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oF 1 £F B4 A|2He] AN £EAGY] EA S won 3 9 tEA &(Multi-path) & 218 2SS Yol Ad A
A AH7Ee] 7 (Inter Symbol Interference : ISD9] 9210 X, o]= B4 A5 Aste] F o] A}, £ =FoAe 33 2 E‘r%ﬁi
2 I3l ol Awzre] 1HAS Z4-517] 98] OFDM(Orthogonal Frequency Division Multiplexing) ® %718 & ]85 =30 9 S35
A A3t o A AEEE7) 2 kbps?! A% BER(Bit Error Rate)o] 1.22< 107! o)9lom W42 %7} 4 khpsel
7% BERL 2471072 o]git}.
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Abstract : The performance of underwater communication system is influenced on channel characteristic. Delay spread cause by
reverberation and multi-path happen the ISI (Inter Symbol Interference) and reduces the communication performance. In this paper, we
analyze the performance of acoustic communication experiment in underwater to use the OFDM (Orthogonal Frequency Division
Multiplexing) technique for overcome the reverberation and multi-path. As a result, we acquired the BER of modulation techniques. The

BER of 2kbps data rate is 1.22x 107 and BER of 4 kbps data rate is 2.47> 1072

Key words : Underwater acoustic communication, Multi-path, OFDM, Underwater communication experiment, BER,

1. M 2 A= FSK(Frequency shift keying) 5 22 v)%7] ¢
J (non-coherent) MZ7|HE& o] &3t F5 4 A|=dE

FEEAE d 54 A3 gal 35 ARgsteoF 3 sl 28y w2 WHOIL (Woods Hole Oceanographic

W, Alz=gle] s APl A6 o8 #e-Eth FFolA Institution)o] A1 PSK(Phase Shift Keying) 7S o] &3 4
o FHEA Ae Aso Y AAGeM FFAEY] A& F B AFRES HIE o]FZ PSKY QAM(Quadrature
2 S H sAHeR 1 LAt 25 UdEAEE HY Amplitude Modulation) S3F 22 %7]¢]4 (phase-coherent)
ol oJal 41 Aert A dfpEvh 28] wiiel FFel gx" Wz S 283 £33 B4 Al 4w A g
A Sl ol &% ABo HEE YAAE AR 54 A5 guh 2ol v]Ee vl wkay) g E Mz )
ojuf =& i Foll o AEdFE B WRe] Al W ol thEutaa s o83 x|y Hx 7He £5
2l AAlo] ag s ojof 3l 53] AaoAe FARE 8l Su Eao) HEATE AT L Ago] s AyH T Q)
o] Al qbghel] ofsf =& #tubrh Aabe] £i¥e]  tHLIB/ZS,SM, et al, 2007; M. Stojanovic, 2008). <] 7
A QRS BEA4E F-9dth(Baggeroer, 1984). 53 B4 ¢ AL ES A7) Y3 £ o] =R E oY o] E ALE
2 oFE s Ae, Fal Az 1F Adzre] 1 AU Ad FAHS o838 WS A5 tHLee,Son,Kim,
(Inter - Symbol Interference : ISDS ZAAA F41 AlZ=® ot al 2002 © 5, 2002). =3 5 A mdS o] L3}
o] Aes Ak o7 F S Ade] 54 wiEel  FSK whjuuk ofuel, PSKSF e Wz 7He] wE A%S
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AEYoASE B3 A5 BHFI o HE 5, 20000 & 5, 1 ¥ or
L B B z(n) ==Y X(k)exp(j =-nk) 1
2002) 1EQHe] thE-E] AT BE o ukhulS Algs) Ni= N

7 x(n)< OFDM A¥E ovlsty, X(k)= ¥E dolH,
E 3 gt (B 5, 2004). N Fukgate] Jjeg ofujgth Alztg oo NS

=
=
o
N
M)
rlo
iy}
ol
=
ofy
L‘
N
g
to
)
oo
)
re
-4
3 o;
i)
2
ol
™

oo B m=RoME 43 A tEAER 2d WAy x(n)< D/A¥ 37| (Digital to Analog Converter), # %% 2}
T A ARk S FESISE e ket o835k ZH(Low Pass Filter : LPR)E 38 & wkd F315 f 7}
OFDM #1271l 484 29l R 71 @l st 7184 g4 A% $200359 14y 7 Ho) Az A5, $4
d5g vashy] flste] A AEe FA Aes BASATE NE= 2(2)7 2}

2. OFDM i - 2% 7|y rrx=wlt) « expljanf 1) @
2.1 OFDM H&7|4 ?H%% &l —’F’d% Ao 7IAdg e Hojd & :%/D
H37)(Analog to Digital Converter : ADC), tholE#ZE

OFDM #1&718& vg wkdah A e® 1o 35 (Band Pass Filter : BPR)E 7AA thg A(3)3 o] E@HL
Az AEE flat Hold FAe Foz xd rhssith »

EE S A e] Aoyt el Ale] =)o) viel] HE ) s) ;u(n)=iN:2:H<k)X(k->exp j2w(%fj‘;“*+k)(n+6> +awen ()
of Q1 HloJEle] FubE Lo A ¥of 1 AF A BAS

= A Az HASDY EAE AT 4 Art (Bahai foppers TAANTE] Fukg Q IAS ojulEtE, §E AR
et al,2004; Nee et al, 2000). 7]=9] b Wb AR 39 o mae ougity, A5 y(n)e 2 - Wd Was)2 AH o}
T =& "% 3HFrequency Division Multiplexing : FDM) Al 2 w&dsley BsT7+S 478 & 14 Zg|o] @ 3H(Fast
2ol = b Sk tielol FHEA @A 7] el 27t Fourier Transform @ FFT)E o] -&dhe] Bxdtt}. o] %, thA
o Htgst Atelo] AT WS TIHGuard Band)®l HAS w . @ wa)o) o8 APaEn, AdstE do]E= PSK
2 da v A B8] AstE . 22y OFDME 5o QAM 2x7} o] Fo]xit}

AHEE A MR e Zzhe] Fukgat Afolo] Al S o

Q357 = Hyldulso Zx o] A e E oo X = =

‘:‘%;J]r?fﬁj; ;‘g 1;;—;‘ "FT;JE]P. e T 3. 78 HHS S8 YS=A

At o7 St = 7] oA s 340m/s, FE ol A
= 1450 - 1540 m/s, A AE= 1500 - 2500 m/s= L&A
itk % FAA 3 s A, 2, A,
Weol Wl A e Toz A sty Exe 54
< 7HAn 53] Ao A5 539 S5 o4 9% B
= o 9gS B H=d Fig 25 AslelA Zold &
3 g 59 3 o & Yehd Aolr) Eg Hae A
Fig. 1 OFDM transmit technique. 0 T
20 Winter :.
Fig. 1= OFDM #&71HelM el AEa4gs Hepd 3o L
. A%stuAlsks dlolEi= PSK(Phase Shift Keying) %< E 40 ;
QAM (Quad-rature Amplitude Modulation)2] d]o]E] Al¥H =2 = ':
W3ts 3, A W3] (Serial to Parallel © S/P)ol 8] ¥ § 60-] !
g3l Fc) HEs f doly AdES o 1 o W )
80 s
(Inverse Fast Fourier Transform : IFFT)S 3 ajd vk |
B2 HEEHn gaxA dye] OFDM Ad¥e 743514 = 100 : | : :
o Z47+e] Ad wEHE FAE (Sub-Channel) 7§74 1480 1500 1520 1540
SHSub-Carrier)#bi 22t} 4481484 n-th OFDM 4] Sound Speed (m/s)
W () ThS A (D3 o] AT, Fig. 2 Acoustic wave speed in shallow water
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321 A &4 (Path-Loss)

+% BAA Ad =48 AA 74 (attenuation)$} 718k
312 4k (geometric spreading) &2 W 4 Utk AAE
F2 SR dolux 2 kst 2AstE Ao
2 Age Fadd wep Frketth $2k= 3 (wavefront)
o] Aol o8] AYAYE £, W3l H9 Cylindrical
spreading©] t %ol A= Spherical spreading©] w3 3t) o]
= Fagde =ggoes Agd uet F7ksi

3.2.2 =22 22K Doppler spread)

e Bue ST FAYe} HE I8 FHe
A AE AL A Al A% o) SR B
o QR AMEE Aole] TS POl URloEA, £F B
A Ase] AsHE ALtk BB AW 7 Aele] Fol
W Es A T3 Abele] ol 1nth oW FA 4 )
ot 1wtk =W FAT 5 gtk

3.2.3 t% 74 Z(Multi-Path)

=% 25 v AR HdIeE g AR Hddnter
Symbol Interference : ISDS HAAA FF A A5 =
ek A3tE 7t e dRe FxRE J2

CYRbd o2 $Z (vertical) AEe] A9 #

7t o] A7) W, 4= (horizontal) AE 2] 7
N AR Gake] A2 F k. Fake] JE= oloh &
F217] 2k A" Y] TR vERdT)
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Fig. 4 Experiment environment
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Fig. 5 Impulse Response of underwater channel.
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%o~ OFDM Wx&

TE AYE & OFDM =2 74

5 = FeAdeA A ER A% A AEzt
o] 7H4e Fua7] 9la] OFDM ¥ - %% 7|We welahal
on, 5F Aol AHEE OFDM W - 53X 7|H o] zhejv]
B k2 Table 13 2t}
Table 1 Parameter of experiment

AEET 2 kbps 4 kbps

A%t o] g 100 * 70 gray scale image (56,000 bit)

Carrier /

. 24 kHz / 192 kHz
Sampling

128 (active : 100, 256 (active : 200,
ull © 28) null : 56)

CP 25 ms ( Sub carrier/2 )

Sub Carrier

Adolm, Azl what A &
ZHA B2 AR At} 5713 2 OA
]a #18 1071¢] data block Ale]nttk
= AAIsAH Fig 62 A3l AHgd A
& A5 e ‘/}E}‘ﬂ‘:} o|m preamble®] 4 < short
preamble 4139 718kl o]&HH, long
preamble &713F 2 Ad FA4] o] go] ®Fr}. T = HET
7HGuard Interval : GDO.& A2ale] A5 YRS Bals) A}
&3l cyclic prefix(CP) 7IH& o] &3tgem, 7= HE

e

=

/\]E

oA OFDM ¥ - 5z 7]|g9 484 2 Aes A5
’5]'7] Aste] Y AN A APE FAATE Fig 72
Ao EEttolo] s VERdth A5 W - BExE PCE
T3 o]FojHom FAlY PColA wHEolx A&7} DACSH
power amplifierE &3] SH=o] AFEHM, FAFA= o}

g2 d¥el ADCE
Binary bit2 ®3kE olnx] mdS QPSK
o]-§-3te) OFDM W& 33}tk A3 #4 L Binary bit

ol§d o A QA

2

T [e] o -

2 W3y ojux] ¥dS& QPSK WZE T IFFTE o]&3td
OFDM ®¥x& 33tttk 44¥ OFDM ¥ 10 block
vl 5718 2 Ad F742 913 preamble block®] 4l E
U%, e AEE v F349 24 kHzE Up conversion
5 D/A ZAHEE o] &3] AXE T3 FAlsHATh.

A= AAE 3l FalE dolEE obdRL %EiQ} A/D
AHEE AX dAd deolHz ¥ T J|AfAeR
Down conversion st} Tha o2 Ho k1 CPE A A
th& FFTE ©¢]&3tod OFDM %Zﬁ% T8 F QPSK Hx
£ 3ol A E Bt FA Ao HE W A 5UE
# % 2139 Preambles o] &3} Zﬁv EX
glom, Hx 718 £ 10 block #}t} ¥HEEE= preambles
olgste] FrIHoR FUISE T3 ojmj ARgH
preamble< IEEE 802.11a2] WLAN (Wireless LAN)ol| A}
¥ &= preambled AFESIATE T AEe e TH AW
(Short training symbol)@} 71 &

symbol)Z FAEY. 53] &2 A

e
TH T O

[‘

}‘N’ FLLIN‘ Fq‘

7] 272 o=

# Al¥(Long training
A

gel A AT A

F7} MEEE 5L B oHd EHS o gdla] He
_E,:‘_/Kh:ﬂg] 2713 #-S o] f5le] 2159 HE D A7 5718
2 Fysiglon, o]F olgste]l A& AP A v
.

QPSK Add
4,4, SIP |2 FFT |—>| Cyeiic Prefx [T | DAC

\\\\\\

" QPSK Remove
47 47 47 i CYC"C Prefix o

Fig. 7 Block diagram of experiment in underwater

Fig 8¢ A8l AHEel G vl olv|, Fig 9= dlole]
FHEE KbpsT AAE W) AR olWAE HelD
e

w2

I 2FolH, Fig 102 HlolE HAE$4EEE 4kbps®E

Short Long
Preamble Data 1 Data 2 e o o o Datail Preamble Data 11 o o o ol Data?0 |o » @ @
Tg = 25ms T

Fig. 6 Impulse Response of underwater channel.
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wle] Aawst ojulx ®el A 1ol o

Aol w2 ALFFL A4
V4

A om, 7+ A
BER(Bit Error Rate)9] %2 Table 20 YERNATH

Table 2 Experiment result

HEEE = dlo]H o2] HlolH BER
2 kbps 56,000 6,329 1.22x 1071
4 kbps 56,000 1,385 247x1072

Fig. 9% Fig. 10& ®A =9 9 {5 4 5 Hdef 3
Bdom Qe A=A 93] 3 Bl WFe] A7
At o, Fobg oAl WA B A F4E shA] FaL Al
W Elo]Y) 2 mANES RS ARRNE dFFE ol 4
HE e en, % SAldA AR Q% a54d
o] e 249 7Y 2 S371E AR Fal b W
Bz 7IHor S5 & es stk

Eo]A}gro 2= Table 29} Fig. 9, Fig. 102 Bl s 2t
W, 2 kbps® NS5 AFHUS W Bt 4 kbps® 2T E AF
FAs W F o FE& ALE AE F AATh o= ol Y

A e 8 2F bS] Rl Wasks Y 43 e
SER Qs $EAE FE7E wEe] s e nelFn,
ol Fah4 oAl wak @AY FAL B wao] Ahsa
o,

6.2 =

FEFNN DEPRE A AR AU HOR 9
& BAS FEE198 BAAA e A7 ABH 3 9
2 WEF AW AU A TR FFEAC Yol F
Bx]ofobg EAolut.

B ERAAE £F AN B4 AP il £FE
A A5 ARAIE LA 1 8919 BERRE AW
Q1 AMcre] (U F¥e) s OFDM ¥ - 22 7]
2 AgSth B W B2 SReM Qg Auzkel 1y
2 Fuae A2 RAdgon, A% Su BE 5% v
i, w4 sk

FF AT WEoRE Fohr QT wAT AL 54 U
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T Aol
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