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Abstract

In this paper, we propose a detection method for Digital Radio Mondiale (DRM) Plus suitable for hybrid mode broadcasting
which services both DRM Plus and analog FM within the same frequency band. The guard-interval correlation method of
Orthogonal Frequency Division Multiplexing (OFDM) is good for DRM Plus signal detection, but the possibility for false alarm
increases when FM signal is received. The proposed method includes a reference block in the guard-interval correlation which
increases the identification rate of weak DRM Plus signals and decreases the possibility of false alarm when analog FM is
received. The performance of the proposed method is verified through simulations.

Keyword : DRM Plus, FM, Hybrid Broadcasting Mode and Signal Decision

. M 2
a) A&l (Sungkyunkwan University)
b) AAF-FATY (Korea Electronics Technology Institute)
¥ Corresponding Author : Z:Vé—ir(Seqng—Jun Kim ) A" g9 WEe 84 FAe ofdz 1 g vk
E-mail: ksjuny@keti.re.kr . _ -
Tel: +82-2-6388-6622 Soll Hlste] CDH F29 ZHE Q. QH e Auj2iEt of
R AT MHRFEAEE 9 d5Aq71ewra e e EdH
== e = = b HAE Zglole & wEAR "1 Zyglo] &
NI dBoz FUHRS. (0019, A A7 oF SSERAAL SEIS & wE AR S Ade 5
Al #4071 9 AUE A7) A5E % ZvE ZHE A TRl HlolE] MEI~E A TR B U Auls Y
- Manuscript received September 3, 2013 Revised November 18, 2013 - -
Accepted November 26, 2013 ‘ﬂ% Xﬂ%o]-?j/ﬂl,:_ %% %ﬂ_‘?—:l]% ﬂ}“ %OE]. ‘)I: 9\}]\{:—: ;g—xlj O]



824 WE3 3 =RA A|I8A A6Z, 2013 118 (JBE Vol. 18, No. 6, November 2013)

A7) ol o] 7tell M opdE L iy e o] TA|
g AgSs FHlska Stk

OFDM(Orthogonal Frequency Division Multiplexing) 7|
dke] DRM(Digital Radio Mondiale) Plus A]2~%]-2 Band
I~ Y (47MHz~204MHz)] HAE Q. jFHo s,
= 100kHzo A Z o 185kbps2] HoJE HA5ES A<
Sl 1]. Wb, 2o 27l A= DRM PlusE ofd &1
M 635 tiAE gAd g s uefsial glok aev
opgE 1 WS FuslaL, HAE WEo R b Hehkat
7] A7HA] HZAQ) YA s ffste] obdEa FMY
&3 DRM Plus 65 B3 8= Hybrid HEELES #4]
& Algoltk Hybrid WHEE=N = A vt FM <53}
DRM Plus 8% F3}5= vj 27} th27] wiie] 4171 @
A A4 o E Fsfeo] of@ W MuIZT} SAEE
2 vl & 4 gtk webs, DRM Plus 4171= A'ddl
ek AR R} glo], AdElshs Bt @ AR|2 Falar
w2} DRM Plus A3 oPdZ 1 FM A5 5 ahe] 2ls
& FAlst, ok SAoN FAl7IE oPdE FM Al
¢ DRM Plus 2155 FE3oF 8202 $4 Ae s &
Z &5 37 2ol BE AES A Als HEUE 2L

3}t}. Hybrid W& REoM= ukEQl AUA AEs 5
=

=

EO} ey B T
St TFEo] 71531, Guard-Interval A+
#Z WPHS 53 DRM Plus®] 41& A& WHE FM A5

Al =& False Alarm 35S 712 4 ok

=59 7ALS 23 2ok I4do| A= DRM Plus 2
o M ©] Baseband Modeling®ll tha}e] A z)s}

>
fol

Spectrum

FM DRM+

1, MANAME 7129 OFDM A5 A% W7 FM 4%
7} FAERE 7] B EAIFPS AEdith VAo
XE Aleksh= DRM Plus 215 7% Wyo) ok Ay}

S 24 VAN AR 2 A
B2 Fool AASE WA $54S AFA, vhA
o VAN FEe Pt

Il. Hybrid Broadcasting Mode A|AE] HEE

OFDM 7]5Fe] DRM Plus= FM BandE ¥§3}= Band
oA AR 7Fs3lth 3k FM o2 2] Q9] tiAd
A yse B Ugkee tRE W 4 AHASO:
Analog Switch Off) o]l 18 13} Zo] opdZ 1 ]
o} ORE )2 Mu2E Basl= Hybrid W3S Agst
I glom, & [2][3][4]9F 2ol YEHAES 7T

wh2bx] Hybrid %<& R =04 DRM Plus 54171= 53}
g Addl] w2} DRM Plus A5} obdE FM A5 &
shube] AZ RS Al

kNS BEE 99 AR AdS T3S mAA A
£ A7) DRM Plus 4 A5 += 7
w
=l

T Utk

K—1
TDRAH[m]:;nhk[m] s spmn— T, « kl+¢[m] (1

O]Uﬂ’ SZ)RA147[HQ]‘§% A]Z}qgggsq DRM Plus {ﬂji 4&
(714t HE¥ OFDM 41%, IFFT £9), h), [m]&
A B2 PEZX SHOIH, yim]L Fo] 00]aL &4t

029l E2 AWGN(Additive White Gaussian Noise)

o
Lo

FM
DRM+

' »

| |
" 200kHz 1 MookHZ!

2 n
| Week FM Signal
Like Noise

32! 1. FM Band0oA2] FM % DRM Plus2| Spectrum

Fréquency

Fig. 1. Spectrum of FM and DRM Plus in the FM band



Z:]
et

(Seong-Jun Kim

K—1

th[m . sFM[n T,

k] +[m] @

0:17 ]}‘1 B} m[m] = AF\/GJOW = OP’LE:L FM-J Base-
band /\]EC’]U% AF\[‘— FM }\IE‘/] EE]‘ ¢Fﬂ[[m] -
FM InstanceS o]n|3lc). gbm[[m]iﬂr WA A XS Mim] 2

Frequency Sensitivity kg, #A© Thaat 2T}
t
Pmdm] =27 « kpy, Z Mir] )]

. 71& Guard Interval &2t2 S Als

E
£ HoA= DRM+ 4155 AE3H7] 9138 Guard-Interval
743 WS Akl FM 4l a7} Al 7S dhAlshe
TARES FA%
TR 2E Fl7Nke] HAE HolE dF Al2H|
= 18" T o] EAleH, A VEJ = E*"ﬂ °
T4 4 ¥

Og(:‘c‘
et
© 4 ]

off Mz of —» U
EIN)
R
o
rht
[

_O‘L
o T
&
o
2
HO‘I 1-0\1
e
o>
e
o
R
rr
oL,
_
>

<
239 Guard-Interval &3 Bato] 2152 A% Fofl,

[e)
I8 2+ 1R AlE r[m] o] DRM Plus A& gk 714

9 49

1

search

N,

12l 2. 7|Z2| DRM Plus Als & EEx

N,\cnuh
2 [ ]

search

FM theelA Digital Radio Mondiale Plus A& % 7Y 825
: Detection Method for Digital Radio Mondiale Signal in FM-band)

Stil DRM Plus A5 5 HEdh= E5EE =olth
OFDM 7|¥+¢] DRM Plus A% A& 13te] Guard-

Interval 4 HEZE 42 (4)~(8)F} Z°] Guard-IntervalZt

Aol AT E IS AT T #F AE F7] Bt Has

o a=
gk

Y71
1 SMazDelay T T—1[t+Ns;—1 (4)
= Z Z r*[m}Xr[m-i-N]
Sflﬁw:Dclay * NG =T m=t

oluf, N,+ Guard Interval®] A2 45, N DRM Plus
O FFTE A7), sy pay = HAH B2 A0 2 AE
FE on|3ly & 7§2] DRM Plus AL N, (= N+ N,)
o AEz FAHT

e 2 A A B304 BE SES Eo)7) 93t
o A Fo HHS #sHH DRM Plus Als T 22
A (5)9F 2ol vk = k.

Ny, 2
Pln Z Y[l><N +n] 5

,2

search =1

ojl, N, B3 A FE gt AW Ad
EolME A (5)4 Wt 27] Wi, A (59 Z7E
A U Agetr] Hal Barst F8ES ARk s, A
T8 Alge o 2o] 41 2159 i S ARSS)
of Fitt HFH o= Gitste A Peakato]l 54 U
FET 2 7%, DRM Plus 257} 41

1

Nicaren
w4

search =1

Cln] =(

Decision
Stage

Dln]

% threshold

I=1

Fig. 2. Block Diagram of the Conventional DRM Plus Signal Detector



826 WHFeE=EA AI8P A6F, 20139 11¥€ (JBE Vol. 18, No. 6, November 2013)

1 SAazDelay T 7-1
¥111= 2 ¢ Sypepey * Ve =7
HEHoZ Astd AT Peakdto] ta Zo] 54
AAFRL 2 7%, DRM Plus A 571 FAE AT ghet
s,
Dln]= Z%Z]] > Threshold ®)

'ﬂoﬂ}ﬂ T[m] :TDRMJm}‘ﬂ 75]“?“01]“5 7“[m]3’»]- r[m+MO]
8 S 7HAER A (8)9 Dinlol 58 FARET F

g50] Eh

HHH rlm] =rpm] Q] A= FM Al5e 5444 Al
F FAeN dEE 7HER A (8)0] 2w 7H 7S
o] EAGTE. rlm]=ry,m]Q A5-9 58S £4517] 9
3tod Flat-Fading 2'd 8747 N AE <t Ad W3}
STk 7HAEHE, A (@)ell A 218 FM A59] 4 A1

gewt o] ArH.

T';‘A,I[TTL} . T}Yl[[m +M = AFJJh [m“Z R e]’(ém/p,,ﬁw — 6y m)) .
=4 Jh[m 2 eﬁﬂ o kg [m, N
F

A7 I [m, M€ m1 AZ3HE NZe] HAA) §8

omety o o] AT 4 9l
n, M= ﬁ]l/]{m +p] (10)

webA, N, .7t T8 Atkal 743, F
AIA]l Guard-Interval 43S 53+ DRM Plus 215

BT e Thew 2ol Uekd % itk

EL

P[nLFv
2

Vi - 1\%

‘ ]Vsrmdl Z
2
_ Eu . 2 321 o kpy AT m, M (1)

‘ ]V(v ]stmdl Z Elh[m“ ‘
AF[I[

N

[E 321 o kpy I [m, M

T+N;—1
)) {Ir[m}2+lr[m+1\dlz}} ©®
Chl, = ( ¥ E « N,+N
search =
jb s Im 2 (12>
:E“v Apy + hlm] - oot ]-H/)[m” ]
= Aptor
HEH o2 DRM PlusilE AE719] HF 4L a3
2ol vepd 4 Sl
D[n]'fﬁu
2
_ AI%IU ‘ lz 21« kpydm, } (13)
(Auu“'ff

2 (13)0] YAZET & 7%, OFDM 714+ DRM Plus
A5 2 FH31E False Alarmo] ¥H3HC} T3 SNRo] =
7¥ghe] W}, 2] (13)2 AAEZ False Alarm W) &50]
=713t Wt obd 21 FM 2] L W3 DRM Plus
M| ~E H3ste= 4%, 719 Guard-Interval A3 ¥
< 53 DRM Plus®] A5 7E WS FM A5 F4l A
=2 False Alarm3HE-< 714 7] w2 223 Wb o] o}
Utk 22BE opdE gtk tAE gL AH|A
Wil Hybrid W2 oAM= FM 2139 DRM Plus
S5 T T e As AE77F dasit

A=

1__

e
il

o7 AZdh= B2 M A E AE3
o7 FAH ok

OFDMY] Guard-Interval 4#-E2-& Guard-Interval7+2
o NEE PG AG T
t}. HHA Reference

&= Reference

A% 77 5 AR A
uze thea gl old AEY AR

%7) B2t S A

b3
w2



A 9 491 : FM ti¥olA] Digital Radio Mondiale Plus A& A& 7Y 827
(Seong-Jun K1m et al. : Detection Method for Digital Radio Mondiale Signal in FM-band)

_—
r[m+N]
1
rymi—-s D
[] ¢ ) r m] r[m+N] N, wren )
S Dy 1]
1 Noearch
b—o—{ 7
Decision
Stage
[m+l] -
Y X 1 e ref
O] v 20
o
2 | ¢ 1 New Crer ["]
| . | [ >< N\(’ur'{/r z \PREF [ ]
J2| 3 . M|oksh= DRM Plus Als ZH&E7|9] 82X
Fig. 3. Block Diagram of the Proposed DRM Plus Signal Detector
Necareh > D, sln] = ool Btk U, rlm]=rplm]A A5l

P, REF[n

N Zyref[lxj\/;Jrn]

search =1

A7k Y Al ABE lagrh 425 E
Z 38 g 2 dok ol 48] Sl A (9) ~ A

ofw, reflr]= Thadt 2ol N8t A Aldzkel 4 (129 N=12 tiYsted Hejsid vt 22 AdE A

Hgkolh a5 F U
1 TNl LDmH
ref 7] —TG mZ:T rm] e rlm+1] (15) - A2, 2 (19

#HFAHOZ ReferenceE59] 82 g o] 4l ol A e 2el A .
NEo A oz rolEi Asl B4 A FM =21 Al, Guard-Interval 43 521 4] (13)> N,
WE B or - kT, MO} 94 o] e} The )
LTt Hel7k 2o g shanh
7l = 55 E {IFfm]P +lrfm + 12} (16)
G m=r1 2
AFU
0<D <= 20
REF[n]’m/ Ng. . (AF]”‘FO'Z) )
Crppln] = Z WREF « N,+n] (17)
search - —
BE3H Reference 552 8¢l 4 (192 N AE ¢
REF[TL} _ PH_EF[[Z]] > Threshold (18) 9] 2m . kF/‘l/[H[m7N]“(H Eﬂﬂoﬂ U}E]— = g‘?’} ]:]-4“?47]' é]'
REF

< s 7RI
Central Limit Theorem®| &J3PH, FFT Z7|7} 248 A
7t 9499l OFDMAISE B4 7RIS BA4S 7T 0< Dpgelnl, =~ <
DO whabr] pfm] =7y m]o12PE A1 (14)9)
reflf]=00]B2 P [n]=0°] Hi, Z= 2 (18)9 9ol 24 20)F 21)AY, oPd=T FM AFE 441

2
A FM

Ng ° (AFM"'U?L)



828 WEFT3|=wA A18A A65, 20139 11¥ (JBE Vol. 18, No. 6, November 2013)

Al, Guard-Interval 43 9] HF 282 21(13)7 Re-
ference 252 HF ¥ H(19)E £ ¥WHE /A
N0, st &5 vyt B 931t} Guard-Interval 33
e /‘]«] Zt 55 weylm]=kedlm,N |1, Re- fer-
A 7 EEE wpglm] = kg Mlm] o]t

w(;;[m]ﬂ' wREp[m}% Hlash7| ¢t DRM+9] gk A&
TR 2.25ms( 7,)&F AIAAZE s fickal (Mim] =
Mm + N)) 735 314, Guard-Interval 233 AZ 219 7}
A Ao ZAEERY v o 2

g
N

7

ence =9 7

&5 = Reference &=
7Eee s ",

wcj[m] =N kpMm]=N - wHEF[m} 22

I 4= viAA WHEE Q1S B FM A 45
ol & Yir|9t reflrlel 2715 HEHCE =G 2
Holtk.

Y[T] .'\ (2 [m] o Dres [m]
. %)
: v 7]

T2 4. 9AHs S0 WE Y9 ref[r]Q 37| Hlm
Fig. 4. Comparison of Y{r]and ref[r] depending on the angular velocity

FM 41 A] Reference 229 94t W3le] &w7}
Guard-Interval S £3F AZ7]9 AaHHs £571 ¢ F7)
well, 2(13)3 21(19)9] A= o 2ok

0< DREF[n],,“[ < Dpprln]

P o S
T DR+ Ng . (AFA[+O-72L)

webd], FM 541 A] Reference £29] &3-S Guard-
Interval A3 &9 Ho} 2 78 71Kth

Aoret 19 39] Decision Stage £F-2 Guard-Interval
JTS F3 DRM Plus 4215 AE B2 M S HES

93k =715 Reference &-52
DRM Plus -2 FM A28
t}. 1% 5= DRM Plus ?ﬂra% &
SAE e

Decision Stages 22 Thara 2t}

@ 9" w) HR,
F2 2247k e

Decision Stage &2t

O
o)
r9£

o

E 1. Decision Stage =+ CH|
Table 1. The operation of the Decision Stage

FM A3 #t 7
1. Dpprln]o ZCi Zhe =2 DREF =max Dy,

Step #1 =
2. Dppp?t QAREECH 30, F

DRM Plus A& T 2
1. Dn]o| |} 22 32 : D=max D[n|
2. DO| ARZIECH 3H, DRM Plus A2 TiCt 4 & B2

Step #2

Step #3 | 2157} gl A2 HEt

Decision Stage

(D[n]’DRLF [Vl])

Find
Dy =max Dy, [n]

o No Find :
{ if (D > threshold ) H D =max D[n] J
i H Step3
. i No Decision as
[ UF(DthYhOM) H“There is NO signal"} :
Yes : k

\
Yes |

[ Decision as DRM Plus ]

[ Decision as FM ]

121 5. DRM Plus EHHE 2|5t Decision Stage 2 EH|
Fig. 5. The operation of the Decision Stage

V. dE 29| &

I

B AoMe FM AE #4439
Interval 4432 53+ DRM Plus
Z| e DRM Plus 215 7
of Z5H

Lo 18 29 Guard-
2% AE7F 19 39
AZ719] False-Alarm A<l o3}
o] HYS sl Aes gt

4] DRM Plus 2171 F3= A
o wet AEshs As fle Fe, oFEETI M Als =
5, o] Al 7419 84
el 4 Sl

rlo rlo i

;.ﬂ




Al 7HA 7 @3¢l Tt %

}[[] : TNLL [m] — =

Hpyy TFM

Hppary *Tprart [m]

7Rz 9 491

(Seong-Jun Kim et al.

[m]

Ehk
Is 1

e

A7 29 AgE sl B

2 2 3 33} Zo] A~E] Parameter®} DRM Plus®] OFDM
gt HE gt

£ 2. Dolusg

I8t AIAEL Parameter

Table 2. System Parameters for the simulation

« spyln—T, « k]+1[m]

FM theelA Digital Radio Mondiale Plus A& % 7Y 829

: Detection Method for Digital Radio Mondiale Signal in FM-band)

* sppsn— T, » Kl +4[m]

o} 2"FFTe ZFo=Z o]Foizl A7|7} 57631 Prime
Factor FFTE /\]-3—6]-911’4-“3]“4]. w3 AEZY Fur)
256kHz¢] 7] Wj&el], MZ F7)%= oF 3.91us(=1/256kHz)H
o} A 19us AR 259 A R7HA] 1E3st7] 9
B S 100 petay S 52 AA7G3IGATE FM 215.9] wAI A=
1kHz Single Tone ¥ K-POP 39S AR&-3l5it). ol

System Parameter Value - -
pyT— 15kHz9] FM Frequency DeviationS &3}l T3k
orm | FFT Size ¥ 576 Factor FFT DRM Plus 2158 FM 2159] 4541 {3 Age 12 7}
Plus s 5 Include delay A3k
Maz Delay < 19.5us signal o 1111 et < .
—— DRM Plus %] 4455 5715171 91510] B4 9} o]
o 15kHz -
Analog Deviation DRM ALA|Y) A|2tE Band I ~ Band 1T tHY FAAd
FM 1KHz Single Tone THO o]g =10l o
; y = S .
Audio Source K-POP Music Mim)] 2dS o] &3t
Carrier Band Il
Frequency 97.1MHz (FM Band) E 4. ifd stA Parameter
Random CFO Subcarrier Table 4. Channel Profile for the Simulation
Frequency . :
Comm Offset Range : Spacing(Af):44 10- Terrain
on —Af ~ Af 4 4/9Hz Channel 8:Urban 9: Rural :
- obstructed
R>F<’ Signal 0dB Elslm]]=1 Velocity 60km/h 150km/h 60km/h
ower Path no| Delay i Rel. Power |Delay: Rel. Power | Delay | Rel. Power
Sampling Rate 256 kHz NXAf k (us) (dB) (us) (dB) (us) (dB)
1 0 -2.0 0.0 -4.0 0.0 -8.0
2 0.2 0.0 0.3 -8.0 1.0 -2.0
I 3. DRM Plus System Parameter 3 05 -3.0 05 0.0 25 0.0
Table 3. OFDM Parameter for DRM Plus 4 0.9 -4.0 0.9 -5.0 3.5 -1.0
5 1.2 -2.0 1.2 -16.0 5.0 -2.0
Narrow Bandwidth 100kHz 6 14 0.0 19 18.0 8.0 3.0
Number of Subcarriers 213 7 2.0 -3.0 2.1 -14.0 12.0 0.0
Subcarrier Spacing: Af 444 4/9 Hz 8 24 5.0 25 : -200 |14.0 6.0
Duration of the useful part of Symbol 2.25 ms 9 30 100 30 -250 16.0 3.0
Duration of the guard interval 7} 0.25 ms
Aol 2~ k=)
Duration of an OFDM symbol 7, 25 ms 1. &30 FAE= ER(H,)
T, /T, 1/9
/\“6]- EaSN A= A 7]=
Duration of the transmission Frame 100ms FM Bandol|A] AH12=3 5= $)= DRM Plus 52171 A
Number of Symbol per Frame 40 H| 2 3l Mdelo] wel DRM Plus 218, FM 415 52
S B FEE AT 5 A M AT Fe e
DRM PlusellX 7,/ 7, =1/9 #A7L 97 Whiell, DFT  A18h= %%, DRM Plus A% AE7]9] &3] QAR



830 WEF3|=EA A18A A65, 2013d 1€ (JBE Vol. 18, No. 6, November 2013)

o} =% 7HZ7]E DRM Plus A1%7F EA3tia 259
@l False AlarmS 927 & Qo

FAlskE 745, AR wet F2lE=

)

a3 5= vt

2] o] Y3 False AlarmS LRI 10l o])
B2 418 S5 20483} 404188 TSR or, IAR

S F=02, 03% 049 37HE aHsth FS1 524
st A, YAIFe]l 04 W, JE A9 6.5dB B¢
False Alarm 2 352 1070t} AxH oz B A4
F7ol| tjste] False Alarm &2 x}o]7} §lA|9, Ak

Z7V8<=2 False Alarm B &Eo] Yolx|= 2SS &9l

FU

Null Hypothesis
Threshold Value
O :Threshold 0.2
O :Threshold 0.3
< :Threshold 0.4

0.14

Num of Search Symbol|

0.014

1E-34

False Alarm Probability

The Threshold‘lncreases \ |
1E-4 3

1E-5 T T T T T T
9 8 7 6 5 4 3 2
Noise Power [dB]

32! 5. Null hypothesis®| AL, &S XNaio| MZ False Alarm&E
Fig. 5. False alarm probability in the null hypothesis

2. FM AMSE tlok=s ER(Hpy)
a8 6= YAIe] 04 W, N, =203 5, 1kHz
Single Tone2] FMZIZE F=41 Al 2d 370l w2 False
Alarm 52 A3 a2 Zo|t}, - oA Guard-Interval
’d8 WHE o] 83 DRM Plus Al A W3} At
W BT FM As 74 Al J59 0] Fo]50l%, False
Alarm TAFEo| 7= RS
W2 (13) 2 2] (19)914 Fe A
< 9E gEo| F7el] el

False Alarm ‘TA&E0] o @2 215 18 4 ok

Urban 2237304 SNRo] 6dBS] A%

1M
z#%
2
i
2
B E
0o i
3T
E-

tlo

Interval ATHH-E o] &3bH F 9.7%2] False Alarm ©|
HRAISEA| AL A oksl= W2 oF 1.8%2] False Alarm©] &
A3t} Urban 3'@874A9] False Alarm A 8H-50]
O Ad 4R =& 28 g1 4 Sk

(1

O

0.20

FM Hypothesis ~ —— Conventional Method
TxSignal Power=1_....... | Proposed Method
Frequency Deviation : 15kHz
FM Source : 1KHz-Single Tone Channel Profile
015+ # Search Symbol Duration : 20 g gﬁz{fgﬁf
> Threshold : 0.4 <& Terrain Profile
z
©
Q
<}
o 0104
E
[o]
<
)
£
[o]
L 0.054
00015 T — T T T
-4 2 0 2 4 6 8 10
SNR[dB]
J8l6. N, =202 A<, 1KHz Single Tone FM Al A] False Alarm
wou SE

020

FM Hypothesis —— Conventional Method
Tx Signal Power = 1 ——— Proposed Method
T Frequency Deviation : 15kHz
FM Source : 1kHz-Single Tone Channel Profile
0.15 O Urban Profile
# Search Symbol Duration : 40 O Rural Profile

2 Threshold : 0.4 < Terrain Profile
=

]

Q

[

Q. 0.104
E

o]

<

@

@

(]

L 0.05

0.00

2SNR[dB]4
=40, 2AZt 0.4 B, 1KHz Single Tone FM Al A|
False Alarm 2 &=
Fig. 7. False alarm probability when Nyegre= 40

J8l 7. N,

search

T 7L Ny =402 5-9] 2'd $70l] WE False
Alarm ¥ 358 ©A% agzoltt. N, =209 2

+ Bti2ls, False Alarm #AY
Hsrt 34 E4 8= A 91 & Aok



7Rz 9 491

(Seong-Jun Kim et al.

FMHypothesis —— Conventional Meth
Tx Signal Power =1 === Proposed Method
Frequency Deviation : 15kHz
FM Source : 1kHz-Single Tone Channé Prdfile
o Urban Profile
# Search Symbol Duration :40 0 Rural Profile
2 0.104  Threshold: 0.5 <& Terrain Profile
=
8
o
o
£
o]
<
% 0.051
£
0.00
SNR[dB]
J218. N, =40, 2HZL 0.5 B2, 1KHz Single Tone =4I A| False

Alarm 2tAY Z‘E
Fig. 8. False alarm probability when Nyeue= 40 and Threshold=0.5

pothesis —— Conventional Method
Tx Signal Power = 1 - Proposed Method
Frequency Deviation : 15kHz
FM Source : 1kHz-Single Tone Channd Prdfile
o Urban Profile
# Search Symbol Duration :40 O Rural Profile
2 0.104 Threshold: 0.6 <& Terrain Profile
=
3
<]
x
IS
£
o]
<
% 0.06
£
0.00
SNR[dB]
J89. N,,,. =40, 27HZL 0.6 A<, 1KHz Single Tone FM F=A1 A|

False Alarm 2 2‘5
Fig. 9. False alarm probability when New= 40 and Threshold=0.6

Y8 B 9= Ny =
o] EMAIE 41 Al 9AI%e] 0.5
I} False Alarm &8 TAIgH
7} vRz7FA 2 Guard-Interval %

=40¢] 74, 1kHz Single Tone
2 0.6Y ), 2d S
agz=oltt a8l 6 2 7
Jr} WS ©]-8¢ DRM

Plus 215 A4 Wi} AR WY 2F FM A5 A A
A% Hgo] Z4E, False Alarm ¢ g@,—% Z7}E= A
S I ok w3 37 7, 21" 8 B IE 9ollA Al
kol £ False Alarm A 50| Sojts AL 3ol
& 2= 9jt}h Yt o 7 oldZ 1 FM Al tAg gt

FM theelA Digital Radio Mondiale Plus 4% 7% 7|¥ 831
: Detection Method for Digital Radio Mondiale Signal in FM-band)

L & I ET A AEH DRM THAA=
"47‘1‘%1 E‘ri& NF 2 olske] FM A5 o] AH|A Ao
dsls 2] flste] MEFa7} 150kHz BolA S o,
A% 9492 20dB o A st=2 Austn JYopl

2. DRM Plus 2l& A A2

11= YAZk] 04¢ W, DRM Plus 215&
34| WE Detection &S A3
Aol A SNR 0.5dBol| A

o
©
1

o
o
1

DRM Plus Hypothesis
Tx Signal Power = 1

# Search Symbol Duration : 20|
Threshold : 0.4

o
J
!

—— Conventional Method
—————— Proposed Method

o
o
1

Channel Profile
ol O Urban Profile
O Rural Profile

< Terrain Profile
05 T T T T T T T T

4 -2 0 2 4 6 8 10

SNR[dBI
38 10. NV, =202 A2, DRM Plus £l A| Detection &&

Fig. 10. DRM Plus detection probability for Newa= 20

DRM Plus Signal Detection Probability

v S i & s S
0.95
0.90

DRM Plus Hypothesis

Tx Signal Power = 1

# Search Symbol Duration : 40
085+ Threshold : 0.4
—— Conventional Method
—————— Proposed Method

:

d Channel Profile

O Urban Profile
O Rural Profile

< Terrain Profile

DRM Plus Signal Detection Probability

0.75 T T T T T T T T
4 2 0 2 4 6 8 10
SNR [dB]
38l 1. N, =402 A<, DRM Plus 5=l A| Detection &=
Fig. 11. DRM Plus detection probability for Nyearei= 40



832 WEF3|=EA A18A A65, 20139 11¥ (JBE Vol. 18, No. 6, November 2013)

Detection && 95%% WHE8FAT, 7|9 Guard-Interval ¥ 55 DRMTFEA] AAE T P B7]) 2 g =+

&3 iHo] AljFeE W E T oF 0.1~0.5dB A5l g | $hestar, o 7353819 Iteration®] 3175 2¥ st
S 301E 4= 9} A<l Reference £ FM A5 S A< A9 BER 110 12 93 SNRS UERITE DRM
Z3l= E592, DRM Plus 4Al% F41 Al FM AlE&= 2] MSC (Main Service Channel)©] QPSK 2] 7-¢- Terrian
Tahe A7t DA Motk =3 N, 7t EF Jd8dolMe o 5.4 dB7} BHRF oo} MSCS BER

O

(&

N,

£ Detection gH&0] F7HE 21 SR1E 4 Sloh. WA A 1x107 '8 &S £ 9lon, o) MuAE & £ gl

S 2 Terrain A'd 27 <] Detection g&°| th Ad 374 o} v AL E ) 5.4 dBRY Yrjels, Agjdo s B

Hoh 52 2S5 it 3317} 73738k FAC (Fast Access Channel)® SDC (Service
I8 12 2 138 N, =409 AL, dAZk] 0

g Descript Channel)S 5338} 3o Mu|29] FEH|HE F
0.6 & W, DRM Plus &5 $AI8H ¢ Ad @7 wlslof ap] mitel] 2o Az 25 43¢ & 5
wHE Detection 2HE-5 =A8F e ol 19 11, 14 Slofok got. whebA H-hG dAIgk Ao a7
12 2 23 1394 QAFEe] A-GE Detectiond-50] 7+

- o - E 5. AMEES30/Z BER 1x10-4E &ESol7| 28 27 SNR
A= AL 3lo] ) 2= 9]
-=° AE A =T et Table 5. Required SNR for transmission to achieve a BER=1x10-4

after channel decoder for the MSC

8

| Channel Model MSC mode Required SNR

0.5 8:Urban R=0.33, QPSK 7.3 dB
2 o] ' R=0.5, 16QAM 15.4 dB
© . -1
E 9: Rural R=0.33, QPSK 5.6 dB
g 085 ’ R=0.5, 16QAM 13.1 dB
g 0] ?f'é;;‘;%’ﬁ‘s 10: Terrain R=0.33, QPSK 5.4 dB
% # o ool Duraticn - 40 obstructed R=0.5, 16QAM 12.6 dB
5 0.75 Threshdd : 0.5
o 4d/ —— Canventiond Method
n_:_ 0704 o - Proposed Method
= ) Channel Profile
Z o6 ) ZiE2
5 o U e VI. &=

$_Tenmain Profile
0.60 L— . T T T T — T
-4 2 0 ZSNR dB4 6 8 10 - _ _ . _
(e8] B =FoA= 28l DRM PlusAl 3o 28 50] =
= — oz 712 e 7iE =2 ES =
J212. N,y =40, 272401 0.521 22, DRM Plus 41 Al ZE &5 3, oPI21 FM 215 9 & 215 44 A] False Alarm©]

Fig. 12. DRM Plus detection probability for Nyua= 40 and Threshold=0.5 = - S -
s ProDEbHy 107 R e 8Hgo] e DRM Plus A5 7% WES Aok
i

|oFsl WPH-E 7]129] Guard-Interval A=7]9 Refer-

o
&
A

g
o
_l \
P
il
ne
&
fr -
|t
oX,
o
X0,
B
H
e
2
=
&
>,
fol
i

o
R
Ll

DRM Plus Hypothesis
Tx Signal Power = 1
# Search Symbol Duration : 40]

o C
al
L

DRM Plus Signal Detection Probability
c <}

8

1

Threshdd : 0.6

—— Canventiona Method
0.704 - Proposed Method

Channel Profile
0.654 E/ g grmln;ro%flile

ural e - =
0w | | . | O TerainProfie Zt 1 £ &l(References)
4 2 ZSNR[dB]4 6 8 10
[1] ETSI Standard. Digital Radio Mondiale (DRM); System Specification.
J213. N, =40, 2HZ40] 0.621 Z<, DRM Plus Al A| ZiZ8lE ETSI ES 201 980, V3.2.1, 2012-06.

Fig. 13. DRM Plus detection probability for Neee= 40 and Threshold=0.6 [2] International Telecommunications Union-Radiocommunication Study



AAF 9 420 : FM oA Digital Radio Mondiale Plus 2% % 7Y 833
(Seong-Jun Kim et al. : Detection Method for Digital Radio Mondiale Signal in FM-band)

Groups, “Digital Radio Mondiale Results of the DRM field trial in Sri
Lanka,” ITU-R Document 6A/503E, Apr. 2011.

International Telecommunications Union-Radiocommunication Study
Groups, “Digital Radio Mondiale Results of the DRM field trial in band
Iin Turin, Italy,” ITU-R Document 6A/512E, May 2011.
International Telecommunications Union-Radiocommunication Study
Groups, “Digital Radio Mondiale and British Broadcasting
Corporation (BBC) Results of the DRM high power field trial in the
United Kingdom,” ITU-R Document 6A/532E, May 2011.

R. Van Nee, and R. Prasad, “OFDM Wireless Multimedia
Communications,” Artech House, Boston, 2000.

T. M. Schmidl, and D. C. Cox, “Robust frequency and timing synchro-
nization for OFDM,” IEEE Trans. Comm., vol. 45, no. 13, pp.
1613-1621, Dec. 1997.

M. Sandell, J. J. van de Beek, and P. O. B orjesson, “Timing and fre-
quency synchronization in OFDM systems using the cyclic prefix,” in
Proc. IEEE Int. Symp. Synchronization, Essen, Germany, pp. 16-19,
Dec. 1995.

S IPN )|

[8] L.P.Goh, Z. Lei, and F. Chin, “DVB detector for cognitive radio,” in
Proc. IEEE ICC 2007, pp. 6460-6465, Jun. 2007.

[9] G.Zimmermann, “DRM+ Radio Channel Profiles for Use in Band II,"
DRM internal doc. no. TC_CM302, Nov. 2005

[10] M. Fisz, “Probability Theory and Mathematical Statistics,” Wiley,
1963

[11] Yates, R. D. & D.J. Goodman, “Probability and Stochastic Process,”
Wiley, 1999

[12] A.Bahai, M. Singh, A. J. Goldsmith, and B. R. Saltzberg, “A new ap-
proach for evaluating clipping distortion in multicarrier systems,”
IEEE Journal on Selected Areas in Comm., vol. 20, no. 5, pp.
1037-1046, Jun. 2002.

[13] C. S. Burms, "An In-Place, In-Order Prime Factor FFT Algorithm,"
IEEE Trans. Acoust., Speech, Signal Processing, vol. ASSP-29, pp.
806-817, Aug. 1981.

[14] D.Kolba, T.Parks.,"A Prime Factor FFT Algorithm Using High-speed
convolution," IEEE Trans. Acoust., Speech, Signal Processing, vol.
ASSP-25, pp. 281-294,Aug. 1977.

- 20024 28 MToicistn MO|MA A AFEIESE £

- 20044 28 MECHstn MIIMAL U HFEISSRE AL

- 20134 2 : MRS HESAICS! g 22

- 20044 58 ~ 2006 6% : EAMMEIRA Foloiel

- 2006 78 ~ SIXf ¢ MARETFY HEXIEE oATME MANITH

- TR0 REM B4 AILE, CIX[E B, CXE ASXE|
S

- 19994 23 : sty Mr|Fstn &Y

<~ = - 20014 28 FAUCstn M7[SET MAL

- 20114 8 FYUCHstn MARKY|SE} &

- 20014 1€ ~ SIXf . MREETY HEIEE oA7ME MY

- TR0 KRN S AIAHL WESEAMSSEL ZUEST, CIXE ASXzE
M A7

- 19944 23 : YOty MAFstn £

- 19964 28 : FYUCHSID MASET} MAL

- 19994 8¢ . FAUCHStn MALSET} BiA}

- 19994 108 ~ 2001 7€ : SYCHstn BK21 piFus

=

- 20014 8 ~ S : MK

- FRME0F: FUSY, CIXEES,

TS

o178l =i 8leiTHE| Helotne



of 4 &

- 199414 28 Qlsitistu MARKIZ St £

- 19964 28 : Qlsichstn MAYEZ ST
- 20081 28 QIMCHEIW M7 |MAIZStn BiAb
- 19964 38 ~ 19984 8% : oHEHKW AAEISWA oi7l
- 19984 8 ~ 20014 118 : FOlO[HME|IT=ZR| EE
- 20014 128 ~ S| DRUSSAAIR BT ChE
- FoAEo} : gic|=sw, CIXE 88t

bl

bt
ogt

X

—

- 19744 28 MSCHeln MASEn &
- 19764 23 : S=TtEP =R MIIRA 3*1'—} MAL
- 1976 38 ~ 19794 7€ : (F)2MAL FloiA oiel
- 19794 98 ~ 19824 122 : O|= Univ. of Southern California %7|
- 198214 10% ~ 198914 2@ : O|= Lincom Corp. 917
- 198914 3Y ~ BX| : MTACYED MEEACYS mg

. ZpAlgol | CIREHEA, BAM AL 0|EEA, QMEA 9 S5|5} 7|22 &

2oL, T o SO, S

IIO




