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Abstract

Recently, the necessity of underwater acoustic communication
increase, and demands for transmitting and receiving various data
such as voice or high resolution data are increasing as well.
However, the performance of underwater acoustic communication is
influenced on underwater channel characteristic. Many obstacles
exist in underwater acoustic communication. Especially, an
important feature of the underwater acoustic communication is
multipath propagation and Doppler spread cause by the surface and
bottom reflections. Orthogonal Frequency Division Multiplexing
(OFDM) technique for mitigating of multipath fading is central to
improving the performance of underwater acoustic communication
system.

Conventional OFDM system uses a fixed—-length Cyclic Prefix
(CP) to mitigate Inter-Symbol Interferences (ISI) caused by
underwater channel delay spreading. CP length may cause
considerable performance degradation when it is less than the
channel Root—-Mean-Square (RMS) delay spread or decrease the
system power and spectrum efficiency when it 1s much larger than
the channel RMS delay spread.

This thesis proposed to variable CP length to adapt variation of
channel delay spread. Adaptive OFDM utilizes the preamble or pilot
symbol of each OFDM packet to estimate the channel RMS delay
spread and then uses a criterion to calculate the CP length.

In this thesis, the performance of the conventional OFDM and
the adaptive OFDM system are compared in Underwater Acoustic
Communication System. The thesis compared the original 1mage
data with demodulated image data. Futhermore, this thesis also
compare the multi-carrier underwater acoustic communication

system with single—carrier underwater acoustic communication



system. As a result, this thesis shows that the improvement of bit

rate 1s about 20% compared with conventional method.
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¥ 3-1. Short training symbol®] A4

#4# Re Im #4# Re Im #4# Re Im ## Re Im
-32 0.0 0.0 -16 1.472 1.472 0 0.0 0.0 16 1.472 1.472
-31 0.0 0.0 -15 0.0 0.0 1 0.0 0.0 17 0.0 0.0
-30 0.0 0.0 -14 0.0 0.0 2 0.0 0.0 18 0.0 0.0
-29 0.0 0.0 -13 0.0 0.0 3 0.0 0.0 19 0.0 0.0
-28 0.0 0.0 -12 -1.472 | -1.472 4 -1.472 | -1.472 20 1.472 1.472
=27 0.0 0.0 -11 0.0 0.0 5 0.0 0.0 21 0.0 0.0
-26 0.0 0.0 -10 0.0 0.0 6 0.0 0.0 22 0.0 0.0
-25 0.0 0.0 -9 0.0 0.0 7 0.0 0.0 23 0.0 0.0
-24 1.472 1.472 -8 —-1.472 | -1.472 8 —-1.472 | -1.472 24 1.472 1.472
-23 0.0 0.0 -7 0.0 0.0 9 0.0 0.0 25 0.0 0.0
-22 0.0 0.0 -6 0.0 0.0 10 0.0 0.0 26 0.0 0.0
-21 0.0 0.0 -5 0.0 0.0 11 0.0 0.0 27 0.0 0.0
-20 -1.472 | -1.472 -4 1.472 1.472 12 1.472 1.472 28 0.0 0.0
-19 0.0 0.0 -3 0.0 0.0 13 0.0 0.0 29 0.0 0.0
-18 0.0 0.0 -2 0.0 0.0 14 0.0 0.0 30 0.0 0.0
=17 0.0 0.0 -1 0.0 0.0 15 0.0 0.0 31 0.0 0.0
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718 3-6. Short training symbol®] 3}
(a) Short training symbol®] Real ¥ 33, (b) Short training

symbol®] Image F& 33
Fig 3-6. Waveform of Short training symbol
(a) Real part of short training symbol, (b) Imaginary part of short

training symbol
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¥ 3-2. Long training symbol®] T4
H## Re Im H## Re Im ## Re Im H## Re Im
-32 0.0 0.0 -16 1.0 0.0 0 0.0 0.0 16 1.0 0.0
=31 0.0 0.0 -15 1.0 0.0 1 1.0 0.0 17 -1.0 0.0
=30 0.0 0.0 -14 1.0 0.0 2 =10 0.0 18 -1.0 0.0
-29 0.0 0.0 -13 1.0 0.0 3 -1.0 0.0 19 1.0 0.0
-28 0.0 0.0 -12 1.0 0.0 4 1.0 0.0 20 -1.0 0.0
=27 0.0 0.0 -1 -1.0 0.0 5 1.0 0.0 21 1.0 0.0
-26 1.0 0.0 -10 -1.0 0.0 6 -1.0 0.0 22 -1.0 0.0
-25 1.0 0.0 -9 1.0 0.0 7 1.0 0.0 23 1.0 0.0
24 -1.0 0.0 -8 1.0 0.0 8 -1.0 0.0 24 1.0 0.0
-23 -1.0 0.0 =7 -1.0 0.0 9 1.0 0.0 25 1.0 0.0
-22 1.0 0.0 -6 1.0 0.0 10 -1.0 0.0 26 1.0 0.0
=21 1.0 0.0 -5 -1.0 0.0 11 -1.0 0.0 27 0.0 0.0
-20 =10 0.0 -4 1.0 0.0 12 =140 0.0 28 0.0 0.0
-19 1.0 0.0 -3 1.0 0.0 13 -1.0 0.0 29 0.0 0.0
-18 -1.0 0.0 -2 1.0 0.0 14 -1.0 0.0 30 0.0 0.0
-17 1.0 0.0 -1 1.0 0.0 15 1.0 0.0 31 0.0 0.0
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19 3-7. Long training symbol®] I}3
(a) Long training symbol®] Real % 38, (b) Long training
symbol®] Image -+ 33
Fig 3-7. Waveform of Long training symbol
(a) Real part of long training symbol, (b) Imaginary part of long

training symbol

5

3-20 et =
a9 37 2 9
HE H3 7k 4%
symbol= A4 ghet,

Long training symbol& 64-Point IFFT 3s}A =
o] A" Long training symbol % 3271¢] H|o]

il A 2709 AES A8kl Long training

i)

A 3-4 A OFDM 417]

3-4-1. jA A}

_18_



A FA7 A Ase FARE SAss) s A
MoR thgst ge 4oz vehdd

my, = Z krn kT Z|Tn k‘|2

W7 A¥E= Short Training Symbol F+7Fol|A] o] Fo x| 3
s AF Yehve 338 oS3 2o

Packet Detection {Short training symbol)

(3-3)

7 2

5=
i

0.05 ‘ :

0.045

0.04-

0.035-

Amplitude

| H
i i |

0.01-

0.005

|
0 50 100 150 200
Sample

219 3-8, #7 A
Fig 3-8. Packet Detection

_19_

250



(7

A 35 A Aol B3 4% B

!

3-5-1. &% Al&#H oA &7

Zol A OFDM Alzdle] 284S Brbetr] 98] AFE A S o4
o Sk ARG 98 AgE £3 A9 wue 19 399
2},

Om

C, =1500m/s
2, = 1000 kg /o

1000m

G 71600 mls

Bottom
0, =1500 kg/ni’
% = U 2dB/ /1,

¥ 3-9. % Ad md

D=100m

Fig 3-9. Underwater channel model

C, = water sound speed, p, = water density, C, = bottom sound
speed, p, © bottom density, ¢, = bottom attenuation = YEFWHT A
EHoldE A% Y 5 Ade 42 4 100 m, F4A17] F4 50
m | 4 20 m, 28l $A7)9F F£417] Atele] Al 1 km, A
FEEE 10 kbps2 7HAEH. olH e HEvHES 7|22 Ray mode
ga A, =5 A

Z

_20_



=)

|

Amplitude
&
]

N
+

&
e

&
e

1 L | 1 |
066 0665 067 0675 068 0635 069 0695 0.7
time(sec)

19 3-10. 4% AY wde] olg s ok

Fig 3-10. Impulse Response of underwater channel model

3-5-2. 7% AlEdeolAl
F21719 A 7F 1000 mel A5 @Y ukE

3 B2e OFDMS 747t A4 &

sttt OFDM €4l A B3 3te] Aol F

oy

i

Aok te 28E 5 A RdS ol g3 A EYoAS APFPS UJH
Aytolty, 19 3- 11° QPSKE o] &3 % 2% 529 Alg oA 2
Ftolt}, ¥ 3-12& OFDM< o] &3t =% 3% 5419 Aot}

19 3-11. QPSKE o] &3k AlEd ol A3
Fig 3-11 Simulation result of QPSK modem

_21_



1% 3-12. OFDM< °] &% Al=deold 23
Fig 3-12. Simulation result of OFDM modem
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