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Abstract: Our research area concerns the development of an intelligent e-service system to help
manage multimodal transportation processes. To better respond to the requirements of sustainable
development, we encourage the development of multimodal cargo transportation. Therefore, it is
important to ensure that the dissemination and management of information in multimodal transporta-
tion requires more accurate information transmission and implementation for better coordination of
these processes with the interaction of all process participants. Also, contextual data integration into
the e-service provision processes is important for more adequate real cargo transportation manage-
ment. The transition to multimodal freight transport and the increase in its activity directly impact
the sustainable development of this sector as transport flows are removed from ground roads and
distributed more evenly to load more railways and sea vessels. This research aims to develop an ap-
proach to developing the infrastructure of an e-service system with the ability to integrate contextual
data and influence the management of multimodal transportation. The methodological approach is
based on methods of conceptual representation of information and methods for recognizing the flow
of needful information during multimodal freight transportation according to adaptable management
processes. The e-service provision system creates benefits for cargo drivers and delivery managers
with more accurate information implementation and more adequate coordination of processes under
real conditions by helping them make the right decisions.

Keywords: e-service system; information communication technology (ICT); cargo transportation;
intellectual transport management systems (ITMS)

1. Introduction

Although ICT and applications are widely used in the handling of cargo delivery
and transportation processes (e.g., systems like enterprise resource planning (ERP), ware-
house management, transport management, etc.), new data models are required for the
recognition of contextual information on real cargo transportation processes for supporting
decision-making on the operational basis. For these reasons, adequate communication
channels for data interchange between cargo transport and road infrastructure equipment
and stakeholders are involved in the handling, monitoring, and reporting processes of
cargo transportation information transmissions. All processes are essential for accuracy
and robustness. Successful implementation of advanced information communication tech-
nologies (ICT) is used to help in all types of analyzed processes of cargo transportation
management. The big data warehousing hubs of structured information are needed to
construct the system to provide e-services. Vast volumes of data are generated by sen-
sors, transport systems, transshipment terminals, warehouses, and cars in cargo (freight)
transportation cycles. Therefore, new models are needed for classifying the data obtained
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and constructing reasoning algorithms, which are needed for recognizing real concrete
situations and enabling decision support by developing algorithms for integration into the
system operation.

Developing new technology platforms and services to support vehicle-to-vehicle (V2V)
connectivity can help improve road safety and driving efficiency [1,2]. Service platforms
are based on wireless networks, new communication protocols, and service infrastructure.
Emphasis has also been placed on the standardization and harmonization of individual
projects implemented in different EU Member States.

Intelligence transport development C-ITS projects focus on assessing the use of tech-
nology on a large scale and demonstrating the benefits for communities. Communication
technologies combine modern mobile communications such as LTE, 5G, and long-range
with the IEEE 802.11p as a short-range standard based on and maintained at all levels
through international cooperation [3].

The European Commission pays more attention to implementing the “Green Course”:
freight transportation with the aim of greater economic benefits and lower environmental
impact. This, in turn, becomes a challenge for the entire transportation process to increase
the volume of freight transportation by multimodal transport. Therefore, the EU transport
policy aims to apply green logistics practices, reduce the use of road transport, and switch
to less polluting and more energy-efficient modes of transport.

The negative effects of road transport use, such as pollution, climate change, noise,
congestion, and accidents, pose problems for the health and well-being of EU citizens. The
volume of road freight transport continues to grow, and it is predicted that by 2030, it
will increase by 40%, and by 2050, over 80%. One such solution is the use of multimodal
transport for cargo, which is usually associated with greener and more sustainable logistics
as the transition to multimodal transportation reduces the negative impact of pollution on
the environment and shifts cargo transportation loads from highways to other areas [4,5].

Multimodal freight companies face challenges such as ensuring timely data exchange
between stakeholders in different modes of transport and resolving potential disruptions;
achieving visibility in the supply chain from the shipper to the consignee, including
cargo transshipment terminals; and increasing the automation of management processes
in various cargo transportation situations. Overcoming these multifaceted challenges
requires a strategic approach that considers the interconnectedness of various factors,
includes technological solutions, and enables closer cooperation between stakeholders in
the multimodal freight transport ecosystem.

This study examines multimodal transport management to facilitate the interoperabil-
ity of road, rail, and water transport services. The description of the conceptual structure of
data transmission processes between cargo transportation objects is proposed including the
interaction with each other and with other information systems (ISs) as a layered structure
where each layer reflects different and closely related functions. This conceptual structure
is needed for the construction of the e-service system to manage multimodal transportation
of cargo.

Multimodal freight transport is associated with greener and more sustainable logistics
as the shift to rail and sea transport reduces the negative impact of pollution on the
environment and chages of freight transport loads from highways. Scientific studies pay
attention to the search for individual solutions, the lack of a multi-complex approach,
and the creation of appropriate integrated management solutions dedicated to improving
the management of provided services. The relevance of the research is based on the
implementation of the goals of the European Green Course and the intellectualization of
transport management.

In summary, it can be stated that scientific studies focus on the individual analysis of
each of the modes of transport, thus delving deeper into its subtleties. However, in order to
respond to the principles of green logistics and promote the attractiveness of multimodal
transport, there is a lack of scientific research that analyzes ensuring the interoperability of
the multimodal transport process. Therefore, in this article, we will further analyze and
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model data transmission in multimodal transport, which will allow all participants in the
transportation process to ensure uninterrupted, faster, and smoother process interaction.
This study can significantly increase the competitive advantage of companies operating
in Lithuania, providing multimodal cargo transportation services in international supply
chains when a sustainability-oriented approach is used. In particular, sustainability should
perhaps be understood as simplifying the process by using less paper documentation and
more sustainable multimodal transportation.

The paper consists of eight sections. Section 1 focuses on the introduction to the topic.
Section 2 analyses related studies. Section 3 presents a holistic approach to configuring a
multimodal transportation e-service system. Section 4 describes infrastructure requirements
for the provision of e-services. Section 5 focuses on the design of route execution procedures
by road process flow diagrams. Section 6 introduces the application of contextual data for
e-service provision of multimodal freight transportation. Section 7 includes a discussion
and discussion of the results. Finally, the paper ends with conclusions and capabilities of
future work.

2. Related Works

Being more sustainable in cargo transportation is one of the biggest challenges in
implementing sustainable and green logistics [6–8]. There are various means to ensure
this, but the issue of the interaction between multimodal transportation components in a
more safe and environmentally friendly mode is one of the fundamental ones that cause
the most concern. It is important to emphasize that contextual data can accurately describe
the user’s time, location, environment, activity, device usage, etc.

Interactive systems are characterized by the fact that the user and the system commu-
nicate differently. However, new forms of interaction are needed to access the intelligence
surrounding us and the ubiquitous computers and simulations [9]. With the development
of the transport system, smart systems need to provide more efficient, reliable, and econom-
ical services. In addition, the contextual environment is one of the most important factors
in developing smart cities and regions [10].

In recent decades, communication systems for vehicle infrastructure have evolved
continuously, from early warning systems on the roads to the telemetry and remote control
of large vehicles to the development of advanced traffic systems [11]. The emergence of a
contextual environment leads to many connections and transport scenarios, such as fleet
connectivity in logistics, control, and emergency systems [12,13]. To increase convenience
and safety, joint communication management should cover not only the provision of
navigation and control systems but also communication with users, thus enabling the
exchange of information on vehicles (V2V) or infrastructure and vehicles (I2V). Given the
wide range of applications, mobility levels, and fluctuations in maintenance requirements,
in-vehicle connectivity poses additional system design challenges due to periodic coverage,
operating restrictions, and speed differences between transceivers. To overcome these
constraints, several solutions have been implemented: optimized transmission mechanisms,
configurable interconnection and routing protocols, collaborative networks, and the use of
various methods, such as kinetic energy or vibration, to collect renewable energy when the
vehicle is in motion [10,12,13].

The rail transport study mainly proposes remote monitoring solutions for operational
parameters, such as structural integrity checks or logistics control solutions related to a
specific rail accident. Wireless systems, in particular public terrestrial mobile communica-
tions networks, have also been reported to depend on railway infrastructure or integrated
transponder systems [14–22]. With the development of technology and the increase in
freight transport, there is an increasing need to raise the throughput and tracking of railway
vehicles in real time [20,23,24]. With the development of mobile networks, specially de-
signed systems have been developed [25]. Other alternatives have been proposed, such as
universal mobile broadband [26]. From a systemic point of view, communication systems
communicate with system and user data [10,27].
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The most common unit of multimodal transport is containers. Optimal efficiency
is especially important in container transport where goods can be transported in an en-
vironmentally friendly way, combining different modes of transport and coordinating
activities [28], for example, in search of the shortest route [29]. In the multimodal container
transportation system, the choice of the mode of transport and the transport route greatly
influences the process of container transportation [30,31]. Globally, container shipping is
considered to be a truly global supply chain as a single container loaded with cargo can be
transported by various modes of transport (e.g., ships, trains, and tugs) and transported
end to end throughout the supply chain using different types of loading equipment (e.g.,
terminals, cranes, trailers, railway wagons, elevators, and warehouses) [32].

Since today’s challenges of green logistics require combining different modes of trans-
port, supply chain management depends on demand [33]. Logistics service providers
(3PL) must effectively use real-time information and integrate new technologies into their
activities. As a result, synchronous logistics has evolved to improve supply chain resilience,
cooperation with stakeholders, and optimal use of resources [34].

Customers, freight forwarders, 3PL, 4PL, and terminal operators are involved in the
transportation of goods. The following key elements and groups of technologies with a
significant impact have been identified in such multimodal transportation [35]:

• Networking groups: cooperation and trust; developed design; information and com-
munication technologies;

• Physical infrastructure;
• Legal and political system;
• Consciousness and thought in price/service;
• Technology groups: traceability; advanced systems; data analysis; optimization; mod-

els; integration platforms.

Forwarding systems with contextual data have better forecast accuracy, reach, and
customer satisfaction. However, using the traditional contextual system has its drawbacks
in some areas. For example, in logistics distribution, a traditional contextual framework
cannot adapt to the multifaceted, complex, and dynamic context of supply chain logistics,
and there is a lack of contextual risk management and traceability [36].

This research has made significant progress in multimodal freight transport to better
understand various aspects, such as vehicle-to-vehicle communication (V2S), intelligent
transport systems (ITS), and vehicle transition networks (VANET). However, in order
to improve the efficiency, sustainability, and integration of multimodal freight transport
systems, fundamental shortcomings and challenges need to be addressed.

(A) Limited contextual data integration. Much of this research has focused on communication
protocols and improving traffic compliance in certain modes of transport, such as
roads and railways. For example, the readiness of V2V communications is emphasized
in [1], and the operation of communication technologies such as IEEE 802.11p and
LTE-V2V for connected vehicles are studied in [3]. While this study provides valuable
insights, to the importance of integrating contextual data between different modes
of transportation is often overlooked. The lack of a coherent system that provides
basic information on different modes of transport, such as weather conditions and
congestion, limits the effectiveness of these technologies in the real world.

(B) Focus on each mode. Studies provided by [2] have made progress in monitoring traffic
and identifying incidents via VANET in certain modes of transport. However, this
study focuses on single-method systems and does not take into account the complex
interactions between different modes of transport in multimodal logistics. The full
use of multimodal networks is hampered by the lack of a comprehensive approach
that takes into account interdependencies and modal shifts (e.g., from rail to road).

(C) Disadvantages of sustainable multimodal integration. Although to some extent the focus
is on sustainable development, such as the sustainable development of the European
Union. The aim to integrate the function of a multi-criteria decision support system
with advanced service infrastructure for sustainable intermodal freight transport is
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stated in [4], and these efforts are often fragmented. The integration of sustainable
practices into different practices is not always sufficiently taken into account, especially
in terms of real-time governance and coordination. Studies [6] and [36] highlighted
best practices in sustainable logistics, but there is no comprehensive framework for
implementing these practices in all types of multimodal transport systems.

(D) Untapped new technologies. Despite technological developments such as the Internet of
Things, wireless sensor networks, and contextual systems, their use for multimodal
freight transport is limited. For example, studies such as [10] examined the contextual
application in the urban rail environment, but the integration of these technologies
into multimodal transport systems is still at an early stage. The potential of these tech-
nologies to improve decision-making, increase efficiency, and reduce environmental
impact in multimodal transport chains remains untapped.

The following key areas are important for multimodal transportation e-services provision:

• The creation of a common framework. The paper proposes a comprehensive approach
to integrating basic data on different modes of transport, such as weather, traffic,
and freight conditions, into a multimodal transport system. This framework aims to
improve real-time decision-making and the efficiency of multimodal freight transport.

• Better coordination and sustainability. The proposed framework for e-services aims
to optimize coordination between different transport modes by including multi-key
decision-making support and providing contextual information in real time. This
approach is expected to improve the sustainability of freight transport by reducing
delays, reducing emissions, and using resources more efficiently.

• Application of new technologies. This study will use new technologies such as the Internet
of Things, WSN, and contextual systems to create a robust e-service system that can
adapt to dynamic changes in the transport environment. The integration of this
technology is aimed at facilitating a smooth modal shift from one mode of transport to
another, thereby improving the overall efficiency of multimodal transport systems.

Due to some critical limitations, traditional IT systems are becoming less adapted to
the complex needs of modern multimodal transport. These systems, especially for linear
and less dynamic logistics operations, are designed to meet the modern complex needs
of multimodal transport, which include the coordination of different modes of transport,
the integration of real-time data, and the seamless interoperability of different systems.
According to the presented literature, the reasons for removal are as follows.

We can mention that, in the provided studies, there is a lack of real-time data inte-
gration possibilities. Traditional IT systems are often poorly equipped to meet today’s
real-time data requirements in multimodal transport. IoT devices and wireless sensor
networks (WSNs) are essential for monitoring and controlling the flow of goods between
different modes of transportation. In our previous work [4], we underlined the modern
transport systems and the need for the ability to process and manage real-time data in order
to optimize routes, planning, and load management processes that traditional systems
cannot effectively support with their static computing capacities.

In the mentioned studies, there is a lack of attention to the description and realization
of interaction between the ISs. Modern multimodal transport requires seamless interop-
erability of different systems, including systems using different modes of transport, such
as rail, road, and sea. Traditional AI often faces interoperability challenges as it is based
on outdated protocols and data formats that are not compatible with different multimodal
systems. In study we draw the attention to the challenges they face in achieving inter-
operability between maritime and rail transport and to the need for improved systems
to harmonize different communication standards and data formats for which traditional
systems have not been developed.

We can mention the limited scalability and flexibility of information management
systems. Traditional AI is not scalable and flexible, which is needed to support the dynamic
nature of multimodal transport. Modern transport systems must be efficiently adapted to
different cargo sizes and changing logistics requirements. Ref. [2] discusses some methods
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of how intelligent transport systems (ITS) should be able to scale and adapt to different
traffic conditions and unforeseen scenarios that traditional rigid systems cannot achieve
due to limited adaptability and scalability.

The management information systems lack support in the high-level decision-making
process. Today’s multimodal behavior involves complex decision-making processes that
require the integration of different data sources and the use of complex algorithms. Tradi-
tional AI, often created using a single asset for specific logistics operations, does not provide
the advanced capabilities to support the solutions needed for multimodal transportation.
Ref. [5] provides some discussions about the importance of decision support systems that
have several criteria for sustainable mobility needed to assess a wide range of factors, such
as price, time, and environmental impact.

The decision-making systems are usually designed without knowing the context of
transportation. The general understanding required by modern multimodal transport
is greater than traditional AI capabilities. Modern systems need to be context-oriented
in order to adapt to different scenarios, such as weather changes, road conditions, or
unexpected delays that directly affect route and loading planning. The need for contextual
frameworks is emphasized in [9,10], which can dynamically alter activities based on real-
time environmental data that are not supported by traditional systems.

Cyber security and privacy issues must be included in the infrastructure of ISs for
the management of transportation. Because multimodal behavior increasingly relies on
interconnected systems and real-time data exchange, cybersecurity and data protection
risks have increased significantly. Traditional AI often lacks the strong security features
needed to protect against cyber threats in such a complex and interconnected environment.
The vulnerabilities in traditional cyberattack systems discussed by [12] and [13] could
lead to data breaches and business disruptions, highlighting the need for more secure and
advanced artificial intelligence that can solve these problems.

Finally, traditional IT systems are not enough to meet the needs of modern multi-
modal transport although they have proven that logistics operations are simpler. The
basic requirements are real-time data integration, better interoperability, scalability, better
decision-making, contextual understanding, and robust cybersecurity tools that modern
systems must follow. The development of multimodal transport requires the introduction
of more complex, flexible, and secure IT systems that will be able to support the complex
and dynamic nature of modern logistics operations.

If contextual data are included in a multimodal e-services system, there are certain risks
based on different research studies in the areas of concern. According to the literature, these
risks can be divided into technical risks, operational risks, information security threats, and
interoperability risks. By construction of the e-service system, we have faced technical risks.
Communication failures: The integration of vehicle-to-vehicle communication systems,
such as vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) connectivity, is essential
for real-time data exchange in multimodal transport. However, reliability and performance
issues associated with communication protocols, such as those specified in [3] IEEE 802.11p
and LTE-V2V standards, can cause errors or delays in data transmission. Such errors can
hinder the coordination of different modes of transport, leading to a decrease in efficiency.

The systems have incompatibility with existing systems. The introduction of new
technologies such as the IoT and WSNs, which are discussed in [4], carries the risk of
incompatibility with existing traffic management systems. This can lead to integration
issues and possible system failures such as:

• Capacity and latency issues. In cases where data need to be transmitted at high speeds—
for example, in train-to-train communication systems [14]—limited capacity or long
delays can have a significant impact on the efficiency of e-service systems, in particular
on fast cargo tracking and handling.

• Operational risk and adaptability issues. The deployment of an integrated e-services
system can be challenging for different modes of transport and geographical areas. The
complexity of scaling these systems, especially in areas with different infrastructure
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capacities, can pose a risk to the overall functioning and reliability of the systems as
highlighted in the study on ITSs carried out by [2].

• Decision complexity. Integration of multicritical decision support systems and devel-
oping decision-making skills, as explored by [5], can lead to complexity that can
overwhelm users and lead to suboptimal decisions or delays.

• Data security risks can meet with cyber threats. The integration of contextual data into
e-services means that a large amount of sensitive information is collected, transmitted,
and processed. This puts the system at risk of cyberattacks that can compromise
the integrity and confidentiality of the data as suggested by [12,13] discussed in the
context of intelligent transport systems.

Privacy issues arise when the collection of contextual data poses serious privacy
concerns, including sensitive routes, transportation, and customer data. Unauthorized
access by data subjects or data breaches can lead to serious legal consequences and
reputational damage.

We need the interoperable resources of ISs and the interoperability of different modes
of transport. It is difficult to ensure interoperability between different modes of transport,
such as rail and waterborne transport. Differences in standards, communication protocols,
and data formats can lead to integration issues that can lead to gaps in activities and
parentheses in data.

The need for harmonization of international standards is very actual as well. Given
the frequent cross-border multimodality, it is important to harmonize standards and rules
across countries. Differences in these standards can hinder the seamless integration of
contextual data as research in the field of logistics and international transport has shown.

While the contextual integration of data into the e-service framework has great potential
to improve the efficiency and sustainability of multimodal freight management, these
risks need to be thoroughly addressed through strong technical, operational, and security
measures. Successful integration depends on their ability to manage these risks through
strategic planning, international cooperation, and continuous improvement of technical
standards. Table 1 shows the comparison of the methods, which are indicated in the related
research studies and grouped according to main features. This table indicates which method
is used by researchers conducting studies on the topic of multimodal transportation.

Table 1. Comparison of methods applied in management IS of multimodal transportation.

Methods Group Method Description of the Application Method Citation

Mapping and data
collection methods Survey methods

It uses structured questionnaires to collect data on variables
such as demographics, travel behavior, and the
environmental impact of transport systems.

[1]

Simulation and modeling Traffic simulation
models

Models were developed and tested to detect traffic flows and
accidents, in particular the communication networks of
intelligent transport system (ITS) vehicles.

[2]

Experimental methods Field test It assesses the safety of freight trains under real-world
conditions using wireless sensor networks. [17]

Methods of statistical
analysis ANOVA

It analyses differences in mobility based on demographic
factors, such as the presence of children in families, and
examines statistical significance.

[4]

Optimization methods
Support for
multi-criteria
decision-making

It integrates decision-making processes with advanced
service infrastructure to optimize sustainable multimodal
freight transport.

[5]

Bibliometric methods and
reviews Bibliometric analysis It collects and visualizes complex trends in eco-friendly vehicle

routes and analyses research developments in this area. [7]

Network and
communication protocols VANET Explores IEEE 802.11p and LTE-V2V protocols to maintain

interoperability between connected vehicles. [3]
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Table 1. Cont.

Methods Group Method Description of the Application Method Citation

Contextual data
processing systems Contextual messaging With IoT technology, you can build and deploy contextual

applications to implement cold chain logistics. [36]

Qualitative methods Case study It analyzes the critical success factors of synchronous logistics
through extensive case studies and literature reviews. [35]

System architecture and
design

IoT and WSN system
architecture

To monitor and manage inter-modality, a system architecture
based on the Internet of Things and wireless sensor networks
(WSN) is being developed.

[4]

Multi-RAT virtualization Multi-RAT architecture Multi-RAT (radio access technology) provides a modern LTE
wireless network virtualization architecture. [37]

Green and sustainable
practices

Sustainable
development

It sets out best practices for the transition to sustainable
logistics in Brazil from the point of view of carriers, with a
focus on reducing environmental impact.

[6]

3. Holistic Approach Used for the Configuration of Multimodal Transportation
E-Service System

A holistic approach is a comprehensive, interrelated approach that considers all key
factors in designing and configuring a multimodal transportation e-service system. It
analyzes multiple angles and perspectives, aiding in understanding complex phenomena.
A holistic approach is needed to optimize efficiency, safety, and sustainability when defining
functionalities of multimodal transport systems for all interconnected modes of transport.

Multimodal transportation services require seamless integration of different modes
of transport (e.g., road, rail, and maritime). Multimodal transportation e-service systems
should recognize contextual data when operating in a real-time environment. A holistic
approach balances efficiency, safety, and environmental impact.

Contextual data integration using this approach supports the continuous and smooth
distribution of information among those involved in the process. Freight forwarders benefit
from better route guidance and real-time information and could reach higher operational
efficiency. Basic information (e.g., weather, traffic, and infrastructure status) is crucial for
managing safe freight delivery.

Shifting freight to multimodal transport could improve sustainability by shifting
freight from roads. The system’s potential lies in developing efficient, sustainable, user-
friendly transportation management systems. A holistic approach is also used to develop
specific scenarios (such as delivery performance delays management).

Successful implementation requires cooperation between stakeholders, policymakers,
and technology providers. The multimodal transportation e-service system exchanges
data with communication networks, surveillance systems, and information-sharing plat-
forms. Furthermore, the development could face challenges, including managing data from
different data sources, keeping data interoperability, and thinking about system scaling.

The development of a multimodal transportation e-service system could follow three
main steps:

1. Recognize contextual data that influence multimodal transportation management:

• Cargo-specific information (weight, type, volume);
• Infrastructure status (railways, ports, roads) and traffic data;
• Weather conditions for intelligent routing.

2. Think about contextual data integration:

• Design mechanisms to collect, process, and integrate contextual data;
• Ensure seamless communication between different modes (road, rail, sea);
• Evaluate the impact of contextual data integration on transportation management.

3. Develop a contextual framework that integrates:
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• Multimodal transportation processes;
• Sources used for collecting contextual data (e.g., weather, traffic, infrastructure);
• E-service provision components (e.g., managing tracking, routing, scheduling);
• Decision support mechanisms;
• User-specific interfaces.

3.1 Incorporate decision support mechanisms (algorithms and decision-
making rules) for:

• Route optimization based on real-time data;
• Load balancing across modes;
• Dynamic adjustments for disruptions (e.g., accidents, delays);
• The extensive configuration ensures that these components work

seamlessly together.

3.2 User-specific interfaces:

• Cargo drivers are supported with route guidance and real-time in-
formation.

• Delivery managers are supported with enhanced visibility and
decision-support mechanisms.

• Customers get the overall visibility of their cargo during multimodal
transportation.

The holistic approach is used to configure a multimodal transportation e-service
system that leverages contextual data to optimize multimodal transportation processes to
support real-world scenarios, supporting cargo drivers, delivery managers, and customers
who order multimodal transportation services.

4. Infrastructure Development Requirements for Monitoring of Multimodal Transport
Means and Provision of E-Services

To describe the e-service system in more detail, one of the main components is the com-
munication infrastructure, which enables the possibility of communicating with moving
objects and the interchange of information. One part of this functionality is the possibility
of monitoring multimodal transportation means. An important part of this is infrastruc-
ture, which enables the monitoring of transport means. Managers and drivers have know
the coordinates and other conditions of transportation surroundings. This functionality
enables the set of equipment and communication channels that provide the flow of needful
information between RSUs, moving transportation objects and the applied server. Such
monitoring infrastructure is based on wireless networking and embedded systems. In
multimodal transportation, the set of connections and communication channels can vary,
but this part is important for the realization of the e-service provision system.

It should be noted that the communication infrastructure between the vehicle and the
roadside units (RSU) can consist of three areas. One is the type of equipment in the vehicle
(INV), i.e., the connection of the local zone of the vehicle, which includes embedded devices
in the onboard equipment (OBE) and various application devices (AS). The improvised
zone consists of vehicles equipped with car units that communicate directly with each other
to form a MANET (mobile ad hoc network), i.e., an ad hoc cellular network that provides
a fully decentralized and distributed connection. Regarding the infrastructure, the RSU
can connect to the wireless network or communicate via the internet so that the vehicle’s
mobile device can reach any infrastructure facility.

The onboard units, classified as WAVE (wireless access for vehicular environments),
are usually located near the vehicle and are used for data exchange between the network
unit (NU) and other vehicles. It has a resource command processor (RCP) and can search
for read/write memory resources to store data in a certain data warehouse (DW). The
onboard devices (OBE) can use interfaces for this type of communication, which can be
connected to the set of embedded network devices and other embedded devices using
radio technology compatible with communication protocols (like IEEE 802.11p). Other
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devices can be compatible with wireless technologies, such as IEEE 802.11a/b/g/n/ac/ad.
Mobile protocols like 4G, 5G, upcoming 6G, LTE, etc. can also be used.

The mobile device of the vehicle and the vehicle may be wirelessly connected to
the mobile device of the RSU or other vehicle using the IEEE 802.11p radio frequency
channel, which is responsible for communicating with other vehicles and RSU devices and
providing communication services to the application. The mobile devices can perform the
following main functions: Wi-Fi connectivity, setting of geo-location of routing, messages
about network load management, reliable connectivity, messages about security, and IP
mobility [38]. Using this equipment, the providers render services using the functions of
embedded hardware. The unit of analysis can be a device for special security applications
or a general-purpose device that provides internet services, such as a smartphone or tablet.
The difference between the vehicle’s mobile devices is often logical [39]. The types of WAVE
devices are installed near a road or other special places, such as intersections or parking
lots. These devices are equipped with short-range wireless technologies, such as IEEE
802.11p or others, that connect to the network infrastructure.

According to [1,39], the main functions and procedures associated with the interchange
of data structures are as follows:

• Use of safety apps such as accident warnings, road surface information, V2I, and
acting as a data source;

• Internet connection to the vehicle’s devices;
• Communication in the automotive industry.

The range of vehicles must consist of the vehicle unit and one or more units of analysis.
The operating system and the AU can be installed as a single device. In the automotive
industry, contextual data from installed sensors are collected and stored in a database.

The vehicle-to-vehicle (V2V) series communication is part of an ad hoc network of
vehicles with electrical units. Vehicles communicate with each other using integrated hard-
ware and MANET, which makes it possible to distribute and decentralize the connection
fully. Cars can communicate directly with each other when direct wireless communication
is possible, creating a single-jump vehicle (V2V) connection. If direct communication is
not possible, the information is transmitted to other means of transport as intermediaries
until the recipient is contacted. The domain infrastructure applies to all these components,
especially the RSU, which connects to the network infrastructure or the internet, providing
access to the vehicle’s mobile network. The onboard unit communicates with multiple
nodes, providing unsafe services using other mobile communication technologies (such as
GPRS, GSM, 4G, HSDPA, UMTS, and WiMax) [37].

Therefore, it is important to understand how the transportation process is provided,
and in this case, the modeled conceptual structure with integrating contextual information
helps us form needed algorithms for e-service provision systems (Figure 1). In multimodal
and/or intermodal transport, sea and road transport interoperability is usually divided into
three parts: The cargo is concentrated at the central station when the technical requirements
meet the requirements for these loading and unloading operations. Cargo is transported by
road to the station from where the train goes to the port station. Upon arrival at the port,
the conditions for direct loading and unloading are determined, taking into account the
time of arrival and the volume of the container. Containers can be delivered directly to the
port by road. Suitable containers are selected for cargo transportation after the delivery of
containers by rail and road transport. The cargo is loaded onto the dock. After that, the
ship leaves the port in time, and when it arrives at the port of destination, it can be said
that the process repeats itself according to the same principle.
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When performing such transport, the main problem is disseminating information
about the transported unit and its input into the relevant computer programs—i.e., each
mode of transport has a database that communicates with other vehicles. Therefore, double
data collection is required (Figure 2), which prolongs the process and creates the possibility
of errors. Since multimodal transport requires the rapid completion of all operations,
coordination, and continuous dissemination of information, it is necessary to establish a
common information system capable of using all modes of transport, preferably one that
combines the information systems used in different modes of transport (Figure 2).
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5. Design of a Route Execution Procedure Using Road Process Flow Diagrams

It is an umbrella term that fully exploits its potential to describe effective guidelines in
route execution. All these notifications must apply to all means of transport and their route
from the place of origin to the place of destination. This allows you to get the most out of
all the best driving routes for cargo trucks.

Today, companies are focusing on making the most of the benefits of road transport,
including cargo transportation from food delivery and retail to third-party logistics (3PL)
and the effective management of outdoor services. Each business depends on whether
it fully uses the opportunities to transport cargo. Depending on the amount of data
used for route planning, the optimization solution creates a set of optimized routes and
work schedules for drivers and trucks based on the route plan (for route execution see
Figure 3).

Standard route planning is generally considered the most important parameter for
constructing optimized routes. Optimization helps to create effective ways to rely not only
on distance but also on various factors, including time, speed, and consumption of fuel.
However, there are more parameters that show route effectiveness, such as (1) types of
roads, (2) traffic patterns and congestion, and (3) traffic lights on the way.

In the management of public procurement, optimization includes several concepts
with parameters, such as (a) vehicle, (b) delivery, (c) order priority, (d) warehouses and
pickup points, (e) longer waiting time, (f) landfill base stations, (g) plans and changes,
(h) types of vehicles (speed and power), (i) on-site delivery time or on-site service, and
much more.
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If you manually plan a route for one or two vehicles with several stops along the way,
you can count on the fact that the work will include several parameters in the optimization.
However, if you add one, the variables will grow exponentially. This gives planners more
time to focus on other important activities.

Because drivers care about where they are going, they can focus on what they are
doing. Since drivers use optimized routes, it is less frustrating for them on the road.
This means that drivers could provide better services at your fingertips. It is possible to
prioritize and make routes that consider driving, delivery, and services at the destination
point, pickup time, and driver’s breaks. Dynamic routing flexibility also means you
can reach more customers more efficiently and quickly by completing orders as soon as
possible. With optimized routes, it is possible to reduce delivery times so you can reach
more customers faster.

It is possible to form delivery notifications and send tracking links to involve the
customer in the delivery procedure so that the driver does not miss the return process. At
the same time, it is possible to spend less time with the customer every time the driver
delivers a parcel. For better control, tracking delivery trucks and their capabilities on the
map in real time is necessary.

Geocoding is converting addresses (such as multiples) into geographic coordinates
(such as latitude and longitude) to have visibility on the map. Most modern route optimiza-
tion solutions use cloud-based access to transport logistics. Optimization solution follows
route calculation algorithms based on different restrictions.

Operation managers and planners plan routes according to the capacity of the trucks.
Optimization solution creates routes with high track density to reduce costs. An example
of the process flow used for route execution is provided in Figure 4. Some attributes are
reported during the route using sensors (truck and freight physical conditions, driving
conditions, and geographic data).
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6. The Description of Contextual Data for E-Service Provision of Multimodal
Freight Transportation

This option is valid if a unified information system (IS) base can be integrated into
multimodal transportation. As shown in Figure 5, all information flow, data exchange, and
management are carried out through a common information system base, which ensures a
smooth and fast cargo transportation process. The relationship between individual parts in
a diagram can be explained by understanding how each component interacts and depends
on the others to ensure a smooth transportation procedure.

In a general sense, the entire cargo transportation process and the subsequent partition
of information and data can be represented by a complex diagram (see Figure 6).

The sender starts the procedure by submitting an order to the IS online database. The
shipper’s order and master data are entered into an information system to supervise and
monitor the shipping procedure. The forwarder/logistics company prepares the goods for
delivery according to the sender’s instructions. The sender provides essential data (such as
the nature of the goods and the intended destination) that the logistics company uses to
process and record the shipment. The IS base cooperates with the railway and maritime IT
systems to simplify service ordering, data collection, and billing processes.
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Figure 5. A process diagram of the recommended data transfer and transportation process in
multimodal transport (source: modified according to [40]).

The IS base is a centralized hub that facilitates data sharing between different modes of
transport for coordination and tracking. The road transport terminal control center manages
the coordination of internal transport nodes, including loading, unloading, and storage. It
also collects and provides data to the information system database. The operation of the
control center is monitored and controlled through an information system that guarantees
prompt updating and simplified logistics. The choice of a specific carrier depends on the
type of capacity, the type of vehicle, and the preparation of the vehicle. The choice of
transportation models, such as lot size and urgency, dictates carrier selection, ensuring that
the vehicle and capacity meet specific cargo needs.

The railway transport IT system named “e-Krovinys“ was developed and is described
in [41]. This IS was developed to manage and account for the control documents accompa-
nying cargo transportation by the Republic of Lithuania railways. It allows system users
to collect and filter the accumulated data of transported cargo documents in one place,
receive the necessary information, and print it at all workplaces. The system includes the
entire cycle of cargo transportation from the conclusion of the contract with the customer to
transport the cargo to the issuance of the VAT invoice for the services provided to facilitate
the ordering of services and the collection of data that the Railway Transport Terminal
Management Center later uses for loading, unloading, and storage process.

The system’s data collection and service orders guide the terminal’s operational
activities, ensuring that they meet the overall logistics goals. The recipient’s preferences
and input can influence future transport organization and logistics management strategies,
thereby completing the supply chain cycle. The iterative process contains the consignee
inputs, which can significantly impact logistics planning, highlighting the critical role of
customer satisfaction in improving the shipping process.

The information system of marine transport, IS-KIPIS, is presented in [41]. KIPIS,
as the information system for cargo and goods management, is intended to exchange
e-documents and data between companies operating in the ports and state institutions
controlling the cargo and ships in the Klaipėda seaport. It is responsible for submitting
orders for water transport services and collecting data. Such data are used by the dispatch
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center of the marine transport terminals to supervise cargo processing and ship dispatch
effectively. Integrating the IT system with marine terminals guarantees the synchronization
of port operations with shipping schedules and cargo needs.
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Freight transport is transferred from road to rail and water transportation management.
Each transportation management system is responsible for managing certain parts of the
route, so ensuring a smooth transition between these systems is essential to protect cargo
integrity and stay on schedule.
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The Customs Information System and the Agency of Statistics cooperate with the
IS to monitor compliance with the legislation and ensure accurate data submission. The
interrelationship between these agencies is critical as they ensure compliance and provide
essential statistics for legal and operational transparency. Custom’s brokers handle customs
formalities at road, rail, and sea transport terminals. Brokers assist in the legal movement
of goods across international borders by coordinating with various modes of transportation
to ensure regulatory compliance and smooth transitions. The consignee takes over the
final shipment, which ends the entire transportation and data transfer procedure. The
recipient’s preferences and input can influence future transport organization and logistics
management strategies, thereby completing the supply chain cycle.

The entire process is determined by data from the shipper, which flow through
the information system to the transport management systems. This ensures that every
step is well informed and coordinated. Each step, such as road, rail, and sea, depends
on successfully completing and accurately transferring data from previous steps to
function effectively. Cooperation with customs and statistical authorities ensures that
all regulatory obligations are met and data are accurately documented for processing,
storage, and analysis.

In summary, it can be said that the interconnections between different modes of
transport guarantee that the system is efficient, well coordinated, and can adapt to different
operational and regulatory needs. Therefore, it is important to ensure the integrity of the
mutual systems of all participants in the process and the continuous dissemination and
management of information and processes. The efficient movement of goods depends
on the smooth transfer between different vehicles, made possible by accurate data and
well-coordinated activities.

Short Description of Case Study

The integration of information systems between different modes of transport is es-
sential for the efficient use of detection, delivery notification, and estimated arrival time
functions in multimodal logistics. The reasons for this are as follows:

1. Smooth flow of information and communication. Effective integration of IT systems
ensures a smooth flow of information and connections between different modes of
transport, such as rail, road, sea, and air. This connection is necessary for real-time
monitoring and careful monitoring, which is the basis for determining the level of
service. Integrated IT systems can provide important information about shipment
status, location, and capabilities, allowing organizations to effectively monitor service
levels and make informed decisions.

2. Improving coordination and effectiveness. Functionality is based on accurate and up-
to-date information on all modes of transport related to the supply chain. Without
integrated IT systems, data warehouses can form, which can lead to delays in the
delivery of messages and inaccuracies. The integration of IT systems allows logistics
service providers to ensure that all parties, from the carrier to the end user, are
informed about the status of delivery in a timely and accurate manner, thereby
improving coordination and operational efficiency throughout the supply chain.

3. Exact and estimated arrival time. Arrival time calculations are complex and require data
from several sources, such as road conditions, weather forecasts, and the operational
status of different modes of transport. With the help of built-in information systems,
these rich data can be combined into a single platform and provide a detailed overview
of logistics operations. This integration ensures more accurate and reliable arrival
time forecasting, which is essential for optimizing logistics planning and improving
customer satisfaction.

4. Better visibility and transparency. Integrated IT systems provide a common platform
for tracking goods between different modes of transport. This visibility is very
important for understanding the level of service as it allows real-time monitoring of
key performance indicators (KPIs) and ensures that problems are quickly identified
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and resolved. In addition, integrated systems ensure a transparent flow of information,
which is necessary to maintain customer confidence and ensure the enforcement of
service-level agreements.

5. Scalability and adaptability. With the development and increasing complexity of the
logistics industry, it is becoming increasingly important to be able to expand IT
systems between different modes of transport. Integrated systems provide flexibility
to adapt to new technologies and processes, ensuring that as the logistics network
grows, features such as service level setting, delivery notifications, and estimated
arrival times can be maintained and improved.

6. Reducing functional deficiencies. Integration will reduce duplication and operational
gaps by ensuring coordinated cooperation between the different modes of transport.
This synchronization reduces delays, fuel consumption, and the overall environmental
impact of logistics operations. For example, integrated arrival times can dynamically
adjust routes based on real-time data and optimize the entire supply chain for effi-
ciency and sustainability.

The integration of ISs between the various modes of transport is not only a technical
necessity. This is a strategic requirement for any logistics service provider who wants
to use advanced features such as service level identification, delivery notifications, and
estimated arrival time. This integration ensures efficient, transparent, and customer-
centric logistics operations, resulting in improved quality of service, cost savings, and
increased competition.

Automated solutions such as service level identification, delivery notification systems,
and ETA systems are transforming multimodal logistics, increasing efficiency, transparency,
and customer satisfaction. Although the cost and complexity of these technologies vary,
they play a key role in optimizing the logistics supply chain, stimulating economic growth,
and reducing the impact on the environment. As these technologies mature, it will be-
come increasingly important to integrate them into logistics operations in order to remain
competitive in the global market.

Automatic determination of the level of service plays an important role in monitoring
the provision of multimodal logistics services. This process uses software to measure and
monitor the approved level of service to ensure that logistics operations meet the expected
operational standards within a set time frame. By automating this process, companies
can continuously monitor KPIs, thereby increasing the transparency and efficiency of
their logistics operations. Service level automation is divided into partial and conditional
automation. It handles complex logistics operations, especially last-mile deliveries where
tracking and managing parcels are critical to customer satisfaction. The main advantage
of this technology is that it improves operational efficiency and indirectly contributes to
environmental sustainability by optimizing the use of transport.

Delivery notification systems provide customers with automatic real-time updates
on the status of their orders. These messages, which can be sent by email, SMS, or mobile
application, are necessary to ensure the transparency of the delivery process. Notifications
usually indicate important milestones, such as the estimated delivery time and the electronic
waybill. Semi-automated delivery notification systems play an important role in last-mile
deliveries, ensuring that customers are informed about orders in a timely manner. These
systems contribute to economic growth by improving the visibility of the supply chain,
reducing bottlenecks, and improving customer satisfaction. By optimizing resource use,
they also help reduce inefficiencies and environmental impacts.

ETA (estimated time of arrival) systems are needed to predict when a vehicle, cargo
ship, or other means of transport will arrive at its destination. This information is necessary
to enable customers and logistics companies to plan and optimize their activities, especially
in multimodal environments such as ports where it is necessary to coordinate the activities
of different modes of transport. ETA systems are semi-automated and integrated with
logistics to improve planning and decision-making. These systems are especially useful for
improving port operations and last-mile logistics. By providing the exact arrival time, they
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increase the safety and efficiency of logistics operations and contribute to the competitive-
ness and economic growth of the logistics industry. The ETA also helps businesses avoid
operational and environmental gaps by ensuring dynamic supply chain management.

7. Discussions

Integrating sustainability into environmentally friendly freight transport and logistics
remains a major challenge. As some studies have shown, the sustainability of logistics
means reducing emissions and optimizing synergies between the different components
of multimodal transport to make operations safer and more environmentally friendly.
This synergy is very important because it affects the efficiency and sustainability of the
entire logistics chain. Promoting interactive transport systems is one of the most important
achievements in solving these issues. These systems provide a new way for users to
communicate. New ways of communication becomes increasingly important as we move
to a smarter, more contextual communication with environment. Developing efficient,
reliable, and cost-effective intelligent transport systems is essential to supporting the
development of smart cities and regions. In this context, integrating vehicle-to-vehicle
(V2V) and infrastructure-to-vehicle (I2V) systems are proven to be a key factor in improving
road safety and transport comfort. These systems allow real-time data exchange, which is
important for fleet connectivity, logistics, and crisis management.

In addition, the development of communication systems in the transport sector, espe-
cially in rail transport, has significantly increased the ability to monitor and control logistics
activities. The monitoring and management of rolling stock have been improved through
wireless systems, integrated transponder systems, and public mobile phone networks,
increasing rail transport efficiency. With the development of cargo transport, the need for
such modern monitoring and communication systems becomes even more important.

In the field of multimodal transport, container transport has proven to be an important
area in which efficiency can be optimized by integrating different modes of transport.
Containers allow goods to move seamlessly between different modes of transport, includ-
ing ships, trains, and trucks, thereby reducing the environmental impact. The choice of
the mode of transport and the route of transport plays an important role in determining
the overall efficiency of the transport process, which affects the sustainability of logistics
operations. Given the global nature of container shipping, which includes complex supply
chains and different modes of transport, the need for logistics service providers (3PL) to
effectively manage real-time information and its integration by using new technologies into
their operations is increasing. The emergence of synchronous logistics has further strength-
ened the supply chain’s resilience, promoting better cooperation between stakeholders and
optimizing the use of resources. Key elements such as connectivity, technology integration,
and data analytics have been identified as key elements in improving the efficiency of
multimodal logistics.

However, despite these achievements, there are still problems with the traditional
contextual systems used in logistics. These systems are often difficult to adapt to the
supply chain’s dynamic and complex logistics environment, which limits contextual risk
management and traceability. Therefore, there is an urgent need to create a more complex
contextual framework that better matches the diversity of modern logistics operations.

While significant progress has been made in improving the sustainability and effi-
ciency of multimodal transport systems, there is still room for improvement. Intelligent
communication systems, real-time data integration, and improved contextual systems are
key to addressing green logistics challenges and building a more sustainable and resilient
transport network. More research is needed to develop robust risk management systems
that can use contextual data to anticipate and reduce the risks associated with multimodal
behavior. This includes real-time forecasting analysis and the integration of monitoring
systems to improve risk assessment and response strategies.

Further research directions could be dedicated to advanced integration models for
contextual data creation: future research may focus on developing more complex models
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for integrating contextual data into electronic service systems. This includes the study
of machine learning and artificial intelligence algorithms to improve the accuracy and
relevance of contextual data when making decisions in real time. It is important to consider
standardizing contextual data formats and ensuring the interoperability of different e-
service systems. This study focuses on the development of universal protocols and data
systems that can be used by different modes of transport and service providers. Security
and privacy aspects of contextual data integration address security and privacy issues
related to the collection, transmission, and storage of environmental data. Further research
could focus on developing secure data processing protocols and ensuring compliance with
data protection standards, particularly in the area of cross-border and multimodal logistics.

Exploring the scalability of integrating contextual data into large and complex transport
networks, this research guide focuses on how e-service systems can process vast amounts of
contextual data across regions, modes of transport, and service providers without affecting
productivity. The impact of contextual data on supply chain resilience is important in terms
of learning how mainstreaming contextual data into e-service systems can improve supply
chain resilience, especially in multimodal transport. This study can assess the potential of
contextual data to improve resilience, adaptability, and resistance to disorders.

The creation of user-centric environments and systems that effectively use contextual
data can improve user experience. This includes exploring how different groups of users,
such as logistics managers, drivers, and customers, interact with contextual information and
how it can be presented to make it as easy as possible to use and make decisions. Economic
and environmental impact analysis is focused on a quantitative assessment of the economic
and environmental benefits of integrating the contextual data into multimodal transport
systems. We are planning in our future research to include case studies and modeling to
assess savings, efficiency gains, and mitigation of using advanced contextual data.

8. Conclusions

Literature review results show that there is a lack of synergy between the interactions
mentioned above and that the attractiveness of multimodal transportation as a complex
process helping to reach sustainability is not promoted. Multimodal transport stakeholders
still face the challenges of efficiently organizing complex processes and are looking for
collaborative systems in freight transport, emphasizing the role of technology that can
improve the coordination of maritime, rail, and road transport service providers [42]. This
area has made significant progress, but more research and development are needed to
address the remaining challenges. By continuously innovating in communication technolo-
gies, data integration, and contextual systems design, the logistics sector can move closer
to the goal of creating truly sustainable and resilient supply chains.

The pursuit of sustainable freight transport is an ongoing challenge, especially in
the context of environmentally friendly logistics. This study highlights the crucial role of
multimodality and advanced communication systems in improving logistics operations’ ef-
ficiency and environmental friendliness. The possibilities of integration of vehicle-to-vehicle
(V2V) and infrastructure-to-vehicle (I2V) communication will improve safety, connectivity,
and operational efficiency in management of different traffic situations. In addition, the de-
velopment of communication systems for rail transport has facilitated real-time monitoring
and control, which have further optimized the efficiency of freight transport.

However, the complexity of modern logistics, especially when transporting multi-
modal containers, requires a more complex contextual system. Traditional systems are often
insufficient to adapt to dynamic and diverse supply chain logistics, highlighting the need
for advanced solutions to manage contextual risk and traceability better. The integration
of V2V and I2V communication systems can greatly improve the security and efficiency
of logistics operations. Logistics companies need to invest in this technology to ensure
smooth data exchange, real-time monitoring, and better coordination between different
modes of transport.
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Regarding container transport, choosing vehicles and routes is key to maximizing
efficiency and sustainability. Companies need to use data-driven decision-making tools
to select the most efficient modes of transport, thereby reducing environmental impact
and operating costs. In rail transport, the use of advanced radio systems and integrated
transponder technology can optimize the tracking and management of goods. This is
especially important as transport volumes continue to grow, which requires more efficient
throughput and timely logistics.

Traditional contextual systems emphasize the need for advanced systems that can
adapt to the complexity of modern logistics. Organizations should focus on developing
and integrating contextual risk management and traceability solutions to better manage
supply chain dynamics. And logistics service providers must apply synchronous logistics
techniques that improve supply chain flexibility by fostering stakeholder collaboration,
optimizing resource use, and integrating information in real time. This approach can
contribute to more efficient and sustainable logistics.

Therefore, connectivity, with the help of technology, forms the basis of multimodal
transport, allowing the smooth transfer of goods from one mode of transport to another,
while paperless operations management and standardized interfaces contribute to sustain-
able processes. Collaborative efforts between stakeholders are critical to unlocking the full
potential of multimodal transport by providing sustainable and reliable solutions to the
dynamic challenges of global supply chains. As technology continues to improve and col-
laboration between process participants becomes more and more interesting to companies,
the future of using multimodal transport capabilities for freight transport promises greater
sustainability, efficiency, and resilience for the entities involved.

With this practical impact, logistics companies can improve operational efficiency, re-
duce environmental impact, and better meet the needs of a rapidly changing industry. Such
a topic is very important as sustainable cargo transportation requires innovative solutions,
seamless communication, and a holistic approach across various transportation modes,
ensuring safe and environmentally friendly interactions between various transportation
modes. Therefore, to ensure that it is attractive and that more and more participants want
to use it, it is necessary to ensure the effective, well-coordinated mutual integrity of all
participants’ systems in the process and in the continuous dissemination and management
of information and processes. The suggested holistic approach offers advantages such as an
improved understanding of complex phenomena, problem-solving cases, and connections
across various transport modes to provide e-services for system users. The suggested
frameworks cover data transfer aspects, routing aspects, information flows, and organi-
zation aspects to support functions and participants during multimodal transportation.
Such functions are required to configure a multimodal transportation e-service system that
leverages contextual data used to optimize multimodal transportation processes.

This research has limitations as it focuses on the organization of information flow
and technical realization of interactions between different systems supporting multi-
modal processes. It could also focus on freight and document flow process analysis
while classifying activities into value-added and non-value-added, seeking to implement
sustainable operations.
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