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SUMMARY

We live the “smart age” that is over 30 million smartphone subscriber
and the total number of worldwide mobile phone subscriptions is
currently almost 6 billion people. “smart age” mostly consists of the
electromagnetic wave of the everyday life as work performance,
information acquirement, and social community. It is changing very fast
and making more convenient in our life. However, IARC(International
Agency for Research on Cancer) of WHO(World Health Organization) in
May 2011 announced that classified the electromagnetic wave of mobile
phone as coffee, salted vegetables as the possibly carcinogenic to
humans, thus alerted general public to electromagnetic wave and served
as a momentum to promote the measures and study on the human
effect. ICNIRP(International Commission on Non-loinising Radiation
Protection)and IEEE(Institute of Electrical and Electronics Engineers) with
establishing the human protection against electromagnetic waves
cooperate and International organization is doing the epidemiologic
research of the large-scale long term international collaboration project to
inquire the electromagnetic wave of mobile phone.

KCC established the comprehensive countermeasures of the
electromagnetic wave in Sep. 2011, SAR standard of the existing head
classified the head, body, whole body, and limb. and enlarged the close
proximity to head and body of 20 cm. RRA established the measurement
standard of SAR on the radio device, SAR values of mobile phone
opened on the RRA website in last July, and established the safe use
guideline of the electromagnetic wave on the home appliances for safety
of the general public. also analyzed the standardization trend(assessment
methods of electromagnetic wave on human effect) of the international
organization as the IEC TC106, ITU-T SG5, and IEEE ICES. RRA
conducted a study on the evaluation method of human exposure of the

WPT(Wireless Power Transmission), prepared the SAR regulation



changed in 2013 to establish the SAR measurement standard on the
body.

RRA will handle aggressively in a changing environment and
consistently try to dispel the indefinite anxiety of the general public on
the electromagnetic wave through the various research as electromagnetic
wave exposure on the muti-frequency, worker exposure, longitudinal

epidemiological study for the formation of safe life environment.
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EMHS ZZHE M= Tl oA
Human exposure to radio frequency fields from hand-held ‘IS
and body-mounted wireless communication devices - <05'%

. : o =FH E
Human models, instrumentation, and procedures - Part 1 :
IEC 622091 ) . . Z2h),
Procedure to determine the specific absorption rate (SAR) MT-CDV
for hand-held devices used in close proximity to the ear (1211,
(frequency range of 300 MHz to 3 GHz) olsis =)
Human exposure to radio frequency fields from hand-held and
body-mounted  wireless communication devices - Human models, (‘1|§3
|[EC 62209-2 |instrumentation, and procedures Part 2: Procedure to determine the =
" ) ) L ) =N E=
Specific Absorption Rate (SAR) for mobile wireless communication devices w71
used in close proximity to the human body(frequency 30 MHz to 6 GHz)
IS
Determination of RF fields in the vicinity of mobile communication base (115,

IEC 62232 ) i .

stations for the purpose of evaluating human exposure =M &
Eled)]

Case studies supporting IEC 62232 - Determination of RF TR

field strength and SAR in the vicinity of radiocommunication (115,

IEC 62669 . ) g
base stations for the purpose of evaluating human| =H E&
exposure gk7h
Evaluation of human exposure to electromagnetic fields
from short range devices (SRDs) in various applications IS

IEC 623691 over the frequency range 0 GHz to 300 GHz - Part 1 : (‘08.8,
Fields produced by devices used for electronic article| = Z&E
surveillance, radio frequency identificaton and similar E )
systems
Assessment of human exposure to electromagnetic fields in
the frequency 0 ~ 300 GHz - Part 2 : Fields produced by NP

IEC 62369-2 devices usgd for Alarms, Alert, Asset tracking, momtormg: (AR = ofole.
and protection, detection, security, Telecommand and control; 06.5)
Telemetry and similar short range and/or low power radio '
devices

TR

IEC 62630 Guidance for evaluating exposure from multiple EM source ;;}O'i’x
Egd))
Determining the Peak Spatial-Average Specific Absorption CD

|EC 62704-1 |Rate (SAR) in the Human Body from Wireless (*12.10,
Communications Devices, 30 MHz - 6 GHz: General| =Hd & ¥
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Requirements for using the Finite-Difference Time-Domain
(FDTD) Method for SAR Calculations

g)

Specific Absorption Rate(SAR) in the Human Body from CD
IEC 62704-2 Wireless Communications Devices: Specific Reguirements (12.10, )
Finite Difference Time Domain(FDTD) Modelling of Exposure| =4l Z= &
from Vehicle Mounted Antennas &)
Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Body from Wireless LCD
IEC 62704-3 |Communications Devices, 30 MHz - 6 GHz: Specific Exﬂ(gg’ﬁ@
Requirements for using the Finite-Difference Time—-Domain =)
(FDTD) Method for SAR Calculations of Mobile Phones
Determining the Peak Spatial-Average Specific Absorption
Rate (SAR) in the Human Body from Wireless NP
IEC 62704-4 Com.munioations ngices, BQ. MHz - 6 GHz: General (‘11.8, )
requirements for using the Finite-Element Method(FEM) for| =xd EZZ&= &l
SAR Calculations and Specific requirements for modeling 3)

vehicle-mounted antennas and personal wireless devices

u}l) Working Group 5

WGH+ AZEFL ZFo] FEHR e A7) - A7b7)7]1d €S + Jde
AR = %

= g A3 A1EHNH S
=]

SRS S

¥ 2-10. WG59] = 71 3

EMHE ZZHE M= Fal A
Assessment of electronic and electrical equipment related to (‘(:788
IEC 62311 human exposure restrictions for electromagnetic fields(0 ~ 25 g
300 GHz) Wb
Assessment of the compliance of low power electronic and electrical (‘1|§6
IEC 62479 apparatus with the basic restrictions related to human exposure to 25 o
electromagnetic fields (10 MHz - 300 GHz) t.EL;S;
IS
IEC 60577 Evaluation of human exposure to electromagnetic fields from a stand alone ('09.8,
broadcast transmitter (30 MHz - 40 GHz) ZH 2F
2zh)
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A28 ITU-T SG5 =ZA 53} 5%
1. A&

ITU-T(International Telecommunication Union-Telecommunication Standard
Sector)« ITUE TA3t= Al 719 A E|(Sector) T SIUHEH =2 FA%
R AMHIEE AE FARES NEste FA VI ITU-TE §4l9 &
E ol @ aRHolm HFIF EF VWY oz FAHA F
AMBI S A3 =4 BAe A S s, &5 Add==A A
31004 7f¢] A (Recommendat10n)7} AT,

AR ITU-TY Work areat™ Next-generation networks(NGN), Broadband
access, Multimedia services, Emergency telecommunications, IP issues,
Optical networking, Network management, Internet governance, ICT
security issues, Fixed/mobile convergences©] ATt ITU-TS 34 AH0 A
&g e AL T4l Eope dEVIE] Fodste= Study Group(SG)oiM1
AAAQ Aage] o] dubellA gFoltt sG5e ITU-TE T43%k= 1
N SsGe  FUEA  FHA~H(radio  system)¥ EulY  FH] (mobile
equipment)o| A EALE = HApake] o5 A FF L FAV|EH} 7]FHE}
(ICTs and climate Change) g5 o 28 Al 7l WP(Working
Party)i TAE Jom, ol AVHA A4S T WP, HAge &
ARSE UAl =29 IS BF= WP2ZF ok S 7S] WPstell Z2 770
o AFHAE Fa ey, §olE "I Q14/59 A MEE SG5
o Astel Fi 3t 7 Question ZEAE 2y AQl A
(Rapporteur)7} ©33th ICT7F 713 ¥ 3o vlA& J&S H71d 5 U=
ks tEE 71FHE Zoke WP3AA tRa glew, 7709 At
(Question)o.2 FAJ H T}

A QA FFH #dd FAS vFe WPl 74 3 3T %
2-113} 2ot SG54Fsl FAIHI o dAfutel] thgh A FEFS =
WP29] Q.3/5°]t}. SG59] o] France telecom® Ahmed Zeddam©|w,
=W 201295 449 Auuts]ofel= 120997 0] F43tAth
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Workshops,
Seminars,
Symposia, ...

Intellectual
Property Rights

(_ STUDY GROUP ) (_ STUDY GROUP )@Y GROUP

(WORKING
PARTY =

{IPR) ad hoc

Focus Group

@ Rapporteur Group

5 £

Joint Rapporteur group .

a9 22, ITU-TY %3 34

3 2-11. WP29] 4

Question Question title Rapporteur
QA5 EMC issues arising from the liberalization | Fantao MENG(Huawai, China) / Li
' of telecommunications  networks XIAO(MII,China)
EMC related to broadband access Vacapcy " Vacancy .
Q.2/5 networks : Acting Rapporteur: Mitsuo
HATTORI(NTT, Japan)
Human exposure to electromagnetic Fryderyk
Q.3/5 | fields (EMFs) due to radio systems and | Lewicki(Poland,Poland)/TarigAL-AMRI
mobile equipment (CITC,SaudiArabia)
Ryuichi Kobayashi(NTT,  Japan) /
Q8/5 | Home networks Xia Zhang(MIl, China)
EMC telecommunications Xing hai ZHANG  (Huawei, China)
Q.12/5 : / Babon PANAJOTOVIC(RATEL,
recommendations .
Serbia)
-Secunty. of telecommunlcatl-on and Tetsuya TOMINAGA(NTT, Japan) /
Q.15/5 | information systems regarding
. . Vacancy
electromagnetic environment
Q.16/5 E'g"ccietr;q“'reme"ts for the Information Lin GUOMMII, China) / Vacancy
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M2 At N Aet o7 B HES S

2.20123 ¥F3 &% F2 Y&

=W 3loox =oE AHATA= (381, 382, C383, (389, (395 (401,
403, C404, C407, C408, C414, 425, 426, C429, (434, C447, (473, TD1030,
TD1057, TD1058, TD1065, TD1072, TD1073°]9, o] #A15-& ITU-TS| &5 0]%]¢]
http:/ /www.itu.int/ITU-T/studygroups/com05/index.aspoll /] &A=
At

U5 49E F7IE JYPHE d AT3]7] (study period)] mFAEF E
Tolm Q3 A7l AF 37X GA Human  exposure  to
electromagnetic fields (EMFs) due to radio systems and mobile
equipment® A&E dAFolth o]¢} AHA AT FA| T A= Fot

e H g& olde] glddth
=

=3 2 9RE SRR ¥ A7) T AR ALS AYT Kguideol
e dHelEd Age i AEZE A= ol Ad 98 M= 39
o] F Z=oll A AR ZHMEES WP AREHA FHE W HES I
st #EdE VM HES BT F2 AE" W& obdot 2
7F AES F#H e “Guidance how to manage human exposure to

EMFs”o| 4] “Guidance for assessment, evaluation and monitoring
of the human exposure to radio frequency (RF) electromagnetic
fields (EMFs)"2 7.
g, duoA 2MEY BAY)E AFEEd EMF =
RBWS| %849 v o :

studyZ 4 Appendixol|l 4AY4st71= 3.
Y3, ELF el MY & A A4 2o Wi B7F dAs tFe

Question 11¢] "K.mag: Evaluation techniques and working procedures for
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compliance with limits to power-frequency (DC, 50 Hz, and 60 Hz)
magnetic field exposure of network operator personnel”.d] gt IHEE
ZEA 7 FHlgA ST 71EA9) WE BT APARQD FEY ARbe] AT

7F. A& magnettic field ¥ olY2} electric fieldg EHsIEE “ ~

= "

magnetic field exposure of ~" & “ ~ electromagnetic field exposure
of ~" 2 74 At 7= 3
o $euel AEos A9 F9 T4 42 A 27 A4S v
o2 #d FAS vE MEE el g R W
o) AEHon, B ButlA g A W B4 D Ao
89 g0 AT @i vk B ANLFL Ad 99
AFFHAE AeE Aoz 2015 A SEE FHE SkaL Slrk

7F. 2Qte] AH-2 Kmpis: Measurement of human exposure levels

.

|

when a wireless installation is put into service¥.
U, o}& zggjojop & HEo] B o]z AAHE o
=9 A glgleom A7) 39 w F WA ==
3 Ho 4E e HES SZ 9.
a9 w=ojE Age ofele 2
7h =2 BW7F A A A5 Bdske] Kguideo] W E ] = H o]
B o disf dF #4448 A5 ATz & .
o dEeM AHEY 2

A
o e =% Hrlgkol g tlolEE AANI}ICH case studyE

o gxYole A Aol SAHI GSM VA TS AR 3 =%
H7t A3dE AppendixIlld] HEFstAt= oHdES AAlL X
Appendix IIT o= F=rol X AAste] Wg3 CDMA 7|A=¢ =%
& Bt Aol xFEo] oy AAFHCRE GSM 7IA =] 5
3] wo] Axgo] Arte FE WP Kguideo] L3772 3

2k 2k E ARE Al o] 2 RIFF A =ES HAsle] 93 FHeR
hands-free kit AFE3t= WbS FoolA AdstAor o= A%
A7 2] dlgh W8-S case studyZM Appendixol] A U371=Z &



vl @A) Bibliographyol 2]2~E Ho] Q& 4W 9] =fo] BF sh=9 3
N AT AxExn F71EQ Fa o] ¢le 4% Bibliography
AAE AAlE A AS vlFdA A sk ¥,

w9 3l9oA AFe] AAHEH FAE KguideZH HAFAZAQ FE digh

et ¥ 3PS B3 AUFES) JA £ F AF FHIR Ao
K91 = tguggoh;]_ =9 3 oA FAHH Q3/59 &FF Work Program
o olele i 2128} Pk
3* 2-12. Q3/59] &% Work Program
Rec. Action Priority Timing Subject
, Guidance on  complying with limits
: No action .
K.52 Maintenance L for human exposure to electromagnetic
needed !
fields
Guidance to  measurement and
. numerical prediction of electromagnetic
, No action | , ,
K.61 Maintenance L ded fields for compliance  with human
neede
exposure limits for telecommunication
installation
. Mitigation  techniques to limit human
) No action ) o
K.70 Maintenance H exposure to EMF’ s in the vicinity of
needed ) L .
radio-communication  stations
Guidance for  assessment, evaluation
K quid Sent to .
-guige and monitoring of the human exposure
New Rec. H SGS for ,
(K.91) to radio  frequency (RF)
. consent o
electromagnetic fields(EMFs)
. No action | Monitoring of  the electromagnetic
K.83 Maintenance L ,
needed | field levels
Measurement of human exposure

K.mpis New Rec. H 2015 levels when a wireless installation is

put into service

Handbook New H 2015 Human exposure to EMF
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3. &

ITU-T SG53]¢jol] 7 FHoste o9 7]&4
gl Ak gSo] F-EH= oA Al
= HReE FAS AN 4 A

A

g = g

E UFc A2 dad 44 Ajle] 20159 FxE JdH o
iy

#1334 GLORE = A %3 &%

2012 MA AA71 QA G AT 27 3] 2 (GLORE, Global Coordination
of RF Communication Research and Health)7} 119 154458 d& F5F4
FHOE FHAA 247 MAEHIJH. o] GLORE 3] o= HAta} Q1A 3k
T AP RS A ZRAE, Zae] AAARJIAGE 4H 2 AVs
ATHA T F 478 Fokel tig Txe}t =271 AU

AAEZAZ1FHWHO), A4S ATAIARC), =AIH A2 EAPLE 9]¢ 3] (ICNIRP),
=, L, s, P, olgEol, BUWRE T 40 oWo] retilen EUS
olghgol= 221l HiY e AMPAE ot

WHO®2] Emilie van Deventer 2FAl+= WHOY9 Ax}at QA HITE 9
Az FHE Ay LS AR T dae duile AR g
Ak JIAEE Hd & AW A AAIAR T VEH= E
Zhmoll A et APt e AA VIS AAg S mE
A 9 ARG 2P HEoZ 4ty = WHOo] ¢

=

=

p s

k1
o o f ok
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=
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stk e, RE 71%9) wee s Axs a49E %7k ool A
o] FEHI gout oo tE ANIF AT AYo] )& WY £
HA R Y AR A% AAFANREIEe] ANHA 2o
AAste] QA GF] B Aurele] Aol FohHL 9ol $HE EY

Incidence rate per 100000
i
N
o
[4)]
©
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20-39 years

1- 14
IBAARBARARARABARE AR LR AR

19?9 1984 1989 1994 1999 2004 2009 1979 1984 1989 1904 1099 2004 2009

Year
a9 2-3. 579 w7 Axd AAWNA FUbd #g A7
ICNIRPS] Rudiger Matthes 9194 Aol s A7=&7 3
AS 5 54 d8de 77 SEsHA X, A2 F7hsk=
UWB Zdxfste] 1A geF d57F Bads dxshdvh. =3 a5
AF3HELF) Atolo] FhFuta 3l H ke 224(THz)ol et °] &%~
gh olo] ik AT A7 B Fx
& ATk shol=etel Heto] Jo g A7 AAE LR AT
H) = AWE ALY 3)(FCC)2] Robert D. Weller 32 A 8¢ X
PlAL BaiAe] Bk W8-S Aistiloen, &% FCCAlA Fdd =&

_}:

&Y
(RF) <}
7hell w

staem 20161 d7A| 9] ATA
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et B7hgH e 71259 SAR B7F R, FAMA S o8 e At
Zhol=gtel B FU S JAAFANGA AAdel e 7S FIE Adde

s,

GRS AAIQJNA G gk F2 3 AAg JIAFEF FERAGAY T
FAA FF THz 5 2 T35 6GHz ©|% Fa4o digh zjg <l
AFEF A7 FARAGAE7719 By Soll i ATAYS ¢ES)
Aok TS dE TS BEAY o)A H ARUE a3t oF 20315
MAHSIA HAATAJA QY TEHE FPstar duklolA HAst Q1A F T
SHHE o3 =Rt Ytk FEo] HA T JAA P #HE Fo AL 7]
A= Azbgh, A8 9734 2 IARC(HALGATE) H 55 272 24}

= At

Hand record | Average roll angle
Right 41.22
Right 42.00
Right 44,06
Right 45.78
Left 1 Right 2971

—Left 2 Right 5410
right_1 Left -65.38
right_2 Left -48.60

Left -48.55

Left -48.52

Left -46.04
20 Left -44.75

Time [sec] Left -41.88
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FHS 3 4 371 AARURJMARSYE A @ FFH 107050 F3
&3 JE ANEY EMF =% #d S5 AFLEXNET) #3 dxstqch
ar o Axtul A9 PR AL (risk communications) &3} AFH AR
A Z (precautionary Principle) && dZo 2 Foidste HAAGGFTE ¥
A, AAREFE dA717] Sd @ AAGSFA 5 FW AAeA A g

O+

37 AL dEsGo /& BohlAe TARLAE//Y At
A ANwEYF Prb ATAR FRHA AT Ads AAeEY
BES AT B VAL %u} £F FHARDT

B7} A7
CEESE
A7) 2

19 2-5. GLORE #7kA} &4 ARzl

oIl GLORE | AE Fh AAst5FA APe] thsl 4e] wAlo]
om, o Abelg ARl Aol Azl A4S ALUHAL FE
a3 5 334 AAvavel us AFsarh =9 @4 FAHow
AYAE71710 HE B7hEHol rheEA ge ARANA Selietel

2
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& SAdeoz Be #AS Fasigh

TAHOZ 7+ F7tet A 7T HAo] w2 A Wstal 2lo] GLORE 3
= E3 yotd HRE ywoz AAH e A Fyo] By,
WHO % ICNIRPE= 2 #Zo]a 23] =1 =a}ol|
7y =& ARH AT "HolHE FAHT £ =S FA7|FA F
atdth 7] GLORE 3o+ 2013 11€ 14¥¥E 297 FC
u= AE DCAA MAI=Z T

A4 IEEE ICES ZA XF3 &5
1. ICES 71 &
A AR kA A3 (ICES)+= IEEE ¥+H3 ¥+
At 3 B, A A1 =& AAA @ #ASS 0
]

Hz ~ 300 GHz ZA}7] ol x]e] otAsE o] &S 3 7| ZHA7] oy XA

LA s AAHL Axd AF ZEH $44 A% ZF:Y LS

AA
IEEE SASB IEEE Standards Association
77777777 Liaison with International ‘ Standards Board
Groups: et |
ICNIRP, WHO, IEC, ' SCC39
NATO...... ' Management,
E””* ICES N "l Ovel_'sight, Standards
Liaison with National : (AdCom) Fundraising, etc]  coordinating
,,,,,,,, Groups: NCRP, ACGIH, US |____| Commmittee
Fed. Agencies, Canada,
China, Ireland.......
' \
Exposure CTKCE?EU Product Wol'r;lg;(a:r::‘;a'mz Technical
K. echnica
Standards (US Motorols) Standards (s FDA) Committees
I 1 ] ]
SC-1 SC-2 SC-3 SC-4 SC-5 SC-1 SC-2
Howard 1. Bassen|| Richard A. Tell|| Robert Kavet || Art Thansandote || Robert Needy Mark Douglas Wolfgang Kainz
(US FDA) (Swiss ITTS) (US FDA) Sub-Committees

SC-1: Technigues, Procedures, Instrumentation §C-1: Measurement techniques
SC-2: Terminology, Units of Measurements, Hazard Communication SC-2: Computational techniques
SC-3: Safety levels with respect to human exposure 0-3 kHz

SC-4: Safety levels with respect to human exposure 3 kHz - 300 GHz

SC-5: Safety levels with respect to EEDs(Electro-Explosive Devices)

19 2-6. IEEE ICES 993 +4
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3l ICES= she zte) @3 o8, #8A, FstA, A,
l= A75 H}%Ei SMA] T AAE wEx
ALB)(TC B TC34) 3Pz 26755 RS}t

N
b
N
Nl
o
offt
o
k1
30,y
o
ﬁ
R
D)
N
2
<
A
1o
(o]
0,
N,
o
S~
>

oo ofo

we o r

AAL 7k FelE 24 o}O% ol9] glo] A A
A-842 7Es ALbstr] e =gsta Q)

IEEE TC34+= o]&xst & 5 2
Z AVES Aty A a5 FAFoE A HE 7} o] =¥
ﬂx}‘ﬂr 1A etd 7] tielAE ICNIRPS} IEEE/ICES TC957} <H4 4

z3tg o|Fa, 54 ¢ ALS T H7F -2 [EC IEEE/ICES
TC347} N2 232 o]Fo] 7ta Yt} 19 2-62 ICES YU3 +A4LS Ye
e, 3 2-132 ICES #1939 7«9 d3d Fo &S BoFa Utk
83 F 2-14= IEEEOA E31E EF 4 Aol

3 2-13. ICES 9193]9] 71&Hd93d F28 Y&

= A of &+
TC95 otM J| &= C.K. Chou
SCH 7=, Xt 2 AHST Howard |. Bassen
20, & =9, ¥ .
SC2 o5 A Richard A Tell
3 5 Robert Kavet
Ol &2 ofd ==, 0 -
SC3 | £ 9| =&, 0 - 3kHz Tharh Dovan
B - Dr. At Thansandote
el E9| ol == - .
SC4 A =9 =%, 3 kHz - 300 GHz Dr. Marv Ziskin
_ ) ) Robert Needy
MI|ZUFX &2 oHH ==
SC5 | A =g T G. Drew Koban
TC34 HE 25 Dr. Wolfgang Kainz
SCH A JI™ Dr. Mark Douglas
SC2 AFH 7= Dr. Wolfgang Kainz
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¥ 2-14. [EEE %& EA] &3
TE 24" 2N U Hi

IEEE Standard for Safety Levels with Respect to Human Exposure to Radio

1 C95.1(2005) o
Frequency Electromagnetic Fields, 3 kHz to 300 GHz

2  (€95.2(2005) IEEE Recommended for Radio-Frequency Energy and Current Flow Symbols

IEEE Recommended Practice for Measurements and Computations of Radio
3 (C95.3(2002) Frequency Electromagnetic Fields With Respect to Human Exposure to Such
Fields, 100 kHz-300 GHz

IEEE Recommended Practice for Determining Safe Distances from
4 (95.4(2002) Radio Frequency Transmitting Antennas When Using Electric Blasting
Caps During Explosive Operations

IEEE Standard for Safety Levels with Respect to Human Exposure to

5 C95.6(2002) L
Blectromagnetic Fields, 0-3 kHz

IEEE Recommended Practice for Radio Frequency Safety Programs, 3 kHz to

6  C95.7(2005)
300 GHz

2. AAFAJAARZIINE EF 29 Y3 (TC5 SC1&SC2)
7}. C€95.3(2002)# C€95.3.1(2010) ¥+ HI &Y

€ 7]¥€9 100 kHz - 300 GHzelA4 0 Hz - 300 GHzOo. =2
3712 AAsAY. a8 YA JEL, via gEgart B
orS ZAEl7|2 3t EC MW ERE 91572 sttt [EEE C95.3
531 =3hH& 93t PAR(Project Authorization Request) HA}IE
12 stom, o] =9« & EFY 4adA BF7IZ AT 2
23 IEEE C95.3 % F /42 [ECSF X35 o|F=E ZZAHE P3|z

RF ¥ALE 98 9E die 37002 5 ded oF s A9y
2 B EF9 6368 F/HSAT AdSAGTh RE 53 717 ofF



2he FE Ao E (duty cycles) 0.001% < A-&3te] SHA S8 Qxfol| tigh
A7 BAs=H SCL ARzl #d WEES HESIY B RF9
017 2¢Hs AAs7IE S

IEC 622327145 AAsh S40) EEAA AT cell tower (Fl
A8} 7R AARPE =2H PHS B gze B2 FrEsE 39
o #Fd FE W82 IEC T FZE(reference) &0 F7l5l=E [ECS}
olsl7)2 stk [EEE 9539 vlu AR A3}, 7~87]¢ b2 A43E
< IEC %9 #¥ W8S HES S Bgsr|= a3

o}, 29 2 (Directive 2004/40/EC)oll that AAy} AA=Z 7)FE AT

e
4 "
& o
o%
E
=
e

o 2 N
o FN ob Ot g@ oo pE %

of &sfstaat gttt o] ZRAE AL Al HAxtut <hd
7] #1gk Ax 2 AAE
o AP AFsl7] Ak AAE 74 2 Ndstr] ot Z2AE
238 a9 2739 )

U

N



FRim OIM =8 HIP|E o7

EUREKA

% 2.7. EUREKA Z2AE9 27

20104 10990 ZTZAEZ} Aok o] 2011 1Y)

- f s [e] %
Z2AE AIZEJQI AR (2012¢) BTl Ao, 2013 45E 4%
oltt. 1d &t £8HE ZEAE 42 21 M fFREojth. 28al I
T7b @ ARNGE 2902, 4T, 29d, exEgol FolthE 2-15). ¥
2168 2 A Y8 H A% LHs BT o
¥ 2-15. EUREKA Z 2 AE Fof =71 @ ALAY
7= &0 =37t Fabn o2 HlZD
IT* IS Foundation/ETH Zirich (CH) research in experimental and
1 AQA
numerical dosimetry
Austrian Institute of Technology (Seibersdorf, AT) assessment and
2 AEZ|of
analysis of electromagnetic compliance
3 oz University of York / York EMC Services (York, UK) commercial
< EMC services and consulting
. - EM Fields (Wales, UK) consultancy and standards for EMF
© exposure
5 Al Chalmers University (Goteborg, SE) modeling electromagnetic
- fields from automobiles, power lines, electric trains...
6 7o University of Ghent (Ghent, BE) numerical electromagnetic analysis




M2z Fxbut olMiE 0T W EES S8
F 216, 20129 F& A HE B 9T £
# Description Country | Status
WP1 | Classification of in situ exposure BE,CH |completed
WP2 | Evaluation of existing instrumentation UK, CH |completed
WP3 | Development of experimental instrumentation CH first prototype built
final version: 6/2012
WP4 | Development of simulation tools CH, BE |ongoing
completed: 6/2012
WPS5 | Exposure assessment - Automobile industry SE phase 1 completed: 6/2011
WP6 | Exposure assessment - Metal fabrication industry |AT E::;: g ;ﬁgi;
WP7 | Exposure assessment - Railway industry UK, CH |phase 4:10/2012
WP8 | Web-based tool for demonstrating compliance UK, AT |11/2012
WP9 | Dissemination, publication all 12/2012
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Figure 1—Graphical representation of the RFSP categorization process corresponding to
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o

sty Wk 300 MHz F3t5 tlg o]de] wARIAZHE £4t3ste] 150
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F 44150 MHz 35 9] 248 tolE Qteute] 27
T3} [MHz] L[mm] h[mm] d[mm]
150 760.0 500 6.35
3 4-5. 150 MHz F3} tj 9 9] 7]F SAR%:
R T A y=2cm
S U el Sl BE T REIE S EEE A ERE
& & SAR[W/kg] 3 SAR[W/kg]
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A5% 150 MHz SAR A HY AF

A1d A8
2012'd 1€ AAIEFEFEGAR) 7I1Fo] IH VIFdA A2, S5 HE/ =

F), Al g AR EeE VIEeR AlRdehe ﬂ%%ii AAFRIA
H3 7% BA(EETAND3 A A2012-25)7F A SR oH, Ff st
R AEHY HEl = SAR 7]E0] 1639 FulE FALWE BdTIAA
7b (8 EE A DA A2012-12)H AT A28 SAR V£ AE
g Z1AA S A= 139 Fell71E AA 20139 1€ 1958 A€
<78 o]t

ey AARSFEEel o3k =4 7IE(EC 62209-2)0 =
o] Fukol sl H&rbsst A 48 AANFrE 53
300MHz ©]/de] Fusof ﬂ%fﬂw‘i
FCColl A= 300MHz ©]3} F3t4= o< ]
Alskal oy, TeE wAd AlXLH Zz‘,%*l 2 300 MHz9] #Ho= w4l
&kl 150 MHzell tigh 228 w4 A= 300MHz ©]/¢9] mAJAAZH
Bl oatete] ARFS gk AREsho] 288t

& A7olM= 300MHz °]3 Fak= o
&3t Fog FAde dE AAaE
Alskara ghot

O

A28 1IEC 62209-2 & A

AAREF &) e TARE SHYHIEC 62209-2) 014 A8t R
]J:.

o141 9] = 7]+ 300MHz ~ 800 MHz tideA 0.6A x 04A2 Z7|=E A3}
3 9lem 300 MHz ol&te] 34 tddA delae BEe F4sa 3
A .



FRim OIM =8 HIP|E o7

Phantom Ref dinol

dimensions used eference dipole

Frequency Pr::?;:nme::ell Phantom shell for FDTD models distance s from

MHz permittivity mm the liquid
mm mm
XYz

300 6.3 37 1 000, 800, 170 15
450 6.3 37 700, 600, 170 15
836 20 37 360, 300, 150 15
900 2.0 3.7 360, 300, 150 15
1450 20 37 240, 200, 150 10
1 800 20 37 220, 160, 150 10

18 5-1. IEC 62209-2¢] ®.2]Q1A] =7]

a8y, 2JA FARAA Ol s A= 300MHz ©]st Falgti o] digh
A7 TS, A7IHAEE)E Bt Ao 18 52 IEC 62209-2
oA A3kl 9lE 300 MHz tE 9] A7AFE B3 gtk

Real part of the

Frequency complex relative Conductivity, o
permittivity, ¢

MHz Sim

30 55,0 0,75
£ ———
I 150 52,3 0,76 I
300 453 0,87 |

40 [ 435 | 087

750 41,9 0,89

835 41,5 0,90

900 415 0,97

3 [EC 62209-2= A|2HASZ Al o) AR E+= EFrho]Z Qte|vol] o

S FAD QEd PRHAR 300MHz o] Fohs thel B 7

Anke AAstn gk ol BE Fuhs viode] oj@ EEcholE helitel

WA 20dB BT} Eolo} @tk el IEC 622092014 AAshE

EEDIE QHEH 77 941 300 MHz ©l3 T3k thgel A E it
S 2

AA i AH.

]_

o
o]



5% 150 MHz SAR =34 o4

Frequency Phl?ll:::?(rll:e:‘.';e“ L h d, d,
MHz mm mm mm mm mm
300 6,3 396,0 250,0 6,35
300 2,0 420,0 250,0 6,35
450 6,3 270,0 166,7 6,35
450 2,0 290,0 166,7 6,35
750 2,0 176,0 100,0 6,35
835 2,0 161,0 89,8 36
900 20 149,0 83,3 3,6

% 5-3. [EC 62209-29] % Fr}o]lZ Qe 4

- =
3 2l 3t W SAE %2 29 43 o] 3
=] [e) =) [e] =] o —
o AE T F=F SAR @ Blustd AxFe] JH=E HIIH
PFEZEAIZ 300 MHz o] stell thej M= A 2F A AR 7IE g2 Al
o)A ekt
1 2 3 4 5 6
Frequency | Phantom shell 1g SAR 10 g SAR Local SAR Local SAR
thickness at surface (above | at surface (y =2 cm
MHz o Wikg Wrkg feedpoint) offset from
Wikg feedpoint)
Wikg
300 6,3 3.02 2,04 4,40 2,10
300 2,0 2,85 1,94 4,14 2,00
450 6,3 4,92 3,28 7,20 3,20
450 2,0 4,58 3,06 6,75 2,98
50 2,0 8,49 5,55 12,6 4,59
835 2,0 9,56 6,22 141 4,90

39 54. [EC 62209-2°] SAR A= A% Blus 9% 7% 3%
wetA 150 Mhz thgol thdh dAgEFse S-S i 2odAl

o
WE FAW BETelE QHvel BF 74 2 Axd AFL AR A)E
grel W ez,



FRim OIM =8 HIP|E o7

A3d 150 MHz 9o s FX|34 &4

150 MHz th ol gk FXx]a)4] 415 913l 300 MHz ti el tigt 3]
A A T AL FASAT 300 MHzol| B Zo|dA 9} w2
AA FAFEA B FFETO|E QEIUE EE™stal SARS Aljtete] 1d
5-49} 7o) TEC 622092014 A Al8laL & 71& 3k vl

3t 5-1. 300MHz®] 3|34 A4t A3el IEC 62209-29] HaL

S11 1g SAR 10g SAR
Numerical result -23.22 dB 2.99 W/kg 2.03 W/kg
62209-2 < -20 dB 3.02 Wrkg 2.04 W/kg

300 MHz®| FA|s|A Aldkel] AREE EOQIA FAFRA Y FoiFrde2
4530 H7|AEE=+ 087 S/mE ]—%— SFRSe™ 360 mm x 300 mm X
150 mm, FAE 6.3 mm®o REORIAE o] &3 on tholEF QtH U] L,
h, d= ZtZ} 396 mm, 250 mm, 6.35 mm=Z A3} AxkstATt. ALHE T
#5194 BoAFE= B} o] dFETHo|E QHHUS RRANREA R 1g HA,
10g B SARY ZA¥+= IEC 6220929 @3 A2 & X3S & F U
At

=

0

"

150 MHzell ik AtS T8 A4 ZEdelE dElve] 743 299l
el =7] B SAR 7IE#=S =E8H7] el RYA AR A ] AT
£ IEC 62209-2914 ] A A7 G5 AE - 523, AVAEE ;076

1 o
S/m)E o]&3dtt ZoldAE 300 MHz oo Wi 72L& 2838
1300 mm x 900 mm x 200 mm, 6.3 mm((x, y, z, t) 27|12 AR 3AT
XF YolE dElve BRAEAe] -20 dB Bk Folof FEE 700 mmoll
A 800 mm7tA| tho]ZE <t U] ZAolE WHIIA|AVIH FHE FA3Y
ot ojm A& HE] Zol& 500 mmeo]™ tho]EtHIVY AL 6.35
mm=Z 5} T
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79 55. 150 MHz thjo] tha oid) @ cho]Zoheuy

AAFA 3 150 MHzoll W3k EFtho]Z QFHU= 749 mm ZoldA] X
o] Yol Fs U4 ggom ol whAlEA - 26.01 dBo|Tth

L e o e G e NN A B e o e o |

12 -\ /.
16 -_ _-

| \ 2601d8 | .
i @ 749 mm * ]

j \l,-' -:

-28 |- -

S11 [dB]

-30 [ AR (ST (SR I r— E—— S _— —T— S—T_— E_—
Y00 710 F20 730 V40 VS50 V80 770 780 790 800

Dipole length [mm]

% 5-6. 150 MHz oA tho]Zeter} Zolo] wE wiAlEa A4 Ax
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¥ 5-2. ¢telY AFS 3 FA&A A

=g ZHEY(mm) Antenna(mm) OIX| FAlH 0|Z47{a| |BiApAAl
(MHz) (mm) (dB)
L D H |FH| L |d,d| h |[REE =TS
150 1300 | 900 200 6 760 6.3 | 500.0 | 52.3 0.76 15 -26.01
300 1000 800 170 6 396 6.3 | 2500 | 453 0.87 15 -23.22
835 360 300 150 2 161 3.6 89.8 | 415 0.9 10 -23.69

AolA A FFETho] ERMHUE o] &st] E el Z7]e 93k SAR
FEFS gotr 7] 98] 150MHzol| thdk 0.6A x 04N Z7]9 EoJ1A &}
300MHz ¥ 835MHz W 9o tjg RQAAE o] &3t SARS A4St A T
¥ 53014 & = A%0] 150 MHz th<l 2] SAR =% A] 300MHz thge]
ol E AMg3lE e Z7)2 23 SARS QAte 1% AEE =Z7|E <1
ztole AY ey 835 MHzE& EYUAE AHET B9 & A5 B
'I"%AE]'

% oA =)o thdt J&k

Phantom size
S11 1g SAR 10g SAR

X, ¥, z [mm]
1300, 900, 200 -21.83 dB 1.11 W/kg 0.79 W/kg

1000, 800, 170
-22.14 dB 1.10W/k 0.78 W/k
[300 MHz] kg kg

360, 300, 150
-2.32 dB 0.495 W/kg 0.36 W/kg

[835 MHz]

M2 150MHz thele] SAR 284 300MHzol slgas wo A&
e 5 e Aoz Bud.
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EFE Tl ESHUE AFe A6l
telve) 570 3
t Z

ERED)
tholEetELte] Aol2
94

T4% gsten.

£A B2 AAYE AFE-SA
150MHzA A FH S zte=
AbE=do] -27.6 dBE YEMY

SARS FuiZe] A7t &9 AlZEE(/second) AAS &9 A F(/kg)
of F4EE AR F(oule)oZ HAHM, T = J/s(=W)xkg = W/kg
olth. AL SARES 4 (¥ #eo] 2AH £xe FUMES FAHSAY
2 (2)sF 2ol A7 A7IE S48t & + Tk

sar=c 4Ly sar=c,“4F [W/kg] 1)
2
sar = EL w/ikg] 2)
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138909 PBE mH:

*** MARKER 1 |
158 MHz

mafiten

neeldTEs

| 1 L I I [ 4 i
CENTER 058,000 808 Wea SFAN  DO0. 000 BEE WEE -1"'

19 5-8. 150 MHz W oA tho]E<tdy 333

222 FAF A= AA AA 2H 9 AV H EAY FUI}EF Ax
st=dl T 9 AR AA F9e ek 9 Fe AER g2t gk
TR omoeld] Welx =AH® SARFES AAl AAM oz A7)
A = DA FH (1,000 kg/m3)S AFE3TE dubF oz Tl
o #Y wAoMe A FF SARS 2(3)F 2ol Ued 5 Utk

[ sarav
SAR| ., 7 [W/kg] (3)
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1 om® =5 10 cm® ©|th

gt oz wjd oA AHE 7|71E E3s FAFA77e AV 3
e 3 V/m ~ 350 V/molH, o]o] A83t= SAR WY+ 10 mW/kg ~
100 W/kgolal, 2% Z7H&L 3 uK/s ~ 40 mK/so|th. Ao 2)d &
o] Al =7 W & W& wl¢ vy, o]F 54 ©d7]9 SAR
Aol Aol 2 (el g3 &= WI SAHAHLS A AEFHA &3

=
=
At

gulH o 2 800MHzE 7|20 2 11 03l FufsE &x TZHE o]l
sto] mAsH L olde] Foka Wil disiN = MTE EdHEs o8t
o AL F=F Helglth webr 150 MHz tiSel g 28 wA>
LEZRZBE o] g3folof s, 2 ZTRHE LEHEE AT F US
AR 12 Aodol Fasty URRE A% & E4= ds AgS n
Aol ojfTh HE3F 800 MHz odelMAd /WE =vds o83 4+
g Fuiaol R Zupe] AFto] ofych. whebA 150MHz H9e] HH
g ZRIAY] AVIE ol&ste AT EoAA Rl AVBEE

o

At A5 o] gste] wgste WHS o83

=¥ WY v (Z=0)ol 4 9] SAR #t LA ZA 8k
A wiErR(z=0)el o] SAR el Mg WBALCE
Conversion Factor)Z 3%ttt v UM 917 SHEAE A4HEH o
=3 2

r
=
oy M
o |o
fru
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v =4 ® AYS SAR go g AR

Ah) B BEYRJIA S (z=0)MFE Z2B AlMe] T AFH7HA ¢
THEZZH offset)e &4t (Extrapolation)S 3t z=0 7}A] <]
SAR &< T3

ohy FAfAAeRE =EFH REQAA ntem(Z=0)1X 4 SAR #¥
AR Ak JA4ke EolQlAl vy (Z=0)ol A 9] SAR Fkel H]
&5 WEA S (CF ; Conversion Factor)Z gt}

o] e EEd ZTEHY wHRIAE o] &std Al&H HAF AP
st FA8A 71Eg T HlastAdt. A9 1g B SARS] B¢ 5% ol
ANE AU

354 ZEE WAF A2WHS AD A vl
Freq. SAR(F=X|3l| M) SAR(ZH) K}
1g SAR | 1.08 W/kg 113 W/kg 146 %
150 MHz
10g SAR | 0.77 Wkg 0.81 W/kg +52 %
A5d 248

2 AFoMs FAAES o83t 150 MHz ol thgh EFtho]E<t
gy 743 A28 AFo] W3k SAR 7|E#3S =& oH, o5 o] &3}
of 28 wAHS T3 150 MHz e SHZAE Attt mebA
150 MHz 99 AARETFE S4S A% 2215 vtdst & dY
o] SA71718 H7tol|l o] & dAHo|th. oA dFd FCCY s 5T
Z2H wAZNHY AR e FF HdFo| BasH B AFE F
3l b E AL B HSS T IARELR FE F US A=

71t gt
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Capacitor Bank
& Regulator

a9 6-1. OLEVY] FAAHAE < A& /AId=(EA : KAIST)

Aztabs @As= 71710 st A= EFS Hrbete UHe dAg
QA=ZE 2300 w2t gFe F7PEHe 488 5 Ao 22 A7As
A A A AR Rl Ay =ExAS FUHAE agEdE e 2
H 6-29F Zh

exposure cond. 2

Magnetic Field
by Pickup Coil

| OLEV
4 i \ ’ Pickup C0|1 (2rd Coil)
! ;’_',-: :
i 774
exposure cond. 1 | ’/,? &)

Power Lines (1% Coil)

I% 6-2. 28l AAEAY AR JAx=E 24
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T HAYELE JAE Ve E A W YA wH =& 25 ZAA}
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groll 91A3l A= Aol
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Hz15m
@ Measuring points I
4 The perpendicular
Second maximum point P point (P4) . , 2 Second maximum

point (P2)
i F (The maximum point
The maximum point 0,5 on the circumference)

Y- ) . Pl PS5 &
gatt Scanning Yy 1 The maximpm
o e Ji2m A point (p1)
P3
0.2m

3 The symmetrical # "} 5 The perpendicular

point (P3) « point (P5)
| OMansummsnl points (P1 - PS) |
Pl 10pT X Three-point average exposure level is;
P2 &uT # m“;z“ns}:sur
F3 1uT
PA 2uT
= L : IEC 62110

a9 6-3. IEC 621109 H7HHH (9] 3-point, ©F&ll: 5-point 3 7}HH)

ojs} 2 FAAHAE7IS HAy} AA=E3 FARRE H7PER o

=
AC power systemd] A-83h= BF7PIH(EC 62110)2] 3-point =74 W+
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6-4(ckef) ek 2t

FA A BHE o]83st 3-point SAYHEY S S E

Spheroidal human mot
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