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Abstract

In this paper, the performance of serially concatenated one-step ma-
jority logic decodable (SC-OSMLD) codes is investigated. The iterative
decoding process uses a soft-input soft-output threshold decoding algo-
rithm [1] as component decoder with our proposed connection scheme
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[2]. The effect of various components codes, interleaver size (Number of
sub-blocks), and the number of iterations are investigated. Simulation
results for SC-OSMLD codes transmitted over Additive White Gaussian
Noise channel(AWGN) are provided. The simulation result will show
that the slope of curves and coding gain are improved by increasing the
number of decoder iterations and/or the interleaver size.
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1 Introduction

Turbo codes [3] are currently one of the best solutions to protect information
against the effect of noise in transmission channels. They are obtained by a
concatenation of two convolutional or block codes. The turbo concept can also
be applied to other concatenated codes. In this article we consider the codes
in serially concatenated block codes constructed based on one step majority
logic decodable codes which are similar to convolutional turbo codes in terms
of encoding and decoding. The serial concatenation of codes is a way to obtain
powerful and long codes while maintaining simple codes [4].
Farchane and al [5] have suggested a method of forming serially concatenated
codes constructed based on BCH codes allowing to obtain codes with variant
coding rates. In this context, we will apply, in this article, the iterative decod-
ing scheme suggested in [2] to decode serially concatenated codes constructed
based on one step majority logic decodable codes. In addition, we study the
effect of several parameters on performance of SC-OSMLD codes.
The organization of this paper is as follows. In section 2, we describe the basic
concept of SC-OSMLD codes. Then, the iterative decoding of SC-OSMLD
codes will be presented in section 3. Section 4 is dedicated to analyse simu-
lation results of different SC-OSMLD codes. Finally, section 5 concludes this
paper.

2 Serially Concatenated OSMLD Codes

2.1 Classical Construction

A Serially concatenated codes(SC) as a components codes is obtained by serial
concatenation of two block codes, the outer C1(n1, k1) code with rate R1 = k1

n1

and the inner C2(n2, k2) code with rate R2 = k2
n2

, linked by an interleaver of
length N as shown in figure 1. A block of N data bits at the input of the
SC encoder is subdivided into M sub-blocks, where M is an arbitrary integer.
Each sub-block of length k1 is encoded using the outer encoder in order to
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produce n1 bits. The M.n1 = M.k2 bits produced by the first encoder are
scrambled by the interleaver, before entering the inner encoder. The codeword
of SC code consists of the input block followed by the parity check bits of both
encoders.

Figure 1: Classical Serially Concatenated Codes

2.2 New construction

A serially concatenated OSMLD (SC-OSMLD) code can be constructed by one
or two OSMLD codes, C1(n1, k1)) and C2(n2, k2). The shortening of the code
C1 by s1 symbols lead to the shortened code C̄1(n1− s1, k1− s1). By the same
manner, we can obtain the shortened codes C̄2(n2 − s2, k2 − s2) by shortening
C2 by s2 symbols.
In order to cascade in serially manner two encoders, we mast have the equality
k2 − s2 = n1 − s1. It means that s1 − s2 = n1 − k2. the overall serially
concatenated OSMLD code is SC-OSMLD(n2 − s2, k1 − s1). Its rate is R =
k1−s1
n2−s2

.
An interesting and practical construction can be constructed by taking s1 =
n1 − k1 and s2 = 0, this implies that we shortening the code C1 by n1 − k1
symbols, and we obtain C̄1(k1, 2.k1−n1). The second code C̄2 is obtained from
C1 without shortening, it means C̄2(n1, k1). Finally, the overall concatenated
code becomes SC-OSMLD(n1, 2k1 − n1). The rate of the later code is R =
2k1−n1

n1
. The size of the interleaver is a multiple of k1.

The figure 2 is proposed so as to illustrate the proposed construction. n−k
zeros is concatenated to each (2.k − n) information symbols. The obtained
block is encoded by the C1(k, 2.k − n) encoder. Then, we remove the previ-
ous n− k zeros from the code word produced by the first encoder. we repeat
the same operation for M blocks.The first encoder produces M.(n − k) par-
ity checks. An interleaver of length M.k is used to scramble the M blocks.
The intermediate result feeds the second C2(n, k) encoder so as to generate
M.(n − k) parity checks. The code word of the constructed code is obtained
by the concatenation of the information symbols and both of the parity checks
produced by the tow encoders as shown in figure 2.
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Figure 2: Encoder structure of SC-OSMLD

In the table 1 , we present some examples of SC-OSMLD codes based on
the proposed construction.

Table 1: Same SC-OSMLD codes
Component code SC-OSMLD Rate

(73,45) (73,17) 0.23
(273, 191) (273,109) 0.39
(1057, 813) (1057, 569) 0.53
(4161, 3431) (4161, 2701) 0.64

(16513, 14325) (16513, 12137) 0.73

3 Iterative Decoding of SC-OSMLD Codes

3.1 Compenent Decoder

The iterative threshold decoding(ITD) is an extension of the majority decod-
ing proposed by Massey [7]. Indeed, Belaksmi et all [1] have modified the later
decoder by associating to each decision a reliability which will operate during
the iterations. In this section, we present a brief description of the ITD algo-
rithm (for more details see [1]).
Now consider U(u1, . . . , un) the transmitted code word vector over a AWGN
channel with BPSK modulation . Let Y (y1, y2, ..., yn) be the received vector
and H(h1, h2, ..., hn) is its corresponding hard vector. The decoder calculates
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for each bit yi the Log Likelihood Ratio defined as follows:

Λi = ln
P (ui = 1/Y )

P (ui = 0/Y )
(1)

for an OSMLD code (see the previous section), and according to [1] the equa-
tion (1) can be expressed by

Λi =' ln
P (ui = 1/{Bj})
P (ui = 0/{Bj})

(2)

where Bj, j ∈ {0, . . . , J} are the parity check equations on the ith bit . By
apply the Bayes rule, the equation (2) becomes

Λi ' ln
P ({Bj}/ui = 1)× P (ui = 1)

P ({Bj}/ui = 0)× P (ui = 0)
(3)

According to [7], (3) can be reformulated as

Λi =' (1− 2B0) · w0 +
J∑

j=1

(1− 2Bj) · wj (4)

where (1− 2B0) · ω0 = 4·Es
N0
· yi and ωj = ln(

1+
∏nj

k=1 tanh(
γjk
2

)

1−
∏nj

k=1 tanh(
γjk
2

)
)

Such as: Es is the energy per symbol,N0 is the noise spectral density, nj is the
number of terms in the jth orthogonal parity equation ,jk represents the kth

element of the jth parity equation and γjk = 4Es
N0
· | yjk |

Finally, the expression of the Log Likelihood Ratio for each bit yi is as
follows:

Λi =
4Es

N0

· yi + Ωi,where Ωi =
J∑

i=1

(1− 2Bi) · wi (5)

3.2 SC-OSMLD Decoder

In general, the SC-OSMLD decoder is composed of two decoders correspond-
ing to two OSMLD encoders. According to the structure proposed in section
2, the two decoders are cascaded as it shown in figure 3. The decoding is an
iterative process, each component decoder takes advantage of extrinsic infor-
mation produced by the previous decoder. The process of decoding is done
in two phases, in the first phase: The inner decoder receives the sequence ob-
served from the channel. It extracts the information bits form the received
sequence, and appends to it (n− k) real values(here we use the value -2.0): in
deed these values represent the (n−k) zeros inserted in the coding scheme(see



2184 Fouad Ayoub et al.

figure 2), then parity check bits, Z are appended to the previous intermediate
result. The resultant sequence feeds the inner decoder. The later generates
extrinsic information by the ITD algorithm. The inserted sequence of real
values is removed from the output of the first decoder. The extrinsic informa-
tion is weighted by the factor α and will be used to update the reliability of
the information bits of the inner decoder. In the second phase, the updated
information is appended to the parity check bits R, and the resultant sequence
is inserted into the external decoder. Again, the outer decoder generates the
extrinsic information, the later is interleaved and weighted by the factor α,
and used to update the reliability of information bits and the parity check
bits,Z. The decoding process repeats until a maximum number of iterations is
reached.
In Figure 3, we use the following notations:

Figure 3: Scheme of Iterative Decoding of SC-OSMLD Codes

The received word is composed by tree parts:
The information bits,X.
The first parity check,Z.
The second parity check,R.

Ω1 is the extrinsic information produced by the inner decoder.
Ω2 is the extrinsic information produced by the outer decoder.
D: is the decoded word.

4 Results and discussion

In this section, we present the simulation results and analysis for somes SC-
OSMLD codes. In this simulations, we used an Additive white Gaussian noise
(AWGN) channel, a binary phase shift keying modulation (BPSK), a minimal
residual error number of 200 and the maximum number of iterations was set-
ted to 20 iterations (where there is no significantly more gain for more than
20 iterations).We are interested in the information bit error rate (BER) for
different signal to noise ratios per information bit (Eb/N0) in dB. We show
that there are many parameters which affect the performance of SC-OSMLD
codes. These parameters are : The number of decoding iterations, the optimal
value of α, the parameters of components codes and the interleaver size (see
table 2 ).
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Table 2: Simulation parameters

Parameter Value
Iterations 1 to 20

Modulation BPSK
Channel AWGN

Interleaver pattern Random interleaver
Interleaver size(N=Mxk) 1xk, 10xk, 100xk, 300xk

4.1 The effect of the parameter α

Here, we try to determine the best value of α because it plays a crucial role to
have good performances. For this, we fixed the SNR and we start our process
by setting the number of iterations at most 20, where we vary the value of alpha
0 < α < 1, in order to have good performances, and we keep the value of α
that gives the best BER (Bit Error Rate). In the case of the SC-OSMLD(73,
17) code, we keep the value of α = 0.07 whitch gives the best BER as shown
in the figure 4.
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Figure 4: The effect of the parameter α

4.2 The turbo effect

In this section, we will show the turbo effect of the iterative decoding algo-
rithm on the performance of SC-OSMLD codes. Figure 5 and figure 6 show
the performance curves of SC-OSMLD(1460,340) and SC-OSMLD(2730,1090)
respectively with a different number of iterations. According to this figures,
and for iterations from 1 to 20, we obtain respectively a coding gain of 3dB
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and 2.3dB at 10−5, which lead us to establish the turbo effect of our algorithm
[2] for this codes family.
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Figure 5: Performance of iterative decoding of the SC-OSMLD (1460,340)
code
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Figure 6: Performance of iterative decoding of the SC-OSMLD (1460,340)
code

4.3 The effect of the interleaver size

The performance of SC-OSMLD codes depends largely to the size of the in-
terleaver, the figure 7 shows the influence of the size of the interleaver on the
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performance. Indeed, increasing the interleaver size improves the performance
in terms of BER.

Now, we present the simulation results for the SC-OSMLD(73,17) code for
different values of M(1, 10 and 20). By increasing M , we obtain about a gain
of 3.2dB at 10−5, the amelioration becomes negligible when M is greater than
20.
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Figure 7: Performance of iterative decoding of the SC-OSMLD(73,17)code
for different values of M

5 Conclusion

In this work, we studied the structure of encoder, the construction methodology
and the decoding scheme of SC-OSMLD codes family. As an improvement of
this family of codes, we proposed an iterative decoding scheme for SC-OSMLD
codes, and in order to develop our study experimentally, we investigated the
effect of various parameters such as the number of iterations, the interleaver
size (M parameter) using simulations. the results shows that increasing itera-
tions number and/or the interleaver size parameter lead to improved decoding
performance

References

[1] M. Belkasmi, M. Lahmer and M. Benchrifa, Iterative Threshold Decoding
of Parallel Concatenated Block Codes, Turbo Coding Conf, (2006), 1-4.



2188 Fouad Ayoub et al.

[2] F. Ayoub, M. Lahmer, M. Belkasmi and El. H. Bouyakhf, Impact of the
decoder connection schemes on iterative decoding of GPCB codes, Interna-
tional Journal of Information and Communication Engineering, 6 (2010),
no. 3.

[3] C. Berrou, A. Glavieux and P. Thitimajshima, Near Shannon limit error-
correcting coding and decoding: Turbo-codes. 1, ICC ’93 - IEEE Interna-
tional Conference on Communications, 2 (1993), 1064-1070.
http://dx.doi.org/10.1109/icc.1993.397441

[4] S. Benedetto, D. Divsalar, G. Montorsi and F. Pollara, Serial Concate-
nation of Interleaved Codes: Performance Analysis, Design and Iterative
Decoding, TDA Progress Report, (1996), 42-126.

[5] A. Farchane and M. Belkasmi, Generalized serially concatenated codes:
construction and iterative decoding, International Journal of Mathematical
and Computer Sciences, 6 (2010), no. 2, 100.

[6] S. Lin and D. J. Costello, Error Control Coding, Fundamentals and Appli-
cations, Englewood Cliffs, Prentice-Hall, New Jersey, 1983.

[7] C. Clark and B. Cain, Error-Correction Coding for Digital Communica-
tions, Plenum Press, 1981. http://dx.doi.org/10.1007/978-1-4899-2174-1

[8] J.L Massey, Threshold Decoding, M.I.T. Press, Cambridge Ma, 1963.

[9] S. Benedetto and G. Montorsi, Average Performance of Parallel Concate-
nated Block Codes, Electronics Letters, 31 (1995), no. 3, 156-158.
http://dx.doi.org/10.1049/el:19950101

[10] F. Ayoub, M. Lahmer, M. Belkasmi, El. Bouyakhf, Impact of the Decoder
Connection Schemes on Iterative Decoding of GPCB Codes, International
Journal of Information and Communication Engineering, 6 (2010), no. 3.

[11] J. Hagenauer, E. Offer and L. Papke, Iterative decoding of binary block
and convolutional codes, IEEE Trans. Inform. Theory., 42 (1996), 429-446.
http://dx.doi.org/10.1109/18.485714

Received: March 25, 2016; Published: July 6, 2016


