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Abstract—Requirement for efficient decoding techniques for Turbo & LDPC codes are in demand, many applications 
incorporates either LDPC or Turbo codes nowadays, due to their excellent performance which practically approaches 
Shannon’s limit. Although the theoretical performance of both codes is impressive, their practical implementation leads to 
problems like numerical inaccuracy, limited memory resources. Better Error performance is a very big requirement in Deep 
Space communications.  This is a significant topic of research in communication systems, deep space missions do not require 
high throughput, while at the same time they demand very strict BER and frame-error-rate (FER) performance. Design of 
other codes may leads to higher implementation complexities and poor performance. The proposed work defines the Turbo 
& LDPC decoder using BCJR algorithm to obtain high performance with lower bit-error rates.  
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I. INTRODUCTION  
 
In communication systems performance plays a key 
role as like in any other systems. For achieving the 
better performance, parameters like lower error, high 
successful rates and low power use are most required. 
Because of less improvement in these fields, the 
system becomes much less efficient. But the 
requirements and performances may differ. So only 
the space missions require fewer rates but provide 
good performance with low error rate. Coding for 
four channels [1], and the codings are arranged based 
on FEC [2].Thus error correction like turbo codes, 
LDPC, RS and convolutional codes are used [3],[4]. 
Even FEC schemes are taken Thus error correction 
like turbo codes, LDPC, RS and convolutional codes 
are used [3],[4]. Since there are different codes results 
in different performances [7], so the combination of 
all gives better performance, hence concatenation of 
the codes is done[8]. The LDPC and turbo codes are 
concatenated serially to achieve better performances 
[18]. But the disadvantage of the concatenation is that 
it leads to implementation complexity & also in turn 
leads to higher cost. Taking the cost as measure 
criteriainto consideration this paper discusses about a 
deep space oriented method of concatenation of 
LDPC and turbo codes.  
Section II shows decoding process of both 
codes.Section III describes the scheme. Section IV 
illustrates on simulation results on the proposed 
system and the existing systems. At last the 
implementation complexity of both codes is discussed 
in Section V.  
 
II. TURBO AND LDPC DECODING 
ALGORITHMS 
 
Turbo Codes are considered as the parallel 
concatenation of the two convolutional Code (CC) 
encoders. The decoder is made of two different parts; 

either Soft-In-Soft-Out or the Maximum-A-Posteriori 
decoders. Each Maximum-A-Posteriori decoder 
implements the BCJR algorithm [11], which 
generates extrinsic metrics from a priori information. 
Representing the convolutional code as a trellis, let us 
define m as a trellis step and x as an uncoded symbol. 
Each decoder computes the following probabilities as 
mentioned below. 

λ [x] = 휆	 [푥]− 휆	 [푥]− λ [푐 ]           (1) 
Where 휆	 [푥]is the a-posteriori information, 
휆	 [푥	]	is the a priori information and λ  [푐 ] is the 
systematic component of the intrinsic information.  
Low-Density Parity-Check (LDPC) codes are binary 
block codes with large codewords generally in the 
order of few hundreds or thousands of bits. They may 
be used to obtain the greater coding gains than those 
provided by other concatenated coding systems. 
LDPC codes are identified by the sparse parity check 
matrix called as H, of size A × B. A received 
codeword must comply all the parity checks (rows) of 
the H, i.e. H . 푢  = 0, where u is the codeword of 
length N. It is possible to have different decoding 
approaches, which mainly depends on the graph 
representation of H: the bipartite graph or the tanner 
graph method is considered as the classical approach 
with A Variable Nodes and B Check Nodes. Calling 
λ[c] the Logarithmic Likelihood Ratio (LLR) of the 
symbol c and, for column m in H, bit LLR λ [c] is 
initialized to the corresponding received soft value. 
These are considered as the Variable Node-to-Check 
Node messages. The following operations are 
performed for all the parity constraints of l in a given 
layer, and reiterated up to the desired level of 
reliability: 

∆λ [c] = λ [c] -∆                         (2) 
  λ [c] = ∆λ  [c] +∆                      (3) 

Where ∆풍풎
풂풑풐is the Check Node-to-Variable Node 

message, namely the updated version of the	∆풍풎
풂풑풓 , 

which is initialized to 0 and stored for the 
computation of the next iteration. To calculate 
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∆풍풎
풂풑풐there exists a several exact and approximated 

algorithms: Every row of the H is seen as a code with 
trellis length equal to the row weight:  
The BCJR-based LDPC decoding believes on the fact 
that binary LDPC codes have a 2-state trellis: state 
metrics can be consequently expressed as the 
differences between ∆α[c] and ∆β[c], reducing the 
noise in quantization process. Defining Ф(r,s)= 
max(r,s)−max(r+s, 0) and by considering the Max- 
Log-MAP approximation [16], the Check Node-to-
Variable Node message update becomes as follows: 

∆풍풎
풂풑풐= Ф(∆α  [c], ∆β  [c])         (4) 

∆α  = Ф(∆α [c], ∆λ풍풎 [c])          (5) 
∆β  = Ф(∆β  [c], ∆λ풍풎 [c])  (6) 

Where ∆α[c] and ∆β[c] are at the edge of the 
trellis are considered to be initialized as the minimum 
value within the allowable range. 
 
III. PROPOSED SCHEME 
 
An LDPC code is serially concatenated to a turbo 
code. The outer encoder which considered as LDPC 
encodes the input bits, and the resulting code word is 
used as input for the inner encoder i.e. for the Turbo 
codes. Being responsible of the first, rough decoding 
is carried out with Outer Code, the Inner Code works 
well in the presence of a large number of errors, 
receiving the updated information from the inner 
decoder, the OC decoder, that is an LDPC code 
decodes the data. 
 

 
Fig. 1. The proposed scheme 

 
The decoding process starts in the Inner Code 
decoder, which performs up to the required iterations. 
After the required iterationsare reached the code word 
is passed to the Outer Code decoder for the further 
decoding process. Soft information is used in 
decoding algorithm for both turbo and LDPC code. 
 
IV. SIMULATIONS AND PERFORMANCE 
COMPARISONS 
 
To evaluate the performance of the proposed 
approach, simulations have been carried out using 
MATLAB &XILINX ISE.LDPC decoder simulation 
is done using XILINX ISE, in order to meet the 
requirements of CCSDS standard the turbo codes 
suggested in [1] have been used as Inner Codes in a 
first batch of simulations, and concatenated with 
LDPC codes.  
The relatively high rate of the Outer Code results in a 
concatenated rate that is very close to the CCSDS 

specifications. The maximum allowed number 
ofiterations has been set to 10 for both the Inner Code 
and Outer Code decoder as per the deep space 
standard following most of in the deep space 
communications applications, the AWGN channel 
model has been chosen. LDPC and turbo codes have 
been decoded with the common BCJR algorithm, thus 
leading to the low decoding complexity. The block 
diagram and RTL schematic of the LDPC decoder is 
as shown in the figure 2 and 3. The specifications are 
mentioned in table 1. 

 
Table 1: Specifications of LDPC decoder 

 
 

 
Fig. 2. Block diagram of LDPC 

 

 
Fig. 3. RTL Schematic of LDPC 
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Fig. 4. Simulation results 

 
Simulation results shows in figure 4, it shows that the 
decoded LDPC output of length 672 bits is 
considered as valid information bits once the no of 
iteration reaches the maximum number and with the 
high signal on valid code output , hence with this 
scenario the decoded data output is the valid. 
Figure 5 and 6 Eb/No versus BER and Eb/No versus 
FER plots are the performance indicators of the BER 
and FER curves respectively. 

Fig.5. Concatenated LDPC and turbo BER, AWGN 

 
Fig.6. Concatenated LDPC and turbo FER, AWGN 

 
Fig.7. BER versus Eb/No for the coded to uncoded message 

  
The coded message BER curve is shifted to the left of 
the BER curve of the uncoded message which illustrates 
that the transmission is more accurate and better 
communication quality is ensured. The coding gain for 
reaching 퐵퐸푅 = 10 .  is calculated and amounts 
coding gain = 4.5 dB. 

 
V. IMPLEMENTATION COMPLEXITY 
 
The proposed scheme uses common algorithm i.e. 
BCJR algorithm for decoding both codes hence the 
implementation complexity is less in spite of 
concatenation of both the codes as they shares the 
resources. 
 
CONCLUSION AND FUTURE WORK 
 
In this paper, after a basic study on different coding 
schemes the serial concatenation of Turbo codes and 
LDPC codes are presented. Simulations were made 
and the influences of different parameters were 
tested, results shows that concatenation of Turbo & 
LDPC codes improves the communication quality by 
lowering the bit error rates in the system. Thus the 
experimental results show that the performance is 
much better in the PS than the standard ES. The 
coding gain for reaching BER 100.45 is calculated and 
amounts coding gain = 4.5 dB. 
In future work, the model will be augmented with a 
parallel concatenation of Turbo and LDPC codes in 
order to improve the performance of existing model. 
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