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Abstract: In this paper, we propose a novel method for constructing quasi-cyclic low-density parity

check (QC-LDPC) codes based row division method which can guarantee a concentrated node degree

distribution with large girth. The main advantage is that large girth QC-LDPC codes can be easily

constructed with a variety of block lengths and rates. Simulation results show that the proposed codes

perform significantly better than the randomly constructed codes.
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INTRODUCTION

The recent availability of radio components operating in the license free Low Power Device (LPRD) bands

has made implementation of systems with wireless data transmission easier. Design of such systems was earlier

closely guarded secret, reserved for RF-designers with years of experience. Although the availability of of-the-

shelf components has made wireless system design easier, the system designer needs some fundamental

knowledge of which radio related parameters influence the overall system performance.

Related Work:

LDPC decoding performance increases  with increasing code size with column weight of two, likened to

the codes with a linear increase in size having column weight larger than two (Gallager, 1963).

Notwithstanding, the slow enhancement, column weight of two codes has been revealed their potentiality in

such coverings as partial response channels (Song, et al. 2004; & Song, et al. 2002). LDPC codes chained with

Reed-Solomon codes outperform for burst errors in magnetic recordings due to less computation.

Despite the fact that LDPC codes performance has been exposed to be superior but still face up their

hardware accomplishment. This is mainly for the reason of their large sizes and complex random row-column

connections.

In order to reduce hardware implementation complexity, structured codes have been explicated by confining

code constructions. Tanner et al. (2001) have investigated that the performance of structured codes is not as

much compatible compared to random codes at large code sizes. 

Hocevar (2003a, 2003b) has designed encoder-decoder solution for irregular LDPC codes, but the detailed

code construction largely relies on hand-craft code template in short of systematic construction approach.

Additionally, off-line Gaussian elimination is engaged in the encoder design process, which will enhance the

denseness of the matrix based on which the encoding is executed, contributing to higher encoding

computational complexity.

The construction method of block-type LDPC codes has been proposed by Zhong & Zhang (2005)   which

is appropriate for the encoder-decoder hardware implementation. New combinatorial constructions of LDPC

codes with good structures for low-complexity implementation have been investigated by Vasic & Milenkovic

(2004) and Ammar et al. (2004). Myung et al. (2005) have discussed the upper bound for girths of QC-LDPC

codes of special class and proposed fast encoding algorithm for their newly developed codes. Sullivan et al.

(2005) have employed seed matrix for construction of LDPC codes, which is the chain of two relative

incidence matrices for Fano planes and circulant permutation matrices. 
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Liva et al. (2008) have presented a novel methodology for designing structured quasi-cyclic generalized

LDPC (G-LDPC) codes for shorter range of codes, based on the insertion of powerful constraint nodes in

LDPC bipartite graphs. The decoding performance usually increases by large girths. Iterations are interlinked

with the girth size since it ascertains number of iterations before a message propagates back to its original

node. Therefore the performance enhancement of structured codes is dependable by increasing their girths.

Huang et al. (2008) have constructed codes from graphical models with girths 16 and 18 having row-weights

of 4 and 3. Their proposed method fails to cater an easy way of constructing codes for high row-weights and

elaborating codes. 

Proposed Method of Large Girth QC-LDPC Codes:

LDPC code construction requires parameters such as row and column weights, rate, girth and code length.

LDPC codes are classified into two types of construction. The first one is random construction which has

tractability in design and construction, based on this method mostly LDPC codes are designed. The lack of

row-column connection regularity in random construction increases decoder interconnection complexity. This

presents serious disadvantages in terms of storing and accessing a large parity-check matrix, encoding data,

and analyzing code performance. These problems can be overcome if the codes are designed with some

(algebraic) structure. This structure construction has regular interconnection patterns, which reduces hardware

complexity and the cost of encoders and decoders. But frequently generate a class of code limited in rate,

length and girth, which shows the performance degradation compared to random codes with longer block

lengths. At short to moderate block lengths, algebraically constructed QC-LDPC codes perform significantly

good compared to random regular LDPC codes. 

In this work, we have developed the large girth QC-LDPC codes by deriving the basic idea from Bit-

Filling (BF) and Progressive Edge-Growth algorithms proposed by Campello et al. (2001) and Hu et al. (2001)

respectively. Some more constraints have been employed in this work by keeping the column weight j = 2 and

row weight should be dependable on group size. A degree of distribution is to be designed carefully, since a

degree of distribution particularly variable-node degree distribution, deeply affects the error correcting

performance. A degree of distribution is said to be concentrated if every node has the same degree.

We propose row division method which can guarantee a concentrated node degree distribution.

1. Rows in the set could be chosen randomly or sequentially, preferable choice is random since random

searches will result in a variety of codes.

2. Formula has been derived in equation (1) to generate the row weight k times.

  (1)

where s represents the size of group and the parameter r stands for number of rows.

3. The rows are evenly divided with respect to the size of group. In each group the number of rows should

be k connection times. The row groups are paired in such a way that each group appears k times so there

are 2k row group pairs. 

4. The reliance of row weight on group size will keep the obtained codes regular else the groups with

different number of appearances will bring irregular codes.

5. Rows in the second and following groups are placed in descending order which will satisfy the least

desired distance to search in each group.

6. The regular codes will make it easy to construct the parity check matrix due to uniform distribution of

1’s and 0’s from the column formation. 

7. The row groups are paired two times the row weight which has cut down hardware implementation cost

and complexity as compared to the connection of individual columns and rows. The complexity of

directing within groups computes on the transposition employed to connect rows and columns between

groups. This modifies handling when messages are communicated between functioning nodes.

8. By employing array dispersion technique we use a prime field to construct an array of circulant

permutation matrices. The null space of any subarray of constructed array results in QC-LDPC codes.

Adopting Algebraic methods (Wang, 2008) are used to determine bounds on girth, rate or code dimensions

for QC-LDPC codes.

9. Rows are used to form a distance graph which then transformed to a parity-check matrix. To acquire a

given girth, rows that are at desired distance from each other are search sequentially or randomly in each
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group and connected. 

10. QC-LDPC codes have encoding advantage over conventional LDPC codes and their encoding can be

carried out by shift register with complexity linearly proportional to the number of parity bits of the code.

Additionally, QC-LDPC codes require less amount of memory as compared to general LDPC codes, since

their parity check matrices consist of circulant permutation matrices or the zero matrix. Actually, their 

expected memory for storing them can be cut down by a factor    , when        circulant   permutation

matrices are employed. The entire parity check matrix can  be  partitioned into an array          block

matrices,  each one denoted as        , each block matrix        is either a zero matrix or right cyclic shift

of an identify matrix.

11. For each, decoding iteration, to be accomplished, 2p clock cycles are the requisite. The decoder works in

check node and variable node processing mode respectively, during the first and second p clock cycles.

The decoder performs the computations of all the check node and variable nodes and brings in the

message passing between neighboring nodes.

RESULTS AND DISCUSSION

Short to Longer Block Lengths:

Figure 1 shows the bit error plots for the proposed large girth QC-LDPC codes with rate = 0.4, but with

different block lengths. The performance of the newly obtained codes is compared with the randomly

constructed codes, in addition to the codes proposed by Huang et al. (2008). Simulation results in Figure 1

show that large girth QC-LDPC codes perform significantly better than the randomly constructed LDPC codes

as well as the codes proposed by Huang et al. (2008) for short to longer block lengths.  The substantial BER

performance gains for large girth QC-LDPC codes is obtained by the complexity of directing within groups

computes on the transposition employed to connect rows and columns between groups. In addition, the

proposed method demonstrates that larger gains available by increasing block length. 

Fig. 1: Performance of QC-LDPC codes from short to longer block lengths 

Node Degree Distribution: 

Performance enhancement and comparison of the newly obtained codes is shown in Figure 2. There are

four groups of QC-LDPC codes, one of the four row-groups has to split into three sub-row groups, and each

of them is combined with the rest of three row-groups in order to make the node degree distribution
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concentrated. Another code for comparison is also designed by combining the third and fourth row-groups into

a new row-group. It has same properties but not that much concentrated node degree distribution. Simulation

results in Figure 2 portray that the concentrated node degree distribution code achieves a 0.1dB coding gain

over less concentrated code both in BER and word error rate (WER) and performs 0.7dB from the Shannon-

limit at BER 10 . This code also has a very low error-floor for both BER and WER. -6

Fig. 2: Error rate of concentrated and non-concentrated QC-LDPC codes

Larger Girth:

Figure 3 compares the BER performance of QC-LDPC code with girth 12 with that of a randomly

b oconstructed code. Both codes have a block length 2662 and illustrate similar performance in low E  / N

region. In high region, the newly obtained QC-LDPC code with girth 12 outperforms the randomly constructed

code approximately by 0.7dB at 10 BER with 45 iterations.-5
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Fig. 3: BER performance of regular girth-12 QC-LDPC codes, with a block length 3456

Figure 4 compares the BER performance of QC-LDPC code with girth 16 with that of a randomly

constructed code. Both codes have a block length 3456 and maximum number of iterations is set to 35. The

b operformance difference of randomly constructed and QC-LDPC codes are minor in low region of E  / N .in

b othe high E  / N  region, the proposed code with girth 16 achieves 0.25dB coding gain at BER 10  over-5

randomly constructed code.

Fig. 4: BER performance of regular girth-16 QC-LDPC codes, with a block length 3456

Figure 5 compares the BER performance of QC-LDPC code with girth 20 with that of a randomly

constructed code. Both codes have a block length 4394 and maximum number of iterations is set to 35. The

newly obtained QC-LDPC code with girth 20 outperforms the randomly constructed code approximately by

1.1dB at 10  BER.-5
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Fig. 5: BER performance of regular girth-20 QC-LDPC codes, with a block length 4394

Simulation results show that codes obtained employing the proposed method perform higher than random

codes with a high girth. Performance of the code is also improved by using row-groups larger than the column

weight.

Conclusion:

This paper introduces new QC-LDPC codes with large girth. The potentiality of the newly obtained codes

b ohas been established by measuring BER for given values of E  / N  in dB. The development of large girth QC-

LDPC codes furnishes information on the design of robust system. The newly constructed LDPC codes have

both theoretical as well as practical implications. Simulation results show that codes obtained employing the

proposed method perform higher than random codes with a high girth. Performance of the code is also

improved by using row-groups larger than the column weight.
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