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Analysis of an Optimal Iterative Turbo Equalizer
for Underwater Acoustic Communication

Tae Doo Park’, Seong Ro Lee*, Beom Mu Kim**, Ji Won Jungo

Folxe] BAL a5y - Soll 23t Alse] uhpt A tEA R dite] vhAg) o]t v R
oz AT sy At A8 WAl Hokh o)2d o AR A B =M AR
qes AR Al ARt whEYEE sl AEubsst wHEY s R R Hse}l LDPC

37F 9lom, e 2 Has) Ao], T3] AHE 5o FehelE e RE $5EAlAE BE H5e] 8o
Ajfeirhs A2 Adrh wepA] BE B 7] Bl S35 ARSEte]  AAl ] wiclellA] FAl At
5Km 22]3 HloJg] 455 IKbps® AAsle] %S alsisich

[}

Key Words : Underwater acoustic communication, LDPC, Turbo code, Turbo equalizer

ABSTRACT

Underwater acoustic communication has multipath error because of reflection by sea-level and sea-bottom. The
multipath of underwater channel causes signal distortion and error floor. In order to improve the performance, it
is necessary to employ an iterative coding scheme. Among the iterative coding scheme, turbo codes and LDPC
codes are dominant channel coding schemes in recent. This paper concluded that turbo coding scheme is optimal
for underwater communications system in aspect to performance, coded word length, and equalizer combining.
Also, we confirmed the performance in the environment of oceanic experimentation using turbo equalizer based

on distance 5Km, data rate 1Kbps.
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Table 1. Comparison of the turbo codes and LDPC
codes.

Turbo Code LDPC Coder
Performance Good Good
Complexity Decoder Encoder
. Up to Up to
Decoding Speed
20Mbps 200Mbps
Packet Size(bits) | Up to 2000 Up to 64800
Rate-Compatible Easy Difficult
L Combine Independent
Equalization
Turbo Eq. Eq.

Fashge] 7hig Sl HR s AE )
Bl-& o]gsle] zhdsiAl 7P 4= AR LDPC
Hoe 7f Fudhs vt H WEde] tl=ne 7pd
73 SHelAE BlEAFrF Hefsit. el o
FTARE g A3 do =z qld) 3o 8ol
I Brpdsiy, 2o eEEaldAde B S8
78] A-go] f=pito] FHE] Ak

thy 19 2% BHE §359 LDPCH-39] &5 4
ole]] w2 55 W43t 1flo|r)
5 uw thannel
10 TS BT B, S
; | —&—Uncoded
—+— LDPC({DVB-52)
10! o LOPC(t6e) N
! —4— Turho
ID'?-= . |

“short size(1944)

&
Long size(192§€)

10* i i i i 1 i i i i
£ 4 2 0 2 4 3 8 10 12 14
EsNo(d8)

J8 2. 5 Afo]ze] W R H39} LDPC F35°] A4
& HlaL

Fig. 2. Comparison of BER performance the turbo codes
and LDPC codes by block size

LDPC 3+ 22 Ap]=(802.11n 174) -+
ZARI=(DVB-S27+4) DMFE  Algstar glow,
T 26014 o = QlRel, & AR]=(19200 H]E)
M= LDPC 37} Aol FAT 2R Ale]=
(1944 B E) o= 23]8] BH 137} Aso] ekt
oS o 7 Sk we] Al ARleA=
T Afolze] BEHeE S7sla oA ¥aL 3]
o] A3} HolAo] F o3| wliel BjH F-352] A
§o] FAleME ZgHolele 2

At

I~ Z

TS5

. SME IS

T3 B2 S3| dA

BlH 53| 7189 S3plun £ s
o]x|vt ¥zl MAP(Maximum a Posteriori) &
a2 ARESEZ] wljitel] EANET) A AHe] Sl
el AR Srkske o] Qlct. o]zt o]
2 ql3l] BlH 5319 EAEE Eol7] A e
2 MAP S3p|Hc}t B31%rt AL A8 S3hv
A At S3PE ARShE whe] sledl =
M= AA A S3PE 2= BHE S3E e

X
ol

= o
= =2

slolct. 18 33 e AlaE wEls waslal,
Turbo Symbol |
Encoder [ Interleaver [ Mapper _I
Channel
L einerearae \),+ =
1 ¥ 1 -
] Turbo DFE Y[
Decoder Equalizer
I, + X L
| < +.< D Interleaver [— T

T8 3. 7IAHgellx HE 53] =
Fig. 3. Model of the turbo equalization in baseband

>,
to nE

7194 AHgo] HalRlE, 4
4 PLLE AAA 1454 % o] B
LAl Bl Sab)e 5
B57)% FAEe] olom, SElel BEs)e
wo} tlelelelnl s Ea) QAse] el Au
walA Al Qe 41204 g )

2 =719 257] £9 3k AIAAT L, Tl
2uli ddEfeiule] of FHe AH $A4EE el
e}, 2570014 F2e = ni oA <lee)

N o> ot oo
%—‘golnr
j&u
il
find
)
au
v

Lo,

juv
e

jal

e
4
o

q o

305

www.dbpia.co.kr



|
E3l7)o4] 34501 extrinsic #elth.  ylk]
kAN 53] 4 3
=2 ohe A (1) 7] A 9]% 9l

N,—1 N, -

:Zloci[k]y[kfz‘]fEbj[k]fzﬁ[kfj] (1)

j=1

¢lkl(i=0,1,--,N,_ )& kAAA2 ==

—~

Y= o Agoln] Ll[k]= A= Al L[k
o] 71 717k HEQ slicer 24 Frolc}. dukA
A

o2 AH A3 S3lelx vEzsiee v
Tad AAlshs daElEE vt Aol Tk

pe Aol eplk]l = Lk — L[kl =
DD (Decision-directed) 2224 AA At 5
3719 EHomNE FH=Rl L) k] 2} slicer &

Agtel LI[k]e) 9342 olgsle] slmule o]
A4 AR B3] Y eas Zol: Agzral
¢;lk+1],0;[k+1]% 73*18}71 flete] ARSHTE
SAG( 735l
He] & AGe ol A (3)-3— osn AAEE | of7]
A flE] & A ()¢} 7o) Aol

¢;lk+11 = c;[k] = uflkle pkly l’f_”’ 3)
b;lk+1] = b;[k] + uf [Kle p (K] L] [k — i],
K] = {11fsgn{e k}}—sgn{e (K]}

0ifsgn{eplkl}= sgnie,[kl}, @

sgni-}-2 olefe}l zo] HoEE Al o]
o eglk] & 4 (6)3F 7 Sato ellzlot}.

306

0 whenx=0 5)
+1 whenz > 0,

e, [k] = L klylk] — vsgn{L/[k]} ©)

—1 whenz <0
}

A%t 3719 =9 # L o} L 4 2hg ti]lE e
Hsle] AxkElolx] BlE He |2 =] %I} ¥
H 2E7)ex 243 extrinsic 3 L7 &

c
A (D3} 7] 3 % 9k,

p_y Pla=+1)
L, =log Plo=——1) )
extrinsic %t LD = BHE B37]9 Ezlow

A A5 BERES ARkele] 0 w19 SRS B
A 5 gl ol olelat L9k L79) Aol 3

< oA QEese] [le

—

Axkete] A4 A% 5

7)ol qlAEe). LIE fule 15 sl oFREe B
Hah= upe Hah) Elﬁtﬂ EE RN
w2} quo]E sl < %H %

sy Algl 33e BAMs] 9lske]  XBT
(eXpendable Bathy Thermograph) = ©]&3}
o 5 XS 17 49 o] SAIT 11 4+
20114 69 e w38l dFsellA] s 4
Z dloJg] ojc} AF o] 42 <k 200 m ¢
own, aglomyE AF A A 2F 40~50 m7t
Al &3] A= dslem, 1 okl A9
isovelocity 542 veRfdc).

www.dbpia.co.kr



Fig. 4. Measured sound velocity profile.
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