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Abstract: With the rapid development of driverless systeriss tehnologies, the differences
in electromagnetic exposure levels amongst passengers of; different ages have become a
research hotspot in this field. This study focuses ori e cicctromagnetic exposure of adults
and children inside an electric vehicle caused by pocitiohing antennas of driverless systems.
Based on the COMSOL Multiphysics softwaic»2n electromagnetic numerical calculation
model is established, including a vehicle body rodel, an antenna model, and separate models
for an adult and child. Considering tha differ:ices in body size and dielectric properties
between adults and children, the finite e'lement method is used to calculate exposure levels
under the electromagnetic envircamenu yenerated by the positioning antenna. The results
reveal that the electromagnetic expusure level in a child’s body is higher than that in an
adult due to the former’s smalics body size and higher dielectric parameters. This study
facilitates the evaluauon Of ti » electromagnetic environment of positioning antennas in
electric vehicle driiorless-sysccms, provides a basis for improving electromagnetic radiation
safety standards insiu> electric vehicles, and promotes the rapid development of electric
driverless technologies while ensuring public health and safety.

Key words: adult model, child model, electromagnetic exposure, finite element method,
positioning antenna

1. Introduction

With the rapid development of intelligent transportation technologies, electric vehicle
driverless systems (EV-DSs) are gradually becoming an important choice for people’s future
travels [1]. This driverless system mainly relies on high-precision positioning antennas for
accurate navigation [2]. However, the radio-frequency electromagnetic fields (RF-EMFs)
generated during signal transmission or reception by these positioning antennas may create
potential health risks for passengers [3]. The proliferation of driverless systems has resulted in
more complex electromagnetic environments inside these wvehicles; particularly the
electromagnetic environment generated by positioning antennas may have different effects on
passengers of different ages.
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RF-EMF, as a typical non-ionizing radiation source, is prevalent in various daily scenarios [4],
with sources including mobile communication base stations, wireless network devices and
household appliances. Notably, the rapid advancements in wireless communication technologies
have resulted in a significantly increased frequency and intensity of human exposure to EMF [5].
During the critical period of children’s physical development, the tissue water content and
dielectric properties of their organs and tissues differ significantly from those of adults. This
means that under the same exposure conditions inside EVSs, children may face greater exposure
levels than adults [6].

The World Health Organization (WHO) [7] and the International Commission on Non-
lonizing Radiation Protection (ICNIRP) [8] recommend strengthening studies on children’s
electromagnetic exposure levels. In 2002, the International Agency for Research on Cancer
(IARC) classified extremely low frequency electromagnetic fields (ELF-EMFs) as a Group 2B
possible carcinogen, with related studies primarily focusing on.the association between
childhood leukemia and ELF-EMF [9]. Divan et al. found that lono-term exposure to ELF-EMF
environments > 0.4 uT may potentially double the risk of clitlahoed leukemia [10]. However, a
multinational collaborative study suggested this conclusiaii niigit be influenced by confounding
factors in residential environments, thus requiring fner verification [11]. Regarding
behavioural and neuro developmental aspects,.Divan »t 2i. found that frequent mobile phone use
by mothers during pregnancy might also increzase*he risk of hyperactivity disorders in their
offspring [12]. Kiihn et al. found through numerical simulations that the absorption rate of RF-
EMF by a child’s head was 10%-20% higtier than that of an adult [13].

The accuracy of EMF exposure ¢ssessinent partly depends on the dielectric parameters of
different tissues, but most existing/ctudiesdivectly adopt dielectric parameters derived from adult
tissues. Earlier research by Gabrial ot al. showed that children, as a special population, have
fundamental differencesin tizsue <ielectric properties with adults [14]. In particular, during their
growth and development swaaes; children show significant differences from adults in tissue water
content and ion concentration, amongst other parameters. As such, the direct application of adult
dielectric parameters may lead to deviations in subsequent exposure assessment results [15].

Vitas et al. employed a multilayer concentric spherical head model to compare specific
absorption rate (SAR) differences amongst adults and 4-, 8-, 12- and 16-year-old children under
900 MHz dipole radiation. Due to the thinner skull of children, the SAR of the brain decreases
as they grow older when exposed to 900 MHz radio frequency. However, the study used identical
dielectric parameters for all age groups without considering their differential impacts on human
exposure [16]. Wang et al. analyzed differences in electromagnetic energy absorption
characteristics between adult and child heads from 900 MHz mobile phones. Although they
employed region-specific scaling for child head models, they did not differentiate dielectric
parameters between adults and children [17]. Zhou et al. calculated electromagnetic energy
absorption differences between child and adult models at 3 GHz, approximating child tissue
dielectric parameters as 10%-40% higher than those of adults [18]. Mohammed et al.
investigated SAR levels across ages when children or their parents used mobile phones,
accounting for age-related dielectric property variations by deriving child parameters from adult
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tissue dielectric characteristics through numerical relationships [19]. Tognola et al. evaluated
whole-body SAR effects from 5.9 GHz vehicle-to-vehicle communication RF-EMF in urban
environments across age groups; however, they did not consider dielectric property differences
between children and adults [20]. Wessapan et al. found that 900 MHz mobile phone radiation
caused greater electromagnetic energy absorption in children’s heads due to their higher
permittivity and conductivity, resulting in deeper wave penetration, elevated SAR in the brain
and more pronounced temperature rise [21]. Consequently, children’s distinct anatomical
developmental characteristics and differing biological tissue dielectric properties may lead to
higher health risks under identical RF-EMF exposure conditions compared with adults.

This study aims to reveal the differences in electromagnetic exposure between adults and
children resulting from radiation generated by the EV-DS positioning antenna. An
electromagnetic environment model incorporating an electric vehicle (EV) body, positioning
antenna, adult and child passengers is constructed using COMSOL. Multiphysics software. The
model calculates the induced electric fields (E-fields), SAR and iemnerature variations generated
by 1.575 GHz positioning antenna radiation in both aduat, end child passengers, while
simultaneously analyzing their exposure dose differences. Tunsidering that the research on
electromagnetic exposure in the EV-DS scenario stilineads'to be further improved, evaluating
the differences between adults and children in terms af electromagnetic exposure caused by the
positioning of the antenna has great significarca-for improving relevant electromagnetic
exposure safety standards and optimizing vehicle designs.

2. Mateviais and methods

2.1. Numerical calculation’metods

Bioelectromagnetics . an interdisciplinary field that combines biophysics and
electromagnetics and is based on Maxwell’s equations. It reveals the intrinsic mechanism of the
interaction between EMF and living organisms [22], thus providing critical support for
understanding electromagnetic phenomena in life activities. With the rapid advancements in
industrialization and intelligent technologies, electromagnetic radiation levels in external
environments have become increasingly complex and variable, drawing significant attention to
their potential health impacts. This concern has substantially propelled the development of
bioelectromagnetics. The RF module of COMSOL Multiphysics software, which solves
Maxwell’s equations using the finite element method, has emerged as an effective tool for the
numerical computation of bioelectromagnetic fields. The module also offers novel approaches
for investigating the coupling mechanisms between EMF and biological systems.

In driverless systems, the positioning antenna is typically mounted on the roof of the EV,
from which it emits electromagnetic waves during operation. These waves propagate in space
and couple with the human body. The SAR serves as the primary physical parameter for
evaluating interactions between EMF and biological tissues [23]. It is defined as the
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electromagnetic power absorbed per unit mass of biological tissue per unit time (W/kg). SAR is
expressed by Eg. (1), while SAR1oq represents the averaged value over a 10-gram cubic mass.

SAR=§|E|Z =%|E|2, 1)

where: o represents tissue conductivity (S/m), p is tissue density (kg/m?), E is the E-field
intensity within tissues (V/m), and ¢, is the imaginary part of relative permittivity (loss factor),
characterizing the material’s electromagnetic loss properties.

When electromagnetic waves (particularly in the RF and microwave bands) interact with
biological tissues, partial energy absorption occurs and is converted into thermal energy, leading
to increased tissue temperature. This process is described by Pennes’ bioheat equation, as shown
in Eq. (2) [24]:

aT )
pCE =V (KVT) + ppCpwp(Tp = T) + Qriet™t Lexts 2

where: p denotes tissue density (kg/m?), C represents tissue Specific heat capacity (J/[kg-°C]), T
refers to the tissue temperature (°C), K is the thermal conducavity (W/[m-°C]), pp represents
blood density (kg/m?), C, indicates blood-specific=hectcapacity (J/[kg:°C]), w, is blood
perfusion rate (1/s), T, represents blood temperature (°C’), Q¢ 1S the metabolic heat generation
(W/m?), and Q.. is the external heat source (W/mi- .

2.2. Dielectric parameters of human tissues

In bicelectromagnetics, investigai.ing the, interaction between human tissues and EMF must
thoroughly account for the frequcicy-oependent dielectric properties of biological tissues. In
1996, Gabriel et al. [25] made sighinicant breakthroughs by establishing an innovative fourth-
order Cole-Cole dielect:ic raode’’based on the classical Cole-Cole model. The newer model
introduces four relaxation .rosesses to calculate the dielectric properties of biological tissues in
the frequency range from 10 Hz—20 GHz. The model is expressed as shown in Eg. (3):

' " Ag gj
A , v 4 n i
& =& —J& = &0t Zn:lW-I_ jweo' @)

where: &, represents the vacuum permittivity, & is the complex relative permittivity, &, is the
loss factor, €, is the optical-frequency relative permittivity, Ag, is the relative permittivity
increment, w is the angular frequency, t,, is the central relaxation time (s),  is the relaxation
distribution parameter (0 < a < 1), and g; is the ionic conductivity (S/m).

Based on the fourth-order Cole-Cole model, the present study calculates the relative
permittivity and conductivity of eight adult tissues at a 1.575 GHz frequency. The dielectric
parameters of the torso are determined by averaging values across five tissue types: skin, muscle,
fat, blood and bone [26-27]. Research indicates significant physiological differences between
developing children and adults: children’s tissues exhibit substantially higher water content,
while their smaller body dimensions may concentrate electromagnetic energy distribution,
resulting in greater biological sensitivity to EMF [28].
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Given the absence of experimentally measured dielectric property data for paediatric tissues,
mathematical extrapolation from adult data has become a standard methodological approach [29].
For example, Lee et al. demonstrated that dielectric parameters for 7-year-old children exceeded
adult values by 26%-30% [30]. Consequently, this study adopts dielectric parameters of
paediatric tissues that are 30% higher than corresponding adult values. Due to existing
limitations in paediatric tissue data, this study maintained identical density, specific heat capacity
and thermal conductivity parameters between children and adults [21], all sourced from the
‘Tissue Properties Database’ published in the Virtual Population models [31]. The tissue
parameters of adults and children are shown in Table 1.

Table 1. Human tissue parameters at 1.575 GHz for adults and children

) Adults Children
Tissue ) o ) o P (kg/m?) | C.3%g°C) | K (W/m-°C)
White matter 37.358 | 0.824 |48.565 | 1.072 1041 |~ 3583 0.48
Cerebellum 46.686 | 1.588 |60.692 | 2.060 1045 3653 0.51
Heart 59.964 | 1.622 |77.952 | 2.109 | 1'36-5.4 36515 0.54
Liver 44.695 | 1.168 |58.104 | 1.51¢ l 1078.75 3540 0.52
Lung 49.780 | 1.159 |64.714.| 1.5(7 394 3886 0.39
Kidney 55.165 | 1.799 [/1.7Ll.w 2.340 1066.25 3763 0.53
Skull 19.649 | 0.520 4;’ESAH' 0.676 1908 1313 0.32
Trunk 35.588 d96; | ‘.6.-264 1.251 1213 2818 0.38

3. Numerical calculation model

3.1. Antenna model

Supported by the Global Navigation Satellite System (GNSS), EV driverless technologies
have achieved groundbreaking milestones in high-precision positioning and navigation,
substantially enhancing accuracy and reliability [32]. By receiving real-time signals from the
GNSS, the vehicle can accurately obtain its longitude, latitude, altitude and velocity information.
Circularly polarized patch antennas have become critical components of GNSS high-precision
positioning due to their compact structure, stable performance and excellent anti-interference
capabilities [33]. Circularly polarized patch antennas typically adopt microstrip structures,
achieving right-hand circular polarization (RHCP) through specialized feeding designs [34]. As
shown in Fig. 1, the positioning antenna is designed with a square patch structure using coaxial
single-point feeding, operating at the central L1 band (1.575 GHz), with a matched impedance
of 50 Q and an input power of 0.25 W.



WWWw .CA‘L{S(J])iblllﬂ.])illl.pl P N \-\‘\\;‘\'\'.j()Ul'll‘dl}-,l)ill’l,l)l

(=

This paper has been accepted for publication in the AEE journal. This is the version, which has
not been fully edited and content may change prior to final publication.
Citation information: DOI 10.24425/aee.2026.158259

Ve Qj
B 7
S P
e T:
) ‘d‘,v 1’
S l'z
| —
W=l v o
Lp \h I—' X

Fig. 1. Positioning antenna structure

An initial square patch is constructed on a 100mm substréte, with the patch side length
determined by Eq. (4):
—_C _h
B 2fo o 2\/57'{ (4)
where: ¢, is the speed of light, o represents the antenna wavelength, and f; is the antenna
operating frequency, the substrate's relative permittivity (e,) is 3.38. The feed point position
governs the antenna’s input impedance. In'g. (5), d is the x-direction feed position when y = 0:

i46-2) ©

Ee

where €, represents the efzctive dielectric constant, defined by Eg. (6):

1
ge=€’2—“+£’2—‘1(1+12%) 2 (6)

Thus, preliminary calculations and frequency-dependent optimization yield a square patch
antenna with side dimensions of L = W =50.28 mm and feed point offset d = 10 mm from the
centre. Circular polarization is achieved by truncating two diagonally opposite corners of the
square patch. When the patch area S varies by AS, Equations (7)—(9) are used to define the
conditions for achieving circular polarization, where Q, represents the patch quality factor. The
main parameters of the antenna are summarized in Table 2.

S=LxW, @)

AS = AS, + AS, = 2, ®)
AS 1

|? =0 9)
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Table 2. The main parameters of the antenna

Parameter name Parameter Value (mm)
Substrate width Lp 100
Substrate thickness h 1.524
Patch length L 50.28
Patch width W 50.28
Chamfer c 35
Inner conductor radius r 0.6
Coaxial cable radius r2 1.63
Position d 10

When modelling in COMSOL Multiphysics, the radiation lboundary employs a perfectly
matched layer (PML) with thickness set to Ao/2 (where Ao = c/fg). Antenna gain quantitatively
characterizes directional radiation efficiency. Figure z(a) piesents the 3D far-field gain pattern
of the designed antenna, demonstrating a maximum yzin of 6.8 dBi. The Si: parameters of the
antenna are shown in Fig. 2(b), with the minimuri occurring near 1.575 GHz, thereby indicating
excellent impedance matching at this freguency.

Actual Far-field Gain(dB»
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Fig. 2. Results ntenna radiation characteristics: gain pattern (a); Si: parameters (b)

3.2. Human body and vehicle models

The human anatomical model that is constructed based on medical images can accurately
simulate biological responses, such as electromagnetic radiation and thermal effects, while
effectively circumventing ethical concerns and experimental uncertainties associated with in
vivo human testing. The adult and child passenger models in this study are selected from the
virtual population models, a 34-year-old male (height: 1.77 m, weight: 70.2 kg) and an 11-year-
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old female (height: 1.49 m, weight: 34.0 kg), respectively [35], as shown in Fig. 3. The human
models include major organ tissues: brain white matter, cerebellum, skull, lungs, heart, liver and
kidneys.

Skull
White matter 2
Cerebellum —> 1

Sk‘ul\l(
e T Vg?rlﬁiiﬂ?ﬁ?:'?
Liver ————
Kidncy /‘ l]j[lel;ﬁ '4
| K="
(@) (b)

Fig. 3. Human models: adult human body and ti:iite element model (a); child human body and finite
elemoent model (b)

This study constructs a vehici2 body model with 5207 mm (length) x 2034 mm
(width) x 1655 mm (height) baseu an an actual driverless EV, the body is made of aluminium
alloy. During the modellirg; ncnasqertial components, such as side mirrors and interior trim that
do not significantly “cffect eicctromagnetic characteristics, are simplified to improve
computational efficiency [o31-The vehicle body model, antenna model, and both adult and child
human models are imported into COMSOL Multiphysics. The relative spatial positions are
shown in Fig. 4.

To ensure calculation accuracy while reducing the need for more computing resources during
finite element meshing [37-38], a denser grid is adopted for complex human body models and
antenna models. For the vehicle body, a sparser grid is used. The total number of meshes in the
model is approximately 800 000. The mesh grids of the whole model are shown in Fig. 5.
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Fig. 4. The relative positioning of human models and radiation source
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Fig. 5. The mesh grids of the whole model

4. Result

4.1. E-field distribution in the EV body

Figure 6(a) shows the E-field distribution of the EV body when the positioning antenna is
operating, while Fig. 6(b) presents different sections of the E-field distribution at varying heights
inside the vehicle. As the positioning antenna is located at the rear upper part of the vehicle, the
E-field intensity in the rear section of the vehicle body is higher than that in the front section.
Additionally, the E-field strength near the roof area is greater than in regions farther from the
roof. The E-field intensity inside the vehicle body is decreased with increasing distance from the
antenna. The maximum E-field value generated by the positioning antenna on the vehicle body
is 93.3 V/m, with a relatively uniform distribution across the surface, which is consistent with
the radiation characteristics of a circularly polarized antenna.
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Fig. 6. E-field distribution in the vehicle body: vehicle body (a); different sections in the vehicle (b)

4.2. Comparison of induced E-field in the adult and child passenaeis

Figures 7(a) and 7(b) show the induced E-field distributions.ir the torsos of the adult and
child passengers, respectively. The maximum induced E-fieid.ic 3.0 VV/m for the adult and 23.0
VIm for the child. Compared to the adult, the child. shows a higher induced E-field due to
the closer proximity to the positioning antenna and high=r dielectric parameters. However, the
induced E-field distributions in both adult and =i torsos remain relatively uniform, consistent
with the radiation characteristics of a circularly polarized antenna. Figures 7(c) and 7(d) show
the induced E-field distributions in diffeient internal organs of the adult and child passengers,
respectively. The maximum values, are'C43 V/mand 4.2 V/m in the adults’ and children’s
organs, respectively. The induced. c-fic'd v-.lues in the child’s organs are significantly higher
than those in the adult’s. Highei el strengths in the lungs and liver regions for both adults and
children are observed, which ‘orrelates with the organs’ relative positions and dielectric
parameters.

V/m
V/m
A3 A2
3.0
55 20
2.0 15
1> 10
1.0
5.0
0.5
W 43x107 Vol
(@ (b)

10
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Fig. 7. The induced E-field distributions in passengers: adult’s todv.(&); child’s body (b); different
organs of the adult (c); different orgai.. of the child (d)

Compared with the fully mature head of adults, the si:ull f children is thinner, and the water
content of the tissues is higher. There are significan. differences in brain development between
children and adults, and these differences direct!y affect electromagnetic wave absorption.
Figures 8(a) and 8(b) show the distributions of 17e induced E-field in the skulls of the adult and
child passengers, respectively. The maximum value of the induced E-field in the adult skull is
1.1 V/m, and the areas with relativer ;. larye-induced E-field values are on both sides of the skull.
The maximum value of the induc~u E-fielcin the child’s skull is 6.6 VV/m, and the areas with
relatively large induced E-fiela -aluos are distributed in the front left part of the skull. As the
antenna is located on th= roaf o the vehicle, the values of the induced E-field on the skulls of
both adult and child are ~latively large. Figures 8(c) and 8(d) show the distributions of the
induced E-field in the brain dssues of the adult and child passengers, respectively. Due to the
protective effect of the skull on the brain tissues, the induced E-field values are lower than those
in the skull. The maximum values of the induced E-field in the brain tissues of the adult and
child passengers are 0.57 and 4.2 VV/m, respectively. The value of the induced E-field in the white
matter of the brain is higher than that in the cerebellum, which is mainly due to differences in
the dielectric parameters and relative positions. The value of the induced E-field in the head of
the child passenger is significantly higher than that in the adult passenger.

11
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Fig. 8. The induced E-field distributions in the heads: adult’s skull (a); child’s skull (b); adult’s brain
tissues (c); child’s brain tissues (d)

Figure 9 shows a comparison of the maximum values of the induced E-field in the main
organs and tissues of the adult and child passengers. As the child is closer to the exposure source
and has larger dielectric parameters, the maximum value of the induced E-field in the child’s
organs is higher than that in the adult’s organs. The induced E-field in the skulls of both is the
highest, while the value in the kidney is the lowest, which can be attributed to differences in
dielectric parameters and relative positions of various organs.

12
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Fig. 9. Comparison of the maximum values of induced E-fiel<~ i ditferent tissues of the adult and
child passengers

4.3. Comparison of SAR in the adult and child pessenycrs

When the human body absorbs electrornanetic-waves, the electromagnetic energy is
converted into thermal energy within tissues;” wiich is known as the thermal effect of
electromagnetic fields. This thermal effect may :interfere with the normal functioning of cells,
tissues, and organs. Based on the IENI2P quidelines, the exposure limits for the general public
indicate that the whole-body averaga. SAR must not exceed 0.08 W/kg over a 30-minute
exposure period. For localized SAiY10g limits, the limbs are subject to a threshold of 4 W/kg,
while more stringent standarde ot 2'W/kg are applied to critical regions, such as the head and
torso [8]. In this study, Ti.» calculated whole-body average SAR for a child passenger exposed to
the electromagnetic field ge: =iated by a positioning antenna over 30 minutes is 5.4 x 107 W/kg,
while that for an adult passenger is 6.5 x 1075 W/kg. Both average SAR values are well below
the exposure limits specified by the ICNIRP guidelines [8].

Figures 10(a) and 10(b) are the SAR10q distributions in the adult and child torsos, respectively.
The maximum SAR1oq Values for the adult and child torsos are 7.3 x 10™ and 8.4 x 102 W/kg,
respectively, both remaining below the public exposure limits defined by the ICNIRP guidelines
[8]. The SAR1gq values in both torsos appear relatively uniform, with a higher SAR1qq in the child
compared to that in the adult. Figures 10(c) and 10(d) present the SAR1oq in different internal
organs of the adult and child passengers, respectively. The maximum SARio values in the
different organs of the adult and child passengers are 8.0 x 107 and 1.4 x 1072 W/kg, respectively.
As the distance of the child passenger from the antenna is closer and their dielectric parameters
are greater than those of the adult, the SAR10q is higher for children. However, the maximum
SAR1qq in the different organs of adult and child passengers is in both the lung and liver.
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Fig. 10. The SAR10q distributions in passengers: adult’s body(a); child’s body (b); different organs of the
adult (c); different organs of the child (d)

Figures 11(a) and 11(b) present the SAR1qq in the skulls of the adult and child passengers,
respectively. The maximum SARioq value in the adult’s skull is 2.2 x 107 W/kg, with the higher
SAR1gq localized bilaterally in the skull region. In contrast, the maximum SAR1o Value in the
child’s skull is 1.1 x 1072 W/kg, with the higher SAR1qq4 values concentrated in the frontal skull
region. Figures 11(c) and 11(d) present the SAR1qy distributions in brain tissues of adult and
child passengers, respectively. The maximum SAR1qq values in brain tissues in adult and child
passengers are 1.5 x 10#W/kg and 7.4 x 10 W/kg, respectively. Due to the protective effect of
the skull, the SAR1qq in brain tissue remains lower than that in the skulls of both adults and
children. This difference can be attributed to the child’s closer proximity to the antenna and
higher dielectric parameters, resulting in greater SAR104 Values compared to the adult. However,
the SAR1oq Values for both passengers do not exceed the limits defined by the ICNIRP guidelines [8].
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Figure 12 shows the maximum SARiqq Values in major organs and tissues of the adult and
child passengers.
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Fig. 12. Comparative of the maximum SARuoq Values in different ussupes of the adult and child
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For different internal organs, the maximum SAR1qq Values ior both are localized in the lung,
while the minimum values are in the kidney. These/Tindi.ys can be attributed to the dielectric
parameters of the organs and their relative spatial poritions. Overall, due to the child’s higher
dielectric parameters, the SAR1qq values in difierenyorgans are significantly greater than those
in the adult. However, the SAR1oq Values in meior organs and tissues for the adult and child
passengers remained below the expasur= limits defined by the ICNIRP guidelines [8].

4.4. Comparison of temperature iise in the adult and child passengers

When exposed to RF-EMF;, tri> human body absorbs electromagnetic wave energy, which,
when accumulated, may ‘eaato,liicreased body temperature. To ensure that the temperature rise
remains within safe limits, the ICNIRP has established a 1.0 degC increase in human tissue
temperature as the threshold for potential adverse health effects [8]. In this study, the initial body
temperature is 36.5°C. Then, the temperature rise under radiation from the positioning antenna
is calculated for both adult and child passengers.

Figures 13(a) and 13(b) show the temperature rises in the torsos of the adult and child
passengers, respectively. The maximum temperature rises are 0.46°C and 0.47°C for the adult
and child passengers, respectively, with a difference of only 0.01°C. Both values are well below
the public exposure limit defined by the ICNIRP guidelines [8]. The temperature rise in the torso
is relatively uniform in both, with little difference in the degree of temperature rise. Figures 13(c)
and 13(d) show the temperature rises in the different organs of the adult and child passengers,
respectively. The maximum temperature rise in the adult organs is 0.56°C, while that in the
child’s organs is 0.55°C. The maximum temperature rise in the child’s organs is 0.01°C lower
than that in the adults. Both passengers experienced a significant increase in lung temperature,
which is likely due to their significantly lower density compared to other organs.
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Fig. 13. The temperature rises in passengers: adult’s body (a); child’s body (b); different organs of
the adult (c); different organs of the child (d)

Figures 14(a) and 14(b) show the temperature rises in the skulls of the adult and child
passengers, respectively. The maximum temperature rises in the skulls of the adult and child
passengers are 0.39°C and 0.38°C, respectively, with a difference of only 0.01°C. Both values
are well below the public exposure limit defined in the ICNIRP guidelines [8]. Figures 14(c) and
14(d) show the temperature rises in the brain tissues of the adult and child passengers,
respectively. The maximum temperature rises in the brain tissues of the adult and child
passengers are almost 0.26°C. Due to the protective effect of the skull, the temperature rise in
the skull is greater than that in the brain tissues.
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Additionally, to further compare the temperature rises in different organs and tissues under
the radiation of a 1.575 GHz positioning antenna, the temperature rises in different organs and
tissues of the adult and child passengers over 90-minutes are calculated. Figure 15(a) shows the
temperature rises in different tissues of the adult. In the head, the temperature rise in the skull
gradually increased over 90 minutes, reaching a maximum of 37.04°C. The cerebellum and white
matter show a rapid temperature rise within the first 0-10 minutes, after which the rate of
increase slows down. The trends are almost similar, and after 90 minutes, the temperature rises
in the white and grey matter are the smallest. The temperature rise in the lungs is significantly
higher than that in other organs and tissues, with a maximum increase of 0.72°C. The temperature
rise in other organs is relatively gentle within 90 minutes, with the temperature increase ranging
from 0.3°C to 0.5°C. Figure 15(b) presents the temperature rises in different organs of the child
passenger. The temperature rises in the child’s organs and tissues are similar to those in the adult,
with the maximum temperature rise in the organs close to that in the adult. In the head, the skull’s
temperature rise reached a maximum of 37.02°C. The temperature increase in the lungs is the
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greatest amongst all organs, with the maximum temperature increase of 0.68°C, while the
temperature increases in other organs range from 0.3°C to 0.5°C. Overall, the temperature rise
is faster in the initial stage of radiation exposure and then gradually stabilizes. However, the
temperature increases in different tissues and organs of the adult and child passengers do not
exceed the 1.0°C limit defined by the ICNIRP [8].
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Fig. 15. Comparison of temperature rises in different organs and tissues over 90-minute: different
organs and tissues of the adult (a); different organs and tissues of the child (b)

5. Conclusion
With the rapid development of EV-DS technologies, the potential impact of electromagnetic

radiation from positioning antennas, as a key component of driverless systems, has attracted
widespread attention. Due to differences in the physiological structure and the dielectric
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properties of tissues, adults and children show varying responses to electromagnetic radiation
exposure. This study aims to investigate the electromagnetic exposure levels of positioning
antennas in EV-DSs for adult and child passengers and analyze their potential health impacts.

The calculation results reveal that the maximum E-field generated by the 1.575 GHz
positioning antenna in the EV body is 93.3 V/m. As the distance from the positioning antenna
increases, the induced E-field gradually decreases. The maximum induced E-field in the child’s
body is 23 VV/m, which is approximately 8 times higher than that in the adult’s body (3.0 VV/m).
The maximum induced E-field in the child’s head (6.6 VV/m) is also higher than that in the adult,
approximately 6 times the adult’s maximum induced E-field (1.1 VV/m). Due to the protective
effect of the skull, the induced E-field in the brain tissue is relatively lower. Amongst the
different organs of the body, the induced E-field in the lungs is the highest, while that in the liver
is slightly lower than that of the lungs. The lowest induced E-field is in the kidneys.

The distribution of the SAR104 Shows a similar trend, with the raavimum SAR1qg in a child’s
body (8.4 x 10"2W/kg) being approximately 100 times high¢r than-that in an adult’s body
(7.3 x 107*WI/kg). Furthermore, the maximum SAR1og in A child’s head (1.1 x 1072W/kg) is
about 50 times greater than that in an adult’s head (2.2 x 4u™ %" kg). Amongst all the organs, the
SAR1gq in the lungs is the largest, followed by the skut!; (aasninimum SAR1qq is in the kidneys.
The whole-body average SAR values are 5.4 1)2W/kg for child passengers and
6.5 x 10~ W/kg for adult passengers, respectivaly. The SAR values for both passengers do not
exceed the limits defined by the ICNIRP guidelines. After 30 minutes radiation of the position
antenna, the maximum body temperature increases are 0.55°C and 0.56°C in the child and adult
passengers, respectively. The highcest terperature rise is in the lungs. Furthermore, the
temperature increases in differen: orgesis ure similar, with relatively small differences. All
increases are below the 1.0°C it aufined by the ICNIRP.

The results indicate<that'thei=7are distinct differences in exposure levels for passengers of
different ages and position..when exposed to radiation from the EVs’ positioning antenna. The
induced E-field and SAR in'children’s bodies are higher than those in adults. This discrepancy
arises primarily from the combined effects of body size and tissue dielectric parameters rather
than a single factor. In particular, the higher tissue water content in children raises the dielectric
parameters of their tissues, which enhances electromagnetic absorption, leading to higher
exposure levels under the same exposure scenario. Furthermore, for the same passenger, the
electromagnetic exposure levels of different tissues also vary due to differences in dielectric
parameters and spatial positions.

Therefore, to ensure the safety of passengers, especially child passengers who are more
sensitive to electromagnetic radiation, the issue of electromagnetic exposure for occupants
should be especially considered during the design and deployment of driverless systems. By
adopting the effective protective method, the potential impacts of electromagnetic radiation from
positioning antennas on passengers can also be minimized. The findings of this study not only
supplement current research on the electromagnetic environment in driverless vehicles but also
provide a reference point for the public to understand the electromagnetic environments of EVs.
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