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Abstract

One of the most exciting areas in
telecommunications and networking is wireless
technology. The rapid growth of mobile telephone uses
various satellite services. So, the present work deals
with high data stream applications of Digital Video
Broadcasting (DVB), which takes an important place
in the studies and development researches due to its
direct contacts on the human daily life. In this design
the focusing is on the modern types of DVB where
modified module of the Terrestrial DVB for Handheld
terminals (DVB-H) is used and it was simulated to
perform the physical layer of the designed system.
Different modes of DVB-H with high bit rate of
Orthogonal Frequency Division multiplexing (OFDM)
and high number of sub-carriers are considered to
show the effect of Coded Orthogonal Frequency
Division multiplexing (COFDM) on the system SNR
using the convolutional encoding. The modes are
tested to show the characteristics of each type
involving BER calculation. The obtained results show
the effect of OFDM in the designed system by
evaluating it using AWGN and mobile multipath
channels. These demonstrate the effective of OFDM
over single carrier systems where the complexity and
cost of implementation are both increaseed by
increasing number of carrier. The elimination of ISl is
achieved using efficient coding techniques with small
guard time. The 4k mode shows good performance in
mobile reception, providing satisfactory and
reasonable receiver cost/complexity. The Peak Signal
to Noise Ratio (PSNR) measurement of the
reconstructed received image pixels provides more
mentality and good comparing method than the BER
measuring. The obtained results are compared
between the PSNR of each reconstructed images for
different modes with the corresponding transmitting
SNR.

Keywords: OFDM, COFDM, DVB-T, DVB-H,
MPEG-2, Multicarrier, Mobile Communication,
Multipath Channel.
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1. Introduction

Wireless technology has become convenient and
often less expensive to deploy than fixed service, It is
known that the frequency and time selectivity of radio
channel due to multipath propagation and Doppler shift
are the main aspects to affect the mobile communication
system. A popular approach to combat the channel
frequency selectivity is Orthogonal Frequency Division
Multiplexing (OFDM) [E. Lawrey , 2001]. There are
many applications that use Frequency Division
Multiplexing, Digital Video Broadcasting is one of the
important systems of these applications. The challenge
is to create a cocktail of technical ingredients to offer
new services to handheld terminals, DVB-H standard
reaches successfully this exciting challenge. DVB-H re-
uses basically the well-known DVB-T transmission
parameters.

2. Digital Video Broadcasting (DVB)

The DVB standards specify the delivery mechanism
for a wide range of applications, including satellite TV
(DVB-S), cable systems (DVB-C), terrestrial
transmissions (DVB-T) and handheld terminas (DVB-
H). The physical layer of each of these standards is
optimized for the transmission channel being used. The
DVB-T gspecification was initially created for the
purpose of providing digital television over the air,
mostly for fixed reception as it was done with analog
television. The main issue to solve was to provide a
robust modulation scheme against echoes created by
reflections against buildings, hills, and other terrestrial
obstacles. (OFDM) was proposed as the optimal scheme
against these problems. DVB is a transmission scheme
based on the Moving Picture Expert Group (MPEG-2)
standard, as a method for point to multipoint delivery of
high quality compressed digital audio and video. It isan
enhanced replacement of the anaogue television
broadcast standard. The single carrier transmission
method is, however, unsuitable for terrestrial
transmissions as multipath severely degrades the
performance of high-speed single carrier transmissions.
For this reason, OFDM was used for the terrestria
transmission standard for DVB. The use of higher
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modulation schemes will achieve a higher data
throughput.

3. DVB-H Trransmission Modes

DVB-H includes a new transmission mode in the
DVB-T Physical layer using a 4096 FFT size: the 4k
mode. In addition to the 2k and 8k transmission modes
provided originaly by the DVB-T standard, the 4k
mode brings additional flexibility in network design by
trading off mobile reception performance and size of
Single  Frequency  Networks (SFN) [DVB-H
Implementation, 2005]. The DVB-H 4k mode can be
used both for single transmitter operation and for small
and medium SFN. It provides a Doppler tolerance
allowing very high speed reception ["Digital Video
Broadcasting, 2004]. The 4k mode modulation mode is
available only in dedicated DVB-H networks because it
is not included in DVB-T. The DVB-T has only two
modulation modes, 2k and 8k. The 2k mode is four
times more robust to terminal speed than 8k, but with
that mode, the realization of SFNs is difficult due to
interference. In the 8k mode, multi frequency networks
are used instead but the terminal speed that can be
achieved is considerably lower [A. Arjona, 2005]. With
the 4k mode, advantages from both 2k and 8k modes are
obtained. It can use a wide area SFN and also reach
considerable high terminal speed. The proposed 4K
mode is also architecturally / hardware compatible with
existing DVB-T infrastructure, requiring only minor
changes in the modulator and the demodulator
[Transmission System for Handheld].

4. IN-DEPTH Interleaver of 2K & 4K
M odes

The longer the symbol duration of the 8k
transmission mode makes it more resilient to impulsive
interference. For a given amount of noise power
occurring in a single impulsive noise event, the noise
power is averaged over 8192 sub-carriers by the FFT in
the demodulator. 8k interleaver can be used with 4k or
2k but, if the 8k interleaver is used with 2k or 4Kk,
impulse interference tolerance will increase [P. Talmola,
2005]. In the 4k and 2k transmission modes, the same
amount of impulse noise power is averaged only over
4096 and 2048 carriers, respectively. The noise power
per sub-carrier is therefore doubled for 4k and
quadrupled for 2k when compared with 8k.

5. System Simulation and Evaluation by
Matlab

The DVB-H is simulated and evaluated using with
AWGN and mobile channels, where the three modes are
presented to describe and test the specification of each
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mode. As mentioned previously the DVB-H mainly
consists of link and physical layer. Here physical layer
was simulated. Also we deal with channel coding, block
interleaving, mobile channel and, OFDM modulation.
The OFDM modulation is important, by achieving high
datarate transmission with high performance in wireless
channel. An OFDM system is designed and, simulated
using MATLAB m-file, also this OFDM system is
basicaly used to perform the DVB-H system. This
system is tested in multipath and mobile channel. To
achieve more mentality to the results a transmission and
receiving colored image is performed instead of movie
sample for simplicity. The system was designed and
simulated for DVB-H physical layer which consist of
Reed Solomon block coding, convolutional interleaver
and, convolutional coding, 16-QAM modulation, and,
OFDM modulation. Some of the characteristics of the
OFDM used in the DVB-Hare aso investigated. The
behavior of each of the three DVB-H modes are studied
and compared using the multipath channel, the focusing
is on the new 4K mode by testing its behavior in mobile
receiving using Jakes module of Rayliegh multipath
channel (Jakes presented a realization for the simulation
of fading channel model which generates rea and
imaginary parts of the channel taps coefficients as
weighted sum of sinusoids). Transmitting and receiving
an image, using the DVB-H system is tested by
simulation showing the different results of reconstructed
images and computing the PSNR of each with different
OFDM parameters.

5.1 OFDM Modulation

The OFDM modulation took important role in the
communication world specidly, after the DSP
development revolution. The OFDM system is
configured and simulated as shown in fig.1. Hence
OFDM modulation system with 16-QAM is designed to
fit the DVB-H 2K mode standard, aslisted in table 1.

JipurData }  Mapping }  Modulation Parallel ¥ 2048

Generator i Point

Removing Serial to . Parallel Adding
CP Parallel Chaunel to Serial CP

2048 Parallel 16-QAM Data Output
to Serial Demodulation Demapping Data

G F

Random Data 16-QAM Serial to IFFT

1T
1

Point

Figure (1) OFDM modulation block diagram.
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Table (1) DVB-T 2K mode OFDM parameters

Parameter Description Value
FFT Number of FFT points 2048
K Number of carrier 1706
Kuin Value of carrier number Kmin 0
Koax Value of carrier number Kmax 1705
Tg Guard time 1/4Tu=56 us
Ts=TutTg OFDM symbol period 224+56=280 ps
Tu OFDM useful period 224 pus
1/Tu Carrier spacing 4.464 Hz

The first block with an output at (A) is the random input
digital data generated with equal (O, 1) Probability.The
input data is mapped to inter the digital modulation
stage at (B), uniform16-QAM modulation is used since
it has high data rate with acceptable SNR. Since the
number of sub-carriersis 1706 in 2k DVB-H therefore a
zero padding is done in the IFFT block to complete the
2048 |FFT points to generate the OFDM signal. The
output at (C) is shown in fig. 2. Guard time insertion
selected isa cyclic prefix with 1/4 of the OFDM symbol
interval is used which equal 56 ps, At thisstep it can be
said that the OFDM transmitting part is finished.
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Fig.3 Receiver OFDM power spectral density (D).
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The theoretica bit error rate simulation for single carrier
16-QAM modulation is calculated. The advantage on
the SNR of the OFDM modulation over single carrier
modulation through AWGN could be clearly noticed at
fig.5. The improvement in SNR of the OFDM system is
about 3.8 dB at bit error rate of 1* 10-5.

Fig. 2 Transmitter OFDM power spectral density (C).
The channel used in this simulation is the AWGN
channel, SNR=5 dB is used. The receiving part of
process will reverse. So figs. 3 and 4 shows output block

of (D), (E) respectively.
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Fig. 4 Received 16-QAM constellation (E).
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Fig. 5 A 16-QAM modulation for OFDM and single
carrier obtained on AWGN channel.

52 The DVB-H 2k, 4k, and 8k OFDM

M odes

To illustrate the effect number of sub-carrier and to
show the three OFDM modes (2k, 4k and, 8k) of the
DVB-H performance for the system in fig.1 which is
simulated over multi path Rayleigh fading channel as
shown in Fig.6. Cyclic prefix =1/4 of the OFDM
symbol, number of frames =68 and, number of sample
per frame =20 are used, numbers of FFT are (2048,
4092 and 8184 for 2k, 4k and 8k, respectively) as shown
intable 2.

2k 4k 8k
No. of FFT points 2048 4092 8184
No. of subcarrier 1706 3408 6816
Tu 224 s 448 us 896 us
Tg (1/4) S6us 112ps 224 s
Ts 280 pus 560 u s 1120 p s
Bit rate (CR=1) 242 Mbps | 24.2 Mbps | 24.2 Mbps

5.3 DVB-H Coded OFDM and interleaving
In mobile and portable reception the most usable
modulation scheme is 16-QAM with code rate of 1/2 or
2/3, which require moderate SNR and, provide
sufficient transmission capacity for DVB-H services
[DVB-H, 2005].
Fig. 7 shows the DVB-H physical layer block diagram.
The convolutional byte-wise interleaving with depth | =
12 was applied to the error protected packets. For the
coding system a convolutional encoder was used with
code rates 1/2, 2/3. The OFDM modulation parameter
was set to the values shown in Table 2 with 16-QAM
modulation, through multipath Rayleigh channel. The
evaluation results shown in fig. 8, which it could be
seen the effect of the channel coding and interleaving
over the uncoded OFDM system. The DVBH uses the
Reed-Solomon RS (204,188, t = 8) shortened code,
derived from the original systematic RS (255,239, t = 8)
code, the Reed-Solomon code has length 204 bytes,
dimension 188 bytes and alows to correct up to 8
random erroneous bytes in areceived word of 204 bytes.
And, the RS block is simulated to show the ability of
high error correction between the input SER (Symbol
Error Ratio) and the out SER is as shown in Fig. 9.
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Fig. 7 Designed DVB-H physical layer block
diagram.

Fig. 6 The three OFDM modes of DV B-H performance
in mobile channel.
Table 2 OFDM parameters for 2k, 4k and, 8k
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Fig. 9 Reed Solomon block coding.

5.4 M obile DVB-H Receiving

The rea target of the new 4k mode is the
performance enhancement in mobile reception. The
current DVB-H standard provides excellent mobile
performance with 2k modes, but with 8k modes the
performance is unsatisfactory, especidly with
reasonable receiver cost/complexity. On the network
planning side, the short guard interval the 2k mode
implements effectively prevents its usage in the
dlotment type of planning, where rather large
geographical areas are covered with one frequency. For
these reasons, a compromise mode between the 2k and
8k, would allow acceptable mobile performance on the
receiver side whilst alowing more economical and
flexible network architectures [DVB-H, 2005]. The new
4k mode which is concerned with DVB-H makes its
specia from other modes (i.e. 2k and 8k), because the
last two mode are previously used in the DVB-T
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standard. Here we illustrate the effect of the receiver
mobility on the bit error rate (BER) versus the signa to
noise ratio (SNR) for the 4k DVB-H mode. The system
shown in Fig.10 which configure the DVB-H simulates
the physical layer that performs the Quasi Error Free
(QEF) threshold 2*10-4 after Viterbi decoder. The
system blocks are set to the values in the table 3. The
Jakes module for Rayleigh channel is used to show the
effect of the handheld terminals mobility on the system
BER versusthe SNR increasing.

Table 3 OFDM parameter for DVB-H 4K

mode
Parameter Description Value
FFT Number of FFT points 4092
K Number of carrier 3409
K Value of carrier number K, 0
Koax Value of carrier number K., 3408
Tg Guard time 1/4Tu=112 ps
Ts=TutTg OFDM symbol period 448+112=560 ps
Tu OFDM useful period 448 Tu
1/Tu Carrier spacing 2,232Hz
T=Tu/4092 Elementary period 7/64 s
Bet rate See Appendix B 12.1 Mbps

Fig. 10 shows the receiver mobility effect on
the system performance through Rayleigh
multipath Jakes module channel.

th Rayliegh

ltipath faiding and different vehicle speed
————————————— T====

systery BER fi
0

T
O— 0 [km/hrs]
o] —&— 580 [kmihrs] [
200 [km/hrs] |-

SHR (dB)
Fig. 10 Receiver mobility with different
Speeds.
6. TESTING THE SYSTEM BY

TRANSMITTING AN IMAGE

In order to test and investigate the system validity to
transfer an image then, receiving it properly and,
showing the channel verity affects as well as the mode
of transmission used, on the image vision to enable the
smart comparison among different cases, a Joint
Photographic Experts Group (JPEG) format image is
transmitted using the block diagram shown in Fig.11. A
colored image first acquired then read it into its
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luminance components range between (0) and (255)
level, then reshaping the resultant arrays was performed
and converting them into binary values. Taking in mind
that number of bit have to be fit the digital transceiver
system requirement, so the zero padding is necessary.
16-QAM modulation, 4k DVB-H and, 1/2 convolutional
encoding and convolutional interleaver was used in this
MATLAB simulation. The actual metric we will
compute is the peak signal-to-reconstructed image
measure which is called PSNR. Assume we are given a
source image f(i,j) that contains N by N pixels and a
reconstructed image F(i,j) where F is reconstructed by
receiveing the transmitted version of f(i,j). Error metrics
are computed on the luminance signal only so the values
f(i,j) range between black (0) and white (255). First the
mean squared error (MSE) is computed of the
reconstructed image as follows:

fG,j)-F@, i
MSE:Z[ (i, ))—F@, i)l 1)
N1* N2
The summation is over al pixels. The root mean
squared error (RMSE) is the square root of MSE. PSNR
in decibels (dB) is computed by using the following
equation.

255
PSNR = 20log,, (——— 2
glO(RMSE) ( )

Typical PSNR values range between 20 and 40 dB. Two
main cases were chosen to describe the channel effects
the on received image.

Image Interleaver Convolutional ToQAM 4K OFDM

Read Encoder Modul. Modulation
Image Deinterleaver Veterbi 16QAM 4K OFDM
‘Write Decoder Demodul. Demodulation

Fig. 11 JPEG image transmitting and receiving.

6.1 Through AWGN Channel

JPEG image is transmitted and received through
AWGN channel by simulation with different values of
SNR using 16-QAM modulation, and 4k DVB-H. The
obtained images from this module of simulating are
shown in Fig.12. It is easy to notice that the first image
is look noisy when the value of the SNR is 2dB, and
when the SNR increased the noise of the image is
decreased, so at the SNR =8 dB the difference between
the transmitted and the origina image is null. The
PSNR was calculated for each image, as shown in Table
4, The image with PSNR = o« means that the
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reconstructed image is exactly the original image (i.e.
no errors) according to equation 2.

@ @ (6
Fig. 12 Reconstructed Received images using
AWGN.

Table 4 Transmitted SNR with the
Corresponding PSNR (AWGN)
Imge | (a) (b) © ) ©) @
SNR(B) | 0 2 4 6 8 10
PSNR(dB)| 29.12 | 3207 | 3687 | 4364 | 5345 | w

6.2 Transmisson Through

Channel for Fix Terminal
The effect of the Rayleigh multipath channel is
different from the AWGN. The distortion effects on the
image pixels is not Gaussian distribution, but the effect
will show Rayleigh distribution. The three DVB-H
modes were used to show a good comparison between
each mode according to each reconstructed image. The
channel which was used is Rayleigh multipath channel
module with fixed receiver termina (i.e. no doppler
effect is present). Figs. 13 to 15 shows the reconstructed
images for the 2k, 4k, and 8k modes respectively. The
calculated PSNR for each image are shown in table 5.
Table 5 Transmitted SNR with the
Corresponding PSNR (Rayleigh)
Image | (@ | 0 | (© | (&) | (& |
SNR(dB) | 2 6 8 12 | 16 | 20
PSNR(dB) | 22.36 | 23.19 | 26.60 | 31.41 | 37.45 | 55.58
PSNR(dB) | 22.86 | 2332 | 27.29 | 33.45 | 41.22 | 59.07
PSNR(dB) | 23.03 | 23.71 | 29.58 | 36.44 | 45.12 | 62.20

Rayleigh

6.3 Transmisson Through
Channel for Mobile Terminal

Another evaluation includes different value of receiver
mobility speed with SNR of 10 dB. The channel used is
Jakes module that represent the Rayleigh multipath
channel. The obtained reconstructed images are shown
in figs. 19 to 21 for the 2k, 4k, and 8k modes
respectively according to the corresponding terminal

Rayleigh
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speed values of table 6 as well as the calculated PSNR.
The 2k mode is more robust to termina speed than 4k,
and 8k. Also it has short symbol duration so the
realization of SFNs is difficult due to interference, then
the 8k is more robust to interference than other modes.
But the 8k mode adds more complexity to practical
implementation so the 4k is the moderate case between
other two modes which take the advantages from both
2k and 8k modes.

@ C)
Fig. 15 Reconstructed Received images using
Rayleigh channel for fix terminal with 8k
mode transmission.

@©
Fig. 13 Reconstructed Received images using
Rayleigh channel for fix terminal with 2k
mode transmission.

(d : ©) (69]
Fig. 16 Reconstructed Received images using
Rayleigh channel for mobile terminal with 2k
mode transmission.

@ ©
Fig. 14 Reconstructed Received images using
Rayleigh channel for fix terminal with 4k
mode transmission.

(@ ) ®
Fig. 17 Reconstructed Received images using
Rayleigh channel for mobile terminal with 4k
mode transmission.



@ ® o
Fig. 18 Reconstructed Received images using
Rayleigh channel for mobile terminal with 8k
mode transmission.

Table 6 Receiver mobility speed with the
Corresponding PSNR (Rayleigh)
mge | @ [ ®]|©@©[@] @[ ®

Receiver N .
speed(Kuvh) 0 20 50 80 100 300

PSNR(dB) |29.92 |28.51|27.61|26.74 | 25.32 | 23.39
PSNR(dB) |30.82 | 28.61 | 27.43 | 26.47 | 24.86 | 22.69
PSNR(dB) |31.32|28.75]|27.39| 26.21 | 24.43 | 22.1

7. CONCLUSIONS

Our study demonstrates the effectiveness of
Orthogonal Frequency Division Multiplexing, over
single carrier systems. The simulation shows that, when
the number of sub-carrier increased, the BER
performance is improved, so the 8k mode provides
higher bit rate as well as better SNR than 4k mode, than
2k mode. However, the complexity and the cost of
implementation both are increased by increasing
number of carrier. Using efficient coding techniques
with small guard time is enough to eiminate IS
perfectlv. The 4k mode shows aood performance in

mobile reception, providing satisfactory and reasonable
receiver cost/complexity. The PSNR measurement of
the reconstructed received image pixels provides more
mentality and good comparison method than the BER
measuring. The 4k mode achieves many advantages
then other 2k and 8k modes. It can use a wide area SFN
and also reach considerable high terminal speed.
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