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In the present era, smart ports play a key role in increasing their
productivity, sustainability, and security. Today, many countries are
trying to move towards smart ports and create regional central ports
with the emergence of fifth-generation technologies and technological
advances, the use of algorithms and methods based on artificial
intelligence, and inspiration from successful port examples in the world.
In this way, they are trying to accelerate their economic growth by
developing new service markets and creating digital transformation in
the maritime and port industry. This research examines the capacities of
artificial intelligence in improving the performance of Iranian ports and
presents a model for simulating processes and operations in ports by
applying artificial intelligence in logistics management, ships,
maintenance, and technical management of port infrastructure. By
studying related articles and examining smart ports around the world, as
well as identifying opportunities and challenges, this research examines
the solutions offered for optimizing cargo flow and tracking, demand
forecasting and transportation planning, optimizing berth allocation,
automated berth management and reducing ship downtime, as well as
document management and port operations coordination. Implementing
Al-based solutions in Iranian ports can increase productivity and
sustainability and strengthen Iran’s position as an important maritime
transportation hub. These developments will help facilitate trade
relations and strengthen Iran’s economic diplomacy by improving
logistics processes and reducing costs.
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Introduction

The increasing adoption of artificial
intelligence (AI) technologies in port
operations presents a significant opportunity
to enhance logistics efficiency, transparency,
and productivity. As evidenced by successful
ports like Shanghai, Al applications in areas
such as quay allocation, yard optimization,
and landside operations can substantially
improve terminal performance. However, the
approaches to implementing these smart
technologies vary across ports, creating
challenges in achieving integrated and
systematic  digitalization. This situation
underscores a critical research problem:
identifying and  selecting the most
appropriate Al-driven solutions to address
specific operational challenges—such as
improving efficiency, security, or supply
chain management—in a way that fosters
stakeholder engagement and facilitates the
broader digital transformation of ports. For
nations with strategic maritime ambitions,
particularly Iran, effectively leveraging Al is
not merely an operational upgrade but a
crucial step toward strengthening economic
growth and securing a competitive position
in global trade.

Methodology

Based on a review of relevant literature and
an examination of smart ports worldwide,
this research aims to identify and analyze the
key opportunities and challenges associated
with implementing Al in port operations. The
study employs a multi-method research
approach. It begins with a systematic review
of academic and industry publications to
establish a theoretical foundation and identify
current applications and gaps. Subsequently,
a comparative case study analysis of leading
smart ports (e.g., Shanghai, Singapore) is
conducted to extract best practices and
contextual success factors. Finally, the
research will synthesize these findings to
develop and propose a structured framework
of actionable strategies. These strategies are
designed to guide stakeholders—particularly
in emerging maritime economies like Iran—
in selecting and deploying appropriate Al
solutions to overcome specific operational

challenges, thereby facilitating effective
digital integration and enhancing overall port
competitiveness.

Results and Discussion

This  comprehensive review of Al
applications in smart ports reveals significant
advancements and diverse solutions across
port operations. The findings demonstrate
that Al is fundamentally transforming
maritime  logistics, = with  successful
implementations in leading global ports like
Shanghai and Rotterdam serving as
benchmarks. Key application areas include
intelligent vessel traffic management and
route optimization, where Al algorithms
leverage real-time data on weather, currents,
and traffic to enhance safety and fuel
efficiency. Autonomous technologies are
prominent, encompassing not only self-
driving vehicles (AGVs) and Automated
Stacking Cranes (ASCs) in container yards
but also the progressive development of
autonomous ships, which promise to reduce
human error and operational costs.

At the quayside, Al-driven optimization
addresses complex problems in berth
allocation and quay crane scheduling,
significantly improving vessel turnaround
times. In the yard, smart stacking algorithms
optimize container placement to minimize
reshuffling. Furthermore, the digitalization
extends to administrative and strategic
domains through Port Community Systems
(PCS) for document management, Al-
powered predictive analytics for security and
maintenance, and smart energy management
integrating renewable sources. The economic
and diplomatic implications are substantial,
with smart port infrastructure acting as a
catalyst for national trade competitiveness
and enabling more efficient international
logistics coordination.

The technological implementation relies on a
suite of Al methodologies. Machine
Learning, particularly ensemble methods and
neural networks, is used for predictive tasks
like forecasting delays or energy patterns.
For complex combinatorial optimization
problems—such as scheduling and resource
allocation—heuristic  and  metaheuristic
algorithms like Genetic Algorithms (GA),
Particle Swarm Optimization (PSO), and
Variable Neighborhood Search (VNS) are
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extensively applied to find near-optimal
solutions within feasible timeframes. The
synthesis of these applications indicates that
a successful smart port model is an integrated
system. The proposed 13-layer model
encapsulates this, spanning from core
physical operations (smart berthing, yard
management) to supporting layers (smart
energy, security, economy, and diplomacy),
all harmonized by Al and real-time data
analytics. The overarching finding is that Al
adoption in ports is not a singular
intervention but a  holistic  digital
transformation that drives efficiency, safety,
sustainability, and economic growth.

Conclusion

The present research aimed to investigate the
role of artificial intelligence in Iran's
maritime industry and to provide a
comprehensive model for port smartification.
The findings of this study indicate that port
smartification using Al is an undeniable
necessity for enhancing productivity and
competitiveness in the maritime sector. The
proposed model of this research, comprising
thirteen components, offers an integrated and
systematic approach to managing port
operations. This model, by leveraging
advanced Al algorithms and data analytics,
enables the optimization of all port processes.
The implementation of this model can lead to
a significant reduction in operational costs,
increased safety, decreased human error,
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! Automated Stacking Crane (ASC)

2 Rubber-Tired Gantry Cranes

3 Housekeeping Moves

4 Automated Guided Vehicles (AGVs)
5 Real-time

¢ Container Stacking Problem (CSP)
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! Asset Management Plan (AMP)
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0 SMART Precict

0 SMART Navigation
° SMART Ship
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o SMART Energy
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° SMART Security ~
e SMART Economy \ I
° SMART Diplomacy

SMART Port Model
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! Ensemble Learning

2 Heuristic Algorithms , Metaheuristic Algorithms
3 Genetic Algorithm (GA)

4 Fitness Function, Breeding, Mutation, Selection
5 General Position Crossover

¢ Ant Colony (ACO)

7 Particle Swarm Optimization (PSO)

8 Variable Neighborhood Search (VNS)
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3 Support Vector Machine
4 Long Short-Term Memory (LSTM) , Recurrent Neural Network (RNN)
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