A Study on the Channel Estimation in the

Underwater Communications

20034 2H
B KM K
T TR

ZA T

w8



Al 2 # Time-Reversal Mirrors.......

A2-14 5&F TRM...ccoooe

A2-22 453 TRM

A4 AlEdeld A



o249 A

-10

;O—

17

=
pild
1
<
T

ojp

Nfo
A+

TH
1

i
olo
<]
B

o
oF
ofp

a9 4-2 AlEEelA

27

1

-28

-29

il



s
o}

—_—

o

Njo
-

22

il



LO._

)

<

¢+

i A AlA oA

X, (1)

__i

™

pu—

s

A

ol

Ae)e)

oM ThAl HE = o

w

—

PN
T2

(2)

A Nz 7ol

3} ofgolste] Az

2

op

M

EBERY

]

ey

i+

Al

Dy

p;

7+ A

¢
3

A

,.EO

&+

A e

iz
Ho

A Apele]

v



[SI
PSK
SSB
TRM
WHOI

% of %

Intersymbol Interference
Phase Shift Keying
Single Side Band

Time Reversal Mirrors

Woods Hole Oceangraphic Institution



ABSTRACT

In recent years, underwater acoustic communication have received
much attention as their applications, have begun to shift from military toward
commercial. The growing interest in underwater acoustic communications
come as a response to the rapidly growing needs for wireless underwater
communications, brought in part by the broadening of applications, such as
military and commercial ones. Commercial applications which have received
much attention lately are pollution monitoring in environmental systems,
remote control in off-shore oil industry, and collection of scientific data
recorded at benthic station without the need for retrieving the instruments.
Many developing applications include of commercial and military are now
calling for real-time communication with submarines and autonomous
underwater vehicles, not only in point-to-point links, but also in network
configurations.

This research has aimed toward bringing together many of the well
established principles of wireless radio communications and re-considering
them for application in underwater acoustic channels. However, the adverse
effects of underwater propagation has on the digital acoustic signals often
require development of specialized communication techniques. Many

solutions have been offered, and the extensive research of the past years has

vi



established underwater acoustic communications as a new field of applied
engineering.

In this thesis, a new method of channel estimation for underwater
acoustic communication is considered. Signal transmitted in the underwater
has multiple interactions with the sea surface, the bottom, and volume.
Multipath propagation in underwater acoustic communication causes
distortion to high-speed digital signals. The proposed method reduces
distortion of received signal by multipath propagation. The proposed method
is similar to the passive phase conjugation technique. However, the difference
is that the probe signal is used for underwater communication channel
estimation. The underwater channel impulse responses are estimated by
eigenvalue decomposition algorithm. The channel vectors are in the null space
of the covariance matrix of the received signal at receiver array. The
received data signals are convolved with the time-reversed channel impulse
responses. The results of this processing reduce distortion of received signal.
The performances of the proposed method are evaluated in various

environments.
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Table 1-1. Trends of recent researches of underwater communication

Coding Scheme or
B Data Range Prob. Of Receive
AFAH(AE) Modulation
Rate(bps) (km) Error Method
Method

Catipovic(1984) 1,200 Hamming 3 1072 incoherent
Freitag(1991) 2,500 Convolutional 3.7 107 incoherent
Suzuki(1992) 16,000 N/A 6.5 0™ coherent
Stojanovic(1993) 600-3,000 4,8 PSK 8.9-20.3 1072 coherent
Jarvis(1995) 1,100-2,200 BPSK,QPSK 0.5-8 107° coherent
Capellano(1996) 200 BPSK 50 107 coherent
Freitag(1998) 6,700 QPSK 2 N/A coherent
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