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Performance Improvement of the Underwater Communication Using
Adaptive Equalizer based on LMS algorithm

Yang Wu

Department of Information and communications Engineering, Graduate School, Pukyong National
University

Abstract

Underwater acoustic (UWA) communications have.been developed rapidly in
recent years. Their applications are beginning-to shift from military towards
commercial. With the development of the UWA communication, more and
more attentions are high speed transmission and high reliability ‘transmission,
especially the latter. In [the channel of UWA, due to the multipath caused
time delay spread. The multipath time delay spread not only limit/ the channel
frequency band, but also leading to Inter-symbol Interference (ISI), constraint
the transmission, performance of system. In order .to reduce the ISI and
increase the transmission performanee ~of: system can use the adaptive
equalizer to reduce ISI.

In this work, image transmission performance of UWA communication
systems focuses on Binary Frequency Shift Keying (BFSK) in water, and the
ways to remove ISI caused by multipath. We will adopt adaptive equalizer
that based on LMS (Least Mean Square) algorithm to improve the

transmission performance of system through simulation and experiment.



A Z

SRR

<

AUV (Autonomous Underwater Vehicle)®t UUV (Unmanned

o
T

o Link-Quest, Benthos —L#]il

Underwater Vehicles)% ©|

Wt

KIOST (

Folm, WxzHA S FSK (Frequency- Shift Keying) ¢}

)

15kbps©]

Fai LeH1[2].

5]

BPSK (Binary Phase Shift Keying) W41 & % &

Aol A

(time

ey

g

varying) =&

(Ambient

o] 3l

=1
[}

7} (Doppler effect)

5

=7

noise), t% 74 = (Multipath), =

TH3I.

A4 el AA™ gEARe] 9

e

9]

T
-

g2

3 7t A el

gk

SIEEEDE

g

Al

1o

ki3

M o)A H o] of

s ©l

2E



o Sk e AR o3k AAgake Ade g9s Al ISI
(Inter Symbol Interference)S F7MA7]a, Fa5= XA
(Frequency Selectivity)S S7HA A, &5 % T2 A~

3

olr

= AsHA7IA F T4l

=R E 5 Y= A BFSK (Binary Frequency

e

2 A8 A3 SI/W (Adaptive

ki
AC)

Shift Keying) LMS%
Equalizer)= ‘&3l ISl 23+ HEds Asts /Adsdnt. 458 7=
TR APy gty Ao} AT S Fe LMS dare ol

4857 d BFSK® Ads¥d LMS ¢1z]&o] 484

%
BER (Bit Error Rate)54 =4S F3 v &2lstH ).



F T Ad 429

&}

g

s a-s A wEALS]

ki3

g

540

A )

)

ki3

7}, ISIel €]

=
o

3} e Ay

gk

A

o]
3

g el o

2

o W%

B

%A, @l
2=,

EIER
o] 3

]

5ol

1

2~
T@

)

EERRE

3 A

dH,

oF7]

3,

2 5ol o149

2(@)= 7¥ 50m, F-5A7]e 4l dmel 4 9

71 200m,

2(b)=

Sea surface

Surface reflection wave
Bottom reflection wave

4

by
=
T
o
o
.
1

@
=
@
=
k]
2
£

v

Surface reflection wave

Bottom reflection wave -

Direct wave

Source l i

Bottom




a9 2@t 2ol FiHow I Age vbAE S Y] AE
of ZtpA A Aitel #Au. shARE, ¥ 2(b)= AUH o=
AAGAA 7 AAGs BEAS Btk s FF F3F 2 Al
g AR AAGAEAd % ISI= 17 2(b)ol Hlskd]

2(a)7F Yol 2t

0.8

[0 | Em e

0.4

0.2

L[

-0.2

-0.4

-0.6

-0.8

time(ms)

(a)

0.8

[0 ] = ) M | i SUER S o, SRR CSECSEN | e S A

0.4

-0.4 I

-0.6

-0.8

time(ms)

(b)

a9 2 gEARe AAg

2
J{m

A, (a) $-F741A2 50m, 4 5m, (b)

-FAAY 200m, 4 5m

of



o W T
S
%ﬁ 4 N e W < o o o) N
g T T o N A e
T mﬂ ~ B 2 e dm ol
= o T or & o T
% op  FK RO " MM m 5 B o 8
0 ~ uy
R T A T oy |
T e g o e G .
I I 2N ¥ e
i_n X N oru EU O#D .w.x_ 0 N Eﬁ @ 3 S "
4 - L. N B
o T m o /A ol & 8 5
Of ,UI o HE Wm X O#D % 1:1_ _i ; ¢ W..-u_‘ﬂ I Wa
i R G SRCTC e LR 5 N . :
o zoﬁaogiyii_fvgﬂ B :
w o] 9k — = T 5 X 2 _ 2 = | 3
Y | HoO<Pw S o 2 2. £l o
<t ‘._ml.._ LO) OE = ]
o ,_IIH -~ A_l ‘._mm._ — z .M. ..l"
N A A
opoe g . G o S8H 3|
W0 = o ol m ) ny M 1/ Al 2
f;qami;%q |
—_— ~ ey 0 0 i
,WCM OH :i .El‘._ % N 0 ‘WX dl M w
o w9 = =~ oy o 3 PR :
h o o BN A o m._@ ol \L”VI wr {
q%%wa%%yéﬂﬂ :
o r o 2
_, B B o _\c W i : L
W_ I w = L wﬁ 2 = M ,__,.T m 8 w |
o M o o E® T W ° » s g g
R 2 & ’
B N H = X %_u 1 pdag



Summer Winter

200 —

400 4

600 —

800 —

Depth [m]

1000 1000 4--

1200 4 1200 -

1400 -4-- 1400 4

LI L L L L I —t
1420 1430 1440 1450 1460 1470 1480 1400 1500 1510 1520 1630 1540 1420 1440 1480 1480 1500 1520 1640

Sound velocity, [mis] Sound velocity, [mis]

(a) (b)

a9 4 oFRH A FTeEAEd 51838 (@)odF bAE

Lo

ap=3.45x10" 2Vf (1)

A7, ape DA FAS(dB/km)ol 1L, f= F3k(Hz) ol H.

b ol A Fukel FAE 4 (29 2o

a, =10.3x10 %/ (2)



A7 N, ae Sl FASABAmOl T, s Fa(kHzo .
so] 4@sk 4@t gol Ao AAI % L FFe] FHE F
Gt EAGEE EAFY EAET webd] FEol
shol wle) AYiA o e Ede] SRt £F &% Bl 4§
Qo g 5= FEeA gt dAsel e FAF 54
oty Fwsel Zrkel weh AxIwh Lol wla AuHow
BAANF7 F7EE man,

R
rir
)
D)
N

O

)

45
—— =512 BANS
) RIS 2t 2 // 7
351 / .
£ 3l i
& %
k-]
4k 251 o
=
A
Al 2 7
15t 1
1 " 4
05} /// A
0 - L 1 L 1
0 50 100 150 200 250

Ul kHz

a9 5 FFolA Sukeh AT FAS 54

o,

b
>

rlo
O

siwlolut siAe] Al gl

FEAN v "o
Wabshs P £43 g wkl

AR g3t BT gEow
279 dHa A4 Addel n AR® 9FF L=

v Fus £49 98 S48 27 4 ()7 (@9} 2



TL,, = 20logr (3)

TL,, = 10log r (4)

71A, r& A2 (m)o]th.

2 BRe AN, AuE w27 uied thdeiil e
A5l ol ol WA F4el M@ dgsde dgA

-
Aot A (5)9 pol mEEh WAl olg LA
Ardte FHadd o gand =g ARd4 A
Zaste, 97z A @R AMelt Aol SFIUA
s A7)

TL, = ar (5)

A7) A, ot F5A 5 (dBkm)O] ¥, & A2 (km)o]th.
ety & E244 (6)3} o] Foiud,

TL = 20logr + ar (6)

WA s, 100kHzol A= oF 70dBe] #H4-7F 2 3ivt



. 2 @
2 S 8 44

4 B
2 I e e 4 T 8 !
- _EH Bl

=
T
|
1600
:rL

0

2~

T

i

20
jq.

1
=)
a

£ n

:
W .1 o Ol L, XIS NS . - s
™ : —
= Yl . AL L g iy
RE b I
B . (el /| A— 188 o
25N gz
R e G e 4
0l g
3 I A T g £ B S P 18 _Eu
o i ;
1 T e ol S S— . Gi

005 1
20
40 -
0
0

-140

1
7.

(1218w | 0] |31 gpllamod pamaday

(Ay/gp) 1y 00 uondiosqy ™ ™

AilkHz, B:10kHz, C:20kHz, D:100kHz



5 (Ambient Noise), AFA 2 <-(Self Noise),

—_
fite)

kel e, 7 13

2}

fl 7 ef o

3

A=t

55 7]

o=

M

ﬁo

20kHz-50kHz 9]

1} O
N

_10_



140

Spectrum Level (08 re 1 1 Pa)
3

INTERMITTENT AND LOCAL EFFECTS

th
e a1 Expionions e—

NS
PREVAILING NOISES el
(Seismic Background) =g
e Turbulont-Pressurs FlUCtUations e

Biologi
.3 Precipitati >
= Ships, , Activity -

Sea lce

*—OennTnlﬂe .
=]
< {Surface
{Surface Waves-
—Sacond Order g
Pressure Effects)
Fraquoncy (Hz) 0 oy 1.000
o Lms ol Proading Noas —_—
— Wi Deperdert Bubble and Speay Noae
- Heavy Preciplaton
- Héavwy Tafe Nods
= yd I [e]
a9 8 Asiel Hale] wiAd =

and Spra _’,
Aulttﬁorx 2
"%... Molecular
L7 > Agitation
10,000 100.000
== Earth Cuakes and Explosions

Low Frequency Very-Shallos-Water Wird
Usus! Teaie Noie-Deep
Tianis] Toalys Meinn Sht v

=
£A4



il

% 9(b)et ol

ad=

= ==Y

Sl

SR

q

wi

il
Hlo

0|
B
Br

gl
o}

el
ij

=
{]

?l‘

ol &

Jepd,

Az okEA .

(7)

° hﬂ)]

4rf,cosf
c

=2f/l1+

Bd(}ppler

T
) .

A7V f,=2/wlH)E THE F Gy b, =0.05w5/2[m]E T, f,

H
4

jan

Low sea state

|
i § 8

T Surface moving

N

High sea state

N " LY
Transmitter signal ,//

i

5\,

&

J
0.5

Ll
0.5

Reflected signal
\

%

i

Hz

3\

/

0
il
)A

o
TR
]
&
<]

o 23]

o

™R

_12_



. BFSK ¥ LMS ¢1339 3¢ 537

3.1 BFSK®¥ 49 3 % T4 A&H

Z 12 o] THBI[9].

BFSK Wzl $417]= 2719 RES &5 o|-&3lof txd A
H Y07 H 170 &k FAIgG BFESKS Wx4lsi= 4 8%
ZTH10].

3(t) = Acos DA +0) (8)
t)={1,b,=1},{—1,b, =0}
BFSK9| 7% g 27 109 o] Fojzlth BFSK W4 <]
2

R FHEE a9 113 gom, o A%

2 JYssE Wxste, BFSK MxwAoz Hx $

_13_



e

BER: M=) £% o]

O

_— Vi S
- ——
= _@ e
-~ e

- T

1% 10. BFSK®] €] \

Underwater

Aconstic
Channel

(Multipath)

4
Output : Demodulation : .

2% 11. BFSKW2 S 28

o

% 2% BA Axde AR

_14_



A=
H 119 A el A

&
I @ iy
7 —
) ok 3 L
= T = ; cﬂ_ M :
s N I : <2
o - Ay % L )
o} R = 2 ﬂ
ﬂ . : £ X STy
: ] ﬁo ~ 1m_| :
< 7 Gy 53
NG —_
o W ) il -
, N 8
-y TR Tr 1@ X - T
w — = — B o il
ol ﬁw g sz M W B oy
o on ¢ T i T
# ) i -\ .
N = :
4 RO 3 5z - Mﬂ
ua = H , N . m w
3 > = R I T rE
: 17_A| q\ /Dlu\ ﬂv_omﬂ ﬂ ~ HL — R
< T o P AT I LE 3 .
o ) I N Ln, o ﬁ[r :
fart L TR - A 5
‘_Lm.o : 1:1_ _ ‘jl ) ;01_ . 0 X D
: ) 2 ! = m% N =
: QJ : ; il ¥, 3 CRE R
A - o & o = & F =
N— _ : .
3 : E o @7%4”&%
o ﬁ[r & Nfo {| _ <, o _E . < T wﬁ o v
- [ - B A\l £ 3 A0 oF o Y A
w N © % I X T 2 t ik
oy = ooor = - T = a X Mo © -
= < X 5 F ¥ S e
5 3 T q4y o ° I “ :
ST A :
DR <2
o 3
T o

_15_



(11)

o

il

ok7] 8k

5

bt

xg 5
(12)

o)

o A thzd =l ¢

o]
&

o)
L=e)

o

4]
L

A
i

Ar2)¢F 211l

FAT = o

5

o] AZ¥e, B

<

A Bok meEks g2 19

]

A
QI

S

A

A

ol tEze] Az7olr} W

]

s

=<}

-

HNE e =) s
13}

o)

A1t Al

oz

1+ 23 A< (mean excess delay)

A4l (mean square delay)o 2 2] (13)3%} #t}.

ﬁo

(13)

2 (4= A

T
-

o] e # B.o B
— 16_

=

R

Y P)E
EP(T” )

Y P, )T,
Mp(r)

=

arL
I=]



(14)

o] <13k ISI (Inter Symbol interference) 7} 2 = o] %] &I 5HAl 9]
3y AeYA i (frequency selective channel) 548 714
A 911l 28 125 A4S BAIT ACE A5 9 tho3t A
do] e i vAE Amete Ark 17 132 sidEde 42
He T UuFA4E SA4dA Fadls e AdAGiE Ade] o
EQS A Ayelnh, ¥ 13@s Aol siwvtAlg s £

e At ol a9 13(hE 47 FAlNE e 2HEF
4

J

Q..
og At Azdf)o Fabg Adegdo] vl 17
13(0)eF 7(de T4l $k(Hilbert transform)dle]
g SV AT Az A ek 57 A9 A9
2~HEY EAoltt () A uet Ay B s vkAlgy £

d FANTY AdEdoR AAFgA FEA wEAde =

r,
fol
il
ot
E
rﬂ

_17_



B.> B, B, > B,
a9 12, A1S i3 Ade B

Direct wave

Direct and reflection wave sum

5000 5000 F0oo g8000 S000 5000 5000 F00o0 85000 S000

Freguency(Hz)

Freguency(Hz)

BE pommasges {c)

a

10

Time(ms)

1 1 T T T
08 oaef-- L B gl ]
06 0B |-~ oer - M- Ly g - - = a - o e o
0.4 {d) . 0.4
0.2 .2
-2000 -1000 [w) 1000 2000 -2000 -1000 o 1000 2000

Freguency(Hz) Freguency(Hz)
4y ; i ' i !
[ et ol o --=cBirgctwaver - oo b

n.e “Direct and sea surfac 7|

H . : relection sum
B srormeeibsssmepedbor sl

e oo ook | 1
g [ _i,—-’ : H b ‘j‘——'""ﬂ-___j o —
-2000 -1500 -1000 -500 u S00 1000 1500 2000
Frequency(Hz)
(e)



o A& T3

=
=]

3.2 LSM ¢ g

(Least

LMS

] o]

Mean Square)® 74 o

5

o] Mg

wul
5

9

b7] 4

R

SATE A2

457}

gnul
&+

Crad =

ZH

3}o] “transversal

tol o}

)

°]-&

18 FL training sequence=

o
=

S

M

L

o Al ¥ = H ol

Ko
=t

I

&

LMS (Least

4=

B

o] 74 = elrt12].

S

B

o 3 s) g2

B ol ot d 2ol

=
=]

Mean Square) <317

d(nl,,)

Transversal filter

e(n)

+

Adaptive weight-control

mechanism

d(n)

19 14. Least Mean Square (LMS)

_19_



7124 R1 LMS &arg] 52 Al §l-7ks A, FA4d, 28 =9
%]

tq, YA EH-JlEX = A (15)g} Zro] LbERY

(n+1) = [w(n) +kn)e (n)] (15)
ZAole] 2] (16)3 o] vhebd S 9tk

e(n)=d(n)—yln) (16)
2Y 82 2 (17)3 fo] e F gtk

y(n) =w"(n)u(n) (17)

u(n) & g e ot}
AT R ste] g5l S53)

A =AY AFARSE A 183 o] tepd & 9l

(18)

9 140lM H= whel o] AP FA4LS A 199 2

_20_



k
k)= E wffiju(n —5) (19)
=k

AZIA, wy = 3719 § 7hE Algolth
9 15(a)© Transversal ZHO FA4Q40oH, ¥ 15(b)<

Adaptive weight control®] T4 8 40|t}

S S

r(k) Cgé}_;fk)

r(k)

(k) é 500

:‘ “/\ e(k)

r(k)

r(k) ® Vag 1 (K

19 15. (a) transversal ZE] 2] A

)

{4
{4

(b) adaptive weight control®] T4

_21_



L

-

1

g o

=

9 16 BFSK9 LMS &
o g Aolty. 1Y 167 o] AL 5

Amplitude

Amplitude

Amplitude

Amplitude

FuelE A A% T 4FS A

o 7} Ago]| W B EQF&oltH12].

2~
T 5 AeH, E 1 7

MNMon-egualizer BFSK,

I I I
Foo 800 S00 1000

1 | L L L

200 300 400 500 600
Bit number

Equalizer BFSK

I
o 100

700 800 s00 1000

100 200 300 400 500 s00
Bit number

(a) 7 ¥ [ 10mel A BFSK# 85317 A%

(AH-& 3 2] BFSK A s (448 HE 2 #:509,3))

Mon-equalizer BESKk

I L I I
600 Foo 800 900 1000

1 L L L
100 200 300 400 S00
Bit number

Equalizer BFSK

I I
aoo Q00 1000

L L 1 L
400 500 500 Foo
Bit number

] 100 200 300

j

(b) 74‘2] 5001’1’101]/‘1 BFSK;Q]g '6‘51'7] l<IKe)
d 5 (22 9] B E 2 7:760,16))

4

(A& 3 %] BFSK %

_22_



Amplitude

400
Bit number

BO0

Equalizer BFSK

Lol

S

Amplitude

+

500
Bit number

(c) A8 -1000mel A BESK4 ¢ %5317
(A& Q330 BFSK 4% (747}

ad 16. Adel W& BFSKE 537 48 A3 48 59 A5
& 1. BESK% A9 48 53171 48 d¥ 48 59 HE 27&
Range[m] Without adaptive With adaptive
g equalizer(bit error-rate) | equalizer(bit error rate)
10 0.509 0.003
500 0.760 0.016
1000 0.860 0.328

_23_




V. 243 3 4%

41 SR 43

=z
Aol FHpE 25kl DS

sfetul et o) ok,
\

......................

Depth: 97m

. Receiver
150m . 100m

Bottom reflection: 0.4118

_24_



3E 2. AR AF et E

Modulation BFSK

Depth(m) 150m

TranSI}l;;tglé (?I’Ill)d receiver 100m
Source and receiver depth(m) 5m, 97/m

Carrier frequency 20kHz,  25kHz
Wave height 0.18feet
bps 250bps

¥ 18@e AR 5 HEAFEE FH-A9] REALL
FA -] whatstel] gk 35 (Eigen Ray)elth. A AAZHS
a9 18 ol Folze, Ay =g 5 o WAL
16ms A 1Eo] FAEG. FA498 RBASE=  A7ms| A o
TAL] HAMA G = 42 7HA S
+ step-size(p)e] ™, step-size

Soh mEbd LMS dagEs

p

o
il
B
offl 2y

3 HA step-size(p) e =
Aol T adtt 19 199X step-size(w)ol W& FHEE=7F uw
54e®2 p=01d w <o 20biteld FHEH, p=0.008d @ <
100bitell 4 =& 3} 298 202> LMS 3§ 5317
o] Wglelw 1% 212 SNRe| mE BFSK ®#Hxu2 e LM

g ES A8 459 BER 545 Wud Aojvh. a9 21A

:

il

il

=K

o
to

wm
2
oo

IMS A& F Ao NAPe s

_25_



150

et
.......

/ .\ ", /
ottorn—surface reflection wavé, "-..‘ Nt
= XIONA T~

_26_

0 20 40 60 80 100
(a) A
a T o W ! '
E e 4—.:-"0!!‘2‘?3!9. -~ SR b ward - e[
b ; ‘_,/S Ge reﬂectiwon'wm 5 5
% 1] SRR 1 PRRNT beeressanes " . A .
€ E i E E ;
Q v V ' ' '
Z 1 | = [ 1] A 4 |
60 80 100 120
time(ms)
(b) A AAIZE
a9 18 F57419 A 100mel A o] Afra a3 AAAE 54



S0

[u]
50 -
o0 . . . . . . . . .
a 100 200 00 A00 [={nln] =00 oo =00 =Inln} 1000
u=0.1
(a)
S0
al i
R i i i i ; ; ; ; i
a 100 200 =00 A00 SO0 [={mm] oo sS00 S00 1000

-20

=Squred Error - dB
o

-25

-30

-35

B0k || | W i

Il
0 200 400 GO0 8O0 1000 1200 1400 1600 1800 2000
Symbol Intervals

-0

a9 20. LMS 45 37 48 §9 2xk W}

_27_



1| s e G Ty e i s
BLIIIIINRIIMERNRInNIENIN] . BFSK simulation BER
."| —E— after using LMS

BER
(=)

mlo
OFO
ok
)
o
%
~
lo
o)
olr
flo
o,
N
N
ol
)
)
)
.
w
[\
N}

LMS o] &
o o] s AFstAtt. M2 BFSK WA o= 72+ 50m,
100m, 200m, 521719 <
Aot B4
Modulation)& o] &3ttt & 3& afFAEe] detveoln, 19

it
J{m
o
flo
M
o
ol
ol
N,

_28_



1508 m/soll Al 1488 m/s= W &}al ot

Source ship 7 7 \| Receiver ship

Botton

] 22. 3 g 3 |

IIII. lll'
l"'-. : ;"Il
gg.@aﬂ‘@vg % g
Modulation 5 Li LS LM
Depth(m) 26m

Transmitter and

. 50m, 100m, 200 m
receiver range(m)

Receiver depth(m) 5m, 20m
Bottom sediment sandy mud
Transmission data Image (50 x 50) 8bit (20,000bit)

_29_




1510

)

1500

Sound Speed({m/s)

1490

1480

20

15

Temperature{degree)

10
(a)

5

—_
fite)

o
o

bm,
IR
Smell A A7}t

Al
Z

I

1

13

A
) ¢ 841 3}

=
T
f=t

RMS
2= Al

T

9
A

50m, 100m, 200m, —L&]il
2

1=

p S

718 AT

7
No

o] AZ7F 50m,
£ 346Hz=

15|
=

gl

0.06102. =

<

I

B/

A

5mell A

0|

—_—

¢+

_30_



Fing memosers

Ping members

(@) | T W (b) 20m

(a) T4 5m (b) 20m
F217] A7 200m

a9 24 $A7 A B2 el e Al o' 54

_31_



F 4. FAI Al wE RMS Ad&ta ssjojd s &

Transmitter— . Effective
receiver Receiver dela Coherence
M depth(m) y bandwidth(Hz)
range(m) spread(ms)
5 0.610 346
50
20 1.711 117
5 1.623 123
100
20 1.934 103
200 5 1.843 109
20 1.338 149

T 25, 1926, 19 27 47y Age sald mE olwA
AEd5e dapelrt. 1925+ A8l 50m, T4 5m, 20mol| A ]
A AFAAE F 58 o] A7 50m, 4 SmelA H8 5317
¢ 7 BER(Bit Error Rate)< 0.071°]H, A& 3 BERS 0.0219]
ot 4 20mell A= A8 A 0.04101H, 48 = 0.019% 4450 I
A=A 29 26¥ 3% 62 AP 100m, T4 5m, 20mell A o] n] ]
AEd A8 T3/ A& 4% 9 BERoIG AE 100m, F4
S5molA A$ S37] A8 % BER®Bit Error Rate)2 0.0370]1, &
£ % BER< 0.007°t}h. =4 20mol A& A4 A 0209, 48 &
01222 Ao MAHEJY, 29 2739 £ 72 ALl 200m, 54 5m,
20mSl A= AS 37 A48 A 47 BER(BIit Error Rate)<
0.114, 0.505°]H, A& % BER< 0.069, 0.404= A 5o] 74 %A},

ek BESKH A S o83 ¢35 5% 4l Al=de dAFAe

AR LMS daelZe 483 Hg S8/ Aol a
492 s

_32_



1 (m) LMS #& A LMS A& &

20

9 25 712 50mell e ojw x| dFd

F 5 719 50mel dg A& 37 A

4 (m) LMS #& A LMS A& &
5 0.071 0.021
20 0.041 0.019

_33_




T (m)

1% 26..712]-100mel o

6. 7128 100mell o

-
st

0.007

0.122

0.037

0.2

T (m)

20

_34_



LMS #8& A

20

I 27.A2-200mell i 3 AEA =5
¥ 7. A9 200meoll B H-3 5317]
41 (m) LMS #& A LMS # &
5 0.114 0.069
20 0.505 0.404

_35_




F71 18l LMS

As

ol

7N

W&

Ako] Adel o

@ A

o g =l

15|
=

gl

NER=)

%5

o

o

N

ol
Nm

=
fite)
oA
o
ol
JJo

0

el

B
~L
fite)
o7
o
ol
o
-
of-

Jjo

WS

=
[e]

3

SELE

s

'Eg:

= o
O

-

_36_



[1] Milica Stojanovic, “Recent Adavance in High-Speed
Underwater Acoustic Communication”, Journal of Oceanic
engineering, Vol. 21, No.2, pp. 125-130, April 1996.

2] AFS, ‘S G442 #AdA BFSKS oluA] dAE A
s, A detel, AR FAE e, 2012

[3] Robert J. Urick, “Principles of Underwater Sound”,
pp.128-142, Third Edition, McGraw-Hill Book Company, 1983.

[4] JongWook Kim, Kyu-Chil Park, Jihyun Park,~and Jong Rak

Yoon, “Coherence Bandwidth Effects on Underwater Image

o
El

Transmission in Multipath Channel”, Jpn. J. Appl. Phys. 50
(2011) 07THGOS.

3], TCH A1=,-PR. 1-8, 2011.

[6] L. Berkhovskikh and-Y. Lysanov; “Fundamentals of Ocean
Acoustic”, Springer, 1982.

[7] Milica Stojanovic, “Underwater Acoustic Communication
Channels: Propagation Models and Statistical Characterization”,
IEEE Communication Magazine, January 2009.

8] &4, “FA % Helel 2AE A =5 +FAH2
A7 st tiekd, AR eIt 2002.2.

9] AF=, “Sd3 "sd= 34N BFSKe] olvx AE 4
s, A o AR FAE s, 2012.2.

J{m
o,

3)

o
Kl
o
o

)



[10] John G. Proakis, Digital Communications, Fourth Edition,
McGraw-Hill Book Company, pp. 185-200 2000.

[11] ¥-&<k, &7, AAS], ossalsst, A2%, A=A pp.
175-189, 2007.

_38_



	Ⅰ.서론
	Ⅱ.수중 음향 통신 채널의 환경요인
	2-1 다중경로 채널의 특성
	2-2 손실, 배경잡음, 도플러 효과

	Ⅲ.BFSK 및 LMS 알고리즘의 적응 등화기
	3-1 BFSK방식의 수중 음향 통신 시스템
	3-2 LMS알고리즘의 적응 등화기

	Ⅳ.실험 및 결과
	4-1 수치모의 실험
	4-2 LMS알고리즘을 적용한 BFSK의 해상실험

	Ⅴ.결론
	참고문헌


