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interaqtiuli samganzomilebiani rekonstruqcia  

RGB-D gamosaxulebebis safuZvelze 
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reziume 

ganxilulia gamosaxulebebidan da wertilebis simravleebidan zedapirebis 

rekonstruqciis sistema. mniSvnelovani yuradReba eTmoba RGB-D fotokamerebidan Setanil 

informaciis aRdgenas, rodesac garemos gadaReba xdeba mravali feradi gamosaxulebis an 

wertilebis mWidro simravlis meSveobiT. rekonstruqciis es algoriTmi SegviZlia 

gamoviyenoT sxva wyaroebidan Setanili informaciisTvisac. rekonstruqcia efuZneba 

ramdenime martiv figuras, romlebic gvTavazobs samganzomilebiani informaciis gamoyenebis 

abstraqciis maRal dones, analizis an redaqtirebis mizniT.  

sakvanZo sityvebi: zedapiris rekonstruqcia. algoriTmi. 3D-informacia. 

1. Sesavali 

samganzomilebiani obieqtebis skanirebisas xSiria SemTxveva roca monacemebi 

arasrulia da saWieroebs Sevsebas. aseT SemTxvevaSi sawyis etapze xdeba wertilebis 

simravlis segmentacia, monacemebis SevsebisTvis gamoiyeneba martivi figurebis mravali 

saxeoba, magaliTad, sibrtyeebi, cilindrebi da konusebi [1].  
rekonstruqciis algoriTmis meore etapze xdeba martivi figurebis kideebis 

gamovlena da Semdeg - optimizacia. optimizaciis CarCo muSaobs SesaZlo SezRudvebis 

gaTvaliswinebiT. es SezRudvebi avtomaturad gamoiTvleba an momxmareblis mier Seitaneba. 

samganzomilebiani modelebi SegviZlia miviRoT srulad avtomaturi gziT, Tumca 

avtomaturad Sedegebis srulyofisa da gaumjobesebis mizniT SemoTavazebulia 

intuiciurad gasagebi samomxmareblo interfeisi. ganvixilavT optimizaciis axleburi 

midgoma, da CamovTvaloT potenciuri SezRudvebi. 

2. segmentacia 

ganvixiloT figurebis martiv figurebad segmentaciis axlebur meTodi. meTods 

gaaCnia sibrtyeebis, cilindrebisa da konusebis mxardaWera primitivebis saxiT. 1-el 

naxazze naCvenebia segmentaciis algoriTmis nimuSi da algoriTmis individualuri 

safexurebi.  

 
nax.1. interieris scenis mravali siRrmiTi gamosaxulebis  

segmentacia geometriul primitivebad 
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zedapiris rekonstruqciis garda, segmentacia SegviZlia gamoviyenoT mozrdili 

scenebis dasaSlelad da Semdgomi damuSavebis gasamartiveblad. 

naxazis marcxena nawilze naCvenebia globaluri, grafikze dafuZnebuli segmentacia 

(mozrdili wertilebi da kideebi), iseve rogorc individualuri siRrmiTi 

gamosaxulebebis piqselebze dafuZnebuli segmentacia. marjvniv naCvenebia segmentaciis 

algoriTmi 

segmentaciis es meTodi iyenebs mraval siRrmiT gamosaxulebas fotokameris Sida da 

garegani maxasiaTeblebiT. yvela piqseli, romelsac gaaCnia siRrmis validuri parametri, 

gardaiqmneba samganzomilebian poziciad. siRrmiTi gamosaxulebebi iolad gardaiqmneba 

wertilebis samganzomilebian simravleebad da gvaZlevs damatebiT sasargeblo 

informacias. organzomilebiani badeebis organizacia gvaZlevs calsaxa informacias 

kavSirebis Sesaxeb. siRrmis gazomvis sizuste, rogorc wesi, fotokameris daSorebasTan 

erTad izrdeba. es saSualebas gvaZlevs gamoviyenoT manZilis sxvadasxva zRvrebi 

scenisTvis da davamuSavoT rogorc zustad gansazRvruli, aseve arazustad gansazRvruli 

detalebi. 

Setanili siRrmiTi gamosaxulebebi (igive CarCoebi) registrirdeba koordinatTa 

saerTo sistemaSi. Cven viyenebT ferad detalebsa da iteraciul, uaxloes wertilebs 

(ICP-ebs) [2], xolo Setanili monacemebi `xmauris” mosaSorebeli algoriTmiT 

umjobesdeba [3]. registrirebuli CarCoebi samganzomilebiani wertilebis mozrdilis 

grafikis saxiT, sadac erTi CarCos farglebSi moqceuli, momijnave piqselebi, iseve 

rogorc sxvadasxva CarCoebis Sesabamisi wertilebi, grafikis kideebTan erTdeba. 

aRniSnuli informacia gamoiyeneba globalurad Tanmimdevruli segmentaciis misaRebad 

yvela Setanili CarCosTvis. mravali CarCodan miRebuli informacia metismetad 

moculobiTia amgvari pirdapiri midgomisTvis. aqedan gamomdinare, Cven amocanas or 

nawilad vyofT: pirvel rigSi globalurad Tanmimdevruli segmentacia miiReba nimuSad 

aRebuli wertilebisTvis mTeli scenidan, xolo Semdeg piqseluri sizustis segmentacia 

individualurad sruldeba TiToeuli CarCosTvis (globaluri segmentaciis safuZvelze. 

saboloo jamSi viRebT aseT Sedegs (nax.2): 

 
nax.2. siRrmiTi rukebis kavSirebis gardaqmna samganzomilebian grafikad 

- gamosaxuleba iRebs samganzomilebiani grafikis struqturas, romelzec gamoiyeneba 

organzomilebiani siRrmiTi rukebidan miRebuli informacia kavSirebis Sesaxeb; 

- samganzomilebiani grafiki segmentirdeba figurebis primitivebad. axali 

iteraciuli midgoma saSualebas gvaZlevs gamovavlinoT figurebi da movaxdinoT scenis 

Tanmimdevruli dasaTaureba; 

- globaluri segmentacia proeqcirdeba da optimizirdeba individualuri 

gamosaxulebebisTvis. 
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me-2 a) naxazidan Cans, rom  mwvane da lurji wveroebi erTmaneTTan axlosaa, Tumca 

ar erTdeba, vinaidan maTi arealebi ar emTxveva siRrmiT rukas. xolo me-2 b) naxazidan 

Cans rom, piqselebi miekuTvneba grafikis uaxloes wveroebs da miiReba momijnave 

kavSirebi. 

3. grafikis ageba 

algoriTmis monacemebad aRebulia wertilebis grafiki. es gaxlavT Setanili 

CarCoebis yvela piqselidan nimuSad aRebuli samganzomilebiani wertilebis qvesimravle. 

mizani gaxlavT samganzomilebiani wertilebis raodenobis Semcireba efeqturi 

segmentaciis mizniT, iseve rogorc sxvadasxva Setanili CarCoebidan Sesabamisi piqselebis 

proeqcireba igive samganzomilebian wertilebze. 

rodesac axali CarCo emateba, nimuSad aRebuli wertilebis grafiki aucilebelia 

ganaxldes da moicvas axlad gadaRebuli arealebi. wertilebis simravlidan nimuSebi ise 

aiReba, rom momijnave wertilebs Soris saSualo manZili iyos τ. es parametri asworebs 
wveroebis raodenobas grafikze da erTgvari kompromisia sizustesa da gamoTvliT 

efeqturobas Soris. 

Cven viyenebT nimuSis aRebis modificirebul algoriTms [4] axali nimuSebis 

SerCevis mizniT. CarCos SemTxveviTi, nimuSad aRebuli wertilebi iteraciulad miiReba da 

saukeTeso varianti (arsebuli nimuSad aRebuli wertilebidan udidesi daSorebiT) 

SeirCeva. saukeTeso variantis saSualo daSoreba narCundeba ukanaskneli 100 cdis 

ganmavlobaSi da wertilebis damateba wydeba, rodesac aRniSnuli parametri τ-s Camocdeba. 
TiToeuli CarCosTvis aucilebelia grafikis arsebuli wertilebis ganxilva, romlebic 

proeqcirebulia amJamindel CarCoze an proeqcirebis maqsimaluri manZilia τ. 
grafikis wveroebi momijnave wveroebTan erTdeba, rodesac isini axlosaa da sagnis 

erT zedapirzea ganlagebuli. am ukanaskneli pirobis SesrulebisTvis aucilebelia 

geodeziuri manZilebis gamoTvla samganzomilebian poziciebs Soris, rac wertilebis 

arastruqturirebuli simravleebisTvis SeuZlebelia. miuxedavad amisa, gamosaxulebis 

organzomilebiani ganlagebebidan miRebuli informacia kavSirebis Sesaxeb SegviZlia 

gamoviyenoT. nimuSad aRebuli wertilebis grafikze potenciuri mezoblebi aris wveroebi, 

romelTa Soris daSoreba 2τ-ze naklebia. parametri metismetad didia, magram arazusti 

mezobloba gamoiricxeba Semdegi algoriTmis meSveobiT: Setanili CarCos TiToeuli 

piqseli miekuTvneba samganzomilebiani sivrcis uaxloes, nimuSad aRebul wertils (me-2 

naxazi b). wveroebis potenciuri kideebi mxolod im SemTxvevaSi gamoiyeneba, Tu Sesabamis, 

nimuSad aRebul wertilebs sul mcire ori momijnave piqseli miesadageba.  

aRniSnuli meTodi xels uSlis sxvadasxva zedapirebis axlomdebare wertilebis 

SekavSirebas gamokveTil kideebze, rogorc es aris me-3 naxazze. yvela mikuTvnebuli 

piqselis samganzomilebiani wertili 

gamoiyeneba grafikis wveros mimarTulebis 

dasadgenad. nimuSad aRebuli wertilebis 

morgeba mraval CarCoze mkveTrad amcirebis 

nimuSad aRebuli wertilebis grafikis 

xmaurs. sawyisi nimuSi, Sesworebis Semdeg. 

 

nax.3 sawyisi nimuSi, Sesworebis Semdeg 
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nimuSad aRebuli wertilebis grafikze xmauris Sesamcireblad poziciebi da 

perpendikularebi swordeba, rodesac arsebuli, nimuSad aRebuli wertili moCans axal 

CarCoSi. Cven axal CarCoSi viTvliT Sewonil saSualo mniSvnelobas arsebul wverosa da 

Sesabamis wertilebs Soris. amavdroulad, wertilebi gadaadgildeba mxolod maTi perpen-

dikularis gaswvriv. Sewonili mniSvnelobebi fotokameris siRrmeebis ukuproporciulia, 

xolo axali wertilebis Sewonili mniSvnelobebi TiToeuli CarCosTvis mcirdeba. aqedan 

gamomdinare, nimuSad aRebuli wertilebisgan miiReba zustad gazomili wertilebisken. 3 

naxazze naCvenebia, rogor Sordeba grafiks xmauri da rogor mcirdeba wveroebisa da 

kideebis raodenoba. 

4. globaluri segmentacia 

globaluri segmentacia iyenebs mxolod nimuSad aRebuli wertilebis grafiks da 

sruliad damoukidebelia Setanili gamosaxulebebisgan. Cveni mizani primitiuli 

figurebis moZebna grafikis poziciebze da TiToeuli wveros miniWeba saukeTeso 

figurisTvis. segmentaciis procesi sam nawilad iyofa: axali figurebis gamovlena, 

grafikebis wveroebis miniWeba figurebisTvis (dasaTaureba) da figurebis optimizacia. es 

ukanaskneli meordeba srul konvergenciamde. 

figurebis gamovlena. grafikis yvela poziciaze primitiuli figurebis gamovlenis 

mizniT gamoiyeneba RANSAC-meTodi. aRniSnuli poziciebi jer ar aris mikuTvnebuli 

figurebisTvis. Tavdapirvelad gamoiyeneba grafikis yvela pozicia. τ parametri 

gansazRvravs maqsimalur daSorebas figurebsa da wertilebs Soris. aRniSnuli parametri 

aucilebelia airCes Setanil monacemebSi xmauris mosalodneli donis Sesabamisad. 

stereosistemebis siRrmis gazomva gvaZlevs daSorebis kvadratisadmi proporciul, 

sistematur Secdomebs. xmauris cvalebadi donis gaTvaliswinebis mizniT gamosaxulebis 

konkretuli piqselis gazomvis mosalodnel cdomilebas emateba daSorebis zRvari c. 
kineqtis sensorebisTvis viyenebT xoSelhamis da elberinkis [5] sizustis parametrebs. 

 dasaTaureba. grafikis wveroebis miniWeba figurebisTvis dasaTaurebis amocanad 

SegviZlia warmovidginoT, romelic amoixsneba grafikuli kveTebis meSveobiT [6]. 

optimizaciis mizanis formulaa Emonacemebi+λESerbileba, sadac pirveli wevri grafikis 

nimuSebsa da figurebs Soris manZilebis optimizaciaa, xolo meore – grafikebis 

momijnave wveroebs erTi da igive figuras aniWebs. 

grafikis wveroebi aucilebelia mianiWos figuras, Tu daSoreba zedapiramde mcirea 

da wertilis perpendikulari emTxveva zedapiris perpendikulars. ase viRebT Semdeg 

formulas: 

𝐸𝐸მონაცემები∑
𝑑𝑑�𝑝𝑝𝑖𝑖,𝑆𝑆𝑙𝑙(𝑖𝑖)�

2

3𝜀𝜀
(1 − �𝑛𝑛𝑖𝑖 ∙ 𝑛𝑛�𝑆𝑆𝑙𝑙(𝑖𝑖),𝑝𝑝𝑖𝑖��)𝑖𝑖∈𝐺𝐺                 (1) 

 
G Seicavs grafikis yvela wveros, pida niaRniSnavs poziciebsa da perpendikularebs, 

xolo l(i)aris miniWebuli S figuris indeqsi. D funqcia Tvlis manZils figuris 

zedapirze arsebul wertilsa da mis uaxloes wertils Soris, xolo nfunqcia gvaZlevs 

zedapiris perpendikulars figuris uaxloes wertilze. 

Tu auTlaierebisa da scenis detalebis modelireba SeuZlebelia primitiuli 

figurebi, maSin yvela gamovlenili figuris moSorebiT mdebare wertilebisTvis gveqneba 

damatebiTi, miuniWebeli saTauri. amgvari miuniWebeli wveroebisTvis gamoiyeneba mudmivi 

safasuris mniSvneloba. mcire mniSvneloba gvaZlevs miuniWebeli wertilebis mozrdil 
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arealebs, xolo didma mniSvnelobam SesaZloa daamaxinjos auTlaierebis mqone figurebi. 

Cven eqsperimentebSi miuniWebeli wveroebis safasuria 0,8. 

sirbilis parametri gamoiyeneba erTi da igive figuris momijnave wertilebis 

miniWebisTvis. is gamoiTvleba Semdegi formuliT: 

𝐸𝐸სირბილე = ∑ 𝛿𝛿�𝑙𝑙(𝑖𝑖) ≠ 𝑙𝑙(𝑗𝑗)��𝑛𝑛𝑖𝑖 ∙ 𝑛𝑛𝑗𝑗�,(𝑖𝑖,𝑗𝑗)∈𝐸𝐸                      (2) 

sadac Earis nimuSad aRebuli wertilebis grafikis kideebis simravle, xolo δ 
funqcia aRniSnavs potsis models, romelic gvibrunebs 1-s, Tu argumenti WeSmaritia da 

0-s sxva SemTxvevaSi. yvela kidis Sewonva xdeba maTi normaluri gadaxris safuZvelze. 

Tu or mimdebare wertils uaRresad gansxvavebuli mimarTuleba aqvs, maSin didi 

albaTobiT isini sxvadasxva figurebs ekuTvnian. 

figurebis optimizacia. miniWebuli wertilebis simravlis Secvlis Semdeg 

gamoiyeneba xelaxla morgebis safexuri. figurebis geometriuli cdomilebis 

optimizaciis mizniTYgamoiyeneba Sewonili umciresi kvadratebi. Tu figuras ar gaaCnia an 

mcire raodenobiT aqvs miniWebuli wertilebi, iSleba da wertilebi saTaurdeba, rogorc 

miuniWebeli. 

scenis zogierTi detali wertilebis simravleSi SesaZloa damaxinjdes, 

gansakuTrebiT ki maSin, rodesac gamoiyeneba daukalibrebeli fotokamerebi da scena 

mxolod ramdenime xediT aris gadaRebuli. am yvelaferma SesaZloa mogvces sawyisi 

figurebis araswori formebi, magaliTad, planaruli kedeli gamoisaxeba mozrdili 

radiusis mqone cilindris mcire fragmentis saxiT. Cven viyenebT martiv evristikas, 

rodesac yvela figura mowmdeba, SesaZlebelia Tu ara misi Canacvleba sibrtyiT saSualo 

narCenis orjer metad gazrdis gareSe. konusebi SesaZloa Canacvldes cilindrebiT. 

xelaxali nimuSis aReba. inicializaciis etapze nimuSad aRebuli wertilebis 

grafiks gaaCnia fiqsirebuli τ mniSvneloba, romelic gansazRvravs saSualo daSorebas 

grafikis wveroebs Soris. zogierTi scenisTvis gamosadegia τ-is sxvadasxva mniSvnelobebis 

gamoyeneba sxvadasxva detalebisTvis. magaliTad, oTaxis interieris kedlebis modelireba 

SesaZlebelia grafikis mcire raodenobis wveroebiT, maSin rodesac avejsa da sxva nivTebs 

meti wvero sWirdeba. 

aqedan gamomdinare, algoriTmis konvergenciis Semdeg SesaZlebelia segmentaciis 

procesis xelaxla dawyeba τ-is Semcirebuli mniSvnelobiT. Tu areali mimdinare 

segmentaciiT naTlad ar aRiwereba anu areals gaaCnia grafikis miuniWebeli wveroebi, 

maSin misi nimuSi xelaxla aiReba Semcirebuli τ-iT. grafikis Sesabamisi wveroebi 

Canacvldeba ufro mWidro nimuSebiT (nax.4). 

 
nax.4 CarCos optimizaciis magaliTi 

 

CarCos optimizacia (TeTr piqselebs siRrmis mniSvneloba ar gaaCnia, xolo Savi 

piqselebi optimizaciis procesSi ar monawileobs): a) gajerebuli piqselebi fiqsirebuli 
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saTaurebiT; b) optimizirebuli piqselebi; g) yvela piqseli (optimizirebuli da 

globaluri grafikidan aRebuli) da d) samganzomilebiani xedi. 

 

5. CarCoebis segmentacia 

segmentaciis algoriTmis ukanasknel etapze globaluri grafikis segmentacia 

proeqcirdeba individualur CarCoebze. segmentacis TiToeuli CarCosTvis 

individualurad gamoiTvleba da aucilebelia Tavsebadi iyos globalur segmentaciasTan. 

mxolod validuri siRrmiTi parametris mqone piqselebi eqvemdebareba ganxilvas, vinaidan 

saWiroa samganzomilebiani poziciebi. TiToeuli piqselisTvis gamoikvleva grafikis 

poziciebi, romelTa daSoreba aris 3τ.  
Tu yvelas erTi da igive saTauri aqvs da piqselebis samganzomilebiani poziciebi 

Tu perpendikularebi miesadageba Sesabamis figuras, maSin piqseli am figurasTan erTad 

saTaurdeba. sxva SemTxvevaSi piqseli amouxsnelad miiCneva da saukeTeso saTauri 

optimizaciis Sedegad SeirCeva.  

gamosaxulebis yvela amouxsneli regionisTvis viyenebT grafikuli kveTis optimi-

zacias. regionebi gazrda gajerebis meTodiT xdeba, raTa gamosaxulebis danarCen 

fragmentebze validuri gadasvlebi moxdes. gajerebuli piqselebisTvis ukve SerCeulia 

unikaluri saTauri. aqedan gamomdinare, am saTaurisTvis viyenebT nulovani mniSvnelobis 

mqone safasurs, xolo yvela danarCeni saTaurisTvis – Zalian didi mniSvnelobis mqone 

safasurs.  

amouxsneli piqselebisTvis gamoiyeneba optimizaciis igive amocanebi, rogoric 

globaluri grafikis optimizaciisTvis (1 da 2 formulebi). momijnave piqselebisTvis 

gamoiyeneba sirbilis safasuri, Tu isini ar aris gamijnuli mozrdili siRrmiTi 

wyvetebiT. garda amisa, aucilebelia davrwmundeT, rom globaluri grafikis dasaTaureba 

zustad miesadageba individualur CarCoebs. aqedan gamomdinare, Tu piqselis samezobloSi 

saTaurebi ar gvxvdeba, maTTvis damatebiTi safasurebi gamoiyeneba. Mme-5 naxazze naCvenebia 

CarCos optimizaciis ramdenime etapi. 

 

 

nax.5 gaerTianebuli modelis virtualurad agebuli siRrmiTi  

rukebis CarCoebis segmentacia.  

 

a) gaerTianebuli modelis virtualurad agebuli siRrmiTi rukebis CarCoebis 

segmentacia da globaluri grafiki;  
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b) Tavdapirvelad gamovlenili figurebisa da blokuri modelis optimizaciis 

Sedegis Sedarebaa.  

orive modelze saavtoro uflebas flobs AIM@SHAPE. 
TiToeuli CarCo individualurad muSavdeba da sruliad damoukidebelia sxva 

CarCoebisgan. amgvari meTodi efeqturad iyenebs mexsierebas da ramdenime CarCo iolad 

muSavdeba paralelurad. zogierTi programuli uzrunvelyofisTvis problemas qmnis is 

faqti, rom sxvadasxva CarCoebis mcire, gadafaruli arealebi araTanmimdevrulad aris 

dasaTaurebuli, rodesac maTi gamokveTili konturebi ar gaaCniaT.  

 

3. daskvna 

algoriTmi gamocdilia sxvadasxva sawyis monacemebze. Sedegebi adasturebs, rom 

ZiriTadi figurebis gamovlena warmatebiT xdeba, xolo siRrmiTi rukebi segmentirdeba 

sagnebis kideebis gaswvriv. 5 suraTze naCvenebia virtualurad agebuli siRrmiTi rukebis 

Sedegebi. 5 (b) suraTze naCvenebia, rogor aumjobesebs Cvens mier miRebuli optimizacia 

Tavdapirvelad gamovlenil figurebs. am SemTxvevaSi gansakuTrebiT umjobesdeba marcxena 

horizontaluri cilindris parametrebi, xolo marcxena da marjvena cilindrebi 

gaerTianebulia. 
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INTERACTIVE THREE-DIMENSIONAL RECONSTRUCTION BASED  
ON RGB-IN IMAGE 

Mzia Kiknadze1, Ivane Makasarashvili1, Mikheil Dardjania2 
1-Georgian Technical University,  
2- Tbilisi State Academy of Art 

Summary 
In this paper, we focus on the reconstruction of buildings and therefore exploit common 

characteristics of architectural scenes. Many buildings can be approximated with piecewise-
planar models and the planes are orthogonally aligned. In contrast, extensive 3D information 
is available in the form of an unstructured point cloud. Therefore, it is possible to 
automatically detect scene planes and create 3D models without any user input. We introduce 
a novel method for automatically reconstructing low-polygonal meshes from point clouds. 
The point cloud is analyzed for extracting globally consistent surface normals, which are then 
used to robustly detect planes. If oriented images of the scene are available, it is possible to 
extract strong image edges which can be used as boundaries for the planes. 
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Резюме 

Представлена система реконструкции поверхностей как с изображения так и с 
наборов точек. Внимание обращено к информации, которая занесена с RGB-D 
фотокамер, в то время когда снятие сцены происходит с помощю множества красочных 
изображении или же при помощи плотного множемтва точек. В это же время мы 
можем применить бльшое количество компонентов алгоритма реконструкции для 
информации внесеннои при помощи других источников. Реконструкция основывается 
на нескольких примитивах фигуры, которые предлагают нам высокое качество 
абстракции в целях использования трехпространственной информации, ее анализа или 
же редактирования. 
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