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Abstract . Underwater acoustic communications has been limited use or military purposes in the past. However, the fields of underwater
applications expend to detection, submarine and communication in recent. The excessive multipath encountered in underwater acoustic
communication channel is creating inter symbol interference, which is limiting factor to achieve a high data rate and bit error rate
performance. To improve the performance of a received signal in underwater communication, many researchers have been studied or
channel coding scheme with excellent performance at low SNE. In this paper , we applied BCJR decoder based ( 21,7 ) convolution codes
and to compensate for the distorted data induced by the multipath, we applying the turbo equalization method. Through the underwater
experiment on the Gyeungcheun lake located in Mungyeng city, we confirmed that turbo equalization structure of BCJR has better
performance than hard decision and soft decision of Viterbi decoding. We also confirmed that the error rate of decoder input is less than

error rate of 1071, all the data is decoded. We achieved sucess rate of 8% through the experiment.

Key words - Underwater communication, BCJR, Viterbi, Decision eedback equalizer, Multipath

1. M 2 2ol w} gute] o] A KA Fald vls] A

Aoz AFT fAqg AMEsy] Wit g Ze] A FolE

T 5% T A BEAS Ha AgHoR AL o FESEEA AlAaFY He Al A Fabel gtk
oo 5 BA, 54 F4, Arg, FolE o] & 3 ol &3 A 549 AFHA] W= yAY FF
Fol gy Rzt 5 oFlgol Ao BAlel dig At @] o] ¥ FaldA FAs= AEzre] A E7Hd (Inter-Symbol
Folxy &g Rort FUEn g FAlolth 5 EAdA  Interference : ISDS ©oF7|dte] BAl A2 AF5S A EHA]
A= G438 24HE5AE 7HR7] o] FFolAe F4%  7)A "k wEbA] ojHe vy B AdS A E F£FE
AellE &35 o] 835t B4l& A "ok v FFolA AledlA, Azt whEl Ad e EAdo] uig- wEA RBleke AW
= % AEi(sea state), %, GRS, A o gYd &F  5A4E JHAE Ado|nz olF AFAo] la vt B

* B39 dkdkoop@hanmail.net 051)410-4920
* Corresponding author : @3¢, jwjung@kmou,ac,kr 051)410-4424

- 293 -



I~ O &
T'(S"ﬁ‘?g:

z3t7] fEiAE oy EASs e Ad Fast A A
< 53719 71E0] w9 FT23stHKilfoy D.B, et al, 2000).

olo] B =RAE thE AR oA P23 BN 3
A T2 A5 Ass FEA717] skl W SNRelA ¢
T3 HeS Hol= BCJR HE7|8 b A== A3 9=
H delHE BAdsr] g 7l 44 As %ﬁM(DFE-

4%+ BCJR 5371 +%

BE A AAEAA A T APE %OH *é

Decision Feedback Equalizer)”} 2
A QtataL,

N
4>
Ul)l
r>'

IIMel Bh=S Jlgte] S8 I

& AP 37 AsAE AL 54 2
A5, S4, A Bel AT wa o tE
A el sojob g,

Z2) 8ty

il

ol
o
fU ox

9 ’\]tﬂ ”‘ﬂoﬂ o3 = g
Adel 5445 g3t Ak
23 A Al Aso 4

58] (SNR)oI A $-4=38F
CJR(bahl et al, 1974)71%F 71
Aal} f=rd HolBE ®BAsH] ¢
?ﬂf& 53} 7] (Berberdis, K et al, 1997; Salz, J,
1973)7F A3te Hxr 53] F3( Tuchler et al, 2002;
Koetter et al, 2004)E AF8-3FT) Fig. 12 £ =30l A At
&= BCJR 5381719 Fxolt}

ol
v}
= ofy

oy I
fu
Moo gy
:El)l:

R

o DL oJm
Moo
“
ES
oty
~N
lﬂ HU oz o g

o -
U oofr o Lokl
fogo ox o Lo

( 01[‘

rZ e oo >

ol 0 N

o r

o

ol ol

o}L
Ud fol o =

—D‘ 0_1_4

N
M ox

¢

°
o 2 o

&
&
=~

iin)

Convolutional Symbol |
! Encoder (2.17)  Intereaver ”| Mapper

) , Underwater
L - + L Channel
[T (e
BCJR - DFE
7 Decoder Equalizer
[

| | =
+
Dl —

¢

Fig. 1 Model of the BCJR equalization in baseband.
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Table 1 Parameters for experimentation
Source Underwater Communication
(Text) Experiment - DSP & 5C Lab. in KMOU
Convolutional
R=1/2 K=472 N =144
Codes /
Bit rate 1k bps
Modulation
16k Hz
QS0 k
f; 192 Hz
Distance 400m
Depth T: 2m, Rx: 30m

Fig 3914 A4 #¢ 2%+ LFM(Linear Frequency
Modulation)o]™, °]& #izle] A2tz £& L& s,
T iA 2l Fd(training) HolHE FAEE A5 A
wek 44 A% 53t

LFM |gap| Training

Data package gap| LFM

S

Time

Fig. 3 Packet structure of transmitted signal
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Fig. 4 Performance analysis by decoding scheme

4.2 BCJR ®#=&7| d&

Table 2 Experimental results of BCJR equalizer

Time LMS-DFE BCJR-Eq iteration
1 1.7x107! 0 3
2 0.68 10" 0 1
3 0.21x 107! 0 1
4 1.2%x107 " 0.084x 107" 3
5 4.2x107" 4.68x10"" 3
6 0.14x10°! 0 1
7 0.80x 107! 0 1
8 09110} 0 1
9 0.84x 107" 0 1
10 0.44>107! 0 1
11 0.31x10"" 0 1
12 1.2x10°! 0.063x 10" 3
13 0.94x10"! 0 1
14 0.24x 107! 0 1
15 0.14x10°! 0 1
16 1.0x107! 0 2
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