
239

samganzomilebiani obieqtebis rekonstruqcia avtomaturi 
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samganzomilebiani obieqtebis skanirebisas 
xSiria SemTxveva roca monacemebi arasrulia 
da saWieroebs Sevsebas. am sakiTxebze muSaobs 
bevri mecnieri, maT mier damuSavebulia sxva-
dasxva algoriTmebi, magaliTad, naxvretebis 
Sevsebis algoriTmi, romelic mraval primiti-
ul figuris Sevsebas efuZneba. rekonstruqciis 
primitiul figurebze dafuZnebuli algoriTmi, 
romlis saSualebiTac SesaZlebelia primitiu-
li figurisTvis zRvruli wertilebs gamoyofa. 
sawyisi sazRvari wertilebis mezoblobebis ana-
lizis Sedegad gamoiyofa;  figurebi (sibrtyee-
bi, cilindrebi, sferoebi, konusebi) wertileb-
is simravleSi RANSAC (Random sample consensus 
-SemTxveviTi SerCevis konsesusi) meTodiT aris 
aRmoCenili.

warmodgenil statiaSi ganxilulia samgan-
zomilebiani obieqtebis skanirebisas arasruli 
monacemebis  Sevsebis algoriTmi. aseve, Semosaz-
Rvruli zedapiris rekonstruqciis algoriTmi, 
romelic ergebapriprimitiuli figurebis aR-
moCenil simravles. 

Summary

During the tridimensional scan of the object, often it 
happens that information is not full and needs to be elabo-
rated. A lot of scientists work on this problem; different 
algorithms had been developed by them. For example the 
algorithm of filling the spaces , which depends on filling 
numerous primitive figures.  Another algorithm, which de-
pends on reconstruction of primitive figures, gives us an 
opportunity to distinguish the limit points. Primary limit 
points are picked out depending to the analysis of their 
neighboring positions; Figures (Planes, cylinders, spheres, 
cones) are discovered by method called RANSAC (Ran-
dom sample consensus) in multiplicity of points.

In represented article is discussed the algorithm of elab-
orating   dumps after scanning of tridimensional objects. 
Also, the algorithms of reconstruction of bounded plane, 
which is suitable to multiplicity of discovered primitive 
figures.

* * * * *
samganzomilebiani obieqtebis skanirebisas 

xSiria SemTxveva roca monacemebi arasrulia da 
saWieroebs Sevsebas. mecnieri Scnabeli  [1] aRw-
ers naxvretebis Sevsebis algoriTms, romelic 
mraval primitiul figuras efuZneba. primitiu-
li figurebi (sibrtyeebi, cilindrebi, sferoebi, 
konusebi) wertilebis simravleSi RANSAC (Ran-
dom sample consensus -SemTxveviTi SerCevis konse-
susi) meTodiT aris aRmoCenili [2]. Cveni miza-
nia SemosazRvruli zedapiris rekonstruqcia, 
romelic ergeba primitiuli figurebis aRmoCe-
nil simravles. zedapiris dadgena xdeba volu-
metruli, grafikuli kveTebisa da Rirebuleb-
is funqciis minimizaciis meSveobiT. aRniSnul 
funqcias minimumamde dayavs zedapiris farTobi 
da gamoyofs arealebs, romlebic ar emTxveva 
primitiul figurebs. amgvari optimizaciis meS-
veobiT wertilebis simravlis naxvretebi mimde-
bare primitiuli figurebis ganvrcobis Sedegad 
ivseba.

rekonstruqciis primitiul figurebze 
dafuZnebuli algoriTmis saSualebiT Sesa-
Zlebelia TiToeuli aRmoCenili primitiuli 
figurisTvis zRvruli wertilebs gamoyofa. 
sawyisi sazRvari wertilebis mezoblobebis ana-
lizis Sedegad gamoiyofa; aq saubaria primitiu-
li figurisTvis mikuTvnebul wertilebze. amis 
Semdeg xdeba zRvruli wertilebis optimizacia, 
raTa isini miuaxlovdnen Sesabamis figuras da 
sxva axlomdebare figurebs. amgvari optimiza-
cia gvaZlevs mimdebare figurebis kveTebis max-
loblad ganlagebul sazRvrebs. Tu sxva figura 
axlos ar mdebareobs, miiReba Tanabari sazRvre-
bi.	

primitiul figurebTan dakavSirebuli kidev 
erTi meTodi [3] zedapirebis rekonstruqciis 
mizniT adgilobrivi, Tanabari regionebis or-
ganizebas axdens SekavSirebis grafikze. re-
gionebis inicializacia wertilebis simravlee-
bidan nimuSebis aRebis meSveobiT xdeba, xolo 
maTi kavSirebi dafuZnebulia sivrciT manZile-
bze. regioni warmodgenilia sabaziso fun-
qciebis meSveobiT da Semdeg nawilebad iyofa, 
risTvisac xdeba primitiuli figurebis gam-
ovlena, rodesac xmauris adgilobrivi done 
maRalia. mimdebare primitiuli figurebi erT-
maneTs ukavSirdeba, vinaidan maT savaraudod 
yofs texili. regionebis zedapirebis optimiza-
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cia Rirebulebis Semdegi funqciebis meSveobiT 
xdeba: manZili rekonstruirebul zedapirsa da 
wertilebis simravles Soris; patara regionebis 
simrudeebi zedmeti morgebis Tavidan acilebis 
mizniT; mimdebare regionebis uTanabrobebi.	

wertilebis simravleebis rekonstruirebis 
mizniT iyeneben primitiul figurebs, rogoric 
aris sibrtyeebi, cilindebi, konusebi da sfer-
oebi. am figurebis aRmoCena modificirebuli 
RANSAC proceduris meSveobiT xdeba. vinaidan 
aRmoCenis reJimi ierarqiulia, figurebi gan-
lagdeba orobiTi sivrciTi danawevrebis (BSP) 
xeze. BSPP xe samganzomilebian sivrces ujre-
debad yofs, xolo ujredebi Tavis mxriv Sida 
da gare nairsaxeobebad iyofa. (BSP)  ujredebi 
qselis grafikze erTmaneTs ukavSirdeba, xolo 
kideebi primitiuli figurebis triangula-
ciebis meSveobiT miiReba. zedapirebi, romelTa 
aproqsimacia primitiuli figurebis meSveo-
biT SeuZlebelia, qselis grafikze wertilebis 
delonis triangulaciis gziT xvdeba. grafikis 
kvanZebi grafikuli kveTebis meSveobiT Sida da 
gare nairsaxeobebad iyofa. TiToeuli Semavali 
wertilis xilvadobis SezRudvebze dayrdno-
biT gamoiTvleba energiis funqcia. informacia 
xilvadobis Sesaxeb aucilebelia Tan axldes 
wertilebis simravles, vinaidan TiToeuli wer-
tili erT an ramdenime xeds miekuTvneba.	 M

mecnieri Sove da sxvebi [4] wertilebis xmau-
riani simravleebidan poligonalur warmodgen-
ebs qmnian, risTvisac arqiteqturuli scen-
ebidan aRebul winaswar informacias iyeneben, 
rogoric aris vertikaluri struqturebi da 
orTogonaluri kveTebi. wertilebis simrav-
leebSi vlindeba planaruli segmentebi da isini 
samganzomilebiani sivrcis adaptaciuri dekom-
poziciis mizniT gamoiyeneba. mimdebare sibr-
tyeebi ikveTeba da samganzomilebiani sivrce 
ujredebis kompleqsad iyofa. arqiteqturuli 
scenebis rekonstruqcia sibrtyeebis simrav-
lisTvis ganmeorebadi primitivebis damatebiT 
umjobesdeba. ganmeorebadi primitivebi hori-
zontaluri an vertikaluri mimarTulebisaa da 
gamovlenili sibrtyeebis zRvrul wrfeebTan 
iqmneba.	

zogierT SemTxvevaSi [5] urbanuli struq-
turebis rekonstruqcias manhetenis univer-
saluri daSvebis meSveobiT axdenen. Semavali 
wertilebi klasificirdeba zedapiris samidan 
erT-erTi dominanturi mimarTulebis da adg-
ilobrivi figuris oTxidan erT-erTi nairsax-
eobis mixedviT, kerZod es aris kedeli, kide, 
kuTxe da kuTxis kide. figuris nairsaxeoba da 
misi mimarTuleba TiToeuli wertilis adgilo-
brivi samezoblos gaanalizebis meSveobiT gan-
isazRvreba. `ganmtkicebis~ etapze klasifikacia 
umjobesdeba, magaliTad, mowmdeba, ertymis Tu 

ara gars kides Sesabamisi kedlebi. wertilebis 
klasifikacia erTmaneTTan dakavSirebuli ko-
planaruli klasterebis amosarCevad gamoiyen-
eba, xolo volumetruli meTodiT miiReba Se-
mosazRvruli modelebi.	

aris SemTxvevebi roca LiDAR Semaval monace-
mebs da scenis fotosuraTebs aerTianeben. isini 
eyrdnobian im faqts, rom gamosaxulebebs maRali 
rezolucia aqvs da rogorc wesi, Senobis fasa-
debis ufro did areals faravs, vidre lazeru-
li gamosaxulebebi. amis Semdeg xdeba fotosu-
raTebis gasworeba da wertilebis simravlesTan 
registracia. marTkuTxa planaruli regionebi 
samganzomilebiani wertilebis klasterizaciis 
meSveobiT segmentebad iyofa da gasworebul ga-
mosaxulebaSi wrfeebis gamovlena xdeba. yvela 
regions eniWeba siRrmis mniSvneloba.	

vu da sxvebi [6] aRweren generalizebuli 
cilindrebis zedapiruli rekonstruqciis sqe-
mas. cilindrebi iqmneba vertikaluri profi-
luri mrudebis gadatarebiT horizontaluri 
satransporto mrudebis gaswvriv (ix. sur. 1). 
satransporto mrudebi daaxloebiT emTxveva 
scenis iatakis gegmebs, vinaidan isini parale-
lurad gasdevs miwis sibrtyes. am sibrtyis nor-
maluri da satransporto normalebi (TiToeuli 
wertilisTvis) Semavali wertilebis ZiriTadi 
mimarTulebis safuZvelze airCeva. horizonta-
luri satransporto mrudebi im sibrtyeebTan 
iqmneba, sadac Semaval wertilebs minimaluri 
simrude aqvs. TiToeuli satransporto mrud-
isTvis wertilebis simravlidan airCeva mravali 
profiluri kveTi da viRebT profilur mruds 
kanonikur poziciaze. mrudebis Semdgomi op-
timizacia gvaZlevs Tanabar zedapirebs, xolo 
gadaadgilebis ruka gamoiTvleba naklebad 
masStaburi geometriuli detalebis gaTval-
iswinebis mizniT.

sahaero LiDAR monacemebis safuZvelze 
qalaqis modelebis rekonstruqciis problemis 
daZlevas mravali algoriTmi emsaxureba. maTi 
umravlesoba Senobebis anabeWds iRebs da ornax-
evarganzomilebian modelebs qmnis. garda amisa, 
arsebobs hibriduli meTodebi, rodesac saxme-
leTo monacemebis safuZvelze fasadebis de-
taluri rekonstruqciebi iqmneba. mkvlevarebi 
lefarJi da male [7] sahaero L LiDAR monace-
mebis safuZvelze axdenen qalaqis modelebis 
rekonstruqcias. isini saxuravebis standartul 
monakveTebs sibrtyeebiT, cilindrebiT, sfer-
oebiT, konusebiT da sxva geometriuli primi-
tivebiT ageben, xolo saxuravebis SedarebiT 
uswormasworo komponentebs warmoadgenen sam-
kuTxa badeebis meSveobiT. wertilebis simravle 
Tavdapirvelad semantikurad Sinaarsian re-
gionebad iyofa, raTa Senobebi mimdebare areal-
isgan gaimijnos. mogvianebiT Senobebi geome-
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triul primitivebad iyofa da regionebis mzar-
di meTodis meSveobiT. bolos Senobebisa da sxva 
urbanuli komponentebis figurebis primitivebi 
mWidro, organzomilebian badeSi eqceva, risT-
visac leiblebi badeSi moqceul cariel ujre-
debze vrceldeba.

roboteqnikis dargSi mniSvnelovania rekon-
struirebuli samganzomilebiani obieqtebis 
funqcionaluri rukis Seqmna, vinaidan sxvana-
irad robotuli amocanebi ver Sesruldeba. 
rusu da sxvebi [8] warmoadgenen samzareuloebis 
rekonstuirebis sistemas, sadac saxelurebisa 
da knopebis identificirebas robotebi axdenen. 
wertilebis simravleebi Tavdapirvelad pla-
narul regionebad iyofa, risTvisac normaleb-
sa da simrudeebze dafuZnebuli, regionebis 
zrdis algoriTmi gamoiyeneba. RerZebisadmi 
gasworebuli organzomilebiani oTxkuTxedebi 
da kuboidebi planarul regionebs ergeba da 
magidebad, karadebad an ujrebad klasificird-
eba. saxelurebi da knopebi wertilebis simrav-
leebidan ikveTeba, romlebic ar Tavsdeba pla-
narul regionSi, magram misi momijnavea.interi-
eris bevri scena magidebs, skamebs da sxva msgavs 
obieqtebs moicavs. Tanamedrove meTodebiT 
SesaZlebelia modelebis monacemTa bazebidan 
samganzomilebiani obieqtebis amorCeva da gan-
Tavseba wertilebis simravleebTan miaxloebis 
mizniT (ix. sur. 2). Sedegad miRebul modelebs 
originaluri scenis zusti geometria ar gaaC-
nia, Tumca isini Seicaven scenis redaqtirebisa 
da sxva maRali donis damuSavebisTvis aucile-
bel semantikur informacias.

Tavdapirvelad interieris segmentire-
bis avtomatur algoriTms iyeneben mravali 
RGBD gamosaxulebisTvis. am gamosaxulebebis 
redaqtireba SesaZlebelia samomxmareblo in-
terfeisis meSveobiT. segmentirebis Sedegad 
TiToeul regions eniWeba 10-dan erT-erTi se-
mantikuri iarliyi, magaliTad, savarZeli an 
magida. TiToeuli segmentirebuli regionisTvis 
samganzomilebiani modelebis monacemTa bazidan 
airCeva msgavsi samganzomilebiani modeli Sesa-
bamisi siRrmiseuli informaciis safuZvelze. 
SemTxveviTi regresiis tye gamoiyeneba modelis 
obieqtis amocnobis problemis daZlevis miz-
niT, ra drosac gamoiyeneba 496-ganzomilebiani 
veqtorebi (geometriuli impulsebis, mbrunavi 

gamosaxulebebis da sxva geometriuli maxasi-
aTeblebis CaTvliT). TiToeuli samganzomile-
biani modelisTvis mravali gamosaxulebis ren-
deringis Sedegad miiReba sacdeli monacemebi.

sur. 1. zedapiris sqematuri rekonstruqcia (marcxnidan 
marjvniv): Semavali wertilebis simravle, satransporto da 
profiluri mrudebi, waSlili zedapirebi da zedapirebi 

gadaadgilebis rukebiT [9]

sur. 2. gamosaxulebaSi iZebneba samganzomilebiani mod-
elebi da isini rekonstruqciis mizniT gamoiyeneba.

TiToeul models figurebis primitivebis 
ierarqiuli, grafikuli struqturis saxiT 
warmoadgenen, rac saSualebas gvaZlevs gamovi-
yenoT sxvadasxva konfiguraciebi, rogoric aris 
Ria da daxuruli ujrebi. swavlis etapze indi-
vidualuri obieqtebis gamosaxuleba sxvadasxva 
xediT da sxvadasxva konfiguraciiT miiReba, 
xolo Semdeg xdeba figurebis primitivebis av-
tomaturi aRmoCena. amocnobis etapze erTi ga-
mosaxulebidan miiReba dominanturi sibrtyeebi 
da xdeba maTi klasificireba iatakad, kedlebad 
an magidebad. darCenili wertilebi erTmaneT-
Tan SekavSirebul komponentebad iyofa da sam-
ganzomilebian modelebs miesadageba. misad-
agebis procesi modelebis sxvadasxva fragmen-
tebisTvis tardeba da efuZneba konturebis ga-
nawilebas, ZiriTad komponentebsa da obieqtebis 
zomebs.

Ziebisa da klasificirebis meTodebis gamoy-
enebisas amocnobisa da Sablonis deformaciis 
etapebi gaerTianebulia. isini eyrdnobian im 
dakvirvebas, rom adamianis mier Seqmnil fig-
urebs xSirad axasiaTebT bunebrivi segmentacia 
aRmavali mimarTulebiT, magaliTad, magida Sei-
Zleba daiyos fexebad da sadgamad. obieqtebi sam 
horizontalur fragmentad iyofa wertilebis 
ganawilebis analizis meSveobiT. horizonta-
luri fragmentebis zomebis Tanafardoba da ab-
soluturi zoma konturebis veqtors gvaZlevs. 
`tyis~ SemTxveviTi klasifikatori miiReba momx-
mareblis mier dasaTaurebuli gamosaxulebebis 
safuZvelze. amocnobis etapze gamosaxuleba 
kvlav segmentirdeba da Sablonebis gamovlenis 
mizniT gamoiyeneba regionis zrdis algoriTmi.
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