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0900 – 1100 h
Wednesday, 19 January 2022
Internet Meeting
1. Call to Order
Chairman called the meeting to order at 0900h.
2. Introduction of those Present
Each of the attendees introduced her/himself. (See Attachment 1 for the list of attendees.)
3. Approval of Agenda
Following a motion by Chou that was seconded by Ziskin, the agenda was approved as presented (see
Attachment 2).
4. Approval of the Minutes (June 2021 Meeting)
Following a motion by Chou, the minutes of the 22 June 2021 meeting have been approved (see
Attachment 3).
5. Call for Patents
Call for patents is announced.
6. Chairman’s Report
Hirata began the Chairman’s report mentioning that new working groups will be discussed in item 9.
7. Working Group Reports
WG4: Exploring the Electrostimulation Threshold in Brain (See Attachment 4)
Gomez, co-chair of WG4, reported on the axonal thresholds for CNS and comparison with DRLs in the
intermediate frequency range. He reported on the extended comparison, including several membrane
models, head models, and boundary conditions approximating different nerve conditions. The results
agree with the limits of IEEE standard and ICNIRP guidelines. Reilly commented that the subthreshold
effects can reinforce synaptic connections not requiring axonal stimulation and that such long-term effect
mechanism has not been considered in the standard. Gomez and Thomas commented that this WG only
has considered suprathreshold effects but is important in the next works. Legros agreed on this
mechanism and its relationship with synchronization.
WG5: Definition of Incident Power Density
Walid El Hajj, the chair of WG5, talked about the IEEE guide published in December 2021 based on the
results and conclusions of the work of WG5 regarding the definition of the incident power density. As the
main conclusion, two definitions of incident power density correlate well with surface temperature rise
from 6 GHz to 300 GHz. Walid finalizes the report by thanking all collaborators for completing the
activities of WG5. Chou congratulated SC6 (and WG5) as its first IEEE SA publication. In addition,
Walid mentioned that two research journal publications have been published.
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8. Technical Presentations
Standardized method for conformity assessment with low frequency EMF safety guidelines (See
Attachments 5)
Yamazaki presented on standardized methods developed by International Electrotehcnical Commission
(IEC) for conformity assessment with low-frequency EMF guidelines. IEC TC 106 was established in
1999 based on the needs of the industry to have a unified evaluation and developed product (e.g., power
lines etc.) and basic standards (e.g., method of electric/magnetic field measurement). In addition, he
mentioned the gap between researchers and industry where simple methods and practical exposure
(“nonuniform”) needs consideration. For this reason, coupling factors have been introduced to adjust
exposure in practical exposures easily. Tell commented on the practical issue of localized exposure (for
instance, only the hand area) and how to evaluate it. Yamazaki mentioned that currently, the only proper
method is the internal physical quantity but not easy for industry. Reilly reminded that standard recognizes
the problem of local exposure. Tell and Legros discussed experimental measurements for localized
exposure to address this point.
9. New Business
New WG6
Li/Kodera/Poljak (Attachment 6)
Li introduced a proposal for a new WG with a presentation titled “Average Schemes and Assessment
Methods of Absorbed Power Density”. He described that epithelial or absorbed power density had been
discussed in planar models, and the scope of this WG is to investigate aspects of epithelial or absorbed
power density in non-planar models. Intercomparison of planar, cylinder, spherical, realistic surfaces will
be considered under different scenarios (frequency, antenna type/size, distance, etc.). Hirata commented
on the remaining issues of WG5 are considered here. Chou commented on the background of terminology
and the importance of keeping its consistency.
New WG7
Diao/Sasaki/Rashed (Attachment 7)
Diao introduced a proposal for new WG with a presentation titled “Novel human model modelling for
low-frequency dosimetry”. It is pointed out the importance of correct modelling of skin, muscle, and CNS
tissues in dosimetry. For instance, assigning a single conductivity value to each tissue may produce abrupt
changes between tissues that may not be realistic and produce stair-casing problems in numerical
modelling. Deep learning technique permitted the development of volume conductor without this problem.
Other issue is that anisotropy can affect the intensity and distribution of the electric field. Hirata
mentioned the importance of addressing these issues as recognized on the Research Agenda. Reilly
commented that IEEE standard specifies that dosimetry values calculated on the skin are ignored as no
presence of fibers on most superficial parts of the skin. Bailey commented that the described methods had
been applied to thin membranes surrounding the brain. However, this is limited by the quality of the
imaging data and impractical for memory computation, as commented by Rashed and Hirata. The effect
of anisotropy effects in high frequency is discussed by Ric and Reilly.

10. Time and Place of Next Meeting
The next SC6 meeting to be decided.
11. Adjourn
There was no further business, the meeting was adjourned at 11:02 h.
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IEEE/ICES TC95
Working Group 4
Exploring the electrostimulation
threshold in brain
Co-chairs:
Wout Joseph (Ghent Univ., Belgium)
Jose Gomez-Tames (NITech, Japan)
Secretary
Emmeric Tanghe (Ghent Univ., Belgium)
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WG4: Thresholds in CNS
WG4 created in September 17th, 2017.
(SC6 EMF Dosimetry Modeling)
Co-Chair: Wout Joseph (Ghent Univ., Belgium)
Co-Chair: Jose Gomez-Tames (NITech, Japan)
Secretary: Emmeric Tanghe (Ghent Univ., Belgium)

SCOPE: Assessment of brain stimulation threshold by
combined modelling of electromagnetics and CNS neuron
models in LF (“axonal potential generation thresholds”).

ICES 2021
Internet Meeting
Jan. 19 2022
Slide 2

IEEE ICES
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WG4: Thresholds in CNS
Consistency of the excitation neurons for
different scenarios.
Two Steps:

Induction Model
↓
Electrostimulation model (ES)

◼Consistency of the E-field computation
◼Consistency of the neuron models
◼Comparison of different neuronal models
(uniform/non uniform)
◼Inter-subject variability
ICES 2021
Internet Meeting
Jan. 19 2022
Slide 3

IEEE ICES

1. CNS thresholds:
Membrane Models Comparison

Attachment 4

◼

◼
◼

◼
◼
◼

5 considered “classical” models of the active membrane
Combined with the SENN-model (†)
Magnetic exposure (figure-8 coil) and uniform exposure
Intermediate frequency: 300 Hz to 100 KHz.
Boundary Conditions: Clamped and Sealed
3 head models (S1, S2, S3) with embedded axons
Table. LIST OF MEMBRANE NEURAL MODELS

ICES 2021
Internet Meeting
Jan. 19 2022
Slide 4

IEEE ICES
※Tarnaud T., et al. Medical & biological engineering & computing (2018)
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2. CNS thresholds: clamped terminals
◼
◼

7358 (S1), 10112 (S2),13077 (S3) cortical pyramidal axons
Uniform planar wave exposure (A-P direction)
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2. CNS thresholds: sealed terminals
◼
◼

7358 (S1), 10112 (S2),13077 (S3) cortical pyramidal axons
Uniform planar wave exposure (A-P direction)

ICES 2021
Internet Meeting
Jan. 19 2022
Slide 6
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2. CNS thresholds:
Membrane Models Comparison
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◼

Relative conservativeness of membrane channel models
is dependent on frequency and boundary conditions
→ For the average axon, SE presents higher thresholds
→ FH, HH and CRRSS presents smaller thresholds for
middle (10 kHz) and higher end (100 kHz) frequencies
→ For lower end frequencies (300 Hz − 1 kHz) the most strict
thresholds conditions was for HH or FH (sealed terminals) or
FH (voltage clamped)
→ Threshold variation was independent of the used head
model

ICES 2021
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Jan. 19 2022
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2. CNS thresholds:
Conservativeness (DRL and ERL)
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◼
◼
◼
◼

All axons are conservative w.r.t. ICES general public
reference levels
ICES restricted environment reference levels: all axons
conservative for 300 Hz – 10 kHz
0.3% of CRRSS axons have thresholds below restricted
environment level at 100 kHz (voltage clamped terminals)
More non-compliant axons w.r.t. restricted environment
levels at 100 kHz for clamped terminals:

ICES 2021
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HH

FH

CRRSS

SE

SRB

Total

S1

0%

0%

0%

0%

0%

7358

S2

0%

0%

0.3%

0%

0%

10112

S3

0%

0%

0%

0%

0%

13077

IEEE ICES

3. CNS thresholds:
Head Models Comparison
◼
◼

◼
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Comparison of excitation thresholds between head models
Sealed versus clamped terminals
Mean and minimum of the excitation threshold distribution
Voltage clamped terminals

ICES 2021
Internet Meeting
Jan. 19 2022
Slide 9

Sealed terminals

IEEE ICES
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SRB

SE CRRSS

FH

HH

Axon excitation thresholds
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3. CNS thresholds:
Membrane Models Comparison
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◼
◼

◼

Cortical axonal thresholds variation with frequency is
consistent between head models
Conservativeness is confirmed in (i) different head
models, (ii) five membrane models, (iii) large number of
embedded thick fibers, (iv) terminal conditions.
Especially for higher frequencies, the excitation
threshold is strongly dependent on the exact definition of
neuronal excitation:
→ Are fast membrane voltage oscillations counted as APs?
→ How is simultaneous excitation of subsequent nodes of
Ranvier, without AP-propagation, handled in the code?
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Summary
◼

Extended intercomparison
- Whole hand motor area
- Different nerve models
- Different head models
- Boundary conditions

◼

Future work
- In progress: higher frequencies (100 kHz − 10 MHz)
- Morphologically realistic neuron models
- Anisotropy effects (electric field computation)
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Internet Meeting
Jan. 19 2022
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WG4: Thresholds in CNS

Thanks to collaborators and advisors
Akimasa Hirata, NITech, Japan
Ilkka Laakso, Aalto University, Finland
Antonino Mario Cassara, IT’IS Foundation, Switzerland
Thomas Tarnaud, Ghent University, Belgium
Alex Kent, Abbott, USA.
Peter Leung, City University, China
Y. L Diao, South China Agricultural University, China
E. Rashed, Nagoya Institute of Technology

Members of ICES
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1. CNS thresholds:
Boundary conditions
◼

◼
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Sealed terminals: end-mode stimulation at axon terminals
Voltage clamp: axon terminals at rest potential
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HH

FH

CRRSS

SE

SRB

Total

S1

0%

0%

12%

0%

0%

7358

S2

0%

5%

18%

0%

0%

10112

S3

0%

0%

4%

0%

0%

13077

IEEE ICES

Attachment 5

Standardized methods for
conformity assessment with low
frequency EMF safety guidelines
Kenichi Yamazaki
Central Research Institute of Electric Power Industry
Yokosuka, Japan
IEEE/ICES TC95 WG6: EMF Dosimetry Modeling
2022/01/19
Online
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Contents
Introduction
Parameters to be evaluated in low‐frequency
EMF safety guidelines
Outline and some considerations of
standardized methods developed by IEC for
conformity assessment with low‐frequency EMF
guidelines
Summary
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Introduction
 In the low‐frequency EMF safety guidelines, internal (in‐situ)
electric field caused by electric or magnetic field exposure are the
parameter to be evaluated for conformity assessment with the
guidelines. In addition, electric or magnetic fields generated by
several sources are also referenced in the guidelines for
convenient conformity assessments.
 In the industrial situation, it is desirable to properly and simply
conduct the conformity assessment for them to show EMF safety
of their products. To meet the needs, standardized methods to
evaluate these parameters have been developed in
standardization bodies such as IEC (International Elechtrotechnical
Commission).
 In this presentation, the outline of standardized methods are
introduced, and some “issues” raised in the standardization
process are discussed.
3

Parameters to be evaluated in low frequency EMF
safety guidelines

 International EMF Safety Guidelines for low‐frequencies (<100 kHz)
IEEE C95.1 EMF safety standard (2019)
ICNIRP guidelines for low frequencies (2010)
 Parameters to be evaluated for conformity assessment with
guidelines
Internal Electric Field ‐ “mandatory limit” but not easy to assess
‐ “Dosimetric Reference Limit (DRL)” (IEEE)
‐ “Basic Restriction” (ICNIRP)
Electric and Magnetic Fields ‐ derived from the mandatory limit
assuming “conservative” (uniform field) exposure, and easy to
assess (measurement/ calculation)
‐ “Exposure Reference Level (ERL)” (IEEE)
‐ “Reference Level” (ICNIRP)
4
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IEC TC106
 Title: IEC TC (Technical Committee) 106 “Methods for the assessment
of electric, magnetic and electromagnetic fields associated with
human exposure”
 Established in 1999, based on the needs in industries to have unified
evaluation method to show EMF conformity of their products
 Scope: To prepare international standards on measurement and
calculation methods to assess human exposure to electric, magnetic
and electromagnetic fields.
 Excluded: – the establishment of exposure limits*; mitigation; and
electrical safety (note: the contact current related to the indirect
effect of human exposure to EMF is included).
* Instead, the international EMF safety guidelines or national
regulations are referenced, and the standardized methods should
not be guideline/regulation specific.
5

IEC Low‐Frequency EMF standards
Product Standards
Power Lines
(IEC62110)

Household
Appliances
(IEC62233)

Automobile
(ongoing,
TS 62764-1)

WPT **
(ongoing,
TR 62905, PAS 63184)

Generic Standard*: Electronic and Electrical Equipment (IEC62311)**
* Applicable to products that have no dedicated standards
** Includes RF matters

Basic Standards
Method of Electric /Magnetic Field Measurement (IEC61786-1, -2)
Calculation Method of Internal Electric Field (IEC62226-1, -2-1, -3-1)
(Technical Report) Contact Current (TR 63167)

6
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Issues considered in standardization
 Simple and transparent method is strongly welcomed
‐ to reduce the cost for conducting conformity assessment
‐ electric /magnetic field (generated) >> internal electric field
 Should consider practical (nonuniform) exposure
‐ uniform exposure assumption is deemed too conservative
‐ needs to stipulate how to consider the nonuniformity
‐ use of “coupling factor” is a possible solution
 Should evaluate “maximum” exposure
‐ needs to stipulate “operation mode” of products
‐ needs to assume “operator’s position” considering “normal use”
* Sometimes these issues seem not scientific (There can be “gaps”
between ideal evaluation methods supposed in EMF safety guidelines
and that in industrial standards)
7

“Coupling Factor”
Coupling factor is introduced to easily adjust exposure in practical exposure
considering the decrease of the coupling (and other factors).
The value of coupling factor can vary depending on the definition, the
field source model, and the human body model.
Exposure Assessment (Measurement / Calculation)

Coupling Factor

(multiplied)

Adjusted Exposure

OR

Direct computation of internal
electric field (using anatomical
human models) (not standardized)

Different methods for assessing compliance with exposure limit (IEC 62226-1, modified)
8
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Coupling Factor K in IEC 62226‐2‐1 (Basic Standard)
IEC 62226-2-1: Basic standard for calculation of internal electric field
induced by magnetic field
Disk model
円断面(円板)モデル
(radius 100/200
mm,mm，導電率
0.2 S/m)
(半径100
mm, 200
0.2 S/m)
d
距離 d
Internal
field
誘導電流
単線電流路
single
line
current

Coupling Factor K considering
field nonuniformity is defined as:
𝐸

𝐾

_

𝐸

_
d
距離 d

Emax_uniform : maximum internal electric field for
uniform magnetic field (Bo) exposure
Emax_non-uniform : maximum internal electric field
for non-uniform magnetic field exposure (when
maximum field on the model Bmax = Bo)

e

往復電流路
double line
current

d
距離 d

Coupling factors for different types of
field sources are calculated for “disk”
human model

Loop
current
ループ電流
(radius R)
9

Coupling Factor K in IEC 62226‐2‐1 (Basic Standard)
1

For a disk model with R=100 mm radius

0.9

Coupling Factor K

0.8
0.7
0.6
0.5
0.4

Loop current (2.5 mm radius)

0.3

Double line current (5 mm separation)

0.2

Single line current

0.1
0
0

50

100

150

200

250

300

350

Distance between the source and the human disk (mm)
The value of the coupling factor K converges to unity in the distant (uniform)
area.
10
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Coupling Factor ac in IEC 62233 (Household Appliance)
Coupling Factor ac considering field nonuniformity,
the area of specific sensor (100 cm2), and a specific
human model (homogeneous rotational symmetric
human), defined as:
𝐵

𝑎

2

𝐸

1.5

_

Z (m)

𝐸limit
𝐵limit

Emax : the maximum internal electric field exposed to
magnetic field (whose maximum: Bmax_meas) measured
using 100 cm2 area sensor)
Elimit, Blimit : the guideline limit values of internal electric field
and magnetic field

1

0.5

Coupling factors for different radii of field sources (loop
current) are calculated using the human model

0
-0.2

0

0.2

R (m)

11

Coupling Factor ac in IEC 62233 (Household Appliance)
1.2
r_coil = 10 mm
r_coil = 20 mm
r_coil = 30 mm
r_coil = 50 mm
r_coil = 70 mm
r_coil = 100 mm

Coupling Factor ac

1

0.8

r_coil: 発生源コイルの半径
r_coil: Radius
of loop current
0.6

0.4

0.2

0

0

20

40

60

80

100

発生源コイルから磁界測定プローブ先端までの距離
(cm)of probe r (cm)
Distance
between loop current source and the tip

-

The value of the coupling factor ac converges to a certain value other than unity in the
distant (uniform) area.
The value can exceed unity in the close position to the coil due to the effect of large area of
the assumed field sensor.
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Product Standards
 To avoid the burden of evaluation of the internal quantities or the
arbitrary property of coupling factors, the “non‐uniformity” of the
field distribution is considered in other ways in some product
standards where position or “distance” for measurement of
magnetic field is stipulated

13

Power Lines （IEC62110:2009）
 Evaluation of electric / magnetic field only, avoided evaluation of
internal electric field
 Measurement at 1 m above ground for overhead power lines
 Averaged value of “three‐point measurement” (20 cm apart from
the edge of power equipment) for non‐uniform field exposure
Supposed position of
human body
150 cm
100 cm

Power
Equipment

50 cm
20 cm

Three points for
measurement to be
averaged

Attachment 5

Household Appliances (IEC 62233)
 Evaluation of magnetic field using large probe with area of 100 cm2
 Distance for measurement apart from the edge of appliances is stipulated for each
appliance considering operator’s position during normal use
o: Positions for measurement (scanned vertically and find
o
maximum)
30 cm
30 cm
o

o
30 cm

Heater on Heater off
(max power)
30 cm

o

front

Sensor of magnetic
field meter

Positions for measurement
(Example of induction heating hob)

Example of magnetic field
meter developed in
accordance with IEC 62233

IEC TS (Technical Specification) 62764‐1 (Automobiles)

A, D: feet
B, E: leg
C, F: trunk and head
G: arms and hands
on the steering wheel
H, I: only in stationary
and charging modes
Positions for measurement are determined where human body may occupy

Attachment 5

Direct computation of internal electric field using
anatomical human models (not standardized)
 There may be needs in industries for precise
calculation of internal electric field to enhance
reliability of their conformity assessment.
 Recent development of a human model capable of
deforming to arbitrary posture (Nagaoka et al, 2008 &
2009) enables to conduct compliance testing with
realistic postures such as live-working.
 However, it is far from standardization, due to its
complexity, the fact that it’s not easy to handle, not
transparent… (“gap” between research and
standardization activity)
T. Nagaoka and S. Watanabe, Phys. Med.
Biol, vol. 53, no. 24, pp. 7047–7061, Nov.
2008.
T. Nagaoka and S. Watanabe, Proc. IEEE,
vol. 97, no. 12, pp. 2015–2025, Dec. 2009.
T. Shiina, K. Yamazaki et al: ” IEEE Trans
EMC, 63, 6, 1812-1819, Dec. 2021
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Summary
 In this presentation, standardized methods and some issues to
evaluate the parameters related to EMF safety guidelines,
developed mainly by IEC TC106 are introduced.
 The presenter expresses many thanks to Prof. Akimasa Hirata.
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Novel human body modelling
for low frequency dosimetry
Co-chairs: Y Diao, K Sasaki, E Rashed
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Background
• The research agenda of the IEEE ICES for low-frequency
electrical dosimetry [1] recognizes the “Modelling of the skin,
muscle and CNS tissue” as one high priority research need.

• Human models were constructed by segmentation of tissues from
medical images [2,3].
• Then uniform tissue electrical properties were assigned to each
tissue [4].

• Recently, deep learning are gaining popularity in head tissue
segmentation [5].

[1] J. P. Reilly and A. Hirata, “Low-frequency electrical dosimetry: research agenda of the IEEE International Committee on Electromagnetic Safety,” Phys. Med. Biol.,
vol. 61, no. 12, p. R138, 2016.
[2] T. Nagaoka et al., “Development of realistic high-resolution whole-body voxel models of Japanese adult males and females of average height and weight, and
application of models to radio-frequency electromagnetic-field dosimetry,” Phys. Med. Biol., vol. 49, no. 1, pp. 1–15, 2004.
[3] Marie-Christine Gosselin, Esra Neufeld, Heidi Moser, Eveline Huber, Silvia Farcito, Livia Gerber, Maria Jedensj•o, Isabel Hilber, Fabienne Di Gennaro, Bryn Lloyd,
Emilio Cherubini, Dominik Szczerba, Wolfgang Kainz and Niels Kuster, in Physics in Medicine and Biology, Volume 59, Issue 18, pp. 5287–5303, June 2014.
[4] S. Gabriel, R. W. Lau, and C. Gabriel, “The dielectric properties of biological tissues: III. Parametric models for the dielectric spectrum of tissues,” Phys. Med.
Biol., vol. 41, no. 11, pp. 2271–2293, 1996.
[5] Z. Akkus, A. Galimzianova, A. Hoogi, D. L. Rubin, and B. J. Erickson, “Deep Learning for Brain MRI Segmentation: State of the Art and Future Directions,” J. Digit.
Imaging, vol. 30, no. 4, pp. 449–459, 2017.
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Background
• Deep learning-based techniques for head modelling
o The segmentation accuracy also affect the induced field for stimulation. The
sensitivity is relatively high in CSF, moderate in GM, and low in WM [1].
o Generation of non-uniform conductor model without segmentation for brain
stimulation [2].

[1] E. A. Rashed, J. Gomez-Tames, and A. Hirata, “Influence of segmentation accuracy in structural MR head scans on electric field computation for TMS
and tES,” Phys. Med. {¥&} Biol., vol. 66, no. 6, p. 64002, Mar. 2021.
3
[2] E. A. Rashed, J. Gomez-Tames and A. Hirata, "Deep learning-based development of personalized human head model with non-uniform conductivity
for
brain stimulation," IEEE Transactions on Medical Imaging, vol. 39, pp. 2351-2362, 2020

▪ Modelling the anisotropic conductivity

Attachment 6

▪ Muscle anisotropy
• (Ragan et al 1995) evaluated the induced currents in canine
heart, with the consideration of the anisotropic skeletal muscle.
o The anisotropic ratio: 7.14 / 1.67 (mS/cm)
o Intercostal muscles: longitudinal axes along z axis
o Other skeletal muscle: plane normal to z axis, and oriented around thorax
o The inclusion of skeletal muscle anisotropy substantially influenced both the
magnitude and the distribution of fields and currents in the heart. Maximum
field was 35% larger than those in isotropic model.

• (Dawson and Stuchly 1998) Effects of skeletal muscle anisotropy
on human organ dosimetry under 60 Hz uniform magnetic field
exposure
o anisotropy ratio up to 3.5/1
o The resolution is 3.6 mm.
o the dosimetric values vary by factors of up to 5.4 for muscle and 2-3 for other
tissues.
Ragan P M, Wang W and Eisenberg S R 1995 IEEE Trans. Biomed. Eng. 42 1110–6
Dawson T W and Stuchly M A 1998 Phys. Med. Biol. 43 1059–74
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• (Tachas et al 2009) showed an increase ~50% of the included current
density for the anisotropic skeleton muscle model than for the
isotropic one.
o
o
o
o

Localized non-uniform source, a square loop coil (2 cm * 2 cm) was adopted.
Local exposure of the thigh model was considered. Resolution: 1 mm.
The muscle fibre orientation: vertical to the ground.
Anisotropic ratio : 1.75 / 1

• In (Tarao et al 2012), the anisotropy of muscle increases the induced
electric field in the head tissues; while the field in the arm and leg are
close to those obtained using isotropic muscle conductivity.
o
o
o
o

Low frequency contact current at 60 Hz.
Duke whole-body model, resolution: 2 mm.
Anisotropic conductivity assigned to muscles in the arm and leg.
Anisotropic ratio : 2 / 1

Tachas N J, Samaras T, Baskourelos K and Sahalos J N 2009 Phys. Med. Biol. 54 N541--N547
Tarao H, Kuisti H, Korpinen L, Hayashi N and Isaka K 2012 Phys. Med. Biol. 57 2981–96
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▪ White matter anisotropy
• White matter shows strong anisotropic properties.

• Several methods to obtain brain conductivity: electrical impedance tomography
(EIT), magnetic resonance EIT (MREIT), and diffusion tensor imaging (DTI).
• DTI is considered as the most promising approach to obtain anisotropic
conductivity of brain inner tissues (Wu et al 2018).

▪ Mapping the DTI data to conductivity tensors.
• (Tuch et al 2001) established a linear relation model assuming that the
conductivity tensors shares the same eigenvectors with diffusion tensors,
due to the similarity between the transportation process of electrical charge
carriers and water molecules.
• A review of anisotropic conductivity models of brain white matter based on
DTI can be found in (Wu et al 2018)

Tuch D S, Wedeen V J, Dale A M, George J S and Belliveau J W 2001 Proc. Natl. Acad. Sci. 98 11697–701
6
Wu Z, Liu Y, Hong M and Yu X 2018 Med. Biol. Eng. Comput. 56 1325–32
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▪ White matter anisotropy
• (De Lucia et al 2007) shows tissue anisotropy has only a minor effect on
the main locus and peak intensity of stimulation, while has a considerable
effect on the distribution of the induced field.
o TMS; Head model resolution: 0.938 mm
o WM anisotropy was obtained based on the diffusion tensor imaging

• (Güllmar et al 2010) shows neglecting consideration of WM leads to EEGlocalisation error of ~1.6-5.1 mm and 4.8-8.8 mm for radially and tangentially
oriented sources. In contrast to the small localization error, significant changes in
magnitude and orientation was observed.
o EEG and MEG source localization; Head model resolution: 1 mm
o WM anisotropy was obtained based on the DTI

• (Opitz et al 2011) “Spatial variations in the WM anisotropy affect the local field
strength in a systematic way and result in localized increases of up to 40%”
o TMS; Head model resolution: 1 mm

• (Metwally et al 2015) “skull anisotropy has a crucial influence on the distribution of
the radial EF component”.
o Skull anisotropic ratio: 1/5.5 (radial/trangential); WM anisotropic ratio: 10/1

De Lucia M, Parker G J M, Embleton K, Newton J M and Walsh V 2007 Neuroimage 36 1159–70
Güllmar D, Haueisen J and Reichenbach J R 2010 Neuroimage 51 145–63
Opitz A, Windhoff M, Heidemann R M, Turner R and Thielscher A 2011 Neuroimage 58 849–59
Metwally M K, Han S M and Kim T-S 2015 Med. Biol. Eng. Comput. 53 1085–101
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Open questions
1. Human model and dielectric property assignment
• The learning network was trained based on single set of tissue
properties.
• Modelling of skin:
o For uniform exposure, the assignment of skin property plays an
important role in the dosimetry analysis.
o Background noise and some blurred skin pixels made it difficult to
extract skin. [1]

• Tissue anisotropy:
o Anisotropic conductivities of muscle and white matter etc. for
uniform exposure to low-frequency electric and magnetic fields.

[1] W. K. Moon et al., “Comparative study of density analysis using automated whole breast ultrasound and MRI,” Med. Phys., vol. 38, no. 1, pp. 382–389, Jan. 2011,
8
doi: https://doi.org/10.1118/1.3523617.
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2. Low frequency computations
• Computations based on learning-based models with nonuniform and anisotropic tissue conductivities.
• Post-processing methods
o Tissues were not segmented for learning-based models
with non-uniform electrical properties. Voxel conductivity
smoothly transits from one tissue to another. Definition of
the averaging volume and percentiles in targeted tissues
will be considered.
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Summary
• Novel human body modelling for low frequency
dosimetry.
• Tasks:
o Learning-based anisotropic tissue dielectric property assignment.
o low-frequency computations considering learning-based models and
anisotropic tissue properties, including post-processing methods.

• Members:
Y Diao, L Giaccone, I Laakso, C Li, E Rashed, K Sasaki, R Scorretti, K Yamazaki
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New Business: WG 7
Average Schemes and
Assessment Methods of
Absorbed Power Density
Co-Chairs:
Kun Li, Sachiko Kodera, Dragan Poljak

Attachment 7

International Guidelines and Standards above 6 GHz
Basic Restriction/Dosimetric Reference Limits restriction (ICNIRP 2020)

IEEE Std C95.1 2019:
Epithelial power density

ICNIRP 2020:
Absorbed power density

1.
2.

IEEE Standard for Safety Levels with Respect to Human Exposure to Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz, IEEE Std., C95.1, 2019.
ICNIRP, “Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields (100 kHz to 300 GHz)”, Health Phys., 118(5), pp. 483–524, 2020.

2
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Subjects of Dosimetry Modeling in APD
◼

Spatially averaged APD in planar multi-layer body model


Only a few research groups computed the APD, where many factors such as
the antenna type (size), frequency, distance from the source, and averaging

area are still worth discussing.
◼

Average scheme and method in non-planar multi-layer body model


The definition of averaging area whether parallel to the grid axes or bent

along curved body surface would be discussed.


The spatial average of APD would be compared by different computational
methods.

3
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Spatially Averaged APD in Planar Model
◼

Same averaging method as that of incident power density in WG5.

E and H are RMS values

Figure from K. Li, Y. Diao, K. Sasaki, A. Prokop, D. Poljak, V. Doric, J. Xi, S.
Kodera, A. Hirata, and W. E. Hajj, “Intercomparison of Calculated Incident
Power Density and Temperature Rise for Exposure from Different Antennas at
10-90 GHz”, IEEE Access, vol. 9, pp. 151654-151666, Nov. 2021.

Figure from IEEE Std 2889™-2021
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Spatially Averaged APD in Planar Model
◼

As an extension work of WG5, intercomparison of sAPD is required
taking the factors of antenna type, frequency, antenna-body
separation distance into consideration.

Simulation

Body Model

Antennas

Frequency

Distance

Organization 1

4-layer

Dipole
Dipole array

10, 30, 60,
90 GHz

2, 5, 10, 50,
150 mm

Organization 2

3-layer

Dipole array
Patch array

10, 30, 60,
90 GHz

2, 5, 10, 50,
150 mm

Organization 3

1-layer

Slot array

10, 30, 60,
90 GHz

2, 5, 10, 50,
150 mm

…

…

…

…

…

sAPD

Examples:
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Spatially Averaged APD in Non-Planar Model
◼

Diao et al. has proposed four different schemes for spatial average
of APD at non-planar model.

𝑬 ≤ −30dB

6
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Spatially Averaged APD in Non-Planar Model
◼
◼

Previous study concluded that for a cylinder radius of >30mm and
at frequencies >20GHz, the four schemes are comparable in HFs.
Precondition was under plane wave exposures using a 2D model.
The average schemes and assessment
methods have not been examined using
realistic antenna source at different
frequencies.

Heating factors of sAPD for 2D cylindrical models with radii of 30 mm

7
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Spatially Averaged APD in Spherical Model
◼

Task: Improvement of computational efficiency to carry out surface
integration over complex tissue geometries, from canonical to
realistic geometries

8
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Irregular Model of the Human Tissue
◼

After the comparisons of sAPD in planar model, cylinder model, and
spherical model, we can consider more complex realistic surfaces
using partial human tissues as a long-term goal of WG7.

9
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Assessment using More Complex Realistic Surfaces
◼

Ultimate goal: Realization of a fast and accurate numerical
integration technique for assessment of the absorbed power
density (APD) on the human body surface of arbitrary irregular
shape.
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Intercomparison of sAPD in Non-Planar Model
◼

Average scheme and assessment methods of APD considering
various factors by different research organizations.

Examples:
Simulation

Average
scheme

Body Model

Organization 1

Scheme 1
Scheme 2
Scheme 3
Scheme 4

Polarization

Frequency

Distance

cylinder model,
spherical
Dipole
model, partial Dipole array
model

TE, TM

10, 30, 60, 90
GHz

2, 5, 10, 50, 150
mm

Scheme 2
Scheme 4

cylinder model,
spherical
Dipole array
model, partial Patch array
model

TE, TM

10, 30, 60, 90
GHz

2, 5, 10, 50, 150
mm

Organization 3

Scheme 1
Scheme 3

cylinder model,
spherical
Slot array
model, partial
model

TE, TM

10, 30, 60, 90
GHz

2, 5, 10, 50, 150
mm

…

…

…

…

…

Organization 2

Antennas

…
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Summary
◼

◼

◼

◼

This WG aims at conducting an intercomparison study of the
spatially averaged APD in a human tissue exposed to different
frequency sources and conditions above 6 GHz.
Both planar and non-planar tissue model will be investigated,
where the average schemes and methods for the sAPD will be
compared by different research organizations using their unique
computational methods and models.
WG7 will organize monthly online meetings to discuss the updates
of participating organizations, and the WG is expected to be
finished within 1-2 years.
Final target of WG7 is to contribute 2-4 journal papers of the
intercomparison study on APD averaging issues, as that in WG5.
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