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Chapter 1 

Introduction 

 
The term “smart city” appeared in the 1990s to demonstrate the use of 

innovation and advanced technologies in city evolution [1]. The 

‘smartness’ of the city determines the ability to unite resources to 

successfully achieve the targets that have been established earlier [2]. The 

“smart city” can be interpreted as a residential zone that uses intelligent 

systems and innovative technologies to make daily life easier, safer and 

more comfortable [3]. It consists of intelligent interconnected subsystems 

such as smart infrastructure, smart environment, smart services, smart 

governance, smart people, smart living, smart economy and smart 

transportation (or smart mobility). The combination of these subsystems 

helps to resolve citizens' dilemmas in a rational way and provides 

opportunities to build a smart society [3]. Contribution to each subsystem 

could be counted as improvement of the whole system of ‘smart city’. 

Smart transportation aims to produce innovative services relating to 

different transport modes and traffic management and allow users to be 

better informed and make safer, more coordinated and intelligent use of 

transportation networks and available capacities [4-7]. Some of these 

technologies include calling for emergency services when an accident 

occurs, using cameras to enforce traffic laws or signs that mark speed limit 

changes depending on conditions. Several smart transportation models are 

emerging. Bike sharing, car sharing and scooter sharing schemes like Lime 

or Bird are continuing to gain popularity; electric vehicle charging schemes 

are taking off in many cities; the connected car is a growing market 

segment; while new, smart parking solutions are being used by commuters 

and shoppers all over the world. All these new models provide 

opportunities for solving issues in urban areas. However, this burning issue 

of smart mobility still considered as a technology of the future and required 

more attention from the scientists and researchers' side. This topic is 

unexplored and technologies did not fully mature which means that new 

approaches and proposals in the research topic are current and getting any 

results in this area has high relevance. Moreover, ‘smart cities’ cannot 

achieve their 'smartness' concept without providing novel solutions in 

transportation. The advent of Electric Vehicles (EVs) and Autonomous 
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Vehicles (AVs) also known as self-driving, driverless, automated is a great 

example of such solutions. This dissertation summarizes studies related to 

the AVs and EVs and focused on providing new methods and solutions in 

such important fields as ambulance service, autonomous public 

transportation, and e-charging service. These services are an integral part of 

a person's daily life and already beginning to undergo some improvements 

regarding automation implementation, which over time will acquire more 

and more significant forms. However, these relevant issues still have gaps 

for new research. The aim of my research is to propose novel solutions 

making peoples' life safer, easier, and more comfortable with regards to 

their experience related to interaction with the above-mentioned services. 

The studies in this dissertation suppose full automation of the transport 

system and must be considered from the future perspective point of view. 

Figure 1.1 represents the general structure of the dissertation. 

 

 
 

Figure 1.1 Dissertation structure (source: own work) 
 

The remaining sections of the dissertation contain the following: section 

1.1 provides motivation and novelty of the research topic; section 1.2 

describes the objectives of research activity; research methodology is 

represented in section 1.3; section 1.4 provides hypotheses to the current 
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study. Chapter 2 provides research work related to users' acceptance of 

autonomous ambulance and results of key respondent interviews on this 

topic. Chapter 3 describes novel rescue approach based on vehicle-to-

everything communication and the computer vision solution. The novel 

coordination method of autonomous minibuses is represented in chapter 4. 

Chapter 5 represents the novel invention concept aiming to serve as a 

complementary source of renewable energy for electric vehicles charging 

stations. The new reservation service for electric vehicles charging using 

automatic notification is described in chapter 6. A summary including new 

results and future research directions is provided in chapter 7. 

 

1.1 Motivation and novelty of the research topic 
 

European Partnership for safe and automated road transport also called 

“Horizon Europe program” provides a long-term basis for planning 

research and preparation programs before deploying driverless vehicles 

throughout the EU and at the national level [8] that will lead to safer and 

more sustainable future mobility. This fact emphasizes the relevance of the 

AV technology-related topics. 

The results of some researches [9-11] confirm that human error is the main 

reason for accidents and traffic collisions. This is one of the main reasons 

for shifting towards AVs. AVs will not only take over the driving task but 

also communicate in real-time with all the components of the transportation 

network including other vehicles and road infrastructure. It is possible 

thanks to connected vehicle technology that transforms AVs to even more 

advanced solutions, specifically Connected and Autonomous Vehicles 

(CAVs). They provide various advantages such as a considerable decrease 

in traffic collision rates, congestions, social isolation for people who 

currently incapable to drive, carbon emission and noise trouble. However, 

there are some concerns regarding hacking, vulnerability, hardware and 

software imperfections, privacy loss, responsibility allocation, user growth, 

behavioral adaptation, and user perception issues [12]. There are a lot of 

studies concerning AV acceptance by people, but very little research exists 

pertaining to customers' willingness to accept autonomous ambulance. 

Therefore one of the aims in the research chain was to analyze users' 

readiness to accept autonomous ambulances that potentially can advent 

with the maturing of this technology and evaluate their answers by 

conducting key respondent interviews. The research was performed in 

terms of affective perspective. The next research aim was to propose a new 

method of saving human life using the capability of CAVs to provide 

information about the surrounding road traffic conditions in real-time to the 
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Traffic Management Center (TMC) which makes decisions improving 

safety, efficiency, comfort, and mobility [13]. The main focus of research 

on this topic is aimed at solving problems such as identifying a pedestrian 

so as not to harm him, or saving passengers inside the car. But the topic of 

saving a person who is on the side of the road (outside the car) using the 

capabilities of the CAVs is new and unrevealed for researchers. Another 

aim was to develop a new coordination method of autonomous public 

transport to accelerate passengers' travel experience and improve the 

comfort usage of the service. This issue is important because the advent of 

a novel technology always requires methods of its application. 

At the same time, some researches [14-16] prove that cars cause climate 

changes and damage to human health through emissions of harmful 

substances such as CO2, CO, N2O, CH4, NOx, NMVOC, PM, and SO2. The 

negative impact on the environment is mainly associated with the operation 

of cars with an internal combustion engine. To reduce the harmful effects 

on the environment, it is necessary to intensify efforts to switch to EVs. As 

electricity generation shifts towards cleaner sources, the carbon content in 

EVs will constantly decrease. These purposes were set in the European 

Union (EU) 2030 climate and energy framework [17]. However, these 

goals may be achieved by the only case of introducing Renewable Energy 

Sources (RES) in existing power systems that is a time-consuming and 

challenging task. Today, the energy portfolio of most countries is 

controlled by power plants based on fossil fuel (e.g. oil, coal, natural gas, 

etc.) obstructing the changing to EVs, while the practical benefits related to 

Greenhouse Gas (GHG) emission depend on the production of pure 

electricity [18]. Thus, the research aim in terms of contribution to 

electromobility development was to elaborate a new concept of RES that 

may accumulate clean energy for its further utilization for 'smart city' 

purposes. 

The future of electromobility is promising and ways to use vehicles in 

urban environments are likely to undergo tremendous changes, but this area 

still requires considerable contribution and efforts of scientists and 

researchers to gain a full level of maturity corresponding to the concept of a 

‘smart city’. In this regard, the next aim was to create the concept of a more 

comfortable process of charging EVs without the need for downtime in a 

live queue. 

Despite quite a successful testing of electromobility and automated vehicle 

technologies, both are still positioned as future technologies and require 

numerous researches in different aspects. The main motivation of the 

current dissertation is to contribute to the development of smart 

transportation and, as a result, to the evolution of a ‘smart city’ by a set of 
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studies leading to novel results and concepts different from previously 

proposed. The research works in this dissertation are all about urban 

mobility. This subject is relevant nowadays because of the quality of the 

transportation system has an important consequence on city development 

and civilian’s life. 

 

1.2 Objectives 

The objective of the dissertation is to contribute in smart transportation 

development by propose novel methods in ambulance service, autonomous 

public transportation, and e-charging service. To achieve this goal, I split 

the main objective to more specific objectives listed below: 

1. Analyzing the consumers’ readiness to accept self-driving 

ambulances in terms of emotional perspective and evaluation of the 

findings using key respondent interviews.  

  

2. Elaboration new solution of saving human life via faster 

communication with ambulance service than the regular method 

using a cellular phone. 

 

3. Elaboration the principle of the new service based on autonomous 

minibuses considering certain sections of a route. 

 

4. Development of the concept of a renewable energy source using 

daily vehicles' traffic, specifically operating by using the vehicle's 

kinetic energy and water-contained energy. 

 

5. Elaboration of a concept of a new charging piles reservation method 

for EVs eliminating downtime and increasing capacity utilization of 

charging facilities.  

 

1.3 Research Methodology 
 

1. The Autonomous Ambulance Acceptance Questionnaire (AAAQ) 

has been designed and applied for data collection related to 

passengers' readiness to ride on a driverless ambulance and ‘affect’ 

measures to figure out existence of its mediation role between the 

ambulance mode and readiness to ride as well as the existence of 

emotions behind the decision making. IBM SPSS Statistics software 
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was used for conducting ‘t-Test’, ‘ANOVA’, and Mediation analysis 

of data gathered with AAAQ. The key respondent interviews were 

conducted to evaluate the results. 

 

2. Human pose estimation technologies, as well as existing methods of 

rescue, were investigated to elaborate a new concept of rescue 

method justified with experimental approach and calculation of the 

comparative rate of victim identification time between conventional 

and proposed methods. 

 

3. Advantages and disadvantages of existing approaches for designation 

of stops and routes related to autonomous bus transportation were 

investigated to elaborate the new Automated Random Transportation 

Service (ARTS) of pick up passengers at predefined locations 

according to a vehicle-capacity in order to decrease passenger idle 

time. 

 

4. By investigating adjacent methods and existing inventions, 

combining principles of work of these inventions and using 

electrotechnical calculations, the system for producing electricity 

without destroying nature has been designed. 

 

5. By investigating existing research proposals aimed to decrease the 

waiting time during EV charging, the new concept of reservation 

service for electric vehicles charging using the automatic notification 

has been developed described by an operational model of service. 

General transportation and information system planning and 

development principals have been used. 

 

1.4 Hypotheses 

 
1. By conducting a questionnaire survey on users' perception of an 

autonomous ambulance and key respondent interviews, the obtained 

results could help to identify the next steps towards preparing 

potential patients for AV technology. For instance, the development 

of preparatory training materials, trial transportation of patients with 

mild diseases, etc. 

 

2. By applying Vehicle-to-Infrastructure (V2I), Vehicle-to-Vehicle 

(V2V) communications and human pose estimation function the 

solidity of the rescue process could be enhanced due to the 

elimination of the socio-psychological parameter and the human 
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factor. The soundness of managed information in the novel rescue 

method could be enhanced due to AVs that are able to check each 

other's data. By eliminating such steps as decision making and using 

a cellular phone manually, the rescue process could be accelerated. 

 

3. By the introduction of Decision Making Server (DMS), mobile 

application and special Ticket Vending Devices (TVD) into public 

transportation services could lead to new well-organized and 

controlled service based on autonomous minibuses and decrease 

passenger idle time, so the comfort (perceived quality) is also 

enhanced. 

 

4. By using a vehicle's kinetic energy and water-contained energy the 

clean electricity could be generated and can be effectively used in the 

‘smart city’ for powering street lights, traffic lights or serve as a 

complementary source of energy for electro mobiles charging points. 

 

5. By using CoreLocation framework or Google’s Location APIs, 

MapKit or Google Maps API, telecommunications providers' 

services, communication protocol, hardware, software, and wireless 

communication devices, the service eliminating EVs' downtime at 

charging stations could be developed. 
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Chapter 2 

 

Users' acceptance of autonomous 

ambulance 

 
The ambulance service plays an important role in healthcare worldwide. 

There are often no opportunities to respond to all incidents because of lack 

of equipment and staff at some ambulance stations [19]. However, 

transportation is going through a significant transformation due to the rapid 

developments of info-communication technology and computer science 

[20-22]. As a result, autonomous driving technology has emerged. This 

technology has good potential for improvements in many different areas 

and particularly in healthcare.  

An Autonomous Vehicle (AV), which is also known as self-driving or 

driverless vehicle, is a car able to perceive the surroundings and drive 

without human intervention [23, 24]. Whereas AVs are already present on 

the world’s roads, some authorities are looking for the possibility of self-

driving ambulance implementation [25]. For instance, South Central 

Ambulance Service (SCAS) took part in a UK trial of CAV technology in 

Milton Keynes [26]. The purpose of the project was to test some of the 

latest technologies like automated driving, self-parking, and two connected 

car safety features.  

The first feature, which is an Emergency Vehicle Warning (EVW) system, 

alerts drivers about an ambulance approaching and also shows the direction 

it is coming from. It helps drivers to avoid panic and plan their movement 

in advance before they can see or hear an ambulance coming.  

The second feature is an Electronic Emergency Brake Light (EBBL) that 

warns if another connected car in front is sharply braking. It gives drivers a 

chance to avoid a possible collision. Such trials lead to the implication that 

in the future, traditional ambulances may be replaced by autonomous ones 

with the same amount of staff onboard. It causes more efficient medical 

care due to allowing both employees to work as a team on a patient when 

normally one of them would have to drive [27]. Working in a team may 

bring better results than individuals working alone [28].  
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Driverless ambulances may also decrease the risks related to drivers’ 

imperfectness. Traffic accidents involving ambulances happen often [29] 

and ambulance service providers have a greater risk of fatal injury than 

some other professions because the most common fatal injuries occur in 

motor vehicle collisions [30]. Nowadays, the faults of drivers are the main 

cause of vehicle accidents. Due to the advent of AV technology, 

transportation has an opportunity to become more sustainable and secure 

[31]. 

There is an important question, despite the mentioned advantages - is a 

stricken individual ready to travel in an autonomous ambulance car? The 

reluctance of people to travel on AVs may become a serious obstacle to 

implement this technology in the ambulance service. Moreover, through 

understanding reasons of individual’s readiness or reluctance to ride 

autonomous ambulance, it is possible to create educational guides for 

potential consumers before the autonomous driving technology becomes 

determinant. Thus, the research aim was to reveal the consumers’ 

readiness to accept self-driving ambulances and figure out a possible 

reason behind the respondents' decision. To achieve more demonstrative 

results the studies were conducted in two different countries (Hungary and 

Kazakhstan). As Hungary is the current location of my research activity, I 

have direct access to the local people and ability to perform questionnaire 

survey personally with the possibility to explain the study purpose in oral 

form and assist the respondents if necessary. Kazakhstan is my native 

country where I have connections that allowed me to recruit respondents 

without any financial motivation. Another research purpose was to define 

whether ‘affect’ acts as a mediator between the ambulance mode and 

readiness to ride. This clarifies if respondents' emotions play a key role in 

their decision making. The so-called Autonomous Ambulance Acceptance 

Questionnaire has been designed and applied for this purpose. The final 

purpose was to understand the possible reason for the respondents' answers 

by conducting an interview with experts having first-hand knowledge of 

the AV and Intelligent Transportation Systems (ITS) related topic. 

The remaining sections of the chapter contain the following: section 2.1 

provides a literature review about the related works; section 2.2 describes 

the methodology of the research; data analysis, results, discussion are 

represented in section 2.3; section 2.4 provides the limitations to the current 

study; and the conclusion is provided in section 2.5. 
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2.1 Related Work 

Automation in different areas of humans’ life is a consequence of 

technological advancement. The human labor is replaced with automated 

equipment that performs different tasks [32]. However, in some situations, 

people feel anxiety about it. It is mentioned in several previous 

investigations that the level of automation trustworthiness influences the 

regularity of its introduction. [33-37].  

Trust in terms of the psychological aspect means that the human or object 

acts as it was assumed [38-40]. This concept is also applicable to humans’ 

trust in automation [41]. The relationship between trust and automation is 

defined [42] as transferring responsibility for the situation to another 

person or object, and the person transferring this responsibility expects that 

the one to whom it was transferred will meet their expectations.  

Five thousand people around the world were interviewed about the AV 

technology, and the research [43] showed that participants were worried 

about software hacking, safety, and legal issues. Respondents from 

countries with more developed economy and advanced tech infrastructure 

were more anxious about the AVs’ data transferring. It was also explored 

the effect of information (negative and positive) on passengers’ readiness 

to ride in self-driving cars [44]. The outputs showed that positive 

information enhanced the desire to try AV while negative information 

decreased it. Users’ feelings and their distrust of automation influence on 

this decrease in readiness to ride. The emergence of autonomous 

ambulances may cause the same reaction of reluctance to ride them because 

of emotional reasons, despite the obvious benefits without a decrease in 

safety. The research aim is to examine people’s readiness to use the 

driverless ambulance vehicle in contrast with a conventional one and 

to compare and reveal correspondences. 

There is a probability of gender difference in risk perception. Previous 

studies showed that sometimes males and females perceive things 

differently [45]. Some studies [46] demonstrated that males were greater 

risk takers than females, while others [47] clarified that females were fewer 

risk-takers in almost 88% of the tasks. Some studies revealed that when an 

individual makes a decision, ‘affect’ has a significant role [48, 49]. In 

situations when fast issue resolution is required, people may rely on 

emotions because time is too limited to gather additional facts. 

Nevertheless, some researchers assume that humans make a forceful effort 

to get free of emotion when making a decision [50]. 

The researchers in 1971 investigated whether universal emotions exist, 

which could be accepted by humans regardless of their cultural differences 
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[51]. The chosen emotions were as follows: angry, disgusted, scared, 

happy, sad, and surprised. Facial expression pictures were provided to 

various groups of people. Some of them were English speakers while 

others were not. Despite cultural differences, the findings showed that both 

children and adults could distinguish the feelings illustrated on the pictures 

[52, 53]. These six facial expressions have been used in previous research 

to determine which feelings act as an ‘intermediary’. The consumers’ 

readiness to fly in a commercial aircraft was investigated regarding 

different regimes of configurations [54]. Other researchers [55] used this 

method to reveal perceptions about unmanned aerial vehicles (UAV). The 

findings showed that people were less worried about privacy when aerial 

vehicles were used for a concrete task as opposed to unceasingly used. 

Analysis of respondents’ answers confirmed that emotions had a substantial 

meaning in them. The research demonstrated that fear and disgust acted as 

mediators in the relationship between UAV utilization and confidentiality. 

 

2.2 Methodology 

I performed a paper-based questionnaire survey to reveal the consumers’ 

readiness to use an automated ambulance car in Hungary. At the same time, 

the online version of this questionnaire has been spread among the 

Kazakhstan citizens. The research questions were as follows: 

 

1. Are people ready to ride on an autonomous ambulance? 

 

2. Does ‘affect’ serve as ’intermediary’ between the ambulance mode 

and readiness to ride? 

 

3. Which exact emotions among the six universal facial expressions act 

as mediums?  

 

The structure of the questionnaire is presented in Figure 2.1. Each section 

of the questionnaire is indicated by a box and includes a particular type of 

information (e.g. general information, multiple questions, etc.). These types 

are represented by different colors. 
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Figure 2.1 Structure of the questionnaire (source: own work) 

 

After that, I evaluate the findings by performing key respondent interviews 

with the people having either first-hand knowledge or real experience in the 

automated driving technology, Intelligent Transportation Systems, and 

other transportation-related areas who shared with their opinions and 

forecasts on the obtained questionnaire survey results. 
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Participants 

I asked 70 students from Budapest University of Technology and 

Economics (Hungary) to fill the paper-based worksheet. I visited my 

colleagues' classes to recruit the students and also went to different 

campuses of the University, established personal contact with students with 

a request to fill out a questionnaire. At the same time, seventy people of 

different occupations from different cities (Kazakhstan) filled in the online 

survey using the ‘Google Forms’ tool. I recruited Kazakhstani respondents 

online thanks to my friends, relatives, ex-colleagues, familiars, and using 

the principle word of mouth. The sample used for the Hungarian survey is 

composed of students which had a technical mindset and were more 

familiar with modern technologies than ordinary people. The sample used 

in Kazakhstan has not been clearly specified in order to compare the 

obtained answers with the above-mentioned category of respondents. Even 

though surveyed people were from different backgrounds, all participants 

were potential patients who hypothetically may be faced with a choice of 

ambulance mode. The demographic characteristics of respondents related 

to age are tabulated in Table 2.1. Standard Deviation (SD) and Mean values 

(M) were calculated for it. Results showed that in both countries, all the 

respondents are young adults. 

Table 2.1 Sample characteristics (source: own work) 

Variables Hungary Kazakhstan 

Number of respondents 70 70 

Age   

M 22.54 28.20 

SD 2.95 7.54 

 

For the key respondent interviews, I identified the organizations and 

companies with the activities related to my research objective Then, I 

selected potential interviewees from each organization after consulting with 

people familiar with those who are under consideration. I tried to contact 

82 persons using communication channels such as Facebook and LinkedIn 

social networks, and email. The 2020 pandemic situation did not allow me 

to interview respondents in person, as a result, I conducted an interview via 

Skype and Microsoft Teams software (in some cases via email in written 

form due to over employment of the respondents) with 15 people from 

different Hungarian organizations and companies related to AV 

technology, Intelligent Transportation Systems, mobility strategy and 

innovation, traffic safety, traffic management, research in transportation, 
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etc. Key respondents have specialized knowledge and unique perspectives 

on a topic. 

Materials and Procedure 

Firstly, participants read a brief description of the autonomous technology 

development trend and the purpose of the study. Then, they were asked to 

fill out short questions about basic demographic data (age, gender). After 

that, two hypothetical scenarios about traditional ambulance cars and 

autonomous ambulance vehicles were provided to respondents. 

The first scenario included the following information: ‘You have called 

phone number 104 (103) asking for help because of an emergency 

situation. An ambulance vehicle arrived at your location to transport you 

to the infirmary. Traditionally configured vehicle is used where the driver 

sits in the cabin and a first-aid man is available in the back of the vehicle’. 

The second scenario included the following information: ‘You have called 

phone number 104 (103) asking for help because of an emergency 

situation. An ambulance vehicle arrived at your location to transport you 

to the infirmary. The vehicle is configured as follows: the driverless 

ambulance is operated in autopilot mode which means that there is no 

driver in the cabin and 2 paramedics instead of 1 provide you treatment in 

the back of the vehicle’. 

Firstly, participants were given an ‘affect’ scale, which included the task of 

indicating the level of agreement or disagreement with the next assertions: 

1. This scenario evokes a good feeling for me. 2. This scenario evokes a 

positive feeling for me. 3. This scenario evokes a favorable feeling for me. 

4. This scenario evokes a cheerful feeling for me. 5. This scenario evokes a 

happy feeling for me. The answers were ranged from ‘strongly disagree’ to 

‘strongly agree’ according to the five-point ‘Likert-type’ scale. 

Some of the previous research [56-59] showed that an ’affect’ influences 

people’s decisions regarding usage of AV. The ‘affect’ scale was 

developed based on the multistage process [60], which included consumers 

participating and testing in 3 scenarios involving more than 260 people. 

Secondly, respondents were provided the scale of ‘readiness to ride’, which 

included the task of specifying the extent of agreement or disagreement 

with the next assertions: 1. I am ready to ride according to this scenario. 2. 

I am comfortable to ride according to this scenario. 3. There is no problem 

for me to ride according to this scenario. 4. I am happy to ride according 

to this scenario. 5. I feel safe about this scenario. The same respond 

options based on the ‘Likert-type’ scale were provided to the respondents. 
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At the end of the questionnaire, I used the six universal emotions with 

titles. Figure 2 represents these six universal facial expressions. The 

hypothesis was that ‘affect’ may be ‘intermediary’ between the vehicle’s 

mode and readiness to ride. Therefore, the experiment’s aim lay on the 

exact definition of the feelings which served as mediums. The following 

task was provided to the respondents: ‘With accordance to the hypothetical 

situation described above, at what extent do you feel that shown facial 

expression matches your feeling right now? Please, write your mark under 

each facial expression (in a range from 0 to 5 points)’. A similar method 

has been used by previous researchers [61-63]. The questionnaire questions 

were retrieved from [65] and modified in accordance with the objective of 

the current study. 

 

 

 

Figure 2.2 Six universal facial expressions (source: [47]) 

 

Then, the key respondent interviews that do not use rigid questionnaires, 

which inhibit free discussion, were performed. Nevertheless, a short 

interview guide with a list of 11 consecutive questions was prepared in 

advance. I started by establishing rapport, namely with an explanation of 

the purpose of the interview, the intended uses of the information, and 

assurances of confidentiality. After that, I asked permission to record the 

interview (Skype, MS Teams recording tool) and assured that the video 

records will be used only by myself for precise analysis of their answers in 

order to avoid misinterpretation which may happen in case when 

interviewer makes simple handwriting notes. Then, I started the interview 

with factual questions followed by questions requiring opinions and 

judgments. The questions are as follows: 

  

1. What is your work place (company name)?  

2. What is your job position?  

3. How long have you been working in this role and overall in the 

transport-related area (years of work experience)?  

4. What is your opinion about Autonomous driving technology? How 

do you see the future of AV technology development?  

5. Is it possible that transport will become fully autonomous in the 

future? If yes, how long will it take for transport to become 
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completely autonomous worldwide (your opinion)? If you think it is 

impossible, please, explain why?  

6. The replacement of a standard ambulance by autonomous ambulance 

is more fantasy or it may really happen in the future?  

7. Do ordinary people (not experts working in this field) know anything 

about this technology nowadays?  

8. How do you think, are Hungarian people ready to accept this 

technology right now?  

9. Did your company perform any investigation related to peoples’ 

readiness to accept AV technology, for example survey or trail rides 

with the public?  

Special questions:  

10. Please answer after careful reading the information below: I 

performed a questionnaire survey related to the peoples' readiness to 

accept autonomous ambulance among the 140 respondents were I 

provided them with 2 scenarios: standard ambulance (1 driver 1 

paramedic) and autonomous one (no driver and 2 paramedics). After 

analyzing the data using T-test, ANOVA, and Mediation analyses my 

findings were the following: People were clearly less ready to ride 

on an automated driving ambulance as opposed to a traditional one. 

The analysis also showed that although respondents mostly 

experienced fear and surprise the emotions did not play a key role in 

their decision making. So, if people are not ready to accept AV at 

this moment and the reason is not behind their emotional component, 

what it could be from your point of view?  

11. Could you please give some recommendations on what measures can 

be taken in order to increase people's trustiness in Autonomous 

Vehicles?  

 

The questions were elaborated by my own in accordance with the study 

problem. General questions followed by the main questions which aimed to 

figure out the possible reason lying behind the AAAQ respondents' 

answers. During the interview, I maintained a neutral attitude and tried to 

avoid giving the impression of having strong views on the subject under 

discussion. It is important because some respondents, trying to be polite, 

may say what they think the interviewer wants to hear instead of expression 

of their real thoughts. 

 

2.3 Results and Discussion 

Before analyzing the data, the ‘readiness to ride’ (RTR) scale and ‘affect’ 

scales were processed by ‘Cronbach’s Alpha’ tests to guarantee high data 
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solidity. The results are represented in Table 2.2, which indicate high 

coherence in the data. 

 

Table 2.2 ‘Cronbach’s Alpha’ test outputs (source: own work) 

Mode Hungary Kazakhstan 

 RTR scale ‘Affect’ scale RTR scale ‘Affect’ scale 

Traditional 0.75 0.82 0.89 0.87 

Autopilot 0.84 0.80 0.94 0.94 

 

 

‘t-Test’: Paired Two Samples for Mean Values (Hungary) 

A ‘t-Test’ was conducted in order to determine the divergence among the 

mean values for groups. The data obtained by the RTR scale were tested 

and the following results were obtained: t(70) = 2.88 and tc (critical value) 

= 1.99. As t(70) > tc, this indicates considerable inequality between the two 

samples. p = 0.005 is a value that defines whether results from the sample 

data occurred by chance. In this case p < 0.05 (5%), which confirms that 

the data are valid and did not occur randomly. Cohen’s d value has also 

been calculated to indicate the standardized difference between the two 

mean values. d = 0.52 represents a ‘medium’ effect size. In general, results 

showed that respondents were almost half as ready to travel in driverless 

mode (M = 0.40, SD = 0.75) in contrast with a conventional ambulance (M 

= 0.75, SD = 0.60). After that, the records acquired by using the ’affect’ 

scale were processed via a ‘t-Test’ and the results were as follows: t(70) = 

1.37, p = 0.18, and d = 0.20. The outputs reflected that people experienced 

more negative feelings for AVs (M = 0.25, SD = 0.70) than for ’normal’ 

ambulance vehicles (M = 0.39, SD = 0.71). 

‘t-Test’: Paired Two Samples for Mean Values (Kazakhstan) 

The results of the ‘t-Test’ regarding RTR were as follows: t(70) = 2.76 and 

tc = 1.99. t(70) > tc, which shows a substantial distinction amongst the 

samples. p = 0.007 and p < 0.05 (5%), confirming that the data are valid 

and did not occur randomly. Cohen’s d = 0.48 represents a ‘medium’ effect 

size. In general, results clearly showed people’s lesser readiness to ride in 

AVs (M = 0.05, SD = 0.96) in contrast to conventional ambulances (M = 

0.45, SD= 0.68). Affect data results were as follows: t(70) = 1.19, p = 

0.24, and d = 0.21. This confirms that people had more negative feelings 

towards the self-driving mode (M = 0.13, SD = 0.89) as opposed to the 

’standard’ one (M = 0.29, SD = 0.65). In Figure 2.3, the data of the mean 

values for groups are represented for both Hungary and Kazakhstan. 

https://www.mdpi.com/2071-1050/11/20/5595/htm#fig_body_display_sustainability-11-05595-f003
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Figure 2.3 The data of the mean values for groups in Hungary and 

Kazakhstan (source: own work) 

 

Two-Way ‘ANOVA’ Analysis (Hungary) 

A 2-way ‘ANOVA’ analysis was performed for RTR data where gender 

and ambulance mode were taken into account. The results showed a 

substantial main effect of the ambulance vehicle mode, F = 6.03, p < 0.05, 

and partial eta
2
 = 0.04. No considerable effect was found for gender, F = 

0.97, p = 0.32, and partial eta
2
 = 0.007. Thus, I revealed a statistically 

substantial distinction in the readiness to ride by mode and an insignificant 

distinction in the readiness to ride by gender. The relationship between 

ambulance vehicle mode and gender is represented by a nonconsiderable 

main effect, F = 0.00, p = 0.99, partial eta
2
 = 0.00, indicating that the 

variance of the dependent variable (RTR) cannot be attributed to the 

interaction between mode and gender. 

 

Two-Way ‘ANOVA’ Analysis (Kazakhstan) 

The results showed the substantial main effect of the ambulance car mode, 

F = 6.91, p < 0.05, partial eta
2
 = 0.048. This means almost 5% of the 

variance in the dependent variable RTR can be attributed to ambulance 

mode. A nonconsiderable effect was detected for gender, F = 0.72, p = 

0.39, partial eta
2
 = 0.005. Thus, I revealed a statistically substantial 

distinction in the readiness to ride by ambulance mode, but insignificant in 
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the readiness to ride by gender. The relationship between ambulance 

vehicle mode and gender is represented by a nonconsiderable main effect, 

F = 0.27, p = 0.6, partial eta
2
 = 0.002, indicating that the variance of the 

dependent variable (RTR) cannot be attributed to the interaction between 

mode and gender. Figure 2.4 illustrates the RTR results. 

 

 

 

Figure 2.4 RTR data in accordance with ambulance mode and gender 

for both Hungary and Kazakhstan (source: own work) 

 

Mediation Analysis (Hungary) 

Mediation analysis was conducted in order to identify whether ‘affect’ acts 

as an ‘intermediary’ between ambulance mode and readiness to ride [64]. 

For the analysis, 10,000 bootstraps were used. The mediation model that 

has been tested is represented in Figure 2.5. 
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https://www.mdpi.com/2071-1050/11/20/5595/htm#fig_body_display_sustainability-11-05595-f004
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Figure 2.5 Indirect effect of ‘ambulance mode’ on ‘readiness to ride’ via 

‘affect’ (source: own work) 

 

Results of the mediation analysis did not confirm the intermediary role of 

‘affect’ between ‘ambulance mode’ and ‘readiness to ride’. ’Indirect effect’ 

was not found to be statistically substantial (beta B = −0.07; confidence 

interval CI = −0.22 to 0.04). As opposed to a conclusion drawn by [65], 

the findings suggest that consumers’ emotions did not play a key role in 

their responses to their readiness to ride. To confirm this statement, 

mediation analysis for each facial expression for both males and females 

was performed. Figure 2.6 represents which exact emotions were prevalent 

among the respondents. 

 

Figure 2.6 Affect data based on universal facial expressions according 

to mode and gender (Hungary) (source: own work) 

Anger Disgust Fear Happiness Sadness Surprise

Traditional - male 0,35 0,33 1,96 1,51 1,69 1,00

Traditional - female 0,53 0,73 2,27 1,87 1,33 1,40

Autopilot - male 0,31 0,25 1,98 1,49 1,47 2,64

Autopilot - female 0,87 0,67 2,60 1,67 1,27 3,13
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Even though ‘fear’ and ‘surprise’ were expressed at a significant level for 

both males and females towards the autopilot condition, none of the six 

universal emotions were found as a mediator during the mediation analysis 

neither for males nor females. The indirect effect after all 12 mediation 

analyses showed statistically insignificant values, and a confidence interval 

ranging from negative to positive values which included 0. 

Mediation Analysis (Kazakhstan) 

Results of the mediation analysis did not confirm the intermediary role of 

‘affect’ between ‘ambulance mode’ and ‘readiness to ride’. ‘Indirect effect’ 

was not found to be statistically substantial (beta B = −0.14; confidence 

interval CI = −0.38 to 0.09). Thus, the findings suggest that consumers’ 

emotions did not play a decisive role in their answers about their readiness 

to ride. To confirm this statement, mediation analysis for each facial 

expression for both males and females was performed. Figure 2.7 

represents which exact emotions were prevalent among the respondents. 

 

 

 

Figure 2.7 Affect data based on six universal emotions according to 

mode and gender (Kazakhstan) (source: own work) 

 

Even though ‘fear’ and ‘surprise’ were expressed at a significant level 

‘fear’ and ‘surprise’ were clearly prevalent compared to other emotions 

Anger Disgust Fear Happiness Sadness Surprise

Traditional - male 1,04 0,85 1,42 2,19 1,42 2,31

Traditional - female 0,98 0,66 1,61 2,50 1,30 1,84

Autopilot - male 1,38 1,23 2,27 1,73 1,88 3,19

Autopilot - female 0,77 0,59 2,30 1,86 1,34 3,20
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towards the autopilot condition, the mediation role was rejected for all six 

universal emotions for both males and females. The indirect effect after all 

12 mediation analyses showed statistically insignificant values, and a 

confidence interval ranging from negative to positive value which included 

0. 

The results of key respondent interviews 

Since the presentation of all the answers of each of the 15 interviewees is 

excessive and irrational, the answers to the general questions are 

summarized below.  

All interviewees believe that automated driving technology is promising 

and has advantages such as optimization of traffic flows, pollution 

reduction coming from the transportation and safety enhancement. 

However they also noticed the limitations such as cooperation between 

AVs and non AVs or pedestrians; AV performance in bad road conditions 

with no marks, signs or situations that require a little out of the box 

solutions; responsibility questions: for example, who is responsible in an 

accident (software developer, passenger, car manufacturer or 

policymaker)? 

The respondents trust that in the future AV technology will become an 

integral part of daily human life, but they have different forecasts about 

how much time it takes. They also have different opinions about whether 

transportation infrastructure will become completely or partially 

autonomous. Some of them think that ubiquitous fully autonomous driving 

will possible everywhere, while some suppose that there will be only main 

corridors, city areas and so on where AV mode will be allowed. 

Regarding to the replacement of a standard ambulance by autonomous 

ambulance with 2 paramedics onboard, majority do not deny that this is 

possible, but emphasize that this will only happen after the full successful 

implementation of not emergency autonomous transport (public and private 

transport). Only couple of them said that there will always be a human 

driver who has to take out of the box decisions (e.g. which rule to take into 

consideration and how to interpret a scenario) and assume responsibility for 

these decisions. They are convinced that a trained and certified driver is 

more efficient than an autonomous ambulance. 

Regarding the question about Hungarian people readiness to accept AV 

technology right now, majority expressed their firm conviction that 

unfortunately local people are not ready yet. But some of the respondents 

noticed that many people already experienced sort of automated 

technologies such as advanced driver-assistance systems (ADAS) and 
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automated metro line M4 in Budapest but they are simply not realizing it. 

Therefore, Hungarians could be tolerant of technological changes. 

Finally, the key answers to the main research questions are presented in 

Table 2.3 in the form of quotes from the interviewees themselves. 

 

Table 2.3 The respondents' opinion about the results of AAAQ and their 

recommendations (source: own work) 

Interviewee data 

The reason which is hidden 

behind the findings 

of AAAQ 

Recommendations on how 

to increase people's 

trustiness in AV 

1. Former Artificial 

Intelligence 

Researcher  at 

Aimotive (4 years of 

work experience) 

"People don't want to trust their 

lives with technology that they 

haven't even seen how it works, 

but if they will see it by their 

eyes they would not be surprised 

and when the technology will 

become reality then their opinion 

will be changed." 

"If some people will make 

trial rides and if other 

people will see in the 

television or YouTube that 

from BME to the other side 

of the city is able to drive in 

heavy traffic, in rain and in 

the night then people will 

give a different answer to 

your questions." 

2. Product Manager 

at Aimotive (10 

years of work 

experience) 

"The correct attribute is not fear, 

but trust. Many people fear 

flying, but they trust the 

technology and the pilot, so they 

still do so when they need it. 

Same analogy applies to a 

theoretical autonomous 

ambulance: you need to be able 

to trust it with your life in an 

emergency situation. This differs 

from using a simple AV for 

mobility, as in usual traffic 

people distrust other traffic 

participants, but they tend to 

trust professionals operating the 

same technical device, like the 

ambulance or police driver, or 

for the matter of fact, a pilot." 

"It should be proven that an 

AV causes significantly 

fewer accidents than a 

human under the same 

circumstances. It is not 

enough to show that the 

system is safe in “boring” 

highway environments, as 

long as the simplest corner 

cases (like a white truck, 

vehicle turned to its side, 

highway delimiter) cause 

lethal accidents which could 

be solved by any, even 

routineness but attentive 

drivers." 

3. Innovation 

Officer (Mobility 

Strategy; Strategy 

and Innovation) at 

BKK Centre for 

Budapest Transport 

(9 years of work 

experience) 

"The technology is not yet 

reliable enough for people to 

trust it. They don’t understand 

the technology, therefore are 

more skeptical to trust their life 

on it. They have not seen the 

technology in real life operation 

and don’t like to try new things 

on themselves that might be 

dangerous." 

"Clear regulation and 

responsibilities. Successful 

real-life environment pilot 

demonstration projects." 
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4. Innovation 

associate (Mobility 

Strategy; Strategy 

and Innovation) at 

BKK Centre for 

Budapest Transport 

(3 years of work 

experience) 

"It is only a lack of experience 

about autonomous vehicles. 

People do not trust AV because 

they have not tried them yet. If 

they will experience that AV is 

safer than a normal car then I 

think they will accept it." 

"Marketing campaigns and 

trail rides with an expert 

explaining the processes 

taking place in an AV in 

real-time may increase the 

trust in this technology" 

5. Head of ITS 

Department at 

Hungarian Public 

Roads (ITS 

Department, 4 years 

of work experience) 

"The acceptance of autonomous 

ambulance is a sensitive issue for 

the customers. The people afraid 

of technology and are not 

familiar with every aspect. 

Another obstacle is the missing 

of legislation and real-life 

experience. When they can feel 

the same or even better service 

level provided with AV 

technology, they will accept it 

easily." 

"The AV service providers 

trust in their product and 

think that it can be as good 

as the regular cars, so they 

should make people trust in 

their product by providing a 

real-life demonstration in a 

real traffic situation. The 

people have to understand 

that it is safer, faster, and 

has better service." 

6. Head of Section 

for Traffic 

Management at 

Hungarian Public 

Roads (ITS 

Department, 15 

years of work 

experience) 

"It is a mistrust of the new 

technology. We have the 

opportunity to use on-line 

customer services, e-banking, 

etc. but still many people prefer 

to talk with other people in real, 

or in a call-center." 

"Trust will come by nature, 

while the penetration will 

rise, and the autonomous 

cars will prove in real life 

situations." 

7. Traffic engineer 

trainee at 

Hungarian Public 

Roads (ITS 

Department, 1 year 

of work experience) 

"Among our nation, it is hard to 

introduce new technological 

things. For example, there is a 

mobile application where you 

can buy tickets for public 

transport – they hardly use it, I 

think people are afraid of trying 

new solutions. People above 40 

or 50 years and especially the 

older people have difficulties 

handling modern technology – 

PC, mobile, etc. The Z 

generation is completely 

different from this view – I think 

they will be ready for accepting 

(and using) AVs when it will be 

widely applied." 

"People should see with 

their own eyes how these 

vehicles operate; their 

knowledge has to be 

widened in order to 

encourage them to try and 

trust AVs. It is a long way 

to earn the trust and 

confidence of everyone and 

achieve appropriate 

results." 
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8. Associate 

professor in the field 

of traffic safety (vice 

dean for scientific 

affairs) at 

University of Győr 

(18 years of work 

experience) 

"I think it's sort of a question 

related to the mistrust. If you 

think of people who are afraid of 

flying, they usually tend to say 

that the reason is that they are 

not in control. If you will 

translate this to AV technology, I 

think people might think that 

they are deprived of this control. 

Also, everything which is 

unknown and new comes with 

mistrust, fear, or anxiety." 

"I think changing the 

mindsets of people through 

the media plays a very 

important role. For 

example, showing any sort 

of occasion in which people 

can learn about autonomous 

vehicles where the industry 

can prove that they are 

actually safe. Trial rides 

may help to change people's 

mindset." 

9. Emeritus 

professor (roads and 

transportation) at 

University of Győr 

(48 years of work 

experience) 

"The situations you were asking 

the respondents were very 

unfamiliar to people. It is very 

difficult to give real and sound 

answers if you are facing an 

unknown situation. I think if you 

are not familiar with something 

you are usually rejecting it. It is a 

lack of experience and lack of 

being familiar with this situation. 

It is a general human 

phenomenon." 

"I think the people who are 

dealing with this 

technology should 'open the 

door' to the public to get 

their trust, but also to 

highlight the problems. 

They should prove by 

statistical data that 

percentage of accidents in 

case of automated driving is 

fewer than in case of human 

drivers. These will show 

that AV technology is safer. 

But even AV cannot be 

totally safe, and this is not 

an easy thing to explain the 

people." 

10. Assistant 

lecturer at Budapest 

University of 

Technology and 

Economics (6 month 

of work experience) 

"They do not know anything 

about the process so I think it is 

not only fear of the new, but also 

mistrust and a little bit of 

realizing that you cannot take 

over control if you would like 

to." 

"I think people do not need 

only nice numbers of AV’s 

advantages. They have to 

realize that nowadays lot of 

AV is happening (like M4 

in Hungary, automatic gear-

change, trucks) which most 

of the people are not 

realizing. I think that we 

have to make people aware 

of AV and that is already 

happening and is not a 

future plan." 

11. Research fellow 

at KTI Institute For 

Transport Sciences 

Nonprofit Ltd. (5 

years of work 

experience) 

"As available information about 

the technology is limited yet, 

people can only answer these 

kinds of questions based on their 

emotions. At most, they did not 

confess that." 

"As more information will 

be available (technology 

will be more advanced, 

there will be many test data, 

pilot actions, real 

experiences, etc.), people’s 

trustiness will increase." 
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12. Research 

manager(research 

field of ITS and 

Cooperative-ITS 

(V2X)  at 

Commsignia Ltd. (5 

years of work 

experience) 

"Somehow maybe the people 

don’t trust the vehicle 

(autonomous) driving ability. 

There are others on the road who 

don’t drive correctly either. So, 

if people even trust the vehicle, 

they also have to trust in other 

people. I think if the complete 

traffic will be autonomous then 

people will trust any AV in any 

situation." 

"The key is the 

communication. From the 

government and the 

technology providers as 

well. They should not 

exaggerate the results of the 

first AV implementations 

and force them to the public 

without thinking. In most 

cases, the media distort 

these little pieces of 

information and the public 

take them accordingly. 

On other hand, demos and 

publicly functioning 

projects (not pilots) would 

make a huge positive 

impact for the average 

people." 

13. Group Leader 

(L4 Autonomous 

Driving) at Robert 

Bosch Kft. (7 years 

of work experience) 

"People in general distrust 

something which is not known to 

them. And this is even stronger 

in an emergency situation, where 

Panic and Fear dominates. In 

these scenarios people (myself 

included) want proven things we 

can trust, human driver in an 

emergency vehicle. I imagine 

this would be easier if these 

vehicles would be in service for 

5-7 years and only then put into 

service for light emergency 

cases." 

"Demonstrate the 

technology and make it 

experienceable. Nothing 

beats personal experience." 

14. Managing 

director at 

Oszkar.com 

telekocsi Kft. (8 

years of work 

experience) 

"I think most people don’t treat 

changes well. Insisting to the 

already-known, comfortable 

technologies is always easier." 

"Urging can be 

counterproductive, I think. 

(just like by any types of 

changes). However, giving 

more publicity to already 

working solutions seems to 

be a good way to build 

trust. As far as I know there 

are many pilots running 

with autonomous vehicles 

at airports, etc." 
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15. Rent & Car 

Sharing Division 

Manager at Avalon 

Care Services Kft – 

Rent & Car Sharing 

Division (8 years of 

work experience) 

"Maybe this technology is 

foreign for the people, this is a 

better situation because in this 

case some information and 

education are able to increase 

their trust." 

"As I mentioned, in this 

situation the information is 

very important. People 

heard about automatic 

trucks and Tesla Autopilot, 

but an autonomous 

ambulance is not so known 

project. If we are able to 

inform the public about the 

possibilities and they 

believe, that this technology 

is safe, and they are in 

“good hand” in the 

ambulance car as well, then 

we are able to increase their 

trust!" 

 

General Discussion 

The findings showed that ambulance mode considerably influences the 

readiness to ride. In both countries, people unambiguously stated 

unreadiness to ride in autonomous ambulance and expressed mostly 

negative feelings in relation with this mode. The results also demonstrated 

that respondents from Kazakhstan were less trusting to both traditional and 

autopilot ambulance modes than Hungarian consumers. However, 

consumers’ emotions did not play a decisive role in their answers about 

their readiness to ride, because none of the six universal emotions were 

found as a mediator during the mediation analysis neither for males nor 

females. This conclusion is the same for both Hungary and Kazakhstan.  

The novelty of the AVs and thus the lack of trust and knowledge about 

them may be the main obstacle for perception of an automated ambulance 

mode. Education, marketing campaigns and demonstrations could increase 

awareness and trust of consumers. As mentioned in [65], the gradual 

introduction of autonomous ambulance technology through trial 

transportation of patients with noncritical injuries may enhance users’ trust 

and lead to the spread of this technology. Despite the fact that driverless 

vehicle technology is becoming available, scientists and innovators have to 

take into account the readiness of its acceptance by travelers. I also found 

that readiness to ride is not influenced by gender and the variance in the 

dependent variable (RTR) cannot be attributed to the interaction between 

mode and gender. 
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2.4 Release of Limitations, Outlook 

Several limitations have been introduced to this research. The hypothetical 

scenarios considerably influenced the answers of participants. The results 

may be distinguished from the real-life scenario. Additionally, in Hungary, 

data were collected only from young students at Budapest University of 

Technology and Economics and, in Kazakhstan, from young people with a 

different background and activity. That means the outputs should not be 

generalized beyond those types of participants that responded to the 

questionnaire. Also, wide demographic participation cannot be justified 

because only age and gender were collected as demographic data and the 

age range is extremely limited in one case, thus no further research is 

possible.  

The research proposed only one scenario describing an undefined 

emergency situation in order to pay respondents' attention to consider the 

new technology, not the situation itself. Extra scenarios in which the 

participant is in another role than the patient (e.g. a medical service 

provider) could also be studied. Moreover, scenarios representing various 

levels of emergency severity could show users decision towards readiness 

to travel on autonomous ambulances and their behavior in conditions of 

limited time for making decisions. It could lead to an understanding of the 

veracity of participants’ answers, or, in summary, that readiness to ride 

depends only on the severity of the emergency. 

 

2.5 Thesis 

The evolution of AV technology may lead to the advent of driverless 

ambulances. However, the consumers’ readiness to accept it must be taken 

into account before the introduction. 

 

The main contributions of this chapter are the following: 

 

 A questionnaire survey to measure users’ readiness to ride in self-

driving ambulances. 

 

 Analysis of the data received from respondents according to several 

aspects. 

 

 Key respondent interviews in order to evaluate the results obtained 

by conducting a questionnaire survey. 

 

Key findings are as follows: 
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 People are clearly less ready to ride in an autonomous vehicle and 

have more negative feelings toward it in contrast to a traditional one. 

 

 Participants from Kazakhstan are less ready to travel in both 

traditional and driverless ambulance modes than Hungarian 

consumers. 

 

 Participants from Kazakhstan demonstrated more negative emotions 

towards both conditions than Hungarian consumers. 

 

 The ambulance mode affected readiness to ride, while gender did not 

affect it. 

 

 The variance in the dependent variable (RTR) cannot be attributed to 

the interaction between mode and gender. 

 

 Consumers’ emotions did not play a key role in their responses 

regarding their readiness to ride. 

 

 None of the six universal emotions were found as a mediator during 

the mediation analysis, neither for males nor females. 

 

 Most of the key respondents believe that the reason for people's 

unwillingness to accept autonomous ambulance in general hidden 

behind the mistrust of the novel technology. 

 

 Key respondents suppose that media campaigns and successful 

demonstrations of fully automated driving technology in a real 

environment will increase the people's trust in this technology and 

change their mindset. 

 
Thesis 1 

I have revealed and confirmed that the reason for people unwilling to 

accept autonomous ambulance is not behind the emotional component 

because none of the six universal emotions were found as a mediator.  

 

The problem was to understand the reason behind the patients' 

unwillingness to ride on a driverless ambulance. Through the elaboration 

and application of Autonomous Ambulance Acceptance Questionnaire and 

conducting ‘t-Test’, ‘ANOVA’, and Mediation analysis for questionnaire 
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data it was found that the reason is not in people's emotions. There is an 

implication that both Hungarian and Kazakhstani respondents expressed 

unwillingness to use automated ambulance due to mistrust towards the new 

technology. This implication has been confirmed by the majority of key 

respondents' opinions. 

One of the recommended measures to overcome mistrust of AV technology 

besides a comprehensive explanation of the essence and advantages of this 

technology is the introduction of trial transportation of patients with non-

critical injuries. Also, the development of educational guides containing 

proofs of successful testing of autonomous shuttles around the world may 

increase their trustiness in this technology. 

 

Related publications to this thesis: [141], [142]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 
 

 

Chapter 3 

 

Rescue method based on V2X 

communication and human pose 

estimation 
 

The autonomous transportation revolution is in full swing. In tomorrow's 

‘smart cities’, AVs such as private cars, buses, and shuttles may become an 

integral part of our daily mobility. Fully autonomous, but still controlled by 

human, cars are being tested worldwide at test sites and even within the 

cities itself indicating that these vehicles able to operate without human 

intervention under a growing assortment of circumstances will be widely 

accessible [66] and be in the very heart of the transport system of a smart 

city. Implementation of Artificial Intelligence (AI) to transportation 

technology may successfully change the road transport history reshaping 

mobility and society's future forever, but today CAVs are still a puzzle than 

a comprehensive solution. It is still considered as a technology of the future 

[67] and nobody precisely knows how the final product will look like.  

The autonomous transportation system is a wide area to explore in terms of 

a traffic distribution problem, vehicle to infrastructure communication and 

vehicle to human interaction [68]. A lot of current studies focused on AV’s 

collision avoidance system. The main issue of such researches is how to 

improve pedestrian recognition and tracking for cases where AVs are 

operated in mixed traffic with pedestrians in order to avoid collision with 

them. However, studies are not available about detection of independent 

human (neither pedestrian nor a driver) who turned out to be on the 

roadside for one or another reason and need first aid.  

In this study, I propose a novel method of interaction of AVs and 

ambulance service, where AVs serve as witnesses of an incident with 

human health and alert the ambulance center. This method can significantly 

decrease rescue time applying Vehicle-to-Infrastructure and Vehicle-to-

Vehicle communications and human pose estimation. In other words, a new 

incident notification paradigm is provided by this method. The objective of 

the study is to elaborate new solution of saving human life via faster 
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communication with ambulance service than regular method using cellular 

phone.  

In the case of this study, the transportation infrastructure is considered as a 

fully automated network. One of the key factors of the proposed method is 

the human pose estimation function, which helps to recognize if a person 

falls down, typically through illness or injury. Studies focused on 

technologies that help to recognize if the person has a strange position of 

the body which is not peculiar to a healthy person were reviewed in section 

3.1. The remainder of the chapter is structured as follows: in section 3.2, 

the overview of the existing rescue methods is provided; the main features 

of the new method of rescue are determined and summarized in section 3.3; 

the chapter is completed by the concluding remarks in section 3.4.  

3.1 Related Work 

Currently, the 'Eyes of AVs' are LiDAR (Light Detection and Ranging), 

RADAR (Radio Detection and Ranging) and cameras which are required 

and applied for safe and reliable movement of the vehicle, but not used for 

human pose estimation purposes [69]. However, pose estimation is an 

important function to understand the state of a person in a public urban 

environment. For instance, unusual postures such as crouching or lying 

could be a sign of emergency. In this concern, proposed method requires 

installation of sensors on AVs for human pose identification. State of the 

art technologies in this field which may be implemented in the proposed 

method are described below.  

Human pose estimation is one of the difficult tasks in computer vision 

because of large degrees of freedom of human structure and frequent 

occlusions. Various methods [70, 71] have been proposed for reliable 

estimation. Image based methods for joint position estimation [72, 73] and 

part segmentation [74] have been proposed due to recent advances in deep 

learning techniques. Depth image-based pose estimation has an advantage 

in terms of privacy and insensitivity to illumination conditions. A human 

pose estimation method using depth-based features with a random forest 

classifier has been also developed [75]. Although, the method shows a nice 

performance, its applicability to unusual poses and heavily occluded 

situations is rather limited. A method of generating human depth images 

with pixel-wise body part labels by a combination of computer graphics 

and motion capture techniques has been proposed [76, 77]. It has been 

shown that a deep neural network trained by using generated images can 

recognize well a variety of human poses in real scenes. Human joint 

estimation and behavior recognition algorithms using depth information 

only were also presented [78]. In the case of the human joint estimation 
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algorithm, a method that integrates a geodesic graph and a support vector 

machine based human joint estimator has been proposed. The other group 

of researchers presents the first real time method to capture the full global 

3D skeletal pose of a human in a stable, temporally consistent manner 

using a single RGB camera, see Figure 3.1. 

 

 
 

Figure 3.1 The real-time 3D pose estimation method provides a natural 

motion interface, e.g. for sports games (source: [79]) 

 

The method combines a new convolutional neural network (CNN) based on 

pose regressor with kinematic skeleton fitting. A real-time kinematic 

skeleton fitting method uses the CNN output to yield temporally stable 3D 

global pose reconstructions based on a coherent kinematic skeleton. This 

makes an approach the first monocular RGB method usable in real-time 

applications such as 3D character control - thus far, the only monocular 

methods for such applications employed specialized RGB-D cameras. The 

method's accuracy is quantitatively equal with the best offline 3D 

monocular RGB pose estimation methods. It has been stated that the 

approach is more broadly applicable than RGB-D solutions, i.e., it works 

for outdoor scenes, community videos, and low-quality commodity RGB 

cameras [79].  

The analysis of human behavior through visual information has been a 

highly active research topic in the computer vision community. Some 

authors [80] reviewed the main published research on the use of depth 

imagery for analyzing human activity. Many existing studies focus on body 

part detection and pose estimation. A growing research area addresses the 

recognition of human actions.  
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The aim of the literature review was not to choose an exact technology of 

human pose estimation is suitable for the proposed method described in 

Section 3.3 but to emphasize the high potential of researches on this topic. 

However, there is no yet a ready-made solution such as human pose 

identification sensors integrated into autonomous cars. Considering the fact 

that this research direction is rapidly and continuously developing, human 

pose estimation function can be implemented by sensors and cameras 

installed on the stage of AVs manufacturing in the future. 

3.2 Existing Methods of Rescue 

In case of an emergency, an ambulance should be dispatched to the scene 

without delay. In order to provide appropriate first aid or to improve the 

chance of survival, it is desirable to reduce the response time of rescue 

teams. Thus, once the incident has occurred, it is crucial to quickly 

summon the ambulance. Figure 3.2 shows the method of incident 

notification used nowadays, where a witness summoning for an ambulance 

to the incident site by means of a cellular phone.  

 

 

 

Figure 3.2 Conventional method of rescue using cellular phone (source: 

own work) 

 

The witness gives information about the location of the victim and a 

description of the circumstances. Once the ambulance service is notified, 

the rescue effort is started. This method is the same as the conventional 
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rescue method in case of car accidents. However, in the case of car 

accidents, it was improved due to an implementation of the crash 

notification systems such as eCall shown in Figure 3.3.  

 

 

 

Figure 3.3 Method of eCall service (source: own work) 

 

When an accident occurs, a call is made to a Public Safety Answering Point 

(PSAP) in order to send information about the accident and to ask for help. 

This system acts based on two key features [81]: 

 Send a Minimum Set of Data (MSD): standardized set of data, 

containing information about the accident, such as time, accurate 

location and driving direction (using a GNSS) and description of the 

vehicle. 

 

 Immediate set-up of a voice call between the vehicle passengers and 

the PSAP: the PSAP operator takes the necessary measures, 

forwarding the information to the appropriate entities. 

The eCall system can be triggered either manually or automatically. To 

manual activation, a passenger of the vehicle pushes the emergency button.  

The vehicle triggers automatic activation based on the data gathered from 

the sensors (e.g. airbags). The information collected is used to generate an 

eCall MSD. eCall is one of the most important road safety efforts made 

under the European Union's eSafety initiative. It is mandatory since 2018 
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for passenger cars and light goods vehicles registered in the European 

Union [82]. 

 

3.3 Novel Method of Rescue 

The eCall system is an example that advances in science and technologies 

are changing the way emergency rescue operates. A faster and more 

efficient rescue will increase the chances of survival and recovery for 

injured victims. Therefore, I propose a novel method of the rescue of sick 

or injured people on the roadside based on "technologies of the future". 

Method description 

Implementation of the novel method is possible due to qualitative 

information management and the following technologies:  

 V2I interaction carries out communication between vehicles and 

shore infrastructure, which can be a cellular or wireless antenna [83]. 

In some cases, V2I communication serves as a base by different 

integrated projects and subprojects [84]. 

 

 V2V communication that uses dedicated short-range communication 

(DSRC), the standard established by the International Organization 

for Standardization (ISO) and the Federal Communications 

Commission (FCC). There is an IEEE standard, namely the 802.11 

standard families for these communication purposes. The 802.11p is 

dedicated to vehicular communication. The diapason is about 300 m 

(approximately 10 seconds) at highway speeds. V2V comprises a 

wireless network where automobiles send messages to each other 

with information about what they are doing, what is happening 

around them and what they will be doing [85]. 

 

 Human pose estimation technology which may serve as a tool for 

emergency situation sensing. 

If a person is lying on the ground or has a crouching posture for quite a 

long time, it is a rather significant reason to worry. Using human pose 

estimation function, AVs identify such a person on the roadside by special 

equipment (sensors, cameras). By using vehicular communications, cars 

acting as witnesses send alert and other important information about the 

incident to nearby vehicles and to the nearest wireless base stations called 

Roadside Units (RSUs). After that, the gathered information is delivered to 

the PSAP using cellular or wired connection. PSAP estimates received data 

about the victim and the appropriate rescue resources before summoning 
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the ambulance service.  The PSAP then takes actions such as notifying 

ambulance service and dispatching ambulance vehicles to the incident 

location. The description of the process of the new method of rescue 

management is shown in Figure 3.4 

 

 
 

Figure 3.4 Structure of the novel method of rescue management (source: 

own work) 

 

To define that human behaves strangely due to real sickness and it is not a 

misunderstanding, the PSAP awaits several signals from several AVs. 

Thus, if the first AV sends an alert of an incident and after some time the 

next AV confirms this information by sending the same alert, this situation 

can be evaluated as an emergency. Although, the time gap between two 

consequent vehicles could be different because of AV's unpredictable 

movement, PSAP will be on the alert after the first received signal. In 

addition, vehicular networks can allow faster notification of any incident 

occurring on the roadside, since sensing and propagation of incident 
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information are done on-the-spot in real-time via multi-hop V2V 

communications.  

Real-time information collected from multiple connected vehicles generally 

leads to better outcomes due to AVs are able to check each other's data. 

Besides, PSAP dispatchers receive data about a victim made by AV's 

camera in order to analyze the situation precisely and identify whether 

he/she is unconscious or not, etc. Technology should be compatible with 

the air interfaces under existing implementations or standardizations and 

signaling protocol. V2I may use any of the 3G/4G currently available 

cellular technologies and V2V communication may be compatible with the 

802.11p standard [86]. The concept of the proposed method is shown in 

Figure 3.5. 

 

 
 

Figure 3.5 Information flows in the proposed method (source: own 

work) 

 

The novelty of this method is in the absence of such kind of rescue method 

in the world nowadays because CAV technology is still developing. 

However, I elaborated on the new concept of the accelerating method of 

saving human lives. Even though this is the future method of rescue, this 

issue is always relevant. 
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Information management 

I have identified the essential information shown in Table 3.1 that has to be 

managed in an ambulance service. The injuries may be coded using the 

Abbreviated Injury Scale (AIS) [87]. It is an anatomical scoring system that 

provides an accurate ranking of the severity of the injury.  

Table 3.1 Information to be sent after victim identification (source: own 

work) 

Information Meaning 

Timestamp 

The exact time when 

the victim was identified 

by an AV 

Geographical 

position 
The exact location of the victim 

Severity of 

the health 

condition (as 

far as the 

vehicle can 

evaluate it or 

diagnose any 

anomalies) 

Parameters about a victim's health condition, such as 

conscious or unconscious, bleeding or not bleeding, bone 

injuries, etc. 

Traffic 

information 

Traffic condition (e.g. traffic congestion, speed limits, 

weather forecast, etc.) in order to facilitate ambulance 

service to drive to the incident site 

 

In the AIS scale, injuries are ranked on a scale from 1 to 6, with 1, 5, and 6 

representing minor, severe, and non-survivable injury, respectively [87]. I 

have introduced an example of the SOS Information Packet Format 

illustrated in Figure 3.6 that includes all the above-mentioned information. 

With knowledge of information from SOS Packet, the work efficiency of 

paramedics and physicians can be improved in a significant way. The first 

step of treatment can be initiated by retrieving information about victim 

status. 
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Figure 3.6 SOS Information Packet Format example (source: own work) 

 

All this important information should be sent to the PSAP through the 

RSUs by each AV that became a witness of an incident. Thereafter, these 

data shall be processed by dispatchers and their workstations to decide the 

resources needed to correctly take care of and manage the incident. 

Comparison of the conventional and novel method of rescue 

I have emphasized the difference between the traditional and novel 

methods of rescue according to several aspects in Table 3.2.  
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Table 3.2 Conventional method versus the novel method according to 

the main aspects (source: own work) 

Aspects Conventional method Novel method 

 

Socio-

psychological 

Human behavior is 

unpredictable; it is unknown 

whether witnesses initiate alert 

to the ambulance service or 

will ignore the incident 

AVs do not have a socio-

psychological parameter; 

AVs initiate alert to the 

ambulance service every 

time when it  is needed 

 

 

Human 

factor 

A human may forget or may 

not know the emergency 

number. He/she may not have 

a cellular phone or may have a 

lack of battery power or even 

get confused and transmit 

inaccurate information 

Victim identification, data 

collection, and data 

transmission are 

performed automatically 

by several different AVs; 

AVs check each other’s 

data 

 

 

Visual 

perception 

Any problems with human 

vision (e.g.  poor eyesight) 

may be an obstacle for human 

identification. A human may 

also miss information, which 

may be vital for the rescue 

operation 

Identification of human 

depends on the technical 

capabilities of the 

equipment (sensors, 

cameras) and on the 

environmental 

circumstances (e.g. dust, 

fog, surface conditions, 

etc.) 

 

 

Weather 

Harsh weather may be an 

obstacle for human 

identification 

Identification of human 

depends on the technical 

capabilities of the 

equipment (sensors, 

cameras) and on the 

environmental 

circumstances (e.g. dust, 

fog, surface conditions, 

etc.) 

 

A comparison of the traditional and novel method in terms of time loss is 

shown in Figure 3.7.  
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Figure 3.7 Current method versus the novel method in terms of time loss 

(source: own work) 

 

Calculation using assumed average values clearly shows the advantage of 

the new method in terms of the speed of rescue. Average time for 

summoning an ambulance in the case of the conventional method can be 

calculated as follows: 

 

                                  itucpicdmvicm tttttt                      (3.1) 

 

                      .min4.3.sec205601512055 cmt         (3.2) 

 

where, 

 

tcm - average time for summoning an ambulance (conventional method), 

tvi - time for victim identification (in real-life depends on various factors, 

e.g. distance to victim, quality of human eyesight, weather, etc.), 
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tdm - time for decision making (in real-life depends on psychological aspect 

and human factor), 

tic - time for the information collection (in real-life depends on various 

factors, e.g. distance to victim, witness behavior in extreme situation, 

etc.), 

tucp - time for using a cellular phone (in real-life depends on various factors, 

e.g. excitement, confusion, battery level, etc.), 

tit - time for information transmission (in real-life depends on various 

factors, e.g. conversation time with ambulance service employee, 

number of questions, etc.). 

 

Average time for summoning an ambulance in case of the novel method is 

calculated as follows: 

 

                                                iticvinm tttt                                  (3.3) 

 

                                 .min3.2.sec140151205 nmt              (3.4) 

 

where, 

 

tnm - average time for summoning an ambulance (novel method), 

tvi - time for victim identification (in real-life depends on various factors, 

e.g. distance to victim, capabilities of the human pose estimation 

technology, weather, etc.), 

tic - time for the information collection and onboard processing (in real-life 

depends on various factors, e.g. distance to victim, environmental 

circumstances, capabilities of hardware and software, etc.), 

tit - time for information transmission (in real-life depends on various 

factors, e.g. data weight, quality of V2I communication, etc.). 

 

Accordingly, the novel method is 1.1 minutes faster than the conventional 

one, which can be decisive in terms of saving human life. Considering the 

above-mentioned aspects, it can be summarized that the main advantages of 

the new method compared to the existing one are the eliminations of the 

socio-psychological parameter and the human factor. The validity of 

this statement can be approved by a couple of examples that happened in 

real life. In 2004, on south-east London, bleeding and an unconscious 25-

year-old female was lying next to the curb while 12 drivers driving round 
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the woman without stopping to help [88]. Figure 3.8 represents the footage 

was captured from a bus camera, whose driver stopped to aid the woman.  

 
 

Figure 3.8 An injured person on the roadside in London (source: [88]) 

 

The real-life experiment [89] conducted by traffic police in 2017 in Brest 

(Belarus) not only reflects the disappointing reality of most drivers' 

indifference to another's misfortune but also provide real measurements 

enabling to perform an average time calculation for victim identification in 

case of the traditional method of rescue. The police members put a 

mannequin very similar to a real person on the roadside (Figure 3.9) and 

began to monitor how many cars would stop to help him. 

 
 

Figure 3.9 Experiment conducted by traffic police in Belarus  

(source: [89]) 



45 
 

 

Already in the first minutes of the experiment, 4 cars stopped near the 'man' 

lying on the sideline. But over the next 30 minutes, almost no one stopped. 

In just 1 hour of the experiment, 10 drivers stopped. More than 100 cars 

drove past the victim without stopping to help. Only 2 calls during this time 

arrived on emergency service number with information about a person 

lying on the road. The traffic police  also  reported  that  in  almost  one  

month  11  people  died on this road, most of them pedestrians and cyclists. 

The outputs of the experiment represent that the rescue process which 

includes the human factor has stochastic character. However, considering 

the fact that in the novel method every single car will identify the victim 

continuously, and using the current average victim identification time for a 

standard method, comparative rate of victim identification time between 

conventional and proposed method may be calculated by the following 

formula: 

               %733%100
)/(

))/()/((





AVt

AVtdt
C

e

ese
r                     (3.1) 

where, 

Cr - comparative rate identifies how much faster the novel method than the 

conventional one, 

te - experiment time = 60 min., 

ds - drivers who actually stopped (+ 2 calls) = 12, 

AV - drivers who could potentially stop = 100. 

Thus, considering this specific case in Belarus for victim identification 

using the novel method, it will take approximately 4.4 minutes less time 

than using the conventional method. In other words, the process of victim 

identification using the novel method could be faster than the conventional 

method. It may essentially decrease the time of the ambulance service call 

which in turn leads to an increase in chances to save a human life. Some 

studies [90, 91] confirm that ambulance service delays influence death 

rating during a rescue mission. For instance, according to a survey of 2017, 

approximately 20 % of the world's population died because of ambulance 

late coming to the incident side [91]. At the same time, these studies try to 

solve this problem by proposing improvements in the ambulance service 

itself using Ambulance-to-Vehicle communications or by using transmitter 

and receiver. But the proposed method emphasizes the high importance of 

the timely call of ambulance service that precedes the arrival of an 

ambulance vehicle. It is a time-sensitive process when even the 1-second 
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delay may become a big threat to human life and even cause death. Thus, 

the fewer time-consuming steps contained in the process of summoning an 

ambulance the faster Ambulance Service could be warned about the 

incident.  As a result, the victim will receive faster first aid. 

 

3.4 Thesis 

In the future, the current incident notification paradigm will change with 

the introduction of vehicular networks. Intelligent Transportation Systems 

can improve the timeliness and responsiveness of roadside ambulance 

services due to a combination of V2V, V2I communications, and human 

pose estimation technology. The main contribution of this chapter is the 

concept of a new rescue method based on advanced information 

management. The key findings are as follows: 

 The speed of the rescue process is enhanced due to the elimination of 

the socio-psychological parameter and the human factor. 

 

 The reliability of managed information is enhanced due to AVs that 

are able to check each other's data. 

 

 The rescue process is accelerated by eliminating such steps as 

decision making and using a cellular phone manually. 

 
Thesis 2 

I have developed a new information system concept and method of saving 

human life via faster communication with ambulance service than the 

regular method using a cellular phone. 

 

The problem is that a lot of researches related to AV technologies focus on 

identification of humans as an obstacle that vehicle must avoid to drive 

through, while practice shows that not all the people are ready to help a 

person lying on the side of the road due to injury or poor health condition. 

Therefore, I elaborated a novel method of rescue using Vehicle-to-

Infrastructure (V2I), Vehicle-to-Vehicle (V2V) communications and 

human pose estimation function. This concept is justified with the existing 

experimental approach and calculation of the comparative rate of victim 

identification time between conventional and proposed methods. 

The result showed that the process of victim identification using the novel 

method could be 4.4 minutes faster than the conventional one. It essentially 
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decreases the time of the summoning an ambulance which in turn leads to 

an increase in chances to save a human life. The findings have high 

relevance for innovation and development. The proposed method of rescue 

can be applicable in the future as an integral part of 'smart city healthcare 

subsystem' when AV technology and human pose identification function 

will be mature enough. 

Related publications to this thesis: [143]. 
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Chapter 4 

 

Demand-capacity coordination 

method in autonomous public 

transportation 
 

AVs are vehicles operating without human interference and are equipped 

with a number of hi-tech subsystems. They interpret the road condition and 

make reliable decisions related to the cars' maneuvers like safely crossing 

the intersection, lane changing, overtaking other cars, pulling over and 

riding along the mapped route [92]. The most considerable advantages of 

driverless vehicles compared to conventional cars in accordance with 

different researchers [93-96] are as follows:  

 Road safety improvement.  

 

 Partial exclusion of limitations concerning passengers' age and 

disability. 

 

 The probable appearance of free space on the road (in case of the 

adjusted traffic of fully connected and autonomous cars). 

  

 Decrease of the parking space in the downtown.  

 

 Environmental friendliness associated with the reduction of harmful 

emissions into the atmosphere.  

Currently, the most mentioned disadvantages of unmanned vehicles are as 

follows: the absence of legal regulations related to AVs, high-risk of 

failure, high investment costs [93, 96]. Despite this, the authors claim that 

the advantages of AVs exceed their disadvantages. The progress in 

advanced technology made possible the in-depth integration of 

fundamental systems and data for the operation of AVs. The most 

important technological results are as follows: 
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 Global Positioning System (GPS) – Satellite-based global location 

and time reference of objects (vehicles) for accurate and constant 

position tracking. 

 

 Inertial Navigation System (INS) – Monitors and calculates the 

positioning, direction, and speed of a vehicle with motion and 

rotation sensors on-board. 

 

 Laser Illuminated Detection And Ranging (LIDAR) – Laser 

detection sensors to identify surrounding objects, or terrain, with data 

for precision measurements of distance to the objects. 

The synchronization of these high-level positioning systems collectively 

provides the decision-making data. These are necessary for AVs to be 

aware of its position and movements in relation to the surrounding 

conditions [97]. 

The essential functions of AVs are V2V and V2I communications that are 

possible due to the establishment of communication sensors and antenna 

transceivers in the vehicles itself and in the road infrastructure [93, 96]. 

These functions make possible the communication of vehicles with each 

other, sending warnings about the existing dangers, informing each other 

about traffic congestion, etc. 

Considering all the above-mentioned facts the public transportation service 

can be partially based on AVs in the near future. Consequently, it requires 

and implies the introduction of a new approach of autonomous bus usage, 

namely the method of trip coordination and serving the passengers. 

The remainder of this chapter is structured as follows: in section 4.1, the 

situation analysis is provided by the review of the existing services; the 

main features of the new demand-capacity coordination method are 

determined and summarized in section 4.2; in section 4.3, the information 

system model of the demand-capacity coordination method is presented; 

section 4.4 provides limitations to the current study; the chapter is 

completed by the conclusion in section 4.5.  

 

4.1 Related Work 

There are six levels of automation for vehicles determined by the Society 

of Automotive Engineers (SAE). They range from no automation level 

(level 0) to full automation (level 5) [98].  

 



50 
 

These automation levels are defined as follows: 

 

 Level 1 - driver assistance. 

 

 Level 2 - partial automation. 

 

 Level 3 - conditional automation. 

 

 Level 4 - high automation. 

 

 Level 5 - full automation. 

 

In levels 1 and 2 automation assists the driver in performing dynamic 

driving tasks. In levels 3 and 4 system takes over the dynamic driving task 

while the driver acting as an auxiliary. There is no human involvement in 

level 5 since each driving-related task executed by the automation without 

driver intervention. Currently, the most common level of automation 

provided at the international level by car manufacturers is level 2. Level 3 

and 4 are at the stage of thorough research. Despite several successful tests 

of fully autonomous cars conducted by some developed countries, level 5 is 

still considered as a future technology. Even such technological giants as 

Apple, Google, Tesla, Uber, as well as other automotive corporations are 

still trying to manage difficulties at this level. 

 

Developed countries are trying to integrate smart transportation solutions 

such as autonomous public transportation by providing supportive 

infrastructure. There was a project called 'CityMobil2' that implemented an 

autonomous public transportation service to operate on five sites for six 

months in several European cities from 2011 to 2016. Autonomous shuttles 

with a capacity of 12 passengers and maximum speed of 40 km/h were 

tested in cities involved in this project [99]. 

 

Cities like Washington, Los Angeles, Nashville, Austin, Helsinki, São 

Paulo, Buenos Aires, and Tel Aviv and much more initiated measures 

aimed at improving the conditions of urban infrastructure conducive to the 

emergence of autonomous vehicles on the roads [100]. The reason is in the 

belief that shifting towards smart transportation systems will help to solve 

social problems and improve citizens' life quality. According to 2018 data 

number of cities with autonomous pilot programs across the world 

achieved 74 cities [101] and this number will probably increase in the 

following years. A study conducted in the United Kingdom showed that 

using public transport based on AVs leads to the removal of parking 
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spaces; consequently, available city space may be extended by 15–20 

percent [102]. 

 

The fact of the deployment of autonomous driving technology, given its 

advantages, is very important for future transportation, but no less 

important is how exactly this technology will be implemented. The 

following approaches can be used for designation of stops and routes 

related to autonomous bus transportation: 

 

1. Some researches [103] assume that it is enough to change convenient 

buses to AVs providing that routes and stops remain as nowadays. 

However, using the conventional principle of bus movement means 

that it will stop at each point requested by passengers even there are 

no new passengers to board the bus. Avoiding unnecessary stops by 

boarding the passengers with the same origin point and preliminary 

known stops may be implemented by using intelligent transportation 

solutions that will be discussed further in the proposed method. 

 

2. Designing an Automated Demand-Responsive Transportation 

Service (ADRTS) providing individualized rides without fixed 

routes or timetables. 

Many concepts of AVs' application in the urban transportation system 

suppose that driverless vehicles operate as the type of Public 

Transportation On-Demand (PTOD), which is frequently called as flexible 

public transportation. In this practice, demand for transportation services is 

correlated with transportation supply associated with capacity availability 

and the adaptable way of moving vehicles in the transportation network 

[104]. The fundamental characteristics of PTOD are as follows: 

 Replacing fixed routes by flexible routes adapted to the passengers’ 

demand. 

 

 Removal of predefined timetables due to the operating of vehicles by 

passengers' requests. 

 

 Using a dissimilar vehicle fleet of various capacities. 

 

 Replacing conventional stops by flexible pick up locations 

announced by passengers. 

Public Transportation On-Demand can only be used when the demand is 

relatively low as the road capacity is limited. The Automated Demand-

Responsive Transportation Service is a kind of Public Transportation On-
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Demand system which consists of a fleet of fully automated electric 

vehicles that is operated on a network with predefined pickup and drop-off 

locations. Specific basic characteristics of ADRTS are as follows: 

 Passengers access (and egress) at predefined pickup and drop-off 

locations. 

 

 The service runs the shortest path (no detours). 

 

 Maximum waiting time until all passengers gather for a trip towards 

one destination. 

On their arrival at a pickup location, travelers request the service of a 

vehicle to transport them to their desired drop-off location. They freely 

choose their departure time and their pickup and drop-off locations within 

the ADRTS network. Users traveling between the same locations within a 

certain time window, which is determined by the predefined maximum 

vehicle dwell time, are transported together. They thus share a ride, which 

is subject to vehicle capacity constraints.  

Travelers must wait for a vehicle to serve them and will experience on-

board idle time while they wait for potential passengers with the same 

travel destination. After users disembark at their destination, the vehicle 

remains at its position until it is requested for a new service [105].  

This approach, on the one hand, seems to be an effective solution; however, 

on the other hand, it has the following disadvantage: the shuttles filling 

time at a pickup location is an unpredictable process and the passenger idle 

time may be too long. However, it is obvious that the rational use of 

intermediate stops leads to decreasing idle time. I propose a novel method 

called ‘Automated Random Transportation Service’ (ARTS). ARTS is 

a new service of pick up passengers at predefined locations according to a 

vehicle-capacity (e.g. X passengers per vehicle according to AVs 

manufacturers solution). The term “Random” in the service title was used 

because it is unpredictable who exactly will be the first X passengers on the 

route, and in which order they will be registered for the trip. For instance, 

we have a route with origin stop, 2 intermediate stops, and destination stop. 

There are many combinations of how to gather 10 passengers from these 

stops. For the first trip, 2 passengers may be registered on origin stop, 4 

passengers on the 2nd stop, and 4 passengers on the 3rd stop. For the next 

trip, the passengers' registration combination may be completely different. 
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4.2 ARTS Service Description 

In the proposed method, the routes and stops remain predefined as in the 

case of conventional public transportation service, but the movement of 

shuttles (e.g. minibuses) are be assigned automatically by the Decision-

Making Server (DMS). DMS is the main element of the automatic 

information processing system. It belongs to the transport company 

(operator); consequently, is located, for instance, in the central office of 

such a company. It means that shuttles decide whether to stop at an 

intermediate stop or not according to the information received about 

passengers. Since routes are predefined, they consist of origin and 

destination stops which serve for shuttles as kind of terminals with 

recharging and maintenance functions. In the case of the proposed study, 

each intermediate stop also contains charging and maintenance points.  

Movement is implemented in both directions by a minimum of two shuttles 

with an average speed of 30 km/h. After travelers disembark at the 

terminal, the vehicle starts the next trip in the opposite direction requested 

for a new service. Trip registration is implemented by Special Ticket 

Vending Devices (TVD), established at each bus stop or through the 

mobile application provided that the passenger is located close to these 

stops. If a registered passenger is late for the minibus, then the waiting time 

from each stop is 5 or 15 minutes. If a passenger has still missed the bus, he 

or she is assigned to the waiting list for the next trip. Variation of waiting 

time is related to rush hours. For instance, if we take under consideration 

route with 7 km length and average speed 30 km/h, travel time is 14 

minutes per one direction trip. Consequently, 28 minutes are necessary for 

a complete trip in both directions between points A and B. It means that 

during 1-hour minibus with a vehicle-capacity of 10 passengers can make 2 

complete trips. Subject to this condition one AV can transport 

approximately 40 passengers per hour. If DMS is indicating that the 

number of registered passengers is more than 40 passengers per hour, then 

the waiting time of late passenger is 5 minutes. In case when 40 or less, the 

waiting time is 15 minutes. If there are no passengers each vehicle remains 

at its position. In case of proposed service only emergency stop is assumed 

in an unplanned location. Every shuttle must contain places for mobility-

impaired people. This issue is to be considered by AVs production 

companies. 

The main target of this method is to accelerate the filling time of the 

shuttles through the fact that all passengers have the same destination point, 

but different origin points. Since the system serves only those who have the 

same destination point, there is no opportunity to gets off 1 stop earlier. 

The shuttles will work on the principle of ‘X first passengers’ and 
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overbooking is not allowed. It means that the total number of all passengers 

must be first X persons who registered before the rest of the people 

regardless of at which particular stop or how the tickets were purchased 

(e.g. via mobile app). Thus, vehicle-capacity is the sum of passengers 

registered earlier than other travelers from different stations where they 

wait for a minibus, except destination point.  

The passengers on board are identified by using ticket containing 

information about the time of ticket purchase. The ticket is scanned by a 

special device when boarding an AV or by their mobile devices. So, the 

number of expected passengers in the shuttle is guaranteed, without 

violating the order of the queue. After passengers disembark at the final 

point, a counter is reset, and Decision-Making Server gives a signal to the 

shuttle that it is empty. The concept of 'Automated Random Transportation 

Service' is represented in Figure 4.1. 

 

 
 

Figure 4.1 Operational steps of ‘Automated Random Transportation 

Service’ (source: own work) 
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For instance, if a situation with two intermediate points A1 and B1 between 

origin A and destination B is considered and DMS gives a command to 

pick up passengers from the origin and stop at both of intermediate stops, 

then vehicle-capacity can be shown as the following equation: 

 X = a + a1 + b1                                    (4.1) 

where, 

a - number of passengers from origin station (A), 

a1 - number of passengers from intermediate stop A1, 

b1 - number of passengers from intermediate stop B1. 

The advantage of this method, as opposed to ADRTS, is that less time is 

needed to collect information from several different stops about X 

passengers' demand for a trip. Additionally, the time while requests for the 

ADRTS are combined in the case of passengers share the same pick-up and 

drop-off locations can achieve the maximum value. Considering the 

following scenarios: 

  

1. When minibus with a capacity of 'X' people operating by the 

principle similar to standard bus gathering passengers from first 3 

stops to carry them to the same destination point. 

 

2. When minibus with a capacity of 'X' people operating by the 

principle of a taxi and gathering all passengers from 1 origin point to 

carry them to the same destination point.  

 

It is possible to make the following implications: 

 

1. Assuming that we have the information that there are X/3 passengers 

at the first stop, X/3 passengers at the second stop, and X/3 

passengers at the third stop all with the same destination. In this case, 

scenario 1 is expected to be faster in terms of collecting the 

passengers, where route alternatives do not play the role. 

 

2. Assuming that the demand meets the capacity neither in scenario 1 

nor in scenario 2 and the bus needs to wait to fulfill its capacity 

either in 1 stop (scenario 2) or in a series of stops (scenario 1). In this 

case, the arrival time of the passengers at stops plays an important 

role. 
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Table 4.1 represents a comparison of ADRTS with ARTS according to 

flexibility features. 

 

Table 4.1 Comparison of the services according to flexibility features 

(source: own work) 

Flexibility 

features 

Automated Demand-

Responsive 

Transportation Service 

Automated Random 

Transportation Service 

Spatiality – 

location of 

boarding and 

alighting 

at designated 

(conditional) stops or 

anywhere 

at designated stops 

Spatiality – 

bound or 

unbound routes 

partially bound or 

unbound 
on bound routes (lines) 

Temporality 

(schedule) 

 

 

just the departure time at 

important stops are fixed 

or no timetable 

no timetable (movement 

begins as the shuttle is full 

or after maximum waiting 

time of late passenger) 

Users registered persons registered persons 

Pre - ordering necessary necessary 

Charge/fee fixed fixed or dynamic fee 

 

Implementation of the ARTS service 

The implementation of the service and the background information system 

can be achieved by applying the following components: 

 Ticket Vending Devices (TVD) equipped with a display to trace the 

exact position of the shuttle, number of free places, battery level, and 

other information. TVD provides the possibility to preliminary or 

current seat reservation via paying by card, cash or internet money. 

Devices are established at each bus stop. 

 

 A mobile application that provides the opportunity to reserve free 

places and pay the fare through internet services. Each passenger can 

choose any preferred free place. 

 

 DMS (Decision-making server) which sends information to the 

shuttles that all seats are reserved and paid. Consequently, it gives 

the command to start picking up passengers and move to the next bus 
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stops avoiding unnecessary stops where passengers were late to 

register among the ‘first X passengers’. The next ‘first X passengers’ 

will be served by the next shuttle in order. 

 

The flowchart of service is shown in Figure 4.2. 

 

 

Figure 4.2 The structural and operational model of ARTS service 

(source: own work) 

 

Despite the presence of two intermediate stops A1 and B1 on a route from 

origin point A to destination B, it does not mean that AV stops at each 

intermediate point. Autonomous shuttle starts boarding and movement 

according to seat reservation data providing to DMS by mobile application 

or TVD located on each intermediate stop. Since the exact time and place 

(bus stop) of seat reservation maps the stochastic processes by 

deterministic data, the ‘behavior’ of autonomous vehicles is not known. All 

commands and character of movement assigned automatically by DMS.  

The exact time and departure point of the registered passengers is a key 

data for DMS in order to define first X passengers. Thus, AV moves by 

direct path without any stops or it stops at several or at all intermediate 
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points. Every trip has a standard (paper-based) or electronic ticket with ID 

code which is received on the smartphone and scanned onboarding time by 

a special device on board of AV. This is a guarantee that exactly first X 

registered passengers get on shuttle's board regardless of at which stop the 

tickets were purchased (regardless of pick up points). 

 

4.3 System Model 

I have modeled the data model of the ARTS service (Figure 4.3). It is 

architecture for the system which can manage a fleet of AVs to serve 

travelers for transportation services. The most important system 

components are as follows: 

 

 Passenger. 

 

 Seat reservation. 

 

 Shuttles assignment. 

 

 Shuttle. 

 

 

Figure 4.3 Data model of service (source: own work) 

 

The above tables, forming the basis of the data model, map the key data for 

the operation of ARTS service. 

 

4.4 Release of Limitations, Outlook 

This chapter does not provide a novel designation method for predefined 

stops as well as details about the fare system and charging process. This 
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issue is out of the dissertation scope. The objective of my research work is 

to elaborate the concept of the new service based on autonomous minibuses 

considering certain sections of a route. The proposed concept of service is 

to be implemented in fully autonomous transportation infrastructure in 

order to avoid collision with conventional vehicles driven by humans. 

To perform precise calculation and draw a conclusion from two scenarios 

in Section 4.2 the information about the number of passengers and their 

arrival time at each stop and the trip destinations are needed which in turn 

is possible only during the real-life experiment required the existence of the 

proposed service. 

In section 4.3, the values (average speed, vehicle-capacity, route length, 

etc.) were taken as exemplary for the demonstration of ARTS service 

operation. The real values will depend on a variety of factors such as traffic 

rules, vehicle specifications or regulations related to AVs, etc. 

 

4.5 Thesis 

Planning and operation of future transportation will be much more complex 

than before. Therefore, new analysis and modeling methods should be 

elaborated and applied in order to facilitate the creation of new services 

including those which are based on AVs. As the technological background 

is (will be) available, this tendency addresses enormous challenges towards 

system researchers, engineers, and operators. 

Among the main contribution of the chapter, I highlight the structural 

model. The results may have high relevance for innovation and 

development. Key findings include the following: 

 Using ARTS service, there is an opportunity to collect the whole 

number of passengers faster than using ADRTS, which may decrease 

passenger idle time waiting for their trip. 

 

 Due to avoiding 'unnecessary' stops, travel time could be reduced, 

which in turn leads to passengers getting to their destination faster. 

 
Thesis 3 

I have developed the concept of Automated Random Transportation 

Service that decreases passenger idle time and makes passenger 

transportation faster. 

 
The principle of conventional bus transportation is not deeply aimed at 

satisfying travelers' needs such as transportation on demand. Automated 
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Demand-Responsive Transportation Service satisfies these requirements. 

However, it creates inconvenience in the form of a long wait for passengers 

for a collective trip to a common destination for all of them. Therefore, I 

proposed the structural model of a new Automated Random Transportation 

Service represents an integration of public transportation on-demand and 

convenient public transportation. 

Using the proposed service facilitates travelers' experience and as a result, 

pushes them to refuse private transport, which in turn will lead to an 

increase in free capacity on the roads. The service concept may be applied 

during the deployment of AV technology in the future 'smart cities'. 

Related publications to this thesis: [144]. 
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Chapter 5 

Hydroelectric Road Ramp as a 

complementary source of renewable 

energy for electric vehicles charging 

stations 

 
The development of electromobility is directly connected to the level of 

inclusion of renewable energy sources in future energy systems. If the 

power sources combination used to generate the electricity for the EVs has 

low or zero GHG emissions, shifting from traditional to electric cars will 

lead to GHG emissions decrease too. Thus, new approaches to creating 

renewable sources of energy it is a valuable contribution to electromobility 

development. 

Research on the Chinese power system showed that moving from standard 

vehicles towards electric vehicles in China would grow carbon emissions 

because the modern Chinese energy system is strongly dependent on coal 

power factories with intensive carbon emissions [106]. The electrification 

of conventional transport will provide better advantages in case of an 

increasing share of RES in countries’ energy systems. In this regard, I 

elaborated the concept of the novel RES producing clean energy that may 

be used for the different 'smart cities' objectives. 

The necessity of traffic calming is reasonable either city considered as a 

'smart' or not. As a car passes over a speed bump most of the kinetic energy 

is wasted as heat in it. However, the speed bumps on roads, where a huge 

amount of vehicle's kinetic energy is wasting, can be used to retrieve this 

kinetic energy, and generating electricity [107]. So, the purpose of the 

proposed invention is to convert this energy into electricity that can be 

returned for example to the charging stations later on. Due to this cycle, it 

is possible to save and accumulate the energy which otherwise would be 

simply disappeared.  

There are some methods of converting vehicle's kinetic energy into 

electrical energy such as follows: ‘Electro-Kinetic Road Ramp’ [108] 
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which was tested in some countries and proved its effectiveness or 'Design 

of Power Generation Unit Using Roller Mechanism' which is implemented 

by using simple drive mechanism such as Roller, some interfaced Electrical 

components and chain drive Mechanism [109]. 

There were also tested mechanisms, harnessing the vehicles' kinetic energy, 

using springs, rack-and-pinion, slider-crank [110-112]. Some other models 

based on electrodynamics were proposed; however, they are costly to 

manufacture and include complex calculations as well as cannot be easily 

utilized on a large scale [113]. Another method uses a plate that is sloped at 

the elevated base level to allow cars to cross over the relief surface. The 

system only works when the car is passing over it [114]. 

Despite the variety of the existing solutions, I propose a novel non-

conventional method called ‘hydroelectric road ramp’ that is significantly 

different from the proposed ones by previous researchers. ‘Hydroelectric 

road ramp’ serves not only as a speed bump for traffic calming, but also it 

is a new method of generating electricity by using principles of work of 

conventional hydroelectric power station [115] and pneumatic water 

sprayer [116]. 

The purpose of the study was to elaborate a renewable source of energy 

using daily vehicles' traffic. The research question was how to produce 

electricity by using a vehicle's kinetic energy and water-contained 

energy. The calculation of power output has been calculated considering 

the approximate dimensions of the construction. Also, during the 

calculation, I considered X vehicles per hour, however, practical results can 

be distinguished from the theoretical one due to the stochastic process of 

the vehicle's movement. I have presumed that electricity getting from a new 

energy source can be conserved and used in traffic lights, powering streets 

or serve as a supplementary source of energy for electromobility charging 

points. 

The remainder of this chapter is structured as follows: the research 

methodology is described in section 5.1 the detailed model description 

including energy ramp structure, the principle of work, operational process, 

etc. is provided in section 5.2; in section 5.3, the power generated by the 

system is calculated; section 5.4 provides limitations to the current study; 

the chapter is completed by the conclusion in section 5.5. 

 

5.1 Methodology 

Publicly accessible sources like standards, scientific articles, and reports 

contain limited information on the proposed method of electricity 
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generating. Attempts to find analogs by reviewing the literature have 

not yielded any results. To overcome this shortcoming, further 

information was collected through the literature review of adjacent methods 

and existing inventions, principles of which could be used for the 

realization of the proposed concept. Combining principles of work of these 

inventions, the necessary result was received. Figure 5.1 illustrates the 

research approach, which includes a literature review of several relevant 

inventions in order to collect information and create a non-conventional 

method of producing electricity. 

 

 
 

Figure 5.1 Research steps (source: own work) 

 

The calculation includes the following steps: 

 Calculation of the volume of the reservoir. 

 

 A finding of the gauge pressure in the tank after n number of pumps. 

 

 The amount of water in each stroke of the pump has been found. 

 

 Identification of absolute pressure inside the tank. 
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 Determination of the velocity at which the water leaves the tank 

using the Bernoulli equation. 

 

 Calculation of the volume rate of flow. 

 

 Calculation of power generated by the system. 

 

 

5.2 Model Description 

The ramp serves as a launching mechanism [117] for the hydroelectric 

power station by harnessing the kinetic energy of automobiles that drive 

over the ramp. It is not dangerous for vehicles and cannot become the cause 

of waste petrol when a car passes over it [118]. Because on the road surface 

it serves only as a conventional speed breaker; however, in the 

underground it connects with mini station producing electricity with water 

usage [119]. This system must not be considered as an extraordinary 

invention to produce a huge amount of electricity. It is a useful construction 

to convert daily vehicles' traffic to a small amount of energy in the warm 

season using wastewater (rain, hail) with preliminary filtration. In the 

winter when the water freezes it serves as a usual speed bump for traffic 

calming. Figure 5.2 represents the ramp structure and the principle of work.  

A slab of the ramp connects with the cylinder which serves as a piston rod 

of the pump. Every time automobiles pass through this plate the piston 

moves down and up pumping air into a partially water-filled tank. Motion 

is possible thanks to the spring installed under the plate. If necessary, 

several springs can be installed. The reservoir is air-tight, but it has a valve 

to let the incoming air in from the pump. 

As more air is pumped in, the air in the reservoir is compressed, increasing 

in pressure; the water is also pressurized by the now compressed air. Upon 

opening the nozzle valve, the pressurized water is pushed out through the 

nozzle as the air attempts to re-equilibrate with atmospheric pressure [120].  

In the case of this study, the nozzle valve is an automatically controlled 

valve operated by the electronic pressure controller. The controller 

activated automatically when the pressure in the tank reaches a critical 

value. It means that every time when electronic pressure controller 

identifies the predefined value of pressure in the reservoir it transmits a 

signal to open the nozzle valve.  

This air pressure system allows the production of a solid, continuous 

stream of water. The water jet rotates the turbine connected with the 
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generator which produces electricity [121]. I supposed that it is necessary 

to use a special turbine that must be created by the ‘Pelton’ turbine 

principle. All necessary dimensions must be performed by professionals. 

 

Figure 5.2 Energy ramp structure model (source: own work) 

 

The water, bouncing off the turbine, flows into an open reservoir located 

under the turbine. Then it flows again into the main tank through the non-

return valve. Thus, the system is constantly recycling the same water. 

Therefore ‘Hydroelectric road ramp’ can be counted as a renewable energy 

source. 

To start the system, only the initial water filling of the container is required. 

Refilled is necessary only in emergency cases such as water leakage, 

evaporation of water, repair of the structure, etc. However, the limitation of 

this design is the tank cannot be refilled unless depressurized. Opening a 

pressurized reservoir while there is pressure remaining in the system can 

result in copious local water spray or even an unexpected consequence. 

Figure 5.3 illustrates the operation of the ‘hydroelectric road ramp’. 
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Figure 5.3 Process flow chart of the ramp (source: own work) 

 

 

5.3 Calculations 

For all calculations, I used assumed dimensions of the ramp which is 

shown in Figure 5.2. Since the tank represents a combination of cylinder 

and frustum then the total volume of the tank is the sum of their volumes: 

 

  t c fV V V 
                                          (5.1) 

 

The volume of the cylinder: 
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                                           (5.2) 
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3m                           (5.3) 

 

The volume of frustum: 
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The total volume of the tank: 

 

                        0,18 0,014 0,194tV   
3m  = 194 l                  (5.6) 

 

The assumption is made that the volume of water equals 150 l. The volume 

of air is then the difference between the volumes of the tank and the water 

within it: 

 

   a t wV V V 
                (5.7) 

 

194 150 44aV    l             (5.8) 

 

To identify an absolute pressure at location 1 the following formula has 

been used: 

 

                                                                                a o mP P P 
                                                (5.9) 

 

where,  

oP – atmospheric pressure (101325 Pa);  

mP  – gauge pressure. 

 

Using an assumption that 200 vehicles per hour pass over the ramp, I 

calculated the gauge pressure in a tank after n pumps: 

 

     

o p

m

t p

nPV
P

V nV



                               (5.10) 

 
where,  

n - number of pumps (n = 400), because one car pushes on slab two times 

by front and rear wheels; 

oP - atmospheric pressure (101325 Pa); 

pV - amount of water in each stroke of the pump; 

tV - total volume of tank. 

 

Amount of water in each stroke of the pump can be found by the next 

formula: 
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n


                                                (5.11) 

 

where,  

wV  – volume of water;  

n – number of pumps. 

                                                

150
0,375

400
pV   l                                  (5.12) 

 

Thus, gauge pressure equal: 

 

                                 

400 101325 0,375
345426

194 400 0,375
mP

 
 

 
Pa              (5.13)  

 

Consequently, location 1 has the following absolute pressure: 

 

                                     101325 345426 446751aP    Pa                 (5.14) 

 

To define the velocity at which the water leaves the tank is used the 

Bernoulli equation. The Bernoulli equation is used to connect two locations 

within a single fluid. I chose two locations as being at the surface of the 

water in the reservoir (location 1) and at the exit of the nozzle (location 2). 

This means that: 

 

                                     

2 2
1 1 1 2 2 2

1 1

2 2
P gh P gh      

                       (5.15)  

 

where,  

1P – absolute pressure at location 1;  

– density of water (1000 
3/kg m );  

1 – water velocity at location 1. I approximate that 1 = 0;  

g – acceleration of gravity ( g  = 9,81
2/m s );  

1h – height between location 1 and location 2 ( 1h = 0,575 m );  
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2P – pressure at location 2. Location 2 touches the air and has pressure 1

atm  = 101325 Pa ;  

2 – water velocity at location 2;  

2h
 – height at location 2. This variable is neglected, which means that  

       2h = 0.
                  

 

 

In this case, the equation transforms into a new form: 

 

                                            

1 1 2
2

2( )P gh P 
 

                              (5.16) 

 

      
2

2 (446751 1000 9,81 0,575 101325)

1000

    
   5,26  /m s    (5.17) 

 

If the water exits the tank through the hole with diameter 0,02 m, the 

volume rate of flow can be calculated by this equation: 

 

                                             
2Q A r   

                                        (5.18) 

 

                                        

23,14 0,01 26,5 0,008Q     3 /m s                                (5.19) 

 

Despite the fact that in modern conditions under favorable working 

conditions of the best samples hydraulic efficiency can achieve 94 – 95 %, 

I supposed that the efficiency of the proposed mechanism is about 50%, 

which means that  0,5e  . In this case, the power generated by the system 

can be calculated with the next formula: 

 

                                       

E mgh m
P e e egh

t t t

  
  

                             (5.20) 

 

where,  

e – efficiency of mechanism;  

g – acceleration of gravity ( g  = 9,81 2/m s );  

h – head in meters. Since the pressure at location 2 equal 1 atm , then  
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h = 10,33 ( m );  

m

t




– flow volume in / seckg . 

 

Thus, electric power generated by the hydroelectric road ramp equals: 

 

                                 0,5 9,81 10,33 8 405,34P      W                (5.21) 

 

Despite the fact that the converted energy at first glance seems to be very 

few, since the hydroelectric ramp may operate day and night this energy 

may be accumulated as long as it is necessary and then used for the 'smart 

city' goals. 

 

For example, it is possible to calculate of the potential of an invention as 

support to EV-charging. Let's calculate average amount of energy possible 

to accumulate for 1 month: 

 

              mm hPP                                  (5.22) 

 

where, 

 

Pm - power accumulated in one month; 

 

P - power generated by the system for one hour (considering above-

mentioned assumptions); 

 

hm - hours in one month. 

 

Thus, 

 

 

kW/month        (5.23) 

 

 

In order to charge an electric car from scratch, it is necessary an average of 

25kW. It means that dividing the accumulated energy on 25kW it is 

possible to figure out how many electric vehicles per month could 

potentially be fully charged using hydroelectric road ramp: 

 

 

EV/month               (5.24)  

57,301
1000

74434,405



mP

12
25

57,301
EVN
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Thus, approximately 12 EVs per month could be charged using the 

proposed renewable source of energy. Considering that this energy would 

be otherwise lost as a car passes over a usual speed bump, this result is 

enough valuable.  

  

5.4 Release of Limitations, Outlook 

The amount of electricity-generation using the proposed system is flexible 

because the movement of vehicles on the road is a stochastic process. It is 

impossible to predict the exact quantity of vehicles passing over the ramp. 

This chapter does not provide structural strength and other properties of the 

invention that requires deep engineering knowledge; technical 

characteristics of the system elements such as turbine, electronic pressure 

controller, tank, etc. were also neglected, as well as cost calculation. These 

issues are out of the study scope. The study is purely theoretical, as a 

practical experiment requires significant resources. Therefore, approximate 

initial numerical data which are shown in Figure 5.2 have been used during 

energy calculation. The real construction may produce mechanical losses. 

 

5.5 Thesis 

 
Key advantages of the proposed system are as follows: 

 Operating as traffic calming. 

 

 Renewable source of energy. 

 

 Possibility to increase the amount of electricity generating per hour. 

 

 Possibility of accumulating and using electricity for different 

purposes of 'smart city'. 

 
Thesis 4 

I have developed the concept of the novel renewable energy source entitled 

'Hydroelectric road ramp' that primarily serves traffic calming purposes and 

additionally converts vehicles' kinetic energy into electric energy. 

 

The problem was to devise how to generate electricity using the daily 

vehicles' kinetic energy. I elaborated a new concept of renewable energy 

source which is operating by using the vehicle's kinetic energy and water-
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contained energy and simultaneously serving as a speed bump. Using the 

Bernoulli equation, other formulas, and assumptions, I calculated the 

approximate power generated by the system. 

Provided that 200 vehicles per hour pass over the ramp, the findings 

showed that the power generated by the system equals to 405.34 W. Since 

the hydroelectric ramp may operate day and night this energy may be 

accumulated as long as it is necessary. For example, considering that it is 

necessary an average of 25 kW to fully charge one EV, then approximately 

12 EVs per month could be charged using the proposed renewable source 

of energy. The obtained energy may be used not only as a complementary 

source of energy for EV's charging piles, but for powering the streetlights 

or other purposes of the 'smart city'. The results may have high relevance 

for innovation and development. 

 

Related publications to this thesis: [145]. 
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Chapter 6 

Reservation service for electric 

vehicles charging using automatic 

notification 

 
The following ways are available to charge an electric vehicle: plug-in 

charging, battery swapping or wireless charging.  

Plug-in charging is used by the majority of current battery electric vehicles 

and plug-in hybrid electric vehicles in Europe. Vehicles are physically 

connected to a charging point using a cable and a plug. Plug-in charging 

can occur wherever charging stations are located: at homes, in public 

streets or on commercial or private premises. Charging of electric vehicles 

at home is usually slow because the charging capacity is low. Therefore, it 

may take approximately eight hours for a typical charge. However, this can 

be quite suitable for overnight charging. Faster plug-in charging requires 

higher capacity and specialized infrastructure. To date, most public plug-in 

stations established at a city, regional or national level offer mostly 

normal‑speed charging, but more and faster and superfast chargers have 

been launched recently. 

Battery swapping involves replacing a used battery with a fully charged 

one at a special swapping station. This offers a rapid way of quickly 

'recharging' a vehicle. At present, no major providers in Europe offer 

battery swapping. A number of barriers have set back battery-swapping 

technology from becoming widespread, including the lack of electric 

vehicle models that support battery swapping, no standard type or size of 

the battery, and the high cost of developing the associated charging and 

swapping infrastructure. 

Wireless charging, which is also known as induction charging, does not 

require a fixed physical connection between the charging facility and the 

vehicle. Instead, the system creates a localized electromagnetic field around 

a charging pad, which is activated when an electric vehicle with a 

corresponding pad is positioned above it. The wireless method currently 
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operates at only a few pilot locations and is yet to be used commercially. 

Examples of inductive charging pilot projects include wireless charging for 

buses at bus stations in Belgium, Germany, the Netherlands, and the United 

Kingdom, as well as some pilot testing for users of electric cars in Sweden 

[122]. 

The limited driving range of many electric vehicles means that the type of 

technology used to charge them, and the time it takes, are very important to 

consumers. However, not only the elaboration of novel technologies can 

economize customers’ time, but also a new operational method that can 

be applied to these technologies.  

Since the technology of electromobility is getting mature and the amount of 

EVs is rapidly growing year by year, it is reasonable to state that in the 

future people can face the problem when the vehicle waits at a queue for a 

charging outlet to become available (queuing time). Therefore, the new 

approaches to facilitate the charging process and decrease the user's waiting 

time is a valuable contribution to the future of electromobility. 

The rest of the chapter is organized as follows: in section 6.1, the situation 

analysis is provided by the review of the existing services; the basic 

concept of the new charging reservation service is described in section 6.2; 

in section 6.3, the implementation technologies of the reservation service 

are presented; section 6.4 provides limitations to the current study; the 

chapter is completed by the concluding remarks in section 6.5.  

 

6.1 Related Work 

Several studies [123-126] concentrate on optimizing the power-scheduling 

originating from fossil fuels or RES. These works consider the situation 

when an EV is already located at a charging station or parked at home. 

However, some articles [127, 128] study the necessity of charging during 

the EV’s movement. 

  

Two approaches for charging control can be categorized in the proposed 

literature: 

 

In a centralized system, the central controller manipulates charging using a 

communication structure. It analyzes the smart grid and charging station 

conditions, for example, available energy. The advantages of a centralized 

management strategy are adaptive to real-time work and greater utilization 

of sources. The central control block may recognize the current status of 

the EVs’ batteries and the amount of available energy in the smart grid 
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[129–131]. The researchers offer a centralized charging control system 

where charging stations are chosen with respect to the power cost [132]. 

In a decentralized system, EVs' drivers choose the charging stations based 

on their geographical awareness and on individual preferences. In this case, 

the communication structure is less complicated; however, the 

determination of the optimal charging station with minimum charging time 

is not guaranteed. The researchers proposed a distributed charging control 

system, where charging stations distribute their free time for charging 

[133]. Using this information, drivers of EVs choose a suitable charging 

station. The effectiveness of the system depends on the charging station's 

propagation cycle. The researchers presented a charging control system 

based on EV-RSU and EV-charging stations interactions [134]. The first 

one uses V2I communication, while the latter uses V2G communication 

respectively. The researchers estimate various Vehicular ad hoc network 

(VANET) routing protocols with regards to the end-to-end delay. VANET 

is a V2V communication, also known as vehicular ad hoc network. It is a 

variation of MANET (Mobile ad hoc network), with the emphasis being 

now the node is the vehicle. Such networks can help overcome blind spots, 

avoid accidents, etc. The outcomes demonstrate the influence of selecting a 

protocol that influences the medium charging time. 

There are several solutions proposed by different researchers below with 

the aim of decreasing the user's waiting time. Most of them use 

communication technologies focused on the future and trying to facilitate 

the rapidly growing market of electromobility.  

The V-Charge system proposes a solution for charging autonomous EVs in 

parking places and efficiently using scarce charging resources, thus 

simplifying the life of the customer, and increasing the feasibility of EVs. 

For the management of parking lots and charging resources, V-Charge 

provides a server back end and communication infrastructure. The 

combination of an autonomous parking system with automatic recharging 

capabilities will offer great convenience to EV drivers. It will also address 

major challenges to the wide-scale deployment of EVs: the time it takes to 

charge the battery and the narrow range due to limited battery capacity. The 

V-Charge system proposes new concepts for an optimal combination of 

public and individual transportation and for coordinated recharging 

strategies [135]. 

Another proposed scheme makes it possible for a customer to reduce the 

waiting time, while a station can extend the number of clients to be served. 

A linear rank function is defined based on estimated arrival time, waiting 

for time-bound, and the amount of needed power, reducing the scheduling 

complexity. Receiving the requests from the clients, the power station 
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decides the charging order by the rank function and then replies to the 

requesters with the waiting time and cost it can guarantee. Each requester 

can decide whether to charge at that station or try another one. This 

scheduler can evolve to integrate a new pricing policy and services, 

enriching the electric vehicle transport system [136]. 

Other researchers proposed a method for reserving a vehicle charging 

station includes receiving a desired destination and automatically verifying 

the availability of a designated station at an expected arrival time. The 

method further includes reserving the designated station when it is 

available at the expected arrival time and transmitting an electronic token 

to the client device. The token confirms the reservation and uniquely 

identifies the vehicle. A system for reserving the station includes a server in 

communication with the station, and with a client device configured for 

communicating a desired destination to the server. The server automatically 

verifies the availability of the designated charging station at an expected 

arrival time at the desired destination, reserves the designated station when 

it is available at the expected arrival time, and then generates and transmits 

the token to the client device [137]. 

Some researchers [138] proposed a decision-making model of charging 

reservation for EVs moving to a particular destination and need charging in 

view of traffic conditions and available charging points at the charging 

stations. Additionally, the interactive mechanism was reported to present 

how the reservation charging system works, as well as the rolling records-

based credit mechanism where additional charges from EV is supposed to 

hedge default behavior. In order to minimize driving time and minimize 

charging expenses, an optimization model with two objective functions was 

formulated. These optimizations were solved by a ‘K shortest paths’ 

algorithm based on a weighted directed graph, where the time and distance 

factors are respectively treated as weights of corresponding edges of 

transportation networks.  

Despite the variety of the above research proposals, most of them 

considering the manual reservation service initiated by the drivers themself 

and represent sophisticated centralized schemes of communication 

management. But the opportunity of an automatic request for charging EVs 

by the charging piles acting as a standalone server is not considered. 

Therefore, I propose a new reservation service for charging EVs using 

automatic notification. 
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6.2 Charging Reserving Service Description 

The proposed method is based on intelligent communication between 

public charging stations and electric vehicles. Each charging point 

(charging pile) serves as a standalone operational center (server) and has a 

particular radius of communication distance (e.g. r = X m.). Thus, each 

station creates a zone of influence on electric cars. When an electric vehicle 

firstly enters into a zone, the charging point immediately identifies a 

vehicle's position and battery level. The server traces the battery level of all 

the EVs in its zone of influence. If the battery level is less than 50 %, then 

the server sends an automatic notification to the car with the proposal to 

make the recharge. If many charging points are available, a lot of EVs with 

a battery under 50% will receive a series of messages. It means that a 

vehicle receives a pop-up message to the onboard display with the 

following information: 

 Battery level. 

 

 Range reserve. 

 

 Available reservation time. 

 

 Navigation to the charging point. 

 

 Charging duration. 

 

 Fee. 

 

 A message with confirmation/decline buttons. 

 

The drivers are not allowed to choose manually the reservation time, they 

can only accept or decline the proposed time by the system within a certain 

timeframe. In the case, when available time spot is suitable for a driver, he 

or she accepts it and the system automatically assigns reservation time of 

recharge according to the availability of the charging socket and duration 

according to the current battery level and charging power. The reservation 

time is assigned with a margin depending on the distance of the vehicle to 

the charging point. The closer a car to the charging point the fewer a 

margin time and vice-versa. Thus, the driver knows the exact time when he 

or she must arrive at the charging point. The key advantage of the 

proposed system is no necessity to wait in a queue. It is a convenient and 

fast reservation service of charging with 'one-touch' on the screen (see 

Figure 6.1). 
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Figure 6.1 Overview of the proposed service (source: own work) 

 

There are some specific situations when a vehicle may locate at the 

intersection of two or more zones. In that case, a driver receives 

notification from several charging points and chooses an appropriate one. 

However, stations can be also situated far away from each other, so that 

there is no intersection of zones. This issue depends on provider planning 

and decision. Figure 6.2 illustrates the operational model of service. 
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Figure 6.2 Operational model of reservation service (source: own work) 

 

The server automatically calculates the probability of drivers being late 

based on information about their speed, distance to the charging station and 

traffic conditions (e.g. volume, density, etc.). The server uses GPS tracking 

for trace movement of all reserved vehicles and if a driver has a risk of 

being late (e.g. the car does not move or drives too slowly), the system 

sends a reminder to the onboard display. If a driver still missed his assign 

time (intentionally or accidentally), then reservation automatically 

canceled. However, a driver receives a new notification with the proposal 

of the next available reservation time. 

For example, there is a car with an average speed of 30 km/h located on a 

distance 500 meters from the charging pile and a driver accepts the 

recharge proposal at 8:00 am.  

In the case that charging socket is free the reservation time can be 

calculated as follows: 
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            tt M
v

S
R                                      (6.1) 

where, 

 

Rt - reservation time, 

 

S - distance to the charging pile, 

 

v - average speed, 

 

Mt - margin time. 

 

Assuming that the margin time, in this case, is equal to 5 minutes, the 

reservation time is calculated as follows: 

 

                          amRR tt 06:08.min6.min5
3.8

500
         (6.2) 

 

Thus, the driver has to arrive at the charging station at 08:06 am. 

 

In the case that charging socket is occupied the reservation time can be 

calculated as follows: 

 

                                                                              

                                  (6.3) 

 

 

where, 

 

Rt - reservation time, 

 

S - distance to the charging pile, 

 

v - average speed, 

 

Mt - margin time, 

 

Pcd - previous car's length of charging session. 

 

cdtt PM
v

S
R 



81 
 

Nowadays, the fastest available public EV chargers can provide 80 percent 

full in around 30 minutes [139]. Taking this into account the reservation 

time will be assigned as follows: 

 

            amRR tt 36:08.min36.min30.min5
3.8

500
       (6.4) 

 

Thus, the driver has to arrive at the charging station at 08:36 am. 

  

For example, first driver (D1) who supposed to arrive at the charging 

station at 8:06 am missed the assigned time slot for some reasons and its 

time was reassigned with his or her permission to the 9:06 am, because 

there is a second driver (D2) who has its reservation time at 8:36 am and 

will definitely arrive at the assigned time and charge its car until 9:06 am. 

But in this case, it appears the empty time slot missed by D1 from 8:06 am 

until 8:36 am. To fill this empty time slot server tries to find another driver 

(D3) and propose the service by sending charging requests to the nearest 

EVs. If D3 accepts the request the empty time slot is filled. Rescheduling of 

reservation time in case of missing the initially assigned reservation time 

by a driver is presented in Figure 6.3. 

 

 
 

Figure 6.3 Rescheduling of reservation time (source: own work) 
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Estimation of the time saved by the new EV-charging reservation 

system is possible comparing the proposed method with the following 

scenario: for example, the above-mentioned car with an average speed 

of 30 km/h located on a distance of 500 meters from the charging pile, 

and a driver does not know whether the charging socket is available or 

not. In this case, he or she arrives at the charging station approximately 

after a minute. If the driver faced the situation when all the sockets are 

occupied and there are two more cars in line with the remaining battery 

level of 20% waiting for their charging before him/her, it means that the 

driver should wait at least 1 hour until he/she can achieve the socket. 

However, the exact time depends until what level of battery each of 

previous drivers prefer to charge their cars and until what level has 

already been charged the car connected to the charging pile when he/she 

arrived. In this example, the driver may save 1 hour using the new 

reservation service for EVs charging using automatic notification. The 

driver can use the saved time in his own interests, needs and goals 

instead of wasting time standing in a queue. 

 

 

6.3 Technology Implementation for the Reservation 

Service 

The implementation of the service is possible due to the following 

technologies: 

Geolocation. 

1. Identifying a vehicle location. To locate the vehicle's onboard device 

CoreLocation framework or Google’s Location APIs can be used. 

The CoreLocation framework provides classes and protocols to 

configure and schedule location delivery and send location events to 

the server. The CoreLocation framework also allows you to define 

geographic regions and monitor a device’s movements as it crosses 

defined boundaries. Google’s Location APIs can intelligently 

manage underlying location technology while meeting various 

development needs when implementing location-based features. 

Probably, these are the most popular technologies nowadays; however, this 

does not exclude the fact that many companies and developers around the 

world permanently trying to propose new solutions.  

2. Providing driving directions. To display route plan and navigation on 

a map MapKit or Google Maps API can be used.  
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3. Integrating with mapping software. The integration is possible due to 

Google Maps or other mapping technology. 

Notification. 

To implement notifications services of telecommunications providers can 

be used. 

It is also necessary to create a protocol which may be implemented by 

specialists. Communication protocol is a system of rules that allows two or 

more entities of a communications system to transmit information via any 

kind of variation of a physical quantity. The protocol defines the rules 

syntax, semantics and synchronization of communication and possible error 

recovery methods. Protocols may be implemented by hardware, software, 

or a combination of both. 

All charging stations are equipped with wireless communication devices 

(e.g., WI-FI, 3G), which allow them to communicate with nearby EVs that 

are also equipped with wireless devices [140].  

 

6.4 Release of Limitations, Outlook 

This chapter does not focus on deep learning of software parts or technical 

calculations and electric issues. The objective of the study was to elaborate 

the principle of the new service in order to facilitate EVs charging by 

eliminating downtime in a queue and satisfy the travelers' expectations. The 

study is focused only on public charging stations. 

If the person who is refueling his/her electric car, takes advantage of the 

amenities provided by the refueling point (e.g. buffet, restaurant, toilette) 

and does not come back immediately to take the car away, this may cause 

inconvenience for the next client. Even though in such a situation, it is not 

possible to perform accurate calculations for tenths of a second, some of 

the following measures could be considered during the implementation of a 

service: 

 Forced displacement of the vehicle by the maintenance team. 

 

 Synchronization with a smartphone and sound notification of the 

client about the end of charging. 

 

 Notification of subsequent clients about force majeure 

circumstances. 
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6.5 Thesis 

Planning and operation of future charging infrastructure will be much more 

complex than before. Therefore, new analysis and operational methods 

should be elaborated and applied in order to facilitate the charging process 

of EV users. Among the main contribution of the chapter, I highlight the 

eliminating the downtime in a queue for EVs charging using charging 

reservation service with automatic notification and consequently 

facilitating the EVs charging process.  

Since EV drivers receive charging offers automatically, sometimes without 

even awareness about near charging stations, in the future it may increases 

chances to attract these drivers to use exactly charging piles sending these 

offers. It may work by the principle of product promotion on the market: 

'the more advertisement will see the customer the more chances they will 

purchase exactly your product'. Thus, the potential number of EVs which 

could be served by these charging piles may increase comparing to the 

situation when drivers try to find and reserve the charging service by 

themselves. In other words, due to this novel information service concept, 

capacity utilization can be increased. The results may have high relevance 

for innovation and development. 

 
Thesis 5 

I have developed the novel concept for reservation of EVs charging service 

initiating directly by the charging piles themselves. Vehicle's downtime in a 

queue can be decreased in this way. 

 

The problem was that there is no system providing the opportunity for an 

automatic offer for charging EVs by the charging piles themselves acting as 

a standalone server.  

Therefore, I elaborated the operational model of reservation service using 

automatic notification supported by calculations of the reservation time in 

both cases when charging socket is available and occupied. I also proposed 

the scheme of rescheduling of reservation time in case of missing the 

initially designated reservation time by a driver and estimation of the time 

saved by the new EV-charging reservation system. 

This concept can be used in the 'smart cities' for easy, comfortable, and 

quick reservations of charging piles avoiding routine in real-life queues. 

 

Related publications to this thesis: [146]. 
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Chapter 7 

Overall summary and scopes for the 

future study 

 
History of mankind shows that the penetration of new technologies into 

various branches of life is an inevitable exponential process aimed at 

improving the quality of human life. This is due to the fact that people 

always strive for something better than they already have, which is why 

nowadays we can observe a huge amount of innovation, research, new 

solutions in various fields of life. But if we try to generalize the intentions 

of people regarding such rapid development, then we can say that we just 

want to make our life easier, safer, and more comfortable. Despite the huge 

number of existing ideas and proposals, there are always opportunities to 

offer novel solutions or at least improve existing ones. Therefore, the 

purpose of my research was to make contribution to the smart 

transportation by proposing improvements in an ambulance service, 

autonomous public transportation, and e-charging service. My results are 

future-oriented because the promising technologies being necessary to 

practical implementation of the proposed solutions are still immature. A 

summary of each chapter of this dissertation is presented below. 

 

Chapter 2 

 

Progress in advanced vehicular technologies and computer science leads to 

driverless vehicles becoming a reality. The standard ambulances may be 

replaced by driverless ambulances operated by an autopilot that provides 

passengers with a secure regime. In this chapter, the study’s aim was to 

compare two different countries regarding the consumers’ preparedness to 

travel on such autonomous ambulances. To obtain a more demonstrative 

result, a questionnaire survey was conducted in two countries (Hungary and 

Kazakhstan). It was also gathered ‘affect’ measures in order to figure out if 

‘affect’ served as a medium between the ambulance mode and 

readiness to ride and to understand whether emotions play any role 

during the decision making. The necessary data were collected through 

the so-called Autonomous Ambulance Acceptance Questionnaire. After 

conducting ‘t-Test’, ‘ANOVA’, and Mediation analysis, the findings have 
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been discussed. The achieved results could help to identify the directions 

for the future development of educational initiatives such as guides and 

training materials and real-life measures such as trial transportation of 

patients. 

 

Chapter 3 
 

Advances in science and technologies not only improve our workflow and 

increase the quality of life but also change the way emergency rescue 

operates. The eCall system is the evidence of such a new evolutionary step. 

However, studies are not available about 'smart' rescue methods of 

independent human (neither pedestrian nor a driver) who turned out to be 

on the roadside for one or another reason and need first aid. The research 

questions were how to increase the quality and speed up the rescue process 

by using Vehicle-to-Everything (V2X) communication and the human pose 

estimation function and how to increase the reliability of transmitted 

information. In the chapter 3, I presented an overview of the current state-

of-the-art in human pose estimation technology, discussed current methods 

of rescue, concept, and disadvantages of the current approach, and finally 

proposed the novel method of rescue based on blending of vehicular 

communication networks with advancements in human pose estimation 

function. The research novelty in a scientific sense is a concept of a new 

information management method, where AVs act as witnesses itself 

without any human intervention. An example of SOS Packet Format has 

been designed. I proposed a novel paradigm of the future ambulance 

operating. 

 

Chapter 4 

 

The technology of AVs is getting mature and some types of autonomous 

public transportation have been successfully tested. However, the 

replacement of conventional public transportation requires new 

planning and operational methods. The research questions were how to 

designate stops, routes, operational time, travel frequency and how to 

model the seat reservation process in order to satisfy the personal 

requirements of travelers. As the operation of the new transportation 

system is to be derived from the user demands it has been investigated and 

described in detail, which was the base of the demand capacity 

coordination method. Both the preliminary capacity planning and the real-

time coordination methods have been developed with a special focus on the 

required data structure and the information management processes. The 

methods are to be applied during the creation of this advanced, high-quality 

mobility service. 
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Chapter 5 

 

The purpose of the study was to elaborate a renewable source of energy 

using daily vehicles' movement. The research question was how to 

produce electricity by using a vehicle's kinetic energy and water-

contained energy. In this chapter ‘hydroelectric road ramp’ is described as 

an auxiliary energy source that can be used in smart cities. By conducting 

the literature review of adjacent methods and existing inventions, 

combining principles of work of these inventions, the system for producing 

electricity without destroying nature has been designed. Based on the 

supposition that 200 vehicles per hour pass over a ramp, the findings show 

that power generated by the system equals 405.34 W. Considering the fact, 

that city roads function around the clock this energy may be accumulated 

as long as it is necessary. Approximately 12 EVs per month with the full 25 

kW could be charged using the proposed invention. Even taking into 

account the fact that road capacity is different hour by hour, there is an 

opportunity to generate enough electricity for its conservation and further 

usage. From one side ‘hydroelectric road ramp’ is the system of generating 

electricity by using principles of work of conventional hydroelectric power 

station and pneumatic water sprayer, from the other side it is a speed 

breaker that may improve safety conditions on the road. The electricity 

getting from the new source can be used in the 'smart cities' for example to 

powering streetlights, traffic lights or serve as a complementary source of 

energy for electric vehicles charging points. 

 

Chapter 6 

 

Since the technology of electromobility is rapidly getting mature and 

attracts the attention of consumers year after year, the management of 

charging demand and processes has more and more relevance. Nowadays, 

companies already test novel charging technologies with advanced 

information services. Therefore, the research question was how to eliminate 

vehicles' idle time in a life queue for charging and make it predictable as 

well as to increase the capacity utilization of charging facilities. In this 

chapter, I elaborated a new method of automatic reservation process 

for EVs charging requiring notification of the user. The method uses 

real-time information about vehicle status and position. I have simulated 

the application of the method, and the results are presented in detail. This 

new information service based on the method can be applied in smart cities 

and along the highways too. 
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7.1 New Scientific Results 

 
1. I have revealed and confirmed that the reason for people 

unwilling to accept autonomous ambulance is not behind the 

emotional component because none of the six universal emotions 

were found as a mediator.  

 

There is an implication that both Hungarian and Kazakhstani respondents 

expressed unwillingness to use automated ambulance due to mistrust 

towards the new technology. One of the recommended measures to 

overcome mistrust of AV technology besides a comprehensive explanation 

of the essence and advantages of this technology is the introduction of trial 

transportation of patients with non-critical injuries and providing better 

knowledge of AVs in general. Also, the development of educational guides 

containing proofs of successful testing of autonomous shuttles around the 

world may increase their trustiness in this technology. 

 

 

Figure 7.1 The data of the mean values for groups in Hungary and 

Kazakhstan (source: own work) 

 

Results of the mediation analyses for both countries Hungary and 

Kazakhstan did not confirm the intermediary role of ‘affect’ between 

‘ambulance mode’ and ‘readiness to ride’. The ‘Indirect effect’ was not 

found to be statistically substantial (Hungary: beta B = −0.07; confidence 

interval CI = −0.22 to 0.04; Kazakhstan: beta B = −0.14; confidence 
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interval CI = −0.38 to 0.09). Thus, the findings suggest that consumers’ 

emotions did not play a decisive role in their answers about their readiness 

to ride. To prove it, mediation analysis for each facial expression for both 

males and females was performed. Despite the fact that ‘fear’ and 

‘surprise’ were expressed at a significant level for both males and females 

towards the autopilot condition, none of the six universal emotions were 

found as a mediator during the mediation analysis neither for males nor 

females. The indirect effect after all 12 mediation analyses showed 

statistically insignificant values, and a confidence interval ranging from 

negative to positive values which included 0. 

 

Related publications to this Thesis: [141], [142]. 

 

2. I have developed a new information system concept and method 

of saving human life via faster communication with ambulance 

service than the regular method using a cellular phone. 

 

 
 

Figure 7.2 The concept of the proposed method (source: own work) 

 



90 
 

 
 

Figure 7.3 SOS Information Packet Format example (source: own work) 

 

According to the calculation of the comparative rate of victim identification 

time between conventional and proposed method using the data of real-life 

experiment described in details in Chapter 3 it was found that Cr 733 %. 

Thus, considering the experiment in Belarus, for victim identification using 

the novel method, it may take approximately 4.4 minutes less time than 

using the conventional method. It may essentially decrease the time of the 

ambulance service call which in turn leads to an increase in chances to save 

a human life. 

 

Related publications to this Thesis: [143]. 

 

3. I have developed the concept of Automated Random 

Transportation Service that decreases passenger idle time and 

makes passenger transportation faster. 
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Figure 7.4 The structural and operational model of ARTS service 

(source: own work) 

 

Using ARTS service, the whole number of passengers are probably will be 

collected faster than using ADRTS, which may decrease passenger idle 

time waiting for their trip. Moreover, due to avoiding 'unnecessary' stops 

travel time is reduced, which in turn may lead to passengers getting to their 

destination faster. 

 

Related publications to this Thesis: [144]. 

 

4. I have developed the concept of the novel renewable energy 

source entitled 'Hydroelectric road ramp' that primarily serves 

traffic calming purposes and additionally converts vehicles' 

kinetic energy into electric energy. 
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Figure 7.5 Energy ramp structure (source: own work) 

 

The calculation result based on the supposition that 200 vehicles per hour 

pass over ramp showed that the power generated by the system equals 

405.34 W. Given the fact that cars move around the clock, the received 

energy can be accumulated as long as it necessary. For example, taking into 

account that it is necessary an average of 25 kW to fully charge one EV, 

then approximately 12 EVs per month could be charged using the proposed 

renewable source of energy. Thus, there is an opportunity to accumulate 

this energy for use as an additional energy supplier for EVs' charging 

stations or for any other purposes. Even considering the fact that road 

capacity is different hour by hour, there is an opportunity to generate 

enough electricity for its conservation and further usage. 
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Related publications to this Thesis: [145]. 

 

5. I have developed the novel concept for reservation of EVs 

charging service initiating directly by the charging piles 

themselves. Vehicle's downtime in a queue can be decreased in 

this way. 
 

 

 
 

Figure 7.6 Overview of the proposed service (source: own work) 
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Figure 7.7 Operational model of reservation service (source: own work) 

 

Since EVs' drivers receive charging offers automatically, sometimes 

without even awareness about near charging stations, in the future it 

may increase chances to attract these drivers to use exactly charging 

piles sending these offers. An analogy can be drawn with product 

promotion on the market: 'the more advertisement will see the customer 

the more chances they will purchase exactly your product'. Thus, the 

potential number of EVs which could be served by these charging piles 

may increase comparing to the situation when drivers try to find and 

reserved their charging service by themselves. In other words, due to 

this novel service concept, capacity utilization can be increased. The 

results may have high relevance for innovation and development. 

 

Related publications to this Thesis: [146]. 
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7.2 Theoretical and practical applicability 

 

1. Revealing that the reason for people unwilling to accept autonomous 

ambulance is not behind the emotional component led to the 

hypothesis that this reason may be hidden behind the simple mistrust 

to the new technology as it was in case of the industrial revolution 

which in turn significantly increased the human productivity and led 

to incredible results. Obtained results may be used as a starting point 

for testing following scientific hypotheses:  

 

 Trial transportation of patients with noncritical injuries may 

enhance users’ trust and lead to the spread of this technology. 

  

 Developing educational initiatives and guides to prepare 

potential patients for AV technology will increase their 

trustiness in this technology. 

 

2. By eliminating the socio-psychological parameter and the human 

factor the process of 'saving human or animals life' via potentially 

faster communication with ambulance service than the regular 

method using a cellular phone may significantly increase patients' 

survival chance or provide them with faster treatment. The novel 

method using Vehicle-to-Infrastructure (V2I), Vehicle-to-Vehicle 

(V2V) communications and human pose estimation function may be 

applied in the medicine of the future as an integral part of 'smart 

cities'. 

 

3. The decreasing passengers idle time and as a result, accelerating 

passenger transportation is possible due to applying ARTS service 

where filling the minibus with passengers will happen faster than in 

the case of ADRTS service because from several different stops less 

time to collect information about X passengers' readiness to trip is 

needed. The ARTS also assumes faster passenger transportation due 

to avoiding unnecessary intermediate stops with unregistered 

travelers. The new concept may be applied during the 

implementation of the 'smart public transportation' service in the 

future when AV technology will fully be integrated into daily human 

life. 

 

4. From one side ‘hydroelectric road ramp’ is the system of generating 

electricity, from the other side it is a speed breaker that may improve 

safety conditions on the road. The electricity getting from the new 
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RES can be used in the 'smart cities' for example to powering street 

lights, traffic lights or serve as a complementary source of energy for 

electric vehicles charging piles. 

 

5. Reservation service for electric vehicles charging using the 

automatic notification may lead to elimination vehicles' idle time in a 

queue for charging and increasing capacity utilization of charging 

facilities. The application of this service in ‘smart cities’ is an 

improvement in charging conditions for EVs' supporters and could 

be one of the factors that attracts new consumers of electric cars and 

help popularize electric mobility technology. 

 

 

7.3 Scope for the Future Study 

 

1. The scope for future research, regarding Thesis 1 is as follow: 

 

 Extend and replicate the study involving participants with 

different ages and occupations to reveal whether results are the 

same or what the differences are.  

 

 Study the Emergency Medical Service (EMS) providers 

regarding their readiness to work in autonomous ambulance. 

 

 Proceed with the research by elaboration and investigation of 

more complex scenarios. 

 

 

2. The scope for future research, regarding Thesis 2 is as follow: 

 

 Elaborate a method for dispatching ambulance vehicles to the 

incident location considering several relevant data (e.g. real-

time traffic information). 

 

 Investigate the economic consequences of the proposed 

method (e.g. cost of equipment installation, benefits, etc.). 

 

 Continue the investigation into this new area of inquiry by 

detailed study of each of the novel method stages. 

 

 



97 
 

3. The scope for future research, regarding Thesis 3 is as follow: 

 

 Model the entire autonomous transportation system (passenger 

and freight too), with special regards to urban context.  

 

 Elaborate a method for coordination of freight transport tasks 

and capacities; assess socioeconomic benefits (e.g. reduction 

in delivery prices). 

 

4. The scope for future research, regarding Thesis 4 is as follow: 

 

 Replacement of hydroelectric mechanism by solenoid engine 

and performing a calculation. 

 

 Analyze the hardware and software model.  

 

 Assess socio-economic benefits (e.g. electricity cost 

reduction). 

 

5. The scope for future research, regarding Thesis 5 is as follow:  

 

 Investigate the problem such as how to navigate EVs for 

minimal travel time. 

 

 Investigate the problem such as how to allocate charging 

points to create an optimal service for the potentially huge 

amount of EVs. 
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Appendix A 

 

A.1 Autonomous Ambulance Acceptance 

Questionnaire (AAAQ) 

 

In this section the original version of Autonomous Ambulance Acceptance 

Questionnaire (AAAQ) is provided: 

 

Autonomous Ambulance Acceptance Questionnaire (AAAQ) 

 

Nowadays, transportation undergoes significant transformation because of 

developments in computer science and info-communication technology. It 

led to the advent of autonomous driving technology, which may influence 

many different areas and healthcare particularly. Autonomous Vehicle 

(AV, also known as driverless and self-driving) is defined as a motor 

vehicle capable of sensing its environment and navigating entirely without 

a human driver’s active input. In the future standard ambulances may be 

changed by driverless ambulances which will be operated in autopilot 

mode and 2 paramedics are sitting in the back who are caring for you. The 

research purpose is to reveal the users' perceptions and willingness to ride 

in automated ambulances. Through studying reasons for an individual’s 

willingness or unwillingness to ride autonomous ambulance it is possible to 

develop educational initiatives to prepare potential patients for the time 

when driverless technology becomes a reality. 

 

Basic demographic data: 

 

Please, answer to the following questions: 

1. Age: 

2. Gender: 

 

Please, read the scenario and answer to the following questions: 

Hypothetical scenario #1: 
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‘‘Imagine that you are in an emergency and have called phone number 104 

(103) for help. An ambulance is coming to your location in order to take 

you to the hospital. The vehicle is configured traditionally, whereby a 

driver is available in the front and a paramedic is sitting in the back who is 

caring for you.” 

 

Please respond how strongly you agree or disagree with the following 

statements: 

1. I feel good about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

2. I feel positive about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

3. I feel favorable about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

4. I feel cheerful about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

5. I feel happy about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

 

Please respond how strongly you agree or disagree with the following 

statements. 

1. I would be willing to ride the traditional ambulance in this situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

2. I would be comfortable to ride the traditional ambulance in this situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

3. I would have no problem riding the traditional ambulance in this 

situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

4. I would be happy to ride the traditional ambulance in this situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

5. I would feel safe riding the traditional ambulance in this situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 
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There are Six emotions from Ekman and Friesen’s (1971) work are 

represented here. Based on the hypothetical scenario above, how strongly 

do you feel that shown image matches your feelings right now? Please, 

write your mark under each facial expression (in a range from 0 - 5 points). 

 

 

  Anger         Disgust           Fear          Happiness         Sadness       Surprise 

 

____________________________________________________________ 

 

Please, read the scenario and answer to the following questions: 

Hypothetical scenario #2: 

‘‘Imagine that you are in an emergency and have called phone number 104 

(103) for help. An ambulance is coming to your location in order to take 

you to the hospital. The vehicle is configured as follows: the driverless 

ambulance is operated in autopilot mode and 2 paramedics are sitting in the 

back who are caring for you. This configuration significantly differs from 

the traditional configuration of 1 driver and 1 paramedic.” 

Please respond how strongly you agree or disagree with the following 

statements: 

1. I feel good about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

2. I feel positive about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

3. I feel favorable about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

4. I feel cheerful about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 
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5. I feel happy about this scenario. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

Please respond how strongly you agree or disagree with the following 

statements. 

1. I would be willing to ride the driverless ambulance in this situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

2. I would be comfortable to ride the driverless ambulance in this situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

3. I would have no problem riding the driverless ambulance in this 

situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

4. I would be happy to ride the driverless ambulance in this situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

5. I would feel safe riding the driverless ambulance in this situation. 

Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree 

 

There are Six emotions from Ekman and Friesen’s (1971) work are 

represented here. Based on the hypothetical scenario above, how strongly 

do you feel that shown image matches your feelings right now? Please, 

write your mark under each facial expression (in a range from 0 - 5 points). 

 

 

  Anger         Disgust           Fear          Happiness        Sadness        Surprise  

 

THANK YOU VERY MUCH FOR YOUR TIME! 
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Appendix B 

 

B.1 Questionnaire Data - Responses of Participants 

from Hungary 

 

In this section, the responses of participants from Hungary are provided 

according to the following meanings: 

 

 № - number of participants. 

 

 Gender: 1 - male; 0 - female. 

 

 Strongly Disagree (-2), Disagree (-1), Neutral (0), Agree (1), 

Strongly Agree (2). 

 

The task-related to facial expression was evaluated in a range from 0 - 5 

points 
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1 30 1 1 1 1 -1 0 1 0 1 0 1 0 0 2 3 1 0 2 1 2 0 1 1 1 1 0 0 0 1 2 4 0 2 

2 19 1 0 1 -1 -1 1 0 -2 2 1 -2 0 1 4 3 2 0 2 1 1 2 2 1 2 2 1 2 0 0 1 4 1 5 

3 24 1 1 0 1 0 0 1 0 2 0 2 0 0 2 1 3 1 1 1 1 0 1 1 1 2 1 1 0 0 1 2 1 3 

4 21 1 0 0 0 0 0 -1 0 0 0 1 0 0 0 3 0 0 1 1 0 1 1 0 1 2 0 1 0 0 0 3 0 4 

5 20 1 1 1 0 0 0 1 1 1 0 1 0 0 3 1 4 0 0 0 0 -1 -1 0 -1 0 -1 -1 1 0 4 0 4 1 

6 20 1 0 1 -1 -1 -2 1 0 1 0 1 0 0 3 1 5 0 1 1 2 -1 -1 1 2 1 1 -1 0 0 3 3 4 5 

7 22 0 -1 0 -1 0 -1 -1 0 1 -1 0 0 0 3 3 2 0 1 1 0 0 1 0 1 1 1 1 0 0 2 4 0 4 

8 23 0 -1 0 0 0 0 -1 0 0 -1 -1 1 1 1 3 3 4 1 1 1 0 0 1 1 1 0 1 1 1 1 4 2 4 

9 22 1 1 0 -1 -1 0 1 0 2 0 1 2 1 4 1 5 0 0 -1 0 -1 -1 1 0 1 -1 0 2 2 4 1 5 5 

10 23 1 0 0 1 0 0 1 1 1 0 0 0 0 1 0 3 0 0 0 1 0 0 1 1 1 1 0 0 0 1 2 3 4 

11 23 1 0 0 1 -1 0 1 1 2 0 0 0 0 2 2 2 1 1 1 0 1 -1 1 2 1 0 2 0 0 1 3 2 3 

12 21 1 1 1 1 0 0 0 0 2 0 -1 0 0 0 2 0 0 2 1 0 1 2 2 2 2 0 1 0 0 0 0 0 3 

13 20 1 0 -1 -1 -2 -2 1 1 2 0 1 0 0 3 3 0 0 1 1 -1 -2 -2 1 1 1 0 1 0 0 3 3 0 0 

14 23 1 2 2 0 0 0 1 1 1 0 1 0 0 0 3 0 0 2 2 2 0 0 0 0 1 0 0 0 0 0 3 0 0 

15 26 1 2 2 1 0 0 0 0 2 0 0 0 0 5 0 5 5 1 2 1 0 0 0 0 2 0 0 0 0 5 0 5 5 

16 25 0 2 2 2 0 0 2 2 0 0 0 0 0 3 0 0 0 2 2 0 0 -2 2 2 1 0 0 0 0 3 0 0 0 

17 26 1 1 1 1 1 1 2 2 2 1 1 0 0 3 0 0 0 1 1 1 1 1 2 2 2 1 1 0 0 3 0 0 0 

18 26 1 1 1 2 0 0 1 1 1 0 1 1 0 4 2 5 3 1 0 0 0 0 1 -1 1 -1 0 1 0 3 2 4 5 

19 28 1 2 1 1 0 0 1 1 2 1 1 0 0 0 3 0 0 -1 -1 0 -1 -1 1 -1 -1 -1 -1 0 0 0 0 0 3 

20 22 1 1 1 1 1 1 1 1 1 1 1 0 0 1 2 1 0 1 0 0 1 1 -1 1 1 0 1 0 0 1 2 0 4 

21 27 1 1 1 2 1 1 1 2 1 1 1 0 0 0 2 1 3 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 0 0 2 1 2 3 

22 33 1 2 2 0 0 0 0 0 0 0 0 0 1 0 1 0 1 2 2 2 2 2 1 1 1 1 1 0 0 0 3 0 1 

23 24 1 2 2 2 -1 -1 2 2 2 1 2 0 0 3 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 3 0 0 0 
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24 23 1 2 1 0 0 0 1 1 0 1 1 0 0 3 0 0 0 -1 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 4 

25 27 1 1 1 0 0 0 1 1 1 1 0 0 0 2 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 2 0 0 0 

26 28 0 2 2 2 2 2 2 2 2 2 2 0 0 0 5 0 0 1 2 2 1 1 2 2 1 1 1 0 0 0 5 0 3 

27 22 0 -1 0 0 0 0 0 -1 1 -1 1 0 1 3 5 2 4 1 1 1 1 1 0 0 0 0 0 1 2 0 5 3 4 

28 30 1 1 1 2 2 2 1 1 2 2 2 0 0 0 0 0 3 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 3 

29 25 1 2 2 1 0 0 1 1 1 0 0 0 0 0 3 0 0 0 0 -1 1 2 0 0 1 1 0 0 0 3 0 0 0 

30 28 1 2 2 1 2 2 1 1 1 1 1 0 0 0 0 0 3 2 1 2 2 2 1 1 2 2 2 0 0 0 0 0 3 

31 23 1 1 1 0 0 -1 1 1 1 0 1 0 0 0 1 1 0 -1 -1 0 -1 -2 -1 -1 -1 -1 0 0 0 1 0 1 2 

32 23 0 2 2 2 0 1 2 2 2 2 2 0 0 0 1 0 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 3 0 1 4 

33 23 0 2 1 1 0 0 1 2 1 0 1 0 0 2 2 2 0 0 0 1 -1 -1 2 1 1 1 2 0 0 3 2 2 3 

34 20 1 -1 1 0 0 -1 1 0 1 0 1 0 1 5 2 3 4 0 0 1 0 -1 1 0 1 0 1 0 0 5 1 3 4 

35 21 0 2 2 0 0 1 -1 1 1 0 0 0 0 1 3 0 1 -1 0 1 0 0 1 -1 0 0 1 0 0 2 2 0 2 

36 21 1 0 1 -1 -1 -2 1 -1 0 -1 1 0 2 0 3 1 2 1 1 1 0 0 1 -1 0 0 0 0 0 1 3 0 4 

37 20 1 1 1 0 0 0 1 0 0 0 0 0 0 2 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 

38 20 0 1 1 0 -1 -1 1 1 1 0 0 1 2 2 2 2 0 0 0 0 -1 -1 0 -1 0 -1 0 1 2 3 2 2 5 

39 20 0 1 0 0 0 0 2 1 1 0 1 0 0 2 0 0 0 0 1 0 0 0 2 -1 0 0 0 0 0 3 0 0 3 

40 20 0 0 0 -1 -2 -2 2 1 1 0 0 0 0 4 0 2 3 0 1 0 -1 -2 2 2 -1 0 -1 0 0 4 0 1 4 

41 21 1 2 2 2 2 2 2 1 1 0 2 2 2 2 4 2 2 1 1 1 1 2 -1 -1 -1 0 -1 2 2 3 3 2 4 

42 21 1 0 1 0 -1 0 1 1 1 0 1 0 0 2 3 0 1 0 1 1 0 0 1 1 1 0 -1 0 0 2 3 1 3 

43 23 0 1 0 -1 -1 -1 1 -1 1 1 0 3 2 4 0 1 1 -1 -1 -1 -1 -1 1 0 1 0 1 3 2 4 0 1 3 

44 22 1 0 1 -1 0 -2 0 2 2 0 2 0 0 0 5 1 2 0 1 1 0 1 1 1 2 2 2 0 0 0 5 1 5 

45 24 1 1 2 1 0 -1 2 1 2 0 1 3 0 1 1 3 0 1 1 0 0 -1 0 1 1 1 0 1 0 0 2 1 4 

46 20 1 1 1 0 -1 -2 2 2 2 -1 2 0 0 4 0 2 0 1 0 0 -1 -1 2 1 0 -1 1 0 0 3 0 2 0 

47 21 1 1 0 0 -1 -1 1 1 2 0 1 0 0 2 2 3 3 1 0 0 -1 -1 0 1 1 0 1 0 0 1 1 2 2 

48 20 1 0 0 0 -1 0 1 0 1 -1 1 0 0 1 4 1 1 0 0 0 -1 -1 1 1 1 -1 1 0 0 0 4 1 0 

49 21 1 1 1 -1 -2 -2 1 0 0 -1 1 2 2 4 0 3 1 1 2 2 -1 1 1 0 1 2 1 0 0 5 0 4 2 

50 21 1 2 2 2 -1 2 2 2 2 -1 2 0 0 1 0 3 0 1 1 2 -1 -1 2 2 2 -1 2 0 0 1 0 3 0 
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51 20 1 0 1 1 0 0 1 0 1 0 1 0 0 1 0 0 1 -1 -1 0 -1 0 -1 -1 -1 0 -1 0 0 3 0 0 2 

52 22 1 2 2 2 1 1 1 1 -1 0 2 0 0 1 4 0 0 1 0 0 0 0 1 0 0 1 2 0 0 1 3 0 1 

53 20 1 1 0 0 -1 0 0 0 1 0 0 0 0 1 0 1 0 1 0 1 0 0 1 1 1 0 0 0 0 1 0 1 1 

54 21 0 0 0 0 0 0 0 1 1 0 -1 3 5 4 1 4 5 0 0 0 0 0 0 1 1 0 1 3 3 3 1 5 3 

55 20 1 1 1 2 1 0 2 2 2 2 2 0 0 3 3 3 0 0 0 -1 0 2 -1 1 0 -1 0 0 0 4 2 3 3 

56 22 1 1 1 1 0 0 -1 1 1 -1 1 0 0 3 0 0 4 1 1 1 0 0 1 1 1 0 -1 0 0 2 2 0 5 

57 22 1 1 1 0 1 1 0 -1 -1 0 0 0 0 1 2 0 0 2 2 0 0 1 1 1 1 1 2 0 0 0 3 0 2 

58 21 1 1 2 2 1 1 2 2 2 1 2 0 0 0 1 2 0 -1 -1 0 -1 0 -1 -2 -1 -1 -2 0 3 3 0 2 2 

59 20 1 1 1 0 0 0 0 1 1 0 1 0 0 1 2 0 1 1 -1 0 0 -1 1 -1 0 -1 -1 0 0 3 1 0 3 

60 22 1 -1 -1 0 -2 -1 -1 0 0 -2 1 1 1 4 1 4 2 -1 -2 -1 0 -2 -2 -1 -1 -2 0 2 2 5 1 4 3 

61 20 1 1 1 -1 0 -2 1 0 1 -1 0 0 2 2 2 4 0 2 1 0 1 0 2 1 2 1 2 0 0 1 4 2 4 

62 19 1 1 0 1 -1 -1 2 2 2 0 1 0 0 2 2 1 3 1 0 1 -1 -1 1 0 1 0 0 0 0 2 2 1 4 

63 20 1 1 1 0 -1 -1 1 0 0 -1 1 4 2 5 0 3 0 1 0 1 -1 -2 1 1 0 -1 -1 5 2 4 0 3 0 

64 20 0 0 1 0 1 0 1 1 1 0 0 0 0 2 0 2 2 -1 0 0 0 0 0 -1 -1 -1 -1 0 0 3 0 2 0 

65 20 1 1 0 0 -1 -1 1 2 2 -1 0 0 0 4 0 4 2 0 1 1 -1 -1 -1 0 0 -1 1 0 0 5 0 4 4 

66 20 0 1 2 0 1 1 1 1 1 0 1 0 0 3 3 0 1 -1 -1 0 0 -1 1 -1 -1 -2 -1 4 0 5 0 0 5 

67 24 1 2 1 1 0 -1 1 1 2 -1 1 2 1 4 0 3 1 0 1 1 -1 -1 1 0 -1 0 -1 2 1 4 0 3 2 

68 21 1 1 1 1 -2 -1 2 2 2 2 1 2 0 4 0 3 1 1 1 1 -1 -1 2 1 1 -1 0 1 0 3 0 2 4 

69 26 1 2 1 1 0 0 2 2 2 1 1 0 0 2 1 2 2 0 1 1 1 1 1 0 1 1 1 0 0 1 2 1 4 

70 22 1 2 2 0 -2 -2 1 0 0 1 1 0 2 1 2 2 1 1 1 1 2 0 2 1 1 2 0 0 1 2 3 2 4 
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B.2 Questionnaire Data - Responses of Participants 

from Kazakhstan 

 
In this section, the responses of participants from Kazakhstan are provided 

according to the following meanings: 

 

 № - number of participants. 

 

 Gender: 1 - male; 0 - female. 

 

 Strongly Disagree (-2), Disagree (-1), Neutral (0), Agree (1), 

Strongly Agree (2). 

 

The task-related to facial expression was evaluated in a range from 0 - 5 

points 
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1 26 0 1 1 0 0 0 1 1 1 0 1 0 0 2 0 0 0 -1 -1 0 0 0 1 0 -1 -1 0 0 0 2 0 0 0 

2 20 0 1 1 1 1 1 1 1 1 1 1 0 0 0 4 0 3 2 2 2 2 2 2 2 2 2 2 0 0 0 5 0 4 

3 31 0 1 1 0 0 0 -1 -1 1 1 1 3 1 1 3 1 2 2 1 1 0 -1 0 -1 1 1 -1 4 3 2 2 2 4 

4 17 0 0 1 1 0 0 1 -1 1 1 1 2 3 4 0 2 3 1 1 1 0 0 -1 -1 -1 0 0 1 1 2 3 2 2 

5 25 0 1 1 1 0 0 1 1 1 1 1 0 0 0 1 0 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 0 0 5 

6 24 0 -2 1 1 0 -1 1 1 -1 -1 1 0 1 1 4 1 5 -1 -1 -1 0 -2 -1 -2 -2 -2 -1 1 1 5 1 4 5 

7 18 0 1 1 1 1 0 1 1 1 0 1 1 1 3 2 3 1 -1 0 -1 0 -1 -1 -1 -1 -1 -1 3 3 3 1 2 3 

8 24 0 -1 -2 1 -1 -1 0 -1 0 0 1 1 0 2 2 1 3 0 -1 -1 1 1 0 1 0 0 2 2 0 2 2 3 5 

9 19 1 1 0 0 0 0 1 1 0 1 0 0 1 2 3 4 5 0 1 0 1 1 0 0 1 0 1 0 1 2 3 4 5 

10 30 1 0 0 0 0 0 0 1 1 1 1 0 0 0 4 0 2 1 1 1 1 1 1 1 1 1 1 0 0 0 5 0 3 

11 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 5 5 5 0 5 5 

12 29 0 1 1 1 0 0 0 1 1 1 1 0 0 0 5 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 2 

13 23 0 1 1 1 0 0 1 1 0 0 -1 0 0 3 3 0 4 1 1 1 1 1 1 1 1 0 0 0 0 2 3 0 4 

14 29 1 0 0 0 0 0 0 0 0 0 0 5 4 4 5 4 4 0 0 0 0 0 0 0 0 0 0 5 4 4 5 4 4 

15 25 0 1 0 0 0 0 1 0 0 0 -1 0 0 1 1 2 0 1 1 1 1 1 2 1 1 1 1 0 0 1 2 0 4 

16 35 0 1 1 1 1 1 1 1 1 1 1 0 0 0 5 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 5 2 0 

17 26 0 -1 -2 -2 -2 -2 -1 -1 -1 -2 -2 2 4 5 0 5 0 1 1 1 0 0 1 1 1 0 0 0 0 2 1 1 4 

18 45 1 1 1 1 1 1 1 1 1 1 1 0 0 0 4 0 0 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 5 5 5 0 5 5 

19 35 0 2 1 0 -1 -2 1 1 1 1 0 0 0 0 5 0 0 1 2 1 0 0 1 1 1 0 -1 0 0 0 4 0 5 

20 35 0 0 0 1 0 0 1 1 1 1 1 0 0 4 5 0 5 1 1 1 1 1 1 1 1 1 1 0 0 4 5 0 5 

21 58 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 5 5 5 0 5 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 5 5 5 0 5 0 

22 37 0 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

23 20 1 1 2 0 1 2 1 1 2 1 0 3 3 3 5 1 5 1 1 1 2 0 0 1 1 0 2 4 4 3 5 2 4 
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24 23 1 1 0 0 0 0 1 1 1 1 1 0 0 1 4 1 4 1 1 0 1 1 1 1 1 1 0 0 1 2 1 1 5 

25 23 1 1 1 1 -2 -1 1 1 2 0 0 3 2 5 0 5 3 1 0 1 -1 -1 1 1 2 0 1 4 0 4 0 5 3 

26 22 0 1 1 0 0 0 0 0 0 0 1 3 3 4 5 5 5 1 1 1 1 0 0 0 1 0 0 3 3 3 5 5 5 

27 27 1 1 1 1 1 0 0 1 1 1 1 0 0 2 2 1 3 0 0 0 0 0 0 0 0 0 0 0 0 3 0 4 1 

28 30 1 1 1 1 0 -1 1 1 2 2 1 0 0 0 1 0 4 1 -1 -2 -2 -2 -2 -2 -2 -2 -2 2 0 5 0 3 5 

29 31 0 0 0 0 -1 -1 -2 -1 -1 -1 -1 0 0 2 4 4 5 1 1 1 1 1 1 1 1 0 0 0 0 2 4 2 5 

30 22 0 0 0 0 0 0 1 0 0 0 0 1 0 1 2 1 2 0 0 0 0 0 1 0 1 1 1 0 0 0 1 0 2 

31 29 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 4 4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1 1 1 

32 51 0 1 1 0 -1 -1 1 1 1 0 1 0 0 1 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 

33 25 0 0 0 0 0 0 1 1 1 1 1 0 1 2 3 4 5 -1 -1 -1 -1 -1 -1 -2 -1 -1 -1 1 0 5 3 2 5 

34 24 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

35 26 1 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 0 1 0 0 1 0 -1 0 1 0 0 1 -1 0 -1 -1 0 0 3 0 0 1 

36 49 1 1 1 1 1 1 1 1 1 1 1 2 0 0 2 0 3 1 1 1 1 1 1 1 1 1 1 0 0 0 2 0 2 

37 24 0 0 0 0 0 0 1 0 1 0 0 1 1 3 2 3 0 -1 -1 -1 -1 -1 1 1 -1 -1 -1 1 1 5 1 4 4 

38 25 0 1 1 1 1 1 1 1 1 1 1 0 0 0 5 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 5 0 0 

39 34 0 1 1 1 0 0 0 -1 0 0 -1 0 0 0 1 0 5 -1 -1 -1 -1 -1 -1 -1 -1 -1 -2 0 0 0 0 0 5 

40 30 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 2 1 1 1 0 0 1 1 1 0 -1 0 0 2 1 0 2 

41 26 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1 0 0 0 0 0 0 2 

42 39 0 -1 -1 -1 -1 0 1 -1 0 -1 -1 2 0 4 0 1 2 1 1 1 0 -1 1 -1 -1 0 -1 0 0 3 2 0 4 

43 38 0 1 1 0 -1 -2 1 -1 -1 -1 -1 3 1 4 0 3 0 -1 1 0 0 0 1 -1 -1 -1 -1 0 0 5 0 3 5 

44 25 1 1 1 1 0 0 1 0 0 0 0 0 0 3 3 1 5 1 1 1 1 1 1 1 1 1 1 0 0 0 3 0 5 

45 26 0 -1 -1 -1 0 0 -1 -1 -1 -1 -1 2 0 0 0 0 3 1 1 1 1 1 1 1 1 -1 -1 0 0 2 1 1 3 

46 28 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 4 1 1 1 1 1 1 1 1 1 1 5 5 5 5 5 5 

47 28 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 1 2 4 4 5 2 2 2 2 2 2 2 2 2 2 0 1 2 3 4 5 

48 28 1 0 0 0 0 0 1 1 0 0 -1 5 5 5 4 4 5 -1 1 0 1 0 1 0 1 1 1 5 4 5 4 5 4 

49 29 1 1 1 0 0 -1 0 0 1 0 0 0 0 1 0 3 0 1 1 1 1 0 1 1 1 1 1 0 0 1 2 1 2 

50 29 0 2 2 2 2 2 2 2 2 2 2 0 0 2 3 3 0 -1 -1 1 0 0 1 -1 1 -1 -1 0 0 4 0 3 5 
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51 33 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

52 29 0 1 1 1 0 0 2 0 2 1 1 1 0 1 4 0 2 -1 0 0 0 0 1 -1 -1 0 -1 0 0 3 2 0 5 

53 28 0 1 1 1 0 0 1 1 1 1 1 0 0 0 4 0 2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 3 0 0 3 

54 24 0 0 1 0 -1 -1 1 1 1 -1 -1 0 0 1 0 1 0 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 5 0 5 0 0 0 

55 30 0 1 1 1 1 2 1 2 0 0 1 1 1 4 4 2 4 1 1 1 1 1 2 0 1 1 2 0 1 2 3 4 5 

56 32 0 2 2 2 2 1 2 2 2 2 1 5 0 0 5 0 5 2 2 2 2 2 2 2 2 2 2 0 0 0 5 0 5 

57 18 1 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

58 23 0 1 1 1 1 1 1 1 1 1 0 3 0 0 3 0 0 0 0 -1 -1 -1 0 0 -1 -1 -1 0 0 2 0 0 5 

59 23 0 1 1 1 0 0 1 1 0 1 0 0 0 2 3 0 1 0 0 0 -1 -1 -1 -1 -1 -1 -1 0 0 3 2 1 5 

60 28 1 1 0 0 0 0 0 0 1 0 -1 0 0 1 1 0 0 1 1 1 1 0 1 0 1 1 0 0 0 1 1 0 2 

61 19 0 1 1 1 1 1 1 1 1 1 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 2 2 0 4 

62 30 0 1 1 1 1 0 1 1 1 1 1 0 0 0 2 0 0 1 1 1 1 0 1 1 1 1 0 0 0 2 0 0 2 

63 19 0 1 1 0 -1 0 0 0 0 0 0 0 0 2 2 1 1 0 1 0 0 -1 1 1 1 0 1 0 0 2 1 1 1 

64 22 1 1 1 0 -1 -1 1 2 1 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 2 0 0 2 

65 23 1 0 0 0 0 0 1 0 1 1 1 3 1 3 4 2 2 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 5 5 5 5 5 5 

66 37 0 2 1 1 1 1 2 2 2 2 1 0 0 0 4 0 0 0 -1 -1 -1 -2 -1 -2 -1 -1 -2 1 1 5 1 4 0 

67 26 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 

68 26 1 0 0 0 0 0 0 0 0 0 0 5 3 1 2 5 3 1 1 0 0 0 1 0 0 0 0 1 2 2 4 1 5 

69 26 1 1 1 1 0 0 1 1 1 0 1 0 0 2 3 0 2 -1 0 0 0 0 1 -1 0 2 -1 0 0 2 1 0 3 

70 26 0 1 -1 0 0 0 0 0 0 0 0 0 0 0 4 1 3 0 0 0 0 0 -1 -1 -1 0 0 1 1 4 2 2 4 
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Appendix C 
Key respondent interviews guide (questions) 

1. What is your work place (company name)? 

2. What is your job position? 

3. How long have you been working in this role and overall in the 

transport-related area (years of work experience)? 

4. What is your opinion about Autonomous driving technology? How 

do you see the future of AV technology development? 

5. Is it possible that transport will become fully autonomous in the 

future? If yes, how long will it take for transport to become 

completely autonomous worldwide (your opinion)? If you think it is 

impossible, please, explain why? 

6. The replacement of a standard ambulance by autonomous ambulance 

is more fantasy or it may really happen in the future? 

7. Do ordinary people (not experts working in this field) know anything 

about this technology nowadays?  

8. How do you think, are Hungarian people ready to accept this 

technology right now?  

9. Did your company perform any investigation related to peoples’ 

readiness to accept AV technology, for example survey or trail rides 

with the public?   

10. Special question. Please answer after careful reading the following 

information: I performed a questionnaire survey related to the 

peoples' readiness to accept autonomous ambulance among the 140 

respondents were I provided them with 2 scenarios: standard 

ambulance (1 driver 1 paramedic) and autonomous one (no driver 

and 2 paramedics). After analyzing the data using T-test, ANOVA, 

and Mediation analyses my findings were the following: People were 

clearly less ready to ride on an automated driving ambulance as 

opposed to a traditional one. The analysis also showed that although 

respondents mostly experienced fear and surprise the emotions did 

not play a key role in their decision making. So, if people are not 

ready to accept AV at this moment and the reason is not behind their 

emotional component, what it could be from your point of view? 

11. Could you please give some recommendations on what measures can 

be taken in order to increase people's trustiness in Autonomous 

Vehicles? 


