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Abstract— In this paper discuss the decoding algorithm with low complexity low and reliable to detect errors in 
communication system using hard decision decoding of multidimensional turbo product codes. In this paper we also try to 
come nearer to the performance of soft decision decoding, the performance comparison of soft decision decoding is 2db 
better than the hard decision decoding. In this paper we achieve the same performance with low complexity by using hard 
decision decoding. The bit flip algorithms and multilevel dimensions are used in process of iteration.  
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I. INTRODUCTION 

 
Turbo codes are one of the effective coding scheme 
with concatenation of codes which come close to the 
performance of Shannon limit [2].The error 
correcting and detecting of different types of coding 
and performance improvement [3].The concept turbo 
product codes are introduced which is one of the 
simplest form of concatenation of codes [4]. Later the 
concept of block codes in the form of product codes 
using the separable MAP filter decoding technique 
using the soft decision decoding [5]. To improve the 
performance and to make the reliable of decoding 
techniques the iterative decoding of block and 
convolution codes [6]. The parity bits increase the 
error correcting capability to lower the complexity in 
this paper using the single parity bits [7]. The chase 
decoding algorithm gives one of the efficient 
performance for turbo codes using soft decision 
decoding .The concept of hybrid decoder is 
introduced where both hard and soft decision 
decoding is used [10]. 
The descriptions of different section given in this 
paper. The concept of multidimensionality and the 
single parity for error performance is given in this 
paper in section wise. This paper gives performance 
difference between two decoding technique hard and 
soft decision decoding. In this paper error correcting 
capability increases as the number iteration increase 
as it uses iterative algorithm 
 
II. MULTIDIMENSIONAL TURBO PRODUCT 
CODES 

 
The turbo codes are concatenating of two codes 
having same component codes. The feature of turbo 
codes to increase the coding gain there by increase 
the error performance. This paper is using 
concatenation of two block codes with single parity. 
The structure of product codes uses dual parity check 
operations both vertical and horizontal parity check 
operation to detect the position of error. The lengths 
of the code represented as (n,k,dmin) here n gives the 

code word length ,k is represent as n-1 information 
and the dmin minimum distance between two codes. 
The concatenation here does not uses interleaver and 
the serial concatenation is used. 
The multidimensional in this paper is up to five 
dimension 5Dmn. The structure of different 
dimensional turbo product codes as shown in below 
fig1 is the 2Dmn turbo product code is having the 
code component (n1,k1,dmin1) and (n2,k2,dmin2) 
and lower complexity single horizontal and vertical 
parity bits 
 

 
Fig 1 2Dm turbo product code 

 
The construction of 3Dmn product code is having 
three code components in three directions x,y and z. 
The code components are in x,y and z  
(n1,k1,dmin),(n2,k2,dmin2) and (n3,k3,dmin3) and in 
each direction both horizontal and vertical parity bits 
like px, py and pz shown in the fig3 
 

 
Fig 2The 3Dm Turbo Product Codes 
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III. ENCODING OF TURBO PRODUCT CODES 
 
The encoding concept of product codes is having 

1. Concatenation of block codes 
2. Calculating parity bits in both directions 
3. The Bpsk modulation under AWGN 
4. Calculating code gain and dmin values for 

each dimension  
 

 
Fig: 3 Block diagram of encoding 

 
The equations for calculating the code rate R and the 
dmin shown below 

 dmin=2  and   R=                 (1) 
The data is represented in the form of binary and it is 
given as d1,d2……dn-1 and the data in binary form is 
added with the parity bits in both the direction and 
they are given as code words c1,c2,c3,…….ck. 
Thr modulated data on Bpsk modulation is given by 
x1,x2,x3,……..xn-1 over awgn channel noise with 
noise components n1,n2.n3,…..nn-1 represented as 
 
                       Yi=xi+ni                             (2) 

 
The AWGN probability density function for 
condition of xi==1 or -1 is given in the fig3.The one 
side  of the fig3 gives p(yi| xi = +1) for  xi= +1 was 
transmitted. The other side of the fig 3gives the p(yi|  
 
xi = -1)  when xi=-1 was transmitted and the pdfs of 
their random variables  
The decoding technique in this paper hard decoding 
where the decoding of the bits or data done based on 
sign and the threshold value of the signals. The hard 
decision completely ignores the value of LLR and 
concentrate on sin of the bit. To make decoding of 
hard decision more reliable in this we are  
quantize each received signal and decode based on 
the levels for three bit  8 levels and 16 levels for 4 
bits. 

 
Fig: 4The AWGN likelihood functions 

IV. DECODING OF TURBO PRODUCT CODES 
 

 
Fig: 5 Block Diagram for decoding 

 
The decoding of multidimensional turbo products 
starts by decoding the bits based on the quantized 
level values .The information bits received represents 
as 0 and 1. The syndrome will be calculate depending 
on the dimension of the code received. The syndrome 
calculation for 2Dmn data is to perform parity check 
operation both horizontal and vertical directions a 
shown in fig 4  
 

 
Fig: 6	(ퟑ,ퟐ)ퟐ2Dm Turbo Product Code 

 
The received data after decoding represented in the 
form of the 3Dmn product code 
 

 
Fig 7 3Dm Turbo Product Code 

 
The calculation of syndrome in different direction 
based on the dimension of the product code for 
dimension three the directions are x, y and z. The x 
direction syndrome calculated by appling  parity 
check operation in direction yz and for y direction the 
syndrome is calculated  by parity check operation in 
xz direction simultaneously. 
The three dimensional syndrome value given by  
 

Sm=Sx+Sy+Sz  (3) 
 

The decoding in this paper using a iterative algorithm 
to get the reliable decoding we increase the number 
of iterations. The summed syndrome value satisfy the 
threshold condition for ith iteration the bit is flipped 
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A .Iterative Bit Flip 
The existing algorithm is one of simple algorithm that 
is bit flip .The condition is satisfied the bit is flip this 
flipping operation continues till the ith iterations. The 
problem in this bit flip algorithm is even one bit is 
correct in that particular row and column if the 
condition is satisfied it flip the bit without checking 
its reliability 
The unnecessary flipping of bits increase the errors in 
the system .The lower SNR values are having more 
errors where as high SNR values has low errors 
thereby performance degrades. This disadvantages in 
the existing algorithm leads to the improved iterative 
algorithm 

 
B. Modified iterative Bit Flip algorithm 
This paper to overcome the disadvantages of existing 
bit flip algorithm it propose the weighted iterative bit 
flip algorithm to improve the error correcting 
capability. The iterative weighted bit flip algorithms 
checks reliability that which bit need to flip instead 
flipping bits if condition is satisfied. The algorithm 
calculates the error term and the reliability  
term. It calculates the weight of the bits in each code 
the high weight code bit is flipped 

 
The term for reliability given  by 푅  
 

			푅 =β | |
| |                                             (4) 

 
m,n, are the  rows and columns of parity check 
operation based on the dimensions  
 
푦    Represents the maximum magnitude value  
 
Fromcode word vectors from all other symbols 
   

∑ 푅: ∈ ( ) =1        (5) 
 
  The error can be calculated as  

 
	퐸 =∑ ( )

∈ ( )   (6) 
 

푠 is the syndrome calculation 
퐸  is the error check sum calculation , 
 Normalized factor β 
 
The proposed overcome the problems of the bit flip 
algorithm and improve the performance of the error  
 
V. SIMULATION RESULTS 

 
The simulation using matlab tool has done. The 
decoding using multidimensional turbo product 
code’s as follows. The multidimensional hard 
decoding improve the performance based on BER 
shown in the fig 8. This paper also deals about the 
soft decoding performance shown in the Fig 9 and 
Fig 10 

The Fig 9 shows the performance of 4D hard and soft 
decision decoding in terms of BER. 

 

 
Fig 8 Multidimensional turbo product codes hard decision 

decoding 
 

The Fig 9 shows the performance of 5D hard and soft 
decision decoding in terms of BER the performance 
is improved in 5D when compared 4D codes. The 
performance gap between is improved in terms of 
BER 
 

 
Fig9 4D Hard and Soft Performance 

 

 
Fig 10 5D Hard and Soft Performance 

 
This paper using a iterative algorithm that shows the 
performance improvement as number of iterations 
increases. The fig 10shows the improved 
performance as iterations increases. 
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Fig 11 Performance based on iterations 

 
CONCLUSION 

 
The proposed iterative algorithm in this paper has 
given improved performance in hard decision 
decoding .The multidimensional turbo product codes 
using iterative weighted flip algorithm to lower the 
complexity we are using single parity to improved 
error performance in terms of BER. The low 
complexity hard decision make decoding reliable 
with taking in account likelihood values and not only 
the sign 
Hence we justify the algorithm performance has 
improved the decoding reliability and has come 
nearer to the performance to the soft decision 
decoding. Therefore we conclude the paper 
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