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Abstract 

Interleaver plays key role in preserving the performance of 
turbo encoding systems. Under high dimensional data 
transmission, the interleaver design often goes complex. This 
paper presents a hybrid meta-heuristic search algorithm by 
combining renowned Genetic Algorithm (GA) and Group Search 
Optimizer (GSO) in the name of hybrid GSO (HGSO). The 
HGSO is emphasized to operate in high dimensional space so 
that the interleaver design is expected to be robust under high 
dimensional data transmission. The hybridization embodies the 
mutation operator of GA in the GSO scanning process. This 
improves the exploration process of GSO to enable faster 
convergence. Experiments are conducted at higher order data bits 
and the performance of HGSO is demonstrated. A statistical 
report is prepared from the observed results to illustrate the 
reliability of the outcome accomplished by HGSO over the other 
methods.  

Keywords: interleaver; optimization; design; bit error rate;   
frame error rate 

1. Introduction 
The turbo codes were introduced by Berrou, Glavieux 

and Thitimajshima in 1993 [1] and they have become a hot 
topic soon after their introduction [12] [15]. Prior to the 
turbo codes, 3dB or more separated the spectral efficiency 
of real world channel encoding systems from the 
theoretical maximum described by Shannon theorem [1]. 
Turbo coding brought to the world of channel encoding 
one important principle: the feedback concept, exploited 
heavily in electronics, to be utilized in decoding of 
concatenated codes and it was indeed the iterative 
decoding (the actual turbo principle) that helped the turbo 
codes to achieve its impressive nearoptimum performance 
[1]. The original turbo coder [1], [2] was designed as a 
parallel concatenation of two circular recursive systematic 
convolutional codes.  Generally, the performance of the 
turbo codes depends on two principal parameters; the first 
is the code spectrum, and the second is the decorrelation 
between the external information at the same number of 
iterations.  

 
 
 
 
 
 
 
 
 
 

Fig. 1.  Simple architecture of the turbo encoding scheme 

The optimization process can be used for the 
amelioration of performance and the diminution of the 
matrix stature with safe performance. The latter is very 
interesting for multimedia real-time satellite transmission 
systems because the interleaving matrix causes a 
considerable diminution of the codec complexity and delay 
[4]. One of the key principles behind the performance of 
turbo coding is the fact that each of the encoders typically 
produces a high-weight code word for most inputs, but it 
produces a low-weight (i.e. more error prone) code word 
for only few inputs. The Turbo encoder is responsible for 
the generation of a high-performance convolutional code, 
the value of which moves very close to the channel 
capacity [17]. As depicted in  fig. 1, it receives a serial 
input stream and sends three sub-blocks of bits, namely, 
payload data u , parity bits 1b , and 2b . The parity bits are 
computed by two Recursive Systematic Convolutional 
(RSC) encoders (RSC encoder 1 and RSC encoder 2), 
respectively. In order to generate different redundant sub-
blocks of parity bits, an interleaver, as given in fig. 3, is 
used to force input bits to appear in different sequences. 
This action can deal with a burst of errors appearing in 
close proximity. The code word b  is then combined by the 
three output sub-blocks one bit by one bit. Thus a code 
with redundant information is generated. In the simple 
RSC encoder illustrated in fig. 2, serial concatenated 
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memory registers D are connected with XOR gates in such 
a way that the XOR gates are operated along with the 
feedback provided by the second register.  

A. Interleaver on turbo encoder 
The key component in turbo codes is the interleaver, 

which permutes the input frame before it is processed by 
the second encoder. The interleaver makes it more unlikely 
that both encoders will output a bad code word for the 
same input, increasing the probability that the decoder will 
be able to extract the correct information.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  RSC encoder 1  

 

 
 
 
 
 
 
 
 
 
 

Fig. 3.  Interleaving process 

The effect of interleaver on turbo code performance was 
recognized in 1995 [7] and the actual importance of 
randomization was shown by Perez et al. [8] and Divsallar 
and Pollara [9], by considering the effect the interleaver on 
critical low weight input patterns.Divsallar and Pollara [5] 
also proposed the S-random interleaver, which is a 
randomly generated interleaver with some restrictions on 
the spread, designed to break low weight input patterns. A 
different interleaver design technique, the iterative 
decoding suitability (IDS) criterion was presented by 
Hokfelt et al. [10]. Their interleaver design is based on the 
statistical properties of the extrinsic information passed 
between the decoders rather than on the turbo code’s 
distance properties. Sadjadpour et al. [10] has combined 

the two criteria to design a two step S-random interleaver. 
Recently some deterministic interleavers have been 
proposed [11]. These interleavers are designed to achieve 
maximum spread to correct single error events and certain 
amount of controlled disorder or vectorial fluctuation is 
provided to correct multiple error events. On the other 
hand, searching for an optimal interleaver for 
implementing with an interleaver matrix requires the 
dimension N to perform a hardware permutation of N input 
bits but it can be modeled as a general permutation of N 
symbols. Interleaver sizes vary from tens to tens of 
thousands. When, it is computationally infeasible to test all 
possible interleaver matrices (N!) and all possible input 
vectors (2N) to find a globally best interleaver [5]. 
Therefore, advanced interleaver optimization methods are 
sought. A search for an optimal permutation of N symbols 
is a typical combinatorial optimization problem. This 
paper attempts to introduce a robust interleaver design 
using hybrid meta-heuristic search algorithms. The 
hybridization is performed between GSO and GA and it is 
operated in high dimensional solution space so that high 
dimensional data transmission is ensured by the 
interleaver. The paper is organized as follows. Section II 
reviews the literature and states the problem, whereas 
Section III details the proposed interleaver design 
procedure. Section IV discusses the results and Section V 
concludes the paper. 

2. Literature Review 

Numerous methods on interleaving optimization have 
been reported in the literature.  

 
 
 
 
 
 
 
 
 
 

Fig. 4.  Turbo decoder 

Though all the contributions are not described here, 
few recent works on designing interleavers are presented 
here to demonstrate the significance. Laddomada, M.; 
Scanavino, B. [1] have worked on designing semi-random 
prunable interleavers for Parallel Concatenated 
Convolutional Codes (PCCC). In order to optimize the 
interleaver design, they have introduced an iterative 
algorithm. The iterative growth has started from a smaller 
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interleaver till it reaches a desired length. Moreover, they 
have formulated a cost function by considering the 
correlation properties of the extrinsic information and the 
concept of spread of an interleaver. The cost function is 
tends to be minimized so that the interleaver optimization 
can be accomplished.  

Muhammad Arif et al. [13] have introduced a circular 
shift in the permutation function to reduce the correlation 
between the parity bits corresponding to the original and 
interleaved data frames to improve the decoding capability 
of MAP decoder. The design was focused on combining 
good permutations with de-correlation property. Their 
solution to design a deterministic interleaver outperformed 
the semi-random interleavers and the deterministic 
interleavers reported in the literature.  

Lucian Trifina & Daniela Tarniceriu [14] have 
proposed a method for searching interleavers within a 
certain class, with the aim of designing turbo codes with 
good distance spectrum. The method was based on a 
modified version of Garello’s algorithm and consists in the 
calculation of frame error rate truncated upper bound.  

Mohd Azri Mohd Izhar et al. [16] proposed a joint 
source-channel coding technique for two-dimensional (2D) 
binary Markov sources by using concatenated turbo block 
codes composed of two Bose, Chaudhuri, Hocquenghem 
(BCH) codes, of which output is followed by a rate-1 
recursive systematic convolutional code. Simulation results 
showed that the proposed technique outperforms in terms 
of bit error rate the codes that exploited one-dimensional 
(1D) source correlation using the modified BCJR 
algorithm.  

Snasel, V. et al [2] have notified the significance of the 
setting right parameters for the betterment of turbo codes 
and the associated applications. They have recommended 
including meta-heuristic search algorithms to do the task. 
Further, they have solved the problem using Genetic 
algorithm (GA) and Differential Evolution (DE), which are 
renowned optimization algorithms. 

 
 
 
 
 
 
 
 

 
 

 

Fig. 5.  Encoding Solution Principle 

B. Problem Formulation 
Most of the methods have concentrated on designing 

the process that performs the permutation steps. Despite 
the permutation steps are significant, setting right 
parameters to the interleavers and the permutation can 
adequately improve the performance of the turbo encoder. 
Meta-heuristic search algorithms play key role on it [2]. 
However, very few works have considered these 
algorithms for parameter selection. Even the algorithms 
they have considered are traditional. The traditional 
algorithms such as GA, DE and Particle Swarm 
Optimization (PSO) are not robust to handle the current 
real world problems. Hence, suitable robust algorithm or 
its variants have to be selected. In addition with it, the 
developed interleavers are experimentally not 
demonstrated to work on with real world application such 
as high dimensional data transmission. While working on 
with high dimensional data transmission, the traditional 
way of permutation growth process and the heuristic search 
process often fails. We consider that introducing a high 
dimensional heuristic search process can support in 
designing a high dimensional turbo encoder by robust 
optimization of interleaver.  

3. Proposed Interleaver Design 

C. Objective Function 

Let us consider an interleaver pattern pI , which is found 

to be robust when the ( )pr IuuP |ˆ* =  is found to be high. 

In other words, the symbol error rate ( ) pb IuuP |,ˆ*  
should be minimum. This can be formulated as a 

minimization function as given in eq. (1), where, *
pI is 

the optimized interleaver pattern, { }pI is the set of 
potential interleaver patterns, ( )yxPb , refers to the error 
probability between x  and y .  

{ }
( )uuPI b

I
p

p

,ˆminarg ** =   (1) 

The estimated sequence is obtained from the Log-MAP 
decoder, which are the maximum a posteriori (MAP) 
probability algorithm developed in logarithmic domain [21] 
[22], since the MAP decoders were founds as the optimal 
turbo decoders [23]. The circuit for turbo decoder is given 
in fig. 4, where the Jacobian algorithm plays key role by 
using ( )*max , which calculates the logarithm of the sum 
of exponential terms [24] as detailed in eq. (8), based on 
the derivations given in eq. (2) – (7). Numerous 
improvements have been reported in the literature 
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afterwards [25]. However, the MAP based estimation 
follows the principle of estimating the most probable 

sequence as given in eq. (9), where *û  refers to estimated 
sequence type and y  refers to the received signal.   

( ) 







=−≤≤ ∑

−

=

1

0
* ln10:max

n

i

x
i ienix   (2) 

( ) ( ) 





 ++= −− 121ln,max,max 2121

* xxexxxx  (3) 

( ) ( ) ( )122121
* ln,max,max xxxxxx −+=  (4) 

 

( ) ( )kkk xxx ,maxmax 1
**

−=    (5) 

( ) ( )( )321
**

321
* ,,maxmax,,max xxxxxx =  (6) 

( ) ( )( )3
*

2
**

3 ,maxmaxmax xxx kk == =   (7) 

( ) ( )[ ]tkk xxx ,maxmaxmax *
1

**
−=   (8) 

{ }yuPu r
u

|ˆmaxargˆ
ˆ

* =    (9) 

D. Hybridization of GA and GSO (Hybrid GSO or HGSO) 
1) GSO: It is a kind of optimization algorithm that is 

population-dependent, wherein the searching activity of the 
animals is modeled in a mathematical way [26]. Figure 4 
portrays the pseudocode of GSO that aids in establishing 
the interleaver design in the proposed methodology. The 
three main processes, which constitute the producing 
operation, are stated below.       
• Making a scan at zero degree and conducting 

random lateral scanning later with the help of three 
random angles.  

• The producer would certainly make a move, only 
when it discovers a better solution point. Else, it 
never changes its position.  

• When the producer is found to remain at a position 
for a longer duration without making changes to its 
position, it moves to zero degree.  

Dispersion, the second important processing step, 
involves the following steps. 
• Generation of a random head angle 
• Generation of a Gaussian distributed random 

distance for the purpose of moving towards a new 
solution point.  

Despite the GSO is found to be robust in many 
applications, it is felt to be incompetent to search in the 
solution space given in the high dimensional interleaver 
designing model. Hence, this paper hybridizes GSO with a 
GA operator for obtaining better performance.  

2) GA:  During the execution of GA, a population of 
candidate solutions (also termed as, creatures, individuals, 

phenotypes) to an optimization problem is found to attain 
better solutions. Every single candidate solution possesses 
a group of characteristics, which may be a chromosome or 
a genotype,    and these properties could be subjected to 
mutation or can undergo a change. The conventional way 
of representing the solutions is a binary string that is 
formed of 0s and 1s. Yet, there are also other means of 
coding [27]. This algorithm works in accordance with the 
natural theory of evolution [28] for obtaining the near-best 
solution and it involves three main operators, namely, the 
selection operator, the crossover operator and the mutation 
operator. The selection is made in compliance with the 
concept of the survival of the fittest. On the other hand, the 
crossover operator makes a recombination of the multiple 
solutions and the mutation operator allows each and every 
solution to be kept updated. GA is more thriving because it 
has wide number of applications till date [29] [30]. 

3) HGSO: The HGSO of this paper adopts the mutation 
operator of GA in the GSO so that the exploration problem 
is well-handled in GSO. The zero degree scanning and 
lateral scanning in GSO has been adopted from [31]. The 
outcomes from zero, left and right scanning are given in eq. 
(10) – (12) , respectively, where, px is the parent solution, 

maxθ  is the maximum pursuit angle, maxl  refers to 
maximum pursuit distance, pD  is the direction of search, 

1r  is the normally distributed random integer and 2r  is the 
uniformly distributed random integer. Under such 
circumstances, both fine as well as broad searching is 
enabled based on 1r , though maxl , pD  and ϕ  plays role, 
as per remark 1. 

ϕppzero Dlrxx max1+=  (10) 







 −+= 2

max2max1
θϕ rDlrxx ppleft  (11) 







 ++= 2

max2max1
θϕ rDlrxx ppright   (12) 

 
Remark 1: When 1r  is significantly small, the 

movement exhibited by scanning is also small. In other 
words, assume that maxl , pD  and ϕ  remain constants, 

whereas 1rx p >> (For instance, 10>px ). Under such 

circumstances, pzero xx ~  , i.e., 0~pzero xx − .  

According to remark 1, the exploration problem of 
traditional GSO has to be considered while adopting for 
interleaver design, since the interleaver patterns are 
essentially distributed. However, the scanning operations 
are the key strengths of the GSO for quick convergence. 
Hence, the HGSO modifies the zero scanning procedure 
using a simple mutation process adopted in GA. The 

274 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 3 Issue 12, December 2016  

 ISSN (Online) 2348 – 7968 | Impact Factor (2015) - 4.332  

www.ijiset.com  

mutation outcome mutx , as given in eq. (13), replaces 

zerox of GSO and hence the hybrid GSO is derived.  
( ) 1minmaxmin rxxxxmut −+=   (13) 

Despite numerous mutation techniques have been 
investigated in the literature [33], this paper adopts the 
simple mutation to avoid introducing complexity in GSO 
operation. The remaining procedures of GSO are 
undisturbed and so the HGSO is aimed for improved 
performance of GSO and GA.  

E. Procedure 
1) Encoding: A typical solution usually defines the 

interleaver pattern, but we adopt a pre-design for 
interleaver as processing solutions for HGSO. Let us 
consider an initial solution 10: −≤≤ pq Nqx , where 

pN  refers to the number of possible solutions to be 

handled by HGSO. The qx  is derived by generating an 

arbitrary integer set [ ] 10;: −≤≤∈ LlRrr l , where L  
refers to the sum of information and tail bits, followed by 
sorting it in ascending order and acquiring the index of the 
sorted order from the actual order, i.e. lxq ˆ= . The 
pictorial representation given in fig. 5 shows the process of 
generating an arbitrary solution having the following 
properties.   

Property 1: Any element of [ ]r is always is greater than 
or equal to its preceding element, i.e. 1ˆˆ −≥ ll rr   
Property 2: The cardinality of [ ]r and [ ]r is equal to 
each other, i.e. rr ˆ=  

Property 3: l and l̂ remain as the indices of the 
interval [ ]1,0 −L , but l can be sequential, while 

[ ]1,0ˆ −∈ Ll  
2) Selection of Producer: Each member qx  is used to 

solve the objective function given in eq. (1). The member 
that minimizes the function relatively better than other 
members is selected as the producer, often represented as 

px .   

3) Operators: The other operations are similar to the 
GSO explained in [26], except the zero scanning process. 
In HGSO, as stated earlier, the zeros scanning process 
adopts the mutation operator given in eq. (13).  

Remark 2: The proposed HGSO is considered here as 
large scale optimization procedure, since it finds the 
solution of length L (L>103) 

 
 
 

TABLE I.  SYSTEM AND ALGORITHM CONFIGURATION 

Sl. 
No 

Parameter Configuratio
n 

 
1 

 
Code 
generator 









101
111

 

2 Code rate 1/2 
3 FERmax 10 
4 Np 10 
5 r1 (HGSO) 0.1 
6 Emax 100 

4.  Results and Discussion 

The classical turbo encoder – decoder system available in 
[32] is used as the experimental base. An optimized 
interleaver is designed using HGSO, GSO and GA and the 
results are compared against each other along with the 
performance of random interleaver. The configuration of 
the system and algorithm are given in Table I. Apart from 
the parameters, the optimized interleaver is developed with 
SNR at 0.1 dB, while the objective function is subjected to 
minimization. The experimentation is carried out on the 
system with all the aforesaid interleavers for a high 
dimensional data length of 103.  
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TABLE II.  STATISTICAL REPO 

TABLE III.  RT ON VARIOUS INTERLEAVER DESIGN METHODS WHEN SUBJECTED TO CASE 2, WHERE FRAME SIZE IS SET AS 2000 BITS 

Statistical 
metric 

Method
s 

Eb/No (dB) [Rank] Average 
Rank 

Final 
Rank 0.00  0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 

Best  
BER 

Random 9.9x10-

1 [4] 
8.2x10-

2 [3] 
1.1x10-

3 [1] 
3.7x10-

3 [4] 
1.5x10-

4 [2] 
1.8x10-

4 [3] 
0.7x10-

4 [4] 
0.4x10-

4 [4] 
2.4x10-

5 [3] 
3.1 4 

GSO 9.9x10-

1 [4]  
7.9x10-

2 [2] 
2.1x10-

3 [2] 
3.1x10-

3 [1] 
7.1x10-

4 [3] 
2.7x10-

4 [4] 
0.1x10-

4 [1] 
9.6x10-

5 [1] 
2.1x10-

5 [2] 
2.2 2 

GA 9.8x10-

1 [1] 
8.3x10-

2 [4] 
2.3x10-

3 [4] 
3.4x10-

3 [3] 
0.2x10-

3 [4] 
0.9x10-

4 [2] 
0.1x10-

4 [1] 
9.8x10-

5 [3] 
2.7x10-

5 [4] 
2.9 3 

HGSO 9.8x10-

1 [1] 
7.8x10-

2 [1] 
2.1x10-

3 [2] 
3.3x10-

3 [2] 
0.7x10-

4 [1] 
0.2x10-

4 [1] 
0.1x10-

4 [1] 
9.6x10-

5 [1] 
1.8x10-

5 [1] 
1.2 1 

Worst  
BER 

Random 9.9x10-

1 [4] 
8.5x10-

2 [2] 
1.7x10-

3 [1] 
5.5x10-

3 [4] 
2.6x10-

4 [2] 
2.4x10-

4 [3] 
0.8x10-

4 [4] 
0.5x10-

4 [4] 
3.8x10-

5 [4] 
3.1 4 

GSO 9.9x10-

1 [4]  
8.6x10-

2 [3] 
2.6x10-

3 [3] 
5.3x10-

3 [3] 
8.1x10-

4 [3] 
3.3x10-

4 [4] 
0.1x10-

4 [1] 
9.7x10-

5 [2] 
2.9x10-

5 [2] 
2.8 3 

GA 9.9x10-

1 [1] 
8.7x10-

2 [4] 
2.5x10-

3 [2] 
4.6x10-

3 [1] 
1.1x10-

3 [4] 
1.3x10-

4 [2] 
0.2x10-

4 [3] 
9.9x10-

5 [3] 
3.6x10-

5 [3] 
2.5 2 

HGSO 9.9x10-

1 [1] 
8.3x10-

2 [1] 
2.6x10-

3 [3] 
5.1x10-

3 [2] 
1.5x10-

4 [1] 
1.2x10-

4 [1] 
0.1x10-

4 [1] 
9.6x10-

5 [1] 
2.8x10-

5 [1] 
1.3 1 

Mean 
BER 

Random 9.9x10-

1 [1]  
8.4x10-

2 [3] 
1.3x10-

3 [1] 
4.3x10-

3 [4] 
2.1x10-

4 [2] 
2.2x10-

4 [3] 
0.8x10-

4 [4] 
0.5x10-

4 [4] 
3.5x10-

5 [4] 
2.9 4 

GSO 9.9x10-

1 [1] 
8.2x10-

2 [2] 
2.4x10-

3 [3] 
4.1x10-

3 [2] 
7.6x10-

4 [3] 
3.1x10-

4 [4] 
0.1x10-

4 [1] 
9.7x10-

5 [2] 
2.7x10-

5 [2] 
2.2 2 

GA 9.9x10-

1 [1] 
8.5x10-

2 [4] 
2.3x10-

3 [2] 
3.9x10-

3 [1] 
0.7x10-

3 [4] 
1.1x10-

4 [2] 
0.2x10-

4 [3] 
9.9x10-

5 [3] 
3.4x10-

5 [3] 
2.6 3 

HGSO 9.9x10-

1 [1]  
8.1x10-

2 [1] 
2.4x10-

3 [3] 
4.2x10-

3 [3] 
1.1x10-

4 [1] 
0.7x10-

4 [1] 
0.1x10-

4 [1] 
9.6x10-

5 [1] 
2.6x10-

5 [1] 
1.4 1 

Median  
BER 

Random 9.9x10-

1 [4]  
8.3x10-

2 [3] 
1.5x10-

3 [1] 
4.1x10-

3 [3] 
2.2x10-

4 [2] 
2.1x10-

4 [3] 
0.8x10-

4 [4] 
0.4x10-

4 [4] 
3.6x10-

5 [4] 
3.1 4 

GSO 9.9x10-

1 [4] 
8.2x10-

2 [1] 
2.2x10-

3 [2] 
3.9x10-

3 [1] 
7.7x10-

4 [3] 
3.2x10-

4 [4] 
0.1x10-

4 [1] 
9.8x10-

5 [2] 
2.5x10-

5 [2] 
2.2 2 

GA 9.8x10-

1 [1] 
8.4x10-

2 [4] 
2.3x10-

3 [3] 
4.0x10-

3 [2] 
0.8x10-

3 [4] 
1.3x10-

4 [2] 
0.2x10-

4 [3] 
9.9x10-

5 [3] 
3.4x10-

5 [3] 
2.8 3 

HGSO 9.8x10-

1 [1]  
8.2x10-

2 [1] 
2.3x10-

3 [3] 
4.1x10-

3 [3] 
1.2x10-

4 [1] 
0.8x10-

4 [1] 
0.1x10-

4 [1] 
9.6x10-

5 [1] 
2.1x10-

5 [1] 
1.4 1 

 
 

TABLE IV.  STATISTICAL REPORT ON VARIOUS INTERLEAVER DESIGN METHODS WHEN SUBJECTED TO CASE 1, WHERE FRAME SIZE IS SET AS 3000 BITS 

Statistical 
metric 

Method
s 

Eb/No (dB) [Rank] Average 
Rank 

Final 
Rank 0.00  0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 

Best  
BER 

Random 9.9x10-

1 [3] 
6.9x10-

2 [3] 
0.6x10-

2 [1] 
3.0x10-

3 [3] 
4.7x10-

4 [4] 
0.5x10-

4 

[1] 

0.3x10-

4 

[2] 

6.9x10-

5 [2] 
9.9x10-

6 [1] 
2.2 3 

GSO 9.7x10-

1 [1]  
6.9x10-

2 [3] 
0.8x10-

2 [4] 
1.1x10-

3 [2] 
1.6x10-

4 [2] 
0.5x10-

4 [1] 
0.2x10-

4 [1] 
5.9x10-

5 [1] 
9.9x10-

6 [1] 
1.8 2 

GA 9.9x10-

1 [3] 
6.8x10-

2 [1] 
0.7x10-

2 [2] 
3.1x10-

3 [4] 
4.1x10-

4 [3] 
1.0x10-

4 [4] 
0.7x10-

4 [4] 
9.8x10-

5 [4] 
9.9x10-

6 [1] 
2.9 4 

HGSO 9.8x10-

1 [2] 
6.8x10-

2 [1] 
0.7x10-

2 [2] 
1.0x10-

3 [1] 
1.5x10-

4 [1] 
0.5x10-

4 [1] 
0.3x10-

4 [2] 
6.9x10-

5 [2] 
9.9x10-

6 [1] 
1.4 1 

Worst  
BER 

Random 9.9x10-

1 [1] 
6.9x10-

2 [2] 
0.9x10-

2 [1] 
3.3x10-

3 [3] 
5.6x10-

4 [4] 
0.8x10-

4 

[2] 

0.6x10-

4 

[2] 

7.5x10-

5 [2] 
1.9x10-

5 [2] 
2.1 3 

GSO 9.9x10-

1 [1]  
6.9x10-

2 [2] 
1.1x10-

2 [3] 
1.3x10-

3 [2] 
2.5x10-

4 [2] 
0.7x10-

4 [1] 
0.5x10-

4 [1] 
6.4x10-

5 [1] 
2.1x10-

5 [3] 
1.8 1 

GA 9.9x10-

1 [1] 
6.9x10-

2 [2] 
0.9x10-

2 [1] 
3.4x10-

3 [4] 
4.9x10-

4 [3] 
1.1x10-

4 [4] 
1.1x10-

4 [4] 
9.9x10-

5 [4] 
2.1x10-

5 [3] 
2.9 4 

276 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 3 Issue 12, December 2016  

 ISSN (Online) 2348 – 7968 | Impact Factor (2015) - 4.332  

www.ijiset.com  

HGSO 9.9x10-

1 [1] 
6.8x10-

2 [1] 
1.3x10-

2 [4] 
1.2x10-

3 [1] 
2.4x10-

4 [1] 
0.8x10-

4 [2] 
0.7x10-

4 [3] 
7.6x10-

5 [3] 
1.1x10-

5 [1] 
1.9 2 

Mean 
BER 

Random 9.9x10-

1 [1] 
6.9x10-

2 [3] 
0.7x10-

2 [1] 
3.1x10-

3 [3] 
5.1x10-

4 [4] 
0.7x10-

4 

[3] 

0.5x10-

4 

[2] 

7.2x10-

5 [3] 
3.9x10-

5 [4] 
2.7 3 

GSO 9.9x10-

1 [1]  
6.9x10-

2 [3] 
0.9x10-

2 [4] 
1.2x10-

3 [2] 
2.1x10-

4 [1] 
0.6x10-

4 [1] 
0.4x10-

4 [1] 
6.2x10-

5 [1] 
3.1x10-

5 [1] 
1.7 2 

GA 9.9x10-

1 [1] 
6.8x10-

2 [1] 
0.8x10-

2 [2] 
3.2x10-

3 [4] 
4.6x10-

4 [3] 
1.1x10-

4 [4] 
0.9x10-

4 [4] 
9.9x10-

5 [4] 
3.8x10-

5 [3] 
2.9 4 

HGSO 9.9x10-

1 [1] 
6.8x10-

2 [1] 
0.8x10-

2 [2] 
1.1x10-

3 [1] 
2.1x10-

4 [1] 
0.6x10-

4 [1] 
0.5x10-

4 [2] 
7.1x10-

5 [2] 
3.1x10-

5 [1] 
1.3 1 

Median  
BER 

Random 9.9x10-

1 [2] 
6.9x10-

2 [3] 
0.8x10-

2 [1] 
3.2x10-

3 [4] 
5.2x10-

4 [4] 
0.8x10-

4 

[2] 

0.6x10-

4 

[3] 

7.3x10-

5 [3] 
3.8x10-

5 [4] 
2.9 4 

GSO 9.8x10-

1 [1]  
6.9x10-

2 [3] 
0.9x10-

2 [4] 
1.1x10-

3 [1] 
2.2x10-

4 [1] 
0.7x10-

4 [1] 
0.5x10-

4 [1] 
6.2x10-

5 [1] 
3.2x10-

5 [1] 
1.6 2 

GA 9.9x10-

1 [2] 
6.8x10-

2 [1] 
0.8x10-

2 [1] 
3.1x10-

3 [3] 
4.5x10-

4 [3] 
1.0x10-

4 [4] 
0.9x10-

4 [4] 
9.9x10-

5 [4] 
3.7x10-

5 [3] 
2.8 3 

HGSO 9.9x10-

1 [2] 
6.8x10-

2 [1] 
0.8x10-

2 [1] 
1.2x10-

3 [2] 
2.2x10-

4 [1] 
0.8x10-

4 [2] 
0.5x10-

4 [1] 
7.2x10-

5 [2] 
3.2x10-

5 [1] 
1.4 1 

 
 

  
(a) (b) 

Fig. 6.  (a) BER and (b) FER plots for case 2: Frame size = 2000 bits 
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(a) (b) 

Fig. 7.  (a) BER and (b) FER plots for case 3: Frame size = 3000 bits 

Table II states that there is no algorithm to 
consistently gain the same rank throughout all the 
SNR variations. However to conclude the performance, 
the average of all the ranks throughout the SNR 
variation is determined and a final rank is allotted 
based on the average rank. HGSO secures first rank in 
all the statistical metrics, whereas GSO gains second 
rank except the median BER performance. GA 
dominates GSO in the median performance and 
secures third rank for the other metrics. The random 
interleaver has been identified as the poor performer 
among all the algorithms.  

As per Table III, HGSO based interleaver and random 
interleaver grabs the first and last position, respectively in 
all the scenarios. In the worst case scenario, GSO - based 
interleaver fails to secure second position, though it 
remains second in the other scenario. Table IV reveals 
different results from Table II and III. Under best case 
performance, GA - based interleaver could hold the last 
position, while the random interleaver gets third position. 
Similarly, the worst case scenari reveals that the GSO - 
based interleaver has outperformed all the other inteleavers, 
while the HGSO - based interleaver gets second position. 
This interprets that HGSO has a minor uncertainty, yet it 
can be neglected as it has produced convincable results in 
all the other circumstances. Moreover, HGSO based 
interleaver has gained first position at 11 out of 12 
instances (= four statistical metrics × three experimental 
cases). Hence, it can be claimed that the HGSO based 
interleaver is suitable for high dimensional data 
transmission. 
 

5.  Conclusion  

This paper presented a high dimensional interleaver 
design procedure using hybrid GSO, a Meta – heuristic 
search algorithm. The algorithm has been developed by 
hybridizing renowned GSO and GA in high dimensional 
space and so the turbo encoder exhibits high dimensional 
data transmission. Reliable test platform has been selected 
for experimentation in which the performance of HGSO 
has been compared against GSO, GA and random 
interleaver design. The BER and FER convergence have 
demonstrated the acute minimization of error probabilities 
by HGSO than the other methods. The statistical report has 
also revealed that the reliability of accomplishing the BER 
and FER by HGSO is higher than other methods.  
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