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1. Introduction

ABSTRACT

Cultural heritage and historical monuments are the memories of societies and enable future
generations to learn about the past. However, historical monuments from the past to the
present have been subjected to many destructions, natural or unnatural. Thanks to advances
in technology, it is easier to document historical monuments using digital photogrammetric
methods. Today, we see the methods used in documenting historical artifacts as traditional
measurement, laser scanning, and photogrammetric methods or combinations of them. In this
study, historical artifacts were tried to be documented through close-up photogrammetry
methods, which is a sub-working area of photogrammetry, through images taken with non-
metric cameras of smartphones that we use frequently in our daily lives. Planned geodesic
measurement and photography should be done in order to perform three-dimensional (3D)
modeling with close-up photogrammetry. During the study, the checkpoints were measured
using geodesic methods on the historical monument and part of it was reserved for accuracy
analysis. The tomb of Fakih Dede in Konya, which is an important point of visit in the region
has been chosen.

factors caused by the natural environment (Castellini et
al., 2008; Lopez-Aparicio and Grasiene, 2013; Varas-
Muriel et al. et al.,, 2014). Therefore, historical artifacts

Cultural heritage has taken an important place in
the culture and creativity of a society. Cultural heritages
can be classified as public goods with their features
(Yilmaz et al,, 2000; Korumaz et al.,, 2011). Cultural and
heritage properties provide certain benefits to the areas
in which they are located, although there are not enough
public resources for their maintenance and protection
(Yakar et al, 2005; Alptekin et al, 2020; Polat et al,,
2021a). Culture not only promotes economic
development but can also be used as a means of
transforming certain geographical areas. It, therefore,
forms part of many local and regional economic
development strategies (Alptekin et al., 2019; Polat et
al,, 2021b). Unfortunately, historical artifacts have been
exposed to aging, humidity, dust, pressure, etc. over the
years. They are exposed to irreversible deformation and
damage caused by human beings as well as physical

must be documented in order to be passed on to future
generations. Documentation studies can form the basis
for restoration projects of historical artifacts that have
undergone deformation (Senol et al,, 2021).

Up-to-date and accurate information about
architectural and structural features, geometric shapes,
and materials are the most important bases for the
restoration of historical monuments (Yakar et al. 2010).
However, the original architectural drawings necessary
for the restoration of historical monuments cannot be
found or are of low quality. Therefore, it is vital to
document historical artifacts and monitor their
displacement and deformation (Senol et al., 2020; Kaya
et al, 2021; Suziedelyté-Visockiené et al., 2015). The
measurement of a structure with traditional methods is
a costly and time-consuming task. Especially the high
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parts of the structure are more difficult to access and
measure. For this purpose, remote sensing and
photogrammetric methods can be used (Ozimek et al,,
2021; Yakar et al. 2015). The photogrammetry
technique stands out as the most used technique,
especially since it allows to the production of three-
dimensional (3D) models from two-dimensional (2D)
photographs taken with non-metric cameras.

Today, in the production of a 3D model, it is mainly
obtained from active or passive sensors, which are non-
contact systems based on light waves. We can currently
distinguish four alternative methods for object and
scene modeling:

. Image-Based Rendering is a preferred
technique for rendering virtual views, which does not
involve the creation of a geometric 3D model;

e Image-Based Modeling (e.g., photogrammetry),
a commonly used method for geometric surfaces of
architectural objects, precision terrain, and city
modeling, and Cultural Heritage documents;

e  Range Based Modeling (eg laser scanning) is
also very common for non-expert users such as cultural
heritage professionals;

e  The combination of Image and Range Based
Modeling, where both have advantages and
disadvantages, and their integration can allow efficient
and rapid generation of complete and detailed 3D
models (Guarnieri et al., 2006).

More recently, experts in the documentation of
cultural heritages have focused on the application of
photogrammetric reconstruction, the documentation of
historical artifacts (Di Angelo et al., 2021; Apollonio et
al,, 2021), and the documentation of complex buildings
(Reinoso-Gordo et al,, 2021; Donato et al. et al,, 2019)
have worked in many areas, from the documentation of
historical landscape fragments (Bruha etal., 2020).

The integration of laser scanning technology and
digital image photogrammetry enables the 3D
digitization of architectural structures and elements. In
this way, digital documentation and spatial information
can be continuously monitored at different time
intervals (Alkheder et al., 2009; Remondino, 2011; Pesci
etal., 2013; Tapete et al., 2013). It creates a set of data
points that can be converted into 3D point clouds
required for the creation of 2D or 3D models with both
technologies (Akman etal., 2010; Gruen and Akca, 2005;
Yastikli et al, 2007). Although obtaining point cloud
data using laser scanning is a faster technique,
photogrammetric methods come to the fore due to their
advantages such as affordability, limited accessibility of
indoor building areas, limited portability, special
expertise required, and other factors (Arias et al., 2006).
; Chandleretal, 2007; Martinezetal., 2013; SuZiedelyte-
Visockiene et al.,, 2011).

These advantages of photogrammetry technology
are based on the ability to work with newly developed
algorithms. Photogrammetry, which has developed
methodologically, has also been developed as data
collection material. The first of these is the use of non-
metric cameras. Thanks to the integration of non-metric
cameras into smartphones, the photographic data
obtained has become usable in photogrammetric
evaluation. With the use of smartphones in this area,
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access to data collection tools has reached a high level.
With the development of data collection materials, many
people have started to use the photogrammetry
technique with the photographic data obtained on
smartphones and interesting results have emerged.
Especially amateur users have found a place for
themselves in a scientific study with the integration of
photogrammetry technique with non-metric cameras
without being aware of it.

In this study, images were taken with non-metric In
this study, images were taken with non-metric cameras
of smartphones, which we frequently use in our daily
life, and a different study was carried out on the
documentation of historical artifacts with the close-
range photogrammetry method over these images. In
the second part of the article, the results obtained from
the field of study, the methods and materials used in the
third part, and the results obtained in the fourth partare
presented and finally, the results are discussed.

2. Study area

During the Karamanogullari Principality period,
the mostimportant settlement area stands out as Konya.
The political and cultural relations of the Karamanids
and the Anatolian Seljuks began with the siege of Konya
by Karamanoglu Mehmed Bey in 1277. The urbanization
activities of the Karamanogullari Principality, which had
an independent existence since the beginning of the
14th century, coincided with the first half of the 15th
century. Urbanization activities in this process
continued first in Ermenek, then in the centrum of
Karaman and Konya. Karamanogullar1 structures in
Konya consist of small-sized mosques, tombs,
dariilhiiffaz (the institution that trains Hafiz), and
Turkish baths. According to the inscription of the Konya
Ahmed Fakih Tomb, which constitutes our work, it was
built in 1456 for Seyh Fakih Pasha, the son of Isa. The
tomb is located in the Karatay district of Konya province
today. The mausoleum is structurally square prism type
and has a single story. The structure is similar to Seljuk
structures with a dome from the inside and an octagonal
pyramidal cone/double-layered cover system from the
outside. The tomb draws attention with the use of
rubble, cut stone, brick, spolia, and tiles (Saman-Dogan,
2009).
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Figure 1. Fakih Dede Tomb north and south facade view
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3. Material and method

Across studies, the use of a single stereo pair may
be insufficient to reconstruct the complex structures of
historic buildings. For this reason, almost all (80%)
photographs should be used to cover the target object as
a whole. Care should be taken to ensure regularity in
selecting observation points and ensuring a conflict in
the form of repeated photo coverage for at least 60% of
the area of adjacent frames. Observations have shown
that the optimal displacement angle between the

sequential squares of the sequence is approximately
100-150 when sensing the object from a circular orbit
surrounding it (Asri & Corumluoglu, 2007; Skabek and
Tomaka, 2014). This helps to improve accuracy when
using images of a camera (smartphones) whose internal
router is unknown or not calibrated. Therefore, bundle
adjustment is a wide-spreading technique in today's
terrestrial photogrammetry (Figure 2). Combines the
application of semi-metric or even non-metric cameras,
convergent photos, and flexible measurements in a
common computer environment (Kucak et al,, 2016).

N
4

3

Figure 2. System of convergent taking of images for close-range photogrammetry

In this study, a total of 9 images were taken with a
sufficient overlapping ratio, covering the historical
building completely. The images were taken using the
Huawei Mate 10 Lite android device shown in Table 1.

Table 1. Huawei Mate 10 Lite smartphone camera
features

Parameters Value

Focal length 27mm

Aperture 2,20

Sensor size 18.46 x 27.69mm
Amount of pixels 16MP

Weight 164gr
Dimension 156x75x7.5mm

Planned geodetic measurement and photography
should be done in order to make 3D modeling with the
digital photogrammetric method. For geodetic
measurement of control points on ancient artifacts to be
used in the photogrammetric evaluation, first of all, a
geodetic network that completely covers the objectin all
aspects should be established in such terrestrial
photogrammetric and modeling studies. In this context,
a geodetic network has been established in the local
coordinate system that will completely cover the
historical structure from all sides. When choosing the
control points where the measuring device will be
installed, locations that will see the structure fully are
preferred. Considering the physical properties of the
building surface, attention was paid to the selection of
sharp lines and clear control points (Uysal et al., 2015).
The Cygnus Topcon KS-102 reflectorless total-station
was used to mark the closed polygon mesh and control
points (Figure 3).
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A closed polygon network was then established
around the building, a total of 40 control points has been
marked. For detail points, both target marks and points
with natural sharp lines and characteristic features of
the object were preferred. These data were primarily
provided for reference in the process of merging the
photographs in the software. In addition, these detail
points are needed in order to examine the position
accuracy of the points. 40 homogeneously distributed
detail points were determined on the structure. Twenty-
four of these points are marked for use in coordinating
the 3D model, and 16 for accuracy analysis. After the
measurement process was completed in the field,
photography was done. Care has been taken to take the
images with an overlay so that they can see the object
from different angles. The workflow diagram of the
basic workflow and Close-range photogrammetry
technique used in the study for digital documentation is
given in Figure 4.
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Figure 4. Basic workflow for Close-range Photogrammetry

The images and control points of the historical 4. Results

structure obtained as a result of the field studies were

transferred to the PhotoModeler UAS software for In the Photomodeler software, 9 ground-based
digital evaluation. Since PhotoModeler software can photographs and 40 detail points were used with the
perform mutual and absolute orientation at the same non-metric camera on the smartphone. First, the photo
time, control points appearing in two or more images and detail point data of the structure were introduced to
are marked (Yastikli, 2013). After marking the the software. Detail points were manually marked on
checkpoints, one photograph was chosen as a reference the photographs to be used, and merging and balancing
and the other marked photographs were for the match were performed. After balancing the photographs, a 3-
of each checkpoint. Next, routing was done according to dimensional drawing of the basic skeleton of the
the package method in PhotoModeler software. After building was obtained by drawing each detail one by one
the orientation process, 3D model production started. (Figure 5).

Finally, texture data was added to the completed 3D
model and the documentation of the historical building
was completed.

Figure 5. View of 3D Detail Drawing
By using these drawings as the basic skeleton, a means of photographs taken from the field, and a 3D

solid model of the structure was covered (Figure 6). model of the structure was textured (Figure 7).
Finally, the surface of the solid model was dressed by
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Figure 7. 3D photorealistic model view of Fakih Dede Tomb

Accuracy analysis was performed to detect the
positional error for the 3D model obtained. For this
process, the field coordinates obtained with the total-
station measuring instrument and the test data obtained
from the 3D model were evaluated. The coordinates
taken with the measuring tool were accepted as the
exact coordinates. By calculating the exact value and the

value differences on the model, the mean square errors
of the points in the x, y, z direction were calculated.
Detail points are needed to examine the position
accuracy of the points. 40 homogeneously distributed
detail points were determined on the structure (Figure
8). 16 of these points were used for accuracy analysis.

Figure 8. Display of control points used for photogrammetric process and accuracy analysis. The blue rectangles
represent the paper target, and the green circles represent the distinctive characteristic points.
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Table 2. Accuracy analysis of Control points

Point Vi (mm) Vi (mm)
Number VxVx VyVy VzVz Point N. VxVx VyVy VzVz
1 15 9 7 9 11 9 -12
2 -14 0 0 10 -6 -5 18
3 3 2 4 11 9 -16 9
4 -4 -18 4 12 -8 -10 15
5 -8 -6 -16 13 8 -4 -5
6 14 23 -13 14 -1 2 1
7 -4 12 18 15 -16 4 0
8 -10 13 15 16 -12 13 -16

The spatial accuracy of the control points was
calculated according to equation 1, taking into account
the differences (vi) and the number of measures (n). The
differences between the coordinate values measured by
geodetic methods of 16 points reserved for accuracy
analysis and the coordinate values read on the 3D model
are presented in Table 2.

/vax /VyVy A4
= = = 1
mX, n_l,mYO n—l'mZO " (1)

When Table 2 is examined, it is seen that the 3D
model is generally produced with high precision. The
reason for the high error values in the partial axes of
some points is thought to be due to the fact that the
overlay ratios in the photographs are not constant and

vary

In addition, for the X, Y, Z position accuracy of the
obtained model, mx, my, mz were calculated as 10.29,
11.41, 11.86 mm, respectively. If the position of the
model is correct, it is calculated according to equation 2
and itis = 1.94 cm.

Myy, = JMXy + mYy + mZ, (2)
5. Conclusion

Itis advantageous to use photogrammetric methods
instead of traditional methods that require time-
consuming and laborious measurements in the
documentation of  historical artifacts. However,
photogrammetric methods have disadvantages such as
expensive measuring instruments, high-dimensional
data, and complex modeling processes.

In this study, the performance of photogrammetric
methods in the documentation of historical artifacts by
using non-metric cameras such as smartphones, which
we use frequently in our daily life and which can be
accessed more easily than alternatives, has been
examined.

In order to examine the accuracy of the work, the
differences between the control points and detail points
measured with the total station were calculated and the
precision of the model was found to be +1.94 cm. Yakar
and Bilgi (2020) study history by using mobile phones in
I1I. They made 3D documentation of Ahmet Fountain. In
their study, they found the 3D position accuracy to be
+2.56 cm.

It has been seen that the 3D model obtained in line
with this study and the work done by Yakar and Bilgi can
be used as a base for the documentation and protection
of cultural heritage. These models play an important role
in the restoration works, in determining the
deformations that will occur on the historical artifacts
and in monitoring the changes that occur on the artifacts
in question. On the other hand, it is thought that mobile
phones can contribute to the documentation of many
cultural heritage works, especially since they have a large
user base and their use does not require expertise.
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