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 Historical artifacts are in danger all over the world as they are being damaged continuously. 
In order to transfer them to future generations and restore them, we need to create digital 
products of them. The developments in remote sensing allow us to model objects in computer 
environment. In this study, a cultural heritage located in Mersin was modelled in 3D using an 
unmanned aerial vehicle (UAV). Circular mission plan in the mobile phone application was 
preferred. Overlapping pictures were aligned. Digital surface model, orthophoto and 3D model 
of Ucayak Ruins have been created. Aerial photogrammetry allows us to create digital 
products in a short time. The obtained model will be used in tourism advertisements. 

 
 
 

 
 
 
1. Introduction 

 
Turkey has hosted many civilizations throughout 

history. Turkey has been preferred for settlement 
because it is surrounded by the sea on three sides, is 
located on migration routes and has fertile agricultural 
lands. Assyrians, Byzantine, Seljuk and Ottoman 
Empires have lived in this territory. These civilizations 
have left us cultural legacies. As a result, Turkey has a 
deep history of geoarchaeological sites.  

Mersin City, located in the southern parts of Turkey, 
has a great potential for archeological studies (Alptekin 
and Yakar 2021).  There are many archaeological study 
areas such as Kızkalesi, Olba Ancient City, Anemurium, 
Heaven Hell Potholes and Uzuncaburç. They are being 
negatively affected from natural and anthropogenic 
effects. 

Geopark turizm has been gaining importance since 
last decade. Geoparks occur with the process of million 
years. Mut Miocene Basin is one of the candidates 
Geopark sites in Turkey.  Moreover, it has canyon, valley, 
and waterfall in it. Geoparks are open air laboratories to 
describe geological events. 

Agriculture and tourism are the main incomes of 
Mersin.  Geo-tourism is important for rural 

development of Turkey (Kocalar, 2020; Varol et al. 
2021). However, Mersin is experiencing a lack of 
publicity. 

Historical artifacts are important sources that 
enable us to reach the life information of the past (Yakar 
et al. 2005; Yakar et al. 2010). However, they are being 
damaged due to the unconscious behaviors of people, 
treasure hunters, natural disasters and climate changes 
(Ulvi and Yakar, 2010). We need to document our 
cultural heritage in the computer environment, in order 
to pass it on to future generations, use it in tourism and 
restore it in the future (Yakar et al. 2016). 

Terrestrial laser scanner (TLS) and unmanned 
aerial vehicle (UAV) have been used to model the 
archeological sites in 3D since last decade. Alptekin et al. 
2019 have used TLS to model the mausoleum in 
Kanlıdivane. 

In this study, Üçayaklı ruins located in Erdemli 
province of Mersin city was modeled using a UAV. 
Üçayaklı ruins, also called villa rustika, was the 
residence of the great landowners during the Roman 
and Byzantine periods. The walls of the building, which 
has been well preserved until today, are intact. 
However, the ceiling and floor, which was made of 
wooden, were demolished (Çalışkan et al.2009). The 

https://dergipark.org.tr/en/pub/mephoj
https://orcid.org/0000-0002-5605-0758
https://orcid.org/0000-0002-2664-6251


Mersin Photogrammetry Journal – 2021; 3(2); 37-40 

 

  38  

 

second floor has large windows and consoles that prove 
the presence of a balcony, while the first floor has small 
windows (Fig.1). 
 

 
Figure 1. Ucayak ruins 
 
2. Study area 

 
Mersin is located between Mediterrenean Sea and 

Taurus Mountains. The study area is located in Erdemli 
Disrict, Mersin Province (Figure 2). Ucayak Ruins is 
between Küstülü and Hüsametli villages. Total distance 
to Mersin city center is 65 km.  
 

 
Figure 2. Location map 
 
3. Methods 
 

UAV has been frequently used in engineering 
projects since last decade. UAV has been used in 
agriculture (Bendig et al. 2014; Şenol et al. 2021), 
culture heritage modelling (Şasi and Yakar, 2018; Ulvi et 
al. 2019; Sarı et al. 2020), mapping landslide area (Al-
Rawabdeh et al. 2017; road extraction (Yiğit and Uysal, 
2021), shoreline change detection (Unel et al. 2019), 
pond volume measurement (Alptekin and Yakar 2020). 

Obtaining accurate and complete data will increase 
the accuracy of the documentation work (Hamal et al. 
2020). Visual and scientific applications of 3D modelling 
have a great role in documentation of cultural heritage 
(Yılmaz et al. 2008). Terrestrial photogrammetry is not 
able to take pictures from the roof of the structure. 
Aerial photogrammetry will solve this problem. 
Therefore, aerial photogrammetry will be selected in 
building modelling projects. 

There are many softwares such as Agisoft, 
ContextCapture and Photomodeller that can model the 
object in 3D. Kabadayı et al. 2020 have discussed the 
advantages and disadvantages of these softwares. 

In this study, Anafi Parrot (Figure 3) has been used 
to take pictures of cultural heritage. Technical 
properties of Anafi Parrot is given in Table 1.  
 

 
Figure 3. Anafi Parrot 
 
Table 1. Technical properties of Anafi Parrot 

Property Value 
Drone weight 320 g 
Controller weight  386 g 
Battery weight  126 g 
Max. flight time 25 min 
Max. horizontal speed 15.2 m/s 
Max. vertical speed 4 m/s 
Max. wind resistance 13.9 m/s 
Max. transmission range 4000 m 
Max. altitude 150 m 
Operating temperature range -10 C° to 40 C° 
Camera 21 MP  
Resolution 4608x3456 
Focal length 4 mm 
Pixel size 1.34 x 1.34 μm 

 
Pix4Dcapture, a cell phone application, has been 

used to prepare circular mission flight plan. The flight 
height was 30m and GSD was 3.87 cm/pixel. Circular 
mission plan is used to take pictures of an object with 
3D. In this study, 107 overlapping pictures were taken 
(Figure 4). The pictures were processed in Agisoft 
Metashape software 1.5.0. The steps is shown in Fig. 5. 
 

 
Figure 4. Camera locations 
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Figure 5. Process steps 

 
To georeference the study area, four ground control 

points were used. Coordinates were taken by using a 
GPS with one epoch. Error amounts are given in Table 2. 
 
Table 2. Error amounts of ground control points 

Direction Error amount (mm) 
X error  6.19458 
Y error 3.87626 
Z error 4.81898 
XY error  7.30741 
Total 8.75333 

 
4. Results 

 
In this study, 3D model was created with medium 

quality (Fig 6). High quality model needs high standards 
of computer. Moreover, pictures taken from close-range 
will increase the resolution of the model. 

DSM (Fig. 7) and orthophoto (Fig. 8) of the study 
area were created. The elevation of the study area is 
between 906 and 928 meters. Orthophoto has too many 
white holes because of circular mission flight plan. 
 

Figure 6. 3D Model 
 

 
Figure 7. DSM 
 

 
Figure 8. Orthophoto 
 
5. Discussion 

It is very important to transfer historical artifacts 
bearing the signatures of world history to future 
generations (Yakar et al. 2015). Along with the 
developing technology, the classical method of 
documentation has now been replaced by modern 
documentation techniques, which has led to the rapid 
advancement of contemporary documentation 
techniques (Korumaz et al. 2011).  

In today, modelling of a cultural heritage is being 
performed with using a UAV. The pictures will be taken 
manually with a UAV. Overlapping pictures will be 
aligned with the help of tie points. The quality of the 
model will be increased when high quality aligned mode 
is selected. 

Circular mission plan is an alternative to manually 
taken pictures. It will be used easily in Pix4Dcapture 
mobile application. 
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6. Conclusion 
 

Historical artifacts are in danger all over the world. 
Turkey has an ancient history. Too many civilizations 
have lived and left us precious cultural heritages. 
Documenting historical artifacts is vital to transfer 
cultural heritage to future generations. Modern 
technology allows us to create 3D model of the object 
with high accuracy in a short time. In this study, the 
model of Ucayak Ruins has been created in 3D. This 
model will be used in tourism advertisements.  
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 The production of land use and land cover (LULC) maps using UAV images obtained by RGB 
cameras offering very high spatial resolution has recently increased. Vegetation indices (VIs) 
have been widely used as an important ancillary data to increase the limited spectral 
information of the UAV image in pixel-based classification. The main goal of this study is to 
analyze the effect of frequently used RGB-based VIs including green leaf index (GLI), red- 
green-blue vegetation index (RGBVI) and triangular greenness index (TGI) on the 
classification of UAV images. For this purpose, five different dataset combinations comprising 
of RGB bands and VIs were formed. In order to evaluate their effects on thematic map 
accuracy, four ensemble learning methods, namely RF, XGBoost, LightGBM and CatBoost were 
utilized in classification process. Classification results showed that the use of RGB UAV image 
with VIs increased the overall accuracy (OA) values in all cases. On the other hand, the highest 
OA values were calculated with the use of Dataset-5 (i.e. RGB bands and all VIs considered). 
Additionally, the classification result of Dataset-4 (i.e. RGB bands and TGI) showed superior 
performance compared to Dataset-2 (i.e. RGB bands and GLI) and Dataset-3 (i.e. RGB bands 
and RGBVI). All in all, the TGI was found to be useful for improving classification accuracy of 
UAV image having limited spectral information compared to GLI and RGBVI. The improvement 
in overall accuracy reached to 2% with the use of RGB bands and TGI index. Furthermore, 
within the ensemble algorithms, CatBoost produced the highest overall accuracy (92.24%) 
with the dataset consist of RBG bands and all VIs considered.  

 
 
 
1. Introduction  

 
Gathering accurate and reliable land use and land 

cover (LULC) information about the Earth's surface is a 
prerequisite for the success of a wide range of 
applications carried out at local, regional and global 
scales (Colkesen and Ertekin, 2020). Recent 
developments in the field of unmanned aerial vehicle 
(UAV) technologies and imaging sensor systems have 
led to a renewed interest in extracting required 
information about surface objects from high spatial 
resolution UAV images (Yao and Qin, 2019).  

Supervised pixel-based image classification that 
one of the popular classification techniques to produce 
LULC maps in the literature (Huth et al., 2012; Tehrany 
et al., 2014; Goldblatt et al., 2018). Pixel-based image 
classification is generally based on the assignment of the 
image pixels into pre-defined LULC classes using their 
digital numbers. The RGB-UAV-based platform is an 

alternative and low-cost aerial platform technology 
ensuring the capturing surface images at very high 
spatial and temporal resolutions. Although the RGB 
cameras are able to provide high spatial information 
about the surface, their spectral resolutions are limited 
for distinguishing spectrally similar pixels (Jang et al., 
2020). In order to overcome this limitation, the ancillary 
data such as vegetation indices, texture features and 
principal components have been widely used in image 
classification process. Combinations of various 
vegetation indices (VIs) and RGB bands have been 
frequently used in the literature to improve the 
classification performance of RGB-UAV images (Sumesh 
et al., 2021). Many vegetation indices based on different 
sensor specifications have been developed since the 
launch of the first remote sensing satellite, Landsat.  
They are widely used for quantitative and qualitative 
evaluations of vegetation information (Xue and Su, 
2017). 

https://dergipark.org.tr/en/pub/mephoj
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Choosing the most appropriate classification 
algorithm for classifying UAV images having limited 
spectral information is also one of the important factors 
effecting the thematic map accuracy. In recent years, 
there has been great interest in classifying digital 
images using ensemble learning methods in the 
literature due to their robust, effective and fast 
performance (Zhiwei et al., 2016).  The main idea behind 
the ensemble learning is to combine predictions of 
multiple learners (e.g. decision trees) to final decision  
on a given unknown sample (Tonbul et al., 2020).  
Previous studies confirmed that decision tree based 
ensemble learning algorithms such as bagging, boosting, 
RF, XGBoost, LightGBM and CatBoost perform better 
than utilize of single decision tree classifier (Sagi and 
Rokach, 2018; Shi et al., 2021). 

The main purpose of this study is to analyse the 
effect of the use of RGB based vegetation indices on the 
LULC classification accuracy. For this purpose, three 
widely preferred vegetation indices, namely green leaf 
index (GLI), red-green-blue vegetation index (RGBVI) 
and triangular greenness index (TGI) were formed as 
ancillary dataset. RF, XGBoost, LightGBM and CatBoost 
ensemble learning algorithms were utilized to perform 
classification process. Classification results were 
evaluated using overall accuracy (OA), Kappa coefficient 
and F-score measures. 

 
2. Study area and dataset 

 
The study area covers the north-eastern part of 

Gebze Technical University located in Gebze district of 
Kocaeli province. As shown in Figure 1, within the 
boundaries of the study area, faculty buildings, other 
man-made structures, green vegetation and bare soil 
areas exist. Study area consists of six main LULC classes: 
concrete including gray stone floor, road, gray and white 
roofs, forest class including deciduous trees, coniferous 
trees and grass, parkour including bicycle road, 
basketball and tennis court, shadow, soil and tile roof. 

 
 

 
 

 
Figure 1. Study area 

 

In this study, UAV-based high-resolution remote 
images were acquired on 24 September 2020 by 
Phantom IV Pro V2.0 drone equipped with a 20 MP RGB 
camera (Table 1). “Pix4Dmapper” application was 
preferred for flight planning. The images collected from 
80 m flight altitude with 80% forward overlap and %70 
side overlap, resulting in ground sampling distance 2.3 
cm. Agisoft PhotoScan software was used to process the 
obtained images and as a result, an 8-bit ortho-mosaic 
with a spatial resolution of 5 cm was produced. 

 
Table 1. Specifications of Phantom IV Pro V2.0 

Technical Specifications Value 
Sensor 1 inch 20MP 
Weight 1375 gr 
Max Flight Time  30 min 
Max Speed 45 mph (72 km/h) 
Max Ascent Speed  6 m/s 
Max Descent Speed  4 m/s 
GNSS Module GPS/GLONASS 

Hover Accuracy Range 
Vertical: ±0.1 m 
Horizontal: ±0.3 m 

 
3. Methodology 

 
In this study, the effect of the use of RGB based GLI, 

RGBVI and TGI vegetation indices on the accuracy of 
thematic maps produced from UAV image were 
analyzed. For this purpose, training and validation 
pixels for each LULC classes were determined on UAV 
images. Four robust ensemble learning algorithms, 
namely, RF, XGBoost, LightGBM and CatBoost, were 
utilized to construct classification model using training 
samples. Then, the datasets consisting of the 
combinations of UAV images and vegetation indices 
were classified with the constructed classification 
models and thematic maps were produced. In order to 
conduct the accuracy assessment, OA, kappa coefficient 
and F-scores were utilized, and derived results 
analyzed.   
 
3.1. Vegetation indices (VIs) 

 
VIs are obtained from the mathematical equations 

applied to two or more spectral bands to emphasize the 
vegetation characteristics. Various VIs based on RGB 
bands have been developed. In this study, GLI, RGBVI 
and TGI indices, frequently used in various studies in the 
literature, were evaluated.  

GLI was developed by the Louhaichi et al. (2001) 
for determination of wheat planted areas using 8-bit 
RGB camera. GLI values take values between -1 and +1. 
Negative values correspond to soil and lifeless features, 
whereas positive values correspond to green vegetation.  

 

𝐺𝐿𝐼 =  
2 × 𝐺𝑟𝑒𝑒𝑛 − 𝑅𝑒𝑑 − 𝐵𝑙𝑢𝑒

2 × 𝐺𝑟𝑒𝑒𝑛 + 𝑅𝑒𝑑 + 𝐵𝑙𝑢𝑒
                     (1) 

 
RGBVI was developed for biomass estimation by 

Bendig et al. (2015). It can be described as the 
normalized difference of the squared green spectral 
band and the product of blue×red bands.  
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𝑅𝐺𝐵𝑉𝐼 =  
𝐺𝑟𝑒𝑒𝑛2 − 𝐵𝑙𝑢𝑒 × 𝑅𝑒𝑑

𝐺𝑟𝑒𝑒𝑛2 + 𝐵𝑙𝑢𝑒 × 𝑅𝑒𝑑
                    (2) 

 
TGI, based on red, green and blue spectral bands, is 

sensitive to chlorophyll content at leaf and canopy (Hunt 
et al. 2011).  Since this indice uses the bands in the 
visible region, chlorophyll content can be estimated 
with TGI on images acquired from UAVs equipped with 
an RGB camera. 

 
𝑇𝐺𝐼 = 𝐺𝑟𝑒𝑒𝑛 − 0.39 × 𝑅𝑒𝑑 − 0.61 × 𝐵𝑙𝑢𝑒           (3) 
 

3.2. Ensemble learning methods 
 
3.2.1. Random forest (RF) 
 

The RF algorithm, proposed by Breiman (2001), is 
one of the most popular decision tree based ensemble 
learning algorithms used for performing pixel-based 
image classification procedure due to its robust and 
efficient performance (Nitze et al., 2015; Fu et al., 2017). 
RF utilizes multiple decision trees in that each tree 
trained using bootstrapped samples of input dataset for 
constructing classification model. Majority voting rule is 
applied to make the final prediction and simple majority 
rule is applied for final prediction (Colkesen and 
Kavzoglu, 2017). Based on bootstrapping strategy, 
decision trees are trained using two thirds of input 
dataset and the remaining one-third of input dataset is 
utilized to evaluate the classification error (Tonbul et al., 
2020). The results of each tree are aggregated, and final 
model output is composed. RF requires two main 
parameters to employ RF, such as the number of sample 
trees (ntree) and the number of variables suitable for 
splitting (mtry). 

 
3.2.2. Extreme gradient boosting (XGBoost) 
 

XGBoost, one of the advanced and effective tree-
based algorithm presented by Chen and Guestrin 
(2016), has been used in various remote sensing 
applications due to its effective and fast performance 
(Zou et al., 2019; Abdi, 2020). It works based on 
essential of gradient boosting that construct multiple 
decision trees iteratively and transform weak learners 
to strong learners in each iteration (Sahin, 2020). The 
main difference of XGBoost than other tree-based 
algorithms, it uses the loss function to correct the error 
of weak learners of previous model in each iteration and 
employs regularization parameter to prevent 
overfitting to produce accurate classification model 
(Hamedianfar et al., 2020; Ustuner et al., 2020). XGBoost 
consists of several tuning parameters that should be 
defined by user-side.  Seven parameters including eta, 
gamma, min_child_weight, subsample, 
colsample_bytree, max_depth, nround were optimized 
for XGBoost ensemble model in this study. 

 
3.2.3. Light gradient boosting machines (LightGBM) 

 
LightGBM, developed by Microsoft (2017), is one of 

the most preferred open-source and gradient boosting 
based method for regression and classification 

problems (Ma et al., 2018; Sun et al., 2020). It uses a 
histogram-based model that speeds up the training 
process and enables a more accurate model to be 
constructed (Al Daoud, 2019).  The main difference 
between LightGBM and other gradient-based methods 
are that it utilizes gradient-based one-side sampling 
(GOSS) algorithms that divide training samples into 
smaller subsamples and leaf-wise growth strategy 
(Chen et al., 2019). LightGBM has several parameters 
and “boosting”, “learning_rate”, “num_leaves”, 
“min_data”, “sub_features”, “feature_fraction”, 
“bagging_fraction” and  “max_depth” were tuned to 
construct classification model (Ke et al., 2017).   
 
3.2.4. Categorical boosting (CatBoost) 

 
CatBoost, novel gradient boosting method, was 

developed by Yandex (2018) for handle different 
datasets such as categorical features using random 
permutation technique and minimize overfitting 
problems (Pham et al., 2020). CatBoost consists of two 
main training steps. In the first step, training data is 
randomly divided into subsets and labels are 
transformed into integer. Categorical features are 
converted into numerical in the second step. The 
maximum depth of trees (depth), the control of training 
time (learning_rate), the number of trees in model 
(iteration), coefficient at the L2 regularization 
(l2_leaf_reg), the percentage of variables to utilize at 
each split selection (rms) and the controlling number of 
splits for numerical variables (border_count) were 
utilized for implementation of CatBoost ensemble 
classification model. 

 
4. Results 

 
In this study, the effect of VIs on pixel based LULC 

classification of RGB image acquired by UAV was 
investigated.  To achieve this purpose, three VIs (i.e., GLI, 
RGBVI and TGI) were calculated using equation given in 
section 3.2 and stretched to 0-255 pixel values. In order 
to construct classification model and to evaluate 
accuracies of thematic maps, totally 30,000 pixels (i.e. 
5,000 pixels for each LULC class) were selected as 
training and 6,000 pixels (i.e. 1,000 pixels for each LULC 
class) were selected as validation. Five datasets were 
created using RGB bands and different combination of 
VIs to evaluate classification results: Dataset-1 includes 
only RGB band, Dataset-2 consists of RGB bands and GLI, 
Dataset-3 consists of RGB bands and RGBVI, Dataset-4 
consists of RGB bands and TGI and Dataset-5 
corresponds to combination of RGB bands and all VIs 
considered. On the hand, parameters of each classifier 
should be determined by user side to obtain optimal 
classification models. Tuning parameters required for 
each ensemble methods were determined by grid 
search algorithm and estimated values were given in 
Table 2. Note that all classification processes and 
accuracy assessments were performed in R software. 
Additionally, the “randomForest”, “xgboost”, “lightgbm” 
and “catboost” packages were utilized for 
implementation of RF, XGBoost, LightGBM and CatBoost 
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ensemble methods, respectively and “caret” package 
was utilized to calculate accuracy assessment measures. 
 
Table 2. Optimal parameters of ensemble methods  

Method Parameter Value 

RF 
ntree 380 
mtry 2 

XGBoost 

eta 0.3 
gamma 0 

min_child_weight 0.6 
subsample 0.8 

colsample_bytree 1 
max_depth 4 

nround 400 
 boosting goss 

LightGBM 

learning_rate 0.3 
num_leaves 20 

min_data 80 
sub_features 0.8 

feature_fraction 1 
bagging_fraction 1 

max_depth 4 

CatBoost 

depth 4 
learning_rate 0.3 

iteration 400 
l2_leaf_reg 0.7 

rms 0.95 
border_count 128 

 
Accuracy assessment results of each Dataset were 

given in Table 3. As could be seen from the table, the 
highest OA values estimated for Dataset-5 as 91.2% 
(Kappa value of 0.89), 92.2% (Kappa value of 0.90), 
92.0% (Kappa value of 0.90) and 92.4% (Kappa value of 
0.91) by the use of RF, XGBoost, LightGBM and CatBoost, 
respectively. On the other hand, the lowest OA values 
were observed for Dataset-1 with all ensemble learning 
algorithms. Furthermore, the OA values of Dataset-4 
calculated from all classifiers were very close to the OA 
values obtained with Dataset-5 (lower about 0.1%). 
Additionally, it was observed that calculated OA values 
increased by about 0.3% with the use of Dataset-2 
compared to use of Dataset-3. When the classification 
results based on OA accuracy were evaluated it was seen 
that while the CatBoost showed quite similar 
performance to XGBoost and LightGBM, the highest OA 
value was obtained as 92.24% with the CatBoost 
algorithm. On the other hand, it has been observed that 
the classification performance of the RF algorithm is 
lower than that of the others for all datasets except for 
Dataset-1.   

In order to evaluate and compare class-based 
accuracy performances, F-score values were also 
calculated, and derived statistics were given in Table 3. 
It can be seen that concrete, forest and parkour classes 
were classified with over 91% classification accuracy by 
all ensemble algorithms. Furthermore, the highest F-
score values were estimated for parkour class, whereas 
the worst class-based accuracy calculated for soil class. 
The reason why the class-level accuracy of the soil class 
was lowest may be that various substances that were 
mixed into the soil and have similar spectral properties 
with other LULC classes could be easily distinguished in 
the images obtained with the UAV. Moreover, with the 
classification of the RGB bands with all calculated 

indices (Dataset-5), the F-score value of soil class 
produced by all classifiers increased up to 4% compared 
to results of Dataset-1. Furthermore, the accuracies of 
concrete class estimated by XGBoost, LightGBM and 
CatBoost for Dataset-4 were significantly higher than 
result of RF (about 3%).   

 
Table 3. Classification results of each dataset  

 
To visual comparison of datasets, thematic maps 

were produced by RF and CatBoost classifiers which 
yield the lowest and highest OA values and presented in 
Figure 2. Determined misclassification error on the 
thematic maps are highlighted with a dashed white 
circle. According to visual analysis, thematic maps 
produced by CatBoost were smoother than those of RF. 
On the other hand, main classification errors were 
occurred among concrete, soil, shadow and tile roof.  It 
was observed that both ensemble methods were 
insufficient in distinguishing soil, shadow and concrete 
classes. This visual result is consistent with the F-score 
values of the soil class.  As can be seen from marked 
areas, CatBoost outperformed to RF in assigning the 
pixels corresponding to the concrete class to the correct 
land cover class.  Additionally, the noise generated in the 
concrete class was reduced in the thematic map 
produced by RF using Dataset-5 compared to other 
thematic maps by RF. 

 

Method 
LULC 
Class 

F-scores 
D-1 D-2 D-3 D-4 D-5 

RF 
 

Concrete 91.3 91.8 92.4 92.4 94.6 
Forest 97.5 97.0 96.9 97.2 96.7 
Parkour 98.5 99.4 99.5 99.7 99.2 
Shadow 89.2 90.4 90.0 90.5 89.9 
Soil 79.5 81.2 79.5 80.0 80.0 
Tile roof 84.5 85.8 85.9 87.2 87.3 
OA 90.0 90.8 90.6 91.1 91.2 
Kappa 0.88 0.89 0.89 0.89 0.89 

 Concrete 91.6 92.8 93.4 95.5 95.8 
 Forest 97.4 96.3 96.1 97.9 97.8 
 Parkour 98.0 98.7 98.4 98.7 99.4 
 Shadow 88.7 91.1 91.1 89.8 91.1 

XGBoost Soil 79.7 82.2 80.2 81.3 81.2 
 Tile roof 84.4 86.6 86.7 88.5 88.2 
 OA 89.9 91.2 90.9 92.0 92.2 
 Kappa 0.88 0.89 0.89 0.90 0.90 

LightGBM 

Concrete 92.9 92.5 93.8 95.3 95.7 
Forest 97.1 96.6 96.6 97.6 97.1 
Parkour 97.1 98.8 98.8 98.6 98.8 
Shadow 88.4 90.8 91.4 90.2 91.2 
Soil 79.2 81.4 81.2 81.9 81.2 
Tile roof 85.1 86.2 86.7 88.3 88.2 
OA 89.8 91.0 91.3 91.9 92.0 
Kappa 0.88 0.90 0.90 0.90 0.90 

CatBoost 

Concrete 92.2 92.6 95.5 95.3 95.8 
Forest 97.1 97.7 96.5 97.8 97.7 
Parkour 97.9 99.7 99.1 99.1 99.6 
Shadow 89.5 90.7 90.4 90.7 91.4 
Soil 80.1 82.1 81.3 82.5 81.2 
Tile roof 85.6 86.8 88.4 88.9 88.3 
OA 90.4 91.5 91.8 92.3 92.4 
Kappa 0.89 0.90 0.90 0.91 0.91 
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Figure 2. Thematic maps of each dataset produced by 
(a) RF, (b) CatBoost. 
 
4. Discussion and conclusions   

 
In recent years, there has been an increasing interest 

in the production of thematic maps with UAV images 
using ensemble learning algorithms due to their 
effective classification performance. VIs used to 
highlight the features of the Earth’s provide a great 
advantage in increasing the spectral information in the 

pixel-based classification of RGB images. In this context, 
the effects of widely used three VIs (i.e. GLI, RGBVI and 
TGI) on the classification of UAV image having three 
spectral bands were investigated. For this purpose, five 
datasets containing different combination of VIs and 
UAV image were created and each dataset was classified 
with RF, XGBoost, LightGBM and CatBoost. 

The following conclusions can be made by 
analyzing the classification results obtained. OA values 
obtained by the classification of UAV image with VIs 
(Dataset-5) increased by 1% with the use of RF and by 
2% with other remaining methods compared to results 
of visible spectral bands only (Dataset-1). This could be 
probably result of the increase in spectral information 
by means of vegetation indices usage. Kerkech et al. 
(2018), Wan et al. (2018) and Lu et al. (2021) analyzed 
the performance of several VIs derived from RGB drone 
images. They reported that while the highest 
classification and regression accuracies were computed 
in the processing of the RGB image with all evaluated 
vegetation indices, the accuracy decreased as the 
spectral information decreased.  On the other hand, the 
OA values of Dataset-4 (combination of RGB bands and 
TGI) generated by all the algorithms are about 0.1% less 
than the classification results of Dataset-5. Additionally, 
all ensemble learning methods yielded higher 
classification results in the use of UAV image with TGI 
compared to datasets consisting of aggregation of RGB 
band with other indices (Dataset-2 and Dataset-3). 
These results clearly showed that TGI was found to be 
the most useful indices to identification of LULC classes 
in classifying three-band UAV images for considered 
dataset used in this study. Fuentes-Peailillo et al. (2018) 
analyzed the various RGB-based vegetation indexes for 
distinguishing soil and vegetation areas and they found 
that TGI index showed superior performance than other 
VIs. Starý et al. (2020) conducted comparative study 
using seven RGB-based VIs including GLI, RGBVI and TGI 
indexes for estimating hops plants in hop gardens and  TGI  
outperformed to others in their study. Hindersah et al. 
(2018) also found similar results with our study. 
Moreover, CatBoost, relatively new ensemble learning 
algorithm, showed superior classification performance 
in separation of LULC classes compared to other 
algorithms. The implementation of CatBoost for 
classification and regression problems of remote 
sensing problems in the literature is very limited. In 
addition, pixel-based classification of UAV images has 
not been made with this algorithm until now. However,  
it was verified by Samat et al. (2020), Ha et al. (2021) 
and Pham et al. (2021)  that CatBoost have effective and 
superior classification and regression performance 
compared to other bagging, boosting and other 
classifiers (i.e., RF, XGBoost, SVM). Our findings also 
contribute their studies. Different vegetation indices can 
be evaluated with various robust classifiers (e.g., 
support vector machines, canonical corelation forest, 
rotation forest) in order to better analyse the effect of 
VIs on the classification of the RGB image. In addition, 
further studies are required to evaluate the 
effectiveness of the use of RGB derived vegetation 
indices on object-based classification accuracy. 
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 The preservation, documentation, and transmission of archaeological artifacts, which are also 
defined as heritage, can be accepted as the common responsibility of humanity. To document 
the cultural heritage, the status of historical artifacts should be known. The photogrammetry 
technique has been commonly used in the documentation of cultural heritage in parallel with 
the technological developments recently. In addition to producing map and topographic 
products, generating three-dimensional models from two-dimensional photographs has 
brought the photogrammetry method to an important position. For this reason, contributions 
are made to different disciplines such as archeology. Digital documentation of archaeological 
artifacts provides serious advantages. In this study, some of the destroyed stone column 
samples found in Harran Ruins were modeled by using Structure from Motion (SfM) method. 
At the end of the study the point clouds, digital surface models, orthoimages and stone column 
motifs were obtained. 

 
 
 

1. Introduction  
 
Historical artifacts are cultural heritages that host 

hundreds of years of information, and this information 
should be handed down to the next generations. While 
these historical heritages reflect the lifestyle and sense 
of aesthetics of the ancient civilization; they have 
changed over time due to natural and artificial effects 
such as wars and earthquakes. Documenting and 
preserving the natural texture of historical artifacts 
without damage is an indispensable factor for handing 
them down to the next generations. It is a fact that 
cultural heritage is damaged not only in our country but 
also in many parts of the world. For this reason, the 
documentation of cultural heritage is among the hot 
topics all over the world. 

Documentation of archaeological artifacts and 
cultural heritage is a complex process (Kulur and 
Yılmaztürk, 2005; Ulvi et al., 2020). Documentation of 
archaeological artifacts consists of the study, process, 
storage, and presentation steps necessary to determine 
the current state (shape and location) of the structure in 
three-dimensional (3D) (Georgopoulos and Ioannidis, 
2004). There are several techniques for documenting 

cultural heritage (Bohler and Heinz, 1999; Şanlıoğlu et 
al., 2013). Photogrammetry (Kaya et al., 2021; Ulukavak 
et al., 2019; Polat et al., 2020) and scanning methods 
(Senol et al., 2017) are at the forefront of these very 
important and necessary techniques (Bohler and Heinz, 
1999; Scherer, 2002; Şenol et al., 2020). At this point, it 
is a great advantage that photogrammetry can provide 
reliable information in a short time (Yakar et al., 2011; 
Şasi and Yakar, 2018). 

Today, with the development of photogrammetry 
and computer vision disciplines, image-based modeling 
techniques have become a serious competitor to laser 
scanning (Remondino et al., 2011). Some notable 
advantages of image-based modeling are it is low cost 
and contains color information, calibrated or 
uncalibrated cameras are acceptable (Colomina et al., 
2008) and can produce a denser cloud of points than a 
laser scanner. At this point, unlike classical 
photogrammetry, the motion-based structural 
detection (Structure from Motion -SfM) approach is 
widely used (Polat et al., 2020). SfM operates under the 
same basic conditions as Photogrammetry. Overlapping 
images are used to obtain the 3D structure of the object 
of interest. Many commercial software such as Agisoft 
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Photoscan are also widely used for 3D modeling. In 
general, it allows to produce many products such as 
matching photos, producing sparse and dense point 
clouds, three-dimensional model, digital elevation 
model and orthophoto. Image processing steps can take 
serious time. For this reason, the use of high-
performance computers is especially recommended to 
produce a full-performance 3D model (Siebert and 
Teizer, 2014). In this study, three-dimensional models 
of some of the figures found in the historical Harran 
Archaeological Site were created digitally by the SfM 
method and three selected stone column motifs were 
drawn. 

 

2. Method  
 

2.1. Study area 
 

The study was carried out at the excavation site in 
İçkale, Harran Ruins in the Harran district of Şanlıurfa 
(Figure 1). The wall structures and infrastructure of the 
Harran region, which is one of the oldest settlements of 
human civilization, have been built, repaired, enlarged 
or reduced in a very long time. The Old Harran region, 
which dates back to 5000 BC, is an important city in 
Upper Mesopotamia. There are many historical artifacts 
from different civilizations in the region. One of the most 
important of these is the Harran castle. The parts where 
active excavation and repair have been completed are 
open to touristic visits. Archaeological studies have 
been carried out on the relevant region at different 
times. Today, with the support of the Ministry of Culture 
and Tourism, the Turkish Historical Society, Harran 
University and local support, Prof. Dr. Mehmet ÖNAL 
and his archeology team carry out archaeological 
excavations in the Harran Ruins. During the studies 
carried out in İçkale, the Kale Bath (Önal, 2019; Önal, 
2020), the South-East Gate and the rectangular tower 
and the second defense system in the west of the castle 
were unearthed. Excavations continue on the remains of 
the castle bridge. In the study, some of the destroyed 
stone column motifs samples found in the excavation 
area of Harran Ruins were modeled in three dimensions 
and drawn. 
 

 
Figure 1. The ancient city of Harran, the excavation site 
and the location of the town of Harran 

 

2.2. Equipment 
 

Embossed figures in the archaeological area have 
been documented by the SfM. Overlay photographs are 
required to cover the entire object so that the 
documentation process can be done precisely. Canon 
EOS 2000D model DSLR camera was used for this 
process in the study. Information about the digital 
camera used is given in Table 1. 
 
Table 1. Technical specifications of the camera used 

Feature Value 
Megapixel 24.1 
Maximum resolution 6000 x 4000 
Weight 475 g 
Size 129 x 101.3 x 77.6 mm 
Sensor size 22.3 x 14.9 mm 

 
2.3. Application 
 

In the study, dense point cloud and 3D model of 
three different models were produced with 
photographs taken from the ground. Terrestrial 
photogrammetry, which is a useful method for 
structures no larger than human height, can convert 
photos taken with simple digital handheld cameras into 
high-precision 3D models. The stones with figures, 
which are the subject of the study, are modeled in 3D 
with the SfM method, which is widely used in the world. 
Although the SfM approach was developed by the 
computer vision community to achieve an automatic 
image matching algorithm, it works under the same 
basic conditions as Stereoscopic Photogrammetry 
(Tanskanen et al., 2013; Snavely, 2009; Westoby et al., 
2012; Micheletti et al., 2015). Overlapping images are 
used to obtain the 3D form of the object of interest 
(Yakar et al. 2005). However, there is a fundamental 
difference between traditional Photogrammetry and 
SfM. In traditional Photogrammetry, the 3D position of 
cameras or the 3D position of ground control points 
(GCP) must be known to determine the 3D position of 
points in an image (Yakar et al. 2010). In contrast, SfM 
automatically determines the geometric parameters 
(orientation, internal and external parameters) without 
any known predefined set of GCPs. Instead, these 
parameters are resolved simultaneously using a highly 
overlapping image set with the same features 
automatically mapped (Snavely, 2009). Then, the 
iterative, non-linear least squares minimization process 
traces the matching features from image to image, 
estimating camera positions and object coordinates. 
Compared to traditional photogrammetry, the camera 
positions determined are in the image space, meaning 
there is no scale and no orientation when considering 
the object area. This is solved by 3D similarity 
transformation using a small number of ground control 
points in areas such as map production (Westoby et al., 
2012). In object modeling, it is often sufficient to specify 
a scale. To get a useful 3D geometry of the object, the 
images must fully cover the object (Yakar et al. 2015). In 
order to fulfill this condition, it is necessary for the 
camera to view the object from every angle. 
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3. Results  
 

In this study, reliefs on 3 historical stones with 
figures on them were extracted by relief method that 
found in the archaeological excavation area of the 
historical Harran Ruins were discussed. The inscription 
fragments we obtained after the excavation were 
broken over time and underwent physical changes 
(Figure 2). In order to document the stones digitally, 3D 
modeling was carried out with the photogrammetry 
method. For this purpose, three different stones that 
were found during the excavations and waiting to be 
classified were examined as examples (Figure 2). 
 

 
Figure 2. Images of selected stone column motifs 

 

For the three pieces of stones, 38, 52 and 33 
photographs were taken locally, respectively. In order to 
model the figures exactly, photographs of the objects 
were taken from all angles as much as possible. As the 
stones were lined up at the bottom of the castle wall, the 
desired number of photographs could not be obtained 
by the wall (Figure 3). 

The number of 3D model triangles also increases 
and decreases proportionally to the number of point 
clouds. At least over five million 3D points are produced, 
modeled with high density. 3D models were obtained 
from the produced point clouds and photorealistic 
models were obtained by covering these models with 
real color texture. To visualize the figures in the models 
more clearly, only the surface of the models with the 
inscriptions was taken and the height model of the 
surface was obtained (Figure 3). Thanks to the height 
model produced, the legibility of the letters is increased 
as the embossments formed by the letters are colored 
differently from the ground. Drawings were made to 
increase the intelligibility of the patterns. The patterns 
on the stones were drawn by hand. 

 
 

 
Figure 3. Point Cloud, Surface Model, Drawings About the Stone Motifs and Extracted Motifs 
 
4. Results  

 
It is very important in terms of protecting and 

documenting our cultural heritage, which should be 
transferred to future generations. In this context, the 

samples selected from the stones found in the Harran 
archaeological excavation area were modeled by the 
photogrammetric method. The digital records obtained 
with the three-dimensional modeling carried out 
contribute to the creation of digital archives of the 



Mersin Photogrammetry Journal – 2021; 3(2); 48-52 

 

  51  

 

works. In addition to these, the three-dimensional 
models obtained can also be used in restoration and 
restitution studies. Photogrammetric products such as 
the resulting three-dimensional model and point cloud 
are also in a position to meet the needs of studies in 
different disciplines. In the study, three different pieces 
of stone figures were selected, photographed and 
processed photogrammetrically. As a result, a three-
dimensional model and a digital surface model of the 
stone surface were obtained. The figures that can be 
seen from the digital surface model were read and 
recorded. Figured stones damaged by environmental 
factors such as abrasion, breakage and algae are difficult 
to seen and perceive with the naked eye. Thanks to the 
models obtained in 3D by the photogrammetric method, 
perception and reading convenience are achieved. As a 
result, the photogrammetric approach offers serious 
contributions in terms of digital documentation, three-
dimensional modeling and drawing of stone column 
motifs. In future studies, all stone motif, patterns, and 
ornaments found in the Harran ruins are planned to be 
modeled and documented digitally. 
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 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. 

   

 
 
 

 
1. Introduction  

 
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 
(Yılmaz 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 

factors caused by the natural environment (Castellini et 
al., 2008; Lopez-Aparicio and Grašiene, 2013; Varas-
Muriel et al. et al., 2014). Therefore, historical artifacts 
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 (Şenol 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 (Şenol et al., 2020; Kaya 
et al., 2021; Sužiedelytė-Visockienė 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;  

• 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;  

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

• 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 et al., 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 
et al., 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 et al., 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). 
; Chandler et al., 2007; Martínez et al., 2013; Sužiedelyte-
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, 

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 part are 
presented and finally, the results are discussed. 

 

2. Study area 
 

During the Karamanoğulları Principality period, 
the most important 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 Karamanoğlu Mehmed Bey in 1277. The urbanization 
activities of the Karamanoğulları 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. Karamanoğulları structures in 
Konya consist of small-sized mosques, tombs, 
darülhüffaz (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 Şeyh 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 (Şaman-Doğan, 
2009).  

 

 
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 
10o-15o when sensing the object from a circular orbit 
surrounding it (Asri & Çorumluoğlu, 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 (Kuçak et al., 2016). 

 

 
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 

Sensor size 

2,20 

18.46 x 27.69mm 

Amount of pixels 

Weight 

Dimension 

16MP 

164gr 

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 object in 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). 

 

 
Figure 3. Cygnus Topcon KS-102 total-station 

 
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 

structure obtained as a result of the field studies were 
transferred to the PhotoModeler UAS software for 
digital evaluation. Since PhotoModeler software can 
perform mutual and absolute orientation at the same 
time, control points appearing in two or more images 
are marked (Yastiklı, 2013). After marking the 
checkpoints, one photograph was chosen as a reference 
and the other marked photographs were for the match 
of each checkpoint. Next, routing was done according to 
the package method in PhotoModeler software. After 
the orientation process, 3D model production started. 
Finally, texture data was added to the completed 3D 
model and the documentation of the historical building 
was completed. 

4. Results 
 
In the Photomodeler software, 9 ground-based 

photographs and 40 detail points were used with the 
non-metric camera on the smartphone. First, the photo 
and detail point data of the structure were introduced to 
the software. Detail points were manually marked on 
the photographs to be used, and merging and balancing 
were performed. After balancing the photographs, a 3-
dimensional drawing of the basic skeleton of the 
building was obtained by drawing each detail one by one 
(Figure 5). 

 

 

 
Figure 5. View of 3D Detail Drawing 

 
By using these drawings as the basic skeleton, a 

solid model of the structure was covered (Figure 6). 
Finally, the surface of the solid model was dressed by 

means of photographs taken from the field, and a 3D 
model of the structure was textured (Figure 7). 
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Figure 6. 3D Solid model 
 

 
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 
Number 

Vi (mm) Vi (mm) 
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. 

 

𝑚𝑋0 = √
𝑉𝑥𝑉𝑥

𝑛 − 1
, 𝑚𝑌0 = √

𝑉𝑦𝑉𝑦

𝑛 − 1
, 𝑚𝑍0 = √

𝑉𝑧𝑉𝑧

𝑛 − 1
 (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 it is ± 1.94 cm. 

 

𝑚𝑥𝑦𝑧 =  √𝑚𝑋0 + 𝑚𝑌0 + 𝑚𝑍0 (2) 

 
5. Conclusion 

 
It is 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 
III. 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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 Technological developments have shown themselves in the field of engineering as in 
every field. Wearable mobile laser scanner (WMLS) system is a technique based on 
simultaneous localization and mapping (SLAM) algorithm. This technique enables 
the creation of a map of an unknown environment bypassing with distance sensors 
while simultaneously determining the system located on the map. Due to the rapid 
progress in measurement technology, a heron WMLS has been used in the detection 
of underground lines. The point cloud of the roads was obtained with the laser 
scanner. Sewerage, water, and natural gas pipelines were determined through the 
point cloud. These determinations were checked with a Global Positioning System 
(GPS) device. As a result of this study, maps of the existing infrastructure lines in the 
campus were created. 

 
 
 

 
 

 

1. Introduction 
 
Infrastructure facilities are passed under roads and 

pavements, especially in city centers. Excavation 
demands that will arise due to the placement of new 
infrastructure lines, maintenance/repair and 
improvements of existing lines, capacity increases due 
to population increases that may arise over time, 
compulsory situations, etc. and cause various problems 
in terms of road superstructure (rigid, flexible) and road 
users (vehicle, pedestrian) (Karataş and Bıyık, 2015). 

Information systems are needed in order to take 
fast and correct decisions as a result of infrastructure 
map production and to minimize the damages as 
explained in the aim of the project (Karataş and Bıyık, 
2015). The understanding of infrastructure map 
production has developed with the construction of 

natural gas lines, however, the necessary importance 
has not been given fully. However, the production of 
maps for natural gas lines has also mobilized other 
infrastructure organizations. Intensive infrastructure 
works in our country in recent years damage the lines of 
other infrastructure institutions and these damages 
result in loss of life and property. 

The reasons for these damages are infrastructure 
organizations do not use maps yet, the absence of maps 
of the region to be studied, relying on the memory of the 
people who do the work in the study area, incomplete 
and incorrect map measurements not updating the 
maps.  

There are places where infrastructure maps are not 
available, not the Information System. Infrastructure 
maps are still in the minds of the craftsmen or on papers 
drawn randomly by underestimating the work done. 
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The quality and efficiency of the infrastructure directly 
affects the quality of life of people, the healthy 
functioning of the social system, and the continuity of 
economic activities. The indicator of a nation's economic 
development is directly proportional to its 
infrastructure development. The infrastructure of a city 
is similar to the circulatory system of the human body. 
When even the slightest problem occurs in this system, 
it adversely affects other organs and systems, namely 
general health and living conditions. 

Although there are many definitions of 
infrastructure, it is often associated with the phrase 
Public services. When it comes to public services, 
electricity, waste water, drinking water, natural gas, 
communication, etc., supplied by the relevant 
institutions (rather local governments) and developed 
when needed. Public services, which require a large 
amount of investment, produce solutions aimed at 
solving the problems of the public, and the planning, 
design, manufacturing and management processes are 
carried out or supervised by the relevant 
administration. In recent years, information 
technologies, which are the needs of the age, have been 
rapidly adopted and used by local governments. The 
inadequacy of traditional public administration 
instruments necessitates the effective and essential use 
of similar technologies in public administration. 

Efficient and economical use of resources in the 
realization of infrastructure services requires effective 
planning and coordination. Coordinated planning and 
realization of infrastructure (drinking water, sewage, 
natural gas, electricity, communication, etc.) and road 
superstructure (asphalt, pavement, etc.) is of great 
importance in terms of preventing disruptions in 
pedestrian and pedestrian traffic and minimizing the 
damage to the environment. 

In order to produce infrastructure maps, existing 
maps and orthophoto maps are needed. These maps can 
be produced with technical devices such as unmanned 
aerial vehicles, laser scanners, GPS and software that 
works in parallel with this hardware. Literature studies 
on these technical devices are shown below. 

Heron Lite laser scanner is used in many fields, by 
different professional disciplines. There are studies 
examining working performance in different regions. 
Maset et al., (2021/a), investigated the usability and 
success of the wearable/portable heron lite mobile laser 
scanner (MLS) in two different outdoor environments. 
One of these environments; is a large and detailed 
building (university) that is shown among the standard 
uses of the heron lite scanner. The other one is the 
natural environment, where portable systems have not 
been used yet. The point clouds obtained from these two 
environments were compared with the reference 
models provided by traditional techniques (such as 
Terrestrial Laser Scanning (TLS) and Photogrammetry) 
and the results were investigated. 

In another study conducted by Maset et al. 
(2021/b) the usability of the heron lite device was 
investigated in order to obtain reliable information 
about cities, public interior and exterior furnishings, and 
urban areas. The study was carried out in a closed 
indoor space. 

Balenovic et al. (2021) compiled studies in which 
scanners were used to take forest inventory. They 
introduced handheld laser scanner systems and their 
features, and presented examples of their usability in 
forest inventory studies. Hyyppä et al., (2020) have used 
the UAV method in conjunction with a portable laser 
scanner to monitor changes in tree level in Boreal 
forests. 

Volovodova & Kulik (2020), have studied the 
archaeological museum in the Matera region in the 
south of Italy. The usability of the Heron Lite Color laser 
scanner was investigated for monitoring cultural 
heritage structures and places. The main results 
obtained from their study are that the Heron Lite Color 
mobile laser scanning device can be used for three-
dimensional modeling of cultural heritage objects in 
indoor spaces. 

 
2. Unmanned aerial vehicle (UAV) 

photogrammetry and structure from motion 
(SFM) 
 
With the development and use of UAVs and digital 

photogrammetric cameras in recent years, the usage of 
photogrammetry for map production has increased and 
has become a more cost-effective solution (Mirdan and 
Yakar, 2017). A dense point cloud can be obtained by 
directly connecting with ground control points (GCP) 
created with Global navigation satellite system (GNSS) 
measurement methods or by using RTK (Real Time 
Kinematic) GNSS systems on the UAV. Pond volume 
calculation (Alptekin and Yakar, 2020), rockfall site 
mapping (Alptekin et al. 2019), shoreline detection 
(Unel et al. 2020) and landslide site mapping (Kusak et 
al. 2021) are some of the examples. 

While the dense point clouds could only be 
obtained with LIDAR (Laser Imaging Detection and 
Ranging) in the past, today the usage of UAVs allows to 
create high-accuracy orthophoto maps and digital 
surface model (DSM) (Gonçalves and Henriques, 2015; 
Peterman, 2015; Bui et al., 2017). The basis of data 
production in UAV photogrammetry is based on the 
central projection method. As in Figure 1, the rays 
coming from an object pass through the focal point in a 
linear way and fall on the projection plane. In this way, 
a projection of all objects in the image area is formed on 
this plane. 

In recent years, with the development of UAV and 
SfM photogrammetry technology, the ability to obtain 
3D models of the ground surface has been significantly 
enhanced (Fonstad et al. 2013; Hugenholtz et al. 2013; 
Tonkin et al. 2014; Clapuyt et al. and Van Oost 2015; Qu, 
Huang, and Zhang 2018). 

SfM, a measurement method originating from 
computerized imaging techniques that are gaining 
popularity and is not very expensive (Westoby et al. 
2012; Yakar et al. 2015), is based on the same principles 
as stereoscopic photogrammetry (Westoby et al. 2012; 
Barazzetti et al. 2011). In the SfM method, 3D structures 
are created from a series of overlapping images (Figure 
2). 
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Figure 1. Relationship between ground and image 
coordinate system 

 
O: Projection (Projection) center 
P: Land point 
H': Prime point 
N': Rare point 
H'OH: Principal axis (Uptake axis) 
P'OP: Line of projection 
I: Focal point 
 
 
 

 
Figure 2. SfM diagram 
 
3. Wearable mobile laser scanner (WMLS) 

 
WMLS system is a technique, based on 

simultaneous localization and mapping (SLAM) 
algorithm. This technique enables the creation of a map 
of an unknown environment by passing with distance 
sensors while simultaneously determining the system 
location on the map. 

These systems are capable of digitizing complex 3D 
scenarios without a global navigation satellite system 
(GNSS), thanks to SLAM algorithms (Bailay et al., 2006; 
Tang et al., 2015; Zeybek, 2021). The quality of the data 
depends on the rate of penetration and the distance to 
the object. These devices usually offer centimeter scale 
accuracy. Although these devices are more suitable for 

indoor use due to their higher productivity and 
efficiency than outdoor use, they have been successfully 
used for reconstructing outdoor scenarios such as 
cultural heritage, civil engineering and urban inventory. 

Working with SLAM algorithm, the device receives 
data from its sensors (Inertial Measurement Unit (IMU) 
and odometry) in order to locate where it is in the 
environment. It uses this data to calculate the best 
estimate of where geometric objects in the environment 
(wall, floor, column, etc.) are located. Basically, the 
SLAM algorithm uses this data to detect the variability 
of the geometric objects (wall, floor, column, etc.) 
around a system to create a local coordinate map of the 
environment and to calculate the best estimate of where 
it is when determining its location. 

 
4. Material and method 

 
4.1. Ebee unmanned aerial vehicle 

 
Fixed-wing ebee unmanned aerial vehicle was used 

within the scope of this study. The appearance of the 
UAV is shown in Figure 3 and its technical specifications 
are shown in Table 1. The technical specifications of the 
SODA camera used by Ebee UAV are shown in Table 2 
and the residual view of the camera is shown in Figure 
4. 

 
Figure 3. Ebee Plus and overview of the camera. 

 

Table 1. Ebee Plus UAV technical specifications. 

 
 

Table 2. Technical specifications of the camera used. 

 
 

 
Figure 4. Image residuals for S.O.D.A. (10.6 mm) 
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4.2. Wearable Laser Scanner 
 

The general view of the WMLS device used in this 
study is shown in Figure 5., and the technical 
specifications of the laser device is shown in Table 3. 

 

 
Figure 5. Heron Lite Color Wearable laser scanner 
overview 

 
The system shown in figure 6 has been taken into 

account for data collection and management with 
WMLS. In this context, it is possible to identify a number 
of methodological stages that characterize an audit: (i) 
research design (path planning); (ii) data collection 
(protocol and ground rules); (iii) post processing (SLAM 
algorithm for calculating sensor trajectory and mapping 
the environment); and (iv) cartographic product 
production (three-dimensional and two-dimensional 
digital models). Figure 6 summarizes the main steps of 
the applied methodology. 

 

 
Figure 6. Methodological phases of the procedural 
pipeline for surveys with a WMLS 

 
Table 3. Technical Performance Specifications of 
mobile LiDAR Gexcel Heron Lite Color provided by the 
manufacturer (URL-1).  

Technical Characteristic of 
Gexcel Heron Lite Color 

Value 

Brand and type Velodyne VLP 16 
Measurement range 0.4m - 100m indoor or   

outdoor 
Measurement speed Up to 300,000 

points/second 
Ranging Accuracy (for 
measurements of 10–100 m) 

±3 cm 

Absolute accuracy [1 sigma in 
cm] 

±3 cm 

Max survey resolution  ~ 2 cm 
Field of view 
(vertical/horizontal) 

360°V / 360°H 

4.3. Data collection 
 
4.3.1. UAV data collection 

 
Seventeen Ground Control Points (GCPs) have been 

established in the campus area in order to obtain data 
with the UAV (Figures 7a and 7b). 

 

                 
(a)                                            (b) 

 
Figure 7. The study of establishing (a) and (b) Ground 
Control Points homogeneously on the campus area 

 
While establishing the GCPs, attention was paid to 

distribute it homogeneously in the working area. After 
the completion of the GCP establishment process had 
completed, the coordinates were obtained with the 
SATLAB Global Positioning System (GPS) device in the 
ITRF96 datum system (Figure 8a / b). 

 

      
(a)                                         (b)  

Figure 8. (a), (b). Coordinate obtaining of GCPs 
 
The coordinates of the GCPs are shown in Table 4. 
 

The flight was performed with 5 Ground Sampling 
Distance (GSD) and the flight altitude was 212 m. The 
flight duration lasted 120 minutes and a total of 1218 
photographs were taken. Pre-flight preparatory work is 
shown in Figure 9 (a and b). 

 

    
(a)                                                (b)  

Figure 9. (a) and (b) Pre-flight preparation procedures 
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Table 4. GCP koordinates 
Nokta Y X Z 

P.1 368698.660 4074215.516 137.115 
P.100 368716.714 4073616.490 101.422 
P.101 369168.474 4073638.694 104.272 
P.11 369080.534 4073986.770 107.766 
P.2 369599.618 4073675.892 80.785 
P.3 368948.478 4073093.430 102.594 
P.4 368306.151 4073348.508 101.630 
P.5 367949.748 4074037.107 135.519 

P.50 369545.940 4074179.552 82.676 
P.7 367699.989 4074761.942 198.432 
P.8 369225.418 4074742.175 110.503 
P.9 368882.376 4074800.483 115.018 

GCP1 368601.763 4073364.781 135.897 
GCP2 368503.024 4073705.701 149.072 
GCP3 368228.693 4074049.062 157.892 
GCP4 367924.452 4074293.231 176.264 
GCP5 368746.561 4073947.330 142.447 

 

4.3.2. Scanning process with Heron Laser Scanner  
 

Some issues were taken into consideration in the 
field study with the WMLS system. First of all, position-
based calibration of the WMLS system was performed 
before starting the measurement. In this section, the 
object or objects whose geometry is known to be 
considered are calibrated at the location. After the 
calibration process, the area to be scanned is measured 
at a constant speed. During the scanning, the following 
suggestions were taken into consideration to obtain 
accurate and sensitive data. 

 

    
(a)                                              (b)  

 

      
            (c)                                           (d)  

 
Figure 10. (a) and (b) Scanning with the wearable laser 
scanner (c) and (d) using the laser scanner device in the 
vehicle 

 
• Sudden movements during scanning cause 
deficiencies or distortions in the data to be 
obtained. For this reason, the route was followed 
by avoiding sudden movements. 

• Moving objects (human, car, animal, etc.) cause 
corruption of the point cloud data to be created. In 
other words, it creates noise in the data. In such 
cases, it is necessary to avoid moving objects first, 
but in obligatory cases, the noises should be 
deleted when the data processing section is passed. 
• In narrow areas, the system should not be kept at 
a distance where the scanned area can be seen. 
 
Pictures of field scanning are shown in Figure 10. 

a.b.c.d. 
 

In Figure 11a and b, the control of the measured 
underground lines was performed with a GPS device. 
 

      
(a)                                              (b)  

 
Figure 11. (a) and (b) Coordinate control of 
underground lines with GPS device 
 
5. Data evaluation 

 
The orthophoto map obtained by the UAV was used 

as an auxiliary information source to provide a detailed 
representation of the project. Orthophoto map was 
produced with Agisoft software. 

 
Figure 12. Trajectory measurements performed with 
the Heron device 
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The data obtained from the Heron device were 
evaluated in Gexcel software. As a result of the 
evaluation 703468676 points were produced. The route 
map of the underground lines was marked on the point 
cloud obtained with the Heron device (Figure 12). These 
markings were then matched with the orthophoto map 
obtained by the drone. 
 
 

 
(a) 

 

 
(b)

 
(c) 

 
Figure 13. (a), (b), (c) Point cloud of Mersin University 
campus area produced by Heron mobile laser device 

 

 
Figure 14. Route map created over the point cloud 
 

 
Figure 15. Route map processed on orthophoto map 

 
A legend, shown in Figure 16, has been created about 
which routes are being used in these mapping studies. 
 

 
 
Figure 16. Legend representation of underground and 
surface lines 
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6. Conclusion 
 

The rapidly developing laser scanning technology in 
recent years has become an acceptable and usable 
evaluation tool for many applications, as it offers 
powerful, practical, accurate and reliable solutions. As a 
result of the scanning process, in addition to the 
distance and 3D point location information, 3D models 
that give the scene appearance were obtained by 
combining the scanning data with the software. 
Wearable laser scanning technique provides a great 
advantage over classical measurement methods in 
obtaining accurate and reliable geometric and metric 
information by modeling detailed objects or complex 
scenes with very large data size faster. 

Gexcel software caters to professional users. This 
software includes many more parameters, creates point 
cloud and mesh triangles without number limit, meets a 
wide variety of point cloud and mesh generation and 
editing commands, and supports many geometric 
applications, making this software among the most 
powerful 3D modeling software. 

Technological developments have shown 
themselves in the field of engineering as in every field. 
Due to the rapid progress in measurement technology, 
heron WMLS has been used in the detection of 
underground lines (sewage, water and natural gas). 

Especially the point cloud of the roads was obtained 
with the laser scanner. Sewerage, water and natural gas 
pipelines were determined through the point cloud. 
These determinations were checked with a GPS device. 
As a result of this study, maps of the existing 
infrastructure lines in the campus were created. 

When this study is carried out in certain periods, the 
infrastructure maps will be constantly updated. 
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