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1. Introduction

There are two types of Carotis Communis vessels
that carry blood to the brain: Carotis interna and Carotis
externa. The narrowing of the carotid arteries is referred
to as carotid artery disease, also known as carotid artery
stenosis. In most cases, plaques made of fatty substances
and cholesterol are to blame for the carotid's
narrowness. The risk of stroke is greatly enhanced if the
carotid arteries are occluded. An expanded version of
Demir and Demir's study [1] is presented here.

The narrowing of the carotid Interna usually
develops after separation from the carotid communities,
and the main cause is turbulence flood in this section.
Although the death rate has decreased in the recent
decade, ischemic paralysis remains a major medical
problem. Despite the use of thrombolysis and other
options in acute
prevention is the most successful approach. The data
utilized to determine risk factors are based on

treatment

Abstract

Carotid stenosis is an important etiological factor in the forming of ischemic stroke. The
weight of stroke which is formed as a result of extracranial internal carotid artery stenosis or
occlusion differs according to the location, size of interaction, collateral supply, and the
mechanisms those cause interact. Therefore, it is important to measure the narrowness of
the carotid with the calculation of the bifurcation angle. In this study, CT cross-sectional
image sequences are used. The images are unsupervised classified, and the carotid veins are
identified with the boundaries and centers of the clusters. Then, the angles are calculated
with three center points of the veins from successive images. The center point of the
calculation is from the vein which has the maximum area difference between one of the
successive images. The results are evaluated using 5 samples with visual interpretation
regarding the position and the correctness of the three successive images which have
maximum area jump.

which is split from the two-sided common carotis artery
[3].  The focal neurological situations based on
cerebrovascular diseases are called as stroke [4]. Carotis
stenosis is an important etiological factor in the forming
of ischemic stroke [5]. According to the studies which use
Doppler USG, more than 50% of the automatically Carotis
stenosis is seen in 4-5% of patients who are elder than 65
years old [6]. The risk of stroke is increased by the degree
of stenosis [7].

The weight of a stroke which is formed as a result of
extracranial internal carotid artery stenosis or occlusion
differs according to the location, size of interaction,
collateral supply, and the mechanisms that cause
interaction. Stroke causes demoralization and morbidity
for the patients [8-10]. Stroke is the third most seen
cause of death, and it is the first human disorder [6].
Thus, for detection of narrowness at an early stage has
become of high interest to many researchers.

The researches rely mainly on the determination of
carotid bifurcation parameters, such as volume, position,

ischemia paralysis,

epidemiological studies that were conducted at random etc.

[2].

As shown in Figure 1, the blood is supplied into the
human brain via the right and left internal carotid artery

Dix et al. [10] identify the ideal measurement
methods and acquisition parameters for CT angiography
of carotid bifurcation. They use various measurement
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approaches to compare SSD images (Shaded surface
display), MIP (Maximum Intensity Projection), magnified
axial images, and axial images. They offer automation but
end with the benefits of CT imaging.

A deformable tubular 3D Non-Uniform Rational B-
Splines (NURBS) model is used by Suinesiaputra et al.
[11] to design and validate a method for automatic
segmentation of the carotid artery lumen from
volumetric MR Angiographic (MRA) images. They
perform automatic cross-sections from the artery for the
carotid measurements using MR imaging with NURBS 3D
model output.

Using stereoscopic PIV (Particle Image Velocimetry)
measurements, Kefayati and Poepping [12] describe the
disrupted flow in the stenosed carotid artery.

Fisher [13] investigates the effect of the geometry of
carotid arteries into the flow characteristics. He shows
that the apoptotic and biochemical changes of upstream
carotid plaque are closely linked to the development of
stroke symptoms. Similarly, Stroud et.al [14] perform a
numerical analysis of flow through a severe stenosis
carotid artery bifurcation to investigate the geometry of
the vessels.

There is research that computes the blood flow in
the vessels using numerical models.

Cebral et al. [15] created a technique for creating
accurate patient-specific finite element models of carotid
artery blood flow. With a tubular deformable model
along each artery branch, they used MR data to build
anatomical models. At two points below and above the
bifurcation, they calculated the flow velocities. They
made it possible to describe the created model's flow
patterns.

Tan et. al. [16] develop turbulence models to predict
blood flow patterns in the carotid artery and calculate the
oscillating vessel Wall stresses. The model is MR image-
based and simulated the wall shear stress.

In order to determine the mechanical properties
resulting from the influence of the lipid core and
calcification within a plaque, Wong et. al. [17] design a
numerical simulation that reflects the distribution and
structure of plaque via 3D blood-vessel modeling.

Gul and Bernhard [18] applied three methods for
modeling pressure and flow in carotid bifurcation. They
investigate the model parameters such as flow
resistance, diameter, and length of the vessel.

Klooster et. al. [19] developed a method to register
MR images to allow the classification of the vessel walls
to investigate the plaque components.

Using computational fluid dynamics (CFD) with
single-layer and multilayer models, Lawrence-Brown et.
al. [20] explore the biomechanical stress and strain
behavior within the wall of the artery and its impact on
plaque formation and rupture. They ran a CFD analysis to
display the wall shear pressure and stress.

Cross sectional CT imaging is used by McNamara et.
al. [21] to identify patients with a high carotid bifurcation
who may be more likely to experience surgical problems.
Since their methodology relies on hand measurements,
the outcomes could vary depending on the
measurements used.

The methods mentioned above are highly depending
on the calculation of position e.g., volume and blood flow

estimation in the carotid bifurcation. On the other hand,
our research focuses the measurement of the
narrowness with calculation of the angle automatically.

left internal and
external carotid

right internal and
external carotid

right common carotid

left common carotid

aortic arch

Figure 1. Carotid artery

2. Method

Cross-sectional CT imagery is used for this work. A
random number of image samples is provided for each
patient. The images are acquired as a cross-section in
every 0.5 mm. CT images are gray-scale, and carotid
vessels are visually separable from the image
background, which allows running the traditional image
classification methods such as ISODATA [22].

The processing chain starts with image
classification. The classification approach segments the
image into different categories which include the carotid
vein clusters. Then, the process is followed by
morphological erosion to overcome the connectivity
problem of the separated veins in the images although
they are separate in reality. Then, the distances between
the center and the created points along the cluster
boundaries are calculated to determine the circularity of
the cluster.

Three parameters are used to determine the cluster
if it belongs to the carotid vein class; the standard
deviation of the distance values between the center and
boundary points; the minimum and maximum vein
section size; the maximum distance between the center
points which come from the images. If three criteria meet
the defined thresholds, then the corresponding cluster is
selected as a carotid vein.

The areas are compared between the clusters from
the successive images. The cluster which shows the
maximum area difference among all the pairs is selected
as the bifurcation part of the carotid. The angle is
calculated between the selected vein center point and the
center points from one image before and after. The
processing schema can be found in Figure 2.
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Cross section
CT Images
Image
classification
Carotid vein 3
Carotid angle

Figure 2. Processing workflow

2.1. CT Image classification

Image classification methods are widely used in
urban planning, mapping applications, extraterrestrial
research, forensic applications, medical image analysis,
and many other topics which use imagery information. It
is a technique that classifies image pixels into different
categories. In medical image analysis, these categories
can be listed as vessels, the brain, and other parts of the
imaged part of the body.

The first step of image classification is the
identification of the feature parameters with spectral
characteristics. Then, feature space is divided into
subspaces which do not overlap between each other. The
classification is finalized with the calculation of the
distance between image pixels and each subspace.

There are two types of image classification, one is
unsupervised and the other is supervised image
classification. In supervised classification, prior
knowledge is used to determine the membership of
pixels to the corresponding classes. The user selects the
pixels with his own knowledge, and the algorithm
estimates the parameters with this prior knowledge.
There are several algorithms that are used for supervised
classification. One uses a minimum distance to assign the
pixel to the corresponding class. In this algorithm, the
minimum distance is computed between the center of the
class and the pixel value. The center of the class is
calculated using the training pixel samples.

Another algorithm is maximum likelihood
classification which calculates the likelihood of each pixel
point by point and assigns the pixel to the corresponding
class with the maximum likelihood. Maximum likelihood
classification (MLC) is one of the most widely used
techniques in supervised classification. Other supervised
classification methods are Parallelepiped classification
and Decision tree classification. Parallelepiped
classification is based on a single rule while the decision
tree considers different characteristics of the objects.

The unsupervised classification does not use any of
the existing prior knowledge and creates clusters from
the image according to its spectral characteristics. There
are two kinds of unsupervised classification which are
mostly used in many image processing applications
which are K-means and ISODATA classification.

Both have two different aspects. K-means adjust a
class each time, and each class’s average value is

recalculated. ISODATA recalculates the class averages
after adjusting all samples. Both are standard
classification methods in any remote sensing software
package.

The classical ISODATA classification algorithm has
the following steps; first, the average gray value of the
whole image is calculated. Secondly, the image is
classified using the calculated average as the threshold
value. Then, the average values are calculated for the
created classes, and these values are used as new
thresholds. This is repeated unless the threshold values
are not changed anymore.

CT images are in gray scale, and the carotid vessels
might be imaged from different directions. On the other
hand, carotid vessels are separable from another
background in the images also visually (Figure 3).

Figure 3. Original CT image of the bifurcation position

Finding the different vessel classes on the images is
the first challenge. In its most basic form, CT imagery is
grayscale. In comparison to other areas of the photos, the
vessels are noticeably brighter. Using image
classification methods like the ISODATA algorithm, this
information is adequate to identify carotid vessels.

A collection of samples are grouped using the
clustering algorithm used by ISODATA, and each sample
is represented as a vector, such as X=[x!,.,xn]T. The
cluster is automatically updated after each iteration to
combine comparable segments and to break segments
with high standard deviations. The following equation is
used to determine the sum of squared distances between
each pixel and its associated cluster center:

SSdistances= Y.(X — C(x))? (D

where C(x) is the cluster mean for the pixel x. The
Mean Squared Error (MSE), which is calculated as
follows, is used to identify cluster variability.

MSE=SS_distances/(N-c) b (2)
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where N is the number of pixels, ¢ indicates the
number of clusters, and b is the number of spectral
bands, for CT images itis 1 [1,22].

Figure 4. Histogram of CT image

As shown in Figure 4, five classes are defined with
analysis of the number of peak points over the histogram.
Figure 5 shows the classification result.

Figure 5. Classified CT image, the colors represent
different clusters

2.2.Morphological operation

After clustering each section image, morphology
operator erosion has been applied to the classification
result to identify the vessels which are separated in
reality but look connected to the images.

Morphological operations are one of the basic
processes in image processing, and they apply a
structuring element over the input image and create an
output image. The pixel values of the input image are
compared with the neighbors; the size and shape of the
neighbors directly affect the result of the operations.
Since the centers are the point of interest, not the
boundaries, erosion is only the used approach. Erosion
removes the pixels on the object boundaries by removing
a number of pixels from the objects in the input image.

As seen in Figure 6, the carotid vessels are separated
using erosion since the connectivity of the veins is caused
by image artifacts.

Figure 6. Before (left) and after(right) morphological
operation

2.3. Identification of the carotid veins

The main idea to identify the vein clusters is using
the standard deviation of the distance series between the
cluster center and the vein boundary. Secondly, the veins
have a certain size compared to the other clusters.

The vessels that part of the carotid artery have a
circular form. The circularity can be determined with
statistical analysis by calculating the standard deviation
of the distance between the center and the border of the
vessels. To do this, the centers of vessel clusters have
been extracted, and then a series of vessel border points
is generated. The distance is calculated between each
border point and the center point. The center and
boundary points are created using the ArcGIS software
package (Figure 7). It simply extracts the centroid of the
clusters and creates the points along the cluster
boundaries. The gap between the points is set as a ground
sample distance value.

g
2
5
2
&
2
2
2
2

‘‘‘‘‘‘

Figure 7. The center and boundary points of the
extracted classes

The distance between the cluster and the boundary
point is calculated as follows;

Di= ,/(Xc — Xib)? + (Yc — Yib)? 3

1 n .
52 = (Di — D) Q)
n—14u=

Xc, Yc values are coordinates of the center point, Xb
and Yb values are the coordinates of the boundary point
i, Diis the calculated distance with ith boundary point, s2
is variance, D is the mean value of all distances, n number
of calculated distance value.
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Another criterion is the area of the clusters. The
maximum and minimum area thresholds are set by
consideration of vein geometry.

The center points of the clusters which meet certain
criteria (circularity and area) are overlaid and the
distances of the center points are calculated between
each other. The carotid center points always remain and
they should be in a certain distance between each other
after overlaying altogether on the same plane. The
number of center points which are close each other is
same as the number of the used image.

., % b d
3 ° o
2 5® *s

7

e @ '

5 4
o o

Figure 8. The image numbers of the overlaid center
points

As shown in Figure 8, the center points of clusters are
overlaid on the clusters image from image 1. Each point
has the number of its image label.

The process starts with the first image,

. Takes the center points,

o Then check if there is any center point in its
neighborhood from the next image, here image 2.

. If any point is found, then the next center point

from the next image is searched in the neighborhood of
the center point from the successive images.
. This process is continued until the last image.

In the Figure 8, each cluster centers are numbered
with their image numbers. The number of neighbor
points is same as the number of used images. This case is
valid only for the carotid veins (red points in Figure 8).

2.4.Calculation of the angle

Three center points are used to calculate the carotid
angle, one center point in the middle and the other two
center points from the images before and after. The
center point which is in the middle is selected based on
the area difference between clusters. The vein cluster
which has the biggest area difference between the
clusters from the image after is selected as the middle,
and its center point is the used center point for the angle
calculation.

Let PC[1...n] center points from the same cluster from
successive images. PCi is the cluster in the middle, which
is the bifurcation area of the vein. Ci-1 and Ci+1
successive point those used in the angle calculation.

PCi, PCi-1, and PCi+1 are the center points from the
selected clusters for calculating the angle as shown in
Figure 9.

PCin

PCi

PCi,
Figure 9. [llustration of carotid vein center points

The angle 6 is calculated using following formulas;

PC,,,PC,=PC;,;-PC; (5)
PC,PC,_,=PC;-PC;_, (6)

PC,41PC,.PC,PC,_; = |PC,41PC,||.|[PC,PC,_1|.cos®  (7)

(8)

< PC,,,PC,.PC,PC,_; >
© = arccos
|PC.41PC,]|. |PC,PC,_4||

From the image acquisition, the Z difference between
each image is 0.5 mm. Z coordinate is set as 0 for the
center points at the image in the bottom, other center
points from the successive images have Z coordinate
according to image position in the acquisition (e.g., Z
coordinate for the 4the image would be 0.05 x 4= 0.2
mm).

3. Results

For testing the method, 15 crosses sectional CT
images from 5 different patients are used. After image
classification, erosion is applied on the extracted clusters
for each cross-sectional CT image.

The center and boundary points are extracted to
analyze the carotid vein clusters.

Table 1 shows the three images which have been
used in the angle calculation from the output of the
method and the calculated angles. On the other hand, the
information regarding the position of the carotid is also
achieved depending on the coordinates of the angle with
respect to the image center.
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Table 1. Quality evaluation of the results, only three clipped images which shows the case of bifurcation

Ima‘e 1 Ima‘e 2 Ima‘e 3 Angle (Degrees) Position

38.6823 Right
n H u h )
l . ! h Right
. . l N Left
n L 3 54.1151 Right
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The results are evaluated with a visual interpretation
of three image outputs from the tests. In case three
images are the ones that have a bifurcation in the middle,
then the result from the method has been confirmed.
According to the performance evaluation, for all the
tested image samples, the developed method gave the
correct three images, including the bifurcation point in
the middle, including giving information about the side of
the carotid angle.

4. Discussion

The measurement of a carotid angle is often
performed with manual measurements on the CT images
by medical doctors. Even one-pixel movement during the
measurement, may shift the value of the angle, therefore
some methods have to be developed accordingly to allow
precise measurement.

Cross-sectional CT images are used in previous
studies [21]. McNamara et.al [21] used an external
software to measure the carotid artery and straight-line
distance to identify the high carotid bifurcation. Their
measurement is performed with use of the base of skull.
On the other hand, there are studies which are based on
simulating blood flow in the veins [21]. Lawrence-Brown
analyzes stress in carotid artery [20]. Our method uses
cross sections of carotid artery which makes it different
than the other methods since they derive the angle values
with manual measurements on the acquired images. The
evaluation is difficult since it is only possible with manual
measurements, but it will be meaningless in case the
calculated angles would be compared with the ones
which derived on the images manually. Therefore, the
only evaluation could be done with checking their
position right or left. If the image coordinates of the
carotid stay on the left of the image center, then the
carotid was classified as left, else right.

5. Conclusion

The narrowness of carotid angle is an important
factor for the human health. In general, the carotid angle
is calculated with manual measurements by the medical
doctors. In this study, a new method is developed to
calculate the carotid angle using cross sectional CT
images.

Out method automatically select the image where the
bifurcation occurs, and then calculates the angle between
three images, the image with a bifurcation in the middle,
and one image after and other before the bifurcation.

The evaluation shows that the selected images are all
correct for the calculation of the carotid angle. This
allows medical doctors to select the image which has
bifurcation without any mistake, and to have the carotid
angle without performing any manual measurement
with better accuracy.

Future work may include the reconstruction of the
carotid vein to allow analyzing the blood flow in the
carotid veins in 3D, the analyzing of the role of the carotid
communis on the patients with stenosis.
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1. Introduction

Abstract

The conventional methods of aerial photogrammetry using helicopters or airplanes are costly
and challenging for small areas. For a developing country like Nepal, where Geospatial data
is in high demand, a new competitive approach is essential for rapid spatial data acquisition
at a low cost and time. This article demonstrates how this can be achieved using one of the
evolving remote sensing technology, Unmanned Aerial Vehicles (UAVs). The application of
UAVs is rapidly increasing in Nepal due to its capability of acquiring images remotely and the
potential to provide data with a very high spatial and temporal resolution even in inaccessible
terrain at a relatively low cost. Here, the performance of UAVs for topographical surveying
and mapping has been investigated, along with the comparison between orthophoto obtained
using GCPs, and without using GCPs. For this study, a DJI Phantom 3 Advanced quadcopter
collected about 700 images at a flying height of 50 m above the settlement area. An
orthophoto of 3.78 cm GSD covering 40.83 hectares of area was produced. With appropriate
ground control points, an absolute positional accuracy of 0.035 m RMSE was achieved,
whereas the output obtained without using GCPs was satisfactory. This study also highlights
the use of a High-Performance Computing (HPC) system and open-source platform for rapid
image processing,.

acquiring images remotely and the potential to provide
data with a very high spatial and temporal resolution

Geospatial data and spatially aware technologies
play a crucial role in infrastructure planning and
development in every country [1]. Almost all the sectors
of a nation have a spatial component, from cadastral
records, land use, land cover, and smart cities to utility
lines, transportation networks, and critical
infrastructure [2]. There is an urgent need to change
Nepal's development model because its current
development path is not aiding it to escape from the low-
growth trap it is in [3]. So, the country's development
model should be reformed. Geospatial technologies can
revolutionize a country's economy by assisting effective
planning of infrastructure and sustainable development
[4-5].

Unmanned Aerial Vehicle in the surveying industry
is a new competitive and affordable approach for
countries like Nepal for rapid spatial data collection at
less cost and time [6-7]. The application of UAVs is
rapidly increasing in Nepal due to its capability of

even in inaccessible terrain at a relatively low cost [7-9].

UAV, also known as a drone, is an aircraft that can fly
without a pilot [10-11]. It can fly autonomously and can
be either human-operated or self-programmed in a wide
range of missions that can be controlled from a ground
base station [12]. Itis a controllable platform for the data
collection process that can go through risky areas to
collect information rapidly and update the data without
delay like satellite images or terrestrial surveying [13-
15]. Aerial photogrammetry with aircraft is expensive
and hard to operate with sophisticated planning. So,
UAVs have become adequate and preferable among
surveyors [16-17].

UAV use in research has increased over the past
decades, which has greatly increased their significance
[18-19]. This is further supported by the volume of
academic articles on UAVs that have been published in
various research communities during the past 20 years.
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According to [18], since then, more than 80,000 articles
featuring the terms "UAV" or "drone" in the title or the
keywords have been published, with the bulk of these
works falling under the engineering and computer
science fields and the majority of contributions coming
from remote sensing domain [18, 20]. This technology
has been effectively used for ecological applications [21-
24], glacier monitoring [25], natural disasters [11, 17,
26], agriculture surveillance [27-29], and other
environments that are continually changing [7, 30-33] .

The accuracy of UAVs for land surveying and
mapping has been demonstrated all around the world. In
Taiwan, for instance, [34] examined high-accuracy
topographic mapping using UAV-based images and
determined the integration capability of topographic
maps via the image of UAV and GCPs. According to [34],
UAV-based surveying may eventually be an effective
replacement for GPS and total stations. Working on the
application of UAV in Ghana for topographical mapping
of inaccessible land, [35] concluded that, for mapping
inaccessible locations, the combination of RTK
technology with UAV and GIS is a viable and adequately
accurate option and also recommends it for the creation
of precise geometry and cross-sectional drawings for the
design of Tailings Storage Facility (TSF).

Likewise, this study also investigates the
performance of UAV for topographical mapping and
compares the accuracy with and without using GCPs. This
study involves image acquisition using UAV, Ground
Control Points (GCPs), and check Points (CPs)
establishment using DGPS, image processing using HPC,
accuracy assessment, and finally extraction of 2D
features and analysis using open-source GIS software.

2. Study Area

A study area is located around the Kathmandu
University Central Campus, Kavre District, Bagmati
Province, Nepal. It is shown in Figure 1. The total area of
this site is about 40 hectares. The elevation of the site
ranges from about 1400m to 1480m above the mean sea
level. This area includes built-up areas, open spaces,
water bodies, road networks, and agricultural land - so it
was chosen.

3. Material And Methods

For this study, DJI Phantom 3 Advanced quadcopter
with the following specification was used. Table 1 depicts
the specification of the UAV used in this study.

A schematic overview of the methodology workflow
is shown in Figure 2.

Table 1. Specification of UAV (D]I Phantom 3 Advanced)

Model DJI Phantom3 Advanced
Camera FC300S

Resolution 12.4 MP

Sensor width and height 6.317 [mm] x 4.738 [mm)]
Image Size (max.) 4000 X 3000

Pixel Size 1.56*1.56 um

Focal length 3.6 mm

Geolocation On-board GPS

Control System Remote/phone/table

>z

Legend
Kavre_District

Whole_Nepa!

Figure 1. Study Area Map
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Figure 2. The workflow of methodology
3.1.Reconnaissance

At first, a desk study was done by looking at Google
maps and existing Topographical maps of the study area,
and necessary planning and preparation were done.

3.2. GCP Establishment

The GCPs and CPs were established for
georeferencing and accuracy assessment, respectively. A
total of 14 points were installed on the ground. The GCPs
and CPs were selected considering the proper
distribution in all the parts of the study area and clear
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aerial visibility. GCP and CP were established by static
DGPS method using a GNSS receiver [36].

3.3.Flight Planning and Image Acquisition

Flight planning was done using the Pix4D capture
application above the study area. The UAV flew
autonomously in a pre-defined flight plan at an
approximate altitude of 50m above ground. Several UAS
criteria as mentioned by [37] were considered while
choosing flight parameters. A total of 700 geotagged
images were taken from a nadir perspective, with 80%
forward and 70 % side overlap. Although percentages of
forward and side overlaps vary depending on the kind of
terrain [38], the research on UAV imagery acquisition
suggests above 70% forward and 60-70% side overlap
for the majority of situations [39-40].

3.4.Image Processing

Images captured from UAV were processed in Pix4D
mapper and Web Open Drone Map (ODM) - in the HPC
system, also known as Supercomputer. WebODM is an
open-source platform written in the Python
programming language designed to perform
photogrammetric analysis and processing of UAV
imagery [41]. Image processing involves several steps
which are discussed in the later part.

3.5.Image Orientation

Image orientation was done using 14 high-accuracy
ground control points (GCPs). Figure 3 shows the 14
points statically surveyed on the ground using
DGPS/GNSS receiver with approximately 1.8 cm
standard deviation. These points were marked using a
notable flag during image acquisition. Out of the 14
points, seven were selected as GCP for the exterior
orientation process, and seven were considered CP for
accuracy assessment. It was ensured that each point got
marked in at least six images to avoid distortion [36].

Similarly, images were also oriented without using
the ground control points to test the accuracy with UAV
onboard GPS. It can help to quantify the geolocation
differences when it is not possible to collect GCPs. All
GCPs were assigned to be checkpoints for checking the
accuracy of this output.

3.6.Dense point cloud generation

After a proper internal and external orientation, a
dense matching technique was applied to represent the
object space through dense point clouds. These point
clouds are, later on, structured, interpolated, simplified,
and textured for photo-realistic representation and
visualization [42]. To generate a mesh and create a
surface with all the terrain features, it is used directly
[33].

3.7.0rthophoto Generation

After interpolating the 3D points generated in
previous steps, a triangulated irregular network was
formed, which resulted in a Digital Surface Model (DSM).
Now, to develop an orthophoto, the orthorectification
process was performed from DSM. This task produced an
orthogonal projection from the initially taken images by
re-projecting the original image pixels [23]. Moreover, to
retrieve a more appealing orthophoto, texture and color
balancing were applied.

3.8. Accuracy Assessment

Quantitative accuracy assessment was done using
CPs. Root Mean Square Error (RMSE) result is used to
display the accuracy value of the dataset by calculating
the difference between reference and observed
coordinates [36, 40]. On the other hand, the features'
appearance in the orthophoto, deformations, and hazes
were checked through visual inspection for qualitative
evaluation. Also, the positional accuracy of orthophoto
obtained using GCPs and without GCPs was compared. It
helped to know the accuracy and their corresponding
application in each condition.

3.9.Map Preparation

After getting a true orthophoto, all the spatial data are
extracted by digitizing it in GIS software. Similarly, the
contour is also generated using Digital Terrain Model
(DTM). Due to the high-resolution orthophoto, even
small features and changes were detected. Finally, they
are combined to prepare a topographical map.

4. Results and Discussion

4.1.Coordinates Collected

The processed coordinates that were obtained from
raw data after the GNNS survey are shown below. Table
2 shows the coordinates of GCPs, which were used to
georeference the images, whereas Table 3 represents the
coordinates of CPs used for the accuracy assessment of
the orthophoto.

Table 2. Ground Control Point Coordinates

GCP Name  Easting (m) Northing (m) Elevation (m)
1000 355785.301 3055784.53 1459.631
1001 355737.436 3056024.12 1443.244
1003 355435.732 3055657.31 1418.243
1013 355883.056 3055904.63 1451.323
1008 355556.938 3055921.53 1418.751
1012 355800.501 3055885.7 1466.698
1015 355893.612 3055677.96 1448.762
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Table 3. Check Point Coordinates

CP Name  Easting (m) Northing(m)  Elevation(m)
1004 355588.556 3055682.47 1442.044
1006 355688.922 3055794.37 1430.637
1007 355760.222 3055735.94 1445.875
1009 355737.705 3055913.09 1451.685
1010 355771.695 3055947.9 1457.136
1011 355812.974 3055966.78 1451.311
1014 355905.762 3055756.41 1438.522

4.2.Image Orientation

For image orientation, two experiments were carried
out. One was Georeferencing using ground control
points, and the other was orientation using geotags
images only, without relying on ground control points.

Geolocation results (errors in %, y, and z) using GCPs
and Check Points are shown in Table 4 and Table 5,
respectively. While using GCPs, the model is geolocated
accurately with an accuracy of 4 cm in x, 2 cm in y, and 3
cm in z. It is a significantly high accuracy, which can be
used for any project.

Table 4. Geolocation result with GCPs

GCP Name Error X [m] Error Y ErrorZ[m]
[m]
1000 -0.095 0.033 0.047
1012 -0.0106 0.0053 0.0405
1003 0.001 0.002 -0.005
1008 0.004 -0.002 -0.006
1001 -0.032 -0.049 0.057
1015 0.028 0.009 -0.009
1013 0.072 -0.03 -0.014
Mean[m] -0.00466 -0.00453  0.01579
Sigma[m] 0.04780 0.02497 0.02851
RMSE(m) 0.04493 0.02374 0.03049

Table 5. Check Point Errors

CP Name Error X ErrorY[m] ErrorZ[m]
[m]
1004 -0.06385 0.0804 -0.0224
1006 -0.03139 0.039 -0.1065
1010 -0.0361 -0.0467 0.0871
1011 0.0253 -0.0565 0.0883
1007 -0.0544 0.0512 -0.0446
1014 0.0204 -0.0443 -0.0423
1009 -0.0579 -0.0402 -0.0591
Mean [m] -0.02828 -0.002443 -0.01421
Sigma[m] 0.034093  0.052802 0.068748
RMSE[m] 0.044293 0.052859 0.070202

In another case, the images were processed in
WebODM without using GCPs. Images were oriented
with geotags only using the HPC system, which resulted,
in a speedy orthophoto generation. The geolocation
check result is shown in Table 6. The result is relatively
less accurate, especially in the case of height. It is due to
only the use of inbuilt GPS that is present in UAV.
However, this result is promising for projects that
require an accuracy of less than a meter. The limited
accuracy is because of not using ground control points,
GPS quality, and lack of precise time synchronization
between the image acquisition and GPS receiver.

Table 6. Geolocation results without GCP

CP Name Error X [m] Error Y [m]  ErrorZ [m]
1004 -0.4155 0.3985 -0.5242
1006 -0.1148 0.1039 -0.4556
1010 -0.3067 -0.41457 0.6081
1011 0.1983 -0.2085 0.7738
1007 -0.2595 0.31921 -0.9954
1014 0.46027 -0.20344 -0.8423
1009 -0.20779 -0.18012 -0.6591
Mean [m] -0.09225 -0.02643 -0.29924
Sigma[m] 0.288347 0.281773 0.650142
RMSE[m] 0.302743 0.283010 0.715703

4.3. Orthophoto

Finally, the orthophoto with 3.78 cm/pixel resolution
was produced as shown in Figure 3. The quality of the
orthophoto is outstanding as all the objects have been
orthorectified, and the features can be detected very
clearly.

This orthophoto can be a reliable source for
digitization, feature extraction, various map preparation,
and other spatial planning activities. Digital Surface
Model (DSM) can also be seen in Figure 4, which has been
extracted from orthophoto. The elevation of DSM ranges
from 1402.45 m to 1481.75m.

7

Figure 3. Orthophoto of Study Area
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4.4. Accuracy Assessment

Checkpoints were used to analyze the quantitative
accuracy of the model. As shown in Table 5, while using
GCPs, the Root Mean Square Error (RMSE) in X, Y, and Z
were 4 cm, 5 cm, and 7 cm, respectively. Similarly, while
GCPs were not considered, as shown in Table 6, RMSE in
X, Y, and Z were 30cm, 28cm, and 71cm, respectively. The
result obtained using GPC is excellent and can be used for
high-precision works. Previous studies, for example,
done by [36, 43, 44] have given average RMSE of + 0.05
m, + 0.338 m, and * 0.283m respectively for planimetry
and = 0.300 m, + 0.704 m, and + 0.178 m respectively for
height. The accuracy result shown by this study is more
promising.

On the other hand, the vertical error without ground
control points is comparatively high because of the
consumer-grade inbuilt GPS of UAV. This error is a bit

high but can be helpful in mapping works that don't Legend

require absolute accuracy. UAVs may often be used for Value

emergency mapping applications in areas where human TS

accessibility is hard, and it's not easy to take GCPs; in - e

such cases, this result shows the accuracy will be '

promising. However, a highly accurate model using GCP Figure 4. Digital Surface Model

was used to get the final output for this study.
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4.5. Topographic Map

Finally, the topographic map of the study area was
prepared in GIS software (Figure 5). Land cover
classification and utility mapping were also done.
Similarly, contour lines were used in a 2m interval to
show the shape of the Earth's surface. This map can be
handy in carrying out any planning, designing, and
construction activities on the given premises.

5. Conclusion and Recommendations

The primary aim of this project was to use UAVs for
spatial data collection, create a high-resolution
orthophoto, and later extract the features for mapping
applications. Contour and topographic maps were made
through photogrammetric and GIS processing, which
have significant importance in various infrastructure and

development planning. Similarly, the vector layer
obtained after digitizing features, land use, and land
covers can be helpful in land use planning, base, and
cadastral map preparation, etc.

This study has ensured that UAV is a reliable and
portable technology to acquire data remotely and
provide a result with a very high spatial and temporal
resolution even in inaccessible terrain at a relatively low
cost. Furthermore, this study also unfolds the use of the
HPC system for image processing which can be a game-
changer in the future. For a developing country like
Nepal, where Geospatial data is highly demanded, UAVs
can be revolutionary for effective and rapid spatial data
acquisition at low cost and time.

Furthermore, the HPC system and WebODM can be
beneficial for decreasing the processing time. The HPC
can be 10 to 20x faster than the PC at dense point cloud
processing, depending on the number of HPC nodes and
the total number of images [45]. It needs further research
for improvement and a better conclusion. Similarly, the
image orientation without GCPs is still less accurate for
high-precision work. At the same time, the use of GCPs
will consequently consume extra time for field and office
work and give more accuracy.
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Camera Calibration material deterioration, and on-site visual analyzes and current inspections by experts can

also lead to human-induced errors. The development of methods based on UAV
photogrammetry in order to reduce the labor force and margin of error in solving this
situation brings great convenience for the detection of material deterioration in historical
areas. The aim of the study carried out in this context is to document the material problems
of "Saristh Han", a historical masonry building located in the Tarsus district of Mersin, which
is of great importance for its continuity. Contributing to the documentation, detection and
repair of financial problems for the preservation of the cultural heritage of the region and
thus the sustainable management of the structures in the geographical region. In this context,
material problems in the structure were documented using UAV photogrammetry method.
In the study, the use of UAV photogrammetry to support the constraints of material
deteriorations allows for more detailed results in fagade analysis of material deteriorations,
leading to simplification of manual and direct search procedures.
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1. Introduction accelerating the mechanical events in the structure of the
stone by creating changes in the chemical structure of the
stone [1]. In addition, the side exposed to water shows
significant erosion in the limestones [2-10]. In addition,
various studies in the literature report that the effect of
water on stone structures tends to increase the acidity of

Historical buildings are heritage sites that ensure the
sustainability of collective memories such as the
lifestyles and beliefs of past societies. Stone, which is the
most used material in movable and immovable cultural

heritage in these areas, which helps to reconstruct atmospheric pollutants over time, which further
history, is under threat due to deterioration processes increases erosion and color change in stones [11,12].
buildings are caused by natural environmental factors deterioration caused by the effects of water can turn
such as meteorological conditions and anthropological small-scale (for example, flaking, fragmentation,

factors such as air pollution, as well as the properties of

th? materials t}}at r_nake up the building. For example, over time, and this may lead to loss of cultural traces in
rain water, which is a natural factor, accelerates the historical areas [13]. For this reason, pre-detection and

dissolution processes after freezing / thawing cycles, and mapping of material deterioration in order to take the
also increases the amount of deterioration by

cracking) deterioration into larger-scale deterioration
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necessary measures is one of the most important stages
of restoration works in the protection of heritage in
historical areas.

Material degradation mapping of urban facades
constitutes a preliminary activity for preparing any
restoration response project. The traditional method for
mapping relies on mechanical contact means and
requires a great deal of time effort to obtain several front
points [1]. In addition, the size of the building and
historical sites makes it difficult to examine the types of
material deterioration, and on-site visual analysis and
up-to-date inspections by experts can also lead to
human-induced errors. The development of methods
based on various technologies in order to reduce the
labor force and margin of error in the solution of this
situation brings great convenience for the detection of
material deterioration in historical areas [13]. In
addition, the use of digital tools to support mapping
activities allows for more detailed results on facade
analysis [14] leading to simplification of manual and
direct survey procedures [1].

In the literature, it is defined that the method that
represents the best solution for the detection of material
deterioration on facades should be tools that can obtain
both spatial (XYZ) and RGB data by allowing the
combination of geometric and material information. In
the literature, in the detection of stone material
deterioration, devices such as terrestrial laser scanning
and photogrammetry are supported by computer
software, and studies on surface erosion investigation
and pixel-based material properties determination
confirm the usability of these methods for material
properties. However, although all these methods have
important advantages in heritage areas, it has been
determined by various studies that they have some
inadequacies in the detection of material deterioration.
For example, although Terrestrial Laser Scanning (TLS)-
based surveys used to detect material deterioration
allow us to obtain dense point clouds, obtain sufficient
geometric data to be used in the modeling process for
facades [15], due to the low resolution in RGB data, they
are insufficient for distortion mapping [16]. The most
important of these inadequacies in the terrestrial laser
scanning method is the fact that the distortion groups are
different from each other in shape, texture and color, and
the distortion groups must have sufficient resolution for
the interpretation of the data during identification. Other
disadvantages are that they are expensive and data
processing times are long. In some TLS devices, this is
partially resolved by adding an external high-
performance digital camera or by adding a digital
camera. Digital close-range photogrammetry, on the
other hand, is still subject to limitations in material
deterioration, as it is time consuming and requires high
labor force to record every area of the structures due to
the location of the camera angle [17]. In addition,
techniques such as terrestrial laser scanning and
photogrammetry are insufficient to easily visualize the
area, especially in historical urban contexts with narrow
streets and tall  buildings. A  close-range
photogrammetric survey study to analyze the material
deterioration of a large historic building facade in
Bologna (Italy) shows that this technique can only be

used in structures that can be closely examined and
detected in situ, and that the size of the areas makes it
difficult to study the types of deterioration and the use of
different technologies to compensate for these
disadvantages. reported that it would be useful in the
detection of material deterioration.

Various studies in the literature emphasize the
importance of using UAVs in the detection of material
deterioration as a method to overcome the
disadvantages of methods such as terrestrial laser
scanning and photogrammetry. Russo et al. [1] studied
material deterioration detection by drone technology,
and found that this technique is an efficient method to
support restoration analysis because it is low cost, fast
and easy to use in material deterioration mapping. It has
also been confirmed by various studies that UAV
technology is a good method to overcome terrain
limitations and to search for hidden front areas [18-20].

Remote sensing technologies have been frequently
used in engineering projects in the last decade [21-36].
In this context, it is aimed to identify and document the
material problems of the "Saristh Han" building, which is
located in the Tarsus district of Mersin, which is the
subject of the study, and which is of great importance to
be preserved in terms of the continuity of the cultural
heritage of the region, by using UAV photogrammetry,
which is emphasized to be of great convenience in
detecting material problems in the literature. Thus, it will
contribute to the detection and repair of material
problems for the sustainable management of buildings in
the geographical region. In this context, within the scope
of the study, firstly, information about the historical
importance and spatial situation of the "Saristh Han"
building was given, and in the next step, how the building
was documented using UAV photogrammetry was
explained in the method section. In the results section,
the stone material problems in the building, which were
determined by using the data obtained from UAV
photogrammetry, are included, and in the conclusion
section, intervention suggestions for the repair of the
detected material problems are presented.

2. Study Area

Tarsus has been an important administrative,
commercial and military center since ancient times due
to its strategic location. Connecting Central Anatolia to
Cukurova and Northern Syria the caravanserai, located
on the right arm of Anatolia and on the route where the
Pilgrimage route passes, is on the Tarsus-Pozanti Road
near Giilek Pass and 90 km from Tarsus. The
caravanserai, which is within the borders of Cukurbag
Village of Tarsus district of Mersin, is located in Sar1 Isik
(Sarisih) Neighborhood. Caravanserai is called “Sar Isik
Han” or “Saristh Han” by the villagers (Figure 1).

The building was built on a land that slopes from
south to north. On the eastern fagade, it is seen that most
of the outer cladding has been shed. Again, on this facade,
there are three shapeless openings made later in the wall.
The building was used for soda production for a period,
and during this use, large openings were probably
created on the eastern wall. The top of the building is
completely covered with concrete, laterally inclined in
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two directions. The northeastern corner of the building,
which is in a very neglected condition today, is about to
be demolished. It is noteworthy that the exterior coating
on the north and west fagades has been renewed from
place to place. This repair was made in the 1970s. There
are crenellated windows in the upper part of the north
and south facades. The caravanserai, which has a
rectangular plan and a single closed space extending in
the north-south direction, was built with coarse stones

and rubble. The low-arched entrance, located on the
western facade from the long sides, is arranged in the
form of an iwan protruding from the facade. The entrance
iwan is covered with a pointed arched vault. The side
walls and vault of the entrance iwan are partially
collapsed. The top of the single-room caravanserai is
covered with a north-south oriented pointed arched
vault parallel to the entrance fagade. The vault is
connected by eight support arches.

34°45'30"E 34°46'30"E 34°47'30"E 34°48'30"E 34°49'30"E 34°50'30"E 34°51'30"E
N
\\-@.p 0 05 1 z 3 4 Km * Sarisih Inn
Figure 1. Location map
3. Method elements in stone structures are defined as gargoyles,

This study consists of two stages: field and office
work. Controlling the study area, preparing it to be
photographed, and taking images of the caravanserai
with an unmanned aerial vehicle constitute the field
study phase. During the office work phase, the data taken
from the unmanned aerial vehicle was transferred to the
computer environment, interpreted and processed. The
images collected in the field by the UAV photogrammetry
method were transferred to the computer in the office
environment and the classification of the types of
deterioration in the building was made. The
deterioration of the stone material in the building has
been mapped by considering the International Stone
Scientific Committee (ICOMOS-ISCS) classification
prepared according to the International Council of
Monuments [37,38]. Identified material deteriorations
are tabulated by dividing them into classes on the basis
of stone building elements in masonry structures.

In the literature, the structural elements seen in
masonry structures are defined as vertical carriers,
horizontal carriers, stairs, wall cavities and auxiliary
elements [39,40]. Vertical carriers in the building are
defined as pillars, columns and walls. There is no use of
pillars or columns in the building. Horizontal carriers
from the building elements are defined as floors. Flat
flooring is used in the building. In the literature, auxiliary

ornaments, moldings, and no auxiliary elements were
used in the structure.

3.1. Field study

At this stage of the study, first of all, the necessary
permissions were obtained to fly in the Tarsus District of
Mersin Province, which is the study area. Images were
captured manually with a Parrot Anafi HDR drone
(Figure 2). The technical properties of drone are shown
in Table 1. Every detail of the structure was tried to be
captured by flying first at low altitude and then at high
altitude. During the photo shoots, the camera was
calibrated beforehand and 101 photos were taken
without any changes in the parameters. A smartphone
was used together with the remote control during the
photo shoot. Free Flight 6 and Pix4D Capture
applications have been installed in order for the
smartphone and the remote to work integrated.

3.2. Office work

After the completion of the image acquisition within
the scope of the field work, the office work phase was
started. First of all, the data obtained from the field were
transferred to the computer environment. The pictures
taken were examined in detail and material
deteriorations were detected. From the images collected
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in the field by the UAV photogrammetry method, the
pictorial dictionary published by ICOMOS and the
deteriorations

findings

regarding

the

summarized in Table 2.

material

Figure 2. Anafi Parrot

Table 1. Technical specifications of the UAV (Parrot

2021)
Feature Value
Drone
Size folded 244x67x65 mm
Size unfolded 175x240x65 mm
Weight 320g
Max transmission range  4km with controller
Max flight time 25 min
Max horizontal speed 15m/s
Max vertical speed 4m/s
Max wind resistance S0 km/h
Service ceiling 4500m above sea level
Operating temperature -10°Cto 40°C
Lens
Sensor 1/2.4" CMOS
Aperture /24
Focal length (35mmeq.) 2369 mm (photo)
Depth of field 15m.»
ISO range 100-3200
Digital zoom up to 3x (4K Cinema, 4K UHD,

Photo resolution

FHD)

ZIMP (5344x4016) / 4:3 / 84°

HFOV

Table 2. Stone material deterioration in the structural elements of the building
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4., Results
4.1.Deterioration in vertical carriers

In the literature, vertical carriers of building
elements in masonry structures are defined as feet,
columns and walls. There is no use of pillars or columns
in the building. The deterioration in the walls of the
building was determined as plant formation and joint
loss. On the south fagade of the building, there are plants
growing in the areas close to the ground where joint loss
and joint losses occur due to the effect of water. Joint
discharge and plant formation problems were detected
on the south facade of the building (Figure 3).

On the eastern facade of the building, vegetation,
surface pollution, discoloration and joint discharge
problems were detected (Figure 4).

Partial fragmentation problems were encountered
as a result of the effects of the loads on the building

caused by the excess plant growth on the northern fagade
of the building (Figure 5).

4.2.Deterioration in horizontal carriers

In the literature, horizontal carriers from building
elements in masonry structures are defined as floors. Flat
flooring and vaulted roof use are seen in the entrance
with iwan on the south fagade. Vegetation type stone
degradation is observed on the flat floor and the vaulted
roof (Figure 6 and Figure 7).

4.3.Deterioration in auxiliary elements

In the literature, auxiliary elements of building
elements in masonry structures are defined as gargoyles,
ornaments and moldings. No auxiliary elements were
found in the building.

(a) Plant formation

(b) Joint discharge
Figure 3. Stone material deteriorations detected on the south fagcade
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a) Plant formation

R

(c) Color change ‘ ‘ (d) Joint &iséharge
Figure 4. Stone material deteriorations detected on the east fagade
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Figure 5. Fragment rupture

5. Discussion

The main purpose of the study is to identify and
document the deterioration patterns of the stones that
make up the structure of the "Sarisih Han" located in the
Tarsus district of Mersin. In order to investigate the
deterioration patterns in the structure, the images
obtained by UAV photogrammetry were interpreted
considering the ICOMOS stone material classification and
the types of deterioration were determined.
In this context, the use of UAV photogrammetry to
support stone material deterioration detection activities
appears to lead to simplification of manual and direct
detection procedures by providing more detailed results
in the detection of material deterioration, facade
analysis. As a result of the study, it has been seen that it
is possible to detect material problem types down to the
smallest detail based on visual inspection only, without
an on-site observational examination, thanks to UAV
photogrammetry. In addition, it is seen that UAV
photogrammetry is an effective method to support
restoration analysis because it saves manpower, labor
and time in the detection of stone material problems, and
this technique is low cost, fast and easy to detect material
deterioration.

In addition, the results of the study show that this
method is a useful method to compensate for the
disadvantages of terrestrial laser scanning and
conventional photogrammetry in detecting material
deteriorations due to its low cost and low data
processing time [15,16]. In the study process, material
deteriorations were easily detected on the images
obtained from UAV photogrammetry without the need
for on-site inspection of the structure. This finding
supports the results of studies that found UAV
technology to be a good method to circumvent terrain
limitations and search for concealed front areas [18-20].

Another important finding obtained from the study
is that the material problems detected in the data

obtained by the UAV method are plant formation, joint
discharge, surface pollution and color change. It is seen
that the problem of plant formation and joint grooves is
dominant in a large part of the building. While the water
entering the body wall eroded the joints, causing joint
discharge, the water effect between the drained joints
created the necessary environment for various living
things to live in the province. This finding supports that
the side exposed to water in limestones, which was also
determined in the results of various studies in the
literature, shows significant wear and therefore there are
problems related to the abrasive effect of water on all
facades exposed to water [2-10].

In addition, in the determinations made in the study,
it is seen that the deterioration patterns in plant
formation generally cause plant formation in the joint
spaces thanks to the environment provided by rain
water. This finding confirms that if control and
precautions are not taken against rain water, which is a
natural factor mentioned in various studies, small-scale
deterioration (such as flaking, flaking, etc.),
fragmentation, cracking can turn into larger-scale
deteriorations such as plant formation over time [1,13].

Another important finding obtained in the study, the
gray layer called surface pollution, draws attention on
the facades except the south fagade, where the residence
time of water on the wall is longer. This situation
suggests the fact that the water evaporates faster from
the wall of the building due to the sunshine duration on
the south facade and causes a color change in this
situation, while on the north facade, the water stays in
contact with the body wall more and evaporates slowly,
so it can clean the black layer caused by the pollution on
the facade less. This finding supports the fact that the
acidity of the water tends to increase over time due to the
atmospheric pollutants obtained in the results of Fort et
al [11] and Castafio Gonzalez et al. [12], which further
increases the erosion and color change in the stones.
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6. Conclusion

In the study presented in this article, UAV
photogrammetry was used to investigate the
deterioration patterns of the building material of the
"Saristh Hanm1" building, which is one of the most
important buildings in terms of the sustainability of the
cultural heritage in Mersin, and the deterioration types
were determined by interpreting the images obtained.
In this context, the use of UAV photogrammetry to
support stone material deterioration detection activities
appears to lead to simplification of manual and direct
detection procedures by providing more detailed results
in the detection of material deterioration, facade
analysis.

The results show that the main damage observed on
the stone surface of the building is the erosion by the
effect of water and the problems caused by the lack of
repairs in the worn areas, and plant formations occur in
almost all parts of the facades and the plant formations
cause large fragmentation on some facades. It is seen that
the joint loss on the stone surfaces and the deterioration
of plant formation have reached advanced levels as a
result of the exposure of the building to the effects of sun
and water caused by the strong climate for centuries.
Restoration methods should be tried to stabilize the
deterioration and replace the most degraded stones. To
treat surface contamination degradation, consideration
should be given to removing the gray layer to increase
the stone's resilience to environmental pollution and to
prevent subsequent exposure to weathering.
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1. Introduction

Abstract

Since mankind began to adapt to settled life, it has established various settlements. In these
areas, they have built many structures for accommodation and social activities. Some of these
structures are still in use today, but most of them are waiting to be underground for various
natural or unnatural reasons or have been destroyed due to indifference. Survey studies play
an important role in documenting, protecting and transferring cultural heritages that have
survived for centuries or that were found during archaeological excavations. The cultural
heritage handed down to us from past societies must be preserved for the benefit of all. In
the era of globalization, cultural heritage helps us remember our cultural diversity and its
understanding fosters mutual respect and renewed dialogue between different cultures.
Transferring the cultural heritage that has survived from the past to the present to the
societies that will live after us, without any change in its essence, contributes both to the
development of a country and to new works to be done. A country's economic growth and
social progress present both challenges and opportunities for the preservation of cultural
heritage. In this study, the documentation and survey sample study of Syefeddin Karasungur
tomb in Konya province was carried out. For the documentation work, a 3D model of the
building was obtained in terrestrial photogrammetry software with pictures taken from
various angles.

environment on the structure to the next generations. In
addition, it helps to reflect the cultural understanding of

Cultural Heritage is an expression of lifestyles
developed by a community, including its traditions, and
transmitted from generation to generation, including
practices, places, objects, artistic expressions and values.
Cultural Heritage is generally expressed as tangible or
intangible cultural heritage [1-2]. The most important
examples of tangible cultural heritage are architectural
works that reflect the life style of a society [3-4].

Documentation is the process of collecting and
recording all information, in both written and visual
form, obtained during the inspection and repair of a
historical building, when necessary, especially for the
purpose of  documenting  cultural artifacts.
Documentation allows us to physically preserve a
cultural object and, more importantly, it allows us to
understand and infer about the past [5-6].
Documentation studies are very important in order to
transfer the physical effects of the period and the cultural

the period to which the work belongs to today's people
by documenting the cultural heritages in question [7-9].
Cultural heritage provides a great perspective on how
people look at who they are in the fascinating world. In
this sense, the importance of documenting cultural
heritage is increasing day by day [10-12].

Documentation and survey studies are the first and
most important steps in order to preserve the cultural
heritage and transfer it to future generations in
accordance with its originality [13-15]. A survey is the
expression of the current state of the building's interior
and exterior architecture, original decoration, carrier
system and building materials with scaled drawings in
order to closely examine and document the urban texture
or archaeological remains of a building, to evaluate it in
terms of architectural history, and to prepare restoration
projects [16-18].
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Today, documentation of cultural assets is done
quickly and reliably with the photogrammetry technique
[19-21]. With the digital photogrammetric method, the
documentation, presentation, protection of historical
buildings, and the detection of deteriorations that may
occur in the works during and after the restoration works
can be determined by the conservation experts [22-24].
Another important advantage of photogrammetry is that
it allows 3D representation of objects by modeling them
in accordance with their originals [25-26].

With this study, the use of Photogrammetry in
Engineering and Architectural studies will increase its
effectiveness in current application areas in parallel with
the developments in science and technology, as well as
provide application opportunities in many other areas. In
addition, a survey and 3D modeling of the Historic Dome
was carried out with millimeter-precision measurements
and terrestrial photogrammetry technique, which can
serve as a basis for architecture, restoration, restitution,
documentation and registration of historical
monuments.

2. Method
2.1. Seyfeddin Karasungur Shrine

Emir Seyfettin Karasungur is the contemporary of
Hz. Mevlana. His exact date of birth and death is
unknown. He is the brother of Celaleddin Karatay, who
lived in the 1200s during the Seljuk period and gave his
name to the Karatay District.

_____

Figure 1. Location map of the study area
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Seyfeddin Karasungur established a madrasah on
the site of his tomb in the current Ciftemerdiven District
and was its patron for years. After the madrasa was
demolished, it was built on the site of the current
Karasungur Tomb. The date of his death, the architect of
the tomb and the date of its construction are not known
exactly.

The tomb is located in the center of Konya, at
37.874937° North latitude, 32.495539° East longitude, in
Cifte Merdiven neighborhood. It is on an octagonal base,
has an octagonal body and two floors, and is covered with
a dome from the inside and a pyramidal cone from the
outside. The main entrance door of the tomb is located on
the east side, but this door has been canceled today and
a new door and a window on the door has been opened
on the west side. The main door, placed in a deep niche
with a pointed arch, is limited by a high rectangular
frame. The upper floor, which has an octagonal plan, is
covered with a dome crossed with squinches. On the
upper part of each facade, there is a thin and long
rectangular window. There is a coffin inside. Today, it is
not possible to enter the lower floor, which is completely
underground. Stone, brick and marble were used as
building materials in the tomb. The original door of the
tomb is covered with marble. The dome, the cone, the
skirt of the cone and the corners of the octagon are made
of bricks. The rectangular panels on each exterior facade
are covered with cut stone, arches on the windows and
geometric decorations on the other surfaces are carved
on the stone surfaces with the scraping technique. In the
interior, the lower parts of the walls are rubble and the
upper parts are brick.
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2.2. Field study

Topcon GPT 7003i total station (Figure 2)
measuring devices were used for field measurement and
Nikon D5100 camera was used for photographing.

Figure 2. T(;pc—onr-gpt-7003i (url-4)

Before the field measurements in the field, the
locations of the polygon points to be established around
it were determined and their installation was made on
the ground in order to measure the cultural heritage to
be documented. The coordinates of the polygon points
established in such a way that they can see each other are
taken in the national coordinate system with the GNSS
receiver with CORS-TR connection. By making polygon
balancing with the total station on these polygon points,
the measurement was continued by providing an
accuracy of less than 0.5 cm. In addition, the picture of
the building was taken and the reference points made on
the building with the total station device were marked on
the picture.

The measurement process of the study was
completed in about an hour. Photographs were taken to
see all sides of the building. At least 3 photographs have
been taken from one side, the photographs taken are
overlapped and have different shooting points. Photo
shoot was completed in such a way that the focal length
of the camera was fixed without zooming in.

2.3. Office Work

The values of the reference points made on the
building in the project area were transferred in ncn
format from the total station device, shown in Figure 2
and the properties of which are specified in Table 1. The
camera used in photographing is shown in Figure 3, and
the characteristics of the camera are given in Table 2. The
polygon mesh is given in Figure 4. The data transferred
from Totalstation was converted into txt format by
Netcad 5.2 software, and the file was transferred to
Photomodeler (PM) software and used to balance the

pictures in a coordinated manner. The parameters of the
camera were introduced to the PM software and the
calibration process was carried out. For the calibration
process, sample template papers were printed in A4 size
in PM software. 10 photographs of the calibration paper
were taken. After the calibration process, the balancing
process was carried out successfully and the drawing
process was started.

Table 1. Topcon-gpt-7003i features

Field of view 1°30x
min. Focal Distance 1,3 m (4,29 ft.)
Measuring range 1,5-250m (5 - 820 ft)
Measurement Display 11 steps
Class1 (disntaj measurement)
Class 2 (Lazer Sign On)
4400 mAH
Including distance
measurement: Approx. 5
hours
Angle measurement only:
Approx. 10 hours
4 hours

Laser Class

Battery

Maximum uptime

Charging Time

ONNSWVS

Figure 3. Digital Handheld Camera

Table 2. Properties of the camera

Weight 226g
Turkish Language/ Digital Display Yes/Yes
Video Record/ Wifi Yes/Yes
Megapixel 14.2
Image resolution 4320 x 3240
Optical/Digital zoom 18x / Yes
Sensor width 6.16 mm
Sensor resolution width 4346 piksel
Pixel pitch 1.42 ym
Pixel density 49.78 MP / cm?
Storage type SD/SDHC/ SDXC
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Figure 4. Polygon mesh

The top view of the drawing made from the stabilized
photographs made in PM software is given in Figure 4,
the front view is given in Figure 5, and the side view is Figure 8. The height analysis of the tomb, which was
given in Figure 6. After the drawing was made, the drawn in PM software
surface coating was made, given in Figure 8. In Figure 7,
there is a height analysis of the building whose 3D model
is made. The drawing of the main lines of the building in
PM software has been completed with high precision.

Figure 5. a) Front view of the tomb drawn in PM
software, b) Side view of the tomb drawn in PM
software c) Top view of the tomb drawn in PM software

Figure 9. Surface coated view of the tomb drawn in PM
software
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Figure 10. Surface coated and picture dressed view of
the tomb drawn in PM software

3. Conclusion

Terrestrial photogrammetry technique, which is the
most effective method in documenting historical
artifacts, is superior to classical methods in terms of time,
costand accuracy. The fact that field data can be collected
with a simple handheld camera and that classical
surveying techniques are supportive play a major role in
the preference of this method. With the 3D model we
created from the data obtained by this method used in
the documentation of Seyfeddin Karasungur Cupola,
every detail of the structure was drawn in its real size.
Then, these drawings were covered with the help of
photographs taken in the field, and the real image of the
surface was obtained as a 3D model. Extremely sensitive
measurements can be made on the model of the work and
it can be easily used in restoration projects.
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1. Introduction

Turkey is a country whose population is increasing
every year. The needs of this growing population are also
increasing. The need for shelter is one of them. In many
regions, rapid construction was carried out in order to
provide housing to the rapidly increasing population as
soon as possible. This situation has led to the
construction of buildings without making the necessary
plans in a healthy way. Today, we see the consequences
of not making a healthy plan in the past. Disruptions in
infrastructure services, narrow roads in transportation
and various problems in land use draw attention.

The development of technology has caused the
peaceful life in countries with high civilization level to be
known by the people in the village. This situation has led
to an increase in the demands and studies have started to
bring the village life to a better quality. In order to carry
out these studies, the three-dimensional (3D) model of
the land must be seen in the computer environment. It is
not an easy task to prepare map of the wide terrain as it
requires long field survey. UAV has made survey
engineers life easier [1]. Using a UAV has many

Unmanned aerial vehicle (UAV) is one of the methods in map production, which can obtain
spatial data with high accuracy. In this study, we created 3D model of Yaylak village located
in Aksaray District using UAV Photogrammetry. We created high resolution Digital Surface
Map and orthophoto map of the village using the pictures obtained from e-Bee. Using these
maps, the administrator of the region will decide healthy decision. This study shows us UAV
can be used in preparing the necessary maps for designing the settlement area.

advantages as it is time-consuming and allows high
accuracy in modelling the terrain [2]. The camera
mounted on the UAV provides high resolution pictures
[3]. Spatial data can be obtained using UAV with high
precision and accuracy.

Classical photogrammetry techniques have some
accuracy problems in large areas. Advances in remote
sensing technology overcomes this problem. UAVs are
economical, easy to use and practical in steep terrain [4].
Therefore, in the last two decades, UAV has been used in
engineering projects frequently. Rockfall [5], landslide
[6], cultural heritage [7], material deterioration [8] and
terrain modelling [9-10] are the main topics which used
UAV photogrammetry.

In Turkey, most village sites are poorly organized.
When people found a place to construct a one-story
house, they build the house without any management
plan. Randomly designed buildings cause too many
problems. In this study, we tried to create the actual
orthophoto and DSM of a village site located in Aksaray
district, Turkey (Figure 1). To generate modern
settlement areas, mapping the terrain is a very important
task.
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Figure 1. Location map of study map

2. Method

In order to create the risk management plan of the
village site, high resolution maps are needed. One of the
methods adopted in order to obtain the spatial data
needed in recent years is the use of UAVs. UAV
photogrammetry enables us to create the necessary
maps in a short time. The software used in processing the
pictures is improving.

With the photogrammetry technique, we can create
3D models of objects without touching them and without
causing any damage to them. Terrestrial
photogrammetry is a time-consuming method. Airborne
photogrammetry is very useful when compared to
terrestrial photogrammetry.

Turkey has very rough terrains due to its
geographical location and geomorphological features.
This situation both causes many natural disasters and
prevents the settlement plans to be made in a healthy
way.

In this study, we used eBee SenseFly with real-time
kinematic positioning feature (Figure 2) to model the
terrain. We prepared the flight mission and get the
pictures. A wide area covering 2.7824 km? has been
modelled using 814 pictures. Average ground sampling
distance was 2.88 cm. We used Pix4D Mapper to produce
models in a short time.
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UAV photogrammetry enables the engineer’s duty as
it can gather data from terrain in a short time.

The lower the flight is made in UAV photogrammetry,
the clearer the model will be. Since the e-bee has a high
camera resolution, this problem has disappeared. The
lower the flight height, the higher the number of images.

Structure from motion (SfM) algorithm creates 3D
modelling of the terrain from 2D pictures. This algorithm
creates a model of the terrain by finding common points
on consecutive pictures. The results of processing
options are given in Table 1.

The results of DSM, orthomosaic and index details are
given in Table 2.

Figure 2. eBee SenseFly
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Table 1. Processing options

Property Value
Image Scale multiscale, 1/2 (Half image size, Default)
Point Density Optimal
Minimum Number of Matches 3
3D Textured Mesh Generation yes

3D Textured Mesh Settings

Resolution: Medium Resolution (default)
Color Balancing: no

LOD LOD Generated: no
Advanced: 3D Textured Mesh Settings Advanced: 3D Textured Mesh Settings Sample Density
Divider: 1
Advanced: Image Groups groupl
Advanced: Use Processing Area yes
Advanced: Use Annotations yes
Time for Point Cloud Densification 04h:35m:46s
Time for 3D Textured Mesh Generation 01h:04m:31s
Table 2. Index details
Property Value
DSM and Orthomosaic Resolution 1 x GSD (2.88 [cm/pixel])
DSM Filters Noise Filtering: yes
Surface Smoothing: yes, Type: Sharp
Raster DSM Generated: yes
Method: Inverse Distance Weighting
Merge Tiles: yes
Orthomosaic Generated: yes
Merge Tiles: yes
GeoTIFF Without Transparency: no
Google Maps Tiles and KML: no
Grid DSM Generated: yes, Spacing [cm]: 100

Time for DSM Generation
Time for Orthomosaic Generation

02h:12m:37s
05h:19m:50s

3. Results and Discussion

UAV technology and applications are increasingly
used by organizations and academic society in the last
decade.

Rural areas are surrounded by high mountains. This
causes too many problems. UAV photogrammetry makes
people's lives easier. 3D modeling of the land in high
resolution provides great convenience to decision
makers. The more detailed data we can see comfortably
in the computer environment, the healthier we can make
decisions. UAV technology allows us to prepare a 3D
model of the terrain in high resolution. Completing both
the field work and the modeling process in a short time
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is the most important reason for us to use UAV
technology.

As a result of this study, Digital Surface Map (DSM)
(Figure 3) and orthophoto (Figure 4) were produced in
high resolution. DSM will show us the slope structure of
the land and the water flow network.

Laser scanning method is also used in terrain
modeling. Terrain models using airborne lidar have
emerged in recent years. The fact that this method is
expensive and the fieldwork and modeling processes are
difficult and long makes it not preferred. Satellite image
modelling is also an important element in terrain
modelling. However, it is very expensive when compared
to UAV technology.
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Figure 3. DSM
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Figure 4. Orthophoto

4. Conclusion

In this study, we modelled a village using UAV
technology with high resolution. We have quickly
modeled a large terrain using 814 pictures. The
development of technology has made our lives easier. A
large database has been created for managers. A very
high-quality data set has been created that can be used in
making decisions that will increase people's quality of
life. It will be possible to find solutions to the problems
by using scientific methods in the village settlement. A
high-quality land management plan can be prepared.
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