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General Objectives:
Evaluation of pregnant woman and fetus exposure to electromagnetic fields

induced by new wireless technologies and new usages

Wireless communications are at the heart of many human activities. Worldwide more
than 3.5 billion people use mobile phones and, in France and Japan, mobile users are
more than 50 million and 135 million, respectively. The growing use of wireless systems has
raised questions concerning interactions of electromagnetic waves with people. The growth
of new wireless systems such as WiFi, WiIMAX, RFID, NFC and communications between

machines (M2) has reinforced this perception of risk.

From a regulatory point of view, compliance with the safety guidelines of
telecommunications equipments must be evaluated. However, there is worldwide a public
concern about possible health problems linked to the electromagnetic field exposure, as
reported by newspapers regularly. Especially, important issues are the exposure of pregnant
women and fetuses to the new RF sources. Many recommendations were made on this topic,
one example being the use of hands-free kit, often recommended as a voluntary
precautionary measure. However, there is a lack of studies and models to analyze the fetus
exposure when the device is located on a belt or in a pocket. All these questions are even

more relevant with new usages of wireless systems.

Method and models:

This project was divided into three main tasks:

The first concerns the creation and deformation of numerical pregnant woman models. New



3D whole body numerical models of fetuses were developed as well as a semi-
homogeneous synthetic model of pregnant woman in which these fetus models were
inserted. A dedicated software tool to generate fetuses at any age in this range and in any
position and a tool allowing the insertion of fetus models inside a semi-homogeneous

synthetic woman model were also developed.

For deformations, the method is based on the use of cages for intuitive deformation of
volume data independently of their representation (surface meshes, volumetric, voxel
grid ...). The proposed method allows interactive deformation by using a surface model data

representing the volume data.

The second task focuses on exposure assessment. Different source models in the GSM,
UMTS and WiFi frequency bands, which imitate real devices, have been developed. Finite-
difference time-domain method was used for numerical calculation of specific absorption

rate (SAR) and temperature, as index of the exposure.

The third task concerns the statistical processing in order to estimate the uncertainty
associated with previous exposure assessments. Methods and tools have been developed to
propagate the uncertainty of the input data (morphology, posture, fetus position, source

position, pregnancy stage, and so on) on the output data (SAR).

Main results:

Six new fetus models from 20 to 33 WA were developed from MRI. Several tools for the
automatic generation of fetuses at a given stage of pregnancy in different positions, from
14 to 32 WA, the insertion of fetus models in a semi-homogeneous synthetic model of
pregnant woman, and the generation and visualization of tetrahedral meshes, were
developed. Finally new pregnant woman models at various different stages of pregnancy

for various positioning of the fetus were developed.

14 source models of GSM, UMTS and WiFi devices were also developed.

Using these models, numerical calculations of the fetus exposures for the new usages of the
wireless devices and a statistical analysis of the influence of the source model, the

pregnancy stage and position of the source were conducted.

Added Value from International collaborative work:
A collaborative effort in acquiring MRI was established between French and Japanese

hospitals. Japanese works also have benefited from the French expertise in the domain of



medical image segmentation. Joint efforts have resulted in the development of new
pregnant woman models in which Japanese fetus models developed in the framework of the

project were inserted.

Concerning the modeling of RF sources, a student of Japanese university was able to
come to work for three months at French laboratory to discuss the technical modeling and

validation of numerical models of RF sources.

Scientific production and patents:

Scientific dissemination

Participation to scientific symposiums for dissemination of this project: General
Assembly of the International Union on Radio Science (URSI), Journées
Nationales Microondes (JNM),

Annual Meeting of the Biolectromagnetics Society (BEMS), European
Conference on Antennas and Propagations (EUCAP),

and so on.

11 scientific paper published in peer-reviewed journals:

Progress in Biophysics and Molecular Biology (PBMB), Physics

in Medicine and Biology (PMB),

Computer and Graphic journal,

IEEE Transactions on Biomedical Engineering, and so

on.

Many presentations in international scientific conferences:

General Assembly of the International Union on Radio Science (URSI), Annual
Meeting of the Biolectromagnetics Society (BEMS),

European Conference on Antennas and Propagations (EuCAP),

International Conference on Medical Image Computing and Computer Assisted
Intervention (MICCAI), and so

on.

2 PhD theses:

Marjorie Jala (Orange - Institut Telecom Telecom ParisTech) Noura

Faraj (Institut Telecom Telecom ParisTech)
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Numerical source models developed in the framework of the Fetus project

20 and 32 weeks Japanese fetal models developed from MR images

Fetus models developed using the Fetus Growth Modeling tool



Insertion of a Utero Fetal Unit (UFU) inside the maternal body envelope via progressive
scaling and collision detection

Example of a 30 WA fetus model inserted in the French synthetic semi-homogeneous
woman model

Heterogeneous Japanese pregnant woman models at different gestation ages



Sitting pregnant woman model
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Temperature distribution in a pregnant woman model at the thermoneutral condition.



Factual information:

The FETUS project is a fundamental research project. The main goal of the project was to
analyse the exposure of pregnant women and fetuses to electromagnetic fields induced by
multiple sources. This project put in synergy a multidisciplinary know-how
(electromagnetism, numerical dosimetry, image processing, statistical methods) of all the
partners to validate the methods, the concepts and to develop tools.

The project, coordinated by Orange in France and by National Institute of Information and
Communications Technology (NICT) in Japan, associated Telecom
ParisTech, Telecom Bretagne, Phimeca, Nagoya Institute of Technology, Chiba University,
Kanagawa Children Medical Center (KCMC; to March, 2012) and Tokai University (from April,
2012). The FETUS project began in May, 2010 and should initially last 36 months but an
extension of 10 months has been asked and accepted. The project benefited from a financial
aid of 610 000 € from ANR and 76,250,000 Yen from JST.



SICORP {h 1R#EFIN (ICT) BTHSESE (HE)

;%844 : Fetus and pregnant woman Exposure to Telecom new wireless Usages and
Systems (FETUS)
IS5 A ERER - FRlE : 3R : Joe Wiart (Orange)

BAANRRES - iR : K : B2 B— (IFHEEHIRHE)
HR : 201145831 H ~ 201443 A31H

CONSOLIDATED PUBLIC SUMMARY IN JAPANESE

FH : ICRMEREERI & TOFIAIC KD & USBHF (CIREBESNIZITIEL 1S KU RO

EIRBERMIEER L DEFECHERAIRERDTUND, HHRPD 3 5EBAULEDALZHNHEFES
ZHALTLSD, BATEIEBANLE. I35 XTE 5000 5 AU EOEFEFEOFABEN WD,
RS AT LOFBILAR (I AR EBRORDEEFRICER I d5MZEH TLND, WIiFi. WIMAX,
RFID. NFC FD# UWERBERIMOFER I AR EERIROBEFRCEAT DB LS8,

HEDBRN S, BIRBEKSE IZEHDH A RS2 (CEE L TVl SNRIITNER
5720, UL, ERNCHECHEEHRSNDI LS. BERFIRE(CEEUCERRFZE(CDNT,
HENZEOIERNICH D, 5(C BEEQLRE(IHTTREIREIREFORIR I I DRSS
KURREDIRETH D, BIREEHIEZNIL MEITTEODWORT Y MIANTZRDOR EIREDHETD
T DHRDLETILIATDTH D, NS I N TOREFEREES AT LD IRFI R L
ESPE AN TN

Fi&:

07O T MI3DDEBRIRINSHER NI, 8 1DYXT(IEIRTEDOHIEES
INEBRB LUVER THD. FlCRRIEOEEGETILZHFE L. TD—7H. FHIBEEDERED
FIRZMETILVZEEL. TOHR(C, BREEFIVEIBDAAIL, Fiz. FEHBFKRZTEETILA
(CRRIRETILZIBOHIADY — )L ERBIMORBEET L ZER T DY —ILZFAFE L. EFTILD
ERFEFERNCNI 1 —LFT—FZERIT DD, F—>ZRVWEERFE2HEALL. 12
ZFEAIRII-LFT—FRRIDIBRETIENBIDZLICKD. 12950571 TIRER
ZOJREIC T Do

£ 2 DY AU (FREEFTI T D . EFEROEIRIHERDERE LTz GSM, UMTS, WiFi DELEEFHDE
BORRET)LZERUIz. BREEEEREDZE (FDTD &) ZBREHUlDIEE T D LEIRINER

(SAR) &RE FROEBEETE(CER L.

£ 3 DY XTI FDTD EZ2AVWZIRETHI(CRA T AN =251l I D /2 sbDHiETALIE(CRE 9
BEDTHD. TDFEDY—IULFHNT—4 (SAR) ([CBETDANT—5 (BHRDRAR, &2,
RRIBOME., WROAME. 1HR BinE) ORENSZHE T DEHICHAFELUL.



TOSI O MDOERER :

bR 20 BMS 33 BREID 6 ROFTZIARRIZBETILZRERE MRI T—5(CEDVWTHRE U,
TR 14 BHS 32 BORQRDIMBUCEBHREEST )L 2BEEMK T DY —IL. FHEHEIR
THETIVICHRRERET IV ZIEDIADY —)L, MEEX Y > 2 ERSIOFREY —ILZFRFELE.
RASHY (CHHRIBDERR DHITRIHRTMEETILZBE LTz, F/z GSM,UMTS, WiFi DD 14
ERORRETILEREFEL,

INSDOETIVZER LT, FIREIRBEKIECEA T IREREOREFES LU, KEE
T)b. IHIRIBESE KSRIROAIEDRZE DT Z Eit U1z,

EFRHRHAF(C XD TESNIAT IR HifE :
&2 MRI > —~EUSZ BIARB TR DHEAT. Fiz. REOEFYUZJCELT. BARRIOHE

HRIDAZBRENREDET ) UEE LREDHIEES) L ZHMETHE (CDWTER T D2 TS5
> RAIDAFTHEE T 3 » AR L.

70> 19 MR EOZFMTRIRERY

ZOTO2 T MDILREEDIZD. BFESRTIACSH :
General Assembly of the International Union on Radio Science (URSI), JNM, Annual
Meeting of the Biolectromagnetics Society (BEMS), European Conference on Antennas and

Propagations (EUCAP)Z

BT EimdGHICERER (1153
Progress in Biophysics and Molecular Biology (PBMB), Physics in Medicine and Biology

(PMB), Computer and Graphic journal, IEEE Transactions on Biomedical Engineering

EfSZRCTORK :

General Assembly of the International Union on Radio Science (URSI), Annual Meeting
of the Biolectromagnetics Society (BEMS), European Conference on
Antennas and Propagations (EuCAP), International Conference on Medical

e~

Image Computing and Computer Assited Intervention (MICCAI) =

2 2DETRY
Marjorie Jala (Orange - Institut Telecom Telecom ParisTech) Noura Faraj (Institut Telecom

Telecom ParisTech)



I3

Screen

u OB

Internal  External Internal External
Flip phone Tahlet

Screen

Plastic

Battery

Internal External Internal  External
Tahlet Smartphone

Fetus 2’0517 bTRRUEREET )V

MRI F—%ICEOVWTHARURE 20 i8¢ 32 BOBARARREETI

faRRERY - ERVWTHARULERRREETIV



BRAT—VU2J L FBRNILLIBERADFE - 5 RONE

&

77/ZQWE§'TEETJL(;EU)LNL 30 HORERETIVE

R 3:BEHOMRFSF IR B ARADIEELIEET IV



|
‘4

A B ORI ET )

3.00E-05 -, —W—AvgSAR (brain head down)

2.50E-05 | —4—WBSAR fetus
o 2.008-05 7 _, _ maxSAR1g (brain head
~—
2 1.50E-05 - Ll
e
& 1.00E-05 -
5.00E-06 -
0.00E+00

§ 10 13 14 16 18 20 22 24 26 28 30 32
Pregnancy stage (WA)

IR DTS SAR, BaRENOTY SAR BLURARIEAD 1g FIE—-S SAR OZ1L

Temperature [OC]
38

36

BIRRIE T OIEELHET )V DIRED



BRIEH :
FETUS JOS1/MIERATR IO 1M THD. COTOS I MOERBMEZHRIDRIRICLDELDE

R T DR MES LURREDIREHMi 2 ERE S 2 E THolz. COTOTTI NTIIAATT A ED ST,
EFIVAY—-ILRFEC, IRNTOHBERFHEREOZMMREPIRH (TS, 2MERRAT. BHUIE, #
SHFEEE) H'E FNTVs.

COTOTIINETIVADAL > SIRB LU BE AR OM I ITEBUE N 1B HRIE SR (CLDHR
fEEN. Telecom ParisTech, Telecom Bretagne, Phimeca, &R THEKE, TEXE, #5/|
BYCEEEBETIS— (2012 4 3 AFT) , BEAY (2012 F 4 ANS)OREMRE THok.

FETUS JO>1/ME 2010 0 5 AICHIALIZ. AJOS 17 MIZR) 36 hARITHoA, 10 1AD

LEENFEEINE. ATO>1IME IST H'5 7625 HH. ANR H'5 61 HI1-0O0OMFREIREORE x5
F 7.






