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Abstract— In this paper we have taken a review of the 

LDPC codes and their performance evaluation that has been 

implemented on FPGA. This paper constitutes an attempt to 

highlight some of the main aspects of the theory of low-

density parity check (LDPC) codes. It is intended for a 

mathematically mature audience with some background in 

coding theory, but without much knowledge about LDPC 

codes. 
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I. INTRODUCTION 

Shannon's noisy channel coding theorem asserts that for 

every channel there exist maximum rates at which we can 

communicate with vanishing error probabilities. This 

maximum rate is known as the capacity of the channel. 

Shannon further proved that this capacity can be achieved 

by almost any extremely long code. This proof, however, 

was not constructive. An arbitrary long, random code may 

technically perform well, but the encoding and decoding 

times would be prohibitively large. 

 In the decades following Shannon's work, the 

ultimate goal of coding theory has been to construct 

capacity-achieving codes with manageable encoding and 

decoding times. One major success in this endeavor was the 

introduction of turbo codes in 1993. With turbo codes, came 

the introduction of iterative decoding, which bridged the gap 

between high performance and low complexity. 

Specifically, iterative decoding can achieve performance 

close to theoretical limits with a complexity that grows only 

linearly with the length of the code. 

 The discovery of turbo codes led to a flurry of 

research interest in the field, and particularly to the 

rediscovery of Gallager's 1963 work on low-density parity 

check (LDPC) codes. Though Gallager's work had been 

largely forgotten due to the limited computational 

capabilities of his time, some interesting developments had 

been occurring. Most relevant to this thesis was the work of 

Tanner, which formally introduced the idea of using a 

bipartite graph to graphically represent a code. 

II. ERROR DETECTION AND CORRECTION SCHEMES 

Error detection and correction helps in transmitting data in a 

noisy channel to transmit data without errors. Error 

detection refers to detect errors if any received by the 

receiver and correction is to correct errors received by the 

receiver. 

 Different errors correcting codes are there and can 

be used depending on the properties of the system and the 

application in which the error correcting is to be introduced. 

Generally error correcting codes have been classified into 

block codes and convolution codes. The distinguishing 

feature for the classification is the presence or absence of 

memory in the encoders for the two codes. 

III. LINEAR BLOCK CODES 

Linear block coding is a subtype of block coding that is 

made by dividing the information sequence into message 

blocks. Linear block codes have a linear algebraic structure 

that provides a reduction in the encoding and decoding 

complexity compared to arbitrary block codes. 

IV. LOW DENSITY PARITY CHECK CODES 

LDPC codes are linear block codes specified by a sparse 

parity check matrix. This means the number of 1’s per 

column (column weight) is very small compared to the 

column length of parity check matrix and the number of 1’s 

per row (row weight) is very small compared to the row 

length of parity check matrix. 

 LDPC codes are classified into two groups like 

regular LDPC codes and irregular LPDC codes according to 

the row and column weight properties of parity check 

matrix. In regular LDPC codes, the parity check matrix has 

uniform column weight and row weight. On the contrary, in 

irregular LDPC codes the parity check matrix has non-

uniform column weight and row weight. As the result of 

extensive research done on regular and irregular LDPC 

codes, it is found that irregular LDPC codes have a better 

error correcting performance than regular LDPC codes. On 

the other hand, regular LPDC codes have the advantage of 

regularity which brings them a big advantage like they can 

be implemented much easier compared to irregular LDPC 

codes. LDPC decoder implementations presented in this 

thesis have irregular LDPC (quasi-cyclic) code structure. 

 
Fig. 1: Tanner graph made for a simple parity check matrix 

H 

 LDPC codes are constructed by defining the parity 

check matrix H. If the parity check matrix a has N columns 

and M rows, any codeword generated for this LDPC code 

consists of N bits which satisfy M parity checks, where the 

location of a 1 in the parity check matrix indicates that a bit 

is involved in a parity check. The total length of the 
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codeword is N bits, the number of message bits is K = N - 

M, and the rate of the code is R = K / N, assuming that the 

matrix is full rank. 

V. CONCLUSION 

In this paper we have studied and evaluated the performance 

of LDPC codes with the help of FPGA implementation 

which can further be extended to an application in computer 

vision i.e. image processing. Our research can be done in the 

field of these codes by making these implementable for the 

image processing. 
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