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1. ABSTRACT: Port Said and Alexandria are two of the most important Egyptian port cities,
but their passenger terminals suffer from multiple problems including the quality of
infrastructure and communication systems. They have all had negative repercussions
on the traveler experience and perception. The core problem is based on the traditional
management techniques used in these terminals, which creates isolated and segmented
environments. Moreover, the terminals are not designed to incorporate natural elements
and sustainable aspects into their design; therefore, the disparities between the port
terminals and their surrounding urban environments are striking. This study will thus,
seek to improve Egyptian port passenger terminals by focusing on the incorporation of
artificial intelligence (Al) in a novel way. The primary goals and objectives include
enhancing information and communication technologies in terminal spaces to support
use and occupancy and designing intelligent environment that comprises of natural
elements for growth of sustainable structure. These goals target the current problems
concerning port terminal operations and are in compliance with current environmental
objectives. The adopted research method is analytical-descriptive, collecting both
qualitative and quantitative data to evaluate the current terminal operations and facilities.
In this respect, performance evaluation methods from an infrastructure point of view are
used to establish some areas that need to be upgraded to incorporate larger ships and
capacity to transport more passengers. Also, some case analyses are used in the
research with the purpose to demonstrate the usefulness of implemented Al tools in
order to improve operation productivity and more permanent sustainability performance
indicators of certain passenger terminals. This best practice combines the analysis of
concerns and feedback of passengers with detailed reports on how terminals function
and what their physical structures look like, with the aim of optimizing wayfinding and
passengers’ movements. The results highlight the positive impact of Al integration
especially in the areas of improving the operation efficiency and improving the
experience of the users in port passengers’ terminal. Cutting-edge outcomes reveal how
the use of Al in systems enhances passengers’ circulation and terminal interconnectivity
and environmentally responsible environments. The integration of Al technology
strategically improves efficiency and sustains the relations between the different zones
and develops the Egyptian port terminals as integrated transport zones. The study
proposes specific recommendations for improvement: implementing smart
communication systems, adopting sustainable design strategies, and developing a
comprehensive Al framework for port operations. These strategic enhancements are
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expected to create efficient, sustainable terminals while promoting the development of
urban waterfront areas. The research underscores the potential of Al technologies as a
transformative solution for the challenges faced by Egyptian port passenger terminals,
paving the way for a more integrated and sustainable future.

2. INTRODUCTION

The rapid urbanization and increasing maritime traffic in Egyptian port cities pose significant
challenges for passenger terminal operations, particularly in Port Said and Alexandria. These challenges
include inadequate communication systems, poor integration with the urban fabric, and limited
sustainable infrastructure. "The inadequate communication systems and fragmented infrastructure in
Alexandria and Port Said hinder the effective integration of these ports with their urban surroundings,
leading to challenges in meeting modern transportation demands” (EI-Geziry, A.). As a result, traveler
experiences are diminished, and environmental concerns are growing. Traditional terminal management
approaches have created a disconnect between port facilities and their surrounding communities, failing
to meet the growing demands for efficient, sustainable, and user-friendly transportation hubs that align
with modern standards. Building on this understanding, this research develops an innovative framework
to enhance connectivity and sustainability in passenger terminals of Egyptian port cities through Al
integration. The study focuses on optimizing communication systems, improving traveler
accommodations, and transforming conventional terminals into sustainable infrastructure. It also
analyzes the social and environmental impacts of these transformations on local communities and
visitors.

Figurel . The Impact of Al on the Historical Evolution of Ports and Their Role in Modern Tourism. (Researcher,
2024)
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The research adopts a mixed-methods approach, combining quantitative analysis of passenger flow
data with qualitative assessments of user experiences. Through detailed case studies of Port Said and
Alexandria, the study utilizes Al-driven analytics to evaluate current terminal operations and identify
areas for improvement. The significance of this research lies in its potential to transform Egyptian port
city passenger terminals into modern, efficient, and sustainable transportation hubs. The methodology
incorporates spatial analysis techniques to examine the integration of natural elements within terminal
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designs. In-depth stakeholder interviews gather valuable insights on social and environmental
considerations.

"The integration of Artificial Intelligence (Al) in supply chain management aims to improve port
performance in Egypt, addressing challenges such as technological infrastructure expansion and digital
transformation™ (El Saadani et al. 2024). Ultimately, the research contributes to transforming Egyptian
ports into efficient, sustainable, and community-integrated transportation hubs that meet the demands
of the 21st century. By addressing current challenges through Al integration and sustainable design, the
study aims to provide a blueprint for future development that balances technological advancement with
environmental stewardship and community needs. Through this comprehensive analysis and proposed
framework, the research seeks to bridge the gap between traditional port operations and modern
requirements, emphasizing the need for sustainable, smart transportation infrastructure. "The existing
transportation centers in Alexandria and Port Said struggle to provide effective and sustainable solutions,
as they lack the necessary infrastructure and fail to meet the modern standards required for user-friendly

transit systems" (Marousi, A.).as shown in Figure 1.

3. PORTS TERMINAL SQUARES IN EGYPTIAN CITIES

The integration of smart technologies in port cities is vital for enhancing urban connectivity and
sustainability. As global demands for efficient transportation and environmental stewardship rise, port
authorities face significant challenges. They must adapt their infrastructure to meet these demands. This
requires a comprehensive understanding of how urban and port environments can coexist harmoniously.

The following insights from previous studies relevant to Port Said and Alexandria will provide
effective strategies for achieving this balance. The focus will be on the importance of innovative design
and planning. these elements are crucial for fostering sustainable urban development. As shown in figure
2

Figure 2. The framework for enhancing connectivity and sustainability in Egyptian port passenger terminals
through Al integration. (Researcher, 2024)
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Insights from Previous Studies Relevant to Port Said and Alexandria

Previous research highlights the critical importance of integrating port infrastructure with the urban
fabric. It emphasizes the transformative potential of smart technologies in enhancing user experience.
Studies show that successful urban port development requires a balance between historical preservation
and sustainable development, especially in cities with rich architectural heritage. "The transformation
of port-related uses should take into consideration existing factors of functional and locational
dependencies long established on the city—port interface.” (Pinho et al. 2001) This emphasizes the need
for strategic planning that connects port facilities with urban environments. Creating a seamless
relationship between ports and their surrounding cities is essential for sustainable urban development.
Furthermore, contemporary research advocates for comprehensive mobility strategies. These strategies
should address both local community needs and tourist requirements.

Figure 3. ML Model for Predicting Optimal Building Type Based on Process Data
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This approach requires sustainable design principles that respect historical context while embracing
modern innovations. (Zhao et al. 2023) note that artificial intelligence applications in transportation hubs
have shown success in optimizing passenger flow As shown on figure 3. Their study in Transportation
Research Part C: Emerging Technologies reports up to a 35% improvement in pedestrian movement
efficiency and a 28% reduction in peak-hour congestion. Equally important is creating welcoming public
spaces. These spaces should serve dual purposes: catering to travelers' needs and providing valuable
community areas for local residents.
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Figure 4. Al-powered systems can be used to optimize berthing operations and enhance safety
(Researcher, 2024)

As shown on figure4 illustrates two different scenarios of vessel berthing in a port. In scenario
(ALEXANDRIA), the vessel is anchored further away from the pier, which may lead to increased
transfer time between the vessel and the shore, especially during high tides. This, in turn, could
negatively affect passenger experience and increase operational costs. In scenario (PORT SAID), the
vessel is closer to the pier, facilitating easier boarding and disembarking and reducing waiting time.
Artificial intelligence techniques can be used to optimize the selection of optimal berthing locations,
contributing to increased efficiency of port operations and reduced costs

Port Said and Alexandria's passenger terminal squares encounter unique challenges in balancing
operational efficiency with historical preservation. These terminals serve as vital transportation hubs
while being situated near significant cultural landmarks. The need for modern infrastructure and
enhanced services often conflicts with the goal of maintaining the architectural integrity and historical
value of these areas. Therefore, innovative strategies are essential to ensure that modernization efforts
respect and preserve the rich heritage of these port cities while improving user experience and
operational functionality. As shown on figure 5.
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Port Said’s terminal square is historically significant but faces considerable challenges. It
struggles with integration into the surrounding urban fabric.
(Khalil and El-Shater ,2023) report that the terminal has difficulty managing peak passenger flows
during high seasons. They found that 65% of users experience navigation and wayfinding challenges.
These issues are compounded by historical building constraints. Such constraints limit potential
expansion areas, creating a complex challenge for modernization efforts.

Similarly, Alexandria's passenger terminal square is a vital maritime-urban interface. It handles
a significant annual passenger flow while maintaining its historical architectural elements. “critical need
for improved public transportation integration and infrastructure upgrades at key transport hubs in
Alexandria to enhance accessibility and user experience ." (EI-Sherif et al. 2024) These issues are
particularly pronounced due to the terminal's role as a major transportation hub. Here, the preservation
of heritage features must be balanced with the demands of modern maritime operations. Both terminals
illustrate the pressing need for innovative solutions. These solutions should enhance operational
efficiency while respecting historical significance and architectural heritage.

Figure 5. Alexandria and Port Said: pivotal maritime gateways that blend rich history with modern placemaking,
enhancing community engagement and cultural exchange.
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Table 1. Detailed Comparison Table of Port Said and Alexandria Terminal Squares

Analysis Criteria

Spatial Organization

Peak Capacity
Utilization

Infrastructure
Integration

Wayfinding System
Efficiency

Historical Building
Impact

Annual Passenger
Volume

Peak Hour
Management

Public Transport
Integration

Waiting Area
Capacity

Heritage Preservation
Requirements

Port Said Terminal

Linear arrangement with
direct sea access

85% during peak seasons
60% efficiency with city
transport

35% user satisfaction

40% of expansion areas
affected

1.5 million passengers

Limited capacity during
rush hours (78% congestion
rate)

Moderate connectivity
(55% coverage)

2,500 passengers

Medium impact on
operations

Alexandria Terminal

Radial pattern with
multiple entry points

92% during summer
months

75% efficiency with
urban systems

42% user satisfaction

35% of expansion areas
affected

2+ million passengers

Moderate capacity
(65% congestion rate)

Higher connectivity
(75% coverage)

3,200 passengers

High impact on
operations
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A comparative analysis of Alexandria and Port Said passenger terminals reveals distinct
characteristics. Alexandria's terminal demonstrates superior spatial efficiency, managing complex
heritage constraints effectively. In contrast, Port Said's terminal has a simpler linear layout but faces
notable capacity restrictions. Regarding operational performance, Alexandria's terminal effectively
handles larger passenger volumes. It also shows better integration with surrounding facilities. While
Port Said's terminal currently experiences operational limitations, it has greater potential for future
expansion. These performance metrics highlight the contrasting capabilities of both terminals.
However, both terminals face significant challenges related to heritage preservation. This issue impacts
their development potential and operational flexibility.

Figure 6Alexandria's Port and Terminals: A catalyst for economic growth and tourism in the region. (Google
Earth ,2021)

Implications for Current Research

The literature review indicates a growing trend toward integrating Al and sustainable design principles
in port city development. For Port Said and Alexandria, the findings suggest:

e Al-driven solutions can enhance passenger communication and flow management.
e Preserving historical character is crucial while modernizing facilities.
e Integrated approaches to urban waterfront development are essential.

"The application of Al in urban planning offers innovative solutions for managing urban challenges,
including enhancing sustainability and improving infrastructure." (Ferhati et al. 2024), This review
underscores the importance of balancing technological advancement with historical preservation and
environmental sustainability in Egyptian port cities' passenger terminals. As shown on figure 6.

4. PASSENGER TERMINAL DEVELOPMENT IN COASTAL CITIES

Contemporary port cities face considerable challenges in connecting passenger terminals with urban
environments. This is especially true for managing traveler flow while ensuring sustainable
development. Research by (Notteboom and Rodrigue ,2021) emphasizes that effective urban planning
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in port regions relies on three critical components. These components include enhanced accessibility,
robust connectivity with public transport systems, and the creation of dynamic public spaces. Such
spaces should serve both travelers and local communities. This perspective is increasingly significant
for Egyptian port cities like Port Said and Alexandria. Balancing operational demands with community
needs has become essential. The evolution of these maritime gateways requires innovative solutions.
These solutions must address existing infrastructural challenges and anticipate future needs. They should
also maintain the cultural and environmental integrity of these historic port cities.

"If the open space is suitable for walking and ideal for activities ,it achieves sustainability ,required
to move people from area A to area B (figure7). It is obvious that any obstacles must be removed and
the places of services must be indicated so as not to impede the movement and to achieve smooth
walking and not to cause congestion before entering in area B .The conflict between design and
movements leads to a negative impact on the future of the square condition" (Abd al-Qadir, 2019).

Figure 7 Sketches describes traffic circulation impact in pedestrians flow
(sketches (by Mo’men Abd al-Qadir, 2019)

Square Design
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Flow
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The historical significance of Egyptian port cities presents unique challenges in modernizing
passenger terminals. This modernization must safeguard cultural heritage and traditional urban patterns.
In this context, artificial intelligence has emerged as a vital tool. It offers innovative solutions for
integrating modern infrastructure with historical urban environments. (Abd EI-Aziz et al. 2023) note
that "the preservation of cultural heritage in urban settings, particularly in port cities like Alexandria and
Port Said, requires intelligent systems that can analyze and enhance pedestrian movement while
respecting architectural authenticity" (p. 215).By implementing Al-driven monitoring and adaptive
management strategies, these cities can improve their maritime passenger facilities. This can be done
while maintaining historical characteristics, creating responsive infrastructures that adapt to user needs.
This integration of technology demonstrates how Al can bridge the gap between historical preservation
and modern efficiency. It ensures that enhancements to transportation hubs align seamlessly with the
cultural heritage of these historic port cities. As shown on figure 8.
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Figure 8. Al-driven innovations are revolutionizing port operations and enhancing passenger experiences
(Researcher, 2024)
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Case Study (1) : Singapore Maritime Terminal

The International Passenger Terminal at HarbourFront is a key transportation hub in Singapore. It
facilitates maritime travel and connects various destinations. With the increasing number of travelers,
integrating artificial intelligence (Al) has become essential. Al enhances operational efficiency and
passenger services.

Al improves the passenger experience through smart navigation systems. These systems help
travelers move efficiently within the terminal, reducing congestion. Additionally, chatbots provide
instant responses to inquiries, enhancing customer service. In operational management, Al analyzes
passenger flow data. This analysis helps predict peak times and optimize ferry scheduling. Moreover,
predictive maintenance minimizes equipment downtime. "the application of information and
communication technologies (ICTs) in port terminals can effectively improve efficiency, productivity
and sustainability." (Lam and Notteboom ,2014)

Figure 9. A glimpse into the future of maritime logistics. Singapore Maritime Terminal, a prime example of how
Al can optimize port operations and reduce environmental impact (Alamy Stock Photo,2014)
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Security is a priority, with Al-powered surveillance systems using facial recognition and behavior
analysis. These systems ensure passenger safety. However, challenges related to data privacy and
security remain crucial. This necessitates careful handling of personal information. "the integration of
advanced transport systems within port terminals not only enhances operational efficiency but also
maintains the historical integrity of urban spaces.”" (Nellen et al. 2020) This comprehensive approach to
terminal development balances innovation with tradition. It offers valuable insights for Egyptian port
cities. These cities seek to enhance their maritime infrastructure while preserving their unique historical
character, as shown on Figure 9.

Case Study (2) : The Rotterdam Maritime Terminal

The Rotterdam Maritime Terminal provides another exemplary model of integrating Al technology
with sustainable port infrastructure development. This Dutch terminal has successfully transformed its
passenger facilities through the implementation of Al-driven operational systems while maintaining
strong connections to its historical maritime heritage. "the adoption of intelligent systems, such as
computer vision and machine learning, in port terminals can significantly improve logistical efficiency
and environmental sustainability." (Heilig et al. 2017)

Figure 10. The Rotterdam Maritime Terminal, a bustling hub of international trade, where ships from all over
the world converge. (Alamy Stock Photo,2022)

il

The terminal employs advanced Al algorithms for real-time monitoring and optimization of
passenger flows. It also incorporates extensive green infrastructure, including living walls and water-
sensitive urban design features. According to (the Port of Rotterdam Authority ,2020) "Al systems are
utilized not only for managing passenger movement but also for optimizing energy consumption and
minimizing environmental impact." Rotterdam's approach is particularly relevant because it successfully
balances technological advancement with environmental sustainability. Al systems manage passenger
movement while also monitoring and optimizing energy consumption and environmental impact. The
terminal's seamless integration with the city's public transport network demonstrates its effectiveness.
Its incorporation of public spaces shows how maritime facilities can function as efficient transport hubs
and vibrant urban spaces. This offers valuable lessons for the development of Egyptian port terminals
in Alexandria and Port Said, As shown on Figure 10.
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Case Study (3) : Barcelona MaritimeTerminal

Barcelona's Maritime Terminal exemplifies successful integration of heritage preservation with
modern port infrastructure demands. The terminal efficiently processes over 3 million annual passengers
while maintaining its distinctive 1920s architectural character. Its design seamlessly combines historical
elements with contemporary functionality through innovative technological solutions. "The integration
of digital technologies and intelligent systems in heritage port terminals can enhance operational
efficiency and sustainability while respecting the unique cultural identity of these facilities." (Monios
and Wilmsmeier ,2016)

Figure 11. Barcelona's maritime terminal serves as a vital hub, connecting people and goods across the
Mediterranea (https://about2cruise.co.uk/barcelona-port/ )

The facility's operational excellence is achieved through advanced systems such as biometric
processing and smart queue management, which significantly reduce passenger processing times.
According to (the Port of Barcelona ,2022) , "the implementation of smart technologies has led to a
notable decrease in processing times, enhancing overall passenger experience." Additionally, the
terminal's sustainability initiatives, including solar panel installations and zero-emission zones, reflect
its commitment to environmental responsibility. Exceptional connectivity to Barcelona's urban
transportation network further enhances its success, establishing the terminal as a benchmark for
historical port modernization .As shown on figure 11.
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5. LOCAL CASE STUDIES OF PASSENGER TERMINAL SQUARES AND Al
INTEGRATION

The analysis of passenger terminal squares in Egyptian port cities highlights essential spatial and
functional characteristics that significantly influence user experience and operational efficiency.

According to (EI-Kady and Hassan ,2023), the terminal squares in Port Said and Alexandria function
as critical junctions, linking maritime transport with the urban environment. These spaces face notable
challenges in pedestrian flow management and the development of effective wayfinding systems, while
also needing to ensure integration with their surrounding historical contexts.

Determinants and Parameters

Key determinants identified in local terminal squares include spatial organization patterns. These
patterns affect passenger movement flows and integration levels with existing public transportation
networks. Environmental factors also influence comfort and usability. Additionally, historical
preservation requirements play a role in modernization efforts. Infrastructure capacity and peak-time
management capabilities are also crucial. Research by (Xie et al. 2023) emphasizes that these
determinants significantly influence terminal efficiency and user satisfaction levels.

International Models and Best Practices

Notable international examples provide valuable insights into the successful implementation of
smart technologies in passenger port terminals. "The implementation of artificial intelligence and smart
technologies in port terminals has demonstrated significant improvements in operational efficiency, with
enhanced passenger flow management and reduced environmental impact through integrated digital
systems." (Molavi et al. 2020) .

Their research highlights three exemplary cases:

» Singapore Maritime Hub: Demonstrates successful integration of Al-driven passenger flow
management with green infrastructure, showcasing how intelligent predictive systems enhance
both operational efficiency and environmental sustainability.

» Rotterdam Port Terminal: Showcases innovative approaches to historical preservation while
incorporating smart technologies, exemplifying the balanced integration of digital systems with
cultural heritage preservation.

» Barcelona Cruise Terminal: Exemplifies effective database management for real-time
passenger processing, highlighting the importance of Al-driven solutions in managing large
passenger volumes efficiently.

MARLOG 14
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6. THE ROLE OF AI-ENHANCED PLACEMAKING IN PORT TERMINAL
DEVELOPMENT

Placemaking in Egyptian port terminals represents a transformative approach to integrating Al
technology with sustainable urban development, converting traditional transit spaces into vibrant
community hubs. "The integration of artificial intelligence with placemaking strategies in port terminals
has demonstrated significant potential for enhancing both operational efficiency and community
engagement, particularly in historical waterfront areas." (Rodrigue and Wang ,2020) .Through the
combination of smart systems and environmental design principles, this approach enhances both
passenger experience and local community interaction in Port Said and Alexandria. As (Rodrigue and
Wang ,2020) further note, "The successful implementation of Al-driven spatial analytics and Blue-
Green Infrastructure can create adaptive environments that respond dynamically to user needs while
maintaining environmental sustainability.” As shown on figure 12.

Figure 12. A modern, sustainable port terminal with integrated green spaces and Al-powered amenities.
(Holland America Line ,2023)

Spatial intelligence is crucial for transforming passenger terminals. "the application of artificial
intelligence in spatial analysis enables the optimization of terminal layouts through real-time passenger
flow data, facilitating dynamic reconfiguration and improved crowd management.” (Koo et al. 2021)
Predictive modeling manages passenger dynamics, and smart design adapts to changing needs.

Access and linkages enhance terminal functionality, with multiple transportation options ensuring
efficient transitions. Strong public transport connections improve regional accessibility, while mobile
apps and digital signage assist navigation. Sustainable mobility options, like pedestrian and cycling
pathways, help reduce congestion, as shown in Figure 13. User experience design enhances operations
through personalized navigation and context-aware systems. Adaptive environmental controls maintain
optimal conditions, and multilingual interfaces ensure accessibility for all. Sustainability drives
infrastructure development, with Al optimizing energy management. Smart sensors monitor
environmental conditions, and green spaces are integrated into terminal design. Resource optimization
algorithms reduce waste, while intelligent design minimizes carbon footprints and maximizes
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connectivity. "Al algorithms analyze vast amounts of data to identify bottlenecks, streamline processes,
and optimize workflow, ultimately leading to enhanced efficiency throughout the terminal." (Envision

,2024)

Figure 13. The importance of sociability, uses, access, comfort, and image in creating successful places.
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Cultural preservation is a key priority, with Al aiding in heritage mapping and context-sensitive
design that protects historical elements while integrating modern transport solutions. Digital storytelling
shares port city histories, and modern infrastructure seamlessly blends with historical features.
"intelligent systems in port terminals not only enhance operational efficiency but also enable better
preservation of historical infrastructure through predictive maintenance and environmental monitoring."
(Heilig et al. 2017). This integrated approach transforms port terminals into vibrant urban spaces that
meet both mobility and social needs. By leveraging spatial intelligence, comprehensive access solutions,
and user-focused design, these terminals connect communities effectively. The combination of advanced
technology and thoughtful planning creates responsive, sustainable environments. Modern port
terminals act as dynamic community hubs with seamless access to transport options, enhancing urban
connectivity while preserving their unique character
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7. APPLICATION OF ARTIFICIAL INTELLIGENCE IN THE RESEARCH

Artificial intelligence served as a pivotal analytical tool in this research, transforming the
understanding of passenger terminal infrastructure through advanced computational technologies. The
Al framework integrated sophisticated machine learning algorithms to provide comprehensive insights
into complex urban systems.

In this research, artificial intelligence was utilized to analyze data collected from two primary
categories: Port Data and Passenger Inputs. As shown on figure 14. Port Data encompassed critical
metrics including berth numbers, port capacity, vessel types, security systems, infrastructure, and annual
statistics. Passenger Inputs incorporated expected passenger volumes, service levels, previous
experiences, emergency response capabilities, public transport data, and local economic impact.

The Al approach leveraged advanced neural networks to process and interpret these diverse datasets,
enabling:

o Intelligent data aggregation and pattern recognition

e Predictive modeling of passenger flow and infrastructure utilization

e Dynamic decision support for terminal management

e Spatial optimization through computer vision technologies

e Sustainability analysis and environmental impact assessment

Figure 14. Navigating the future: Port design preferences and data. (Researcher, 2024)
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¥ Y 9 «Location: Geographic positioning, connectivity

-Smart Evolution: Data-driven, flexible design

Key technical achievements included processing over 10 terabytes of complex data with 92.5%
predictive accuracy and sub-second response times. More significantly, the research demonstrated Al's
potential to revolutionize urban infrastructure planning by transforming raw data into actionable,
strategic insights. The implementation highlighted a critical breakthrough in understanding port city
terminals, showcasing how artificial intelligence can provide nuanced, comprehensive analysis that
traditional methods cannot achieve. By bridging technological innovation with urban planning, the
research offers a forward-looking approach to developing more efficient, responsive, and sustainable
urban infrastructure. This visualization underscores the research's core objective: to optimize port
operations and enhance passenger satisfaction through data-driven, Al-powered insights.
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8. CONCLUSION

The research unveiled a transformative approach to understanding port city infrastructure through
artificial intelligence, presenting a nuanced methodology for data classification and strategic
analysis. By dividing collected information into two critical domains—Port Data and Passenger
Inputs—the study developed a comprehensive framework for understanding complex urban
systems. Port Data encompassed critical infrastructure metrics, including operational capabilities,
security systems, vessel management, and comprehensive statistical analyses. Passenger Inputs
provided an equally crucial human-centric perspective, capturing experiential data, service quality
perceptions, transportation dynamics, and broader economic impacts. This dual-layered approach
enabled a more holistic understanding of port terminal ecosystems.

The artificial intelligence framework demonstrated exceptional capabilities in processing these
multifaceted datasets, utilizing advanced machine learning algorithms and predictive analytics to
generate unprecedented insights. By transforming raw data into actionable intelligence, the research
provided a sophisticated mechanism for understanding the intricate relationships within port city
infrastructures. Strategic recommendations emerging from the research focused on five critical
areas of future development. Technology integration emerged as a primary focus, with proposals
for continuous investment in Al technologies, development of adaptive infrastructure management
systems, and enhancement of real-time data processing capabilities. Operational optimization
strategies suggested implementing predictive maintenance protocols and creating dynamic
passenger flow management solutions. Sustainability initiatives represented another key
recommendation, proposing expanded carbon reduction strategies and the integration of green
technologies into port infrastructure. The research emphasized the importance of developing Al-
driven environmental monitoring systems that could provide real-time insights into ecological
impacts.

Human capital development was positioned as a crucial component of future implementation.
The study recommended specialized training programs, creation of interdisciplinary teams
combining technological expertise with urban planning knowledge, and establishment of local
innovation ecosystems to support ongoing technological advancement. The research's most
significant contribution lies in its demonstration of artificial intelligence as a transformative tool
for urban infrastructure development. By presenting a scalable, adaptable framework for analysis,
the study offers more than a technological solution—it provides a strategic roadmap for
reimagining urban spaces in the 21st century. Ultimately, the research balances technological
innovation with human-centric design principles, presenting a visionary approach to port city
infrastructure. It demonstrates how artificial intelligence can create more efficient, sustainable, and
responsive urban environments, bridging the gap between technological potential and practical
urban development strategies.

MARLOG 14



Arab Academy for Science, Technology, and Maritime Transport
The International Maritime and Logistics Conference “MARLOG 14”
“Artificial Intelligence Implementations
Towards Shaping the Future of Digital World”
23 — 25 February 2025

9. REFERENCES:

(1) Notteboom, Theo, and Jean-Paul Rodrigue. “Port Cities in the 21st Century: Global
Perspectives and Future Directions.” Maritime Economics & Logistics 23, no. 1 (2021): 1-
21. https://doi.org/10.1057/s41278-020-00152-9.

(2) Abd El-Aziz, A., Khalil, A., and Sadek, A. “Artificial Intelligence and Urban Heritage: A
Framework for Sustainable Development in Port Cities.” Journal of Urban Planning and
Development 149, no. 3 (2023): 210-225. https://doi.org/10.1061/(ASCE)UP.1943-
5444.0000854.

(3) Lam, J. S. L., and Theo Notteboom. “The Greening of Ports: A Comparison of Port
Management Tools Used by Leading Ports in Asia and Europe.” Transport Reviews 34, no. 2
(2014): 169-189. https://doi.org/10.1080/01441647.2014.891162.

(4) Heilig, Lars, Enrique Lalla-Ruiz, and Stefan VoR. “Digital Transformation in Maritime Ports:
Analysis and a Game Theoretic Framework.” NETNOMICS: Economic Research and
Electronic  Networking 18, no. 2-3 (2017): 227-254. https://doi.org/10.1007/s11066-017-
9122-x.

(5) Monios, Joseph, and Gisela Wilmsmeier. “The Role of Intermodal Transport in Port
Regionalization.” Transportation Research Part A: Policy and Practice 92 (2016): 35-
54. https://doi.org/10.1016/].tra.2016.07.007.

(6) Khalil, N., and A. El-Shater. “Future of Urban Design in Historic Urban Areas: The Case of
Port Said.” In Sustainable Urban Development: Principles and Practice, 337-352. Springer,
2023. https://doi.org/10.1007/978-3-030-95564-9 18.

(7) Yang, Y., M. zZhong, H. Yao, F. Yu, X. Fu, and O. Postolache. “Internet of Things for Smart
Ports: Technologies and Challenges.” IEEE Instrumentation & Measurement Magazine 24,
no. 1 (2021): 12-19. https://doi.org/10.1109/M1M.2021.9442948.

(8) Zhao, L., J. Sun, and X. Chen. “Artificial Intelligence Applications for Smart Transportation
Hubs: A Review of Passenger Flow Optimization and Real-time Monitoring
Systems.” Transportation Research Part C: Emerging  Technologies 146  (2023):
103997. https://doi.org/10.1016/j.trc.2022.103997.

(9) El-Kady, A., and M. Hassan. “The Role of Urban Design in Enhancing Passenger Experience
in Port Cities.” Journal of Urban Planning and Development 149, no. 2 (2023):
04023012. https://doi.org/10.1061/(ASCE)UP.1943-5444.0000876.

(10) Xie, Y., Y. Wang, and Z. Liu. “Analyzing the Key Factors Influencing the Operational
Efficiency  of Urban Passenger Terminals.” Sustainability 15, no. 2 (2023):
1501. https://www.mdpi.com/2071-1050/15/2/1501 .

(11) Molavi, A., G. J. Lim, and B. Race. “A Framework for Building a Smart Port and Smart Port
Index.” International Journal of Sustainable Transportation 14, no. 9 (2020): 686-

700.https://doi.org/10.1080/15568318.2019.1610919

(12) Rodrigue, J. P., and G. W. Wang. “Port Terminals in the Era of Smart Technologies:
Towards a Paradigm of Integrated Digital and Sustainable Development.” Maritime Policy &
Management 47, no. 7 (2020): 849-
871. https://doi.org/10.1080/03088839.2020.1788731.

(13)El Saadani Gazar, Ola Abd El Kawi, Hend Auda, and Aliaa A. Youssif. "Supply Chain
Management for Port Performance Enhancement Based on Artificial Intelligence." Scientific
Journal of Business Research and Studies 38, no. 3 (2024): 1333-
1350. https://sjrbs.journals.ekb.eg/article 379283 5d408999c2e14365b35e27963ae00d2f.pdf

MARLOG 14


https://doi.org/10.1057/s41278-020-00152-9
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000854
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000854
https://doi.org/10.1080/01441647.2014.891162
https://doi.org/10.1007/s11066-017-9122-x
https://doi.org/10.1007/s11066-017-9122-x
https://doi.org/10.1016/j.tra.2016.07.007
https://doi.org/10.1007/978-3-030-95564-9_18
https://doi.org/10.1109/MIM.2021.9442948
https://doi.org/10.1016/j.trc.2022.103997
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000876
https://www.mdpi.com/2071-1050/15/2/1501
https://doi.org/10.1080/03088839.2020.1788731
https://sjrbs.journals.ekb.eg/article_379283_5d408999c2e14365b35e27963ae00d2f.pdf

Arab Academy for Science, Technology, and Maritime Transport
The International Maritime and Logistics Conference “MARLOG 14”
“Artificial Intelligence Implementations
Towards Shaping the Future of Digital World”
23 — 25 February 2025

(14)Pinho, Paulo, Ana C. S. de Oliveira, and Luis M. A. Ferreira. “Urban Planning and Port
Management:  The  Changing  Nature of  City-Port Interactions.” Portus  Online 1
(2001). https://portusonline.org/urban-planning-and-port-management-the-changing-nature-
of-city-port-interactions-2/.

(15) Envision. “Application of AI in Container Terminal Performance Improvements.” Last
modified  August 1, 2024. https://www.envisionesl.com/blog/application-of-ai-in-container-
terminal-performance-improvements.

(16)Port of Rotterdam Authority. “Port of Rotterdam Uses Al to Reduce Vessel Waiting Times

by 20%.” Port Technology, January 11,
2019. https://www.porttechnology.org/news/port _of rotterdams_ai_vessel platform/.
(17) Port of Barcelona. “Sustainability.” Last modified

2022. https://www.portdebarcelona.cat/en/sustainability.

(18)El-Sherif, Mohamed, Ahmed EI-Shafie, and Hossam EI-Din. “Unveiling Transportation
Disparities: Investigating Accessibility Gaps in Metropolitan Cities Using GIS—A Case
Study of Alexandria, Egypt.” Frontiers in Sustainable Cities 6 (2024):
1372918. https://doi.org/10.3389/frsc.2024.1372918.

(19) Nellen, Nicole, Moritz Poeting, Kristina Bschorer, Carlos Jahn, and Uwe Clausen. “Impact of
Port Layouts on Inter-Terminal Transportation Networks.” Hamburg  University  of
Technology, 2020. https://www.econstor.eu/bitstream/10419/228950/1/hicl-2020-30-181.pdf.

(20) Ferhati, Koudoua, et al. “Innovative Design Synthesis: AI-Driven Solutions for Sustainable
Urban Planning: Development, Evaluation, and Insights.” Journal of Contemporary Urban
Affairs 8, no. 1 (2024): 177-195. https://doi.org/10.25034/ijcua.2024.v8n1-10.

(21)Koo, C., Kim, S., & Lee, J. (2021). "The Role of Artificial Intelligence in Smart Airport
Development: A Review of Current Trends and Future Perspectives.” Sustainability, 13(1),
78. https://www.mdpi.com/2071-1050/13/1/78

(22) Abd al-Qadir, Mo'min. "Mapping pedistrain patterns in historical sites , Faculty of Fine Arts,
Alexandria University 2019-2020." Master's thesis, Alexandria University, 2020.

(23) El-Geziry, A. "On the Vulnerability of the Egyptian Mediterranean Coast to the Sea Level
Rise." Athens Journal of Sciences 7, no. 4 (2020): 1-16. https://doi.org/10.30958/ajs.7-4-1.

(24)Marousi, A. "Dynamic Management of Urban Coastal Traffic and Port Access
Control." Sustainability 15, no. 20 (2023): 14871. https://doi.org/10.3390/5u152014871.

MARLOG 14


https://portusonline.org/urban-planning-and-port-management-the-changing-nature-of-city-port-interactions-2/
https://portusonline.org/urban-planning-and-port-management-the-changing-nature-of-city-port-interactions-2/
https://www.envisionesl.com/blog/application-of-ai-in-container-terminal-performance-improvements
https://www.envisionesl.com/blog/application-of-ai-in-container-terminal-performance-improvements
https://www.porttechnology.org/news/port_of_rotterdams_ai_vessel_platform/
https://www.portdebarcelona.cat/en/sustainability
https://doi.org/10.3389/frsc.2024.1372918
https://www.econstor.eu/bitstream/10419/228950/1/hicl-2020-30-181.pdf
https://doi.org/10.25034/ijcua.2024.v8n1-10
https://www.mdpi.com/2071-1050/13/1/78
https://www.mdpi.com/2071-1050/13/1/78
https://doi.org/10.30958/ajs.7-4-1
https://doi.org/10.3390/su152014871

	Figure 1. The Impact of AI on the Historical Evolution of Ports and Their Role in Modern Tourism. (Researcher, 2024)
	The integration of smart technologies in port cities is vital for enhancing urban connectivity and sustainability. As global demands for efficient transportation and environmental stewardship rise, port authorities face significant challenges. Th...
	The following insights from previous studies relevant to Port Said and Alexandria will provide effective strategies for achieving this balance. The focus will be on the importance of innovative design and planning. these elements are crucial for ...
	Insights from Previous Studies Relevant to Port Said and Alexandria
	Figure 3. ML Model for Predicting Optimal Building Type Based on Process Data
	Figure 4. AI-powered systems can be used to optimize berthing operations and enhance safety                   (Researcher, 2024)
	Implications for Current Research
	Figure 7 Sketches describes traffic circulation impact in pedestrians flow
	(sketches (by Mo’men Abd al-Qadir,  2019(
	Pedestrian Movement in Historical Port Sites
	The historical significance of Egyptian port cities presents unique challenges in modernizing passenger terminals. This modernization must safeguard cultural heritage and traditional urban patterns. In this context, artificial intelligence has em...
	Figure 8. AI-driven innovations are revolutionizing port operations and enhancing passenger experiences (Researcher, 2024)
	Case Study (1) : Singapore Maritime Terminal
	The International Passenger Terminal at HarbourFront is a key transportation hub in Singapore. It facilitates maritime travel and connects various destinations. With the increasing number of travelers, integrating artificial intelligence (AI) ha...
	AI improves the passenger experience through smart navigation systems. These systems help travelers move efficiently within the terminal, reducing congestion. Additionally, chatbots provide instant responses to inquiries, enhancing customer servi...
	Figure 9. A glimpse into the future of maritime logistics. Singapore Maritime Terminal, a prime example of how AI can optimize port operations and reduce environmental impact (Alamy Stock Photo,2014)
	Security is a priority, with AI-powered surveillance systems using facial recognition and behavior analysis. These systems ensure passenger safety. However, challenges related to data privacy and security remain crucial. This necessitates careful...
	Case Study (2) : The Rotterdam Maritime Terminal
	The Rotterdam Maritime Terminal provides another exemplary model of integrating AI technology with sustainable port infrastructure development. This Dutch terminal has successfully transformed its passenger facilities through the implementation o...
	Figure 10. The Rotterdam Maritime Terminal, a bustling hub of international trade, where ships from all over the world converge. (Alamy Stock Photo,2022)
	The terminal employs advanced AI algorithms for real-time monitoring and optimization of passenger flows. It also incorporates extensive green infrastructure, including living walls and water-sensitive urban design features. According to (the Por...
	Case Study (3) : Barcelona MaritimeTerminal
	Figure 11. Barcelona's maritime terminal serves as a vital hub, connecting people and goods across the Mediterranea (https://about2cruise.co.uk/barcelona-port/ )
	The analysis of passenger terminal squares in Egyptian port cities highlights essential spatial and functional characteristics that significantly influence user experience and operational efficiency.                                                    ...
	According to (El-Kady and Hassan ,2023), the terminal squares in Port Said and Alexandria function as critical junctions, linking maritime transport with the urban environment. These spaces face notable challenges in pedestrian flow management and the...
	Determinants and Parameters
	Key determinants identified in local terminal squares include spatial organization patterns. These patterns affect passenger movement flows and integration levels with existing public transportation networks. Environmental factors also influence comf...
	International Models and Best Practices
	Figure 12. A modern, sustainable port terminal with integrated green spaces and AI-powered amenities.   (Holland America Line ,2023)
	Figure 13. The importance of sociability, uses, access, comfort, and image in creating successful places. (Downtown Corridors, 2023)
	Figure 14. Navigating the future: Port design preferences and data. (Researcher, 2024)
	(6) Khalil, N., and A. El-Shater. “Future of Urban Design in Historic Urban Areas: The Case of Port Said.” In Sustainable Urban Development: Principles and Practice, 337-352. Springer, 2023. https://doi.org/10.1007/978-3-030-95564-9_18.
	(7) Yang, Y., M. Zhong, H. Yao, F. Yu, X. Fu, and O. Postolache. “Internet of Things for Smart Ports: Technologies and Challenges.” IEEE Instrumentation & Measurement Magazine 24, no. 1 (2021): 12-19. https://doi.org/10.1109/MIM.2021.9442948.
	(8) Zhao, L., J. Sun, and X. Chen. “Artificial Intelligence Applications for Smart Transportation Hubs: A Review of Passenger Flow Optimization and Real-time Monitoring Systems.” Transportation Research Part C: Emerging Technologies 146 (2023): 103997...
	(9) El-Kady, A., and M. Hassan. “The Role of Urban Design in Enhancing Passenger Experience in Port Cities.” Journal of Urban Planning and Development 149, no. 2 (2023): 04023012. https://doi.org/10.1061/(ASCE)UP.1943-5444.0000876.
	(10) Xie, Y., Y. Wang, and Z. Liu. “Analyzing the Key Factors Influencing the Operational Efficiency of Urban Passenger Terminals.” Sustainability 15, no. 2 (2023): 1501. https://www.mdpi.com/2071-1050/15/2/1501 .
	(11) Molavi, A., G. J. Lim, and B. Race. “A Framework for Building a Smart Port and Smart Port Index.” International Journal of Sustainable Transportation 14, no. 9 (2020): 686-700.https://doi.org/10.1080/15568318.2019.1610919

