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ABSTRACT

The foremost objective of Digital Audio Broadcasting (DAB) is to provide high definition radio which offers very high
audio quality and data services to the fixed and mobile receivers. Digital video broadcasting (DVB) is the set of standard
for the broadcast transmission of digital television signal and DVB is the replacement for existing analogue television
transmission. Orthogonal Frequency Division Multiplexing (OFDM) system is an efficient multicarrier digital
modulation technique and which compromises high spectral efficiency. This paper presents the unified approach for
DAB and DVB using OFDM system. Bit Error Rate (BER) performance analysis of DAB and DVB system is performed
and also Bit Error Rate (BER) performance analysis of unified DAB and DVB is performed using OFDM system.
Comparisons are made between the theoretical values and with the obtained results. Keywords: OFDM, DAB, DVB,
QAM, BER, SNR.
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INTRODUCTION

Present Wireless communication demands high
spectral efficiency and high robustness. OFDM is
an efficient digital multicarrier modulation
technique which provides high spectral efficiency
and high robustness [1]. Applications of OFDM are
DAB, DVB, ADSL, LTE, Wireless LAN standards
and Digital Radio Mondale etc [2-3]. This paper
presents the unified approach for DAB and DVB
using OFDM system. Bit Error Rate (BER)
performance analysis of DAB and DVB system is
performed and also Bit Error Rate (BER)
performance analysis of unified DAB and DVB is
performed using OFDM system. Comparisons are
made between the theoretical values and with the
obtained results. Unified system is developed using
MATLAB programming and simulation results are
observed, for the real time audio and video input,
output is obtained with minimal bit error rate.

Orthogonal frequency division multiplexing

OFDM is a method of multicarrier digital
modulation technique in which a signal is divided
into several narrow band channels at different
frequencies [4]. Every sub channels are modulated
by using subcarriers of different frequencies.
OFDM modulation is used in many applications
because it provides high efficiency in combating
multipath fading and also provides high data-rate
transmission [5]. Hence efficient utilization of
bandwidth is possible with OFDM when compared
to conventional modulation schemes. In OFDM the
subcarriers are chosen in such a way that they are
orthogonal to each other so that cross talk among
subcarriers can be eliminated. Equation (1)
describes the orthogonally of two signals which are
linearly independent.

Kforp=g

JFIIXF[I}K*“-[I} dt={ Oforp =g

Where [X, y] is one symbol period.

OFDM symbol is defined mathematically
in equation (2).

Y(n)= IN IV Ey(k) o 0<n<N-1 (2)

Where N = FFT length, y(k) = Complex value data,
k = kth element of the array.

Figure 1 illustrates the block diagram of the OFDM
systems. symbol mapping block performs one to
one mapping takes binary data input and each bit is
mapped to complex valued number on the
constellation. The various types of modulation can
be used in this stage is Binary Phase Shift Keying
(BPSK), Quadrature Phase Shift Keying (QPSK),
16-Quadrature Amplitude Modulation (QAM), 64-
Quadrature  Amplitude  Modulation,  128-
Quadrature Amplitude Modulation and 256-
Quadrature  Amplitude Modulation. On the
receiver, symbol de-mapping transforms the
complex valued number into the binary data with
respect to their phase and amplitude values. Serial
symbol sequences are converted into parallel
sequence in serial to parallel converter block and
also sequence of data symbols are reorganized into
a number of smaller sub—set of data symbols in this
block. Across the receiver parallel to serial
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converter block are used to convert parallel data
sequence into serial sequence of OFDM symbols
and also used to reorganize the data symbol to its
original form. In the pilot insertion block pilot
carriers are interleaved into the OFDM Symbol.
Pilot carrier is a non-information carrier and pilot
carrier does not carry any information. Pilot carrier
is the complex valued number and it is a point
represented on the constellation. Basically pilot
carriers are used to overcome the frequency and
timing error and also in channel estimation stage
pilot carriers are used for the estimation where
exactly the OFDM symbol begins. Inverse Fast

Fourier Transform (IFFT) block generates an
OFDM symbol, These OFDM symbols are real
valued and multiplexed subcarriers.

IFFT transforms frequency domain symbols into
time domain waveform. IFFT produces the
combined set of subcarriers which are multiplexed
and are orthogonal to each other.

The guard interval insertion block affixes a cyclic
prefix to the beginning of every OFDM which
reduces the effects of Inter symbol Interference
(IS1) and Inter carrier Interference (ICI) [6].

Binary L » )|
Data Symbol Piot Guard ,
Stream Mappig pseton | 2| T[] bseton P
Tnput
\
Channel
Bnary — —|
Dak Symbal Channel Guard ,
Stream De-Mapping Estimation 1 Removal P +
Qutput Nl

Noise

Figure 1: Block diagram of typical Orthogonal frequency division multiplexing System.
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Figure 2: Time domain representation of a sequence of
Orthogonal frequency division multiplexing symbols
with cyclic prefix guard interval.

Figure 2 illustrates the OFDM symbol with cyclic
prefix guard interval. In the receiver guard removal
block eliminates the cyclic prefix from the OFDM
symbol.

Parallel to serial conversion stage transforms the
OFDM Symbols into the serial sequence of OFDM
symbols which is real-valued base band OFDM
waveform. At the receiver OFDM waveforms are
converted back to parallel sequence.

The length of serial sequence OFDM is defined in
equation (3)

Zien = § [Ner + Neer) (3

24 or 48
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audio or data

signal
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symbol
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where Zlen= OFDM frame length, S = Number of
OFDM symbols, NFFT = Duration of OFDM
symbol, NGI = Length of guard interval.

Review on digital audio broadcasting

FM has many advantages over AM but FM suffers
from Multipath fading and ISI. FM is suitable for
fixed reception than mobile reception since FM
suffers from loss of broadcasting quality during
mobile reception. These issues can be addressed in
Digital Audio Broadcasting (DAB). DAB can be
defined as digital radio or high definition radio
which broadcasts wide ranges of radio services
from studio to receiver. DAB is designed to obtain
high quality digital audio programs and data
services to fixed, mobile and handy devices. It was
established in 1990s by Eureka 147 DAB.
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Figure 3: DAB transmitter block diagram

Figure 3 illustrates the transmitter block diagram of
the DAB system. The overall DAB transmission
can be distributed to the number of functional
blocks and these blocks process the input signal
and produces the complete DAB signal. The audio
signal or data signal is given as input to MPEG
layer-2 encoder which generates the encoded data.
In order to make sure that the appropriate energy
dispersal in the transmitted signal, distinct inputs of
the energy dispersal scramblers is to be scrambled
with the help of modulo-2 addition and PRBS.

Punctured convolutional encoder does the forward
error correction and convolutional encoding by
taking the input scrambled bit stream. Interleaving
block rearranges the coded bit-stream. Time
interleaving increase the robustness of the
transmitted data. Time interleaved data is then fed
to QPSK modulation block which takes binary data
stream input and each bit is represented as complex
valued number on the constellation and performs
one to one mapping. After the QPSK modulation
symbols are given to OFDM block where final
DAB transmission signals are generated [7].

Review on digital video broadcasting

Figure 4 illustrates the transmitter block diagram of
the DVB system. Transmission and storage of
audio, video and programs are performed by
Source coding and MPEG2 and these are standard
container format. Program stream (PS) is just a
container format for audio, video and data and
performs multiplexing of audio, video and data.
Transport stream (TS) is a Container format for
transmission as well as storage of audio, video and
data. Example movie, news cart, sports news which
displays on TV. Encoder block provides the first
level of protection in the transmitter. Encoder block
helps in detecting and correcting multiple symbol
errors. The type of encoder used is the convolution
encoder. Convolution encoders are used for error
detection and error correction. Block inter leaver is
also called random inter leaver which rearranges
the data sequence to provide the robustness.

Mapper performs symbol mapping on one to one
basis. QAM is the combination of both amplitude
and phase modulation. 16 QAM refers to number
of message points on the constellation, it is 4 bits
per symbol(1/4 bit rate). Existing system uses
QAM modulation so 16 constellation points are
used [8].
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Figure 4: Block diagram of DVB

Performance analysis DAB system using MATLAB
Simulation

DAB system is modeled and simulated using
MATLAB programming. The objective of this
simulation is to evaluate the BER and SNR of the
DAB system using convolutional coding using
puncturing method. Puncturing method lets the
encoding and decoding of higher rate codes by
standard rate % encoders and decoders. The
simulation parameters for DAB mode Il are listed

Table 1: Mode Il Parameters of DAB system

in Table 1. Frame based processing is done in this
simulation model under AWGN channel for the
performance analysis. DAB frame structure is
designed by using one synchronization channel for
transmission ~ frame  synchronization  and
transmitter identification, three Fast Information
Channel [FIC] used for quick access of information
in the receiver and 72 Main Service Channel
[MSC] used to convey audio and data services.

Parameter

Value

Number of Subcarriers

384

Subcarrier Spacing

4 kHz

Transmission Frame duration

24 ms

Symbol duration

321 us

Guard Interval

62 Us

Null Symbol duration

324 us

OFDM symbols per transmission frame | 76
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OFDM Symbols with SC data 1
OFDM Symbols with FIC data 3
OFDM Symbols with MSC data 72

This section illustrates the simulation results of DAB system for AWGN channel. An audio input is given to
the DAB system which is shown in figure 5. An audio signal is processed and transmitted under AWGN
fading channel. Figure 6 illustrates BER vs. SNR for DAB system.

Real time plot for Captured Audio Input given

|
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Figure 5: Audio input to DAB system
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0. Comparison of Theoretical and Simulated Resulsts for DAB
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Figure 6: BER vs. SNR for DAB system under AWGN channel

DVB system using MATLAB Simulation

Block diagram of the DVB system is as shown in figure 4. Initially the video is captured which is divided into
a finite number of frames. The frames are then converted from parallel to serial data.

Table 2: Mode Il Parameters of DAB system

Parameter Value
Number of Subcarriers 2K mode:1705

8K mode:6817

2K mode:4464
Subcarrier Spacing 8K mode:1116
Channel spacing B[MHZ] 6,7,8
Symbol length, 2K mode:224
Tu(us) 8K mode:896
Guard Interval 1/4, 1/8,

1/16, 1/32
Sub-carrier spacing 2K mode:4464
Af=1/ Tu Hz 8K mode:1116
Net bit Rate, R(Mbit/S) 4.98-31.67(typically 24.13)
FFT size 2K
[K=1024] 8K
Sub-carrier modulation Scheme | QPSK

16QAM or 64QAM
Symbol length, 2K mode:224
Tu(ps) 8K mode:896
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The data is then encoded using the cyclic
encoder which is then passed into an
interleaver. Here for protection two levels of
encoders are used which are external encoder

then passed into an OFDM block which
performs the modulation and multiplexing.
The simulation parameters for DVB — T are
listed in Table 2.

and internal encoder. Two levels of
interleaver are used here which are external
interleaver and internal interleaver. The
interleaved data is then passed into a
modulation block. Modulation method
chosen is 16 QAM. The modulated signal is

This section illustrates the simulation results
of DVB system for AWGN channel. A video
input is transmitted under AWGN channel.
Figure 7 illustrates BER vs. SNR for DVB
system.

Comparison of Theoretical and Simulated Resulsts for DVB

10°
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Figure 7. BER vs. SNR for DVB system under AWGN channel
Unified DAB and DVB system using MATLAB Simulation

This section illustrates the simulation results of Unified DAB and DVB system for AWGN channel.
A video input is transmitted under AWGN channel. Figure 8 illustrates BER vs. SNR for Unified
DAB and DVB system.

Page | 9
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Figure 8. BER vs. SNR unified DAB and DVB system

CONCLUSION

A simulation based performance analysis of
DAB and DVB system and also unified DAB
and DVB system is presented in this paper.
Many applications use OFDM system because
of its high spectral efficiency. Outcome of the
system will be confirmed by multiple and
extended simulation based experiments in
OFDM. The proposed system will reduce the
design complexity, conserves design time,

Power consumption, reduced cost as
compared to multiple designs for different
standards.
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