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sustainability are shaping new requirements for the training of specialists in the 

transport sector. Under these conditions, the integration of sustainable development 

principles into the content of educational programs for the training of future 

professionals becomes particularly relevant. One of the key international 

instruments supporting such transformations is the Erasmus+ programme projects, 

aimed at modernizing higher education systems.  

The National Transport University participates in the international project 

ISDEGO 3 Implementation of Sustainable Urban Development Goals in Transport 

Bachelor Degree (Project 101179915), implemented within the framework of the 

Erasmus+ KA2 programme <Capacity Building in Higher Education: Partnerships 
for the Transformation of Higher Education.= The aim of the project is to integrate 

the principles of sustainable urban development, in particular Sustainable 

Development Goal No. 11 (SDG 11), into the curricula for bachelor9s degree 
programmes in transport technologies. The main focus is placed on the 

development of new competencies that correspond to the current needs of the labor 

market and the challenges associated with the development of urban transport 

systems. 

One of the important stages of the project implementation was the 

organization of a series of thematic workshops and discussions by the participating 

Ukrainian universities, involving representatives of industry, public authorities, 

businesses, and civil society organizations. These activities were aimed at fostering 

an open dialogue between the academic community and stakeholders regarding the 

modernization of the content of educational programmes. In particular, in April 

2025, the National Transport University hosted an online seminar entitled 

<Harmonization of Education and the Labor Market: New Competencies for 

Sustainable Urban Development,= during which current requirements for the 

training of transport sector specialists and opportunities for integrating sustainable 

development principles into the educational process were discussed. 

As part of the preparatory stage of the study, specialists from the National 

Transport University participated in the analysis of 29 international documents 

related to the development of education, the labor market, sustainable 

development, and the digital transformation of the transport sector. The analysis 

included documents from the European Union, international organizations, and 

analytical reports reflecting current trends in the development of the transport 

industry. The results of the study made it possible to identify key directions for the 

transformation of educational programmes and to formulate the competencies 

required for training a new generation of professionals. 

The analysis has shown that the contemporary development of urban 

transport systems is characterized by several key trends. First, the principles of 

sustainable development are becoming the foundation of strategic planning for 

urban mobility. Second, there is an active digitalization of transport processes, 
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involving the use of intelligent transport systems, big data, geoinformation 

technologies, and digital modeling. Third, the role of interdisciplinary approaches 

is significantly increasing, combining engineering, environmental, social, and 

managerial aspects of transport planning. In addition, so-called <soft= skills4such 

as communication, teamwork, critical thinking, and adaptability4are gaining 

increasing importance 

Based on the conducted analysis, the National Transport University proposed 

a system of key competencies to be developed in the process of training bachelor9s 
students in the field of Transport Technologies. An important feature of this 

approach is that each identified competency is supported by specific practical skills 

and learning outcomes that can be integrated into academic courses and the 

practical training of students. 

In order to CB>G=8B8 the relevance of the proposed competencies and to 

obtain feedback from the professional community, representatives of the transport 

sector and expert organizations were involved in the discussion. The participants of 

the seminar emphasized the importance of updating educational programmes in 

accordance with the current challenges of urban mobility development, in 

particular the need to take into account the principles of environmental 

sustainability, road safety, inclusiveness, and accessibility of transport 

infrastructure. 

Stakeholders paid particular attention to the need to develop digital 

competencies among future professionals. In particular, the importance of using 

geographic information systems, transport modeling, big data analysis, and 

specialized software for transport flow planning was emphasized. In addition, 

representatives of the sector highlighted the importance of practice-oriented 

education, expanding cooperation between universities, enterprises, and local 

authorities, as well as involving students in real-world projects in the field of urban 

mobility. 

The conducted discussions confirmed that the modern training of specialists in the 

transport sector should be based on a comprehensive approach that integrates 

technical knowledge, environmental principles, social aspects, and managerial 

competencies. Such an approach enables the development of professionals capable 

of effectively operating within complex urban systems and contributing to the 

implementation of sustainable development strategies. 

Thus, the experience of the National Transport University within the 

implementation of the ISDEGO project demonstrates the importance of active 

interaction between the university and representatives of the labor market, public 

authorities, and civil society organizations in the process of modernizing 

educational programmes. The organization of thematic workshops and expert 

discussions contributes to the development of relevant content for the training of 

bachelor9s students, aligned with the current challenges of urban transport system 
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development. 

The integration of sustainable development principles, digital technologies, and 

interdisciplinary approaches into the training of future transport sector 

professionals creates the preconditions for the formation of a new generation of 

specialists capable of developing effective solutions for safe, inclusive, and 

environmentally sustainable urban mobility. 
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TRAFFIC FLOW MANAGEMENT BASED ON INTELLIGENT 

TRANSPORTATION SYSTEMS:  

CHALLENGES, LIMITATIONS, AND RESEARCH DIRECTIONS  

The rapid pace of urbanization, accompanied by a steady increase in 

motorization and the growing structural complexity of urban transport networks, 

has significantly intensified the challenges associated with traffic flow 

management. Large metropolitan areas are increasingly confronted with persistent 

congestion, unstable traffic conditions, elevated accident risks, and substantial 

environmental impacts, including increased emissions and energy consumption. 

Under these circumstances, conventional approaches based on fixed-time control 

strategies and static planning models are no longer capable of ensuring the efficient 

functioning of transport systems. Such methods typically rely on simplified 

assumptions, fail to adequately capture the stochastic and nonlinear nature of 

traffic flows, and lack the flexibility required to respond effectively to rapid 

fluctuations in demand, incidents, and external disturbances. 

In recent years, the advancement of intelligent transportation systems has 

opened new possibilities for improving traffic management through the integration 

of real-time data acquisition, modern communication technologies, and data-driven 

decision-making processes. These systems support adaptive and predictive control, 

enabling transport networks to respond dynamically to evolving traffic conditions. 

Nevertheless, despite notable progress, the management of traffic flows in complex 

urban environments remains an unresolved and challenging problem. This is 

particularly evident in multilane traffic scenarios, where interactions among 

vehicles, frequent lane-changing maneuvers, and heterogeneous traffic 

compositions introduce additional layers of complexity that are not sufficiently 

addressed by existing methodological approaches. 

From a methodological standpoint, several limitations can be identified. 

Classical traffic flow models, including both macroscopic and microscopic 

formulations, often fail to represent the full spectrum of interactions observed in 

real-world traffic systems. In particular, they provide only a partial description of 

lane-changing behavior and inter-lane dependencies, which play a crucial role in 

https://www.monash.edu/muarc/archive/our-publications/papers/visionzero
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the emergence of congestion and traffic instabilities. At the same time, there is a 

lack of integrated frameworks that effectively combine different modeling scales 

with real-time control mechanisms. Many existing approaches remain grounded in 

deterministic assumptions and do not adequately account for uncertainty, 

variability in driver behavior, or unexpected disruptions such as accidents and 

adverse weather conditions. Furthermore, when applied to large-scale urban 

networks, these models frequently encounter scalability constraints that limit their 

practical applicability. 

The shift toward intelligent, data-driven traffic management also gives rise to 

a range of scientific challenges. One of the key issues concerns the development of 

reliable real-time predictive models capable of processing large volumes of 

heterogeneous data. Another important challenge lies in integrating different 

categories of transport participants, including conventional vehicles and connected 

or automated vehicles, within a unified control framework. In addition, there is an 

increasing need for decentralized and multi-agent control strategies that can ensure 

coordinated operation across different parts of the transport network. Issues related 

to data quality, uncertainty, and system security further complicate the design and 

deployment of such systems. The concept of digital twins, which aims to replicate 

transport systems in a virtual environment for analysis and control, also requires 

further methodological refinement and empirical validation. 

Despite the substantial body of research in this field, several important gaps 

remain. There is still no comprehensive approach that simultaneously addresses 

multilane traffic dynamics, real-time adaptability, and network-level optimization 

within a single coherent framework. The potential of advanced artificial 

intelligence techniques, such as reinforcement learning and deep neural networks, 

has not yet been fully exploited in large-scale coordinated traffic control 

applications. Moreover, existing studies often treat traffic flow modeling, control 

theory, and data-driven methods as separate domains rather than integrating them 

into a unified methodological paradigm. Insufficient attention has also been paid to 

the role of driver behavior and lane-changing processes in shaping traffic 

dynamics, particularly within the context of intelligent control systems. 

These limitations highlight the need for further research aimed at developing 

adaptive, scalable, and integrated approaches to traffic flow management. 

Promising directions include the design of multi-level control architectures that 

combine local and network-wide decision-making, the application of artificial 

intelligence techniques for predictive and self-learning control, and the 

incorporation of multilane interactions into traffic models and control algorithms. 

The implementation of digital twin technologies, along with control tower 

concepts, may provide a foundation for more effective and centralized 

management of urban transport systems. Overall, addressing these challenges is 
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essential for enhancing the performance, safety, and sustainability of modern 

transport networks. 
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