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1. Introduction

Abstract

The first step in accurate and scientific documentation for the preservation of historical
buildings is to measure them accurately with a minimum margin of error. Today, with the
advancement of technology, laser scanning systems are widely used for this
documentation process. With laser scanning, the dimensions, form and details of an
architectural structure can be measured and recorded quickly and accurately. Laser
scanning systems not only provide measurement data, but also allow the creation of three-
dimensional models of these data, providing speed and convenience in the production of
project drawings. The data obtained also provides access to wide audiences through the
digital archive method in order to protect the structures and transfer them to future
generations. [0S mobile laser scanning, a laser scanning technology developed in recent
years, has made it possible to perform laser scanning in the documentation of historical
buildings using the cameras of I0S devices with Lidar feature. However, since these
devices use their own location services, they cause shifts in the images obtained from the
scans and make it difficult to place the scans in the coordinate system. Since the use of this
method alone does not provide accurate measurement data and increases the margin of
error, it requires additional software. In this study, scans performed using the I0S device
with the ViDOC RTK (Real Time Kinematics) Antenna were evaluated. Within the scope of
the study, the measurement stages of Ali Cafer Kumbet, one of the important components
of our cultural heritage, which was scanned using the ViDOC RTK antenna on the 10S
device, were examined; the purposes for which the obtained data can be used were
determined and their advantages and disadvantages were evaluated.

similar to each other. The most important fact that forms
the basis of conservation practices is to ensure the

Historical buildings are one of the most important
representatives of the process in which cultures blend
together, and they appear as the most obvious examples
reflecting the lifestyles, development levels, beliefs,
socio-demographic structures and construction styles of
many different civilizations throughout the process. One
of the main issues to be focused on is the preservation
and transfer to the future of historical buildings which
are the determinants of the urban identity and describe
the authentic features of the cities that are changing
rapidly due to globalization and are in danger of being

continuity of the building to be preserved without
disturbing its original characteristics and in this context,
documenting and defining historical buildings correctly
constitutes the most important stage of the process.
Traditional methods and technology-supported
modern measurement techniques are used for the
documentation of historical buildings. Laser scanning
systems, which are the subject of the study, are among
the modern measurement techniques and allow
measurements to be made with a low margin of error.
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Especially in recent years, digital documentation of
cultural heritage has become an area of great importance
for researchers. New technologies have facilitated not
only professional documentation and scientific
management and analysis of data, but also the creation of
interactive user-friendly applications for educational and
promotional purposes (Barrile et. al.,, 2019; Shih et. al,,
2021). In this context, digital technologies have become
an important tool for the promotion and preservation of
cultural heritage to a wider audience.

With the development of technology, there have been
major evolutionary changes in the techniques used for
the collection of 3D data of cultural heritage (Vlachos et
al,, 2021). Methods that have been used for many years
but have recently become popular include terrestrial
laser scanning (TLS) and photogrammetry. However,
technological innovations such as smartphones, tablets
and low-cost sensors have made data collection easier
and more affordable (Campi et al., 2021). The versatility,
portability and ease use of such devices are the main
factors that increase their professional or amateur use as
3D scanning tools. Also, technological advances related to
built-in cameras and improved software have improved
the quality of images captured with smartphones, thus
increasing the quality of 3D models produced from these
images (Ortiz et al., 2021). Since 2020, some applications
have enabled the widespread use of these techniques by
producing products with built-in LiDAR (Light Detection
and Ranging) sensors designed specifically for VR and AR
(Murtiyoso et al., 2021; Spreafico et al.,, 2021).

These devices, which contain LiDAR sensors, use their
own systems as a location detection method. For this
reason, there may be errors or shifts in the images
obtained while performing measurements. This can be a
serious problem for documentation studies. ViDoc RTK
Antenna, which was produced to solve this problem, can
be integrated into smart mobile devices with LiDAR
sensors. In this way, scans are synchronized directly with
PIX4Dcatch. Thus, since the antenna is connected to the
NTRIP (Networked Transport of RTCM via Internet
Protocol) service, it provides the opportunity to produce
3D models and georeferenced images with real-time RTK
accuracy As a result of some studies, it has been seen that
data with absolute accuracy less than 5 cm were obtained
in the data obtained from the scans made with the ViDOC
RTK Antenna. (Atay Engineering, 2023). Within the scope
of the article, Ali Cafer Kumbet located in Kayseri
Melikgazi District was scanned with the ViDOC RTK
Antenna, and the advantages and disadvantages of the
system were evaluated over the data obtained during
and after the field study.

2. Method

2.1. Ali Cafer Kumbet

Located in a park in Kiligarslan Neighborhood in the
Melikgazi district of Kayseri, the kumbet, which is an
important cultural heritage, was built using ashlar stone
material on rubble stone filling. The octagonal body with
a pyramidal cone was placed on a square-shaped
funerary/ burial ground (Sahin, 2021) (Figure 1).
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Figure 1. Ali Cafer Kumbet in it;?old and presé}lfate
(VGMA, ASUA, Personal Archive, 2022).

On the north facade are the iwan methal area and the
crown gate of the kumbet, and there is a rectangular
window on the methal walls (Figure 2). The square
portico is accessed by stairs and the octagonal main hall
is covered by a round dome. The facades are separated
by borders and decorated with rectangular windows
having pointed pediments.

Figure 2. Section and floor plan of Ali Cafer Kumbet
(Kayseri Cultural Inventory, 2015).

The building was registered as a monument with the
Foundation Old Work Record Form created in the 1960s.
At the time of the survey, it is stated that a large part of
the portico section forming the entrance was demolished
and can be identified by photographs (VGMA) (Figure 3).

Figure 3. Ali Cafer Kumbet, old and present (VGMA,
Personal Archive, 2022).

The exact construction date of the kumbet, which is
one of the works that made Kayseri an important Seljuk
city, is unknown due to the absence of any inscription on
the building. Ali Cafer Kumbet, which is thought to have
been built during the Eretnian period, is dated to the



Advanced LiDAR - 2023; 3(2); 41-46

XIVth century (Yanar, 2021; Gabriel, 1931). There is no
source on Ali Cafer, to whom the construction and the
name are attributed, and there are different opinions on
the date of construction. Halil Edhem dates the
construction of the kumbet to the Seljuk period, Tamara
Talbot Rice to 1247-48, Mahmut Akok to the late XIII.
century, Oktay Aslanapa and Ernst Diez to the middle of
the XIV. century. (Diez & Aslanapa, 1955; Rice, 1961;
Akok, 1970; Edhem, 1982).

2.2.Laser Scanning Studies with ViDoc RTK Antenna

The ViDoc RTK antenna is a real-time satellite data
acquisition antenna that can be mounted on mobile
smart devices equipped with LiDAR sensors.
Synchronized with Pix4Dcatch, the antenna allows the
production of RTK-accurate geo-referenced images and
3D models in real time while connected to any NTRIP
service (URL A).

Designed by a German company, the viDoc RTK
antenna is designed for maximum accuracy and works
with Pix4Dcatch software for image acquisition.
Handheld and compatible with smart devices, the viDoc
RTK antenna is designed to replace expensive ground
measurement equipment such as laser scanners to
produce 3D final products (URL A). In order to facilitate
the perception of a systematic approach to the product
acquisition process, the following flowchart was created

(Fig.4).

viDoc RTK antenini
Bluetooth araciligiyla
PIX4Dcatch yiiklii
araca baglanir ve
NTRIP hizmeti
saglanir.

VERi TOPLAMA

. Veri toplama

bitirilince 3D

- @ nouees @ | modeller olusturmak

B icin veriler

. PIX4Dcloud’ay
yiiklenir.

YUKLEME

Model iizerinde

uzunluklari,
. . . alanlar1 ve hacimleri
DEGERLENDIRME: @coneees ® oOlciilebilir, sanal

KONULARI =

!

incelemeler yapilir.

Proje verileri,
paydaslarla giivenli
@ rerunns @ | bir sekilde paylasilir.

PAYLASIM

Figure 4. VIDOC RTK Antenna
Flow Chart (modified from Atay Engineering).

In the data collection phase, which constitutes the
first step according to the flowchart, the device to which
the ViDOC RTK Antenna is mounted was connected to the

satellite using RTK via PIX4Dcatch before starting the
scan. Once it was determined that the connection was
stable, the scanning process started (Figure 5).

4

ce.

-
Figure 5. PIX4Dcatch configuration and interfa

Since the height of the building required scanning the
building 3 times, the height of the building was divided
into four levels and the areas between the determined
levels were scanned in different steps. (Figure 6) In order
not to cause data drift in the overlays obtained by
overlaying the images, extra care was taken not to scan
the same area twice or more while scanning.

Figure 6. Levels and areas identified for scanning.

For the outdoor scanning, firstly, the device was held
at eye level and rotated around the building to scan the
1st area between 0.00 and 3.30 elevations. At the second
stage, the device was elevated on a carrying bar and a
full-round scan was done. At this stage, the 2nd area
between the elevations 3.30 and 6.70 was scanned.
Finally, the transport bar was opened all the way and the
3rd area between 6.70 and 9.30 elevations, which are the
highest points that can be taken by scanning, was
scanned. The fourth area could not be accessed and the
areas above the 9.30 level could not be surveyed. After
the outdoor measurements were completed, the carrying
bar was removed and the indoor measurements were
started. During the measurements of the interior, due to
the plan scheme of the building and lighting problems,
the carrying rod could not be used, and therefore data
could only be obtained up to 6.70 level in the interior.
During the dome and interior scans, the device was kept
as stable as possible and vibration was tried to be
avoided, but some minor vibrations occurred in the scan
data due to external environmental conditions and the
potential for deflection of the carrying bar (Figure 7).
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Figure 7. Photographs of the scanning process of the
outdoor and indoor spaces of Ali Cafer Kumbet (Personal

Archive, 2022).
3. Results

The data obtained as a result of the scan was
processed using the PIX4Dcatch application. In addition
to the Ali Cafer Kiimbeti, which is the focus of the scan,
there are also different objects in the surrounding
texture (Figure 8). Due to the fact that the environmental
data obtained in the scan overloaded the system, this
point cloud data was purged by deleting unnecessary
points in the PIX4Dcatch application (Figure 9).

Figure 8. Unpurged version of the Ali Cafer Kumbet point
cloud data (North facade).

Figure 9. Unpurged and purged Ali Cafer Kumbet point
cloud data (East facade).

The obtained data was reduced to a point cloud data
consisting of 19666554 points after the cleaning process.
The data can be processed in many different applications.
However, despite the cleaning process, the data size is
still very large, which caused freezes and slowdowns on
the computer used when opening the data in various
applications. Autodesk Recap Pro and CloudCompare
programs were preferred because they are fast and easy
to work with and to perform checks and examinations.
With the Recap program, not only RGB view of the point
cloud data can be obtained, but also views such as
"elevation, normal” can be obtained. The Elevation view
allows the elevations of the 3D data obtained from the
scan to be observed in different colors. This can facilitate
data control. The normal view allows a more detailed
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examination of the surface of the scanned data. These
views can be used as support underlays that can facilitate
and guide the drawing while performing survey
drawings over the point cloud data (Figure 10).

i FHE -

Figufe 10. Elevation and normal views obtained from
the Recap program

Instead of obtaining a .jpeg underlay over the
obtained point cloud data, the point cloud can be
imported directly into the Autocad program. In this way,
the workload can be reduced while performing the
drawings. The point cloud data obtained to create a
underlay for the drawings was imported into the Autocad
program with the "Insert-Attach” command. After
positioning the imported point cloud data, the
transformation options were locked so that it would not
move during drawing. Then, the "section-two point"
command was selected to create section underlays and
section points were determined (Figure 11). The same
process was repeated for the plan underlays (Figure 12).

Figure 11. Creation of section uhdefrl_ays By using
Autocad program.

Figure 12. Eréatioﬁ of plan ﬁnderlayé b;/ {lsing Autocad
program.

4. Discussion and Conclusion

Within the scope of the study, the Ali Cafer Kumbeti
located in the Melikgazi district of Kayseri was scanned
with the ViDoc RTK Antenna, an alternative LiDAR
scanning method. The ViDOC RTK Antenna, which is
integrated into I0S devices with LiDAR capability, aims
to produce 3D models with an absolute accuracy of less
than 5cm by providing high-precision position detection.

ViDOC RTK Antenna, which can be used instead of
laser scanners that provide absolute location service, can
be used at low cost as it can be integrated into phones
and tablets. The high resolution of the cameras of the
phones and tablets that can be integrated with the ViDOC
RTK Antenna increases the quality of the product after
scanning. At the same time, the PIX4Dcatch application,
where data is transferred and processed, offers a simple
workflow to the user. In this way, transactions can be
solved faster and easier than alternatives. It can also
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perform long scanning operations thanks to the lithium
batteries inside. Since the method is mobile, it provides
opportunities such as portability and fast assembly.
Thanks to these opportunities, working time in the field
is shortened.

In addition to its many advantages, this scanning
system also has some disadvantages. The entire height of
the Ali Cafer Kumbet could not be obtained by scanning.
Due to the possibilities provided by the carrying stick, a
maximum height of 9 meters could be scanned. Since this
scanning stick has a thin and long structure, the carrying
stick may deflect during measurement. At the same time,
the lack of optimization of the data obtained makes it
difficult to process the data and transfer it to the 3D
model as a mesh surface. High performance computers
are needed for this. During the scanning, carrying the
device in mobile for a long time tires the person that
performing the scan. For this reason, after a certain
period of time, there may be shifts in the images obtained
in the scan because the device cannot be kept stable.

Table 1. Advantages and disadvantages of scanning with
the ViDOC RTK Antenna
Advantages

Disadvantages

It offers scanning at low In cases where the

cost. height of the building is
too  high, scanning
cannot be performed.

The PIX4Dcatch The large number of

application offers a simple points makes it difficult

workflow. to process data and
work on the mesh
surface.

Features such as ease of Holding the device

steadily in the hand
during scanning makes
the scanning process
difficult.

transportation and fast
assembly shorten the
working time in the field.

Lithium batteries enable
long scanning operations.

For a good result, the
person performing the
screening should be
experienced and skilled.

Provides absolute
position accuracy below
5cm.

As a result, it was observed that laser scanning with
the ViDOC RTK antenna is an efficient system for small-
scale structures due to its low cost and mobility, its
simple workflow, its ability to perform long scans with
lithium batteries, and its absolute position accuracy
below 5 cm. However, it has been determined that it can
be efficient in medium-scale buildings with the support
of equipment such as aerial LiDAR, while it may be
inefficient in large-scale buildings.

The advantages and disadvantages of scanning with
the ViDOC RTK antenna are given in Table 1 (Table 1). In
order to minimize these disadvantages, it is very
important to examine the structure or area to be scanned
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in advance and determine the most effective methods.
For example, if structures and groups of structures with
high building heights such as the Ali Cafer Kiimbet are to
be scanned, aerial laser scanning methods should be used
in addition to the ViDOC RTK antenna. In order to
overcome another disadvantage, which is the high
number of points, detailed point cloud cleaning should be
performed through the PIX4Dcatch application. At the
same time, the use of high-performance computers will
facilitate post-scan data processing.
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Keywords Abstract

Ground Filtering, Airborne LiDAR System (ALS) is a common use of rapid data gathering technologies in a
LiDAR, variety of fields, such as cultural heritage, Geography Information Systems (GIS), 3D city
DTM, modeling, and the production of Digital Terrain Models (DTM). Geomatics experts must
CSF, use Light Detection and Ranging (LiDAR) to filter out the bare ground from point cloud
Point Cloud. data. So, the Cloth Simulation Filtering (CSF) ground filtering technique is discussed in this

study. The ground and non-ground point clouds of the airborne LiDAR point cloud data
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1. Introduction

In geomatics applications, airborne LiDAR techniques
are utilized for rapid data collection on various
topographic land surveys. Additionally, many
applications have used elevation and geomorphological
data from digital elevation models (DEMs) produced by
these methods (Erol S. etal,, 2020). Large high-resolution
regions may be quickly and accurately mapped using
LiDAR technology, progressively replacing other
methods as the primary way to create Digital Terrain
Models (DTMs). On the other hand, DTMs are used to
represent the bare soil and validate the actual surface. As
a result, point clouds produced by these measurement
techniques are increasingly used to create DTMs. DTMs
are created by filtering aerial LiDAR point cloud data into
the ground and non-ground point clouds. However, point
cloud filtering (removing bare soil from point cloud data)
remains a significant problem when creating DTMs.

Different ground filtering algorithms have been used
in GIS or LiDAR software solutions over the past 20 years
(for example, Global Mapper, LASTools, and ALDPAT).

were separated for assessment. All point cloud data must be compared for an accurate
appraisal of filtering accuracy. However, the data is so massive; this seems implausible.
Data manually identified as ground and non-ground were used as a reference to measure
classification success adequately. Our findings show that the CSF approach's performance
is sufficient but depends on the kind of point cloud, the slope, and the vegetation type.

However, the advantages of these filtering algorithms
differ from terrain to terrain, and each technique
employed to cope with various terrains has advantages
and disadvantages. In order to choose the best filters, it
is advantageous to compare the performance of different
filtering algorithms (Chen, C., 2021). However, most
algorithms (Klapt, P. etal., 2021; Meng, X., Currit, & Zhao,
2010; Susaki, ], 2012; Rashidi, P., & Rastiveis, H., 2017)
are made to filter ALS data. Multiple laser pulse returns
are recorded sequentially by the ALS. The ALS records
the sequence of multiple laser pulse returns. The values
obtained from bare-earth topography that make up the
ground points in LiDAR data are typically the lowest
surface characteristics in a given locality. Non-ground
points are measurements taken from trees, buildings,
bridges, and bushes above bare soil. Understanding the
physical traits of ground points that set them apart from
non-ground points is crucial for correctly identifying
them (Xuelian Meng,, et al., 2010). As a result, the ground
filter algorithm represents the ground using these
attributes.
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In post-processing light detection and ranging
(LiDAR) data, it is critical to classify the initial point
clouds into ground and non-ground points. The cloth
simulation filtering (CSF) algorithm is generally used to
validate ground points based on physical processes.
Cloth simulation is also known as cloth modeling in
computer programming. CSF algorithm is an accurate,
automatic, easy-to-use LiDAR point cloud algorithm.
Particularly, this algorithm's accuracy is similar to the
majority of modern ground filtering algorithms. Due to
the fact that it has few parameters to process, the users
can rapidly implement them with little experience.

Accuracy assessment is essential in ground and non-
ground filtering algorithms and its application
enhancement. The same test areas are used to evaluate
the accuracy of ground filtering algorithms. The accuracy
assessment methods of this application have three
primary categories, including visual inspection, random
sampling of ground-filtered data, and cross tabulation
with classified ground truth data (Xuelian Meng,, et al.,
2010). This study evaluates the CSF algorithm's
performance on two LiDAR point cloud data. In addition,
it is used to analyze the effects of filtering methods
applied to various cloth resolutions. Cloth resolution
relates to the grid size of cloth implemented for masking
the surface (Zhang et al., 2016).
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2.2. Filtering

In order to create a digital terrain model, filtering is
the process of deciding whether data relates to the
ground or non-ground surface. Numerous filtering
algorithms fall into one of five categories [Bujan, S., 2020;
Stular, B, & Lozi¢, E., 2020; Pfeifer, N. and G.
Mandlburger, 2018; Siileymanoglu, B. and Soycan, M.,
2019, Kugak, R. A, 2022):
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Figure 1. Google Earth image (top) and SRTM DTM (bottom) of Bergama test area (Erol, S. et al., 2021)
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2. Method

In this study, LiDAR point cloud data were obtained
by test flights from 1200 m heights with the Riegl LMS-
Q1560 and Optech LiDAR system provided by the general
directorate of mapping of Turkey. A manual accuracy
assessment approach was preferred for the performance
of filtering. The primary purpose of this study is to
evaluate the performance of CSF method in different
point clouds and different cloth resolutions in the same
area.

2.1.Study Area

The case study area for aerial LiDAR data is located in the
Bergama test site in Turkey (Figure 1). The land size is
150 m in length and 100 m in width. After obtaining the
point cloud data with two different airborne LiDAR
systems, the data were processed, and the DTMs were
gained with the CSF algorithm’s different cloth
resolutions for this study area. Furthermore, the
accomplishment of the filter algorithms in DTM
generation was evaluated and examined.
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¢ Morphological filtering (PMF, SBF, SMRF),
« Surface-based filtering (WLS, CSF),

* Segmentation-based filtering (SegBF),

» Progressive densification (PTIN),

¢ Other (MCC), and Hybrid (BMHF).
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According to Zhang et al. (2016), the CSF algorithm
divides point clouds into the ground and non-ground
points using a cloth simulation approach. CSF is a cloth
simulation-based airborne LiDAR filtering technique. It
only attempts to replicate how cloth nodes and
accompanying LiDAR points interact. An approximate
representation of the ground surface may be created by
determining the positions of the cloth nodes. By
comparing the original LiDAR points with the produced
surface, the ground points may be retrieved from the
LiDAR point cloud. Thus, cloth simulation filtering (CSF)
could refer to the filtering algorithm (W. Zhang et al,,
2016). Figure 2 illustrates the overview of the CSF
algorithm.

*inverse
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Figure 2. Overview of the CSF algorithm (Zhang et al,,
2016).

The point cloud data were filtered using the CSF
method in this case study, and DTMs were produced. CSF
is built on surface-based filtering methodologies. All
points are first acknowledged as ground points; then, all
non-ground points are gradually removed. The surface is
generally defined using all of the points from the first
step using simple kriging. The distance between the
ground and non-ground places is an average surface. The
separation from the mean surface determines the
residual value (Pingel, T. ]., 2013; Siileymanoglu, B. and
Soycan, M., 2019, Kucak, R. A,, 2022).

The efficiency of filtering methods was investigated in
this study utilizing ground and non-ground data using a
manually edited process (Visual inspection). Visual
inspection is a widely used manual accuracy evaluation
technique when unavailable ground truth data. Error
type I, II, and accuracy were three additional indices
based on an employed confusion matrix (Table 1),
(Susaki, J., 2012). How equations (1), (2), and (3) are
represented (Kugak, R. A, 2022).

error type [ =b/(a+bh), D
error type Il =c/(c+d), (2)
accuracy = (a+d)/(a+b+c+d), 3)

Table 1. Structure of Confusion Matrix

Classified Points

Ground Points Non-ground Points

Reference Points Ground Points a

Non-Ground Points c

3. Results

DTM filtering (CSF method) was applied to two
aerial LiDAR data sets using Cloud Compare open-source
software. The filtering algorithm's correctness was
manually examined using reference data. This case study
applied the CSF algorithm to Optech and Riegl LiDAR
point clouds and filtered ground and non-ground points
with both 0.1 and 0.05 cloth resolution.

3.1. CSF Algorithm with 0.1 Cloth Resolution

Firstly, LiDAR point clouds and filtered ground and
non-ground points with 0.1 cloth resolution in this case
study. Approximately 173.600 points were filtered as
ground points for the Optech point cloud. Also,
approximately 98.600 points were filtered as non-
ground points (Figure 3a). Approximately 134.400
points were filtered as ground points for the Riegl point
cloud. Also, approximately 51.000 points were filtered as
non-ground points (Figure 3b).
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Figure 3a. The ground (bottom) and the non-ground
(top) points of Optech Data with CSF 0.1
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Figure 3b. The ground (bottom) and the non-ground
(top) points of Riegl Data with CSF 0.1

3.2. CSF Algorithm 0.05 Cloth Resolution

This case study shows filtered ground and non-
ground points with 0.05 cloth resolution. For the Optech
Data, approximately 164.300 points were filtered as
ground points. Also, approximately 107.800 points were
filtered as non-ground points (Figure 4a). Approximately
108.000 points were filtered as ground points for the
Riegl point cloud. Also, approximately 77.500 points
were filtered as non-ground points (Figure 4b).

Figure 4a. The ground (bottom) and the non-ground
(top) points of Optech Data with CSF 0.05

Table 2. The Confusion Matrix of the filtering methods

Figure 4b. The ground (bottom) and the non-ground
(top) points of Riegl Data with CSF 0.05

3.3. Evaluation of Filtered Data

Accuracy assessment is essential in ground and non-
ground filtering  applications and  algorithm
development. The same test sites are selected to compare
and evaluate ground filtering algorithms. Three primary
categories of accuracy assessment methods, including
visual inspection, random sampling of ground-filtered
data, and cross tabulation with classified ground truth
data can be used (Xuelian Meng,, et al., 2010).

Cloud Compare software was preferred for DTM
filtering. The filtering methods were carried out using
manually altered reference data, and ground and non-
ground data were used as references (Table 1).

The computed type |, type 1], and accuracy for the test
samples are shown in Table 2. Confusion Matrix has
performed with Visual inspection approach. The CSF 0.05
approach has produced the most reliable findings
compared to the CSF 0.1 approach. Riegl Lidar CSF 0.05
has the best results with %99 accuracy value for filtering.
This case study obtained the most accurate results with
CSF 0.05 cloth resolution. This means 0.05 cloth
resolution is a more suitable approach for Riegl data. This
value needs to be changed to get better results with
Optech. This result does not mean the CSF algorithm is
inadequate for Optech data. This is a problem for users
choosing inappropriate values. As a result, this study also
showed that the cloth resolution value in CSF filtering is
significant for ground filtering, and the appropriate value
should be determined according to the resolution of the
point cloud. If care is not taken, ground filtering can cause
many errors.

Sample Dataset Type 1 Error (%) Type Il Error (%) Accuracy
Riegl CSF 0.1 35 17 77
Riegl CSF 0.05 1 1 99
Optech CSF 0.1 48 33 61
Optech CSF 0.05 43 31 63
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4. Discussion

Ground and non-ground data were included in the
reference data that was performed using the filtering
methodologies using the manually filtering approach.
The size of the cloth grid used to cover the ground is
called the "cloth resolution". The bigger the cloth
resolution has set, the coarser DTM will get. On the other
hand, different data types cannot use the same cloth
resolution. When using the CSF algorithm, the most
appropriate value should be chosen by each data because
each data's resolution varies. The following factors when
selecting workspaces for testing the reliability of ground
and non-ground filters should be considered; the
difference in slope and elevation, the size and density of
objects, the size of the working area, and surface
properties. They also affect filtering as they are factors
that affect resolution. As a result, this study also
demonstrated the importance of the cloth resolution
value for ground filtering in CSF filtering and the need to
choose the correct value based on the point cloud's
resolution. Ground filtering can lead to several mistakes
if caution is not applied.

Another factor affecting the comparison of filtering
methods is that two different data taken from the same
height have a topographic feature in a rural area, that is,
without buildings. Natural objects belonging to the earth
always provide the best results. Finally, the better result
of the Riegl CSF approach can be interpreted differently
depending on the parameter changes. However, these
results will serve as a reference for future studies.

5. Conclusion

In this study, existing techniques for ground filtering
on point clouds are experimentally investigated. These
tests highlighted numerous aspects of the methodology
by comparing two separate aerial LiDAR datasets with
various cloth resolutions. The case study location for
aerial LiDAR data is Bergama. The accuracy values for the
two datasets and the cloth resolution levels can be
adjusted for ground filtering, demonstrating the efficacy
of the suggested method for filtering LiDAR data. Shortly,
correct filtering can be achieved in both data with correct
cloth resolution. These filtering results demonstrated
that the suggested strategy might effectively remove
non-ground points from LiDAR point clouds.

In future LiDAR filtering applications, novel filtering
algorithms for broad fields will be evaluated. The impact
of UAV and mobile LiDAR point cloud quality on filtering
results will be investigated. The suitable methods for
ground filtering will be searched by trying the same
algorithms on different data for accurate filtering.
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1. INTRODUCTION

Abstract

Airborne laser scanning (ALS) is a remote sensing method widely recognized for its
efficiency in acquiring data quickly and delivering accurate results. To ensure the
reliability of ALS data, effective decontamination is crucial. This study aims to enhance the
data quality of three distinct LIDAR datasets representing urban, rural, and forest
environments by applying the CSF Filter algorithm in the CloudCompare software, an
open-source tool widely used in point cloud processing. The impact of various data
characteristics and input parameters on the filtering results was assessed through a series
of comprehensive tests. The results of our analysis revealed a notable relationship
between the selected parameters and the quality of the filtered data. Specifically, when the
cover value within the CSF Filter parameters was increased, a corresponding increase in
data loss was observed, leading to significantly flawed outcomes. These findings
emphasize the importance of carefully selecting and fine-tuning the input parameters to
avoid undesirable consequences. The findings underscore the importance of combining
automated filtering algorithms with manual cleaning to achieve high-quality and reliable
point cloud data for various geospatial analyses and applications.

accuracy (Karasaka & Keles, 2020). LIDAR data as point
cloud is named. This is due to the fact that the targets

LIDAR is a remote sensing technology, which stands
for Light Detection And Ranging (Erisir, 2015). The
measurements carried out using LIDAR technology
enable the collection of raw data on non-man-made
objects and objects that are man-made, that is, all the
properties found on the earth's surface (Kostrikov,
2019). 3D digital terrain model (DTM) is a very
important resource for determining the details of the
earth's surface and preparing projects. The outstanding
feature of LIDAR technology as the biggest advantage is
revealed when compared with traditional methods of
creating numerical models of the earth's surface. These
advantages in question are the values of labor, time and

have changed and the aircraft being scanned it is due to
the irregularity of the scan data as a result of their
movements (Lu etal, 2011).

When we look at the areas of use of LIDAR technology,
there are two different types of LIDAR: Terrestrial LIDAR
and Aerial LIDAR (Celik et al., 2014).

When LIDAR systems are examined, low cost as well
as high point density allows obtaining high and high
accuracy reference numerical altitude data, less land
studies compared to classical ground measurements and
numerical aerial photogrammetry can be shown as
advantages of the system (Celik et al., 2014; Ekercin &
Ustiin, 2004).
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When the spectral characteristics of the lasers in
LIDAR systems are examined, they are located in very
wide spectra such as 50-30000 nm from visible and near
infrared. The lasers involved in LIDAR systems are
limited to the near infrared spectral region. The reason
fort his is to reach the data day and night, in the shade or
among the clouds (Celik et al.,, 2014; Wehr & Lohr, 1999).

Terrestrial Laser Scanning: Terrestrial Laser
Scanning (TLS) technology enables the execution of 3D
coordinates precisely and automatically (Comert et al.,
2012; Yuriy Reshetyuk, 2009). When examined, it is
applied in areas such as registration operations of
cultural heritage and engineering projects (Comert et al.,
2012; Lichti & Gordon, 2004).

Aerial Laser Scanning: Modern remote sensing
technologies have revolutionized the way we monitor
and map large-scale regions, gradually replacing
traditional measurement methods. Aerial laser scanning,
a prominent laser scanning technology, has emerged as
one of the most effective remote sensing methods (Uray
2022). This technique involves transmitting lasers from
scanning devices mounted on aircraft or helicopters,
which reflect off objects. The distance between the
scanning device and the scanned object is then calculated
based on the pulse's return time. Aerial LIDAR systems
typically comprise three components: GPS, IMU, and a
scanner. The scanner records the reflection values, GPS
captures location information of the point cloud, and the
IMU-derived orientation parameters of the aircraft assist
in calibrating the point cloud (Civelekoglu, 2015).

Remote sensing methods, such as LIDAR, facilitate the
creation of numerical elevation models that encompass
comprehensive elevation information of the Earth's
surface. Models containing  three-dimensional
information about various structures on the Earth's
surface are known as numerical elevation models, while
those representing only the bare land surface are
referred to as numerical terrain models (Uray, 2022).

LIDAR technology enables the collection of raw data
on both natural and man-made objects present on the
Earth's surface (Kostrikov, 2019). It allows for rapid and
precise acquisition of physical data in a non-contact
manner, facilitating the creation of accurate 3D models
(Fidan & Fidan, 2021).

The formats of the point cloud data obtained using
aerial LIDAR technology may vary, as well as the format
often obtained “las" is an extension structure. When
looking at the formats used other than this format, ASCI],
.point cloud data can also be obtained in the form of xyz
text, fast binary, scan binary and grass sites formats and
data processing studies can be performed (Civelekogluy,
2015; Habib & Rens, 2017).

Point clouds, which are obtained using airborne laser
scanning technology, allow us to obtain more
information about the terrain than many other sources of
data acquisition. Recently, LIDAR point clouds created as
a result of obtaining data by airborne (airplane,
helicopter) laser scanning are the main data source in
order to produce a high-resolution digital surface model
(DSM) or digital terrain model (DTM) (Podobnikar &
Vrecko, 2012).

This study aims to investigate the performance of
different filtering algorithms, specifically focusing on the
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CSF filter algorithm, in determining ground points for
classification in point clouds obtained using LIDAR
technology. The research examines various point clouds
with distinct properties and compares the accuracy rates
of different classification and filtering algorithms. The
objective is to determine which algorithm delivers more
successful filtering results for specific feature-bearing
point clouds.

Previous studies in the literature have employed the
CSF filtering algorithm for filtering ground points, such
as the study titled "Performance Analysis of the CSF
Algorithm for Filtering Ground Points." This research
focused on an area characterized by challenging terrain
with steep slopes and dense forest cover. Orthophotos
obtained simultaneously with the LIDAR data served as
reference data for the study. Point cloud data were
processed using the CloudCompare software, with
specific parameter values selected for filtering
operations. The study employed a classification
threshold value of 0.5, a repetition time of 1000, and
varied grid resolutions of 0.2, 0.3, 0.4, 0.5, 1, and 2. The
results demonstrated distortions in the surface model
with increasing grid resolution values, resulting in a
reduced number of ground-class points. Consequently,
manual filtering was deemed necessary to eliminate non-
ground points.

By conducting an in-depth analysis of different
filtering algorithms, this study contributes to the field of
current research topics in LIDAR technology. The
findings offer insights into the most effective filtering
algorithms for specific types of feature-bearing point
clouds, facilitating accurate data analysis and
interpretation for various applications (Karasaka &
Keles, 2020).

Looking at another study in the literature,
“Assessment of the performance of eight filtering
algorithms by using full-waveform LiDAR data of
unmanaged eucalypt forest” provides filtering of ground
points obtained using the Axelsson filtering algorithm
contained in the Terrascan commercial software and
seven different filtering algorithms contained in the
open-source Aldpat software. The mean value, standard
deviation and Roor Mean Squared Error (RMSE) metric
values were used to evaluate the weaknesses and
strengths of the filtering algorithms. This research
focuses on circular plots consisting of brushwood and
unmanageable acalyptus forests with different
characteristics, where the tree frequency falls by 1600
trees per hectare. In order to evaluate the SAM data
generated as a result of the study, a reference SAM
surface is created with the help of GNSS receivers. As a
result, it is seen that the Axelsson filtering algorithm and
the Polynomial Two-Surface Fitting filtering algorithm
obtain the highest quality value in terms of RMSE value
(Gongalves & Pereira, 2010).

2. Method
2.1. Point Cloud

In order to be scanned with LIDAR systems, the
surface of the objects of the handled area is obtained in
3D. The scanning process is performed systematically,
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quickly and automatically, and %, y, z coordinate
information for many points can be accessed per second.
The set of points obtained by scanning is usually
collected as a point cloud during scanning (Glimis &
Erkaya, 2007).

In addition to providing metric and visual or thematic
information about an object, a point cloud is the sum of
the x, y, z coordinates in the general reference system of
objects. If these properties are to be examined, the spatial
relationship of the objects between each other and the
geometry of the objects, the properties used to Decipher
the qualities of the object surface, where metric
properties, density or RGB values are found, are called
visual or thematic properties (Frohlich et al., 2000).

2.2. Point Cloud Filtering

The raw LIDAR point cloud contains reflections of all
man-made or non-man-made points on the earth's
surface (Dogruluk et al,, 2018). In order to create a SAM
with LIDAR, the points belonging to the ground class
must be cleared of objects that do not belong to the
ground class, such as trees and buildings. This process in
question is called filtering (Soycan et al,, 2011b). In order
to obtain a high quality surface, it is very important to
filter the point cloud in a precise and effective way (Liu,
2008).

When the physical properties of the ground points are
taken into consideration, they are grouped in four
different ways (Stleymanoglu & Soycan, 2017; Meng et
al, 2010):

e The lowest height: Ground points at additional
high height in available LIDAR data are the points.

e The steepness of the floor surface: When looking
at the Declivity between the ground and points that
do not belong to the ground, it is steeper than the
Declivity between neighboring ground points.

e The height difference between the decking
points: The high elevation differences of the points
between each other indicate the points belonging to
objects such as buildings and trees, while the low
elevation differences indicate that it is the declivity
point.

« Homogeneity of the floor surface: The points
belonging to the ground are partly smoother and
more continuous than the points belonging to other
objects.

In the process of creating numerical models
consisting of irregular point clouds, processing LIDAR
data is an important process. An important stage in the
process in question is the filtering of raw LIDAR data.
There are many free, open source and many commercial
software available for determining the points belonging
to the ground class using the filtering algorithms of the
LIDAR point cloud. When looking at the literature, it is
seen that the strengths and weaknesses of each filtering
algorithm stand out for different land surfaces (Karasaka
& Keles, 2020).

Many of the filtering methods use geometric
relationships between neighboring points to determine
whether the points are on the decking or not. Information
such as the pulse width from the exact waveform of the
obtained signal, which gives more effective results in
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areas covered with low vegetation, can improve the
desired result (Vosselman & Maas, 2010). The properties
of an object that creates a normalized digital surface
model (nDSM) and the land surface greatly improve the
quality of filtering. There are cases when almost all
filtering methods eliminate points that are outside the
ground class with difficulty or protect them properly so
that DSMs can be created. Examples of these situations
are larger buildings, dense vegetation, ramps, bridges,
steep slopes, hydrological bodies and different
geomorphological edges, i.e. cliffs and riverbanks
(Podobnikar & Vrecko, 2012).

A lot of algorithms have been developed for filtering
3D point cloud data. Filtering algorithms are divided into
4 separate groups as Morphological Filtering Algorithms,
Gradual Tightening Algorithms, Surface-based Filtering
Algorithms and Segmentation-based Filtering
Algorithms (Siileymanoglu, 2016; Briese, 2010).

2.2.1. Morphological filtering algorithms

The filtering algorithms in this group are based on
mathematical morphology and are interested in the
shapes or shape measurements of objects (Haralick &
Shapiro, 1992; Uray, 2016). Various experiments
conducted on LIDAR data using morphological filters
show that these filters have the ability to distinguish
objects outside the ground (Kobler et al., 2007; Uray,
2016). The morphological operators used in the digital
image processing are the basic alarm operation, and the
operators in question are erosion, expansion, opening
and closing. Of these four operators, the wear and
expansion operators form the basis of mathematical
morphology (Stleymanoglu, 2016; Haralick & Shapiro,
1992).

2.2.2. Stepwise classification filtering algorithms

It classifies the point cloud data in an iterative
manner by starting the filtering process using a small
number of point cloud data (Stileymanoglu, 2016; Briese,
2010). These are algorithms developed based on the
principle of smoothness of the floor surface. The points
where sudden changes and deviations occur in the point
cloud data are considered to be non-ground points. A
surface is created using the TIN method from the point
cloud data to detect areas where local deviations and
sudden changes occur, and thus changes in the surface
geometry can be observed accurately (Siileymanogluy,
2016; Haugerud & Harding, 2001; Meng et al.,, 2010).

2.2.3. Surface-based filtering algorithms

It uses DSMs created by using the entire dataset for
the purpose of filtering point cloud data. In this aspect, it
is similar to gradual classification algorithms, but unlike
the gradual classification algorithms of surface-based
filtering algorithms, instead of adding point data to the
ground class step by step, surface-based filtering
algorithms initially accept all points as ground points and
create temporary DSM using these points. In the next
step, the contribution of all points to this surface is
reduced, deleted or increased (Silleymanoglu, 2016;
Briese, 2010).
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2.2.4. Segmentation and clustering based filtering
algorithms

It is based on the approach of classifying point
groups by filtering in a collective format instead of
classifying points by filtering them one by one
(Stleymanoglu, 2016; Briese, 2010). Points with
similarity are included in the same cluster. The
classification of the clusters is based on topological
relations (Stleymanoglu & Soycan, 2017; Sithole &
Vosselman, 2005).

2.3. Digital Surface Model (DSM)

The numerical surface model can be specified as a
model expressed in the 3D coordinate system of XYZ
values. DSM is a model formed as a result of showing all
man-made and man-made objects that are located on the
earth in order to digitally express the earth's descriptive
surface. As indicated by the SYMS as a numerical image
containing a height value in each pixel, the XYZ values,
which are independent of each other and randomly
distributed, can also be expressed as a set of triangles
that do not intersect each other at known points. With
these models, surface areas, volume calculations, slopes
and isohips can be used to create (Uray, 2016).

2.4. Digital Terrain Model (DTM)

The term numerical terrain model is defined by the
Massacusetts Institute of Technology as a simplified
statistical representation of a continuous surface with
many points with known XYZ coordinates .(Maliqi et al.,
2017; Pedersen, 2022). Models that are used in the same
sense as DSM, but are not in vegetation together with all
objects that are man-made, are called numerical terrain
models. DTM consists of points with high values that
better show the true shape of the earth. The material
curves obtained using DTM, produced with DSM, show
the true shape of the earth in a superior way. DTM is the
synonym of DSM for the simple land surface (Maune,
2011; Uray, 2016).

If we look at the areas of use of DTM; There are many
areas such as urban planning, forest management,
topographic map, transportation, flood hazard and risk
maps (Hill et al,, 2000; Uray, 2016).

It is possible to produce a numerical terrain model
with different interpolation algorithms. The purpose of
use and production of the numerical terrain model
determines which interpolation algorithm should be
used when creating a numerical terrain model.
Numerical terrain models produced for geodetic and
engineering purposes are commonly represented by a
regular grid of points that reproduce the surface heights
(GRID), an irregular grid (TIN) and vector lines of the
numerical terrain model (Maliqi et al., 2017; Pedersen,
2022). One of them is the slope relief caused by a
mathematical operation in the Numerical terrain model
raster (Pedersen, 2022; Vosselman & Maas, 2010).

Grid: It is a raster representation of the numerical
terrain model on a normal grid. The land surface is
represented as a set of elevation values that are related
to uniformly distributed X and Y coordinates (Maliqi et
al,, 2017; Pedersen, 2022)
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TIN: It is a numerical terrain model adapted bby
multi-GIS software and automatic mapping software
(Bjgrke, 2010; Pedersen, 2022). TIN models consist of
points connected by lines forming triangles, and all
triangles form continuous surfaces within them. The
surfaces formed are defined by the heights of the three
corner points of the triangles (Maliqi et al, 2017;
Pedersen, 2022).

Slope relief: It is a visualization method of the
height model. These show local elevation changes more
clearly than an elevation grid (Pedersen, 2022;
Vosselman & Maas, 2010).

2.5. Application

In this study, we investigate the effectiveness of the
CSF Filter algorithm, implemented in the CloudCompare
software, for filtering LIDAR point cloud data with urban,
rural, and forest characteristics. By varying the input
parameter values, we aim to determine which parameter
values yield more accurate ground point classification.
The study involves the creation of Surface Models (SAM)
for each parameter value applied in the filtering
algorithm, followed by an accuracy analysis of the
resulting SAMs.

During the acquisition of LIDAR point clouds,
atmospheric conditions like fog or rain can lead to the
formation of noise points. Manual cleaning methods
using the CloudCompare software are employed to
remove these noise points. Subsequently, the CSF Filter
algorithm, available in CloudCompare, is utilized for
ground point classification. The cover value parameter is
assessed using different combinations to determine its
impact on the filtering results.

Through this research, we aim to identify the most
effective parameter values for accurate ground point
classification in LIDAR point cloud data. The findings will
contribute to enhancing the data quality and reliability of
LIDAR-based applications in urban, rural, and forest
environments. Additionally, the study highlights the
importance of pre-processing steps, such as manual
noise removal, and provides insights into the
optimization of the CSF Filter algorithm for improved
point cloud filtering.

Figure 1. Display of urban area LIDAR data in
CloudCompare software
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Figure 2. Displaying rural area LIDAR data in

CloudCompare software

Figure 3. Displaying forest area LIDAR data in
CloudCompare software

2.5.1. Filtering of LIDAR data - urban area

The urban area (300 ha) is comprised of an urban
area with a total of 312 buildings in the west part of the
city of Skopje, the capital of North Macedonia (Figure 1).
The study area is divided into two parts, with the Vardar
river with a width of approximately 60 m. The left part of
the study area contains dense and low residential grid-
like buildings with a maximum of 10 m height, while on
the right side, there are higher residential and
commercial buildings with a maximum height of 70 m.
The urban area is generally flat, and the surface elevation
of the study area varies from 250-327, while the terrain
elevation is from 250-325. Besides buildings, the study

Figure 4. Th
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area contains many trees, three bridges, and a riverbank
of 20 m in width from both sides (Kaplan et al. 2022).

The study area is located in a high-risk seismic zone
with a history of destructive earthquakes. Thus, a
shallow, magnitude 6.1 earthquake with an intensity
rating of IX (Mercalli scale) hit the city in 1963, when the
disaster caused significant loss of life and property. More
than 1,000 people have been killed, 4,000 injured and
more than 200,000 displaced (Kaplan et al., 2022).

Almost %80 of the city was destroyed, and many
public buildings, schools, hospitals and historical sites
were seriously damaged. More recently, in 2016, a
powerful, magnitude ML5.3 earthquake struck the
capital (Kaplan et al,, 2022; Sinadinovski et al., 2022).

The LIDAR data were obtained from the Cadastre
Department of North Macedonia. Data collection was
carried out with an aerial platform, Cessna 402B and
Riegl VQ-780i sensor system. The data collection was
carried out on May 3, 2019 under a clear sky and an air
temperature of 11 ° C. The soil sampling distance of
LIDAR data is 5 points / m2 (Kaplan et al., 2022).

Study area map = 375 000 m*
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Figure 5. The study area in city of Skopje, used for the
analyses (Adjiski et al., 2023)

Table 1. Number of LIDAR point cloud points in the
urban area

Cloth Resolution Number of LIDAR Points
Original Data 4,537,424
0.1 2,878,720
0.5 2,373,512
1 2,174,743
2 1,896,947
5 1,557,410

rea (Kaplan eal., 202)
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(d)
Figure 6. For an urban LIDAR point cloud; (a) The Original Point Cloud, (b) Data Obtained As a Result of Entering the CSF Filter
Algorithm Cover Value as 0.1, (c) Data Obtained as a Result of Entering the CSF Filter Algorithm Cover Value as 0.5, (d) Data Obtained
As a Result of Entering the CSF Filter Algorithm Cover Value as 1, (e) Data Obtained as a Result of Entering the CSF Filter Algorithm
Cover Value as 2, (f) Data Obtained as a Result of Entering the CSF Filter Algorithm Cover Value as 5.

Figure 7. For rural LIDAR point cloud; (a)The Original Point Cloud, (b)The Data Obtained As a Result of Entering the CSF Filter
Algorithm Cover Value as 0.1, (c) The Data Obtained as a Result of Entering the CSF Filter Algorithm Cover Value as 0.5, (d) The Data
Obtained as a Result of Entering the CSF Filter Algorithm Cover Value as 1, (e) The Data Obtained as a Result of Entering the CSF Filter
Algorithm Cover Value as 2, (f)The Data Obtained as a Result of Entering the CSF Filter Algorithm Cover Value as 5.

(d) (e) (f)
Figure 8. For Forest LIDAR point cloud; (a)The Original Point Cloud, (b)The Data Obtained As a Result of Entering the CSF Filter
Algorithm Cover Value as 0.1, (c) The Data Obtained as a Result of Entering the CSF Filter Algorithm Cover Value as 0.5, (d) The Data
Obtained as a Result of Entering the CSF Filter Algorithm Cover Value as 1, (e) The Data Obtained as a Result of Entering the CSF Filter
Algorithm Cover Value as 2, (f) The Data Obtained as a Result of Entering the CSF Filter Algorithm Cover Value as 5.
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2.5.2. Filtering of LIDAR data - rural area

The agricultural study area is flat and consists of corp
fields, divided with a road. The main part of the crops are
empty, while smaller part of the area consist of green
crop lands.

Table 2. Number of LIDAR points cloud points in the
rural area

Cloth Resolution Number of LIDAR Points
Original Data 4,277,552
0.1 3,874,365
0.5 3,823,732
1 3,688,195
2 3,555,055
5 3,453,315

2.5.3. Filtering of LIDAR data - forest area

The forest area is characterized by its abundant
growth of dense and towering trees, which create a
captivating and enchanting environment. The natural
landscape is further enhanced by the presence of rugged
mountains.

The terrain within the forest area is undulating, with
varying altitudes and steep slopes that add a sense of
adventure and challenge to exploring the region.

Table 3. Number of LIDAR points cloud points in the
forest ares

Cloth Resolution Number of LIDAR Points
Original Data 13,952,936
0.1 3,350,703
0.5 2,859,832
1 1,782,871
2 306,483
5 8,293

3. Results

When examining the ground points classified by the
CSF Filter algorithm, it becomes evident that there is a
loss of data in the ground points as the cover value
increases, leading to noticeably incorrect classifications.
While it was initially assumed that the decrease in the
cover value would accurately determine the actual
ground points, it is observed that planar areas such as
building roofs are mistakenly classified as ground points.

In assessing the wurban, rural, and forest
characteristics of the data, it becomes apparent that the
most successful results are achieved in rural areas.
However, this assessment has been primarily based on
visual analysis. In future studies, it is crucial to perform a
statistical accuracy assessment to obtain more reliable
and objective results. By conducting such an assessment,
the outcomes can be quantitatively compared and
analyzed to validate the algorithm's performance across
different landscapes.

This statistical accuracy assessment would involve
rigorous data analysis and comparison of ground truth
data with the algorithm's classifications. Furthermore,
the assessment should consider factors like the
complexity of urban and forest environments, as they
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pose additional challenges for accurate ground point
classification.

By conducting a thorough statistical accuracy
assessment, it will be possible to gain a deeper
understanding of the algorithm's limitations and
strengths across various landscape types. This
assessment will provide more robust evidence to
evaluate the algorithm's effectiveness and guide future
improvements and optimizations.

In conclusion, while the CSF Filter algorithm exhibits
data loss and incorrect classifications in ground points
with increasing cover values, a more comprehensive and
statistically rigorous accuracy assessment is required to
assess its performance accurately. By conducting such an
assessment and comparing the results across different
urban, rural, and forest landscapes, a clearer
understanding of the algorithm's performance can be
obtained, leading to further improvements and
advancements in the future.

4. Discussion

In the process of removing ground points, which is
being performed using the CSF Filter algorithm, manual
cleaning operation is required in the remaining parts due
to the fact that planar areas are considered as ground. In
this way, the process of obtaining ground points will
reach a more accurate result.

5. Conclusion

In order for the accuracy analysis to be performed
with more precise results, reference SAM data are
needed. As a result of comparing the obtained data with
the reference data, the accuracy rates of the parameters
will be determined more accurately.
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Abstract

In order to ensure that the structures are repaired again as a result of possible natural
disasters and day-to-day wear and tear of historical structures, it is necessary to create 3-
dimensional models. One of the methods used in the realization of this model is terrestrial
laser scanning. As a result of scanning the historical structures in question in different
sessions with the terrestrial laser scanning method, a point cloud is obtained and used in
relay studies. The filtering process is performed first for the use of point clouds. The
filtering process was carried out by removing the point data found in the environment
during the scanning of the structure to be studied and which were considered noise in our
study. In our study, CloudCompare software was used in order to turn the point clouds
obtained as a result of different sessions and the filtering process completed into a single
structure. In order to combine the point clouds, control points established before the

scanning process started and natural points located on the structure were used.

* Corresponding Author
umutaydar@comu.edu.tr

A
5= check for

@ updates

1. Introduction

When we look at the geography in which the Republic
of Turkey is located, it is determined that it has hosted
many civilizations during the historical process.
Therefore, the remains of these civilizations are seen
quite a lot in the geography. It should never be forgotten
that this cultural heritage in question does not belong
only to one country, but is a common value of all
humanity. It is important that this heritage is protected,
repaired and brought to the common heritage of
mankind with current technologies (Fidan & Ulvi, 2022).

Cultural heritage are valuable assets that have
survived from past generations to us and should be
protected and should be passed on from us to future
generations, have universal values and have certain
criteria. Historical artifacts or historical assets include

tangible or intangible cultural and natural heritage (Ulvi
etal, 2019; Sar1 et al., 2020; Balci, 2022).

The sustainability of cultural resources can be
achieved through conservation and restoration works,
and architecture is an important resource. When cultural
assets become unable to meet the new demands and
needs that are emerging as a result of technological,
social and economic changes, new functions can be
acquired to ensure their continuity (Asptekin & Yakar,
2020; Kanun et al, 2021; Kabadayi, 2023). It is very
important to ensure the sustainability and protection of
cultural heritage (Yakar etal.,, 2019; Korumaz et al., 2011;
Ulvi et al,, 2020; Kabadayi, 2023).

In order to be used for repairing damages that may
occur as a result of damage to historical structures,
terrestrial laser scanning (TLS) technology can be used
to create substrates for creating sections of 3-
dimensional (3D) models.
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Saritas, B, Aydar, U. & Karademir, B. (2023). The Use of Terrestrial Laser Scanning Technology in the Documentation of Cultural Heritage: The Case of Bezmialem Valide Sultan

Fountain. Advanced LiDAR, 3(2), 62-69.


http://publish.mersin.edu.tr/index.php/lidar/index
mailto:berkansrts@gmail.com
mailto:umutaydar@comu.edu.tr
mailto:beyza3992@gmail.com
mailto:umutaydar@comu.edu.tr
https://orcid.org/0000-0003-1429-0304
https://orcid.org/0000-0002-3987-6435
https://orcid.org/0009-0004-5338-0630
https://publish.mersin.edu.tr/index.php/lidar/article/view/1177

Advanced LiDAR - 2023; 3(2); 62-69

Traditional geodetic measurement methods, whole
ground measurement or real-time (RTK) GPS
measurements are not very suitable for quickly accessing
geometric and visual information of the object. These
allow only individual point measurement. For this
reason, these methods are usually slow. Modern
reflector-free total stations and other developing
technologies also have point-based scanning functions.
However, the excessive scanning time, the low number of
points obtained, the inability to obtain sets of points
suitable for the actual model of the scanned object have
brought the terrestrial laser scanning technology to the
forefront (Giimiis & Erkaya, 2007).

There are many basic concepts related to
photogrammetry in laser scanning. LIDAR technology
forms the basis of laser data production in remote
sensing and photogrammetry. It is seen that LIDAR
technology stands for light detection and ranging. Light
amplification by stimulated emission of radiation
describes laser beam technology in its abbreviated form.
In terms of the physical structure of the laser beam, it
maintains the beam structure over long distances, has a
monochromatic and consistent structure. (Giimis &
Erkaya, 2007)

When geometric problems come to the fore in remote
sensing and photogrammetry, it is seen that laser
scanning technology especially comes to the fore. Laser
scanning method, which is essentially LIDAR technology,
is an active measurement method. The data obtained by
the laser scanning system is a point cloud consisting of 3-
dimensional (3D) points (Giimiis & Erkaya, 2007). Alarge
number of X, Y and Z coordinates can be obtained, as well
as density information for each point and measurement
operations of Red Green Blue (RGB) values are also
provided. For all the measured points, x, y and z
coordinates are determined in a spherical or ground
coordinate system in space (Staiger, 2003; Yakar et al,,
2005; Fidan et al,, 2022).

The laser scanning technique is called laser scanning
by calculating the time elapsed between the laser beam
coming out of the laser scanning device hitting the
surface of the object to be scanned and then reflected and
returned to the device, converting it into distance
measurement and decoupling it with the photos taken
(Senol et al,, 2021; Kaya et al., 2021; Balci, 2022). Laser
scanner devices are systems that can shoot thousands or
millions of laser points per second and detect them back
in 3D and convert them into data (Memduhoglu, 2020;
Polat at al.,, 2020; Balci, 2022). There are two systems in
laser scanning devices: mechanical deflection and laser
radar. While the mechanical deflection system records
the horizontal and vertical angles of the laser signal, the
laser radar system calculates the return time from the
surface where the beam transmitted from the scanners
hits the scanned object to the device again. The 3D and
global coordinate network for laser scanning technology
are formed thanks to these two systems (Balci, 2022).
Laser scanning technology is divided into two different
classes: aerial laser scanning and terrestrial laser
scanning.
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Aerial laser scanning (ALS): A laser scanning device
is a system consisting of Global Navigation Satellite
Systems (GNSS) and Inertial Measurement Unit (IMU)
and installed on an aircraft. By scanning objects and
surfaces from the air with the help of this system, a point
cloud containing coordinate values is obtained (Balcy,
2022).

Today, the horizontal and vertical accuracy of
measurements obtained by aerial laser scanning has
caught up with photogrammetric methods. The ALS
system is mounted on a helicopter, drone or aircraft
(Polat & Uysal, 2016).

The scanning device calculates the distance between
ground objects and the sensor by recording the
Deceleration and return time of the laser beam (Meng et
al,, 2010). Based on this calculated distance, the current
position of the platform is recorded with GNSS, while the
position of the object measured is calculated by
recording the status of the aircraft with IMU (Liu, 2008).

Terrestrial laser scanning (TLS): It is a technology
that is frequently used for the documentation of
historical and cultural structures, restoration and survey
purposes (Glimis & Erkaya, 2007). Terrestrial laser
scanning is the name of the technology that enables fast
and easy data acquisition from objects such as buildings
and machines with complex geometry (Staiger, 2003). It
provides opportunities for the presentation of 3D
photorealistic models, classification of real objects and
the creation of visual reality by combining the methods
of terrestrial laser scanning technology together with
terrestrial image photogrammetry (Forkuo & King,
2004). When compared with traditional measurement
techniques, it is seen that 3D point information is a
measurement technique that can be obtained with very
high speed (Altuntas & Yildiz, 2008).

Engineering applications of laser scanning
technologies in general today (Kanun et al, 2021;
Kabadayi, 2023), examination of changes in structures,
deformation measurements, measurement of mosques,
baths, churches, documentation of cultural heritage such
as castles and castles on a city scale (Erdogan et al., 2021;
Kabadayi, 2023), it is observed that it is used in areas
such as geography and geological applications such as
caves and field research, determining the parameters of
forests and woodlands (Alptekin et al,, 2019; Kaya et al,,
2021b; Kabadayi, 2023).

Laser scanners provide imaging in the form of a point
cloud by scanning the object to be measured in the form
of arrays of dots under a certain angle in the horizontal
and vertical directions. For each laser point, the scanner
instrument-centered polar coordinates are measured.
These are; the inclined distance to the measured point,
the angle that the measuring line makes in the horizontal
plane with the x-axis, and the angle of inclination that the
measuring line makes with the horizontal plane (Lichti &
Gordon, 2004).

If the external surfaces of a building are to be scanned
for architectural relay, the tool is installed at any point
and the area seen on the building surface is scanned.
Then, the scanning is performed by installing the
instrument in a suitable place so that it scans the adjacent
area of the first scan. Each scan is performed in such a
way as to create common scanned areas at a certain rate
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with the previous scan. These common scanned areas are
necessary for the joining of point sets (Altuntas & Yildiz,
2008).

Preparation of relay and restoration projects using
the terrestrial Laser scanning method; Laser scanning
technique was used to create 3D data of the castle ruins
in the study entitled Aksehir Castle Ruins Sample. The
focus is on obtaining information about the spatial and
structural situation through the use of 3D laser scanning
technique. When the results of the study are examined, it
is seen that the ground laser scanning method is an
appropriate and modern technique for collecting special
and 3D data in the documentation of historical heritage.
With the work carried out, the documentation of the
structural and digital data of the castle ruins located in
Aksehir was provided (Karadayi, 2023).

In the study entitled three-dimensional (3D)
documentation of ancient tombstones by ground laser
scanning (TLS) method, it was aimed to digitally
document the ancient tombstones that need to be
scanned using a scanning device without being exposed
to any contact. In the study where ancient tombstones
were scanned from different locations, 3D models were
produced and visual presentations were created, and
thus the documentation of ancient tombstones was
completed (Us, 2022).

The aim of my study is to create 3D models as base
data for use in repair operations in case of destruction
and damage caused by possible natural disasters and
day-to-day wear of historical structures.

In order to create 3D models of the Besiktas
Valideshcheshme Bezmialem Valide Sultan Fountain, in
order to restore the damage that may occur due to
damage to historical structures, the measurement
process is carried out using the ground laser scanning
technique, and the purpose of cleaning the noise points
of the scan data obtained is to perform the registration
process.

2. Point Cloud

Laser scanning devices, which can be defined as a
motorized total station, obtain the surface data of the
objects to be scanned in 3D coordinates. The scanning
process is performed systematically and automatically
and allows reaching the x, y and z coordinates of
thousands of points per second. The set of high-accuracy
dots obtained from TLS is usually collected as a point
cloud during the scan (Mills & Barber, 2003; Glimiis &
Erkaya, 2007).

The sum of the x, y and z coordinates of any object
or location in the general reference system of spatial
distribution is called a point cloud. A point cloud contains
various information called "Metric“ and "Visual or
Thematic": (Mettenleiter, 2000; Glimtus & Erkaya, 2007)

Metric: It Deciphers the object geometry along with
showing the spatial relationships between the objects in
the environment.

Visual or thematic: There is added information
such as density or RGB value. It can be used to calculate
the reliability of distance data for each point and to
explain the properties of the object surface.
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3. The Working Principle of TLS

Terrestrial Laser Scanning devices work with three
different principles: those that process with the arrival
and departure time of a laser beam, those that process
with the phase comparison method, and those that
process with the triangulation method. Terrestrial laser
scanning devices that process by triangulation method
are divided into two different classes as single camera
solution and two camera solution.

3.1. Those Who Make Transactions with the Arrival
and Departure Time of a Laser Beam

As in total stations, a laser beam is sent to the object
to be scanned, and Decalculation of the distance between
the instrument sending the laser beam and the surface of
the object to be scanned is provided. The measurement
of this distance in question is calculated by measuring the
departure and arrival time of the laser. Scanning devices
use small rotation instruments for the angular deviation
of the laser beam and use simple algorithms for
calculating lengths. The typical standard deviations of
distance measurements are a few millimeters. Due to the
relatively short distances, this accuracy is almost the
same for the entire object area. The 3D accuracy is also
affected by the angular punctuation accuracy of the beam
(Boehler, 2002; Giimiis & Erkaya, 2007).

| LASER SCANNER

';\

MIRROR )

Figure 1. The principle of flight time. (Glimiis ve Erkaya
2007)

3.2. Those Who Make Transactions with the Phase
Comparison Method

The transmitted laser is tuned with a compatible
wave, and the distance is calculated from the phase
deciency between the transmitted and received waves.
The results obtained from mixed signal analysis may be
more accurate. Since a well-defined return signal is
needed, the use of the gas comparison method is more
effective at short lengths (Boehler, 2002; Gimis &
Erkaya, 2007).

3.3. Those Who Trade with The Triangulation
Method

This method is divided into two different classes:
single camera solution and two camera solution.

3.3.1. The Single Camera Solution

Scanners are scanners consisting of a simple beam
emitting device.Scanning devices send a laser beam from
one end of the mechanical instrument at increasingly
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varying angles to the object and with a Charged Coupling
Devices (CCD) camera that detects laser points. The 3D
positions of the reflective surface elements are obtained
from the result triangle. It has priorities in research
where range finders are used. From this point of view, the
accuracy of the range between the instrument and the
object is Decently known along with the distance field.
Due to application-related reasons, the base length
cannot be increased optionally. These scanners play an
important role for short distances and small objects in
situations that are more accurate than distance scanners
(Boehler, 2002; Glimis & Erkaya, 2007).
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Figure 2. The triangulation principle: A single camera
solution. (Giimiis ve Erkaya 2007)

3.3.2. Two Camera Solution

The point or region being examined is produced
with a separate light projector that has no measuring
function. A broad change of solutions can be seen. The
projection consists of a light line of moving ribbon
sections. The geometric solution and accuracy results are
the same as the single camera principle. Not all
instruments that use two cameras provide high ratios
and do not produce real-time 3D coordinates. However,
if the real-time process of high point rates is provided,
these instruments can be considered as an alternative to
other specified scanning instruments. (Boehler, 2002;
Gimis & Erkaya, 2007).
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Figure 3. The triangulation principle: Two camera
solution. (Giimiis ve Erkaya 2007)

4. TLS DATA STRUCTURE

In the station point instrument-centered coordinate
system where TLS are installed, it scans the surface of the
object to be scanned in such a way as to obtain the x, y
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and z cartesian coordinates of thousands of points per
second. The data obtained also includes 3D coordinates
as well as RGB of the rotating signal depending on the
structure of the scanned surface and the measuring
distance. Thanks to the recorded RGB density value, it
has also become easier to model the scanned object and
environment (Altuntas & Yildiz, 2008).

Laser scanners scan the object to be measured in the
form of arrays of dots under a certain angle in the
horizontal and vertical direction, allowing it to be
displayed as a point cloud. For each laser point, the
scanner instrument-centered polar coordinates are
measured. These are; the inclined distance to the
measured point, the angle that the measuring line makes
in the horizontal plane with the x-axis, and the angle of
inclination that the measuring line makes with the
horizontal plane. Terrestrial laser scanners make
measurements based on a completely local coordinate
system by accepting the point where they are positioned
as the starting point (Lichti & Gordon, 2004).

5. Accuracy of TLS

There are a large number of random errors in the
data obtained with laser scanning devices. These errors
may be caused by atmospheric conditions, such as
measurement system errors caused by beam reflection
and beam thickness. By converting the obtained
measurements into a geodetic coordinate system, the
error amounts caused by the transformation are added
to the beam-induced errors. Due to the thickness of the
rays sent from the laser scanning device, two different
measurement points will be obtained for a laser beam
sent from the device, as part of the beam hitting the edge
of the scanned object will return to the device, while the
remaining part will be reflected from a different surface.
By reducing the beam thickness, this error can be
reduced to a minimum amount. Atmospheric conditions
reduce its effect over short distances. Dust and water
vapors will affect the accuracy of the measurements
obtained due to the laser beam thickness, and the amount
of this error is the same as the amount of error caused by
the beam thickness during object edge measurements.
This error can also be reduced to a minimum by reducing
the size of the laser dot in the same way (Licthi & Gordon,
2004; Altuntas & Yildiz, 2008).

6. WORKING AREA

Bezmialem Valide Sultan Fountain was built by
Bezmialem Valide Sultan on Besiktas Sports Street on the
Rumeli side of the Bosphorus in Istanbul in 1839. It is a
square fountain with four facades. The fountain was built
with the empirical style (URL-1).

The fountain consists of a horizontal wall under the
eaves, vertical columns on both sides, an inscription in
the middle and a mirror stone under the inscription.
Under the eaves with a flat outward flood, there is a fire
that rotates along the fountain facades. In the middle of
this fire, there is an oval rosette with Sultan Abdulmecit's
tugra and a leafy branch motif. There is a horizontal
ornament consisting of leaves and tree of life motifs
symmetrically on both sides in this fire. There are
columns on both sides, one side of which is grooved. In
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the middle there is an inscription of five lines in a
rectangular frame. There is a column at the corners of the
facades, vertical fugues have been placed to give the
impression that it consists of 12 rows of stones to reduce
the visual effect of this column (URL-1).

In the middle of the facade, there is a mirror stone in
a rectangular frame with decorations that show exactly
the characteristics of the empirical style. Again, high
relief leaf decorations are seen emerging from a large
girland motif wrapped with aribbon at the top. Under the
Girland motif, there are two torches in the form of high
reliefs. These torches are placed crosswise. The tap
comes out of a decorated cabaret. It is enclosed in a
rectangular frame arranged with floral reliefs on both
sides and with floral reliefs on the quadrilateral. Its
convex boat is sturdy. On the horizontal rectangular
consoles located under the columns, reliefs with rosettes
in the middle and herbal decorations on both sides are
placed (URL-1).

There is a number of inscriptions in the fountain.
The inscriptions on the two facades of the fountain are
written on a mirror stone and are enclosed in a frame
with gradual erasures. The verses of the inscriptions are
Stikri and Ziver (URL-2).

7. Method

TLS was used to create a 3D point cloud of Bezmialem
Valide Sultan Fountain. First of all, control points have
been established on the structure in order to be able to
use it during the merging of scanning data. The scans
were performed in the local coordinate system and eight
different scanning operations were performed. During
the scanning operations, it was taken into account that
there were overlays between consecutive scans, that is,
there were common control points Decoupled in the
scanning data.

Table 1. The number of points obtained as a result of the
sessions
Session Number

Number of Points
15.205.100
4.244.223
3.357.137
5.093.182
2.723.777
11.044.989
8.572.569
12.438.232

OO UL D WN -

The data obtained as a result of the scanning process
are in the “.imp” format. In order to process the data, it is
necessary to convert from “.imp” format to “.ptx” format.
For the format change, the data with the extension “.imp”
transferred to the viewer version of the Leica Cyclone
software is recorded in the “.ptx” format without any
processing in the software. the data in the ".ptx" format
is transferred to the CloudCompare software, which is a
free software, and the necessary operations are carried
out.

During the scanning of the structure, objects in the
environment are included in the scanning data. Points
other than the structure should be cleaned both because
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of the high size of the data and because it causes
difficulties to the operator during the processing of the
data. The filtering operations were carried out manually
with the help of CloudCompare, a free software. After
only the data belonging to the structure remains in each
session, the registration process is performed using
CloudCompare software again so that a 3D model of the
object can be created. During sequential scanning, the
control points common to both scans are matched.

Figure 4. The point cloud obtained as a result of the first
session

Figure 5. The point cloud obtained as a result of the
second session

Figure 6. The point cloud obtained as a result of the third
session

Figure 7. The point cloud obtained as a result of the
fourth session
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(A

Figure 8. The point cloud obtained as a result of the fifth
session

Figure 9. The point cloud obtained as a result of the sixth
session

Figure 10. The point cloud obtained as a result of the
seventh session

(a)
Figure 12. (a) selection of points belonging to the structure, (b) detection of noise points, (c) point cloud formed by
filtering noise points

7.2. Merging The Point Cloud

The registration process is performed in order to
Decouple the data obtained in all scans and to ensure that
all the details of the structure are contained in a single
point cloud. In order for the 3D model to be created

(b)
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Figure 11. The point cloud obtained as a result of the
eighth session

7.1. Filtering the Noise from Point Cloud

Since the work is being performed for a specific
object, it is necessary to clear the noise points around
that object. The reason for cleaning the noise points is
that high-capacity computer technology is needed due to
the very large data size and allows the operator, who
processes the data obtained as a result of laser scanning,
to better distinguish the data and perform more accurate
operations. By deleting the noise points, correct
interventions can be made to the detail points. Since
there will be a significant reduction in the size of the
cleared data, time savings will be achieved by reducing
the time spent on transactions.

The point cloud data for each scan goes through the
filtering process separately. After the data is transferred
to the CloudCompare environment, the segment button
is selected and the points belonging to the structure that
want to be filtering of noise points are surrounded in
such a way as to form a closed polyline. By deleting the
points remaining outside the selected parts, it is ensured
that the noise points remaining around the structure are
filtered. In the same way, it is possible to delete the
selected parts by selecting noise points. The point cloud
is examined from different angles and the filtering
process continues until the noise points are detected and
only the points belonging to the structure are left. This
process is repeated for scanning data for all fronts.

precisely, the common surfaces are combined with the
matching of control points. Since each successive front
screening is carried out by having common control
points with each other, matching common control points
allows a more accurate model to be created.
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Figure 13. (a) displaying the scan data to be mapped in local coordinates, (b) selecting the control points located on the
structure, (c) display of coordinate values in a local coordinate system as a result of selecting control points determined
on surfaces with a common scanning area, (d) the align info values obtained at the end of the merge operation are (Final
RMS, Transformation matrix and Scale fixed), (e) two facades mapped using checkpoints, (f) three facades mapped using
checkpoints, (g) mapping and creating all facades of the structure in a 3D model

8. Results

With the 3D point cloud created, Bezmialem Valide
Sultan Fountain will be able to be used as base data in the
restoration work that will be carried out to restore it to
its former state if it is damaged in any case. When we look
at the advantageous side of the process performed, it is
ensured that data can be obtained faster and with more
precise accuracy compared to classical methods. The roof
of the structure was not included in the model because it
was not scanned. In order for the roof part to be included
in the model, the scanning process can be performed
with the help of a drone, and the obtained scanning data
can be integrated into the model in the point cloud
belonging to the roof. It can be determined how sensitive
a model has been created by performing an accuracy
analysis of the operations performed. The accuracy of the
created model can be determined in future studies.

9. Discussion

By using the CloudCompare software, the point cloud
of the desired structure is obtained as a result of clearing
the noise points contained in the point clouds obtained
as a result of different sessions. After cleaning the noise
points, a 3D model of the structure is formed by
combining the point clouds obtained, but it is necessary
to scan the roof parts with the help of a drone, and thus
the model of the structure can be fully realized.

10. Conclusion

By making a comparison with a reference 3D model,
the accuracy analysis of the 3D model obtained as a result
of the study will be performed and the accuracy of the
result data will be determined.
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1. Introduction

Abstract

It is common knowledge that snowmelt, excessive precipitation, naturally occurring or
man-made faulty applications, and static loading conditions can weaken slope stability,
which can result in numerous fatalities and property damage. Then again, it is referred to
that a few disastrous earthquakes, for example, 1999 Izmit (Mw=7.1), 2023 Pazarcik
(Mw=7.7) and Elbistan (Mw=7.6) that happened because of the way that our country is
situated in the earthquake belt trigger the slope stability. Within this scope, the mass
moves that might happen on the slopes because of the earthquake might cause loss of life
and property as well as prevention of road transport. In light of the earthquake, it is critical
to guarantee that intercity highways will continue to be serviceable. In this paper, a 3D
point cloud was made utilizing photogrammetrically high-resolution aerial photographs
and a primer examination of a selected slope system was performed in the Zigana region
of the Glimiishane-Trabzon highway (the previous Zigana Tunnel 5 km). The noise of the
point cloud made by utilizing morphological and statistical sorting filters is excluded.
Within the relevant point cloud, a section was created from the 3D surface of a region. By
using this section, slope stability analysis were implemented for static and dynamic
loading situations of the slope by taking into account some foundation rock parameters
that are thought to represent the region. In this study, the effect of earthquake induced
dynamic analyses on stability were investigated comparatively. As a result of the selected
parameters, it is observed that the road slopes that appear to be stable can become
unstable especially with the earthquake effect.

place in Japan between 1964 and 1980 was largely due to
landslides triggered by earthquakes (Kobayashi, 1981).

The stability of slopes may deteriorate due to
various reasons in nature. Some of these may occur due
to natural causes such as strong earthquakes, weathering
of rocks or soils, increase in pore water pressure caused
by excessive rainfall or water saturation of soils that are
not saturated with water, while some of them may occur
due to unconscious engineering activities.

It may cause failure of slope stability systems that
are already significantly stable or moderately stable
under seismic loading (Kramer, 1996). Earthquakes may
create greater damage to building systems than their
current effects due to loss of slope stabilities (Youd,
1987; Wilson and Keefer, 1985). It has been observed
that the loss of life in the major earthquakes that took

The Haiyuan earthquake in China triggered hundreds of
landslides and caused more than 100,000 deaths. During
the 1999 Diizce earthquake, a landslide that took place in
the Bakacak region, approximately 15 km west of Bolu
province, caused an almost 100 m long section slide of
the highway and spread over the valley (Bakir and Akis,
2001). For this reason, transportation was disrupted for
a few days until an alternative route was opened (Erdik,
2001). Technical reports prepared on the Pazarcik
(Mw=7.7) and Elbistan (Mw=7.6) earthquakes that
occurred in 2023 revealed slope stability problems
ranging from a few meters to hundreds of meters in
length (Cetin et al.,, 2023).
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Slope stability systems can generally be considered
in two ways. First of these is to analyze the slope stability
in case of static loading. In such a case, the balance of
system is generally associated with external
loading/unloading operations in ground system’s own
weight. In the second of these, in addition to static
loading, the slope stability system is investigated by
assuming that slopes are exposed to dynamic loading. In
this case, it is possible to define the frequently preferred
methods under two headings: a) limit equilibrium
method and b) numerical methods based on finite
elements or finite differences.

For both methods, factor of safety for slopes can be
determined. In both approaches, the situation regarding
slope safety can be determined by calculating the factor
of safety. In many studies conducted in this context, it is
often observed that while stability analyzes of ground
systems are carried out, whether the slope is generally
safe or not is examined by calculating the factor of safety
for slopes (Dawson et al., 1999; Matsui and San, 1992).

The analyzes carried out within the scope of the
study consist of two parts: static and pseudo-static
analyses. In parametric analyses, two different rock
properties were taken into account for the slope system.
These expressed rock parameters were chosen based on
the assumption that the slope system consists of
limestone or andesitic basaltic tuff, which is known to be
common in the region. Comparisons were implemented
using total displacements and system’s factor of safety
for three node points determined from slope section
produced using the data obtained from the point cloud.

2. Method

In this study, parametric analyzes were carried out
with the slope section obtained using
photogrammetrically produced point cloud data in the
0ld Zigana Tunnel region (Giimiishane side). To produce
photogrammetric data of the study area, 11 aerial images
taken by the General Directorate of Mapping with an
UltraCam Eagle M3 camera in 2018 were used. Each
image is 13080x20010 pixels in size and the camera
calibration parameters presented with the images were
used in the point cloud production stage. In order to
carry out the geo-referencing process of the data,
geographical data collection was carried out at each
point, a minimum of 10 epochs, with the GeoMax
Zenith15 GNSS receiver on the sharp edges of the
concrete structures that have not been deteriorated or
changed since 2018 in the study area. The created point
cloud has a ground sampling interval of 12 cm. Error
values of 4 control points not used in the
photogrammetric balancing process are presented in
Table 1. The solid and digital terrain model representing
the study area is given in Figure 1.

Table 1. Total error values of control points
X Y Z
0.04 0.07 0.2

Total Error (m)

After the points representing the digital land surface
covering the study area were obtained, the noisy data in
the point cloud was filtered and cleaned and then
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transferred to the CAD environment to perform the
cross-section creation process. The raw point cloud must
be filtered to perform more meaningful data analysis and
processing. Additionally, the point cloud must be filtered
to preserve existing details such as edge features and
achieve the smooth surfaces needed to produce realistic
digital models of physical objects (Giinen and Besdok,
2021). For noise removal, the statistical outlier method
developed by Rusu and his colleagues (Rusu et al., 2007),
which assumes that the distance between a certain point
and its neighbors is normally distributed, was first used.
For each pi point (i=1...n) in the data set, the average ri
distance is calculated by taking into account the K-
nearest neighbors (K-nn). This value is evaluated using
the sigma rule on the entire dataset, meaning if the result
is not within N standard deviations from the mean, then
the point is treated as an variance. Assuming that the
average distance to K-nn is normally distributed, the
standard deviation multiplier can be selected according
to the cumulative distribution function from the normal
distribution.

Figure 1. 3D models of the working area

Then, a morphological filter was applied to the point
cloud. Morphological filtering methods often rely on
extensions of digital image operators adapted to process
point elevation rather than grayscale intensity.
Morphological filters analyze the shapes and structures
of objects in the point cloud. These filters are often used
in opening and closing steps to remove small details and
noise present in the point cloud. Opening is used to
remove small objects or details. Closing is used to
preserve the shapes and boundaries of large objects.
These steps help to obtain a clearer and cleaner point
cloud by determining the shapes of objects in the point
cloud more accurately. In the progressive morphology
filtering method used in this study, the filtering process
depends on the window size and height difference
threshold. As a result of an iterative process, points of
outer place objects of different sizes are removed from
the data set while preserving the ground data (Tan et al,,
2018, Wang et al,, 2014). Figure 2 shows the trimmed
point cloud of the study area and the solid model
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representation of the point cloud that was spatially
sampled again after filtering.

The rock data used in parametric analyzes were
considered as limestone and andesitic basaltic tuff, which
are known to be common in the region (Korkmaz, 1988).
The physical and mechanical properties used for rock
parameters are given in the Table 2. Additionally,
poisson ratio were considered as 0.23 and 0.26 for
limestone and andesitic basaltic tuff, respectively
(Briaud, 2013; Alkan and Dag, 2018).

Figure 2. a) Colored b) 2m resolution c) filtered solid
model of the working area

Table 2. Rock parameters used in analysis (Korkmaz,
1988)

Rock Type  Edn, MPa  ¢,MPa ¢ () 7, kN/m?
Limestone 61978 25497 50 27.26
Andesitic 28341 17.161 46 25.95

basaltic tuff
Eayn: Dynamic modulus of elasticity, c¢: Cohesion, ¢:
Angle of internal friction, y: Unit voliime weight

2.1. Finite Element Analysis

The finite element method (Bentley, 2020) was used
in the stability analysis of the slope system. Two stages
were followed in the analyses performed. In the first
stage (initial stage), the behavior of the slope system
under its own weight was performed by gravity weight.
By preserving the effective stresses produced using this
approach, in the second stage, the unusual deformations
occurring in the slope system are reset and safety
analysis is performed to calculate the factor of safety
coefficient. Starting from the initial stage, in addition to
pseudo-static analyses, analyses were carried out for the
factor of safety gradually. In pseudo-static analyses,
pseudo-acceleration coefficients are multiplied by
£=9.81 m/s? and applied to the center of gravity of the
area with sliding potential. With this approach, the slope
system that will be exposed to earthquake is loaded by
"g". It can be considered that horizontal acceleration
coefficient (kh) for “large” earthquakes is 0.1, for “severe,
destructive” earthquakes is 0.2 and for disaster level is
0.5. In this context within the scope of the study, pseudo-
static analyzes were carried out, regarding as 0.1g
increments from 0.1g to 0.5g.

Nonlinear behavior of the rocks was considered with
the Mohr-Cloumb elasto-plastic material model in the
analyses. In the expressed material model, in addition to
mechanical properties such as modulus of elasticity and
Poisson's ratio, which are frequently used for the linear
behavior of the material; cohesion, internal friction angle
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and dilation angle must be included. Within the scope of
the study, dilation angle was accepted as zero. The side
boundaries and base of the model were enlarged to
eliminate convergence problems, and base was assumed
to be the bedrock. While horizontal movement is not
allowed at the nodes on the sides, the movement of the
nodes on the base is kept in all directions. The network
distribution used in the analysis and the nodes where the
responses are obtained in the model are presented in
Figure 3 and Figure 4, respectively.

500 m

1. Slope

——Road route
/—— 2. Slope
<>

.............

x 1193 m
Figure 3. Network distribution for slope model

Figure 4. Selected nodes

3. Results and Discussion

3.1. Displacements Obtained from Pseudo-Static
Analyzes

The relationship between the largest displacements
and loadings obtained from selected nodes in the slope
system using limestone and andesitic basaltic tuff system
is presented in Figure 5 and Figure 6, respectively. It is
clearly understood that the changes generally show an
increasing trend in both ways depending on the increase
in loadings.
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Figure 5. The relationship between the largest
displacements and loadings obtained from the selected
nodes for limestone
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Figure 6. The relationship between the largest

displacements and loadings obtained from selected
nodes for andesitic basaltic tuff

Table 3. Displacements derived from limestone

Acceleration Us1(m) Us2(m) Us3 (m)
0.1g 0.007 0.007 0.007
0.2g 0.022 0.021 0.020
0.3g 0.045 0.040 0.037
0.4g 0.068 0.060 0.056
0.5g 0.091 0.080 0.074
£=9.81 m/s?,

Us1:the largest displacement obtained from the node no. 5563,
Us2:the greatest displacement obtained from the node no. 4503,
Us3=the greatest displacement obtained from the node no. 3363

Table 4. Displacements obtained from andesitic basaltic
tuff

Acceleration Us1(m) Us2(m) Us3 (m)
0.1g 0.013 0.014 0.014
0.2g 0.042 0.039 0.038
0.3g 0.087 0.077 0.073
0.4g 0.133 0.117 0.110
0.5g 0.181 0.159 0.149

It is observed that under the applied loading, the
displacements in the slope system for limestone and
andesitic basaltic tuff increase significantly, showing a
general trend (Figure 5 and Figure 6). For example, while
the Us1 displacement obtained from the 1st slope system
using limestone was around 0.007 m under 0.1g loading,
it is seen that the same response was obtained as 0.045
and 0.091 m, with an increase of 543% and 1200% under
0.3g and 0.5g loading, respectively (Table 3). Another
example of this situation can be given using the Us2 or
Us3 displacements in Table 3. For example, while the Us3
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displacement obtained from the 2nd slope system was
0.007 m under 0.1g loading, the same response was
obtained as 0.037 m and 0.074 m with an increase of
429% and 957% under 0.3g and 0.5g loading,
respectively.

The largest displacements obtained from pseudo-
static analyzes carried out in the slope system,
considering andesitic basaltic tuff, are presented in Table
4. As can be clearly understood here, the increase in
loading generally significantly increases the largest
displacements obtained from selected nodes. For
example, while the Us1 displacement obtained from the
1st slope system is 0.013 m under 0.1g loading, the same
displacement becomes 0.087 m and 0.181 m with an
increase of 569% and 1292% under 0.3g and 0.5g
loading, respectively. It is possible to obtain a similar
increasing trend within the selected node on the route.
For example, while the Us2 displacement is 0.014 m
under 0.1g loading, the same displacement value is
obtained as 0.077 m and 0.159 m under 0.3g and 0.5g
loadings, increasing by 450% and 1036%, respectively.

Another point that should be emphasized here is
that the displacements obtained from the selected nodes,
considering limestone and andesitic basaltic tuff, vary
significantly compared to each other. For example, while
the Us1 displacement was obtained as 0.007 m under
0.1g loading for limestone, this displacement for the
same loading was achieved around 0.013 m for andesitic
basaltic tuff, with an increase of 86% due to the decrease
in the mechanical properties of the rock system and the
unit volume weight. This change shows a similar trend,
increasing by 93% and 99% under 0.3g and 0.5g
loadings, respectively. (Table 3 and Table 4).

3.2. Factor of Safety Coefficient Obtained Under
Loadings

The changes in the security numbers obtained from
the analyzes are shown in Figure 7 and Figure 8. When
Figure 7 and Figure 8 are examined, it is understood that
the safety numbers obtained from limestone and
andesitic basaltic tuff show a continuous downward
trend from the static loading condition in the slope
system to the 0.5g loading condition. In order to obtain a
constant value of safety numbers in the slope system, it
is seen that 100 steps for limestone and 1000 steps for
andesitic basaltic tuff are sufficient under loading
conditions.

The factor of safety obtained from the analyzes
carried out using limestone and andesitic basaltic tuff for
the slope system are shown in Table 5. When Table 5 is
analyzed, it is clearly seen that the decreasing trend of
safety numbers from static loading to pseudo-static
loading. For example, while the factor of safety for slope
system created from limestone is around 29.33 in static
condition, it is seen that the same factor of safety is
obtained at 21.62,13.45 and 9.51 with a decrease of 26%,
54% and 67.5% under 0.1g, 0.3g and 0.5g loadings,
respectively. It is possible to see a similar decreasing
trend in the slope system created from the andesitic
basaltic tuff system. For example, while the static factor
of safety for andesitic basaltic tuff is 21.60, this value is
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obtained around 16.14, 9.99 and 7.10 with a decrease of
25%, 54% and 67% under 0.1g, 0.3g and 0.5g loadings,
respectively.

30

25

— 20
[%2]
]

15

10 ’
5
0
0 100 0 0 500 600 700 |00

20 300 400 ) )
Number of steps used in analysis

Figure 7. Relationships between step numbers and factor of
safety used in the analyzes carried out considering limestone

25
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Figure 8. Relationships between step numbers and factor of
safety used in the analyzes carried out considering andezitic

basaltic tuff

Table 5. Factor of safety obtained from limestone and
andesite-basaltic tuff

Acceleration Gsk Gst
Statik 29.33 21.60
0.1g 21.62 16.14
0.2g 16.66 12.37
0.3g 13.45 9.99
0.4g 11.22 8.32
0.5g 9.51 7.10

FoS1: Factor of safety for the section obtained from the
analyzes performed under the loading considered for
limestone

FoS2: Factor of safety for the section obtained from the
analysis carried out under the loading considered for
andesitic basaltic tuff rock

When a comparison is made between the FoS values
obtained for limestone and andesitic basaltic tuff, it is
clearly seen that the FoS values obtained from limestone
are greater than the FoS values obtained for andesitic
basaltic tuff for all loading conditions (Table 5). For
example, while the FoS values obtained from andesitic
basaltic tuff for the static situation is 21.60, it is seen that
the same FoS value is 29.33. In this example, it can be
seen that the FoS value obtained from limestone has
increased by around 36% compared to the FoS value
obtained from andesitic basaltic tuff. Similar changes can
be easily observed in pseudo-static loading. For example,
if we look at the FoS values obtained for 0.1g, 0.3g and
0.5g for andesitic basaltic tuff, these values are obtained
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at 16.14, 9.99 and 7.10, while the same values for
limestone are 16.14, 35% and 34% with increases of
around 33%, 35% and 34%. It is seen that 9.99 and 7.10
were obtained.

Considering that unstable situation for the stability
status of the slopes will occur below 1 and it is
understood that under the analyzed assumptions, the
slope system is stable under both static and pseudo-
static loading if it consists of limestone or andesitic
basaltic tuff system.

4. Conclusion

Within the scope of this study, a slope section was
obtained using photogrammetrically produced point
cloud data in the Zigana region of the Giimiishane-
Trabzon highway (5 km Giimiishane side of the old
Zigana Tunnel). Parametric analyzes were carried out for
the created slope system to be limestone or andesitic
basaltic tuff, which is known to be frequently found in the
region. Finite element approach was considered for
parametric analyses. Loadings were carried out under
static and Pseudo-static loadings. In pseudo-static
analyses, the load condition was increased from 0.1g to
0.5g. The data obtained from the analyzes are presented
in terms of total displacements obtained from three
selected nodes. Additionally, factor of safety values was
calculated for static and pseudo-static loading cases. The
inferences obtained in this context are listed below.

For cases where the slope system consists of
limestone or andesitic basaltic tuff, the displacements
obtained from pseudo-static loading can increase
significantly within the three nodal points depending on
the increase in the loading magnitude.

Displacements can increase significantly due to the
decrease in mechanical parameters and unit volume
weight of andesitic basaltic tuff compared to limestone
for all pseudo-static loading conditions.

When the factor of safety values calculated under the
assumptions made are examined, it is understood that
the slope system is stable (durable) under both static and
pseudo-static loading in cases of limestone or andesitic
and basaltic tuff. The change in factor of safety decreases
significantly in both cases due to the gradual increase in
loadings. It is also noteworthy that factor of safety of the
slope created from andesitic basaltic tuff remains
relatively lower for all loading conditions compared to
limestone.
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