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ABSTRACT

Digital Video Broadcasting – Terrestrial (DVB-T) has become a very popular technology for terrestrial
digital television services. DVB-T is based on Orthogonal Frequency Division Multiplexing (OFDM)
technique. OFDM is considered suitable for DVB-T system because of its low Inter-Symbol Interference
(ISI). DVB-T has some limitations too including large dynamic signal range and sensitivity to frequency
error. To overcome these limitations a good DVB-T receiver is a must. In this paper we address these
issues. This paper has two-fold objectives (i) to investigate the performances of DVB-T system under
different channel conditions, and (ii) to improve performance of DVB-T system by selecting suitable filters
in receiver. To investigate the performance of DVB-T system we have considered some popular channel
models namely AWGN, Rayleigh, and Ricean. In order to improve the system performance some classic
filters like Butterworth, Chebyshev, and elliptic have been included in the receiver. The simulation results
show that a careful selection of filter is a must for a DVB-T system. It is also shown that the filter selection
should be based on the underlying channel conditions.

KEYWORDS

DVB, DVB-T, multi-carrier, orthogonal, FFT, IFFT, BER, ISI, AWGN, Butterworth, Elliptic, Chebyschev,
PSD.

1. INTRODUCTION

Since its introduction in 1928 television (TV) has become a cost effective primary source of
entertainment and information [1-2]. Originally TV was introduced as an electromechanical
system in USA, an all-electronic TV was developed in Europe in the twentieth century [3]. At the
same time National Television System Committee (NTSC) was formed in USA. The development
of color television system was led by Europe. The Sequential Couleur A Memoire (SECAM) and
Phase Alternating Line (PAL) were introduced in Europe. In 1953, NTSC color television was
introduced in USA. It remained dominant in the market till the first decade of the 21st century.
The first digital television standard (HDTV) was introduced in Japan. Since then digital television
has become very popular because of its better quality picture and sound. It uses broadcast
spectrum more efficiently. So the television broadcasters could accommodate more channels in a
limited spectrum. Until late 1990, digital television broadcasting was costly and it was thought to
be impractical. During 1991, broadcasters and equipment manufacturers decided to form a pan-
European platform to develop terrestrial television service. They initiated Digital Video
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Broadcasting (DVB) project [4]. Currently, the DVB project is a consortium of about 250-300
European companies. It has eventually become a worldwide consortium consisting of the
members from manufacturers, broadcasters, network operators, software developers, and
regulatory bodies. The DVB standard is published by Joint Technical Committee (JTC) of
European Telecommunications Standards Institute (ETSI), European Committee for Electro-
technical Standardization (CENELEC), and European Broadcasting Union (EBU). A variety of
approaches has been used by DVB to deliver the data services including: (i) Satellite: DVB-S,
DVB-S2, DVB-SH, (ii) Cable: DVB-C, DVB-C2, (iii) Terrestrial television: DVB-T, DVB-T2,
(iv) Terrestrial television (handhelds): DVB-H, DVB-SH, and (iv) Microwave: DVB-MT,DVB-
MC, DVB-MS [5]. In this paper, we have considered the DVB-T standard.

The DVB-T system, operating within the existing Very High Frequency Band (50-230 MHz) and
Ultra High Frequency Band (470-870 MHz), was introduced in [6]. There are two modes of
operations namely “2K Mode” and “8K Mode”. The “2K Mode” has been defined for DVB-T
transmission and the “8K Mode” has been defined for DVB-H transmission [7]. For limited
distance digital video broadcasting the “2K Mode” is considered suitable. On the other hand, for
long distance digital video broadcasting the “8K Mode” is preferable. The DVB standard uses
different inner code rates. The system also allows two levels of hierarchical channel coding and
modulation. The basic functional block diagram of DVB-T standard is shown in Figure 1.

Figure 1. Block diagram of DVB system [1].

Compressed video, compressed audio and data stream encoders are multiplexed into MPEG
program streams. Several MPEG program streams are multiplexed into MPEG transport stream.
A splitter is used to implement hierarchical transmission. It assists different signals like SDTV
and HDTV to be transmitted by using the same carrier. MUX adaptation and energy dispersal
convert MPEG transport stream into data packets with proper sequences.

A first level error correction is implemented by using an external coder. A Reed Solomon (RS)
code is used for this purpose. In order to cope with the long sequence of errors a convolutional
interleaver is used. A second level of error correction is done by using internal encoder. A
punctured convolutional coder with the coding rate options of 1/2, 2/3, 3/4, 5/6, and 7/8 is used
for this purpose. Another interleaver (see Figure 1) is used to rearrange the data sequence to
reduce the effect of burst error. DVB-T has options for different types of modulation namely
Quadrature phase Shift Keying (QPSK), 16-QAM, and 64-QAM. A mapper is used to convert the
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data symbols into base band complex symbols that are suitable for appropriate modulation. The
complex symbols are grouped together to form frame. A DVB-T frame contains 68 symbols. To
simplify the reception of DVB-T signal two additional signals are transmitted namely Pilot and
TPS signals. Pilot signals are used for the synchronization and equalization. The TPS signal is
used for identifying the transmission cell. The sequence of symbols is then modulated by using
OFDM technique.

OFDM is a special form of spectrally efficient multicarrier modulation technique that employs
densely spaced orthogonal sub-carriers and overlapping spectrums [6,8]. The subcarriers are
orthogonal with each other and also they can overlap to minimize the bandwidth requirement.
OFDM has the ability to reduce or completely eliminate the effect of Inter Symbol Interference
(ISI), which arises from the multipath radio wave propagation [9]. Discrete Fourier Transform
(DFT) and Inverse Discrete Fourier Transform (IDFT) are used to generate the orthogonal carrier
signals. More computationally efficient algorithms like Fast Fourier Transform (FFT) and Inverse
Fast Fourier Transform (IFFT) can be used in OFDM. The orthogonal relation among the sub-
carriers can be jeopardized during the course of transmission of the same through a multipath
channel. A multipath channel also introduces Inter Carrier Interference (ICI). Cyclic Prefix (CP)
is added with the OFDM symbol to combat ISI and ICI. The CP contains a copy of the last part of
the OFDM symbol appended at the front of transmitted OFDM symbol. The length of the CP
must be longer than the maximum delay spread of the multipath environment to reduce the ISI.
The guard interval insertion component shown in Figure 1 adds the CP with the OFDM symbol.
The digital signal produced by the OFDM is transformed into an analog signal by using a Digital-
to-Analog Converter (DAC) and it is then modulated by using RF front-end as shown in Figure 1.

2. RELATED WORKS

Numerous related works can be found in the literatures. Here, we discussed some of them. The
bandwidth efficiency of OFDM systems is achieved by overlapping the orthogonal sub-carriers as
mentioned before. Ideally, it is assumed that the waveforms of OFDM transmission have limited
band. The spectrum of OFDM symbols overlap only with its adjacent sub-carrier. Practically the
OFDM transmission is not band limited. Hence, the spectrums not only interfere with the adjacent
carrier, but they also interfere with the other sub-carriers [10]. In order to limit this type of fur-
away interference, we need to keep the spectrum of the OFDM transmission in a sufficiently low
stop-band. Many research works have been done to minimize this type of interference. One of the
early solutions is presented in [11]. The authors presented some analysis which led to use of
truncated Prolate Spheroidal Wave Function (PSWF) [12]. FIR filters have been designed for
transmitter and receiver by using a non-linear programming in [13]. To limit the bandwidth and
ISI of OFDM symbol pulse shaping and filtering have been suggested in many works. For
example, Raised Cosine Filter (RCF) has been used in [14-17]. The authors have shown in these
works that BER can be reduced by using Raised Cosine Filters. The authors show the
disadvantages of using reconstruction filters, anti-aliasing filters and other filters in [18]. They
proved that these types of filters cause smearing in an OFDM symbol. The authors presented
some numerical works and suggested that Chebyshev II filter should be the best choice. This type
of filter causes the least smearing. A series of investigations also shows that filtering is an
important element to reduce Peak-to-Average Ration (PAR) of OFDM system. The authors
suggested in [19] that one should use the clipping method to reduce PAR reduction. It causes both
in-band distortion and out-band distortion. Hence, a filter should be used after the clipping to
reduce the distortions. A more efficient method for clipping and filtering has been proposed in
[20,21]. In these works the authors demonstrated that the clipping and filtering algorithm are
better than clipping along to reduce PAPR. A simple method of clipping and filtering has been
presented in [22]. Channel estimation is another important element of an OFDM system. The
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channel estimation of an OFDM system by using non-ideal interpolating and decimating filters
have been investigated under both AWGN and Rayleigh fading channel in [23]. Two schemes for
ICI reduction have been proposed in [24]. An unscented Kalman filter based solution has also
been provided in [25]. A high mobility OFDM system has been investigated in this work. The
effects of imperfect anti-aliasing filtering have been investigated in [26]. The authors have used a
linear phase FIR filter of high order (i.e., N=50) in this investigation. In [27] it has been claimed
that pulse shaping filter is not good enough for ICI cancellation. A hybrid scheme consisting of
pulse shaping and Maximum Likelihood Estimation (MLE) have been combined to cancel ICI in
this work.

In all the above mentioned works the investigators focused on a particular filter to improve the
performance of OFDM system.  Only a few works provided a comparative performance analysis
of different types of filter. Moreover, most of the works mentioned above use one type of channel
condition. In this work we considered different channel conditions namely AWGN, Rayleigh
channel, and Ricean channels. The performance of DVB-T system has been investigated in this
work under different channel conditions. In addition to this, some classic filters namely
Butterworth, Elliptic, and Chebyshev filters have been used in the receiver of DVB-T system. We
varied some filter parameters like cut-off frequency and filter order to investigate the performance
of DVB-T receiver under different channel conditions.

3. DVB FRAME STRUCTURES

Each DVB-T symbol is transmitted in the form of a frame. Each frame consists of 68 OFDM
symbols [5]. Each symbol consists of a number of sub-carriers. There are 1705 sub-carriers and
6817 sub-carriers in the “2K Mode” and “8K Mode” respectively. The symbol interval has two
components namely a useful part and a guard interval. The guard interval carries cyclic prefix
(CP) and it is inserted at the front of the useful component as shown in Figure 2. Here, TF is the
frame duration, TU is the duration of useful data, TG is the guard interval, and TS is the duration of
a symbol. Four guard intervals have been defined in DVB standard namely 1/4, 1/8, 1/16 and
1/32. The symbols of a DVB-T frame are numbered from 0 to 67. In DVB standard all symbols
contain data and reference information. The carriers are indexed from Kmin to Kmax, where Kmin=0
and Kmax=1704 for “2K Mode” and Kmin=0 and Kmax =6816 for “8K Mode”. The spacing
between Kmin and Kmax is defined by (K-1)/TU, where the spacing between adjacent carriers is
1/TU, and K is the number of the sub-carriers. Some other OFDM parameters for the “2K Mode”
and “8K Mode” for 8 MHz channel are listed in Table 2 and Table 3.

Figure 2: OFDM frame and symbol structure.

The transmitted OFDM symbol can be mathematically expressed as
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, where k = carrier number, l = OFDM symbol number, m = the frame number, K = the number of
transmitted sub-carrier, fc = the central frequency, k = the carrier index related to the center
frequency, and cm,l,k = complex symbol for carrier k of the data symbol number l in frame m. The
cm,l,k values are normalized according to the constellation points of the modulation alphabet used.

Table 2. OFDM Parameters for “2K” and “8K” mode

Parameter 8K mode 2K mode

Number of carriers K 6817 1705
Value of carrier number Kmin 0 0
Value of carrier number Kmax 6816 1704
Duration TU 896 μs 224 μs
Carrier spacing 1/TU 1116 Hz 4464 Hz
Spacing between Kmin and Kmax (K-1)/TU 761 MHz 761 MHz

Table 3. Additional Parameter

Mode 8K mode 2K mode
Guard

interval
TG/TU

¼ 1/8 1/16 1/32 1/4 1/8 1/16 1/32

Duration of
symbol part

TU

8192xT
=896 μs

2048xT
=224 μs

Duration of
Guard

Interval TG

2048xT
=224 μs

1024xT
=112 μs

512xT
=56 μs

256xT
=28 μs

512xT
=56 μs

256xT
=28 μs

128xT
=14 μs

64xT
=7μs

Symbol
Duration TS

10240 xT
=1120 μs

9216xT=
1008 μs

8704xT=
952 μs

8448xT
924 μs

2560xT
=280 μs

2304xT
252 μs

2176xT
=238μs

2112xT
231μs

4. DVB TRANSMITTER AND RECEIVER MODELS

The transmitter and the receiver models proposed in [28] have been used in this investigation.
Figure 3(a) and Figure 3(b) show the basic signal processing steps done in the transmitter and the
receiver of DVB-T system. The number of sub-carriers in DVB-T system is 1705. Hence, we
considered 1705 4-QAM symbols as the input data to the transmitter model. The bandwidth and
the carrier frequency are 8.0 MHz and 90 MHz respectively. For the OFDM symbol generation
we chose 4096-point IFFT. The output carriers of IFFT are then converted into continuous time
signal. A pulse shaping filter has been used for this purpose. This is low pass filter [29] denoted
by Digital-to-Analog (D/A) filter in the block diagram of Figure 3(a). In the next step a D/A filter
with a sharp bandwidth is used. We choose a Butterworth filter of order 13 for this purpose.
Finally, the carrier modulation is performed at the last stage.

Designing an OFDM receiver has been an active research topic for the last few years. Most of the
research works conducted has been focused on OFDM receiver design. The OFDM receiver
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model used in this investigation is shown in Figure 3(b). The OFDM receiver performs the
inverse operations that were done in the transmitter. First, the demodulation is done. Then a low-
pass filter is used to recover the continuous version of the OFDM symbol. The delays produced
by the reconstruction and demodulation filters are then compensated. The resultant signal is then
sampled to convert continuous OFDM symbol into its discrete version. The resulted signal is then
passed through a 4096-FFT.  Finally a QAM estimator has been used to recover the original data.

(a) Transmitter

(b) Receiver
Figure 3. OFDM Transmitter and Receiver model.

Finally, the resultant data is estimated by using a 4-QAM estimator. Several investigations show
that a significant level of OFDM spectrum falls outside the nominal bandwidth. Hence an
appropriate filter should be selected in the receiver to minimize this out of band spectrum. In this
investigation three classic filters namely Butterworth, Chebyshev, and elliptic filters have been
considered.

5. FILTER SELECTION

Among all these three classic filters the Butterworth filter has drawn considerable attention in
communication system design. This type of filter exhibits a flat pass band. The roll-off of
Butterworth filter is very smooth and monotonic. To generate the spectrum of different filters
we used MATLAB built in functions [30-33]. The spectrums of Butterworth, Chebyshev, and
elliptic filter of the same order (i.e., 3) and the cut-off frequency of 200 MHz are shown in
Figure 4. For Chebyshev filter the pass band ripple was set to 10 dB (peak-to-peak). In elliptic
filter the pass band ripple was set to 0.5 dB and the stop band ripple was set to 10 dB.
Compared to Butterworth filter the Chebyshev filter response has a faster roll-off. But, it allows
ripple in the pass band as shown in the Figure 4. There is a trade-off between the ripple and the
roll-off characteristic of this type of filter. As the ripple increases, the roll-off becomes sharper.
The Chebyshev filters are classified as Type-I and Type-II. Type-I Chebyshev filter has ripple
in the pass band. On the other hand Type-II Chebyshev filter has ripple in the stop band. Since
Type-II Chebyshev filter is rarely used we consider only Type-I Chebyshev filter in this
investigation. The sharp transition between the pass band and the stop band of a Chebyshev
filter produces smaller absolute errors and faster execution speed than a Butterworth filter. The
cut-off slope of an elliptic filter is steeper that of a Butterworth and Chebyshev filters. But, this
type of filter has ripple in the stop band. Compared with the same order Butterworth and
Chebyshev filters, the elliptic filters provide the sharpest transition between the pass band and
the stop band. For this reason the elliptic filters have wide applications. Based on the spectrum
characteristics of Butterworth, Chebyshev, and Elliptic filters we have selected Butterworth
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filter for the rest of this investigation. A comparative performance analysis of Butterworth filter
with other two filters has been presented at the end of this paper.

Figure 4. The spectrums elliptic, Chebyshev, and Butterworth filters.

6. AWGN, RAYLEIGH FADING, AND RICEAN CHANNEL MODELS

In this paper we have investigated the performances of DVB-T system under different channel
conditions namely Additive White Gaussian Noise (AWGN), Rayleigh channel, and Ricean
channel. Among these channel models the simplest one is the AWGN channel. This channel
model has been commonly used in communication system design. In this model the impairment
to communication is modeled by a linear addition of white noise with a constant power spectral
density. The probability density function (pdf) of noise is modeled by a Gaussian distributed
random distribution. This Gaussian noise comes from many natural sources such as the thermal
vibrations of atoms in conductors, shot noise, black body radiation from the earth and other warm
objects, and from celestial sources such as the Sun. The AWGN channel is also a good model
model for many communication links such as satellite link and deep space communication links.
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Figure 5. Multipath propagation in wireless channel.
The disadvantage of AWGN model is that it is not applicable to model a real world terrestrial
link. Because AWGN channel model does not consider some important characteristics including
multipath, terrain blocking, and interference of a terrestrial link. Rayleigh fading channel model is
another commonly used model that takes account of the variation of signal under multipath
condition. A multipath propagation scenario is depicted in Figure 5. In this scenario the
transmitted signal x(t) travels a number of paths from a transmitter to a receiver. If the transmitted
signal is expressed as )2cos()(  += tfAtx c

, the received signal can be expressed as
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Figure 6. Multipath propagation in wireless channel with a dominant LOS path.

The signal from a transmitter may be reflected by a number of objects (i.e., multipath
propagation) in addition to a dominant Line of Sight (LOS) path as shown in Figure 6. At the
receiver the LOS path has an effect of adding a DC component with the multipath component.
The addition of a strong LOS signal with a number of multiple paths resulted in a Ricean
distribution. The probability density function (pdf) of Ricean distribution is expressed as
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22
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, where parameter A denotes the maximum amplitude of the dominant signal and I0(•) is the
modified Bessel function of the first-kind of zero order. The Ricean distribution is often described

in terms of K parameter defined by
2
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As A→∞, K→0, the Ricean distribution becomes Rayleigh distribution.

7. DVB TRANSMISSION UNDER AWGN, RAYLEIGH AND RICEAN

CHANNELS

In order to investigate the performance of DVB-T transmission under different channel conditions
we conducted simulations in MATLAB. We selected DVB-T with “2K Mode”. The simulation
parameters were set according to those listed in Table 1 and Table 2 as mentioned in an earlier
section. The simulation results in terms of Symbol Error Rate (SER) are shown in Figure 7. This
figure shows that the SER decreases with the increase in signal-to-noise (SNR) ratio. It is also
shown that for a given SNR, DVB-T has the minimum SER for AWGN channel. But, the
multipath effects result in higher SER in Rayleigh fading channel and Ricean fading channel
(with K=25 dB) environment. The SER is low in Ricean channel compared to that of Rayleigh
fading channel because of its strong LOS path component.
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Figure 7. The SER rate performances under AWGN, Rayleigh, and Ricean channel.

Figure 8. Magnitude spectrum of Butterworth filter.

To investigate the performances of DVB system we choose the simplest AWGN channel model
and we choose a Butterworth filter. The frequency domain characteristic of the Butterworth filter
depends on two important parameters namely (i) the order of filter, and (ii) the cut-off frequency.
Since the OFDM based DVB-T system suffers from frequency error we maintained same filter
order (i.e., N=3), but we varied the cut-off frequency. The magnitude spectrums of Butterworth
filter with varying cut-off frequency are shown in Figure 8. It is depicted in this figure that the
magnitude spectrum attenuates sharply as the cut-off frequency is reduced. Higher cut-off
frequencies cause higher attenuation rate in this type of filter. The cut-off frequencies are chosen
arbitrarily denoted by wc=1/2,1/3,1/4 and 1/5. The cut-off frequency labeled as wc=1/2 represents
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the highest cut-off frequency and the cut-off frequency labeld as wc=1/5 represents the lowest cut-
off frequency.

Figure 9. The SER rate performances under AWGN channel with different cut-off frequency.

Figure 10. The SER performances of DVB-T under Rayleigh channel.

The SER performances of DVB system under different channel conditions namely AWGN,
Rayleigh, and Ricean fading channels are shown in Figure 9, Figure 10, and Figure 11
respectively. In all these simulations we used Butterworth filter and we varied the filter cut-off
frequencies. Figure 9 shows that the SER performance of DVB-T system can be improved by
decreasing the cut-off frequency under AWGN channel condition. It also shows that SER can be
decreased by almost 10 times on an average if a tighter cut-off frequency is used. The effects of
filters are more evident for Rayleigh fading channel as shown in Figure 10. Since the Rayleigh
fading channel causes the signal to fade significantly due to multipath effects, the filter cut-off
frequency selection is more important in such channel environment. It is depicted in the same

SER

Eb/No
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figure that the SER can be significantly reduced if the filter cut-off frequency is changed from
wc=1/2 to wc=1/5.The effects of filter on DVB performance under Ricean fading condition is
shown in Figure 11.  This figure shows that a moderate improvement in SER can be achieved by
varying the filter cut-off frequency. This SER improvement is not significant like that of Rayleigh
fading case. But, this improvement in SER is better than that of AWGN case.

Figure 11. Comparison of filter performance under Ricean Channel.

Figure 12. Comparison of different filters performance under AWGN Channel.

8. COMPARISON OF DIFFERENT FILTERS

In the DVB signal reception Butterworth filter has drawn considerable attention.  In this section
we present some results which show a performance comparison of DVB system by using some
other popular filters like Chebyshev and elliptic filter.  These filters have been tested also under
different channel conditions here. For fair comparison we used Butterworth, Chebysheb, and
Elliptic filters of the same order and the same cut-off frequencies. Only the pass band ripple has
been set to 10 dB in Chebyshev filter. In elliptic filter both pass band and stop band ripple have
been chosen 10 dB and 0.5 dB respectively.  The simulation results are shown in Figure 12,



International Journal of Computer Networks & Communications (IJCNC) Vol.5, No.4, July 2013

99

Figure 13, and Figure 14. The SER performances of these three filters under AWGN channel is
shown in Figure 12. It shows that an elliptic filter is a good candidate for DVB signal reception
under AWGN channel.  The Chebyshev filter performs poor in this type of channel. The
Butterworth filter shows a fair performance.  The results for Rayleigh fading channel are
presented in Figure 13. It is shown therein that the Chebyshev filter is good candidate for
Rayleigh fading channel. Although an elliptic filter is the best candidate for AWGN channel
condition, it performs poor under Rayleigh fading channel condition. Finally, Figure 14 shows
that the Butterworth filter is the best candidate for Ricean channel condition. But, the
performances of the elliptic and Chebyshev filters are almost similar.

Figure 13. Comparison of filter performance under Rayleigh Channel.

Figure 14. Comparison of filter performance under Ricean channel.

9. CONCLUSIONS

In this paper, the performance of DVB receiver has been investigated under different channel
condition. It is shown that the performances of DVB system depends on the underlying channel
conditions. It is also shown that a suitable filter is essential for DVB receiver. The simulation
results show the DVB-T receiver performance is very sensitive to the filters. It is also shown a
tighter cut-off frequency is required in order to reduce SER. Several filters have been proposed
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for DVB receiver. Among these filters, the Butterworth filter is the most popular choice. In this
paper, we investigated the performances of DVB receiver by using Butterworth filters of different
cut-off frequencies. It is shown in this paper that a Butterworth filter may not be suitable for all
channel conditions. In some cases other type of filters like Chebyshev and elliptic filters can
perform better than Butterworth filter. Hence, a careful filter selection is very important for a
DVB receiver. The selection of filter should be based on channel condition. But, in all cases a
tighter cut-off frequency is desirable.
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