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Approved Minutes
IEEE/ICES TC95 Subcommittee 6 EMF Dosimetry Modeling
0900 – 1130 h
Thursday, 8 August 2019
Flamingo Hotel
2777 Fourth Street, Santa Rosa, CA 95405
1. Call to Order
Chairman called the meeting to order at 0902 h.
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 Graft, the agenda was approved as presented (see
Attachment 2).
4. Approval of the Minutes (January 2018 Meeting)
The minutes of the 25 January 2019 meeting had already been approved. Additional confirmation was
taken as it was the first meeting till the last time.
5. Chairman’s Report
Hirata began the Chairman’s report on the TF1: ERL at Intermediate frequencies (chaired by Kashiwa).
He reported that inter-comparison was coordinated by a task force, and the reference levels of ICNIRP
were revisited; the permissible exposure level in the ICNIRP and IEEE have become closer.

6. Working Group Reports
WG5: Definition of Incident Power Density (See Attachment 3)
Walid (chair) gave a presentation introducing the definition of incident power density to correlate surface
temperature elevation from 6 GHz to 300 GHz to bridge the gap between IEEE C95.1 standard and the
current activity of the JWG12. Also, the uncertainty that originated from the measurement’s protocol was
discussed. Preliminary results of the comparison of power density with measurements were presented. An
effort to consider several distances and antennas is undergoing. Next step is the draft version of the
technical report with a deadline near November/December 2019 in order to use one PD definition in the
CDVs of JWG11 and JWG12.
Hirata further clarified that WG5 motivation is that there is not a clear definition of the power density (i.e.,
normal component or strength value) and clarification is worth discussing. For the exposure scenario, the
worst/extreme conditions are not considered. CK recommends presenting the results in the next meeting
in January.
WG4 Report (See Attachment 4)
Co-chair of WG4, Gomez-Tames provided a progress report on the activities of WG4. Recent activities
include the consistency of E-field computation and consistency of neuronal models for brain stimulation
by transcranial magnetic stimulation exposure. Also, dosimetry and exposure reference levels were
derived using these verified models. The work was presented at IEEE EMC2019 in Sapporo and
submitted to IEE TEMC. An extended inter-comparison is on-going, where a larger number of conditions
are considered (nerve models, head models). Hirata commented that this study showed the
conservativeness of the standard when considering CNS activation in axonal response.
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7. Technical Presentations
Comparison of E-field Evaluation with FD versus FEM (See Attachment 5)
Laakso (WG1 chair) discussed how much uncertainty in computational models could be expected
using anatomical models for computing the internal E-Field using two different methods. The two
discretization methods were based on voxel grids and tetrahedral mesh. In the former one, the
elements have a staircase approximation (numerical artifacts). In the later one, the elements conform
to curved boundaries. A solution to reduce numerical artifacts was choosing a peak value representing
the 99th percentile value of the induced field in uniform exposure. Laakso proceeded to present the Efield results using head models segmented with five anatomically realistic tissues for both
discretization methods during uniform exposure. No difference was obtained between both
discretization methods considering 99th to 99.99th values. The tetrahedral mesh also presented some
difference after 99.99th due to the quality of tetrahedral (artifacts). In conclusion, spatial and
percentile filtering effectively removed numerical artifacts. Chou asked about the computational cost.
Kavet commented that 5-mm criterium is not relevant to CNS effects but suitable for PNS. Graf asked
about the rationality/preference to pick between 99% and 99.99th. Laakso commented that there is
not clear selection. Kavet said that this would also depend on the total fraction of the tissue. Hirata
commented that 99.99th value is assuming that the numerical model is correct, but this is not practical
as there is no a 100% segmentation accurate model (based on dice coefficient) in addition to
conductivity uncertainty. DeSantis suggested that the finest resolution and spatial averaging would
benefit stable results. Navin asked about the mesh quality.
Skin Stimulation by Figure-8 Coil: Effect of Skin-to-Skin Contact (See Attachment 6)
Hirata explained that skin-to-skin contact may be produced by different sources of error:
segmentation, discretization of segmented model, and numerical computation. He further proceeded
to present a skin-skin contact experiment from measurements using two conditions: i) open/close
fingers of one hand ii) open/close loop formed by both hands (index and thumb fingers). The
sensation thresholds were measured for TMS exposure. The thresholds did not change for open/close
conditions. The reported sensation was not in the skin-skin but on the finger surface. Dosimetry
analysis was conducted by computing the internal electric field distributions. There were no
differences in open/close conditions except in the skin-skin contact where high electric fields were
observed. Further discussion on this issue is not needed (except for some description of compliance
aspects). DeSantis suggested increasing the loop and contact areas, although it is difficult to do such
conditions. Graf commented on how to exclude the high electric fields, so skin-to-skin contact should
be omitted.
Japanese Project on Contact Current (See Attachment 7)
Gomez-Tames introduced a new contact current project that was recently approved by the Japanese
Government. He explained that one motivation of the project is that no regulation of the allowed
value is based on the experimental contact current thresholds in the current international guidelines.
Also, DRL is not satisfied with exposure at the reference level of contact current. The aim is to
determine different thresholds for contact currents to avoid health risks to burn/irritations and resolve
inconsistencies within the guidelines with consistent data comparisons across frequency bands. To
achieve this, a new contact current exposure device is going to be developed to collect different
sensation/pain thresholds under several conditions. In addition, the development of dosimetry
technology and numerical simulation method for biological effect (threshold) will be conducted using
a multiphysics/multi-scale approach (electromagnetics, mechanics, and thermal). Chou commented
on the importance of this project for the activities of ICES.
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8. New Business
A new WG for nonuniform exposure at LF, including anatomical based model to determine DRL and
ERL, is under consideration/discussion. Another issue is to discuss 5-mm line and 2-mm cube average
methods, in which consensus is needed. After that, a new WG may be established.
9. Time and Place of Next Meeting
The next SC6 meeting will be held in Jan. 23 2020
10. Adjourn
There being no further business, the meeting was adjourned at 11:00 h.
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Attendance List

TC95 SC6 (EMF Modeling and Dosimetry): 25 January 2019, 0900-1100 h
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Nagoya Inst of Technology
Kavet Consulting LCC
Aalto University
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ATTACHMENT 2
月

Approved Agenda
IEEE/ICES TC95 Subcommittee 6 EMF Dosimetry Modeling
0900 – 1100 h
Thursday, 8 August 2019
the Flamingo Hotel
2777 Fourth Street, Santa Rosa, CA 95405
11. Call to Order

Hirata

12. Introduction of those Present

All

13. Approval of Agenda

Hirata

14. Approval of the Minutes (Jan 2019 Meeting)

Hirata

15. Call for Patents*

Hirata

16. Chairman’s Reports

Hirata

17. Working Group Report

Hirata

WG4: Exploring the Electrostimulation Threshold in Brain

Joseph/Gomez

WG5: Definition of Incident Power Density

El Hajj

18. Technical Presentations
Comparison of E-field Evaluation with FD versus FEM

Laakso

Skin Stimulation by Figure-8 Coil: Effect of Skin-to-Skin Contact

Hirata

Japanese Project on Contact Current

Gomez-Tames

19. New Business

Hirata

20. Date and Place of Next Meeting
21. Adjourn
Participants have a duty to inform the IEEE of holders of essential patent claims if they or their affiliations
hold such claims. Check the web link on the agenda for more details. If anyone in this meeting is personally
aware of any patent claims that are potentially essential to implementation of the proposed standard(s) under
consideration by this group and that are not already the subject of an Accepted Letter of Assurance, please
speak to the committee chair today.

ICES
Definition of incident power density to
correlate surface temperature
elevation
IEEE/ICES TC95/SC6 in cooperation with TC34
08/08/2019
Dr. Walid EL HAJJ

1

Outlines

ICES

 Scope
 Power Density Definitions
 Ad-Hoc Groups Presentation

 AHG Modeling
 AHG Measurement
 AHG Thermographic Measurement
 Next Steps and Expected Output

2

Scope

ICES

Definition of incident power density in the near field is discussed to correlate
surface temperature elevation in the frequency range from 6 GHz to 300 GHz
by computer simulations to bridge the gap between IEEE C95.1 standard and
the current activity of the JWG12. Additional scientific rationale of the incident
power density in the IEEE C95.1 standard is discussed, as well as the
contribution to the uncertainty originated from the measurement protocol.

3

PD Definitions
1. Spatial-average power density flux crossing the surface
𝑆𝑛,𝑎𝑣𝑔 (𝒓) =

1
2𝐴𝑎𝑣

ICES

𝑅𝑒 𝑬 × 𝑯∗ ∙ 𝒏𝑑𝐴
𝐴𝑎𝑣

2. Spatial-average norm of Poynting vector on the surface
 Non-physical overestimation
1
𝑆𝑡𝑜𝑡,𝑎𝑣𝑔 (𝒓) =
2𝐴𝑎𝑣

| 𝑅𝑒 𝑬 × 𝑯∗ |𝑑𝐴
𝐴𝑎𝑣

Which definitions
are better
correlate with
temperature
elevation in the
tissue ?
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Ad-Hoc Groups

ICES

 AHG Modeling
 9 Participants
 AHG Measurement

 2 Participants
 AHG Thermographic Measurement
 2 Participants
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AHG Modeling

ICES

Radiating Sources

Computational Method and Human Model

Antenna Type

Frequencies
(GHz)

Exposure
Evaluation
Distance
(mm)

CAD Files
Provided

Dipole

10, 30, 60 , 90

2, 5, 10, 50 ,150

No

Patch

10, 30, 60 , 90

2, 5, 10, 50 ,150

No

Patch Array

10, 30, 60 , 90

2, 5, 10, 50 ,150

No

Dipole Array

10, 30, 60 , 90

2, 5, 10, 50 ,150

Yes

Slotted Array

10, 30, 60 , 90

2, 5, 10, 50 ,150

Yes

-

density: 1100 kg/m3
heat capacity: 3400 (J/kg/K)
thermal conductivity: 0.37 (W/m/K)
perfusion: 30 (ml/min/kg)
convection coefficient of 8
6

AHG Modeling – Results Metrics
Evaluation
Distance

Frequency

E
peak

H
peak

Stot
peak

pSn
avg
1cm2

pSn
avg
4cm2

pStot
avg
1cm2

pStot
avg
4cm2

mm

GHz

V/m

A/m

W/m2

W/m2

W/m2

W/m2

W/m2

Delta
pSn
avg
1cm2
vs
pStot
avg
1cm2
%

ICES
Delta
pSn
avg
4cm2
vs
pStot
avg
4cm2
%

Temperature Correlation
coefficient - Example

Target : End of August

7

AHG Measurement
Measurement Structure and Results
Antenna Type

Frequencies

Distance

(GHz)

(mm)

Dipole Array

10, 30, 60 , 90

2, 5, 10, 50 ,150

Slotted Array

10, 30, 60 , 90

2, 5, 10, 50 ,150

WiGig Mockup

58.32, 60.48, 62.64

2, 5, 10, 50

Dipole Array

10, 30, 60 , 90

2, 5, 10, 50 ,150

Slotted Array

10, 30, 60 , 90

2, 5, 10, 50 ,150

WiGig Mockup

58.32, 60.48, 62.64

2, 5, 10, 50

ICES

8

AHG Thermographic Measurement

ICES

Target : End of August

9

Next Steps and expected Output

ICES

 Draft version of Technical report
 Analysis and integration of data
 Target date: November/December 2019 in order to use one PD definition in
the CDVs of JWG11 and JWG12.

10

Participants

Member,
Name
1
Yinliang Diao
2

Kensuke Sasaki

3

Kun Li

4
5
6

14
15
16
17
18
19

Kai Niskala
Kenneth Foster
Pan, Yi (IC)
Greguy SaintPierre
JC Chen
Niels Kuster
Mark Douglas
Valerio De
Santis
Quirino Balzano
Alexander.PROK
OP
Ae-Kyoung
Yao Zhen
John Roman
Andreas Christ
Akimasa Hirata
Teruo Onishi

20

Davide Colombi

21

Goga Bit-Babik

22

Dragan Poljak

7
8
9
10
11
12
13

e-mail
diaoyinliang@ieee.org
k_sasaki@nict.go.jp

ICES

kunli@nict.go.jp
kai.niskala@emfex.fi
kfoster@seas.upenn.edu
yi.pan@canada.ca
greguy.saint-pierre@canada.ca
jc.chen@apple.com
kuster@itis.swiss
douglas@itis.swiss
desantis.valerio@alice.it
qbalzano@umd.edu
Alexander.PROKOP@3ds.com
aklee@etri.re.kr
zhen.yao@intel.com
john.roman@intel.com
andreas.christ@runbox.com
ahirata@nitech.ac.jp
teruo.onishi@ieee.org
davide.colombi@ericsson.com
goga.bit-babik@motorolasolutions.com
dpoljak@fesb.hr
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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)

WG4: Thresholds in CNS
SCOPE: Assessment of brain stimulation threshold by combined
modelling of electromagnetics and CNS neuron models in LF (“axonal
potential generation thresholds”).
Within the general scope, WG4 considers unresolved issues
raised in the research agenda of the IEEE ICES (Reilly and Hirata
2016)

ICES 2018
Chandler, USA
January 24, 2018
Slide 2

IEEE ICES

WG4: Thresholds in CNS
Research agenda of the IEEE ICES (Reilly and Hirata
2016)


3.3 Consistency of excitation model

“How do these models compare? If there are significant differences, on what basis can
one be recommended over another? A recent survey among users of ES models
reveals large differences in predicted excitation thresholds (Reilly 2016).”


3.4 Waveform sensitivity

“How do the existing nerve excitation models compare in this respect?


3.10 Validation

“Computational ES models must be experimentally validated under some representative
conditions. It is important to identify published sources of applicable experimental data,
and to make comparisons with ES model predictions.”

4.8 Statistical models of reaction thresholds
“The statistical distribution of experimental thresholds should be included in validation
efforts.”
ICES 2018
Chandler, USA
January 24, 2018
Slide 3

IEEE ICES

WG4: Thresholds in CNS
On-going WG4 Activities
1. Consistency of the excitation neurons for
different scenarios.





Stimulation type (TMS)
Uncertainty analysis (Nerve model type,
position/orientation, (An)isotropy, waveform
parameters)
Target (cortical motor area, skin/muscle tissue)

2. Survey of experimental thresholds in neurons.

ICES 2018
Chandler, USA
January 24, 2018
Slide 4

Statistical distribution of the experimental thresholds
IEEE ICES

WG4: Thresholds in CNS
1. 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
ICES 2018
Chandler, USA
January 24, 2018
Slide 5

IEEE ICES

Intercomparison Setup


Intercomparison of TMS-induced EF activation for fast-conducting thickly
myelinated pyramidal fibers for corticospinal tracts (Betz cell’s axon).



Numerical computations (E-Field)
Scalar potential finite difference (SPFD) carried out by Nagoya Institute of
Technology, Japan
Finite element method (FEM) with rectilinear elements using Sim4Life
software carried out by Ghent University, Belgium

•
•

Numerical computations (Nerve activation)
Spatially extended nonlinear nodal (SENN†) model is used to represent the
structure of the axon.
The ionic membrane current at the nodes of Ranvier is formulated as a
conductance-based voltage-gated model. In this study, the Chiu–Ritchie–
Rogart–Stagg–Sweeney (CRRSS) model was used††.



•
•

†

J. P. Reilly, V. T. Freeman, and W. D. Larkin, IEEE Trans. Biomed. Eng, 1985.
D. Sweeney, J. T. Mortimer, and D. Durand, IEEE 97th Annu. Conf. Eng. Med. Biol. Soc. Bost., 1987.

†† J.

ICES 2018
Chandler, USA
January 24, 2018
Slide 6

IEEE ICES

3. Method: Exposure Scenario

ICES 2018
Chandler, USA
January 24, 2018
Slide 7

IEEE ICES
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3. Method: Data Analysis
Local Difference of Maximum E-Field: relative difference
Post-processing methods (2-mm cube, 99.0, 99.9%ile values)
are adopted to systematically suppress outliers inherent
when using voxelized anatomical models


Global difference E-Field on the brain
To quantify the global difference of the internal electric field
distributions between SPFD and FEM computations (ESPFD
and EFEM, respectively), the normalized average of pointwise absolute difference is used as follows:


ICES 2018
Chandler, USA
January 24, 2018
Slide 8

IEEE ICES
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Intercomparison: Induction
Model

ICES 2018
Chandler, USA
January 24, 2018
Slide 9

IEEE ICES

Intercomparison: Induction
Model
SPFD

ICES 2018
Chandler, USA
January 24, 2018
Slide 10

FEM

IEEE ICES

Induction Model
Table 1. COMPARISON OF TABLE
ELECTRIC
FIELD COMPUTED BY
I
COMPARISON
ELECTRIC FIELD COMPUTED BY TWO
ELECTROMAGNETIC
TWOOFELECTROMAGNETIC
METHODS.
METHODS.

Voxel Maximum
Local Difference [%]

Global Difference
[%]

Original

99.9%
ile

99 %
ile

2-mm
Cube
99.9%ile

2-mm
Cube
99 % ile

Whole
Brain

Target

189.2

0.73

0.41

3.32

1.77

0.15

2.7

ICES 2018
Chandler, USA
January 24, 2018
Slide 11

IEEE ICES

CNS Thresholds

 The in-situ EF (99.9th percentile) on the gray matter of the hand motor
area was between 100 V/m and 200 V/m for activating axons with lower
thresholds (Laakso 2018, Brain Stimulation)
ICES 2018
Chandler, USA
January 24, 2018
Slide 12

IEEE ICES

CNS Thresholds
Table 2. VERIFICATION OFTABLE
AXON
II ACTIVATION BY SENN AND
VERIFICATION
AXON ACTIVATION
BY SENN AND(N
NIT
AXON
NITECH OF
AXON
IMPLEMENTATION
=ECH
90 NERVE
AXONS)
IMPLEMENTATION (N = 90 AXONS)

Metric

Value

Parameter
(Table A.)

Threshold
Relative
Error
[%]
Position
Difference
[mm]

Mean
Std
Max
Min
Mean
Std
Max
Min

7.7
7.9
24.7
0.2
0.6
0.6
2.1
0.0

Parameter Variation
gi
D (15 μm)
(0 mS/cm2)
17.1
7.5
15.4
7.5
43.3
24.2
0.1
0.2
0.9
0.6
0.5
0.6
3.8
2.1
0.5
0.0

T
(18°C)
7.6
7.8
24.6
0.1
0.5
0.6
2.1
0.0

 Agreement between independent model implementations (8% of error)
 Difference increases with larger fibers (electric potential along bent axon)
 No variation with other nerve parameters (e.g., myelin representation and
temperature)
ICES 2018
IEEE ICES
Chandler, USA
January 24, 2018
Slide 13

Reference Level
 The IEEE reference level is smaller
with factors of 4–55 and 8–29 for the
internal electric field and external
magnetic field, respectively in a
controlled environment.
 ICNIRP occupational basic restriction
and reference level are smaller by a
factor of 10–60 and 55–245,
respectively.

 The lower factors are for 10 kHz to 10
MHz.

ICES 2018
Chandler, USA
January 24, 2018
Slide 14

IEEE ICES

Summary




First intercomparison study for multiscale simulation
(combined modelling of electromagnetics and neuron
models) for cortical stimulation threshold at IF considering
the importance of brain tissues during electromagnetic
head exposure.
Allowable external magnetic field strength and internal
electric field established in both guidelines/standards
derived from PNS are significantly lower than the internal
electric field needed for the stimulation of the CNS.

ICES 2018
Chandler, USA
January 24, 2018
Slide 15

IEEE ICES

Summary
Preliminary

work was presented in at IEEE EMC
Sapporo & APEMC 2019
 Best paper award
 The paper in under review (IEEE TEMC).
Extended

Intercomparison (e.g., different head models,
whole hand motor area, different nerve models including
the cable structure and ionic mechanism and
multicompartimental).
Groups: NiTech, Ughent, AaltoU….

ICES 2018
Chandler, USA
January 24, 2018
Slide 16

IEEE ICES

 Thank

ICES 2018
Chandler, USA
January 24, 2018
Slide 17

you

IEEE ICES

Comparison of tetrahedral
meshes and voxel grids for Efield evaluation
Ilkka Laakso and Marco Soldati
Aalto University, Finland
Ilkka Laakso
8 August 2019

Induced electric field
In the extremely low and intermediate
frequency ranges, the dosimetric reference
limits (DRL) of IEEE ICES standards and the
basic restrictions (BR) of ICNIRP are given in
terms of the induced electric field.
The induced electric fields can be evaluated
computationally using anatomically realistic
body models

Problems in computational models
ICNIRP (2010):
… From a practical point of view, it is difficult to achieve satisfactory accuracy in
the millimeter resolution computation of the induced electric field, and even more
difficult to measure it. Maximal values in one voxel in a specific tissue are prone to
large stair-casing errors associated with sharp corners of the cubical voxel. A
solution to obtain more stable peak approximations is based on choosing for
the peak value a value representing the 99th percentile value of the induced field
in a specific tissue. …

Problem: 99th percentile filtering is not applicable for localized
exposure. [What if the volume of the exposed body region is less
than 1% of the whole body volume?]

Problems in computational models
ICNIRP (2010):

Based on 20-year-old studies using
2 mm resolution voxel grids

… From a practical point of view, it is difficult to achieve satisfactory accuracy in
the millimeter resolution computation of the induced electric field, and even more
difficult to measure it. Maximal values in one voxel in a specific tissue are prone to
large stair-casing errors associated with sharp corners of the cubical voxel. A
solution to obtain more stable peak approximations is based on choosing for
the peak value a value representing the 99th percentile value of the induced field
in a specific tissue. …

Problem: 99th percentile filtering is not applicable for localized
exposure. [What if the volume of the exposed body region is less
than 1% of the whole body volume?]

Discretization methods
• Voxel grid
• Staircase approximation of
curved boundaries
• All elements have optimal
quality

• Tetrahedral mesh
• Elements conform to curved
boundaries; no staircase
approximation
• Generation of good quality
meshes is not trivial
• Larger computational cost

Head models
Five anatomically realistic head models

Approach:
•

Segmented to grey matter (GM), white matter (WM),
skull, eyes, CSF, and other tissues
•

Finite-element method (FEM)
Four voxel grids:
• 2 mm, 1 mm, 0.5 mm, and 0.25 mm
edge lengths

•

Calculate the E-fields for all
eight grids/meshes using the
FEM
Differences in the E-fields
between the grids/meshes
indicate problems in numerical
accuracy
Determine how reliable/stable
different E-field measures are

Four tetrahedral meshes, generated using iso2mesh:
(mm)

Induced electric field distribution
0.2 mT
Lateral magnetic field
exposure at 50 Hz

Induced electric field distribution
Figure-8 coil

Localized exposure

Percentiles of E-field strength
Lateral magnetic field exposure at 50 Hz

Localized exposure

Percentiles of E-field strength
Lateral magnetic field exposure at 50 Hz

Good agreement until the
99.99th percentile
Large differences in the
maximum values between
different meshes/grids
Localized exposure

Tetrahedrons/voxels with high Efield strengths
vox/tet ≥ 99th

vox/tet ≥ 99.9th

vox/tet ≥ 99.99th
EMAX

Exposure to uniform lateral magnetic field
2.14 mm tetras

1.19 mm tetras

The tetrahedrons with the maximal E-field
strengths had significantly lower quality
than average

2 mm voxels

0.25 mm voxels

Staircase approximation error

Spatial averaging
The DRLs/BRs are based on electrical stimulation of nervous
system
The induced E-field should be spatially averaged
• ICNIRP: 2 mm x 2 mm x 2 mm cube
• IEEE: 5 mm line segment
Averaging accounts for the finite distance between the nodes of
Ranvier; excitation of nerve cells is related to the integral of the Efield over a distance of 2 – 7 mm (Reilly and Diamant, 2003).
Reilly J, Diamant A. Spatial relationships in
electrostimulation: application to electromagnetic field
standards. IEEE Trans on Biomed Eng 50:783–785; 2003.

Spatially averaged E-fields
2 mm x 2 mm x 2 mm cube
Lateral magnetic field exposure at 50 Hz

Localized exposure

Conclusions
Spatial maximum electric field strengths are unreliable due to
numerical artefacts
• Staircase approximation (voxel grids)
• Poor quality tetrahedrons (tetrahedral meshes)
Percentile filtering effectively removes numerical artefacts
• 99th, 99.9th and even the 99.99th percentiles were sufficient for
removing spuriously high E-field values for both meshes and grids
Spatial averaging improves robustness
• Tetrahedral meshes (edge lengths <= 2.1 mm) and voxel grids
(voxel size <= 1 mm) provide satisfactory accuracy in the induced
electric field

Skin Stimulation by Figure-8 Coil: Effect of Skinto-Skin Contact

E. Rashed, T. Sakai, S. Tanaka, J. Gomez-Tames, Y. Diao, A. Hirata
Nagoya Institute of Technology, Japan

IEEE C95.6-2002 and C95.1-2019
• In C95.6 standard, ellipsoid is used to relate external and in-situ
electric field.
• In C95.1-2019, anatomical model is commented though the relation is
not derived from anatomical model computation.
• The skin-to-skin contact is commented to be excluded.
• To proceed other task under EWG TF2 (led by Dr. Yamazaki) and SC6,
some clarification is needed.

Potential error source in the dosimetry
I.

the segmentation error in the development of the human model,
which may include the quality of medical imaging in millimeter
resolution (e.g., skin layer)
II. discretization error of segmented model (finite difference method)
III. the error in computational electromagnetics, which may also be
originated from discretization error.
Laakso’s talk discussed the aspects of II and III.
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Conclusion
• Enhancement of in-situ electric field caused by the skin-to-skin contact in
anatomical model is caused by the limitation of the computational
modeling, which is not related to stimulation.
• Some note on how to deal with this issue is needed for i) to relate external
and in situ electric field and ii) compliance aspect in a revised standard
C95.1-202x.
• Recommendation
Though all the cases cannot be considered but further discussion on this
issue (as WG task under SC6) is not needed (except for some description of
ii) compliance aspect).

Japanese Project on Contact
Current Thresholds

Yohei OTAKA （Fujita Health University）
Yoshitsugu KAMIMURA (Utsunomiya University)
Akimasa HIRATA and Jose Gomez-Tames (Nagoya Inst. Tech.)

Background
• Contact current is an “indirect coupling” exposure scenario between
fields and humans
• In the guidelines/standards, contact current is defined as a current
passed into a biological medium via a contacting electrode or other
source of current. Contact current occurs when a person touches a
conductive object at a different potential, which formulates a current
path flow through the human body (WHO 2007).
• The main effects of the contact current are electro-stimulation of the
muscles and/or peripheral nerves at frequencies of less than 100 kHz,
and shocks and burns at frequencies between 100 kHz and 110 MHz
(ICNIRP 1998).
• However, only a limited number of studies have investigated human
dosimetry due to contact current [e.g., Chan et al. (2013)]. These
studies have pointed out that the basic restriction is not satisfied for
exposure at the reference level.

Background
Chan 2013, PMB

Internal EF > Dosimetry Reference Level

Internal EF > Dosimetry Reference Level

Background
• For contact currents injected in the finger at ICNIRP reference level
(20 mA) and IEEE MPE (16.7 mA), the 10 g mass-averaged SAR in the
finger is up to 40-80 W/kg. The value of SAR is further higher in
children (100 W/kg).
• Lack of data related to thermal/electrostimulation of the contact
current thresholds at intermediate frequency band （in particular, 100
kHz～110 MHz）. Only the study by Chaterjee et al, 1986, f< 3MHz
• In the current international guidelines, no regulation of the allowed
value based on the thresholds.
• ICNIRP RF guidelines changed the definition of reference level of
contact current to ‘guidance’.

Background
Chatterjee Study (1986)

(Japanese)
(Japanese)

300 kHz

※Table from Kavet et. al 2013

• EHC (WHO) derived from Dalziel 1954; Deno, 1974; Guy & Chou,
1982; Guy, 1985; Chatterjee et el., 1986).
• Japanese study conducted by Enamoto et.al 2019) < 300 KHz.

Problems/Challenges
• Lack of data for thermal sensation and pain perception
thresholds under various conditions (contact area, contact point,
electrode shape, rise time, etc.) → Necessity of evaluation
method suitable for thermal sensation and pain of contact
current
• Mixed-effects
on
the
transition
frequency
from
electrostimulation to thermal action perception
• Mask effect by touch （threshold change）
• Nerve characterization (distribution, location, neurophysiology,
mechanisms, electro/thermal response) by contact current in the
stimulation region at intermedia frequencies (i.e., 100 kHz- 100
MHz).
• No data for frequencies higher than 3 MHz
• Resolve inconsistencies of the safety limits across frequencies.

Aim
▲Determination of different thresholds for contact
currents to avoid health risks to burn/irritations
▲Contribute to the discussion/setting of allowed
values on international standards
▲Normalization of the allowed values between
contact current and other exposures
▲ Elucidation of the characteristics of the pain
sensation (heat sensation, heat pain) and
electrostimulation thresholds of the human body by
contact current at middle frequency band (especially
100 kHz-100 MHz)

Methodology

•


•

•




Development of a new contact current exposure device
Examination of contact current application upper limit frequency（110
MHz?）
Collection of sensation/pain thresholds
Identification of electrostimulation and heat sensation regions
(temporal dependency)
Sensory and pain perception thresholds considering mask effect.
Development of dosimetry technology and numerical simulation
method for biological effect (threshold) evaluation by a
multiphysics/multi-scale approach (electromagnetics, mechanics
and thermal)

Setting of allowed values in guidelines based on experimental and
computational results

Development of exposure equipment
Semi-automatic System
Note PC

Agilent 34411A
DMM
USB

Stimulation control
Agilent 33621A
Function Generator (～120 MHz)
Data
acquisition
R&K A101K251-5050R
RF Amp (～100 W)
Voice
Guidance

Agilent 11708A
30 dB ATT
Impedance
Converter
50 W:1000 W

Fluke 85RF-II
High Frequency Probe
Wrist Clip
Electrode
Electrode
Box

• Development of exposure equipment
suitable for 100 kHz to 100 MHz
• Efficient current injection by
impedance matching
• Measurement of human body
impedance for each current path and
electrode area up to 100 MHz 100 W
amplifier for threshold measurement
of heat sensation and pain sensation
• Software and hardware measures to
ensure safety
• Verification of electromagnetic field
leakage

Development of Computational Modelling
Detail human body model

Electric field calculation
Hirata et al. (2013)
Time domain temperature
rise calculation

Dynamical (finger
deformation) model
Verification of mask effect

Not only pain threshold characteristics but also consideration of temperature rise is required.
It is challenging to cover all stimulation conditions.
→Temperature rise model and numerical calculation method to clarify perceptual threshold
characteristic mechanism
 Model verification with experimental results
 Investigate perceptual threshold characteristics assuming various conditions other than
the subject experiment.
→A powerful tool for acquiring data of the condition as rationality/basis of human
body protection

Conclusion
• In the current international guidelines, no regulation of the
allowed value based on the experimental contact current
thresholds
• Lack of enough studies on the mechanism on the
thermal/electrostimulation of the contact current
thresholds（ 100 kHz～110 MHz
• Basic restriction is not satisfied for exposure at the
reference level of contact current
Projects Aims:
• Determine different thresholds for contact currents to
avoid health risks to burn/irritations
• Resolve inconsistencies within the guidelines with
consistent data comparisons across frequency bands.

