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Abstract— During transmission of data, errors are generally
introduced which corrupts the actual information. Low Density
Parity Check codes is an error correcting codes that are widely
been used. In this paper, LDPC is used as error correcting codes
with parity check matrix of size (8 x 16) having code rate 0.5.

Text data is been encoded with addition of noise and transmitted.
The decoder used here is Sum Product Algorithm which decodes
the message correctly by removing the error. The hardware used
here is Raspberry Pi which has Wi-Fi module for transmission
and reception. Encoder and Decoder GUI has been made to show
transmission and reception of message.

Index Terms—LDPC, Encoder, Decoder, Error, Raspberry Pi

I. INTRODUCTION

Data is one of the important integrity of communication in
today’s world. Large amount of data transfer takes place
from one place to another. When transmission of data takes
place between two systems, the data gets contaminated due to
addition of noise. The noise can introduce error in the binary
bits (data that is transmitted). That means a bit ‘0’ may change
to bit ‘1’ or a bit ‘1’ may change to bit ‘0’. This error can
become serious threat to the accuracy of the system.
Therefore, it is necessary to detect and correct such errors.
Channel Coding (Forward Error Correction) is used
extensively to eliminate data errors. Various error-correcting
codes has been developed. In this paper, Low Density Parity
Check Codes (LDPC) has been used as error correcting codes.

LDPC are class of linear block codes. It was
introduced by Robert Gallager at MIT in 1960 in his PhD
thesis. They are linear block codes formed using Generator
matrix G in an encoder and parity check matrix H at the
decoder [1]. The parity check matrix has M rows and N
columns where M represents check nodes and N represents
variable nodes. This parity check matrix can be represented in
the form of Tanner Graph. It also helps to describe decoding
algorithm. As the name LDPC ,it has less number of 1’s and
more number of 0’s. Thus, reducing the computational
complexity of the system. It is a iterative decoding algorithm.
It was shown that LDPC allows data transmission rates very
close to the theoretical maximum (Shannon Limit). Due to
this, LDPC code is suitable for applications that require a
largeBandwidth, high reliability, and channel noises too high
such as (DVB-S2). It has been found that LDPC codes have
lower complexity in the decoding process compared to the

other FEC. With advances in technology and computing
power, they have been adopted in many high speeds
communication standards.

In this paper limitation like Code rate is % and the
size of the parity check matrix 8 x 16. To encode LDPC,
Lower Triangular algorithm is used and the decoder is sum-
product algorithm.

I1. ENCODING
A. Parity Check Matrix

An LDPC code parity-check matrix is called
(we,wp)regular if each code bit is contained in a fixed number
w, of parity checks and each parity-checkequation contains a
fixed number w, of code bits [12]. In this paper, (8 X 16)
regular parity check matrix is used. The parity check matrix is
shown below.

0010101010010101
0101010000101001
1010100001010010

g=10101000110100100
1010001001001000
0100010110010010
1000101000100100
0001010101001 011
Fig. 1 Parity Check matrix with size (8 x 16)

B. Tanner Graph

LDPC codes can be represented by a bipartite graph
called Tanner Graph, theterm bipartite refers to a set of nodes
partitioned into two subsets in such a way thatall edges have a
vertex in the first subset and another one in the second, and no
edgesconnect nodes within the same subset [12]. The two
subsets are called check nodesrepresenting rows, and variable
nodes representing columns of the LDPC parity checkmatrix.
The Tanner graph for the above parity check matrix is given
below.

Fig. 2 Tanner Graph of Parity Check Matrix
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C. Encode

The LDPC based communication system block is shown
below.

Message LDPC AWGN LDPC Decoded
bit Encoder Channel Decoder Message

Fig. 3 LDPC based communication system block

LDPC encoder encodes the message bit (m-bits) and
generates a code word of size (1 x n). Lower Triangular
method is used here for encoding the data [4].The parity
check matrix is of size (m x n) and the generated code word is
of size (1 x n) where the multiplication of H™ C= 0. Using
only row and column permutation the parity check matrix is
put into approximate lower triangular form.

_[A B T
H=lc p E
Where the matrix T is a lower triangular matrix of size (m-g)
x (m-g).A matrix (m-g) X (n-m), B (m-g) x g, T (m-g) x(m-g),
Cgx (n-m), D g x gand E g x (m-g). Each matrix issparse.
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We know that in the code word C, u is message bit with the
length (n-m), whereas p1 and p2 represents matrix that p;= g
and p, = (m-).

C=[u p1 Dp2]

Once in approximate lower triangular form, Gauss—Jordan
elimination is applied to clear E (make it zero). This is
equivalent to multiplying H by

Ho=| m-s O[A B T
Yl-ET Llc D E

From H;*C" =0 we get the following equations.
Au” + Bpl + Tph =0
(ET7'A+ O)u’ + (ET'B+ D)pl =0

Let g =(E T B+ D) and the assumption @ is non-singular.
After solving the above equation we get solution to give parity
p;and p,as follows:

pl =0"YET A+ Ou"
pz =T'(4u" + BpY)

I1l. DECODING

The sum-product algorithm is a soft decision message-
passing algorithm which is similar to the bit-flipping
algorithm [12]. Bit-flipping decoding accepts an initial hard

decision on the received bits as input whereas the sum-
product algorithm is a soft decision algorithm which accepts
the probability of each received bit as input. The flow chart

for SPA is shown below.
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Fig. 4.Flow-Chart for Sum Product Algorithm (SPA)

IV. METHODOLOGY
A. Proposed System

The system designed here is capable of transmitting the
text data. The text data is nothing but the stream of characters.
Each character has its ASCIl (American Standard Code for
Information Interchange) value. This ASCIl value is
converted into 8-bit binary data.

The obtained 8-bit binary data is encoded to generate a
code word of 16-bit by encoder. Encoder adds parity bits to
the message bit to generate a desired code word.

A C—y 010000010100 C—y 00110110
(Character) (Encoded data)

Before the transmission of the data, random noise is
added to encoded data (Code word). After the addition of
error theerror code word is then transmitted to the recipient
via transmitter.

(Binary value)

At the receiver, the transmitted code word is received.
The decoder checks whether the received code word has any
error or not. If there are any error in the received code word,
the decoder corrects those errors.
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After obtaining the correct code word, message bits are
extracted from it. These binary message bits are converted
back to get their desired value (ASCII value).

010000010111t>00100000100110110 |:>01000001
(Error code word) (Decode code word) (Message)
A

) (Character)

B. Hardware

The hardware used in this system is the Raspberry Pi 3
model B. Two Raspberry Pi (R-pi) are used, one acts as a
transmitter and the other as receiver. A Graphical User
Interface (GUI) is developed at both the ends of
communication. The GUI has been programmed in python 3.
Also, the encoder and decoder are programmed in python 3.

The transmission takes place using Wi-Fi that is
embedded in both R-Pi. Both the R-Pi are connected to the
same network of Wi-Fi. Once they are connected to the
network, then transmission and reception takes place using
client server model.

V. RESULTS

The image shown below is the Encoder GUI. The
data that is to be sent is entered in “Input text”. The button
“Convert” converts this text to binary data which is displayed
in the text box “Binary Message”. The button “Encode”
encodes this text by adding parity bits and the code word is
displayed in the “Encoded Message” text box. The “Error”
button introduces error in the code word. On pressing the
button “Send” the text present in “Error Message” is
transmitted to the receiver.

¥ LOPC Encode I

LDPC Encoder

Input text
) s |

Convert I

Encoded Message

Binary Message

01010011

Clear I

Error Message

l 0101001100111010 ' 0101001100110010

Encode I Error I Send l

Fig. 5. Encoder GUI with character ‘S’

LDPC Decoder
ReceivedBrs DecodedBits Dacoded Message
[Totetonttootionng [ oro00ttom 11010 [ s
Receive | Clear I Decode | Convert |

Fig. 6. Decoder GUI with character ‘S’

The image above shows the Decoder GUI. On
pressing the button “Receive”, the transmitted text is received
and displayed in the “Received Bits” text box. The button
“Decode” checks whether received bits are in error or not. If
error is present, then it corrects the code word. The corrected
code word is shown in “Decoded Bits” text box. Now the
button “Convert” will extract the message bits from the
corrected code word and convert it back to ASCII. The
converted message is shown in the “Decoded Message” text
box. It is been clearly observed that the character ‘S’ has been
correctly decoded at the receiving end.

Now, the input text to be transmitted would be a
stream of characters. User can enter any input text. e.g. “hello
world”.

/

LDPC Encoder

Input text Binary Message

[o1101000011001010110

Clear I

Error Message

rl hello world

Convert I

Encoded Message

101 101000011000100110 §l01101 100011000100010 1

Encodel Error | Send I

Fig. 7. Encoder GUI with stream of characters

LDPC Decoder
RecsivedBits DecodzdBits Decoded Message
otsouooontfooutontia 1101000011000100110 [ belowotd
Receive I Clear I Decode l Convent |

Fig. 8. Decoder GUI with stream of characters

As it can be seen from the above Encoder and
Decoder GUI, the transmitted text with error has been
correctly been decoded by the decoder. The hardware of the
system is shown below.

Fig. 9. Hardware of the system
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VI. CONCLUSIONS

The LDPC based encoder and decoder was [6]
successfully implemented on Raspberry Pi. Single bit character
was transmitted with addition of error in to it. This was
correctly decoded by the decoder. Also a stream of character
was also transmitted with error. The LDPC decoder was able [7

to successfully recover the correct data.
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