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ABSTRACT:
Data provided by Light Detection And Ranging (LiDAR) can be very useful, and their applications are very diverse. Information
about the reflection, its intensity values of individual points give the possibility of a realistic visualization of the entire scanned
object. This use of LiDAR is very important in improving safety and avoiding disasters. The use of LiDAR technology allows to
'look' and extract information about the structure of the object without the need for external lighting or daylight. In the paper the
results of Terrestrial Laser Scanning (TLS) measurements conducted by means of the Leica C-10 scanner will be presented. The
measurement will be performed in rooms without daylight: in the basement of the ruins of the medieval tower located in Dobre
Miasto and in the basement of a century-old building located at the University of Warmia and Mazury in Olsztyn. Next, the obtained
dataset of x, y, z and intensity will be processed using the Optimum Dataset (OptD) method. The application of the OptD allows to
keep more points of interest area where surface is imperfect (e.g. cracks and cavities) and reduce more points of the low interest
homogeneous surface (redundant information). The OptD algorithm was additionally modified by detecting and segmentation defects
on a scale from 0 to 3 such as (0) harmless, (1) to the inventory, (2) requiring repair, (3) dangerous. The obtained survey results
proved the high effectiveness of the modified OptD method in detection and segmentation wall defects.

1. INTRODUCTION
The growing interest of investors in the revitalization of
buildings under conservation protection has resulted in the need
to quickly and accurately perform inventory, measurements and
research necessary in the process of designing and obtaining
decisions of conservation offices. 3D laser scanning is a
documentation method that is great for studying monuments.
The extensive use of 3D laser scanning in the preservation of
monuments, architectural inventory or archaeological research
allows to obtain very precise measurements and information
about the object, and significantly accelerates the performance
of these activities in the field (Altuntas, Yildiz, & Scaioni,
2016), (Jo & Hong, 2019), (Yastikli, 2007), (Pavlidis,
Koutsoudis, Arnaoutoglou, Tsioukas, & Chamzas, 2007).
The acquired point cloud consists of millions of threedimensional measurement points and is an exact digital copy of
the existing state of affairs. Detection of material degradation in
historic buildings with traditional methods, for example manual
mapping or simple eye examination by an expert (Almagro
Gorbea, 2002), are considered time-consuming and laborious
procedures, so TLS technology and image processing
methodologies are being developed, allowing for the detection
of pathologies, their evolution (Fregonese et al., 2013),
identification of deformations and changes in material (Del
Pozo et al., 2016), (Corso, Roca, & Buill, 2017). Laser scanning

technology allows to build a complete 3D model based on the
point cloud (Alby & Grussenmeyer, 2012), (Previtali et al.,
2014). Thanks to the built-in digital camera, along with
scanning, complete photographic documentation of the object is
collected, which can be placed on the point cloud as a texture.
This combination of two documentary methods, i.e. laser
scanning and photos, allows to obtain the necessary data about
the object, and above all information about defects, gaps,
cracks. Such a study is clear to architectural designers who
work on the revitalization and adaptation of historic
architecture. In addition, based on the point cloud obtained, you
can make a precise dimensioned model of the building in 3D,
which can be freely changed while maintaining the actual
proportions. Many old, monumental objects are not equipped
with electric power. Often, such facilities contain dark, unlit
places, such as basements, tunnels, underground, without access
to daylight. The great advantage of laser scanning is the total
independence of measurements from lighting conditions - as
active devices, not passive ones, laser scanners can work in
complete darkness.
TLS provide a point cloud with very high resolution. Very often
such a high resolution is not needed in the whole area under
investigation. Thus, automatic down-sampling of point cloud
and its segmentation is needed. It should be noted that, the
reduction and segmentation of point clouds is currently special
interest research topic (Du & Zhuo, 2009), (Lin, Benziger, &
Habib, 2016), (Maglo, Lavoue, Dupont, & Hudelot, 2015),
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(Grilli, Menna, & Remondino, 2017), (Nguyen & Le, 2013). So
far, authors have conducted a thorough and successful research
program dedicated to the reduce of dataset from TLS
measurements of buildings and structures in the context of them
technical diagnostics (Suchocki & Błaszczak-Bąk, 2019),
(Suchocki, Błaszczak-Bąk, Damięcka-Suchocka, Jagoda, &
Masiero, 2019). In these studies, the OptD method was used.
The applied OptD method reduced redundant information on
homogeneous areas without cracks and cavities of the surface
and retains more points on wall defects simultaneously. In
current studies, the OptD method was modified in such a way
that, in apart from down-sampling of the point cloud, the
dataset was segmented. The segmentation of the reduced point
cloud is divided on four groups. Each group is classified by the
size of the changes on the surface of the wall. Analysis of the
point clouds can be performed in the 3D – OXYZ coordinate
system, which allows to detect recesses (cavities and cracks) on
the building wall. In addition, one can carry out analyses in the
OXYI coordinate system (where I – the TLS intensity value),
which allows to detect local surface changes of the wall, e.g.,
moisture, discoloration, bio-deterioration (moss and lichen) etc.
Such changes on the buildings and structures are very often
associated with poor technical conditions of the surface. Note
that, the TLS intensity value depends mainly on the physicochemical properties of scanned areas such as colour, roughness,
and saturation (Voegtle, Schwab, & Landes, 2008), (Oren &
Nayar, 1994), (C Suchocki & Katzer, 2018), (Suchocki, Jagoda,
Obuchovski, Šlikas, & Sužiedelytė-Visockienė, 2018). The
choice of way dataset analysis (OXYZ or OXYI coordinate
system) depends on the user. The user can choose two ways at
the same time.
The main aim of this study is demonstrate the potential of the
modified OptD method to down-sampling of point cloud and its
segmentation simultaneously in the context of fully automatic
defect detection on the building wall.

The introduced modifications are shown in the Figure 1.
The first modification consists in entering a new condition
while checking the distance from the baseline in the DouglasPeucker algorithm. The calculated distance from the baseline is
different for each approximation. This distance is compared to
the established tolerance range and in this way we can
determine whether the point remains at the set or is removed,
and also with what size change we are dealing with. In addition
to the tolerance range (t), you can enter the values of the
intervals to determine the amount of change. By introducing the
division into changes: harmless (h), to the inventory (i),
required repair (r), dangerous (d), we can enter for them min
and max values: hmin and hmax, imin and imax, rmin and rmax,
dmin and dmax. The modification of generalization algorithm is
present in Figure 2.

2. MATERIALS AND METHODS
The OptD method has already been presented in the papers
(Błaszczak-Bąk, 2016), (Błaszczak-Bąk, Sobieraj-Żłobińska, &
Kowalik, 2017). The OptD method is used to reduce the
number of observations in mass data acquisition technologies.
Its use allows to down-sample the big dataset even in the range
from 0.05 - 99.95%. The degree of reduction of the dataset
depends on the user, on the purpose of the study, the number of
input datasets. The algorithm of the method works in such a
way that in the plane of the object (in this case the wall)
measuring strips (L) are created in which the analysis of points
located in a given strip is performed using the cartographic
generalization method (here Douglas-Peucker method)
(Douglas & Peucker, 1973).
The spatial nature of the output file is ensured by the fact that
the generalization is performed in OXZ plane, therefore the
height changes are preserved. It is also possible to analyse the
intensity of the reflection of the laser signal, which allows you
to save changes resulting from e.g. moisture.
In this article, we propose to modify the OptD method of
reducing the point cloud with automatic dataset segmentation in
the context of detecting defects in a building wall. The
modification takes place on three levels:
1. Introduction of additional internal criteria in the
Douglas-Peucker algorithm.
2. Introduction of codes in the output file – modification
of the output file.txt.
3. Introduction of colors for the relevant codes –
modification on the image.

Figure 1. Introduced modification

Thanks to these values, during the operation of the OptD
method, a second modification is possible, consisting in the fact
that for points representing changes (cracks, gaps) added in the
‘outputfile.txt’ the additional column with codes: h – code 0,
i – code 1, r – code 2, d – code 3.
The third modification, however, consists in illustrating changes
in the image by giving colors to the appropriate codes. At
presented paper, the following colors were accepted: 0 – black,
1 – green, 2 – blue, 3 – red. The colors allow you to clearly
indicate on the image changes and assess which of these
changes are dangerous.
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3. DATA PROCESSING AND RESULTS
Two test objects were selected. Both are monuments located in
the warminsko-mazurskie voivodeship in Poland. The first one
is in the city of Olsztyn. The building houses the headquarters

of the Institute of Geodesy, University of Warmia and Mazury.
The second object is the tower’s ruin located in city Dobre
Miasto with preserved fragment of the medieval walls. The
object1 and object2 are presented in Figure 3.

Figure 2. Introduced modification for Douglas-Peucker algorithm

Figure 3. Object 1 an object 2 (source: photographed Anna Skrzypińska)
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not depend on user
(change during iteration)

depend on user
fragments of data

p%

Object1 fragment1

1

Object1 fragment2

1

Object2 fragment

1

additional internal criteria for modified OptD
hmin (m)
imin (m)
rmin (m)
dmin (m)
hmax (m)
imax (m)
rmax (m)
dmax (m)
0.006
0.008
0.010
0.016
0.007
0.009
0.015
1.000
0.006
0.008
0.010
0.016
0.007
0.009
0.015
1.000
0.008
0.011
0.016
0.021
0.010
0.015
0.020
1.000

L (m)

t (m)

0.001

0.006

0.001

0.006

0.002

0.008

Table 1. Optimization criteria

These buildings are covered by a permanent inventory and
are under the protection of a monument conservator. In the
case of the building of the Institute of Geodesy, protection
consists in the permanent performance of renovation works.
Whereas in the case of the tower's ruin it is about keeping the
fragments that have been in good condition. In the
underground of these buildings there are basements with no
access to daylight. In these basements the measurement was
made with Leica C-10 scanner. From each measurement, for
each research object, fragments of the set of observations
were selected, which were processed by the modified OptD
method. Fragments for object1 are walls, while fragment of
object2 is the basement ceiling.
In Table 1 the optimization criteria adopted during the OptD
processing are presented. Values of L and t are given for the
last iteration. To correctly set the criteria for segmentation,
the OptD method in the basic version is first performed. In
this way, the tolerance value is calculated and then the user
can introduce the criteria for segmentation.
The second modification consisting in adding a code column
looks like in the table of data presented in Table 2.

(m)

(m)

(m)

0.5837
0.5709
0.5779
0.5818
0.5340
0.5194
0.6092
0.5123
0.5013
0.6489

0.5426
0.5454
0.5479
0.5508
0.5524
0.5524
0.5526
0.5528
0.5538
0.5540

0.1364
0.1396
0.1388
0.1358
0.1355
0.1385
0.1366
0.1335
0.1367
0.1383

intensity
-515.0000
-629.0000
-822.0000
-728.0000
-605.0000
-568.0000
-965.0000
-519.0000
-924.0000
-707.0000

Code
(0,1,2,3)
1
1
1
1
1
1
1
1
1
1

Table 2. Fragment of outputfile.txt with code column
The third modification is visible on the images. Selected
fragment and their analysis with modified OptD method of
basements for object1 are presented in Figure 4 and Figure 5.
Figure 4 presents that the proposed method shows the
locations of moisture changes. Already at the preliminary
stage of the analysis of the tested surfaces, it allows taking
appropriate corrective actions in the field of water insulation.
By performing subsequent scans within a certain period of
time, it will be possible to determine whether the moisture of

the walls will subside or will remain at a similar level or will
deepen.
Figure 5 shows how the modified OptD method detects
cracks in the wall. It very precisely indicates their location,
although it is difficult to determine the cracking width.
Performing scanning from two positions at different angles
could provide just such information. In this case, however,
because these are preliminary analyzes, it is not about very
precise information about damage, but about their initial
location and quick taking of appropriate corrective actions.
Selected fragment and their analysis with modified OptD
method of basement for object2 is presented in Figure 6.
Figure 6 presents exactly the places of cavities in the
basement ceiling. As it can be seen, such defects, especially
in places important for the construction of buildings, may
lead to a violation of its stability and even to a construction
disaster. So it is very important to fast make a diagnosis of
the building and start to carry out corrective actions.
4. DISCUSSION AND CONCLUSIONS
In this paper the potential of the modified OptD method to
down-sampling of point cloud and its segmentation was
demonstrated.
Combining the possibilities of the OptD method with
simultaneous classification gives the opportunity to study the
structure of objects already at the stage of initial data
processing. This is particularly important during
measurements using TLS technology, because on the one
hand a very large dataset of observations is obtained, and on
the other hand for defect studies the only areas where there
are changes are needed. Modification of the OptD method
consisting in the introduction of segmentation for the points
during in the course of reduction makes that an architect, a
monument conservator, a construction worker can
immediately notice a place on the site that needs to be
controlled. The modification is visible in three levels: in the
Douglas-Peucker algorithm, in the output file and in the form
of colors in the image. In this article the authors introduced
codes for four point groups: harmless, to the inventory,
required repair, dangerous. Table 3 shows how many points
in each of the examined objects have been classified
according to fixed codes.
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Figure 4. Detection of basement wall defects based on OptD segmentation in OXYI coordinate system – object1 fragment1

Figure 5. Detection of basement wall defects based on OptD segmentation in OXYI coordinate system – object1 fragment 2
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Figure 6. Detection of basement brick wall defects based on OptD segmentation in OXYZ coordinate system – object2

number of points
code 1
code 2

objects

code 0
code 3
Object1
18 499
4 898
7 252
fragment1
Object1
17 834
476
761
fragment2
Object2
26 106
321
664
9 811
fragment
Table 3. The characteristic of the dataset after OptD for
objects
The examined objects were measured in complete darkness.
The independence of TLS measurements from lighting makes
it possible to successfully carry out inventory measurements
of endangered objects. It is not always possible to put out
good photos in such dark places, where the changes in wall
structures will be visible. Therefore, the modified OptD
method allows to capture during the pre-processing the most
important defects and to compute surface areas. The Table 4
presents areas calculated for individual groups of points.
area [m2]
objects
Object1
fragment1
Object1
fragment2
Object2
fragment

whole
object

code 0

code 1

code 2

code 3

4.945

4.483

0.391

0.071

-

0.759

0.711

0.030

0.018

-

4.833

4.299

0.137

0.035

0.362

Table 4. Area of defects
Such information about the magnitude of changes as well as
their humidity can be the basis for further important works
related to conservation, reconstruction of old buildings. It is
of course extremely important or even essential for estimating
the presumed repair or recovery costs.
The largest changes in the wall structure were detected for
object2. The dmax parameter was entered as a value of up to

1.000m. The largest change was 0.321m for a large area of
changes distinguished as dangerous. The change has been
patented in the Figure 7.

Figure 7. Maximum brick wall defects for object2
By summarizing the results of the tests the following general
conclusions can be formulated:
1. The modified OptD method gives the possibility of
reduction with simultaneous segmentation of points left
in the set after reduction.
2. The modified OptD method is dedicated to the preprocessing of acquired observations from TLS to
investigate changes in the wall structure.
3. The result of operation of the modified OptD method can
be seen in the output file in the form of codes from 0 to 3.
The number of codes can be chosen arbitrarily by the
user.
4. The codes correspond to the colors that are visible in the
image. They give the opportunity to quickly identify
significant changes in the structure of the walls.
5. The modified OptD method can be used during the
inventory of construction works.
Author
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