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Performance of Adaptive Equalizer in the Shallow Underwater
Acoustic Communication Channel
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ABSTRACT

The inter-symbol interference(ISI) is one of the main obstacles to reliable high-rate data
communication in the shallow underwater acoustic channel. This paper studies on the simulation
of adaptive equalizer used as a means of mitigating the ISI in the shallow underwater acoustic
communication system. The underwater channel is modeled as a superposition of multiple paths,
whose lengths and relative delays are calculated from the channel geometry. Based on this
channel model, computer simulations are carried out to investigate the performance of adaptive

equalizer in the shallow underwater acoustic channel.

Keywords : underwater acoustic channel, channel modeling, multipath propagation,
inter-symbol interference, adaptive equalizer, LMS, RLS
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Fig.1 Multipath propagation in shallow underwater

acoustic channel
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Table 2. Gains and Delays of Underwater Channel 1

P ter normalized relative
arameters amplitude delay time (ms)

1st path 0.5638 0.0000

2nd path 0.5536 0.2332

3th path 0.37%4 0.8990

4th path 0.3558 1.3314

Values

5th path 0.2392 5.3098

6th path 0.2233 6.2017

7th path 0.0683 817%

8th path 0.0597 9.2648
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Table 3. Gains and Delays of Underwater Channel 2

Parameters %ﬂeﬁ delay time

1st path 0.4644 0

2nd path 04228 0.0267
3rd path 0.4641 0.1600
4th path 0.3499 0.2665
5th path 0.3283 0.3997
6th path 0.2046 0.55%4

Values

7th path 0.2706 0.9583
8th path 0.1389 1.1973
Sth path 0.1219 1.4626
10th path 0.0514 1.7542
11th path 0.0816 2.4157
12th path 0.0280 27184

groz el s3] TEe Adeshriet
DFE 53l7] + 7HE 4833, s3] o

Equalizer BER Comparison

——ldeal BPSK
10%] * Unqualized
+ Linear Equalizer
© DFE

2 4 6

a8 7. £=3aE10lMe| BER &
Figure 7. BER performance in Underwater Channel 1

Equalizer BER Comparison

L e e St Htie R

— + + +
o I . = ___ 1 ___1____l
10 | | — | |
s | | —~ |
[ e e
. | | | |
1 | | | |
ST I RN NG L _Ll___Ja____
—— Ideal BPSK | | | |
10%l| * Unqualized T N T B
+ Linear Equalizer l | | |
o DFE | | | |
T T 1 1 1 |
2 4 6 8 10 12 14

Eb/No (dB)

8 8. =420l el BER Ms
Figure 8. BER performance in Underwater Channel 2



dol= Ad¥estrlel 49+ 6322 §13lal, DFE
Se71e) A e s dEet J]‘:%‘ 2E
Zbzt S1% stk S3b7] § g ddlelES
@ 4g dmelFort IMSe RISU1ZFE &
ARSI 5 REddMe FEEET
W2 RLSE, decision directed == A4
=7F whE LMS garg]Es ARgste] Aol
A 3],3,_ LMS OLﬁﬂég] /\Eﬂ/\}o] ==

1 =0.001, RLS ¢a12]&<] forgetting factors
w=0.999% 3} dlo]H
1024, ¥z BPSK, HIEAESES =52 10
A AkbpsE, 522004 10kbps®E 7H4 3}
Ak
a7l 73 85 HW S3HE AN ¥ A
o= FFEA BERO| A¢ 05 S5
Ay, 53718 ARgste Afols =
SNRelA] BER A%°] 10-2-104 <= %Xl By
gS & 4 otk £ =& SNR oA DFEQ
ol AFTsIRTE R Folx HIE Y
g 102 FFodl4 & ¥ DFE 5378 %202
A Ay SIS & wry 2-3 dB AR o]
%D}. ‘svl 7 gk2 SNRellA=
o® Q7%= BERC!
o] o]Fo]AA|
T5 2K A1&-3ke] BER A
su FIHA R ?‘{%Rl 24 "7t ek .

ZFe] Zoj=

rlo HHo

LAY
S
é

1
:I)Jé
g
o N
ol
o2l
=
r &
Iy
Ay
2
¥ ofy

b

]"éri'ﬂ |

J)rxqo

(1]

(2]

(3]

(4]

(5]

[6]

Mdold Mg satviel 45 35

“Underwater
prop-
agation models and statistical character—

M. Stojanovic and J. Preisig,

acoustic communication channels:

ization,” IEEE Communications Magazine,
2009, pp.84-89.

J. G. Proakis, Digital Communications,
New York : McGraw-Hill, 2005.

P. Qarabaqui and M. Stojanovic,
“Statistical modeling of a shallow water
acoustic communication channel,” Proc.
Underwater Acoustic Measurements

Conference, Nafplion, Greece, 2009.
APY FAN o)Tw “Ha| FESuFAd
9e A gud B Lwdd @
13] 2012 AT RS
F. B. Jensen, W. A. Kuperman, M. B.
Porter, and H. Schmidt,
Ocean Acoustics,
2011.
M. T. M. Silva and V. H. Nascimento,

tracking

|

Ho o
o rul
2
1o

Computational
New York, Springer,

"Improving the capability  of
adaptive filters via convex combination,”
IEEE  Trans. Signal Processing, pp.

3137-3149, Vol. 56, No. 7, July 2008.



ke

Xl HMed M

=g

ot
o

FRYEARS IS

|
o

36

s

3 3 FHyun-Kyu Choi)

i

ol

N
ol

Eo
~o
vl
&
3
fan!

sha}

WA}

3

o] A w(Sangmin Lee)

i

o

~

=
=1

v
20}
SH
—

o> yAE FAl

<A



