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Abstract. The Data Technology Triad, encompassing the Internet of Things, Blockchain technology, and
Artificial Intelligence, has the potential to transform Integrated Autonomous Transportation Networks. In
this study, the authors apply the Triadic Model and the Triple S holistic approach (which focuses on
synthetic, systemic, and synergic perspectives) to create a model for optimizing freight systems. The authors
use the Multi-Agent Transport Simulation (MATSim) platform to examine the performance of integrated
(freight i) and non-integrated (freight n) fireight systems under urban traffic conditions. The simulation
consists of 80% commuter and 20% freight agents who travel in a terrestrial-only network. The results
highlight the efficiency and adaptability of integrated systems. More significantly, they show that the
synergy of Internet of Things data collection, Blockchain-enabled security, and Al-driven optimization can
produce important gains in the number of kilometers traveled and reduced travel times. The findings also
validate the triad’s potential to improve operational efficiency, security, and interoperability within urban
transportation networks.

Keywords: Internet of Things, Blockchain, Artificial Intelligence, Integrated Autonomous Transportation,
Freight Optimization.

Introduction

The fast growth of digital technology has turned logistics and transportation systems into fully
fledged and integrated networks. More secure and intelligent, these systems now employ what is
known as the Data Technology Triad: the Internet of Things (IoT), Blockchain technology, and
Artificial Intelligence (AI). This is a classic example of new digital capabilities being deployed to
manage ever-increasing complexity. The market competition is forcing the logistics and
transportation networks to work together uninterrupted and operate in every mode: maritime,
terrestrial, and aerial.

The research was conducted using a simulation software program that specializes in
producing agent-based simulations (a type of computational model used to simulate the actions and
interactions of autonomous agents) to achieve the aim of simulating an urban freight system under
realistic traffic conditions. The agent-based simulation for urban freight operational conditions was
designed using two different types of agents. The first type was used to make up the overall urban
freight system, representing 20% of all the agents. The second type was used to generate agents
inside cars that make up 80% of the total number of agents. This second group of agents was created
with the intention of simulating real traffic conditions for the first group of agents, making the
fleets experience heavy traffic conditions and forcing them to search for alternative routes to meet
their deadlines.
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The model developed by the authors makes use of the synergistic potential of the Data
Technology Triad by combining loT-enabled real-time data collection, Blockchain’s secure data
management, and Al-driven decision-making to optimize logistics operations. loT guarantees the
communication between vehicles, infrastructure, and sensors, Blockchain ensures transparency and
security in data exchanges across the network and Al enables intelligent route optimization,
predictive analytics, and autonomous decision-making. This setup significantly improves
efficiency and reduces costs.

This study uses the Triple S (synthetic, systemic, and synergic) holistic approach to
understand the connections among these technologies and their combined effects on logistics
networks. It investigates the performance of freight systems in urban environments that are either
integrated or non-integrated. For this, it uses the Multi-Agent Transport Simulation (MATSim)
platform. Their performance in urban settings offers valuable insights into their scalability and
adaptability to larger logistics systems.

The outcomes provide insights into how the model can be expanded to incorporate
multimodal logistics nodes, such as maritime ports and aerial distribution hubs, to cover the whole
logistics chain. The study intends to fill the identified gaps in the literature by demonstrating the
potential of a fully integrated autonomous transportation network. The authors consider that this is
contributing to both academic discourse and practical advancements in the logistics sector.

Literature review

Triadic models and the triple S holistic approach

Triadic models consist of three interrelated elements, that offer a holistic understanding of complex
systems (Scarlat, 2017). They focus on the interactions and dependencies between their
components and they are not simple groupings of three items. This helps provide deeper insights
into systemic behaviors and dynamics. Triadic models have been utilized to analyze complex
problems and deliver effective solutions in various disciplines, including business management,
entrepreneurship, and marketing.

The Triple S holistic approach is increasing the analytical power of triadic models (Scarlat,
2017). The synthetic approach is focused on capturing the essential characteristics of each
component and their interconnections. The systemic one is viewing the triad as an integrated whole,
where changes in one component affect the others. The synergic approach recognizes that the
combined effect of the three components surpasses the sum of their individual effects.

Several examples illustrate the efficacy of triadic models. The stakeholders’ triad, which
consists of business owners, employees, and clients, examines the relationships and tensions among
the main stakeholders in a company and highlight how important is to balance diverse interests to
achieve organizational success (Scarlat, 2017). The project management triad that is comprised of
scope, time, and cost, represents the triple constraints that project managers must balance to deliver
successful projects (Project Management Institute, 2021). The importance of integrated
management is given by the fact that altering one element always impacts the others. The
technopreneurship triad integrates technology, innovation, and entrepreneurship. This triad
examines how technological advancements drive innovation and entrepreneurial activities and how
they interconnect to achieve economic growth (Scarlat, 2017).

The Data Technology Triad, comprised of the Internet of Things, Blockchain technology,
and Artificial Intelligence applies to Integrated Autonomous Transportation Networks. This triad
serves as a powerful framework for analysis and implementation (see Figure 1). [oT ensures real-
time data collection and communication among devices, vehicles, and infrastructure within
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transportation networks, representing the synthetic perspective (Atzori et al., 2017). Blockchain
provides a secure, transparent, and unchangeable journal used to record transactions and data
exchanges. This journal helps to build trust and security among network participants. By processing
vast amounts of data, Al enables intelligent decision-making, predictive analytics, and autonomous
operations to optimize transportation systems. Applying the Triple S holistic approach to the Data
Technology Triad provides a robust theoretical foundation for developing Integrated Autonomous
Transportation Networks.

loT

Data
Artificial

Blockchain : :
intelligence

Figure 1. The data technology triad.
Source: authors own work.

From a systemic standpoint, the three components are deeply interconnected within
Integrated Autonomous Transportation Networks. IoT devices generate data that is securely
recorded and verified using Blockchain technology. Al algorithms process this data for tasks like
route optimization, predictive maintenance and other informed decisions. Advancements in one
component increase the performance of the others, leading to greater overall system efficiency.

The synergic perspective means that if we integrate IoT, Blockchain, and Al, we obtain
new capabilities that are better than what each technology can achieve individually. Combining
real-time IoT data with Al analytics, secured by Blockchain, will result in responsive and secure
autonomous transportation networks. This synergy allows the use of decentralized autonomous
logistics, where vehicles and infrastructure communicate and operate without central control,
improving scalability and resilience.

The Data Technology Triad Components

The Internet of Things is described as the network of physical devices embedded with sensors,
software and connectivity capabilities, allowing them to collect and exchange data (Atzori et al.,
2017). For autonomous transportation, IoT devices provide real-time communication between
vehicles, infrastructure, and control systems. IoT enhances vehicle-to-vehicle (V2V) and vehicle-
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to-infrastructure (V2I) communications. This is needed for the safe and efficient operation of
autonomous vehicles (AVs) (Gao et al., 2022). Sensors embedded in vehicles collect data about
the speed, location, and the surrounding environment and transmit this information to other
vehicles and central systems.

Blockchain technology was originally developed as the underlying ledger for Bitcoin
transactions, but has evolved into a versatile tool for ensuring data security, transparency, and
integrity across various domains (Bothra et al., 2023). For the autonomous transportation networks,
Blockchain resolves security and trust issues generated by the interconnection of numerous IoT
devices and systems.

By utilizing a decentralized journal, Blockchain records transactions and data exchanges
across a network of computers, making the information unchangeable and protected against
unauthorized access (Bothra et al., 2023). This helps to verify the authenticity of data transmitted
between autonomous vehicles and infrastructure. Smart and self-executing contracts with the terms
directly written into code, facilitate automated processes within transportation networks (Qin et al.,
2020). These contracts can authorize automated payments, access control, and enforcement of
regulations without the need for human intervention. Blockchain improves trust among
stakeholders and enhances supply chain transparency by providing end-to-end visibility of goods
(Khan et al., 2022).

Artificial Intelligence is defined as computational techniques that enable machines to
perform tasks that typically require human intelligence, such as perception, reasoning, learning,
and decision-making (Abdulrashid et al., 2024). For autonomous transportation, Al provides the
capabilities of vehicles and systems to operate without human intervention. Machine learning
algorithms used in autonomous vehicles process sensor data to perceive the environment, recognize
objects, and make navigation decisions (Booth et al., 2024). Deep learning techniques use advanced
computer vision and pattern recognition for obstacle detection and lane keeping.

Integration of Transport Systems

Historically, maritime and terrestrial transport systems have operated in relative isolation, with
limited coordination. This factor led to inefficiencies such as prolonged transit times, increased
costs, and environmental impacts. The globalization and the exponential growth of international
trade have amplified these challenges an there has been recognized the need for more cohesive and
integrated approaches (Khan et al., 2022).

Integrated transport systems aim to create uninterrupted connections between maritime,
rail, road, and air modes of transportation. This facilitates the smooth flow of goods from origin to
destination (Giusti et al., 2019). That approach harnesses the strengths of each mode and mitigates
their individual limitations at the same time. The maritime transport is cost-effective for long-
distance bulk shipments but lacks speed and flexibility. The road transport offers greater flexibility
and door-to-door service but at higher costs and environmental impacts (Alsolbi et al., 2023).

The concept of multimodal transportation (multiple transportation modes used within a
single supply chain) has evolved into intermodal or synchromodal transportation, because of the
need of integration and real-time adaptability (Giusti et al., 2019). Intermodal transportation
involves the use of standardized containers that can be easily transferred between ships, trains, and
trucks, reducing handling times and costs (Sun et al., 2023). Synchromodal transportation means
that most suitable transport mode is dynamically selected, the based on real-time data, demand
fluctuations, and network conditions, optimizing efficiency and responsiveness (Giusti et al.,
2019).
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In the maritime sector there is a sustained effort to develop smart ports that aim to build
integration (Kuo et al., 2022). Smart ports integrate technologies like IoT, Al, and Blockchain,
used to optimize port operations, enhance connectivity with hinterland transport, and improve
environmental sustainability (Kuo et al., 2022).

On the terrestrial side, intelligent transportation systems (ITS) integrate ICT into
transportation infrastructure and vehicles in order to achieve traffic management, safety, and
environmental performance (Gumzej, 2023). Autonomous vehicles, regardless if they are used in
freight or passenger transport, represent the future of ITS, promising significant efficiency gains
and the potential for easy integration with other transport modes (Booth et al., 2024).

Role of AI and Geospatial Technologies in Integration

The integration of transport systems is mode and more dependent of advanced technologies capable
of processing and analyzing large amounts of data in real time. Artificial Intelligence and geospatial
technologies are suitable to facilitating efficient management, optimization, and coordination
across different transportation modes.

Al algorithms used in integrated transportation systems analyze data from sources like [oT
devices, sensors, and historical records, in order to support decision-making processes. One of the
main uses of Al is predictive analytics. Machine learning models can forecast traffic patterns,
demand fluctuations, and potential disruption (Alsolbi et al., 2023). These predictions allow for
proactive adjustments in routing, scheduling, and resource allocation. The use of machine learning
in predictive analytics for transportation is improving the responsiveness and efficiency of the
transportation network.

Route optimization using deep reinforcement learning and genetic algorithms analyzes a
multitude of factors to find the best way for vehicles to go from point A to point B. These factors
include distance, traffic congestion, fuel consumption, and environmental impacts (Andrei et al.,
2024). When Al is applied to multimodal transport systems, it finds the optimal combination of
transport modes to use in a given situation, basing its decision on real-time data and the general
conditions of the transport system. For autonomous ships, trucks, and drones, Al algorithms
process environmental data, make driving decisions, and ensure safe navigation (Booth et al.,
2024).

Analysts use geospatial technologies to perform the collection, analysis, and visualization
of geographic data, to assist in managing transportation networks (Andrei et al., 2024). GIS is used
for mapping and analysis of spatial information, in support of tasks such as route planning,
infrastructure development, and environmental impact assessments (Andrei et al., 2024). GIS
helps visualize and transform diverse datasets to assist decision makers in taking actions regarding
the transportation networks management. Satellite imagery, LiDAR and other remote sensing
technologies offer valuable data about terrain, weather conditions, and infrastructure status, which
are used for planning and operational purposes (Andrei et al., 2024).

The synergy between Al and geospatial technologies for integrated transportation systems
has almost become mandatory because of the amount of data that needs to be processed in a short
amount of time. By combining spatial data with Al algorithms, the data analysts can deliver spatial
analysis products much faster.

One example is real-time traffic management, in which Al processes real-time geospatial
data to monitor traffic conditions, predict congestion, and adjust traffic signals dynamically (Booth
et al.,, 2024). The purpose is to improve traffic flow and reduce travel times. Dynamic route
optimization is another application in which Al algorithms utilize geospatial data to recalibrate
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routes, based on real-time events like accidents, road closures, or weather changes (Alsolbi et al.,
2023).

Synchromodal logistics is defined as the flexible and dynamic use of different transport
modes within a single logistics chain, with decisions made in real time based on current conditions
(Giustietal., 2019). Al and geospatial technologies are the main tools used in enabling this concept.

Al algorithms assess various factors such as cost, speed, capacity, and environmental
impact and uses this information to determine the most suitable transport mode at any given
moment, achieving in this way real-time mode selection (Alsolbi et al., 2023). Geospatial data
provides real-time information about the location and status of transport assets, making the
transition between transportation modes more facile (Andrei et al., 2024). Logistics operations are
optimized with the purpose of improving customer service and obtaining rapid and predictable
deliveries (Giusti et al., 2019).

Gaps in the literature

Despite the significant advancements for the individual components of the Data Technology Triad,
there is a notable gap in the literature concerning their integrated application within IAT networks.
Most studies focus on the isolated application or partial integration of these technologies rather
than a holistic combination that reveals the synergistic potential of all three.

Current research mainly addresses Data Technology Triad components in a separate
manner: loT applications in transportation for data collection and communication (Andrei et al.,
2024; Atzori et al., 2017; Bothra et al., 2023), Blockchain’s role in enhancing security and trust
(Bothra et al., 2023; Khan et al., 2022; Kuo et al., 2022), and AI’s capacity for optimizing
operations and enabling autonomy (Abdulrashid et al., 2024; Andrei et al., 2024; Bothra et al.,
2023). However, the authors could not identify studies that integrate IoT, Blockchain, and Al to
facilitate interoperability, security, and efficiency in IAT Networks.

One significant gap is represented by the lack of studies to address the interoperability
among different transportation modes (maritime, terrestrial, and aerial) made with autonomous
platforms, within a unified network. The authors identified studies that explore the integration of
transport systems (Giusti et al., 2019; Gumzej, 2023), but these studies do not focus on the
complexities of integrating diverse autonomous systems with varying communication protocols,
data formats, and operational standards. The absence of standardized frameworks and protocols
represents a barrier against achieving the interoperability necessary for efficient IAT Networks
(Andrei et al., 2024).

Security and trust issues present another important gap. Although Blockchain technology
is recognized for its potential to enhance security in loT networks (Bothra et al., 2023), practical
implementations within autonomous transportation systems remain limited. There is a lack of
empirical studies demonstrating how Blockchain can effectively secure communication and
transactions among different autonomous agents in real-world transportation scenarios (Khan et
al., 2022).

Furthermore, the authors could not identify in the literature a complete analysis of the
synergistic effects achieved by combining 10T, Blockchain, and Al in transportation networks.
Even if individual benefits are documented, properties such as enhanced scalability, resilience, and
efficiency that result from their integration are not thoroughly explored. This gap indicates a need
to investigate how the triadic integration can address complex challenges in IAT Networks.
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Methodology

Research design

This study is aimed to develop and validate a comprehensive model that incorporates the Data
Technology Triad (comprised of Internet of Things, Blockchain technology, and Artificial
Intelligence) with the purpose of creating IAT Networks. The authors adopted a qualitative
exploratory approach and combined a theoretical framework with practical model implementation
and analysis.

The authors applied the Triple S holistic approach to analyze the components of the Data
Technology Triad within Integrated Autonomous Transportation Networks. The synthetic
perspective was used to identify and define how the IoT, Blockchain, and Al function and
contribute to autonomous transportation. The systemic perspective examined how these
technologies interact within the transportation network. The synergic perspective assessed the
properties and capabilities resulted from the integration of the Data Triad components. It evaluated
if there are improvements in interoperability, security, efficiency, and sustainability that are not
achievable when the technologies are applied separately.

Model Development Process

An architecture is developed to represent the structural layout of the integrated model. The
architecture consists of multiple layers, each serving a specific function within the system. The [oT
layer contains sensors, actuators, and connected devices installed on vehicles, vessels and
infrastructure. This layer is responsible for data acquisition and initial processing. The
communication layer provides data transmission between the IoT devices and other components.
It is represented by wireless communication technologies such as 5G, Wi-Fi, and dedicated short-
range communications.

The Blockchain layer implements a distributed journal to record transactions and data
exchanges securely. Smart contracts perform automation routines for access control, payment
settlements, and compliance verification. The Al layer consists of machine learning or deep
learning models and algorithms that analyze data to support autonomous operations, optimize
routing, and predict maintenance needs. The graphic user interface (GUI) layer provides user
interfaces and applications for stakeholders to interact with the system, monitor operations, and
make strategic decisions.

For the integration of the proposed model with legacy systems, companies need to consider
compatibility with existing transportation systems and compliance with industry standards. The
model should address interoperability between different autonomous transportation modes,
ensuring that maritime, terrestrial, and aerial systems can communicate and coordinate effectively.

A simulation environment that replicates real-world conditions and scenarios was built,
with the scope of testing and refining the model. The simulation environment was used by the
authors to assess the model’s performance under various operational conditions. The Multi-Agent
Transport Simulation (MATSim) and QGIS software were used to model traffic flows and the
behaviors of vehicles.

The proposed model for integrated autonomous transportation networks

A comprehensive framework that integrates the IoT, Blockchain technology, and Al is used to
create an efficient, secure, and interoperable IAT Network. The model uses the Triple S holistic
approach to maximize the synergistic potential of the Data Technology Triad.
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Overview of the model

The IAT Network is represented as a multi-layered architecture, where each layer represents a basic
component of the Data Technology Triad. The IoT layer forms the foundation, facilitating real-
time data collection and communication between autonomous vehicles, infrastructure, and
environmental sensors. The Blockchain layer ensures data security, transparency, and integrity by
recording transactions and data exchanges on a decentralized ledger. The Al layer is used to process
the secured data to enable intelligent decision-making, predictive analytics, and autonomous
operations (see Figure 2).

This architecture ensures great interaction and interoperability among different
transportation modes (i.e. maritime, terrestrial, and aerial modes). The integration of these
technologies into the model allows the growth of operational efficiency, reduction of costs,
improvement of safety, and promotion of sustainability within autonomous transportation
networks.

AT

. - Decentralised ledger
BIOCkChaIn - Smart contracts

- Sensors

- Conected devices

- Vehicles

- R

- Neural networks

m - Optimisation engines
- Autonomous decision
systems

. A

Figure 2. The architecture of the proposed model.
Source: authors own work.

Components of the model

The IoT layer is made up by a network of sensors, actuators, and connected devices installed on
vehicles, infrastructure, and the environment. These devices collect real-time data on parameters
such as location, speed, traffic conditions, weather, and vehicle performance. The IoT layer data
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transmission is achieved by employing communication technologies like 5G, Wi-Fi, and dedicated
short-range communications (DSRC). This layer eanbles V2V and V2I communications, for
coordinating the movements, avoiding collisions, and optimizing traffic flow. In the maritime
transportation industry, IoT devices monitor vessel performance, cargo status, and environmental
conditions, in order to determine predictive maintenance and obtain operational efficiency.

The Blockchain layer offers a decentralized, secure platform to record exchanges of data
and transactions between the people in the network. The layer has two components: the database
and the hardware that supports the database. Within the network, participants are being
authenticated by public key cryptography. Data is recorded in the database in such a way that it is
guaranteed by the system to be immutable, verifiable, and not prone to tampering. The smart
contracts run on this layer, automating many processes, including access control, payment
settlements, compliance verification, and the enforcement of regulatory statutes. The layer is
designed to prevent unauthorized access and data breaches, as well as all kind of hacking that would
attempt to modify data after recording it in the database.

The Al layer uses advanced algorithms and trained models that process the data collected
and secured by the previous layers. This layer is able to make intelligent decisions by analyzing
the data in a way that allows it to understand patterns, predict what will happen next, and decide
the best course of action in a given scenario. In the case of autonomous vehicles, Al algorithms
process the sensor data to obtain a digital copy of the environment. This is helpful to recognize
obstacles and make navigation decisions.

Another role of this layer is to perform predictive analysis for: traffic forecasting, demand
prediction, and maintenance scheduling. Optimization algorithms determine the most efficient
routes, schedules, and resource allocations. By adopting artificial intelligence solutions into
management processes, companies can increase overall system efficiency and reduce operational
costs.

Integration mechanisms

The model has integration mechanisms that allow [oT, Blockchain, and Al layers to interact easily,
and ensure that different modes of transportation can work together. Standardized communication
protocols and data formats are necessary for this compatibility. For Al algorithms to access data
securely from the Blockchain layer, application programming interfaces (APIs) and middleware
solutions can be used.

Aligning with industry standards and regulatory frameworks will increase interoperability.
Cross-platform communication and coordination are required to allow maritime, terrestrial, and
aerial autonomous systems to operate together within the IAT Network. To protect data integrity
and privacy, security protocols have to be implemented across all layers. The means to achieve that
level of security are represented by encryption methods, authentication mechanisms, and access
control policies that safeguard data transmission and storage. The built-in security features of the
Blockchain layer complement these measures, providing a robust defense against cyber threats.

Simulation and Results

Simulation Setup

The simulation of the IAT Network model was conducted using the Multi-Agent Transport
Simulation (MATSim) framework. The authors focused on the performance evaluation of two
freight modes: integrated (freight i) and non-integrated (freight n). The simulation was configured
to represent an urban environment with 15 terrestrial nodes (see Figure 3).
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Freight agents represented 20% of the total agents, while the remaining 80% represented
personal vehicles users. This proportion reflected a realistic mix of freight and passenger traffic in
urban settings. This setup was created with the purpose of evaluating freight systems in the context
of everyday congestion and urban transportation dynamics. Freight i represented modes optimized
through the integration of IoT, Blockchain, and Al technologies, while freight n represented
conventional, less-coordinated systems. Agents were allowed to dynamically switch between these
modes based on the following factors: time (of arrival) and cost (driving time and total distance
traveled). The purpose was to capture agent preferences and the efficiency of the two modes. Future
research could expand this simulation to include maritime and aerial nodes, offering a more
comprehensive understanding of integrated transport systems across multiple modes.

13

01 1 20 O
015 22 014
Figure 3. The simulated network
Source: authors own work.
Findings

The simulation results indicated a clear preference for the integrated freight mode over the non-
integrated alternative. Agents were initially distributed between both modes, but gradually
switched toward freight i, denoting the advantages of integration of the network. To evaluate the
performance of the two modes, two metrics were used: passenger kilometer traveled (pkm) and
passenger hours traveled (ph). Pkm for freight i steadily increased with the simulation iterations
(see Figure 4) and the same indicator decreased over the iterations for freight n. This demonstrates
that agents preferred freight i because of its ability to efficiently handle larger volumes of
transportation demand. The passenger hours traveled (ph) metric also indicates the superiority of
freight i1, as it frequently resulted in reduced travel times and optimized routing for freight i
compared to freight n.

The configuration files and the outcomes of the MATSim simulation are available at the
following link: https://github.com/mapenthusiast/Simulation-Triads/tree/main.
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Analysis of Findings

The integrated system outperformed the conventional alternative across all metrics in almost all
iterations. From a broader perspective, the simulation highlighted significant efficiency gains when
the Data Technology Triad was used. Freight i utilized the resource better and reduced travel
delays. It also demonstrated greater adaptability to changing network conditions.

The freight i adoption trend observed in the simulation was fuelled by the benefits of the
integrated framework. This trend validated the theoretical propositions of the Data Technology
Triad, illustrating the practical advantages of applying the Triple S holistic approach to autonomous
transportation networks. The simulation results confirmed that integrating IoT, Blockchain, and Al
into a unified model increases system performance. This provides a robust foundation for the
development of future autonomous transportation networks.

Freight Modes Comparison (Integrated vs Non-integrated)

1800
I Integrated

I Non-integrated
1600 -

1400 4

1200

1000 +

800 -

600

Passenger Kilometers Traveled (pkm)

200

lteration

Figure 4. Freight Modes Comparison.
Source: authors own work.

The authors must acknowledge certain limitations. The virtual environment simulations
cannot capture all the complexities of real-world operations. The system’s performance in practice
can be influenced by factors such as human behavior, unexpected disruptions, and varying
regulatory frameworks. The implementation of the proposed model requires significant investment
in technology and infrastructure, which may pose challenges for some stakeholders. Also, the
implementation of such an integrated system involves overcoming organizational resistance and
ensuring that personnel are trained to operate and maintain the new technologies.

The results of the simulation demonstrate that the proposed model effectively increases the
Integrated Autonomous Transportation Networks by harvesting the potential of IoT, Blockchain
technology, and Al as a whole. The benefits listed above suggest that the model offers a viable
solution to the challenges faced by the transportation industry today.
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The findings lead to the conclusion that integrating the Data Technology Triad within a
cohesive framework can bring significant advancements in transportation industry. This aligns with
the broader objectives of leading change in disruptive times and underlines the model’s potential
impact on the future of logistics and supply chain management.

Discussion

The integration of the IoT, Blockchain technology, and Al within IAT Networks represents a
significant advancement in theoretical understanding and practical application. The discussion
reflects on the contributions of the proposed model to existing theories, the practical implications
for industry and policymakers, the challenges and Ilimitations encountered, and the
recommendations for future research.

Contributions to Theory

The proposed model incorporates the benefits of triadic models by applying the Triple S holistic
approach to the integration of IoT, Blockchain, and Al in transportation networks. The model
captures the essential characteristics and contributions of each technology by synthesizing the core
functionalities, within autonomous transportation.

The systemic perspective reveals how these technologies interact within the transportation
ecosystem and highlight the interdependencies and integration points that enable easy data flow
and operational coordination. The synergic aspect of the model demonstrates emergent properties
resulting from the integration of the triad. The combined effect of IoT, Blockchain, and Al exceeds
the sum of their individual contributions, leading to enhanced interoperability, security, efficiency,
and sustainability. This synergy validates the Triple S holistic approach and extends its
applicability to complex technological integrations in transportation systems.

Moreover, the model contributes to the theoretical framework of integrated transportation
networks by providing a concrete example of how advanced technologies can be combined. It
offers insights into the mechanisms that facilitate interoperability among different transportation
modes, addressing a gap in existing literature. The model serves as an example for further
exploration of multi-technology integrations and their impact on autonomous systems.

Practical Implications

For businesses operating within the logistics and transportation sectors, the proposed model offers
substantial benefits. The integration of IoT, Blockchain, and Al leads to cost reductions through
optimized routing, improved asset utilization, and decreased operational inefficiencies. Real-time
data processing, intelligent decision-making, and automation of processes enhance operational
efficiency, leading to increased productivity and profitability.

The model provides a competitive advantage by enabling businesses to offer more reliable,
secure, and responsive services. The enhanced security features build trust with customers and
partners, while the interoperability across transportation modes allows for greater flexibility and
adaptability to market demands. Environmental sustainability benefits align with corporate social
responsibility goals and can enhance brand reputation.

For policymakers and regulatory bodies, the model presents implications for infrastructure
development and regulatory frameworks. The adoption of such integrated systems requires
investment in communication networks, data management platforms, and additional technologies.
Policymakers must consider creating favorable environments that facilitate technological adoption,
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including setting standards, providing incentives, and addressing legal considerations related to
data privacy and cybersecurity.

The results underline the need for international collaboration to align regulations and
standards across borders, useful for creating global transportation networks. By understanding the
potential of integrated technologies, policymakers can make informed decisions that promote
innovation while safeguarding public interests.

Challenges and Limitations

Despite the promising results, the study acknowledges several challenges and limitations. One
significant limitation of the study is the reliance on simulations to validate the model. Although
simulations provide valuable insights, they cannot capture all the complexities and unpredictable
variables present in real-world environments. Human behavior, unforeseen disruptions, and
varying regulatory landscapes may impact the model’s performance when implemented in practice.

The implementation of the proposed model requires substantial investment in technology,
infrastructure, and human capital. Small and medium-sized enterprises may face financial
constraints that slow down adoption. Additionally, integrating new technologies into existing
systems can encounter organizational resistance, requiring change management strategies and
training programs to facilitate the transition.

Technical challenges include the need for data interoperability among different systems,
maintaining data security in the face of evolving cyber threats, and managing the computational
demands of Al algorithms. The scalability of Blockchain technology, particularly concerning
transaction speeds and energy consumption, remains an area requiring further optimization.

Recommendations for Future Research
Future research should focus on addressing the broader limitations identified within this study and
exploring additional use cases of the integrated model. Empirical studies involving pilot
implementations in real-world settings would provide deeper insights into the model’s practical
applicability and performance. Such studies could involve partnerships with industry stakeholders to
test the model in controlled environments, in order to incorporate real-world data and user feedback.
Another future research could be represented by exploring scalability solutions for
Blockchain technology within the model. Research into alternative consensus mechanisms, such
as proof-of-stake or directed acyclic graphs (DAGs), may offer improvements in transaction speeds
and energy efficiency. Investigating the integration of emerging technologies, such as edge
computing and 5G networks, could enhance data processing capabilities and reduce latency.
Further development of Al algorithms to enhance explainability and transparency would
address ethical concerns and improve stakeholder trust. Incorporating federated learning
techniques may allow for collaborative model training without compromising data privacy.

Conclusion
This study developed a robust model that manages to integrate the Internet of Things, Blockchain
technology, and Artificial Intelligence within Integrated Autonomous Transportation Networks,
utilizing the Triadic Model and the Triple S holistic approach. The research addressed significant
gaps in the literature concerning the full integration of these technologies in transportation systems.
The model enables real-time data collection and communication through IoT devices,
ensures data security and transparency with Blockchain technology, and enables intelligent
decision-making with the use of Al algorithms by conceptualizing a multi-layered architecture.

DOI: 10.2478/picbe-2025-0338, pp. 4414-4428, ISSN 2558-9652 |
Proceedings of the 19t International Conference on Business Excellence 2025

PICBE |
4426



The implementation of the model through simulation demonstrated substantial improvements in
operational efficiency, security, interoperability, and sustainability.

Operational efficiency is achieved through optimized routing and resource utilization,
which leads to reduced transit times and operational costs. Security and data integrity are achieved
by incorporating Blockchain technology, which safeguards against unauthorized access and
ensures trust among stakeholders. Interoperability across different autonomous transportation
modes is realized by adopting standardized protocols and integration mechanisms. The model also
exhibits strong scalability and contributs to environmental sustainability by reducing emissions and
supporting the integration of electric and alternative energy vehicles.

The authors consider that the research met its objectives by developing and validating a
model that leverages the synergistic potential of the Data Technology Triad. The findings confirm
that integrating IoT, Blockchain, and Al within a cohesive framework can significantly enhance
the performance and reliability of autonomous transportation networks.

The importance of the Data Technology Triad in driving innovation and transformation in
the transportation sector is demonstrated by the simulation results. This study highlights the
potential of integrating IoT, Blockchain, and Al to create more connected, intelligent, and resilient
transportation systems. By addressing challenges related to interoperability, security, efficiency,
and sustainability, the proposed model contributes to the development of transportation networks
capable of adapting to technological advancements and evolving market demands.

The synergy achieved through the Triadic Model and Triple S holistic approach
demonstrates the value of interdisciplinary integration in solving complex problems. Embracing
the Data Technology Triad enables businesses to gain competitive advantages by offering more
reliable, secure, and responsive services. For policymakers, the model presents opportunities to
develop supportive infrastructure and regulatory frameworks that stimulate innovation while
ensuring public safety and trust.

The potential impact of this model on the future of transportation and logistics is significant
and it provides a viable pathway toward fully integrated, autonomous, and sustainable
transportation systems. As technology continues to advance, the collaborative efforts of academia,
industry, and government will ensure the premises for incorporating it into the existing systems or
to adopt them in the newly created ones. Continued research and development will address
implementation challenges, explore scalability solutions, and examine the socio-economic
implications of such integrated systems.

In conclusion, the integration of IoT, Blockchain technology, and Al within Integrated
Autonomous Transportation Networks represents a novel approach aligned with the goals of
leading change in disruptive times. The proposed model offers practical solutions that can shape
the future of transportation and logistics, fostering innovation, enhancing efficiency, and
contributing to a more sustainable and connected world.
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