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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 tête de nos enfants »

http://images.google.fr/imgres?imgurl=http://i.dailymail.co.uk/i/pix/2009/06/24/article-1195007-0573D6B6000005DC-717_468x346.jpg&imgrefurl=http://www.hebdoweb.com/page/104/&usg=__k-TcKO4bLsE-dEL1G8LkmFNlscw=&h=346&w=468&sz=39&hl=fr&start=60&um=1&itbs=1&tbnid=g6FCQOCsdFBUHM:&tbnh=95&tbnw=128&prev=/images?q=telephone+mobile+enfant&start=54&um=1&hl=fr&sa=N&ndsp=18&tbs=isch:1
http://images.google.fr/imgres?imgurl=http://www.svmlemag.fr/files/WIfi600.jpg&imgrefurl=http://www.svmlemag.fr/pratique/monter_son_reseau_wi_fi_un_jeu_d_enfant&usg=__g3iLW-PZnksvZ-ODEye8wUczYNI=&h=900&w=600&sz=44&hl=fr&start=5&um=1&itbs=1&tbnid=E0pKftc6Oyy0IM:&tbnh=146&tbnw=97&prev=/images?q=WiFi+enfant&um=1&hl=fr&sa=X&tbs=isch:1
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RF: Propagation, Absorption and 
Exposure

incident

reflected body in front of the antenna

E H

H
E

In free space

E/H=377Ω

Propagation

Absorption

Exposure

The SAR is often averaged over the whole body or 
over a small mass  (eg 1 or 10 g)
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Compliance: measurement and 
overestimation.



 
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
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Numerical dosimetry: more and more 
important



 
Twenty years ago….



 
15 years ago…



 
Today…
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

 

Compliance tests are based on overestimations 
that are not adapted to complex configurations



 

Simulation allows a comprehensive approach
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Human body : strong heterogeneity, 

Tissue  Epslon Sigma
Blood  61.3 1.53
Bone_Cortical 12.4 0.14
Bone_Marrow_Infiltrated 11.2  0.22
Bone_Marrow_Not_Infilt 5.5 0.04
Cartilage 42.6 0.78
Cerebro_Spinal_Fluid 68.6  2.41
Eye_Tissue(Sclera) 55.2 1.16
Fat  5.4 0.05
Grey_Matter 52.7 0.94
Muscle 55.0 0.94
Nerve(Spinal_chord) 32.5 0.57
Skin(Dry) 41.4 0.86
Skin(Wet) 46.0 0.84
Tongue 55.2 0.93
White_Matter  38.8 0.59

@ 900 MHz

Dielectric properties are tissue and frequency dependant
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Example of absorption in head tissues
Handset operating at 

900 MHz

900 MHz 1800 MHz 2100 MHz
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Absorption depends on the shape


 

The incident EM field is reflected and absorbed. 


 

Reflection and absorption depend on the tissues composition but also on the shape.

Total absorbed power divided by the weight  

Large Variability

E

H

E

H

"v"

"H 
"

2.1 GHz
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Vertical polarization vs Horizontal..

2100 MHz

E

H

E

H

"v"

"H"

Absorption depends also on the 
polarisation and the posture

After Dr R P Findlay and Dr P J Dimbylow
Health Protection Agency, UK.
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Age dependant human Morphology 
Head and Body shapes are age dependant 

Internal anatomy evolves with age 

Skin thickness (mm) vs age
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2,5

2 - 3 y.o 11- 13 y.o Adult
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Human Anatomical models have been 
improved

MRI and computers facilities 
allow to built whole body 
and head models more and 
more complex. 

Adult male body models 

Adult female body models 

Child body models

Child head models 

International effort to develop models

13 WA 
(US)

23 WA 
(MRI)

31 WA 
(MRI)
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Fetus exposure induced by multiple 
plane wave
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EMF and Temperature rise 

Solved with Alternating Direction Implicit Method
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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 SAR1g 

in frontal  
Brain 
aera  
Usage  
"SMS - 
40 cm"  

SAR1g in 
frontal  Brain 
aera  
Usage " SMS - 
10cm"  

SAR1g in 
frontal  
Brain aera  
Voice 

Ratio 
(sms10cm 
/voice) 

Ratio 
(sms40c
m 
/Voice) 

15 ans   1,54E-02 2,38E-03 6,63E-01   
9 ans 1,64E-03 2,18E-02 2,15E-03 1,04E+00 7,62E-01 

GSM  
900MHz 

VH   1,14E-02 1,73E-03 6,73E-01   
15 ans   1,13E-03 1,32E-03 1,17E-01   
9 ans 4,40E-04 3,73E-03 3,99E-04 1,28E+00 1,10E+00

GSM  
1800MH
z VH   1,11E-03 5,78E-04 2,65E-01   

15 ans   3,11E-03 1,18E-03 3,61E-01   
9 ans 2,34E-04 5,47E-03 8,39E-04 8,97E-01 2,79E-01 

UMTS 
 2100 
MHz VH   2,93E-03 3,30E-04 1,22E+00   
 

The exposure of the frontal area 
induced by the phone close to the ear 
is comparable to the exposure induced 
by the phone at 40 cm

d
d
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The Challenge



 
Manage the variability
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Stochastic Dosimetry…

FDTD , FEM …FDTD , FEM …Input 
XX((ΩΩii

 

))
Yi

 

= SARiΩΩii

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

Carlo

SAR statistical distribution ?
Quintile? …

X(X(ΩΩii

 

)) SARi
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Multi plane waves exposure

E

H

E

H

"v"

"H 
"

Random E field structure 
induced by fading 
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Exposure to multiple random plane 
wave.

In case of multiple non coherent signals ( ie 
multiple transmission channes)l the emission is  

close to mean value

Exposure distribution of narrow band 
coherent signal transported by 

multiple plane waves  

using an experiment plan
36 FDTD simulations performed each 

10° (0:10:360)

2 4 6 8
x 10-6

0
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WBSAR(W/kg/(V/m)²)

D
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empirical values
Gaussian law

LHS design
17 sets of 5 azimuth angles chosen 
between 36 are designed. 20 sets 
of 5 amplitudes having Log-Normal 

distribution and 5 phases having 
Uniform distribution are designed to 

obtain Y (WBSAR). 
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Fetus exposure induced by multiple 
plane wave
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Whole Body exposure vs incident field



 

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



 

Heterogeneous models: limited number.


 

Limited statistical information on internal organs


 

Statistical information on external morphology 
parameters exists

Whole body SAR vs ICNIRP REF 
Level

children

Whole body SAR vs Incident field

Adults



 

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



 

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



 

Are morphing models able to add 
information? no

Y =X+
(X == BSA/weight, BMI−1 and weight−1/3)
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Baysian approach and iterative 
planning experiment

Anthropometric database of 3800 
individuals :
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Stature
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Normale
Gamma

Extending the phantoms database :
Morphing technique

Chaos polynomial can also  be used…

WBSAR vs external parameter 
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Polynomial chaos applied to dosimetry

Coefficients estimation 
Using projection and 

quadrature.

Y  M(X)

Y  yi  i (X)

Random vector can be 
decomposed in the chaos 
polynomial 
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Niveau 1
Niveau 2
Niveau 3

3 D 4 D

Ordre 1 7 9

Ordre 2 25 41

Ordre 3 69 137

Ordre 4 177 401

Ordre 5 441 1105

Clenshaw Curtis

Smolyak
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Influence of mobile position
4 input parameters

X,Y positions 
relatively to the ear angles

In progress

Fetus exposure

Children exposure
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Conclusion


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



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



 
Several ANR and FP7 projects are  

http://whist.institut-telecom.fr/en/collaboratif.html
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As conclusion

Dans la confusion trouver la simplicité
De la discorde faire jaillir l'harmonie
Au milieu de la difficulté se trouve l'opportunité

Albert Einstein, 
Trois règles de travail
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