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Abstract— Mobility is the engine of our society in the third 
millennium. Rapid technical development makes it possible to 
increase cognitive ability in various fields; mobility is one of the 
most affected. Mobility has become a multidimensional concept 
in our interpretation; in addition to transportation, it also 
appears in the digital space, among other dimensions. The 21st 
century has brought unprecedented challenges, such as the 
covid-19 virus and the Russian war in Ukraine. These highlight 
bottlenecks in mobility systems and prompted us to explore the 
concept of cognitive mobility. This paper intends to refine the 
CogMob approach, which co-manages human and machine 
capabilities in mobility. New achievements within CogMob's 
domain match the new challenges of war and viruses. This 
article aims to outline the field of cognitive mobility. It presents 
CogMob's definition and examples that clarify the combinations 
of cognitive levels of different mobilities. 
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I. INTRODUCTION  
Mobility is essential to our lives because we are constantly 

changing and moving. For many, the word mobility is 
primarily associated with transport, i.e., a change of location 
visible to the naked eye, often with the help of some means of 
transport. However, mobility can be much more diverse: for 
example, social mobility, which describes a change in the 
social situation of an individual or family, or labor mobility, 
which creates a link between a job and a choice of residence. 

During the research and conceptualization of cognitive 
mobility, the focus of our attention is the deeper understanding 
of mobility with the help of cognitive tools. Transport 
mobility is a complex process that is preceded by the 
emergence of a need, the decisions to meet it, and its 
fulfillment. Essential elements of the used vehicle, the 
infrastructure, the environmental effects caused; time and 
energy; and resource demand in both the short term and 
historical time horizon. The result of mobility is the 
satisfaction of a trigger need or need and thus the creation of 
individual and social added value. Analysis of historical 
mobilities is a tool for a better understanding the present and 
the future. 

Cognition and its mapping have long been a part and 
foundation of our lives. The rapid digital development of the 
21st century allows us to expand our experiential learning with 
smaller, cheaper, and more sensitive sensors, data fusion, and 
artificial intelligence, with more and more data available [1]. 
Among other things, they help to get to know and map the 
world better and thus mobility. It also opens up new 
dimensions of understanding and development. Many focus 
on existing system components, but detailed empirical 
knowledge of the initial needs or the resulting value is 
becoming more common. This can lead to new solutions. 

Getting better to know our world, our decisions, and our 
opportunities can, in extreme cases, mean minimizing or even 
giving up mobility, as we have seen with the Covid waves of 
the past year and a half or with new compact urban planning 
goals. 

Previous use of cognitive mobility in the thought space has 
been limited to measuring the transition from one place to 
another [2, 3]. In our approach, this unique example of 
mobility is part of cognitive mobility and can be better 
analyzed and understood with this approach, but it is only a 
sub-segment. 

The challenges of the second decade of the 21st century, 
which are very different from the trend of the last seventy 
years, such as the Covid virus and the Russo-Ukrainian war in 
the EU, also pose a mobility challenge. Not only energy 
problems, from natural gas to oil to nuclear energy, the 
collapse of logistics chains, the slowdown in vehicle 
production, and the production of sensor systems affect new 
and existing systems. 

The evolving artificial knowledge of human cognitive 
abilities and machines is becoming increasingly fused in 
mobility. This article seeks to refine further [4] the perspective 
of a framework in which human and machine capabilities are 
part of a mobility system. 

  

II. DEFINITION 
Cognitive mobility (CogMob) examines the intertwined 

combination of research areas such as mobility, transport, and 
its management, vehicle manufacturing, related social 
sciences, artificial intelligence and its applications, and 
cognitive info-communications. The main goal of CogMob is 
to give a holistic picture of mobility and its broad 
understanding. It thus describes, models, and optimizes as a 
mixed combination of artificial and natural/human cognitive 
systems. It sees the whole combination as an inseparable 
CogMob system and explores what new cognitive abilities 
come from this CogMob system. One of CogMob's focus 
areas is, of course, engineering applications in the mobility 
sector. 

Two critical dimensions of cognitive mobility need to be 
identified: the ranking of mobility and the elements of 
mobility. 

The ranking of mobility is a hierarchy with two purely 
theoretical endpoints. These refer to the cognitive level of 
those involved in mobility. 

• Intracognitive mobility - participants in mobility have 
almost similar cognitive abilities (e.g. pedestrians on a 
pedestrian street or otherwise moving goods in a warehouse) 
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• Intercognitive mobility - mobility participants have 
different cognitive abilities (highly automated vehicles and 
bicycles travel in urban environments). 

The elements of mobility are related to the essence of 
mobility: 

• Necessity of initiative: this is the reason behind mobility 

• Decision: Influences how mobility occurs, whether it 
happens at all or not. It can occur more than once during an 
activity. 

• Device / vehicle / quality: different quality parameters 
that influence the decision, the resource requirement, and the 
result of the mobility. 

• Infrastructure / Resources: In addition to infrastructure, 
mobility consumes many resources, such as money, time, 
energy, etc. 

• Human-machine interface: includes a wide range of 
options, from smartphones, smart maps, web tracking 
interfaces, simulation software, and more. 

III. KEY AREAS OF MOBILITY 
In the discussion section, we examine the research areas 

related to CogMob from a historical perspective. This chapter 
highlights the growing role and influence of natural and 
artificial cognitive processes in mobility science. It shows that 
people and the environment are increasingly merging in 
mobility and offers us a "one-size-fits-all" modeling space that 
makes it easier to understand mobility. 

Historically, research areas related to mobility have been 
fragmented into silos and run in parallel with a small number 
of interdependencies. Most of the research focused on their 
own area of focus and treated the rest as peripherals and 
endowments. The rate of mobility development has increased 
in the 20th century, similar to the acceleration of many areas 
of life. The main areas were automotive, infrastructure, road 
planning and decision making, transportation science, human-
machine communication, and social sciences. This has been 
complemented by the theme of sustainability in recent 
decades. The parallel technological development of these 
sciences has reached the point where more and more synergies 
have been achieved through in-depth collaboration (Figure 1). 

 

 
Fig. 1. The key areas of mobility have a higher level of synergy, and the 

areas come together to develop more effective cooperation. 

Interdisciplinary collaboration is growing, as vehicles, for 
example, used to be mere infrastructure users, but today 
infrastructure and vehicles work together to provide input for 
decision-making and route planning. 

A. Cognitive Vehicles  
The growing importance of safety aspects was the first 

driving force that positively affected the cognitive level of 
vehicles. Safety devices were mainly mechanical aids for the 
driver in the beginning. In the last decades, driver assistance 
devices' role in vehicles has increased [5]. In 2019, a cognitive 
vehicle engineering workshop was held. The focus was on the 
human inspiration for perception, learning, and decision-
making that could be transferred to increase the intelligence of 
vehicles and other autonomous systems in the future [6]. They 
focused on the potential benefits and pitfalls of using artificial 
and natural approaches in the design of intelligent systems that 
perceive, interact, learn, and make decisions. 

B. Cognitive Infrastructure 
Historically, the reason for building new transport 

infrastructure was commercial intent. The ancient Silk Road 
or the Roman military roads are examples of this, but the 
Panama Canal or the first railroads were built for a similar 
purpose. At the beginning of the 20th century, there was a 
similar motivation behind constructing the electricity 
network. Although these included complex systems, they are 
independent tools that facilitate the movement of goods. On 
the other hand, cognitive transport infrastructure is a meta-
infrastructure; it contains many interconnected, and thus 
continuously interacting, factors. The interconnection aims to 
increase capacity utilization through several previously 
unavailable technologies such as 5G or even 6G 
communications networks, artificial intelligence and big data 
analytics, social media, Internet-connected devices, or cloud-
based storage. The spectrum of users and developers is also 
complex, as elements of the cognitive infrastructure are 
developed and used by individuals, companies, and public 
institutions [7]. The complexity of communication between 
infrastructure and users is increasingly similar to 
communication between people. The knowledge accumulated 
in one area can be transferred to another [8].  

C. Cognitive decision making 
Decision-making is essential not only for increasingly 

automated vehicles but also for driver support. Intensive 
research is also underway in this area. In the field of transport 
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that influence the decision, the resource requirement, and the 
result of the mobility. 

• Infrastructure / Resources: In addition to infrastructure, 
mobility consumes many resources, such as money, time, 
energy, etc. 

• Human-machine interface: includes a wide range of 
options, from smartphones, smart maps, web tracking 
interfaces, simulation software, and more. 

III. KEY AREAS OF MOBILITY 
In the discussion section, we examine the research areas 

related to CogMob from a historical perspective. This chapter 
highlights the growing role and influence of natural and 
artificial cognitive processes in mobility science. It shows that 
people and the environment are increasingly merging in 
mobility and offers us a "one-size-fits-all" modeling space that 
makes it easier to understand mobility. 

Historically, research areas related to mobility have been 
fragmented into silos and run in parallel with a small number 
of interdependencies. Most of the research focused on their 
own area of focus and treated the rest as peripherals and 
endowments. The rate of mobility development has increased 
in the 20th century, similar to the acceleration of many areas 
of life. The main areas were automotive, infrastructure, road 
planning and decision making, transportation science, human-
machine communication, and social sciences. This has been 
complemented by the theme of sustainability in recent 
decades. The parallel technological development of these 
sciences has reached the point where more and more synergies 
have been achieved through in-depth collaboration (Figure 1). 
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Interdisciplinary collaboration is growing, as vehicles, for 
example, used to be mere infrastructure users, but today 
infrastructure and vehicles work together to provide input for 
decision-making and route planning. 

A. Cognitive Vehicles  
The growing importance of safety aspects was the first 

driving force that positively affected the cognitive level of 
vehicles. Safety devices were mainly mechanical aids for the 
driver in the beginning. In the last decades, driver assistance 
devices' role in vehicles has increased [5]. In 2019, a cognitive 
vehicle engineering workshop was held. The focus was on the 
human inspiration for perception, learning, and decision-
making that could be transferred to increase the intelligence of 
vehicles and other autonomous systems in the future [6]. They 
focused on the potential benefits and pitfalls of using artificial 
and natural approaches in the design of intelligent systems that 
perceive, interact, learn, and make decisions. 

B. Cognitive Infrastructure 
Historically, the reason for building new transport 

infrastructure was commercial intent. The ancient Silk Road 
or the Roman military roads are examples of this, but the 
Panama Canal or the first railroads were built for a similar 
purpose. At the beginning of the 20th century, there was a 
similar motivation behind constructing the electricity 
network. Although these included complex systems, they are 
independent tools that facilitate the movement of goods. On 
the other hand, cognitive transport infrastructure is a meta-
infrastructure; it contains many interconnected, and thus 
continuously interacting, factors. The interconnection aims to 
increase capacity utilization through several previously 
unavailable technologies such as 5G or even 6G 
communications networks, artificial intelligence and big data 
analytics, social media, Internet-connected devices, or cloud-
based storage. The spectrum of users and developers is also 
complex, as elements of the cognitive infrastructure are 
developed and used by individuals, companies, and public 
institutions [7]. The complexity of communication between 
infrastructure and users is increasingly similar to 
communication between people. The knowledge accumulated 
in one area can be transferred to another [8].  

C. Cognitive decision making 
Decision-making is essential not only for increasingly 

automated vehicles but also for driver support. Intensive 
research is also underway in this area. In the field of transport 

• Intercognitive mobility - mobility participants have 
different cognitive abilities (highly automated vehicles and 
bicycles travel in urban environments). 

The elements of mobility are related to the essence of 
mobility: 

• Necessity of initiative: this is the reason behind mobility 

• Decision: Influences how mobility occurs, whether it 
happens at all or not. It can occur more than once during an 
activity. 

• Device / vehicle / quality: different quality parameters 
that influence the decision, the resource requirement, and the 
result of the mobility. 

• Infrastructure / Resources: In addition to infrastructure, 
mobility consumes many resources, such as money, time, 
energy, etc. 

• Human-machine interface: includes a wide range of 
options, from smartphones, smart maps, web tracking 
interfaces, simulation software, and more. 

III. KEY AREAS OF MOBILITY 
In the discussion section, we examine the research areas 

related to CogMob from a historical perspective. This chapter 
highlights the growing role and influence of natural and 
artificial cognitive processes in mobility science. It shows that 
people and the environment are increasingly merging in 
mobility and offers us a "one-size-fits-all" modeling space that 
makes it easier to understand mobility. 

Historically, research areas related to mobility have been 
fragmented into silos and run in parallel with a small number 
of interdependencies. Most of the research focused on their 
own area of focus and treated the rest as peripherals and 
endowments. The rate of mobility development has increased 
in the 20th century, similar to the acceleration of many areas 
of life. The main areas were automotive, infrastructure, road 
planning and decision making, transportation science, human-
machine communication, and social sciences. This has been 
complemented by the theme of sustainability in recent 
decades. The parallel technological development of these 
sciences has reached the point where more and more synergies 
have been achieved through in-depth collaboration (Figure 1). 

 

 
Fig. 1. The key areas of mobility have a higher level of synergy, and the 

areas come together to develop more effective cooperation. 

Interdisciplinary collaboration is growing, as vehicles, for 
example, used to be mere infrastructure users, but today 
infrastructure and vehicles work together to provide input for 
decision-making and route planning. 

A. Cognitive Vehicles  
The growing importance of safety aspects was the first 

driving force that positively affected the cognitive level of 
vehicles. Safety devices were mainly mechanical aids for the 
driver in the beginning. In the last decades, driver assistance 
devices' role in vehicles has increased [5]. In 2019, a cognitive 
vehicle engineering workshop was held. The focus was on the 
human inspiration for perception, learning, and decision-
making that could be transferred to increase the intelligence of 
vehicles and other autonomous systems in the future [6]. They 
focused on the potential benefits and pitfalls of using artificial 
and natural approaches in the design of intelligent systems that 
perceive, interact, learn, and make decisions. 

B. Cognitive Infrastructure 
Historically, the reason for building new transport 

infrastructure was commercial intent. The ancient Silk Road 
or the Roman military roads are examples of this, but the 
Panama Canal or the first railroads were built for a similar 
purpose. At the beginning of the 20th century, there was a 
similar motivation behind constructing the electricity 
network. Although these included complex systems, they are 
independent tools that facilitate the movement of goods. On 
the other hand, cognitive transport infrastructure is a meta-
infrastructure; it contains many interconnected, and thus 
continuously interacting, factors. The interconnection aims to 
increase capacity utilization through several previously 
unavailable technologies such as 5G or even 6G 
communications networks, artificial intelligence and big data 
analytics, social media, Internet-connected devices, or cloud-
based storage. The spectrum of users and developers is also 
complex, as elements of the cognitive infrastructure are 
developed and used by individuals, companies, and public 
institutions [7]. The complexity of communication between 
infrastructure and users is increasingly similar to 
communication between people. The knowledge accumulated 
in one area can be transferred to another [8].  

C. Cognitive decision making 
Decision-making is essential not only for increasingly 

automated vehicles but also for driver support. Intensive 
research is also underway in this area. In the field of transport 



The Cognitive Mobility Concept

EARLY ACCESS10

Special Issue
of the Infocommunication Journal

decisions, cognitive memory is of paramount importance. 
Continuous, dynamic redesign of the route by adding 
cognitive factors is an excellent example. The goodness of the 
decision results was greatly improved by reducing the error, 
indicating that the vehicle was able to learn cognitive 
variables. It opens up the possibility of unsupervised learning 
in making sensible transport decisions. Decision-making 
about vehicles is cognitively similar to the human mind, which 
also maps the classification of events to processed patterns. 

Exploring other features of human cognition, such as 
emotions and memory structure, offers another exciting way 
into the future. Unsupervised learning is an essential 
cornerstone in the development of self-driving vehicles. Data 
mining can also facilitate routing; however, an optimized 
mining strategy is required to select selective data [9]. 

D. Cognitive Transport 
Deploying intelligent transport systems is one of the 

biggest challenges of traffic planning in the 21st century. 
Developing cooperation between conventional and 
autonomous vehicles at different levels of the global transport 
system is a task now and soon. Already in this decade, the 
proportion of self-driving vehicles, the heterogeneity of 
traffic, and the distribution of vehicles and transport 
infrastructure are increasing to ensure their effective control 
and to improve the quality of the transport services provided. 
Creating a cognitive multimodal transport system is a complex 
example of the intellectualization of vehicles, transport 
infrastructure, and the systems and networks that connect 
them. The main driver of this process is the artificial 
intelligence factor in transport systems. A successful system 
dramatically improves the safety of people and cargo, reduces 
the average time of passenger and freight transport, improves 
the efficiency of the use of the capacity resources of the 
national transport system for a higher level of environmental 
safety, and has a significant impact on the national economy. 
Together with the latter result, it can be stated that the 
development of a cognitive multimodal transport system gives 
a strong impetus to the general development of the national 
economy [10]. 

E. Human-machine communication  
The history of the human-machine interface (HMI) is 

closely linked to the history of driving. The first international 
conventions on the HMI of vehicles were concluded in the 
1949 Geneva Convention on Road Traffic [11]. The Gefi 
agreement contains, among other things, rules and 
recommendations for the vehicle's internal HMI. For example, 
a speedometer and steering wheel must be installed in the 
vehicle. 

A significant step was the emergence of routing assistance 
systems in the 1970s. Subsequently, the first generation of 
driver assistance systems and the increasingly complex 
systems that followed increased communication between the 
driver and the vehicle. Early driving support systems, such as 
ABS, ASR, ESP, were already in use at the end of the 20th 
century, but by the turn of the millennium, a 'cruise control' 
was introduced to handle tracking distance. There was a 
significant breakthrough in management support systems in 
the early 2010s with the advent of complex systems [12]. One 
sign of this was the growing screens and onboard displays. 
Communication between the infrastructure elements and the 
drivers has intensified. In most sub-sectors of traffic, the 
driver cannot be excluded from mobility, but the functions that 

partially enable autonomous driving require increasingly 
complex communication, which encourages the development 
of communication interfaces. 

F. Cognitive Sustainability 
Sustainability is a crucial dimension of life at the 

beginning of the third millennium. Our society transforms and 
changes even faster and more continuously than any earlier. 
Mobility is part of the rapid change; sometimes, it is the 
accelerator. Sustainability aspects are crucial for mobility as 
society is highly dependent on mobility [13]. 

Above all, CogMob is a holistic approach that, in addition 
to examining mobility in the context of artificial and natural 
cognitive skills, also supports its view of the social sciences, 
thereby facilitating a deeper, more comprehensive 
understanding and understanding of mobility. The interaction 
between mobility and economic processes is a clear link for 
everyone. Understanding mobility, using the tools of the 
social sciences, provides an opportunity to learn about and 
understand the processes behind mobility. A deeper 
knowledge of the social processes that emerge through 
mobility can provide an input variable for further mobility 
development. 

The goal and mission of CogMob is a holistic mobility 
approach that is greatly facilitated by information 
communication tools. It connects certain aspects of the 
system, such as decisions, infrastructure, and tools. CogMob 
provides a shared space for optimization through the 
conscious and well-chosen use of IT tools, considering system 
components as part of a cognitive system [4].  

IV. COGNITIVE MOBILITY IN PRACTICE 
In this chapter, some examples are provided that clearly 

show the combination of cognitive levels, mobility modes, 
and mobility elements.    

A. Augmented security of connected vehicles 
In the automotive industry, cybersecurity is an emerging area 
of research in these years that many are approaching from 
various perspectives [14]. Existing vehicle safety solutions 
cover a wide area, often with competitors doing the same 
thing differently. State-of-the-art and future research 
directions. Based on the results of a wide-ranging analysis 
covering the topic, the field of artificial intelligence and 
defense mechanisms was previously underrepresented in 
research. Therefore, we can expect a wide range of interest in 
these areas. Another current area is vehicle communication, 
which dominates most of the developments. 

B. Merging of info-communications and mobility 
Digitization affects vehicles, drivers and infrastructure, and 
vehicle occupants. A study has revealed [15] what activities 
are carried out during non-local journeys, mainly on various 
means of public transport such as train or city and suburban 
buses. In summary, it can be emphasized that - based on one 
of the first travel-based multitasking studies in Hungary - the 
proportion of activities performed on non-local trips on a 
smartphone or tablet starts from a low level but is constantly 
increasing. This process correlates with smartphone 
ownership and mobile internet access. On the one hand, the 
main finding is that the use of electronic devices decreases 
with age [15]. 

C. Hybrid and electric propulsion systems 
In addition to vehicle control, the use of artificial 

intelligence has also advanced in the driveline. Internal 
combustion engines are increasingly challenged by more 
stringent standards [16]. With the development of in-vehicle 
electronics, components such as brake assist, exhaust gas 
recirculation, and steering can be controlled so that previously 
unavailable operating conditions are available. An example of 
this is the intelligent engine control system [17], which can 
achieve optimal performance even in extreme conditions. In 
addition, a supporting vector-machine-based forecasting 
model has been developed to predict engine performance 
under varying operating conditions. The developed, supported 
vector machine model predicted the engine's performance 
with high accuracy. 

The application of statistical regression models has also 
appeared in vehicle development. A three-step statistical 
analysis algorithm using vibration and sound pressure data as 
covariates to predict exhaust gas composition has become 
demonstrable [18]. 

Machine learning results can also be applied in vehicle 
control, especially in the control of self-driving vehicles. The 
road tracking function is required to guarantee vehicles' safe 
speed and movement profile with variable tire-road contact. 
The solution for this case combines Linear Parameter-Varying 
(LPV) control integration and machine learning-based 
analysis. The integration takes place in two steps. The result 
of the estimation method is generated using the coefficient of 
adhesion decision trees. The estimation result is integrated 
into the robust LPV controller via a scheduling variable. An 
error in the machine learning algorithm is built into the design 
of the control. In a second step, the optimization of 
longitudinal velocity is proposed over a predicted horizon, 
with a defined approximation of the accessibility of steering 
intervention based on machine learning [19]. 

D. The digitalization of the infrastructure 
The cognitive approach is also playing an increasingly 

important role in water transport. In addition to navigation 
infrastructure, ports are the ones whose development is 
tangible. Improving digitization means increasing efficiency, 
so this can be seen as the main direction of development. Ports 
have different levels of digitization. Many reasons for this can 
be, for example, the size of the port, its history and traditions, 
and the size and type of traffic. A different methodology seeks 
to bring together the different levels and related developments 
[20]. Ports were compared within groups of small, medium, 
and large ports. It is estimated that the level of digitization in 
small and medium-sized ports is around 

30% lower than the level of large seaports. The research 
results may be of interest to ports seeking to assess the level 
of their digitization and select the best digital development 
solutions. 

E. Onboard energy management 
A complex example of cognitive vehicle technology is 

vehicle recharge management. The importance of this topic 
area is growing with the development of self-driving skills of 
vehicles. It is currently unknown what will be the primary 
vehicle propulsion in the coming decades. The most complex 
of the available technologies is plug-in hybrid technology: it 
combines an electric powertrain and a conventional internal 
combustion engine, in the latter case with renewable [21-24] 

or even synthetic [25] propellants. In the case of fossil fuels, 
communication between filling stations and vehicles is a one-
way, narrow channel, providing information on fuel prices 
only. 

In contrast, mutual communication allows joint 
optimization in terms of route, fuel, charging time, and even 
price [26, 27]. For example, the longer charging time of 
electric vehicles, and therefore the waiting time due to the 
charging needs of others, as a decision criterion, will only be 
possible with better quality and quantity of communication 
between systems. Waterborne transport and the use of 
agrofuels open up further areas for improving the optimal 
energy management of vehicles with cognitive tools [28]. 

F. Environment perception 
Perceiving and understanding the environment is a central 

area of automotive development in the 21st century. This 
solution is of paramount importance not only in self-driving 
vehicles but also in the driver assistance devices of 
conventional vehicles. These systems are suitable for 
processing and managing dynamic relay systems such as 
controllable signals, adaptive traffic control with traffic lights 
or even traffic news information. Connecting in-vehicle 
systems with intelligent infrastructure increases the range of 
possible decision options. Because the critical input parameter 
of self-driving and driving support functions is perception, 
since driving is based on the results of different sensing 
algorithms, perception can be broken down into subproblems. 
The most common are lanes, traffic signals, objects, 
environment, etc. These solutions based on artificial 
intelligence, primarily neural networks, are already close to 
applicability today, and we will encounter them more often in 
the future [29, 30, 31]. 

G. Digital twin-based research 
Intermodal transport infrastructure is a good example of 

cognitive elements' growing and increasingly important role. 
An increasingly important element of urban ecosystem 
models is the design, even optimization, and shaping of 
mobility. The relationship between urban structure, mobility, 
and urban development can be identified using cognitive 
tools. Cognition can be facilitated [32]. Simulation of mobility 
infrastructure also plays a key role in vehicle development. 

This is necessary concerning the development of transport 
simulations and, on the other hand, for increasing mobility 
safety. Continuous updating traditional static maps is 
resource-intensive and opens the door to computer 
simulations [33]. Due to their technological solutions, self-
driving vehicles are almost impossible to integrate into the 
cumbersome homologation procedures of conventional 
vehicles [34]. Their long development time can be radically 
reduced, for example, by using digital-twin solutions [35], in 
which validation can be performed at any time due to 
simulation and the parallel running of reality. 

H. Intermodality decision making  
In mobility, cognitive methods can help make 

instantaneous decisions. Roundabout has long been used as an 
intersection solution due to its easy adaptability and high level 
of safety. In the case of self-driving vehicles, in many cases, 
one of the main directions of development is the highway 
scenario; the work in the roundabout requires more time and 
effort. Research demonstrates the usability of various decision 
support applications, making it clear that cognitive techniques 
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a strong impetus to the general development of the national 
economy [10]. 

E. Human-machine communication  
The history of the human-machine interface (HMI) is 

closely linked to the history of driving. The first international 
conventions on the HMI of vehicles were concluded in the 
1949 Geneva Convention on Road Traffic [11]. The Gefi 
agreement contains, among other things, rules and 
recommendations for the vehicle's internal HMI. For example, 
a speedometer and steering wheel must be installed in the 
vehicle. 

A significant step was the emergence of routing assistance 
systems in the 1970s. Subsequently, the first generation of 
driver assistance systems and the increasingly complex 
systems that followed increased communication between the 
driver and the vehicle. Early driving support systems, such as 
ABS, ASR, ESP, were already in use at the end of the 20th 
century, but by the turn of the millennium, a 'cruise control' 
was introduced to handle tracking distance. There was a 
significant breakthrough in management support systems in 
the early 2010s with the advent of complex systems [12]. One 
sign of this was the growing screens and onboard displays. 
Communication between the infrastructure elements and the 
drivers has intensified. In most sub-sectors of traffic, the 
driver cannot be excluded from mobility, but the functions that 

partially enable autonomous driving require increasingly 
complex communication, which encourages the development 
of communication interfaces. 

F. Cognitive Sustainability 
Sustainability is a crucial dimension of life at the 

beginning of the third millennium. Our society transforms and 
changes even faster and more continuously than any earlier. 
Mobility is part of the rapid change; sometimes, it is the 
accelerator. Sustainability aspects are crucial for mobility as 
society is highly dependent on mobility [13]. 

Above all, CogMob is a holistic approach that, in addition 
to examining mobility in the context of artificial and natural 
cognitive skills, also supports its view of the social sciences, 
thereby facilitating a deeper, more comprehensive 
understanding and understanding of mobility. The interaction 
between mobility and economic processes is a clear link for 
everyone. Understanding mobility, using the tools of the 
social sciences, provides an opportunity to learn about and 
understand the processes behind mobility. A deeper 
knowledge of the social processes that emerge through 
mobility can provide an input variable for further mobility 
development. 

The goal and mission of CogMob is a holistic mobility 
approach that is greatly facilitated by information 
communication tools. It connects certain aspects of the 
system, such as decisions, infrastructure, and tools. CogMob 
provides a shared space for optimization through the 
conscious and well-chosen use of IT tools, considering system 
components as part of a cognitive system [4].  

IV. COGNITIVE MOBILITY IN PRACTICE 
In this chapter, some examples are provided that clearly 

show the combination of cognitive levels, mobility modes, 
and mobility elements.    

A. Augmented security of connected vehicles 
In the automotive industry, cybersecurity is an emerging area 
of research in these years that many are approaching from 
various perspectives [14]. Existing vehicle safety solutions 
cover a wide area, often with competitors doing the same 
thing differently. State-of-the-art and future research 
directions. Based on the results of a wide-ranging analysis 
covering the topic, the field of artificial intelligence and 
defense mechanisms was previously underrepresented in 
research. Therefore, we can expect a wide range of interest in 
these areas. Another current area is vehicle communication, 
which dominates most of the developments. 

B. Merging of info-communications and mobility 
Digitization affects vehicles, drivers and infrastructure, and 
vehicle occupants. A study has revealed [15] what activities 
are carried out during non-local journeys, mainly on various 
means of public transport such as train or city and suburban 
buses. In summary, it can be emphasized that - based on one 
of the first travel-based multitasking studies in Hungary - the 
proportion of activities performed on non-local trips on a 
smartphone or tablet starts from a low level but is constantly 
increasing. This process correlates with smartphone 
ownership and mobile internet access. On the one hand, the 
main finding is that the use of electronic devices decreases 
with age [15]. 
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C. Hybrid and electric propulsion systems 
In addition to vehicle control, the use of artificial 

intelligence has also advanced in the driveline. Internal 
combustion engines are increasingly challenged by more 
stringent standards [16]. With the development of in-vehicle 
electronics, components such as brake assist, exhaust gas 
recirculation, and steering can be controlled so that previously 
unavailable operating conditions are available. An example of 
this is the intelligent engine control system [17], which can 
achieve optimal performance even in extreme conditions. In 
addition, a supporting vector-machine-based forecasting 
model has been developed to predict engine performance 
under varying operating conditions. The developed, supported 
vector machine model predicted the engine's performance 
with high accuracy. 

The application of statistical regression models has also 
appeared in vehicle development. A three-step statistical 
analysis algorithm using vibration and sound pressure data as 
covariates to predict exhaust gas composition has become 
demonstrable [18]. 

Machine learning results can also be applied in vehicle 
control, especially in the control of self-driving vehicles. The 
road tracking function is required to guarantee vehicles' safe 
speed and movement profile with variable tire-road contact. 
The solution for this case combines Linear Parameter-Varying 
(LPV) control integration and machine learning-based 
analysis. The integration takes place in two steps. The result 
of the estimation method is generated using the coefficient of 
adhesion decision trees. The estimation result is integrated 
into the robust LPV controller via a scheduling variable. An 
error in the machine learning algorithm is built into the design 
of the control. In a second step, the optimization of 
longitudinal velocity is proposed over a predicted horizon, 
with a defined approximation of the accessibility of steering 
intervention based on machine learning [19]. 

D. The digitalization of the infrastructure 
The cognitive approach is also playing an increasingly 

important role in water transport. In addition to navigation 
infrastructure, ports are the ones whose development is 
tangible. Improving digitization means increasing efficiency, 
so this can be seen as the main direction of development. Ports 
have different levels of digitization. Many reasons for this can 
be, for example, the size of the port, its history and traditions, 
and the size and type of traffic. A different methodology seeks 
to bring together the different levels and related developments 
[20]. Ports were compared within groups of small, medium, 
and large ports. It is estimated that the level of digitization in 
small and medium-sized ports is around 

30% lower than the level of large seaports. The research 
results may be of interest to ports seeking to assess the level 
of their digitization and select the best digital development 
solutions. 

E. Onboard energy management 
A complex example of cognitive vehicle technology is 

vehicle recharge management. The importance of this topic 
area is growing with the development of self-driving skills of 
vehicles. It is currently unknown what will be the primary 
vehicle propulsion in the coming decades. The most complex 
of the available technologies is plug-in hybrid technology: it 
combines an electric powertrain and a conventional internal 
combustion engine, in the latter case with renewable [21-24] 

or even synthetic [25] propellants. In the case of fossil fuels, 
communication between filling stations and vehicles is a one-
way, narrow channel, providing information on fuel prices 
only. 

In contrast, mutual communication allows joint 
optimization in terms of route, fuel, charging time, and even 
price [26, 27]. For example, the longer charging time of 
electric vehicles, and therefore the waiting time due to the 
charging needs of others, as a decision criterion, will only be 
possible with better quality and quantity of communication 
between systems. Waterborne transport and the use of 
agrofuels open up further areas for improving the optimal 
energy management of vehicles with cognitive tools [28]. 

F. Environment perception 
Perceiving and understanding the environment is a central 

area of automotive development in the 21st century. This 
solution is of paramount importance not only in self-driving 
vehicles but also in the driver assistance devices of 
conventional vehicles. These systems are suitable for 
processing and managing dynamic relay systems such as 
controllable signals, adaptive traffic control with traffic lights 
or even traffic news information. Connecting in-vehicle 
systems with intelligent infrastructure increases the range of 
possible decision options. Because the critical input parameter 
of self-driving and driving support functions is perception, 
since driving is based on the results of different sensing 
algorithms, perception can be broken down into subproblems. 
The most common are lanes, traffic signals, objects, 
environment, etc. These solutions based on artificial 
intelligence, primarily neural networks, are already close to 
applicability today, and we will encounter them more often in 
the future [29, 30, 31]. 

G. Digital twin-based research 
Intermodal transport infrastructure is a good example of 

cognitive elements' growing and increasingly important role. 
An increasingly important element of urban ecosystem 
models is the design, even optimization, and shaping of 
mobility. The relationship between urban structure, mobility, 
and urban development can be identified using cognitive 
tools. Cognition can be facilitated [32]. Simulation of mobility 
infrastructure also plays a key role in vehicle development. 

This is necessary concerning the development of transport 
simulations and, on the other hand, for increasing mobility 
safety. Continuous updating traditional static maps is 
resource-intensive and opens the door to computer 
simulations [33]. Due to their technological solutions, self-
driving vehicles are almost impossible to integrate into the 
cumbersome homologation procedures of conventional 
vehicles [34]. Their long development time can be radically 
reduced, for example, by using digital-twin solutions [35], in 
which validation can be performed at any time due to 
simulation and the parallel running of reality. 

H. Intermodality decision making  
In mobility, cognitive methods can help make 

instantaneous decisions. Roundabout has long been used as an 
intersection solution due to its easy adaptability and high level 
of safety. In the case of self-driving vehicles, in many cases, 
one of the main directions of development is the highway 
scenario; the work in the roundabout requires more time and 
effort. Research demonstrates the usability of various decision 
support applications, making it clear that cognitive techniques 

decisions, cognitive memory is of paramount importance. 
Continuous, dynamic redesign of the route by adding 
cognitive factors is an excellent example. The goodness of the 
decision results was greatly improved by reducing the error, 
indicating that the vehicle was able to learn cognitive 
variables. It opens up the possibility of unsupervised learning 
in making sensible transport decisions. Decision-making 
about vehicles is cognitively similar to the human mind, which 
also maps the classification of events to processed patterns. 

Exploring other features of human cognition, such as 
emotions and memory structure, offers another exciting way 
into the future. Unsupervised learning is an essential 
cornerstone in the development of self-driving vehicles. Data 
mining can also facilitate routing; however, an optimized 
mining strategy is required to select selective data [9]. 

D. Cognitive Transport 
Deploying intelligent transport systems is one of the 

biggest challenges of traffic planning in the 21st century. 
Developing cooperation between conventional and 
autonomous vehicles at different levels of the global transport 
system is a task now and soon. Already in this decade, the 
proportion of self-driving vehicles, the heterogeneity of 
traffic, and the distribution of vehicles and transport 
infrastructure are increasing to ensure their effective control 
and to improve the quality of the transport services provided. 
Creating a cognitive multimodal transport system is a complex 
example of the intellectualization of vehicles, transport 
infrastructure, and the systems and networks that connect 
them. The main driver of this process is the artificial 
intelligence factor in transport systems. A successful system 
dramatically improves the safety of people and cargo, reduces 
the average time of passenger and freight transport, improves 
the efficiency of the use of the capacity resources of the 
national transport system for a higher level of environmental 
safety, and has a significant impact on the national economy. 
Together with the latter result, it can be stated that the 
development of a cognitive multimodal transport system gives 
a strong impetus to the general development of the national 
economy [10]. 

E. Human-machine communication  
The history of the human-machine interface (HMI) is 

closely linked to the history of driving. The first international 
conventions on the HMI of vehicles were concluded in the 
1949 Geneva Convention on Road Traffic [11]. The Gefi 
agreement contains, among other things, rules and 
recommendations for the vehicle's internal HMI. For example, 
a speedometer and steering wheel must be installed in the 
vehicle. 

A significant step was the emergence of routing assistance 
systems in the 1970s. Subsequently, the first generation of 
driver assistance systems and the increasingly complex 
systems that followed increased communication between the 
driver and the vehicle. Early driving support systems, such as 
ABS, ASR, ESP, were already in use at the end of the 20th 
century, but by the turn of the millennium, a 'cruise control' 
was introduced to handle tracking distance. There was a 
significant breakthrough in management support systems in 
the early 2010s with the advent of complex systems [12]. One 
sign of this was the growing screens and onboard displays. 
Communication between the infrastructure elements and the 
drivers has intensified. In most sub-sectors of traffic, the 
driver cannot be excluded from mobility, but the functions that 

partially enable autonomous driving require increasingly 
complex communication, which encourages the development 
of communication interfaces. 

F. Cognitive Sustainability 
Sustainability is a crucial dimension of life at the 

beginning of the third millennium. Our society transforms and 
changes even faster and more continuously than any earlier. 
Mobility is part of the rapid change; sometimes, it is the 
accelerator. Sustainability aspects are crucial for mobility as 
society is highly dependent on mobility [13]. 

Above all, CogMob is a holistic approach that, in addition 
to examining mobility in the context of artificial and natural 
cognitive skills, also supports its view of the social sciences, 
thereby facilitating a deeper, more comprehensive 
understanding and understanding of mobility. The interaction 
between mobility and economic processes is a clear link for 
everyone. Understanding mobility, using the tools of the 
social sciences, provides an opportunity to learn about and 
understand the processes behind mobility. A deeper 
knowledge of the social processes that emerge through 
mobility can provide an input variable for further mobility 
development. 

The goal and mission of CogMob is a holistic mobility 
approach that is greatly facilitated by information 
communication tools. It connects certain aspects of the 
system, such as decisions, infrastructure, and tools. CogMob 
provides a shared space for optimization through the 
conscious and well-chosen use of IT tools, considering system 
components as part of a cognitive system [4].  

IV. COGNITIVE MOBILITY IN PRACTICE 
In this chapter, some examples are provided that clearly 

show the combination of cognitive levels, mobility modes, 
and mobility elements.    

A. Augmented security of connected vehicles 
In the automotive industry, cybersecurity is an emerging area 
of research in these years that many are approaching from 
various perspectives [14]. Existing vehicle safety solutions 
cover a wide area, often with competitors doing the same 
thing differently. State-of-the-art and future research 
directions. Based on the results of a wide-ranging analysis 
covering the topic, the field of artificial intelligence and 
defense mechanisms was previously underrepresented in 
research. Therefore, we can expect a wide range of interest in 
these areas. Another current area is vehicle communication, 
which dominates most of the developments. 

B. Merging of info-communications and mobility 
Digitization affects vehicles, drivers and infrastructure, and 
vehicle occupants. A study has revealed [15] what activities 
are carried out during non-local journeys, mainly on various 
means of public transport such as train or city and suburban 
buses. In summary, it can be emphasized that - based on one 
of the first travel-based multitasking studies in Hungary - the 
proportion of activities performed on non-local trips on a 
smartphone or tablet starts from a low level but is constantly 
increasing. This process correlates with smartphone 
ownership and mobile internet access. On the one hand, the 
main finding is that the use of electronic devices decreases 
with age [15]. 

C. Hybrid and electric propulsion systems 
In addition to vehicle control, the use of artificial 

intelligence has also advanced in the driveline. Internal 
combustion engines are increasingly challenged by more 
stringent standards [16]. With the development of in-vehicle 
electronics, components such as brake assist, exhaust gas 
recirculation, and steering can be controlled so that previously 
unavailable operating conditions are available. An example of 
this is the intelligent engine control system [17], which can 
achieve optimal performance even in extreme conditions. In 
addition, a supporting vector-machine-based forecasting 
model has been developed to predict engine performance 
under varying operating conditions. The developed, supported 
vector machine model predicted the engine's performance 
with high accuracy. 

The application of statistical regression models has also 
appeared in vehicle development. A three-step statistical 
analysis algorithm using vibration and sound pressure data as 
covariates to predict exhaust gas composition has become 
demonstrable [18]. 

Machine learning results can also be applied in vehicle 
control, especially in the control of self-driving vehicles. The 
road tracking function is required to guarantee vehicles' safe 
speed and movement profile with variable tire-road contact. 
The solution for this case combines Linear Parameter-Varying 
(LPV) control integration and machine learning-based 
analysis. The integration takes place in two steps. The result 
of the estimation method is generated using the coefficient of 
adhesion decision trees. The estimation result is integrated 
into the robust LPV controller via a scheduling variable. An 
error in the machine learning algorithm is built into the design 
of the control. In a second step, the optimization of 
longitudinal velocity is proposed over a predicted horizon, 
with a defined approximation of the accessibility of steering 
intervention based on machine learning [19]. 

D. The digitalization of the infrastructure 
The cognitive approach is also playing an increasingly 

important role in water transport. In addition to navigation 
infrastructure, ports are the ones whose development is 
tangible. Improving digitization means increasing efficiency, 
so this can be seen as the main direction of development. Ports 
have different levels of digitization. Many reasons for this can 
be, for example, the size of the port, its history and traditions, 
and the size and type of traffic. A different methodology seeks 
to bring together the different levels and related developments 
[20]. Ports were compared within groups of small, medium, 
and large ports. It is estimated that the level of digitization in 
small and medium-sized ports is around 

30% lower than the level of large seaports. The research 
results may be of interest to ports seeking to assess the level 
of their digitization and select the best digital development 
solutions. 

E. Onboard energy management 
A complex example of cognitive vehicle technology is 

vehicle recharge management. The importance of this topic 
area is growing with the development of self-driving skills of 
vehicles. It is currently unknown what will be the primary 
vehicle propulsion in the coming decades. The most complex 
of the available technologies is plug-in hybrid technology: it 
combines an electric powertrain and a conventional internal 
combustion engine, in the latter case with renewable [21-24] 

or even synthetic [25] propellants. In the case of fossil fuels, 
communication between filling stations and vehicles is a one-
way, narrow channel, providing information on fuel prices 
only. 

In contrast, mutual communication allows joint 
optimization in terms of route, fuel, charging time, and even 
price [26, 27]. For example, the longer charging time of 
electric vehicles, and therefore the waiting time due to the 
charging needs of others, as a decision criterion, will only be 
possible with better quality and quantity of communication 
between systems. Waterborne transport and the use of 
agrofuels open up further areas for improving the optimal 
energy management of vehicles with cognitive tools [28]. 

F. Environment perception 
Perceiving and understanding the environment is a central 

area of automotive development in the 21st century. This 
solution is of paramount importance not only in self-driving 
vehicles but also in the driver assistance devices of 
conventional vehicles. These systems are suitable for 
processing and managing dynamic relay systems such as 
controllable signals, adaptive traffic control with traffic lights 
or even traffic news information. Connecting in-vehicle 
systems with intelligent infrastructure increases the range of 
possible decision options. Because the critical input parameter 
of self-driving and driving support functions is perception, 
since driving is based on the results of different sensing 
algorithms, perception can be broken down into subproblems. 
The most common are lanes, traffic signals, objects, 
environment, etc. These solutions based on artificial 
intelligence, primarily neural networks, are already close to 
applicability today, and we will encounter them more often in 
the future [29, 30, 31]. 

G. Digital twin-based research 
Intermodal transport infrastructure is a good example of 

cognitive elements' growing and increasingly important role. 
An increasingly important element of urban ecosystem 
models is the design, even optimization, and shaping of 
mobility. The relationship between urban structure, mobility, 
and urban development can be identified using cognitive 
tools. Cognition can be facilitated [32]. Simulation of mobility 
infrastructure also plays a key role in vehicle development. 

This is necessary concerning the development of transport 
simulations and, on the other hand, for increasing mobility 
safety. Continuous updating traditional static maps is 
resource-intensive and opens the door to computer 
simulations [33]. Due to their technological solutions, self-
driving vehicles are almost impossible to integrate into the 
cumbersome homologation procedures of conventional 
vehicles [34]. Their long development time can be radically 
reduced, for example, by using digital-twin solutions [35], in 
which validation can be performed at any time due to 
simulation and the parallel running of reality. 

H. Intermodality decision making  
In mobility, cognitive methods can help make 

instantaneous decisions. Roundabout has long been used as an 
intersection solution due to its easy adaptability and high level 
of safety. In the case of self-driving vehicles, in many cases, 
one of the main directions of development is the highway 
scenario; the work in the roundabout requires more time and 
effort. Research demonstrates the usability of various decision 
support applications, making it clear that cognitive techniques 

C. Hybrid and electric propulsion systems 
In addition to vehicle control, the use of artificial 

intelligence has also advanced in the driveline. Internal 
combustion engines are increasingly challenged by more 
stringent standards [16]. With the development of in-vehicle 
electronics, components such as brake assist, exhaust gas 
recirculation, and steering can be controlled so that previously 
unavailable operating conditions are available. An example of 
this is the intelligent engine control system [17], which can 
achieve optimal performance even in extreme conditions. In 
addition, a supporting vector-machine-based forecasting 
model has been developed to predict engine performance 
under varying operating conditions. The developed, supported 
vector machine model predicted the engine's performance 
with high accuracy. 

The application of statistical regression models has also 
appeared in vehicle development. A three-step statistical 
analysis algorithm using vibration and sound pressure data as 
covariates to predict exhaust gas composition has become 
demonstrable [18]. 

Machine learning results can also be applied in vehicle 
control, especially in the control of self-driving vehicles. The 
road tracking function is required to guarantee vehicles' safe 
speed and movement profile with variable tire-road contact. 
The solution for this case combines Linear Parameter-Varying 
(LPV) control integration and machine learning-based 
analysis. The integration takes place in two steps. The result 
of the estimation method is generated using the coefficient of 
adhesion decision trees. The estimation result is integrated 
into the robust LPV controller via a scheduling variable. An 
error in the machine learning algorithm is built into the design 
of the control. In a second step, the optimization of 
longitudinal velocity is proposed over a predicted horizon, 
with a defined approximation of the accessibility of steering 
intervention based on machine learning [19]. 

D. The digitalization of the infrastructure 
The cognitive approach is also playing an increasingly 

important role in water transport. In addition to navigation 
infrastructure, ports are the ones whose development is 
tangible. Improving digitization means increasing efficiency, 
so this can be seen as the main direction of development. Ports 
have different levels of digitization. Many reasons for this can 
be, for example, the size of the port, its history and traditions, 
and the size and type of traffic. A different methodology seeks 
to bring together the different levels and related developments 
[20]. Ports were compared within groups of small, medium, 
and large ports. It is estimated that the level of digitization in 
small and medium-sized ports is around 

30% lower than the level of large seaports. The research 
results may be of interest to ports seeking to assess the level 
of their digitization and select the best digital development 
solutions. 

E. Onboard energy management 
A complex example of cognitive vehicle technology is 

vehicle recharge management. The importance of this topic 
area is growing with the development of self-driving skills of 
vehicles. It is currently unknown what will be the primary 
vehicle propulsion in the coming decades. The most complex 
of the available technologies is plug-in hybrid technology: it 
combines an electric powertrain and a conventional internal 
combustion engine, in the latter case with renewable [21-24] 

or even synthetic [25] propellants. In the case of fossil fuels, 
communication between filling stations and vehicles is a one-
way, narrow channel, providing information on fuel prices 
only. 

In contrast, mutual communication allows joint 
optimization in terms of route, fuel, charging time, and even 
price [26, 27]. For example, the longer charging time of 
electric vehicles, and therefore the waiting time due to the 
charging needs of others, as a decision criterion, will only be 
possible with better quality and quantity of communication 
between systems. Waterborne transport and the use of 
agrofuels open up further areas for improving the optimal 
energy management of vehicles with cognitive tools [28]. 

F. Environment perception 
Perceiving and understanding the environment is a central 

area of automotive development in the 21st century. This 
solution is of paramount importance not only in self-driving 
vehicles but also in the driver assistance devices of 
conventional vehicles. These systems are suitable for 
processing and managing dynamic relay systems such as 
controllable signals, adaptive traffic control with traffic lights 
or even traffic news information. Connecting in-vehicle 
systems with intelligent infrastructure increases the range of 
possible decision options. Because the critical input parameter 
of self-driving and driving support functions is perception, 
since driving is based on the results of different sensing 
algorithms, perception can be broken down into subproblems. 
The most common are lanes, traffic signals, objects, 
environment, etc. These solutions based on artificial 
intelligence, primarily neural networks, are already close to 
applicability today, and we will encounter them more often in 
the future [29, 30, 31]. 

G. Digital twin-based research 
Intermodal transport infrastructure is a good example of 

cognitive elements' growing and increasingly important role. 
An increasingly important element of urban ecosystem 
models is the design, even optimization, and shaping of 
mobility. The relationship between urban structure, mobility, 
and urban development can be identified using cognitive 
tools. Cognition can be facilitated [32]. Simulation of mobility 
infrastructure also plays a key role in vehicle development. 

This is necessary concerning the development of transport 
simulations and, on the other hand, for increasing mobility 
safety. Continuous updating traditional static maps is 
resource-intensive and opens the door to computer 
simulations [33]. Due to their technological solutions, self-
driving vehicles are almost impossible to integrate into the 
cumbersome homologation procedures of conventional 
vehicles [34]. Their long development time can be radically 
reduced, for example, by using digital-twin solutions [35], in 
which validation can be performed at any time due to 
simulation and the parallel running of reality. 

H. Intermodality decision making  
In mobility, cognitive methods can help make 

instantaneous decisions. Roundabout has long been used as an 
intersection solution due to its easy adaptability and high level 
of safety. In the case of self-driving vehicles, in many cases, 
one of the main directions of development is the highway 
scenario; the work in the roundabout requires more time and 
effort. Research demonstrates the usability of various decision 
support applications, making it clear that cognitive techniques 
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increase efficiency [36]. Driving wants to avoid collisions and 
minimize energy consumption. The optimization tasks are 
interrelated, i.e., quadratic optimization with the vehicle 
model is used as the environment during training [37]. The 
application of new cognitive approaches is necessary not only 
in the ground but also in air mobility. In unmanned aerial 
vehicles, new applications are very similar to self-driving cars 
[38]. 

In intermodal transport, harmonizing sub-sectors can also 
be interpreted as a complex treatment of the above. These 
improvements will also increase the level of transport 
efficiency and sustainability. Research [36] collects and 
analyzes the factors that have identified ten factors influencing 
the efficiency and sustainability of intermodal transport. 

CONCLUSIONS 
At the dawn of the 3rd millennium, mobility is one of the 

foundations of the way of life. The CogMob concept presented 
in our article consciously focuses on deepening and extending 
this. The mobility dimensions presented in the article (ranking 
of mobility and elements of mobility) help to interpret the 
broad topic of mobility from a cognitive perspective. The 
examples illustrate the importance of the cognitive approach 
in many areas and parts of mobility. CogMob explores the 
similarities between work in each subject area, looking for a 
holistic framework for managing natural and artificial 
cognition in one system. 
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C. Hybrid and electric propulsion systems 
In addition to vehicle control, the use of artificial 

intelligence has also advanced in the driveline. Internal 
combustion engines are increasingly challenged by more 
stringent standards [16]. With the development of in-vehicle 
electronics, components such as brake assist, exhaust gas 
recirculation, and steering can be controlled so that previously 
unavailable operating conditions are available. An example of 
this is the intelligent engine control system [17], which can 
achieve optimal performance even in extreme conditions. In 
addition, a supporting vector-machine-based forecasting 
model has been developed to predict engine performance 
under varying operating conditions. The developed, supported 
vector machine model predicted the engine's performance 
with high accuracy. 

The application of statistical regression models has also 
appeared in vehicle development. A three-step statistical 
analysis algorithm using vibration and sound pressure data as 
covariates to predict exhaust gas composition has become 
demonstrable [18]. 

Machine learning results can also be applied in vehicle 
control, especially in the control of self-driving vehicles. The 
road tracking function is required to guarantee vehicles' safe 
speed and movement profile with variable tire-road contact. 
The solution for this case combines Linear Parameter-Varying 
(LPV) control integration and machine learning-based 
analysis. The integration takes place in two steps. The result 
of the estimation method is generated using the coefficient of 
adhesion decision trees. The estimation result is integrated 
into the robust LPV controller via a scheduling variable. An 
error in the machine learning algorithm is built into the design 
of the control. In a second step, the optimization of 
longitudinal velocity is proposed over a predicted horizon, 
with a defined approximation of the accessibility of steering 
intervention based on machine learning [19]. 

D. The digitalization of the infrastructure 
The cognitive approach is also playing an increasingly 

important role in water transport. In addition to navigation 
infrastructure, ports are the ones whose development is 
tangible. Improving digitization means increasing efficiency, 
so this can be seen as the main direction of development. Ports 
have different levels of digitization. Many reasons for this can 
be, for example, the size of the port, its history and traditions, 
and the size and type of traffic. A different methodology seeks 
to bring together the different levels and related developments 
[20]. Ports were compared within groups of small, medium, 
and large ports. It is estimated that the level of digitization in 
small and medium-sized ports is around 

30% lower than the level of large seaports. The research 
results may be of interest to ports seeking to assess the level 
of their digitization and select the best digital development 
solutions. 

E. Onboard energy management 
A complex example of cognitive vehicle technology is 

vehicle recharge management. The importance of this topic 
area is growing with the development of self-driving skills of 
vehicles. It is currently unknown what will be the primary 
vehicle propulsion in the coming decades. The most complex 
of the available technologies is plug-in hybrid technology: it 
combines an electric powertrain and a conventional internal 
combustion engine, in the latter case with renewable [21-24] 

or even synthetic [25] propellants. In the case of fossil fuels, 
communication between filling stations and vehicles is a one-
way, narrow channel, providing information on fuel prices 
only. 

In contrast, mutual communication allows joint 
optimization in terms of route, fuel, charging time, and even 
price [26, 27]. For example, the longer charging time of 
electric vehicles, and therefore the waiting time due to the 
charging needs of others, as a decision criterion, will only be 
possible with better quality and quantity of communication 
between systems. Waterborne transport and the use of 
agrofuels open up further areas for improving the optimal 
energy management of vehicles with cognitive tools [28]. 

F. Environment perception 
Perceiving and understanding the environment is a central 

area of automotive development in the 21st century. This 
solution is of paramount importance not only in self-driving 
vehicles but also in the driver assistance devices of 
conventional vehicles. These systems are suitable for 
processing and managing dynamic relay systems such as 
controllable signals, adaptive traffic control with traffic lights 
or even traffic news information. Connecting in-vehicle 
systems with intelligent infrastructure increases the range of 
possible decision options. Because the critical input parameter 
of self-driving and driving support functions is perception, 
since driving is based on the results of different sensing 
algorithms, perception can be broken down into subproblems. 
The most common are lanes, traffic signals, objects, 
environment, etc. These solutions based on artificial 
intelligence, primarily neural networks, are already close to 
applicability today, and we will encounter them more often in 
the future [29, 30, 31]. 

G. Digital twin-based research 
Intermodal transport infrastructure is a good example of 

cognitive elements' growing and increasingly important role. 
An increasingly important element of urban ecosystem 
models is the design, even optimization, and shaping of 
mobility. The relationship between urban structure, mobility, 
and urban development can be identified using cognitive 
tools. Cognition can be facilitated [32]. Simulation of mobility 
infrastructure also plays a key role in vehicle development. 

This is necessary concerning the development of transport 
simulations and, on the other hand, for increasing mobility 
safety. Continuous updating traditional static maps is 
resource-intensive and opens the door to computer 
simulations [33]. Due to their technological solutions, self-
driving vehicles are almost impossible to integrate into the 
cumbersome homologation procedures of conventional 
vehicles [34]. Their long development time can be radically 
reduced, for example, by using digital-twin solutions [35], in 
which validation can be performed at any time due to 
simulation and the parallel running of reality. 

H. Intermodality decision making  
In mobility, cognitive methods can help make 

instantaneous decisions. Roundabout has long been used as an 
intersection solution due to its easy adaptability and high level 
of safety. In the case of self-driving vehicles, in many cases, 
one of the main directions of development is the highway 
scenario; the work in the roundabout requires more time and 
effort. Research demonstrates the usability of various decision 
support applications, making it clear that cognitive techniques 
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