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ABSTRACT 
The field of information theory of Error Control Coding (ECC) Claude Shannon in1948 . Shannon calculated a theoretical 
maximum rate at which data could be transmitted over a channel perturbed by additive white Gaussian noise (AWGN) with an 
arbitrarily low bit error rate. This maximum data rate, the capacity of the channel was shown to be a function of the average 
received signal power, the average noise power and the bandwidth of the system. Error control is achieved in a digital 
transmission system, by error correcting codes or channel codes, which have become an invaluable tool in the digital 
communications system using LDPC codes. The mixed ASIC implementation of LDPC codes  and the performance metric of 
spectral efficiency of various ECC codes is estimated LDPC has better metric. 
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INTRODUCTION 

 

In the present era of deep space communication, there has been a lot of development in the field of digital 

communication, especially in cellular and satellite communication. In these communication systems, the 

information is represented as a sequence of binary of bits. The binary of bits are then modulated and transmitted 

over a communication channel. The communication channel introduces noise and interference which corrupt the 

transmitted signal[1]-[3] At the receiver, the channel corrupted transmitted signal is mapped back to binary of 

bits. The received binary information is an estimate of the transmitted binary information. 

 In modem information theory, the foundation was laid by Shannon’s epoch- making revolutionized 

communication and storage systems. Shannon formalized the concept of information and proved that for an 

unreliable channel, there exists a number, called the capacity [4]of the channel; such that reliable data 

transmission is only possible for rates not greater than this number. Shannon introduced the concept of codes; as 

ensembles of vectors that are to be transmitted. He also proved the existence of capacity achieving codes. 

However, he did not show explicitly how these codes can be designed, encoded, and decoded and the 

ongoing endeavour for designing good codes with efficient encoding and decoding algorithms has kept 

researchers in the coding community busy from then on. In 1962, Gallager invented low density parity check 

(LDPC) [5]codes in his thesis; along with an elegant iterative decoding scheme. Though they were being 

promising, soon after their invention, LDPC codes were largely forgotten mainly because the proposed decoding 

algorithm was too complex for the computational resources that were available at that time. Thirty four years 

later when these codes were reinvented by MacKay and Neal, thanks to microelectronics, information theory’s 

twin sister digital computers were so powerful that it became easy to use simulation to verify the error correcting 
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performance of these codes. Today, error control coding in its many forms is used in almost every new military 

communication system, satellite communication and wireless communication system. 

 

Procedure for Performance error correcting codes: 

A. Review Stage of Error codes: 

Most of the early work in coding theory was directed at low spectral efficiency because many early 

applications of coding were developed for the National Aeronautics and Space Administration (NASA) and the 

European Space Agency (ESA) deep space and satellite communication systems, where power was very 

expensive and bandwidth was plentiful. No practical coding schemes existed that could provide meaningful 

power gains at higher spectral efficiencies. The code used in satellite communication as well as in the Voyager 

mission [7]-[10]was the (2, 1, 6) Odenwalder[11]-[13] convolution codes (Odenwalder 1970[14]-[15]). It 

achieves a bit error probability of 10-5 at 4.5 dB with BPSK modulation scheme and soft decoder giving the 

spectral efficiency of 0.5 bits/sec/Hz. 

 

B. LDPC codes performance Stage: 

The importance of  scientific achievements have been realized and their impacts have been so great that they 

considerably changed our life style and we still expect more to come. Among all research work that was carried 

out in the 20th century, error control codes work was so amazing that we can put their names on this century and 

call it the era of microelectronics or the information technology age. In July 1948, researchers at Bell Labs 

unveiled the birth of a twin that soon changed the face of the world. Error Control coding is a discipline under 

the branch of applied mathematics called Information theory, discovered by Claude Shannon in 1948 (Shannon 

1948)[17]-[20].The work investigation on the LDPC code is done on deep space application. The scope of the 

thesis lies in finding the LDPC codes (Benedetto et al 1996a; Berrou et al 1993 and Divasalr et al 1995)[21]-

[23] with iterative decoding that is able to close the gap between the capacity limits and real code performance. 

The realisation of LDPC codes is done with respect to application specific integrated circuit(ASIC), and the 

hardware performance metric is estimated. 

 

Mathematical analysis of LDPC codes: 

Low Density Parity Check (LDPC) codes have an (n, k) defined by m x n parity check matrix(PCM)[24], 

the majority of whose entries are 0. The ratio of k/n is the code rate. In PCM, there are m check nodes, where m 

is equal to (n-k). It is called check nodes since a single check node represents only one parity check equations. A 

code word is composed of n variable nodes. The PCM defines which variable nodes are associated with each 

check nodes for the parity check operation. The relationship between the message ‘m’ and the codeword ‘c’ can 

be defined as follows: 

 

C1 = m1

C2 = m2

C3 = m3

C4 = m4                        

C5 = m1+ m2 + m4

C6 = m1+ m3 + m4

C7 = m2 + m3 + m4 

C8 = m1+ m2 + m3















                                                  (1) 

where the “+” represents the binary addition that is equivalent to an XOR operation. It is more convenient to 

write the matrix as follows: 

C=m.G                                                                                     (2) 

In Equation 3, the G matrix is called the generated matrix and maps any message on to a code word. It is 

simple to verify the generated matrix is given as follows: 
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01111000

11100100

11010010

10110001

G                                     (3) 

 

These linear block codes (8, 4) have been assigned with the original message directly appearing in the 

codeword, this code is said to be systematic form. In fact, 28 distinct words, but it will have only 24 defined code 

words, and this is because of their one to one relationship between each message and its corresponding code 

word as per equation 3. This set of equation derived from equation 4 gives the code word. This is the criterion 

that is often used for the receiver to determine if the receiver word is codeword or not. The matrix form is given 

using the Equation 4.        

H.cT=0 or c.HT=0                                                         (4)  

Here H is called the parity check matrix (PCM) and the illustrated form is given as given in equation 5 

H=



















10000111

01001110

00101101

00011011

                                       (5) 

The number of non zero elements in the codeword is called the Hamming weight of the code word. The 

Hamming distance between the two code words is defined as the number of locations in which the two code 

words differ.  The parity check matrix is completely linear block codes. Each row in the H matrix shows bits 

which are the checked nodes by a given parity check equations.  

 

 
Fig. 1: Performance of Length for code rate k=16384,4096,1024  

 

LDPC for CCSDS standard Codes: Rate 1/2 (Red), 2/3 (Green), 4/5 (Blue): 

A linear block code can be graphically represented by using Tanner graph that is a bipartite graph in which 

one set of nodes, the variable nodes (symbol node, bit nodes), are corresponding to the set of parity check matrix 

equations.  An edge connects the jth variable node and ith check node if the ‘1’ is located at the position (i, j) of 

the parity check matrix. Figure 1 shows the performance of a linear block code. Performance curves for the 

codes with code rate of k = 1024 and  k = 4096 were determined by simulation.. Performance for the code with 
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k=16384 codes are shown in the Figure 1. In each case, a large maximum number of iterations were allowed, and 

a stopping rule was used so the average number of iterations required remained small. 

 

Performance metric of Spectral efficiency of LDPC Codes: 

The mixed application specific integrated circuits are the convergence of the latest technology. Many 

researches are working on application specific integrated circuit architectures to make the best utilization of 

power. The architecture proposed earlier makes use of the constraint length and the code rates as parameters to 

be configured. In this thesis, application specific integrated circuit hardware architecture has been proposed for 

quasi cycle low density parity check decoder which manages the power consumption optimally. Mixed 

application specific integrated circuit of LDPC decoder hardware has been proposed as a means to enhance 

performance without compromising decode accuracy. 

 

 

Types of code Bit error rate 

o

b

N

E
(dB) 

Spectral efficiency 

(Bits/sec/Hz) 

(2,1,6) Convolutional code 10-5 4.5 0.5 

(2,1,6) Convolutional code with (255,233) Reed 

Solomon code 
10-5 2.5 0.4370 

(4,1,14) Convolutional code 10-5 1.75 0.25 

(4,1,14) Convolutional code with (255,233) Reed 

Solomon code 
10-5 2.55 0.219 

Turbo Code 10-5 0.9 0.5 

With the advent of cheap microelectronics  LDPC 

Code 
10-5 0.55 0.219 

 

By the late 1980’s, the performance of concatenated codes is within a few dB’s of the Shannon bound. 

These codes tended to comprise of the Reed Solomon outer codes and concatenated convolution codes in the 

space mission of Voyager to Uranus in 1986. To improve performance the (2,1,6) convolutional code was 

concatenated with (255,233) Reed Solomon Code. Massey Berlekamp designed hard decision decoder with bit 

error rate of 10-5 with an 

o

b

N

E
 ratio of 2.6 dB, and with the spectral efficiency of 0.4370. 

Conclusion: 

A complete study and analysis of the performance of the LDPC codes  is done. The spectral density metric 

is estimated for various ECC codes is determined and the LDPC codes are found to has better value.   
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