
organizer

IS
SN

 1
84

7-
39

38
 

Lampadem tradere

mipro proceedings

mipro - path to knowledge and innovation

39 international conventionth

May 30 - June 03, 2016, Opatija – Adriatic Coast, Croatia



Performance analysis of Low Density Parity 
Check Codes implemented in second generations 

of Digital Video Broadcasting standards 
 

Gr. Y. Mihaylov*, T. B. Iliev*,  E. P. Ivanova*, I. S. Stoyanov** and L. Iliev** 
*University of Ruse, Department of Telecommunication, Ruse, Bulgaria 

**University of Ruse, Department of Electrical and Electronic Engineering, Ruse, Bulgaria 
e-mail addresses: gmihaylov@uni-ruse.bg, tiliev@uni-ruse.bg, epivanova@uni-ruse.bg, stoyanov@uni-ruse.bg, 

lailiev@uni-ruse.bg 
 
 

Abstract - The newly developed second generations 
standards for digital video broadcasting (DVB-T2, DVB-S2) 
emerges as a significant upgrade over its first generation 
predecessor. Low-Density Parity-Check (LDPC) codes 
received a lot of attention by their superb error-correcting 
capability and have been adopted as main error correct 
coding scheme by second generation Digital Video 
Broadcasting standards. The goal of this paper is to present 
the main constructive principle of low-density parity check 
codes, as well as a design methodology, that gives good 
performance for many communication systems like latest 
DVB satellite communications standard. In this paper we 
analyze the structure of LDPC codes and the iterative 
algorithms that are used to decode them. An analysis and 
simulation of the LDPC codes has been conducted using 
various code rates. The simulation results show that LDPC 
codes are a powerful error correcting coding technique 
under SNR environments. It has achieved near Shannon 
capacity. However, there are many factors needed to be 
considered in the LDPC code design. 

I. INTRODUCTION 
DVB-T is the most widely used standard for broadcast 

of digital television. With its introduction in 1997, it is 
used in more than 70 countries. Almost all of these 
countries adopted the new standard for digital terrestrial 
television broadcasting – DVB-T2. [1] 

DVB-T2 is the best technology for digital television 
broadcasting, which offers better signal robustness, 
flexibility and more than 50% more efficiency, compared 
with other digital terrestrial television broadcast systems. 
In Single frequency networks (SFN) it can be achieved 
even more efficiency, because of guard intervals, used in 
these networks. DVB-T2 supports SD, HD, UHD, mobile 
television, radio broadcasting and any combinations 
thereof, furthermore Internet access can be offered as well. 

Like its predecessor, DVB-T2 uses OFDM 
(orthogonal frequency division multiplex) modulation 
with large number of subcarriers. Thus, signal robustness 
can be achieved and various transmission modes are 
available, which makes this standard very flexible. In 
DVB-T2 are used the same coding and error correction as 
in DVB-S2 and DVB-C2 standards – Low Density Parity 
Check (LDPC) in combination with BCH (Bose-

Chaudhuri-Hocquengham). It can be adjusted any number 
of carriers, size of guard intervals and pilot signals, in 
order to avoid overflow. Thus, signal transmission is 
optimized for every broadcast channel. [2] 

T2-Lite is the first additional transmission profile, 
introduced in 2011. It’s intended for mobile and portable 
transmission/reception of digital television and to reduce 
implementation costs. This profile is defined as a part of 
DVB-T2 standard with two additional LDPC code rates. 
Since in T2-Lite only elements, relevant for mobile and 
portable reception are included, data rate is restricted to 4 
Mbit/s per PLP, the implementation complexity is reduced 
by 50%. FEF (Future Extension Frames) mechanisms 
allows T2-Lite to be broadcasted in one channel along 
with DVB-T2 signal, even when the two profiles are with 
different FFT sizes or guard intervals. [3] 

Additional new technologies, used in DVB-T2 are: 

 Multiple Physical Layer Pipes – allow 
separate adjustment of the signal robustness for every 
service. Thus, easily can be achieved the conditions for 
signal reception (e.g. indoor- or roof antenna). This 
technology allows receivers to save energy, by decoding 
only one (desired) service, instead to decode the whole 
service multiplex. 

 Constellation Rotation – provides 
additional signal robustness in modulations with lower 
constellation order. 

 Extended interleaving – includes bit-, 
cell-, time- and frequency interleaving. 

 Future Extension Frames (FEF) – this 
technology allows DVB-T2 standard to be compatibly 
enhanced in the future. 

In summary, DVB-T2 offers much higher 
broadcasting data rates than DVB-T standard, as well as 
offers great signal robustness. [4] 

LDPC codes, discovered by Gallager in 1962 [5], were 
rediscovered and shown to form a class of Shannon-limit-
approaching codes in the late 1990 [6]. These codes, 
decoded with iterative decoding based on belief 
propagation, such as the sum-product algorithm (SPA) [7, 

562 MIPRO 2016/CTI



8], achieve amazingly good error performance. Ever since 
their rediscovery, design, construction, decoding, efficient 
encoding, performance analysis, and applications of these 
codes in digital communication and storage systems have 
become the focal points of research. Various methods for 
constructing LDPC codes have been proposed. Based on 
the methods of construction, LDPC codes can be 
classified into two general categories: 1) random (or 
random-like) codes generated by computer search based 
on certain design guidelines and required structural 
properties of their Tanner graphs [9], such as the girth and 
degree distributions and 2) structured codes constructed 
based on algebraic and combinatorial methods, such as 
those given in [7, 8], and many others. 

The rest of the paper is organized as follows. Section 2 
gives a brief overview of LDPC codes. Section 3 
describes the standardized LDPC code. Section 4 
introduces message passing decoding algorithm. Section 5 
presents the conducted simulation and the received results. 
Section 6 concludes the paper. 

II. LDPC BASICS 
Low-Density Parity-Check (LDPC) codes and turbo 

codes are among the known codes nearing the Shannon 
limit. These codes can achieve very low bit error rates for 
low signal-to-noise ratio (SNR) applications [10]. 
Compared to the decoding algorithm of Turbo codes, 
LDPC decoding algorithm has more parallelization, low 
implementation complexity, low decoding latency and no 
error-floors at high SNRs as well. LDPC codes are 
considered for all next generation communication 
standards. 

The performance of Low Density Parity Check 
(LDPC) codes, combined with their relatively simple 
decoding algorithm, make these codes very attractive for 
next generation of satellite and digital radio transmission 
systems. [9] 

The LDPC codes are linear block codes, whose 
codewords satisfy a set of linear parity-check constraints 
[1]. These constraints are typically defined by an m-by-n 
parity-check matrix H. The m rows specify each of the m 
constraints (the number of parity checks) and n represents 
the length of a codeword. H is also characterized by Wr 
and Wc, which represent the number of 1’s in the rows and 
columns, respectively. 

A LDPC code can be represented by a bipartite graph, 
which consists of two types of nodes – Variable Nodes 
(VN) and Check Nodes (CN). Check node i is connected to 
variable node j, whenever hij of H is non-zero. 

Check nodes

Variable nodes

 

Figure 1.  Bipartite graph for a (3,4) regular LDPC code with parity 
check matrix H 

III. STANDARDIZED LDPC CODES 
All current standardized LDPC codes combine a 

common set of features, which made feasible 
implementation possible in the first place: Accumulator-
based matrices, allowing linear encoding complexity, 
structured matrices to be mapped on partly parallel 
architectures and permuted identity sub-matrices to ease 
network implementation. 

Satellite video broadcasting standard DVB-S2 [2] was 
designed for an exceptional error performance at very low 
SNR rates (up to FER≤10−7 at -2.35dB ES/N0). Thus, the 
specified LDPC codes use a large block length of 64800 
bits with 11 different code rates, ranging from 1/4 to 9/10. 
The result is large storage requirements for up to 285000 
messages and demands high code rate flexibility at the 
same time to support all specified node degrees [11].  

In terms of modulation, rates from BPSK up to 
64QAM are supported. Coding via convolution codes is 
mandatory with optional support for LDPC and turbo 
coding. Furthermore, more advanced method of turbo 
coding known as Shorted Block Turbo Code (SBTC) is 
expected to be supported as well. 

IV. MESSAGE PASSING DECODING 
ALGORITHMS 

It was stated in previous section, the principal 
advantage of low-density parity check codes is that these 
codes can be decoded using an iterative decoding 
algorithm, whose complexity grows linearly with the 
block length of the code. Belief propagation is one 
instance of a broad class of message passing algorithms 
on graphs as discussed in [7, 8]. Similar decoding 
algorithms, for binary erasure channel and the binary 
symmetric channel, are discussed in [12]. All message 
passing algorithms must, however, respect the following 
rule, which was introduced with turbo codes. 

Rule (Extrinsic Information Principle) A message sent 
from a node n along an edge e cannot depend on any 
message previously received on edge e. 

The codeword x is transmitted across the additive 
white Gaussian noise (AWGN) channel, using BPSK 
modulation. The result is received sequence r=(2x−1)+n. 
Optimal decoder for the AWGN channel is the maximum 
a posteriori (MAP) decoder that computes the log-
likelihood ratio (LLR): 
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and makes a decision, comparing this LLR to the 
threshold zero. Belief propagation on a graph with cycles 
can closely approximate the MAP algorithm, and we can 
state the decoding algorithm for LDPC codes on the 
AWGN channel, using these results. 

Let A={−1, +1} represent message alphabet, let ri  R 
represent received symbol at variable node i, and let 

Ri   represent decision at variable node i. A message 
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from variable node i to check node j is denoted by 
Rji   and a message from check node j to variable 

node i is Rij  . Let Cj\i be the set of variable nodes, 
which connect to check node j, excluding variable node i. 
Similarly, let Vi\j be the set of check nodes, which connect 
to variable node i, excluding check node j. (Fig. 2) 

In the first step the algorithm initialize ii r2
2


  for 

each variable node (σ2=N0/2). The variable nodes in step 2 
send μi→j=λi to each check node iVj . In the third step 
check nodes connected to variable node i and send: 
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Figure 2.  Message passing decoding algorithm 

In the final step of the algorithm a fixed number of 
iterations have been completed or the estimated code word 
x̂  satisfies the syndrome constraint 0ˆ xH , stop. 
Otherwise the process returns to step 3. 

The check node’s rule is fairly complex. But for 
quantized messages, it is possible to map LLRs to 
messages in such way, that the check-node rule can be 
implemented with some extra combinational logic. These 
decoders provide really nice efficiency with only few bits 
of accuracy. 

V. SIMULATION RESULTS 
To estimate the LDPC codes, simulations are 

performed using binary phase-shift keying (BPSK) and 
transmission over the additive white Gaussian noise 
(AWGN) channel. All simulations have been developed in 
Matlab. We estimate the bit-error rate (BER)/frame-error 
rate (FER) versus Eb/N0. The Eb represents the energy per 
bit and the N0 represents the noise power spectral density 
ratio. 

The performance of LDPC codes for DVB-T2 are 
shown on the figures given below. In each case the 
proposed message passing decoding algorithm was used. 
The decoder stops in case of valid codeword is found or 
reaching 100 decoding iterations.  

Fig. 3 represent the results from conducted simulation 
of BER rate versus Eb/N0 of the LDPC code with input 
frame sizes of 16 200 bits for various code rates. It can be 
seen that the LDPC code with smaller code rate (R=1/2) 
has better performance. The gain for a certain value of 
BER 10-4 at the decoder is approximately 2,4 dB. 

On Fig. 4 are shown results from same simulation of 
BER rate versus Eb/N0 of the LDPC code with input frame 
sizes of 64 800 bits for various code rates from R=1/2 to 
R=8/9. Fig. 4 shows that the slope of curves and coding 
gain are improved by decreasing the code rate of the 
LDPC code. At 10-4 about 2,8 dB coding gain can be 
obtained by using code R=1/2 instead code rate R=8/9.  
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Figure 3.  Comparison of the performance of LDPC codes for different 
code rates, using the same frame sizes = 16 200 bits 
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Figure 4.  Comparison of the performance of LDPC codes for different 
code rates, using the same frame sizes = 64 800 bits 
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Figure 5.  Bit – error performance of the LDPC code in DVB-T2 for 
various code rates and different frame sizes 

Fig. 5 shows the performance of LDPC code for 
various code rates and two input frame sizes (16 200 bits 
and 64 800 bits). 

From the conducted simulation presented on Fig. 5 we 
can conclude that for constant value of BER the needed 
SNR for achieving this probability is lowest for larger 
input frame size. 

VI. CONLUSION 
Analysis of techniques, formulated for LDPC codes 

are generic and can be used for other coding schemes 
based on iterative decoding methods. Each LDPC code is 
characterized by a number of fixed parameters that 
include the following: check node degree, variable node 

degree and block size. These parameters are used to 
determine the nodes in the LDPC factor graph and a 
collection of permissible edges between the nodes. 

The conducted simulations show that LDPC codes are 
a major error correcting coding scheme in AWGN 
channel. These codes achieved near Shannon capacity. 
However, there are many factors in LDPC code design, to 
be considered. One of them is a trade-off between BER 
and number of iterations used in the decoding algorithm. 
A great number of iteration will provide a lower BER, but 
also it will increase the time for decoding process. Second, 
the frame size impacts on the performance – with larger 
frame size there is a better performance, but the output 
delay is again longer. Another factor to be considered is 
the code rate. The higher code rate needs more bandwidth. 
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