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Underwater Acoustic Communication

using Direct Sequence Spread Spectrum

Ki Hyun Lim

Department of Interdisciplinary Program of Acoustic and Vibration

Engineering, Graduate School, Pukyong National University

Abstract

In recent years, underwater acoustictUWA) communications have received
much attention as their applications have begun to shift from military
toward commercial. In UWA communications, the propagation characteristics
of acoustic waves differ from those of radio waves and create a challenging
environment for establishing reliable communication. The available bandwidth
of an UWA channel is limited and depends on transmission loss and noise,
reverberant. Spread spectrum methods are used in communication systems to
provide low probability of intercept in hostile environments, to provide
multiple access capability in systems shared by many users, and to provide
processing gain in channels where the transmitted signal is distorted by
multipath propagation. We consider DSSS(direct sequence spread spectrum)
among the spread spectrum method for UWA communication, Its
performance is examined by numerical simulation and verified by water tank
experiment. The intended application is an underwater network of several

sources such as AUVs.
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Fig 2.2 Impulse response of the indoor water tank.



Magnitude Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

A00 e e

<100 b e e

-100 - S S .- e T e

100 I . ; . e 1 N

L i - — -

50 | -

-50

100

50 -
0k L S e S SO /2 3O W A

-50

Time

100 e e
50

-50

100 S S L e e et

Time

100 ~ - . wim e - . B LT T U
I,

50 ;‘L S : - -
ok - - e il L L e e e e i % e e e

-50 U . -

100! ; - I
0

100 - S Time : B

50

-50

100 . ‘ Time , e

50

i i Yoo !
a7y 4ULLL P “EM’)T‘L‘H o g e RS e g 16 Y R

.50 . ! el

0 0.5 1 1.5
Time

(b) Vertical channel impulse response.

Fig 2.3 Impulse response of the outdoor water tank.



A7 #2719 AgE VIEeE 39S 0.0m, 05m, 1m,
SAAL S 0.0m, 0.3m, 06mE AT =3 AYFzd A
HaEd 03m, Im, 8m, A AL 1m, 2m, 3moltt. A=z
FEAE dE2 THL AdHer FANdEYG I dFHE
o FFS IAY F do A A5 Agd g2 ddx
o] AAAgte & F dew, A7t 8m Ao A wkA}to}

Bigtal dh= =Y Ak g2 AlRbel wet Ad H 2 o

doprt e st =Ad g @& AFsted F, ok & 3

= Az met zid o] ol e wpyt= Aol o]AL
T..=1/B; % 7o) A'd coherence timeo]d}x st= = o2 A4
gdetretE Aot s vt 1822 =Y Holg i &

o

o] coherence times 7FAH mWE Hold zdLe e s 7k

.

o Aol A AZERAE @S T.olgtil ste UFA=E #ditoewm

e

ﬂ]E]TL_% “—]}a}m]E]"E iH‘é COherence EHQI:] ( coh — / m)ol‘:}- 017}_1
& Aol ola) bzt

Zuh 2 oA 2shE, dold ol ¥ ABAL AW AL F

il
of
oft
a9
rir
N
k)
B
=
12
I
3
i
2
)
to



B,T,<1o]¥, =1 AL underspread #viety Latu 2% = &

B/

o9 overspread d|, dwrygoz B,T,<< 19]

ol
Ao

G

7R el dAdd HAEad

7] Zzke) g#qlel Avw oA

|
TR

o

ol
%0

_ZTI
o)
v

oo

o wkeF BT, > 10|d YH~

YA oz

2h

2 0.0175(f/c)w*?cosd

29

Ar

Hhg 4 o] o},

-
T

oltt. oA7elAM w
osf obrld =

nr

&

Ak AEYAe] ByoRE At

=
=

7} 2= QA o|tH4l.

=
s

43

o
=

23 M3

A7|17F AR A

KX
=]

of s w7

& e o

&

S

+3 Aded o

)

;OL

IR ERTREE I

A

)

o
e

il

0

—

<R

;él—

SERR

ol

<

ol
fres

Bo

=g &

_10_



I DSSS A|~ €l

3.1 Spread Spectrum
| & FBAALHAgA SEHAAH g,

SS 7led %7
PN(pseudo-random) A8 =& o] &3 HALHE ANE7F 41
a3t o] 14 Ho] dHele g A

T
T

Aolth Fig 3.1& SS SAlAlx

A7b obd o Abgatel A

33l FE3ted oHESE
ge] BETE Yehur
IS;U;—) (e:r?ce:lz;?:'l Modulator Channel »{ Demodulator g:::§§ O{')J;?:t
z T
PN PN
sequence sequence
generator generator
Fig 3.1 Spread Spectrum Communication System.
Agdd wAIX7F PN AJE22 23ty dgZo] wA X9 o
Zurh Siso] oS Ygstiele s FAwlA UY AE S
Agitste] d HAAR EFeich oA X A3} wlaste] 1
&9 AxE #ib&(spreading ratio) == A 2] o] = (processing
gain)olgtil 3t=d] AREA Ol SSEAloA] FArgS FAujdA] 5=
Ao Awel e A, £3 Af FAE gdZe Fugosn
oz ool Aa1, GEARAE £

@A Av. SSHHA
- 11 -



e HEe vehie @99 F35 oY

Interference

MM FUHoz we A

spreaded
signal

fc f

(a) Spectrum distribution of input.

Despreaded signal

spreaded
Interference

fc f

(a) Spectrum distribution after despreading.

Fig 3.2 Spectrum variation due to despreading.
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3.4 PSD(Power Spectral Density)
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DSSS System Performance with SNR

-1
10 T B B PR :’fij
-‘ Z DSSS(pe=500) |-
T . - DSSS(bps=250) |-
DSSS(bps=100) |-
© e BPSK(bps=500) |1
107
v NG N
wo
o !
10 - -
10 o | B o N
-10 6 3 0

SNR(dB)

Fig 4.3 DSSS System Bit Error Rate with bps, SNR.
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