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SUMMARY

As information and communication technology are rapidly developed,
the government must prepare to establish spectrum policy that develops
radio communication industry and promote the efficient use of spectrum.
The Radio Research Agency(RRA) has revised and improved Korea’s
Short-Range Devices(SRD) technical requirements or technical standard
in compliance with the international standard. This study report consists
of research works which RRA carried out in order to establish and
modify technical requirement for SRDs and ISM applications in 2013.

In this research report, the results of research work on revision of
technical requirements for UWDB for purpose of communication are
described. Research work on introduction of technical requirements for
wireless medical service, MEdical Data Service(MEDS) and study on
amendment of technical requirement of wireless systems using inductive
loop are explained. In addition, we describe introduction of technical
requirements for Level Probing Radar and the working result for making
the draft of its technical requirements. Also, in this report, we
investigate about introduction on the technical requirements 122 & 244
GHz frequency bands and allocation issues on automotive anti—collision
radar in 79GHz frequency band. Improvement of technical requirements
of ISM application for wireless power transfer are made clear on.
Besides, we explain the results of work on revision and improvement of
test method for certification of short-range device. Finally, we describe
briefly international standardization activity related with short-range

device and ISM applications for wireless power transfer.
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(7.3789GHz) = 171 A7t U+ dei Ao AA Y UWB -S43
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% MARKETSTRAT, Cardiac Rhythm Management Devices Worldwide, 2007.2
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& | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
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% MARKETSTRAT, Cardiac Rhythm Management Devices Worldwide, 2007.2
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hel: 9l 1099 )
2002 2011 =z &
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=< ANSE =< ANSE =< ANSE
of 1 130.1 1 142.8 4 9%
CE 2E 2 77 2 50.7 - -52%
NP EC] 3 36.9 3 49.8 3 26%
== 4 25.1 5 21.5 -17%
OtAGHIIE EE 5 22.6 7 13.9 -63%
2+ Ast 6 21.9 8 13.5 -62%
S4AD 7 19.1 9 12.6 -52%
DO XHaH (Khat 8 17.9 4 31.7 2 44%
DEAN & 9 10.6 10 10.1 -5%
e 10 5.6 6 17.2 1 67%
¥ =2 0 BAA 20119 AHELAEA
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B RS- 13461 part osi601-673 EN 301 839 149 2114 33
M2s
401-406 -
= b5 (M) 3Mhz0] Ak 402-405 402-405 402-405 402-405
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=y 2 2 2 8
2 MICS MICS MCe2) MICS MICS
25UW(EIRP) 25UW(EIRP)
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[ 3-14] 2} T WMTSE 3

2g o] = 8 o=
608-614Miz
a 420-429Mz
Tt 1.395-1.4006Hz 608—614Miz
440-449Mz
1.427-1.4320Hz
3. ISM F3 t9q a3 4 A

ITU-R A35+2(RR) Article 1, 1.159] ISM $-&7]7|7F Aol o] Qlar,
“locally’= wAaAoz AugE A= AEs ZdS 4= ISM 71719 U
F-5 oju el Ao, ISM 92 4by, %3 283 95 V|77 HE

%élﬂ HAd HAF A8 A=A oA F

T
o] Hujtido A wWa] R @ fle]

1.15 industrial, scientific, and medical (ISM) applications(of radio frequency energy):
Operation of equipment or appliances designed to generate anduse locally radio
frequency energy for industrial, scientific, and medical, domestic or similar purposes,
excluding applications in the field of telecommunications.
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Communication System)E&2 2 AIZsiCl T, 7|A/[AXAZR0| Rl ZHMES FX L= =He=z

Al8E 518sict

[% 3-15] 7} 5] MEDS oo F5520)

=7tg

EU : Austria, Belgium, Bulgaria, Czech Republic,

Cyprus, Denmark, Estonia, Finland, France, Germany,

Greece, Hungary, Ireland, ltaly, Latvia, Lithuania,
Luxembourg, Malta, The Netherlands, Poland,
Portugal, Romania, Slovak Republic, Slovenia, Spain,
Sweden, United Kingdom

EFTA : Iceland, Norway, Switzerland, Principality of

ETSI EN 302 537-1 v1.1.2
(2007-12), Ultra Low Power Medical
Data Service Systems operating in the
frequency range 401 MHz to 402
MHz and 405 MHz to 406 MHz

Liechtenstein
USA FCC 47 CFR part 95
Canada RSS-243, Issue 3, February 2010
Radio communications (Low
Australia Interference Potential Devices) Class
Licence 2000
Singapore IDA TS SRD, Issue 1 Rev 7
: : CITC Technical Specification RI083,
Saudi Arabia Revision: Issue 1, Date: 10/01/2010
Qatar Class License for the Short Range

Devices, 30 may 2010
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Duty cycle
Tx sessions/

I

od
=

)= FCC Part 959 4017406MHz tf o] st 71+A4L
* EAFES 319 ETSI EN 43 tfE v

8o MICS/MEDS the] thst +A(ETSI EN 302
)2 &=

| =- (MEDRaido, FCC 47 C.F.R. Part 95)

hr

LBT

Yes, except in
case of “medical

implant event

xa]?‘s

n] = (FCC)/+H(ETSD 9 7]%7]

Other

=
T

up==

CH ol

=)

25 uW EIRP
< 100 kHz

n.a.

Yes, except in
case of “medical

401-402 Medic

Wing band

al body worn

25 uW EIRP
< 100 kHz

n.a.

DC of 0.1 %

implant event

401-402
Wing band

implant

< 100 kHz

250 nW

< 100
transmission
sessions per

hour

Not required

Yes, except in

Example, glucose
monitors

*401.00-401.85

Medical body worn

and implant

25 uW EIRP
< 150 kHz

DC < 0.1 %

case of “medical

implant event

Yes, except in
case of “medical

*401.85-402.00

Medical body worn

25 uW EIRP
< 300 kHz

n.a.

implant event

Not required,
Limited use of 30

Use beyond 30

days only on
unforeseen

402-405
Core band

implant

200nW EIRP

n.a.

days for efficacy of
fully implant device
evaluation only.

circumstances.

*402-405
Core band

Medical body worn

< 300 kHz

100 nW EIRP
< 300 kHz

DC of 0.01 %

<10

transmission
sessions per

hour

Not required

Yes, except in

403.65
403.8)

(ETSI 403.5 to

MHz only

Implant on 403.65

25 uW EIRP
< 100 kHz

n.a.

implant event

case of “medical

405-406
Wing band

Medical body worn
and implant

250 nW

DC of 0.1 %
< 100

transmission

Not required

sessions per

405-

Medical body worn

< 100 kHz

406
band

Wing

and implant

hour

# oA

AB ()
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[ 3-17] +5 (MICS/MEDS, ETSI EN 302 537)

Duty cycle

Fabg oA 0|2 SEl EEEREE T sesslons/r LBT / AFA
: Yes, except in case of
401-402 Medical body worn 25 uW EIRP H ! h
Wing band and implant < 100 kHz n.a. medgc\?elr:trpplant
. DC of 0.1 %
401-402 Medical body worn 250 nW < 100 transmission Not requi
: h quired
Wing band and implant < 100 kHz sessions per hour
. Yes, except in case of
C?)(r)g ggﬁd implant 22 %\6 ELRZP n.a. “medical irpplant
event
DC of 0.01 %
4035 - 4038 implant 1(?;8/8/ IEH@P < 10 transmission Not required
sessions per hour
. 'Yes, except in case of
402-406 Medical body worn 25 uW EIRP H : b
Wing band and implant < 100 kHz n.a. medg\?elr:{pplant
. DC of 0.1 %
402-406 Medical body worn 250 nW < 100 transmission Not requi
' ! quired
Wing band and implant < 100 kHz sessions per hour
[3 3-18] "= (FCC)/FH(ETSD S 7&7]+ 945 g AA}
E | 2(FCC) FE(ETSI)
. . HAHIF ETSIH Fob &2 [/ J]=7]& &
1 AX 7+ FCColl MEDS AIA 2 SRDoc 72t 9=
B} 7 ZESI] o|E i
> | FCCot AlEL =0l sl =302 7H) ETSI FSRD(;)C E35lo]d 0| & TR(Technical
Report) 2 23l
3 FCC7t ¥Aleld =8 F NPRM(Notice of | TRO| European CEPTLH  WGFM(Working
Proposed rulemaking) = ot Group Frequency Management)Z M
WGFMO| TR& Short Range Device2htA
NPRMO| ZTsof =mz so 9 7|27 SRDMQ&CEPT Spectrum Engineering
4 | N ~ 54 (ANl Committee 24(SE24)2 H |
Zof sl ol +H(30Y) . .
¥ SRDMG Short Range Device
Management Group
5 FCCIF dAelA HE F MedRadio Report | SE247F M 77|7|2F 7| & AFEXE Alo| S &t
and Orderdll CHsl =& of+ Ao sl ZHMolr Zeol sl B2 A4
6 _ SE247F SRDMGO| Z3E 3, SRDMGZ}
WGFMol 2 recommendation M &
WGFMo| MEDS 7Z|=7|& =Z&3t Draft
7 - ) —
Recommendation &3
8 ~ Draft Recommendation(70-03)0| & 15 0
HAH oA &
9 B WGFMZ} Final Recommendation ERC/REC

70-03(2007) £¢l — ETSI EN 302-537
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& =g =M 0|5 TAZE SRS = HOlE & -FAlAIZE
2ic| 2 = 200mwW _ . 8A[152710A|302
RLE ) - - _
(24) | (23dBm) | — == | OSdBI (2n/2%)
. -80dBm(01 &)~ ¥ 176X F7|E
K| A= AL - (0] -
| Abs=217] k7| 5dBi 10dBM | o o) as
3. MEDS$} 7|EF4d= 24 A9 24
7F. MICS¢F MEDS H] al
L= MICS MEDS
F oo o 4027405Mz 4017402Mz / 405~ 406Miz
AMAHA = 300kHz/=l 2 x 10={ < 100kHz/x 2 < 10xH <
Z (EIRP) -16dBm(254WV) o] 5t -160Bm(254W) 0] 5}H/-36dBm(250mW) o] 5t
HM 5T = LBT2 o|& M& LBT &/ & ™ E((@250MW= no LBT)
ol ol & High Data Rate Low Data Rate
717| otef & Lh ol Al & HholAlel | Alx| RS
9 /018 17} +9 699 Mo YLBEH), % : 1F, o, 18
. MEDS¢} g e&d 7l& 54
. INEES
T e e Stz a) | AR
F ol 401~402Mz, 405~ 406Mb 401~406Miz
o o5 +20k(C| X[ =) }
= Ol = X} +£100ppm +800Kkz(ob 2 1)
- 25uW EIRP(LBT mode)
. - 250nW EIRP(LPLDC 200mw -
(23dBm)
mode)3)
o= - 0.5dBi 5dBiI
AT - - -110dBm
AR - - -80dBm ~ -97dBm
EES 100KHz 300kHz/600kH:z -
s5M - 2eE ot7|

2) LBT(Listen Before Talk) : ZHMZ|m|7|&2 MEASI Zmjyt CHE A|AHIN| Qs ARRE|D Y=XE njotsto] AS
[0 UCtT BEHE = CfE FIsE CHA| MEiSHE ol MEf 24

[ —

3) LPLDC(Low Power Low Duty Cycle) : DC of 0.1%




T} MEDS =¢4< 93 7+ AlEdold 24

MEDS¢} 7|3 x=(#HyoEdH) Auj2ete 314 #4112 ITU-R #x

(RS. 1346)°] uwe} 7|14dxzAb2e /& HAsiA &892 HAdg -

16dBm(25@V)olst= A|gtela i, FHA 397 =(LBT)E &

Ay 7189z Au|ze] HAE FAY B2 gon Ve AZbsok AA

71717F & 2Fsk AlZEe] Hl &S YEU = Duty Cycle =

Duty Cycle©] 0.1% AE=2 w9 o} 1Mol gle Aoz F4FHS
% LBT(Listen Before Talk) : W83 #3547} ch2 Alzale] olaf AHE5l2 9)

o AfEo] vty #AdE ues g8 Fu5E g Adsls Fue A

# Duty Cycle 0.1% @ 1At HolE & 0.72% &<+ 53] $4

T3 MEDS® MICS 1dAdE 711438, AEHow Qs du =dA
Zrol A Eo] = Aow ENHJ A7
Sl & - 7bdo] fla B BA

Aoz EAHAY.

ol 2 °U<HH° Agas e EE QgAEE e

< 5= 4
] 22443 MEDS® Duty Cycle 0.1%°] 22 7 EES 79 gl A
o3

/é_R'adiosonde

A "-Hadlosonde
Receiver ..
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7}) MEDS(25M) ¢} 714902 Au 27k S dA] 7Hg 5414 1)

DSZ=(1/1km:
Al 10 20 30 100
Duty Factor
0.1% 0.00% 0.00% 0.00% 0.00%
1% 0.03% 0.11% 0.21% 0.59%
10% 0.77% 1.4% 2.1% 7.1%

W) LBTE 71 MEDS(25iW) 9 71712 Au) =3t - A AREA] 7HdEA 4
3}

DS (1/Tkm
L 10 20 30 100
Duty Factor
0.1% 0.00% 0.00% 0.00% 0.00%
1% 0% 0% 0.02% 0.04%
10% 0.11% 0.16% 0.2% 0.7%

2) MEDS$} MICSZFe] 7HA &4

MICS/MEDS: A9t 300/100kHz, %2 25M, 7+4 89 7]%(LBT)
i 1kt R W MICS 7] ] 9} Duty Cycles WAAIA 7FAA M4 S E
< S0Aan g3 97=ed LBT 7l 483 ddglel ttdgEe] gle
Aow A HIo

,,,,,,,,,,,,,,

;H’ ----- M1CS/
ED ‘ _MEDS

________

_47_



MICSE= AE ¥ 300kHz, =2 254, MEDS¥ 100kHz, 25 @Wo]d},
MICSeF MEDS®] Adx=gd A8 10mo]WHol A Near-Far (HAdEA A3 A=
oz Qg AardAg 7t o=z QHAdy FAHAdd"gez Qs IHA4

StE2 fle o= &4 HAh

¢

gk

[

7h LBT 7= A8k &2 4+

—170 1=}
MEDS==(1/1km*)
10 20 30 100
Duty Factor
0.1% - - - -
1% 0.00% 0.02% 0.03% 0.05%
10% 0.08% 0.09% 0.11% 0.39%
1) LBT 71& A &3 45
EDS==(1/1km)
10 20 30 100
Duty Factor
0.1% - - - -
1% 0.00% 0.01% 0.02% 0.04%
10% 0.01% 0.02% 0.03% 0.25%

_48_



A7 A RE X

8

AAH o2 2A

il

l’

M

el A 28 A7 =712 ©l3l o] &-x}o

==
& 5

|

H

)

A A o2 MEDS F3 o

AA S FHAZo] AL 29

&l

53

™

e

e

o

14, MEDS =918 %

Q3

LA A 27 A8 A7)

s

=
=

~ ok

E

2} 4] &=

A o] 4 9] 2.7] 7] 7}

o) 8 7] 7] A ol A

A
oV

)

<
o
R

%

WA A o] 4 Aol

=
=

b3 s} Abglel Fol

_
fite)

of MEDS®] %ol o

be v

9]

1
-

°]7] =

o
i
o
H
AT
B
N
W
o
N

Hlo

Z}A]

b

)AO

AA A7Fe] 70% ol

Rl gk 27t A7

= 717]

E™ IT7]

mK

—

0

Ho

~
110

jang
TH

) Ao A A}

o

mﬂ
N~

37} -

ARG

CRES

_ﬂ

—_
110

%

_49_



g deld 7erlE a7

=

A47% HHES

A1d A7
. 384

B

4 dolts Fr Al

=
—

ZRe

g dleoly

=

=g JA

71E7]E0] vhEE A

o]
o 273dRE Mok o w

=3
o4

T

T

3} HAo =
_50_

= O

3} A]

: UWB 944 deold o =944 #oly o g

SFAAH N

S

MEe on 7)%7]E wdo

%

Ago)

il

]

&

k)
4k}

3

=

e}
T
ke

O
3. 7| &d



IREE

2H5H

Sl

€4

A2A 7leMe 9 o

1. 71 &

AATA =

i=d}
=

_51_

g
— < o
= | oF
4 - N
1o D :S m ‘_ﬂu[
= e = —_—
o m <g & o h <
¥ HIIEE: ki 4
. m - ™ 10 io
1
& mw 5 i
Mv_w _ " 1o _i
. X_l m.@/ \\ N < ._,LJ...m ‘N.._
Eo a5 ( J- E
2 R E uy
i) al qu X o
m AI-------.I- ‘OI ®_MI. \\w
S R ? T | . -
& v | B oo X
2 X s3 ] b
A u o]
o~ = am
— ‘JUH —
: = — A
X 7 7
XO = . __.._ | .._ f \
.H_Od .__/.._ ,aU yYSyY
oF - ) | — T —w _u_
- i ¢ | MM
% —_an B W %5\ X
Pir -
Az du
= {1l
E ~
= =IVUVY »
10 L A
o T
%O

[Z2% 4-2] s=A dloly 4




Eﬂt’“z dolt= <Y E EsiA 25 E dASste= nEE=2 d2A=ZH
gl 2o wel FMCW (Frequency Modulated Continuous Wave)W2] 2}
Pulse‘ﬂo’—%]'% ALgstE AlFeZ 7T & ok

[3% 4-1] FMCW w23 Pulse W29 H]uL

7 B 5 ]
o FhtrHZE NS AL YARSIO Ll Heto| FtX0] 0|8
o SIEQIO F=It ZICHStD, 22| 5FYEHO| i =
o N&E7|7t 7HX|= FTIZHXZZEZ(Amplitude Modulated Noise)9|
PMCW | E3He BHX| %S
294 o &S Fh Y : BHSTO| F50| 1 ES(Noise)o| 2t
£2 M FIp
- @ 20| ooz Wojuiyt 205
- 22 Aol BFE o el 2718 Y 4+ AL
o B2 Aoz HAE S0 4lE 2o A|ZFAIO| 0|8
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stol2% 2744 SUAFE A

[32 4-2] == =24 &=

W PNESE
o A 2[OF

OIEZ2 L AAAH

O|ZZZMAHEE

SUHEHSE Lok b A=UMB/=7t
St = A5H2 X | Micropilot(S,M) FMR Al2|= Endress+Hauser/A Q| A
S0 Rosemount 3xxx, 5xxx A|Z2|= EMERSON/O|=
MZEIOIAEIE Sitrans Probe, LRxxx A|2|= SIEMENS/= &
e=2Led VEGAPULS(WL, SR) 6x A|2|= VEGA/=Y
'ol"_EHMS
AZ 32| 0t BM 702A, OPTIWAVE A|2|= KROHNE/= &

Pulsar/Radar Model Rxx A|2|=

Magnetrol/0|=

SmartRadar FlexLine, 9xx A|2|=

Honeywell&Enraf/0| =

RPL5x A|2|=

SGM-Lektra/O| Er2| O}

COMPACT WAVE CW5x A|2|=

BM/O|Er2|Of

E A AHE ALT-6x00 A|2|= F2A A&/
. Mastsushima/Q= ol
E5l0|EE HRM-100x, 200x, 500x A|2|= N
=42t
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[3 4-3] 9= g A5 AEds

-1
HI

ZICHOlEH)

H & o ZEZALEEEY)

4.5~7

MEIOIAHE : Sitrans Probe LR, LR200
SE2AAH : ALT-6100

St=20|H<Z : Rosemount 5401

SIO|EE : HRM series(=%|A|)
SHANE | ASERK : FMR53, FMR54, FMR230~231
St=g# . VEGAPULS 65~66
O|ZEZMAFHEE : Pulsar Model R95

Oof HA|AH! : YMS-A300(A400)
AaA A 2|0F : RPL51~54

OIEE2LAA|AH - COMPACT WAVE CW51~54

8.5~10.6

St20|H< : Rosemount 5600

SIO|EE : HRM series(£=2|), HRM series(5-=)
AZYH|3A2|0f : BM 702 A, OPTIWAVE 5200 C/F
A7 NAEL: SrartRadar Aexing 970 Ati, 971 Lti, 973 LT

24.05~27

MEIQIAE! - Sitrans LR250, LR260, LR400, LR460

St20| < : Rosemount 5402

SIO|EE : HRM series(5=9)

StZAEY ASHRA : FMR50~52, FMR56~57, FMR240,

FMR244~245, FMR250, FMR540

=58 : VEGAPULS WL 61, VEGAPULS 61~63,
VEGAPULS 67~68 VEGAPULS SR 68

AZH32[0f : OPTIWAVE 6300C, 7300C, 8300 Marine

O|ZZEMNAZHEE : Radar Model R82

Oof HA|AH! - YMS-A300(A400)-R2

o AQMA A 2|0F : RPL55~59

OfEZ2LAA|AH!I : COMPACT WAVE CW55~59

rok

57~64

O[8X= Blg (=H EX0/XE 2z ZH)

75~85

MEIRAAHE! - Sitrans LR560

SIO|EE : HRM series(#2|)

O HA|AHE : (IBM-)LD-006-B, LD-015-B, LD-030-B, LD-070-B,
MLT-010-A, MLT-020-A, MLT-030-A
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B 4.5GHz - 7GHz
W 8.5GHz - 10.6GHz
0 2405GHz - 27GHz
B 75GHz - 85GHz
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8.5~10.6GHz 30dBm 30MHz to 26GHz
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0 7|7| XEK|Bt =HA| : 24dBm ~ 43dBm

o EiF L} Ar2oE S

o W3 L AFBLE oHY

% ] WeRIARE 715 ¢ 3m AglelA 24

o

il

Sk AAZI =7} 5004V/m(53.93dByV/m) 0] 3}

_57_



3

o,
[<]

W< o
a o g No
mﬁmoée%ﬂ_.ﬁcti%duzl
= X Hr o o ., 5%
N :.L L E o ™
mﬂmaﬂ%m%%mri% PHMT T
%o 0 N = X & o o B XA
lﬂz_lmﬂo7m\ufﬂ_ﬂ&u %ﬂa%wgawvogiwﬁwuﬁrzo
ﬂ U @MM%D ™ 9P oW BT B O R oF &o ) ME,UF,
o) m X° N < = ﬁu_ﬁ}‘_]gé.
ﬂxmﬂﬁo#ﬂﬂzz_eﬂ ° %Muwﬁ%}@uﬂwm#g
o- o = o ~ TR m =~ < B %o KO W R i T5
o e T ] TN PR E RN Ly
or oo B B = o © - OB n_wmo,A =
ﬂﬂg_iu%%ﬂlﬂd% ?%%ﬂ%% drEmﬂ_zmﬂ
o) ﬁ?@%mﬂﬂx% I %Mﬂ%ﬂﬂ%
ﬂée Wi W oo Ur_ﬂyl S~ T = = 4
my Mo | oo | o s T %o =
uﬂuaﬂﬂ e o Al o] Mozuﬂnﬁqﬁmﬂwa i\ oy T M
ﬂﬂﬁ}iﬂ‘lx — ] M}uﬂi,ﬁﬁ
o N <o o~ 4 o»xLo]HxE
o = T % w LS ACS ﬂ.%%u..zf
Nﬁmﬂﬂimﬂﬂﬂﬁ.frg zm_xA%% T i e o
ﬂx_uﬂ Haﬂ]ﬁ.’_ = oy ULuﬂLl:ioﬁ bICERICA RS
ﬂmonomﬂfrw 'z P o B Wo:i_dmﬂz%
oo L - ¥ T T o I ﬂialma
aﬁ%ﬂl% o o % J@_ﬁ%}@ T e
]]%17%0&2]] ﬂz]ﬂSQI,baummﬂ e
Onﬂfw ‘I‘I]‘AO}‘)AI_/E \A —_— = J|71FOQETQ
A Mos sy Ewp G TARE S ®© _ o o
&mﬂﬁxﬂ%ﬂ}ﬂn_xi T o0 T S .mulwxxww i
awmué%}_w}ﬂq% @L@ﬂmﬂﬂooimoﬂ
ualﬁﬂﬂ%_ﬂwéﬁﬁﬁ %ﬂ%%%}ﬁr%%#@%
it ﬂﬂﬂlﬂ Jlaemz_ o o - ol ~ .o,AL
i M%zgqﬁ@%%q@ quﬁu%g%wwa%
o 2 T2 QP T g = o Euxad” o %o
7‘|ETEL{AZTL.O_I‘IF T O o # ‘Nﬂx
oy 5 ~ o O ~ o,.# O 0 X . o o 1;1_ io
g = ° m_wlljuA o _d|5iﬂx_€11%
< ] =y J_/AAAGAT:H NI — n.rm]]A]
Jlﬁeloﬁllﬂ = @ 1o T = O Eo_owr?_xmﬁle_
5 X% 7AMHV%% P %ﬂﬂo%wﬂm@ o = o =
3 T Ho N o . b 2 rhr e el = ™oz ™ HH 7 o =
. %%Pﬁ.ﬁoﬂﬂ&_%l < 2ﬂ}g::§_tme\ﬂdA
~ oF T 2y ﬂxotﬁoumﬁ = ) ) W ok uLuF_Mﬂjlw,
= o o T o e o iCAN L T o A
nf]}_tﬂi_ayﬂ 2 % KO = gy No o ~
A - R g W}P@EA .ﬂﬂ%%%
XﬁwﬂJoWM %.77 'y ny T ~
3 WUI _*dﬂ:ﬁﬂ- dl],ALrL
@H}HbﬁoaOAU]Mﬂﬂ__omﬁﬁ
xé@%ﬂ%ﬁ%ﬂﬂ
o - o W

- 58 -

i 1}
T



A4 dEdZA Holy HAuFA

1 olg F35u AW AHEA

k%)

7}

4 =7

A

Fuk 457700k, 85710.66k, 24.05727.00k, 757850 I &5 Al
AL 93 na, §9o Ver)E T VEr)ES vlal 245

B Zge 59 793 a5%8mm1 RAPA AA912 4 AE] EMC 3w o A
3 483 o] 47 A T AFS Wdez A

(o]

[ 4-8] S4& AR AFALS

HS 7178 FOt S (YA H A H|(HH|B)
9.5GH: 10mW o
1 ALY (+500MHz) (RHH|L} Gain EH&=:15dBi) [OI==
2 ALT-6200 5.8~6.30H: 5mW 0|2t EeA|AH
3 Rosemount 5402 60Hz 1ImW O]t ofj
4 | Rosemount 5600 106Hz AT} 1mW (@]=)
5 Sitrans LR200 5.725~5.875GH: -39.2dBm/100kHz
MEIQIAE
6 Sitrans LR260 24.2~25.56H 2.4dBm/MHz
(=4 X|HA)
7

Sitrans LR560 78~796H: 30.2dBm/MHz




H R vEe] vl wE AAEE 9 EIRPE SmAEelA S35 om,

2 Ag3 AA AL GG AN ATEF AEL o) §
2 Zgstgon], TRadule AggREt A g, 9
E o

[e] ’
RP 2 EIRP ¥&Z54W(TTA), & wet S48

(16m)| < - ;
e s e R S SRR S ————

= AFE 2 (EIRP) S

=
I

o]

PEEETEETE

o (FH7IF) 7171AA ] EARE S4(717])

_60_



" (16m) }’
:
(19 4-6] =74 #d
R S E-E
B At 7712 ZFete] BANEE AnE uAlsln g Bl H 9] 5o A
AFA 7= w) S nekate] ¥ 4-99F o] MY V|ev]|RS urEd)
[ 4-9] A &A Anp =443
kS A o
ETSI EN 302 372 2{(SRD) 7|& : OI=
CEAE ZYANE 7|27|ES NS,
.|
TE . 2Quib ZMO H|TF 0|28H [{UD} 1~1706kTHSS 47§ T
(1~26, 1~40, 1~75, 1~1706H)S =Xt Zn} FSHL} e Al
FCC 47CFR Part 15 O|UMA|ZE 7|= : OIS
O= . MAzZE 9 2QUMI= DfL O|okste] IREME A|ESIGoLt
ANSIF S HCE Lop =H2 7}
SMMH| 4] ®7XO|AFAZE 2M7|7)) 7|1F : SHEEIEE)
=W | . MAZ= é" Al 717 RHH|OHS =T AL OHESIA| 2lL, &3
of 77|12 ARSI EHSe AL OIS

_61_




[32 4-10] A1 €A d9 AR

HAZE
EA}X24(EIRP) YA $ EQWUAL
By | (BUV/m3m 3m #z])
72
T8 Hl 2
ESd EALK{4
o wa | bl wa | DF | we S
Z
Tk KEAF XA KEAH - uv,
| B | S GH) (uv/m) )
Sitrans LR200
5.725GHz~5.875GHz MBS LX) =X =X
-36.5 65.98
—39dBm/100kH: gis %S s gls
/-49dBm/Mhz
ALT-6200 o 159 | 1~26 159 159
Mgl Mgl ~ k=t | k=t
5.8GHz~6.3GHz -39.2 oo 60.6 ole gl ol
5mW / 7dBm/MizO| 2t
Rosemount 5402 sl 1sel 159l .
Mz M@ MR MR
6GHz, 1mW / 3L | e | 6876 | oo oo ale
0dBm/MHzO| 2t =LA}
E(1m)
=xq
1 O
HRM-200 | | | |
AlS S AlS rS2 AL
95GHz +500MHz, | 24 | TEE| meas [TEE| 10 | CEE | ARE
10mW / 25dBm/Miz
Sitrans LR260 el 15l 15l 3l
M M M M
242GHz~252GHz | 343 | "o | me2 || 175 | ol P
2.4dBm/Mhz
Sitrans LR560 - 1sel - —
M M3 M3 kx|
78GHz~79GHz 298 | o | m12 | ‘o0 | w0 | ol P
30.2dBm/Mz

¥ o Rosemount 5900S A2 & 2F% A ol ZAajo A A<

_62_




Ay dolr) £ WYL AW WEHe] AAYE W BRUAE 243
MaLEAE] Slgel )

o @)t ) ok

[ 4-11] 53§ A5 AFALY
2dY Fot s H| 1
Sitrans LR200 5.725~5.8756H: -49dBm/MHz MZRIQIAE]
VEGAPLUS 68 26GHz -14dBm/MHz SH= | e
<VEGAPLUS 68>

<Sitrans LR200>

EE(F4MLAN), DSRC L2 0|

O

WLL), $*.JCATV7FJ€-, Xfo%a

X 5.725~5.8756HC1 Y -
266N+ TFRIRIS| A

a9 4-73 7o
(25cm), 717145

0]’ AR E]’



40cm(7| 7| HE =) 60cmiA| B = TEe)

[1¥ 4-8] =4 #d

AP Aol ol ' oRA Y AT AZIZF wl¢ Zrob =] W ek A
B FA717] Vs wEEn AR A oR AdE ¥ i Ao R A
et = FAAAR A AT FAAG E FAVIDE EFA A
fle Aoz dddd. sl 448 7= FA77 AAE SA4se S
i lom® v fEAH @A V7E FEsd FA4se AEW
W vlAE s

[ 4-12] AAAF A 4%
e HAZE(uV/m, AH2| 3m) E QUL (uV/m, H|
= njoFRARE 712k =3 72| : 25am 40am 60am) | -
Sitrans LR200 S|EE : 2512
5.725GHz~5.875GHz 35 7|7148s : 255 yz2 gg
~49dBrmyMHz AHMEFEHE : 2458
VEGA PLUS 68 o e
26GHz 91 e Lo ds8 g




A5AE 7erE =Y

1. 18

= A !
PN i
£ " o
- o ;
F T oo L H = & e
3 ’ r E _ Mbm o=
T T - : g u
X % Jﬂ 8 e :
0
% il s o S _| e ® 5
o g ) =5 i :
o =% - i Lk o
iy n_ﬁ o< WM I _m:. = N W of
s o 4 o M| & X !
< B o ® s | AT m % :
w: o uy o X AR ix s ;
=K o= X A — | o %° : e
i N ® N o Ko - :
T i "
Wﬂ . - ojn _Eﬂ ¢ - : © ﬂn_ﬂ
: - S o g = O X
= wne T o X %\mm g g
NN u N w2 T ° g ﬂ\.,.u/ -
ENRY S x N g £7|5 0 |E| X
% < g ™ R : -
o o Mm ~ m o | E E ; non
~
=3 i = S| =] 7 = Z 3
. 2 o L mxufv.w :
W 1x]r BL W X zh < T, % m ﬂ_mdr,_ % 3
- " < mT Woe =S :
" KP o= X — B N : 5 :
il : R = RS dne = %_w
. L s W 5 o T2 { o %0 w
: M o = iy = ok Mﬂ“ R — o NF
= e w9 R " m A
R R R ) G % " |4 3 m M
= F N S oo E R m ik
N X - m -
al il 7
o\

et

ke)

_65_



3 |
ZIe] Al Ter|Es wHse Aede vAAAdE Vs S
Zlo s Pt

[3 4-13] FAAu8 572 224 7HZRE) Al-7-Z2% e sF

d4 3 4 Hl 3

Az} AAZE T | A02E S AAZE FA |o
A717)) <Al mek A | 717 DO (A8 )
A= F2d71719) 7147

T2 U 7 39 Ak

001

7S O Q%o ¥

o 774

- HESAE lH (R A+
]) Egﬂoﬂ 7]7]E _l_

. ~ 3 (& ) . ~ 3 (d43 25) e By gu=
<AA> @ AApIHez AHE B Aol o] &
HellA lelHE 0]9“3}":] =
_ ok =
sk #A77) ol el E}Ej;}:i o e

] the] 720
3 elelel'e} gehel Agel | PO
=

e e =S|
7)ol Allse] 7Evles
ol Zd-tells

7l WS Flo g R

]
kls

S ot
= U]kahﬂ o

_66_



A5 AAFE=A FAALR VerlE AT

A1d e

el rAEel i AAFEY $A77] FRFUY Tl A Tl
v HgE FaRrddS e Fuagde AL 2 FEE4Y §
WE S8 B9 BY4S AR, 4849t 71Ee AeeH ga A
& A AAFEA dapalz Aoz g Jev]s =EYHEeE viE S 9

AAFEA FA77 = F2 53U gy 2 Age o83t FAlsk=
7|18, AFoEE 1350 RFID, A AR =il 2] X (EAS), dAFA A o A
sol Atk

135Kk ©)3F 3l el RFIDE F2 7153, 23 93 &<l Fof
ggata glom 60kHz % 8MHz A& =yiA Al 28l (EAS)

]

A @elR, e, BAntE FolA o

7} AE = GHEX] Al ~ 8 (Electronic Article Surveillance)

FEEERAAN LS QErtE, 7HA 5o 2oy F2dd AR 2A

o (Surveillance) & A st AE/2Abe] A=E g7 A AFA O

05] O u %—T—,‘
A4S ANA B3 FAGGS B9 A Aol gl FE, A w
o

Alarm!!
Deactivated

Sensing T§2

_67_



1968\ W)=l SensormaticAtell A 9OMHz T34t S A8+ RF
HkAl S ALE-st= EASE 7)ksk o] % 1985y o] 8MHzt &9 o] Swept RFW
2l 198739 70HzT1kHz W< 9] EM(Electomagnetic)®2], 1988\ ol +=

58kHz W& AF&3l+= AM(Acouato-Magnetic) 4 &) Al ~®lo] 7 &)
o, dA AM, EM, RF9] 371#] Wajo] =2 AL a1 gt}

1) AM(Acousto Magnetic) 4]

AM Ao Azgle B EE gug gA87] 9% 99

=d, 2 Fos d2o g H
= "o dyRE AFEA "o . BlaeE A A)lad 2t
AlAe, SEela, FE9¥E w43 FH 9dd Fugs AladS WES

Be] AEE $47] A5eh FAF Frpgolt)

Transmit Tag Reradiated
1.6mSec Signal
Pulses

<+ =1

Transmitter Receiver

2% 521 AM] AFEEHAA 28 S22

_68_



2) EM(Electro-Magnetic) 2]

A F 3= (70Hz"1kHz) 2] A 7] =}

<ol
a2 oz A7) =713 Yo

S

Electro-magnetic A] 2=

SEEREA

A% A3

ks

=N

To-

FERIYAA LY FA 4

3) Swept-RF

F71A 2, Swept-RF W
tel 74 ~ 8.8\

X
-
S

| 71%3 o)

A

71 4
= ol 2 '‘swept’ i B

5]

B

AL
15/

A

i

AfAHY JEHE T4 3=

T
) Y

N

A

oj

"0

i

110

A
Gl

Tk
el
;OO

pasel

ﬁo

_69_



e

7T - 4A—8_8NVIH= Sweep

Transmitter

[18 54] Swept-RF H2] AE =R A| 2H 521912

1}, RFID

Tags Antenna Readers Integratmn
Software

[Z1¥ 5-5] RFID A|& A4

Fsild RFID 54 ofeje] ®eh 2on &84 ug
= 9 o] RFIDE A #sle] &3t Qo)

2
i)
2
N

_70_



[ 5-1] #35 ¥ RFID 5%
Fos | AFILF) | DFIHHF) = & ehmh(UHF) ofo| = = I}
F ot 135k O 5} 13.56MHz 433Mz 8607960Miz 2.450Hz
ol Al A7 60cmo| 2t imo| 2t 300m ofat 10mo| Ly Imo| L
S ZHdrAl T4 T =&Y s&/Ts8 s&/TsH
AL = ‘:'__'J_I-
ax xzs | =0 agoiype | 23w
e Hof =0l £ X o= =2 /\IA|7|. pNONEIEY o| x b x|
S T EE':IOI_ E%?PE ] EE._Hu_ | T 2 o
= 1 =X X sl 2 Al
ol x
N |z e ws | 2z ww | M ws | a2 ws | 2 ws
oS53
= A| HFAl inductive inductive backscatter backscatter backscatter
= = coupling coupling coupling coupling coupling
el 714 =7t =) == =S =g
;;.TIL?LE{E == o i} =
8y 98 | =2 >
Ela 37| 2 - Se=
150kHz °]3} RFIDT 714, A4, A @4 5 thdst diddA &
He], wE7tE, EYEA, FA-EARE 5 Ay EofE &8 JlsstE
NAel a7t FEeA F7 sk3 sl FAlolth
[3 5-2] 150kHz ©]3} RFID 2 &-A}#
KEJ\
TEH;T 22|
o3
4 5 AdyEI}L s ¥
125KHz | == 22 2 S=0 o|Alstd "@sael ¢
?| xlmheto| &
A 7|04 A& S20f| T2 AHOEE otf|
133KHZ | 55 A Ay LIS Mx|s AFl0{S2 AF stel
Ef 27t M= 2=zt F3t=lof 0O}
ofatE M BlE @Ao ZYM, F7h ghEbE,
133KHZ 2 xy x| 2y o Sof Mx=0 Mol 7=
= z2|

_71_



@
\. @
V4 )
%)
RF Module \1 @
s
Reader s i
/Writer 11
J
Antenna RFID Tag

Host Computer

[Z19 5-6] RFID 524

A2E -9 o8 dF

1. =W

7b AA T E=A FA 77

ol

{1

13.56M RFID % NFC, %L%E‘&%XV}X](EAS) s 7o s 9
T U Ao AMH AR AFEEo] Al EA1E o] o]&¥a Ut

T g AgAAFE vFS BA Ok 150k v vk 13.56M < o
A 965% 5 AAStEEMN, B} FakFt ol Hle] tiFEe wu 87k H
TH v Ae=m AAXY, T3 gl & T AFE Ax=d v
= oAERY, Sl JAIZE 745%, obrlotet mi=el 212% elil, fHS
43% 2.2 YEtY sl gA e vl Fo] =2 Ao R LT

_72_



5-3] A

;4

[

oﬁiﬂm
K TN T of U T
DR N o 4 o
_ S KO- g oK o X
3 X 3 muﬁl,uﬁ
Q 5| 8& ) Kool & 3 W ooy o o
N ™M |
— S S S & = I Uy o U Ly
~ = .__mmxomr_ = —
H < o B o~ R
- K = gk _- 0K ~
] WW _._IAOM _|M_um %ﬂPoMﬂ_D/..
MWSS. = 1 _. = — X ~ e
Slels s sEFe xasd TEES
= = ™ _— o® ‘Jll_x
™ N M._ur_u_._|._:._ ﬂ/lX@e <
m Al._All__AII.I ‘I_|‘| wn
N K muoB X K =
= .rn_.zwo X B T
WWG s . 00— *}A
o o 2 L._Eﬁﬂl._ua . o y
& 0 © ST~ ]1_|1rT
m a m@%% L %A
s s RS, ]
=T = A
o EEZEs2g e B WMATW
| o o) 2 — %?_?_BSMM RSN 0w
- 8 | B T 0o S o i
= < anaﬂa_u X _ iy
= LT X ﬂglﬂﬁ o]
FELEEE s TeZL
ST K = —
- SEES ol i ¥ o T B
© N R ) o
) o S 8 - Ne-2 DIIE._N_A_O _ Pog -
> g © xmﬁﬁz X =0 oy
= == g " _tzi%
N - - e '~ 0
- Jlm.Ul?..HW ‘m_._._ ‘X.ﬂﬂ‘l
FEL mwaxi___ T R T
Y ) S 2 238 E:zﬁ___u_ w < o o
2 m 9 - — - ™ W = LA ﬂo#aﬂi
S oF o] Plo ;e
S = — A
- - v ‘)IAFLH‘HAW];A
i ornr ml {F H X X _fOE H
IH ~ 1o o) KF ay H =
KIo =

- 73 -



ATP ATS

[Z18 5-7] a2l Ao 7] oA

2} A% A o] (ATC, Automatic Train Control) : Z+E &4 i€l F <0

[e=]
E
W AE A5 )5S ol

@

@ GAA-E A (ATS, Automatic Train Stop) @ Al&7]7F A Ash= WHE-S FA

s o FHYSE FHAAIL HPss ARG FEehE A

8l EAE Aoz HAAAT|= A
@ ExA5H 2 (ATP, Automatic Train Protection) : A1} A3 do] A
9, G T ol digh AFAET A¥ete] HaSEe Al 5 ARE
Ajbste] FAEETE B3R SEHT 58 A4S JRE Aot AsEAE
A7 Al
A AA 26l HEof kA 5 &S SHsH] A8 od
shAl &8st dom, XA AgAFA o] ARASS A A=
3= R AgAe 22 AAFEA FAA717E AREgT

AR Fhe Fae EHQIﬂJJr ze7)zd @ BB 71EF slol A%
B57h 71E(EH, EMO)S )

_1>~1
Oll
20
D

[ 5-4] dapleA]of7] o]§ d%

& XEA| O E X 0|8 & Eel=7t
ATS MEAl X5t 154, 254, H dFM, M, Ml S =
ATC MEAl X[5HE 3-85M, AR INKEHE, SHIEHE S 0=, 7&
ATP CIMX|SHE 15M, tHHX|HE 15M, 27N, SEHM S wE

_74_



= o]
4 X} A|0 _ ) oo 2= i
An zue  |daoid | gseel | 55 52
ATC 2040, 2400, __ |zsm=o|_ | L
(mameg) | a0 s, | A=siz | FENTS e o) s2e nxamE A
ATS 78, 98, 106, . ] siA Ol
(etA T gl 114, 122, x| AbK} té"?%(‘é_x._l) of &= x| -X|&Rfet AAXIZE SEISHA 0|8
CAIHER) 130 Kz =L - RIABKIR} XIARIZF 742 : 70~260 mm
2= Al _
ATp | 2r Mz YR | iy || KRR AR TR : G108 1
221 | 395 452w | (balise) ~FZ{:EN300 330
2. =9
7h # ¥
ETS 300 330 ¥4 0A = T35 30ME v qko A o] 83 4 Q= FA
71715 A7FA 2= BEFEte], S8 AE 100l 7]Eale] AAdE 2 EQ

=
WAk S8 E TS ek,

[3% 5-6] ETS 300 330 #1429 44 ud7]7]
=5 &9 H|
Class 1 FEA LA SAT|(QHH|LE £ 2o 3 Ql0g|L} A
2 =

Class 2 FEA 2xaY SAT|(QE L D|F ) 30m“0| 5}
_ o EEioloFEﬂL— 04 &
Ir e = T = -

Class 3 | Oi#2 RE F=I3YU SAIZ[(QHHL 0|2 & 30m?= 2}

Class 4 A SAl7|

£ ETS 300 330 =it 4olXE Fo5da 449 Asns=sg =
el Ee thed wol Astn Jd, AARE $4719 S =
sHEY 2479 ZAYIEL 27 e
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< ETS 300 330¢] Aurn= 2 SAHYYE >
Table 2
Frequency: (f) Detector type | Measurement receiver bandwidth | Spectrum analyzer bandwidth
9 kHz < f< 150 kHz Quasi Peak 200 Hz 300 Hz
150 kHz < f < 30 MHz Quasi Peak 9 kHz 10 KHz
30 MHz <1< 1000 MHz Quasi Peak 120 kHz 100 kHz

%

Mo

o Fa4= 97130k E A SE 9L

. =

FCC+ 47CFR Part 15209 Al 934, =3 30MEo]3+2] RFID®| tf
ot =9 9 E9uxlE #e]dtal, 47CFR Part 15205 1A S =3t #A4
5

MR B E Ao w4 Hgs Fa Ut

A

[e] 1
dobapEE o] g3 % itk el A% 90 110Kk FAEdo R Eujslo] g

4 (FMik) AAZE 582 (V/m) =77 2l (meter)
0.009~0.490 2400/ F(k) 300
0.490~1.705 24000/ F(kk) 30
1.705~30.0 30 30
[ 5-7]e AAE 5825 #A4T d-5oe 298 Near Fields 183 B
I SA771 duRes duRofol gty FCCe v 22 185 1
o E AL A= FEIEA, AA SAHS T3 P 40dB/decade HH

47CFR Part 15209 TAANANE SAHAEE=ER Fod=E F3H
(Quasi—peak)e} Hit(Average) AIE A At Ark 15209 (d) 7174
A, 9790 kiz, 1107490 Kz, 10z o] oA += Hia a2 S sk

[ 5-7]9] 2400/F(kk) ¢t 300moll 40dB/decadesS A 83, =4 A2 3meo
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&82= et 2

L[ dBu V] m] = 201og (2400/ F{ kHz)) + 40 1og (300/3) = 80 + 20 log (2400/ F kHz))

=4 AYEREs A HEsta e £HFAVE oy AHAE =
<)

th= ARl frelsok Fu.

SR

Qre  Fug @y 2 pAFAE 2TA Feude wAG:
Aoy AAFA @ FAAE Aol elafe] A4F Faie  wwdol
o) FolAr 717 E BAH AR AFEEQ A3k 8 (ARIB)OI A
AR Ay ABFY A6z AL A 1S E vk AAGE T4
AN AAFE 71EAE RASL Ak o] AFEAE Selvkere] v ok
AAE P77 AARE 1EA 9 FAsi)

Faps HAZE 7| =
500 #V/m olst
302 Mz o] gt (15 W Ol 3ol A= ZF ol 6r/AE B3to]
gttt o F® \E STl e

2. F=

7ol Fug We g g ogdwEE 1y
Information Industry)ol A @938t 1o
Range) 7 ] ] 87l B7]=ol 3l
A a9 ALE, SHEE, dRbEd AE
=

1] So] #AF3 SRD(Short Range Device)

ot B B s Vs
=
=

[ 5-9] =35 9~190 Kz HHA ] T5 7& BT
ESHPN XNALE 7| =

9 Ktz ~ 50 ki 72 dBuA/m (EHF )

50 kiz ~ 190 KHz 72 dBuA/m (0§ 3dB ofct 8EbAlo] 2, =HF )
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“CEPT ERC Rec 70-037°l 4] 30ME mwFe] AAIF-=2] FA7]7]= 10mol
o] AARE 7o w FASE 1, A2E387]7]= “CEPT ECC_ERC
REC70-032] H#-Z4"0A Fu49F &9 TS H% AT A

i‘
MN T

=
[ 5-10] e 2=&8 717 7+

T= Ut CHA ESHRAZE) Duty cycle
a 27.090~27.100MHz 42dBu A/m @ 10m -
b 984~7484kHz 9dB uz A/m @ 10m <1%
C 7.3~23M -7dBu A/m @ 10m -
d 76~77GHz 55dBm peak eirp -
2. "=

AHAFEA FA71719 Ves ¥EE 45t X Zuh “FCC CFR
Part 15209704 &= 30ME w7 <& o] &3l 7] 71+ 30m(97490k: v =h)<}
300m (490K 30M wlRhell A o] AR = 7Eow st vk =ujel wt
A 2 A=E8717] B 78S gtk

3. =W

AR FA7) Ve =8 st S qrgstal loew, el Ad9-A

H AESE77] Bd A

o
MM
2,

o
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13.553-13.567MHz

42dB z A/m @10m

26.957-27.283MHz

42dB z A/m @10m

5-30MHz

-20dB z A/m @10m

[3 5-11] OKE™30ME w]Rtoll A =] A2 FX7]719 &9 7|+
ESTES AAZE 7|=7%k MEI|E
9 ~ 30Kk O|oF 72dBpuA/m @10m SMMH| X H28X
30 ~ 90k O]t 72-10log(f/30)dB pA/m @10m Y
90 ~ 110k O|ot 42dBpA/m @10m Y
110 ~ 135k O]t 72-10l0g(f/30)dBpA/m @10m Y
135 ~ 140k O|OF 42dBpA/m @10m "
140 ~ 148k O]t 37.5dBuA/m @10m P
148 ~ 150k O] 14.8dBpA/m @10m Y
150k ~ 3.155Mf; O|2t 500V/m @3m Z
3.155 ~ 3.4ME O|0F 13.5dBpA/m @10m "
34 ~ 7AW O] 500 /m @3m "
74 ~ 8.7 0|2t 9dBpA/m @10m 2
8.7 ~ 13552\ O]t 500 /m @3m "
13552 ~ 13.568M O]k 42dBpA/m @10m "
13568 ~ 30ME O]t 500 /m @3m "
4, -9 AAFEY FA77] A4 vl
N E 0|= st
Fapoh o (RAZ A ZE) RIA R Az =
9-90kHz 72dB z A/m @10m 72dB z A/m @10m
90-119kHz 42dB z A/m @10m 42dB z A/m @10m
] 2400/F (itlz) iV /m 72-10l0g(f/30)B A
119-135kHz 66dB z A/m @10m @300 b
135-140kHz 42dB z A/m @10m 42dB z A/m @10m
140-148 5kHz 37.7dB u A/m @10m 37.7dB u A/m @10m
148.5kHz-5MH -15dB uz A/m @10
z-5MHz uA/m @10m 2400/F (itiz) ¥ /m *500,/m @3m
400-600kHz -8dBz A/m @10m @30m
3.155-3.4MHz 13.5dB z A/m @10m 13.5dB z A/m @10m
6.765-6.795MHz 42dB z A/m @10m *500//m @3m
7.4-8.8MHz 9dB z A/m @10m 9dBu A/m @10m
10.2-11MHz 9 dBu A/m @10m 30//m @30m *500//m @3m

42dB z A/m @10m

*500/V/m @3m
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A4 3>

o APFFAe] AT A

w7

171 71} mlaek wf 47.1dB =4 578

RA S MR | EHFIE | AL ESHZL AAREA ZMI|7] 7|F
(ATP, RIAMZEEX]) (MHz) (dBw/m@3m, Z5ZH (dBw/m@3m)
N ASE 27 101.1 54

s 30MEolEke] AHAFE=2] FA7I7IE FAE F3A50KEz0) 31, 3.15573.4My, 7.478.7M,
13.552713.568Mk) <Jol= v FAAA =7 |+S F83 S st S
[ 5-12] 23 A] AAGE =4 dolE
TE =72 H|o|E
@ gL L
- Harkez'l [T1 17 - ~|
P o
@ 3M =X = /\ e
- XAFRER| HASEL Al ] o
- ZEE : 27.00M _ Il
- MAYE : 826dBuV srus gegy, im | ||
- RBW : Ol Ak j \
| N I J\“‘ul L
gy Mm% ik AR AT
@ ZHA
® MAZEZ =4l
Loop Ant Factor
® =72 Cable Loss 0.2dB
@ MAL=
_ 101.1dBuV/m
(EXHZHdIBUV)+®+®)
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D NEWY)E FEobELst Adste] FPFAE T, CWAE
(27ME/20dBm) & A gkt (Down link)

AE = A 0.5~1omoﬂA1 =7 ayu}
<EAT>

- $£'?.i.f_ll.+
2TMHZ/CWA S 29 - 30cm M 0.5~10m
g A9 —@)—' &
- = lanusyomx 5 U“. ;
I i ; W (ATP) "
] A i

”ﬂ"‘g" @ > HABE $47]

g FluEE
(2

S XA S H A X = AN=Sh== =HZ NASEA 281D JIE
(ATP, XIAFZXI) (Mhz) (dBV/m@3m, & F32t) (dB&V/m@3m)
HMNSE 3.95 / 4.52 73.2 54




[3 5-13] AR AAZ= A oy

75 =5 oolef
@ - REW 9 kHz Marke= & [T1 I
YWEW 320 kE=x 40_41 4Bpv
Ref 50 ABuY ~RET 3D 4B “SWT 1 = 3. ES3E45154 ME-
a0 Markd= 1 [T1 |]
=4 dBp
=] s i.5135a1025 v |[E
Dalcd Z FTL )
1 = T -4.35 4B
-z <o I I l\/f;_]..5MHZ ) —=dn poTgadesT pp
E——— 475dBLIV ; Delcd 2 [TL 1
=X ST o " -9.z0 aBm
@ M &5 7 3esMEz \\*—\ 0 O
\H_hh,_f'54.4dBuV e E e
— — L -
ARl " = asavkz ™
- AYEA| i ‘. /547dBuv
HAER M < b Rl
= |40 k& 1] 2
I " o
. _ A o, =
% RBW : Okiz I "y .
|-z,
10,
MR =xE
| KEEX(ME), 3m FF
-0

42MHz ZXEM

"4

Loop AntiEH Zt = 5=41)

® HALE S

18.3
Loop Ant Factor
® =34 Cable Loss 0.2
@ THRI=dBUWVM
(EAZHdBuv)+ 73.2
B+®)
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A5 A& &R FF FALF

$=-EUTRe] FTA d4ol me =y Age 43
FoA ARH T o Fol FujolA o] &34

8 % N (6.766-6.7%
M, 10.2-11M, 26.957-27.283M, 5-30Mp) 2] =91 B eAS HEIJoY, FUFL
o] 8% AA|5tal Qe Furgid o ®E 150k Rk 1356M; tie o w
T AxdAE ole el e a7k flo] A=4oz AFiE 5 F
A5 84 %Al 9l
e FAARFE AR AAFEA FAT7] 7]EA WA ol &
Fires 52 F80 384S FASt FAA SR Hol o]&H1 9=
foluh, = 9o = AAY FRE S8 HES FIs g Al
TAEI 2 FEo] BEAste]l AGAY Favt fle Ao E ddHo|, FF
AAFEFA7] 7] Age] @4stet 717 Faol gtgo] Fxlo] g sttt
Egh AlsAo)7|E AAFEA FAT77IEA d& AR A A
T2 FA717) 71l vbEEoF shu, dabilsA|o] 7] A HALE = AR
AZ17F @8 71FE T ot Al vkEE & glo] 2 7]+ whdo] dasit
webA, 71E ol g M et JIFE aEste] AEE ARE =G5t
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A67 SEm| XA (1220 2 2440 FA448] 7|&7|s 9
A14d e

1227123GHz, 2447246GHz W9 S Hg}s| 2231 /sub-E 2| 83 5 ¢ 417]
& A7 BET F UEE AY /1EE 29 FEIL olF 9
a7 Nl §dF © 71e7E =Y BA

7718, AAGA T s A, AEOE 5% 5= AT e
s

E
ot

A2d wl7le 2 AT 3F

ITUAA =AZ3E 98 ISM dlgez @Andk 1227123GHz, 244~
246GHz WS delve g}, gt axst 5 A7E A o83 5 3l
== fHE 2 dF FUbECdA FIE o8] =9 Folth

1227123GHz, 2447246GHz 3+ W95 HZts =

23} = sub-2 gl n|
Hatze B4 ool #Esty # HiA= AN & wet Hge =z
e = sub-EHYVE SR Vst Fo ¢S st o

A e AEA AHAA B dHEbs| 2% (Tera-hertz) oz A
= T2 oL vt HEslEz gL e g oy A g F
Zrell 1A18k= 1000 ~ 101 Alele] Fapaa 3742 30 3mme] o

Hesl 22 g AuAuEgdLe a929 2ol (0,8 +571(H,
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THz—electronics —» 4+— THz—photonics
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Aol et 2x oo Ad nde yEe] e W vy gy
572 NLOS(Non Line of Sight, H|7FA| A E]) 3H74

=
Y= g axEA

oHU=S AFE3S= LOS(Line of Sight, TN AR Aoy AR <9 sk
Aub= Ay F3re] ¥, dA, vty 2 7 o 9% ¥R Q13 LOS
A s o Hla] =77 olF At}

)
A AL} (radio) @b & 3H(light) o] & 3tel a3 3} 5} %]
A 71 AAe] gett. A o® 1THz o|ste] e
A28 (electronics) S 7|HFO. R Sl 7]|Eo|, ¥ F
F(photonics)& 7IWFO. 2 t= 7]&S A&
Hefe| 2= o] Fal+= RF WA B YF =11, 3 SHelA = YHF
SobA LO(?J?HHL 7]) NEE ST A E

2l
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(optoelectronic devices)
THz st o ptical freq
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(electron transport devices)
Nun-wave ==p THz

! !
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- GaAs Schottloy dicdes - Photomizxing
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FF AIEE VIS w2 2YuEe gl idE x| e S5
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F Ao
PZ S o]83le] A vl 7| (multiplier) =
YA 7
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= WHoE Aurle &L £9 Foo wet 10730% Fol
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SE=Z olo[EfHo]|A, SR XHEHER MM
= b

2 24 HUEE S9 %07‘._1 7|,
Atgk BIROIT Z(X=, *al Ale] FA0|SSA AIAH,
QCLZ AlSet 7tA E&*‘?IE
MASEEAM, ol0|d EX|, THz FiH|E},
L2 EMEX|, A, MANE HIHE X,
Aol . gx LS| E2EAM A|AH =x=2 OA-I.:..|-E| A|AE AIZ A}

Lta|7|7| 7Ht”, é.% . ’% E:' HIOIEW“OIA

17| THz 22 o|o|& &X|, THz devices,
17|s THz- FEL JHEL, 2R 22 THz MA{ - Imager,
THz I5&27], 2X+1=x sHMEE, BN S+, 43S
HO[E{H|O0| A

_|
_|

Hetsl 2= o = 7le(dy) e3Fs 29, AF=dd7e, st
AA7F Fst= KTF(Korea Terahertz Forum)© o]
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i
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[ 6-2] 122/244 GHz W <

44

A RS

AT E AN EA} 713 | B34 (U=
Controlling polarization of an optical carrier of Microwave and
double sideband—suppressed carrier Sungil Kim, Optical
modulated lightwave for improving Kwang—Yong ETRI Technology
characteristics of a sub—terahertz Kang Letters
continuous wave generated by photomixing (2011)
. . Sungil Kim, .
Sub—THz continuous wave generation scheme Tlilrelf,lounlgm}{im, Optics
using high—order harmonics modulated SQungbum Kang, ETRI [Communications
lightwave (120 GHz ™9) Minhwan Kwak, (2012)
Kwangyong Kang
A Cost—effective Sub—terahertz Continuous ig;lrr;aeld()f
Wave Generation Scheme Using a Sungil Kim and ETRI Millimet,er and
Broadband Optical Source and An Optical Seung—Ho Ahn Terahertz,
Feedback Loop Waves (2013)
Design and Experiment Results of .
o — : : : ungil Kim,
High—Speed Wireless Link Using Seung—Ho Ahn, ETRI ETRI Journal
Sub—terahertz Wave Generated by Seong Su Park (2013)
Photonics—Based Technology
J. B. Hacker, Y. IEEE Microwave
A 325 GHz InP HBT Differential—Mode M. Lee, H. J. T and Wireless
Amplifier Park, J.—S. Rieh, | = Components
M. Kim Letters (2011)
_ : : Hyunchul Kim,
A 140-GHz Fully lefer.e{ltlal. Daekeun Yoon, aHY AWAD (2012)
Common—source Amplifier in 65 nm CMOS Jae—Sung Rieh
CMOS 138 GHz low—power active mixer with | Dong—Hyun Kim, T8 Electronics
branch—line coupler Jae—Sung Rieh - Letters (2012)
SiGe 140 GHz ring—oscillator—based Hyogi Seo, Electronics
C . . Jongwon Yun, aHY
injection—locked frequency divider Jae—Sung Rieh Letters (2012)
A 140 GHz Single—Ended Injection Locked Jongwon Yun,
Frequency Divider with Inductive Feedback Egggfhsuelo&m’ aHY [SiRF (2012)
in SiGe HBT Technology Jae—Sung Rieh
IEEE
A 135 Gl Differential Active Star Mixer in | Dong=Hyun Kim, | 51 Womerr
SiGe BiCMOS Technology Jae—Sung Rieh | & Corr?piisents
Letters (2012)
A Wideband 215 — 255 GHz CB Differential gaekheun YO}?_H,
cpe _ : amhyung Kim,
Amplifier in a 0.25—um SiGe HBT Ullich’ Pfeiffer, 89 [APMC (2013)
Technology Jae—Sung Rieh
Publications of
D—band §417] /M, 95U (124-142 GHz, B o [he Korean
g, &4 AF) =Y Astronomical
Society (2012)
210-270 GHz $417] 2008 A%E 4% - A
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A 122/244GHz0l SA WG] A1 dger RI= oy BCC
Researcholl ZA}ol] ¢lstd A dHgal2x FA77] A% A3 @ Aws
E2 o] AA THz FA47]7] A& '11d 0.8 oA 21d 579 dg8=
e Avstar ltk. BCC Research Hgte|22 F4717|& o 5/717 3
2], AT, AxY, TFA To FH $& A|Fo] FEE AR AW
St Atk EANAAA A2l A HERE|E22E o] &35t EAE 2E
F Jde= Had =22 A A 16d 179 THEo A 21d 1709 e 2 S
2 Aoz Jgadtar vk w3 Thintri Market Study(2011)2 e n g I}
Bk A Alzgl AL 169 309E FRE dWstal dow & aE
Azt Al A HEuEyt 5 2359 o8 FAWE A 18 1109 E f
Rolw FFAHoR HEE2x FA WNE AR g AYs Aoz B
a2 1t} (Thintri Market Study, 2011)

[ 6-3] HEsl2x2] &8 Fofd FXA77] A% A
(F$ - $M)

S& &0}t 2010 2011 2016 2021
=39 0.0 0.0 18.8 494
o|=F /AL - - 21.0 246.3
ES 2.8 30 140 56.2
T}8}oi 80.0 80.7 69.2 1254
ENZ H[2) - - 0.1 15.2
= - - - 17.5
224t - - 39 60.0
B 8238 83.7 127.0 570.0

Source : BCC Research (March 2012)

2018 H#HAE= Al FEE 598 FTEoRE Jd(FHERD BCC,
2008.11)3Far JYAIRE, 7l e WE 7|EAE A AW &3 Al
o] 7bssttta Xl At} 71 2l (copper) 71HFS] interconnection T A
EEE AEAYA Ve e Be FAE AE Folw NAAAY

;

gud = = HEsEx B2 Al 2"ES st Ealo] 2o 7] H]
gty &2 FolE ¥ gtslo] wlg- thket fRofoA 8o Ef E Zo
= odd
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A3E Fo= Ty o|EHF

ITU= 1227123GHz, 2447246GHz WY& 33 54 RR.5.138414 ISM
gelow Rujain glow W 7 %W ISM uY Bl Y Tyl
o7 Bage WAG: vk A vele BuAge oo mAs 2

N .
[ 6-4] 1227123GHz, 244 246GHz
=X 24K =LHE2HH
1 1?.92;1 %2%2§ - 1 1?.92;1 %@ - 5.138
A FEALA A (5 Z AL A (S [
b s O | ShY saec ) e ESeHEE:
SFAT(FE SFAL(FE 6765~6795 K47} 6780 M),
433.05~434.79 My(FAFI 433.92 i)
5.138 5.341 5.138 AFH A528050] AdFE ZrES
122.?5 123 122.?5-123 A Qs A 12 ol A
A <7 pid = ’
A7 g7 61~615 Gu(TA T3 61.25 (),
°o]%& 5.558 °o]% 5.558 122~123 W(FAF 35 1225 () 2
ofrpof ofrtEof 244~246 Wa(FAF 35 245 ()
5138 5138 4, Aot 8 JRE(ISM) $8o2 AFAT. ISM
241-248 241-248 %J‘%P—E o] FaFgS "]’%’5]'?\: AL AuIF 7}
Ao & Ao FFE e U Jde FEAY FAE 49
KEER LR Y Foyol SUd $Ag RARE AL
i ki Prrol AAZ Gy, =95 o 742 ALdtd] glolA
olul=0o] 9] A olul=o] 9 A Ll hil . T 7O T o= “I =1 A
RuELbL Telid TURS A4 98 AnE $23 nefsholol gk
5.138 5.149 5.138 5.149

20119 ITU-R #ir SM.1896(Frequency ranges for global or regional
harmonization of short-range devices)ollA A= A %3 Fu¢ gid o
= dustn Yok A2F" =4 %3 An Fa¢ e 9-1485 kHz
3155-3400 kHz, 6765-6795 kHz, 13.553-13.567 MHz, 26.957-27.283 MHz,
40.66-40.7 MHz, 2400-2500(2483.5) MHz, 5725-5875 MHz, 24.00-24.25

j

GHz, 61.0-61.5 GHz, 122-123 GHz, 244-246 GHz ‘s Z&127l°]t}.

F+8& d4 &% v AA(non-specific) 28 FA7|7|2 Eulsta o
o 7e7leS olv AASY AH&sta vk #-W A< ETSI EN

O

305-550°14 =¥ 7t WA HANE H(EIRP) 100mW (20dBm) = 14
E 300GHz7HAl S48t stal glow, 7|&7]E @

A=
ForlE, e BAH AR F ARE 4§

i
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ATk of2 Y el gk ~HFMEDH FHS(spectrum access) WH, T+
2~
=

A spacing®l] Wk AL i)

[¥ 6-5] ETSI EN 305-550 2 29k

e 100mW eirp(20dBm)

HRFo=ti9E | 1227123GHz, 2447246GHz Tk tfdoluf & A

T AEEMNUA 1GHz ol 3} 1GHz o &+
S 2 E(eirp) | 4nW(-54dBm) | 250nW(-36dBm) | 1uW(-30dBm)
7| 2 E(eirp) | 2nW(-57dBm) | 2nW(-57dBm) | 20nW(-47dBm)
H D 1) LdEEHUA 4774 MHz, 8757108 MHz, 174 230MHz,

= A 470~862MHz
H| 1 2) 1GHz O|st thed SH™A| 7| &0 =100kHz, 1GHz Of At
thof ZMAl J|EHAE IMHz. Hof SHFajtE
300GHz.
SIS 30MHz~ 1GHz olst | 2nW(-57dBm eirp)
—_— 1GHz o| 4t 20nW(-47dBm eirp)
MoEA 53 1) 1GHz olat tHe =™A| 7| =0 Z100kHz, 1GHz O] A
(2171 thof SHAl JEHAE MHzY. HOl SHFuibe
=244 300GHz.

=& 3d o] FCC CFR 47 §18.301¢ wet ISM thel o= Fuj &

of glot 258 FAY7 §59 7&E7FS k. v ISM 9L &
1170 wiede] glem 6765-6795 kHz, 13.553-13567 MHz, 26.957-27.283

MHz, 40.66-40.70 MHz, 902-928 MHz, 2400-2500 MHz, 5725-5875 MHz,
24.00-24.25 GHz, 61.0-61.5 GHz, 122-123 GHz, 244-246 GHz ‘s ©|t}.

FaF et B%S 2w WA fde 4% 1227123GHz ol
Aulge] AFg dold 2 WG ADZHANE Awels] 9% aA
EE F3 Folg. xzAEWL SUCCESS(Slicon-based Ultra Compact
Cost— Efficient System Design for mmWave-Sensors,

www.success—project.ew)ol, Fo7|#Ho=Z = [HP, Silicon Radar,
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Evatronix, Robert Bosch GmbH, STMicroelectronics, Karlsruhe Institute
fo Technology, Selmic High Tec, EZE t3s Fo| At}

Success Silicon-based Ultra Compact

ost-Efficient System Design
& 2> 3 1= N- | C £fi y Desig
& = = ] for mmWave-Sensors

[71¥] 6-5] SUCCESS Z2AE

-‘T"x H
- i
, b
LO = 236 GHz ; i
(14
—A
| 2% Toemmvesib
AF = 244 GHz ;

12 20 mwW

v A9 DARPA(Defense Advanced Research Project Agency)
Terahertz Electronics Programe &3l H#s|l2=315 o] &3 10Gb/s RF
backbone 17E Al¥3sta St}

JE Lo NTT7} ‘009708 7k 120GHz th el Al F2pg-3t 2 A 2}p3- 8t
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7] Rk

Oft

bl FAEAA~E ARe AsHew sAAT

Photonics-based Transmitter

Transmitter Core 2005/8

I Photonic M
Generator

T

+Output power: 10 mW, ~2 km
«Power consumption: 800W

Volume: 1/6
Weight: 1/2

Mobility, Portability

-Output power: 10 mW, 2.2 km ¢
-Power consumption: 60 W asy set-up system

(238 6-7] €% NTTY 120GHz WY FHAEA A 2~8 7))

T W= ETRI= 120GHz %2 246GHz W9 & Al&st= ¥4 A4

& A" 100l ATkl EE A AEE e B2 ol &
g

Z5helh,

FoU g 120GHz tf A 246GHz of o
W TeLFELMATTEE HSSUEHATER
2 THzo} LRl/He/AE7| & THz e Mutetd 2

AT T|=HY FHMYUEEHE T|=AdT

HELHE 1.5Gbps 1.485Gbps
H&He 2m 5m

Solde -10dBm 160Bm

OtE|LtOo| = 45.6dBi 250dBi

B 7= gkA] ASK
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THz Receiver

| THz Transmitter

Receiver box

ASK-Modul

i » Parabolic
ated . z Antenna
THz Signal i
Generatd
= Full HD
Video Data
Processing

[298] 120GHz WY FA93HdF5A 22"(ETRI
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A wlare] 122/244GHz 92 ISM tig oz vt 5ol & & 2
AA 2&Y VeVl Fov fle 3o dddn Y T g
olgste= wH FEF JHdel thE AtdlEn B ZEAE JH Fo] AY
glek. "Evga &AEg FA7171d A Fag 9 71+ 7]+ (CFR 15
Part C)ollA &5+ Ao T4+ 92795GHz oz dx Ay 54
azeto] Fhafl AREeb= A WAL Atk 100GHz ©1d W19 7I&7]E
o digk AAA = glE Aoz Helth

20110 & =mAg dAow Fag 2wl FE 7|s7|Fol
Ao AA7EAE o] tho A 2hol= AEY FA7] 7o ApAg
A2 x ¢ drl. E3] ECC Report 190(Compatibility between
Short-Range Devices (SRD) and EESS (passive) in the 122 to 122.25
GHz band, 2013)5 &3 dA +He 45 122GHz 95 °]&3t= &
=9 FA7]7] B ISM 717] $8AFS A glas sttt HalA
v AEAk AFSAAY, B o5 ioF solA 53] #elr(Radar) 88l
et Fa 2 VisErle T8 AV e AeE Fe g o
SUCCESS Z=2AdE e} 72 7Aoo d#Aaies oy 772 ojn 2
FE& doldgor 5GHzO

=
Fo W AxAAE F& dgZzE 71z

= % A 122/244GHz D)o g FEop4
2 JE7)E o7 ¢l AEE BRa 9t 98 EU A9 YA E A=
o}Elo}, Tk zA ol Aol 122/244GHz A S & A7)/ &

el A9 ETRINA aE thade] AF Foasdids ol &st= 120

GHz 2 246GHz EAIA~ES suralgd o) A4S 9)ah Al ~d

= S e AHolth Al 9

A 2ol 275 GHz ol

122/244GHz Wl 9ol A HH o2 &
o

I R I e K



S 7F4 4 9= 300GHz )4 THz WY 7]s7ete] #4o] ¢ Ere ¢
AL W= sk guk Ve =99 A, 7€ SR AA gdl
SHAl frE Y Vet ES FERsHe 7w

HA A FEAIAA AR 1+ Aotk 9SS ECC Report 1902 %4l
1227122.25GHz oA A FEAAAA LT (F&)E BHostr] 98 AEE
FA71719] FFA S Aetstdtt. Haud s A FEAA G F(EESS)

[ 6-7] 17 &E" FA7|719F A FEAAAZE A& 23
e o9 %
zZtf &&= FM7[7|(SRD) E.I.LR.P dBW -10
SRD2} EESS MM 7HE|
(IO E : 800km, *IAMo| X|&s AL Km 1219
st= ZF=(Nadir Angle) : 45.2%)
=2Ha dB 195.9
|2 2lst &A(TU-R P.676) dB 4.2
EESS Ctg|L} o] & dBi 55
Received Power at the EESS dBW -155.1
EESS 7ZtMs{ e
, dBW / 200 MHz -166
(Reference Bandwidth of 200 MHz)
EESS ZtM 5| Szl
dBW / 250 MHz -165
(the Common Band of 250 MHz)
170 SRD oOFZl(Operating with 250 MHz
_ dB -99
Bandwidth)
2 273 SRD EIRP M= dBW / 250 MHz -20
zZf 4 SRD EIRP M ¢ dBm / 250 MHz 10
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el A

= ECC #

=

|

==
»6—0

ks

- el
] 5
4% 11425712225 GHz W9 & o]&3sl= *Ad EUME

= TSAT

R
=

9]
A

1=
H

5
R

7

o € <
jé S mo A SO SO
B Mﬂga o ® W UGN
3= 7 = O A
el 3T Tz
T HZIOL nHUJ-o‘UIE_vM
X NN — - TER
i B g 0 SET & - "
= .ﬂxf._- Z&;‘_ux]
= ﬂw o Mr_lol RO Mm X W_
e o >
E PFW&O7L OL@HE‘WMIOTZ*O
0| Mﬂi@ mamu%omoﬂuﬂr
& 5 o e O
o o0 o ok L =N T
~r — A_.Enﬂ ] iy
X Hoo% ﬂu%%ﬂﬂ
0 1&'&! ‘Olﬂﬂ ‘UIMVFL
ol ﬁﬂ% > nomﬂkﬂﬂ
70 5o o RS
= 1r1m_uu,£ mﬂn_AlMLUr.ﬁo
oo X = ok
1 r g ST E g
% T4 T -
% _ﬁﬂﬂﬂa T RO wow < w
vy Ehe  patged
g P il o o
i o i N ,_@- I,DFA . &a BO
e oo R X R
T om o o oo 2T
40 9 B = ey B
Rl % o o uy do M 0
o - o : R
w Y RS
oT,L_ ﬂ@u 7ﬂLewH]ﬂL
oo A_.aﬂ_rmmw ﬂlrwu__oanua]o%}r
®ox lzw% ﬁ%frﬁoevwmo
N 15 3 b ®
T nHuﬁW urwﬁﬂﬂgmoﬂw
T o B ORe N M
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2 e} ol
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®O W)
TH
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shago] -

. @A 110GHz o] tigolA A&7t

3

o

Hip

JJo

]

3FcH(2013 9
A’). ETSI EN

=
=

°]
As 44

el A= ARE

A

=

=

305-550 A ¢ EIRP

o)
=0
KA
N~
_*OT

Aed

U AgAl= F2 300GHz o] THz ti<fel o

122/244GHz St <

A gol d

-

1
=

1

el

Ho

A ] AE A

Aol

el
=
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& ) ANEEFS A
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A7 79 GHz A FE& WA Holy 7y A+

A1d Na

FARe] HAY =2 ALY TS 99t HY A BREAAH
(ADAS, Advanced Driver Assistant System)ol= 374 <12 3wk A
T A9 ok VlEo AEH fon, OF M TL

Ae s AA sl

# ADAS @ A% AR A FE89, A9 T, ALY 7, FAR 5
A<
T

ApFel ol = AN S % AME= F= 7he, #eld(Radar),

dlo] A (Lidar), 253 59 7l<o] ol&HH, o83 dMas2 AXYs |
oA 77l FEdE 7HAAL o) A= o3 AAM s R 2o
= FHAFS 4T B JihE, 259 21y Alessd s
AE el el &8 9o, doly, ol = Akt AbE A A

2 FYA9 §Ee] AR A gl

Side Camera
Parking Assist :
: Medium Ranae Radar [~150m]
Ultrasonic (~7m) ACC, Collision Warning

Parking Assist yuoio - oom
Rear Camera ||| '| ﬁ'ﬂ: CW/HER ‘.
Parking Assist | | =) = .
W - Lona Range Radar [~200m)
S ACC. Collision Warning

Radar (~70m] Front Camera

BSD/LCA Side Camera  Parking Assist
Parking Assist

(2% 7-1] A=F& AA ek &8Au 2~

MBR 9Fo] A3 W ALE 7
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24 B A a2 dR T

dutdoz ot AAEHL dAZe] westd Lo mAx

7l e E nFEe] Yo

gelEol Wasith fHolNE wax FA4 FRE gd AHEel Weol
]

7] 5 W AAS Adoe] Jtseta QFFEo He wIHAE e o
o4 Fod FI542 790D A 40t A Z o] AR IS Ao FEEa,
T8t S = A olH & FakarE a8k tH(Decision 2004/

545/EC).
o] 3 T9MMztH & (777810 Y] HWHmEHIE o] &3t B meAdE 2
ojlg o M F§, d¥ 5 AZFHeld 71&A ﬁ%%% FA o7 gy
He 7oA 2 goldo] i 7)Y

o]Fofxa o E3 FH
= H}EF O & SHAA AR =2 70l FP7 (7th Framework
Programme) ‘790z CSA Z2AE’ 5& Z3] A% oo} FS A Ao A] <

=
ARG 93t A2 F34 232 Frdu 9= Asto|u}

FHe Adem WRC-1591AM = 790zt o] el A8 xp=Fd o
el AAA Faa 235 =T Aol (Al 1.18), =odzel et
A FAGAYFEoR AR G2 7757800 NFS ndE A

fgolt] &5 A% FAEAGELz A EWE AFstar ot

oo wet wujell A= 790l x}akal olt] =¢ )ol]
Hegets 2487 fste] Ab- - A Bd AR R Oﬂ%ako A3
Iuel ZlEpd B AYEE, %ﬁ%ﬂ 23} NEgRde Fua F

T 5 AdHoz HES AL
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A2d Y R Fag olg TF

1. 71 R AMHl= Ha

d o] (RADAR)+= FA8EA 2 Agl=4(RAdio Detecting And Ranging)
o] ¢kolm Mg EAC WAAA T EACA WALEE HIE FAEHY
=Aeke] A, B, 1% To A8t FA A Aot dHeolr Y A
kAl AdElE =AA Pulse?® FMCW(Frequency  Modulation
Continuous Wave)H¥2l o2 F32E = gl o Pulsed S #olde £

Aol #Ze 7449 wiﬁi% o]&st= WAHLR Fal Azt ARHA

o] & 7t FI4 HMzE JEE FAAT 8
o] 4 ?“2?_ HW?‘S}% WAoo g Faal sl Fug AolE o] &gttt

fllmw L
| || ‘
m hllhhl | lln;m(l ‘

)| = = :
JM =2 Mreitio BOtE il tms E=1h=E

Ageolds w2 WEQNAES FAAYE 04 HE Asgow By
3o A 2 452 2487 4% 25 o2 2 WK /%S AL,
WEATLZ A% ALARE FAAT]7] A% )&tk BREH Ak
w9 Aels waslel 4HE 9¥ 99e FUAAY HyoaAE HEAA
FEo ARAYE 5 £ WA dA P 75e Fas e
AR @A Aoy AlA Alxwle] & e A el of
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300m7AA1 9] 21 AgE HAAste 4712 AFdlH(LRR, Long Range
Radar)¢t °F 100m °lWie] &2 78& #As= <78 A&l °lH (SRR,
Short Range Radar)® —&38te] & vt AAH o= <78 ol
(SRR)= 240z, A A& A& olH(LRR)= 776kt = AHE-stH, #+3
AAE 71E BN 2ot PHEAR UM ARG DA 77
e B 22 dids A Jhed nEid e 790kt doi e A EFE ol v 9
I 2 |3 9tk dojtE WhAbE ATE o] i) HEE
L AAR AFde Au= EAA "z A o] okslo] *‘xﬂ AF£-9

Short range
24,25~26.65GHz Radar

B —— (& Long range-
e 2 -

76~77GHz Rada
77~81GHz Radar 7GHz Radar

(19 7-3] AFeold FF L AL Fohs

A7IM = o] Aeke 790t < (777810 9, 40z = ALE) L=
oA AFdelr e Vw4 5AS e AYEI|E s

. 790t Aol e V4 53

L
12
o
b~
N
>

o

MOSARIM(www.mosarim.eu 4 E o
m uld ow oy AME Fa4v)

=4 Al 82 Aleste] Bup 2 A

EUSl A3A9e wo} Ageoltiel o
w

w4
P,l‘,
aly

iy

ol
[0 ox &
o

>
b

o2

o

off my K

Rl

&

ol

Joy I
o 12 &

o 4
S

Sy o
e du o 9

2

O;

2
off
-
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de A ATk A Holde oY MY =AE stur $F e ST
EA7te] RS s 8 £ g A9 FF ey, v g gy
Zo ALgBAFE FAT WS dEdE o AAE FdUE FFogA
F3 Aes FEF 5 gk
i 2ol MA ZoH o[ MM
Spatial resolution loww < tal resolution high
TPE—
=r 3
2 | 2
1 1
4 a
3 3
P 2
1 1
Realiny Recognition Reality Recognition
oz EME sSHZE 2l4] Cl=AHE Hets| 722
[Z2d 7-4] A& F3F dgZd & =4 4 59
e oltf ol AR&E = Fapget e Fo] mE Holu e AN des =
Axow wwshd et ok ASEE a3, g% ne}
Aol= ZA O gk E&Fe] Ho 5 V), tHIY Aol =(), 17 =4 T
SYR) 5 I RAFoR mdE 5 odon, SUA} A5 EL
54¢ vehic
- L 4' o :V/// g L/ p
Harrow-Bang et e v (1 ors B @omow)
Evolution of Sensor Performance o i%ifiw
[29 7-5] 3¢ g Ee g oy de
olgI gk oy =A"A TH Z=A] A B3E dAFA ZHAS
(near miss)¥ TEAIS A 72T = o, 7[E 24kt ol A A
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Ao dold 4Xg B4 W A4 wE + Ad

=
!
&
1z
il
1o
ol
>
o
N
=
e
|
>
2
o
i)
2
(o]
=
2
N
=
olr
off
o
£
LB

o 27| AgEE T Axow v

%0,
o

L R o B =

Ol
2
ol
o
fz
i)
)

12 Aol sl sdd EHF 7le=

A g A E
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AFeole] 7ol &8 Mulas 27l AsAke] AW ' dEE F
7] #%E bER A7 oA FEEAAT HTod= dolgE T FH
o 4% ARE TEAS dudEs Tl 2EHoY E, Biol4, 944 T
Ag 2t FHAAR L] AFow Ado|dbA], ApE b, olojw] 7]
s AH g gt & WAHE JledA ste s Al Agom
dsf wrka v

& ' | EEE Esslu JHsst 39 e
jnaa;irgaxl 05 3 Braking— 5523
(10m &i9) oImalS A

Braking

&3 27158 49

+Airbag algorithm On

[® 3-7] A" sEd5 dud=

o~

Bralie Assist

Radar Sensor Functions
fpr Safety and Comfort

Autonomous
Emergency Braling

Pre—5Safe Brake N <
with Pre—Crash X

Blind Spot Detection

[18 7-8] A 55 A= AMH| =
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B
r
)
o
ofr

T A" delr et Aivel T Ve A S
3 ApF e 360° AAC Wik ¥RV ThestEs "AR
S|

=
[6)
WA FFH o7 o] A&F 3 (self-driving)S ZE & WHAd gt

o
N
—_

Night Vision High Beam

Adaptive Cruise Control Assist

Full Speed Range ACC
Collision Warning

#  Driver
o Attention

Collision Mitigation

Lane Change
__ Assist

Lane
Departure
Warning

Traffic Sign
Recognition

Lane Keeping

[23 7-9] 360° A S Ea L& A0~

A AHFH ey E &8st TN

e WA WA o FEs Ha oy FEHoR A
(Adaptive Cruise Control, ACC), AFZ-7#](Blind Spot Detection, BSD), =}
¥ 7 %] 4 (Lane Change Assist, LCA)9] 7]%<S %33t 9t}

% F 8 A o] (Adaptive Cruise Control, ACC) : =% z7} #Ad =

[e)
o
& oFA Fotm 2xr £S5 xSt A e FojE ko] 7
=
=

DAIMLER jit: (Mercedes-Benz) ACC 715

4| - MH|A: Distroni Plus

- 275 LRRZ} SRR MIAM7} FEAlERS
LAISH0  RIete] OHMAHE|IE
FAI, AX|TZI|M  stop-and-go
7|5 x|

[ 7-10] DAIMLERjit (Mercedes—Benz) A 34 =3 A o]
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o AFZA ) &4 (Blind Spot Detection, BSD) @ A& %} 9F

WAZE Apelmrel 2 wold @i AHZA Yol Aol 9l
stol SRRl Al DT A2

DAIMLER ji: (Mercedes-Benz) AFZEX|CHEMX|(BSD) 7|5
- MH|A®:  Active Blind Spot Assist
- T 7l Huuo| Z&E MAMZE ARIXICHE 2|5t
OARZX[CHO| =A| ZX[A] Ato|=D0[2{0f] FEA| = @ LEKAS HBA| HZn}
BHlozm ZA7 = Q) £ZQlHIA| Xi= gk A

[ 7-11] DAIMLERji(Mercedes-Benz) AFZFAt] €% 7%

o AW A1 (Lane Change Assistance, LCA) : T3 2A & 7HA]3}aL
ol ZmshA| eF2 A olg AsS FAste] BH

[‘

o= FRa I, Yol g A whe Aol el Su Aul =2 o
g3} o] 87 Al w BRe T k.

[ 7-1] HolgE 7|¥toe =2 &= Aux BF

22 MH|A go|E #IX| A =

Adaptive Cruise Control(ACC) A He| /oMy
Collision Warnig System(CWS) HH/A He|d
Collision Mitigation System(CMS) HH/A Held
Vulnerable Road User Detection(VUD) ™ OFH
Blind Spot Detection(BSD) = or
Lane Change Assistance(LCA) = Hely
Rear Cross Traffic Alert(RCTA) 24/ Hely
Back-up Parking Assist(BPA) 5 He|y
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o =57 H(Collision Warnig System, CWS), & 23} Collision Mitigation
System, CMS) : A™ HFZZo] o d A F593o] Y= 4L
A e Al AL, FES ALt fd AAsoE Byola A

e H 32} 7ZFA](Vulnerable Road User Detection, VUD) : H3xZE <A
s, B} A7) Ee] SolHE Ax g =u A 2%
As 2 25 337 75

o WA} B (Rear Cross Traffic Alert, RCTA) @ 3 &1kl A
s Fxog W ou F8 xpFFo] X HW o]E AP A HH

o 37 Fx}H Z(Backup Parking Aid, BPA) : 302 F2A| HZE

22 AW ooy 1™ AWpAE AAd U LRRIE 2
o ARAUN ARNAY A5 AEREz Fhets 48T 840 (ACO),
2= ARCWS) 7% TAS 98, =530 W= % maﬂ o] t] (SRR)Z
oo AVWWWBSD), A o } 7417 B (RCTA)
TR AR

o
o,
=
-
-,
=
¥

off o2t oj
o _124;

>
>4
mlo

Zelel A AA AFestEol ATHT Qe Ageoly Muat AEE
Ao e} Fuewz vEv F2 2469 7IhE ol &dte] HulAE AlF
i Qo Fusd AT Aus 75y Bd AxAAE e 2.
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[ 7-2] Aelold Ausg AFss Fo Az

=2 s =3 HLA 24
e =\ e
20IE J2= HER S e — = OIS, SH|A, BE| WIS, WOHO|
=gk 77GHz Hiol™ [2EXI22] HEl=H B = =, BE|HIE

H==gEkxl)

EZH HEE AAY

XM HE EHE AIAH

ZE=H4d24G6Hz Hioid P_Pg, SDH|A, @al 2yl 2,

a2 SEUE S

FEZAIEE AAH

FHFEEAHE LAY

2. ¥ ol & @

b S Fuhe ww As

O

T A= Asak Abady Tl &8+ AFTEHA Loy’ R
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uodle] Faka 2 d 8

Aol ol§ Frii lvidh tha Aolsl QAu, AA hRR
bl s AR AFdolH (SRR 240kt & AF&3ta i FAE
A& o] (LRR)& 0. 25 T70R(767770k) & & AF&3tar 9t}
24 GHz UWB (-41.3dBm/MHz, 2.5GHz @ 77 GHz NB (50dBm, 1 GHz & 200m range*, 15cm resolution)
= 15m range*, 6cm resolution) =) 5. .a .
. , D SR ¢ [ 4 2
l T :’f‘_ ) 4
T e o B o B8 L rJapan:
- L s ' , o = £, = 500 MHz BW on
: P - (i) ' # 1o Laos
gyt no Vietnam
TTRRSE no _Fjakist-an 4 no Cambodia
i o no lsrael . no Myanmar
no India ’
LA Argentina .
’ Recommended by ITU-R M1452
No Argentina ‘ for forward looking applications

(239 7-13] 240z, 770z S =F=Fdloly =4 #xf &3

ITU-R SM.1755¢14 UWB AFdlelt whe 221257261250k A&

£
F AEE AL oy 23672400 IS RR 534004 RE Ay
AFE FAE Y ol wel 2004 EUIAME LRREC 2 77~816ktH
o] Fu4E &3&a(EC Decision 2004/545/EC), 20051 7]& SRRe| A}
SFuFe M-S Ho 202297HA 5 AFESEE A A THEC
Decision 2005/50/EC). wetA] fH e A= 24t g o] A& doly F3r
= 77~-8ltpt o= du dskd Aol

21.65 23.6 24.05 26.65 76 a1
Frequency [GHZz]

[72¥ 7-14] EU 2 goly F34

/& 93l EUL A5 ddoke] old) FAAES FHoE FHIAS
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[ 7-4] 790k A F35 232 93 ZZAE(FPY) HL

—_— Steering group

Advisory Board

< EFAA > < TOCRZZME A TIA| >
4

w2005 El-oowniriesand Singapore

N 2011102012 9 Russia, Australi

201210 2015 Japan, Korea, Brazil

&= y '
- ff b () ottto20n4 ) USA, Cana, e,
Y, China, Gulf States
< 3. WRC-150|% =& 2% > 96 TRHE = A3

# 139 FAAA ArFEolt g2 790k Tk % —E—uﬂf& 7k fH(04),
AFVE(07), BF(11), BAOH(11), DE(12), BelA(12), § &

ZZHMEN: 7th EU Framework Programme

DA™ 79GHz CSA Project

LHE: SRR 79GHk M|AH ZF ity =3} (Coordination and Support Activity)
AIAZ|ZE 2011.6~20145 ZSAIAHAE €€ 1.117 mio.(EUX|2IZ: €€ 0.898 mio.)
£0{7| . BOSH, Continental, 2, Autocruise, ERTICO S
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et - . B |
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y T b y 7 ; . il - ook v -
~ - A 4 A 4 -
| - ¥ = = o d | - ¥ = =
s 3> o rJapan: o 7
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Alls

", _J s i - AUS

No Argentina
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g od AlaEa gdE AAe e 1980dY 2 AR o]
A olgd wholtzt ety A Aot delAE u, & Sl Fo
N z7lelY BB ¥W 27 Sol wzste] 900G o] F Wev e v
2 Abgshe dold Wale] e wEwa g Aol
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il
R 7l JHAde] o] FoiA Al 9l
PAAE dolts X U= S Yot F2 770 ol oA

z =
o] A7} &ks] & Folu Bosch, Siemens, Conti-Temic 5 770
EFAE A Aol EAleta Jon HERE 7Rk
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Daimler-Benz, BMW, Jaguar, Volvo, Ford, Nissan, Toyota,

A7 AEA QAN AL o5
dlolt 7wke] ACC, 2e¥ 4 o] A2 (TJA)
A o Eel Aol xR F88 Foluk

A AFLA B PE
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_]_?L
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Bosch (BMW, Audi)
LRR3 Platform

LRR2 [atandard} l

Delphi

dstancs 0.5 IG0 M

Fav ant4n I m
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Doutle-LRR
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i) duanul- 05 0m LAl Mira 2D Hadud

The concept provides modification of ACC Radar System characlenstics Sysiemand DuakBeam Back-Hp Al

according to cusiomer requirements
Hella (VW)

O -——— N\

DM o RPN fnr Cininmcs Warming s £ ana Ansimianes

j

Honda S
Z1¥ko 2 770H;

oF A -2 A

BUTHD 30 m
Delphl dual-mode ESR (Elctrenically Scanning
Auichn e Radlonh Radar) enables Adaptive Cruse Control, Fonsard
= Colision YWarning, Brake Support and Heachway
Alarl Tealures
v Bivim anm Ciher radar systems include  Side  Datection

s Bt i B8 8 Al

Dind Spo1 Dalacuer Cantaurta

TRW produces a varely of 24- and

AedarDeses Lare CHErge saninetcs s Fran: O amees Dese) Lans CEzames Wamng Seammn ?EGHZ . radars for duferent
Hellz concep incorporates radar, infrared, LIDAR, ufrascnic and camesa :‘.ll')—?phcallm.‘;n lllt.'l.l{d:‘l.la!;l Lgn E.MR‘:
sensors, 24GHz radars (SRR and dualmode MREFRLRR) are vsed for Lane SronBED Bt na-orns
Change Assistance and Distance Warning . o

SmartMicro

L
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Larg Farg e oA fig umtkan (R

B Wb o o P sl [LSH3

lwwes SR 100 (SRF)

Anarem Doarrsis G osAgu etan (AR Fre.Crash Canfosrator 008 Razar

Valeo {Ford}

Ford uses two radar-based systems
in their camrs produced by \akeo
Leng-Rangs Radar and Blind Spat
Datecticn Radar namad BLIS (Blingd
Spet Infermation Sysham)

[29 7-17] &l 9] 77GHz =& #olr AlA
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o A= 2008 HZ=E ACC(Adaptive Cruise Control) 71529 A
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Advanced Driver Assistant System)= A3t 2o HFS E3] 4
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(£ 7-7] 74 g AR AGE 98 44 Zx

=T 7124 = ADAS H| 1
‘134 112 | " EZ/H{A LDW AX| o5} EU Commission
e . Euro NCAP(ALXFZZ )
e ‘144 FCW, AEB(=28§X}= 164), LDW, BSD 7} =7
Bstar -rl? 35.7_"
NHTSA
. =3 ==35|1 | -
oj= 10 88l | =37 NCAP =2| : FCW, LDW ATk
CHEE™ Flo chst RSKEFESAM, ASAt
| ‘ EM
ue P9 ze 2N 2 Az R

AEBS/LDW
Mandatory for new trucks > 3.5t

!MB'

’“ AEBS/LDW Mandatory for all

| Mandatory for new trucks > 3.5t new cars

FCW/LDW
Availability if performances are
Met (source NHTSA)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

I I ; 1k
i I I
I I I
FCW/LDW | | || FCW/AEBS/LDW/BSD | BUA
NCAP Tests ] | | Part of NCAP Star Rating | | Mandatory for SUVs and Vans
I I |
L [ ] ]
AEBS LDOwW BSD
. Decided Lane Departure Warning Blind Spot Detection
@ — — Under Discussions FCW BUA
Forward Collision Waming Back up Ald

Expected

olel wet §3, v
2ol 717 she
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= = =
o ef 7hlet 5o AA §FstE §3 A 43 E 8 == Folth

201613 (WRC-15) o] Fol= 9 o] A Yo X= ADASE AlA e
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ADASE AlA 9 71 g2 Z718 Aoz oaEt 3835 ADASE AlA
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e rfr rr fo
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(CAGR)& 20.2%°l ©]& Aoz e
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[ 7-8] AA As2FF Al A
(dEo=AAAF )
- 012 20134 2020 5 AUFYLE M RISRI2 MM AR A& &0|
T8 (0131020 %) (Ei92)
29 T H8 | F9 [ URF | #4 [ BpR | OM0P g e
DHHEYY 1518 0 el aaes| 1009 308 In
A gesa | ases | sem| ma| wm| o ma it
b cf M| e om0 ias| 4se0| s In 20
ADAS 1007 Y| 1808 aoh| 4wl Em 0.5
HV/EV ) 044 105 054 566 piiis 1184 |
2ot 2013 2004
A wees | otoaos | 2] toogn | amsds | 10004 LAY (SR o ZHERA)
A & ZAF71 32l GIA(Global Industry Analysts.Inc)ol]l wr2W =423 x}=
< ol AAe AA AlFS 2010 1959 = A 20134 3004 &, 20154
A5 52 A 26%0| e AHES HY AR Hdisi,
[ 7-9] A=Fdely A Ao
(GIAZAAR)
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Markets Independently Analyzed with Annual Installations ‘000 Units
for the Years 2011 through 2015

Regjon/Country 2011 2012 M3 2014 2015 % CAGR
us 1117.34 1403.79 1677.70 109544 2064
201543 A& 72
! 7! 1 o
Canada 91.48 11960 52.03 18647 255 P nt ey
Japan 441396 537241 6361.06 744845 18.25 —568
Europe 1235.00 1478.78 1725.3% 1971.10 15.08
Rest of World 100.82 125.82 153.69 185.59 }"’/
Total £958.59 8500.40 10069.87 11787.14 1 1841
_—h 863074 2007 &2008: GIA Estimates
Tag A5 Error tolerance for data in this
——ys table is 15%(+/-)
5361.06
; Data represents ACC
37241 Canada = F = <
e installations in vehicles at OEM
= wJapan Level
———cyrope Rest of World Includes Asia-
P —— Pacific(ex:'luding Japan), Latin
Ap— America, Middle East and Africa
2011 2012 2013 2014 2015
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1. ITU-R A1 ¢ EIA
7} ITU-R M.1452-2 (2000-2009-2012)

ITU-R M.1452-2% A5 REA 2E(ITS) 85 93 A5
dalug ATGE o] 8= A oly e AlxH 3k & FAE S A st
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[ 7-19] 2rFdoly 4 = (M.1452-02)

oY, a2F3}(Antenna, RF)H-+ AW ZE 5313 dapbdal @ 44
& Y3 25 A2 H(Signal processing)

Blupoll A Rl 271 o] s AFols 5% &
st} 3k Q14 (Recognition) 32 2o AMHlx 75 S AFste=
Mgl aFel g RREE de HelHE duar
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::& _I;\;LX DSP F={= ECU _::‘:i"
control o ZHEHIOf
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== ¢ BEWA 42
p Rz =02 NG
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Aol Mz
sloml, 7E}
alo] thg ) 2

zi2 e FMCW, Z22W 2 DSSSHWH] 58 AHE3t== ©o
NEH &8 5A4E TIM(T6-T700) < T9M(T7-810k) &2 3
ko]

[ 7-10] 76-770z ==&oly 71«4 54

Characteristic (parameter) Value

Operational characteristics

Adaptive cruise control (ACC)
Application ACC stop&go
Collisionavoidance(CA)

Typical installation One sensor (behind cooler grill)

Technical characteristics

Typical range 0-300 m
Frequency range 76.00-77.00 GHz
Specified bandwidth (typical) Up to 1 GHz
Peak power (e.ir.p.) Up to +55 dBm
Mean power (e.i.r.p.) 23.5-50 dBm

[ 7-11] 77-810 2= o)) 7|&4 EA
Value
Parameter
System A System B
Mean power spectral
, , 9 dBm/MHz -3dBm/MHz (NOTE 1)
density(e.i.r.p.)
Peak power(e.i.r.p.) +45  dBm +55  dBm (NOTE 2)
Transmit power 10 dBm
Antenna gain 35 dBi
Specified bandwidth Up to 4 GHz

NOTE 1 - The maximum mean power spectral density outside a vehicle resulting from
the operation of one short-range radar shall not exceed —9 dBm/MHz e.ir.p

NOTE 2 - Peak power is defined in 50 MHz bandwidth.

* The parameters of System B are derived from ETSI EN 302 264
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ITU-R M.IAUTO]:= WRC-15 9]#] 1.18 =& 3}te] 77.5778GM ) &
3 E‘HH% ‘CH:‘SH 2 oy oo y|E Ew
THATFE B o7 Yol 7R Q]
<l TAo|th M.1452-2+%

S A A B} 767780 TS ¢
], nej e )R FEeta ZH7

%9l MAAUTO(ZH) 9] 76-810 =} kel o)t 7] <42

=2 Document bA/TEMP/134)

770z, 796t & = =Fg o] Y

A7¥A (A &<
0]
A

&g ANsha

o,

#3 @A Apstolm . ITU-R M.IAUTO]d =
| st FHATE 8] FAHQ g H
FFdoly 54 kAo, AW

g B
"

[4 7- 12] Xl— J
ARtadar tA Radar B AFltadar tQ
utomotive - utomotive
radar Automotive high-resolution Radar D
high-resolution radar Parameter Automotive
For front radar high-resolution
applications for For front For corner radar
eg for adaptive applications applications
cruise control pp
Sub-band used 76-77 GHz 77-81 GHz 77-81 GHz 77-81 GHz
Typical Up to 100 m
operating range Up to 250 m Up to 100 m Up to 100 m
range resolution 75 cm 7.5 cm 7.5 cm 75 cm
Emission type FMCW Fast-FMCW Fast-FMCW Not specified
Necessary
bandwidth 1 4 4 4
(GHz)
8\5'1;:5 bandwidth 1000 2000 2000
Typical sweep 10000-25000 10-40 10-40
time (ms) Depending on Depending on Depending on Not specified
selected selected selected
modulation modulation modulation
Maximum 33 33 "
eirp. (dBm) 40 Not specified
Maximum 10
transmit power 10 10 10
to antenna
(dBm)
Max power 0 (73.5-76
density gf GHz and 30 -30 N ified
unwante _ - ot specifie
emissions 77-79.5GHz)
(dBm/MHz) -30 otherwise
Receiver IF 0.5-1 10 10 Not specified

- 125 -

At
Q- (olrhFo] 2 ofw}of 914,
EJJJ_

=
Hie=e




bandwidth
(-3dB) (MHz)

Receiver [F

15

bandwidth (-20 0.5-20 15 Not specified
dB) (MHz)
Receiver -115dBm -120dBm [5MHz -120dBm [5MHz o
sensitivity [1MHz IF BW] F BW] F BWI Not specified
Receiver noise 12 -
figure (dB) 15 12 Not specified
Antenna main 30 TX: 23 TX: 23 35
beam gain (dBi) RX: 16 RX: 13
: 0.3-1 m above 0.3-1 m above 0.3-1 m above 0.3-1 m above

Antenna_ height road road road road

TX: = 55 TX: + 23
Antenna TX / RX: = degrees degrees
Azimuth HPBW 15degrees RX: + 25 RX: + 30

degrees degrees
Antenna TX [ RX: = TX / BX: £ 55 TX / RX: = 55
Elevation HPBW 3degrees degrees degrees

* Radar type A is related to Recommendation ITU-R M.1452.

gebr g g AbgFdeld dxl=
QAo o]Zof 790l X}kl o] <]

= oAl @ 5 ogle ol Awdelr A= FH¥
1

v, ITU-R M.IAUTO]= #FHFA+E 93 Acto|lm =z U 7esz
S uHE ] e Aoz thA] Aoss Ao] X oFu w3 AA =)
YA ) dels P A 23 FAdse] xPshe dFe
2 A& ol gl AdHjolth.
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Road Transport and Traffic
Telematics (RTTT); Radio | -XIZFE =YX A|AE! reference 2AM
TR | equipment to be used in the 77| -LRR % SRRe| ZFmjp=ie| =|CHs2
102 | GHz to 81 GHz band; System | &3, SZt7{z| X ‘04.02
263 Reference Document for | -LRR:  76~77GHz,150m, SRR:  30m,
automotive collision warning Short | 77~81GHz, EIRP: 55dBm
Range Radar
(v1.1.1)
-77~81GHz0 SZsk= SRR #o|H
of =i 583 Fel H Shielded
anechoic chamber =X gt X 9| 0506
Electromagnetic ~ compatibility — and | _xjys12 spurious emission o
Radio  spectrum  Matters  (ERM); | =xyuiey xo
EN Short Range Devices; Road (
Transport and Traffic  Telematics v1.12)
302 (RTTT): Short Range Radar | -~ Update current EN 302 264 part
264 equipment operating in the 77 GHz 1 according the actual ERC REC
ETS| . to 81 GHz band; Part 1: Technical | 70-03 and EC SRD DEC and also £1310
requirements and  methods  of include necessary changes based on oz
measurement the latest ERC/REC 74-01 version o=
- correction of references between
part 1 and 2 and necessary
clarifications in  the  measurement
procedure
Electromagnetic ~ compatibility  and
Radio spectrum Matters (ERM);
Short Range Devices; Road
Transport and Traffic  Telematics
= RTTT); Short Range Radar | -EN 302 264-1 V111 =EZE part22
02 equipment operating in the 77 GHz | harmonized EN  covering essential |*10.8.10
2_624 to 81 GHz band; requirements & 2|

Part 2: Harmonized EN covering
the essential requirements of
article 3.2 of the R&TTE

Directive
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a radio equipment (referred to as
“79 GHz Band High-Resolution
Radar” ) for milimeter wave radar
(radar that uses radio waves in a
STD- 79 GHz BAND “12.12
ARIB millimeter band for radiolocation
T111 HIGH-RESOLUTION RADAR 18
service) that uses radio waves in
the band from 77 GHz to 81 GHz
under the definition of the specified

low-power radio stations

system requirements, technical and
operational characteristics of
millimetre  wave  radiocommunication
systems for intelligent transport
system applications to be wused for
system design objectives. The
Millimetre wave vehicular collision | Recommendation covers vehicular
avoidance radars and | collision avoidance radar operating in
radiocommunication systems for | the 76-77 GHz and 77-81 GHz | ‘1205

M1452

intelligent transport system | bands, as well as integrated
applications millimetre  wave  radiocommunication
ITU- systems for ITS applications in the
R 57-66 GHz range for
vehicle-to-vehicle
radiocommunications and
radiocommunications between the

vehicle and roadside infrastructure.

L These  technical and  operational
Systems characteristics of
) ) ) characteristics should be used in
automotive radars operating in the

M. compatibility studies between _
frequency band  76-81GHz  for . . . NS
wa | automotive radars operating in the
intelligent transport systems ) ] ] )
o radiolocation  service  with  systems
applications o ]
operating in other services.
-76~81GHzol| SZsh= o|HE
(011 ZHE|/EtHE] SAAFKR 7458l | LRR/ISRRE2  stLte] E0|HE SAIALR e
TTA 76~81GHz i AtEFE= ol MAM | o] MAMe| F=of st & -ce
-367) (ETR)

T& H ASQIETo|AS HE -Slo[H MMl EHut MSXE| elE

Ho|AE BES|

- 128 -



2. WRC-15 ¢ A]1.18 #&d I &F

TSI ] FATA L A FE Bejd] @ 2o 4GS 790
Agdol =3t pAste] AN EE gl

* (WRC-15 '%7}]/]]8) N 796‘%56791:'797] ﬂoﬂé)—E 5777%] X}BLZ]/O/E/ 020
P&, 7757786 S PR GRYFE X e =]

FH 240N gAES A 790 ey ALE A
Folv, 777816k Y AFeoltel #e ETSI ¥+ <1t
T &

A ol Aa ZES AteeE 5 T 2ol AR SEsta

Are A 790N nAYE Aot B FHL vhesa, FAEA
Qg A5t FoE BuE AT A5 ok

MEe AT 790 At FHADL AA(2012d 58)3t]
AshA el 9 30Kmuol Ao 7S Bl wE Aol
= FOCOl A9 Ald A= 77810 ol Aot Agd et
FA4 PEE Jdan o

T 65-950 thel T (ete], A1) B3 E #3 30740Km R
olAAY7t Bastth= oo, AT HHEAR o] AYHA &
< ZgHfelth

Tl A= AFoly A(AEN A W F)olA FHE 770 2
ol Holl st 7s/ts Ga5ste] A8 FHE dHgoz FEIF 79
z(77781CH) ol sk e wo] F=3k Aejoltt ey 770 Y

S AFHelyg 8oz olg Fof i, 79(78781MM) S o] = A
dojtyg RF S ETRIOA 7|

(o)

A

]
A
A P ool g Az = 77.5-780
AR E AN Z AES Q).
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FHo Fu5 FHATF ZAIHECC Report 56, 2004%d)e] w2 ofnp3
o] AT} 2kmole] HTo|AAY I HAFAT, FUol= TEH ofnf
Fo]F A aro] §lo] HAAEA didolA AL THTT 810 Y& ofnfF

01;1-4 A AEYRE A e o).
B oo 77810 e Aoy F o &
ol 93 Aadf dF A9 B4 2w A9 Axto] thi =9 F
o £

T9 A2 #AEs T, ITU-R BaAd 278 dAnes mde o] g3
Aol 2RE T AFARYE ey £x 24 WS AAF

o,
1Lolel F%4 F& BAAT A

7} &= (ITU-R SM.2025, ECC Report 56)

%
<} &k¢| o] ] (Short Range

dBmAEel $4 Age e o
} AYL k'Y WEE W

Radar)& ®EAZAT 499 2
3 A7IEA A
(-198dBm/MHz)

2=

- 288 dBW/Hz

[Z29 7-21] RAS¥ SRR €F3F &/ 45 93 A vy e
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A ggkulg) #AA ITU-R P.620(diffraction model: P.526)0l Al A A] &
2l g] =S o] &slo] ITUAA AFdteE 8 114 24 gargE st
o] o]74 AgE A4S

¢

[ 7-13] 8 704 24 sy

Parameter Value Source

Annex 23 to the Chairman’ s

Z= 0} =(Glz) 77.75
T Report (5B/167)
Annex 21 to the Chairman’ s
=712| 20| RF CH(GH) =[CH 3.8
Report (5A/198)
33 Annex 21 to the Chairman’ s
27{2| 2jlo| &|cH gtAFM e ir.p(dBm)
1=l slolEt 2ok ST P (& ched) Report (5A/198)
=Z72| 2ol =0[| (m) 05
Recommendation ITU-R
MOME HF =df 518 7tsst -288 RA.769,
AdEZd M3 U= (dBW/Hz) (1 2=x) Annex 23 to the Chairman’ s
Report (5B/167)
Mot MEHF A =0[(m) 25
_ Annex 23 to Chairman’ s
CHZ| &t Z+2|(dB/km) 0.374
Report (5B/167)
=[CH AAH HE[(km) 500 Recommendation ITU-R P.620
B4 Az 279 dely A EEd g ANALYF nEol
A E E2E&3H, A 29 9 F20419 A T3 T2 A 43 VES
Aga 22 Aol vre 2AY AFdoluyE As%UE dvE

U vl= (5 5 o BAA(WP/7D) 8.9F)

(PR A L) =9 ofzlxy Kitt Peakoll $1xg 76-810k Y
o] AIHE gF12-M HE#HF2)e A old (Robert Bosch GmbH,
Continental Corporation AF A#F) F F7F< A=Fdeolgel dis] FA4l7]1<
FA 7] Abol o] A& 22t 1.7kmet 26.7km o] AAA HASAH}E A5

=
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(54 A7) A 1.7km, 27kmeoll digk ztzte] QtHIY AUl & FA s}
I Al mE Ay A4S vwste] ITU-R RAT69-20A4 AddEdF
S K357 fsl A e A gl vaste] HE o] AAYE A=
Easa=d
ITU-R RA769-2¢] 7t A& #5 29 Eed A9E A AR =
Azke Wmstd ge 2
obEl | wmolAl | cH| SIS 8 | o1 g
S =Y AA|CHoI= cHeio =
MRS dofes | fel | 2 SO 0| W
[}‘Hz] ﬁ_ ol
K] [km] [dB] [ dBW/mZIHHz] [km]
Cont.200 Stationary 968 1.7 0.3 170 -131.8 48
Bosch.WB Stationary 60.1 1.7 0.3 1550 -134.3 41
Cont.200 Stationary 0.68 26.9 4.0 170 -163.4 38
Cont.200 In motion 1.07 26.9 4.0 170 -161.4 43
Cont.WB In motion 0.41 26.9 4.0 800 -158.9 51
RA.7692| Ao|=I - - - -168 -
8 Gz CHHS| A
250 ofst AA|gL

© A2 wel Ful, ITUR
SaAE 12-M A
7} B as,

AT (ECC Report 56 2 ITU-R @1 SM.1757 &%)

ro,
i

ol M= AA 77781 (kg el HupHE 80 §lof
el A2 7S] 283

[ 7-14] $@ue ASAE 54

=

m]
Iy

CH

4=

(° 79

OHEILt
37| (m)

g ool

-

Ho

TRAO
(El=EEAH,
KASI)

KVN, Yonsei Univ.

127 22 18

126 56 35

36 23 54

37 33 44

13.7

21

86~ 116Gtz

\ 6.7~7.80k, 22~24
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(=& B,
KASI)
KVN, Ulsan Univ
(St=2XEo1 14, 129 15 04 35 32 33 21 GHz, 42~A44GH:z, 85~
KASI) O5@Hz, 124~ 141GH:
KVN, Tamna Univ.
(SI=2AMEZoi 12, 126 27 43 33 17 18 21
KASI)
-SRBL(E} 2FA m})
. 45~ 870MH:
S 20|12
(_3" 20118, 127 22 18 36 23 54 2 x2 025~ 180 (4<1})
KASI)
_ 30~ 100MHz
OFX ,
lRiR;EAH OM'l_::;LD 127 32 58 37 09 01 6, 10 100~ 500MHz,
’ 500~ 2800MH:
SRAO 85~115GH:,
(Seoul Natl. Univ.) 126 5719 372715 6 200~ 270GH:
SRT
(Geongi High School) 127 00 07 37 18 48 2 1400~ 1427Hz

KVN 21 Al
MubE =

KVN Yonsei /

KVN Ulsan

KVN k. o
& uFE 20l

% 21m MOt cidd

42.11~44 116G (X

8 : 6.1~ 180 (SXI8), 215~2350 (HESD)
), 85~95Gk (HER), 124~141th (M2

777 816zt o] Aol e AHMEH ufAmg EA
AT 85 T 9Bl &Y Hu

AT},

Power density [dEmiHz]

30

S S T O S AR 22

85 =
frequency[GHz]

(23 7-22] 790 2F&Fe|oly Fu4 2 Ay
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log(E)Jr A, (1)
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_ ~ | 4 el
L(pl)—fygmd+FSL+2.6[1 eXp( 0 )llog( 50)+Ad (2)

FSL : A537F £21( Free Space Loss)

FSL(dBm) = 20log(f[MHz]) + 20log(d[km]) + 32.44 (3)

Ad (dB) - A2l ZF Welel wE dhE e &4
(ITU-R P. 620-6 &=, ©=45°, f= 790k 7}4)

0.5 - dhj [ 1/3 }
Ag =15/1 - ex 1 — exp|-0 dB
d p[ } p( f ) "
A Eo] A7 S85HE A7 FES A HAED dtar, A 2 A
7 HAES wE Als BARS o] A % A HAEM uE
E(pl,d) #& &3 7t}

llog( h ) (5)

1
250 350 400 450
Helpmi

[ 7-24]1 A= 2 A HAES] wE E(pld) &

85 B0kt Aol A Aol thee] WAbdH e o] -30dBm/MHz o
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BE =4 A Hed AAF 168dBolth. A6)NA P= @d A
goltle & A WA AE(EA)ol P = 7T9GHz A3HE &=

o] A 3753 ~9EZ” AEWE (54, ITU-R A1 RA769 )0

oft

k>

L(pl)=P,—P.=—30—(—198) = 168dB (6)
BEEA 168dB ool H= Add wE L= 73 A34E 1-7-25
of YER ST

220
219 =
: : — T j"
190 / —
o 180 .
g
E =
=l ]79: =
160 ;, >
150 f
/
20 30 40 50 &0 . i Bo

Hal[km]

(17 7-25] Al w& e Lpl) 22

L(pl)= 168dB & w pl ®slo] wetx g7HE He oA S 4H&3}
A oohge] 197-267 2t

THA I Hilg (pl)=l1le=sSdB 22U ol = P o] o] =2 > =]

: 12 -3 —
1O0.= E
o —7 I
5 - =
o | E—

THAIE L U () = 168 dB 20 mH

=
[l

- pl=S0) - L= 1O -(pa=1) - (pl=0_1) - pl=0_0x) - (P E=OOOE)

[29 7-26] Z=E4 Lpl)=168dBY ™ pl¥stel] W& B3 o] A7 g

(AT ack) Adeold e g ARAE PRI HHS wA L
71 98l Ha ok 103kmell A 19.1kmol o] HE oA At B,
ple] MAET FS5E o4 Art F74ES st A
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FHe FAH R SRRE FIHFE 2401 A 790777790 & o2 A g
& Ao, AAA Fuk 23S H—aﬂ ITU-RS &3 775 78GHzﬂ40u
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(WRC-15°]1%-) g <A aAFdely £33 wH 7lerlsol 3t
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el 7O TH o] i@ SRSl Fule
o] BEF FAOh wak, T TTTRNG ) Fohg FHA

AE A7 gl 48 £8FA FAT(PFo A, ARATE F)
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e DPAE 9L BE F Slol B
Zﬂ 7
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O S aYE AFEold®E ARES7] el 77.5~780 ) S o
B2 Al Bajstr] 93 WRC-15 21 #1(1.18)9F ## 3o :?LH%‘]%%
T Ak FEY 2 A-E A G438 FURE F9E A B4 58
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714 (WPT: Wireless Power Transfer)
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207305 ) S o2 20200 = A A A 139 o] Ao
A RE 9591 G e (¢F10.6%)d] o] o]t}

(3 8-2] FA=x7] A1 &2 dAw

T & 2013d | 20149 | 2015 | 20166 | 20179 | 2018 | 2019'd | 20204

o 2F 17 49.7 140.2 351.1 697.3 | 1,004.2 | 1,176.2 | 1,306.7

Al TR 2.794 7.029 | 18595 | 38.655 | 65.154 | 82.276 | 89.662 | 94.97

=2 1 IMS Research(2012\d)

13A7A = A7l Aol dAl AlES Aarstal e, 149 o]

2010 100% J
2014 45% 45% | 10%
0% 0% 100%

B Azigs O X729 O MA7 (=

Z 74 1 2010 NIPA

(29 8-3] 7= MA FAFH7] A1 A%
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UL YE=S3 d0ld JISIIE

ETSI EN 302 372

CERES radiated emission (eirp)
28 Max. radiated 3 Fake iy 3 2fFolM 43 2FolM
FL4+ o2 power (eirp) (2echet A1) Z84® 1 58 ESHS 53
at 3m distance Max. emission Max. emission
at 3m distance at 3m distance
4 5~7GHz 24dBm 30MHz to 26GHz
8.5~10.6GHz 30dBm 30MHz to 26GHz < 1GHz © 51.3dBm < 1GHy - -61.3dB
30MHz to 2 x carrier - - ol.o0Bm
24.05~27GHz 43dBm frequency (= 55.7dBuV/m) (= 45.7dBuV/m)
57~64GHz 43dBm SOMHfretguin’éycamer = > 1GHz : 41.3dBm | = > 1GHz : -51.3dBm
30MHz 10 2 x carrier (= 65.9dBuV/m) (= 55.7dBuV/m)
75~85GHz 43dBm ° !
frequency

[ Ol= FCC 47 CFR Part 15

radiated emission (A ZE)

78 ~ 81GHz

23dBm Average

9kHz to 200GHz

(43 01 ==
28 Max. radiated ol e A
04 Ol power (eirp) 58 Fug O 43 2fFollM 43 24 FollM
at 3m distance MAH L= (Average) MH Z = (Peak)
6GHz nominal 9kHz to 40GHz
10GHz nominal A = 9kHz to 40GHZ £3.94BUV/ 73.9dBUV/
. uV/m ) uV/m
24GHz nominal 9KHz to 100GHz . .
B Bel: at 3m distance at 3m distance
m Pea

O ZH SMAH|RA! O MAILSE SMI) )|
=0 gl £M7(7|2EE 30| H2|oM s HAZE 58X
500uV/m(= 53.98dBuV/m) 0lat.
0oMHz 018t : )
gzl CHEF, 15MHZ OIIOIAIS =H 20l 61/AE 2510 MRS
322MHZO0l &t 10GHz D)2* 35uV/m(= 30.9dBuV/m) Olat
3.5fuV/m OI3HCHEH, 500uV/mE Z=1dhH= FL0l= 500uV/mE 8tCt)
0| & 0| et _ _ _
HeCh iG] etz ol 0l S f= GHzE S9lz 3 =m4a 0},
150GHz 0l 4t 500uV/m 013}
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dE=3 40id MT S31is

CJ1XE 2 Alge ZZZ0HRAPA M HLEZ Y

Bl EMCHH, 5.7.~5.8]

Balxa A ZF
= A ={(EIRP) HAZE SOz 3 2Qu
(dBmyilliz, 3m (dBuV/m, 3m 3m 7z2))
72)) #2|)
T2 Hl X
[ wa | o | wa| T | e S
| omm | oam | me | 9| Gy | @B
(GH) mW)
Sitrans LR200
B L]
5.725GHz~5.875GHz 365 | S | 6598 | et g | Asd gE
—39dBmy/100kHz /-49dBrmy/MHz
ALT-
6200 L] WL 1~26
5.8GHz~6.3GHz -39.2 - 60.6 - Me gtg | Md g
5mW / 7dBmyMHAO |2
Rosemount 5402 31 L] 68.76 NEE]
- . dsglgie | Msd gl
6GHz, 1MW / OdBm Mk [a e o8 = =
=22AL
=&(1m)
=4
HRM-200
Mzl Mz
9.5GHz +500MHz, 24 we | 11818 | 1~40 | uswgs | usw gz
10mW / 25dBmyMHz
Sitrans LR260
us s
24.2GHz~25.2GHz 343 | g 65.62 gs | 1775 | usmgs | wewes
2.4dBrmyMHz
Sitrans LR560 L] NEE]
29.8 113.12 1~170 | wuswgs Msg gls
78GHz~79GHz 30.2dBm/Mz 28 2ig =2 =
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2IALE 191 2B F o= =

XA (ME) Sitrans LR200 5725 — 5875MHz —39dBm/100kHz

@ MAHZE (5817MHz2)

Horn Antenna

BBHA _9120D PFE-A;‘;- e
f@ pectrum Analyze
Sitrans LR200 e
Cable Loss | - Cable Loss
4dB Amp. Gain 1dB
Ant. Factor 30dB Reading
32.5dB 55.48dBuV/m

3 meter

Field Strength = 55.48dBuV + 1dB - 30dB + 4dB +32.5dB/m = 65.98dBuV/m

@ EWA}

Horn Antenna

6&60-09 Pre-Amp.
4498 pectrum Analyze
i Not found
X 3mAH2|oM MSHEO| E|X| 20t Im ZHEFHE HAIBIcH, M7t HJHECH Zot AE0| oF E
= CH
® RReYSAIEE (5817MHz2)
Horn Antenna Horn Antenna P
re-Amp.
Signal Generator = g 449B pectrum Analyze
E8267D T\ E4446A
Level Ant. Gain Reading

-45.5dBm 13dBi 3 meter 55.48dBuV/m

EIRP = -45.5dBm - 4dB + 13 dBi = -36.5dBm
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2IALE 11 2T Fo= =h
SEAILE ALT-6200 5.8 - 6.3GHz 5mw Oj2t

@ MAHZE (5958MHz)

Horn Antenna

BBHA _9120D Fre-Amp;
449B pectrum Analyze
A ‘ T\ E4446A
Cable Loss I : Cable Loss
4dB Amp. Gain 1dB
Ant. Factor 30dB Reading
32.8dB 52.80dBuV/m

3 meter

Field Strength = 52.8dBuV + 1dB - 30dB + 4dB +32.8dB/m = 60.6dBuV/m

@ =2EAM

Horn Antenna

6460-09 Pre-Amp.
T@ pectrum Analyze
ALT-6200 < | E4446A
1 mete
d Not found

X 3mAHE|0f[M HMSHZO| E[X| GO} Im ZHFYS HASICH, M7} HIHCH Zot HEo| oF &

G SHSHHEAIME (5958MHz)

orn Antenna Horn Antenna

BBHA 93,20D BB 9120D Pre-Amp.

Signal Generator f@ pectrum Analyze
E8267D E4446A
Cable LosH I
4dB i
Level Ant. Gain Reading

-48.2dBm 13dBi 3 meter 52.8dBuV/m

EIRP = -48.2dBm - 4dB + 13 dBi = -39.2dBm
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2IALS 17| 2HF Fh=+ ==
= Rosemount 5402 6GHz Tmw O]t

@ HAZLZ (6117MHz)

Horn Antenna

BBHA _9120D Pfﬁ;‘;- e
pectrum Analyze|
Rosemount T\ E4446A
5401 Cable Loss | ; Cable Loss
4dB Amp. Gain 1dB
Ant. Factor 30dB Reading
32.8dB 60.96dBuV/m

3 meter

Field Strength = 60.96dBuV + 1dB - 30dB + 4dB +32.8dB/m = 68.76dBuV/m

@ ELUAL

Horn Antenna

6460-09 Pre-Amp.
J49B pectrum Analyze
Rosemount T\ E4446A
5401 I
Dy Not found
X 3mZAE[0M HZHEZO| £IX| 20F Im 2HEFHS HAGIRCH, 27t FHEECH Rof AE0| o H

® FRsUSEAIEY (6117MH2)

Horn Antenna Horn Antenna
BB 9120D Pre-Amp.
Signal Generator f@ pectrum Analyze
E8267D E4446A
|
Level Ant. Gain Reading
-40.0dBm 13dBi 3 meter 60.96dBuV/m

EIRP = -40dBm - 4dB + 13 dBi = -31dBm

Mgz (HAZE)
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2IALE 171 283 Fo= =
SIO|EE HRM-200 9.5GHz (+500MHz) 10mW (15dBi) /Total 25dBm

® HAZLZ (9573MHz2)

Horn Antenna

BBHW_9120D Pre-Amp;
449B pectrum Analyze
i 588 4 7\ E4446A
Cable Loss I : Cable Loss
7dB Amp. Gain 2dB

Ant. Factor 30dB Reading
37.8dB 111.38dBuV/m

3 meter

Field Strength = 111.38dBuV + 2dB - 30dB + 7dB +37.8dB/m = 118.18dBuV/m

@ 2949l (39 Harmonic / 29017MHz)

Horn Antenna

64&0-10
pectrum Analyze
E4446A
HRM-200 Cable Loss
10dB
Ant. Factor Reading
43.5dB 63.23dBuV/m

3 meter

Field Strength = 63.23dBuV + 10dB +43.5dB/m = 116.68dBuV/m

® FESYFATY (9573MHz)

Horn Antenna

BB 9120D Pre-Amp.
4498 pectrum Analyze
?\ E4446A
I
7dB .
Level Ant. Gain Reading
19.0dBm 12dBi 3 meter 111.38dBuV/m

EIRP = 19.0dBm - 7dB + 12 dBi = 24dBm

T RN

-+ = 3 Mz o33 s piat
[Aiiowsble CF for currost e,
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2IAE |91 22T F= £5
XA (ME) Sitrans LR260 24.2 - 25.5GHz 2.4dBm/MHz

@ MAZALE (25.157GHz)

Horn Antenna

3360-09 Pre-Amp.
4498 pectrum Analyze
Sitrans LR260 Conversion Factor 7\ e
9.54dB Cable Loss I : Cable Loss
9dB Amp. Gain 3dB
Ant. Factor 30dB Reading
40.4dB 52.76dBuV/m

1 meter

Field Strength = 52.76dBuV + 3dB - 30dB + 9dB + 40.4dB/m -9.54dB = 65.62dBuV/m

Horn Antenna Harmonic Mixer
11974V

Spectrum Analyze
E4446A

Sitrans LR260 I

3 meter

X 3mZ{2[o|M MSZHEO| £[X| B0t Im ZHFFYS HABIRCH, H27t FIHECH Rot AE0| ¢t F

G SZSUrEAIME (25.157GH2)

Horn Antenna Horn Antenna

BBHA 9320D BB 9120D Pre-Amp.

Signal Generator ?@ pectrum Analyze
E8267D E4446A
9dB .
Level Ant. Gain Reading
-43.0dBm 17.7dBi 1 meter 52.76dBuV/m

EIRP = -43.0dBm — 9dB + 17.7dBi = -34.3dBm

Mgz HAZE)

|Ref Level
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2IAE |91 22T F= =5
XA (M E) Sitrans LR560 78 - 79GHz 30.2dBm/MHz

® HAZE (25.157GHz2)

Horn Antenna Harmonic Mixer
10R 11970W
pectrum Analyze
Sitrans LR560 Conversion Factor —— E4446A
9.54dB PSS Cable Loss
3dB
Ant. Factor Factor Reading
45.4dB 45dB 29.26dBuV/m

1 meter

Field Strength = 29.26dBuV + 3dB + 45dB + 45.4dB/m - 9.54dB = 113.12dBuV/m

@ =2EAM

Horn Antenna Harmonic Mixer
6R oM RO6
pectrum Analyze
Sitrans LR560 S

1 meter

X 3mAH2|oflM MSHEO| E|X| 2o Im ZHFHEE HAISI2H, H=7t FHSHCH Hot HEo| ¢ &

G SZESUIEAIME (25.157GH2)

Source Module Horn Antenna Harmonic Mixer

Signal Generator

S10MS-AG 10R 11970W
Hg tenna pectrum Analyze
E8267D OR E4446A
Level Ant. Gain
7dBm 22.8dBi
1 meter

EIRP = 7dBm + 22.8dBi = 29.8dBm

pan for_current centor freq
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[ 2Kt : 2XHE £ZE (23 AL Ol=XMaAE, 521)

HAZE
©V/m, #2| 3m) A (uV/m,
=1 2| : 25cm, 40cm, H|1
ojeFdAZE ESqrd 60cm)
7I1E2k e
Sitrans LR200 S|EE ;2512
5.725GHz~5.875GHz 35 7|7|MEE : 255 ysd gig
-49dBryMHz A|HIEFSHE : 2458
VEGA PLUS 68 o1 Nz e .
26GHz -14dBm/\MHA |2t (BIEE 222 - 0.15)

40ecm(7|7| "atg)
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CIAE] 77| TUF =3 TES ==
5725 ~ 5875MHz —49dBm/MHz

XA (M Z) Sitrans LR200

1 HAZE

AolEA Yol Horn Antenna
= HF @06 Pre-Amp.
y 2 4498 Spectrum Analyze
T\ E4446A
Cable Loss | . Cable Loss
0.64dB Amp. Gain 0.6dB
P Ar:_t ;ﬂacéor 30dB Reading L
= == 72l] ” Pre-Amp 0| 5 =2 ]
i é., slce 15.40dBuv/mat 25¢m
R 11.43dBuV/matd0cm
- 40cm 7| 7| HEH 7.61dBuV/m at 60cm
- 60cm A|HET S

7b BlER F™YZDE (25cm)
Field Strength = 154dBuV + 1.2dB + 33dBi = 49.6dBuV/m at 25cm
49.6dBuV/m + 20log(25/300) = 28dBuV/m at 3m

28

102 uW/m = 25.12uV/m at 3m

SlER FAZE FHZH(Spectrum Analyzer)

Lt 217 18es Sdat (40cm)
Field Strength = 1143dBuV + 12dB + 33dBi = 45.63dBuV/m at 40cm
= 45.63dBuV/m + 20log(40/300) = 28.13dBuV/m at 3m
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28.13

=10 ® W/m = 255uV/m at 3m

71718 HMAZE S8 (Spectrum Analyzer)

Ch. A|MEZRE S84 (60cm)
Field Strength = 7.61dBuV + 1.2dB + 33dBi = 41.81dBuV/m at 80cm
= 41.81dBuV/m + 20log(60/300) = 27.81dBuV/m at 3m

27.81
=10 2 uV/m = 24.58uV/m at 3m

AHEHST HAZE Fdi(Spectrum Analyzer)
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2. 22 %A}

Horn Antenna
60-09 - .
pectrum Analyze

S92 2ol
E4446A

Cable Loss

Ant. Factor Reading
T [EXAHE|: 25em ~ 60cm] v R
25em~60cmAHE|0f| M ZEFES AR, 27t HEEDE 20}
>
AE0[ o &,
QIAE 17| 2&F Fh= =5
VEGA(SI=d VEGA PLUS 68 26GHz —14dBm/MHz
1. MAZE
22154 golg Horn Antenna
c 3160-10 Pre-Amp.
; w pectrum Analyze
E4446A
Ca? Iaedgoss An%in Cabl;;&?iss
. ol NocFousd
=84zl
-25emE ER
- 40cm 7| 7| g
-60cm A|TETTE
SECISER

25cm~60cmA2|0| N 2ESHS MABIYOL, ASTt A

AZE0| O =

2. 22 %A}

Horn Antenna
-10 Pre-Amp.
gB pectrum Analyze
K E4446A
Cable Loss ]/ Cable Loss
Amp. Gain
Reading
Mot Found

Ant. Factor

.

=™ HE|: 25¢m ~ €0em]
25cm~60cmAHZ| 0o 2HEBES HASI- L, M=7F HSELH %Of

H=0| OF =,
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X S ER 222 (R25cm)
Field Strength = -6.09dBuV + 10.6.dB + 404dBi =
44.91dBuV/m at 25cm (RBW: 10KHz)
44.91dBuV/m + 20l0og25/300 + 20log10/1000 =
-16.69dBuV/m at 3m (RBW: 1MH?z)

—16.69
=10 * uV/m = 0.15uV/m at 3m

sl=5 HMAZE Sz (Spectrum Analyzen
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