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 It is very important for historical structures to see each other in order to reveal the historical 
and cultural identity of a region. Historical structures in the Kromni Valley of Gümüşhane, 
located near the Sümela Monastery, served as places of worship, communication, trade, and 
social activity centers during their period of active use. This study analyses the spatial 
relationships of 38 historic buildings, including churches, chapels and castles, whose 3D 
models are created by in-situ measurements and point clouds obtained by unmanned aerial 
vehicles, using a 3D viewshed analysis using geographic information systems and remote 
sensing data. The research introduces a modified weighted differential evolution-based 
viewshed analysis (mWDE-WS) to enhance the visibility of these structures. In order to assess 
the applicability of the proposed method, a statistical comparison was conducted between 
four different Differential Evolution (DE) algorithms (standard DE, LSHADE, CobiDE, JADE and 
WDE) and the mWDE. The Wilcoxon signed-rank test indicates that mWDE is a more effective 
solution than alternative methods for addressing the relevant real-world issues. The study 
also integrates drainage network analysis to assess flood risks and the relationship between 
cultural structures and water flow. Findings show that historical structures in the region were 
built not randomly but within a rational approach and 64% of the study area is visible from 
structures and 2% of the area is visible from ten or more structures. mWDE-WS analysis 
revealed that the visible area could increase by 20% to 84.37% if the historic structures were 
placed in optimal locations. In addition, the historical structures were built away from 3rd 
order streams to minimize flood risk and humidity, demonstrating the community's 
awareness of the local topography and hydrology.  

 
 

 

1. Introduction 
 

Historical structures are an important part of the 
identity and the history of a city. They are important 
sources of information not only for their aesthetic value 
but also for understanding past lifestyles and 
architectural techniques. The strategic importance of 
visibility between historic structures has played a crucial 
role in the development of architecture and society 
throughout the history of the city. Preservation of 
cultural heritage, religious and social interaction, 
strategic placement and tourism are among the various 
factors that have indicated important roles in the 

settlement and planning of such structures. Modern 
tools, such as Geographic Information Systems (GIS) and 
Remote Sensing (RS) technologies, play a crucial role in 
the conservation, understanding, and management of 
cultural heritages [1-9]. Visibility analysis has been used 
in numerous scientific fields for over a half-century, and 
it has become a standard procedure in assessing and 
analyzing visual experiences. The literature uses a 
variety of terminology, including isovist, visualscape, 
viewshed, and line-of-sight, which may lead to conflicting 
interpretations. The term "viewshed" is preferred for this 
investigation. Viewshed often refers to the region seen 
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from a specific point, although it can also be interpreted 
as a feature of openness [10]. There is no study in the 
literature that investigates the purpose of the 
establishment of a settlement as in this study. 

Ogburn proposed a fuzzy viewshed approach 
modified to take into account target size and emphasized 
that this method can easily be applicable for GIS-based 
viewshed analysis [11]. Baek and Choi compared the 
performance of 2D Fresnel zone, 3D Fresnel zone and 
line-of-sight analyses to obtain communication 
viewsheds using high-resolution topographic data for 
open pit-mine [12]. Researchers showed that when 
calculating communication potential using different 
digital surface model resolutions, accurate and 
reasonable of the 3D Fresnel zone analysis results 
increased using higher resolution topographical data. By 
using long-term satellite images, the damages caused by 
human activities and natural disasters on historical areas 
can be observed. In this context, Negula et al. focused on 
risk identification for hazards such as industrialization, 
erosion and infrastructure work in the Micia and 
Germisara archaeological sites in Romania, using a multi-
temporal Sentinel-2 dataset [13]. Researchers remarked 
that Sentinel-2 spatial resolution is appropriate for 
supporting archaeological research and it makes 
possible to accurately monitor sites and identify 
potential hazards. These studies create a critical bridge 
between archaeology and environmental sciences, 
highlighting the potential of modern technology for the 
preservation of historic sites and management of 
archaeological sites. Nowadays, the methods and scope 
of historical research have changed considerably as 
technology has advanced. Beck et al., showed Corona and 
Ikonos imagery for the project Settlement and Landscape 
Development in the Homs Region, Syria and emphasized 
that the strategic application of satellite imagery for 
targeted ground surveys has resulted in cost benefits and 
better understanding archaeological records [14]. 
Bridgwood et al. presented a method which automates 
the discovery of lost or unknown archaeological sites in 
Egypt by using shape detection on satellite imagery 
within a GIS framework [15]. Gillings proposed the 
analytical methods to analyze invisibility, concealment 
and hiding, based on GIS-based viewshed calculations 
using a group of visually underwhelming prehistoric 
stone settings [16]. Results of the research showed that 
GIS-based viewshed calculations can be investigated and 
analyzed not only visibility but also invisibility, 
concealment and seclusion using enough viewsheds and 
a theoretically sensitive approach. Sánchez-Pardo et al. 
explored the reasons behind the distribution of the early 
medieval churches for a Mariña region in North-west 
Spain using formal analysis of topographic parametrics 
and showed that the locations of the investigated 
churches were preferred to provide visual and territorial 
control on some areas of landscape [17]. Wang and Dou 
proposed a fast Candidate Viewpoints Filtering 
algorithm for multi-viewpoint site planning revealing 
viewpoint optimization selection and compared 
efficiency of this method with the Region Partitioning for 
Filtering and Simulated Annealing algorithms [18]. Prus 
et al. performed the landmark visibility analysis for 
locations of the structures in area of Carpathian Foothills 

in southern Poland using the field of landscape 
architecture, spatial planning and the use of GIS 
technology [19]. The examples considered by 
researchers demonstrate how historical structures are 
referenced in modern development layouts and how the 
emergence of new settlement tissue is shaped by cultural 
context and geographical markers. Bachagha et al. 
investigated ancient sites in Southern Tunisia. 
Researchers combined high-resolution remote sensing 
imagery with on-site investigations to identify potential 
archaeological sites using satellite data [20]. Riso et al. 
examined the newly discovered San Nicola church in 
Sicily and the built settled landscape around it [21]. In the 
light of methods based on field survey and landscape 
archaeology, researchers emphasized that San Nicola 
church can be defined as a landmark church depending 
on settlement patterns and possible road networks. 
Doneous et al. proposed a solution that combines an 
interactive GIS-based archaeological interpretation with 
a stratigraphic sequence known as a Harris Matrix, 
extended by an interval-based hierarchical time model 
[22]. Polat introduces a novel approach aiming to identify 
potential neolithic sites contemporary with Göbeklitepe 
in the Southeast Anatolia region [23]. Using visibility 
maps and the presence of cisterns near known neolithic 
sites, the study identifies nine potential neolithic sites, 
offering a framework that can be applied to discover new 
neolithic areas and enhance our understanding of the 
neolithic period in similar regions. Braşoveanu et al. 
investigated the GIS-based surface characterization of 
200 ashmound structures for 21 archaeological sites 
within the help of Airborne Laser Scanning and aerial 
photography techniques in Romania [24]. In addition, 
researchers emphasized that ashmound structures have 
relatively different shapes and the micro relief changes 
due to the erosion intensity. Civicioğlu and Beşdok 
investigated various meta-heuristic techniques to find 
the best possible observation point on a topographic 
landscape. This point would provide the most extensive 
viewable area, based on data from the ASTER Digital 
Terrain Model [25]. Such research plays an important 
role in preserving historical structures and transferring 
them to future generations. In this context, advancing 
historical research in the balance between technology 
and cultural context can help to understand and preserve 
historical sites more deeply.  

Other researchers discussed water management and 
stream networks in historical places [26-30]. These 
studies aim to explore and analyze historical water 
management and stream networks using modern 
techniques. They investigate ancient systems for 
managing flash floods, assess the efficiency of digital 
terrain models for estimating surface flow and sediment 
loading, perform quantitative drainage morphometric 
analyses to compare flow velocities in different 
watersheds, examine historical water storage capacities 
as strategic resources. These efforts reveal insights into 
how ancient civilizations managed water resources and 
how modern technology can enhance our understanding 
of these historical practices. Historical structures were 
constructed to serve various purposes depending on the 
topography and geographical conditions in which they 
were built. In the situation that less written and/or 
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evidentiary documents regarding the purpose for which 
these structures were built, revealing them scientifically 
is crucial for the protection of historical and cultural 
heritage. Geo-spatial analyses are important tools that 
enable us to learn more about cultural heritage 
structures and provide effective strategies for their 
transfer to future generations.  

In this study, spatial data of 38 historical structures in 
Gümüşhane Kromni Valley were collected through in-
situ measurements and unmanned aerial vehicle flights 
to be analyzed by operating both a social and scientific 
process. To the best of our knowledge, there is no study 
that includes a detailed analysis of the Kromni Valley 
using a combination of different methods such as 3D 
viewshed and hydrological analyses. For the 3D 
Viewshed analysis, the evolutionary-based WDE method 
was modified and presented to the literature. In this 
context, the study is both a scientific and social research. 
This research integrates various advanced analyses to 
highlight the significance of the region and aligns with 
the evolving methodologies in historical research by 
bridging geography and engineering sciences. The study 
employed 3D viewshed analysis to determine the 
visibility of historical structures from their locations, 
answering questions about where and how much of these 
structures can be seen. A mWDE-WS was introduced to 
optimize the placement of cultural structures, ensuring 
they are visible from more areas when situated in 
optimal locations, thus maximizing their field of view. 
This innovative approach contributes a new 
methodology to the literature. Additionally, four 
different DE algorithm variants were compared with the 
mWDE to evaluate the proposed method's applicability. 
Drainage network analysis was performed to assess the 
positioning of cultural structures in relation to flood risk 
and their impact on water flow, integrating hydrological 
considerations into the spatial analysis. The study 
scientifically demonstrated that the structures in the 
Kromni Valley were not placed randomly but followed a 
deliberate social and scientific hierarchy, reflecting an 
advanced understanding of landscape and resource 
management in historical contexts. This comprehensive 
approach underscores the interdisciplinary nature of 
modern historical research, combining insights from 
technological, geographical, and engineering 
perspectives to deepen our understanding of past 
civilizations. 

 

2. Material and Methods 
 

It is necessary to make positionally precise decisions 
or to examine fields of view under certain conditions. GIS 
is an area of information technology used to collect, store, 
analyze, organize and visualize geographic data. These 
systems enable geographic data to be represented in 

visual formats such as maps and graphs [31]. It also 
offers user-friendly tools to analyze geographic data and 
make decisions. Spatial-based analysis is a process that 
requires processing geographical data. Elevation data, 
aspect, slope and other geographical information are 
generally used for these analyzes. Additionally, GIS can 
be used to integrate analysis results with other 
geographic data [32, 33]. To perform various analyses of 
the data, a Digital Surface Model (DSM) with a 5 m grid 
spacing and high-resolution aerial photographs, created 
by the Turkish General Directorate of Mapping using the 
automatic matching method from stereo aerial images 
with a spatial resolution of 30 cm, were used [34]. 
Geomax Zenith 15 GNSS receiver was used to determine 
the locations of historical structures with in-situ 
measurement. DJI Phantom 4 unmanned aircraft vehicle 
is used for creating point cloud from aerial images. QGIS 
3.28.0 open-source software was used for data 
integration and data management operations. Viewshed 
and mWDE-WS analyses were performed with the code 
prepared in MATLAB 2023a. All these processes are 
performed on MSI Delta 15 laptop with AMD Ryzen 9 
9500 HX processor, RX6700 graphics card, and 32 Gb 
RAM. 

 

2.1. Study area 
 

This study was carried out in the Kromni Valley, 
which is located approximately 40 km north side of 
Gümüşhane, Türkiye, hosts various societies and has a 
3rd degree archaeological site. The Greek churches and 
monasteries in the region were abandoned and turned 
into ruins due to lack of maintenance. The Muslim 
population living in the Kromni Valley increased and the 
demographic structure of the region changed. The fact 
that being not enough research in the literature about the 
Kromni Valley is the biggest factor in choosing this 
region. Thus, the region has a long-standing background. 
The region generally consists of mountains and deep 
valleys. There are three residential area dominating the 
region: Yağlıdere, Olucak and Uğurtaşı. In the study area, 
there are 36 historical structures registered by the 
Ministry of Culture and Tourism, which were originally 
built as churches or chapels, and 2 castles. Location map 
and spatial distribution of these structures are presented 
in Figure 1. In Figure 1, it is seen that the minimum and 
maximum elevation difference is more than 1000 m. 
When Figure 1 is examined, as a first impression, 
according to structure layout, it is seen that historical 
structures are built upstream instead of downstream 
where there are more bifurcations. By this way, both 
visibility is increased and it is positioned related to 
drainage networks. Turkish National Reference 
Framework with ITRF96 datum (EPSG:5257) was used 
for geotagging of aerial images and DSM data. 
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Figure 1. Location map of Kromni valley 

 
2.2. Viewshed analysis 

 

Visibility, which can be expressed with the concepts 
of looking and seeing, forms the basis of surface survey 
studies in landscape-based cultural heritage research, 
which is combined in many different ways, from simple 
to complex. The concept of visibility, in terms of past 
settlements, civilizations or inhabitants, refers to the 
ability to see settlements, places of worship, 
watchtowers, castles and various monuments and 
artifacts of a past culture from a certain observer position 
that can be considered significant. Mapping visible 
regions, visual connection networks and statistically 
revealing observed phenomena in order to try to explain 
past spatial choices logically and scientifically are 
possible with viewshed analysis. Determining the visible 
areas around cultural structures with viewshed analysis; 
it can be used to provide important information for the 
protection of these structures, understanding their 
construction purposes and revitalizing regional tourism. 
Furthermore, through viewshed analysis these 
structures can be better understood and the 
consciousness values of previous communities can be 

appreciated [25, 35-38]. It is used in a number of 
applications such as 3D viewshed analysis [39], 
unmanned aerial vehicle (UAV) path planning [40, 41], 
communication tower positioning [42], sensor coverage 
optimization [43]. Traditionally, 3D field of view analysis 
is based on the line-of-sight method, which is obtained 
from an observation point to all available regions. This 
analysis is used to visualize the area up to a certain 
distance from the observer point. There are two basic 
parameters: observer height (h) and viewing distance 
(r). The observer height parameter represents the height 
of the observer. Usually this refers to the height of where 
the observer is standing or sitting. This height represents 
the observer's height above the ground surface in meters. 
The viewing distance parameter determines how far 
away the observer can see objects. Viewing range is 
usually expressed as a unit of angle or distance. 
Increasing the size of the grid representing the 
topography makes problem solving difficult and 
complex. The general view of the 3D viewshed analysis is 
given in Figure 2. 
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Figure 2. General representation of 3D Viewshed analysis 
 
2.3. mWDE-WS  
 

WDE is a variant of the DE optimization algorithm, 
which is a popular and powerful heuristic algorithm for 
solving optimization problems. DE is commonly used for 
global optimization in various fields, including 
engineering, machine learning and operations research. 
WDE introduces the concept of weights to modify the 
selection step. In traditional DE, the selection is based 
solely on the objective function, where solutions with 
lower objective function values are preferred. However, 
in WDE, each solution in the population is assigned a 
weight, and the selection is performed based on both the 
objective function value and the weight. The weights can 
be used to bias the selection towards specific solutions or 
regions of the search space. Solutions with higher 
weights are more likely to be selected, which can help 
guide the search toward certain areas of interest or avoid 
areas with poor solutions. This allows for a more 
customized and flexible search strategy [44-46]. In this 
paper, the efficiency of the WDE algorithm was increased 
by modifying the trial vector (in Equation 10). The basic 
steps of WDE are presented below. Equation 1 can be 
used to define the initial population, P, of the WDE. 

 

   
 
  

 
( 0, 0) ( 0) ( 0)~ ,, | 2

rows colums
i j j j N D size PP low upU

           (1) 
 
Where, 

  0 [1:2 ], 0 [1: ] 0, , 0i N j D i j , N and D 

represent the number of pattern vectors and the size of 
the problem, respectively, 

0jlow  and 
0jup  are lower and 

upper search limits, respectively. ( )U  is a continuous 

uniform distribution. To define the objective function 

, the objective function value, 
0iP , is obtained by 

Equation 2. 
 

 ( 0) ( 0)i ifitP P          (2) 

 
In the initial stage of the selection process, SubP  is 

generated from P . In each iteration, the N pattern 

vectors, SubP , are randomly selected from the set P, 

where SubP  is defined by the Equation 3. 

 

( ) (1: )| { | (1: 2 )k NSubP P k j j permute N       

(3) 
 

Where  ,
columsrows

N D size SubP
 

 
 

 and  permute   

denotes the vector permuting function. Objective 

function values, fitSubP , of SubP  vectors have been 

selected from ,fitP  using Equation 4. 

 

( )kfitSubP fitP          (4) 

 

Novel pattern vectors, TempP , is generated in the 

mutation process. 
1

1: ...index N

N

TempP

TempP

TempP



 
 


 
  

vector is 

reconstructed at each iteration with Equation 5. 
 

( ) ( )( ) | \index lTempP w P l j k         (5) 

 

Where, 1:index N , * 3 *

( ) | [ ,1] ( )Nw N size w  , 

*
*

*
:

w
w

w



; 
*w w   and 

(1, )[1] D  . Equation 6 is 

used to update the  1: ,1:
0

N D
M   matrix, which manages 

the random crossover process throughout each iteration. 
 

( , )
: 1

index J
M           (6) 

 

Where,    01: | V=permuteJ V K D j     and “

:= ” represents updating operator. The conditioned-rule 

in Equation 7 defines K . 
 

3 3

(1) (1) )(1I else Kf then K             (7) 
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In Equation 7,   (.)~ (0,1), ( ), , U size     . At 

each call of ( )


 , it produces a new set of real-valued 

uniform    sized random numbers. Equation 8 provides 

the conditioned rule that is used in WDE to generate the 
numerical value of the evolutionary step size, also known 
as the scale factor. 

 
3

( )

3

( )

[ ]' , ( ) [1, ]

, ( ) [ , ]

D

N

if size F D
F

else size F N D

  



  
 

 
      (8) 

 
Equation 9 is used to produce the trial vector, T, and 

 T low up  values are updated using Equation 10. 

 

 ( ) ( ) | [1| : ]m

T SubP

F M TempP SubP m permute i m N

 

   
    

(9) 
 

Here, 1: |i N i Z


  . In the mWDE trial vector is 

updated using Equation 10.  
 

([0 1], ) ( ) ( . 15 )gbT T randi N Eest T gbesq tfor   

(10) 
 
At each call, randi creates a new, randomly generated, 

integer-valued matrix in the interval [0 1], consisting of 
N rows and 1 column. Equation 11 is utilized in updating 

[ ]T low up  values. 

 

   

   

3

( , 0) ( 0) (1) ( 0) ( 0)

3

( , 0) ( 0

0

) (0 1) ( 0) (

( , ) ( 0)

( , ) ( 0) 0)

if then

if then

i j j j j

j

i j

i i j

j

jj jj

T low up low

T upT low

T low

up up





 




 

  



 

(11) 
 
Equation 12 is used to generate the objective function 

values of the T vectors. 
 

 ( )fitT T        (12) 

 

Using T and fitT , SubP  and fitSubP  are updated in 

accordance with the greedy-selection rule. The 
conditioned rule found in Equation 13 is used during the 
update phase.  

 

 * *

* * * *

( ) ( )

*

( ) ( ) ( ) ( )

if

[ , ]th :en [ , ] |

i i

i i i i

fitT fitSubP

SubP fitSubP T fitT i i



 
   

(13) 
 

( )l
P  and ( )lfitP  values are updated using updated 

SubP  and fitSubP . Equation 14 has the required 

updating phase provided. 
 

( ) ( )
[ , ] : [ , ]

l l
P fitP SubP fitSubP      (14) 

 

Finally, Equation 15 is used to generate the global 

solution vector, gbest , of WDE. 

 

( ) ( ) ( )
[ , ] [ , ] | ,min( )gmin gbest fitP P fitP fitP i        

(15) 
 
Gridded DSM data was used to perform WDE-based 

3D viewshed analysis. Here, each cell of the topographic 
grid, T(i,j), is labeled 0 and 1 depending on whether it is 
visible or not. The objective function is defined by 
Equation 16, with the grid dimensions uy and ux.  

 

| 0
arg min

T T

uy ux






      (16) 

 

2.4.  Comparison methods 
 

In this paper, WDE, mWDE and four different DE 
variants are statistically compared for solving the WS 
problem. In order to handle nonlinear issues, Price and 
Storn created DE Algorithm, a population-based 
stochastic search algorithm, in 1995 [47]. The reason 
behind its creation was the lack of effectiveness of 
Genetic Algorithms (GA) in parameter optimization for 
practical issues. DE uses the same operators as GA -
mutation, crossover, and selection- but in a different way. 
In order to produce new people through crossover and 
mutation, three different chromosomes are selected at 
random from the population. Newly created 
chromosomes from the application of these operators 
are passed on to the following generation if their fitness 
values are higher than those of their predecessors. DE 
can be readily stuck in local solutions and frequently 
shows unstable convergence behavior despite its 
straightforward and widely understood structure. The 
algorithm's ability to solve intricate, multimodal, and 
closely connected numerical problems is limited by the 
use of fixed-value parameters for scale and crossover 
factors. Because there is no analytical model for the best 
mutation and crossover tactics, DE must rely on 
laborious trial-and-error procedures to find appropriate 
parameters. In order to improve resilience and get 
around the drawbacks of the conventional DE algorithm, 
more advanced mutation and crossover models have 
been added to contemporary DE versions. These models 
frequently contain random processes [45, 46, 48]. 

DE algorithm with Linear Population Size Reduction 
(LSHADE), an extension of Success History-Based 
Adaptive DE, is a linear population size reduction method 
intended to improve performance in large-scale 
optimization tasks. This method begins with a larger 
population, enabling a thorough investigation of the 
search space. The population is progressively reduced 
throughout the course of subsequent generations in 
order to concentrate more on optimizing and utilizing 
the best solutions discovered. This reduction strategy 
expedites convergence while lowering processing 
requirements. LSHADE improves scalability and 
performance in complex optimization problems by 
balancing exploration and exploitation [25, 44, 49]. 

DE based-on Covariance Matrix Learning and 
Bimodal Distribution Parameter Setting (COBIDE) is 
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presented as an extended version of DE. It incorporates 
more complex methods for maintaining population 
variability and parameter fitting. The main novelty is the 
use of covariance matrix learning. This technique allows 
the algorithm to adapt to the geometry of the fitness 
landscape. In addition, COBIDE uses a bimodal 
distribution parameterization method for setting 
mutation and crossover values. This method uses Cauchy 
distributions with predefined parameters. The values are 
generated with a 50% probability, increasing the 
robustness and adaptability of the algorithm. As a result, 
COBIDE is able to handle complex optimization problems 
with greater ease. This approach promotes successful 
convergence while preserving the diversity of the 
population [25, 48, 50]. 

Adaptive DE with optional external archive (JADE), an 
improved variant of DE, is described as using an optional 
external archive and the DE/current-to-best mutation 
approach to achieve maximum performance. The 
DE/current-to-best technique, by focusing solely on the 
optimal solution, can lead to premature convergence. In 
contrast, JADE’s strategy incorporates a range of top 
solutions. This strategy maintains diversity and achieves 
a balance between exploration and exploitation by using 
insights from a wider range of recently discovered 
effective solutions.  Research has shown that JADE is 
highly effective, often outperforming other DE variants 
due to its flexible methodology and the advantageous use 
of an archive to guide the search process [25, 48, 51]. 

 

2.5. Drainage network 
 

Drainage network refers to the road system used in 
GIS and hydrology fields where the water of a region is 
naturally collected and separated. Drainage network 
describes the movement of rainfall water on the surface, 
an organization in which streams and rivulets combine to 
form large rivers and eventually flow into the sea or 
oceans. Drainage network analyses are used in a number 
of hydrological and environmental applications, such as 
water resources management [52], flood forecasting 
[53], water quality monitoring [54] and geographic 
planning [55]. Rivers and streams in a geographical area 
allow water to flow in a certain direction. Larger rivers 
can be formed from the points where these streams 
combined. A drainage network includes all flow channels 
flowing from a given reference point to another point. 
The network is limited by a topographically defined grid 
structure. A drainage network begins with first-order 
streams to which no other streams are connected. In the 
most used flow sequence method, a second-order flow 
begins where the first-order flow meets, a third-order 
flow begins where two second-order flows meet, and so 
on [56-58]. 

 

3.  Results and Discussion 
 

Kromni Valley is located in a geography with higher 
than 1000 meters, in the transition zone of Black Sea and 
Continental climates, hot and dry in summers and cold 

and rainy in winters. There are abundant mineral 
reserves in this region, and the ores found in Kromni and 
Imera mining areas generally contain copper, lead, zinc, 
gold and silver. During the Ottoman Empire period, the 
control of the mines in the region was of strategic 
importance within the scope of expansion policies. There 
are different theories about the name of this region; it is 
claimed that the name "Kurum" mentioned in the 
Ottoman Empire records is a settlement belonging to the 
Turkmen society named Göklen [59]. According to Bilgin 
[60], the name Kurum was used as the name of a "Hakan" 
during the Bulgarian Turkic Khanate. According to 
Andreadis [61], the name "Kromni", given by the Greeks, 
originated from the density of the rocks in the region, and 
in time, it led to the Greek name of the people of the 
region. 

Various historical structures in this region, such as 
caravanserais, bridges, castles and cemeteries, are 
important elements that shed light on the historical, 
cultural and economic past of the region. However, 
comprehensive studies on the topographic features of 
these structures, their relationships with each other and 
their interaction with the environment are limited. In this 
context, three-dimensional visibility analysis of 38 
historical structures was conducted using GIS analyses 
and remote sensing data, and their spatial distributions 
and visual relationships with each other were examined. 
In addition, the drainage networks of the regions where 
historical structures are located will be analyzed and 
their relationship with the use of water resources and the 
selection of locations will be investigated. These analyses 
will contribute to a better understanding of the historical 
structures in the Gümüşhane Kromni Valley, the 
development of conservation strategies and the 
evaluation of the archaeological potential of the region. 
The historical structures discussed in this study served 
as centers of communication, trade and social activities 
during the period of their active use. The visual 
connectivity of these structures facilitated 
communication and interaction between communities 
and contributed to the integration and development of 
societies. In addition, the fact that these structures could 
see each other enabled effective observation and defense 
strategies and increased the security of settlements. 
From a religious perspective, the fact that historical 
structures built at critical points can see each other 
symbolizes the ties and unity between believers. This 
facilitates the organization of religious gatherings and 
ceremonies and strengthens the spiritual significance of 
these places in the society. Furthermore, the strategic 
placement of structures at key points allows them to 
serve as landmarks for travelers and pilgrims, attracting 
visitors and contributing to the economic and cultural 
vitality of the region. 

Figure 3 shows the number of structures whose 
visible areas intersect as a result of the viewshed analysis 
performed using the high-resolution DSM of the study 
area, and the spatial distribution of these structures on 
the 3D terrain model for visual interpretation. 
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Figure 3. (a) Intersection areas of structures and (b) 3D presentation by overlaying DSM and aerial photography 

Figure 3.a shows the spatial distribution of the land 
surfaces where the dark blue areas are not visible at all 
(not visible to historic structures) and the red scale 
shows the spatial distribution of the land surfaces where 
10 or more historic structures can see each other. The 
north-east and north-west regions of the study area are 
generally the least visible areas in terms of structures. 
Both on-site observations and remote sensing images 
made in this region did not reveal any ruins in the region. 
Among the reasons for the absence of structures in these 
regions, it is considered that there is no construction 
against avalanche threat due to the steep topographical 
structure and heavy snow. When Figure 3-b is analyzed, 
it is determined that these areas are topographically hilly 

and obstruct the visibility angle and no historical 
structures or ruins were found in these regions. In 
general, it was observed that historical structures were 
built close to the settlement centers of Uğurtaşı, Olucak 
and Yağlıdere villages shown in Figure 1. 

The analysis was carried out to determine whether 
the historical structures can see each other in a point-
centered approach. In this context, the intersection point 
of the roof axes of the historic structures gives the 
average height of the structures. The visibility lines 
obtained as a result of the visibility analysis performed 
by adding 1.7 m (accepted as the average human height) 
to structure height, are presented in Figure 4. 
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Figure 4. Visibility lines between churches 

 
In Figure 4, the direction of the arrow indicates the 

direction seen by the observer. The opposite direction 
represents what is seen. According to the flow lines or 
valleys of the stream, the settlement was planned in 
accordance with the topography and not on the stream 
flow lines. The analysis revealed that the Soruhan church 
(number 9) is the most seen structure, while Madıra 
church (number 28) and  

 

İstavri church (number 38) are the least seen 
structures. In this context, it is thought that the structure 
Soruhan church was built on the dominant hill and was 
the center of religious rituals performed in the region. It 
is important to realize the spatial analysis of each 
individual historic structure in relation to the study area. 
In this scope, the intersection of church visibility area is 
presented in Figure 5. 

 
Figure 5. Illustration of intersections of church visibility areas. 
 

When Figure 5 is analyzed, it is determined that 
approximately 64% of the total area in the study area is 
seen by the structures. It is revealed that approximately 
2% of these areas can be seen by 10 or more structures, 
and the total of the areas seen individually can be seen by 
a single structure in a total of 20% of the total area. 

Determining the visibility of each structure in relation to 
the total area in the study area is critical for the 
individual examination of the structures. Within this 
context, the visibility rate of each individual structure 
relative to the total area is given in Figure 6. 
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Figure 6. Viewshed analysis of each structure 

 
Kayaüstü (numbered 4) and Soruhan (numbered 9) 

churches have the highest visibility of the study area, 
while Mohara (numbered 10) and Olucak church-1 
(numbered 25) churches have the lowest visibility. 3D 
model created by suing unmanned aerial vehicle images 
of Soruhan, Kayaaltı, and Mohara Churches is presented 
in Figure 7. When the relevant figures are examined, it is 

seen that Soruhan Church is built on a dominant hill and 
has the ability to see the region, while Kayaaltı Church 
has limited visibility as one side faces the mountain. As 
can be seen from here, the church was built on a 
dominant hill. Visibility of each structure on DSM data is 
given in Figure 8.  

 
 

 
Figure 7. 3D model of a) Soruhan, b) Kayaaltı, and c) Mohara Churches. 
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Figure 8. Visibility of each observation point 
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Figure 8 (continued). Visibility of each observation point 
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Figure 8 (continued). Visibility of each observation point 
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Figure 8 (continued). Visibility of each observation point 

 
Optimal positioning is the process of placing a 

structure or facility in an optimal and strategic way to 
achieve specific objectives. This process requires 
consideration of many different factors and usually 
involves a number of criteria such as cost savings, 
efficiency, accessibility, safety and environmental 
impacts. For every method utilized in the experiments, 
population matrix size and the maximum iteration 
number were consistently set at 20 and 10,000, 
respectively. Each test function was addressed through 
thirty tries, each initiated with a different initial 
population. Table 1 outlines the internal parameters of 
the comparison methods. The pertinent references 
provide the control parameters for the comparison 
methods. The mWDE does not have a control parameter 
like WDE. Only the value for the number of populations 
needs to be adjusted. A grid search was conducted by 
increasing the number of populations by 10 within the 
range of 10-100, and the value of 20, which provided the 
best result, was used.  

 
 

Table 1. Control parameters of comparison methods 
Method Parameters 

CobiDE [25, 
62] 

~ ( ;0.1); ~ ( ;0.1);

0.1; 0.05

F N c CR Cauchy c

c p

 

 
 

JaDE [63] 
01.5; 0.25p    

DE [64] 0.9; 0.5Cr F   

LshaDE [25, 
62] 

best ratep =0.11;arcrate=1.4;memorysize=5;

minpopsize=4
 

 
Boxplots are a useful instrument for clearly 

illustrating the median of a data set as well as the 
distribution and summary statistics of the data. When 
comparing different data sets or determining whether a 
given data set is symmetrical or skewed, the median, 
which represents the central tendency of the data set, can 
be quite helpful. The box plot is constructed in Figure 9 
according to the results given by the objective function 
values of the relevant methods. 
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Figure 9. Box plot analysis of coverage rate supplied by 
DE variants. 
 

The narrower distribution and highest median 
coverage rates of the mWDE, WDE, and JaDE approaches 
suggest that they are more reliable and effective. The 
LshaDE method has the lowest median value, at roughly 
78%. The distribution of the mWDE and WDE methods is 
narrower than that of the CobiDe and LshaDE methods. 
This suggests that while CobiDe and LshaDE yield more 
inconsistent results, mWDE and WDE methods perform 
more consistently. 

A non-parametric statistical test called the Wilcoxon 
signed rank test is used to examine the differences 
between two dependent samples. Since this test yields 
accurate results even with small sample sizes, it is 
especially preferred when the normal distribution 
assumption is disregarded. The test considers the ranks 
and signs of the data and assesses the difference in the 

median between paired data sets. The results of the test 
are interpreted in terms of the p-value and a decision is 
made whether to reject the null hypothesis at a given 
significance. The Wilcoxon signed-rank test with a 
statistical significance level of α=0.05 was used to 
evaluate the relative effectiveness of the experimental 
results of the WS problem supplied by comparison 
algorithms and mWDE. The results of a Wilcoxon Signed 
Rank test, which evaluated the coverage rate values 
obtained by mWDE and comparison methods, are shown 
in Table 2. 

 

Table 2. Statistical comparison of mWDE and other 
methods using Wilcoxon signed-rank test. 

Method P value Z value Rank sum Winner 
CobiDE 3.1817e-06 4.6587 459 + 
JaDE 4.4493e-05 4.0828 431 + 
DE 1.7344e-06 4.7821 465 + 
LshaDE 2.3534e-06 4.7204 462 + 
mWDE 1.6394e-05 4.3091 442 + 

 
The '+' symbol signifies that mWDE yields statistically 

better solutions to the 3D viewshed problem compared 
to the other methods. In this context, mWDE-WS was 
performed and the capacity of 38 historical structures to 
see more area in case of optimum location was ensured 
by means of current technologies. Best solution of 
mWDE-WS among to 30 tries used for analysis. Within 
these results, spatial locations that allow 84.37% of the 
whole area to be seen were used. Thus, if the areas built 
in the region were built under today's conditions, 
approximately 20% more area would be seen. The 
results obtained with mWDE-WS are presented in Figure 
10. 

 

 
Figure 10. Intersected churches result of mWDE-WS 

 
The appropriate positioning of historic structures in 

water drainage networks provides several important 
advantages. Firstly, this positioning helps to prevent 
water erosion. Correct drainage systems allow rainwater 
to drain away without damaging the structure, 
protecting its foundation and surroundings. It also 
reduces the risk of structural damage. Water 

accumulation or moisture can weaken the structure of 
historic structures, but a proper drainage network 
ensures that water is directed in the right way. This 
reduces structural damage and increases the durability 
of the structure. In this context, in order to analyze 
whether the historical structures in the region are 
installed according to the drainage networks, the 
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Strahler Stream Order method [65] was used and super 
imposed on high-resolution aerial photographs and 
presented in Figure 11. 

When Figure 11 is analyzed in general, it is seen that 
the settlements were established in such a way that they 
do not coincide with the stream orders. The smallest and 
shortest drainage lines are shown as red colored in 
Figure 11. Typically, it denotes the initial grades at which 
water gathers and flows into bigger streams. The color 
yellow denotes drainage lines of moderate size. Usually 

created when first order streams converge. The longest 
and largest drainage lines are shown in green. It holds 
more water and is created when smaller streams come 
together. The structures are located away from stream 
order 3 and close to stream order 1, thus protecting the 
structures against possible flooding and water risk and 
humidity. When the detailed areas in the image are 
examined, it is seen that the drainage networks pass very 
close to the structures but do not touch the boundaries of 
the structures. 

 

 
Figure 11. Drainage networks of Kromni Valley 
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4.  Conclusions 
 

In conclusion, this study conducted a 
comprehensive spatial and viewshed analysis of 
historical structures in the Gümüşhane Kromni 
Valley, shedding light on the rich history and cultural 
significance of the region. The 38 historical 
structures, including churches, chapels, and castles, 
were examined using three-dimensional viewshed 
analysis GIS, and remote sensing data. The analysis 
revealed that 64% of the study area is visible from 
the historical structures, with 2% being visible from 
at least 10 structures. By employing a novel mWDE-
WS, the potential visibility was increased to 84.37%, 
indicating that optimal positioning could 
significantly enhance the visibility of these 
structures. The mWDE-(WS) algorithm 
demonstrated significant improvements in 
optimizing the visibility of historical structures 
compared to traditional methods such as CobiDE, 
JaDE, DE, and LshaDE. The statistical significance of 
these findings was confirmed through the Wilcoxon 
signed-rank test, which highlighted the superior 
performance of mWDE over other methods. The 
analysis using the Strahler Stream Order method 
demonstrated that the historical structures were 
strategically constructed away from higher-order 
streams (particularly third-order streams) to 
mitigate flood risks, water damage, and humidity. 
This finding suggests that the community possessed 
a deep understanding of the local topography and 
hydrology. The analysis provides a comprehensive 
understanding of the spatial relationships and visual 
connections between these historical structures. 
When the strategic importance of historical 
structures seeing each other is emphasized, the 
observation terraces to be built in these places and 
the restoration of these structures will contribute to 
the revival of regional tourism and the protection of 
cultural heritage. This will attract tourists' attention, 
encourage the discovery of idle historical structures 
in different regions and new tourism destinations 
may emerge. In addition, the historical and 
architectural awareness in the region will increase 
the sense of continuity and interconnectedness and 
the awareness of the protection of historical 
structures will increase. In these analyses, DSM 
resolution can limit the accuracy of both viewshed 
and drainage networks analysis. Therefore, DSM 
with high spatial resolution should be used. In 
addition, the population size and low-up limit values 
to be chosen in mWDE-WS analysis will change the 
convergence quality of the algorithm to the problem 
solution, so it is important to determine these 
parameters by optimization. 

Briefly, it is revealed that mWDE-WS analysis 
could be more convenient in viewshed analysis of 
historical places and gives relatively more accurate 
results compared to other analysis which applied in 
this study. Also, combining viewshed analysis with 
drainage networks will lead to optimum site 
selection. The myth that the churches/chapels and 

such structures were built in view of each other 
among the people of the region, which is the subject 
of the study, has been scientifically discussed for the 
first time in this study. In addition, combining the 
analysis of drainage networks with the visibility 
analysis, it was revealed that the historical buildings 
were built not only to see each other but also to avoid 
coinciding with the waterways. 
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