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Abstract— Low density parity check (LDPC) codes are 

linear block codes used for error detection and correction 

mostly in high speed digital communication systems like 

digital broadcasting, optical fiber communications and 

wireless local area networks. LDPC codes have been subject 

to extensive research because of their significant 

performance in error correction. LDPC Code is a type of 

Block Error Correction code discovered and performance 

very close to Shannon’s limit .Good error correcting 

performance enables reliable communication. In this paper 

we have used a bit flipping algorithm to encode and decode 

the communication data. The input is a grayscale image and 

the output is verified using co-simulation between the 

MATLAB Simulink and QuestaSim. The FPGA 

implementation has done on the Xilinx 4 and the power 

consumption has calculated using Xilinx Power Analyzer. 

Key words: LDPC Codes, Hardware Implementation, 

FPGA, Cosimulation 

I. INTRODUCTION 

LDPC codes were invented by Robert Gallager in his PhD 

thesis. Soon after their invention, they were largely 

forgotten, and reinvented several times for the next 30 years. 

Their comeback is one of the most intriguing aspects of their 

history, since two different communities’ reinvented codes 

similar to Gallager's LDPC codes at roughly the same time, 

but for entirely different reasons. LDPC codes are linear 

codes obtained from sparse bipartite graphs. Suppose that G 

is a graph with n left nodes (called message nodes) and r 

right nodes (called check nodes). The graph gives rise to a 

linear code of block length n and dimension at least n � r in 

the following way: The n coordinates of the code-words are 

associated with the n message nodes. The code-words are 

those vectors (c1; : : : ; cn) such that for all check nodes the 

sum of the neighboring positions among the message nodes 

is zero. 

II. ENCODER 

Implementing the hardware for encoding requires a register 

array to accommodate entire generator matrix. Meeting the 

today’s demands it is essential that more number of 

messages is passed which leads to larger generator matrix 

resulting larger memory use of hardware and hence it is 

unfavorable. To overcome this problem the H matrix is in 

use today is of cyclic in nature. The generator matrix will be 

cyclic then and hence it will be favorable to store just one 

row or column of that matrix. This row (preferred against 

column) is called generator of the circulant. The next row 

will be one bit right cyclic shift to this row and so on. The 

hardware implementation figure is given as figure 1 

 
Fig. 1: Block Diagram for hardware implementation of 

Encoder 

 This simplification process saves few intermediate 

register arrays and also reduces the delay in getting 

systematic generated output. 

III. DECODING 

LDPC decoding algorithms for AWGN channels are based 

on Gallager’s iterative decoding method. Reworking 

Gallager’s method, MacKay came up with sum product 

algorithm for LDPC decoding. Belief propagation algorithm 

is also classified as a sum product algorithm. Sum product 

algorithms are presented as messages update equations on a 

factor graph. Factor graphs are bipartite graphs that are 

composed of two kinds of nodes like variable nodes for 

variables and factor nodes for local functions. A variable 

node is connected to a factor node by an edge if the variable 

is an argument of the local function. 

 Message passing is easiest to understand on the 

binary erasure channel (BEC). This channel introduces no 

errors, but erases some message bits. In the Tanner graph 

representation, then, each variable node either knows with 

certainty what its value is, or it does not. Decoding starts 

when the variable nodes send messages to their adjacent 

check nodes that indicate whether or not the variable node 

knows its value. The check nodes examine the messages 

they received from their adjacent variable nodes. If all the 

adjacent variables but one knew their value, the check node 

can determine the value of the remaining node because even 

parity is required. A round is completed when all the check 

nodes that can make this calculation send a message to the 

last variable node, letting it know its value. Check nodes 

connected to variables that all know their value can be 
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removed from the decoding process. The cycle then repeats. 

With every round, more variable nodes learn their true 

values, until all is known or no more progress can be made. 

When no more progress can be made, the set of erasures 

remaining is known as a stopping set. Since the deep space 

channel is very close to BEC characteristics, and is suitable 

for large size codes, the message passing decoding (sum 

product algorithm) was taken for implementation. 

IV. SUM PRODUCT ALGORITHM 

Sum product algorithm uses the Tanner graph created from 

the parity check matrix H, as factor graph and sends belief 

messages between bit nodes (variable nodes for LDPC 

Tanner graph) and check nodes (factor nodes for LDPC 

Tanner graph). By this way, sum product algorithm 

determines the posterior probabilities for bit values based on 

a priori information, improving the accuracy of these 

calculations in each iteration. Check nodes and bit nodes in 

the Tanner graph perform computations in parallel and then 

communicate with each other over connections described by 

the edges of the Tanner graph. The messages that 

communication is composed of, are estimates of 

probabilities. The nature of the nodes in the Tanner graph 

and the structure of the graphs interconnections are 

completely described by the number and location of ones in 

the parity check matrix H. The check nodes determine the 

probability that a parity check is satisfied if one particular 

data bit is set to be a one (or zero) and the other data bits 

have values with a probability distribution corresponding to 

the known a priori probabilities. The bit nodes determine the 

probability that a data bit has the value one (or zero); given 

the information from all of the other check nodes. Only bits 

and checks that are related by having a one at a specific 

corresponding location in the parity check matrix need to be 

considered in these calculations. 

 
Fig. 2: Messaging across the Tanner graph of parity check 

matrix H 

 R represents messages from check nodes to bit 

nodes and Q represents the messages from bit nodes to 

check nodes. Each row of parity check matrix H 

corresponds to a check node in the Tanner graph. In other 

words each row represents a single parity check of LDPC 

code. Similarly each column in H represents a bit node. 

Consequently the number of bit nodes in the Tanner graph 

or the number of columns in the parity check matrix is equal 

to the number of bits in the codeword. The location of ones 

and zeros in H determine the nodes which are connected in 

the Tanner graph. 

 
Fig. 3: The general structure of LDPC encoder and iterative 

decoder 

V. RESULTS AND SIMULATIONS 

The LDPC encoder has designed along with the LDPC 

decoder in the modelsim using Verilog HDL. 

 The communication channel has also designed so 

that we can pass the encoded data to the receiver side this 

also has designed in the Verilog HDL. 

 
Fig. 4: Modelsim Simulation Results 

 The results show all the signals and their 

corresponding output response in the term of waveforms. 

 Co-simulation or co-operative simulation is done 

using more than simulation tools at the same time. The co-

simulation process is very useful from the point of 

verification. 

 
Fig. 5: Cosimulation Results 
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Fig. 6: Input Images 

 
Fig. 7: Output Image with Noise in channel 

 
Fig. 8: The final decoded output 

 
Fig. 9: Synthesis Results 

 
Fig. 10: Hardware utilization results of LDPC codes 

 
Fig. 11: Power consumption of LDPC codes on FPGA 

Virtex 4 

VI. CONCLUSION AND FUTURE WORK 

The paper has described a new verification methodology i.e. 

co-simulation which enables you to verify your output data 

response at any frequency or data rate. The results have 

shown the hardware implementation of the LDPC codes. 

The power consumptions of the design also very efficient.  

The codes can be improved in the terms of latency; they can 

me made faster by using parallel or pipelining processes. 
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