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Abstract — In this paper, LDPC Codes based on fullerene
graphs have been generated. Here we used extension process
of fullerene graph to design the parity check matrix for the
Low Density parity check Codes. We design the code by
using this matrix and evaluated performance for AWGN,
Rayleigh and Rician Channds. And it is found that the codes
generated are fast in encoding and better in terms of error
performance on AWGN Channel.
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|. Introduction

Modern digital communication systems often require
error-free transmission. In 1948, the fundamental concepts
and mathematical theory of information transmission were
laid by C. E. Shannon [1]. Shannhon perceived that it is
possible to transmit digital information over a noisy
channel with an arbitrarily small error probability by
proper channel encoding and decoding. Low-Density
parity-check (LDPC) codes were discovered by Gallager
in early 1960s [2]. After being overlooked for almost 35
years, this class of codes were recently rediscovered by
Mackay and Neal and Wiberg [4] and shown to form a
class of Shannon limit approaching codes [5]. This class of
codes decoded with iterative decoding, such as the sum-
product algorithm (SPA) [2, 8], performs amazingly well
for a lot of different channels. Since their rediscovery,
LDPC codes have become a focal point of research for a
variety of applications such as distributed source coding
[6] and Forward error correction (FEC) [7].

It was proved in [9] that LDPC codes with column
weight (number of 1’s in code matrix column) j = 3 have a
minimum distance that grows linearly with the block
length (number of columns) n for given j and row-weight
(number of 1’s in matrix row) k and that the minimum
distance for codes with j = 2 grows logarithmically with n.
However, compared with j > 3 codes, codes with j = 2 are
easier to implement and require less storage making them
best for low complexity applications [9]. Column weight 2
codes can be generated from regular graphs called cages.
LDPC codes based on cages were discussed in [10], and it
was shown that the codes are suitable for magnetic storage
devices[11].

One of the limitations of the codes generated by cages
has limited code size which depends on the vertices and
edges of these cages. Large size cages are very complex to
design. In this paper we have used family of fullerene
graphs to generate LDPC codes. Fullerene graphs have a
property that it can be extended up to large number of
vertices [12]. We have analyzed the time taken in
encoding of LDPC Codes and its Bit Error Rate (BER)
performance over AWGN, Rayleigh and Rician channels.
A typical configuration of the code generated from
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fullerene graph has given better BER performance and
also took less time for encoding. We have compared the
results for all three channels. The rest of the paper is
organized as follows, in section Il a short introduction to
LDPC Codes is giving; in section |11 parity check matrix
from defected fullerene graph is generated. Performance
evaluation is giving in section 1V followed by conclusion
in section V.

II. LDPC Codes

An LDPC code is alinear block code specified in terms
of a sparse m x n parity check matrix H whose elements
ae0and 1. A (n, j, k) LDPC code represents a code of
length n where H has j number of 1’s in each column and
k number of 1’s in each row. For the case where all bit
nodes have the same degree and all the check nodes have
same degree, then it is known as a regular LDPC code

[13]. For such a case the code rate can be given by 1 — i .

These degrees are different for the case of irregular LDPC
codes where the irregularity is typically specified using
two polynomials called bit node and check node degree
profiles or degree distributions [14][15][16]. The name
LDPC comes from the characteristic of their parity-check
matrix which contains only a few 1’s in comparison to the
amount of 0’s. Such a structure guarantees both: a lower
decoding complexity and good distance properties [1].

For encoding, we have to generate the generator matrix G.
To generate the G matrix, H matrix should be converted
into systematic form [Pk I-]. This can be done by first
converting H matrix into reduced row echelon form (rref)
and then with some column permutations it is converted
into systematic form. Generator matrix then can be easily
generated as [l P'].

I11. DESIGN OF PARITY CHECK MATRIX FROM
FULLERENE GRAPHS

The role of Parity Check Matrix is very important in the
performance analysis of LDPC Codes. After the design of
parity check matrix its respective generator matrix can be
constructed. In this section the parity check matrix of the
LDPC codes is generated with the help of fullerene
graphs. A Fullerene graph is a cubic planar graph with all
faces 5- cycles or 6-cycles. If the number of 5-cycles
(pentagons) in a given Fullerene is p and number of 6-
cycles (hexagons) is h. And if v be the number of vertices,
and e be the number of edges then for Fullerene graph p =
12, v = 2h + 20 and e = 3h+30. Hence the size of the
fullerene graph depends on the number of hexagons [5].
We use the extension process to design our parity check
matriX.
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Extending process. Let F be a fullerene with a hexagon
face neighbored by pentagons. We may add a vertex to
each edge of the hexagon to make al 6 neighboring
pentagons, hexagon, and add an edge to each new vertex
and finally join the ends of new edges to make a new
hexagon. With this process, we get a new fullerene with 6
more hexagons. The new fullerene has the same property
and we may do the process again to get new fullerenes. So,
we can construct fullerenes with h =i + 6k hexagons, for i
=2,3,4,57andk=1, 2, 3,... [5].

Once fullerene graph is constructed its incidence matrix
can be use as parity check matrix. After this corresponding
generator matrix has to be generated. Here an approach is
taken to generate code with the help of Extension of
fullerene graph. First we take the fullerene graph with h=2
then we apply extension process on it as described above.
The process is shown in Figure 1 (the extending process
onh=2togeth=8).

Fig.1. Extension of Fullerene Graph fromh=2toh=8.

Now we first design the incidence matrix. For designing
the incidence matrix we first give numbering to each edge
and each vertex. Now, we take nodes or we can say edges
as the rows and vertexes as the columns. We put 1 at
corresponding columns where a vertex connecting two
edges. By this way we construct an incidence matrix.

For easy understanding here we first take fullerene graph
with parameter i = 2 and k = 10 such that number of
hexagons h = i + 6k = 64 and the code rate is 1/3. The
matrix then use as parity check matrix for LDPC Codes.
The parameters of sparsity pattern are shown in table 1
where h=2.

Table 1: Parameters for sparsity pattern of Fig.2
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Fig.2. The sparsity pattern of the fullerene graph for h=2

Similar extension process is applied for h=4 and we get
the sparsity pattern.
The parameters of sparsity pattern are shown in table 2
for h=4.
Table 2: Parameters for sparsity pattern of Fig.3

Parameters Values
[ 2
k 10
h=1i+6k 62
v=2h+20 144
e:3’7/2 =3h+30 216

Here Figure 2 shows the sparsity pattern of the Fullerene
Graph generated from MATLAB with the above

parameters.

Parameters Values
i 4
k 5
h=1i+6k 34
v=2h+20 88
e=3Y/,=3h+30 132

Fig.3 shows the sparsity pattern of the Fullerene Graph
generated from MATLAB with above parameters where
we take i=4 and k= 5.
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Fig.3. The sparsity pattern of the fullerene graph for h=4.

1V. PERFORMANCE EVALUATION

The LDPC Codes generated from fullerene graphs and
defected fullerene graphs has been simulated in MATLAB
for BPSK modulated signals passed through AWGN
channel for different SNR. The LDPC encoder and
decoder objects, modulator and demodulator objects, and
the channel have been generated by inbuilt standard
MATLAB commands. The variance (6°) of additive noise
can be calculated from the expression [17] of SNR given
by:

a2
SNR(dB) = lOlOglO ER—O'Z
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In this section, LDPC Codes based on Fullerene Graphs
are discussed. The simulation results for the Fullerene
graph (designed in previous section) are shown here. The
number of iterations performed on decoder side was 20.

A. Resultsfor h=2

The parameters for the fullerene graph are shown in
table 3.

Table 3; Parameter for a Typical Fullerene Graph.
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H matrix 144x216
M essage vector 144
size
Code vector size 216

Performance of LDPC code over Reyleigh Channel, RICIAN CHANNEL and AWGN Channel
10 T T T T o T ———— r———"
—&— AWGN Ch.
--# - Rician Ch.(k-factor=1)
Rician Ch. (k-factor=5)

(Results Fig. 4) Rayleigh Ch.
Parameters Vaues o ey
i 4 107 g =t
k 5 e = 1
Fi
34 g
H matrix 144x216 LN
- f 10? ~a
Message vector size 144 @ "
Code vector size 216 R,

The description of the parameters are given in previous
section

Figure 4 show the performance of LDPC Codes
Fullerene graphs with parameters given in Table 3.

o Performance of LDPC code over Reyleigh Channel, RICIAN CHANNEL and AWGN Channel
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Fig.4. The simulation results on AWGN, Rayleigh and
Rician Channel (k =1 and k = 5) for performance of LDPC
codes over BPSK for h= 2.

From figure 4 on AWGN channel, BER of 10-2 reaches
at approx. 4.2 dB SNR while it reaches at 20 dB on
Rayleigh channel and for Rician channel, BER of 10-2 at
approx 19 dB SNR with k-factor of 1 and with k =5 BER
of 10-2 achieve at approx 16 dB SNR. The performance
on the Flat Rayleigh channel is quite poor then Rician with
K =5 and reaches 10-2 BER at SNR of 16 dB.

B. Resultsfor h=4

The parameters for the fullerene graph are shown in
table 4.

Table 4: Parameter for a Typical Fullerene Graph.
(Results Shown in Fig. 5)

Parameters Values
[ 4
k 5
34
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Fig.5: The simulation results on AWGN, Rayleigh and
Rician Channel (k =1 and k = 5) for performance of
LDPC codes over BPSK for h = 4.

From figure 5 on AWGN channel, BER of 10-2 reaches
at approx. 2 dB SNR while it reaches at¢ 20 dB on
Rayleigh channel and for Rician channel, BER of 10-2 at
approx 19 dB SNR with k-factor of 1 and with k =5 BER
of 10-2 achieve at approx 18 dB SNR. The performance
on the Flat Rayleigh channel is quite poor then Rician with
K =5 and reaches 10-2 BER at SNR of more than 18 dB

V. CONCLUSION

In findings it has been concluded that the methods
shows best performance for AWGN channel and gives
same performance for Rayleigh and Rician with k = 1
channel and quite better performance for Rician with
factor k = 5.
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