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Arastirma Makalesi (Research Article)

Tlk Y11 Tasarim Stiidyosunda Yapay Zeka Araglarinin Potansiyeli

Ipek YILDIRIM CORUK:?

Oz

Makale Hakkinda

Farkli seviyelerdeki tasarim stiidyolarinda yapay zeka kullanimini ele alan
¢ok sayida arastirma bulunmaktayken, ilk yil tasarim stiidyosu ile yapay
zeka arasindaki iliskiyi inceleyen calismalarin sayis1 ve kapsami sinurlidir. Bu
dogrultuda, bu calismada konuya ilk yil tasarim stiidyosu Olgeginde
yaklasilmistir. Calismanin amacy, iki farkli yapay zeka aracinin ayni istemlere
verdigi yarutlarin karsilastirilmasi iizerinden, bu araclarin stiidyo ortamina
entegrasyon potansiyellerini tartismaktir. Durum c¢alismasi metoduna
dayanan arastirmada, ilk yil tasarim stiidyosunda verilen tasarim
gorevlerine 6grencilerin {irettikleri yamitlar istem olarak kullamilmistir. Bu
istemlere ChatGPT ve MidJourney araglarinin verdigi yanitlar karsilastirmali
olarak analiz edilerek s6z konusu tasarim gorevleri iizerinden, araglarin
tasarim  stiidyosu baglamindaki potansiyelleri degerlendirilmistir.
Arastirmanin smirli orneklemi iizerinden elde edilen bulgular, birinci yil
tasarim stiidyolarinda analize ve ¢ikarima dayali, iki boyuttan ii¢ boyuta
ilerleyen analitik projelerin ChatGPT ile desteklenebilecegini; buna karsilik
kurgusal mekan tasarimi, atmosfer olusturma ve ufuk acgia fikirlerin
gelistirilmesini gerektiren projelerin ise MidJourney ile desteklenmesinin
daha uygun olabilecegini gostermektedir. Bu bulgular dogrultusunda,
birinci smif tasarim egitimi Olgeginde yapay zeka araglarinin geleneksel
stidyo uygulamalarinin yerini almaktan ziyade insan tasarimcilar
destekleyici bir ara¢ olarak kullanilmasiin uygun olabilecegi
sOylenebilmektedir.

Anahtar Kelimeler: Tk il tasarm stiidyosu, Yapay zeka, Midjourney, ChatGPT, Vaka
calismast

Gelis Tarihi: 16.02.2026
Kabul Tarihi: 19.03.2026
Yayim Tarihi: 30.06.2026

Atf igin: Yildim Coruk, 1. (2026). Tk yil
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potansiyeli.  tanbul ~ Sabahattin  Zaim
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The Potential of Artificial Intelligence Tools in the First-Year Design Studio

Ipek YILDIRIM CORUK=

Abstract

About Article

While numerous studies address the use of artificial intelligence in design
studios at different levels, the number and scope of studies examining the
relationship between artificial intelligence and the first-year design studio
remain limited. Accordingly, this study approaches the subject at the scale of
the first-year design studio. The aim of the study is to discuss the potential of
integrating Al tools into studio environments by comparing the responses of
two different Al platforms to identical prompts. Based on a case study
methodology, the research used the responses produced by students to the
design tasks assigned in the first-year design studio as prompts. The outputs
generated by ChatGPT and MidJourney in response to these prompts were
comparatively analyzed, and the potential of these tools within the context
of the design studio was evaluated through the selected design tasks. The
findings obtained from the study’s limited sample indicate that analytical
projects based on analysis and inference, progressing from two dimensions
to three, can be supported with ChatGPT, whereas projects requiring fictional
space design, atmosphere creation, and horizon-expanding ideas can be
supported with Midjourney. Accordingly, at the scale of first-year design
education, it can be argued that Al tools can be employed as supportive
instruments for human designers.

Keywords: First-year design studio, Artificial intelligence, MidJourney, ChatGPT,
case study
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Introduction

As an emerging field, artificial intelligence integrated disciplines and it’s
potential within these domains constitute current research topics. This study addresses
the relationship between artificial intelligence and architectural design education
through the context of first-year design studios.

A review of existing studies on artificial intelligence and first-year design
studios reveals that Celik et al. (2023) conducted research to examine the impact of Al
image generators on the design processes of first-year design students. In this study,
students were provided with texts from the book Invisible Cities and were expected to
extract keywords from these texts. Based on the identified keywords, students were
tasked with creating abstract three-dimensional physical models, and the process was
designed to be further developed with the support of artificial intelligence. In another
study adopting a similar approach, first-year design students were asked to derive
spatial interpretations from a given novel and, utilizing Al, generate two-dimensional
reliefs based on these interpretations (Yildirim, 2022).

In another study, Al-generated works and Al-student collaborative projects
were evaluated in terms of creativity to investigate the creative processes and
interactions between students and design tools in a first-year design studio (Cigek et
al.,, 2024b). Similarly, another study exploring the same context examined the
integration of Al into the project studio, aiming to foster student-student and student-
Al interactions and support creative encounters within design studios (Akgay
Kavakoglu et al., 2022). In a further study conducted by Cicek et al. (2023), a first-year
design studio exercise was tested using text-to-image diffusion models, and a
framework was created for evaluating the outputs through experts. Another study
comparatively analyzed design solutions generated by an AI model and those
produced by students in a first-year design studio (Cigek et al., 2024a).

Although existing studies on the relationship between first-year design
studios and artificial intelligence examine the impact of Al integration on creativity,
the role of Al as a design partner, and the comparison between Al-generated and
student-produced outputs, the literature remains quite limited in studies specifically
focusing on the first-year design studio, as also supported by Cigek et al. (2024a). This
indicates a need for further research in this area. Accordingly, this article aims to
address this gap by exploring the relationship between the first-year design studio and
artificial intelligence.

Therefore, in this article, student responses to a first-year design studio
problem were used as prompts, and the study aims to discuss the potential of
integrating two different Al tools into the studio environment by comparing their
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responses to the same prompts. By examining the topic through two distinct Al
platforms, the research differentiates itself from existing approaches and emphasizes
its originality.

Method

This study is based on a multiple case study methodology, one of the
qualitative research techniques (Yildirim & $Simsek, 2021). The research was conducted
using the outputs of design tasks produced by students in the Design Studio I and II
courses. The courses were carried out in the Department of Interior Architecture and
Environmental Design at Fenerbahge University during the 2025 academic year.
Students’ responses to these design tasks were inputs for artificial intelligence tools,
and the responses generated by ChatGPT and MidJourney to the same prompts were
examined as comparative cases. The case study process was carried out by the
researcher through uploading the student outputs to the selected artificial intelligence
tools.

Research Design and Studio Framework

This study was designed to evaluate the potential of the artificial intelligence
tools (ChatGPT and MidJourney) within the context of a first-year design studio. In
this regard, the study examined the design tasks undertaken by students in the Design
Studio I and Design Studio II courses, analyzed the capacities of these tools to respond
to such tasks, and proposed a discussion regarding their potential integration into the
design studio. The projects examined in this study are not sequential; rather, they
belong to two separate studio courses conducted by the researcher. The design tasks
were introduced to students during the first week of both courses.

The research process was structured as follows: Within the scope of the 2025
academic year, the design tasks completed by students in Design Studio I and II (Table
1), together with the initial ideas they developed for these tasks (the focus photograph
for Design Studio I and the concept proposals for Design Studio II), were presented by
the researcher as inputs to artificial intelligence tools. In this way, the outputs
generated by the tools were examined, and their potential for integration into the
design studio was discussed. The studio frameworks are structured as follows:
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Table
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Design Studio I: The starting point is an architectural focus photograph taken
by the students. The focal point and compositional elements are represented through
25 squares of 5x5 mm within a 25x25 ¢cm area. While maintaining the positions of
selected squares, line and surface elements are added to create a two-dimensional
composition, followed by experiments with color and texture. Finally, the two-
dimensional composition is transformed into a three-dimensional form, resulting in an
abstract spatial volume. The entire process progresses based on the initially selected
focus photograph.

Design Studio II: Students developed fictional spatial designs. In the first
project, concepts representing the students’ self-expression were defined and spatial
areas were designed accordingly. In the second project, the contrast of a
predetermined line character was defined, and a spatial design corresponding to this
contrast was developed.

By its very nature, the design studio uses written and visual sources, such as
concepts and reference images, as starting points for design processes. Therefore,
within the scope of this study, the written and visual inputs embedded in the project
tasks were treated as initiating elements for fulfilling the design assignments.
Accordingly, ChatGPT and MidJourney were selected as artificial intelligence tools
representing text-based and image-based models for the purposes of this research.
Based on this framework, the research questions were formulated as follows:

1. How do text-based and image-based Al tools respond to the same prompt?

2. How can Al tools be integrated into the first-year design studio
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Data Collection Procedure

The research was conducted at the end of the relevant studio term and was
structured based on student outputs produced in the Design Studio I and Design
Studio II courses. Students were not directly involved in the study; instead, one
successful project from each course was selected and used as data. The selection
criterion was the extent to which the projects responded to the evaluation criteria
defined at the beginning of the course and shared with the students.

Within this framework, the researcher developed a procedure (Figure 1) to test
the outcomes by entering the same design tasks into artificial intelligence tools. In
summary, the research process proceeded as follows:

. Development of projects by students in response to the design tasks during
the 2025 spring semester,

. Selection of one student work for each design task,

. Identification of the artificial intelligence tools to be tested,

d Entering the initiating elements of the selected works into the artificial

intelligence tools as prompts and establishing a dialogue with the Al

systems,

d Presentation of the outputs generated by the artificial intelligence tools
through tables,

d Evaluation of the outputs according to the predefined assessment criteria.

Figure 1

Methodological flowchart (Author, 2026)

B {2 '3 P4 |5 06 i ‘8 9
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The outputs generated in response to the tasks given to the artificial
intelligence tools were evaluated by the researcher and presented through tables and
visual materials. When multiple alternatives were produced, the final selection and
evaluation were also carried out by the researcher. Furthermore, since different
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students were enrolled in Design Studio I and Design Studio II, there was no overlap
in participants between the courses.

Data Analysis

The data analysis focused on the design processes developed in Design Studio
I and Design Studio II. In Design Studio I, the analysis examined how students
abstracted the focal point of a focus photograph by using design elements such as
point, line, and surface, and how they translated this two-dimensional expression into
a three-dimensional form. In Design Studio II, students developed fictional spatial
designs, the evaluation criteria were defined as creativity, the translation of the
concept into space, appropriate selections of color and material, and the quality of the
three-dimensional spatial design. The outputs generated by the artificial intelligence
tools were evaluated according to these same criteria.

In addition, the Al-generated outputs were analyzed in terms of the rapid
interpretation and consistency of key elements, level of detail, creativity and degree of
originality, emotional impact/atmosphere, perceptual differences, and potential areas
of usability. These analyses were used to discuss the possibility of integrating artificial
intelligence tools into first-year design studio environments.

Limitations of the Study

This study examines artificial intelligence tools within the context of first-year
design studios, and the analyses are based on a single student example for each design
task. Therefore, the findings are not intended to be generalizable; rather, they aim to
test the potential of artificial intelligence tools within the specific design tasks
addressed in this research.

Within the scope of the study, the artificial intelligence tools ChatGPT (GPT-
5) and MidJourney 6.1 Stylize Raw version were used. The design tasks were presented
to both Al tools using the same inputs. To maintain methodological consistency, the
same evaluation criteria and analytical measures were applied to both tools. In tasks
where MidJourney did not produce a response, the process continued with ChatGPT.
Furthermore, when ChatGPT’s response to a specific prompt deviated from the
intended dialogue, a new conversation thread was initiated, and the process was
advanced through a branching approach. This situation is acknowledged as a
limitation stemming from the differing technical characteristics of the tools.

Theoretical Framework

Artificial intelligence (AI) is generally defined as systems capable of
mimicking human cognitive processes while performing complex tasks such as
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analyzing information, recognizing objects and sounds, and filtering and processing
data (Wong et al., 2019). In recent years, this rapidly developing field has emerged as
a technological domain that transforms production and decision-making processes
across various disciplines due to its capacity to process large datasets (Jaruga-
Rozdolska, 2022). This transformation has particularly paved the way for the
emergence of new modes of production and working methods in the field of design.

In design research, artificial intelligence is typically addressed from two main
perspectives. The first approach considers Al as a tool that accelerates the design
process and increases production capacity. Studies within this perspective
demonstrate that Al systems can rapidly generate variations of existing designs,
support decision-making processes in areas such as material optimization and
environmental performance, and enable the production of numerous alternatives
within a short period of time (Tang et al., 2022; Bolek et al., 2023). In educational
contexts, these tools are also highlighted as supportive systems that can assist students
in solving design problems (Muthumanickam et al., 2021).

The second perspective focuses on the effects of generative Al tools on design
pedagogy. Generative models developed in architectural design encompass systems
capable of producing different types of content such as text, images, videos, or three-
dimensional models (Goktepe et al., 2025). These tools are categorized according to
their production mechanisms and include various model types such as generative
adversarial networks, diffusion models, foundation models, and three-dimensional
generative systems (Li et al., 2025). While this technological diversity introduces new
creative possibilities into the design process, it simultaneously necessitates the
reconsideration of pedagogical practices.

Recent studies have examined the integration of Al tools into architectural
design studios from different perspectives. Some research indicates that these tools
accelerate the design process and increase students’ capacity to generate alternatives.
For example, Al-integrated BIM simulations have been perceived by students as tools
that facilitate the design process and improve efficiency (Dharmatanna & Wijaya,
2025). Similarly, ChatGPT has been identified as a potential information resource for
the conceptualization of design studio projects (Caliskan, 2023). Furthermore,
generative Al systems have been shown to contribute to design processes in terms of
enabling new spatial explorations and performance optimization (Sunday Adeusi et
al., 2024).

Nevertheless, the literature also highlights significant limitations of these
tools. In particular, Al systems may struggle with interpreting contextual information,
understanding human scale, and evaluating the abstract dimensions of the design
process (Iranmanesh & Lotfabadi, 2025). This suggests that Al should be positioned
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not as a fully autonomous producer within the design process but rather as a
supportive tool that collaborates with the designer. Indeed, several studies emphasize
that while AI systems can expand the solution space, the selection and evaluation of
appropriate design alternatives still require the designer’s critical judgment (Cigek et
al., 2024a).

These discussions gain particular importance in the context of design
education. Design studio pedagogy is inherently a dynamic learning environment that
continuously interacts with new tools and technologies. In this context, generative Al
tools are considered emerging instruments that facilitate the visualization of students’
ideas, enable the rapid testing of different alternatives, and support creative
exploration processes (Kiiciik et al.,, 2025). At the same time, hybrid production
processes established between Al systems and designers have been shown to be
effective in developing contextual and innovative solutions (Cigek et al., 2024b; Akcay
Kavakoglu et al., 2022).

Despite these developments, an important gap remains in the literature.
Existing studies largely focus on the general potential of Al tools or their pedagogical
implications, while research examining how different Al tools vary in relation to
specific types of design tasks within studio environments remains limited. In
particular, there is insufficient empirical evaluation regarding how these tools can be
used in first-year design studios, which constitute the initial stage of design education,
and in which types of tasks they may be most effective.

First-year design studios are widely recognized as threshold environments
where students encounter a new design language and mode of thinking. These studios
therefore represent critical learning contexts in which students learn to deal with
uncertainty and translate abstract concepts into design outcomes. The rapid generation
of alternatives and multiple representation capabilities offered by Al tools present
significant potential to help students evaluate design problems from different
perspectives (Cicek et al., 2024b). However, the ways in which this potential is realized
and how different Al tools contribute to design tasks remain insufficiently explored.

Within this context, the present study aims to contribute to this gap by
comparatively examining two different artificial intelligence tools. By analyzing how
these tools are used within the context of a first-year design studio, the study evaluates
the types of design tasks in which they are most effective, their strengths and
limitations, and their potential for integration into design pedagogy.

Results

This section presents the findings of the study. Using student responses to the
problems that form the content of the first-year design studio courses as prompts, the
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process was tested through the Al tools MidJourney and ChatGPT. The resulting data
are presented in this section through tables.

During data collection, the process was initially initiated by using the
student’s response to the Design Studio I problem, the focal photograph, as a prompt.
Along with this photograph, the following prompt was provided to ChatGPT and
MidJourney to generate outputs: “1. On the craft cardboard, use 25 squares of 5 mmx5
mm to express the relationships observed in the focal point photograph, including the
focal point itself and the other elements that make up the composition.”

The resulting data are presented in Table 2. ChatGPT responded to this
prompt by creating a composition with points arranged on a grid, whereas
MidJourney produced outputs based on different versions of the photo divided into
grids. Since MidJourney operates through descriptive keyword codes (Celik, 2025), the
prompt was iteratively adjusted by adding “abstract 2D composition” in the first stage,
followed by “draw diagram, abstract, 2D composition” in subsequent stages.
However, the outputs did not produce a coherent composition that could be further
developed according to the study requirements. Consequently, the dialogue with
MidJourney was concluded, and the process for this problem continued solely with

ChatGPT.
Table 2
Outputs of Prompts Submitted to ChatGPT and MidJourney for the Design Studio I Design
Task (Author,2026)
Prompt ChatGPT Prompt MidJourney
. _ . [ [
-

+.,

Prompt for
focus point

1.0n the craft
cardboard, use
25 squares of
5mm x 5mm to
express the
relationships

observed in the

focal point

Prompt for focus

point

1.0n the craft
cardboard, wuse 25
squares of 5mm x 5mm
to express the
relationships observed
in the focal point
photograph, including
the focal point itself
and the other elements
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photograph, that make wup the
including the composition

focal point 2.0n the craft
itself and the cardboard, wuse 25
other elements squares of 5mm x 5mm
that make up to express the
the relationships observed
composition in this photograph,

including the focal
point itself and the
other elements that
make up the
composition, abstract,
2d composition

3.0n the craft
cardboard, wuse 25
squares of 5mm x 5mm
to express the
relationships observed
in this photograph,
including the focal
point itself and the
other elements that

make up the
composition, draw
diagram, abstract, 2d
composition,

Although the critical dialogue with ChatGPT followed the logic of
critiquing/evaluating student work in a studio environment, it was conducted by
providing prompts in a command format rather than as critiques or suggestions.
Accordingly, the prompts and outputs from the dialogue conducted with ChatGPT for
the Design Studio I content are presented in Table 3.
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Table 3

Outputs of Prompts Submitted to ChatGPT for the Design Studio I Content (Author,2026)

Prompt for point | Prompt  for | Prompt for Prompt for
composition point point point composition
composition | composition
2. Do not place 3 In.crease b 4 Further | 5 = o) the right,
spacing increase  the
« | the squares i represent the
= : between the | spacing :
= adjacent to each ] outermost  spiral
E other;  update pom.ts, bet.ween the | 1nd the one inside
their positions to leaf’lr‘g et | [Pt ) i it on the left,
create a diagram PO Bl E0 empha51z.e represent the inner
center, and | both the inner
that reflects the and outer larger
. . show the | and outer | _ .
circularity ) ) ] ) spirals. You can
shown in the c1rcu1ar1ty. on c1rculfar1ty oM | increase the spacing
h both the right | the right and .
photo 5 e | e wid] ; between the points
and left sides | left sides of |\ ' 1. 0 this
of the photo | the photo
-; e " ‘-'
_8-4 - '\l. et 5
2 . g
O -. .- e
Prompt for point | Prompt  for | Prompt for | Prompt for line
composition point point composition
6. To better | COMPOSItion | composition | g create 5 diagram
position the |7. Do not|8. Do not use | containing points
points, move a | reduce the | adjacent and lines by
g-' few of them into | points in the | points; move | keeping some
© |the areas that |spirals too | one of the | points and merging
a correspond  to | much; points that are | others
the vertical | represent the | next to each
element located | central axis by | other upward.
along the central | adding  just
axis in the photo | two points at
the top and
one point at
the bottom
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Ei . . :
.&' - -'l
2 - L7
O " it
Prompt for line | Prompt for | Prompt for | Prompt for line
12/ 1/ 12/ P
composition line line composition
composition | composition
10.Kee the
o\ P 11. Connect | 12.  Increase
position and . 13. Connect each
. the spirals on | the number of e o
number of points b el 1 x layer within itself.
the same as the the right | lines. ho For the right side,
B previous among rePresent the connect the points
g . themselves spiral on the .
© | diagram. Only ! on the outer spiral
& and the ones | right, create
connect the . among themselves
_ on the left | lines by .
points on the . and the points on
. among connecting the . .
outer spiral to ) the inner spiral
. themselves, so | points that
form lines among themselves
that the | represent the
circular effect | inner  spiral
in the | with those
composition is | that represent
preserved the outer
spiral
-g.‘ /?\.‘,\ /_.. ./l\ /_'.- /\_ /.:' /.\
8 i - - 2 - ..'/'/.‘ : & H -_.4‘/: : .
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Prompt for line | Prompt for | Prompt for | Prompt for line
composition line line composition
composition | composition
"g-‘ 14.Also connect | 1> Connect | 16. 10117, In the inner
S | the three points the. topmost rePresent e spiral on the left,
& | at the lower right | POt on th.e spiral on the | ., ;0 only the
ce.ntral a>.<1s left, c.onnect three points that lie
with t}}e point | the points so | . oo eo
below it on the | that both the
same axis by | inner and
drawing a | outer spirals
vertical line are indicated
= e e | e ) A
5 7 -8
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Prompt for line | Prompt for | Prompt for | Prompt for surface
composition line surface composition
composition | composition
18. Make all the 19. On the 20. Add | 21. Add triangular
lines 5 mm thick cent.ral | surfaces to | surfaces outside the
vertical axis, ) . .
this spiral on the right.
keep the e Add
. composition rectangular
bottom point . . e
while keeping surfaces both inside
and connect . .
- the existing and outside the
= . points and | spiral on the left
5 points at the | ..
= lines. You can
R top :
use geometric
shapes such as
rectangles,
squares,
triangles, or
trapezoids. Do
not add
surfaces
randomly; use
the elements
in the photo as
a reference
§ 2l = A | ~ //l//‘ / I ~
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Prompt for | Prompt  for | Prompt for | Prompt for 3D
surface surface color model
composition composition | composition
22. Do not place 23f. Add 24:Use 25.  Create  an
the surfaces am triangular primary axonometric
top of the points | surfaces colors (yellow, .
_ perspective by
= and lines; | between the | red, blue) on . .
- . making the points,
g | position them in | inner and | the black | ;.
<) ] ) lines, and surfaces
g, | the middle of or | outer spirals | elements  of

_ i j ] 20 cm in size
adjacent to them | on the right, | this diagram

and to emphasize
rectangular the focal point
surfaces of the

between the | composition.
spirals on the
left. Increase
the density of
the surfaces

Output
Y
%
.\\
LB
. \,\.\\
e

The process tested using the content forming the Design Studio II framework
was initiated by using the concepts and plan diagrams identified by students as
prompts. Based on this prompt, MidJourney generated several models containing
different alternatives, whereas ChatGPT produced a model composed solely of
geometric forms. In subsequent stages, additional prompts were provided to ChatGPT
to add creative and narrative value to the model, resulting in further outputs. The
prompts and outputs from this process are presented in Table 4.

In the second fictional spatial design project, the plan sketch and concept
description created by the student were used as inputs, and outputs were obtained
from both Al tools. At this stage, as the Al tools were expected to generate both a three-
dimensional model and an interior visual/atmosphere in parallel with student work,
the same prompt was adjusted with specific keywords (e.g., “extrude this plan,”
“create interior space”) to obtain the outputs. During this process, MidJourney
produced outputs containing different variations in a volume inconsistent with the
provided plan, whereas ChatGPT generated an output more consistent with the
reference drawing.
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Similarly, in the prompt involving the extrusion of the sketch plan into a three-
dimensional model, ChatGPT generated outputs more consistent with the geometric
characteristics of the provided plan, whereas MidJourney produced outputs

containing different alternatives in square and rectangular forms. Finally, in the stage

focused solely on generating an interior atmosphere based on the given prompt,
outputs with varying spatial effects and atmospheres were produced. All these data

are presented in Table 4.

Table 4

Outputs of Prompts Submitted to ChatGPT and MidJourney for the Design Studio 1I Design

Tasks (Author,2026)

Fictional Space Design I

1.The design of
the space was
made to be a
tower
the lovely concept
but making the
clone a princess in
a pink tower, with
three smaller
towers with
different
functioning

following

rooms inside

2.Add
and door and
make it fictional

window

1.The design of
the space was
made to be a
tower,
following  the
"lovely" theme
by making the
clone a princess
in a pink tower,
with three
smaller towers
with  different
functioning
rooms inside

Prompt ChatGPT Prompt MidJourney
7 -.::%‘*? % N
1 b I_. - y
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3.Fairy tale castle
style

4.Add balconies/r
ailings around
some windows

Fictional Space Design 11
Prompt ChatGPT Prompt MidJourney
.ﬁ‘ ‘ N .ﬁ ‘ N G
1 ] 1 ]
1.Create an 1.Create an
interior space, interior  space,

this space is a
disco or kareoke
place. A place for
Quasimodo to
dance and have
fun with friends,
disco concept and

this space is a
disco or karaoke
place, a place for
Quasimodo to
dance and have
fun with his
friends, bright

bright and fun and fun colors
colors
! 1 ! 1

2.Extrude this
plan, Create a
interior space,
this space is a

disco or karaoke

2.Extrude this
plan, Create a
interior  space,
this space is a

disco or karaoke
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place, A place for
Quasimodo to
dance and have
fun with his
friends

place, A place
for Quasimodo
to dance and
have fun with
his friends

3.This space is a
disco or karaoke
place, a place for
Quasimodo to
dance and have
fun with his
friends, disco
concept,  bright
and fun colors

3.This space is a
disco or karaoke

.l place, a place for

Quasimodo to
dance and have
fun with his
friends, disco
concept, bright
and fun colors

Discussion

In this study, the outputs obtained by testing the content conducted in the first-
year design studio using two different Al tools (text-based and image-based) were
examined. Through these outputs, the adaptability of the tools to the design studio
with certain design task environment was evaluated, and the results are presented in
this section.

When comparing the responses of ChatGPT and MidJourney to the content of
Design Studio I, ChatGPT generated outputs consistent with the main elements
present in the input photograph and text, whereas MidJourney produced outputs that
interpreted the prompt differently. In the problems of Design Studio II, ChatGPT
produced directly extruded volumes with geometry and proportions consistent with
the provided plan and prompt, but with limited design and aesthetic value, while
MidJourney generated alternatives with varied design qualities, albeit with geometric
positions and proportions differing from the prompt. Similarly, in the second problem
of the Design Studio II course, ChatGPT produced outputs consistent with the
geometric characteristics of the provided plan, whereas MidJourney generated
outputs that diverged from the reference.

Evaluation of these outputs based on the parameters established in the study
reveals that ChatGPT interpreted the given prompts more consistently and faithfully
in terms of prompt interpretation and the consistency of key elements, whereas
MidJourney was less bound to the prompts. In terms of level of details, ChatGPT
provided more detailed outputs for content aimed at abstraction or analytical
inference, such as in Design Studio I; however, for the other two problems involving
fictional spatial design, MidJourney’s outputs contained more details. From the
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perspective of perceptual differences, ChatGPT differed from MidJourney in that it
interpreted the inputs and produced outputs guided by these interpretations.

When the research findings are examined in detail, ChatGPT was found to be
more effective than MidJourney in performing spatial, geometric, and compositional
analyses based on architectural plan sketches, as well as in reinterpreting conceptual
and formal relationships. This result is consistent with the findings reported by Oh
(2024). On the other hand, MidJourney’s outputs were found to be more favorable in
generating fictional and creative solutions. These results support findings from
previous studies (Yiannoudes, 2025; Tan and Luhrs, 2024; Tong et al., 2023).

Although ChatGPT can generate meaningful schematic abstractions, it shows
reduced consistency in complex organizational relationships (e.g., point + line, point +
line + surface compositions). MidJourney, on the other hand, can produce spatial
alternatives with high impact and creative value, but its ability to maintain spatial
fidelity is limited. These findings support similar perspectives reported in the
literature (Alkan and Oduncu, 2024; Yiannoudes, 2025).

On the other hand, the tools used in fictional spatial design tasks demonstrate
differences in their production processes. While MidJourney can generate numerous
visual alternatives in a short time based on a given input, the production of outputs in
ChatGPT often requires a longer interaction process involving dialogue, guidance, and
confirmation steps. This indicates that MidJourney’s rapid production capacity
expands the range of possibilities, particularly in terms of generating a greater number
of design alternatives within a limited time.

The literature similarly suggests that such rapid generation and iterative
development processes broaden design possibilities and facilitate iterative thinking in
design workflows (Karadag & Ozar, 2025). In a similar vein, visual generation tools
are reported to contribute particularly to the development of interpretation and
compositional skills among first-year students (Tong et al., 2023). Moreover, it has been
emphasized that these tools allow students to experiment with a wider range of ideas
and concepts by rapidly transforming ideas into visual forms (Yildirim, 2022).

Conclusion

The findings obtained within the scope of this study suggest that the potential
roles of the two Al tools in first-year design studio environments may be interpreted
as follows. In the examined cases, ChatGPT appears to be more suitable for technical,
analytical, and inference-based processes that involve abstraction and the transition
from two-dimensional to three-dimensional representations. In contrast, MidJourney
appears to be more effective in processes requiring fictional spatial design, atmosphere
creation, and the generation of exploratory ideas. However, the results also indicate
that both Al tools still require an initial idea or guidance as a starting point and do not
operate independently of human input.
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Within the limited scope of this research, the findings suggest that, at the scale
of first-year design education, Al tools function more appropriately as supportive
instruments for human designers rather than as mechanisms that replace traditional
studio practices or act as autonomous decision-making systems. In this respect, the
results highlight the continued importance of a human-centered design approach,
particularly in forms of learning that involve abstraction, interpretation, and
reasoning, as commonly encountered in first-year design studios. This observation
aligns with related discussions in the literature (Cigek et al., 2024a; Iranmanesh &
Lotfabadi, 2025; Kahraman et al., 2025; Huh et al., 2025; Tasli-Pektas, 2025).

The findings also point to differences in the production processes of the
examined tools. Although MidJourney can generate numerous alternatives within a
short period of time, the produced outputs do not always remain fully consistent with
the given inputs. By contrast, the output generation process in ChatGPT often requires
a longer interaction due to its dialogue-based structure; however, this interactive
format allows for guidance, revision, and refinement throughout the design process.
These observations suggest that the two tools may demonstrate different strengths
depending on the nature of the design task, at least within the cases examined in this
study.

Nevertheless, the findings of this research should be interpreted with caution,
as the analysis is based on a single student work for each design task. Accordingly, the
results are not intended to be broadly generalizable but rather to provide an
exploratory evaluation of the potential roles of Al tools within the specific studio tasks
examined. Future studies could test similar design tasks with larger student groups
and in different design contexts, which would enable a more comprehensive
evaluation of the findings. In addition, as artificial intelligence technologies continue
to evolve rapidly, repeating similar studies with updated Al systems may help reveal
the emerging capabilities of newer tools as well as the limitations of earlier versions.
Finally, more comprehensive research is needed to examine the broader and holistic
impacts of artificial intelligence tools on design studio pedagogy.
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Gergek mekanin dijital ortama aktarm, fiziksel 6zelliklerin yeniden tiretimiyle birlikte
mekana 6zgii atmosferin, duygusal etkilerin ve algisal yogunluklarin da simiile
edilmesini gerektirmektedir. Unreal Engine gibi ileri seviye oyun motorlari, mimari
mekanlarm temsil olanaklarm genisleterek senaryonun somutlasmasina ve mimari
bilesenlerin yeniden yorumlanmasina olanak tanimaktadir. Bu yeniden tiretim stireci,
malzeme, doku, 6lcek gibi mimari 6gelerin dogru bir i¢ mekan aydmnlatmast ile dijital
oyun senaryosuyla biitlinlesmesini saglayarak yeni bir “dijital mimari deneyim”
gelistirmektedir.

Dijital oyun mimarisinin tasarim mantigy; senaryo, mekansal derinlik, 6lgek, malzeme
hissi ve kullaua hareketi gibi unsurlarn oyun dinamikleriyle biitiinlesmesine
dayanur. Bu nedenle, mimari deneyimin sanal ortamda ne dlgiide siirdiirtilebilir
kilmabilecegi dnemli bir aragtirma sorusudur. Ozellikle aydmlatma, hem atmosfer
tiretimi hem de oyun i¢i yonlendirme agismdan belirleyici bir bilesendir. Gergek bir
mekan dijital ortama aktarihrken, yapimn fiziksel durumu, islevi ve karakteri analiz
edilmeli; dogal ve yapay aydmnlatma senaryolar: gercek ve sanal katmanlarda tutarh
bir sekilde organizasyonel cerceveye oturtulmalidir. Ger¢ek mekamn bigimsel
oOzellikleri, 151k diizeni, mekansal hiyerarsisi ve kullanicr deneyiminin dijital ortama
aktarmminda ne Olglide korundugu, doniistiigii veya yeniden yorumlandig
tartisiimaktadir. Ayrica gercek ve sanal mekanlarda aydinlatmanin algisal ve islevsel
etkileri karsilastirlmakta; dijital oyun mimarisinde gergek mekanlarmn yalmzca bir
gorsel referans degil, deneyimsel bir tasarim girdisi olarak nasil kullanilabilecegi ortaya
konmaktadur.

Calisma kapsaminda, giiniimiizde sahip oldugu kimlikle aktif olarak
kullanilan TMMOB Edirne Temsilciligi binasi ele alinmustir. Yapi, Revit
ortaminda {i¢ boyutlu olarak modellenmistir. Bu model, Dialux Evo ve
Unreal Engine yazilimlarina aktarilmis ve aydinlatma performans: gergek—
sanal ayriminda karsilastirmali olarak analiz edilmistir.
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Abstract

About Article

The transformation of physical spaces into digital environments requires not
only the reproduction of their physical characteristics but also the simulation
of the atmosphere, emotional impact, and perceptual intensity that are
unique to each space. Advanced game engines such as Unreal Engine expand
the representational capabilities of architectural spaces, enabling the
realization of design scenarios and the reinterpretation of architectural
components. This reconstruction process integrates architectural elements,
such as materials, textures, and scale, with digital game scenarios through
accurate indoor lighting design, thereby creating a new form of digital
architectural experience.

The design logic of digital game architecture is based on the integration of
narrative, spatial depth, scale, material perception, and user movement with
game mechanics. Therefore, the extent to which architectural experience can
be sustained within virtual environments constitutes a significant research
question. Lighting, in particular, is a critical component for both atmosphere
creation and in-game navigation. During the transformation of a physical
space into a digital environment, the building's physical condition, function,
and architectural character should be thoroughly analyzed, while natural
and artificial lighting scenarios should be consistently organized across both
physical and virtual environments. This study discusses the extent to which
the formal characteristics, lighting configuration, spatial hierarchy, and user
experience of a physical architectural space are preserved, transformed, or
reinterpreted in its digital counterpart. Furthermore, the perceptual and
functional effects of lighting in physical and virtual environments are
comparatively examined, demonstrating how real architectural spaces can
serve not only as visual references but also as experiential design inputs for
digital game architecture.

Within the scope of this study, the TMMOB Edirne Representative Office
building, which is currently in active use, was selected as the case study. The
building was modeled three-dimensionally in Revit. The resulting model was
subsequently transferred to Dialux Evo and Unreal Engine, where its lighting
performance was comparatively analyzed within the context of physical and
virtual environments.

Keywords: Digital Game Architecture, Unreal Engine, Dialux Evo, Digital Game
Environment Lighting.
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Giris

Dijital oyun mimarisi, bilgisayar oyunlarmin gelistirilmeye baslandig1 20.
ylizyilin ortalarinda giiniimiize kadar gegen siirecte teknolojik ilerlemeler ve tasarim
anlayisinin farklilagmastyla boyut kazanmustir. Ilk ortaya ciktig1 ve gelisim gosterdigi
donemlerde, oyun mimarisi basit bir grafige ve altyapiya sahip oyun mekanlari,
glintimiizde hiper gergekgi, etkilesimli ve mimari agidan oldukga karmasik hacimlere
dontismiistiir. Bu siirecin baslangici olarak 1950-1980 seneleri kabul edilebilir. S6z
konusu donemlerde oyun mimarisi daha ytizeysel ve iki boyutlu mekan etkilesimleri
sunmaktayken, daha sonrasinda erken gelisim siireci olan 1980-1995 seneleri arasinda
2D oyun mekanlar1 3D oyun motorlarinin gelistirilmesiyle dijital oyun mimarisi daha
belirgin hal almaya baslamistir. Bu donemlerde dijital oyun mimarisi ger¢ek mimari
mekanlarin soyutlanmis bigimi olarak diisiiniilebilir (Manovich L, 2001). 1995-2010
seneleri arasinda, dijital oyun mimarisi, oyun motorlarinin gelismesiyle, 3D ve
gercekgi tasarim ile bir iist seviyeye taginmistir. Gergek mimari ogeler ve nesneler
oyun mekanlarinda daha belirgin hale getirilmistir. Bu siire¢te oyun motorlar1 ve
yazilimlarla beraber gorsel iyilesmelerin hizla gelistiginden bahsedilebilir. Ornegin
Assassin’s Creed gibi dijital oyunlarda gercek mimari mekanlar sanal ortama
tasinmistir ve kullanicilarina sinirsiz mekansal deneyim sunmaktadir (Champion E,
2010). 2010" dan giiniimiize kadar olan siiregte ise, dijital oyun mimarisi ile mimari
disiplinler i¢ ice gec¢mistir. Gergek-sanal mekanlarin arasinda kurdugu bag sadece
mimari formdan daha fazlasidir. Bu mekansal entegrasyonda senaryoya yanit verme
ve mekansal deneyimler degerlendirilmektedir (Hanna R, Mahgoub Y, 2021).

Bu aktarim siireci mimari gergekligin dogru bir sekilde belgelenme problemini
beraberinde getirmistir. Mimari disiplininde, bu problem dogrultusunda 6énemli baz:
sorular olusmaktadir. Ger¢ek mekan sanal ortama aktarilirken mimari doku ne olgtide
korunur? veya korunur mu? S6z konusu siirecte mimarin yeri ve 6nemi nedir? gibi
sorular bu ¢alisma igerisinde degerlendirilmistir.

Gergek-sanal mekan etkilesimde, aydinlatmanin mekansal algidaki rolii
oldukca biiytiktiir. Aydinlatma verileri, gercek mekanlarda kullanicilarin mekani
algilamasinda ve orada yasamini devam ettirmesinde 6nemlidir ve belirli standartlara
uygun olarak organize edilerek kullanicilar1 i¢in konforlu mekanlar tiretmektedirler.
Ancak sanal ortamlarda aydinlatma, oyun aksiyonuna baglh olarak degisim
gostermektedir. Oyunsal mekanlar veya anlatisal mekanlarda aydinlatma, oyuncuya
mekani sergilerken ayni zamanda yonlendirici bir arag¢ olarak da kullanilmaktadir.
Oyun senaryosuna bagli olarak algisal cesitlilige ugramaktadir. S6z konusu
mekandan-mekana gegis siirecini analiz edebilmek igin aydinhik simiilasyonlari
olusturulmustur. Simiilasyon araglar1 ¢calismaya entegre edilerek, gercek mekan sanal
ortama aktarilirken mekanin 6zgiin dokusunu ve algisini korumak amaglanmistir ve
surdtrilebilir bir sanal ortamin olusmasi i¢in 6neri sunulmustur. Calismada bu amaca
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hizmet etmek icin Dialux ve Unreal Engine yazilimlari, gercek-sanal mekan
aydinlatma simiilasyonlarinin olusturulmasinda kullanilmustir.

Gergek ve sanal mekanlar arasindaki etkilesimler aydinlatma baglaminda
incelendiginde, bu iki ortam arasinda belirgin algisal farkliliklar ortaya ¢ikmaktadir.
Gergek mimari mekanlar dogal ve yapay 1s1gin birlikte olusturdugu dinamik bir
aydinlatma diizeniyle algilanirken, sanal mekanlarda 1sik biitiiniiyle yapay olarak
tiretilir ve renk—gik iligkisi oyun motorlarinin sundugu simiilasyon kapasitesiyle
stnirhidir. Bu durum, Ozellikle 15181n mekansal derinligi, hacim hissi ve atmosfer
tiretme giicli agisindan algisal uyusmazliklara yol acmaktadir. Gergek mekanlarda
dogal 15181n giin igindeki degisimi mekansal alg1yi siirekli olarak dontistiiriirken, sanal
mekanlarda zaman ve 1sik kosullari ¢ogunlukla oyun senaryosu dogrultusunda
kurgulanir. Bu senaryo temelli aydinlatma kurgusu, mekanin gergekg¢i bir 1sik
davranis: sergilemesini her zaman saglamadigindan, gercek—sanal mekan deneyimleri
arasinda ek bir algisal fark yaratir. Tiim bu farkliliklar, gercek bir mimari mekanin
sanal ortama aktariminda 15181n yalnizca gorsel bir bilesen degil, kullanict deneyimini
yonlendiren temel bir tasarim araci oldugunu gostermektedir. Bu nedenle dijital oyun
mimarisinde aydinlatma hem teknik gereksinimler hem de mekansal deneyim dikkate
almarak biitiinciil bir yaklagimla ele alinmalidar.

Materyal ve Metot

Bu ¢alismada, gercek ve sanal mimari mekanlar arasindaki gegirgenlikte 15181n
belirleyici rolii incelenerek dijital temsillerin mekansal anlati {izerindeki etkisi
degerlendirilmektedir. Arastirmada, bir yapmin fiziksel aydinlatma kosullarinin
dijital ortamda yeniden {iretim siirecine odaklanilmakta; oyun motorlarinda
olusturulan 1s1tk kurgusunun mekan algisi, atmosfer ve kullanici deneyimini nasil
dontistiirdiigii tartisilmaktadir. Vaka calismasi olarak, gilintimiizde ofis isleviyle
kullanilan TMMOB Edirne Temsilciligi binasi segilmistir.

Sanal mekanlarin aydinlatma konusu, kuramsal gergeve baglaminda ele
alinmistir. Ayn1 zamanda kuramsal bilginin tartisilacagi 6rnek yapinin ii¢ boyutlu
modeli Revit ortaminda olusturulmus, gercek mekana iliskin aydinlatma analizi

Dialux yazilimu ile gerceklestirilmis ve ayni model Unreal Engine’e aktarilmistir (Sekil
1).
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Her iki ortamda (Dialux Evo-UNreal Engine) malzeme, doku, yansiticihik ve
151k kaynaklarimin teknik ozellikleri ayrintili bicimde tanimlanmis; gercek mekan
atmosferinin oyun mekanindaki karsiligi gorsel ve Olclimsel olarak yeniden
tiretilmistir. Dialux’ten elde edilen fotometrik veriler, Unreal Engine’deki 1siklandirma
kurgusu ile kargilastirilarak mekansal alg1 ve aydinlatma davraniglarindaki farkliliklar
ve benzerlikler ortaya konmustur. Fiziksel ve dijital aydinlatma senaryolar: iki farkl
baslik altinda sistematik bicimde karsilastirilmistir (Sekil 1).

Gercek-Sanal Mekan Etkilesiminde Isik Kurami ve Mekansal Algidaki Rolii

Isik, hem gercek hem de sanal mekanlarda mekansal alginin sekillenmesinde
temel bir bilesendir. Fiziksel ortamlarda dogal ve yapay 1s1k, hacimlerin, yiizeylerin,
renklerin ve dokularin algilanmasinda belirleyici olurken, dijital ortamlarda ise 1s1k,
mekanin atmosferini, kullanici yonelimini ve duygusal deneyimini dogrudan
etkileyen bir tasarim aracina doniisiir (Zumthor, 2006). Isigin yonii, siddeti, rengi ve
dagilimi hem gercek hem de dijital mekanlarda kullanicilarin mekan: nasil
algilayacag tizerinde oldukga etkilidir.
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Gercek mekanlarda 1sik kurami, 6zellikle mimarlik baglaminda, mekanin islevine,
psikolojik etkilerine ve insan eylemine yamit verebilecek sekilde tasarlanir. Ornegin
dogal 151k, giin boyunca degisen karakteriyle kullanici tizerinde farkli psikolojik etkiler
yaratabilir, sabah 15181 zindelik verirken, giin batimi1 daha dingin bir atmosfer sunar
(Le Corbusier, 1923). Bu tiir mekansal aydinlatma etkilesimleri, ger¢ek mekanlarda
15131 kullanic1r davraniglarmi yonlendirmedeki etkisini agikga ortaya koyar. Ayni
durum sanal ortamlar i¢in de gegerlidir.

Sanal mekanlarda ise 1s1k fiziksel degil, yazilimsal olarak Unreal Engine gibi oyun
motoru araciligy ile iiretilir. Ancak bu tiretim, ger¢ek mekanin aydinlatma verilerini
baz alarak kurgulanir ise, kullanicida gercek mekan etkisi yaratabilecek diizeyde
olusabilir. Oyun motorlarinda (6rn. Unreal Engine, Unity) 1sik ve golge kullanima,
mekansal derinlik, yon bulma ve atmosferik etki yaratmak icin temel tasarim
unsurlarindan biridir (Bermtdez, 1999). Ozellikle Unreal Engine’de “global
illumination” ve “real-time lighting” teknikleri sayesinde, kullaniciya gercekci bir 151k-
mekan deneyimi sunulabilir. “Spot Light”, “Rect Light” ve “Point Light” gibi araglar,
yapay aydinlatma simiilasyonlar1 olusturmakta kullanilmaktadir. Bu baglamda 1sik,
dijital mekanin sadece estetik degil, ayn1 zamanda yonlendirici ve etkilesimsel bir
bileseni haline gelir.

Gergek ve sanal mekanlar arasinda 15181n roliinii anlamada Lefebvre’in “yasanan
mekan” kavramyi; 11k, fiziksel ya da sanal olsun, mekanin yasanabilirligini ve anlamin1
sekillendiren bir araci temsil eder. Bu nedenle 1s1k, mekansal deneyimin fiziksel
sinirlarin1 asarak bir anlati ve duygusal baglam iceren mekana doniismektedir
(Lefebvre, 1991). Ornegin, karanlik bir dijital tiinel, oyuncuda tehlike algisi yaratirken,
aydinlik ve yumusak 1s1kl1 alanlar giiven hissi uyandirmaktadir.

Hem gercek hem de djjital tasarimda aydinlatma, kullanic1 deneyimini belirleyen bir
aractir. Mekanin bigimi, anlami ve atmosferi 1sik araciligiyla tanimlanabilir ve
dontigtiiriilebilir. Bu baglamda mimarlik ve dijital oyun tasarimi, 15181 hem fiziksel
hem de deneyimsel bir ara¢ olarak yeniden diistinmeli ve tasarimlarina entegre
etmelidir.

Gerc¢ek-Sanal Mekanlarda Aydinlatma ile Algisal Degisiklik

Gercek ve sanal mekanlar arasinda 1s1$in kullanimi, mekan algisinin
sekillenmesinde Onemli bir ara¢ olarak One c¢ikar. Gergek diinyada 1sik, fiziksel
mekanin bi¢imini, hacmini ve algilanabilirligini ortaya ¢ikarirken, dijital ortamlarda
151k, simiile edilen ortamin algilanmasini kontrol eden bir ara¢ haline gelir. Bu
baglamda 151k, sadece aydinlatma islevi degil, ayn1 zamanda mekansal anlatinin,
yonlendirmenin ve atmosfer yaratiminin tasiyicisidir (Nitsche, 2008).

Bir mekanin algisal degisiklikleri kullanici tarafindan nasil deneyimlendigiyle
ilgilidir. Ger¢ek mekanlarda dogal 151k, giin boyunca degiserek mekanin atmosferini
dontistiirtirken, dijital oyun ya da sanal gergeklik ortamlarinda 1sik, tasarimcinin
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kontroliinde oldugundan mekanin duygu ve islevini hizli sekilde doniistiirebilir.
Ornegin, bir oyun mekanindaki diisiik yogunluklu, sicak tonlu bir 1s1k, giivenli ve
samimi bir atmosfer yaratirken, soguk ve titresimli 1siklar tehdit veya bilinmezlik
hissini tetikler (Ruffino, 2018).

Sanal mekanlarda oyuncunun izlemesi gereken yol, dikkat etmesi gereken
objeler genellikle 1s1ikla vurgulanir. Bu durum, gercek mekanin deneyimden farkh
olarak 1s5181n algisal islevine yeni roller yiikler. Bu tiir bir 1s1k kullanimi, “algisal
yonlendirme” olarak adlandirilir ve tasarimcinin mekan deneyimini bilingli olarak
sekillendirmesini saglar (Jenkins, 2004).

Gergek-sanal mekan etkilesiminde 151k, zaman kavramimni da yeniden
bicimlendirir. Dijital oyunlarda yapay giin dongiisii, 151tk ve golge oyunlariyla
zamanin gegctigi algis1 yaratilir. Gergek hayattaki 1sikla zaman arasinda kurulan iliski,
dijital ortamda yeniden simiile edilerek kullaniciya gergekg¢i bir zaman-mekan hissi
aktarilir. Boylece 151k, dijital mekanin deneyimlenebilirligini artirir (Mitchell, 2003).

Isik, hem fiziksel hem dijital mekanlarda algiy1 doniistiiren bir aractir. Ancak,
gercek mekanin sanal ortamda yasatilabilmesi igin ger¢ek mekanin aydinlatma verileri
olduk¢a onemlidir. Sanal mekanlarda 15181 bilingli kullanimi, kullanicilarin mekani
nasil deneyimleyecegini belirler. Bu baglamda, mimarlik ve dijital oyun mimarisi
tasarim pratikleri 1s1k {izerinden Kkesiserek yeni mekansal deneyimler ve
disiplinlerarasi etkilesimi iiretmektedir.

Gerg¢ek-Sanal Mekan Kavramlar

Gergek-sanal mekan kavramlari, Henri Lefebvre'nin “mekanin toplumsal
tiretimi” teorisiyle de iligkilidir. Ona gore mekan sadece fiziksel degil, toplumsal
iligkilerle de sekillenir. Bu diislince, sanal mekanlarin da toplumsal ve kiiltiirel
baglamda okunabilecegini gosterir. Bu kavramlar, ozellikle djjital cagin mimarlik ve
kentsel tasarimdaki etkilerini anlamada temel teskil eder. Gergek ve sanal mekanlar
arasindaki smirlar giderek belirsizlesmekte, tasarimcilar her iki diinyay1 da dikkate
alarak hibrit deneyimler sunan ortamlar {iretmektedir. Bu iiretim stirecinde mimari
dokunun korunmasi ve dogru belgelenmesi problemi g6z ardi edilmemelidir.

Gercek mimari mekan; fiziksel diinyada var olan, insan duyulariyla
algilanabilen ve dogrudan etkilesim kurulabilen sinirli bosluklardir. Gergek mimari
mekanlar, mimari, cografi ve sosyal 6gelerle sekillenmektedir. Gergek mekan, insan

eylemleri ile deneyimlenir, 6lgek ve malzeme gibi fiziksel 6zelliklere sahiptir ve
maddesel varliklardir (Tablo 1).

Dijital oyun mimarisinde mekan; fiziksel olarak var olmayan sadece ekranlar
veya sanal gerceklik teknolojileri aracilif1 ile hissedilen ve algilanan mekanlardir.
Oyun diinyalari, simiilasyonlar ve metaverse gibi dijital ortamlar sanal mekan
ornekleridir. Sanal mekanlar, gercek mekanlarin dijital temsili olabilecegi gibi,
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tamamen kurgusal da olabilir. Tablo 1’de sanal ve gercek mekanlar karsilastirilabilir
kriterler bakimindan ele alinmistir.

Tablo 1

Gergek-Sanal Mekdn Tanimi (Lefebvre & Manovich. Kaynaklar: Dikkate Alinarak Yazarlar
Tarafindan Olusturulmustur, 2025).

Maddesel = Duyularla Insan Cografi, Degisken

varlik Eylemleri iklim ve Zaman
kiiltiir

Maddi Hislerle Anlat1 Oyun Durgun

olmayan Mekani Senaryosu Zaman

varlik

Gergek-sanal mekan etkilesimi; fiziksel mekanin dijital ortama aktarilmasi veya
dijital ortamda vyaratilan mekanlarin fiziksel mekana dair kavramlarla
iliskilendirilmesidir. Bu baglamda her iki mekanda da aydinlatma ve kullanimi
dikkate alinmalidir. Bu etkilesim 6zellikle mimarlik, kent planlama ve dijital oyun
mimarisi gibi disiplinlerde &nem kazanmustir. Ornegin, bir tarihi sokak dokusu dijital
oyun ortamina aktarilirken mimari detaylari korunmalidir. Bu sayede kullanici, dijital
ortamda fiziksel mekani farkli bir boyutta deneyimleyebilir.

Mimarlik ve Dijital Oyun Mimarisi liskisi

Sanal gerceklik (VR) ve arttirilmis gergeklik (AR), teknolojileri ile dijital oyun
mimarisi, daha etkilesimli ve kiiltiirel gecirgen hale gelmistir. Dijital oyun
mimarisinde gercek kentin tarihi dokusu sanal ortama aktarilirken belirli bir 6lciide
korunur. Sanal ortama aktarilmis gercek mimari dokular farkhh kiiltiirden
kullanicilarin deneyimleyebildigi ortak mekanlar haline gelir. Bu durum ise kiiltiirel
gecirgenligi arttirir.

Mimarlik ve dijital oyun mimarisi, mekanin tasarlanmasi, deneyimlenmesi ve
temsil edilmesi baglaminda birbirini etkileyen iki onemli disiplindir. Dijital oyunlar,
fiziksel diinyadaki mimari kurallar1 referans alarak kendi sanal ortamlarini
olustururken, mimarlik da dijital oyunlardan yeni temsil, etkilesim ve deneyim
modelleri gelistirmektedir. Dijital oyunlar, mimari diisiincenin giderek daha fazla rol
oynadig1 etkilesimli ortamlardir. Oyun tasarimcilari, oyuncularin mekansal

deneyimini yonlendirebilmek i¢in mimarligin temel ilkelerine bagvurmalidirlar (Tablo
2).
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Tablo 2
Gercek-Sanal Mekan Iliskisi (Yazar Tarafindan Olusturulmustur, 2025).

Fiziksel ve Mekan akisi, Cizim, Kisith Dogal ve

insan 151k, yapr maket, erisim, yapay 1sik

eylemine ergonomisi. gorsel fiziksel altinda

yanit sunum. engeller. simiile edilir.

verecek

mekanlar

olusturur.

Fiziksel Oyuncu Oyun Bagimsizlik, Mimari

olmayan haraketi, motorlari, soyut unsurlari

oyun mekansal 3D diistinme, benimser ve

senaryosuna okuma, modelleme deneysel oyun

bagh olarak siiriikleyicilik, yazilim tasarim. senaryosuna

esneyen estetik. ciktilar. bagh olarak

mekanlar anlat

yaratir. mekanlari
oyun
motorlarinda

simiile edilir.

Bu baglamda mimari diistince, yalnizca yapilar1 insa etme siireciyle smirl
olmayip, oyunun mekan kurgusu, atmosferi, hikayesi ve oyuncu etkilesimiyle
dogrudan iligkilidir.

Mimarlik, dijital oyunlarda mekanin sadece fiziksel bir gerceve degil, aym
zamanda anlatinin ve oynanisin temeli olarak kullanildig1 bir yapidir. Oyun
diinyalari, bosluk, hacim, 6l¢ek, yonlendirme ve aydinlatma gibi mimari unsurlarla
inga edilir. Bu tasarim 6geleri, oyuncunun yon bulmasin saglar ve oyun deneyiminin
kalitesini belirler (Nitsche, 2008).

Narratif Mimarlik (Narrative Architecture); Oyunlar cogu zaman mimariyi bir
hikaye anlatim araci olarak kullanir. Bir binanin yikik yapisi, kullanilmayan bir metro
istasyonu ya da abartili bir saray, oyuncuya yalnizca gorsel degil, duygusal da bir
mesaj verir. Mimari 0geler, sozsiiz hikaye anlatimi icin giiglii bir aractir (Jenkins, 2004).
Bu yaklasim ile olusan dijital oyun mekanlari, mimari gergekligi oyun kurgusu altinda
yorumlamaktadr.

Dijital Oyun Mimarisinde Oyuncu ve Mekan Etkilesimi; Oyuncu, mimari olarak
inga edilmis dijital mekanla stirekli bir etkilesim halindedir. Bu etkilesim, hareket
etme, saklanma, tirmanma ya da mekansal bulmacalar1 ¢ozme gibi ¢ok yonlii olabilir.
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Bu etkilesimler, gercek mekanlarda ongoriilemeyecek dinamiklerle zenginlestirilebilir
ve sinirsiz mekansal deneyim sunar. Sanal mekanlarin olusumunda oyun senaryosu
baglam olarak dikkate alinmaktadir.

Gercek Mekandan Oyun Mekanina Gegis

Dijital oyun Mimarisinde, mimari diislince, gercek diinyadan esinlenilen veya
tamamen kurgusal yapilar tasarlamak igin kullanilir. Briitalist bir bina, Orta Cag
kaleleri ya da distopik bir kent dokusu oyun atmosferini belirler. Bu durum,
mimarligin oyunlarda atmosfer kurucusu bir arag¢ olarak kullanimini ortaya koyar
(Salim, 2019).

Mimari tasarim siireglerinde kullanilan algoritmik tasarim, parametrik
modelleme ve gorsellestirme teknikleri oyun motorlarinda da benzer sekilde
kullanilmaktadir. Rhino + Grasshopper, Unreal Engine ve Unity gibi yazilimlar
mimarlarin da oyun gelistiricilerle ortak tiretim yapmasimi saglamaktadir (Burry,
2011). Sanal ortamin olusturulmasinda, s6z konusu yazilimlarin entegre edilerek
kullanilmasi, tasarimda kisitlamalar1 azaltir ve veriye dayali mekanlar olusturur.

Gergek-sanal mekan etkilesim siirecinde, “narrative architecture” (Narratif
mimarlik) onemli bir kavram olarak one ¢ikmaktadir. Ger¢ek mekanlar, sanal ortamda
yalnizca gezinilecek alanlar degil, aymi zamanda anlatinin bir parcas1 olarak
kurgulanir. Oyuncu, mekanla kurdugu etkilesim sayesinde hikaye’yi mekansal olarak
deneyimler. Burada mimari yalmizca arka plan degil, anlatinin tagiyicist ve
deneyimlemesinde mimari gercekligin korunmas: kiiltiirel, sosyal ve algisal
gecirgenliin saglanmasi agisindan 6nemlidir.

Gercek mekanin dijital temsile doniisiimiinde oOnemli bir diger unsur
“procedural representation” (veriye dayali prosediirel tasarim)’dir. Bu yaklasimda
mekan, sabit bir model olarak degil, algoritmalar araciligiyla degisken bir yap1 olarak
tanimlanir. Bu durum, oyunlarda farkli senaryolara, oyuncu tercihine ve etkilesimlere
gore degisebilen dinamik mekanlar yaratilmasini saglar (Salim, 2019).

Dijitallegsme ile birlikte kentler, sokaklar ve yapilar artik yalnizca fiziksel degil,
sanal diizlemde de birer “yasanan mekan” haline gelmistir. Lefebvre’in tanimladig:
yasanan mekan kavrami, bu baglamda dijital ortamda da yeniden iiretilmektedir
(Lefebvre, 1991). Oyuncularin dijital ortamdaki dolasimlari, kesifleri ve tepkileri bu
sanal mekanlara bireysel ve kolektif anlamlar yiiklemekte, boylece dijital oyun
mekanlar: bir tiir sosyal deneyim alanina doniismektedir. Gergek mekanlarin dijital
ortama aktarimi, 6zellikle mimarlik ve dijital oyun mimarisi disiplinlerinin kesistigi
arakesitte onemli bir dontlisiimii temsil etmektedir. Bu siirecte fiziksel diinyanin
mekansal dokusu, dijital ortamlarda yeniden kurgulanir ve yeni islevsel, deneyimsel
anlamlar kazanir. Ger¢ek mekanin dijital oyun mekanina dontistimii yalnizca fiziksel
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bir taklit degil, ayn1 zamanda yeniden yorumlama, senaryo yazimi ve etkilesimli
kullanim tizerine kurulu ¢ok katmanl bir stirectir.

Mimari tasarim, dijital oyun mekanlarmin olusturulmasinda temel bir rol
oynar. Gergek diinyadan alinan yap: bigimleri, sokak dokulari, kent siliietleri ve
atmosferler, oyunculara tanidik ve yonlendirici bir deneyim sunmak amaciyla dijital
ortama tagmmaktadir. Ornegin, Assassin’s Creed gibi oyun serilerinde tarihi kent
dokularinin ii¢ boyutlu olarak yeniden {iretilmesi, oyuncuya hem mekansal
farkindalik hem de tarihsel baglam sunar (Champion, 2011). Gergek-sanal mekansal
etkilesimde, gercek mimari dokunun sanal ortamda benzer algilar1 olusturmasi
tarihsel baglam agisindan 6nemli tasarim bilesenlerinden birisidir.

Gercek mekandan dijital oyun mekanina gegis, mimari tasarim, anlati,
algoritmik tiretim ve kullanic etkilesimi gibi bir¢ok disiplinin ortak calismasiyla daha
iyi sonuglar olusturabilir. Bu doniistim, mimari mekanlarin sadece fiziksel degil, aym
zamanda sanal diinyada da deneyimlenebilecegini gostermekte ve mekansal
potansiyeli artirmaktadir.

Alan Calismas;; TMMOB Mimarlar Odas1 Edirne Temsilciligi Binasinin Tanimi
ve Mimari Ozellikleri

Calismaya konu olan yapi, Edirne Merkez Ilge” sinin Mithatpasa Mahallesi,
Rasathane Sokak aksinda konumlanmaktadir. S6z konusu bina ile ilgili bilgi eksikligi
s0z konusudur. Bina ile ilgili yazili kaynaklara ulagilamamugtir. Ancak sozlii
kaynaklara gore yapim yilimin 1800°1lii yillarda yapildigr tahmin edilmektedir. Yine
s0zlii kaynaklara gore yapinin 6zgiin islevinin Rahibe Okulu olarak islevlendirildigi
bilinmektedir (Sekil 2).

Sekil 2

Yap1 bodrum {izeri 3 katli olarak insa edilmistir. Uctincii katt cat kat1 olarak
organize edilmistir. Yapinin zemin ve birinci kat1 ofis islevinde kullanilmaktadir. Cat1
kat1 ise kullanim disidir. Zemin katta seminer, toplant: alani, ofis odalari, wc ve giris
holii mevcuttur. Arka bahgeli yapinin bodrum katinda ise seminer alani, ¢alisma
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alanlari, wc ve mutfak gibi birimler yer almaktadir. Yapi, taban alan1 155m2, kat alan
525m2 ve 67m2’lik arka bahge alanina sahiptir. Yapmin i¢ mekaninda dogal 15181 kisith
alan veya yapay-dogal 1s18a fazla maruz kalan alanlar mevcuttur (TMMOB Mimarlar
Odas1 Edirne Temsilciligi Dijital Arsivi, 2025).

Yapinin Dialux Evo ve Unreal Engine Simiilasyon Araclari ile Analizi

Dialux (Dialux Evo); 6zellikle aydinlatma tasarimi ve aydinlatma analizleri igin
gelistirilmis bir yazilimdir. Gergekgi 151k simiilasyonlarinin yani sira mimari projelerde
farkli aydinlatma senaryolarini analiz edebilir. Dogal ve yapay aydinlatmalarinin
sonuglar1 ve gergcek mekan {izerindeki etkilerini Avrupa standartlarina uygun olarak
analiz eder. Enerji verimliligi, aydinlik diizeyi ve armatiir yerlesimi gibi teknik verileri
proje lizerinde tanimlanabilmektedir. Bu yonii ile gercek yapilarin veya bir projenin
dogru aydinlik diizeyine ulagsmasina olanak tanimaktadir (Sekil 3).

Sekil 3

Yapimin Dialux Evo Yaziliminda Giimsi§1 Aydinlatmas: ve Yanlis Renk Gosterimi

Aydimlatma simiilasyonlarmin yani sira Dialux yazilimi teknik aydinlatma
analizlerini ve tiiketim raporlarin ¢ikt1 olarak sunmaktadir.

Unreal Engine (Unreal Engine 5); Unreal Engine, gercek zamanh 3D
gorsellestirme ve etkilesimli ortamlar olusturmak igin kullanilan giiglii bir oyun
motorudur. Mimari aydinlatma agisindan bakildiginda, fiziksel tabanli 1s1k
hesaplamalari, gergek¢i golgeler, global illumination ve 11k kirthimi gibi gelismis
ozellikleri sayesinde, mimari projelerde dogal ve yapay 1s18in mekan {iizerindeki
etkilerini detayl bicimde simdiile etme olanag1 sunar (Tablo 3).
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Tablo 3

Unreal Engine’de farkli durumlara gore aydinlatma simiilasyonlar

Acgik gokytizii atmosferi olmadan | Gergek atmosfer verilerine gore
(SkyAtmosphere) sadece yapay 1siklar | Unreal Engine’de olusan, acgik gok
ile simiile edilen Unreal Engine Oyun | (SkyLight) yiizii simiilasyonu

Mekan

Unreal Engine dijital oyun mekaninda sadece yapay armatiirler (PointLight)
ile dis mekanin algilanmasi

Bodrum Kat c¢alisma alanmnin sadece | Dogal-yapay 1sik’larin bir arada
glines 15181n1Nn yansimasi kullanilmasi
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Zemin kat ofis odas1 Zemin kat ofis odasinda renk-i1sik
degerlerine gore mekanda algisal
cesitlilik

Sonug¢ olarak Unreal Engine c¢iktilar1 gorsel estetik ve oyun atmosferi
olusturmaktadir. Ancak bu gorseller olusturulurken Dialux ve Dogal atmosfer verileri
dikkate alnarak hazirlanmistir. Oyun senaryosuna bagli olarak dijital oyun
mekaninda farkli algisal cesitlilikler yaratmak miimkiindiir. Tablo 4'te iki farkl
simiilasyon aract aydinlatma ¢iktilar1 kapsaminda karsilastirilmstir.

Tablo 4

Simiilasyon Araglar1 Teknik Karsilastirma (Yazarlar tarafindan olusturulmustur,
2025).

Aydinlatma analizi Gercek zamanli etkilesimleri
gorsellestirme

Mimari aydinlatma Dijital oyun mimarisi tasarim

tasarimi aract VR/AR

Sayisal Say1 tabanli, gorsel-
atmosferik olusum

Pdf analziler ve raporlar Gorsel, Video

Yok Gergek zamanli gezinme

Fiziksel ol¢time dayal1 Gorsel-piskolojik etkilere
dayal

Lux, Ugr sayisal veriler Global Ilumination, Ray

Tracing, Lumen, Lux

EN-12464-1 Avrupa Belirli bir standarda dayali
Standartlar degil
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Kullanict  etkilesimi ve Teknik hesaplamalar
mekan dinamikleri

Karsilastirmalar sonucunda her iki yaziliminda farkli amaglara hizmet ettigi
goriilmektedir. Dialux evo daha ¢ok teknik girdilere dayanirken, Unreal Engine
sayisal tabanli gorsellestirme araci gorevini tistlenmektedir. Ancak bu iki yazilimin
entegre kullanimi hem teknik dogruluk hem de gorsel deneyim agisindan
zenginlestirilmis atmosfer deneyimi tiretmek miimkiindiir. S6z konusu entegrasyon
mimari gergekligin korunmasi ve strdiriilebilir bir oyun mekan olusumunda
oldukc¢a onemlidir.

Bulgular

Mekandan-mekana gegis siireci, gercek bir mekanin sanal ortama aktarilmasi,
tiziksel olarak dogruluk icerir. Fiziksel mekan, dijital oyun kurgusu dogrultusunda
olusum gostermektedir. Bu siirecte mimar, fiziksel mekan ¢iktilar: ve oyun kurgusunu
harmanlayarak yeni bir sanal ortam olusturmaktadir. Bu olusum, fiziksel gercekligin
yani sira duygusal ve atmosferik yeniden tiretimi kapsamaktadir. Bu baglamda dijital
mimari araclar1 olan oyun motorlari, simiilasyon yazilimlari, gorsellestirme ve
modelleme araglari, fiziksel mekanin anlatisal potansiyelini arttirarak yasanabilir
ortamlar tiretmektedir. S6z konusu farkh yazilimlarmn bir arada ve entegre bir sekilde
kullanilmasi, mimari mekanlarin (Gergek-Sanal) tiretkenligini arttirmaktadir. Gergek
mekanin aydinlatma degerlerinin analiz edilmesi ve bu analiz sonuglarinin oyun
motorlarina aktarilmasi, yeni bir “dijital mimari deneyim” tiirii ortaya ¢ikarir. Ancak,
aydinlatmanin yamni sira Olgek, malzeme ve renk gibi mimari bilesenler goz ard:
edilmemelidir. Gergek mekanin aydinlatma analizlerini ve simiilasyonunu
olusturmakta oldukg¢a 6nemli olan Dialux Evo yazilimi, fiziksel mekan hakkinda net
aydinlatma ¢iktilar1 sunmaktadir. Elde edilen bu c¢iktilar oyun motorunda
uygulanarak mevcut gercek mekan: dijital oyun diinyasina aktarilabilmektedir. Bu
durum, gercek bir mimari mekanin dijital oyun mimarisindeki yansimasimni
olusturmaktadir ve yeni bir mekansal deneyim olusturmaktadir. Fiziksel mekani
algilanabilir kilan dogal ve yapay aydinlatma degerlerinin (lux) oyun motorlarma
aktarilmasi gercek-sanal mekanlar arasinda koprii olusturur. Bu koprii gergek fiziksel
mekanin mevcut durumuna en yakin olan sanal ortam olusum sonuglar1 sunar.

Dialux evo yazilimindan elde edilen bilgilere gore: calisma kapsaminda
incelenen yapinin bazi mekanlarinin fazla 1s13a maruz kaldigr ve kamasma etkisi
olustugu belirlenmistir. Dogal-yapay 1s1k kaynaklarmin kullanildig1 gercek mekanda
bazi mekanlarin kose alanlarina dogru aydinlik seviyelerinin distiigii tespit
edilmistir. Bu durum, mekanlarda 1sik dagiliminin dengeli olmadigini, bunun da
kullanict konforunu olumsuz yonde etkiledigi gozlemlenmistir. Baz1 mekanlarda
ozellikle ofis mekanlarinda dogal 15181n yansidig1 alanlar 1250 lux olup mekanin kose
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noktalarma gidildikge, elde edilen bu aydinlik degerinin azaldig1 tespit edilmistir.
TSEN 12464-i" ye gore ofis mekanlarindaki ortamin aydinlik diizeyi 500 lux olarak
belirtilmistir. Calisma kapsaminda incelenen gercek yapinin bazi mekanlarinin yeterli
aydinlik diizeyini fazlasiyla sagladig1 ve ylizeylerde kamasma etkisinin olusabilecegi
goriilmistiir. Bununla birlikte dogal ve yapay 1s1k kaynaklarmin kullanildigr gercek
mekanda bazi mekanlarin kose alanlarina dogru aydinlik seviyelerinin diistiigii tespit
edilmistir. Bu durum, mekan igerisindeki 1sik dagiliminin dengeli ve homojen
olmadigini, bunun da kullanic1 konforu tizerinde dogrudan etkili olabilecegini ortaya
koymaktadir. (Sekil 4).

Sekil 4

Ofis-1 Mekaninin Dialux Verilerinin Unreal Engine’de Oyun Mekdnina Déniistiiriilmesi

Unreal Engine yazilimindan elde edilen ¢iktilara gore; aydinlatma verileri sanal
ortamda, kullanic1 deneyimlerini ve algisim1 belirgin bir sekilde degistirmektedir.
Olusturulmus Sanal mekan, gercek mekanin maruz kaldig1 151k yogunlugu, yonii ve
yansima degerlerini kopyalamugtir.

Sekil 4 olusturulurken, oOncelikle Dialux yaziliminda aydinlatma analiz
sonuclarma gore elde edilen lux degerleri Unreal Engine’de ayni lux verileri
uygulanmis ve gercek mekanin sanal ortamdaki yansimas: elde edilmistir. Calisma
masasi gibi bazi ylizeylerde kamasma ve yansima degerleri yiiksek tespit edilirken,
mekanin merkezinden koselere dogru bu degerlerin diistiigii tespit edilmistir. S6z
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konusu mekanin dijital ortamda da aymi degerlere ve etkilere sahip oldugu
gozlemlenmistir (Sekil 5).

Sekil 5

Toplant1 Alaninin Dialux Verilerinin Unreal Engine’de Oyun Mekdnina Déniistiiriilmesi

Dialux teknik dogruluk ve olciilebilirlik saglarken, Unreal Engine daha ¢ok
deneyimsel ve anlati odakli mekan simiilasyonlar1 sunmaktadir. Bu iki program
arasindaki entegrasyon, gercek mekanin sanal ortamdaki yansimasi, gercek mekanimn
aydinlatma durumuna en yakin hali ile olusturarak ikinci bir mimari deneyim
sunmaktadir. Ayn1 verilerle gercek-sanal ortamlarda gozlemlenen mekanlar benzer
veya birbirine yakin gorsel algilar olusturmaktadir (Sekil 6).
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Sekil 6

Dialux Aydinlatma Analizinin Yanhs Renk Gosterimi ve Ofis-Toplant: Alaninin Unreal
Engine Simiilasyonu

Gergek mekaninin Dialux analizinden elde edilen, kamasma, yansima ve fazla
aydinlik  dereceleri Unreal Engine simiilasyonunda benzer goriiniimler
olusturmaktadir. Fotografin sol kisminda yer alan plan goriiniimiinde ifade edilen
yanlis renkler, djital oyun mekaninda ayni sonuglar dogurmustur ($ekil 6). Calisma
kapsaminda incelenen yazilimlar entegre edilerek, mimari gerceklik benimsenmistir.
Tablo 4'te her iki yazilimin karsilastirilabilir parametreler dogrultusundaki
degerlendirmesi verilmistir.

Tablo 4

Dialux Evo-Unreal Engine Degerlendirmesi (Yazarlar tarafindan olusturulmustur, 2025).
Dialux Evo Unreal Engine
Teknik ol¢iilebilirlik 4
Mekansal Algi v
Gerceklik 4
Estetik v

Tasarim v

Aydinlatma Analizi 4

Her iki yazilimda kullanim amagclar1 farklidir. Ancak entegre kullanimu,
mekansal potansiyeli arttirmakla kalmay1p, mimari biitiinliik ve ger¢cek mekanin sanal
ortama aktarilmasinda gercek mekan atmosferinin korunmasinda énemlidir.
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Sonug ve Oneri

Bu ¢alisma, mimari bir mekanin dijitallesmesi ve oyunlastirilmas: siireglerine
dair yeni bir bakis agis1 sunmaktadir. Gergek bir yapinin dijital oyun mekanina
dontistiirtilmesi, mimarligin temsili, bellegi ve deneyimi agisindan disiplinler arasi bir
koprii kurmaktadir. Bu noktada, Dialux vb. gibi aydinlatma analizi yazilimlar: mimari
gercekligin korunmasi ve mekanin algilanmasinda oldukga biiyiik 6neme sahiptir.
Gergek mekan sanal ortama tasinirken dijital oyun senaryosu bir altlik olustursa da
bazi mimari niteliklerin korunmasi énemlidir. Bu baglamda, gercek-sanal mekanlar
arasi etkilesimin, olasi yakin sonuglarina, séz konusu iki simiilasyon yazilimlar ile
ulasabilmek miimkiindiir.

Elde edilen bulgular dogrultusunda, her iki platformun 1stk modelleme
yonteminin farkli kriterleri baz aldig1 sdylenebilir. Dialux evo, teknik dogruluk ve
oOlctilebilir aydinlatma degerleri sunarken, Unreal Engine ise gorsel gerceklik ve
atmosfer yaratimi agisindan one c¢ikmaktadir. Dialux yaziliminda gercek mekanin
aydinlatma verileri ve analizi iizerinden elde edilen ¢iktilarin, dijital oyun motoru olan
Unreal Engine aktarilmasi, gercege yakin sonuglar1 verebilmektedir. Bu baglamda,
Dialux yaziliminda elde edilen aydinlatma c¢iktilar;, mimari mekanin kullanic
konforunu etkileyen lux degerleri, 151k dagilim1 ve renk gibi fiziksel Olgiitleri ortaya
koymustur.

Calismada dogal ve yapay aydinlatma armatiirleri ele alinmasiyla, Dialux
yazilimda kullanilan ve ortam yapay aydinlatmasin saglayan led 1siklarin davraniss,
Unreal Engine yazilimda Rect Light (Regtangular Light) araci ile benzer 6zellikler
tagidigr gortilmiistiir. Bu noktada, point Light araci Dialux’teki noktasal aydinlatma
armatiirlerin ortak noktalar1 bulunmaktadir. Program arasi veri entegrasyonu
yapilirken; Dialux’tan direkt olarak Unreal Engine veri aktarimi bazi durumlarda
Datasmith dosyast veya IES import yolu ile miimkiin olabilmektedir. Ancak, IES
dosyalar1 Unreal Engine’de sadece spot veya point light araglarinda uygulanmasi s6z
konusudur. Dialux’ten elde edilen aydinlatma verileri manual olarak Unreal Engine
islenebilmektedir. Bu veri entegrasyonu ise gercek-sanal mekan etkilesiminde mimari
gercekligi ve gercek mimari mekanin atmosferini korumaktadir. Bu koruma stratejisi
mimari gercekligin ve 6zgiin dokunun korunmasinda ve siirdiiriilmesinde 6nemlidir.

Unreal Engine’da, Dialux yapay aydinlatma (armatiir) verilerinin temsil
edilmesine uygun araglar Point Light ve Spot Light araclaridir. Yapay aydinlatmanin
haricinde dogal 151k yansimalar: ise Sky Light araci ile saglanarak gercek mekanin
sanal ortamdaki olusumunu simiile edebilmektedir.

Dialux veri entegrasyonun saglanmadigi durumlarda, Unreal Engine ile
yapilan simiilasyonlarda ise 1s51§1n mekan algisi tizerindeki dramatik etkisi, gorsel
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estetik ve deneyim odakli degerlendirmeler 6n plana c¢kmaktadir. Calisma
kapsaminda ele alinan, i¢ mekan aydinlatmasinin dijital oyunlarda gercek mekan
temsiline etkisi, teknik dogruluk, gorsel anlatim ve mekansal alg1 gibi ¢ok katmanh
parametrelerle sekillenmektedir. Gergek-sanal mekan etkilesiminde her iki yazilimin
birlikte kullanimi hem islevsel hem de deneyimsel agidan daha biitiinciil sonuglar
sunar. Bu entegrasyon, gercek-sanal mekan etkilesiminde siirdiiriilebilir kullanimi
gliclendirir. Sonug olarak, gercek-sanal mekan etkilesiminde mimari sentezin ve
mimarin rolii oldukga biiytiiktiir. Bu tiir proje stireclerinde mimarlar yer almalidur.
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Introduction

Satellite imagery has become indispensable in various domains such as urban
planning, disaster management, digital mapping, and smart city applications due to
its capability to provide detailed views of geographical areas. In this context, Digital
Twin (DT) technology emerges as a crucial innovation in the built environment
industry, facilitating digital transformation through advanced data integration and
analytics (Demircan & Palabiyik, 2025). The efficient and accurate detection of
buildings from these images and their three-dimensional (3D) visualization play a vital
role in the creation of urban digital twins for infrastructure planning, resource
management, and emergency response capabilities.

Nevertheless, obtaining this building data, which constitutes the fundamental
input for digital twins, presents significant challenges. At the forefront of these issues
are the deficiencies in open source geospatial data platforms. OpenStreetMap, the most
widely used volunteered geographic information source globally, contains substantial
data gaps, particularly in rural areas, rapidly urbanizing regions, and developing
geographies, due to its heavy reliance on volunteer contributions. Traditional
cartographic production methods employed to address these deficiencies are
extremely costly and time consuming; meanwhile, manual building detection from
satellite imagery requires intensive human intervention.

Automating building detection entails significant technical hurdles, primarily
due to inherent variations in building scale, shape, and orientation, alongside external
factors including occlusions, shadows, and complex backgrounds (Santhoshi & Sneha,
2025).

In contrast to conventional methods like thresholding and manual
segmentation, Al-driven CNN models offer accelerated object detection performance
(Kaushal & Kumar, 2022). The state of the art YOLO architecture streamlines detection
by utilizing a unified neural network to estimate bounding boxes and class
probabilities in a single pass (Radany & Abdelaziz, 2024). Specifically, YOLOvVS8
models fine-tuned on labeled building datasets achieve superior precision and speed
in satellite-based building extraction. Furthermore, the YOLOvVS8-seg variant by
Ultralytics enhances this process through instance segmentation; by producing pixel-
wise masks alongside bounding boxes, it accurately delineates geometric boundaries,
which is crucial for distinguishing contiguous buildings in complex urban
environments.

OpenStreetMap facilitates a crowdsourced framework for developing globally
accessible maps. This paradigm relies on the premise that residents in urban areas
function as human sensors, contributing valuable geographic insights that bolster
spatial data for urban management. Nevertheless, the preponderance of this collected
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data remains restricted to the production of two-dimensional mapping applications
(Bshouty & Dalyot, 2021).

Unreal Engine (UE) is a comprehensive, open source development environment
written in C++ that is accessible to all users within the relevant fields (Chen, 2019).The
Cesium for Unreal plugin provides geographically accurate global positioning by
supporting the WGS84 ellipsoid coordinate system and enables access to high-
resolution terrain models, satellite imagery, and 3D Tiles formatted building models
via the Cesium Ion platform. This integration facilitates the precise alignment of
procedurally generated 3D models within real world coordinates.

Recent advancements in deep learning have led to highly specialized models
for building extraction. For instance, Hussain et al. (2026) introduced YOLOSAM,
which integrates YOLO guided mechanisms with the Segment Anything Model (SAM)
to achieve superior boundary precision in remote sensing imagery. While YOLOSAM
focuses on maximizing segmentation accuracy at the model level, study extends this
technological frontier by integrating such Al-driven outputs into a real time
georeferenced Digital Twin pipeline, bridging the gap between 2D mask generation
and 3D urban visualization. Building upon this systemic vision and aiming to
eliminate the time and cost burdens of traditional methods along with aforementioned
technical hurdles, the primary objective of this study is to develop a comprehensive
digital twin framework. This system performs Al-powered building detection from
high-resolution satellite imagery using the prominent YOLOvVS architecture, identifies
discrepancies by benchmarking the detected structures against OpenStreetMap data,
and ultimately visualizes all data in a 3D environment using real-world coordinates.

Material and Method

The methodology outlines a systematic approach starting with YOLOv8-seg-
based building extraction from high resolution satellite scenes. This is followed by a
geospatial alignment process where extracted features are converted to WGS84
coordinates and validated against OSM data, culminating in the procedural generation
of 3D digital twins using Unreal Engine.

The YOLO algorithm is a machine learning model that necessitates the
provision of a comprehensive dataset prior to its implementation. Consequently, the
artificial intelligence system must undergo a rigorous training process to successfully
acquire the capability of object detection (Tung et al., 2024).

In accordance with this requirement, a heterogeneous set of satellite imagery
encompassing rural, urban, and industrial landscapes was compiled to establish a
robust training foundation for the building detection model. Within these images,
building masks were manually annotated as individual polygons using the open
source Computer Vision Annotation Tool (CVAT). Subsequently, these annotations
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were exported in YOLO segmentation format, incorporating normalized coordinate
values to ensure model compatibility.

The utilized YOLOVS8-seg architecture comprises CSPDarknet-based backbone
for feature extraction, a PANet structured neck for multi scale feature fusion, and a
dual headed component capable of simultaneously generating classification/
localization outputs and segmentation masks. This architecture was selected due to its
single-stage design, native support for instance segmentation, and its superior balance
between accuracy and inference speed. During the training phase, the number of
epochs was regulated via an early stopping mechanism, while the batch size was
optimized in accordance with GPU memory constraints. Furthermore, the learning
rate was dynamically updated using a cosine annealing scheduler, and data
augmentation techniques—including mosaic, rotation, and scaling—were
implemented to enhance the model's generalization capacity.

Evaluation Metrics

To quantitatively evaluate the performance of the YOLOv8-seg model, standard
object detection and instance segmentation metrics were employed, including
Intersection over Union (IoU), Precision, Recall, F1-Score, and Mean Average Precision
(mAP). Predictions were classified as True Positive (TP), False Positive (FP), and False
Negative (FN) based on an IoU threshold of 0.5 between the predicted masks and the
ground truth masks.

Precision evaluates the accuracy of positive predictions by indicating the
proportion of detected structures that are actually buildings. It is defined as follows:

Equation 1

TP

p . . —
recision —TP T FP

Recall measures the model’s ability to identify all relevant instances by
indicating the proportion of actual buildings that are successfully detected. It is
defined as follows:

Equation 2

TP

Recall = TP+—F]V

F1-Score represents the harmonic mean of Precision and Recall, providing a
single metric that reflects the overall balance of the model’s performance. It is defined
as follows:
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Equation 3

Precision X Recall
Fl1 =2xX

Precision + Recall

Mean Average Precision (mAP) represents the area under the Precision—-Recall
curve (AUCQC). In this study, mAP@0.5, which evaluates detection performance at an
IoU threshold of 0.5, and mAP@0.5:0.95, which represents the average detection
performance across multiple IoU thresholds, were calculated to assess boundary
precision and segmentation accuracy.

The corresponding results are reported in the Results section.

Pixel to Coordinate Transformation

In this study, all geospatial data are represented in the WGS84 (EPSG:4326)
coordinate system, which forms the basis of GPS technology and models the Earth as
an ellipsoid. This choice enables the integration of heterogeneous data sources such as
satellite imagery, OpenStreetMap, and Cesium within a consistent reference
framework. To transform pixel based building polygons generated by the YOLOvS-
seg model into world coordinates, metadata information including image dimensions
and the geographic coordinates of the upper left and lower right corners was utilized.
The transformation process was performed using linear scaling, where longitude
values were computed proportionally within the range of lon_min to lon_max based
on the px/W ratio, and latitude values were computed within the range of lat_max to
lat_min based on the py/H ratio. This formulation was applied to each polygon vertex,
thereby converting all building geometries into real world geographic coordinates.

System Integration and Web Interface

Following the completion of the model training and spatial transformation
algorithms, an integrated web interface was designed to facilitate the seamless
management of the developed infrastructure by the end user. In the initial phase of the
system, the user designates the geographical region to be analyzed via the web
interface. The coordinates of the selected area are then transmitted to a Python-based
backend engine. This engine downloads satellite imagery utilizing a tile-based
architecture, detects buildings using the YOLOv8-seg model, merges the obtained
results with OpenStreetMap data, and transmits the generated outputs back to the
interface for real-time visualization on the map. The overall operational sequence and
architectural steps of the proposed end-to-end system are presented in Figure 1.
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Figure 1
Building Detection and Data Integration Workflow
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Spatial data from OpenStreetMap were accessed through the Overpass API
within the proposed system. The raw data retrieved in XML format were parsed in the
Python environment, where node coordinates, way references, and attribute tags were
processed to generate polygon geometries corresponding to each OSM building in a
real world geographic coordinate system.

The Intersection over Union (IoU) metric was computed via the Shapely library
to spatially compare the Al-generated building detections with the baseline
OpenStreetMap data. Shapely is a Python package for set theoretic analysis and
manipulation of planar features using functions from the widely used GEOS library
(Gillies, n.d.). As emphasized by Zhou et al. (2019) in the context of object detection,
the Intersection over Union (IoU) formally recognized as the Jaccard Index or the
Jaccard similarity coefficient is a robust metric for quantifying the resemblance
between finite sample sets. In a geospatial context, for two sets of spatial coordinates
or polygons represented as A and B, the IoU is mathematically formulated as the area
of intersection (A n B) divided by the area of union (A UB):

Equation 4

|A N B|

IoU(A,B) = AUE]

This coefficient serves as an objective benchmark for evaluating the accuracy of
the predicted bounding boxes or segmentations against the ground truth geometries,
ranging from 0 (no overlap) to 1 (perfect alignment).

The technical novelty of the building matching process lies in its dual stage
spatial verification framework. Standard building extraction workflows often rely
solely on IoU scores, which can fail to match structures when off nadir satellite viewing
angles cause geometric displacements between the Al detected mask and the OSM
vector data. To overcome this limitation, system implements a centroid proximity as a
secondary validation step.

In this study, an Intersection over Union (IoU) threshold of 0.30 was established
to define the matching status between geometries; detections exceeding this value
were classified as confirmed matches. To mitigate the impact of potential spatial shifts
or minor geometric misalignments, structures yielding an IoU below the threshold
were further evaluated based on centroid proximity. If the Euclidean distance between
center points fell within a predefined tolerance, these instances were categorized as
potential matches.

Furthermore, Al detections exhibiting no spatial overlap with existing OSM
data (IoU = 0) were registered in the system as newly detected buildings. Conversely,
existing OSM records that remained undetected by the model were preserved as static
existing structures. This comparative methodology ensures that open source map data

57



V)

1ZUFBED2026, 8(1) Eryas

isnot only validated against current satellite imagery but also facilitates the automated
identification of previously unmapped urban features.

The web interface has been designed to provide a user friendly experience
through several interactive features. Users can navigate an interactive map, define
analysis regions by drawing rectangular bounding boxes with the mouse or entering
geographic coordinates manually, initiate analysis with a single click, and visualize
results with options to download data in various formats.

The system employs a Flask or FastAPI-based Python backend server that
communicates via RESTful API. The backend performs the following operations
asynchronously: receiving coordinate information from the frontend, downloading
satellite imagery for the specified region, executing building detection using the
YOLOv8-seg model, retrieving OpenStreetMap data via the Overpass API, conducting
comparative analysis between Al detected buildings and OSM data, returning results
in JSON/GeoJSON formats, and exporting processed data for integration with Unreal
Engine.

The backend infrastructure, powered by a Flask based Python server, facilitates
the automated pipeline of data acquisition and processing via a REST API. Utilizing
the provided geographic coordinates, the system retrieves high resolution satellite
imagery and performs pixel level semantic segmentation using the YOLOv8-seg
model. These segmentation masks are subsequently converted into vector polygons to
define precise building footprints. To ensure data fidelity, the extracted boundaries are
cross referenced and validated against real time OpenStreetMap data retrieved
through the Overpass API Finally, the verified spatial data is structured into
JSON/GeoJSON formats and exported as optimized coordinate datasets, specifically
georeferenced for seamless integration and 3D visualization within the Unreal Engine
environment.

Dikmen Valley in Ankara, characterized by its dense urban fabric and complex
topography, was selected as the primary test site, with the implementation results
presented in Figure 2. The implementation phase leveraged the YOLOv8-seg
architecture to perform granular analysis on multi tile satellite imagery, demonstrating
high precision in building detection across diverse urban scenarios. The model
effectively delineated individual roof structures, maintaining spatial accuracy despite
significant variances in building heights and orientations within the Dikmen Valley. A
critical component of the pipeline’s success lies in its data integration capability; as
evidenced by the system logs, the Al detected footprints (1,321 units) were cross
referenced with OpenStreetMap records (1,298 units), culminating in a refined and
validated dataset of 1,548 georeferenced building footprints.
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Figure 2
Dikmen Valley automated building extraction process:, (a) satellite imagery, (b) YOLOvS-seg

Unreal Engine Integration

Geographically referenced building polygons and validated vector datasets
were imported into the Unreal Engine environment using the Cesium for Unreal
plugin, positioned in the WGS84 coordinate system, and visualized as a three-
dimensional digital city model. Procedural Content Generation (PCG) is a method of
creating data algorithmically rather than manually, which allows for the rapid
generation of large amounts of content, such as game levels, maps, and environmental
assets (Hidayatullah et al., 2025). Following this methodology, each building polygon
has been transformed from a two-dimensional base to a three-dimensional volumetric
structure using a procedural mesh component. To extrude these 2D base polygons into
3D volumetric structures, the system requires Z-axis (height) data. A hybrid rule-based
approach was implemented for this procedural extrusion. Initially, structural
attributes such as height or building:levels were queried from the OpenStreetMap
database for each georeferenced polygon. Buildings with available metadata were
extruded based on their actual recorded heights. Conversely, for buildings lacking
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height information in the OSM dataset, a default procedural height of 15 meters was
assigned to ensure the geometric continuity of the urban 3D model. This process
includes the following stages: base surface mesh generation, wall surface creation, roof
geometry addition according to building type, surface normal calculation, and texture
coordinate assignment. In addition, the base, wall, and roof surfaces are assigned to
separate material slots, allowing for the application of different textures to each
architectural component.

The technical novelty of the 3D reconstruction phase is characterized by the
seamless translation of Al derived semantic masks into georeferenced volumetric
actors. In contrast to conventional static CAD based modeling approaches, the
proposed pipeline employs a Geospatial Projection Logic that directly maps 2D
coordinates onto the WGS84 ellipsoid within the Unreal Engine 5 environment. A key
innovation lies in the implementation of Procedural Content Generation to automate
architectural assembly. Rather than performing simple polygon extrusion, the system
dynamically assigns material slots for walls, roofs, and foundation elements,
while concurrently synchronizing vertical positioning with Cesium's high-resolution
terrain datasets. This methodology ensures geometric consistency, topological
accuracy, and real time rendering compatibility within a globally referenced
coordinate system.

The overall workflow of the proposed 3D reconstruction process is illustrated
in Figure 3. The pipeline transforms Al-derived semantic masks into georeferenced
building footprints through the Geospatial Projection Logic and subsequently
processes them within the Procedural Content Generation framework. Architectural
components are automatically generated and aligned with Cesium terrain data, while
OSM-derived green areas are procedurally enriched with vegetation assets. This
integrated workflow enables the creation of a georeferenced and visually consistent
digital twin environment.
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Figure 3

Unreal Engine Al to 3D Procedural Visualization Pipeline in Unreal Engine
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To ensure scalability and maintain real time frame rates within the expansive
digital twin environment, a dynamic performance optimization mechanism known as
'Culling’ was implemented. To ensure computational efficiency and real time
performance, the generated 3D models follow a Level of Detail (LOD) management
strategy controlled via a dynamic 'Building Cull Distance' parameter. In this
framework, the models are procedurally reconstructed as volumetric structures
corresponding to LOD 1 (block models) and simplified LOD 2 (models with basic roof
geometries). Buildings within the immediate proximity are rendered with full
volumetric integrity (High LOD), including separate material slots for architectural
elements. As the distance from the virtual camera increases, the system utilizes a
binary occlusion and culling logic; structures exceeding the user defined distance
threshold are dynamically culled to conserve GPU resources. This approach allows the
system to maintain a stable frame rate even in high density urban areas by balancing
the spatial detail of the digital twin with the hardware’s processing limits.
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'Building Cull Distance' parameter in the 'Settings' panel, is visibly documented
across three stages in Figures 4a and 4b.

Figure 4

Three stage performance optimization demonstration using the 'Building Cull Distance’
parameter, showcasing (a) maximal urban density, (b) procedural building culling from the
view

(a) (b)

As highlighted in Figure 4a and Figure 4b, varying this parameter enables
dramatic shifts in visible content. A high cull distance value (e.g., 1,000,000.0) renders
a dense, sprawling cityscape (Figure 4a), emphasizing maximal visual fidelity.
Conversely, reducing the value to near zero effectively culls all procedural buildings
from the scene (Figure 4b), significantly reducing the computational load. Finally, the
vertical positioning of all generated assets was automatically synchronized with the
terrain using Cesium height data, ensuring high spatial fidelity and realism.

Results and Discussion

YOLOvVS-Seg Model Performance

The dataset compiled for model training comprises 505 high resolution images
(standardized to 640x640 pixels) containing a total of 18,127 individual building
annotations. To ensure the model's robustness and ability to generalize across diverse
environments, the images were sourced from various geographical regions,
encompassing rural, urban, industrial, and mixed-use landscapes. To support
transparency and reproducibility, the dataset was systematically partitioned into
training (70%), validation (15%), and testing (15%) subsets.

The model was trained over 250 epochs. Throughout the training phase, a
consistent convergence was observed, characterized by the following reductions in
loss functions:
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Table 1
Variation of the Model’s Loss Values Across Epochs

Epoch Box Loss Cls Loss Seg Loss Sum
1 2.245 1.89 2.567 4.704
50 1.654 1.31 1.789 2.755
100 1.423 1.19 1.534 2.155
150 1.312 1.14 1.412 1.869
200 1.278 1.12 1.367 1.766
250 1.075 1.01 1.251 1.658

The training process lasted approximately 8 hours; the best model weights were
obtained in epoch 232.

Quantitative Performance Evaluation

The segmentation performance of the trained YOLOv8-seg model was
evaluated using the reserved test dataset, which consists of 505 images and 18,127
building instances. The quantitative results of the instance segmentation (mask) task
are presented in Table 2.

Table 2

Segmentation Performance of the YOLOv8-Seg Model on the Test Dataset
Task Images | Instances | Precision | Recall | F1-Score | mAP@ 0.5 | mAP@0.5:0.95
Mask

(Building) 505 18,127 0.8956 0.8528 0.873 0.8897 0.6951

As shown in Table 2, the proposed model demonstrated high accuracy in
identifying and segmenting building footprints. The model achieved a Precision of
89.56% and a Recall of 85.28%, resulting in a balanced F1-Score of 87.37%. Furthermore,
the mAP@0.5 score of 88.97% and the mAP@0.5:0.95 score of 69.51% indicate that the
generated polygons closely match the ground truth boundaries. These quantitative
metrics prove that the YOLOvS8-seg architecture provides robust and accurate outputs
for the subsequent 3D digital twin generation pipeline.
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To qualitatively evaluate how these numerical achievements translate into on
the ground performance, representative results from the test dataset were examined.
Figure 5 presents a comparative analysis of the model's performance in complex urban
textures, showcasing (a) the ground truth building footprints and (b) the precise
predictions generated by the model over these boundaries. Visual inspections confirm
that the model possesses a high discriminative capacity, particularly for terraced
buildings and diverse roof geometries.

Figure 5

Comparison of building segmentation results on the test dataset: (a) Ground truth labels, (b)
Model predictions with confidence scores

fotoo. 299.jpg
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(b)

As observed in Figure 5b, the model assigns high confidence scores to the
majority of detected building instances, often exceeding 0.90, which underscores the
reliability of the feature extraction process. The close alignment between the predicted
masks and the actual building footprints qualitatively supports the high mAP values
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reported in Table 2. Furthermore, the model effectively distinguishes individual
structures even in densely populated areas, demonstrating its ability to handle pixel
level segmentation with the precision required for high fidelity 3D reconstructions.

In addition to the qualitative visual results, the statistical performance of the
model across the entire test set was evaluated through confusion matrices and
performance curves. Figure 6 illustrates the normalized confusion matrix and the F1-
Confidence relationship, providing a deeper insight into the model's classification
accuracy and stability.

Figure 6

Performance metrics of the model: (a) Classification accuracy via normalized confusion matrix
and (b) optimal F1-Score threshold
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The normalized confusion matrix (Figure 6a) confirms that the model correctly
identifies 89% of building structures, demonstrating a strong discriminative power
against the background. The 11% false negative rate is primarily attributed to
extremely small structures or buildings partially obscured by shadows in complex
urban environments. Furthermore, the F1-Confidence curve (Figure 6b) indicates that
the model reaches its optimal balance between precision and recall, achieving a peak
F1-Score of 0.87 at a confidence threshold of 0.457. This statistical stability across
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various thresholds ensures that the building footprints the generated are reliable
enough to serve as the precise geometric foundation for subsequent 3D digital twin
generation stages. To provide a holistic view of the model's training efficiency, the
comprehensive performance curves for the segmentation task are illustrated in Figure
7. The Precision-Confidence and Recall-Confidence curves demonstrate that the
YOLOvV8-seg model maintains a high degree of sensitivity across a wide range of
thresholds. Furthermore, the Precision-Recall (PR) curve yields a mean Average
Precision (mAP@0.5) of 85.4%, confirming the model's robustness in accurately
delineating building footprints within complex geospatial datasets.

Figure 7

Comprehensive evaluation of building segmentation performance: (a) Precision-Confidence
curve, (b) Recall-Confidence curve, and (c) Precision-Recall curve indicating a mAP@0.5
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The comprehensive evaluation of the model demonstrates that the high
quantitative metrics specifically the 85.4% mAP and 0.85 F1-Score translate effectively
into high fidelity building masks. The robustness of the segmentation process, even in
complex urban textures, ensures that the extracted footprints provide a reliable
geometric foundation for automated reconstruction.

To rigorously validate the effectiveness of the proposed framework, a
comparative analysis was conducted against established baseline models in the field
of building footprint extraction, namely Mask R-CNN and the standard YOLOv5-seg.

The experimental results, summarized in Table 3, demonstrate that the
proposed system outperforms the baseline models across all key metrics. Specifically,
the proposed method achieved a mAP@50 of 0.854, representing a 2.7% improvement
over the standard YOLOv5-seg and an 6.5% increase compared to Mask R-CNN. These
results indicate that the specialized hyperparameter tuning and the integrated data
augmentation strategies employed in this study significantly enhance the model's
ability to delineate building boundaries, especially in dense urban environments with
complex morphological structures.

Table 3
Comparison of the Proposed Method with Baseline Models

Model Precision Recall F1-Score mAP@50
Mask R-CNN 0.79 0.77 0.78 0.78
YOLOV5-seg 0.83 0.82 0.82 0.83

67



V)

1ZUFBED2026, 8(1) Eryas

Model Precision Recall F1-Score mAP@50

Proposed Method 0.8596 0.8528 0.873 0.8897

The primary sources of error were identified as False Negatives in deep shadow
areas and False Positives in areas exhibiting high spectral similarity to roofs, such as
large concrete car parks. Smaller scale auxiliary buildings (under 20 m?) also showed
higher bounce rates. To mitigate these extreme errors in future iterations, the
integration of Shadow Detection and Reconstruction (SDR) indices will be
investigated.

The robust integration of the Cesium Unreal Engine pipeline was validated
through automated coordinate transformation tests. Despite minor deviations at
segmentation boundaries, the WGS84 projection logic successfully aligned 3D
extrusions with the underlying terrain, maintaining a spatial error margin of less than
1.5 meters. This high level of geodetic accuracy demonstrates that the framework is
resilient to minor pixel level inaccuracies and ensures the structural integrity of the
generated digital twins.

Example Case Studies

As illustrated in Figure 8, the proposed system's integration capabilities were
evaluated across three distinct geospatial topographies. In the urban area of Besiktas,
Istanbul (Case 1), 30 buildings were identified by the model, of which 22 were matched
with existing OpenStreetMap data, resulting in the discovery of 8 new structures. In
the rural setting of Alibey Village, Ankara (Case 2), the system detected a total of 26
buildings; notably, only 1 building was registered in OSM, leading to the identification
of 25 unmapped structures. Finally, in the Kocaeli Organized Industrial Zone (Case 3),
45 buildings were detected, with 30 matching current OSM records and 15 identified
as newly discovered structures.
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Figure 8
Experimental results for Case 1 (Urban), Case 2 (Rural), and Case 3 (Industrial) topographies

Case 1 (Urban Area) Case 2 (Rural Area) Case 3 (Industrial Zone)

General Evaluation and Discussion

Experimental results show that the developed system performs successfully in
building detection, map verification, and 3D modeling tasks.

The OSM comparison results revealed significant data gaps, particularly in
rural areas. The fact that the number of buildings registered in OSM in the rural test
area was considerably less than those detected by Al clearly demonstrates the
limitations of voluntary geographic data systems. This finding proves the practical
value of the system's map completion function. Significant gains are achieved in terms
of accessibility and scalability.
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While most studies in the literature remain only at the building detection stage,
this study presents a comprehensive solution that integrates detection, data validation,
modeling, and visualization processes within a single system.

The system offers significant advantages such as automation, cost effectiveness,
geographical accuracy, and modular architecture. The use of open source data and
tools supports the method's applicability to a wide user base. However, there are also
some limitations, such as dependence on image quality, height estimation restrictions,
and the simplification of complex roof geometries.

An explicit spatial and semantic error analysis of the OSM matching pipeline
was conducted to evaluate its overall matching accuracy. As detailed previously, the
dual-stage verification system successfully mitigated geometric displacements caused
by off-nadir satellite angles. During the coordinate transformation process, the hybrid
validation logic ensured a spatial error margin of less than 1.5 meters. Furthermore,
semantic matching errors were largely confined to the spectral limitations of large
concrete parking areas and deeply shadowed regions. Despite these minor operational
limitations, the system demonstrated high geodetic reliability in aligning Al-detected
footprints with the existing OSM data.

The proposed system offers a wide range of practical applications across
different domains. In urban planning, municipalities and planning institutions can
utilize the system to generate up-to-date building inventories, making it particularly
useful for detecting illegal constructions and supporting zoning inspection processes.
In the context of disaster management, the generated 3D models can be employed for
risk analysis prior to natural disasters such as earthquakes and floods, as well as for
post-disaster damage assessment. Furthermore, models based on real world
coordinates can play a critical role in effectively guiding emergency response teams.
In addition, within smart city applications, the digital twin infrastructure established
by the system provides a fundamental basis for various advanced implementations.
These include traffic simulation, energy consumption analysis, and
telecommunications network planning, where accurate and detailed 3D city models
serve as essential data sources.

Conclusion

Summary of the Study

In this study, an integrated digital twin generation system was developed that
performs Al assisted building detection from high resolution satellite images,
identifies missing building information by comparing it with existing OSM data, and
models this data in 3D using Unreal Engine. The system automated the process,
starting with the geographical coordinates selected via the user interface. Image
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downloading, segmentation with YOLOv8-seg, matching with OSM data, semantic
classification, and 3D model creation were all successfully integrated.

Main Contributions and Innovations

The main contributions of this study to the literature and practice are as follows:
A unique methodology has been developed based on the integration of open source
map data with deep learning based building segmentation as a hybrid data approach.
A system has been created that automatically detects and completes deficiencies in
OSM data using Al within the scope of automatic map completion. An integrated
system has been designed that automatically executes all processes from data
collection to 3D visualization as an pipeline. 3D models positioned in real world
coordinates and capable of integrating with GIS systems have been produced using
GIS compatible 3D modeling. A solution accessible to a wide audience has been
provided by using open source tools and free data sources to ensure low cost and
accessibility.

Suggestions for Future Studies

Testing the system in different geographical regions, climatic conditions, and
building styles is important for evaluating its generalization capacity. In particular,
adapting to architectural styles in different countries may require expanding the
model through transfer learning.

The current system only processes building structures. Adding other urban
elements such as road networks, bridges, power lines, and water infrastructure will
significantly expand the scope of the digital twin.

Reliance on a constant default height (15 meters) for buildings with missing
OSM metadata presents a geometric limitation on the current procedural generation
pipeline. Future iterations of the framework will aim to overcome this by integrating
deep learning modules designed to dynamically estimate actual building heights
directly from 2D satellite imagery. This will be achieved by analyzing building shadow
lengths in conjunction with solar elevation and azimuth angles.

Presenting the generated 3D models interactively in virtual reality and
augmented reality environments will enrich the user experience. These technologies
can provide valuable contributions, especially in city planning meetings and citizen
participation processes.

The system's ability to automatically detect changes by periodically analyzing
new satellite images is crucial for maintaining the digital twin's currency. The goal is
to automatically detect new constructions, demolished buildings, and renovations.

Etik
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