTan erTad iZleva interpretaciis ndobis zomasac. 

im SemTxvevaSi, Tu gamosaxulebaze pirdapiri urTi-

erTqmedebebi yvela obieqts Soris ganixileba, maSin mar-

kirebis amocanis gadawyveta gamoTvlebis did fass moiT-

xovs da Sesabamisi midgomebi emyareba e. w. SezRudvebis 

gavrcelebis meqanizmis gamoyenebas. am terminis arsi ima-

Si mdgomareobs, rom lokaluri SezRudvebis Sedegad mi-

iReba lokaluri SeTanxmebulobebi (lokaluri optimume-

bi), xolo iteraciuli procesis gamoyenebis Sedegad lo-

kalur SeTanxmebulobebs mivyavarT globaluri SeTanxme-
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bulobebisken (globaluri optimumebisken) mTel gamosax-

ulebaze.  

scenis diskretuli markirebis amocanis gadasaWrel-

ad sxvadasxva meTodebi gamoiyeneba, maT Sorisaa diskre-

tuli relaqsacia, albaTuri relaqsacia, Zieba interpre-

taciis xeebis gamoyenebiT, da a. S. ganvixiloT diskretu-

li relaqsaciis meTodi.   

 

7.4.1. diskretuli relaqsacia 

 

diskretuli markirebis erT-erT xerxs warmoadgens disk-

retuli relaqsacia. ganvixiloT 7.5,a suraTze mocemuli 

scena, romelic Sedgeba 6 obieqtisgan (fonis CaTvliT). 

vTqvaT, isini markirebulia Semdegi WdeebiT:  

 

 foni (B_Background);  

 fanjara (W_Window);  

 magida (T_Table);  

 magidis ujra (D_Drawer);  

 telefoni (P_Phone);  

 

davuSvaT, rom obieqtis interpretaciebis unaruli Tvise-

bebia: 

 

 fanjara marTkuTxaa; 

 magida marTkuTxaa; 

 magidis ujra marTkuTxaa. 

 

xolo binaruli SezRudvebia: 
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 fanjara magidis zemoT mdebareobs; 

 telefoni magidis zemoTaa; 

 magidis ujra magidis SigniTaa; 

 foni gamosaxulebis sazRvris momijnavedaa. 

 

 
             a         b 

sur. 7.5 

 

mocemuli SezRudvebiT 7.5,b suraTze warmodgenili 

markireba SeuTanxmebelia. diskretuli relaqsaciis dr-

os TiToeul obieqts eniWeba yvela arsebuli Wde da ama-

sTan erTad iSleba yvela is Wde, romelic SeiZleba obi-

eqts ar mieniWos SezRudvebis darRvevis gareSe. relaqsa-

ciis procesis nabijebis mimdevroba warmodgenilia 7.6,a 

suraTze. rogorc vxedavT, dasawyisSi TiToeul obieqts 

eniWeba yvela Wde, ris Semdegac xdeba maTi testireba Se-

Tanxmebulobaze. aseTi testirebis Sedegad Wde B unda 

waiSalos, rogorc 2, 3, 4, 5 da 6 obieqtebTan SeuTanxmeb-

eli. aseve, imis gamo, rom obieqti 3 ar aris marTkuTxa, 

Sesabamisad is arRvevs im unarul mimarTebas, romelsac 

adgili unda hqondes T, W, D  WdeebisTvis, da a. S. (sur. 
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7.6,b). Wdeebis testirebis Sedegad miRebuli saboloo Se-

Tanxmebuli markireba warmodgenilia 7.6,g suraTze. 

 

 
        a                   b 

 

 
                        g 

sur. 7.6 

 

warmodgenil magaliTSi SezRudvebis gavrcelebis 

meqanizmis gamoyenebis arsi SemdegSi mdgomareobs. daSor-

ebul obieqtebs Soris mimarTebebma SeiZleba gavlena iq-

onios Wdeebis miniWebaze scenis erTmaneTisgan daSoreb-

ul adgilebSi ramdenime nabijis Semdeg, rac scenis int-

erpretaciis globaluri SeTanxmebuli markirebis miRwe-

vis SesaZleblobas iZleva, miuxedavad imisa, rom Wdeebis 

waSlis yvela operacia lokalurad mimdinareobs.  
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7.4.2. Zieba interpretaciis xeebiT 

 

diskretuli markirebis kidev erT xerxs warmoadgens in-

terpretaciis xeebiT Ziebis klasikuri meTodebi. am midg-

omis Tanaxmad interpretaciis xes imdeni done aqvs, ramd-

eni obieqticaa scenaze. xis kvanZebs eniWebaT yvela SesaZ-

lo Wde da saboloo SeTanxmebuli markirebisTvis gamoi-

yeneba ukuTvalTvalze damyarebuli siRrmiseuli Zebna. 

procesi iwyeba pirveli obieqtis Sesabamisi kvanZisTvis 

(xis fesvisTvis) Wdis miniWebiT. amis Semdeg procesi grZ-

eldeba SeTanxmebuli Wdis miniWebiT meore obieqtis kvan-

ZisTvis, mesame obieqtis kvanZisTvis, da a. S. im SemTxveva-

Si, Tu kvanZisTvis SeTanxmebuli Wdis miniWeba SeuZlebe-

lia, maSin ukuTvalTvalis meqanizmi cvlis ufro maRal 

doneze (zemoT) myofi uaxloesi kvanZis Wdes. Wdeebis cv-

lileba xorcieldeba gegmazomierad.  
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VIII Tavi. virtualuri realobis 

sistemebi 
 

8.1. virtualuri realobis arsi 

 

dRes adamianis moRvaweobis bevri sferoSi farTod xdeba 

realuri procesebis simulaciis gamoiyeneba anu arsebu-

li realobis garkveuli iluzoruli (virtualuri) sam-

yaros saxiT warmodgena. aseTi garemos Tavisebureba ima-

Si mdgomareobs, rom is uqmnis adamians rogorc am garem-

oSi yofnis, ise masSi arsebul sxvadasxva obieqtTan ur-

TierTmoqmedebis SesaZleblobis iluzias. magaliTad, me-

dicinaSi, qirurgs virtualuri realobis teqnologiis 

gamoyenebiT SeuZlia operacia jer Caataros realur mo-

nacemebze dayrdnobiT agebul Tavis tvinis 3D gamosaxu-

lebaze (modelze), da Semdeg pacientze. aseve mfrinavebi, 

manam, sanam realur frenebs daiwyeben, jer frenas swav-

loben specialuri simulatorebis saSualebiT, da Aa. S. 

amasTan, praqtikam aCvena, rom aseT garemoSi yofnis ganc-

da ufro metad damokidebulia imaze, Tu ramdenad real-

isturadaa modelirebuli adamianis am garemosTan urTi-

erTqmedeba.  

virtualuri realobis sistemebi SedarebiT axal mi-

marTulebas warmoadgens. mis Seqmnas stimuli misca ise-

Ti gamoyenebiTi mimarTulebebis ganviTarebam, rogoricaa 

saaviacio simulatorebis, distanciurad marTuli mowyo-

bilobebisa da kompiuteruli TamaSebis SemuSavebam. imis 

gamo, rom am mimarTulebaSi erT-erT mniSvnelovan etaps 

warmoadgens kompiuteruli gamosaxulebis formirebis 
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procesi, mas kompiuteruli grafikis nawilad miiCneven. 

kompiuterul xedvaSi ki is ganixileba Semdegi mizezebis 

gamo:  

 

 am sistemebSi xSirad saWiroa realuri gamosaxuleb-

ebis da maTi damuSavebis meTodebis gamoyeneba;  

 adamiani-momxmareblis virtualur garemoSi Casaflo-

bad saWiroa xarisxiani stereoskopuli gamosaxuleb-

ebis generireba; 

 modelebis da realuri samyaros 3D wertilebis SeT-

anadebisTvis gamoiyeneba iseTive maTematikuri mode-

lebi, rac kompiuterul xedvaSi;  

 adamianis an realuri obieqtebis mdebareobis gansaz-

RvrisTvis gamoiyeneba kompiuteruli xedvis meTode-

bi. 

 

virtualuri realobis sistemis (virtualuri garem-

os) mTavari maxasiaTeblebia: 

 

 adamiani-momxmarebeli operirebs realobis modelTan 

da axdens im operaciebis imitacias, romlebic real-

ur obieqtebTanaa SesaZlebeli;  

 gamoiyeneba maRali garCevisunarianobisa da siCqaris 

mqone informaciis asaxvis meTodebi, raTa momxmarebe-

li ise Caeflos monacemebSi da amocanebSi, rom rea-

luri samyaros aRqmis msgavsi SegrZnebebi gauCndes; 

 momxmarebels unda SeeZlos urTierTqmedeba model-

ur garemosTan da masze zemoqmedeba realur droSi; 
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 3D vizualuri ukukavSiris arsebobas gadamwyveti mni-

Svneloba aqvs. virtualuri realobis sitemaSi momx-

marebels SeuZlia cvalos dakvirvebis wertili an 

dakvirvebis moxerxebulobisTvis moabrunos an gadaa-

adgilos obieqtebi. garda vizualurisa, aseve unda 

iyos taqtiluri (riTac tvini grZnobs vibracias, wne-

vas, Sexebas, teqsturas da a. S.), moZraobis, Zalis an 

smeniTi ukukavSirebi, magaliTad, imisTvis, rom momxm-

arebelma SeigrZnos obieqtTan Sexeba, gaigonos obi-

eqtebis Sejaxeba da a. S.   

 

virtualuri realobis realizaciisTvis yvelaze Ra-

ribi aparaturuli konfiguracia Seicavs kompiuters, mo-

nitors, Tagvs an joistiks. am ukanasknelebis saSualeb-

iT xdeba adamiani-momxmareblis moqmedebebis, rogoricaa 

magaliTad, misi gadataniTi moZraoba, mobruneba, obieqt-

Tan Sexeba an misi gadaadgileba, da a. S. Sesaxeb Setyob-

inebebis kompiuterze gadacema. xolo ufro farTo konf-

iguracia Seicavs virtualur saTvaleebs, stereoskopuli 

displeebiTa da telefonebiT aRWurvil virtualur Caf-

xutebs, 3D monacemebis Seyvanis mowyobilobebs, taqtilu-

ri ukukavSirisTvis saWiro cifrul xelTaTmanebs, da a. 

S. 8.1,a,b suraTze Sesabamisad warmodgenilia adamiani-ope-

ratoris realur garemoSi da virtualur garemoSi moq-

medebis scenarebi.   

 
                        a 
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                         b 

sur. 8.1 

 

virtualur realobaSi Caflulobis xarisxi ganisa-

zRvreba gamoyenebuli aparaturuli saSualebebisa da pr-

ogramuli uzrunvelyofis SesaZleblobebiT. rac Seexeba 

virtualuri garemos realizacias, is Tavisi arsiT rT-

ul amocanas ar warmoadgens. momxmareblis mier Tagvis, 

joistikis an sxva periferiuli mowyobilobiT gacemuli 

brZanebebis saSualebiT 3D virtualur sivrceSi misi ga-

daadgilebisas, ubralod xdeba scenaze dakvirvebis wer-

tilis koordinatebisa da Sesabamisad scenis gansaxil-

veli proeqciis cvlileba, xolo obieqtis gadaadgilebi-

sas icvleba misi koordinatebi.   

virtualuri scenis Sesaqmnelad gamoiyeneba obieqt-

orientirebuli midgoma. scena Sedgeba obieqtebisgan, ro-

mlebic SeiZleba iyos martivi an rTuli _ calkeuli 

elementaruli obieqtebisgan Sedgenili. amasTan, TiToeu-

li maTgani Tavis mxriv xasiaTdeba garkveuli Tvisebebis 

da xdomilebebis krebuliT, romlebzec mas reaqcia aqvs. 
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aseT Tvisebebs miekuTvneba magaliTad, sivrceSi obieqtis 

mdebareobis koordinatebi, zomebi, feri, masa, da a. S. xo-

lo xdomilebebs, romlebzec obieqti reagirebs, ki, maga-

liTad, raime Zalis modeba obieqtze, romelic sivrceSi 

misi mdebareobis cvlilebas iwvevs, obieqtis daSla sxva 

obieqtTan Sejaxebis Sedegad, obieqtis feris cvlileba 

ganaTebis wyaros speqtris cvlilebis Sedegad, da a. S., 

magram amave dros, obieqti TviTon SeiZleba iyos raime 

xdomilebis wyaro.    

imisTvis, rom virtualur samyaroSi davinaxoT obie-

qtebi an gadavaadgildeT masSi _ vimogzauroT, saWiroa 

damatebiTi obieqtebis gamoyeneba, rogoricaa, magaliTad, 

ganaTebis wyaroebi, dakvirvebis kamerebi da aseve virtua-

luri mogzauri, romelic virtualur sivrceSi gadaadgi-

lebis SesaZleblobas uzrunvelyofs. 

 

8.2. virtualuri realobis 

gamoyenebis sferoebi 

 

qalaqebis daproeqteba  

virtualuri realobis gamoyenebis pirveli mcdeloba 

urbanuli (qalaquri) formebis vizualizaciisTvis ganxo-

rcielda los-anJeleseli damproeqteblebis mier kalif-

orniis universitetis (UCLA) specialistebis daxmarebiT 

virtualur garemoSi Caflulobis gziT. monitorebisa da 

specialuri ekranebis garSemo moZraobiT mnaxvelebs Ses-

aZlebloba hqondaT SeefasebinaT qalaqis ganviTarebis 

perspeqtivebi naturaluri zomis 3D virtualur garemo-

Si.  
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arqiteqturuli nagebobebis daTvaliereba  

momxmarebels SeuZlia romelime arqiteqturuli nagebob-

is modelis daTvaliereba virtualur garemoSi seirnobi-

sas. magaliTad, romelime cnobili Senobis daTvaliereba 

rogorc garedan, ise misi SigTavsis, kerZod, oTaxebis in-

terieris, avejis, suraTebis da sxva saintereso nivTebis. 

im SemTxvevaSi, Tu adamians unda axali saxlis aSeneba, 

mas SeuZlia cvalos Senobis rogorc gareTa arqiteqtur-

uli modeli, aseve SearCios oTaxebis ganlagebis, maTi 

gawyobis sxvadasxva variantebi, da a. S. 

 

arqeologia  

virtualuri romi iyo erT-erTi pirveli proeqti, romel-

ic renderingis SesaZleblobebis gamoyenebiT SemuSavebu-

li iqna kaliforniis universitetSi (UCLA). filmebis wa-

rmoebisTvis kinoindustriaSi Seqmnili teqnologiis gam-

oyenebiT SeiZleba warmodgenili iqnes mTeli romis, ant-

ikuri qalaqis kompiuteruli modeli realur droSi. ro-

mis aseTi 3D modeli naCvenebi iyo did panoramul ekran-

ze. aseve romis virtualuri proeqtis naxva SeiZleba 

„gugl dedamiwis“ (Google Earth) saSualebiT. virtualuri 

romis proeqtma biZgi misca sxva istoriuli qalaqebis vi-

rtualuri modelebis, rogoricaa ierusalimi da pompei, 

Seqmnas.   

 

medicina  

medicinis ganviTarebaSi mniSvnelovani roli iTamaSa vi-

zualizaciis teqnologiis gamoyenebam, rasac safuZveli 

jer kidev adreul saukuneebSi Caeyara, rodesac daiwyo 

adamianis anatomiis, qsovilebis agebulebis, sxvadasxva 
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organoebis, ConCxis Seswavla da maTi vizualizacia _ 

ilustrireba. vizualizaciis saSualebebis da gamoTvle-

bis ganviTarebam am process kidev ufro metad gauxsna 

gza. dRes ukve SesaZlebelia adamianis magnitur-rezonan-

suli gamosaxulebis (MRI) monacemebis gardaqmna pacient-

is virtualur modelSi, ramac daavadebaTa diagnostikis 

SesaZleblobebi mniSvnelovnad gazarda. maRali donis 

3D gamosaxulebebis formirebam SesaZlebeli gaxada „vir-

tualuri adamianis“ modelis Seqmna, romelic medikos-

students saSualebas aZlevs Seiswavlos anatomia. amave 

dros es modeli interaqtiulia. qirurgiaSi virtualuri 

modelebis gamosayeneblad mTavar problemas warmoadgen-

da taqtiluri periferiuli mowyobilobebis SemuSaveba, 

rac qirurgs ukukavSiris arsebobis saSualebas miscemda 

delikaturi operaciebis Sesrulebis dros. kerZod, am 

ukukavSiris gareSe qirurgiuli instrumentebis mier nam-

dvil qsovilsa da organoze gakeTebuli CaWra virtual-

uri samyaros mier realurad ar aRiqmeba. qirurgiis bevr 

sferoSi, rogoricaa magaliTad, Tavis tvinis simsivnis 

amokveTa, rTuli qirurgiuli operaciebis CatarebisTvis 

moxda realuri da virtualuri samyaroebis Serwyma. 1980-

ian wlebSi Seiqmna robotuli qirurgia, anu qirurgis 

damxmare specialuri robotebi. am periodSi qirurgi ope-

raciis dros iyenebda operaciamdel gamosaxulebebs. mag-

ram 1990-ianebSi moxda magnitur-rezonansul gamosaxule-

bebTan Tavsebadi robotebis SemuSaveba, ramac saSualeba 

misca qirurgs operaciis dros gamoeyenebina gamosaxule-

bebi, romlebic avadmyofis mdgomareobas asaxavdnen ope-

raciis mimdinareobis procesSi. marTalia, dRes robotu-

li qirurgia Zviri jdeba, magram xelovnuri inteleqtis, 
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momxmareblis interfeisisa da kinestetikuri ukukavSiris 

(xelis mtevnidan kanisa da neirokunTovani sensorebis mi-

er gadacemuli SegrZnebebi, ris meSveobiTac adamians Se-

uZlia daaxloebiT Seafasos sagnis wona, zoma, sxeulis 

mimarT mdebareoba, da a. S.) ganviTarebiT neiroqirurgebi 

kidev ufro met maRali donis damxmare robotebs miiReb-

en.      

 

kompiuteruli TamaSebi  

virtualuri realobis sistemebma sazogadoebaze yvelaze 

didi gavlena TamaSebisa da gamoTvlebis Serwymis Sedeg-

ad moaxdina. jer kidev kompiuterebis ganviTarebis adre-

ul etapze 1962 wels masaCusetis teqnologiur institut-

Si stiv raselis mier Seqmnilma pirvelma kosmosuri om-

is TamaSma momxmarebels saSualeba misca emarTa xomal-

di iseT samyaroSi, sadac mowinaaRmdegis ganadgurebis 

strategiis Seqmna gravitaciuli Zalebis daxmarebiT xde-

boda. mogvianebiT es TamaSi msoflioSi gavrcelda rog-

orc arkaduli kompiuteruli TamaSebi (arcade games _ kom-

piuteruli TamaSebi, romlis scenari moTamaSidan moiTx-

ovs aqtiur moqmedebebs, raTa mis mier marTulma persona-

Jma mravali done gaiaros), romelSic TamaSebidan erT--

erT pirvelSi gamoyenebuli iyo veqtoruli grafika. kom-

piuteruli grafikisa da kompiuterebis gamoTvliTi simZ-

lavreebis zrdam TamaSebis kidev ufro didi ganviTareba 

gamoiwvia. dRes arsebul TamaSebs ukve SeuZlia cxovreb-

is yvela aspeqtis, realuris Tu warmosaxviTis imitireba. 

magaliTad, manqanis tarebis, frenisa da sxvadasxva simu-

latori, samxedro TamaSi, da a. S. 
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samxedro saqme 

frenis simulatorebis Seqmnam biZgi misca satanko simu-

latorebis SemuSavebas. realuri tankis modelis SigniT 

msxdom tankists da msrolels saSualeba aqvT moaxdinos 

tankis manevrireba da ganaxorcielos srolebi. amasTan, 

imis gamo, rom tankis konstuqciidan gamomdinare tank-

ists SezRuduli xedvis veli aqvs, misi imitacia ar saWi-

roebs maRali garCevisunarianobis grafikul monitorebs. 

simulatorebis gamoyenebis roli kidev ufro mniSvnelo-

vnad gaizarda mas Semdeg, rac maT qselSi gaerTianebas 

mohyva. aman samxedro meTaurebs SesaZlebloba misca Cae-

tarebinad ara marto calkeuli samxedro saxeobebis qve-

danayofebis swavlebebi, aramed sxvadasxva saxeobis erT-

oblivi samxedro swavleba erTi centraluri meTaurobis 

xelmZRvanelobis marTviT. 

 

8.3. virtualuri realobis 

periferiuli mowyobilobebi 

 

virtualuri realobis Cafxuti (Head mounted displays) war-

moadgens mowyobilobas, romlis daniSnulebaa asaxos  

momxmareblis virtualuri garemocva. is Sedgeba:  

 

 ori, marcxena da marjvena TvalisTvis  damzadebuli 

Txevadkristaluri monitorisagan, romelic uzrunve-

lyofs stereogamosaxulebebis miRebas; 

 virtualuri orientaciis sistemis _ Trekingisagan, 

romelic Tvalyurs adevnebs da kompiuters gadasc-

ems momxmareblis Tavis mdebareobis wrfiv da kuTx-

ur koordinatebs; 
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 stereotelefonebisagan. 

 

Trekingis sistemebi (tracking systems_TvalTvalis sis-

temebi) saWiroa virtualuri realobis sistemis mier mom-

xmareblis TvalisTvis swori gamosaxulebis formirebis-

Tvis, gamomdinare misi Tavis mdebareobidan. aseTi sistem-

ebi virtualur grafikul scenasTan interaqtuli urTi-

erTqmedebis SesaZleblobas iZleva. isini saWiroebisam-

ebr iyeneben sxvadasxva tipis gadamwods, magaliTad, gir-

oskopuls, lazeruls, optikurs, da a. S.  

 

joistiki da avtomobilis saWe  

kompiuterul TamaSebSi, simulatorebSi manipulatorebad 

iyeneben joistiks da saWes. maTi saSualebiT swavloben 

manqanis marTvas. ufro ganviTarebul modelebSi ki gamo-

iyeneba ukukavSiris (force feedback) mqone simulatorebi, 

rac avtorbolis imitaciis saSualebas iZleva. amis gamo, 

aseT simulatorebSi avtomobilis mdebareobis swrafi 

cvlilebaa SesaZlebeli. msgavsi periferiuli mowyobil-

obebi gamoiyeneba kompiuterul TamaSebSi TviTmfrinaveb-

isa da Sveulmfrenebis marTvis imitaciisTvis.   

 

virtualuri realobis xelTaTmanebi (vr gloves)  

aseTi xelTaTmani momxmarebels saSualebas aZlevs xel-

is SexebiT mosinjos obieqti virtualur garemoSi. maga-

liTisTvis ganvixiloT erT-erTi aseTi saTamaSo xelTa-

Tmani _ Essential Reality P5 Glove. mas aqvs Semdegi maxasiaTeb-

lebi: USB interfeisi, kvebis wyarosTan SeerTebulia 

USB kabeliT, 6 Tavisuflebis xarisxi, 5 damoukidebeli 

gadamwodi (TiTo TiToeuli TiTisTvis), koordinatebis 
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gansazRvris cdomileba _ 6,4 mm, mobrunebis kuTxis gan-

sazRvris cdomileba _ 40. xelTaTmanis korpusi damzade-

bulia plastikatisagan, romelsac aqvs 5 rezinis TiTi 

zolebis saxiT. TiToeuli zoli plastikisagan damzade-

buli rgolebiT damagrebulia TiTze. zoli warmoadgens 

Runvis gadamwods, romelic kompiuters gadascems infor-

macias Sesabamisi TiTis mdebareobis Sesaxeb. aRniSnuli 

xelTaTmanis korpusze damagrebulia 8 infrawiTeli Suq-

diodi, romlebic signals gadascemen sabazo sadgurze 

arsebul mimRebs. sabazo sadgurze moTavsebulia xelTa-

Tmanis kontroleri, infrawiTeli mimRebi da sivrceSi 

xelTaTmanis elementebis mdebareobis gamomTvleli pro-

cesori. aseve sadgurze aris horizontaluri da vertika-

luri gadaadgilebis makontrolebeli 2-2  Suqdiodi.  

 

8.4. gafarToebuli (Sereuli) realobis 

sistemebi 

 

Tu realuri garemos gamosaxulebas SevavsebT xelovnuri 

obieqtebiT, romlebTanac momxmarebels interaqtiulad  

SeuZlia urTierTqmedeba, miviRebT  gafarToebul (Sere-

ul) realobas (augmented reality, AR). iseve rogorc virtua-

lur realobaSi, aqac saWiroa xiluli scenis mimarT da-

mkvirvebelis mdebareobis codna. gafarToebuli realob-

is arsi imaSi mdgomareobs, rom misi saSualebiT progra-

mulad SeiZleba erTmaneTs SevuTavsoT kompiuteris mier 

Seqmnili virtualuri samyaro da Cvens irgvliv arsebu-

li realuri obieqtebi. faqtobrivad es niSnavs realuri 

samyaros gafarToebas virtualuri samyaros gamoyenebiT. 

gafarToebul realobaSi gadamwyvetia, rom es SeTavseba 
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zusti iyos. 8.2 suraTze warmodgenilia adamiani-operato-

ris moqmedeba gafarToebuli realobis garemoSi. gafar-

Toebuli realoba ukve sakmao xania gamoiyeneba medicina-

Si, samxedro saqmeSi, reklamebis industriaSi, TamaSebSi, 

da a. S.  

 

 
sur. 8.2 

 

amgvarad, gafarToebuli realoba warmoadgens sis-

temas, romelic: 

 

 erTmaneTs uTavsebs virtualursa da realurs;  

 moqmedebs realur droSi; 

 uzrunvelyofs obieqtebis 3D warmodgenas. 

 

gafarToebuli realobis sistemis SemuSaveba moiTx-

ovs Semdegi komponentebisa da SesaZleblobebis arsebob-

as: 

 

 realuri scenebis virtualuriT gafarToebisaTvis 

obieqtebis 3D modelebs;D 
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 kalibraciis safuZvelze Sesabamisobis dadgena momx-

mareblis realur sivrcesa da 3D modelebis monacem-

ebs Soris; 

 momxmareblis TvalTvali realur sivrceSi misi dak-

virvebis wertilis mdebareobis gansazRvrisaTvis; 

 realuri gamosaxulebebisa da modelebis safuZvelze 

generirebuli kompiuteruli grafikis realur droSi 

SeTavsebis vizualizacia; 

 gafarToebuli sistemis efeqturobisTvis Tavis moZ-

raobaze gamoZaxilis mcire dro da gamosaxulebebis 

da kompiuteruli grafikis SeTavsebis sizuste. 

 

gafarToebuli realobis sistemebis gamoyenebis mag-

aliTad SeiZleba moviyvanoT qirurgiuli operacia. qiru-

rgi, romelic operacias atarebs realur avadmyofze, ma-

sTan erTad xedavs masze dadebul kompiuteruli tomog-

rafiis suraTs, romelzec aseve aRniSnulia qirurgiuli 

CaWris dagegmili mimarTuleba. 

 

8.5. distanciuri marTva 

 

virtualuri realobis sistemebze mniSvnelovani gavlena 

moaxdina distanciurma marTvam anu telemarTvam (teleopera-

tion). kerZod, distanciuri marTvis sistemebidan aRebuli 

iqna is gadamwodebi, romlebic aRiqvamen garemos aqtiur 

zemoqmedebas. aseTi gadamwodebi saWiroa virtualur gar-

emoSi adamianis garemosTan urTierTqmedebisTvis. telema-

rTvis saSualebiT adamian-operators SeuZlia operaciebi 

ganaxorcielos misgan daSorebul garemoSi. ganvixiloT 
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distanciuri marTvis gamoyenebiT robototeqnikuri sis-

temis marTvis magaliTebi: 

 

 dedamiwaze myofi operatori kompiuteris saSualebiT 

gascems marsze robotis marTvis brZanebebs, romelTa 

saSualebiT roboti unda gadaadgildes marsis zeda-

pirze garkveuli manZiliT da aiRos niadagis nimuSi. 

operatorTan ukukavSiri xorcieldeba robotidan da-

SorebiT myof dasajdom modulze moTavsebuli kame-

rebis saSualebiT; 

 operaciis distanciurad CatarebisTvis qirurgi akeT-

ebs Wrilobaze nakeris dadebis imitacias, risTvisac 

iyenebs burTis msgavs xelovnur obieqts. gadamwodeb-

is saSualebiT xdeba qirurgis moZraobebis parametr-

ebis Cawera, romlebic gadaecema daSorebiT myof ro-

bots, romelic ukve namdvil pacients adebs Wrilo-

baze nakers. realobaSi ganxorcielebuli aseTi midg-

oma SesaZleblobas miscems qirurgs operaciebi gana-

xorcielos geografiulad Znelad misadgom adgileb-

Si. 

 

8.6. martivi 3D modelebidan 2D 

gamosaxulebebis formireba 

 

virtualuri (xelovnuri) scenebis formireba moiTxovs  

garkveul instrumentebs 3D obieqtebis modelebis agebis-

Tvis da maTgan 2D gamosaxulebebis formirebas. amasTan, 

gamoyenebuli obieqtebis modelebi SeiZleba warmodgeni-

li iyos rogorc rTuli poligonaluri badis saxiT, xo-



298 

 

lo ufro martivi _ karkasuli modelebiT, romelTa age-

ba SesaZlebelia avtomatizebuli proeqtirebis sistemis 

(CAD _ computer-aided design), magaliTad, AutoCAD-is saSua-

lebiT, an realur monacemebze (romlebic miRebulia man-

Zilsazomebidan, stereoxedvis sistemebidan)  dayrdnobiT. 

miRebuli obieqtebis formebi SeiZleba iyos poligonal-

uri, bikubikuri, konstruqciuli myari geometriis (gamoi-

yeneba myari sxeulebis modelirebisTvis), sivrcis danaw-

evrebis (oqtantebis xis) saxiT warmodgenili. obieqtis 

3D modelis agebis Semdeg saWiroa gamosaxulebebis for-

mireba, romlebic dakvirvebis nebismier wertils da sxva-

dasxva ganaTebas Seesabameba. 8.3 suraTze warmodgenilia 

dakvirvebis sxvadasxva wertilis Sesabamisi qoTnis kar-

kasuli 3D modelebi da maTgan renderingis Sedegad miR-

ebuli  gamosaxuleba. 

 

 
sur. 8.3 
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gansazRvreba 8.1. obieqtebis 3D modelebis Sesabamisi 

2D gamosaxulebebis formirebis process renderingi (ren-

dering) ewodeba.  

 

kompiuterul programas ki, romliTac renderingi 

xorcieldeba renderi (render) ewodeba. renderingis proc-

esi or etaps moicavs: 

 

 dakvirvebis arCeuli wertilidan modelis xiluli 

zedapirebis gansazRvra; 

 formirebadi gamosaxulebis piqselebSi mniSvnelobe-

bis gamoTvla. 

 

iqidan gamomdinare, Tu ramdenad aris SesaZlebeli 

renderingisTvis paraleluri gamoTvlebis Sesruleba, 

arsebobs 2 saxis renderingi:  

 

 mravalnakadiani renderingi _ gamoTvlebi mimdinare-

obs paralelurad ramdenime nakadaT, procesoris ra-

mdenime birTvSi; 

 erTnakadiani renderingi _ gamoTvlebi mimdinareobs 

sinqronulad erT nakadad.  

 

renderingis procesis mimdinareobisas damuSavebis 

pirveli nabiji konceptualurad (arsobrivad) iwyeba dak-

virvebis wertilidan gamomavali da obieqtisken sasurve-

li mimarTulebiT mimarTuli sxivebis agebiT. obieqtis 

zedapirisa da sxivis gadakveTis pirveli wertili iqneba 

zedapiris is wertili, romelic am sxivis gaswvriv Cans. 
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am midgomas sxivis TvalTvali (midevneba) an trasireba 

(ray tracing) ewodeba. am meTodiT xdeba obieqtebis xiluli 

zedapirebis gansazRvra. renderingis am nabijis swrafi 

realizaciisTvis kompiuterebSi arsebobs aparaturuli 

saSualeba, romelsac 𝒛-bufers uwodeben. 

damuSavebis meore nabiji SeiZleba iyos martivi an 

rTuli. martiv SemTxvevaSi igulisxmeba, rom obieqti Se-

Rebilia gansazRvrul ferSi da damzadebulia arekvlis 

cnobili Tvisebebis mqone masalisagan. scenaze sinaTle 

wertilovani wyarodan vrceldeba gansazRvruli mimarT-

ulebiT. aseve, ganaTebulia obieqtis garemomcveli garem-

oc. obieqtis zedapiris patara aris Sesabamis piqselSi 

sinaTlis feris gamoTvlisTvis ki iyeneben sxvadasxva ma-

Tematikur models. xolo renderingis Sedegad realist-

urTan ufro axlos myofi gamosaxulebebis misaRebad sa-

Wiroa damatebiTi faqtorebis, rogoricaa ganaTebis ram-

denime wyaros arseboba, zedapiruli ganaTebis wyaroebi 

(wertilovani wyaro, romelic yvela mimarTulebiT anaT-

ebs), Crdilebi, da a. S. gamoyeneba. 8.4 suraTze mocemulia 

karkasuli saxiT warmodgenili avtomanqanis modelis ma-

rtivi renderingis magaliTi. 

 
sur. 8.4 
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8.7. realuri da xelovnuri gamosaxulebebis  

Serwyma 

 

renderingis gamoyenebiT 3D modelebis gamosaxulebebis  

miRebisas amocanas warmoadgens is, rom es ukanasknelebi 

rac SeiZleba realisturad da ara xelovnurad gamoiyu-

rebodes. amisTvis saWiroa, rom obieqtebis modelebi geo-

metriulad ufro detalurad iyos warmodgenili. es ki 

Tavis mxriv moiTxovs gamoTvlebis did fass. magram aRm-

oCnda, rom renderingis siCqaris gasazrdelad da ufro 

relisturi gamosaxulebis misaRebad arsebobs sxva gzac. 

kerZod, obieqtebis detaluri modelebis nacvlad SeiZ-

leba gamoyenebuli iyos rTuli teqsturebis arsebuli 

gamosaxulebebi. zedapiris renderingis procesSi misi 

erT ferSi SeRebvis nacvlad piqselebis ferebi SeiZleba 

aRebuli iyos teqsturis gamosaxulebidan. aseTi midgoma 

cnobilia rogorc teqsturuli asaxvis meTodi (texture 

mapping). am midgomis gamoyenebisas obieqtis gluv zedapi-

rze xdeba raime teqsturis dadeba, ris Sedegadac formi-

rdeba mocemuli zedapiris teqsturirebuli gamosaxule-

ba. 8.5 suraTze warmodgenilia gluv zedapirze sxvadasx-

va teqsturuli gamosaxulebebis nimuSebis: a) TabaSiris, 

b) betonis da g) xis dadebis Sedegad miRebuli gamosaxu-

lebebi.  

 

   
            a                       b 
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                       g 

sur. 8.5 

 

meore midgoma, romelic renderingis Sedegad miReb-

uli xelovnuri gamosaxulebis realisturad warmodgeni-

sTvis gamoiyeneba, aris gamosaxulebaze damyarebuli ren-

deringis (image-based rendering) meTodi. am midgomis mizania 

renderingis Sedegad miRebuli obieqtis axali xelovnu-

ri gamosaxuleba rac SeiZleba ufro axlos iyos reali-

stur gamosaxulebasTan da amasTan, es procesi iyos swr-

afi. aRniSnuli meTodis mixedviT, xelovnuri gamosaxul-

ebis misaRebad gamoiyeneba dakvirvebis sxvadasxva werti-

lidan gadaRebuli realuri obieqtis didi raodenobis 

gamosaxulebebis krebuli da ar aris aucilebeli obieq-

tis geometriuli modelis codna. obieqtis axali gamosa-

xulebis miReba aseve SeiZleba dakvirvebis axlomdebare 

wertilebidan miRebul gamosaxulebebs Soris interpol-

aciis meTodis gamoyenebiT. gamosaxulebaze damyarebuli 

renderingis kidev erTi midgomis gamoyenebis magaliTi, 

damyarebuli scenis ori realuri etalonuri (sawyisi) 

gamosaxulebis wertilebs Soris Sesabamisobis dadgenaze 

mocemulia 8.6,a suraTze, xolo danarCenebi ki erTmaneT-

Tan axlomdebare dakvirvebis sxvadasxva wertilis Sesab-

amisi scenis gamosaxulebebis sinTezirebis Sedegadaa mi-

Rebuli (sur. 8.6,b). 
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                        a 

 

 
                        b 

sur. 8.6  
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