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Abstract—This study focuses on optimizing the loading and
unloading processes in a port environment by employing
synchronization techniques and collision avoidance mechanisms.
The objective function of this research aims to minimize the time
required for these tasks while ensuring efficient coordination and
safety. The obtained results are compared with previous studies,
demonstrating significant improvements in overall performance.
The synchronized handling systems, including gantries and
cranes, along with speed control measures, facilitate streamlined
operations, reduced delays, and enhanced productivity. By
integrating these strategies, the port achieves better results in
terms of task completion time compared to previous
methodologies, thereby validating the effectiveness of the
proposed approach.
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. INTRODUCTION

Productive and non-productive times play a crucial role
when it comes to optimizing the loading and unloading of
containers from ships in a port. Many of the common problems
associated with optimizing these aspects which are firstly,
Inefficient planning which leads to poor coordination and
planning of ship arrivals, berth allocation and crane operations
can lead to significant delays and inefficiencies. Vessels may
have to wait for a berth, resulting in downtime and reduced
productivity. Additionally, if container handling equipment,
such as cranes, are not allocated efficiently, it can lead to
downtime and reduced throughput.

In addition, insufficient or obsolete equipment can slow
down the loading and unloading process [1]. Equipment
failures and maintenance issues can cause unexpected delays
and increase non-productive time [2]. Regular maintenance and
prompt repairs are essential to minimize downtime and ensure
optimal equipment performance. Ineffective coordination
between ship's crew, port operators and logistics personnel can
lead to inefficiencies. Lack of clear communication and
collaboration can lead to delays, errors in documentation, and
increased downtime [3]. Efficient cargo handling operations
require effective communication channels and streamlined
processes. By relying on manual processes, such as paper
documentation, delays and errors can occur. Manual data entry,
inspections, and customs clearance procedures may consume
valuable time. Implementing digital solutions, such as
electronic data interchange (EDI) systems and automated

workflows, can significantly improve efficiency and reduce
non-productive time. Customs regulations are essential but can
also slow down operations [4]. Rigorous security checks,
customs inspections and document verification processes can
cause delays and increase non-productive time. Port authorities
and operators must strike a balance between security measures
and operational efficiency.

Various mathematical models and optimization techniques
have been developed to solve planning and resource allocation
problems in container terminals. These models aim to
minimize vessel waiting times, dock occupancy and
equipment, among the solutions cited in the literature first:
Automation and robotics: Automation technologies, such as
robotic systems and automated guided vehicles (AGVs) [5], are
increasingly being used to improve the efficiency of container
handling. Simulation and optimization studies: Simulation
models and optimization algorithms are often used to evaluate
different strategies and scenarios in container terminal
operations. These studies analyze factors such as layout design,
equipment utilization and resource allocation. Digitalization
and data-driven approaches: The use of digital technologies,
data analysis and real-time information has a significant impact
on time optimization in port operations [6]. Lean Process
Improvement and Methodologies: Lean principles and process
improvement methodologies, such as Six Sigma, are relevant
to improving operational efficiency and reducing non-
productive time.

Previous studies [7] have answered the question of
optimizing productive and non-productive times when loading
and unloading containers in ports, it is crucial to implement the
following strategies: Improve coordination and
communication:  Improve coordination between  port
authorities, shipping companies, terminal operators and
logistics providers. Real-time information sharing and
advanced communication systems can enable better planning
and resource allocation. Optimize berth and equipment
allocation: Develop effective berth allocation systems that take
into account vessel size, cargo type and expected volume.
Implement intelligent asset management systems to allocate
cranes and material handling equipment based on real-time
demand [8]. Improve infrastructure and layout planning: Invest
in port infrastructure expansion and optimize layout plans to
accommodate growing container volumes. Designate dedicated
storage areas for efficient container handling and reduce
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congestion. Embrace automation and digitalization: Deploy
automation technologies, such as automated overhead cranes
and robotic container handling systems, to improve efficiency.
Implement digital solutions to document, track and automate
workflows to reduce manual processes and improve accuracy.
Streamline customs and security processes: Collaborate with
customs authorities to streamline inspection and clearance
procedures. Implement technologies such as secure trading
platforms and electronic seals to speed up security checks
while ensuring compliance. Invest in training and skills
development; Provide regular training and skills development
programs to port workers and staff. Well-trained staff can
complete tasks more efficiently and handle contingencies
effectively, reducing non-productive time. By addressing these
issues and implementing these strategies, ports can optimize
productive and non-productive times during container loading
and unloading operations, resulting in increased efficiency and
overall productivity.

Congestion and limited space this can induce limited space
in ports and can lead to congestion, making it difficult to
manage containers efficiently. Lack of designated storage areas
and inefficient layout planning can lead to delays in loading
and unloading operations [9]. This problem becomes more
pronounced when several ships arrive simultaneously or when
there is a high volume of containers to handle.

Il.  INTERFERENCE PROBLEMS AND UNPRODUCTIVE
MOVEMENTS

A. Interference Problem between Gates

The interference problem is well related to the problem of
planning multiple yard gates in a seaport since these gates
share the traffic lane in the yard and the movement of one can
block the movement of the other. In this context, Ng (2005)
considered the interference between yard gates when planning
the movements of this type of equipment. This phenomenon is
defined as a physical blockage that must be considered when
planning yard gates [10]. According to Ng, the courtyard inter-
portal interference problem is a complicated problem and it
requires the development of an efficient method for solving the
planning problem.

Interference between yard gantries can affect the planning
of quay gantries. In this context, [11-12] sheds light on the
relationship between quay gantry planning and the timing of
yard gantry operations. Their work is aimed at minimizing the
turnaround time of ships and is aimed at scheduling quay
gantries taking into account the progression of handling
operations at the yard level. Indeed, any delay in the operations
of the yard gantries affects the operations of the quay gantries.

Zhong, M.S. et al [13] proposed a model for planning yard
gates while taking into account some constraints related to
interference between yard gates, fixed separation distances
between these gates and simultaneous  container
storage/retrieval operations. The model aims to minimize a
linear combination of early collections, storage and late
collections. The problem of interference between courtyard
gates is developed within the constraints of the mathematical
formulation.
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Chen, J et al. [14] treated the interference problem
implicitly. The work addresses the problem of scheduling
multiple yard gantries during container loading operations. The
objective of this work is to improve the processing efficiency
of containers intended for export by the yard gates. The authors
have taken into account the potential interferences that may
occur. Indeed, they integrated this phenomenon into the gate
planning problem. An interference hypothesis is developed in
the mathematical model [15-16]. This hypothesis takes into
consideration two types of interference which are “collision”
and “crossover”. The first type of interference occurs when
two-yard gates in the same block try to pick up containers
stored in adjacent bays. According to Chen and Langevin, a
minimum distance of five bays must be respected to avoid a
potential collision between two courtyard gates. The second
type is the crossing which occurs when the next container to be
processed by a given yard gate is located on the other side of
another yard gate. In order to avoid any possible interference,
the authors developed several constraints in the mathematical
formulation.

The work of [17-18] studied the operation of several yard
gantries when loading/unloading containers. According to the
authors, the yard gates must leave a safe distance to avoid
accidents. Indeed, in the same block, several courtyard gates
can work simultaneously; in this situation there may be a risk
of collision between the yard gates and even between the
trucks. In Fig. 1, yard gate 2 (YC2) wants to move to bay 01
after processing a container located in bay 07 but is blocked by
yard gate 1 (YCL1) which is processing a container located in
bay 03. So yard gate 2 must wait until yard gate 1 completes its
task.

B. Problem of Non-productive “Rehandle” Movements

In a previous study [19-20], an author proposed a
methodology for estimating the anticipated quantity of non-
productive moves required to pick up a container, as well as
the overall count of non-productive container moves within a
bay with an initial stacking arrangement [21]. The author
highlights the significance of the rack's height and width in
determining the average rehandling count and the design of the
storage configuration. To estimate the expected number of non-
productive moves for the next pickup, the author examined
multiple container stack configurations and derived an
approximate formula for estimating the total expected count of
non-productive moves [22].
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Fig. 1. The collision caused by the courtyard gates.
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A study conducted in [23-24] focused on addressing the
issue of non-productive crane movements during container
loading and unloading activities at a seaport. The researchers
aimed to ensure the stability of containers stored on a ship
while minimizing the number of non-productive movements
within container blocks. To tackle this problem, a multi-
objective integer program was formulated. The authors utilized
a weighting method to obtain non-dominated solutions,
drawing inspiration from the works of [25-26]. They
incorporated the consideration of non-productive moves by
estimating their count and introduced the concept of
probability to study this estimation. However, accurately
calculating the number of non-productive moves relies on a
predefined loading sequence, which introduces challenges due
to the random recovery of containers [27-28]. To solve both the
container loading problem on the ship and the rehandling
problem, the researchers employed a genetic algorithm.

I1l.  MATHEMATICAL MODELING OF CONTAINER
MOVEMENTS

A. Model Assumptions

When developing a mathematical model, a number of
assumptions must be taken into account. These will be
integrated in one way or another in the model. Our assumptions
are as follows:

e We limit ourselves to the loading operations of export
containers (outbound).

e Location of containers is given.
e A courtyard is made up of several adjacent blocks.
e There are up to two court gates in a block.

e Court gate moves between blocks are possible,
maximum one move.

e For each container, we know its destination on the quay
(the quay gantry).

e We consider the simultaneous movements of the yard
gantries and the trucks.

e All containers in a bay are destined for the same vessel.

e The possibility of interference from courtyard gates in
the same block is taken into account.

e Containers are classified into groups with an order and
priority in the handling of each group. The order is
known in advance.

e Non-productive movements of containers (Rehandle)
are taken into account.

B. Modeling and Constraint

We will consider that p; is the processing time of container
i through a yard gate which includes the time to pick up the
container h,; and the time to remove and return the containers
S0 p; can be expressed by the formula below:
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pi =hi+ X jec hy XV 1)
QAj=qj
Ti=rj
el-<ej

Where:

Tec

QAij=aj

Ti=rj

ei<ej

is the non-productive time of the yard gates (rehandle).

V;j . if the processing of container j begins after the

processing of container i by a yard gantry has finished.
h,: Container handling time.

h,: Handling time of a container to pick it up and put it
back in its place (rehandle); we assume that h,= 2 h,.

P: Set of pairs of containers with a precedence relationship.
We are talking here about an order of priority of containers that
must be respected during the handling process by the quay
gantries.

The variable pi can be divided into two parts pil and pi2
which are respectively the handling time of container i and its
loading on the truck and the time to return the container(s) that
have been removed to its (their) seat(s).

pi =p + 0} ()

p} and p? are expressed as a function of h, and V; ; by the
following formula:

pi=h +Y jec hy xVi;ieC  (3)

ai=aj
ri:rj
ei<ej
2 .
pi =X jec by XV5i€C 4)
ai=aj
T'i=7"j
ei<ej
Y Yr .1 ,.,2
a;c,d;",pi,pi =0 )

Indeed, to guarantee that the decision variables are positive
and binary a constraint is expressed by the equation (5) is
necessary for our approach.

It is also reported that in our study that constraints have
been imposed which guarantee that the equipment which are
respectively the trucks do not leave the starting point only once
and they ensure flow conservation for each material handling
equipment.

Other constraints that must be included in our model is first
of all the constraint which defines the handling time of the
container i and its loading on the truck the constraint which
defines the time of reinstallation of the containers already
removed this last is expressed by the equation (4).

dre =+ (o} +pD) + ky + T(Xym = 1) (6)
Where
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d}']c Start time of picking of container i, j by a yard gantry
T: Great value.

ki;: Travel time of a yard gantry from container i to
container j whatever

Xijm = 1, if yard gate m processes container j just after
container i; 0 otherwise.

The constraint that ensures the order in which containers
are processed by each sorting gate is expressed in equation (6).
This means that if a sorting gate m processes container j just
after container i, then gate m will take the travel time kij to
pick up the next container j.

Constraint (7) makes it possible to present the order in
which the containers are processed by each yard gate according
to the departure time of the trucks transporting the containers.
Constraint (12) means that when containers i and j form a pair
of containers with a priority relationship then container i is
processed before container j as soon as it arrives at the dock.

df“2d/" +kij+T(Xijm —1);i€CjeCmeM (7)
Where:
d!": Departure time of a truck carrying container
IV. METHODOLOGY

A. Objective Function

In the objective function (8), we seek to minimize the
production time (makespan). We also take into account that
each container is assigned to a single parking gantry and a
single truck.

The FOBJ objective function is calculated as follows:
Min {Max dT} 8)
L
d¢=d" +kj+T(Xjm—1);i€C,jECmMEM (7)

the main objective is to optimize the flow of unloading
containers and trucks in ports, avoiding collisions and
promoting synchronization between handling systems,
especially gantries

B. Optimization Algorithm

To optimize our objective function, we must take into
consideration that containers i and j form a pair of containers
with a priority relation, so container i is processed before
container j as soon as it arrives at the dock. The container
processing sequence is an essential parameter that must also be
introduced into our optimization algorithm.

Due to the challenges associated with optimization,
constructing a new model to optimize container management
during loading and unloading at the port, particularly for
autonomous ships, makes the use of deterministic methods
arduous and resource-intensive. Hence, heuristic methods are
chosen as the most suitable approach to tackle such
optimization problems. Furthermore, in the presented work,
genetic algorithms have been selected to optimize the transfer
time of containers.
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The decision to employ genetic algorithms stems from the
fact that these algorithms are regarded as:

o A flexible and configurable method.

e Efficient in their ability to overcome the pitfalls of local
optima while exploring the design search space to
converge towards the global optimum.

The flowchart in Fig. 2 shows the optimization steps
adopted to optimize a wind farm. In the Python© software, we
have entered the data and the models established in the
previous part, the optimization process begins to search for an
optimal solution. GA research techniques include the following
main steps:

In Step 1, we randomly generate specific paths while
ensuring compliance with the constraints of the problem at
hand.

Step 2 involves evaluating the layouts of the objective
function being studied by utilizing the objective function itself.

In Step 3, individuals are selected to contribute to the
population of the next generation. The selection probability in
the current generation ensures the selection of high-quality
individuals. The crossover operator is employed to modify two
pairs of genes (positions) and generate further optimization. As
a crossover function, gene modification at another position is
accomplished through the random activation of mutation with a
predetermined probability.

Step 4 involves producing a new course flow through the
genetic algorithm (GA), which modifies the previous
population. These steps are iterated until the maximum number
of iterations is reached. The data parameters of our algorithm
can be found in Table I.

TABLE I. PARAMETERS OG GENETIC ALGORITHM
GA Parameter Value
Size of initial poulation 1000
Selection pressure 3
crossover probability 0.75
Mutation probability 0.25
Iteration number 4000

C. Case Study

We will apply our model to the Port of Tangier Med which
is one of the largest ports in Africa and the Mediterranean,
strategically located on the Strait of Gibraltar. It has modern
infrastructure, including several terminals for containers,
passengers and general cargo. With a large container and
passenger handling capacity, the port serves as a key
transshipment hub, facilitating trade between Europe, Africa
and Asia. It has had a significant economic impact, attracted
investment and generated employment opportunities.
Continuous expansions and developments have been
undertaken to meet the increasing demands of international
trade. Overall, the Port of Tangier Med plays a crucial role in
global trade and connectivity in the region.
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In our case, we propose three distinct mathematical models.
The initial model focuses mainly on the optimization of truck
routes, with the objective of minimizing the distance traveled
by each vehicle. The second model involves assigning tasks to
trucks, which results in a schedule of container task
assignments based on the input data comprising the set of
container tasks. Finally, the third model is designed to avoid
collisions between trucks and gantries, ensuring a safe
operating environment.

[ START ]

Construct a racd network using
topology
¥
The number
of trucks input

¥

The Dyjkstra
algorithm

v

Optimal trucks route optimization planning

Fig. 2. Road planning trucks.

Our approach offers a hybrid solution by integrating
simulations and algorithms to address modeling challenges.
Essentially, truck route design can be simplified as a "shortest
path problem”. To solve this problem, we use the widely
recognized method of Dijkstra, which has a long reputation for
finding the shortest path. Model 1 in Fig. 2 uses Dijkstra's
method. We can solve the model efficiently and determine the
optimal route planning strategy for trucks (Fig. 4).

As illustrated in Table Il, the truck scheduling model
started with 1000 container tasks created at random. When the
evolutionary algorithm was employed to solve the task
assignment to trucks, the original population was 200, as
shown in Fig. 3. If the crossover coefficient is set too low, the
performance of our method suffers. If the mutation probability
is sufficiently high, the genetic algorithm will reach the local
optimum. As a result, the mutation probability and crossover
probability were both set to 0.75.

OPTIMIZATION PROCESS

5600
5500
5400
5300
5200
5100
5000

4500

OPTIMAL SOLUTION OF GENETIQUE ALGORITHME TIME

a 1000 2000 3000 4000
ITERATION

Fig. 3. Genetic algorithm's convergence diagram.
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[ START J
v

Data input

¥
Caleulate the travelling time in
empty state according to the
trucks transportation mode

v
Calculate the wainting time is
according to the trucks
operation status
¥
The trucks tazk allocation
model iz establizhed to
minimize the completion
v

GA 13 used to zolve model

¥

Optimal trocks azsignment scheme

Fig. 4. Allocation of truck assignments.

TABLE Il SCHEDULING OF CONTAINER TASKS
Starting position Target position
Task Number quay cranes (QC) Yard (y)
1 Qc1 Y1
2 QC2 Y3
3 QC3 Y4
999 Qct Y5
1000 QC3 Y6

The model shown in Fig. 5 and Fig. 6 focuses on
optimizing truck task assignment, determining their routes, and
managing their speeds to avoid collisions. It involves an
intelligent system that uses advanced algorithms to solve this
complex problem.

First, the model must take into account the different tasks to
be performed by trucks, such as delivering goods to specific
destinations, picking up materials, or performing specific
services. These tasks are usually accompanied by specific
constraints, such as delivery times, priorities or required
resources.

The model must analyze the constraints and available
resources, as well as the characteristics of the trucks, such as
their load capacity, maximum speed, fuel consumption and
mechanical constraints. Based on this information, the model
can determine the best assignment of tasks to trucks,
optimizing criteria such as total distance traveled, delivery time
or operational costs.

Once the task assignment is determined, the model must
plan the routes for each truck to avoid collisions. It must take
into account various factors, such as distances between
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destinations, traffic conditions, traffic restrictions (such as toll
roads or no-truck zones) and specific preferences, such as
shorter routes or faster.

To avoid collisions, the model can use path planning
techniques that take into account the movements of other
vehicles on the road. This can be achieved through the use of
sensors, global positioning systems (GPS), digital maps and
obstacle detection algorithms. The model can also use
communication techniques between the trucks to exchange
information about their position and intention, which helps
coordinate their movements and avoid potential conflicts.

Finally, the model can control truck speeds based on
various factors, such as road conditions, speed limits, safety
constraints and operator preferences. This can be achieved by
using automatic cruise controls or by providing speed
recommendations to drivers.

Overall, the model shown in Fig. 5 is designed to optimize
truck task assignment, determine their routes, and control their
speeds to minimize collisions, maximize operation efficiency,
and ensure safety on the road. It is an approach based on
artificial intelligence and optimization that requires precise
data on tasks, trucks, constraints and road conditions to make
informed and effective decisions.

{ Initizl generation module J

v

Data input

v

Calculate the zensor location
and road network.

v

Fun zetup Module

Driver process module

¥

Eule zetting
« Containers handling
collection/pick-up method
¢ Trucks collision method/
safety distancetime

v
Data processing module
¢ Update real time trucks task
¢ Trucks route planning

Tee

process verification

Optimal trucks assignment scheme

Fig. 5. Truck collision.
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V. RESULTS AND DISCUSSION

The truck task assignment model produced assignment
outcomes and path outcomes for trucks, which were then
incorporated into our model of our collision avoidance gait. In
addition, the speed control strategy has been applied. Collision
avoidance strategies were evaluated for different numbers of
container tasks, and the results are shown in Fig. 7 and 8.

Fig. 6 shows that regardless of the number of trucks, trucks
operating under the speed control strategy exhibited
significantly shorter operating times compared to those under
conventional scheduling. This result stems from the ability of
speed-controlled trucks to effectively avoid conflicts. In
contrast, route planning under conventional planning often
encounters conflicts, leading to truck stalls and subsequent
delays in completion time. These results confirm that the speed
control strategy can effectively mitigate conflicts.

Fig. 7 provides a more detailed analysis that further
solidifies the benefits derived from employing the speed
control strategy. One notable advantage is the substantial
reduction in the total wait time compared to conventional
scheduling. By implementing the speed control strategy,
conflicts in truck route planning are effectively minimized,
allowing for smoother and more efficient transportation
operations.

—&— Nbre of task 100 Nbre of task30 ~ —®—Nbre of task 1000

70000 —
60000 T—
_‘_'—i__

50000 \

Completion/s
=y
8
8

5 6 7 8 9 10
Number of trucks

Fig. 6. Outcomes of various container tasks and diverse truck quantities
upon completion.
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0
1 2 3 4 5 6

Number of trucks

Nbre of task 100 With Speed Control Strategy

Nbre of task 30 Without Speed Control Strategy
mmm Nbre of task 100 Without Speed Control Strategy
mm Nbre of task 30 With Speed Control Strategy
= Nbre of task 1000 Without Speed Control Strategy

—— Nbre of task 100 with control strategy

Fig. 7. Achievement outcomes of distinct container tasks and varying truck
quantities through the implementation of a speed control strategy.
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The reduced wait time is of paramount importance as it
directly translates to improved transportation efficiency. With
fewer conflicts and delays, vehicles can complete their
assigned routes in a timelier manner, resulting in enhanced
overall productivity and customer satisfaction. The speed
control strategy ensures that vehicles can navigate through the
road network more effectively, optimizing their travel paths
and minimizing potential bottlenecks or congestion points.

The positive impact of the speed control strategy on
transportation efficiency reinforces the significance of conflict
resolution in road planning. By addressing conflicts through
the three-step optimization algorithm proposed in this paper,
the overall performance of the transportation system is greatly
improved. The algorithm takes into account various factors
such as traffic patterns, delivery schedules, and vehicle
capacities to optimize route planning and minimize conflicts.

The findings presented in Fig. 7 confirm that the integration
of the speed control strategy, along with the proposed three-
step optimization algorithm, leads to substantial improvements
in conflict resolution and overall transportation effectiveness.
This provides valuable insights for decision-makers and
stakeholders in the field of logistics and transportation
management, emphasizing the importance of implementing
intelligent strategies to enhance operational efficiency and
customer service.

The curves in Fig. 8 illustrating a reduction in task
execution time for trucks in a studied port due to the
synchronization of handling systems, gantries, cranes and
speed control to avoid collisions indicate the positive impact of
these measures on operational efficiency. By coordinating the
various components involved in port operations and
implementing collision avoidance mechanisms, the port can
streamline its processes and improve its productivity.

Reduced execution time means that tasks are executed
faster and more efficiently. Synchronizing material handling
systems, such as gantries and cranes, ensures a smooth flow of
operations by minimizing delays and bottlenecks. This
coordination allows the port to optimize resource allocation
and effectively prioritize tasks.

= Nbre of task 1000 With Speed Control Strategy and synchronisation
Nbre of task 100 With Speed Control Strategy and synchronisation

= Nbre of task 30 With Speed Control Strategy and synchronisation
60000

g
8

2
8

Completion/s with synchronization
N w
2 <]
8 8

g
8

5 6 7 8 9 10
Nbre of trucks

Fig. 8. Results completions by speed and synchronization control strategy.
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Incorporating speed control mechanisms to prevent
collisions is crucial to maintaining safety while maximizing
productivity. By regulating the movement of trucks and
equipment, potential accidents and disruptions are mitigated,
leading to uninterrupted operations and improved overall
performance.

It should be noted that the effectiveness of these measures
is influenced by the number of tasks performed and their
duration. As the number of tasks increases, the benefits of
timing and speed control become more pronounced, resulting
in greater time savings. The relationship between the number
of tasks and the proportional reduction in time implies that the
impact of these measures scales accordingly, leading to
increased efficiency across different workloads.

Overall, the curves showing a reduction in lead time
demonstrate the positive results achieved by synchronizing
handling systems and implementing speed control measures.
These improvements result in increased productivity,
minimized delays, increased security and optimized allocation
of resources in the studied port.

VI. CONCLUSION

As a sophisticated and information-intensive logistics
system for loading and unloading operations, the developed
port terminal at Tangier Med relies extensively on efficient
truck transportation to establish seamless connections between
the seaside loading and unloading area and the landside storage
zone. The overall operational efficiency of the terminal greatly
hinges upon effective time management and synchronized
coordination between the transportation and handling systems.
In light of this, we propose a three-stage model that tackles the
truck route planning predicament by considering task
allocation and integrating a speed control strategy to ensure
collision avoidance during truck movement. The model is
solved through the utilization of a heuristic algorithm, and its
efficacy is exemplified through a comprehensive large-scale
numerical demonstration, culminating in  substantial
enhancements to the operational efficiency of the Tangier Med
port terminal. Nevertheless, practical circumstances necessitate
the consideration of additional factors, such as the impact of
truck charging on their movements. Therefore, future research
endeavors focusing on devising collision avoidance routes for
trucks while taking their load into account emerge as pivotal
directions to explore for the further development of the Tangier
Med port and its terminal.
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