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‘)Summary

m Dosimetry basic

m Exposure assessment.

m Complexity management
m conclusion
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- —. Wireless Ubiquous world facing
\,_¢ schizophrenia

More than 5 billions users...
More than 50 millions in France...

Limits have been established by Exposure
assessment is a key question

Eg Le Monde this week: « Ces ondes qui
planent sur la téte de nos enfants »
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RF: Propagation,

-
\) Exposure

In free space
o
H| E/H=377Q

Propagation

- reflgte

Absorption and N

Exposure

SAR =

The SAR is often averaged over the whole body or
over asmall mass (eg 1 or 10Q)

Absorption

body in front of the antenna
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- . Compliance: measurement and W
},_¢ overestimation.
/

Znd
m Compliance tests have been defined using measurement

and overestimation

e.g phone test method:
Shape and homogeneous liquid
design to overestimate the SAR
—=——) induced in a human

. ! heterogeneous head

[ o =
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Numerical dosimetry: more and mo#é™

\ !
},_¢ important
— -
m Compliance tests are based on overestimations &
that are not adapted to complex configurations

m Simulation allows a comprehensive approach

®m 15 years ago...

m Today...
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Y2
‘ Human body : strong heterogeneity,

Dielectric properties are tissue and frequency dependant

Tissue dielectric properties

90 _ — : :
@ 900 M HZ : : — Sigma Skin
;| = Sigma Brain GM
- . —— Epsilon Skin
Tissue Epslon Sigma —— Epsilon Brain GM
Blood 61.3 1.53 . T 1
Bone_Cortical 124 0.14
Bone_Marrow_|Infiltrated 11.2 0.22
Bone_Marrow_Not_Infilt 5.5 0.04
Cartilage 426 0.78
Cerebro_Spinal_Fluid 68.6 241
Eye Tissue(Sclera) 55.2 1.16
Fat 54 0.05
Grey_Matter 52.7 0.94
Muscle 55.0 0.94
Nerve(Spinal_chord) 325 0.57
Skin(Dry) 414 0.86
Skin(Wet) 46.0 0.84
Tongue 55.2 0.93 :
White_Matter 38.8 0.59 recherche 203 o o o
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\) Example of absorptlon In head tlssues

_— SAR mean
16\ —— Mean + Std deviation || Handset Operatlng at

—— Tissues 900 MHZ e

SAR (Wrkg)
_ Loz
] —

4]

06l White matter
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Distance (mm)

e = P : l.-
900 MHz 1800 MHz 2100 MHz
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\'9 Absorption depends on the shape

g m The incident EM field is reflected and absorbed. /V\/\>
m Reflection and absorption depend on the tissues composition but also on the shape. ‘w

Total absorbed power divided by the weight

Whole body average SAR of adult models- Incident p ity 1W/im?
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~ - Absorption depends also on the *
_polarisation and the posture

Zumnd

2100 MHz

: : : - [——pojarv
BEE e .......... R T v =—e—PolarH H

IIHII

SAR wb (W/kg)
[y}

i i i i i i
0 50 100 150 200 250 300 3a0
Azimuth (degrees)

Vertical polarization vs Horizontal..

recherche & développement

o E
Eal=

50—

TOETT
E v

—— ICHIRP public ref. level
IEEE MPE [uncontralled)

L L
100 1000
Frequency, WHz

After Dr R P Findlay and Dr P J Dimbylow
Health Protection Agency, UK.



‘)Age dependant human Morphology
g

Head and Body shapes are age dependant
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Internal anatomy evolves with age

8,

Skin thickness (mm) vs age

2-3y0

11-13y.0
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~ —~ Human Anatomical models have b&en

\) improved

International effort to develop models

AL

Adult male body models

Adult female body models

13 WA 23 WA 31 WA

IR

Child body models
MRI and computers facilities ! Q Q
allow to built whole body . -

and head models more and Q ' a . ? E

more complex. _
Child head models
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\’) plane wave

o

Slice X = 125 (125) Slice ¥ = 100 (100)

Slice Z= 135 (135)
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Blood perfusion

-

~ J EMF and Temperature rise
| —
pC%—V(kVT) Diffusion N

—b,.C,(T-T,) Thermoreguation
— (Prap + Neony + Neya) radiaton, convection
and evaporation

Heating ———————=

Cooling /

Rise of temperature due to EMF

Solved with Alternating Direction Implicit Method

L
mjk Cijk m]k qlk

L (g o

i Mool oo NERE
2 1 Ti+Laj’k 2 ik 3 +Ti ]j’k *Ti'jik a ik 3 +Ti’jik + Q
2 il T
Tijk : _Tijk : B kijk NS Ay2 . S —
Bk N

= +h,+b, G0, -T)

AR
Cijk

Analysis of the Temperature Increase Linked to the Power Induced by RF Source A
Ibrahiem, C. Dale, W. Tabbara and J.Wiart Progress In Electromagnetics Research
52, 2005 pp 23-46 , (http://cela.mit/edu/PIER/PIER52)
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Usage evolve

head SARI1g SARI1g in SARlg in Ratio Ratio
in frontal frontal Brain frontal (sms10cm  (sms40c
Brain acra Brain acra  /voice) m
aera Usage " SMS - Voice /Voice)
Usage 10cm"
"SMS -
40 cm"
GSM 15 ans 1,54E-02 2,38E-03  6,63E-01
900MHz 9 ans 1,64E-03 2,18E-02 2,15E-03 1,04E+00  7,62E-01
VH 1,14E-02 1,73E-03  6,73E-01
GSM 15 ans 1,13E-03 1,32E-03 1,17E-01
1800MH 9 ans 4,40E-04 3,73E-03 3,99E-04  128E+00 1,10E+00
2 VH 111E-03 578E-04  2,65E-01
UMTS  15ans 3,11E-03 1,18E-03  3,61E-01
2100 9 ans 2,34E-04 547E-03 8,39E-04 897E-01  2,79E-01
MHz VH 2,93E-03 330E-04  1,22E+00

The exposure of the frontal area
induced by the phone close to the ear

is comparable to the exposure induced - ' o |
1,75 P O Adult M

by the phone at 40 cm

SAR (w/kg)

SAR over 10g in position SMS/ SAR over 10g in voice position

0,12

010 15y.0 2400 2100 1800 900 2400 2100 1800 900 2400 2100 1800 900
' SAM MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz
0,08 15y SAM
o DMP CMP GMP
% oos - 2YO°
14 VH VH
0,04 4 9y.0
0'02 ] |:| .
Tri band at 2100MHz IEEE mobile phone at 2100MHz

mobi-kids
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—
\)The Challenge

m Manage the variability
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\} Stochastic Dosimetry...
o

SAR,

Input Y.= SAR,
: FDTD , FEM ... i i
% :> X(Q) :> ’ :||>

SAR statistical distribution ?
Quintile? ...

Limited phantoms number, posture preparation,
simulation time .... are not compatible with Monte
Carlo
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Y

Multl plane waves exposure

Random E field structure
INduced by fading
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— Exposure to multiple random plane™”

\

Znd
using an experiment plan
36 FDTD simulations performed each
| e 10° (0:10:360)
/ "~ Amplitudes: Log-Normal distributed

phases :Uniformly distributed
Angles : Uniform distribution

«0°

LHS design

117 sets of 5 azimuth angles chosen
% ! between 36 are designed. 20 sets
L8 of 5 amplitudes having Log-Normal
distribution and 5 phases having
Uniform distribution are designed to
obtain Y (WBSAR).

34

whsamlw/kg/v i3

i 5X 105 e *empirif:al values
Exposnuré distribyertion of narrow band 4 —Gaussian law
coherent signal transported by Za
multiple plane waves 82
) 1
S 02 4 6 8

WBSAR(W/Kg/(VIm)) ;0

In case of multiple non coherent signals ( ie
multiple transmission channes)l the emission is
close to mean value
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\’) plane wave

o
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~

m Simulations show large variabillity. What is the
maximum exposure?.

Whole body SAR Vs InC|dent fleld :Wholebody»SAR_ys,JCNlRP REF

& dults  z2

children —

m Heterogeneous models: limited number.
m Limited statistical information on internal organs

m Statistical information on external morphology
parameters exists

FRREARAT B
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\, 3 Whole Body exposure vs incident eld

m What is the validity of a model
based on external morphological
parameters

=B X+¢

(X == BSA/weight, BMI™* and weight™1/3)

m Statistical analysis with the existing
heterogeneous phantoms:
uncertainty 30%....

m  Are morphing models able to add
information? no

i

I:ﬂﬂlg-ul-s-ﬂ

VMV oy

- *i\*%*

> . . .
0.02 0.025 0.03 0.035 0.04 0.045 0.05
Pi*BSA/weight



— —. Baysian approach and iterative =~ ¥*
\,_¢ planning experiment

Zumnd

WBSAR vs external parameter
Anthropometric database of 3800

individuals : WBSAR = ,Height + 0, chest +o, waist .
front shoulder breadth front shoulder breadth

0,

0= [91' 62 ) 63,64]
X =[Height, chest,...]

QS Uy ) [ R

Extending the phantoms database :
Morphing technique

—> Prigr law : Non-informative
o VF.) =® (F.n VO ) Choice of candidates that

i . . allows reducing the
Posterior law likelihood variance of thegPDF

WBSAR at 95%

&
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Iteration nu

Chaos polynomial can also be used...
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‘) Polynomial chaos applied to d03|metry

Random vector canbe Y = M(X)
decomposed in the chaos

polynomial Y = Z Y.y (X) Legendre polynomial
~ J@n+1)(2n+3) 5 N [2n+35
e n+1 " (+p\V2n-1 "

1, I31(x) =/3x

P, =

1 ~ ~

[P, (0P, (0)dx =25,
-1

WBSAR(Q) = ¥.B,.¥, (Q)

Coefficients estimation B = | kHz JWBSAR(Q). ¥ (©2) pdf (Q2)dQ
Using projection and

quadrature. S S i 30 | 40
Smolyak o o cboo- o] B - Ordret |7 |9

Wt‘* #74‘+H Ordre 2 25 41

Clenshaw Curtis oo Ordre3 | 69 | 137

| + Ordre 4 177 | 401

recherche & dévjéllopper?q"sent g Ordre 5 441 | 1105




In progress

N
Znd
Influence of mobile position

4 input parameters y mobi-kids

X,Y positions
relatively to the ear

o, B angles
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i) Conclusion
=

m Simulation tools have been improved, they are now facing
the complexity challenge.

m Looking for human exposure management dosimetry is
moving from deterministic to stochastic

m Several ANR and FP7 projects are

Tecnolog
medioarr

]
. L]
Ti ias de la comunicacion,
nbiente y tumores cerebrales en la gente joven

http://whist.institut-telecom.fr/en/collaboratif.ntml

recherche & développement



~ -
) AS conclusion
%/

Dans la confusion trouver la simplicite
De la discorde faire jalllir I'narmonie
Au milieu de la difficulté se trouve I'opportunite

Albert Einstein,
Trois regles de travalil
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