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Abstract - Underwater acoustic channels are generally recognized as one of the most difficult communication media because of the
multipath propagation, dispersion, and so on. MIMO (Multiple-input multiple-output) techniques have been actively pursued in underwater
acoustic communications recently to increase the data rate over the bandwidth-limited channels. The transmit diversity techniques carn
be applied in this case, and one of them i1s Alamouti’s scheme. In this paper the performances of the transmit diversity technique
are evaluated via experiment. Two transmitters and two receivers were used in experiment, and the experiment was performed In
Indoor water tank. The error rate 5°8% was confirmed in experimental results, and these are the improved values than the error rate
14.8% for SISO(Single-input single-output) channel under same data rate condition.

Key words : underwater acoustic communication, transmit diversity, experiment in water tank, Alamouti’s scheme, intersymbol interference,
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Fig. 2
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(a) Experimental setup in water tank, (b) Photo
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Tx2-Rx1, (c) Tx1-Rx2, (d) Tx2-Rx2



A JUx SHe FANETE FA7)0] BB WA
ARE ekt oled A Qux $BE Bl $54
7l A mhE Al g A B4e HAT am

o] A&l ¢kA LFM (Linear Frequency Modulation) 4

o]-g3te] Ad &H 5L FA3Iem, o]& Fig. 39 ‘/}E}

WAt Fig. 29} & Srxeli= uhgl Z7ho s olsle] Sue

WAL S B = glom BE oF 20 ms Wle]elA ZAl

27 ms—°4 Adoe] WA= Aes = F ded o F
o]l&

o
AN
T =5 WalstE Fig. 4ol % g2lg 4= it}

™1 Preamble (PN code)

Tx 2 Preamble (PN code) | Payload 21

e

fud

Payload 11 Payload 12

Payload 22

Fig. 4 Structure of Tx signal

AdA Fr18E fste ZEgE F0olA PN(Pseudo
Noise) 598 24 AAS ol 7P $A8A 1L, o]
ol FAlo dlole 45 AEadt o3 diojE el

T Fig. 49k 2ok Z1™”elAM 7 payload Abele] wAl=

A 24l AH gk vpe Zo] AFstazt sk A5 g
IR Joi LH7o] payload 113} payload 21°] $4]= 8}
o] "%} oo 7k silence F7ro] At F payload 12 T+
Zhol| A= payload 21 A5 W) B35 E JFHEA time
43} payload 22

3L A=}
A4d ol Hix AR

lm mg >\£

reversed complex conjugate ¥ A5 E
7ol A= payload 11 73 2159} A

ANzE AF

Tx Signal

.
os
o
ﬂ.sw
R z s s G

0
sample

amplitude

Rx Signal

amplitude
s s

spoom

5371 Ag e g 0992 RLS(Recurswe Least
Agstant Ad A FATdA Y

SNRE #Hit oF 17 dB A2 FAHNSH, SNR FHL

Wiesel 5©] AStst BH S o] 83} A th(Wiesel, 2006). Fig. 6

21E A5t Alamouti 4171 9 F371E F94s &

o AA=E Yehdodth 23l whEW Alamouti 41719k

518 =Y AN F uad by %eo] ool AL
% 5 gk Ed @9 (©F vas) ww 5217 20) 920
Ha) 5417] 19] 91217} ISI S40] detse] AmAe Aol

%2 AElA  SER(Symbol
19 oM E H 8% HER o,

T ¢ AER e o= HE
Fz 7o) 23 FTtolEtM AY EAo] HEsta 20 ms
oldel 11 A EAL ZA R dEgo] v voky] wE
of ISI %S &0 23} vehd ez dddr a3t o
oW AJE] & AME-3= Alamouti 41719 71 9] SISO(Single

Input Single Output) @S AL-&3l= Fal7]9le] H5e
vtz 938 Fig6 (e)oll SISO Ad F4l7]e] Axs et
Wolth Rl 9 SISO Ade] 49 d58S 334 spsE
SRl o3& oF 148% A= ey tolwAE] g3t
= A

v_fo,_'l—oz'sl-./‘l:

y

=

- 272 -



1z

‘‘‘‘‘

(d)

Seater piot

Quadmture

Fig. 6 Constellations, (a) received signal at receiver 1, (b)
recovered signal at receiver 1, (¢) received signal at
receiver 2, (d) recovered signal at receiver 2, (e)
SISO channel
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