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Equalizer Mode Selection Method for Improving Bit Error
Performance of Underwater Acoustic Communication Systems

(Hyeonsu Kim, Jongpil Seo, Jaeyoung Kim, Seongil Kim*, and Jaehak Chung)
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ABSTRACT: The linear and decision-feedback equalization can mitigate time-varying intersymbol interference
(ISI) caused by time-varying multipath propagation for underwater acoustic channels. The perfect elimination of
interference components, however, is difficult using the linear equalization and the decision feedback equalizer
has an error propagation problem. To overcome these shortcomings, this paper proposes an equalizer mode
selection method using training sequences. The proposed method selects an equalization mode corresponding to
the signal-to-noise ratio (SNR). If the SNR is low, the proposed system operates the linear equalizer for preventing
the error propagation and if the SNR is high, the decision feedback equalizer for eliminating the residual ISI.
Therefore, the proposed method can improve the error performance compared to the conventional equalizers. The
computer simulation shows the proposed method improves the bit error performance using practical underwater
channels responses acquired from the sea experiment.

Key words: Adaptive signal processing, Channel equalization, Underwater acoustic communication, Decision-

feedback equalizer, Linear equalizer
ASK subject classification: Acoustic Communication (6.3)

LN 2 Zrol] whel sk st of o] 413 F7kel AA 17

Al=7F7H4 (IS], intersymbol interference)2- -3-25}o]

TEoFEAll ojA ST ApA 50| Y52 7t M 53] IS} ahg et
VEAI AN THEAR ASEAL AISHES A A AHANB FE BolHeE 1A He)
Aelo] gl S71517) whizol] A% o 7SN

*Corresponding author: XSt (jchung@inha.ac.kr)
402-751 QIMTAA| T2 31 4= 253 Ol5|CHE D FMAFZ 5D}
(T3} 032-860-7421; THA: 032-868-3654)



(SINR, signal-to-interference plus noise ratio)”} SFA} =]
2] Qpol v|2 258 7] g7} 471 Hit
ol2|gt F-Z A E O] YIS HAFsh] 915
o2 of e 459 537 ol Aokl 48

o 5ok ol 299 dmel s 23E 41 5
slo} 247 S2l7 o] A8 4 gt 4
Sol) e AT o]0k e A E BE S olg

II

Sfo] A9 S BASH: W o.R a7} Zhestohs
Aol QoL HE A A sHE dae Fol nt
e} agol ©J5k odapo] AX AL thel ISUVh i 9
Aol glet . 1)1 AR SE7I e Lt
2 FHA Fa)ol AR WS FHI7 FaE
#o] ISIZ A AT 4= Gl Ae] 9oLt e SNR
MelolA A& R0 o3t 0.5 Hpt F7hste]

= /\4}:_01 A5 E]}_L—__

13
07 A wro] et

%tﬂHLE%ﬂﬂ@Qﬂﬂb

o .
L
ml
o
s

:L
ﬁ
ot
r
L
[
>.
ﬂl

e
oo
)
Ir
Lo
H
|r
rx

[Ra)
124
o @

B
)

o 2 HE oL o

4> |k

o K
#ME
(o] (
!

fo ©

ﬁcﬁ
ol
ol It
N
E
o
|

r>~
§)
ofs
o
R
o

1Lv§ﬂ@ﬂ2 9-0] Lo SNROJ| A
253719 A ste] dlofE o sl g-at
£ SSAITh AlQkE W o) H5S
3 20104 10 S0l 4] A=E E3)
A 57 E & AR8-8H3 ,ﬁ&&g
<ﬂﬂ&%%ﬁﬂ7bn4&%4—ﬂﬂﬁ

%iqﬂHHWEEE%Q&tﬁgEMq
T2 ok ok Al 273 el A] 7]
Holl chal A gatar, Al 340l A] At
B of] o3 okt Al 47of| A]

H
St m e} Sl A AEE

=21 =

Y TN
)

WF

Ir
2o

Mo

ne nj:l‘
olN

ofs

2

N

ni_a

S~
8% ik
of
-

o
ot N do [»

|

__'__

oft rl
FEI

)
ol
ot
N
E

2o
¢

¢
J

o

wx ol op FPI
E

iy 10

~|

Lo fo

ﬂlﬂl

Y2 o
rr

kHz= AH|gH=]o]7] o]l Aol ofgk
_/':/U 712l /Jioﬂ A drAEHA| %E]_H,S].

A% 2L Eoly

Lo

o

f
>~ 0
i)

ot
AN

ot rhy
2

o

[0 oflt

o
o, o

L e

o
N
I o
)
ot
lo ™ -
oflt FE, oX

¢

o N,
u)
U g
H
l-i U
it
o

QE ‘{>’ 010
3

-
N
o
L
o
g

of
2

i)
1>
o
1>

.
fu
al(e
_tJ_
st
<

M

1 He e 2 A AR (LMS least mean square) 0]
LA | Al o] FEE Al w7 RS
o] ¥l A4 7 AEH= Z| 225 (RLS, recursive
least square) &1 2| S} 22 -5 opjﬂzoﬂ o)

HE
=
HHE




Adaptive
algorithm

Symbol
detector

21, Yol XS

A Sl 7=

Fig. 1. The structure of typical adaptive decision—-feedback equalizer.

Normalized Amplitude
© o o o o o
N () S o o ~
T T T T T T

e
T

1 1

oo
o

15 2 25 3
Relative Delay[unit tap]

(a)
J7 2. 7|&°| SEP[HES HIE 278 M5 o

(a) ARBE el x| ==2ml (b) HIE 2F7E 45

35

—O— Decision feedback
-£F- Linear

Bit error rate

Fig. 2. An example of BER performance of conventional equalization.
(a) Delay profile of a channel for simulation (b) BER performance

719] (a) Tl (b) F-o] F7He Fejolw, 28
A&kl HIgA S ot e ZH = Qs =
=742 703 9}
AR S37)0 52 Ao RS O
2} 720) £ % ek
0 Ly
§n = Z cj‘nrn,jJrEcj‘n;n,j , )

i

|
=~
K

A e] Bl

o714 $2 % WA G| ¢, &
e % 9 A40] ofn)g gheck

0 5 10 15
SNR(dB)
(b)
)AL s, e 58 gt ol % AR n A 4
Bgto R Hos] YEEIckn FYE, L,k o
W Belo] @ dololtk. 2RAR Fobrl A4
S Hoie AA el dEHs AR o
e m|AE ZHAES gloly] whe] 17 Sl
Qo] SSHs kaF W) o] Qabel A WA SH
Ao] ISIS A ABHELE 352 SNROY A ZH41 A 1A
77} Eafol et
2929) ()= 258 HY L ARA 537
SNRo| w}2 H|E 0.5 Alo] 7kt oS Lehd

THE JOURNAL OF THE ACOUSTICAL SOCIETY OF KOREA Vol.31, No.1 (2012)



4 Y@ A5
Aotk 463 YA FL RLSE AL HLor B2}
QA= 0.99, 1 W] Zoli= 79 el 3 o
LE| o]t 3 92 AHE519aL ¥ %71 & BPSKS

S 314 30 Hz| Rayleigh 342 AHE-3191.0.
|9l 2ol 1 29] (a)2) 2tk 06 dBO] SNR
27120 o SNROJ A 25T 5570 &
2 4J%50] FAT WL SNROJ A= A1 5387] 9] 4

2.0 710 3lo)EF

}_—_o] O
[€) ST AE T UE

ool oJgt 4 0F
o g or L of
olefat BAHS M5 ¢

A AQHE 53 BE A PuS

2 o

A

I, et

rn

| 31

HO,
o3
1o
2
>
1o
my
o
i
o
)
ot

Ir
o
N

S

ol o

_]

HjE 0 A
AE)] =S
_1

N
-

AE S| He £2] 9F2 L2
4= Qlth 28| B g o SNROJA| 9]
o AE 7S o83 SRS
U Ay 5371 ISIE $HEsHA AlASH] olf7]
SNRo|| A 274 A gk 53Tk L @ &
t}. o] At ZAIE FE5H] fl8f 2 =
A AAE o] G5 2 3 R E

[e)
Aokl

o o

A

hus

lo do mx

so Mo

[€)
ug

S

;

=

1

r Mg
K

o 2

N

e}
o T

o

=2,

o
0y

e

1

=

= o H
i
flo o

f
o
w2
5
5

o b ol

ol
E

@
uu rlo

2

2o fE ook £

fr e
o o M M o
ox
rl
roon ¢
of M
offt
%

o B
e
lo

i3
to
31

o o

]_

AT
Mo

%)
%
2
R

SO
&

M rlo
o (m i
e
o 1o
Noooo
o
Ir
ofy ol
e fo
Hor
o)

:
AT I o

/

oL ¥Q
ik [
o

o

r

o =
2
r
>,
ol
o
2
ok X
2
(o]
9

N
1w K

HE R
2 o
1o @
o
S
i K

2 oox

ofo
ol
=
(e
of

d
il

o

IR SElRX] M3 iz (2012)

r

s
N
32
=

o
oL
o
>

jul
41 Mo
1z

w
1]
[n
rx
10
o
9]
&l
0x
or
HI

flo

2

o ML

e

o oln
Log

ooy o

o

1o
oX
ol

s

> dm
o,

O ot
o
N
pad

e 2

ko2

oo
oN o o J

4y 2
Z‘. OlO

f
1>

ol

~

iy 4=
)

>

2

2 [k

o W
oo
o

T o
S
L)

i)

>
o

e o 1o
ojr
o

Mo & r

~
2
flo o
Rl

ool
o i
H1
T
ol
o

Mr of rr

off
o
it

ooy 1o

o of
=il

0

BN

)

ox of M
2

o

2
B
N
Lo
N,
»x 1o
2
=)
B0
sl

r

N

i

T oMo
o2 2 2
ol

— O

2

Sis

[e]

A
©
Y

r
Mo
=2

2

tlo
xoo% Y rld Hu &

41 .
o

o rr
ox £

@
to Io

o
e
Hr r
o

Ql',
ooy

o 2 rlo o
RT3

r
(o]

A2 453

ox

D
ek
i)

go 82 S

of
il

Nl
:
e K 3 gha
juit]
pesd)

)

pasy
[o

flo
o

1o
ol
o
i
1%
)
rr
ol
Lo
it
o 0

3} 7ol 2 4 glek.

Sn =4Sy + Z Siln—k + Z Cjnn
k=n j=L/2

o714 n BANEE Fut
S} AT A] Ay S
SREEEEERRES
B
=i}
A5 £, 0] BRIAHE o=
[¢] L=

EF 4 9L, 557] )

30
=

4

L,/2

Z [

k=—1,/2

a4, =
N

L Z}ijskfj + M-
j=

4 @l A e 3 v
A A o) 1, A A
= ) oL o] 18]
A

gt webA g 0] 14

3



= ML VN7 EL 2 =R A 7PsEt ko]
ISI gk 2 31Lbo] B4 Aol o3 2] IST 3 7,

AollA et 4 (
AE S3P]9] oF gHEe A v

4714 Q + )= 7H-AIRE BHE W

2 4] )7} 2o HolHt

Q) =5 e 24t ®)
EAZ AR 3] 9 s EA & g A2
A 531719 F9 &= Tobg Al Ee o2y

2ol 4 4= gtk

L/2 L, _
= QSn +kZ Sin—k + Z ]nnﬁj + Zlcjsn*j’
#“n j=

(&)

2] (9)9] F-1H o] A HA FE Al HA -2 A 3)°ll

A 2 ofule} it el o WA g o

% "el2 5l HgEs o HBo] Ho)

AEEHUS A 7 A Fa =, Z25E

SO WS A M e A=

Aot o] dof HEH B4 Ha Al Hd

Sto] 7] A Bt B olshd 54 Boll &

AR 58]0 0.5 S A (107 o] 2
RS 4 9l

P DFE([7 BI

I,— By
Q{ (10 1 PLE [/ { qu

’l[

o

2)(10)2] 1 25 gke] 3 i)
EolA Betet 24E e o 2y
ISIE 988 A AT A0 o= al
Fo uier Welol A HEE A W ol 181
et o f Auia) Bane 49 o
%»}E}Lﬁu}. R} Iﬁ} BKO Zro] P

H

ool
H

o

}

[e]
—
A
fuA
=
g

£ o f=z

ke st o] elgt &
{ \/?F { w%-f,» )

P, (1) 7} SNR Z-7}o]| wha} e ZhAsf= Mt
2] (10) 8] TAE TAR A P, (1, 2}12 e\ By)
S 80 Pl By = B SNROﬂ/H 3 HA
o] F&Fol XujF o) 7] Wil £, (1) o vl 2
23S M 7hsAdol AL W SNROﬂH =549
7Y ;o] FgFo| Al Ao]7] wjeo] FH o

ME}.

e 7HA HsAlo] ks 12 o 4= Qlek o] of
2 g4 2] (12)9F 7o) 2 5 gk,
DFFE
Puil) 2 Pl LBy (12)
LE
4] (12)2 27 & }o] SNRo| ufe} Sotm =g A
eahA| 59 o W 0 R A-S ol 55| Ho|
SRS R SO 58| M Mg ) Kk 0.7
8 AT 4 Yk
3.2 MoHEl S35t BE MEf aby
AlQbel H o] FATY S 17 3o Lrekolnt
AIQLE - Eo] B AL o] 44l gte]
A B 9FiL Qs EH AAAE AFlsto] shel
e o) 0.5 TAIBke] 75}, S Algef A 42l
B 5 AUAREE SNRS AFETI} B =Fo]

THE JOURNAL OF THE ACOUSTICAL SOCIETY OF KOREA Vol.31, No.1 (2012)



Equalizer

’—' selection

Equalizer

’—' selection

2l 3. HokE &

SNR Equalization SNR Equalization
measure a measure a
Training Data sequence Training Data sequence Training LI Y
sequence sequence sequence
P
le e ole time
Frame #1 Frame #2

3 HE ME en2iEnt Zay =

Fig. 3. The proposed equalization mode selection algorithm and the structure of frames.

l_

rn—j__>| 24
».4

L| Adaptive
algorithm

Symbol
detector

w

J3 4. MIoHE 2HHoIM ARBSHE S| +1=
Fig. 4. The structure of a equalizer for the proposed method.

A= SNRe| w2
ARk 4] a3

g2 HE 9

i)
R

2
.
et Fot

oz M

ox
)

TN A o [
O_>i m\l
o g
IH;'J N
B
n 2

ol
ot
)
t
ot
_>i

i

w
w
Hol
r
bl
fol

f
123
o
o
ol
ol

ol
ot
N

It
i)
X

A e

rif o
= 1o
ot rir
o
X

5 b
R
o
i o

n)
e

rr

ol

o

ok

ok

s
o g o

R

fr 2

K

ox o

e}
fo
N
£

[e]

2

ox
o

> Ja@
oft it 3L
B £

2

o

i
o
N

o

=

B F4 25 4 (LSE, least square estimation)
el KX
= T

4 g2 9l ol

o A28 mEe 4] (133 2k

r, = VaSh+tn, (13)
A7 A r= kA RAIE Al S W E], o= 414D

SN+k—15N+k—2""" Sk
s Syip—1 Sk
Sk — V+k \+k 1 ) 1«,.+1 (14)

Son—1 San—2 t SN+k—1

714 5= kA & A= ot A wE of Hi%t



TEEFSA LM HIE 07 5 e AT S8 e g 7

LSE®] 8z 4] (15)2} o] 4241 E] ol Hza0e  Bo) YL 458 F BANTRIE £50% A
o Y FHoRM 7T 5 9k S9& ok AT 20109 1080 B3t
G4 oF 350 me] alA) QI oA ek
Vah' = 8'n = VahtSi'n,. 15 o $A17]9b5417] 2412 242 60m, 100mo] 7L 52
7]2] oF 500 me} 4000 moll A ERAFE 2 A3
LSES sk 4 (1914 8 ' B2 A 258 gaysoie. A4 S 4kHZS) T %2 2 roll
zka1 Ql7] wfj Zof| & =F ol A Aljtet= Wi ol A= off A|4= 0.252] raised-cosine H A5 ZH= BPSK %
A1 (16)2} o] TH A A0 o] MYt H-= F AT 2 6 kHzO UheTt 2 ALgste] Adatlth 4
5o sff 2 ARg-girt. A7)0 4] 65536 HzO] FE3}-82 H1E31E ol g
= 529575 & AA 71 A o]iH T =
Vah=E[Vah'] E Vak'. (16) W3l5} 7 o] 2 E] 2] 2A}%4524 (LSE, least square
estimation) 7] {2 0]-8-3}o] 7| At o|Ak 57} A
Al (16)0| A b= AFatE AeS 280 Q7] v g 3= Aok el A SH AEE2 A
of Euclidean norm #/3HO. 24 719H3] Vo B 78 5] o] Wolgl o B E oF 16007} MBS Bkt
2= 9)r}. TS Ysietel 1Y 591 7S B A ot
o2 33Tk 18 59] (a)%= 500 mof| A 4 Aut
Va=[Vahl. (17 o]t morel SThA R Eo] 3 BRIl = HAE I
B 31, (b)= 4000 moj| A ¢ = 28 =
8 A o2 & A BAK| A0 457} 424] g;%:ug ; é o Mof l]lw o Kéj%jﬂ o
B X] o= AIE b A e = Qe R o} 18 6L 13 50] Ay S-S =l oto g
ARAZTE TS SRS afoy ] A LY 1o1ed 4 ted o501 2o el )3
571 wjiZoll olof gt Ad HAY 7|Ro] Hagt
v, &gl 9 Zont AL o 2= Q)
41 M2 4 slid A"

At W o) 5 A5oH| Yl s A d S

0 TT..-Z stacnesnsatonmonsatss® w-l.fm.‘: A { LTJ??-- asneangusnnonstalt 1101000 snusutuugunsrengas |
oo Are Tra () Pive AT
(a) 500 m (b) 4000 m

J7 5. e 7[Xch ol ST A8 SE
Fig. 5. Averaged discrete baseband equivalent channel response.

THE JOURNAL OF THE ACOUSTICAL SOCIETY OF KOREA Vol.31, No.1 (2012)



8 4@ HEY -
ol ,M”\F\,‘\(\.\mnr\,q,mﬂ,qf\f'm\lq\tﬂl’\/\wﬁf\«wm\,
AR T AR
W“VWJ(VWUNJNvNJ“LMWWWmH
N i
1 J{Y 1 H\\J |
: | Il H
i 45‘“ e = Ffeﬂue:;tY[Hl] * - 15‘“’
(a) 500 m

8 6. A=A ARBE 22| Fol- SE

Magnitude

Fig. 6. Frequency responses of the channel for the simulation.

Biterror rate

6
SNR [dB]

(a) 500 m

8 7. Mok UHnt 7|ES| SEPIHSS| HIE 2F7RE

Bit error rate

A4 - 3Rt
n NV AN
10° /\/\/\/ U/\/\/ \/ VV\/\/\V \/’\/\\/\\\/\\/\
I
”{\u/\\/\w\/v v !\\J\,
\ Y \
\/‘l/ \f Y
\J
10" v
R o = v %0 oo I
Frequency [Hz]
(b) 4000 m
Rt
........................ o B e

SNR [dB]

(b) 4000 m

Fig. 7. BER of the proposed method and conventional equalization methods.

4.2 TAtROAMH

OPA 4178004 MRt A S o] g5tel
AR O L AT A Hlo| A5 S o &
814 9Fa of2l Ad S o] §5te] U
o] fis A2 gre] 45 54 SNRefl A 9] Ak 1
% 9131 SNR ¥lgo] U2 HE 6 5 45-g AT
% g7] whioleh ALGE B AL B AR ol A
A3 4150} 55 A g4~ 8 KHZS) BPSK A1 E0]
ul, so] mael 100074e] 4B FAsk 1
F100709) 48E AT Agstect A48
25 9312|152 RLS 7] 40| 1 2ol AH 0998

Abg3teIch ARME S8719] £HF BE 9 S
60013, 3 e W 4002 4Gk 1
%69 @2 (b= 212k 12 59 (@)2F (b)ol] Lhek il )
925G o] §3to] 2 Atolth 500 m A o)A
A Satot AT S8 HIE 0F Aol
8.1 dBC] SNRo| A k=] o] A2 e B E
M B FLHE R A5 5E] WY
21t} 4000m A el A= 7] 0] 5 58]
A3%5-0] OF 12 dBS] SNRoA] 1134
o] ATA O o FL HIE 05 A

WOl e 7HS By,

o

R}

_I

72]
Z
o of

2

r

1o o
m
17

=
=
H

B

r 2 oE ox

(o]

0|
il



SFSFEA ALY HIE OF A% S IR0 RE Ad Y 9

T ow o

|AA R EE LSE
AF&51a1 Sl SNRoj A] H
oo Hol= 53 HE A st
dlo gl AlAS B3PIk 452 HE5] 915

2
o
o]
2
O
b ro
wn rﬂ
o=
rE
> flo
Fok
W o©
-

o e
4
ox
c
O
(]

oIt Syt 4] A9
13 UD100002KD).

1. J. A. Catipovic, “Performance limitations in underwater
acoustic telemetry,” IEEE J. Ocean. Eng., vol. 15,
no. 3, pp. 205-216, Jul. 1990.

2. D. B. Kilfoyle and A. B. Baggeroer, “The state of the
art in underwater acoustic telemetry,” IEEE J. Ocean.
Eng., vol. 25, no. 1, pp. 1-25, Jan. 2000.

3. Berard Sklar, Digital Communications, fundamentals
and applications second edition, Prentice-Hall Inter-
national, Inc., 2001.

4. M. Stojanovic, J. Catipovic, and J. Proakis, “Phase-
coherent digital communications for underwater acoustic
channels,” JEEE J. Ocean. Eng., vol. 19, pp. 100-111,
Jan. 1994.

5. M. Kocic, D. Brady, and M. Stojanovic, “Sparse
equalization for real-time digital underwater acoustic
communications,” in Proc. IEEE OCEANS Conf., San
Diego, CA, vol. 3, pp. 1417-1422, Oct. 1995.

6. L. Freitag, M. Johnson, and M. Stojanovic, “Efficient
equalizer update algorithms for acoustic communication
channels of varying complexity,” in Proc. IEEE
OCEANS Conf., Halifax, NS, Canada, vol. 1, pp.
580-585, Oct. 1997.

7. M. Stojanovic, L. Freitag, and M. Johnson, “Channel-
estimation-based adaptive equalization of underwater

acoustic signals,” in Proc. IEEE OCEANS Conf-, Sep.
1999, vol. 2, pp. 590-595.

8. M. J. Lopez and A. C. Singer, “A DFE coefficient
placement algorithm for sparsed reverberant channels,”
IEEE Trans. Comm., vol. 49, no. 8, pp. 1334-1338,
Aug. 2001.

9. AE, e, AL, A dAY, sl A2
sof A S TS 2 AT o1 AdA
B AT, ISR, 291, 4%, 229-236%,
2010.

10. J. Tao, Y. Zheng, C. Xiao, and T. Yang, “Robust
MIMO Underwater Acoustic Communications Using
Turbo Block Decision-Feedback Equalization,” IEEE
J. Ocean. Eng., vol. 35, no. 4, Oct. 2010.

11. J. Choi, T. Riedl, K. Kim, A. Singer, and J. Preisig,
“Adaptive Linear Turbo Equalization Over Doubly
Selective Channels,” IEEE J. Ocean. Eng., vol. 36,
no. 4, Oct. 2011.

12. T. C. Yang, “Differences between passive-phase
conjugation and decision-feedback equalizer for
underwater acoustic communications,” /EEE J. Ocean.
ENG., vol. 29, no. 2, Apr. 2004.

13. Antoni Fertner, “Improvement of bit-error-rate in
decision feedback equalizer by preventing decision-
error propagation,” IEEE Trans. Signal Processing,
vol. 46, no. 7, Jul. 1998.

14. J. Proakis, and M. Salehi, Digital communications,
fifth edition, McGraw-Hill, New York, 2008.

| xx} o

»Z & 4 (Hyeonsu Kim)

2008: Ql5}]

20101: QI5iC
A

2010L1 ~ $Hxl: Qlstcstm MAIZStnt
HEAIZRY

(BAE0p) 584, MMO, SDR

Il

El

[

>

[

ol
)

-
i
El
2
pal
gl
9‘|_

» M & Z (Jongpil Seo)

2009: 2I5|]

2011 QI5|]
SN

- —
ol
ot

SrAfRY
(A0 OFDMAJAE! MIMO,
Cognitive radio, LTE—Advanced

THE JOURNAL OF THE ACOUSTICAL SOCIETY OF KOREA Vol.31, No.1 (2012)



» 22 X &F (Jaeyoung Kim)

@ : CLIO} Hi 2
2zl @

2011 ~
&.AM’S
(EHAIZ0E OFDMA|AE! MIMO,
Cognitive radio, LTE-Advanced
» 4 M 2(Seongil Kim)
1986: AISTHE M SHQIS!H (O[SHAR)
19881t MESCHSHT a5t (0|5HAIAN
2002 University of California, San Diego
(DY)
1990l—=1 ﬂxH' ZetnpstAT1A AR
st3| 0 A} mEIQY

1o

ol

» M xH & (Jaehak Chung)

1988: IM|CHE XSSt} (SEHAL)

1990H: SHA|cHEt FAtE St (
AAD

2000 University of Texas at Austin
H7 RSt (BBHEEA

20004 ~ 20014 University of Texas
at Austin, post doctorial fellow

| 2001 ~ 2005 MMEETISH £M
ol

200543 ~ BHR}: Ql5iCHSlm FXKZ St
CinES

(EHAIE20P cognitive radio, XFAICH Of
SE41, MMO-OFDM, UWB, cross—
layer 7|

SRR H31E M1 (2012)

0]

=

- Ay




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


