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Why we need to perform numerical dosimetry?
Because we have many standards and guidelines.
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Reference levels

Basic restrictions: internal (induced)
quantities directly related to stimulation.
Basic restrictions are not measurable.

Reference Levels: external quantities that
induce internal quantities. Reference Levels

are mesurable.
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Exposure assessment strategy: two-step approach

1 assess the B-field against action levels
2 assess the E-field against exposure limit values
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How we can perform numerical dosimetry?

∇× H⃗ = J⃗ + J⃗S (1)

∇ · B⃗ = 0 (2)

∇× E⃗ = −∂B⃗

∂t
(3)

∇ · J⃗ = 0 (4)

J⃗ = σE⃗ (5)

B⃗ = µH⃗ (6)
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How we can perform numerical dosimetry?

∇×
(
∇× A⃗

)
+ σ

(
∇φ+

∂A⃗

∂t

)
= J⃗S (7)

∇ ·

[
σ

(
∇φ+

∂A⃗

∂t

)]
= 0 (8)
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Tissue properties database

direct link
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Sigma vs frequency
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Influence of the conductivity

f = 100 kHz

B homogeneous,
27 µT in z direction

σ: variable from
0.2 S/m to
200000 S/m
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Influence of the conductivity

(a)
0.2 (S/m)

(b)
200 (S/m)

(c)
200000 (S/m)
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Influence of the conductivity

line 1: z direction

line 2: radial
direction

Contact: L. Giaccone (luca.giaccone@polito.it) 12

mailto:luca.giaccone@polito.it


Influence of the conductivity
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Influence of the conductivity

Contact: L. Giaccone (luca.giaccone@polito.it) 14

mailto:luca.giaccone@polito.it


Scalar Potential Finite Difference

Under the hypothesis of unperturbed external field, the only unknown becomes
the electric scalar potential φ.

it can be computed using the equation:

∇ · (σ∇φ) = −∇ ·
(
σ
∂A

∂t

)
(9)

once φ is computed, internal electric field and/or current density are computed as:

E = −∇φ− ∂A

∂t
(10)

J = σE (11)
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Scalar Potential Finite Difference

First step: simulation of the source without the
human model

Second step: dosimetric
problem considering only
the human model
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Human body models
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Human body models
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How about the number of unknown?

∇ · (σ∇φ) = −∇ ·
(
σ
∂A

∂t

)
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How about the number of unknown?

∇ · (σ∇φ) = −∇ ·
(
σ
∂A

∂t

)
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How about the number of unknown?

∇ · (σ∇φ) = −∇ ·
(
σ
∂A

∂t

)

Contact: L. Giaccone (luca.giaccone@polito.it) 21

70M

5mm
2mm

1mm

mailto:luca.giaccone@polito.it


How do we compute the right hand side?

∇ · (σ∇φ) = −∇ ·
(
σ
∂A

∂t

)
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How do we compute the right hand side?

Example 1: WPT system made of two coils
(transmitter and receiver)

the problem is linear

superposition can be exploited

considering the example of two coils,
the magnetic vector potential is
computed separately for each coil

the best way to simulate this kind of
source it an integral technique that
does not need to discretize the air
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How do we compute the right hand side?

Example 2: WPT system made of two coils
+ Aluminum + Ferrite.

the problem is still linear

superposition can be still exploited

we need to add the contribution of the
metallic material (Aluminum +
Ferrite).

sometimes the best formulation to
solve this problem does not provide
the magnetic vector potential
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How do we compute the right hand side?

Example 3: WPT system made of two coils
+ Aluminum + Ferrite + car body.

the problem is still linear

superposition can be still exploited

we need to add the contribution of the
cab body.

again, sometimes the best formulation
to solve this problem does not provide
the magnetic vector potential
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How do we compute the right hand side?

It is wort nothing that the computation of the magnetic flux density is alway possible
with all formulations and software.
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Is it possible to compute A⃗ from B⃗?

[1] Laakso, I., De Santis, V., Cruciani, S., Campi, T. and Feliziani, M. (2017)
Modelling of induced electric fields based on incompletely known magnetic fields.
Physics in Medicine and Biology, 62 (16).

[2] Freschi, F., Giaccone, L., Cirimele, V., and Canova, A. (2018). Numerical
assessment of low-frequency dosimetry from sampled magnetic fields. Physics in
Medicine and Biology, 63(1).

[3] Conchin Gubernati, A., Freschi, F., Giaccone, L., Campi, T., De Santis, V., and
Laakso, I. (2019). Comparison of numerical techniques for the evaluation of human
exposure from measurement data. IEEE Transactions on Magnetics, 55(6).
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Is it possible to compute A⃗ from B⃗?
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Method 1 vs Method 2
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Method 1 vs Method 2
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Case study: dynamic WPT system
Charge while driving

frequency 85 kHz

(max) power 7.7 kW

50 transmitters:

1.5 m length, 0.5 m wide,
0.5 m gap
26 A
10 number of turns

1 receiver

based on standard SAE
J2954
rear position
13 A
10 turns
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Simplifying conditions

1 dynamic effects due to the motion of the vehicle are negligible1

2 exposure is pulsed but can be considered as steady state

1Di Capua, et. al ”Analysis of dynamic wireless power transfer systems based on behavioral
modeling of mutual inductance”, (2021) Sustainability, 13 (5), art. no. 2556, pp. 1-15, DOI:
10.3390/su13052556
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Simplifying conditions

1 dynamic effects due to the motion of the vehicle are negligible1

2 exposure is pulsed but can be considered as steady state

It is possible to study a Dynamic-WPT with all methods suitable for a stationary
WPT.

Due to the motion of the vehicle the worst case conditions have to be defined.

1Di Capua, et. al ”Analysis of dynamic wireless power transfer systems based on behavioral
modeling of mutual inductance”, (2021) Sustainability, 13 (5), art. no. 2556, pp. 1-15, DOI:
10.3390/su13052556
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Magnetic flux density vs motion
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Magnetic flux density vs motion
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Case study

Contact: L. Giaccone (luca.giaccone@polito.it) 34

mailto:luca.giaccone@polito.it


Induced electric field

Max exposure in FAT-tissue
about 1 V/m, well below the the basic restriction of 11.5 V/m

(ICNIRP guidelines 2010)
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Induced current density

Max exposure in FAT-tissue
about 169 mA/m2, very close to 170 mA/m2

(ICNIRP guidelines 1998)
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