Performance Evaluation of DVB-S2 system over the Rayleigh channel
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Abstract
Recently, bandwidth-efficient coded-modulation techniques of the second generation digital video broadcasting – satellite
system deliver performance approaching wireless channel theoretical limits. The system model in a multipath environment
faces a lot of limitations, due to the complexity of the system. In the article, end-to-end performance of the system over
Rayleigh channel was simulated from a description of the standard document. In the Rayleigh environment, the satellite link
including the Bose-Chaudhuri-Hocquenghem, low-density parity-check coder/decoder, mod/demodulation and physical layer frame blocks are modelled in various scenarios. In order to have the accurate simulation in the multipath channel, the average bit error rate used for the performance evaluation of the system by the experimental test. Obtained results in the satellite channel condition are evaluated, analyzed and discussed.
Key words: Second Generation Digital Video Broadcasting – Satellite, Performance Evaluation, Error Correction, Rayleigh
channel, Software-defined Radio.

1. Introduction
The Second Generation Digital Video Broadcasting – Satellite (DVB-S2) standard in was built on the Digital Video
Broadcasting (DVB-S) system, with certain upgrades. It
was upgraded from DVB project in 2003 and is based on
three concepts: the best transfer characteristic near the
Shannon limit, complete flexibility, and an acceptable receiver complexity [1]. In 2005, European Telecommunications Standards Institute ratified and it has been the cornerstone of satellite communication standards, forming the
basis of digital satellite television transmission across the
globe. Advances in digital television systems based on the
satellite technology have led to the drastic increase in the
utilization of the Ku band frequency spectrum for high rate
data communication signals. Due to the dynamic characteristics of fading channels with respect to operators utilizing
this frequency band, it becomes essential to study the key
effects and causes of signal distortion, but in practice, it is
very challenging to measure the effect of the satellite
channel under fading conditions in the laboratory condition. One of the main reasons is due to the long waiting
time for observing different phenomena in the satellite
channel. Moreover, satellite system models are complex in
terms of design, development, management and maintenance. The complexity of the model increases when the
system is built from a lot of different segments as well as
different standards. Simulation of a suitable general model

in a laboratory-controlled environment is very important to
address an issue.
In [2], [3], principles and parameters of the DVB-S2
system were described and simulated through Additive
White Gaussian Noise (AWGN) channel. However, the
scenario in heavily built-up areas such as urban environments the transmitted signal arrives at the receiver through
the different multipath propagation mechanism such as
Rayleigh model, the Bit Error Rate (BER) system performance can be strongly attenuated.
To test the performance of the system, a test-bed consisting of the Software-Defined Radio (SDR) and laboratory measurement instrument allows the research of realworld link interference scenarios that arise in the satellite
link. This experimental platform also provides an opportunity to demonstrate how the DVB-S2 system could be
operated in the laboratory environment. Bose-ChaudhuriHocquenghem (BCH) code concatenates with Low Density
Parity Check (LDPC) code with code ratios being 1/4, 1/3,
2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9, or 9/10 for an error correction. 8-ary Phase Shift Keying (8-PSK), 16-ary Amplitude Phase Shift Keying (16-APSK) and 32-ary Amplitude
Phase Shift Keying (32-APSK) modulation schemes prevent error bursts and the subsequent data loss by bit interleaving.
The remainder of this paper is organized as follows:
firstly, section 2 describes the simulation model of the
DVB-S2 system for a single stream input. Modulation
schemes with Forward Error Correction (FEC) techniques

as well as channel models are presented in the next section.
Simulation results are studied, evaluated in the section 4.
Finally, the paper is concluded in the section 5.

lation schemes QPSK, 8-PSK, 16-APSK and 32-APSK
with various code ratios is analyzed and simulated.
2.2. Mode and Stream Adaptation blocks

2. Simulation Methodology
2.1. System Model
From the specification of European Telecommunications
Standards Institute (ETSI), a simulation of the DVB-S2
system is presented. The access technique in the DVB-S2
system is time division multiple access with fade mitigation based on forward error correction codes. Data are
packed in frames of constant size and coded-modulation
are adapted to the actual propagation conditions on each
communication link. The detail of the system model that is
utilized for the end-to-end DVB-S2 system simulation. The
Fig. 1 shows the high-level system block diagram based on
the specification [1] for the simulation.

Mode and stream adaptation blocks process various
types of input to provide a constant length base-band frame
of the input of the next block. The output sequence of the
Mode Adaptation block in the system are frames, which is
structured by Base-Band Header (BBHEADER) and the
DATA FIELD field. In the Stream Adaption block, the
BBHEADER becomes BBFRAME is randomized by a
scrambler with the initial sequence is 100101010000000
for protecting data from unauthorized intruder.
2.3. FEC encoding block
In this block, Kbch bits BBFRAME input stream is the input
of BCH encoder and LDPC coders. Redundant bits are
added after BBFRAME field with Kbch BCHFEC bits and
Kldpc LDPCFEC bits. BCH encoder is based on the Berlekamp algorithm [4]. The generator polynomial of the terror correcting BCH encoder is built by multiplying the
first t-polynomials as listed in [1].

Fig. 2. Format of data before bit interleaving [1]

The system over a symmetric memory-less channel using LDPC code allowed to be set very close to the Shannon
limitation.
The output of the FEC coding block will be interleaved
for 8-PSK, 16-APSK, and 32-APSK modulations. The interleaver block is against burst errors by random allocation
of the data stream in time and after that, signal will be recoverable at the receiver.
2.4. Physical layer Frame

Fig. 1. Functional block diagram of the DVB-S2 System [1]

Input data is a single video stream. The output of the
FEC encoding block has a fixed size of 64800 bits for long
FECFRAME or 16200 bits for short FECFRAME. Modu-

The output of Physical Layer (PL) Frame block is a payload of 64800 bits for long FECFRAME or 16200 bits
short FECFRAME with a PLHEADER as the Fig. 3.
FECFRAME is made up of a PLHEADER and slots. The
PLHEADER field has a role as the synchronization and
signaling information configuration at the receiver and this
field uses π/2-BPSK modulation. The PLHEADER field
consists of 26 bits Start of frame (SOF) field on the left
side of the PLHEADER and 64 symbols Physical Layer
Signaling (PLS). 7 bits signaling information include 5 bits
MODCOD field for indicating the type of codedmodulation, one bit shows the length of frame is long or
short and one bit expresses the status of pilot bits is in the
frame or not. 64 bits PLSCODE is scrambled by the fixed
binary sequence for improving the autocorrelation property
and energy dispersal.

is simulated over-the-air in the anechoic chamber room.
Satellite communication system imperfections beside the
noise, the transceiver imperfections are included in the
form of carrier phase and frequency errors. The nonlinear
distortion also occurring in radio frequency amplifiers is
taken into account. However, it has not been mentioned
here and in practice, there exists the multipath Rayleigh
channel that can strongly affect to the performance of the
system. For example, in heavily built-up areas such as urban environments the signal arrives at the receiver through
the different multipath propagation mechanism are fading
models. Hence, this paper is focused on the simulation
DVB-S2 over the Rayleigh channel. Rayleigh model was
simulated by various simulators such as Sum of Sinusoids
simulators [5], [6] or Filtered Gaussian Noise (FGN) simulators [7], [8]. The channel model is approximated by using
the sum of sinusoids method to generate the set of complex
path gains ak for the number of expected multipath components and these are uncorrelated with each other. At the
receiver, we have the following received band-pass signal:

r (t )  h(t )* s(t )  w(t )

(1)

where s(t) is the source signal, w(t) is the band-pass noise,
h(t) is the band-pass channel impulse response which have
the set {hFi} of tap weights given by:

Fig. 3. Structure of PLFRAME [1]

Pilot signal includes 36 symbols in every 16 slots. The
number of slots in the frame is determined by the type of
the modulation scheme and the size of code blocks.
2.5. Modulation block
DVB-S2 standard provides four modulation schemas:
QPSK, 8-PSK, 16-APSK and 32-APSK. Higher order
modulations provide higher throughput than the lower order modulations but it is only available for lower Signal-toNoise Ratio (SNR). For instance, QPSK modulation operates for SNR below 6 dB while the 16 and 32-APSK performs well for a SNR level between 8 and 16 dB. The performance of the system also depends on the selected code
rate. The following table shows code rates and modulation
schemas in the DVB-S2 system.
Table 1. Code rates and modulations in DVB-S2 system

Mode
Code rate
Modulation
Schemas
Carrier
Pilots

Description
1/4; 1/3; 2/5; 1/2; 3/5; 2/3; 3/4; 4/5;
5/6; 8/9; 9/10;
QPSK, 8-PSK, 16-APSK, 32APSK
Single carrier
36 pilot symbols

2.6. Satellite channel model
The DVB-S2 channel includes significant fades and interference in the radio path from a satellite to a user terminal

K


hFi   ak sin c  k  n 
k 1
 Ts


; N1  n  N 2

(2)

where Ts is the input sample period to the channel, {τk},
where 1≤k≤K, is the set of path delays, K is the total number of paths in the multipath fading channel, {ak} with
1≤k≤K is the set of complex path gains of the multipath
fading channel, N1 and N2 are chosen so that |hFi| is small
when n is less than N1 or greater than N2.
3. Performance Evaluation
DVB-S2 simulation model in Matlab faces a lot of limitations, due to the ambition to raise significantly the data rate
and non-perfect transmitter/receiver with the asynchronous
carrier. In this part of the paper, the research presents and
establishes a design of the test-bed for evaluating DVB-S2
system.
An experiment testbed was constructed to study the performance of the DVB-S2 system over rainy channels in the
laboratory environment as the Fig. 4:
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Fig. 4. General block of experimental test

At the satellite receiver in Europe, a low noise block
converter shifts the incoming signal from Ku band to an
Intermediate Frequency (IF) falling between 950 MHz and
2150 MHz. Therefore, a design of complete satellite communication system operating at the IF frequency band is
built a test-bed from scratch to prove the validity of the
proposed model. The experimental test used software defined radio solutions that offer flexible software support.
We created an environment to prove the validity of the
proposed model based on real-world radio propagation.
Radio Frequency (RF) environment was simulated in an
anechoic chamber for isolating an undesirable noise. To
test the proposed model, we use a testbed consisting of the
first SDR is USRP N210 connected to the Linux laptop by
the Ethernet interface as the transmitter. The transmitter on
this first SDR sends the DVB-S2 signal with the fading
channel to the received part. The program based on
GNURadio application at the first laptop controls the signal on this SDR. Rayleigh channel takes in the Doppler
frequency shift as a normalized value, non-line-of-sight
parameters that is either true or false value. The performance of system was measured by the measurement instrument. The transport stream of the DVB-S2 system is
observed by the digital satellite tuner as TBS 5590 with
software applications. The measurement instrument furnishes general information at the RF level, such as IF polarization, SNR, symbol rate and modulation type. SDR
configured for using the sampling frequency is 10 Msps
and the carrier frequency is 1.18 GHz. We assume that
there are not non-linear effects of connectors, cable for
concentrating the fading channel effect.
4. Experimental Results
Coded-modulation schemas using the FEC code with various code rate correct the error for effective transmission.
The Fig. 5 depicts the relationship QPSK over AWGN and
multipath channels with code rates.

Fig. 5. BER for QPSK modulation over AWGN and Rayleigh
channels

As the mention, selected codes rate to protect from error
is expanded to the data block with the baseband header after BCH and LDPC codes. In this simulation, the article
focus on the analysis of modulation schemas and three
code rates: highest protection using the rate code 1/4, lowest protection using the rate code 9/10 and middle protection with the rate code 3/4. SNR was changed in the range
from 0 dB to 15 dB. The figure palpably noticed that
QPSK using rate code 1/4 over the AWGN channel works
well at BER values under 0 dB while QPSK over the multipath channel faces the strong fade. The Fig. 6 demonstrates the 8-PSK signal in AWGN and Rayleigh channels.

Fig. 6. BER for 8-PSK modulation over AWGN and Rayleigh
channels

In the case 8-PSK, the system increases overall system
performance by FEC codes at SNR higher than 6.5 dB.

Fig. 7. BER for 16-APSK modulation over AWGN and Rayleigh
channels

The Fig. 7 shows the simulated BER performance for
the 16-APSK modulation with different code rates SNR

range from 5 dB to 20 dB. In the multipath channel, the
minimum desired BER of 10−2 is observed at SNR higher
than 15 dB with code rate 1/4.
For the sake of comparison, the highest order modulation of DVB-S2 system with rate codes was introduced in
the Fig. 8. SNR range from 10 dB to 25 dB was analyzed.
It can be seen that the highest code rate saved the SNR ratio approximation 1 dB to 2 dB respectively compared to
the same conditions.

Fig. 8. BER for 32-APSK modulation over AWGN and Rayleigh
channels

5. Conclusion
In this article, the basic technical features and principles of
the DVB-S2 system were analyzed and the performance
BER with various code rates was simulated over-the-air in
the anechoic chamber room. As it can be seen from the results, BER performance of satellite signal over the Rayleigh channel was strongly influenced but reasonable code
rate is the one of the good solution for against multipath
fading. Results are analyzed and used to propose future research to discover optimal code rates and modulation
schemas as well as its influence on the entire signal transmission.
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