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ABSTRACT 
 

A joint source-channel coding scheme (JSCCS) used in applications, like sending images, voice, 
music etc. over internet/ wireless networks, involves source coding to compress the information and 
channel coding to detect/ correct errors, introduced by the channel. In this paper, we investigate the 
unequal error protection (UEP) capability of a class of low-density parity-check (LDPC) codes in a 
JSCCS. This class of irregular LDPC codes is constructed from cyclic difference families (CDFs).  
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INTRODUCTION 
 

Telemetry is a process of acquiring data, like temperature, pressure, velocity etc., at a base station 
from sensors in a remote location. These sensors in the remote location transmits data to the base 
station over a physical wire, like internet, fiber optic cables etc., or over wireless medium, like air, 
space etc. In many telemetric applications like deep space communication, a large volume of data, 
like satellite images, has to be transmitted over a noisy channel. In a joint source-channel coding 
scheme used in such applications, a block of digital data, obtained from sensors, is compressed by a 
variable length source code, and then protected by a channel code. The bits of a source codeword 
obtained after compression carry varying importance in the reconstruction of the user data at the 
base station. Hence, it is important to provide varying levels of protections to bits of the source 
codeword based on their significance in the reconstruction process. This can be achieved by using a 
channel code with unequal error protection capability.  
 
Any linear (channel) code can be specified by a parity-check matrix, say H. In this paper, we deal 
with binary codes and hence, H takes values from a Galois field of order 2 (GF(2)). Any vector cr  
that satisfies a set of linear equations 0

rr =TcH  is a codeword of the linear channel code. Every 
codeword of a linear code can be generated by using a generator matrix, say G, which satisfies a set 
of linear equations T =GH 0 . Most of the constructions of linear UEP codes are based on combining 
shorter codes [1] as a direct sum of concatenated codes, an approach first proposed by Blokh and 



Zyablov, see [2]. Boyarinov and Katsman [3] showed that direct sums of concatenated codes are 
UEP codes under some conditions. Also, they proposed a design of optimal binary systematic linear 
UEP codes, gave broad classes of iteratively constructible UEP codes, and described a majority 
logic-decoding algorithm for iterative linear UEP codes. Lin et al. [4] showed that some binary 
cyclic codes of composite length have unequal error protection capabilities.  
 
In this paper, we propose to facilitate UEP and adaptive error protection by using low-density parity-
check (LDPC) codes. The new class of linear block codes called the low-density parity-check codes 
was introduced by Gallager in his thesis [5]. As the name indicates, an LDPC code has a sparse 
parity-check matrix, say H. In general, an LDPC code is constructed by first designing its parity-
check matrix. In [5], Gallager proposed a specific method to construct a class of LDPC codes. In [6], 
Tanner introduced a clever graphical representation of H of an LDPC code. A simple bipartite graph 
representation of H is usually referred to as a Tanner graph of the code. A Tanner graph consists of 
two sets of nodes, namely variable nodes and check nodes. Each variable node of the graph 
corresponds to a codeword bit. The set of constraints, defined by rows of H, on the set of codewords 
of the LDPC code is called parity-check constraints. Each check node of the Tanner graph 
corresponds to a parity-check constraint. In a Tanner graph, a variable node and a check node is 
connected by an undirected edge if the variable node (or the corresponding codeword bit) 
participates in the parity-check constraint represented by the check node. The degree of a variable 
(check) node is defined as the number of edges incident on the node. The degree of a variable 
(check) node is equal to the weight of the corresponding column (row) in H. A regular LDPC code 
is represented by a Tanner graph with a uniform variable node degree dv, and a uniform check node 
degree dc. Any LDPC code that is not regular is often referred to as an irregular LDPC code. The 
girth of a graph is defined as the length of the shortest cycle in the graph. In recent years, LDPC 
codes have gained a great importance because they have a potential to achieve theoretical limits [7]. 
An LDPC code can be decoded iteratively by using various low-complexity decoding algorithms 
based on belief propagation on its Tanner graph [8].  
 
In recent years, several systematic methods have been proposed to construct different classes of 
LDPC codes, see [9] and [10]. An LDPC code of length n, with k source coded bits is represented as 
a (n, k)-LDPC code. This paper introduces a class of UEP code with orthogonal parity-checks, or 
one-step majority logic decodable codes. The girth of Tanner graphs of this class of codes is greater 
than 4. The proposed scheme is based on irregular LDPC codes obtained from cyclic difference 
families.  
 
 

IRREGULAR LDPC CODES FROM CDFs 
 

Let V be an additive Abelian group of order v. The elements of V are called points. Then t k-element 
subsets of V, Bi= {bi,1,…, bi,k} 1≤i≤t, form a (v, k, λ) difference family (DF) if every nonzero element 
of V can be represented in exactly λ ways as a difference of two elements lying in the same member 
of a family, i.e., occurs λ times among the differences bi,m-bi,n, 1≤i≤t, 1≤m,n≤k. The sets Bi are called 
base blocks. If V is isomorphic to Zv, then a group of integers modulo v, then a (v, k, λ) DF is called 
a cyclic difference family (CDF).  
 



A balanced incomplete block design (BIBD) [10] consists of a set of v-elements (V) called points, 
and a set of b k-subsets B called blocks such that each pair of points occur in exactly λ  blocks. 
Given a base block Bi, a translate of the base block is defined as 

,1 ,2 ,{ , ,........., },i i i i kB g b g b g b g g V+ = + + + ∀ ∈ . The point-block incidence matrix of the translate of 
Bi is a circulant matrix of dimension v×v. Let us define the set of blocks B as the union of translates 
of base blocks Bi, 1≤i≤t. Since there are t base blocks, the total number of blocks in the resultant 
BIBD design is b= tv. The point-block incidence matrix of the design can be written as 

1 2[   ]tH H H H= L , where each sub-matrix is circulant of dimensions v×v. The BIBD obtained from a 
(v, k, 1) CDF has λ=1 and hence, an LDPC code, designed with a parity-check matrix equal to the 
point-block incidence matrix of the BIBD, is a one-step majority logic decodable code. 
  

The first two constructions of CDFs are due to Netto [10], [11], and are applicable for k=3, and for v 
that is a power of a prime v≡1 (mod 6). The CDF is defined by the set 2{ |1 }i t i tω Ψ ≤ ≤ , where ω is a 
primitive element in GF(v), v=6t+1, t≥1, d is a divisor of v-1. Ψd is the group of d-th powers in 
GF(6t+1), and ωiΨd is the coset of d-th powers of ωi. An alternative combinatorial way of 
constructing a CDF is proposed by Rosa [13]. Rosa’s method also generates a (6t+3, 3, 1) CDF. 
Netto’s second construction [12] can be used to create a CDF when the number of points v, is a 
power of a prime and v≡7 (mod 12). The following two constructions are due to Burratti and are 
derived for k=4 and k=5 [14]. For k=4, Burratti's method gives CDFs with v points, provided that v 
is a prime and v≡1 mod 12. The CDF is a set {ω6iB : 1≤i≤t}, where base blocks have the form B= {0, 
1, b, b2}, where ω is a primitive element in GF(v). The numbers b∈ GF(12t+1) are found by Buratti, 
and for some values of v are given in TABLE I. Similarly for k=5, the CDF is given as {ω10iB : 1≤i≤
t}, where B={0, 1, b, b2, b3}, b∈ GF(20t+1). LDPC codes based on CDF have been introduced in [9] 
and [15]. 

TABLE I 

BASE BLOCKS PARAMETER FOR BURATTI CDF 

k=4 k=5 k=4 k=5 

V b v b v b v b 

37 -13 461 -8 613 5 1741 -46 

 61 -5 1021 50  661 -6 1861 19 

 157 9 1061 -26  853 -18 2621 -327 

 349 14 1601 268  877 -5 2861 91 

 373 -4 1621 -209  937 -12 3301 -345 

 397 18 1721 -268  997 22 3461 19 

 
A class of irregular LDPC codes is constructed from a CDF (v, k, 1) BIBD. Let the number of base 
blocks of the CDF be t>2, and let 1 2 ... MC C C∪ ∪ ∪ , M>1, be a partition of a set {1,..., }t  into 
(nonempty) disjoint subsets. The point-block incidence matrix of translates of a base block Bj, is a 
v×v circulant matrix denoted by Γj. A matrix of dimensions v×|C|⋅v, say Γ(C), can be defined as: 

 ( )
1 2 3

............ ,       where 
C

C
c c c c ic C Γ = Γ Γ Γ Γ ∈   

The parity check matrix of the irregular LDPC code is defined as 



1 2

1 2

( ) ( ) ( )

( | |) ( | |) ( | |)0 0 0

M

M

T T TC C C

N C v v N C v v N C v v N v M v− ⋅ × − ⋅ × − ⋅ × ⋅ × ⋅

 Γ Γ Γ=  
  

H L

L
 

It can be shown that H has orthogonal parity checks. The size of index sets Cj, are chosen to match 
the desired error protection levels. In other words, the bits corresponding to the set Cj are checked in 
k⋅|Cj| equations. If majority logic decoding is used, then the bit can be corrected if there are no more 
than | | /2jk C ⋅   errors in the channel codeword.  

 
 

SIMULATION RESULTS 
 

In this section, we present the bit-error rate (BER) performance of a UEP LDPC code in an additive 
white Gaussian noise (AWGN) channel. The signal to noise ratio per source bit is calculated as 
SNR=1/(2Rσ2), where σ2 is the noise variance and R is code rate. Notice that the redundancy 
introduced by a code is spread unevenly over the source bits depending on their sensitivity. The 
LDPC code is iteratively decoded using the sum-product algorithm [8]. 
 
An irregular (553, 336) LDPC code of rate 0.57 was designed using the concepts of a cyclic 
difference families and its parity-check matrix (H) has the following structure: 

Each sub-matrix (Hi, 1<= i<= 12) of size 79x79 is cyclic and has a column-weight of 3. This 
irregular code was designed to achieve three levels of protection. The first 79 variables of any 
codeword receive the highest protection while the next 158 variables of the codeword receive 
medium-level of protection, and the last 316 variables of the codeword are the least protected bits. In 
Fig. 1, we present the average BER performance of all variables and the BER performance of bits 
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Fig. 1 BER Performance of an irregular LDPC code 



under different levels of protection. It can be observed that the level of protection increases with an 
increase in column-weight. Hence, an irregular LDPC code is a good choice in achieving unequal 
error protection capabilities. 
 
 

CONCLUSION 
 

We proposed a UEP LDPC coding schemes based on cyclic difference families. The advantage of 
this scheme is that it can provide extremely high levels of protection as well as a large ratio between 
protection levels of the most and the least sensitive bits. 
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