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Abstract

The maritime transport networks play a critical and major role in an increasingly 
globalized world economy. Within these networks, the maritime ports play the role of 
hubs. Any disturbances in these hubs will negatively affect the worldwide economy. 
Therefore, economy players are transforming the ports through an evolutionary 
process to become smart maritime ports. These smart ports are built through an 
ensemble of smart domains that adopt sensing, data transmission, and data intel-
ligence to support intelligent decision-making processes. Examples of such smart 
domains include smart grid/microgrids, smart container management, and smart/
automatized terminal operations. In each of these domains, optimal decisions must 
be met to optimize the use of resources, increase the economy efficiency of the ports, 
and increase the safety and security for assets, goods, and people. In smart maritime 
port environment, vehicular applications are adopted everywhere, such as automated 
guided vehicles to transport containers, unmanned aerial vehicles for different port 
operations, etc. In this work, we discuss some concrete examples of these vehicular 
applications in the smart port environment and suggest the adequate and optimal 
vehicular communication technologies to be deployed to support a reliable data 
transmission for these applications.

Keywords: smart maritime ports, vehicular communications, unmanned aerial 
vehicles, intelligent transport system, mobile communications

1. Introduction

In today’s maritime world, numerous pressures are exercising on ports; so many 
things have been changed deeply. Therefore, ports worldwide face challenges every 
day. Nowadays, we assist to more goods and services that are being shipped, resulting 
in ship’s traffic that is increasing permanently [1]. Ports are crowding because of the 
growth of population in the world, accentuated by the globalization and the growing 
maritime industry. So far, the maritime world has been impacted by the global trade, 
sustainability, and digitalization.
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A simplified configuration of maritime transport networks is depicted in Figure 1, 
showing that such a network can be modeled as graph network G = (V, E), where the 
set E constitutes the maritime routes, which must be secure, cost-efficient, short-delay, 
and reliable. The set of nodes (or vertices) is constituted by the world maritime ports/
seaports. These nodes must also be secure/safe, cost-efficient, short-delay, reliable, 
environment friendly, and energy-efficient. Any disturbances in these nodes, that is, 
ports, will result in dramatic scenes and negative impact on the economy, nationally 
and as well as internationally in more globalized economy/industries. Such a concrete 
example is depicted in Figure 1 (bottom) showing an increasing queuing of jam in front 
of maritime ports. More concretely, port authority recorded shattered 73 container 
ships stuck waiting off California port [2].

All these maritime challenges and so more could be reduced or even deleted if we 
focus on the solutions proposed by the new technologies that convert all the draw-
backs into opportunities. Nowadays, and in a competitive world, being attractive or 
even exist needs to innovate with more intelligence and by using the digital way to 
care more for the future of the industry. Thus, the maritime ports should follow this 
evolution.

Figure 1. 
Simplified presentation of maritime transport network (top, Credits: Dreamstime) and Jam of containerships in front 
of Los Angeles port resulting in a long delay of containers and goods delivery (bottom, Credits: Washington Post).
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According to this context, and including the intelligence to ports, a new concept 
has emerged, which is called smart port intended to care for the maritime environ-
ment in order to be more effective and performing. Smart ports lead to provide more 
with less. This means saving time, resources, and money. Furthermore, smart ports is 
aiming to achieve a better connection for stakeholders using the automated ships, to 
massively reduce pollution and congestions, while increasing time/economic effec-
tiveness and safety.

Smart ports’ solutions and strategies can be integrated to solve most of the mari-
time challenges. The use of new technologies and intelligence is a way to transform 
the traditional practices of ports and their weaknesses to smart ports with more 
benefits. Smart technologies, such as big data, artificial intelligence (AI), Internet 
of Things (IoT), blockchain technology, and fifth-generation (5G) connection, are 
means to change the maritime industry. They are used as a decision-making system 
and a way to monitor processes with developing more security and safety in the work-
ing environment.

In this chapter, we discuss the main components for the realization of smart mari-
time ports; then, we focus more on vehicular applications. These applications should 
lay on a strong performing and reliable communication layer. Therefore, we analyze 
different possible transmission technologies for vehicular communications through a 
qualitative evaluation of different performance criteria, which are more relevant for 
smart maritime port environment.

2. Smart maritime ports and IoT model

2.1 Smart ports: definitions and objectives

Smart is a new concept adapted to the technology setting to follow the modern 
world. It is a word that contains digital information, computer development, and a 
way to innovate. According to [3], smartness is defined as the application of auto-
matic computing principles such as self-configuration, self-protection, self-healing, 
and self-optimization. Smartness has found its way into many industries, especially in 
urban areas, as a solution to a number of problems such as pollution, increasing cost, 
problem of congestion, and preservation of historical sites.

Smart ports provide digital port solution consultancy for new and existing 
ports. Smart ports combine new technologies, automation, and digitalization 
to optimize the port operations. The use of smart ports is a way to boost digital 
transformation and make it effective in practice; also, it gathers technology, inno-
vation, and digital tools. Smartness relies on information and digital technologies 
to become more efficient, sustainable, and collaborative. It encompasses differ-
ent types of technologies such as big data, artificial intelligence (AI), Internet of 
Things (IoT), blockchain, and 5G.

Finally, a smart port is a port facility using information and communication 
technologies (ICT) to increase efficiency and ensure the safety of transshipment 
operations.

The objective of smart ports is to provide solutions to four key issues: economic 
issues, ecological issues, energy issues, and social issues. Today, many ports seek to 
use technology to achieve these objectives and to become a sustainable port respond-
ing to economic, ecological, and citizen issues:
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• Concerning the economic aspect, the objective of the smart port will be to reduce 
the costs linked to the increase in flows and goods; many smart ports use artifi-
cial intelligence. For instance, AI can be used to predict the arrival of ships or to 
know the activities of each in real time.

• As for the ecological aspect, and to meet this challenge, smart ports seek above 
all to reduce their greenhouse gas emission, which also increases the air quality of 
their city.

• Smart ports aim to address the challenge of energy in two main ways. The first 
is through the development and use of renewable energy sources, such as solar, 
wind, and wave power. The second is by reducing overall energy consumption in 
the ports through the use of energy-efficient technologies and processes.

• From the perspective of the social aspect, ports generally adopt two solutions: 
education and participatory democracy.

2.2 Smart domains in smart maritime port environment

The evolution of the traditional port into a smart maritime port is complex and 
involves various research activities. Therefore, the smart maritime port can be seen as 
a set of (also known as “vertical” domains) smart domains, as depicted in Figure 2. In 
the following, we describe some of these smart domains.

Smart grid: Smart grid technology represents the next major advance in power 
grid management. With the help of various technological means, it allows an intel-
ligent control of energy flows, enabling an adequate balance between energy supply 
and demand, resulting in savings for both consumers and producers. Smart grids 
also play an important role in the development of renewable energies. However, the 
high implementation costs and certain data protection issues remain major challenges 
against this technology.

The major applications and roles of the smart grid can be summarized as follows:

• Balance: It allows for better management of the energy produced and the energy 
delivered.

Figure 2. 
The smart port environment is constituted of a set of smart domains.
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• Security: The smart grid improves the stability of the electrical network, reduc-
ing the risk of overloads or outages, which can have negative impacts on both 
individuals and industries.

• Ecology: The smart grid allows a better use of renewable energies in the global 
energy consumption and, thus, avoids very important losses.

• Economy: A more stable network management allows a drastic reduction of 
production and consumption costs and lower losses.

Intelligent transport system (ITS): The state-of-the-art solution for the manage-
ment of truck flows is based on an innovative concept of an intelligent parking lot, which 
makes it possible to put an end to port congestion and to fluidify the adjacent road traffic.

In this context, having an access permit is no longer sufficient for gaining access to 
the port. Access to the port is subject to an appointment with the operator through its 
online software system connected to automated gates and cameras; trucks accessing 
the port have the option of using the physical parking lot or the virtual online parking 
schedule. They will only be allowed into the parking lot after a mission has been cre-
ated and the port operator has confirmed the scheduling of an imminent operation.

The Internet of Things (IoT) and artificial intelligence (AI) are enabling a new 
class of intelligent transportation systems (ITS) for road, air, rail, and sea. These 
solutions connect vehicles, traffic signals, toll booths, and other infrastructure to help 
reduce congestion, prevent accidents, reduce emissions, and make transportation 
more efficient. Examples include fleet management, intelligent traffic management, 
vehicle-to-everything (V2X) communication, electric vehicle charging, electronic 
tolling, and a wide range of other mobility solutions.

Terminal operations: In a nonmechanized seaport, operator travel can take up 
to 40% of their working time, resulting in a significant drop in productivity, soaring 
costs, and deterioration in customer service. However, with the multiplication of 
intelligent solutions, the connection of machines to each other, and the development 
of information systems as well as the network of connected objects, it is very easy and 
often less expensive than one might think to automate all or part of its flows.

Today’s port professionals need to have a thorough understanding of container 
terminal management, the developments that impact their development and the chal-
lenges and opportunities for container ports: growth in container traffic requiring addi-
tional container capacity, ever larger ships calling at your port and terminals, alliances 
between container lines, automation of port terminal operations, growing importance 
of intermodality, and increased competition focusing on profitability and service.

Smart container management: The automated container terminal is not a futuristic 
view. For over a decade, automation has been implemented in terminals, and this trend 
is continuing. Today, in some terminals, the management of container fleets (including 
storage and movement) is done with fully automated equipment. Automated vehicles 
such as automated guided vehicles (AGVs) and straddle carriers are used in some 
terminals for transporting containers between storage areas and dock gantries.

For terminals, IT management is an element of activity management (storage and 
movements) in relation to ship planning and inland service tools. The tools for inland 
services. With the total automation of the terminal, we can imagine totally autono-
mous terminal managing flows: positioning and provisioning. The “smart terminal” 
will become, over several hectares, what is done in some logistics warehouses. The 
future would then be a terminal with artificial intelligence for total management.



Vehicular Networks - Principles, Enabling Technologies and Perspectives

6

2.3 IoT model for smart maritime ports

The deployment of smart environment, such as smart city, smart home, etc., uses 
the approach of Internet-of-Things (IoT) models. In such models, a set of sensing 
nodes (or IoT end-devices) is dispatched in this environment to collect different 
types of measurements/data. These data are transmitted over different communica-
tion links and networks and then stored somewhere for further real time or offline 
treatment, exploration, and exploitation. The large success of the IoT leads engineers 
to adopt different IoT models, mostly a three-layer model, a four-layer model, or a 
five-layer model. Because this chapter focuses on vehicular applications in the port 
environment, we adopt the model presented in Figure 3, which is sometimes called 
“IoT value chain” and used in the literature to point out the services related to vehicu-
lar applications. This includes six levels:

• Sensing layer: This layer is constituted by different end-devices known as sen-
sors/actuators, which sense the environment and collect data. These data can be 
either sent directly to the upper layer or be submitted to some local but limited 
processing, such as compression and/or filtering.

• Transport/communications layer: The data collected locally by the sensing 
layer are given to this layer to be transmitted, generally to far locations where 
we have some advanced data processing equipment. This layer can be built by 
different alternative technologies. This can be wired technology like optical fiber 
and cables, or wireless using IEEE technologies (WiFi, WiMAX, long-range 
Bluetooth, or ZigBee) or 3GPP transmission technologies, which are categorized 
in second generation (2G), third generation (3G), fourth generation (4G), or 5G.

• Data layer: The data collected by the sensing layer and transmitted arrive to this 
destination where they are stored for advanced processing. This layer is com-
prised of data centers or clouds where advanced big data operations are executed.

• Analytics layer: This layer is characterized by a higher level of intelligence, where 
algorithms or processes related to artificial intelligence and/or machine learning 
treat the stored data.

• Control layer: Based on the insights and knowledge gained from the analytics 
layer, this layer should meet optimal decisions to control the processes or the 
infrastructure monitored through the considered IoT system.

• Business layer: The IoT system is foreseen to be deployed in industrial and/or pro-
fessional environments. Therefore, the objective remains generally the achieve-
ment of some economic benefits. The responsible processes to guide the entire 
processes to achieve these objectives and benefits must be englobed in this layer.

Figure 3. 
Simple horizontal model for the IoT value chain in vehicular applications.
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3. Vehicular applications/systems in smart maritime port environment

3.1 Vehicles in maritime port yard

The maritime ports is a very active area, where heavy goods mostly encapsulated in 
containers must be handled in different processes, namely, loading, unloading, storage, 
delivery toward hinterland, received from hinterland, controlling through customs, etc. 
These operations require the use of different vehicular machines such as cranes, mobile 
cranes on wheels or rails, cranes operated by drivers, automated cranes, trucks on port 
yard, hinterland trucks, trains from hinterland, etc. Figure 4 shows some examples of 
vehicles on port yard, including unmanned aerial vehicles (UAV) or drones. Some ports 
also use underwater unmanned vehicles (underwater drones) for different control and 
environment supervising tasks or control the part ship container underwater.

Automated guided vehicles (AGV): An automated guided vehicle (AGV) or 
automatic guided vehicle is a vehicle used to transports containers (and other items) 
in the port’s area. These vehicles are remotely controllable, but also have an advanced 
level of intelligence to execute self-driving and other optional decisions, as depicted 
in Figure 5. Several advantages are guaranteed through the use of AGVs, such as 
economic/cost effectiveness, time efficiency, increased efficiency of the overall 
processes in the ports, considerable reduction in accidents, and reduced injuries due 
to the absence of human traffic, etc.

• UAV or drone-assisted operation: Drone or unmanned aerial vehicles (also 
unmanned aircraft systems—UAS) are gaining a large application fields. 
Maritime ports are already testing drones for their operation, such as [4]:

• inspections of physical structures and patrolling of security rounds;

Figure 4. 
Examples of vehicular applications in smart maritime port environments.
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• routine inspections for maintenance of buoys, pipes, docks, breakwater cranes, 
roof ships, and other structures that are conventionally difficult to access;

• stock measurement to calculate (bulk) volumetric mass inventory. Inventory 
volume tracking of outdoor bulk material storage areas;

• detection of irregular situations, leaks, or abnormalities through (thermal and 
gas) sensors, as supplemental emergency support without the need to expose 
people to the affected areas;

• measurement and control of environmental aspects, detection of contamina-
tion, and tracking and monitoring those responsible for the environmental 
breaches. Environmental and ecological monitoring of both on-site processes 
and surrounding areas.

3.2 Levels of intelligence in vehicular applications in SMP

The different types of vehicles used in the port yard have the objective of facilitat-
ing the port operation through the optimization of processing time, safety of goods 
and personnel, and achieving cost and energy efficiency. However, higher levels of 
optimization are only reached through the automation of different operations, even 
also through the operation of vehicles in maritime ports. Therefore, we talk about 
autonomous or intelligent vehicles. The transition from traditional/classical vehicles 
towards autonomous port vehicles cannot be done in one transition. Thus, there are 
different levels of autonomy of vehicles, as illustrated in Figure 6. These intermedi-
ate levels allow a smooth transition, where the research and development works 
can be accompanied with the proof of concepts in the real life of maritime ports. 
This will allow the engineers get feedback from the practice to adapt their systems 
to any existing or new challenges in such a harsh and critical infrastructure. Higher 
autonomy signifies higher intelligence that requires the collection of larger amount of 

Figure 5. 
Fleet of AGVs as part of port operations automation (Credits: wikiwand.com).
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data, which in its turn must be treated and/or transmitted in very short delay and in 
high reliable manner. In other words, these vehicles will need ultra-low latency and 
ultra-reliable communications links.

In a general context, the introduction of autonomous vehicles has three main 
objectives [5]:

• increased efficiency of transport, which brings alongside better capacity;

• utilization;

• less negative environmental impact;

• increased safety.

4. Vehicular communications in maritime ports

4.1 General hierarchical architecture/infrastructure in the smart port

From the economic point of view, it is worthy to select communication technol-
ogy that can support all (or at least the maximum of) customer services. However, 
in practice, this is not possible. On the one hand, the diversity in services and the 
generated traffic have different quality-of-service requirements. On the other hand, 
each developed technology has its strengths and weaknesses, as can be seen in 
Figure 7, where only two performance criteria are plotted for different transmission 
technologies, namely, coverage and throughput. In reality, operators and engineers of 
the network must take into consideration further performance criteria such as delay, 
reliability, deployment as well as operational costs, etc.

An optimal design of the networking layer consists in having a networking 
infrastructure, which can support a variety of services from different vertical smart 
domains. A simplified topology of communication infrastructure in the area of a 
smart maritime port is illustrated in Figure 8. In such architecture, we recognize three 
levels, as discussed first in [6]:

• Level of low band or low bandwidth: This connects to the end-devices of the 
sensor layer (built through sensors and actuators). These nodes are dispatched 
in wide areas and transmit, in general, short and few parquets. Therefore, these 
nodes are not very requiring concerning the quality of services. The network-
ing technologies to build this level must be very energy efficiency (low energy 
consumption) while offering low bit rates. Generally, wireless technologies such 
as Bluetooth, Bluetooth energy (BLE), ZigBee, Z-wave, low-power wide area 

Figure 6. 
Generic model for autonomy levels of vehicles in port operations [5].
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(LPWA) networks (SigFox or LoRa or WightLess). As we remark, the wireless 
solutions are advantageous in this level, as they are easy to deploy and to maintain.

• Level of medium bandwidth: This level must transmit the traffic aggregated from 
the nodes of the lower level. Normally, for each node pool (or cluster of nodes), 
there is a gateway that collects and aggregates the traffic outgoing from these nodes. 
Because of that, the demand of the transmission capacity is relatively higher. The 
determination of the size of the clusters is subject to optimization under different 
constraints. But, we can consider that a bit rate of 2 Mbps a good compromise.

• Level of broadband technologies: In its turn, the level of medium bandwidth 
must be aggregated and connected to the (national) wide area networks. For most 

Figure 7. 
Classification of wireless communications technologies in a two-dimensional plane (coverage and throughput).

Figure 8. 
Sublayers of communication architecture in a smart port.
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of the cases in the IoT, wireless solutions are more advantageous. Furthermore, 
mobility plays an important role here. Therefore, we have greater requirement 
for mobile broadband communications in this level. This is the mobile backbone 
of the networking layer in the smart port area. In addition, this level supplies 
direct connections to end-devices with higher demand of bandwidth, like HD 
camera, mobile PC/tables/device of the field force, normal Internet services 
everywhere in the port area, etc. The notion of mobile broadband has appeared in 
the engineering field related to third generation (3G) of mobile communications, 
technically known as universal mobile telecommunications system (UMTS). 
However, this was not able to offer transmission capacity more than 2 Mbps. 
Therefore, this has been extended to offer higher capacities and its derivation 
was known as high-speed downlink packet access (HSDPA) that focused on the 
improvement of downlink connection. This was followed by high-speed uplink 
packet access (HSUPA) that focused on the improvement of uplink connection. 
The last two variants have converged in a relative advanced technology called 
evolved high-speed packet access (eHSPA or HSPA+), which adopted advanced 
antenna technology as well as advanced modulation and coding schemes to reach 
up to 40 Mbps. The major (re)evolution in mobile broadband communications 
was realized by the fourth generation (4G) or long-term evolution (LTE), which 
can achieve bit rates over 300 Mbps. This milestone was rapidly overruled by 
the releases of long-term evolution-advanced pro (LTE-A Pro, called also 4.5G) 
reaching the magic threshold of 1 Gbps. This generation has offered different 
performance milestones in form of capacity of the bandwidth, shorter transmis-
sion delay, and service coverage for massive IoT systems. Nowadays, the fifth 
generation (5G) is struggling to find field where it can beat the performance of 
4.5G. This seems to be a hard task, because different technical aspects as well as 
economic factors are putting lot of pressure on the deployment roadmaps of 5G. 
This has resulted in a delay in the widespread deployment of 5G technology.

4.2 Qualitative comparison of broadband technologies for vehicular applications

When we consider the evaluation of communication technologies for vehicular 
applications in smart port environment, a qualitative comparison is used, according 
to different criteria, which are throughput, network costs, coverage, adequacy to 
support massive IoT and the delay/latency. Here, the short-range communications 
technologies or short-range networks (SRNs) are excluded, because the main chal-
lenge of the network communications in port application lies in the set of (large 
coverage, short delay, and sometimes broadband). Furthermore, we have also taken 
into consideration the costs, which are very important for the network operator, the 
reliability as main challenge for sensitive application, and finally the IoT adaptability. 
This latter one is very important because any smart environment has a sensor or IoT 
layer as basis for any smart thing. Therefore, the communication layer should be 
adequately chosen for such environment.

Long-term evolution/advanced (LTE/LTE-A) is the first real mobile broadband 
technology. Having a real success worldwide, this is the backbone for the current mobile 
network and mobile Internet. Its major strength is its characteristic of “long-term” 
evolution; thus, it was designed to be able to be extended anytime for any new services. 
Indeed, the first LTE releases (Release 8 and Release 9) have been quickly evolved to 
Release 10 and Release 11, etc. Major transitions have realized in a short time, so LTE 
overrides just usual broadband Internet to support machine-type communication 
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(MTC), machine-to-machine (M2M), vehicle-to-vehicle (V2V), Internet-of-Things 
(IoT) communication/services/applications. This lets this technology show higher 
performance in all criteria compared with other technologies. Of course, it has a unique 
weakness, which is the coverage compared to the satellite. A very large number of 
research works have investigated the performance of the LTE in vehicular communica-
tions either in the form of V2V, vehicle-to-infrastructure (V2I), vehicle-to-everything 
(V2X), including Pedestrian, or Internet of Vehicles (IoV) [7–11]. Typical types of 
utilization of vehicular communications are depicted in (Figure 9) for general use as 
well as for use in the case of maritime port environment by mobile work force.

5G is the newest mobile technology generation. It should bring higher perfor-
mance than 4G, especially in three dimensions: enhanced broadband throughput, 
ultrareliable communication, and support of massive IoT devices. The enhanced 
broadband should support new applications requiring very high capacities, such as 
virtual reality/augmented reality (VR/AR), which are not expected to be required 
in smart port environments. A major weakness is relative high cost to be invested. 
This is because this generation requires the deployment of new infrastructure. In the 
opposite of the evolved releases of 4G, which the upgrade of the networks is made 
with less costs. Different works evaluated the use of 5G for vehicular applications, and 
some of them are even talking about 6G [9, 14–16]. An example of application of 5G 
for vehicular applications in maritime port environment is given in [17], where higher 
capacity and lower latency are the objectives of the adopted architecture (Figure 10). 
The competition between 4G/LTE and 5G to build network layer for smart maritime 
ports will be intensive, because they are on the same level of performance in most 
of the considered criteria, as illustrated in Figure 11. However, 4G has the main 
advantage of network costs, because 4G network are already massively deployed and 
proofed in the field, while 5G massive rollout suffer from delay, viability of its busi-
ness model and other different economic circumstances.

The satellite communication is the excellent solution for the large coverage (every-
where and anytime). This technology did not cease to evolve over the years. However, 
two major weak points are inevitable: the high costs for broadband communications and 
the long delay, which is caused by the signal propagation to the sky and back. In spite of 
this, different mechanisms have been investigated to improve its performance [18–21].

Figure 9. 
Types of V2X in LTE standards (left, [12]) and its applications in maritime port environment (right, [13]).
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To realize the objective of long range or long coverage of IoT applications and 
devices, without the use of satellite, low-power wide area (LPWA) networks have 
been developed especially for the narrowband IoT. Thus, high throughput and implic-
itly the delay are the main drawbacks of this technology. Examples of the utilization 
of LPWA in vehicular applications can be found in [22–25].

WiMAX technology has been reserved for some industrial applications, after 
it lose the battle of 4G, and this is the adoption of the usual broadband network 
for the public mobile network. This worked well for a while, however, with the 
apparition of massive IoT applications in industrial fields under the name of 
Industrie 4.0; WiMAX was not able to support the modern services, because its 
standardization has been frozen more than a decade ago. Therefore, it cannot be a 
good favorite or alternative for such modern smart environment like smart mari-
time ports.

Figure 10. 
Example from the practice for the use of 5G in maritime port vehicular applications [17].

Figure 11. 
Qualitative performance of communications technology (relative to each other) for vehicular applications (scores 
meaning: 4—very good, 3—good, 2—average/acceptable, 1—bad, and 0—very bad).
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The success of the WLAN standard (IEEE 802.11) has led to its extension beyond 
residential and enterprise areas. Special applications have been developed, includ-
ing for smart cities (IEEE 802.11h) and smart transportation (IEEE 802.11p). While 
studies have investigated the use of IEEE 802.11p for vehicular applications, such 
as [26–30], there is a lack of research considering its use in the specific context of a 
smart maritime port environment.

5. Conclusions

The maritime transport networks are playing a unique and major role in an always 
more globalized world economy. In such networks, the maritime ports play the role 
of hubs. Any disturbances in these hubs will negatively influence the worldwide 
economy Therefore, economy players are transforming the ports through an evolv-
ing process to become smart maritime ports. These smart ports are built through an 
ensemble of smart domains that are adopting sensing, data transmission, and data 
intelligence to support intelligent decision-making processes. Smart grid/microgrids, 
smart container management, smart/automated terminal operations, etc. are exam-
ples of such smart domains.

In different smart domains, vehicular applications are present. Therefore, the 
vehicular communications must be taken into consideration while developing 
the roadmap for smart maritime port. In this chapter, we focused on five com-
munication technologies through the presentation of a qualitative performance 
evaluation of these technologies. The introduction of autonomous imposes hard 
requirements for the quality of services to be guaranteed by the  communication 
networks, such as ultra-low latency, ultra-high reliable communication links.
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