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KOKKUVOTE

Hoonete erineva suuruse, detailsuse ja méddistisgamaouete juures on valjakutse leida
sobivat moéddistamismeetodit fassaadide moddistusBksrt tahtsust omab sobivate
moddistusevahendite ning tarkvara valik moodistakis andmetootluseks ja
modelleerimiseks. Antud uurimustéds on vorreldudIme erinevat fassaadide
moddistusmeetodit: prismavaba tahhimeetria (DR-oogetterrestriline fotogramm-

meetria ja maapealne laserskaneerimine.

Uurimust66s on kirjeldatud koéiki kasutatud moddsstieetodeid ja tarkvara, tuues vélja ka
kasutatud arvutiprogrammide funktsioonid andmetil@iniseks ja puhastamiseks ning

fassaadi modelleerimiseks. Loputdo raames otsitaksaadide mooddistuse tdpsusndudeid
ent nenditi, et puuduvad uldtuntud standardsed edud

Katset6os moddistati Tallinna Tehnikallikooli Virkoise fassaadi. Katsetoos vorreldavad
fassaadiosad valiti omavahel risti paiknevatelhera kattematerjaliga fassaadidelt, kus
mdlemal seinal voeti vaatluse alla akendega jaakassteta fassaadiosa.

Fassaadi mdddistused tehti asukohapdhiste androgtemiseks ja fassaadi elementide
gabariitide mdoddistamiseks. Prismavaba tahhimeet(@2R-meetodil) sooritati

elektrontahhimeetriga Trimble S6 kombineerides raalset DR-m&ddistust tahhimeetri
pool-automaatse skaneerimisfunktsiooniga. Tertsgtfiotogramm-meetria jaoks kasutati
kaamerat Trimble Vision, mis on integreeritud elektahhiimeetrisse Trimble S6.
Terrestriline laserskaneerimine sooritati laserakaiga Leica ScanStation C10. Antud t66
kavandamisel lahtuti tuntud koordinaatpunktidestjarkasutas ka ettevéte OU Via Geo

ehitusgeodeetilisteks mdddistusteks TTU VI korpiagamisel.

Modtmisandmete eeltddtlus tehti arvutiprogrammidié@mble Business Center ja Leica
Cyclone. Andmet6otluse labinud erinevate mdoddiseetodite ruumiandmetest
modelleeriti 3DReshaper’is fassaadi seinaosadengmiatsioonil po&hinevad 3D

kolmnurkpinna-mudelid ehk TIN-mudelid ning akend@uasi piiritlevad polijooned.

Erinevatel mdddistusmeetoditel loodud pinna mudaditnavahelisi halbeid vorreldi iga

fassaadiosa puhul eraldi:

» Terrestrilise fotogramm-meetria teel ja DR-reziippigsmavaba tahhimeetrilise
mdoaodistuse teel loodud pinna mudelite omavahelggdided olid 1 cm voi vAhem
(seda iga fassaadiosa vordlusel).
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* Nii fotogramm-meetria teel loodud pinna kui ka présszaba tahhimeetria teel
loodud pinna mudel paiknes keskmiselt 1-2 cm edsptarestrilise
laserskaneerimise teel loodud pinna mudelit. Mrgatsamade pindade asukoha
erinevus terrestrilise laserskaneerimise teel ldgonna mudelist suurenes (héalve

oli 2-3 cm), kui vordluse all oli akendega sile kv@tud seinaosa.

Aknaavade moju hindamiseks seinte modelleerimigéleeldi omavahel akendega ja
akendeta fassaadiosasid. Leiti, et akende olemas@jutab erinevat tiupi pinnamudeleid

erinevalt:

» Siledate krohvitud seinte puhul aknad suurendavelid pinnamudelite vahel,
mis on loodud terrestrilise fotogramm-meetria jaselakaneerimise teel.
Analoogselt, akende olemasolu suurendab halbeidapindelite vahel, mis on
loodud tahhUmeetrilisel  prismavaba  mdoddistusel  ningerrestrilise
laserskaneerimise meetodil.

» Tellistest seinte puhul akende olemusolu vastugidisithendab halbeid pindade
vahel, mis on loodud maapealse fotogramm-meetrilis®ddistuse ja
laserskaneerimise teel. Analoogselt vdhendab akemédmasolu halbeid ka
pinnamudelite vahel, mis on loodud tahhiimeetriDé& moddistuse ja terrestrilise

laserskaneerimisega.

Uurimustbbéga margati veel, et aknaava servade readehine teravateks
(laserskaneeritud punktipilvest modelleeritud plheamdjutanud markimisvaarselt pinna
tasandi suhtelist asukohta vdrdlusel teiste modsiseetodite teel saadud pinna

mudelitega.

Kdikide mdddistuse vordluste visuaalsel vaatluseh@&gatud hélvete kasvu pinnamudeli

Ulemiste osade suunas, kuigi seina Ulemiste osé@@éekaugus oli pikem.

Aknaavade nurgad moddistati manuaalselt tahhiurisetdR-mooddistuse ja terrestrilise
fotogramm-meetria teel ning vorreldi aknaavausté&adega maapealse laserskaneerimise
teel loodud pinnamudelil. Katses jareldati, et igkaneeritud punktidest loodud pinna
aknaavade nurki saab vordvaarselt hasti tdpsustatenurkadega, mis on méddistatud

fotogramm-meetriliselt voi tahhiimeetriga manuaal§dR-reziimis.

Voimalik oli jareldada, et prismavaba DR-mdddistus iheks tdpsemaks moddistuseks

katses kasutatud mdoodtmismeetodite seas ning telretdysi katse tulemustest, on
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soovitatav DR-mo@ddistusel saadud aknaavade asukohtrollida vdi taiustada pigem
tulemustega, mis saavutati terrestrilise fotogrameetria meetodil kui laserskaneerimise

teel.

Uldiselt peaks eeldama, et tahhiimeetriline mddsiptismaga on kdige tapsem meetod
aknaavade modelleerimiseks 3D mudelil. Katsega &itahhimeetrilisel teel prismaga ja
prismata moddistades tulid aknanurkade keskmisketi&aikesed - kuni 7 mm. Katsega
jareldati, et prismavaba DR-m&d&distus on samutksiiépsemaks moddistusmeetodiks.
Tulemuste pdhjal oleks soovituslik DR-mdddistuseldud aknaavade asukohti kontrollida
vOi taiustada pigem tulemustega, mis saavutateseitise fotogramm-meetria meetodil

kui laserskaneerimise teel.

Aknaavause gabariite moddistati erinevatel meetbditing vorreldi projektsete
aknagabariitidega. Katsega arvutatud halvete kadéhsuvalt oleks soovituslik valida
mooddistusmeetodeid gabariitide  mdddistusel vastav@@jestuses: prismaga
kontaktmdddistus, maapealne laserskaneerimine, Utadétriine manuaalne DR-

moddistus ja terrestriline fotogramm-meetria.

Katset06 loeti edukaks parema Ulevaate andmisalilaotmdddistusmeetodi valikuks

fassaadi mooddistusel.

Antud uurimust66d saaks edasi arendada mitmes sudhigrgnevalt on mainitud moéned
nendest:

* Antud uurimust66 fotogramm-meetriline mdddistugitéhimble Business Center
versioonis 3.10, kus piksli valikul kahelt voi erain fotolt luuakse uus
koordineeritud punkt. Uues versioonis TBC 3.20 onktsioon Virtual DR, mis
voimaldab valida Uhe piksli Uhelt fotolt ning autaatselt arvutada algoritmide
pdhjal sarnased pikslid teistel fotodel, et luuarkiineeritud fotogramm-meetriline
punkt. Tasuks uurida, kui palju méjutab uus Uhslpikalikuga meetod fotogramm-
meetrilise mOddistuse sisetdd ajalist mahtu ja @d@vat tapsust
moddistuspunktidel.

* Kuna tanapaeval luuakse tihti fotorealistikke 3Ddeleid fotodest, siis oleks
kasulik vOrrelda fotorealistiku 3D mudeli halbeistad uurimust66 tulemustega.

» Lisaks vdiks antud uurimusto6 katses kasutatud miStteetodeid ja tarkvara
kasutada keerukamate hoonete mudeldamisel. N&itdkana vanalinna hooned,
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kus leidub palju imaraid ja detailsed fassaadipidduemuste anallusiga voiks
jduda arusaamale, kas kaesoleva uurimustoo jareldasks laiendada ka

keerukamate fassaadide pinnamudelitele.
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SUMMARY

It is challenging to choose the most suitable nefloo measurement of a building facade.

This is due to the differences in building sizealde details and required measurement
accuracy. The selection of adequate measuring amol€omputer programs (for both data

processing and modelling) is of critical importanda this study, a comparison is made

between three different facade survey methodsetanletry without prism (Direct Reflex-

method), terrestrial photogrammetry and terrestasér scanning.

Details on all used measuring tools and computegnams are described within this study,
including the description of used computer prograieatures for data processing, data
cleaning and facade modelling. Additionally, it wasearched to be found some standards
or requirements for an accuracy of measuring fagaale it was concluded that measuring

requirements for facades are not well-known wagdsdedized.

The subject of this study is the facade of the lgtiiiding at Tallinn University of
Technology (TUT). Two orthogonal facades constmictging different building materials
(plaster and bricks), each having a section withwaithout windows, were selected for a

comparative study.

Measurements were proceeded in order to acquiatiémebased data and measure the
gauges of facade elements. DR-survey was perfobyied Trimble S6 total station and
was conducted both manually and through an hatiraatic scanning function. Terrestrial
photogrammetry was performed by a Trimble Visiomeea which is integrated within the
Trimble S6 total station. Terrestrial laser scagnias performed by a Leica ScanStation
C10 laser scanner. All measurements were based@mrkcoordinates which were also

used during constructions of the 6th building affTU

Pre-processing of the measurement data was camieth Trimble Business Center and
Leica Cyclone computer programs. All the pre-preedsdata of facade wall parts were
modelled into three-dimensional meshes based angwiation by using the 3DReshaper

modelling program. The facade windows within thedelovere bordered with polylines.

The deviations between the generated model surtdcesch measurement method were

compared for each building facade section:
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Model surfaces created from terrestrial photogratryrend and DR-tacheometry
were found to show deviations of 1 cm or less fbstadied facade sections.

Model surfaces created from terrestrial photogratnyrend DR-tacheometry were
found to be located 1-2 cm in front of the modeafate created from terrestrial
laser scanning. Notably this locational discrepamicthe model surfaces is larger

(2-3 cm) for smooth plastered walls with windows.

In order to evaluate the effect of openings preserd building facade on modelling

surfaces, this study compares the measurementacatlé sections with and without

windows. While comparing facades sections with gheut windows, it was found that

there is an influence of the facade surface type:

For smooth plastered walls, the presence of windmeseases the deviations
between surface model points obtained by terrégiiiatogrammetry and from
terrestrial laser scanning. Similarly, the preseot&indows also increases the
deviations between surface model points obtained DiRrtacheometry and

terrestrial laser scanning.

For brick walls, on the contrary, the presence ioidews decreases the deviations
between surface model points obtained by terrégiiiatogrammetry and from
terrestrial laser scanning. Analogously, the preseri windows also decreases the
deviations between surface model points obtained DiRrtacheometry and

terrestrial laser scanning.

It was also noticed within this study that sharpgnof window edges within the created

model from the scanned point cloud did not remdskaffect the relative position of the

surface models obtained by the different measuremethods. It was compared within

the study as the process of sharpening the edgasadsthing the wall surface around a

window opening.

For all subject measurement methods, no increadevilations was observed between the

lower and upper parts of the facade, even thougllidtance of measurement to the upper

part of the facade was longer.

Window corner positions measured manually by DRwametry and chosen manually

from coordinated images (terrestrial photogramn)etsre compared with window corner

positions extracted from the model surface creftad terrestrial laser scanning. It was
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concluded within this study that specifying theipos of window openings on the model
surface from terrestrial laser scanning could heaby achieved from the results of DR-

tacheometry and terrestrial photogrammetry.

Above all, the method of prism- based tacheomeitly prism could be assumed being the
most accurate measurement method. It was noticdunwihe study that the average
deviation of window corners created from tacheoyneithout and with prism were found

to be only 7 mm. Therefore an assumption could &éenthat DR-tacheometry is also with
acceptable accuracy for modelling windows on adimg facade. According to the

comparison of different measurements a suggesbaidde proposed for checking and
complementing results obtained by DR-tacheomettly veisults of corner points measured
by terrestrial photogrammetry rather than with eorpoints obtained from the laser

scanned surface model.

The deviations between the window gauges of ea@suanement method were compared
with gauges according to the designed measuremi&aterding to the tests within this
study the deviations of window gauges were increpgiithin next sequence: tacheometry
with prism, terrestrial laser scanning, manual éachetry without prism and terrestrial

photogrammetry.

The test study was considered a success to giwter lmverview of selecting the most

suitable method for a measurement of a buildingdac
The study could be developed further in many dievelisections:

* The current study was conducted with a TBC ver8id® where photogrammetry
is based on selecting two pixels from at leastvotos in order to generate a new
coordinated point. New edition of a TBC (3.20) lfaes feature called Virtual DR
which allows choosing one pixel from one photo aetting algorithms
automatically calculate similar pixels from othdropos in order to create a new
coordinated point. It would be worth to investigtite impact of selecting only one
pixel on the amount of time spent on facade phatognetric measurements and
achievable accuracy of the created surface model.

» Asthere are alot of photorealistic 3D models @& om images, it could be useful
to compare deviations of the photorealistic 3Dding model to the results within

this study.
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Additionally, used measuring methods and computegnams within this study
could also be compared with modelling results ofencomplex buildings (like
buildings of Tallinn Old Town) which facades hawneex surfaces with plenty of
details. Analyses could be carried out in ordesde if the outcomes of the current
study could be expanded to more complex surfacestaod
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