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Abstract

:

The rapid evolution of wireless communication technologies (such as fifth-generation (5G) cellular networks) in the last years has allowed connecting different objects (from wearable electronics to vehicles) and people through communication networks, and at the same time, has led to widespread deployment of base stations. Along with this growth, questions about the potential adverse effects on human health due to electromagnetic fields (EMFs) from base station antennas have also been raised. In this paper, we focus on the assessment of EMFs in automobiles during short (between cities) and long (between countries) trips on several European roads. Comprehensive measurement campaigns were carried out in several European countries: Austria, Bulgaria, Croatia, Hungary, Italy, Slovenia, and the Republic of Serbia. The results show that the median total electric field is 0.23–0.24 V/m in Bulgaria, Croatia, Hungary, Italy, and the Republic of Serbia. In Austria and Slovenia, the median is 0.28–0.31 V/m. Austria demonstrated the highest value for the total electric field, at 17.4 V/m.
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1. Introduction


Mobility and connectivity are vital for our modern daily life [1]. In 2021 in Europe, Asia-Pacific, and the Americas, more than 90 percent of the population had access to a mobile broadband network [2] and digital services. According to the preliminary data reported in [2], the coverage of fifth-generation (5G) cellular networks reached 52 percent in Europe and 19 globally in 2021. The upcoming deployment of the next-generation cellular networks (such as 5G and 6G) and Internet-of-Things (IoT) will allow, in addition to mobile end-user devices (such as smartphones and tablets), vehicles, household appliances, wearable devices, and industrial machinery to be connected to the Internet and exchange data, which will contribute significantly to the improvement of healthcare services and road safety [3,4,5], and introduce new services for better resource use and lower greenhouse gas emissions [6].



The growth development of 5G cellular networks is also associated with the widespread deployment of base stations [7]. Along with this growth, questions also arise about the potential adverse effects on human health due to electromagnetic fields (EMFs) from base station antennas [8,9,10]. To debate this question, the European Parliament (Scientific and Technology Options Assessment Panel) organized a workshop on “Health and Environmental Impacts of 5G” [11]. Several papers have also focused on EMF assessment in various microenvironments, such as indoor [9,12,13] and outdoor (rural and urban) environments [8,14,15,16]. The data from the five largest monitoring networks in five different European countries show that exposure is below the International Commission on Non-Ionizing Radiation Protection (ICNIRP) reference level [17], and the median electric field value in the different countries varies between 0.67 V/m and 1.51 V/m [8]. A systematic review of the recent literature on the characterization of everyday human exposure to EMFs in European countries found that the mean electric field value in homes, schools, and offices varies between 0.04 and 0.76 V/m [18,19]. The highest peaks of electric field measured in shopping malls varies between 1.96 and 3.26 V/m [20]. Moreover, according to [18], the highest levels, up to 1.97 V/m, were measured in public transport stations. Several studies have investigated the electric field within urban public transport [21,22]. According to the presented results in [22], it can be concluded that the electric field value depends on the passengers’ distribution in the tram and the position of the EMF source.



Moreover, 5G mobile networks will play a key role in providing vehicular connectivity. A new concept known as “vehicle-to-everything (V2X)” has been developed, aiming to make transport safer, less polluting, and more convenient for passengers [23]. V2X communication encompasses vehicle-to-vehicle (V2V), vehicle-to-infrastructure (V2I), vehicle-to-pedestrian (V2P), and vehicle-to-network (V2N) communications [5,24,25]. Furthermore, 5G and 6G will also improve the existing in-car generic wireless communication services (e.g., in-cabin multimedia transmission, reliable and high-speed internet connection, etc.). Some new vehicles are already equipped with In-Car Wi-Fi Hotspots that allow connections of up to seven devices (laptops, tablets, etc.) [26,27] by embedded 5G connectivity.



New V2X and in-car generic wireless communications will lead to novel exposure scenarios for drivers and car passengers [5]. The presence of multiple sources of electromagnetic fields (such as Wi-Fi hot spots, mobile phones, Bluetooth hands-free, etc.) inside and outside the vehicle cabin has been suggested to lead to increasing EMFs inside the vehicle [28] due to the semi-resonant nature of the vehicle body [29,30].



Several studies have investigated through numerical simulations the electric field distribution within a vehicle cabin [29] and the relationship between the electric field exposure and the local (10 g on average) and whole-body average specific absorption rate (SAR) [5,28,30] in a human model of the car driver position at different frequencies (1.0 GHz, 1.5 GHz, 2.0 GHz, 2.4 GHz, 3.0 GHz, and 5.9 GHz). The antennas used in numerical simulations are resonant dipole [30], half-wave dipole [28,29], quarter-wave monopole [29], and ‘single edge’ voltage source [5]. Refs. [27,29] have reported that the maximum values of SAR are obtained in the planes corresponding to the chest and the head of the car driver. Moreover, in [5], the exposure to EMFs of the car driver was assessed in a realistic V2V communication scenario. A limited number of works have considered EMF exposure in urban areas using outdoor drive test measurements [31,32].



Moreover, there are no studies of EMFs in a car cabin during travel. According to the data presented in [33], in almost all European countries, the car is the dominant mode of transport for commuting to work and school, and people spend around 55 min every day in their vehicles [34]. Data presented in [35] show that in 2018, travel by car accounted for 82.9% of passenger kilometers across the European Union. In addition, more than 40% of people in Europe travel to a different country for recreation or a vacation [36]. Consequently, more studies are needed to estimate EMF exposure in a car during travel.



In our study, we measured the electric field in a vehicle cabin during short (between cities) or long (between countries) trips on several European roads (E60, E61, E65, E70, E75, and E80), with the expectation that these data may be helpful for adequate and accurate exposure assessment of both car driver and passengers. Our objective was to evaluate the electric field in the car cabin during driving on urban routes and motorways to investigate the relationship between different roads and electric field strength. We performed measurements in seven European countries: Austria, Bulgaria, Croatia, Hungary, Italy, Slovenia, and the Republic of Serbia in the period April 2022–April 2023. The total distance over which the measurements were carried out was more than 1900 km. Finally, a comparison of the measured values of the electric field in each of the seven countries is presented. We also present information for the field strength of Ex, Ey, and Ez components as an indicator of the orientation of the electric field, which is valuable for the design of both new absorbers of EMF for the car interior and new flexible rectennas for EMF energy harvesting in vehicles.




2. Materials and Methods


The roads selected for the in situ measurement campaign involve motorways and main roads, almost all of which are part of the international E-road network, as shown in Figure 1. All measurements were carried out inside a small car (Suzuki Celerio, a five-seat car with a 1.0 L three-cylinder turbocharged petrol engine and a 5-speed manual transmission) during short (up to 100 km) or long (exceeding 100 km) trips.



2.1. Measurement Equipment


A laser-powered electric field measurement system (LSProbe 1.2 Field Probe Variant E [37]) was used in all measurements. The system has high accuracy (±0.6 dB, ±1.0 dB, and ±1.4 dB in the frequency ranges of 9–30 MHz, 30–1 GHz, and 1–8.2 GHz, respectively), high speed (up to 2 MS/s), and high dynamic range (100 dB). Moreover, the LSProbe 1.2 Field Probe has a complete set of calibration data (measurement uncertainties are 12% in the frequency range of 0.03 to 1 GHz, and 18% from 1 to 8 GHz). The laser-powered electric field measurement system consists of an isotropic tri-axial antenna (or “probe’’), a measurement unit (CI-250), and a laptop. The electric field (E-field) probe records the E-field values using logarithmic power detectors and analog-to-digital converters and transmits the digital sample values to the CI-250, which was connected to the probe with a fiber optic cable. The laptop was connected to the CI-250 via a USB cable and was used as a host computer for the LSProbe TCP Server and for storing the measured data. The LSProbe TCP Server implements data post-processing and communication and also applies calibration data. The LSProbe Graphical User Interface software was used to manage the probe settings, data acquisition, and storage. The measured data (field strength of the x-, y- and z-axis and the field strength magnitude) were recorded in a log file every 500 ms. During the measurements, the GPS coordinates of each point were recorded by a GPS logger. Table 1 presents the settings of the LSProbe 1.2 Field Probe Variant E used during all measurements.




2.2. Measurement Procedure


A number of points (P1, P2, etc.) were defined on each road. On the map (see Figure 1), each point is labeled as P, followed by the point number and country abbreviation (for example, point 1 in Bulgaria is labeled as P1 BG). The measurement system was set up to measure the electric field strength (in the frequency range of 0.03 GHz to 8.2 GHz for the x-, y-, and z-axis) between each of the two points, i.e., in one road sector, as shown in Table 2. During the measurements, the car kept a steady speed of 110 km/h (on motorways and main roads) and 50 km/h (in towns and villages). The results of each measurement (for example, between points P1 AT–P2 AT or P2 AT–P3 AT) together with the GPS coordinates of each point were stored in separate data sets. The total distance over which the measurements were carried out was more than 1900 km.



All measurements were taken, for one year, between April 2022 and April 2023, using the same car. During all measurements, the E-field probe was mounted on the car’s back seat on Styrofoam at the height of the passenger’s neck (at a distance of 50 cm from the car’s roof and 40 cm from the nearest window. Only a driver and a passenger (operator of the measurement equipment in the front right seat) were in the car cabin. Moreover, during the measurements, the mobile phones of the driver and passenger were shut down so as to not contribute to the data. In addition, the car’s infotainment system (including built-in Bluetooth) was turned off.



Table 2 presents the driving distance (in km) on each road sector (between two points) in each country.



Data from all measurements were processed and analyzed.




2.3. Data Acquisition, Processing, and Analysis


As described in the previous subsections, the electric field strengths of the x-, y- and z-axis and the field strength magnitude (total electric field) were recorded by the LSProbe 1.2 Field Probe Variant E, with an interval of 500 ms.



The processing and aggregation of the large data set were performed using OriginPro2018 software. A non-parametric Kolmogorov–Smirnov test was used to test the normality of the distribution in each data set. We found that the data do not have a normal distribution. The mean, median, and standard deviation for each data set were calculated. We used the interquartile range (IQR) to measure the data variability because IQR is less sensitive to extreme values. To represent both the summary statistics and the distribution of the data, boxplots (box-and-whisker plots) of the data were constructed. This data representation also allows the identification of outliers in the data set.





3. Results and Discussion


In this section, the results of electric field strength (V/m), which were measured in the car during travel on different roads in seven European counties, are presented and discussed. The mean, median, minimum, and maximum values of measurements in each road sector are listed in Table 3.



3.1. Electromagnetic Field on Different European Roads


3.1.1. Austria


In Austria, electric field measurements were carried out in the car cabin during driving on both motorways and expressways (between points P1 AT–P2 AT and P2 AT–P3 AT), as shown in Figure 2 and Figure 3. The road section of P1 AT–P2 AT covers part of the motorways (A4 and A21) and expressway S1 (see Figure 2b). P2 AT–P3 AT covers part of the A1 motorway. The selected driving roads are part of the second longest road in the International E-road network—E 60.



From Figure 2 and Figure 3 and Table 3, it can be seen that the median of Etotal is 0.31 V/m for the two road sections. In addition, from the box plots, we can see that in the first road section (P1 AT–P2 AT) the mean is 0.42 V/m; this indicates that the data are skewed. Moreover, there are outliers in the distribution for this road section (P1 AT–P2 AT), and a maximal value of 17.4 V/m is obtained. The components of the E-field for the maximal value are 8.5 V/m (Ex), 5.7 V/m (Ey), and 14.6 V/m (Ez), which can be used as an indicator for the orientation of the E-field of the incident electromagnetic wave. We assume that obtained results reflect that part of the Vienna Ring Road falls within this road section. Another factor that contributes to the higher electric field value is the deployment of the base station antennas. In the first road section (P1 AT–P2 AT), Ex, Ey, and Ez components have almost the same mean (Ex = 0.22 V/m, Ey = 0.24 V/m, and Ez = 0.23 V/m) and median (Ex = 0.17 V/m, Ey = 0.19 V/m, and Ez = 0.17 V/m), meaning that each of the components contributes equally to Etotal due to the multipath environment of the electromagnetic wave propagation in the car’s cabin. From Figure 3, we can see that the electric field on the probe y-axis has a slightly higher mean and median in the second road section (P2 AT–P3 AT). The distribution of the electromagnetic field in the car depends on the intensity and polarization of the incident and reflected electromagnetic waves. In the road section where the measurements were made, electromagnetic waves probably penetrated through the car side windows. We suppose that the higher measured values at the y-axis (placed parallel to the side windows) of the LSProbe variant E are caused by the arrival of the direct signal from the side windows.




3.1.2. Bulgaria


In Bulgaria, EMF measurements were carried out in the car cabin during driving on a motorway and a main road (between points P1 BG–P2 BG, P2 BG–P3 BG, and P3 BG–P4 BG), as shown in Figure 4, Figure 5 and Figure 6. The road sections between points P1 BG–P2 BG and P2 BG– P3 G cover part of the motorway A2. The third road section (between points P3 BG–P4 BG) is a main road that is part of the E83 and E85.



Figure 4, Figure 5 and Figure 6 and Table 3 show that the data do not have a normal distribution. From the boxplots, we can see that the distributions of the E-field in the car’s cabin during traveling on the different road sectors in Bulgaria are skewed: Etotal median is 0.25 V/m (P1 BG–P2 BG) and 0.22 V/m (P2 BG–P3 BG and P3 BG–P4 BG) and mean is 0.36 V/m (P1 BG–P2 BG) and 0.26 V/m (P2 BG–P3 BG and P3 BG–P4 BG). During driving on the third road section (P3 BG–P4 BG), we obtained the highest maximal Etotal value of 11.3 V/m. We suppose that the measured single high value of the electric field is due to the passage of the vehicle near EMF sources, such as base station antennas of telecommunication operators. From Figure 6b, it can be seen that the third road section passes through one of the largest cities in Bulgaria—Ruse. The two selected road sections of the A2 motorway do not pass through densely populated areas. However, the maximum obtained values of the electric field in the car’s cabin in these two road sections were also high: 7.1 V/m (P1 BG–P2 BG) and 9.6 V/m (P2 BG–P3 BG). Comparing these values with the maximum Etotal value on the A1 motorway in Austria (1.4 V/m, P2 AT–P3 AT), we can conclude that the maximum measured values when driving on the A2 motorway (P1 BG–P2 BG and P2 BG–P3 BG) in Bulgaria are higher. This may be due to the fact that there are base station antennas near the A2 motorway tunnels in Bulgaria, as shown in Figure 5b.



The lowest Etotal value in all road sections is 0.11 V/m.




3.1.3. Croatia


In Croatia, EMF measurements were carried out in the car cabin during driving on motorway A3 (in two road sections between points P1 HR–P2 HR and P2 HR–P3 HR), as shown in Figure 7 and Figure 8. The selected driving road is part of the International E-road network—E 70.



During driving on the second road section (P2 HR–P3 HR), the maximal value of the total electric field was 8.96 V/m. The obtained value is approximately twice as high as that in the section P1 HR–P2 HR. We assume that obtained results are because P3 HR is part of the Zagreb Ring Road. Another factor that contributes to the higher electric field value is the deployment of the base station antennas.



The median of Etotal is 0.24 V/m for road section P1 HR–P2 HR and 0.25 V/m for road section P2 HR–P3 HR. The lowest Etotal value in the two road sections was 0.11 V/m. We see that the Etotal upper quartile (Q3 = 0.31 V/m) is about the same for the two distributions. In addition, from Figure 7 and Figure 8, we can see that the electric field on the probe y-axis has a slightly higher median in the two road sections. We assume that the obtained results are caused by the distribution of the E-field inside the car, which varies due to the many different routes of propagation of electromagnetic waves from the transmitter/s to the LSProbe. The electromagnetic waves penetrate through windows and reflect off the car chassis. In addition, some electromagnetic waves penetrate the car’s seats. We suppose that measured single higher values of the electric field are due to the passage of the vehicle near EMF sources.




3.1.4. Hungary


In Hungary, electric field measurements were carried out in the car cabin during driving on motorways M0, M1, and M5, as shown in Figure 9, Figure 10 and Figure 11. The selected driving roads are part of the International E-road network—E 75 (between points P1 HU–P2 HU and P2 HU–P3 HU) and E60 (P3 HU–P4 HU).



Figure 9, Figure 10 and Figure 11 and Table 3 show that the maximum Etotal values vary slightly from 5.33 V/m to 5.50 V/m. Although part of the road section P2 HU–P3 HU covers the Budapest Ring Road, no higher value was measured compared to the other two road sections. The median of Etotal is between 0.24 V/m and 0.26 V/m. The lowest Etotal value in all road sections is 0.11 V/m. We see that the Etotal upper quartile is 0.29 V/m (P1 HU–P2 HU), 0.31 V/m (P2 HU–P3 HU), and 0.35 V/m (P3 HU–P4 HU). Additionally, the electric field on the probe y-axis has a slightly higher mean and median. We suppose that obtained results are caused by the E-field distribution inside the car, which varies due to the many different routes of propagation of electromagnetic waves from the transmitter/s to the LSProbe. The signal that arrives at the probe axis is composed of direct and reflected components. The higher measured values at the y-axis of the LSProbe 1.2 variant E are likely caused by the direct component.




3.1.5. Italy


In Italy, electric field measurements were carried out in the car cabin during driving on urban and main roads as well as motorways (A1, A13, A14, A34, and A57), as shown in Figure 12, Figure 13, Figure 14, Figure 15 and Figure 16.



The first road section, between points P1 IT–P2 IT, is only 8.3 km long, from Florence to the A1 motorway. The aim was to assess the exposure while driving on an urban road. Figure 12 and Table 3 show that the Etotal median and mean values in the car cabin are 0.28 V/m and 0.33 V/m, and the highest value is 3.8 V/m. The highest obtained value is close to that reported for shopping malls in [20], being lower than the values measured in road sections between points P2 IT–P3 IT, P4 IT–P5 IT, and P5 IT–P1 Sl.



From Figure 13, Figure 15 and Figure 16 and Table 3, it can be seen that when the road sections cover the ring roads of large cities such as Bologne, Padoue, etc., the measured maximum value of the electric field is high. The highest value for road sections P2 IT–P3 IT, P4 IT–P5 IT, and P5 IT–P1 Sl is 6.1 V/m, 7.2 V/m, and 9.4 V/m, respectively. From the results, we also see that the highest value for the road section P3 IT–P4 IT (see Figure 14) is 1.76 V/m. We suppose that obtained results are due to the fact that there are no EMF sources near the road, unlike the rest of the road sections, which cover ring roads of large cities and are near base station antennas of telecommunication operators.



The median of Etotal is between 0.23 V/m and 0.27 V/m. In almost all road sections, the lowest Etotal value is 0.11 V/m. The mean value in different road sections varies between 0.25 V/m and 0.32 V/m.




3.1.6. Slovenia


In Slovenia, electric field measurements were carried out in the car cabin during driving on both motorways and expressways (between points P1 Sl–P2 Sl and P2 Sl–P3 Sl), as shown in Figure 17 and Figure 18.



The road section between points P1 Sl–P2 Sl covers part of the motorways (A34 and A1) and expressway H4. P2 Sl–P3 Sl covers part of the A1 and A2 motorways. The selected driving roads are part of the International E-road network–E 61 (between points P1 Sl–P2 Sl) and E70 (between points P2 Sl–P3 Sl).



The median of Etotal is 0.28 V/m for road section P1 Sl–P2 Sl and 0.29 V/m for road section P2 Sl–P3 Sl. The lowest Etotal value in the two road sections is 0.11 V/m. The highest Etotal values are 5.61 V/m and 6.46 V/m in the road sections P1 Sl–P2 Sl and P2 Sl–P3 Sl, respectively. Moreover, the results show that the Etotal upper quartile is 0.37 V/m (P1 Sl–P2 Sl) and 0.40 V/m (P2 Sl–P2 Sl). We assume that obtained results are due to the fact that part of the road section between points P2 Sl–P3 Sl covers the Ljubljana Ring Road; therefore, more cellular network antennas are available close to the roads, which is one of the factors in the higher Etotal values in the second road section.




3.1.7. The Republic of Serbia


In the Republic of Serbia, electric field measurements were carried out in the car cabin during driving on the motorways (A1 and A4), as shown in Figure 19, Figure 20, Figure 21, Figure 22, Figure 23, Figure 24 and Figure 25. The selected driving roads are part of the International E-road network: E 70, E75, and E80.



Figure 19 and Table 3 show that the Etotal mean value in the car’s cabin during driving on E80 is 0.22 V/m, the lower quartile is 0.16 V/m, the median is 0.21 V/m, and the upper quartile is 0.27 V/m. From the data in Figure 20, Figure 21 and Figure 22, we see that the lower quartile (Q1 = 0.18 V/m), median (Q2 = 0.23 V/m) and upper quartile (Q3 = 0.29 V/m) are about the same for the Etotal distributions in the car’s cabin during driving on the road sections on A1 motorways between points P2 RS–P3 RS, P3 RS–P4 RS, and P4 Rs–P5 RS. In the road section between points P6 RS–P7 RS, the highest value of Etotal was 7.76 V/m. The lower quartile (Q1 = 0.27 V/m), median (Q2 = 0.47 V/m), and upper quartile (Q3 = 0.91 V/m) in this road section were higher than the lower quartile, median, and upper quartile in other road sections in the Republic of Serbia. This road section passes through Belgrade, the capital of the Republic of Serbia. This is a very densely populated urban area in which there are a large number of sources of EMFs, such as the antennas of cellular network base stations near the roadway. In our opinion, this is the reason for higher measured EMF values for the three components of the E-field. The obtained results also show that in a very dense urban area, the electric field values are higher compared to rural ones. These observations are also confirmed by the results of other authors [38].



Analyzing the data from all measurements, we see that the mean and median of the E-field on the y-axis of LSProbe are slightly higher for the road sections presented in Figure 3, Figure 4, Figure 5, Figure 6, Figure 9, Figure 10, Figure 11, Figure 13, Figure 14, Figure 16, Figure 17, Figure 18, Figure 19, Figure 20, Figure 21, Figure 22, Figure 23 and Figure 24 compared to the E-field values on the other two axes. These results are due to the complex environment in which the electromagnetic waves propagate in the car cabin. The electric field measured by the LSProbe is a combination of both signals penetrated through windows and reflected off the inside of the vehicle body. When electromagnetic waves reflect off car interior surfaces, their polarization is changed. The fact that the E-field on the y-axis is slightly higher means that electromagnetic waves penetrating through the car side windows fall on the y-axis (placed parallel to the side windows). Electromagnetic waves that penetrate through the other car windows are reflected off interior surfaces and fall over on the antenna. These results may be applicable in the development of new materials for car interiors that have excellent electromagnetic wave absorption properties [39] and thus lead to a reduction of both passenger exposure and electromagnetic interference. The results will also apply to EMF energy harvesting, helping to more precisely determine the locations of the rectennas so that more EMF energy can be harvested in the vehicle during travel.



From the data, we can see that higher maximal values of the electric field are observed in the car cabin when driving on roads that pass through large cities or ring roads of large cities. In Figure 26, a comparison between the different road sections is made. We see from Figure 26a that the distributions of Etotal in the car’s cabin during driving on the road sectors P1 AT–P2 AT and P6 RS–P7 RS have a higher median line than others. Moreover, the P1 AT–P2 AT and P6 RS–P7 RS medians are higher than the upper quartile for P3 BG–P4 BG, P2 HR–P3 HR, P2 HU–P3 HU, P2 IT–P3 IT, and P2 Sl–P3 Sl. Hence, we can conclude that the entire distributions of Etotal on P1 AT–P2 AT and P6 RS–P7 RS are shifted upwards relative to other road sectors. From the data in Figure 26b, we see that the lower quartile and median are about the same for the distributions of Etotal in the car’s cabin during driving on the road sectors from motorways or roads through small cities and villages: P1 HR–P2 HR, P1 HU–P2 HU, P3 IT–P4 IT, and P4 RS–P5 RS. In addition, the median for the distributions in P2 AT–P3 AT and P1 Sl–P2 Sl is higher than the median for P1 HR–P2 HR, P1 HU–P2 HU, P3 IT–P4 IT, and P4 RS–P5 RS. In [8], after analyzing data from five large monitoring networks for different microenvironments in five European countries, the authors conclude that electric field values increase with increasing population density. The obtained results in this work also show that in urban and suburban environments, the electric field values are higher compared to rural ones.





3.2. Comparison of Results between Different European Countries


The measured values of the electric field for each country are summarized and presented in Figure 27. From the boxplots, we can see that the distributions of the Etotal in the car’s cabin during traveling on different roads in different countries are skewed. We see that the lower quartile (Q1 = 0.18 V/m) and median (Q2 = 0.24 V/m) are the same for Etotal distributions in Croatia, Hungary, Italy, and the Republic of Serbia. Moreover, Etotal distribution in Austria and the Republic of Serbia has more variability than in other countries. In addition, the highest value of 17.4 V/m was obtained in Austria on the Vienna Ring Road. We supposed that these results are due to the fact that two of the road sectors pass through Vienna and Belgrade, the capitals of Austria and the Republic of Serbia. These are the very densely populated urban areas in which there are a large number of sources of EMF, such as the antennas of cellular network base stations close to roadways. The total electric field in the car cabin during travel varied insignificantly across the different countries. The median of Etotal is 0.23 V/m in Bulgaria, 0.28 V/m in Slovenia, and 0.31 V/m in Austria.



Moreover, the data show that the exposure of car drivers and passengers during travel on European roads is below the ICNIRP reference level [17].



The obtained data are helpful for adequate and accurate exposure assessment of both car drivers and passengers during short or long travel. Moreover, the results of this work can be used to study human exposure to new 5G-V2X communication scenarios, such as vehicle-to-vehicle, vehicle-to-infrastructure, and vehicle-to-network wireless communications. The obtained results of this measurement campaign will have far-reaching applications, including electromagnetic compatibility (EMC), the development of new absorbers of EMF in cars, and the development of new flexible rectennas for EMF energy harvesting in vehicles. EMC testing for new vehicle components (sensors, ABS, airbags, etc.) is required by law in order to avoid an accident caused by electromagnetic influences on the onboard electronics. Another application where the results of E-field measurements in a car are desired for the development of new materials is for the car interior, where excellent electromagnetic wave absorption properties [39] can lead to reducing passenger exposure and electromagnetic interference. The results will also apply to EMF energy harvesting by helping to more precisely determine the locations of the rectennas so that more EMF energy can be collected in the vehicle during travel.





4. Conclusions


In conclusion, this paper provides for the first time results from the comprehensive in situ measurement of the EMFs in a car cabin during travel on part of several European roads (E60, E61, E65, E70, E75, and E80). The measurements were performed in seven European countries: Austria, Bulgaria, Croatia, Hungary, Italy, Slovenia, and the Republic of Serbia in the period April 2022–April 2023. The total distance over which the measurements were carried out was more than 1900 km.



We found that the higher maximal values of the electric field are observed in the car cabin when driving on roads that pass through large cities or ring roads of large cities. In Austria, the highest maximal value of 17.4 V/m was observed on the Vienna Ring Road. In addition, higher maximum values were measured for Zagreb Ring Road, Bologne Ring Road, Padoue Ring Road, Ljubljana Ring Road, and Beograd. The highest measured value was 14.59 V/m on the Ez-axis. The lowest Etotal value in all roads was 0.11 V/m. The lowest measured value was 0.047 V/m on the Ez-axis. Moreover, the data show that the exposure of car drivers and passengers during travel on European roads is below the ICNIRP reference level [17]. These data may be also helpful for the exposure assessment during in vitro and in vivo experiments.



With the comparison of existing measurement campaigns [7,8,9,10,12,13,14,15,18,19,20,21,39], we present results for the E-field in a complex environment due to the semi-resonant nature of the vehicle body. The presented information for the field strength of Ex, Ey, and Ez components serves as an indication for the orientation of the electric field, which is valuable for the design of both new absorbers of EMF for the car cabin and new flexible rectennas for EMF energy harvesting in vehicles.



Future studies will address the exposure assessment of car drivers and passengers during an ongoing voice call and data transmission in car generic wireless communications scenarios and new V2X communication scenarios as vehicle-to-vehicle (V2V), vehicle-to-infrastructure (V2I), vehicle-to-pedestrian (V2P), and vehicle-to-network (V2N) communications.
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Figure 1. European roads selected to conduct measurements of the EMFs. 
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Figure 2. Austria: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 3. Austria: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 4. Bulgaria: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 5. Bulgaria: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 6. Bulgaria: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 7. Croatia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 8. Croatia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 9. Hungary: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 10. Hungary: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 11. Hungary: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 12. Italy: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 13. Italy: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 14. Italy: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 15. Italy: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 16. Italy: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 17. Slovenia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 18. Slovenia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 19. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 






Figure 19. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken.
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Figure 20. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 21. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 






Figure 21. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken.



[image: Sensors 23 06050 g021]







[image: Sensors 23 06050 g022 550] 





Figure 22. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 23. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 24. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 25. The Republic of Serbia: (a) Boxplot showing total electric field (Etotal) and electric field on each axis (Ex, Ey, and Ez). The central dotted line in the box shows the median, and the bottom and top edges are the 25th and 75th percentiles, respectively; (b) Map showing the selected road on which measurements were taken. 
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Figure 26. Comparison of the total electric field (Etotal) on (a) Motorways and main roads passing through large cities or covering ring roads of large cities; (b) Motorways and main roads that do not pass through populated areas. 
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Figure 27. Comparison of the results between different European countries. 
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Table 1. Settings of LSProbe 1.2 Field Probe Variant E.
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	Parameter
	





	Measurement mode
	0



	Frequency range (GHz)
	0.03–8.2



	Sampling rate (kS/s)
	500



	Sample timing
	continuous



	Sensitivity (mV/m)
	60
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Table 2. Driving distance (in km) on each road sector (between two points) in each country.
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Country

	
Road Sector

	
Distance (km)

	
Total Distance (km)






	
Austria

	
P1 AT–P2 AT

	
107.0

	
219.0




	
P2 AT–P3 AT

	
112.0




	
Bulgaria

	
P1 BG–P2 BG

	
44.1

	
304.4




	
P2 BG–P3 BG

	
84.3




	
P3 BG–P4 BG

	
179.0




	
Croatia

	
P1 HR–P2 HR

	
67.3

	
303.3




	
P2 HR–P3 HR

	
236.0




	
Hungary

	
P1 HU–P2 HU

	
52.6

	
160.5




	
P2 HU–P3 HU

	
58.7




	
P3 HU–P4 HU

	
49.2




	
Italy

	
P1 IT–P2 IT

	
8.3

	
377.4




	
P2 IT–P3 IT

	
100.0




	
P3 IT–P4 IT

	
69.7




	
P4 IT–P5 IT

	
53.4




	
P5 IT–P1 Sl

	
146.0




	
Slovenia

	
P1 Sl–P2 Sl

	
58.6

	
186.5




	
P2 Sl–P3 Sl

	
128.0




	
Republic of Serbia

	
P1 RS–P2 RS

	
28.8

	
391.9




	
P2 RS–P3 RS

	
125.0




	
P3 RS–P4 RS

	
36.9




	
P4 RS–P5 RS

	
69.8




	
P5 RS–P6 RS

	
50.3




	
P6 RS –P7 RS

	
32.4




	
P7 RS–P8 RS

	
48.7
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Table 3. Descriptive statistics of Etotal for all road sectors.
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Country

	
Road Sector

	
N

	
Mean

	
Min

	
Median

	
Max






	
Austria

	
P1 AT–P2 AT

	
28,762

	
0.420

	
0.111

	
0.313

	
17.395




	
P2 AT–P3 AT

	
14,684

	
0.326

	
0.111

	
0.308

	
1.353




	
Bulgaria

	
P1 BG–P2 BG

	
7905

	
0.358

	
0.111

	
0.250

	
7.144




	
P2 BG–P3 BG

	
17,174

	
0.264

	
0.111

	
0.220

	
9.601




	
P3 BG–P4 BG

	
34,404

	
0.261

	
0.111

	
0.226

	
11.332




	
Croatia

	
P1 HR–P2 HR

	
8421

	
0.330

	
0.111

	
0.237

	
4.940




	
P2 HR–P3 HR

	
30,322

	
0.294

	
0.111

	
0.247

	
8.959




	
Hungary

	
P1 HU–P2 HU

	
11,067

	
0.250

	
0.111

	
0.224

	
5.329




	
P2 HU–P3 HU

	
13,022

	
0.268

	
0.111

	
0.238

	
5.468




	
P3 HU–P4 HU

	
9461

	
0.317

	
0.126

	
0.263

	
5.500




	
Italy

	
P1 IT–P2 IT

	
5358

	
0.329

	
0.111

	
0.275

	
3.803




	
P2 IT–P3 IT

	
14,277

	
0.247

	
0.120

	
0.227

	
6.117




	
P3 IT–P4 IT

	
6784

	
0.249

	
0.111

	
0.232

	
1.761




	
P4 IT–P5 IT

	
18,241

	
0.289

	
0.111

	
0.247

	
7.209




	
P5 IT–P1 Sl

	
18,550

	
0.318

	
0.111

	
0.255

	
9.941




	
Slovenia

	
P1 Sl–P2 Sl

	
12,187

	
0.323

	
0.111

	
0.275

	
5.606




	
P2 Sl–P3 Sl

	
26,709

	
0.354

	
0.111

	
0.289

	
6.455




	
Republic of Serbia

	
P1 RS–P2 RS

	
4944

	
0.223

	
0.111

	
0.215

	
3.121




	
P2 RS–P3 RS

	
10,073

	
0.270

	
0.120

	
0.231

	
3.519




	
P3 RS–P4 RS

	
3452

	
0.251

	
0.126

	
0.234

	
3.935




	
P4 RS–P5 RS

	
10,217

	
0.246

	
0.111

	
0.234

	
2.236




	
P5 RS–P6 RS

	
7164

	
0.241

	
0.111

	
0.227

	
1.699




	
P6 RS–P7 RS

	
5795

	
0.685

	
0.126

	
0.473

	
7.756




	
P7 RS–P8 RS

	
6488

	
0.282

	
0.133

	
0.244

	
7.572

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
T
Rangovanin 1508

e * Sl
:
2
2
01
Eow B B E
P1HR-P2HR

(a)

(b)





media/file4.png
Electric Field (V/m)

0.1

Eggenburg

Hollabrunn

T 125%~75%
T Range within 1.51QR
— - Median Line

Max — 85 i 2
Mean \_’/Stécke@_u_'

Min o ¥~ Tulln Kornépburg
: - U“ :
Outliers »

® s L Ve
4» . Baden ‘ ‘

beiWien’
2

*X0OD

7]

$

O
1O

Ebrécnsdorf ;

" Leobersdorf * P
G 5% A3

1
Etotal

sl PR

Ex Ey Ez rt . rgﬁﬁét R
P1 AT - P2 AT A Gl | e

o _,J“'
: e o
*-, Semmering

bchlag »

-
-

(a) (b)

Mistelbach
f

Ganserndorf

Pl

S

Sépr&)n
¥






media/file52.png
Etotal (V/m)

°
-

[ 125%~75%

T Range within 1.51QR|
— - Median Line
& Max

O Mean
& M
*

Min
Qutliers

- el

&
*
%

T T T T
P1AT- P3BG- P2HR- P2HU-

P2 AT

T T
P6 RS- P2 SI-
P7 RS P3 SI

T
P2IT-
P3 HU P3-IT

(a)

P4BG P3HR

Etotal (Vim)

-

0.1

% e
%" I 1 1

 125%~75%

Range within 1.51QR
- Median Line

Max

Mean

Min

Outliers

exoo 'H

1

T T T T
P2AT- P1BG- P1HR- P1HU-

T T
P4RS- P1SI-
P5 RS P2 SI

T
P3IT-

P2BG P2HR P2HU P4IT

(b)






media/file39.jpg
Eowl  Ex & &
P2RS-P3RS

(a)





media/file18.png
Electric Field (V/m)

10

0.1

| 125%~75%
T Range within 1.5I1QR
— - Median Line

@& Max
O Mean
& Min
¢ Outliers
o)
L 2
*

|
Etotal

P1 HU

(a)

- P2 HU

o 4

i

2 H o : " Kocser

Szentkiraly
M5 . 3 » 2 : THy o~
Kecskemet A , Y

Nyarlérinc
-~

Varosfold

kiskunfélegyhaza

4 Moricgat Petofiszallas * -

e

i Jé.ézszen@!aszlnj;"-.‘ .
S £ % PAHU

i






media/file21.jpg
Electric Field (Vim).

Etotal

(a)

o e %
& &
P3 HU - P4 HU

(b)





media/file44.png
Electric Field (V/m)

10

0.1

*

e X0OD

T 125%~75%

T Range within 1.51QR

Median Line
Max

Mean

Min

Outliers

T
Etotal

Ex

P4 RS - P5 RS

(a)

PS5 RS

Lozovik

Golobok Jlo3oBKK
lono6ok

Smedg‘revska
Palanka

Cmepepescka
[IENERLE)

Badnjevac
Baaresay

.

L
AR
fraguievac
‘Kpanyjesal
"‘a:{'#’ 55

Krnjevo
-
Kpreso

Velika‘ﬁjana
Benuka'llnaHa

Staro Selo
Crapo,Ceno

Markovac
gy
Mapkosay

Lapovo
Nanoso Ceno
Batocina
L .
A~ baTtounHa
%
v

) Brzan
-

Zabari

Xabapw

Kusiljevo
Kywuneso

Svilajnac
CeunajHay

Bp3aHs

E-75

-

Al

Jagodina
eI
JaropuHa
SmB
- P

Majur®

P4 RS

Pefrgv'ac
MeTposay

Despotova
[ecnoTosa






media/file26.png
Electric Field (V/m)

10

0.1

T 25%~75%
T Range within 1.51QR

Median Line

& Max

O Mean

& Min

4 Outliers
&

* D

o
| T T T
Etotal Ex Ey Ez

P2IT-P3IT

(a)

brmigine |
2‘. 3

¥ Anzola*

dell'Emilia

: ';~_.‘¢ Y P P1'|

(b)

’{:_3,_4 o

% 'Borgo San'2 ¥
v L ¥
“Lorenzo S
. i A
L3

i

sCastel Gud]

di Bolog






media/file7.jpg
Electric Field (Vim)

[rmem
T fomovian 1508

Eow & & &
P1BG - P2BG

(b)





media/file28.png
Electric Field (V/m)

0.1

| 125%~75%
T Range within 1.5I1QR
— - Median Line

2 Max

O Mean
& Min

4 Outliers

T
Etotal

Ex

P3IT-P4IT

(a)

Castelmassa

Sermide

-“

_Finale Emilia
i E

# Renazzo

t‘f r
~ o
Cento

d;I

f
[San Giovanni

in|Rersiceto

+'Anzola s ¥
dell'Emilias

Lendinara

Trecenta -
= Fratta Polesine

b

i

L]
Bondeno

.

Vigarano
Mainarda

Poggio
Renatico
{ San Bartolomeo
InBosco

San Rietro
in Casale

Molinella

: e d
Granarolo
i ¢ dell'Emilia

_1Budrio

AT
= Castenaso

s

Voghiera






media/file10.png
Electric Field (V/m)

| 125%~75%
T Range within 1.51QR
— - Median Line
¢ Max
O Mean
% Min Lukovit
¢ Outliers JyKoBiT
¢ @
i s
1

Yablayi.trsa .
'\ i6naHmua

Yo

10 o
*
:
| 1
L
0.1 _&j
I

|
Etotal EX

P2 BG - P3 BG

(a)

.@ o # ;'
I

Ez 1

Etrggéle
Erp'zonone

)

Balgarski
lzvor
bvarapcku

1380p. 7

' “Teteven
D

TeteseH:

Ribaritsa
Pu6apuua






media/file49.jpg
‘Electric Field (Vim).

Etoal

BT
Rangowiha 1508

%
t
)

& & &
P7RS -P8 RS

(a)






media/file11.jpg
Electric Field (Vim)

T
Ramevann 1508

e

Eow Ex
P3BG-P4BG

(a)





media/file6.png
Electric Field (V/m)

0.1

[ 125%~75%

- - Median Line

@& Max

O Mean
& Min

4 Outliers

T Range within 1.51QR

[ 1]
“m
L1/

H*|
|

T
Etotal

Ex Ey Ez

P2 AT - P3 AT

Trhové Sviny

Waidhofen

! -
: o, GMNd
Kaplice

Weitra

Freistadt

Ybbs an Eé0

O‘a r-“)be : der,Donau®"

St Valentin
‘\ ,u

Amstetten; > Wieselburg
P

Scheibbs

Waidhofen
__.2an der Ybbs

Lunz'am See

Géstlingan -
der Ybbs

ander.Thaya

Allentsteig

EALENE

Horn

Eggenby

Gars am Kamp

~

Langenlois

Krems an
der,Donau

‘/-;-ss

Trai?m auer.

§33

St Polten

Ober~Gfafend"orf

Lilienfeld

Marzzuschlag
3

P2 AT






media/file36.png
Electric Field (V/m)

10

=
—

— 25%~75%
T Range within 1.5I1QR
— - Median Line

$© Max
O Mean
] % Min
& Outliers
1 9
] & ?
- L 2 ,
' <1 B
| | | |

Etotal

Ex Ey Ez
P2 Sl -P3 SI

(a)

,Rité_inica." A - ; 'l TS

R VT

Kocevije -~ Metlika<. >

/ Ernomelj 'i :
N g |






media/file15.jpg
Electric Field (Vim)

Evotal

= Wodantne

-

P2HR -P3 HR

(a)






nav.xhtml


  sensors-23-06050


  
    		
      sensors-23-06050
    


  




  





media/file54.png
Etotal (V/m)

10

-

0.1

 |25%~75%

Max
Mean
Min
Outliers

exoa 'H

Range within 1.5IQR
- Median Line

D

i1l

L e o 4
0 oD

* -

I I I I I I
AUSTRIA BULGARIA CROATIA HUNGARY ITALY SERBIA

I
SLOVENIA






media/file2.png
TN\ :
L Chemivtsii®s,
§ Heprisui
'
\
- % S ‘1*'\: "
e ldova
.- >Moldova.

oA

:fA~'s|oVakia 3

3

ot
0

V’ / 3
Cnlujv_Napoca‘\ P
"~ ’I~ |

 Targu Mures
)
- ‘cx)uv
b .
v -' S
Brsia s
s

Lo
\,y -
'
S
’ 3 : ‘L‘
) '
},I_-¢~l~ Jt.,’_J‘1’- \E
: ;
| .
arest.
A

Y

o
ch -

&
e

‘ At I :‘ .
Bosniaand
Herzegovina «






media/file53.jpg
Etotal (V/m)

10

0.1

[ 125%~75%

I

®

emo

Range within 1.51QR|
Median Line

Max

Mean

Min

Outliers

J? |
I

T T T T T
AUSTRIA BULGARIA CROATIA HUNGARY  ITALY

T T
SERBIA  SLOVENIA





media/file23.jpg
Fango wiin 1508
= isdin g
£ b
o Ouiers

Electric Fiels (Vim)

Eow B B E
P1IT-P2IT

(a)






media/file24.png
Electric Fiels (V/m)

0.1

[ |25%~75%

I Range within 1.51QR
- Median Line

é Max
O Mean

] & Min
& Outliers

- ;

i ~ IZ_I_l

| | | |
Etotal Ex Ey Ez

P1IT-P2IT

(a)

Mosciano

x Sesto ¥
“' Fuorentmo

~

-Certosa di Firenze

Azienda

VS
4 ospedaliero:.:
¥ A »

H

Arcetri






media/file29.jpg
Electric Field (Vim)

& &
P4IT-P5IT

(a)

(b)





media/file1.jpg





media/file12.png
Electric Field (V/m)

0.1

S
.
$

25%~75%

Range within 1.51QR
- Median Line

Max

Mean

Min

Outliers

5%
L4
*
$

T
Etotal

Ex Ey Ez
P3 BG - P4 BG

(a)

Drégé'sani

Scornicestiy

.

Slatina

&
.
£

+ Caracal

Corabia | N

i

‘\-

P3 BG. Pleven
lneseH

Lukovit

Rosiorii
de Vede

Alexandria

Turnu

2 Magurele
' "N

l" Svishtov. ‘
+ CauwoB

Veliko
Tarnovo
Benwko
TbpHOBO
1
ae
e Elena
Gabrovo .y " Eneva
Ma6poso -
J Tryavna
. ¥
TpaeHa
" *Kazaniuk






media/file9.jpg
Electric Field (Vim)

el

)
P2BG - P3 BG

(a)

e






media/file42.png
Electric Field (V/m)

10

0.1

| 125%~75%
T Range within 1.51QR
— - Median Line

& Max

O Mean

& Min

< Outliers
@

. @®

. . @
L 2

T
Etotal Ex Ey Ez

P3 RS - P4 RS

(a)

F@@c@
[NapahwvH

T
BapsapuH

LKA
PyaHmk

Senje

Cere &
Sisevac

Cucesay

lzvor
Wasop

(b)





media/file47.jpg
T
e 1508

Eow B & B
P6RS - P7 RS

(a) (b)





media/file38.png
Electric Field (V/m)

RN
o

—

&
—

[ ]

X 0O®D

25%~75%

T Range within 1.51QR

Median Line
Max

Mean

Min

Outliers

L XA

N
7|
p‘
|

[ --{l’ 000 *®

I
Etotal Ex Ey

P1RS -P2 RS

(a)

& Kru’pac_ r.
Kpynauy

Sukovo

Cykoso

Poganovo
Moraxoso

Ia.
Rsovci
Pcosum






media/file17.jpg
&
P1HU - P2 HU

(a) (b)





media/file30.png
Electric Field (V/m)

10

0.1

| 125%~75%

- - Median Line

T Range within 1.5I1QR

¢ Max

O Mean

& Min

4 Outliers
87

o)

T
Etotal

Ex

P4IT -

(a)

PSIT

Mcstrirr)o

Rubang

Selvazzano
Dentro

Abano Terme

Due Carrare

Arqua Petrarca

‘Monselice

Pozzonovo

Solesino

Stanghella

Rovigo ™
T,

Borsea'*

(b)

Conselve

Bagnoli
di Sopra

Villadose

Ceregnano
?,9

Legnaro






media/file51.jpg
il tpldisid





media/file35.jpg
Electric Field (Vim)

Etotal

P2SI-P3SI

(a)






media/file48.png
Electric Field (V/m)

10

0.1

| 125%~75%
T Range within 1.51QR
- - Median Line

) O

& Max

O Mean

& Min

<¢ Outliers
L4 @
O O

4

T
Etotal

T 1
Ex Ey Ez

P6 RS - P7 RS

(a)

Padinska Skela
MNapuHcka
Ckena

Dobanovci  E-70
v N
[o6axosum
y
Becmen A% e® CypumH®
beumen
-(--/

J?kovo
J

Srem¢ica
Cpemunua

Meljak
Mermak

Ba raje\.*o
Bapajeso

Stepojevac

(b)

L. ;
) ke
Belgiadeavag
il

Crepaja
Lipenaja
Glogonj ¢
norows
Kacarevo

TP Kavapegd
NEGIE) 5

il ;
Pancevo

R
MaHuyeBo

i SIc—_:'nci g
Ve
» Cnaxum

ol

Ripanj
Punars

!

T
e
Pozarevac
Manu
MNoxapesay






media/file27.jpg
‘Electric Field (Vim)

01

Rargo w1508
= saan e
Mar

s e

P3IT-P4IT

()






media/file3.jpg
Electric Field (Vim)

Etotar

P1AT-P2AT

(a)






media/file22.png
Electric Field (V/m)

10

0.1

25%~75%
T Range within 1.5I1QR
Median Line

& Max

O Mean
& Min

+ Outliers

Bicske

¢

|+ [ B3

Etotal Ex

P3 HU -

(a)

P4 HU

Velence

ardony

Pilisszentkeresz
s Szentendre

Pomaz.
S : i
Pilisvorosvar Budakalasz

Solymar: 401 -4

Hékgeghaiom ;

.. Biatorbagy

Halasztelek -

Siigetszentmiklds

zhalombatta

b

Ercsi.f

Szigetszentmarton

»
Dunakeszi

&
g n

.
Délegyhaza






media/file19.jpg
Eow  Ex
P2 HU - P3 HU

(a) (b)





media/file40.png
Electric Field (V/m)

0.1

o

| 125%~75%

T Range within 1.5IQR
— - Median Line

@& Max

O Mean

% Min

4 Outliers

|
Etotal

Ex

P2 RS - P3 RS

(a)

ngate
Mojare

P3RS

Razanj
Paxarb

Ateksmac
Anexcwnau

Ribarska banja
Pubapcka
Barba

Prokupl;e
ﬂpoxynrbe

Bojnik
BojHuk

ah
Lebane
Ile6are

Medveda
Menseha

N iMaIéa
"!,m.rs-.kManqé-
‘Huw =

e

Zajeéér
= 5
3ajeuap
Boljevac ’
Bomesau

»

Sokobanja
Cokobarba

Knjazevac
S,
Krsaxesal,

.
Svrljig
Cepromr.
Custica
hywTrua

P2 RS
Babusnica
Eaéywumua
i "
Leskovac
ﬂecxosau.\ gVIasotmce
Bnaco-rmue

o4

SVudje

Byuje Predejane

MNpepejaHe






media/file33.jpg
Eow B & E

P1SI-P2SI

(a) (b)





media/file32.png
Electric Field (V/m)

10

0.1

H | 25%~75%
Range within 1.51QR

— - Median Line
& Max

O Mean

& Min

4 Outliers

- @
i ¢ ¢ @ ®
i 4 . $
1 F=23
| L
: I T I T
Etotal Ex Ey Ez

PSIT - P1 Sl

(a)

Rarco.del

...__l'_}_elta'-sel Po

LI =%

* \\- '.. $
.. Portogruarg
vee g T -

. San Dona,

di Piave

ey

(b)

.
¥

<
Y

Caorle' st %7






media/file14.png
Electric Field (V/m)

0.1

| 125%~75%

T Range within 1.5I1QR

* OB

Median Line
Max

Mean

Min

Qutliers

Etotal Ex

P1 HR - P2 HR

(a)

*.._'Gracanica Srebrenik
S A

" \__Bogojevo
: B?rqeso
a7

|

Modrica

# " ok
v e 4 .
-‘Gradacac_

Ugljevik
>

.

) e






media/file41.jpg
Rango i 1508

P3RS - P4 RS

(a)






media/file37.jpg
o
T Rargo v 1508
- Vdntna

Eow & B B
P1RS - P2RS

(a)





media/file46.png
Electric Field (V/m)

-' 20 Mpamopak
MNaHueso'
=

Deliblato

."‘kﬁ..’ : Nennbnato
o Bavaniste
. Slanci &

2 bagaHumwTe

25%~75% ¥ CnaHuu ?;J
T Range within 1.5I1QR :
— - Median Line

& Max / Banatski
Splls : Brestovac
O Mean " baHartcku
i & Min » bpectosay
+ Outliers

L3

1 0 Grocka &
pouka Smederevo
‘Cmenepeso
g WL
Begaljica : g v '
berarhua Radinac
Pan_MHau

Al

i
l Uméari : Mala Krsna

?\‘Aa
Pozarevac y“"iap.“/-\* s Mana KpcHa
e
Manu

Moxapesay

0.1

Selevac

Viaska
P Cenesay,

Brawka

Etotal EX Ey EZ Mlacienovac

yes
Mnamj.Hoeau.

P5 RS - P6 RS < Kusadak K’”ie,\‘O‘

Kpreeso
Kycapnak 4 B
Smederevska Veliko Orasje
Palanka @enw.o
Cmepnepescka Opaluje
MNanaHka 3
5 Velika Plana.
Benuka lMnaHa

(a) (b)





media/file45.jpg
Electric Field (Vim).

el

)
Rangawann 1508
* o

& & E
P5RS - P6 RS

(a)

(b)





media/file16.png
Electric Field (V/m)

J TS il
\ Cakovec : Dombovar

2 b J Kaposvar & i - N
7 Varazdin i i y o g

| 125%~75% ki 2 el TG E Rl N ;

T Range within 1.51QR 7 S ""Kopt';mca\;;. ¥4 3
— - Median Line ' S W L
Max
Mean
Min
Outliers

Komio

2 .4 Pécs
PRy WSzigetvar

Krizevci P 44

P3 HR - o K * ;" Bjelov;}' -

4 3 - x T 3 A Harkany

(i ‘Zagreb‘ I e o

¢ K0P

T U e R £ = i Do

% Velika Gorica vit B 8 ) e

mobor 4 ; S
v INZe,

Daruvar,

*
0 &

’ ‘

¥ gt l
elika KBCU ' : E70

7 «f Gradiska P
Novi Grad A

Prijedor

a g ot

3 s “\
EBihac
T et
\

Laktasi
i

Bosanska = Sanski Most Banja uka
Krupa y .

B
I T T
Etotal Ex Ey Ez

P2 HR - P3 HR

Travnik

Zenica
B

¢ Kaken|
. s

Bﬁgojnc

(a)






media/file20.png
Electric Field (V/m)

10

0.1

| 125%~75%
T Range within 1.51QR
— - Median Line

& Max

O Mean

& Min

¢ Outliers
Pany D
* D
L 4 L 2
*

=i
=] B8
=
T T T 1
Etotal Ex Ey Ez

P2 HU - P3 HU

(a)

PIHUS

g Fel‘s‘opakony

plsonémedi

Vecsés

E75

Gyomro

n ’
Ulie
y .

Monor

p. %
.

Monorierdd
iy

Pilis

Albertirsa

. Kékucs\

Ujhartyéq

Hernad Mikebuda

E75

- Orkény

Taborfaiva

Tatarszentgyorgy :

¥ > Fels6lajos
~ L

DA Ladanybene 1 5
y e, ¢ Lajosmizse, =

2,

Kunbaracs

Kunadacs

Kerekegyhaza






media/file50.png
Electric Field (V/m)

RN
o

e
—

L

| 125%~75%
T Range within 1.51QR
— - Median Line

@ Max

O Mean
& Min

¢ Outliers

Ex Ey Ez

P7 RS - P8 RS

(a)

Titel
Tuten

Stari
Slankamen
CnaHkameH

Kréedin
Besk KpueguH
bewka
Maradik
Mapagwk

Novi Karlovci
Hosu Surduk

Kapnosum Cypayk
e yPAay

ingija
NHRmja" =75

Stara Pazova
Crapa ['[aaoaa

Nova Pazova
Hoea ﬂaaoq ?

Simanovciss
WumaHoBUM

Dobéﬂoy{;‘il- E-70
ﬂoﬁahogu,w %

. 3 g .
Bec¢men
beumeH P

Jakovo

b Surcin bR
& CypumH ™

Baranda
BapaHpa

Opovo
Onoso

Padinska Skela
aguHCka
Ckena

E75 -, Belgrade-T
_'_'3-3,‘ Beorpan

.J






media/file5.jpg
5
g v 1508

- 1 é
o B & &
P2AT-P3 AT

(a)





media/file31.jpg
Electric Field (Vim)

sersn
T Rangawinn 1 508

- -

P5IT-P1SI

(a)






media/file25.jpg
%
T oo

Bow B & E
P2IT-P3IT

(a)





media/file0.png





media/file8.png
Electric Field (V/m)

0.1

| 125%~75%

- - Median Line

T Range within 1.51QR

@& Max
O Mean
&  Min
4 Ouitliers
@
. o ¢
@®
| _ _ﬂ_l 0]
| | | #
Etotal Ex Ey Ez

P1BG - P2 BG

(a)

\Lokorsko
Jlokopcko. 750

Kraevo
Kpaeso

e

4

‘Buhovo et
oy A

4 " byxoBso

" 1*Dolni Bogrov.

et =
‘[lonHn Borpos * A

i L L
Kazichene
Ka3uuene |

b

o <
Lozen

e s

Enm;ﬁ MNenwH
Elin Pf:‘lin
lapa .E_‘llHH

N MNenvH
' b

1 b

ceno Jlozex

Elin)Pelin i «

Novacene
Hosauene - a#

Litakovo : Skravena

Nutaxkoso

%,
Sarantsi

' CkpaseHa

P C?péHLM

"
o A
Gorna Malina
lopHa
p")'
. ManwHa

-~

Bailovo
bannoso






media/file43.jpg
Electric Field (Vim)

0

el

S
P4RS -P5RS

(a)

(b)





media/file34.png
Electric Field (V/m)

| 125%~75%
T Range within 1.5I1QR
— - Median Line
Max
Mean
Min
OQutliers

¢ OB

10

2]
.
3

0.1 -%%- --

|
Etotal Ex Ey Ez

P1 Sl - P2 Sl

(a)

Kaobarid

_

1--/‘-1”3 “Tolmin

|

Idrija
Vrhnika
sLogatec-

Ajdovicina

P2 i

- .Postojna 3,






