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1. INTRODUCTION

Intelligent Transportation Systems (ITS) represent a significant
advancement in urban mobility, integrating various technologies to
enhance the efficiency, safety, and sustainability of transportation networks.
The core of ITS lies in the deployment of connected vehicles (CVs) and
autonomous vehicles (AVs), which utilize Vehicle-to-Everything (V2X)
communication technologies to facilitate real-time interactions between
vehicles and their surroundings. This connectivity is crucial for improving
traffic management, reducing congestion, and enhancing safety by enabling
vehicles to share vital information regarding road conditions, traffic signals,
and potential hazards (Chen et al., 2020; Sumalatha et al., 2019; Liu, 2023).
The implementation of such systems is not merely a technological upgrade;
it signifies a paradigm shift in how urban transportation is conceptualized
and managed.

The impetus for the rise of ITS is largely driven by the challenges posed
by increasing urban populations and the corresponding demand for more
sustainable and efficient mobility solutions. Traditional transportation
systems are often ill-equipped to handle the complexities of modern urban
environments, leading to issues such as traffic congestion, pollution, and
safety concerns (Ning, 2021; Namazi et al., 2019). Intelligent transportation
systems address these challenges by employing advanced technologies,
including the Internet of Things (IoT), artificial intelligence (AI), and edge
computing, to optimize traffic flow and minimize emissions (Liu, 2023;
Zheng et al., 2023). For instance, connected vehicles equipped with sensors
can gather and transmit data about traffic patterns, allowing traffic signals
to adjust dynamically to real-time conditions, which significantly reduces
delays and enhances overall traffic efficiency (Chen et al., 2020; Sumalatha
etal., 2019).

Moreover, the scope of ITS extends beyond vehicles to encompass
a comprehensive ecosystem that includes infrastructure, public
transportation, and pedestrian interactions. The integration of smart
technologies into public transit systems can significantly enhance user
experiences through real-time updates and improved scheduling, thereby
promoting shared mobility solutions (Sumalatha et al., 2019; Chen et al.,
2018). Additionally, the emergence of Urban Air Mobility (UAM) systems,
which aim to incorporate aerial vehicles into the transportation mix,
underscores the potential of ITS to redefine urban mobility paradigms
(Banjanovic-Mehmedovic et al., 2018; Jiao & Huang, 2020). This holistic
approach to transportation management not only improves the functionality
of existing networks but also lays the groundwork for innovative solutions
that can adapt to the evolving needs of urban populations.
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One of the primary advantages of ITS is its ability to enhance
transportation quality through improved traffic management. The
integration of information and communication technology (ICT) with
transportation infrastructure enables real-time monitoring and control
of traffic conditions, which is particularly vital for urban areas with high
traffic volumes (Liu, 2023; Su, 2023). This capability allows for the efficient
management of traffic flow, resulting in reduced travel times and lower
vehicle emissions, thus promoting environmental sustainability (Zheng et
al., 2023; Ahanin et al,, 2023). For example, ITS can facilitate automatic
accident detection and provide timely information to drivers, significantly
improving road safety (Yang et al., 2015; Namazi et al., 2022).

Furthermore, ITS plays a crucial role in addressing the challenges
posed by urbanization, such as traffic congestion and difficulties in vehicle
tracking. By leveraging emerging technologies, ITS can process vast
amounts of data to identify patterns and predict traffic conditions, enabling
proactive measures to alleviate congestion (Jayaprakash et al., 2023; Zhang,
2014). This predictive capability is essential for modern cities, where the
demand for efficient transportation solutions is continuously increasing.
The application of advanced algorithms and machine learning techniques
further enhances the effectiveness of ITS in managing urban traffic
dynamics (He, 2023; Gulati & Srinivasan, 2019).

In addition to improving traffic management, ITS fosters economic
development by enhancing accessibility and mobility within urban areas.
Efficient transportation systems are critical for facilitating trade and
commerce, ensuring the timely movement of goods and services (Ning,
2021; Namazi et al., 2019). The deployment of ITS can lead to better
transport planning and organization, making transportation systems more
sustainable, accessible, and economically viable (Mane et al., 2023; Guillen-
Perez & Cano, 2021). Moreover, ITS contributes to the overall quality of life
in urban settings by reducing travel times and enhancing the reliability of
public transportation systems (Vallati et al., 2021; Pan et al., 2017).

The multifaceted importance of ITS in contemporary transportation
cannot be overstated. By leveraging advancements in ICT, ITS improves
traffic management, reduces congestion, and enhances safety, thereby
significantly contributing to urban mobility and sustainability (Hamadeh
et al., 2021; Ristama, 2023). As cities continue to grow and evolve, the
integration of intelligent transportation systems will be paramount in
addressing the myriad challenges associated with urbanization.
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2. TECHNOLOGICAL FOUNDATIONS OF INTELLIGENT
TRANSPORTATION SYSTEMS

The foundation of ITS is intricately woven with several key
technological components, including the Internet of Things (IoT), data
analytics, artificial intelligence (AI), and communication technologies.
These elements work synergistically to enhance the efficiency, safety, and
sustainability of transportation systems, thereby addressing the myriad
challenges posed by urbanization and increasing mobility demands.

2.1. Internet of Things (IoT) and ITS

The IoT plays a pivotal role in the development of ITS by enabling the
interconnection of various devices and systems. This connectivity allows
for real-time data collection and sharing, which is essential for effective
traffic management and monitoring. IoT devices, such as sensors and
cameras, gather data on traffic flow, vehicle speeds, and environmental
conditions, which can be analyzed to optimize traffic signals and reduce
congestion (Wang et al., 2018). The integration of IoT in ITS not only
improves operational efficiency but also enhances the user experience by
providing real-time information to travelers about traffic conditions and
alternative routes (Sen, 2021). For instance, smart traffic lights can adjust
their timings based on real-time traffic data collected from IoT sensors,
thereby minimizing delays and improving traffic flow (Andrienko et al.,
2017).

Moreover, the IoT facilitates the development of smart infrastructure
that can communicate with vehicles, creating a more cohesive transportation
ecosystem. This interconnectedness allows for the implementation of
advanced traffic management strategies, such as adaptive traffic signal
control, which can dynamically respond to changing traffic conditions (Celik
et al., 2023). The ability to collect and analyze data from various sources in
real-time enables transportation agencies to make informed decisions that
enhance safety and efficiency on the roads (Abbas et al., 2021). As urban
areas continue to expand, the role of IoT in ITS will become increasingly
critical in managing the complexities of modern transportation networks.

2.2. Data Analytics and Machine Learning

Data analytics serves as another cornerstone of ITS, enabling the
processing and interpretation of vast amounts of data collected from
various sources. Advanced analytics techniques, including machine
learning algorithms, are employed to predict traffic patterns, identify
potential incidents, and optimize routing for vehicles (Hao & Qin, 2020).
For instance, predictive analytics can forecast traffic congestion based on
historical data and current conditions, allowing transportation agencies
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to implement proactive measures to mitigate delays (Maciejewski et al.,
2016). The ability to analyze data in real-time enhances decision-making
processes and contributes to more effective traffic management strategies.

Machine learning models can also be utilized to improve the accuracy
of traffic predictions by continuously learning from new data inputs,
thereby refining their algorithms over time (Bhuvana et al., 2023). This
adaptability is crucial in urban environments where traffic conditions can
change rapidly due to various factors, including weather, accidents, and
road construction. By leveraging data analytics, ITS can provide valuable
insights that inform infrastructure investments, traffic policy decisions,
and public transportation planning (Raja et al., 2020). The integration of
data analytics into ITS not only enhances operational efficiency but also
contributes to a more sustainable urban mobility framework.

2.3. Communication Technologies

Effective communication technologies are essential for the seamless
operation of ITS. V2X communication is a critical aspect, allowing vehicles
to communicate with each other and with infrastructure elements such
as traffic signals and road signs (Celik et al., 2023). This communication
facilitates the exchange of information regarding traffic conditions, hazards,
and navigation assistance, thereby improving overall safety and efliciency
on the roads (Zheng, 2019). Additionally, the use of dedicated short-
range communications (DSRC) and cellular networks ensures that data is
transmitted quickly and reliably, which is vital for real-time applications in
ITS.

The implementation of V2X communication enables vehicles to
receive timely updates about road conditions, traffic signals, and potential
hazards, allowing drivers to make informed decisions (Andrienko et
al., 2017). Furthermore, this communication technology supports the
development of cooperative driving strategies, where vehicles can work
together to optimize traffic flow and reduce congestion (Wang et al., 2018).
As communication technologies continue to evolve, their integration into
ITS will play a crucial role in enhancing the safety and efficiency of urban
transportation systems.

2.4. Advanced Traffic Management Systems (ATMS)

Advanced Traffic Management Systems (ATMS) are integral
components of ITS that utilize advanced technologies to monitor and
manage traffic flow. These systems employ a combination of sensors,
cameras, and data analytics to provide real-time information about traffic
conditions and incidents. By integrating various data sources, ATMS can
optimize traffic signal timings, manage lane usage, and provide timely



6 ﬂilker ATMACA

alerts to drivers about accidents or road closures. The implementation of
ATMS has been shown to reduce travel times, improve safety, and decrease
emissions by minimizing stop-and-go traffic conditions (Sen, 2021).

ATMS can also facilitate the coordination of traffic management
efforts across different jurisdictions, ensuring a more cohesive approach
to urban mobility. By leveraging real-time data, these systems can adapt
to changing traffic patterns and implement strategies that enhance overall
traffic flow. For example, ATMS can reroute traffic in response to accidents
or road closures, thereby minimizing delays and improving the efficiency of
the transportation network. The continued development and deployment
of ATMS will be essential in addressing the growing challenges of urban
traffic management.

2.5. Autonomous Vehicles and ITS

The advent of autonomous vehicles represents a significant
advancement in the realm of ITS. These vehicles rely on a combination of
sensors, cameras, and Al algorithms to navigate and make decisions in real-
time. The integration of autonomous vehicles into existing transportation
systems has the potential to enhance safety by reducing human error, which
is a leading cause of traffic accidents. Furthermore, autonomous vehicles
can communicate with other vehicles and infrastructure, contributing to
more efficient traffic flow and reduced congestion (Raja et al., 2020).

The deployment of autonomous vehicles can also lead to changes in
urban planning and infrastructure design, as these vehicles may require
different road configurations and traffic management strategies. For
instance, dedicated lanes for autonomous vehicles could be established
to optimize their performance and safety. Additionally, the data collected
from autonomous vehicles can provide valuable insights into traffic patterns
and behaviors, further informing traffic management strategies. As the
technology continues to evolve, the integration of autonomous vehicles
into ITS will play a crucial role in shaping the future of urban mobility.

2.6. Blockchain Technology in ITS

Blockchain technology is emerging as a valuable tool in the context
of ITS, particularly in enhancing security and data integrity. By providing
a decentralized and tamper-proof ledger, blockchain can facilitate
secure transactions and data sharing among various stakeholders in the
transportation ecosystem (Abbas et al., 2021). For example, blockchain
can be used to manage vehicle ownership records, track the maintenance
history of vehicles, and ensure the authenticity of data collected from IoT
devices. This technology not only enhances trust among participants but
also streamlines processes within the transportation sector.
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The integration of blockchain with IoT can further enhance the security
of connected vehicles and infrastructure, protecting against potential
cyber threats. Additionally, smart contracts enabled by blockchain can
automate various processes within the transportation ecosystem, such as
toll payments and vehicle registration, thereby improving efficiency and
reducing administrative burdens. As the transportation industry continues
to embrace digitalization, the role of blockchain technology in ITS will
become increasingly significant in ensuring secure and efficient operations.

3. KEYCOMPONENTSOFINTELLIGENTTRANSPORTATION
SYSTEMS

The key components of ITS encompass a variety of technologies and
methodologies that work together to create a cohesive and responsive
transportation environment (Figure 1.).

00
(1]
"
User
Centric Design
and '
Public Acceptance "
Infrastructure

Development Traffic
Management

P Intelligent
Intelligent Transportation

Eatking Systems (ITS)
Management o

Transport
Integration

L

Data
Analytics

Figure 1. Key components of intelligent transportation systems

3.1. Traffic Management Systems

Traffic management systems are integral components of ITS that utilize
advanced technologies to monitor and manage traffic flow. These systems
employ a combination of sensors, cameras, and data analytics to provide
real-time information about traffic conditions and incidents Tzvetkova
(2020). By integrating various data sources, traffic management systems can
optimize traffic signal timings, manage lane usage, and provide timely alerts
to drivers about accidents or road closures. The implementation of these
systems has been shown to reduce travel times, improve safety, and decrease
emissions by minimizing stop-and-go traffic conditions (Rakhmatulloh et
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al., 2021). For instance, real-time data from traffic management systems
can lead to dynamic adjustments in signal timings, which can significantly
alleviate congestion during peak hours. Furthermore, these systems can
facilitate better coordination among different transportation modes,
enhancing the overall efficiency of urban mobility (Geurs et al., 2016).

3.2. Connected Vehicles and V2X

Communication Connected vehicles (CVs) are a cornerstone of
ITS, enabling real-time communication between vehicles and their
environments through Vehicle-to-Everything (V2X) technologies. V2X
communication allows vehicles to interact with each other (V2V), with
infrastructure (V2I), and with pedestrians (V2P) (Buehler et al., 2018).
This connectivity enhances traffic management and safety by enabling
vehicles to share critical information about road conditions, traffic signals,
and potential hazards. For instance, when a vehicle detects an accident
ahead, it can communicate this information to other vehicles, allowing
them to reroute and avoid congestion (Cools et al., 2016). The integration
of V2X communication is essential for the development of autonomous
vehicles, as it enhances situational awareness and decision-making
capabilities (Komarova, 2021). Moreover, V2X communication can also
support emergency vehicle prioritization, ensuring that first responders
can navigate through traffic more efficiently (Corsar et al., 2017).

3.3. Data Analytics and Artificial Intelligence

Data analytics is another critical component of ITS, enabling the
processing and interpretation of vast amounts of data generated by
connected vehicles and infrastructure. Advanced analytics techniques,
including machine learning and Al, are employed to identify patterns,
predict traffic conditions, and optimize routing for vehicles (Hardiyansyah
et al, 2023). For example, Al algorithms can analyze historical traffic
data alongside real-time information to forecast congestion and suggest
alternative routes, thereby minimizing delays and improving overall
traffic efficiency (Cheng & Chen, 2015). The integration of AI in ITS
enhances decision-making processes, allowing transportation agencies to
implement proactive measures based on predictive analytics. Additionally,
AT can facilitate the development of intelligent algorithms that adapt to
changing traffic conditions, further improving the responsiveness of traffic
management systems (Gogolova, 2017).

3.4. Public Transportation Integration

The integration of smart technologies into public transportation
systems is another key component of ITS. This integration enhances user
experience through real-time updates and improved scheduling, while also
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promoting the use of shared mobility solutions (Sani, 2020). For instance,
real-time tracking of buses and trains allows passengers to receive accurate
arrival times, reducing wait times and improving overall satisfaction.
Furthermore, effective integration of public transport with other modes of
transportation, such as cycling and walking, can enhance accessibility and
encourage greater use of public transit (Smith et al., 2018). This multimodal
approach not only improves the efficiency of public transport systems but
also contributes to reducing the environmental impact of urban mobility
(Chen, 2023).

3.5. Intelligent Parking Management

Parking management is another key component of ITS. Intelligent
Parking Systems (IPS) are designed to address the challenges associated
with traditional parking management, which often leads to inefficiencies,
increased traffic congestion, and environmental pollution. By utilizing a
combination of sensors, cameras, and communication technologies, IPS
can monitor parking spaces in real-time, providing drivers with accurate
information about available spots (Ewhrudjakpor et al, 2019). This
capability not only improves the efficiency of parking operations but also
enhances the overall user experience by reducing the time spent searching
for parking. Moreover, intelligent parking solutions can integrate with
navigation systems to guide drivers to available spaces, further alleviating
congestion in urban areas (Rifai & Arifin, 2020). The implementation of
such systems can also facilitate dynamic pricing strategies that encourage
the efficient use of parking resources (Yun et al., 2023).

3.6. Infrastructure Development

The physical infrastructure that supports ITS is crucial for its successful
implementation. This includes the development of smart roads equipped
with sensors and communication technologies that facilitate data collection
and sharing (Sochor, 2015). Upgrading and expanding urban infrastructure
to accommodate connected and autonomous vehicles is essential for
maximizing the benefits of ITS. This infrastructure must be designed to
support various modes of transportation, ensuring seamless connectivity
between different systems and enhancing overall mobility (DeRobertis et
al., 2020). Additionally, the integration of renewable energy sources and
sustainable materials in infrastructure development can contribute to the
environmental sustainability of transportation systems (Nag et al., 2019).
As cities evolve, the continuous investment in infrastructure will be vital
to support the growing demands of urban mobility and the integration of
advanced transportation technologies.



10 ﬂilker ATMACA

3.7.User-Centric Design and Public Acceptance

The success of ITS also hinges on user acceptance and the design
of systems that prioritize user experience. Engaging with stakeholders,
including the public, during the design and implementation phases is
essential for addressing concerns and ensuring that the systems meet the
needs of users (Merkert et al., 2020). Public education campaigns can help
raise awareness about the benefits of ITS, fostering a positive perception
and encouraging adoption (Errampalli et al., 2020).

Moreover, incorporating user feedback into the design process can
lead to more intuitive and accessible systems, ultimately enhancing user
satisfaction and promoting greater use of public transportation and other
ITS features (Hu et al., 2020). The emphasis on user-centric design is crucial
in ensuring that ITS solutions are not only technologically advanced but
also socially acceptable and beneficial for all users.

4. APPLICATIONS OF INTELLIGENT TRANSPORTATION
SYSTEMS

The applications of ITS address various challenges faced by urban
environments, including traffic congestion, safety concerns, and
environmental impacts.

4.1. Traffic Management and Control

One of the primary applications of ITS is traffic management and
control. Intelligent Traffic Management Systems utilize real-time data from
various sources, such as sensors and cameras, to monitor traffic conditions
and optimize traffic flow (Al-Abassi & Al-Jameel, 2021). By analyzing this
data, traffic management agencies can implement adaptive signal control
systems that adjust traffic light timings based on current traffic volumes,
thereby reducing congestion and improving overall traffic efficiency (Biyik
et al., 2021). Additionally, incident detection systems can quickly identify
accidents or breakdowns, allowing for rapid response and minimizing
disruptions to traffic flow (Lile, 2023). The effectiveness of these systems
is evidenced by studies showing significant reductions in travel times and
improvements in safety metrics in cities where such technologies have been
implemented (Roman et al., 2018).

4.2. Public Transportation Optimization

ITS plays a crucial role in optimizing public transportation systems. By
integrating real-time tracking and scheduling technologies, public transit
agencies can provide passengers with accurate information about arrival
times and service availability (Al Harbi et al., 2017). This enhances the user
experience and encourages greater use of public transportation, which can
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help alleviate traffic congestion and reduce emissions. Furthermore, ITS
can facilitate the coordination of different modes of transportation, such as
buses, trains, and rideshare services, creating a seamless travel experience
for users (Ge, 2023). The integration of public transport with other mobility
solutions not only enhances accessibility but also promotes a shift from
private vehicle use to more sustainable transport options (Alarbi, 2023).

4.3. Smart Parking Solutions

IPS are another significant application of ITS. These systems utilize
sensors and mobile applications to provide real-time information about
parking availability, allowing drivers to locate and reserve parking spaces
before arriving at their destination (Buldakov, 2020). By reducing the time
spent searching for parking, smart parking solutions can decrease traffic
congestion and improve air quality in urban areas. Additionally, dynamic
pricing models can be implemented to optimize the use of parking
resources, encouraging turnover and maximizing revenue for parking
facilities (Iacobescu et al., 2021). Research indicates that smart parking
systems can lead to a more efficient allocation of parking spaces, ultimately
enhancing the overall urban mobility experience (Joshi et al., 2021).

4.4. Vehicle-to-Everything (V2X) Communication

V2X communication is a transformative application of I'TS that enables
vehicles to communicate with each other, infrastructure, and pedestrians.
This connectivity enhances safety by allowing vehicles to share information
about road conditions, traffic signals, and potential hazards (Rizwan et al.,
2019). For instance, if a vehicle detects an impending collision, it can alert
nearby vehicles to take evasive action, thereby preventing accidents. V2X
communication also supports the development of autonomous vehicles, as
it provides critical information for navigation and decision-making (Hirai
& Murase, 2020). The integration of V2X technologies is essential for
creating safer and more efficient transportation networks, particularly in
urban settings where traffic density is high (El-Jamassi et al., 2022).

4.5. Environmental Monitoring and Management

ITS applications extend beyond traffic management to include
environmental monitoring and management. By integrating data from
various sources, such as air quality sensors and traffic flow data, ITS
can provide insights into the environmental impacts of transportation
systems This information can be used to develop strategies for reducing
emissions, promoting sustainable transportation options, and improving
urban air quality. For example, cities can implement congestion pricing or
promote the use of electric vehicles based on data-driven insights from ITS
(Petrov et al., 2018). The ability to monitor environmental conditions in
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real-time allows urban planners to make informed decisions that enhance
sustainability and public health (Pham et al., 2015).

4.6. Emergency Response and Management

ITS also play a vital role in emergency response and management. By
utilizing real-time data and communication technologies, ITS can facilitate
the rapid deployment of emergency services to incidents, improving
response times and enhancing public safety (Banode, 2023). For instance,
traffic signal preemption systems can prioritize the movement of emergency
vehicles at intersections, allowing them to reach their destinations more
quickly. Additionally, ITS can provide real-time information to the public
during emergencies, helping to guide evacuation efforts and inform citizens
about potential hazards (Otchere & Opare, 2019). The integration of ITS
in emergency management not only improves the efficiency of response
efforts but also enhances community resilience in the face of disasters
(Shawly et al., 2022).

4.7.Data-Driven Urban Planning

The integration of ITS into urban planning processes is becoming
increasingly important. By analyzing traffic patterns, travel behavior, and
environmental data, urban planners can make informed decisions about
transportation infrastructure and land use (Barriga et al., 2020). This
data-driven approach allows for the development of more sustainable and
efficient transportation systems that meet the needs of growing urban
populations. Additionally, ITS can support the implementation of smart
city initiatives, enhancing the overall livability and functionality of urban
environments (Rizvi et al., 2019). The insights gained from ITS data can
inform policies that promote equitable access to transportation and support
economic development.

5. CASE STUDIES AND GLOBAL PERSPECTIVES OF
INTELLIGENT TRANSPORTATION SYSTEMS

ITS have been implemented in various forms across the globe,
showcasing their versatility and effectiveness in addressing transportation
challenges.

5.1. Case Study: Singapore’s Smart Traffic Management

Singapore is often cited as a leading example of ITS implementation.
The city-state has developed a comprehensive smart traffic management
system that integrates various technologies to optimize traffic flow and
reduce congestion (Figure 2.). The system utilizes a network of sensors,
cameras, and data analytics to monitor real-time traffic conditions across
the city (Kim & Hong, 2016).
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Figure 2. [TS Vision for Singapore [URL 1]

One of the key features of Singapore’s ITS is its Electronic Road Pricing
(ERP) system, which employs dynamic tolling based on real-time traffic
conditions. This system adjusts toll rates according to traffic demand,
encouraging drivers to use alternative routes during peak hours (Abood et
al., 2023). The integration of Vehicle-to-Everything (V2X) communication
allows vehicles to receive real-time updates about traffic conditions, further
enhancing the efficiency of the transportation network. The success of
Singapore’s ITS can be attributed to its focus on data-driven decision-
making and public engagement. The government actively involves citizens
in the planning process, ensuring that the system meets the needs of the
community while promoting sustainable urban mobility (Ahn et al., 2018).

5.2. Case Study: Barcelona’s Smart Parking Solutions

Barcelona has implemented an Intelligent Parking System (IPS) that
utilizes IoT technology to optimize parking resource utilization in the city.
The system employs sensors installed in parking spaces to detect vehicle
occupancy and transmit real-time information to a central management
system (Figure 3.) (Naik et al., 2019).

Figure 3. IPS for Barcelona [URL 2]
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Drivers can access this information through a mobile application,
which provides guidance to available parking spots, reducing the time spent
searching for parking. The IPS also incorporates dynamic pricing, adjusting
parking fees based on demand to encourage turnover and maximize revenue
for parking facilities (Khalid, 2024). The implementation of Barcelona’s IPS
has led to a significant reduction in traffic congestion and emissions, as
drivers no longer need to circle the streets in search of parking. This case
study highlights the importance of integrating smart technologies into
urban infrastructure to create more efficient and sustainable transportation
systems (Blinova, 2024).

5.3. Global Perspective: ITS in Developing Countries

While many ITS implementations are concentrated in developed
countries, there is a growing interest in adopting intelligent transportation
solutions in developing nations. For instance, countries like India and
Brazil are exploring the potential of ITS to address urban mobility
challenges, such as traffic congestion and inadequate public transportation
systems (Naderpour et al., 2017). In India, cities like Delhi have begun
implementing ITS technologies to improve traffic management and
enhance public transportation services. The Delhi Traffic Police has
introduced a centralized traffic management system that utilizes real-time
data to monitor traffic conditions and respond to incidents more effectively
(Jameel et al., 2021). Similarly, Brazil's Smart Mobility program aims to
integrate ITS technologies into urban transportation planning, focusing on
improving public transit efficiency and reducing emissions. The program
emphasizes the importance of collaboration between government agencies,
private sector stakeholders, and citizens to create sustainable transportation
solutions (Guizar et al., 2020).

5.4. Emerging Trends and Future Directions

As ITS continues to evolve, several emerging trends are shaping the
future of intelligent transportation systems. The integration of AI and
machine learning is expected to enhance the capabilities of ITS, enabling
more sophisticated data analysis and predictive modeling (Tal et al., 2013).
Additionally, the rise of connected and autonomous vehicles presents
new opportunities for ITS implementation. These vehicles rely on V2X
communication to interact with their environment, improving safety and
efficiency on the roads (Sangeetha et al. 2024). Moreover, the adoption
of blockchain technology in ITS is gaining traction, particularly in
enhancing data security and privacy. Blockchain can facilitate secure data
sharing among various stakeholders, ensuring the integrity of information
exchanged within the transportation network (Kwon et al., 2021). The
convergence of these technologies promises to create more resilient and
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adaptive transportation systems capable of meeting the challenges of urban
mobility in the future.

6. FUTURE TRENDS IN INTELLIGENT TRANSPORT
SYSTEMS

ITS are rapidly evolving, driven by advancements in technology,
increasing urbanization, and the need for sustainable transportation
solutions. As cities around the world grapple with challenges such as traffic
congestion, pollution, and safety concerns, the future of ITS holds significant
promise for enhancing urban mobility. This section explores key future
trends in ITS, highlighting emerging technologies, innovative applications,
and the potential for transformative change in transportation networks.

6.1. Integration of Artificial Intelligence and Machine Learning

Al and machine learning are set to play a pivotal role in the future
of ITS. These technologies enable advanced data analysis and predictive
modeling, allowing transportation agencies to make informed decisions
based on real-time data Hoang (2020). For instance, Al algorithms can
analyze traffic patterns, weather conditions, and historical data to predict
congestion and optimize traffic flow. This predictive capability will enhance
traffic management systems, allowing for dynamic adjustments to traffic
signals and routing strategies based on current conditions (Savin, 2021).
Moreover, Al can facilitate the development of autonomous vehicles (AVs)
that rely on real-time data from their environment to navigate safely
and efficiently. As AV technology matures, its integration into existing
transportation systems will require sophisticated AlI-driven solutions to
ensure seamless operation and safety.

6.2. Expansion of V2X Communication

The future of ITS will see a significant expansion of V2X communication
technologies. V2X enables vehicles to communicate with each other,
infrastructure, and pedestrians, creating a connected ecosystem that
enhances safety and efficiency (Ibanez et al., 2018). As the deployment of
5G networks continues to grow, V2X communication will become more
reliable and widespread, allowing for real-time data exchange and improved
situational awareness for drivers and automated systems (Mustakim, 2020).
This connectivity will facilitate advanced applications such as cooperative
adaptive cruise control, where vehicles can communicate to maintain
optimal distances and speeds, reducing the likelihood of collisions and
improving traffic flow (Azizalrahman & Hasyimi, 2020). Furthermore, V2X
communication will support the integration of smart traffic management
systems that can adapt to changing conditions based on real-time data
from connected vehicles.
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6.3. Emphasis on Sustainable Transportation Solutions

Sustainability will be a key focus in the future development of ITS.
As urban populations continue to grow, the demand for efficient and
environmentally friendly transportation solutions will increase. IPS and
smart public transportation solutions will play a crucial role in promoting
sustainable urban mobility (Maksimchuk et al., 2022). For example, IPS
can reduce the time spent searching for parking, thereby decreasing vehicle
emissions and congestion (Razizadeh, 2023). Additionally, the integration
of electric and hybrid vehicles into ITS will contribute to reducing the
carbon footprint of urban transportation. As cities implement policies to
promote electric vehicle (EV) adoption, ITS will facilitate the development
of charging infrastructure and optimize routing for EVs to ensure efficient
energy use (Javed et al., 2020).

6.4. Enhanced Cybersecurity Measures

AsITS becomes increasingly reliant on data exchange and connectivity,
cybersecurity will be a critical concern. The potential vulnerabilities
associated with connected vehicles and infrastructure necessitate robust
security measures to protect sensitive data and ensure the integrity of
transportation systems (Khurana et al.,, 2019). Future ITS will need to
incorporate advanced cybersecurity protocols, including encryption,
authentication, and intrusion detection systems, to safeguard against
cyber threats (Chang, 2023). Moreover, the use of blockchain technology
is being explored as a means to enhance data security and privacy within
ITS. Blockchain can provide a decentralized and tamper-proof ledger for
transactions and data sharing, ensuring the authenticity and integrity of
information exchanged among various stakeholders (Riki et al., 2020).

6.5. Smart Infrastructure Development

The future of ITS will also involve the development of smart
infrastructure that integrates advanced technologies to support connected
and autonomous vehicles. This includes the installation of sensors, cameras,
and communication devices in roadways, traffic signals, and parking
facilities to facilitate real-time data collection and sharing (Maaroufi et al.,
2021). Smart infrastructure will enable more efficient traffic management,
enhance safety, and improve the overall user experience. Additionally,
the concept of “smart cities” will drive the integration of ITS with urban
planning and development. By incorporating ITS into the design of
urban spaces, cities can create more efficient transportation networks that
prioritize accessibility, sustainability, and safety (Scarinci et al., 2017).
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6.6. Focus on User-Centric Solutions

User-centric design will be increasingly important in the development
of ITS. Engaging with stakeholders, including the public, during the design
and implementation phases is essential for ensuring that systems meet the
needs of users (Premkumar & Saminadan, 2015). Future ITS will prioritize
user experience by providing intuitive interfaces, real-time information,
and personalized services that enhance the overall travel experience. Public
education campaigns will also play a crucial role in fostering acceptance
and encouraging the adoption of ITS technologies. By raising awareness
about the benefits of intelligent transportation solutions, cities can promote
greater participation in smart mobility initiatives (Guido et al., 2022).

7. CONCLUSION

In conclusion, ITS represent a paradigm shift in how we approach
the management and operation of transportation networks. By leveraging
advanced technologies such as connectivity, data analytics, Al, and
automation, ITS enhances the efficiency, safety, and sustainability of urban
mobility. The integration of these technologies addresses the pressing
challenges posed by increasing urbanization, traffic congestion, and
environmental concerns, ultimately leading to smarter and more responsive
transportation systems.

The key components of ITS, including connected vehicles, traffic
management systems, smart parking solutions, and public transportation
integration, work synergistically to optimize transportation networks.
For instance, connected vehicles equipped with V2X communication
capabilities allow for real-time data exchange, enhancing situational
awareness and enabling proactive traffic management. Traffic management
systems utilize data from various sources to monitor and control traffic flow,
reducing delays and improving safety at intersections. Similarly, intelligent
parking systems streamline the parking experience, minimizing the time
drivers spend searching for available spaces and reducing congestion in
urban areas.

Case studies from cities like Singapore and Barcelona illustrate the
successful implementation of ITS and its potential to transform urban
mobility. Singapore’s comprehensive traffic management system, which
includes dynamic tolling through its Electronic Road Pricing (ERP) system,
effectively manages traffic demand and encourages the efficient use of road
space. Barcelona’s Intelligent Parking System, which utilizes IoT technology
to provide real-time parking availability information, has significantly
improved the user experience and reduced traffic congestion. These
examples highlight the effectiveness of ITS in enhancing transportation
efficiency and promoting sustainable urban development.
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Moreover, the global perspective on ITS reveals a growing interest in
adopting intelligent transportation solutions in developing countries. As
urban populations continue to rise, cities in regions such as India and Brazil
are exploring the potential of ITS to address their unique transportation
challenges. By implementing ITS technologies, these cities can improve
traffic management, enhance public transportation services, and promote
sustainable mobility solutions, ultimately contributing to economic
development and improved quality of life for residents.

Looking ahead, several future trends are poised to shape the
evolution of ITS. The integration of Al and machine learning will enable
more sophisticated data analysis and predictive modeling, allowing
transportation agencies to make informed decisions based on real-time
data. The expansion of V2X communication technologies, supported
by the rollout of 5G networks, will enhance connectivity and facilitate
the development of autonomous vehicles, further improving safety and
efficiency on the roads. Additionally, the emphasis on sustainability will
drive the adoption of electric and hybrid vehicles within ITS, contributing
to reduced emissions and a smaller carbon footprint.

However, the successful implementation of ITS is not without
challenges. Issues related to infrastructure costs, data privacy, and
cybersecurity must be addressed to ensure the effective deployment of
intelligent transportation solutions. As ITS continues to evolve, it will be
essential for stakeholders including government agencies, private sector
partners, and the public to collaborate and engage in the planning and
implementation processes. Public education campaigns will also play a
crucial role in fostering acceptance and encouraging the adoption of ITS
technologies.

In summary, Intelligent Transportation Systems hold immense
potential to revolutionize urban mobility and improve the quality of life
for citizens. By harnessing the power of connectivity, data analytics, and
emerging technologies, ITS can create more efficient, safe, and sustainable
transportation networks. As research and development in this field continue
to advance, the future of ITS promises innovative solutions that can adapt
to the evolving needs of urban populations, ultimately paving the way for
smarter, more resilient cities.
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INTRODUCTION

The future is fraught with uncertainties for urban planning. Factors
such as economic fluctuations, demographic shifts, technological
innovations, and environmental challenges make it difficult to accurately
predict the shape of cities to come. Despite these uncertainties, strategic
spatial planning requires flexible and comprehensive approaches to help
cities achieve their long-term goals. Scenario writing plays a critical role in
addressing these challenges within urban and regional planning processes.

More than merely analyzing current conditions, scenario writing
enables the development of strategic predictions about potential
opportunities and threats. Planners use this method to navigate
uncertainties by combining different types of scenarios, normative,
exploratory, and predictive with forecast techniques such as the Delphi
method, trend analysis, and STEEP/PESTLE. Additionally, templates
like Four Square Scenarios, Cross-Impact Matrix, Timeline Scenarios,
and Stakeholder Scenarios serve as essential tools for data analysis and
scenario structuring.

This paper aims to provide a comprehensive understanding of scenario
writing in both theoretical and practical contexts. By systematically
discussing the main scenario types, forecast methods, and scenario
templates, it seeks to highlight the importance of scenario writing in
managing uncertainty and supporting planners’ decision-making
processes.

CHAPTER ONE: MAIN SCENARIO TYPES
1. Normative Scenarios

Normative scenarios are created to realize a desired future state or
goal (Borjeson, Hojer, Dreborg, Ekvall, & Finnveden, 2006). Developed
in alignment with a specific vision, policy, or objective, these scenarios
provide strategic guidance on how to achieve an ideal outcome in planning
processes (Godet, 2000). Their defining characteristic is their forward-
looking nature. rather than describing current conditions, they outline
what we aspire to achieve. For instance, a city might create a normative
scenario to envision a carbon-neutral future, identifying actionable steps
to reduce emissions and promote renewable energy. Such scenarios are
particularly useful in aligning efforts with long-term strategic objectives
(Van Notten, Rotmans, Van Asselt, & Rothman, 2003).

In urban and regional planning, normative scenarios contribute to
the development of local and regional development strategies in line with
long-term goals (Albrechts, 2004). For example, specific goals, such as
a city becoming carbon neutral by 2050, are shaped through normative
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scenarios (Bulkeley & Betsill, 2005). These scenarios guide planners and
decision makers in determining the necessary steps to achieve the desired
future and increase the effectiveness of strategic planning (Hopkins &
Zapata, 2007).

2. Exploratory Scenarios

Exploratory scenarios aim to investigate possible future situations
based on current trends and conditions (Borjeson et al., 2006). Developed
to explore uncertainties and risks, these scenarios address the question of
what outcomes might occur under varying future conditions (Van Notten
et al., 2003). The exploratory approach adopts an open-ended perspective,
enabling predictions about potential futures by analyzing trends and
variables (Godet, 2000).

In urban and regional planning, exploratory scenarios identify risks
and opportunities, allowing planners to develop proactive strategies for
managing uncertainty (Rotmans et al., 2000). For instance, by analyzing
factors like population growth, economic development, and climate
change, planners can envision how these elements might shape a region
over the next 20 years. This approach helps planners anticipate potential
challenges, such as infrastructure demands, or capitalize on opportunities,
such as sustainable economic growth (Glenn & Gordon, 2009). Ultimately,
exploratory scenarios equip planners to respond strategically to future
changes and uncertainties (Wack, 1985).

3. Predictive Scenarios

Predictive scenarios forecast future developments based on current
data and past trends (Borjeson et al., 2006). Their primary aim is to predict
the future as accurately as possible. These scenarios are typically created
using analytical models and statistical data, operating on the assumption
that current conditions will persist (Godet & Roubelat, 1996). By examining
historical and present data, predictive scenarios allow planners to make
data-driven forecasts and more precise decisions in the planning process
(Bradfield, Wright, Burt, Cairns, & Van Der Heijden, 2005).

In urban and regional planning, predictive scenarios help planners
anticipate future needs. For instance, they can project changes in
population growth rates by 2030 based on existing trends. These forecasts
are essential for estimating future infrastructure, transportation, and
housing requirements, providing planners with concrete data to guide
strategic decisions. By assuming the continuation of current trends,
predictive scenarios play a crucial role in strategic planning, offering
valuable insights for addressing future challenges and opportunities.
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4. Possibilities of Using Scenario Types Together

In planning processes, it is important to not only predict future
developments but also to determine which objectives can be achieved
under specific conditions and to address uncertainties (Borjeson et al.,
2006). In this context, combining predictive, exploratory, and normative
scenarios often leads to more comprehensive and effective results. For
instance, when planning a city’s transport system, predictive scenarios
can use available data to estimate future population and traffic growth.
Simultaneously, exploratory scenarios can assess how unexpected events,
such as climate change or technological advancements, might impact
transport infrastructure (Banister & Hickman, 2013). Finally, normative
scenarios can outline a vision for a desired future state, such as sustainable
and green transportation, and develop strategies to achieve that goal
(Hickman & Banister, 2007).

Combining just two types of scenarios can also be effective. For
example, a predictive scenario can identify future trends based on existing
data, while a normative scenario can outline strategies to achieve specific
goals (Alcamo, 2008). Consider a city’s energy infrastructure: a predictive
scenario might forecast energy consumption trends, while a normative
scenario could demonstrate how the city might achieve carbon neutrality
by 2050 by increasing renewable energy usage (Griibler, Nakic¢enovi¢, &
Victor, 1999).

In some cases, using a single scenario method may be appropriate. A
normative scenario, for instance, is ideal when the focus is on achieving a
specific target (Robinson, 1990). Similarly, a predictive scenario is sufficient
when assuming current trends will continue (Makridakis, Hogarth, &
Gaba, 2009). However, when uncertainty is high, an exploratory scenario is
best suited for identifying possible paths and providing strategic flexibility
(Van Notten et al., 2003).

The integration of multiple scenario methods offers significant
advantages in urban and regional planning. It enables planners to
understand current trends while preparing for uncertainties (Borjeson et
al., 2006). By combining approaches, planners can create flexible strategies
to achieve desired outcomes, resulting in a more comprehensive planning
process (Van Notten et al., 2003).

Although the future is inherently uncertain, combining scenario
methods creates more resilient and adaptive plans to address different
possibilities (Rotmans et al., 2000). This flexibility strengthens strategic
decision-making and equips planners to respond effectively to complex
challenges. In urban planning, relying on a single method is often
insufficient (Godet & Roubelat, 1996). By integrating predictive,
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exploratory, and normative scenarios, planners can develop more realistic,
actionable, and future-ready solutions (Alcamo, 2008). This multifaceted
approach enhances the effectiveness and outcome orientation of planning
processes (Robinson, 1990).

5. Benefits of Writing the Same Topic According to Different
Scenario Types (Creating Alternative Scenarios)

Analyzing the same topic through different scenario types offers
several significant benefits. Firstly, this approach provides a multifaceted
perspective, allowing each scenario type to explore a unique aspect of
the issue and offer distinct strategic approaches (Van Notten et al., 2003).
This enables planners and decision-makers to develop deeper and more
comprehensive insights.

Secondly, the planning process often involves high levels of uncertainty
and numerous variables. Addressing the same issue with different scenario
types helps manage these uncertainties and prepare for the future
(Borjeson et al., 2006). By addressing risks and unknowns from multiple
perspectives, these scenario types enhance flexibility and contribute to
more resilient planning processes (Rotmans et al., 2000).

Finally, integrating different scenario types fosters a more inclusive
planning approach. For example, a normative scenario may focus on
achieving specific goals, while exploratory and predictive scenarios
account for future risks and possibilities, increasing the likelihood of
success (Alcamo, 2008). This combined method effectively balances goal-
oriented planning with the need to navigate uncertainties, resulting in
flexible and adaptive strategies for the future (Robinson, 1990).

In summary, analyzing the same planning issue through multiple
scenario types offers a more nuanced and comprehensive approach. Each
scenario type addresses the issue from a unique perspective, creating a
robust framework for managing uncertainties and developing resilient,
adaptive plans for the future (Godet & Roubelat, 1996).

CHAPTER TWO: METHODOLOGIES FOR FUTURE
FORECASTING

1. Delphi Method: A Systematic Approach to Predicting the
Future

The Delphi method is a systematic, interactive approach to forecasting
that addresses uncertainties and complex problems (Linstone & Turoff,
2002). Its primary purpose is to gather expert opinions from diverse fields
and build consensus to make informed predictions about the future. This
method is particularly valuable in long-term strategic planning and policy
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development processes (Okoli & Pawlowski, 2004).

A key feature of the Delphi method is that experts express their views
independently and anonymously, minimizing biases and pressures caused
by group dynamics (Rowe & Wright, 1999). Through this process, experts
share their insights, receive feedback, and refine their perspectives based
on the collective input. This iterative cycle enhances the accuracy and
effectiveness of the final results (Hsu & Sandford, 2007).

1.1. Expert Selection and Criteria

The success of the Delphi method depends on selecting the right
experts. Expertss knowledge and experience directly influence the
accuracy of predictions and the efficiency of the process (Adler & Ziglio,
1996). Selection should be guided by specific criteria.

Firstly, relevant expertise is essential. Most studies require input
from multiple disciplines. For instance, an urban planning project
benefits from the perspectives of urban planners, sociologists, economists,
environmental scientists, and engineers (Day & Bobeva, 2005). This
interdisciplinary diversity ensures the issue is examined from multiple
angles, leading to more comprehensive results. Experts should possess
deep knowledge and substantial experience in their field, demonstrated
through academic research, industry experience, or contributions to past
projects (Skulmoski, Hartman, & Krahn, 2007). Combining theoretical
expertise from academics with practical insights from professionals
enhances the validity of results by balancing diverse perspectives.

Independence and impartiality are also critical. Experts must be free
to express their opinions without influence from personal or institutional
interests. The anonymity of the Delphi process minimizes group pressure
and promotes honest, unbiased judgments (Rowe & Wright, 2011).

Furthermore, diversity in perspectives enriches the process. Including
experts from various sectors such as academics, local government, public
institutions, and private organizations can provide a well-rounded
understanding of different needs and expectations (Powell, 2003). For
example, in urban planning, incorporating voices from both policymakers
and community representatives ensures the process addresses a broad
spectrum of concerns.

Finally, experts must be willing and motivated to actively participate
throughout the Delphi process, which typically involves multiple rounds.
They should be able to commit sufficient time to provide thoughtful
feedback, as the quality of input directly affects the accuracy of the results
(Okoli & Pawlowski, 2004).
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The number of participants depends on the scope and complexity of
the topic, with 10-50 experts considered ideal (Okoli & Pawlowski, 2004).
For interdisciplinary projects, ensuring balanced representation from
each field is crucial. Inviting additional experts at the start can account for
potential dropouts, maintaining the robustness of the process (Skulmoski
et al., 2007).

1.2. Delphi Method Stages

The Delphi method is a systematic, anonymous tool for collecting and
analysing expert opinions in strategic future planning (Linstone & Turoff,
2002). The method involves several critical stages to ensure the accuracy
and validity of the results.

In the first stage, experts from various disciplines are selected to
analyse the city’s future development. For example, predicting how a city’s
transport system will evolve by 2050 requires the input of urban planners,
transport engineers, environmental scientists, economists, and sociologists
(Rowe & Wright, 1999). This interdisciplinary approach ensures the issue
is examined from multiple perspectives, leading to more comprehensive
results (Okoli & Pawlowski, 2004).

The first round involves experts answering open-ended questions,
such as: “What will the structure of the city’s transport system look like in
2050?” or “How might current transport challenges evolve in the future?”
Participants independently share their forecasts and detailed insights
(Hsu & Sandford, 2007). The data collected in this round are analysed
to identify common themes, key trends, and possible contradictions. For
instance, while some experts predict the widespread adoption of electric
and autonomous vehicles, others may highlight the growing importance of
public transport systems. Environmental scientists might draw attention
to the sustainability challenges of future transport options (Skulmoski et
al., 2007).

In the second round, results from the first round are compiled
anonymously and shared as feedback. Experts then re-evaluate their views
based on the insights of other participants. For example, an expert initially
skeptical about the adoption of electric vehicles due to infrastructure
challenges might revise their opinion after reviewing optimistic forecasts
from other participants. At this stage, experts are asked to provide more
specific answers to focused questions, such as: “What percentage of urban
transport will consist of electric and autonomous vehicles by 2050?” (Adler
& Ziglio, 1996).

The second round data are analysed again to identify areas of emerging
consensus and remaining disagreements. For instance, while most experts
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may agree on increased demand for public transport by 2050, opinions
might still differ on the future of private car use (Rowe & Wright, 2011).

In the third round, experts respond to questions based on the
finalised results and provide their final judgements on unresolved issues.
For example: “Will public transport or individual transport dominate urban
mobility in 20507 Please justify.” This stage aims to build consensus on as
many issues as possible while understanding the reasons for any remaining
differences.

At the end of all rounds, the collected data are compiled into a
comprehensive report. The report highlights consensus points, such as
the expected increase in public transport demand and the importance of
sustainable transport systems. It also details ongoing disagreements, such
as the prevalence of autonomous vehicles or the future of private car use.
Recommendations from experts such as strengthening public transport
infrastructure, expanding bike and pedestrian routes, and increasing
charging stations for electric vehicles are included. This report provides
decision-makers with a clear guide for future planning and supports the
development of proactive strategies for the city’s transport system.

1. Trend Analysis

Trend analysis is a key method for forecasting in urban planning
and regional development (Armstrong, 2001). By examining past data,
it identifies future trends and provides valuable insights for strategic
decision-making. Factors such as urban growth dynamics, population
changes, economic developments, and environmental conditions form the
foundation of this approach, enabling planners to create more informed
and effective plans.

This method aids in forecasting housing, infrastructure, and service
needs by analysing demographic trends, population growth, and migration
patterns. For instance, in a city where the population grows by 2% annually,
future needs can be anticipated if this growth continues. Economic trend
analysis helps guide planning for economic growth and infrastructure
investments by examining sectoral developments and employment rates.
For example, in a city with rising industrial production, planners can
anticipate future demands for industrial areas and workforce.

Tracking environmental trends helps cities identify potential
challenges, such as climate change and water resource depletion. For
example, in a city with increasing water consumption, trend analysis can
guide water resource management to mitigate risks of scarcity. Similarly,
analysing transport and infrastructure trends allows planners to address
future needs by evaluating traffic density and infrastructure capacity.
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For instance, traffic data can inform improvements in public transport
systems or direct investments in infrastructure upgrades.

1.1. Trend Analysis Process

Trend analysis begins by collecting historical data to project future
developments. Accurate and timely data are critical for ensuring reliable
analysis results (Makridakis et al., 2009).

The collected data are analysed using graphs and visualization
techniques. For instance, population growth trends can be visualized
with line graphs to create future projections. Similarly, economic and
environmental changes can be represented graphically, offering decision-
makers a clear framework for analysis (Batty, 2008).

These analyses enable future projections based on past trends. For
example, a city’s population in 2030 can be estimated by examining
current population growth rates. Similarly, economic trend analysis can
highlight sectors with growth potential, allowing planners to anticipate
future industrial or employment needs (Armstrong, 2001).

Traditional trend analysis is an effective method for forecasting future
developments using existing data. However, when integrated into a vision-
driven framework, it becomes a more targeted and meaningful tool for
planning. The next section will explore the added value of vision-driven
trend analysis.

1.2. Importance of Vision-Driven Trend Analysis

Strategic spatial planning is based not only on analyzing the current
situation but also on interpreting existing data in line with the vision set
for the area being planned. This approach goes beyond predicting the
future based on past trends by linking data to the planned vision. In this
context, vision-oriented trend analysis involves not just analyzing data but
also reinterpreting it to align with the planned future (Healey, 1997).

While all available data are valuable, certain data become more
strategic based on their relevance to the vision. For example, if a city’s
vision includes sustainability, population growth data should be analyzed
in relation to environmental indicators such as water consumption,
energy use, and green space requirements, rather than being considered
in isolation. This process can be seen as a form of data processing, where
relevant data are selected strategically, and indirect links are made between
them and other data that may seem unrelated to the vision. For instance,
analyzing the relationship between energy consumption and public
transport use can help understand the impact of sustainable transport
policies on urban energy (Batty, 2008).
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Vision-driven trend analysis is not just a passive assessment of
existing data. It generates new, vision-oriented insights and makes
strategic inferences for the future based on this information. For example,
although there may be no direct relationship between economic growth
and environmental sustainability, establishing connections between
these dynamics within the vision framework enables the development of
economic strategies that support sustainable development (Armstrong,
2001).

As a result, vision-driven trend analysis strengthens strategic
planning by uncovering relationships between data and aligning them
with planned goals. This approach allows planners to generate meaningful,
vision-oriented information from large data sets. Thus, analyzing past and
current data becomes a powerful tool for making informed and sustainable
decisions for the future (Wegener, 2004).

2. STEEP/PESTLE Analysis and its Importance in Strategic
Spatial Planning

STEEP and PESTLE analyses are effective tools for developing future
foresight and understanding complex systems in strategic planning
(Yiiksel, 2012). These methods identify opportunities and threats that
cities and regions may face by systematically assessing social, political,
economic, environmental, technological, and legal factors. In projects with
high levels of uncertainty, STEEP/PESTLE analyses enable the creation of
sustainable, long-term strategies.

STEEP analysis focuses on social (S), technological (T), economic (E),
environmental (E), and political (P) factors, while PESTLE expands this
framework by includinglegal (L) dimensions. Both approachesare powerful
for assessing future trends and potential impacts. For example, they allow
planners to analyze how social changes influence economic growth and
environmental sustainability in a more holistic way (Christodoulou &
Cullinane, 2019).

These methods play a critical role in shaping long-term visions
and preparing city administrations for the future. By systematically
analyzing the economic effects of political decisions, the social impacts of
technological advancements, and the legal implications of environmental
changes, planners can make well-informed decisions. This creates a robust
framework for managing risks and capitalizing on opportunities in
strategic planning.

The first step in the process is identifying key social, technological,
economic, environmental, political, and legal variables that may
influence future urban development. Social factors include demographic
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changes, population growth, migration dynamics, and the state of
social services. Technological factors involve innovations in transport
systems or energy efficiency. Economic indicators such as sectoral
development and unemployment rates reveal the city’s economic
structure, while environmental factors address climate change, resource
use, and sustainability. Political and legal factors examine the influence of
government policies, local decisions, and regulations on urban planning.

The second step involves assessing how these variables directly and
indirectly affect the planning process. For example, analyzing demographic
trends helps planners address pressures from rapid population growth,
such as housing demand and the need for education and healthcare
infrastructure. Technological analysis identifies steps for integrating smart
city technologies or automated transport systems. Environmental analysis
supports the development of sustainable solutions to climate change and
resource protection, while political and legal analysis evaluates the impact
of public policies and regulations on project feasibility (Gupta, 2013).

Finally, the third step develops scenarios based on these analyses to
prepare for future uncertainties. For instance, technological scenarios may
predict widespread adoption of electric vehicles, requiring adjustments in
energy infrastructure and urban design. Environmental scenarios might
address water scarcity caused by climate change, prioritizing policies for
resource management and green space preservation. Social scenarios could
involve planning for increased housing, transport, and social services
in response to migration. These scenarios enhance flexibility and enable
cities to proactively achieve their long-term goals (Perera, 2017).

In conclusion, STEEP/PESTLE analyses strengthen planning
processes by building scenario writing on a scientific foundation. In
uncertain environments, these methods enable the development of flexible,
sustainable strategies while enriching strategic planning and offering
insights into future dynamics.

CHAPTER THREE: SCENARIO TEMPLATES
1. Four Square Scenario Template

The Four Square Scenario method is a key tool for addressing
uncertainties in scenario writing. This approach identifies major
uncertainties in planning processes and analyzes their interactions. The
method’s core concept is to create four distinct future scenarios by placing
two independent key variables on a coordinate system (Schwartz, 1997).

The Four Square Scenario process typically involves the following
steps:
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i. Selection of Key Variables:

The first step is identifying the two most critical and uncertain
factors relevant to the issue being studied. These factors should have a high
degree of uncertainty and a significant impact on planning outcomes. For
example, in urban planning, key variables might include economic growth
and the pace of technological progress.

ii. Polarity of Variables:

Each selected variable is assigned two opposing extremes. For
instance, economic growth could be categorized as “high growth” and
“low growth,” while technological progress might be defined as “rapid
progress” and “slow progress.”

iii. Constructing the Four Square Matrix:

The two variables are plotted on a matrix, forming four intersection
points. Each quadrant represents a unique future scenario. For example:

« High Economic Growth / Rapid Technological Progress: An
innovative, fast-growing city.

« High Economic Growth / Slow Technological Progress: A city
where economic growth outpaces technological development.

« Low Economic Growth / Rapid Technological Progress: A scenario
where technological innovation is insufficient to support economic growth.

« Low Economic Growth / Slow Technological Progress: A static
city structure with limited development.

iv. Development of Scenarios:

Each quadrant is developed into a detailed story or scenario. These
scenarios provide insights into future opportunities, risks, and strategic
requirements.

The Four Square Scenario approach helps planners and decision-
makers prepare for multiple potential futures. By clarifying the impact
of critical variables, it supports more informed and strategic decision-
making. Additionally, understanding the probabilities and potential
effects of different scenarios enables planners to craft flexible, adaptive
plans to navigate uncertainty (Bradfield et al., 2005).

2. Cross-Effect Matrix Scenario Template

The Cross-Effect Matrix is a method used to analyze the relationships
between future events and the likelihood of these relationships occurring.
Rather than evaluating events in isolation, this approach examines how
they influence one another. It is particularly effective for understanding
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the dynamics of complex systems and creating comprehensive future
scenarios (Godet, 2000).

This method is typically applied in the following steps:
i. Identification of Critical Events:

The first step is to identify key events or variables to be analyzed.
These may include critical uncertainties or trends that significantly impact
planning. For example, in urban planning, events such as an economic
crisis, population growth, energy demand, or technological innovations
can be selected.

ii. Creating the Cross-Impact Matrix:

The selected events are arranged in rows and columns within a matrix.
Each cell represents the potential impact of one event on another. These
impacts are measured using either numerical values (e.g., a scale from 0 to
5) or qualitative ratings (e.g., ‘high,” ‘medium, ‘low’).

iii. Assessment of Impacts:

The relationships between events are analyzed to identify their
interactions. For instance:

« Could an economic crisis reduce energy demand?
« Does population growth increase pressure on infrastructure?

o« Do technological innovations enhance environmental
sustainability by improving energy efficiency?

iv. Determination of Probabilities:

Each relationship in the matrix is evaluated based on probabilities,
helping to estimate the likelihood of events and their cascading effects.
For example, if an economic crisis occurs, there is a high probability that
infrastructure investment will slow down.

v. Interpretation of Results:

The analyzed relationships generate data for scenario development,
enabling planners to understand how future events may unfold and
interact.

By clarifying the complex interactions between future events, the
Cross-Effect Matrix supports the creation of realistic and actionable
scenarios. This method systematically assesses the links between events,
helping planners not only anticipate individual outcomes but also
understand their chain effects.
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The Cross-Effect Matrix’s greatest strength is its ability to
systematically analyze interdependencies between events. By offering a
comprehensive perspective, it enhances planning flexibility and helps
anticipate unexpected consequences, making it a valuable tool in managing
uncertainties and risks.

3. Timeline Scenario Template

Timeline Scenarios analyze the temporal progression of events and
their impact on planning processes. This method enhances planning by
examining how future changes unfold within specific timeframes, making
planning processes more realistic and strategic. By predicting the sequence
and timing of future events, it helps planners create flexible, effective
strategies to achieve long-term goals (Bradfield et al., 2005).

Timeline Scenarios typically involve the following steps:
i. Determining the Temporal Framework:

The first step is to define the timeline the scenario will address,
typically divided into short, medium, and long term periods. For example,
in an urban planning project, timelines might span 5, 15, and 30 years.

ii. Identification of Critical Events and Trends:

Key events, trends, and changes expected within the defined time
periods are identified. These may include population growth, economic
development, technological advancements, or environmental changes.

iii. Creation of Temporal Development Scenarios:
The identified events and trends are placed on a timeline. For instance:
+ Short term: Completion of a new transport project.

o Medium term: Increased pressure on infrastructure due to
population growth.

« Long term: Decline in water resources due to climate change
impacts.

iv. Identification of Temporal Priorities and Strategies:

These scenarios help establish priorities and strategies for achieving
long-term goals. For example, infrastructure projects might be prioritized
in the short term, while long-term investments focus on innovative
technologies to ensure environmental sustainability.

Timeline Scenarios provide a roadmap for how events and changes
may unfold over time. By integrating the time dimension, this method
helps planners prioritize and allocate resources more effectively. It also
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clarifies not only the impacts of events but the timeframes over which
these impacts occur, enabling decision-makers to balance short, medium
and long-term objectives.

By incorporating the temporal evolution of events, Timeline Scenarios
add a realistic perspective to long-term planning processes. This dynamic
framework allows planners to address uncertainties more effectively,
ensuring that strategies remain adaptive and forward looking.

4. Stakeholder Scenarios Template

The Stakeholder Scenarios method develops inclusive and flexible
scenarios by incorporating the perspectives of various stakeholder groups
into the planning process. This approach integrates the perceptions,
expectations, and priorities of diverse interest groups, enriching the
scenario-writing process and increasing the applicability and acceptance
of resulting strategies (Wright, Cairns, & Goodwin, 2009).

The Stakeholder Scenarios method typically includes the following
steps:

i. Identification of Stakeholders:

Thefirststepistoidentify the stakeholder groups that will participatein
the scenario writing process. These groups may include public institutions,
private sector representatives, non-governmental organizations, local
communities, and academia. Each stakeholder contributes unique
expertise, interests, or experiences to the process.

ii. Ensuring Stakeholder Participation:

Once stakeholders are identified, they are engaged through workshops,
surveys, or focus group meetings. These activities allow participants to
share their needs, expectations, and perspectives on potential challenges.

iii. Integration of Stakeholder Perspectives:

After collecting stakeholder input, these perspectives are synthesized
into the development of scenarios. For example, in a transport plan,
public institutions may prioritize infrastructure requirements, while local
communities focus on accessibility. Combining these views leads to more
comprehensive and realistic scenarios.

iv. Creating Different Scenarios:

Multiple scenarios are developed to reflect the priorities and
perspectives of various stakeholder groups. This approach ensures that
strategic options address the needs of different groups, enhancing the
inclusivity and adaptability of the scenarios.
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Stakeholder Scenarios are particularly valuable in addressing complex,
multidimensional planning issues. Engaging diverse stakeholders not only
broadens the knowledge base but also makes decision-making processes
more democratic. Moreover, incorporating stakeholder perspectives
enhances the practicality of plans and ensures they are tailored to the local
context.

The key advantage of this method is its promotion of plurivocality,
ensuring diverse perspectives are included in the planning process. Active
stakeholder involvement makes scenarios more comprehensive, widely
accepted, and helps identify and resolve potential conflicts in advance.

5. Distinguishing Scenario Templates from Scenario Techniques
and Their Role in the Planning Process

Distinguishing between scenario templates and techniques is crucial
for effective scenario writing and analysis. While these concepts are closely
related, clarifying their roles ensures a more structured and efficient
approach to planning. Scenario templates provide structured frameworks
for analyzing data and applying it to scenarios, whereas scenario techniques
define how the scenarios are designed for specific purposes.

Scenario templates systematically structure data analysis, facilitating
the integration of diverse perspectives into the planning process. Templates
like Four-Quadrant Scenarios, Cross-Impact Matrix, Timeline Scenarios,
and Stakeholder Scenarios help planners identify critical uncertainties,
examine event relationships, and assess temporal changes. Importantly,
these templates are versatile and can be applied within any scenario
technique. For example, in exploratory scenario writing, the Four-
Quadrant Scenarios template can explore possible future situations, while
in normative scenario writing, the Cross-Impact Matrix helps evaluate
critical interactions needed to achieve a specific goal.

Scenario techniques, on the other hand, establish the philosophy and
methodology of the writing process. Normative scenarios outline steps
to achieve a specific objective, exploratory scenarios investigate potential
future possibilities, and predictive scenarios focus on forecasting future
outcomes based on current trends and data. Templates complement these
techniques by enabling data to be used more meaningfully. For instance,
in predictive scenario writing, the Timeline Scenarios template models
temporal changes more clearly.

In conclusion, templates and techniques are distinct yet
complementary elements of scenario writing. Templates provide the tools
for applying techniques, enabling multidimensional analysis and scenario
development. By distinguishing the analytical role of templates from the
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methodological role of techniques, planning processes can become more
flexible, strategic, and effective.

CONCLUSION

Scenario writing in urban and regional planning is a vital tool for
strengthening strategic decision making through a systematic approach
to future uncertainties. This method helps planners understand future
possibilities, manage risks, and seize opportunities. However, creating
effective scenarios requires not only technical expertise but also rigorous
analysis and the integration of diverse stakeholder contributions.

The flexibility and foresight of scenario writing provide an essential
framework for cities to develop sustainable, adaptable strategies. This
meticulous approach lays the foundation for resilient, future-ready
planning.



46 | Mehmet Akif SAG

REFERENCES

Adler, M., & Ziglio, E. (1996). Gazing into the oracle: The Delphi method and its
application to social policy and public health: Jessica Kingsley Publishers.

Albrechts, L. (2004). Strategic (spatial) planning reexamined. Environment and
Planning B: Planning and design, 31(5), 743-758.

Alcamo, J. (2008). Environmental futures: the practice of environmental scenario
analysis (Vol. 2): Elsevier.

Armstrong, J. S. (2001). Principles of forecasting: a handbook for researchers and
practitioners (Vol. 30): Springer.

Banister, D., & Hickman, R. (2013). Transport futures: Thinking the unthinkable.
Transport Policy, 29, 283-293.

Batty, M. (2008). The size, scale, and shape of cities. Science, 319(5864), 769-771.

Bérjeson, L., Hojer, M., Dreborg, K.-H., Ekvall, T., & Finnveden, G. (2006).
Scenario types and techniques: towards a user’s guide. Futures, 38(7),
723-739.

Bradfield, R., Wright, G., Burt, G., Cairns, G., & Van Der Heijden, K. (2005).
The origins and evolution of scenario techniques in long range business
planning. Futures, 37(8), 795-812.

Bulkeley, H., & Betsill, M. (2005). Rethinking sustainable cities: Multilevel
governance and the’urban’politics of climate change. Environmental
politics, 14(1), 42-63.

Christodoulou, A., & Cullinane, K. (2019). Identifying the main opportunities
and challenges from the implementation of a port energy management
system: A SWOT/PESTLE analysis. Sustainability, 11(21), 6046.

Day, J., & Bobeva, M. (2005). A generic toolkit for the successful management
of Delphi studies. Electronic Journal of Business Research Methods, 3(2),
ppl103-116-ppl03-116.

Glenn, J. C., & Gordon, T. J. (2009). Futures research methodology: version 3.0:
Millennium Project Washington, DC.

Godet, M. (2000). The art of scenarios and strategic planning: tools and pitfalls.
Technological Forecasting and Social Change, 65(1), 3-22.

Godet, M., & Roubelat, F. (1996). Creating the future: the use and misuse of
scenarios. Long range planning, 29(2), 164-171.

Griibler, A., Nakicenovi¢, N., & Victor, D. G. (1999). Dynamics of energy
technologies and global change. Energy policy, 27(5), 247-280.



International Studies and Evaluations in the Field of City, Region and Planning 47

Gupta, A. (2013). Environment & PEST analysis: an approach to external business
environment. International Journal of Modern Social Sciences, 2(1), 34-43.

Healey, P. (1997). Traditions of planning thought. Collaborative planning:
Shaping places in fragmented societies, 7-30.

Hickman, R., & Banister, D. (2007). Looking over the horizon: Transport and
reduced CO2 emissions in the UK by 2030. Transport Policy, 14(5), 377-
387.

Hopkins, L. D., & Zapata, M. (2007). Engaging the future: Forecasts, scenarios,
plans, and projects. (No Title).

Hsu, C.-C., & Sandford, B. A. (2007). The Delphi technique: making sense of
consensus. Practical assessment, research, and evaluation, 12(1).

Linstone, H. A., & Turoff, M. (2002). Delphi bibliography. Journal Articles,
14(54), 68.

Makridakis, S., Hogarth, R. M., & Gaba, A. (2009). Forecasting and uncertainty
in the economic and business world. International Journal of Forecasting,
25(4), 794-812.

Okoli, C., & Pawlowski, S. D. (2004). The Delphi method as a research tool:
an example, design considerations and applications. Information &
management, 42(1), 15-29.

Perera, R. (2017). The PESTLE analysis. Nerdynaut: Avissawella, Sri Lanka.

Powell, C. (2003). The Delphi technique: myths and realities. Journal of Advanced
Nursing, 41(4), 376-382.

Robinson, J. B. (1990). Futures under glass: a recipe for people who hate to
predict. Futures, 22(8), 820-842.

Rotmans, J., van Asselt, M., Anastasi, C., Greeuw, S., Mellors, J., Peters, S., . . .
Rijkens, N. (2000). Visions for a sustainable Europe. Futures, 32(9-10),
809-831.

Rowe, G., & Wright, G. (1999). The Delphi technique as a forecasting tool: issues
and analysis. International Journal of Forecasting, 15(4), 353-375.

Rowe, G., & Wright, G. (2011). The Delphi technique: Past, present, and future
prospects—Introduction to the special issue. Technological Forecasting
and Social Change, 78(9), 1487-1490.

Schwartz, P. (1997). Art of the long view: planning for the future in an uncertain
world: John Wiley & Sons.

Skulmoski, G. J., Hartman, F. T., & Krahn, J. (2007). The Delphi method for
graduate research. Journal of Information Technology Education: Research,
6(1), 1-21.



48, Mehmet Akif SAG

Van Notten, P. W., Rotmans, J., Van Asselt, M. B., & Rothman, D. S. (2003). An
updated scenario typology. Futures, 35(5), 423-443.

Wack, P. (1985). Scenarios: uncharted waters ahead. Harvard business review,
63(5), 72-89.

Wegener, M. (2004). Overview of land use transport models. In Handbook of
transport geography and spatial systems (pp. 127-146): Emerald Group
Publishing Limited.

Wright, G., Cairns, G., & Goodwin, P. (2009). Teaching scenario planning:
lessons from practice in academe and business. European Journal of
Operational Research, 194(1), 323-335.

Yiiksel, I. (2012). Developing a multi-criteria decision making model for PESTEL
analysis. International Journal of Business and Management, 7(24), 52.



Chapler 3
—

COMPARISON OF TEXT-TO-IMAGE GENERATIVE
AITOOLS FOR URBAN PORTRAITS: A CASE
STUDY OF INVISIBLE CITIES BY USING STABLE
DIFFUSION, DALL-E AND MIDJOURNEY

Ozlem Kevseroglu'

Rifat Kurban’

1 Assist. Prof. Dr. Ozlem Kevseroglu, Abdullah Giil University, Department of Architecture,

Kayseri, Turkey, ozlem.kevseroglu@agu.edu.tr, 0000-0003-1828-225
2 Assoc. Prof. Dr. Rifat Kurban, Abdullah Giil University, Department of Computer Engi-

neering, Kayseri, Turkey, rifat. kurban@agu.edu.tr, 0000-0002-0277-2210



50  Ozlem Kevseroglu, Rifat Kurban

1. Introduction

Generativeartificial intelligence (AI) including text-to-image tools, may
become one of the core technologies for architects and urban planners. In
this manner, they are foreseen to deal with how urban portraits are navigated
and visualized. Practicing planners will benefit from visualizations as these
are valuable tools for communication, comprehension, and decision making
by eliminating gaps created by language over images. Such technologies
allow planners and designers through the use of artificial intelligence
algorithms to quickly create multiple artistic representations of any given
text input, which assists the design stage. They also enhance the inclusion of
users’ needs and other disciplines’ views in the design process which boosts
the and inclusiveness of the cities’ built environment. Hence the application
of text-to-image tools and generative artificial intelligence has the potential
to change the way experts carryout urban design by providing abundant
resources which are limited by time and works themselves.

The field of architecture and urban planning is currently witnessing
a growing integration of generative artificial intelligence (AI), which is
fundamentally transforming conventional design methods and expanding
the realm of possibilities. Generative AI in architecture refers to the
application of Al techniques, such as generative adversarial networks
(GANs) and deep learning models, to autonomously create designs, explore
complex architectural forms, and optimize building functioning (As et
al., 2018). Architects can efficiently explore numerous design alternatives
using AT’s ability to generate novel design concepts through the application
of predetermined rules or datasets (Li et al., 2023). In addition to basic
automation, generative Al is being employed in architecture and urban
planning research to facilitate a significant expansion of architectural
practice by enhancing both creativity and efficiency in the design process
(Hegazy & Saleh, 2023). Architects may leverage the capabilities of Al to
create intricate and innovative architectural solutions through the use of
generative grammar, exploration of parametric design possibilities, and
investigation of deep learning methodologies (Sadek, 2023). Al-powered
technologies streamline the integration of intelligent design aspects,
facilitate the creation of architectural ideas and shapes, and promote
technical innovation in the sector.

No matter how promising generative Al in architecture may be, ethical
considerations must always take precedence. It is critical to ethically employ
Alin order to avoid negative consequences for human creativity and design
ethics. The integration of generative AI into these domains signifies a
significant transformation in the design process, enabling architects and
planners to explore innovative methods, boost their creative output, and
optimize their designs for maximum efficiency. With the help of Al experts
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can discover and test the boundaries of architectural innovation.

Generative AI models like DALL-E, Stable Diftusion, and Midjourney;,
which form visuals from text prompts, have greatly influenced architectural
visual culture. DALL-E, Stable Diffusion, and Midjourney are the leaders in
text-to-image production. They utilize state-of-the-art artificial intelligence
algorithms to generate visually realistic graphics of superior quality
based on textual inputs (Buehler, 2022). The models have demonstrated
the potential to promote architectural creativity by assisting architects in
rapidly and efficiently visualizing their concepts (Jeong et al., 2023). These
models are transforming the architectural design process by allowing
architects to translate verbal explanations of architectural concepts into
visual representations (Steinfeld, 2023). Architects and planners now have
a new tool at their disposal for effectively exploring design concepts and
communicating architectural ideals thanks to the development of these
text-to-image generative models (Adetayo, 2024). Architects can employ
transformer models such as DALL-E and diffusion-based buildings to
generate distinctive and realistic architectural renderings based on textual
instructions (Ma et al., 2023). Architects can utilize generative diffusion
models like DALL-E not only for image generation but also for investigating
various design possibilities, providing visually coherent narratives, and
expediting the prototyping of architectural ideas (Singh et al., 2021). The
field of architectural visualization has made significant progress due to these
models’ impressive capabilities in creating pictures based on composition
and systematic generalization (Singh et al., 2021). Moreover, the capacity to
scale up and use large-scale text-to-image generation models, like DALL-E
(Ko et al., 2022), has highlighted their importance in various fields such as
fashion, fine art, industrial design, urban planning, and architecture. These
models possess the potential to completely transform the manner in which
architects articulate and conceptualize design ideas, opening up fresh
possibilities for the representation and examination of architecture (Celik,
2023). The emergence of Al art platforms like DALL-E, Midjourney, and
Stable Diffusion has further propelled this exploration, raising questions
about the role of Al in architectural representation and its potential to
augment human creativity (Ploennigs and Berger, 2023). Research has
investigated the practical applications of these tools, identifying both
benefits, such as accelerated design exploration and enhanced visual
communication, and limitations, including the need for robust prompt
engineering and concerns about bias and job displacement (Albaghajati
et al., 2023; Rane et al,, 2023). A quantitative method focused on certain
criteria related to the design, taking inspiration from the Shah Mosque by
using MidJourney to provide the pros and cons is proposed (Maksoud et
al,, 2024). Notably, Sukkar et al. (2024) highlighted the challenges of using
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AT to represent Islamic architectural heritage, emphasizing the need for
culturally sensitive and contextually aware AI models. Yildirim (2022)
explored the text-to-image generation Al, tracing its history and evaluated
the algorithms that underpin its functionality and, this study analyzes
popular platforms like DALL-E 2, Midjourney, and others, ultimately
showcasing the potential of this technology to revolutionize architectural,
interior, and urban design processes. Zeytin et al. (2024) examined the
impact of Generative Design Assistants (GDAs), especially ArchiGAN,
on architectural design practice, revealing both their potential for
innovation and the need for a balanced approach to avoid overshadowing
human creativity. Overall, DALL-E, Stable Diffusion, and Midjourney are
advanced tools that have revolutionized the interaction between AI and
architecture. These instruments provide architects with innovative methods
to generate visual content based on written descriptions. The potential of
these generative Al models to expand architectural visualization, enhance
architectural innovation, and optimize the design process is immense.

Released in 1972, Italo Calvinos postmodern novel Invisible Cities
presents a series of strange depictions of fictional places, deviating from
traditional narrative standards (Calvino, 2010). The book, including a
conversation between the adventurer Marco Polo and the emperor Kublai
Khan, presents fifty-five distinct urban locations, each possessing unique
qualities, atmospheres, and social structures. The fictional cities shown in
this work sometimes surpass physical limitations and delve into universal
concepts such as language, memory, desire, mortality, and the urban
experience. Invisible Cities is significant for urban studies because of its
poeticand evocative examination of urban imaginaries. The book challenges
the conventional portrayal of cities by examining not only their physical
architecture and demography but also delving into the psychological
and emotional components of urban life. Each city assumes the function
of a metaphor, symbolizing a specific aspect of the human situation or a
philosophical concept. For example, the city of Zaira explores the concept
of language and its influence on our perception of the external world,
while the city of Isaura symbolizes the relationship between memory and
reality. The reason why this book was chosen in this study is that it contains
descriptions that will enable the cities to be written down and imagined in
the human mind, and therefore it is very suitable to be used as a prompt.
The novel has served as a catalyst for architectural contemplation, providing
valuable perspectives on current architectural dilemmas and intricate
societal matters pertaining to urban growth (Baj¢inovci et al., 2017).
Furthermore, the artistic partnership resulting from “Invisible Cities” has
given rise to the development of imperceptible auditory elements akin to
the delicacy of the fortepiano, highlighting the multidisciplinary impact
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of Calvino’s writings on the fields of architecture and music (Manzolli &
Marinho, 2020). Moreover, scholars have employed the novel’s portrayal of
the interaction and conversation between order and chaos to comprehend
and tackle the intricate organizational and sociological aspects of urban
areas. This showcases the wide-ranging uses of Calvinos concepts in the
field of urban studies (Mukhija, 2015; Case & Gaggiotti, 2014). Calvino’s
work offers a distinctive perspective for examining and interpreting
urban environments, providing a comprehensive theoretical structure for
comprehending and tackling diverse architectural and urban issues.

Calvino’s writings present a diverse range of urban ideas that can be
transformed into visual representations, making them particularly relevant
for studying Al-generated images of cities. The abundance of symbolic
characters and emotive language in the book provides Al algorithms
with ample information to comprehend and generate original, thought-
provoking pictures. These renderings can initiate discussions on the
capabilities and limitations of artificial intelligence in understanding and
depicting the intricate nature of urban life.

The focus of this study is to explore the possible uses of Al tools in
architecture and urbanism, the new domain of text-to-image generation
using MidJourney V6, Microsoft Designer Image Creator sculpting tool
(DALL-E 3), Stable Diftfusion XL Turbo, Open-AI GPT4 (DALL-E 3) as
artificial intelligence (AI) media and their possible usage in architecture
and urbanism by means of visual questionnaire applied to 20 subjects
located in five cities of Calvino’s Invisible Cities (Argia, Diomira, Ersilia,
Isidora, Sophronia) and by comparative assessment of the AI tools in
accordance with what the subjects provided. This paper intends to include
the features and limitations of these tools, and make propositions about the
different future uses of these tools in the field of architectural design and
urban studies.

The rest of this paper is organized as follows: the cities selected from
the “Invisible Cities,” and the Al tools used in the study are given in Section
2. Section 3 outlines extensive experiments with urban representation
prompts of selected cities and the subjective ranking results. Finally, Section
4 concludes the paper.

2. Material & Methods

This section presents a selection of urban images intentionally
highlighting the great cities which are mirrored in some of the pages of
Calvino’s book, Invisible Cities. These passages, rich with imagery, further
consider the process of image creation through sophisticated technology
and its implementation. In the materials part, the selected extracts are
presented more artistically to help the reader become familiar with the
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rich description of the cities that Calvino envisioned. At the same time,
in the methods part, we present intelligent techniques that were used for
image making and provide the background context in which the image was
generated.

2.1 Material

Argia, featured in “Cities & Memory 17; Diomira, also in “Cities &
Memory 17; Ersilia, highlighted in “Trading Cities 4”; Isidora, showcased
in “Cities & Memory 2”; and Sophronia, celebrated within the pages of
“Thin Cities,” constitute the cities chosen for examination in this study.
The selection criteria were carefully curated to ensure that the number of
prompts remained concise while retaining the capacity to be translated into
tangible expressions. Table 1 outlines the prompts provided to the artificial
intelligence models, derived directly from the original texts and descriptions
encapsulating the essence of each of these distinctive cities. These city
portraits have been converted into a number of prompts for each program.
In the table below you can see both the paragraphs and the prompts for the
cities. Since the programs have a limited input context window (token size),
the city portraits have been shortened. When abbreviating, care was taken
to keep the expressions that would become tangible and to remove the rest
of the intangible expressions. The reduction process aimed to maintain
the essence of each city’s unique character within the constraints of the
program’s input context window.

2.2 Methods

Text-to-image generation has attracted a lot of interest because of its
potential uses in a number of fields, including virtual environments, design
automation, and content creation. In recent years, advances in generative
models have made it easier to create complex systems that can convert verbal
descriptions into visually consistent visuals. DALL-E, Stable Diftusion, and
MidJourney are three of these models that have become front-runners,
each pushing the limits of what is possible in text-to-image synthesis. In
this work, we compare these models and provide insights into their designs.
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Table 1. Selected urban portrait texts and prompts for the questionaries.

Text of the City in the Book (Calvino, 2010)

Prompt of the City (Short-
ened Version)

Argia

“What makes Argia different from other cities is that it
has earth instead of air. The streets are completely filled
with dirt, clay packs the rooms to the ceiling, on every
stair another stairway is set in negative, over the roofs
of the houses hang layers of rocky terrain like skies
with clouds. We do not know if the inhabitants can
move about the city, widening the worm tunnels and
the crevices where roots twist: the dampness destroys
people’s bodies and they have scant strength; everyone
is better off remaining still, prone; anyway, it is dark.
From up here, nothing of Argia can be seen; some say,
“Its down below there;” and we can only believe them.
The place is deserted. At night, putting your ear to the
ground, you can sometimes hear a door slam”

“What makes Argia different
from other cities is that it has
earth instead of air. The streets
are completely filled with dirt,
clay packs the rooms to the
ceiling, on every stair another
stairway is set in negative, over
the roofs of the houses hang
layers of rocky terrain like skies
with clouds. We do not know if
the inhabitants can move about
the city, widening the worm
tunnels and the crevices where
roots twist.”

Diomira

“Leaving there and proceeding for three days toward
the east, you reach Diomira, a city with sixty silver
domes, bronze statues of all the gods, streets paved
with lead, a crystal theater, a golden cock that crows
each morning on a tower. All these beauties will al-
ready be familiar to the visitor, who has seen them
also in other cities. But the special quality of this
city for the man who arrives there on a September
evening, when the days are growing shorter and the
multicolored lamps are lighted all at once at the doors
of the food stalls and from a terrace a woman’s voice
cries ooh, is that he feels envy toward those who now
believe they have once before lived an evening identi-
cal to this and who think they were happy, that time.”

“Leaving there and proceeding
for three days toward the east,
you reach Diomira, a city with
sixty silver domes, bronze stat-
ues of all the gods, streets paved
with lead, a crystal theater, a
golden cock that crows each
morning on a tower and the
multicolored lamps are lighted
all at once at the doors of the
food stalls”

Ersilia

“In Ersilia, to establish the relationships that sustain the
city’s life, the inhabitants stretch strings from the cor-
ners of the houses, white or black or gray or black-and-
white according to whether they mark a relationship of
blood, of trade, authority, agency. When the strings be-
come so numerous that you can no longer pass among
them, the inhabitants leave: the houses are dismantled;
only the strings and their supports remain. From a
mountainside, camping with their household goods,
Ersilia’s refugees look at the labyrinth of taut strings
and poles that rise in the plain. That is the city of Ersil-
ia still, and they are nothing. They rebuild Ersilia else-
where. They weave a similar pattern of strings which
they would like to be more complex and at the same
time more regular than the other. Then they abandon it
and take themselves and their houses still farther away.
Thus, when traveling in the territory of Ersilia, you
come upon the ruins of the abandoned cities, without
the walls which do not last, without the bones of the
dead which the wind rolls away: spiderwebs of intricate
relationships seeking a form.”

“In Ersilia, the inhabitants
stretch strings from the corners
of the houses, white or black
or gray or black-and-white ac-
cording to whether they mark
a relationship of blood, of
trade, authority, agency. When
the strings become so numer-
ous, the inhabitants leave: the
houses are dismantled; only
the strings and their supports
remain. From a mountainside,
camping with their household
goods, refugees look at the lab-
yrinth of taut strings and poles
that rise in the plain”
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Isidora

“When a man rides a long time through wild regions
he feels the desire for a city. Finally, he comes to
Isidora, a city where the buildings have spiral stair-
cases encrusted with spiral seashells, where perfect
telescopes and violins are made, where the foreigner
hesitating between two women always encounters
a third, where cockfights degenerate into bloody
brawls among the bettors. He was thinking of all
these things when he desired a city. Isidora, there-
fore, is the city of his dreams: with one difference.
The dreamed-of city contained him as a young man;
he arrives at Isidora in his old age. In the square
there is the wall where the old men sit and watch the
young go by; he is seated in a row with them. Desires
are already memories.”

“Finally, he comes to Isido-
ra, a city where the buildings
have spiral staircases encrust-
ed with spiral seashells, where
perfect telescopes and violins
are made, where the foreigner
hesitating between two wom-
en always encounters a third,
where cockfights degenerate
into bloody brawls among the
bettors. In the square there is
the wall where the old men sit
and watch the young go by; he
is seated in a row with them.
Desires are already memories.”

Sophronia

“The city of Sophronia is made up of two half-cities.
In one there is the great roller coaster with its steep
humps, the carousel with its chain spokes, the Ferris
wheel of spinning cages, the death-ride with crouch-
ing motorcyclists, the big top with the clump of tra-
pezes hanging in the middle. The other half-city is
of stone and marble and cement, with the bank, the
factories, the palaces, the slaughterhouse, the school,
and all the rest. One of the half-cities is permanent,
the other is temporary, and when the period of its
sojourn is over, they uproot it, dismantle it, and take
it off, transplanting it to the vacant lots of another
half-city. And so every year the day comes when
the workmen remove the marble pediments, lower
the stone walls, the cement pylons, take down the
Ministry, the monument, the docks, the petroleum
refinery, the hospital, load them on trailers, to fol-
low from stand to stand their annual itinerary. Here
remains the half-Sophronia of the shooting-galler-
ies and the carousels, the shout suspended from the
cart of 63 the headlong roller coaster, and it begins
to count the months, the days it must wait before the
caravan returns and a complete li~ can begin again”

“The city of Sophronia is made
up of two half-cities. In one
there is the great roller coaster
with its steep humps, the car-
ousel with its chain spokes, the
Ferris wheel of spinning cages,
the death-ride with crouching
motorcyclists, the big top with
the clump of trapezes hanging
in the middle. The other half-
city is of stone and marble and
cement, with the bank, the fac-
tories, the palaces, the slaugh-
terhouse, the school, and all the
rest”

2.2.1 DALL-E

OpenAT’s DALL-E is a generative model that turns written descriptions

into visuals. It utilizes a transformer-based architecture to encode the text
input into embeddings. These embeddings condition the image generation
process, which is handled by a separate transformer model. The transformer
is adept at modeling long-range dependencies and global relationships
within the data. It uses its self-attention mechanism to attend to different
parts of the text embedding and various stages of the image generation,
guiding the creation of the final image. Through this process, DALL-E
produces images that exhibit impressive levels of detail and coherence
while remaining semantically consistent with the text prompt. DALL-E
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promises to be a powerful text-to-image creation tool for various urban
studies applications, including urban planning and exploring potential
design solutions.

The development of generative Al has revolutionized the field of image
generation, with DALL-E at the forefront of this innovation. OpenAl
introduced DALL-E, a state-of-the-art text-to-image model that has garnered
significant attention for its advanced and diverse capacities for combinational
image generation with specific textual prompts (Wang et al.,, 2023). The
emergence of surreal and grotesque image sets created using DALL-E
Mini has prompted analysis of their aesthetic content and connections to
preexisting media forms and trends in digital culture (O’Meara & Murphy,
2023). Furthermore, DALL-E 2 has been shown to significantly underperform
when tasked with generating specific images, indicating the need for further
research and development in this area (Mbalaka, 2023). Additionally,
DALL-E has demonstrated an impressive ability for composition-based
systematic generalization in image generation, albeit with the requirement
of a dataset of text-image pairs (Singh et al., 2021). Moreover, Ramesh et
al. (2022) have compared DALL-E with other text-to-image systems, such
as GLIDE, showcasing comparable quality to the latter but with greater
diversity in its image generation. Adams et al. (2022) have highlighted the
potential of DALL-E 2 as a tool for image generation, augmentation, and
manipulation in the field of radiology, provided that these models possess
sufficient medical domain knowledge. Additionally, compared to traditional
DALL-E, the quality of generated images has significantly improved, leading
to the introduction of DALL-E 2 with significantly better output generation
(Poredi, 2023). These advancements in generative Al, particularly with
DALL-E, have paved the way for the use of Al tools to generate high-quality
images from text prompts and reference images, indicating its potential for
various applications (Moral-Andrés et al., 2022).

DALL-E’s development and capabilities, as well as its subsequent
iterations, have significantly advanced the field of generative Al,
particularly in text-to-image generation. However, there are still challenges
and limitations that need to be addressed, such as the need for domain-
specific knowledge and the performance of the model when tasked with
generating specific images. Despite these challenges, DALL-E and its
iterations represent a promising future tool for image generation, with
potential applications across various domains, including radiology, design,
and content generation.

2.2.2 Stable Diffusion

Stable Diffusion, a latent text-to-image diffusion model created by
Stability AI, excels at generating high-quality images from natural language
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descriptions (Podell, et al., 2023). Unlike pixel-based diffusion models, Stable
Diftusion applies the diffusion process within a compressed latent space,
enabling efficient training and image generation with reduced computational
requirements. Using a U-Net architecture with cross-attention layers, the
model effectively extracts both global and local information from the text
prompt, guiding the generation process. During the diffusion phase, the
model gradually denoises a latent representation based on the text prompt,
ultimately producing a coherent image consistent with the given description.
Stable Diffusion’s flexibility makes it a valuable tool for various applications
within urban studies, including urban design, architectural visualization, and
other creative domains. This approach not only delivers visually impressive
results but also allows for control over the image generation process through
text prompts and multiple sampling methods.

Stable Diffusion is a cutting-edge text-to-image generative AI model
that has gained significant attention in the field of artificial intelligence.
This model has been widely recognized for its ability to generate high-
quality images in a matter of seconds based on textual descriptions (Du et
al., 2023). The Stable Diffusion model has been implemented across various
applications, including text-to-image generation, image-to-video synthesis,
model-agnostic zero-shot classification, and unsupervised semantic
correspondence investigation (Siemens, 2023). This demonstrates the
versatility and broad utility of Stable Diffusion in the realm of generative Al
Moreover, the text-guided diffusion model GLIDE, which is based on Stable
Diftusion, has been acknowledged as the state of the art in text-to-image
generative Al, further highlighting the significance of Stable Diffusion in
the domain of generative AI (Kather et al., 2022). Additionally, the model
has been leveraged in diverse contexts, such as in the development of
co-creative text adventure games and in enhancing social virtual reality
experiences, showcasing its adaptability and relevance in various domains
(Sun etal., 2022; Numan et al., 2023). Furthermore, the emergence of Stable
Diffusion has been attributed to the advancements in learning techniques,
particularly the utilization of generative adversarial networks (GANs) and
diffusion models using Contrastive Language-Image Pre-training (CLIP)
(Brisco et al., 2023). This underscores the technological underpinnings
and sophisticated methodologies that contribute to the efficacy of Stable
Diffusion in text-to-image generation.

Stable Diffusion has emerged as a pivotal and influential text-to-
image generative Al model, offering rapid image generation capabilities,
versatility across applications, and a foundation built on advanced learning
techniques. Its impact extends beyond traditional text-to-image generation,
encompassing diverse domains and applications, thereby solidifying its
position as a leading model in the field of generative Al
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2.2.3 MidJourney

Users can access the text-to-image AI model known as Midjourney
through its Discord channel, website, and API. While the specific design
of Midjourney remains undisclosed, it is widely believed to be based on
diffusion models, similar to Stable Diffusion. To interact with the model,
users input commands into the chosen platform, prompting the generation
of images that correspond to the provided descriptions. Midjourney
distinguishes itself through its emphasis on artistic expression and the
creation of visually captivating imagery in diverse styles and aesthetics.
This capability likely stems from a combination of its model architecture,
potentially incorporating mechanisms for artistic interpretation and style
transfer, and its training data, which presumably encompasses a wide array
of artistic works. Although the technical details of Midjourney remain
largely unknown, its outputs suggest an approach that transcends basic
text-to-image translation, venturing into the realms of artistic co-creation
and creative exploration. This positions Midjourney as a potentially
valuable tool for urban studies, particularly in disciplines where aesthetic
considerations and visual communication play a crucial role.

Text-to-image generation has gained significant attention in recent
years due to its potential applications in various fields such as content
marketing, medical education, design, and journalism. Midjourney, a
generative Al tool, has emerged as a prominent player in this domain,
alongside other models like DALL-E 2 and Disco Diftusion (Brisco et
al., 2023; Kenig et al., 2023; Lyu et al., 2022). These AI systems have
demonstrated the capability to produce images based on text prompts,
mimicking the cognitive processes of the human mind (Kenig et al., 2023).
However, developers may intentionally limit the use of such Al programs in
certain domains, such as medical material creation (Youssef, 2023). Despite
this, Midjourney and similar AI generators have shown promise in creating
fully rendered images solely based on user prompts, offering intricate
and impressive results (Newton & Dhole, 2023). The potential of text-to-
image generation models, including Midjourney, extends to image editing
capabilities and the development of new tools for creative practitioners
(Saharia et al., 2022).

Table 2. Comparison of state-of-the-art text-to-image generation Al tools.

Feature MidJourney V6 Stable Diffusion XL Turbo DALL-E 3
Release December, 2023 July, 2023 August, 2023
Date

Architec- |- Diffusion-based Transform-
ture er-based
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Accessi- Subscrip- Open-source, widely accessible Subscrip-

bility tion-based, access tion-based, ac-
through using cess through web
Discord web in- interface, API
terface support

Pricing (as |8USD/mo (Basic 12USD/mo (Clipdrop Pro) 20USD/mo

of May, plan) (OpenAI GPT4)

2024) Free (MS Design-

er Img. Creator)

Web Site https://midjourney. | https://clipdrop.co/stable-diffu- https://chatgpt.
com sion-turbo com

https://designer.
microsoft.com/

image—creator

More than that, people havelooked into how Al systemslike Midjourney
affect the environment. For example, Tomlinson et al. (2023) compared the
carbon emissions that AI systems and humans produce when they do the
same tasks. As such, Midjourney and similar Al image generators have the
potential to revolutionize various industries, offering efficient and creative
solutions for image generation and content creation. Table 2 shows a brief
comparison of DALL-E, Stable Diffusion and Midjourney Al tools.

3. Experimental Results

This section explores the potential of text-to-image artificial intelligence
(AI) tools for creating urban portraits. Three Al tools - DALL-E, Stable
Diffusion, and Midjourney — were used to visualize five city descriptions
selected from Calvinos seminal work, Invisible Cities. Two methods were
employed for DALL-E 3: the first utilized OpenATIs ChatGPT4, which
restructures prompts before transmitting them to DALL-E 3, while the
second used Microsoft Designer’s Image Creator tool. Stable Diffusion’s XL
Turbo model was accessed via the ClipDrop website, and Midjourney’s v6
version was accessed through its Discord channel. Each Al tool generated
four 1024x1024 resolution color images per prompt. These images are
presented in the Visual Results section and visually evaluated. To assess
the quality of the generated images, 20 domain experts were tasked with
ranking the outputs of each tool from best to worst based on the provided
prompt (artistic style, adherence to the text and overall impression). The
ranking results are presented in the Subjective Evaluation section, offering
a statistically informed perspective on the comparative performance of
each Al tool.

3.1 Visual Results

In this section, the renderings created with the given prompts are
given. For each prompt, Al tools were asked to generate 4 different images.
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Figure 1 shows the generated artificial images for the city of Argia.
In the prompt, important key features can be listed as: earth, dirt, clay,
stairways (inverted), roofs (layered), worm tunnels, crevices, subterranean,
confinement and claustrophobic. Overall, Argias visual identity is one
of subterranean confinement, filled with earth and featuring unusual
architectural elements like inverted stairways and layered roofs. This
creates a stark contrast with typical cities, emphasizing its otherworldly
and claustrophobic nature. An analysis of the Midjourney outputs reveals
a progression in the depiction of soil texture, moving from an urban scale
to a finer street-level representation. Additionally, these images generally
exhibit a layered morphological structure, encompassing both underground
and aboveground elements, particularly in the staircase formations.

MidJourney V6 MS Designer (DALL-E 3)

Figure 1. Visual representation of Argia s urban portraits obtained by Al tools.
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The DALL-E 3 model accessed through MS Designer expresses these
underground and aboveground layers more prominently, with a notable
emphasis on worm-created tunnels. Conversely, images generated by Stable
Diffusion demonstrate the presence of soil texture and urban stratification
solely at the surface level, lacking detailed subterranean features. The
GPT4-powered DALL-E 3 images, however, successfully convey the
existence of distinct underground and aboveground layers, showcasing an
interconnected staircase system. Notably, these images depict signs of life
in both subterranean and surface environments.

MS Designer (DALL-E 3)

recnalng trand trd thecebeys oo ke e
o e range afmane ol th e wis fe, b

Figure 2. Visual representation of Diomira’s urban portraits obtained by AI
tools.

Figure 2 presents a comparative analysis of artificially generated
images of the fictional city, Diomira, produced by various AI models. The
prompt provided to the models incorporated key descriptive elements,
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including: “sixty silver domes, bronze statues of all the gods, streets paved
with lead, crystal theatre, golden cock, crows each morning, multicolored
lamps, and food stalls.” This lexicon was designed to encapsulate the unique
characteristics of Diomira, enhancing its memorability for human readers
and facilitating distinctiveness in creative program inputs. An examination
of the outputs reveals distinct approaches to the prompt interpretation.
Midjourney renders a street view incorporating several identifying features,
suchasarooster,adome, and astall. DALL-E 3 similarly depictsastreet scene
beneath the domes, but emphasizes the sunrise and prominently features
the rooster. In contrast, Stable Diffusion omits certain prompted elements,
including the rooster and a bench. Conversely, the GPT4-powered DALL-E
3 integrates nearly all descriptive elements, including bronze statues, silver
domes, lead-paved streets, and multicolored lamps, but notably excludes
the rooster. This comparative analysis underscores the diverse interpretative
capabilities and limitations of current AI image generation models in
translating textual descriptions into visual representations.

Figure 3 shows an analysis of Al-generated images depicting the
fictional city of Ersilia, characterized by its unique socio-spatial structure.
The prompt provided to the models highlighted key features: “ropes,
colors, relationships, dismantled houses, refugees, labyrinth of ropes.” This
lexicon encapsulates Ersilia’s defining element: a system where colorful
ropes physically manifest inter-household relationships, signifying kinship,
trade, power, and service. The city’s narrative revolves around the eventual
unsustainability of this complex web, as an overly dense network compels
citizens to abandon their homes, leaving behind a skeletal landscape of
interconnected poles - a poignant testament to societal complexity and its
potential pitfalls.

MidJourney V6 MS Designer (DALL-E 3)

Stable Diffusion XL Turbo GPT4 (DALL-E 3)
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Figure 3. Visual representation of Ersilia’s urban portraits obtained by Al tools.

Former residents observe this tangled legacy from a distance, prompting
reflection on the intricate web they left behind. Analyzing the outputs, we
observe distinct interpretative approaches. Midjourney emphasizes the
perspective of the refugees, offering a close-up view of the abandoned
houses. DALL-E 3, in contrast, presents a multi-scalar and multi-angular
representation of the city, mirroring the labyrinthine network of ropes
that embodies Ersilia’s social fabric. Stable Diffusion focuses on the street
pattern, while the GPT4-powered DALL-E 3 model generates visuals similar
to those of DALL-E 3. This comparison illuminates the diverse capabilities
of current Al image generation models in translating textual descriptions
of complex socio-spatial systems into compelling visual narratives.

Figure 4 displays a compared look of AI-generated images that reflect
the fictitious town of Isidora. This city is known for its distinct architectural
and societal characteristics. The instruction given to the models
emphasized essential elements: “spiral staircases, seashells, telescopes,
violins.” The vocabulary used in this text creates a vivid image of a city that
is both intricately beautiful and filled with intense emotions, reflecting the
description of a traveler’s experience in Isidora.
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MidJourney V6 MS Designer (DALL-E 3)

| Finaly he comes to lsidora

Figure 4. Visual representation of Isidora’s urban portraits obtained by Al tools.

Upon analyzing the outputs, we see clear and separate interpretations.
Midjourney provides a viewpoint at street level, capturing the city from
a position that is relatable to humans. DALL-E 3, on the other hand,
specifically emphasizes a grand structure featuring a notable helical staircase,
frequently depicted from a remote perspective. Stable Diftfusion highlights
the urban vitality by focusing on the liveliness of street life. Finally, the
DALL-E 3 model, which is powered by GPT4, combines symbolic aspects.
It has a spiral staircase that resembles a seashell and a square formation in
front of it.

The square formation may represent passersby who are being
viewed, maybe alluding to the “telescopes” mentioned in the prompt. This
investigation highlights the different capacities of existing AI models in
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converting written descriptions into various visual depictions of imaginary
urban landscapes.

MidJourney V6 MS Designer (DALL-E 3)

GPT4 (DALL-E 3)

W

Figure 5. Visual representation of Sophronia s urban portraits obtained by Al
tools.

Figure 5 illustrates the synthetic images produced for the city of
Sophronia. The crucial distinguishing characteristics of the hint can be
enumerated as follows: The clue comprises various components, including
urban areas divided in half, the concept of duality, amusement park rides
such as roller coasters and carousels, circus apparatus like trapezes, and
various types of buildings such as stone, marble, and cement structures,
financial institutions, industrial facilities, grand residences, places where
animals are slaughtered, and educational institutions. Sophronia is a
city that is split into two distinct sections. 50% of the area is allocated to
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entertainment and grandeur, with exhilarating rides and attractions such
as roller coasters and Ferris wheels.

The remaining portion symbolizes the ordinary and pragmatic
facets of existence, constructed from durable substances and containing
establishments such as financial institutions, manufacturing facilities, and
educational institutions. The Midjourney outputs do not clearly observe the
distinction between the two cities, but they do have aspects that portray the
urban environment. The DALL-E 3 model exhibits two clear distinctions
but does not identify any difference in terms of function or language. The
Stable Diftfusion model has generated a language that closely resembles the
output of The Midjourney. The GPT4 enabled DALL-E 3 images encode
the clear differentiation between the two cities using both functional and
chromatic elements.

3.2 Subjective Evaluation

In this section, the efficacy of different text-to-image generative Al
tools in creating visual representations of urban environments described
in literary texts are investigated. Specifically, we focus on five fictional cities
from Italo Calvino’s Invisible Cities: Argia, Diomira, Ersilia, Isidora, and
Sopronia.

The study employed a comparative framework, analyzing the outputs
of three prominent Al tools: Stable Diffusion XL Turbo, DALL-E 3 (accessed
via Microsoft Designer Image Creator and OpenAI GPT-4),and Midjourney
v6. A survey was conducted with a participant group of 20 individuals,
comprising 10 professional architects, urban design practitioners, planners
and 10 senior undergraduate students from the department of architecture.

Prior to the survey, participants were briefed on the content of
Invisible Cities and the objectives of the study. A questionnaire was then
distributed, featuring the name of each city, a concise explanation of the
research aim, and specific instructions for the participants. For each city,
the questionnaire presented with descriptive text from Invisible Cities and
visual representations, the images generated by the aforementioned Al
tools, labeled anonymously as A, B, C, and D to conceal the specific tool
used.

Participants were tasked with ranking the four visual representations
(A, B, C, and D) from most (1*) to least (4™) successful in capturing the
essence of the textual description for each city. This ranking system allowed
for a subjective assessment of how effectively each Al tool translated the
literary text into a visual representation.

This research aims to contribute to the growing body of knowledge
surrounding Al-driven image generation, focusing on its potential for
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visualizing complex literary descriptions of urban portraits. The findings
will provide valuable insights into the strengths and weaknesses of different
AT tools, informing future applications in architectural design, urban
planning, and artistic explorations.

Argia Diomira
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Figure 6. Subjective evaluation results for each city (I* ranking indicates the
best).

Figure 6 shows subjective evaluation results with boxplots for each city.
Boxplot is a visualization tool that summarizes the distribution of data in a
single graph. Shows the minimum, maximum, median, first quartile (Q1)
and third quartile (Q3) values of the data set. It also indicates the presence
of outliers. Blue box, in the figures, indicate the 1* and 3™ quartiles, black
lines indicate the minimum and maximum rankings, red line indicates the
median value, red cross indicates the outlier and green diamond indicates
the mean ranking value.
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Analysis of Figure 6 reveals distinct performance patterns across the
generative Al tools for each city depicted. For Argia, both Midjourney and
GPT4 DALL-E 3 demonstrate a median ranking of 2", while MS Designer
DALL-E 3 and SDXL Turbo fall at 3". Averaging the rankings reveals a
slight edge in performance for Midjourney over GPT4 DALL-E 3.

Similarly, in Diomira, Midjourney and GPT4 DALL-E 3 maintain
a median ranking of 2™, with MS Designer DALL-E 3 and SDXL Turbo
again at 3*. However, in this instance, average ranking indicates a marginal
advantage for GPT4 DALL-E 3, which emerges as the preferred tool for this
particular city, surpassing Midjourney.

A shift in performance emerges in the visualization of Ersilia. The
DALL-E 3 implementations, both MS Designer and GPT4, exhibit a
median ranking of 2", while Midjourney falls to 3rd and SDXL Turbo
ranks last at 4™. The average ranking for MS Designer DALL-E 3 slightly
exceeds that of GPT4 DALL-E 3. Notably, SDXL Turbo, identified as the
least successful tool for depicting Ersilia, presents closely aligned median
and average rankings.

Table 3. Overall subjective evaluation results (I*' ranking indicates the best).

MidJourney DALL-E 3(De- SDXL Tur- DALL-E 3
V6 signer) bo (GPT4)
Median Rank- o ond 40 ond
ing
Average Rank- 2.40" 2.30% 3.23% 2.07"
ing
Standard Dev. 0.92 1.02 1.04 1.11

Isidora echoes the pattern observed in Ersilia, with MS Designer
DALL-E 3 and GPT4 DALL-E 3 achieving a median ranking of 2",
Midjourney at 3, and SDXL Turbo at 4th. However, in this case, average
ranking favors GPT4 DALL-E 3 over MS Designer DALL-E 3.

Lastly, the visualization of Sophronia showcases a clear hierarchy in
median ranking. GPT4 DALL-E 3 secures the top position with 1%, followed
by MS Designer DALL-E 3 at 2", Midjourney at 3", and SDXL Turbo at
4™ A comparison of average rankings reveals comparable performance for
both DALL-E 3 implementations.

Overall, the subjective evaluations, given in Table 3, reveal a preference
for DALL-E 3, particularly the GPT4 implementation. DALL-E 3 (GPT4)
achieved a median ranking of 2" and the best average ranking (2.07%),
indicating a tendency towards higher rankings. Midjourney secured a
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median ranking of 3, with an average ranking of 2.40". SDXL Turbo was less
favored, consistently receiving lower median and average rankings. These
results suggest that, based on subjective evaluations, DALL-E 3 (GPT4)
demonstrated stronger performance in visually translating the textual
descriptions of the selected cities from Italo Calvino’s Invisible Cities. The
standard deviation shows the scatter in the results, and if it is low, it means
that the results are clustered around the mean. From this perspective, the
standard deviation for all 4 tools is approximately close to 1 which means
there is a moderate degree of variation in the subjective rankings for each
AT tool. This suggests that while there is a general consensus regarding the
relative performance of the tools, individual preferences and interpretations
of the textual descriptions still play a significant role in the rankings.

4. Conclusions

In this study, the potential of text-to-image generative Al tools for
visualizing urban environments described in literary texts, specifically
focusing on five fictional cities from Italo Calvinos Invisible Cities is
explored. The motivation stemmed from the increasing interest in utilizing
AT for creative applications in fields like architecture and urban planning.
We aimed to contribute to the growing body of knowledge surrounding AI-
driven image generation by comparing the performance of three prominent
tools: Stable Diffusion XL Turbo, DALL-E 3 (accessed through both
Microsoft Designer Image Creator and OpenAl GPT-4), and Midjourney
Veé.

A subjective evaluation was conducted with 20 participants, including
architects, urban designers, planners, and architecture students. They
ranked images generated by each Al tool based on how effectively they
captured the essence of textual descriptions from Invisible Cities. Our
quantitative results revealed a preference for DALL-E 3, particularly the
GPT4 implementation. DALL-E 3 (GPT4) consistently achieved higher
rankings, indicating its superior ability to translate complex literary
descriptions into compelling visual representations.

The inclusion of text-to-image generative Al approaches in the field
of urban studies can create new opportunities in the dimensions of urban
planning, design, and research through the visualization of urban contexts,
the interaction with people’s views, and the improvement of participatory
planning processes. Urban studies suggest multiple new ideas presented in
Table 4 - these are the incorporation of visual elements to text documents,
in this case to enhance realistic portrayal of urban scenarios.
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Table 4. Possible usage areas of integrating text-to-image generative Al tools in
urban studies.

Idea Generation

Future Urban Landscapes ——
Visual Simulation and Impact Visualization

Scenario Planning Before and After Scenarios
Infrastructure Changes

Integration with GIS

Design Options

Visual Preferences Surveys

Enhanced Public En- Interactive Tools
gagement Awareness and Education Scenario Effects
Campaigns Digital Exhibitions
Facade Desi
Architectural Design e -
Design and Aesthetics Landscape Integration
Exploration Furnit dL t
P Public Space Design ?rnl. HTe anc ayod
Lighting and Atmosphere
Zoning Ch:
. Zoning Implications 0n11.1g an.ges
Policy Development Density Studies
and Analysis Green Infrastructure

Environmental Impact
P Sustainability Scenarios

L Reconstruction
Research and Theoret- | Historical Urban Changes -
. . Change Over Time
ical Modeling
Theoretical Models Urban Theories Visualization
Plugin for Urban Design
Software and Tool Develop- Software (AutoCAD, Revit, or
Technical Integration | ment SketchUp, ... etc.)
Strategies APIs for Custom Tools
Collaboration with AI Re- Custom AT Models

searchers and Developer

The future of urban studies is set to change for the better with the
incorporation of text to image generative artificial intelligence tools which
provide a more graphic method of imagining the future, eliciting the
response of people, and creating evidence-based creative urban strategies.
In turn, the planning of ten morphologies and the design of cities become
less placid, and more firmly engaging and constructive which should result
in an improved environment.

AT content generators allow designers to think beyond the revised
design and have the ability to come up with different design options
that are acceptable and realistic also. It is possible that it can enhance
the initial stages in the architectural design process by providing both
stimulation as well as visualization. In this study, we attempt to contribute
to understanding of the developed nature of Al image in the immediate
environment for architectural practices. In addition, the study also provides
the possible future desire limit for the evolution of this technology and its
implementation in the design process. These further advances could help
architects and planners in production of more computerized images while
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using less powerful hardware and fewer applications. Such development
would ease the design processes and compel us to major on the designing
and decision-making processes.
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