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A Study on the Iterative Decoding Method based on
Layered Space Time Codes in Underwater

Communications

Taedoo Park

Department of Radio Communication Engineering

Graduate School of Korea Maritime University

Abstract

The transmission of acoustic waves is limited because of various factors such
as water temperature, salinity, depth in the underwater acoustic communication
with a multi-path channel environment. And the performance is limited because
the underwater acoustic communication uses low frequency band relative to
wireless communication. In the underwater acoustic communication, the
performance greatly depends on the characteristics of multi-path channel and
the distortion of the received signal is increased due to reverberation and
multi-path. Such channel characteristics cause ISI. It is necessary to study on
equalizer technique and channel coding to correct error by multi-path and ISI
because the optimal communication method has to be designed based on
characteristics of multi-path channel. Therefore, in this paper, the performance
according to various channel codes is analyzed by simulation. As a result, the
turbo encoder based on iteration is suitable for underwater acoustic

communication.
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We analyze a turbo pi code by permutation pattern, CRSC code, Puncturing
pattern to improve BER performance and to solve a problem of error floor at
high SNR. In the result of BER performance analysis, error floor phenomenon
that occurs in the turbo encoder is removed and the performance is enhanced
by 0.3 [dB]. And we proposed a low-power iterative decoding algorithm for turbo
decoder basThe transmission of acoustic waves is limited because of various
factors such as water temperature, salinity, and water depth in the underwater
communications with a multi-path channel environments. The performance is
also limited due to low frequency bands relative to wireless communications. The
excessive multipath encountered in underwater communications channel is
creating inter symbol interference (ISD), which is limiting factor to achieve a high
data rate and bit error rate performance. Various different methods to cope with
multipath situation have been developed. In addition to ISI. Removal of ISI is a
challenging problem in view of difficult channel conditions. The optimal detector
is a maximum likelihood detector, which can be realized for example by a soft
Viterbi algorithm. Due to the length of the impulse response in the underwater
communication channel, the number of states in the decoder will be increased.
One well proven method to counteract ISI is the decision feedback equalized
(DFE), which has been used in many underwater communication links. The other
way to cope with ISI, iterative equalizer is used which constitutes an outer loop
in the receiver. An inner loop consists of iterative decoder. This thesis proposed
iterative coding based equalization for single carrier underwater communication
channels. Among the iterative coding schemes, turbo pi coding scheme is
optimal for underwater communications in aspect to performance, packet size,
and underwater environments. As an outer code, DFE is used in the thesis. As
an inner code, the turbo pi codes are used. In simulation results, this thesis
confirms that the performance is the better as iteration numbers are increased.
In the range of iteration number is three or four, we can achieve BER
performance enhancement by 3.5 [dB] compared to non-iteration. However,
performance gain can’ t be achieved after third iterations, and we conclude
the optimal iteration numbers are three. Based on the results of single input

single output (SISO) systems, our focus expands to multiple input multiple output



(MIMO) system. MIMO technique is being studied in underwater communications
because of increasing the data rates. MIMO communication systems employ
multiple sensors at the transmitter and receiver sides. They can vyield
significantly increased data rates and improved link reliability without additional
bandwidth. Representative method is space-time trellis codes (STTCs). Normally,
the candidate of outer codes are space-time block codes (STBCs) and STTCs.
Representative method of STBCs is V-BLAST (Vertical-Bell Labs lAyered
Space-Time). This system is obtained diversity or spatial multiplexing effect.
However, STBCs for MIMO turbo equalization can’ t obtain coding gain even if
increasing number of iteration. This is the reason that the outputs of STBCs are
not soft type symbols. The types of input symbols and output symbols must be
soft symbols in order to improve performance by increasing number of
iterations. This thesis proposes an efficient iterative layered STTC based on soft
decision information with DFE equalizer for MIMO system in the underwater
communication channel. As same as SISO turbo equalization models, two codes
are concatenated in the serial fashion in MIMO system. The inner codes are
turbo pi codes with 16 states and outer codes are STTCs with optimal generator
polynomial. The symbols of outer decoder are then subtracted from the input
and interleaved. The interleaved symbols are canceled a posteriori from the
proceeding received symbol. Interleaving helps receiver convergence. There are
two kinds of iterative models. The first model is outer iteration which is done
between DFE and STTC decoder. The second one is inner iteration which is done
between STTC and turbo pi decoder. Outer iteration type is conventional model
and inner iteration model is proposed model in the thesis. To confirm the
performance improvement of proposed inner iteration model for MIMO system,
the simulation was conducted. The performance of inner iteration model is
better than that of outer iteration model. Finally, based on proposed decoder
model, this thesis confirms that the coding gain of 1 [dB] can be achieved

compared to conventional decoder model in the MIMO system.

KEY WORDS: Underwater communication; Multipath; Channle coding; Turbo code;
Equalizer; Space time code.
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2) @& 9% uvtdkal(error locator polynomial)S AA3st] F x| A4k
3)
4)
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719] trellis diagrame] &%) * 11, decoding depthe] F7}E st=go] B34
S7tste] BE Aite]l Wobd AR ow A|~HY BEXRLTL F7 A

Fig. 212 (2, 1, 3) Convolutional ¥&7]& Yehd Z o=z 3719 vrg s zhe=th

=
T

fol

o]

Output

uq
N

—| 5. | 52| 55 |

I\)GB(/l Output

uz

Input
bit

Figure 2.1 (2, 1, 3) Convolutional Encoder
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Table 2.2 The shift register state and output of (2, 1, 3) encoder

ks Input S Sy Ss u; us
to 0 0 0 0 0
t1 1 1 0 0 1 1
to 1 1 1 0 0 1
t3 0 0 1 1 0 1
tq 1 1 0 1 0 0
ts 1 1 1 0 0 1




9 Tables &73to] shift register & =& AEjel 2o mE dH3 E99
£ Ueld AAX(trellis diagram)+= o Fig. 2.29} 2t}

5

Input 1 1 1 0 il
Output
Received

F35719 FE5FE IA 55 F BATEH L Fopth AT 7FEAS
9o wet R3v)e] AHE @ 23579 trellis diagramo] E-38)A L,
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Hzow A|2HE £% AstE 7HA A dot

Convolutinal 59| %% 7Y AF A 5% OFE /M FAUE 3
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AT BHARE FAA = ALY A wet Thsd AR e Ag A
o2 FojuA A 5T AYE a7 Ao

AF7HA B2 Bso] ubE AT 1967 Viterbiol &3] AQbd i
ol ol8Ho® 7 EEAR H3Wolzt HrF w1 vk HIHH] BE du
2] &2 Fig. 2.29] Trellis diagrams ©]-&3ste HF3dth 5,59 40 SHE o
AZE tult 22 djgstar ame] =S AXMGnput=0)7 HAHGnput=D= 1}
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Figure 2.3 The hamming distance of each route
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Table 2.3 The matrix of punctured encoders

Punctured encoders
Original
encoder
R=2/3 R=3/4 R=4/5 R=5/6 R=6/7 R=7/8
K | g®,g® P dfrse P dfrss P dfres P dfrse P dfrss P dfree
10 101 1011 10111 101111 1011111
3 705 11 S 110 - 1100 2 11000 2 110000 2 1100000 2
11 110 1011 10100 100011 1000010
4 64,74 10 4 101 4 1100 3 11011 3 111100 2 1111101 2
11 101 1010 10111 101010 1010011
5 46,72 10 4 110 3 1101 s 11000 - 110101 3 1101100 3
10 100 1000 10000 110110 1011101
6 612 11 & 111 4 1111 4 11111 4 101001 & 1100010 3
11 110 1111 11010 111010 1111010
7 | Lrais3 10 6 101 ? 1000 4 10101 . 100101 3 1000101 8
10 110 1010 11100 101001 1010100
8 | Fzave 11 7 101 g 1101 > 10011 4 110110 4 1101011 4
11 111 1101 10110 110110 1101011
9 | 561753 10 7 100 & 1010 5 11001 5 101001 4 1010100 4
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Figure 2.4 The general block diagram at concatenated codes system
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Figure 2.8 The structure of Turbo encoder and decoder
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g2 1& At 7Sk Aol A AAER Y4 AW TVHDTV) ZFE=<¢
Ql DVB-S2 A|2HlS LDPCE g H 53} wao=z Avsty o) HidHo] H

s3] & HEFE=7F LDPC ZES] F83 wAIHoI oy Ho 42 3d
#alH, Linear-congruence WS AM&ste RE3I|E tdstA S
DVB-S20l| A= parity #8-& addressE A A3t A HFE3sta . LDPC
F T sparse parity check matrix H(n—k)E 7IAE Ay B2 =
[26][27). /& N=8 olx R &F3-8 R=1/2¢ parity check matrixZ Fig.
2.9o] YeRglh Fig. 2.10] o]} & F=F Bit nodese} Check nodes7} A
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Figure 2.9 The example of parity check matrix
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u,=—L, »r,(L,="), n=(01,,N—-1) (2.3)

o714 N& code worde] Z7)oli o= 7F$AlQF g9 Halolth,

2) @A Check node update (CNU)
Fig. 211l B+ A3 o], HE LEZRE A3 & kEZ E0E

AN MAAE v, g0, v, L B EASIL, O R Urbe WA

i

Wy Wy, " Wy, B SPAL THTAL S19 A| 3 L E2RE Yhe v

AAE T 43 zke] wHET

Wy, = g(vnﬁk?vnﬁk? - VIR £, ) 7vndﬁk) (2.4)
g(a,b) = sign (a) < sign(b) X min (|al, |b|)+LUTg(a,b) (2.5
LUT,(a,b) =log(t+e ") —1og(1 +e7127") (2.6)

LUT,(+) %%+ look up tableZ T3 7}sth.

3) @A Bit Node Update (BNU)
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Table 2.4 The result of eigenray at east sea in april
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215 AT A o2 S0l eigenraye] A tstE

Number Arrival Top Bottom Length Arri.val Normglized
Time Banks Banks Amplitude Amplitude

1 0.68216 0 0 1003.9 0.001361 0.7353467

2 0.68469 1 0 1011.7 0.000702 0.3797220

3 0.71655 0 1 1044.1 0.001038 0.5613165
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Table 2.5 The parameter for simulation

Modulation BPSK, 8PSK
fs [kHz] 50

fc [kHz] 20

DR [bpsl] 100~600

distance : 1 [km]

Channel (0 multi-path : 3path

Convolutional KCrEA)=7, - R=172,
G(x) = (133,171)
A5 | RSN, K, D gz ?éi’;;f’m’?ﬂ
Channel Concatenated | RS+INT+Convolution
code TCM Convolutional +8PSK
Turbo 4state, Iteration=5
AHA | LDPC N=16200, Iteration=50
Cross layer RS+VINT+LDPC
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Figure 2.18 The BER performance of convolutional code at underwater channel
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Figure 2.19 The BER performance of turbo code at underwater channel
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Figure 2.20 The BER performance of LDPC code at underwater channel
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Table 2.6 The comparison of iterative code method

Perfor- Decoding Packet Rate-
mance Complexity speed size compatible Equalization
[Mbps] [bits] P
Combine
Turbo Up to Up to
code Good Decoder 20 2000 Easy Tu'rbo‘
equalization
LDPC Up to Up to i Independent
code Good Encoder 200 64800 Difficult equalization
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Table 3.2 The speed by Eb/No

Eb/No Radix-2 Radix-4

[dB] | gantesiss) Essmapdw() BINHEINNE) | Bswaleo)
1 6.543] 18.2% 6.213] 22.4%

1.5 4.343] 45.8% 4.313] 46.1%

2 2.803] 65.0% 2.833] 64.6%
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Figure 4.10 Experimental setup for sea trials
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Table 4.2 The signal formation of LFM

Length of signal 300 [sec]
Length of frame 0.1 [sec]
Interval of frame 0.5 [sec]
Bandwidth 4 ~ 8 [kHzl
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Figure 4.11 Measured channel time-delay profile
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