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Abstract

3D scanning is the most modern method of unlimipedsibilities based on laser
technology. Its main advantage is the speed ofimbtalarge amounts of data in a very
short time, which gives a huge advantage over iagisinethods of the measuring.

Scanning provides opportunities for use in engingemworks, geodetic and the

inventory of buildings and objects of a high comqtle as well as in studies of damage
or deformation of the structure. 3D scanner is @ioge which with high accuracy

collects data about the shape and texture of #tedeobject and its surroundings in the
form of a point cloud.

Keywords: 3D laser scanning, inventory of architeg and construction, damage
to the building or structure, structures defornmatio

1. INTRODUCTION

The laser scanner is a tool that uses the latebhtdogy, allowing for the
acquisition of spatial information about objectsd aheir environment. This
measurement system allows for non-invasive andaooiact collection of data
on spatial coordinates, so that it is possible tesent three-dimensional
buildings, engineering buildings and their visuatians.

ScanStation C10 laser scanner manufactured by Laiaa measure the
elements at a distance of up to 300 m, with a o&te0 000 points / sec. It is
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a tool using TLS method (Terrestrial Laser Scannirs a result of the
conducted scanning, one obtains a point cloud feanh position of the
instrument. Combining scans is made possible bydmemon points which are
defined in the visual field of the scanner.

Thanks to scanner Leica ScanStation C10, which wsedl to make field
measurements for presented objects in this repbrhecame possible to
completely map their authentic shapes and textamdscolours (Figure 1).

Fig. 1. Scanned building with superimposed imagesrce: own study)

2. OBTAINING AND PROCESSING OF POINT CLOUD

The result of the measurement with laser scannénegiven station is a set of
points called a scan. These points have specifiZ X¥ordinates in the local
coordinate system. In order to obtain complete datzaut the object, usually it
is necessary to perform measurements at severasumieg stations. One
should, therefore, determine the amount and digfdb of measuring stations
that allow a good display of an interesting objatl to choose resolution of
measurement [2]. Scans from different positionssaigected to the orientation
and filtration. Orientation is a process of spatiakgration of a number of
scans into one point cloud with tie points, whiate apecial signals. These
markers are arranged on the scanning area in theedmate vicinity of the

instrument, so that to make it possible to contieetindividual scans into one
coherent whole. Filtration is the cleaning proce$spoint clouds from all

unnecessary elements (trees, people, vehiclesyesuli of which we obtain a
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set of data without unnecessary "noise". Data i filrm of oriented and
cleaned point cloud can be modelled and analysed.
Measuring with the scanner can replace the perfocmaf architectural and
building inventory using classical methods. Theam many ways to inventory,
enabling collection of accurate geometric data udieifrg the object. In the
traditional method, structural components are medeby hand, and all
documentation is developed on the basis of phopbgraand manual
measurements. This way of inventory requires intenamount of labour and
time, and though it leaves many doubts regardimgabcuracy of the made
model.
Created from the point cloud object model can ledus determine the actual
parameters and to show the current status of thetede building.
Laser scanning technology is the most complete mmeagnt method, which
automatically collects vast amounts of informatiamout the geometry and
shape of an object of interest [1]. A multimilligmoint cloud covering the
surfaces allows you to create a "near-continuopatial object, which in a later
stage of processing allows to perform a complethitectural and building
documentation [3], consisting of:

» 2D documentation - these are, e. g.: plans, viavdssa&ctions created as a
result of cutting and projection of the given oblj@m an appropriately
selected surfaces (Figure 2);

» 3D documentation - which consists of e. g.: framdwand surface models,
and models with superimposed textures created fleaned point clouds
through their modelling with TIN grid (composedtdfingles), or by the so-
called patch function (i. e. the surfaces supergedoon points) [2].

3. CHOSEN RECONSTRUCTION METHODS OF TECHNICAL
CONDITION OF AN OBJECT FROM THREE-DIMENSIONAL
POINT CLOUD

Leica proposes to use the Cyclone program, whidtelgful in connecting the
individual scans and in modelling removed objedtee software gives the
ability to "create" from a cloud a three-dimensiopaint model using various
ways. The two most popular are modelling the bogdusing the "Patch"
function and using the TIN grid.

3.1. Modelling using the "Patch" function

It involves crafting three-dimensional model of igect by creating surfaces.
They are manually fitted into the point cloud tlfines developed building
element, for example a wall. Unfortunately, the paumposed" surface
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"covers" all irregularities occurring on the objethe problem of covering also
relates to all kinds of openings, for example wiwdpwhich are located on the
wall. Therefore, they require manual separatioanieints that are not flat (e. g.
rainwater pipes) can be modelled by using e. g.cthees or cylinders, which
are given a proper thickness and "are pulled" altmgy designated axis.
Working with the "patch" command is quite tediogxduse it requires manual
creation virtually any of the necessary componéfits 2).

Fig. 2. Modelled fragment of the facade using tiages (source: own study)

3.2. Modelling with TIN grid

Fig. 3. The same fragment of {hé facade (see Figuneodelled using TIN grid
(source: own study)
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The TIN grid (Triangulated Irregular Network) isratwork composed solely of
the triangles. Their tops are the closest adjatiengte points from the point
cloud.

Modelling object using the TIN grid leads to obtam a three-dimensional
mapping of the studies object of a high-qualityg(ffe Btad! Nie mozna
odnalez¢ zrodta odwotania)).

3.3. Analysis of suitability of non-modelled point cloud

High accuracy of measurement guarantees high-guadiint cloud, which is

also an accurate representation of the given ob{Ea. 4). The three-

dimensional data obtained by the instrument, enaivientory and description
of the loss or damage to the facade of the buildasgwell as deformation in
a structure [4, 6]. Having the cleaned point clasdlf we are able to observe
where on the object occur such abnormalities amtbe their measurement
on the computer screen (Fig. 5).
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Fig. 4. Destroyed facade of a historic buildingufe®: own study)
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Fig. 5. Measured damage and losses (source: owy)stu

4. SUMMARY AND CONCLUSIONS

The conducted analysis leads to the conclusionttietechnical condition of
the building can best be assessed without perfgrrtedious work to model
object. As one can see from the above, the metlicgldaces is not at all
useful in the records of damage, and the TIN grethod is labour-intensive
and also little useful process of collecting datawd the technical condition of
the object. However, the usefulness itself of thects modelling is useful, for
example, when one needs a visualized form of tlectb

Historic buildings and structures can thus be amgthiand preserved for future
generations, even when there is no original doctatien of the object, or if it
must be demolished for some reason. With the aeabtf its digital
documentation in the form of point cloud, it camwwe for generations.

Bearing in mind the continuous efforts to moderrane accelerate construction
works, the proposed method using data from 3D Iasanning is accurate,
although works on the object modelling can be atergid pointless in this case.
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OCENA STANU TECHNICZNEGO BUDYNKOW ZABYTKOWYCH
W OPARCIU O DANE UZYSKANE Z TROJWYMIAROWEJ CHMURY BNKTOW

Streszczenie

Skanowanie 3D jest to najnowoén&jsza metoda o nieograniczonychhgosciach
oparta na technologii laserowej. Jej podstaw@alet, jest szybké¢ pozyskiwania
dwzej ilosci danych w bardzo krotkim czasie, co daje ogrpnprzewag nhad
dotychczasowymi metodami pomiarowymi. Skanowanie daliwosci wykorzystania
w pracach inynieryjnych, geodezyjnych, przy inwentaryzacji bokgw i obiektéw
o dwym skomplikowaniu (np. zabytkowych), a f@&kw badaniach ich uszkodze
i odksztalcé konstrukcji. Skaner 3D jest to adzenie, ktére z dia doktadndcia
analizuje w czasie rzeczywistym mieraobbudowk oraz zbiera dane o ksztalcie,
fakturze oraz teksturze badanego przedmiotu i jegfoczeniu. Prawidtowo
przeprowadzone pomiary dagbiér punktow o znanych wspééanych X,Y,Z w formie
chmury punktéw, ktére nima obrabia, w efekcie czego stworzony zostaje w peni
cyfrowy, tréjwymiarowy model obiektu. @gto w czasie inwentaryzacji wykonywane;j
metodami klasycznymi nie ma mlwosci, aby zauway¢ wszystkie uszkodzenia
wystepujace na badanym obiekcie. Rowhidrudno jest ocefi i zmierzy np.
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znieksztalcenia  elementéw  konstrukcyjnych.  Analizaobrazu  uzyskanego
z trojwymiarowej chmury punktéw, pozwala na ziddikbwanie ubytkéw, okrdenie
wielkosci peknig¢ i innych odksztatlae (np. uge¢ belek) we wszelkiego rodzaju
budynkach i budowlach.

Stowa kluczowe:  skaning laserowy 3D, inwentaryzamgjehitektoniczno-budowlana,
uszkodzenia budynku lub budowli, odksztatcenie kuoiksji
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