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Abstract— This paper presents the dosimetric evaluation of
the infant’s exposure to electromagnetic fields from an electronic
article surveillance system working at 125 kHz. A recently
developed realistic infant anatomical model is deformed to
achieve the standing, sitting and the supine postures. We
perform the quasi-static calculation for the 99™ percentile
induced electric field, the peak specific absorption rate averaging
over 10 g tissue and the maximum induced current density. A
comparison has been made with the adult. The results show that
the postures and the effective exposed part are very important
factors for the dose results. The infant is not always overexposed
compared with the adult. The magnetic field acquired by two
methods can not be used for guidelines compliance evaluation.
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I. INTRODUCTION

Realistic human anatomical models are widely used in the
numerical evaluation of the exposure to electromagnetic fields
(EMF). Classified by the individual age representation, the
majority of the available models are for the adults [1-8] and for
the children [8-10]. Infants (from several weeks to 2-year-old)
can experience rapid anatomical and physical growth. But the
realistic infant models are rarely reported. Down-scale the
adult or the child models [11-12] to obtain an infant model can
not represent their special characteristics [14].

Besides, the characteristics of the infants have produced
many special exposure scenarios. For example, the infant can
sit or sleep in the crib when passing the electronic article
surveillance (EAS) system. These particular features are not
observed in the adults or the bigger children. Hence, the
dosimetric variability due to these typical postures should be
evaluated.

Most of the available studies for the minors’ exposure to
the EAS systems focus on the frequencies of 13.56 MHz [15-
17] or UHF [18]. EAS systems operating at 125 kHz are
frequently used for anti-theft purposes. For the frequency band
from 100 kHz to 10 MHz, the ICNIRP guidelines [19-20]
prescribes three basic restrictions as the induced current
density inside the body (J), the specific absorption rate (SAR)
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and the spatial averaging 99" percentile value of the internal
electric field (Egyy ). The reference levels are E field strength

(E), magnetic field strength (H) and magnetic flux density (B).
But the compliance procedure for the non-uniform exposure
has not yet been decided. It is essential to discuss the
compliance of the evaluation.

In this paper, we assess numerically the dosimetric results
of the infants’ exposure to the EMF generating from the EAS
systems. The studied frequency is 125 kHz. A realistic infant
model is reconstructed by magnetic resonance scan [21]. We
deform the models to achieve a sitting posture. The standing
and the supine postures are considered as well. A realistic
exposure source is modeled. The induced electric field
distribution in the infant body is calculated by quasi-static
approximation. The dosimetric comparison has been made
with the Chinese adult male model (CM) [6]. The results show
that the postures and the effective exposed part are influential
to the results. The H field acquired by two popular methods
can not be used for guidelines compliance evaluation.

II. POSTURED REALISTIC INFANT ANATOMICAL MODEL

A. Infant Anatomical Model

A male one-year-old whole body infant model is created
based on the magnetic resonance scan. The model has 28
different tissues with spatial resolution of 1x1x1 mm’. Figure 1
displays the reconstructed infant model.

Fig. 1. Slice view of the infant model
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B.  Morphing Method

The infants have three typical postures, standing (walking),
supine and sitting (in the baby carriage), when passing through
the EAS system. It is in significant contrast to the adults who
have normally only one posture (walking or standing) when
passing the EAS gate. Therefore, it is necessary to assess the
dosimetric difference by various postures.

The sitting posture is deformed with the method described
in Ref.12 and Ref.13. We previously compared the dosimetric
variability for the standing and the supine posture (considering
the displacement of the internal organs and the change of the
physical profile) [23]. The result of Ref.24 shows that the
displacement of the organs and the variation of the profiles due
to the standing and the supine postures have insignificant
effect on the internal field distribution. So, we just rotate the
orientation of the model to emulate the supine posture. The
three postured infant models are shown in Figure 2.

Standing

Sitting Supine

Fig. 2. Postured infant model

III. EXPOSURE SCENARIOS

The schema of the EAS system is obtained from Ref.15.
The CAD model is shown in Figure 3. The current loop in the
centre of the antenna enhances the magnetic field in this area,
which can be seen in the same figure.

0 dB
0

-20

-30

-0
50

Fig. 3. Schema of the EAS antenna and the simulated magnetic field
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For the supine and the sitting posture, the head of the infant
is aligned to the centre loop part of the EAS antenna. For the
standing posture, the feet of the infant are contacting the
ground. Figure 4 shows these exposure scenarios.

The CM model with standing posture [23] is utilized in the
simulation for comparison.

20 cm is kept between the antenna and the models’ right
armpit (both the infant and the adult model).
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Fig. 4. Simulated exposure scenarios for the postured infant models

IV. NUMERICAL METHODS

The exposure at 125 KHz can be analyzed by quasi-static
approximation [25]. Scalar potential finite element (SPFE) is
applied to calculate the induced E field in the infant’s body.
The cubic element is 2 x 2 x 2 mm’.

The solvers are implemented by SEMCAD X14.8
(http://www.speag.com/products/semcad). The calculated
induced electric fields are vectorially averaged in a contiguous

tissue volume of 2 x 2 x 2 mm’ to achieve the E99 . The SAR
averaging over tissues’ mass of 10 g (S AR, ) and the

maximum J are computed as well.

To discuss the compliance evaluation for this highly non-
uniform exposure case, we, (1) calculate the H according to
EN 50357-2001 [26] and (2) average the H over the entire
volume occupied by the human body as prescribed by ICNIRP
guidelines 2010. Specifically, EN 50357-2001 wuses the
measurement grids for an adult of 1.75 m in height.
Considering the physical differences of the infant, we also
tailor the grid configuration surrounding the infant, as shown
in Figure 5 and Table I.
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Fig. 5. The grid configurations for the H field strength

TABLE L GRID CONFIGURATIONS

a/b/c X 7

Adult grid 15 20 85
Infant grid 8.35 20 | 24.80

Height | Depth

120-160 | 40-80
120-160 | 40-80
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V. RESULTS

C. Spatial average H field strength

The H field values for the various kinds of the grid
configurations are list in Table II. The driven currents of 4 A
and 40 A are simulated in the study (both are RMS values).

TABLE IL H VALUES FROM DIFFERENT METHODS
EN Infant Whole body average
50357 | grids CM Infant
(adult Standing | Standing | Sitting | Supine
grids)
Avera
R%\?IS 1.61/ 1.72/ 0.14/ 0.03/ 0.04/ 0.02/
H| 16.08 17.20 1.43 0.33 0.38 0.21
(A/m)
Maxi
RMS | 35V | 252 5.83/ 322/ 355/ | 4.55/
H| 35.08 25.22 58.25 32.23 35.53 45.52
(A/m)

The format of the data is: (4 A current / 40 A current)

D. Dosimetric results for the postured infant models and
the CM model

The peak SAR,,, , the E,, and the maximum J for the CM

and the infant model with three postures are shown in Table
111, Table IV, Figure 6 and Figure 7. We provide the results by
driven currents of 4 A and 40 A (RMS values).

TABLE IIL pEAK SAR |, ¢ RESULTS

Infant CM
Standing Sitting Supine Standing
peak 4A 1.67e-6 2.28e-6 1.79¢-6 8.82e-6
SAR,,,
40 A 1.66e-4 2.28e-4 1.79e-4 8.82e-4
(Wikg)
TABLEIV.  E, RESULTS
Infant CM
Standing Sitting Supine | standing
E,, (CNS) 4A 0.061 0.075 0.073 0.056
V/m 40 A 0.61 0.75 0.75 0.56
4A 0.11 0.14 0.13 0.20
E,, (Whol
o (Whole 1 g 112 138 | 129 | 200
body) V/m

— Standing CM
-=-Standing Infant
----- Supine Infant
--= Sitting Infant

=

/A

Max J_, (A/m?)
o
8
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Fig. 6. Maximum J for the CM and the infant models with three postures (4
A RMS)
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Fig. 7. Maximum J for the CM and the infant models with three postures (40
ARMS)

VI. DISCUSSIONS

A. Inter-posture analysis for the infant model

The studied three postures of the infant model can
substantially vary the dosimetric results. For the standing
postures, the head of the infant is below the centre loop (where
the H field is enhanced), whist the head of the supine and the
sitting postures are aligned to the centre loop. Hence, the
resulting peak SAR, , Ey, and max. J are lower for the latter

two postures. It reveals that the variation is mainly due to the
highly non-uniform field and the effective exposed body part.

B. Dosimetric comparison for the standing postures
When we compare the dosimetric results for the standing
CM and the infant model, inconsistency is observed. That is,
the peak SAR,,, for the adult is 5 time higher than that of the

infant, while the E,, is very similar for the two cases. To

investigate the reason, we calculate the 100™ percentile E value
(peak) in the cube of 2 x 2 x 2 mm’. The ratio of peak E
between the standing adult and the infant is about 7 times
which is consistent with the ratio of the peak SAR ;. So, we

believe that the reason for the inconsistency is that peak
SAR,,, is a much strict metric thanE,, . It is reported that the

100" percentile E value contains the staircasing error. Further
analysis will be conduct to reduce this error [28].

The results also show that the dose in the infant is not
necessarily higher than that in the adult. The result is also
consistent with the previous report on 10 MHz [29].

C. Discussion on the compliance evaluation

We augment the driven current for 10 times, the H field
values acquired by the two approaches (mean value over the
grids and the mean value in the volume occupied by the body)
increased for 10 times. The peak SAR,,, increases 100 times.

E,, and the max. J are raised for 10 times. It demonstrates that
for the fixed model, there exists a good linear correlation for
the external field and the internal dose.

However, higher H field values (by the two approaches) do
not introduce higher internal dose for different models. Further
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work needs to be done for evaluating the guidelines
compliance in this kind of non-uniform exposure scenario.

VII. CONCLUSION

We numerically evaluate the exposure to the EAS system
(125 kHz) with a realistic infant model and an adult model.
The typical postures of the infant can influence significantly
the internal dose. The adult is not necessarily underexposed
compared with the infant. It reveals that the exposure to this
kind of non-uniform EMF is so complicated that the posture,
the realistic source and the effective exposed part should be
taken into consideration. H field results obtained by two
different approaches can not be associated with the peak
SAR,,, , Ey and the max. J. The guidelines compliance

procedure for this kind of system need to be studied.
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