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The contribution deals with the simulation of the digital video signal transmission through the baseband
transmission channel model. The simulation model that covers selected phenomena of DVB (Digital Video
Broadcasting) system signal processing is presented. The digital video signal is represented with the digital
data of one non-compressed video frame that is channel encoded and protected against errors with the for-
ward error correction (FEC) codes. The transmission channel model has influence on transmitted digital data
and its distortion and the pertubative signals affect on the data decoding. The developed interactive simula-
tion software (Matlab application) features are outlined too and the conclusion presents efficiency of the
used FEC codes.
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1 INTRODUCTION 2 TRANSMISSION SIMULATION MODEL

Digital television (DTV) or Digital Video The transmission simulation model deals with the se-
Broadcasting (DVB) refers to the source lected baseband DVB processing phenomena (see Figure
coding of audio, data and video signals, the 1). The input signal corresponds to analog RGB image
channel coding and the methods for the (one non-interlaced and non-compressed frame of the
transport of the DVB signals via all kinds standard television signal) that is converted into digital
of transmission media. The DVB standards YCzCRr image samples and multiplexed into serial data.
are determined for satellite DVB-S, cable The conversion and multiplexing is according to CCIR
DVB-C and terrestrial DVB-T broadcas- ITU R-601 recommendation. This way created one-dimen-
ting. There are common principles and
characteristics of source and channel enco-

ding in baseband for mentioned transmis- *ﬂ RGB to YCBCR conversion ‘

sion media (source encoding MPEG-2, chan- N

nel encoding FECs by block Reed-Solo- ‘ Image samples multiplexing ‘

mon code and convolution code with inter- P

leaving). The systems are different by used ’ FEC coding + interleaving ‘

modulation methods (QPSK for DVB-S, v

16-256 QAM for DVB-C and COFDM for ‘ Protected digitalsigral ¢

DVB-T) caused by different bandwidth, li- I

mits of radiated power, levels of distortion Subjective Objective

and perturbation in transmission media check of the Model of the transmission channel check of the

etc. [1]. transmission (in baseband) transmission

quality " quality

The contribution presents partial solu- ’ - T

tion of the grant project »Simulation and Reoeived digltal signal

analysis of the digital signal transmission and - v - -

transmission distortions in DTV and DVB ’ FEC decoding + deinterleaving l

area« no. B2813302 of the Grant Agency v

of the Academy of Sciences of the Czech ‘ Image samples demultiplexing ‘

Republic that was solved in 2003-2004 at v

Institute of Radio Electronics, Brno Uni- *ﬁ YCBCR to RGB conversion ‘

versity of Technology and the author is

supervisor of the project. Fig. 1 The simulation and analysis transmission simulation model
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sional digital signal is optionally channel encoded
with FEC (Forward Error Correction) codes and
symbols are interleaved. The protected digital sig-
nal is then transmitted with the model of the digi-
tal transmission channel. The model has variable
parameters and can affect signal with the linear
distortions and pertubative and reflected signals.
After the transmission the signal is received, FEC
decoded, deinterleaved, demultiplexed and the RGB
image samples are counted and RGB image is visu-
alized. Then the objective (bit-error rate BER eva-
luation) or subjective (image comparison) check
of the transmission quality can be evaluated (das-
hed lines in Figure 1) in according to set up
parameters of each block. The simulation model
was applied in Matlab and the developed simu-
lation software is used for research and educa-
tion of DVB signal baseband processing in labo-
ratory education. The next paragraphs specify par-
ticular blocks and the way of the model signal
processing. The conclusion presents efficiency of
DVB protection codes.

3 DIGITAL IMAGE AND VIDEO SIGNAL

One frame of the PAL CCIR 625/50 television
signal is the standard analog image with 576 vi-
sible lines and according 720 pixels per line. This
image consists of three components RGB. The
DVB non-compressed image corresponds to the
CCIR ITU R-601 recommendation [1] and the
transmission components are the luminance signal
Y and chrominance signals Cg and Cg. Each sig-
nal component is sampled by the standardized
sampling frequency and quantized by 8 bits per
sample. Table I presents possible sampling formats
and subsequent frame resolution. The 4:4:4 sam-
pling format is used for master record, the 4:2:2
and 4:2:0 sampling formats are used for stan-
dard television broadcasting (quality accords to
PAL CCIR 625/50).

Table I Sampling formats and image resolution

Table II Sampling frequencies and data rates

4:4:4 4:2:2 4:2:0
Signal fs H fs H fs H
[MHz] | [Mbps] | [MHz] | [Mbps] | [MHz] | [Mbps]

Y 13.5 108 13.5 108 13.5 108

Cp 13.5 108 6.75 54 6.75 27
Cr 13.5 108 6.75 54 6.75 27
MUX 40.5 324 27 216 27 162

Resolution Y Resolution CgCgr
Format
horizontal vertical | horizontal vertical
[pixels] [pixels] [pixels] [pixels]
4:4:4 720 576 720 576
4:2:2 720 576 360 576
4:2:0 720 288 360 288

The data rate of the digital video signal com-
ponents and its serial data multiplex depends on
the sampling format. Table II shows the possible
sampling frequencies f; and according data rates H
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for the sampling formats in baseband including the
multiplexed serial data (MUX). The data rates are
0.768 times multiplied when only active part of
the image is in-process [2].

4 ERROR PROTECTION CODES IN DVB

Two relevant methods of error protection in the
transmission of digital television are forward error
corrections by block Reed-Solomon code (FEC1)
and convolution code (FEC2) with interleaving
(see Figure 2). For the transmission of digital TV
over satellite and via terrestrial transmission net-
works the RS (n, m) code —n=m +k where m is
the number of information symbols and k is the
number of correction symbols — is concatenated
with the convolution code by means of an inter-
leaver. The RS code is based on the Galois field
GF (28), and therefore has a symbol size of 8 bits.
The RS (255, 239) was chosen which processes a
data block of 239 symbols and can correct up to
8 symbol errors by calculating 16 redundant cor-
rection symbols. As an MPEG-2 packet is 188 by-
tes long, the code was shortened, i.e. the first 51
information bytes were set to zero and not trans-
mitted at all. In this way the RS (204, 188) is ge-
nerated [1].

source encoded signal

v

Reed-Solomon Outer
encoder code

convolutional
interleaver

I
v

convolutional
encoder

Inner
v code

puncturing
torate R

I
v

protected digital signal

Fig. 2 Forward error correction codes in the transmission of the
DVB
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After the outer code a convolutional interleaver
with depth 7=12 is used. From the frame length
of the outer code with n =204 the base delay re-
sults as M =n/I=17. Finally a convolution code is
applied to the interleaved symbols. Its rate R =
=m/n — where m is the number of input bits and n
is the number of output bits — is equal to 1/2, the
constraint length is K=7. Optionally the 2/3, 3/4,
5/6 and 7/8 rates are possible. Coding for error
correction by transmission over cable is similar,
only the convolution code is not required as the
signal-to-noise performance in the cable channel is
very much better than in the satellite channel.

5 TRANSMISSION CHANNEL MODEL

The philosophy of the digital transmission chan-
nel simulation appears from the similarity with the
characteristics and the process of design and rea-
lization of the non-recursive digital filters FIR.
These filters have finite impulse response, numeri-
cal stable algorithms of design and relatively easy
hardware implementation on Digital Signal Proces-
sor (DSP) platform. Another advantage of these
filters is the linear phase characteristic in mentio-
ned frequency band that is important especially
for digital components signal transmission in digi-
tal television.

The conventional model [3] for digital transmis-
sion channel simulation for baseband digital video
signal transmission is the FIR filter with low-pass
character and variable parameters and method of
design. Design of the proposed digital transmis-
sion channel model deals with the input parame-
ters of the channel in according to chosen method

-} Figure No. b: Modulova charakteristika prenosove funkce modelu prenosoveho pios
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of design. The acceptable design methods for simu-
lation in Matlab are the weighting of the impulse
response method, sampling of the frequency cha-
racteristic method and design by approximation of
frequency characteristic with LS algorithm. These
methods give stable results and ensure successful
implementation [4].

The developed model [5] can change the charac-
ter of the filter (LP, HP, BP, BS, multiband), pos-
sibility of design method selection and it has vari-
able parameters (filter order, cut-off frequencies,
attenuations and allowed ripples of transmission
module in passband and stopband, eventually inter-
active design by using the tolerant field of the
digital transmission channel model). The pertuba-
tive signals influence on the transmitted digital
signal is substituted with one source of pertuba-
tion signal. This source is optionally added to use-
ful signal — additive pertubation and may be mo-
deled for e.g. as the white noise with normal dis-
tribution. The next possibility of pertubative sig-
nal is the reflected signal and its influence on the
transmitted digital signal.

6 SIMULATION SOFTWARE FEATURES

The developed Matlab GUI application [6] for
the simulation and modeling uses functions of the
Signal Processing, Image Processing and Commu-
nication Toolboxes of Matlab and allows:

=input image selection from file - BMP, PCX,
JPG, PNG, TIE FIG;

= digital video signal sampling format selection
corresponds to ITU R-601 recommendation —
4:4:4, 4:2:2, 4:2:0;
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Fig. 3 The transmission channel model parameters editor — interactive design
(example of low-pass transmission channel FIR design using tolerant field)
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Fig. 4 Subjective check of transmission quality — comparison of input RGB and B&W
images with transmitted images that are overlaid by the transmission errors (only examp-
ple without specification)

= transmission quality selection corresponds to
ITU R-601 recommendation — 8 or 10 bits
per component samples;

= transmission multiplex type selection corres-
ponds to DVB standard — serial or parallel
multiplex;

= FEC1 parameters setting of RS code, n and m
parameters in according to DVB standard —
RS (255, 239), RS (255, 235), RS (255, 223),
RS (255, 205);

= intereleaver depth I settings — up to 20;

= FEC2 parameters setting of convolution code,
rater R=m/n selection in according to DVB
standard - 1/2, 2/3, 3/4, 5/6, 7/8;

= design and visualization of the baseband trans-
mission channel model parameters, including in-
teractive graphics methods of design and sa-
ving the model parameters — low-pass, high-
-pass, pass-band, stop-band and multiband fil-
ter type;

= additive noise pertubation model and reflected

transmission signal model that are used in the
transmission channel model;

=decision level setting in according to used sour-
ce coding — NRZ unipolar/bipolar, RZ unipo-
lar/bipolar;

= channel and source decoding, restoration of the
image from transmitted component signals and
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objective and subjective evaluation of the trans-
mission influence on transmitted image;

= objective evaluation of transmission quality —
block and bit error rates of protected/non-pro-
tected digital signals;

= subjective evaluation of transmission quality —
the input/output image in spatial domain com-
parison including Zoom function for detail dis-
play;

= interactive help — HTML text (in czech).

7 RESULTS

Independently of whether the encoding and de-

coding is in frequency or time domain, the effi-
ciency of the RS code is the same. The residual
bit-error rate (BER) of various RS codes based
on GF (28) is shown in Figure 5. Although the
RS codes are symbol-oriented codes, the analysis
of the efficiency takes bit errors into account.
The efficiency of the code increases with an in-
crease in the number of test symbols. At an input
bit-error rate of 2-10-3 the residual bit error rate
of the RS (255, 205) code is approx 1-10-10 —
the coding gain is thus more than 10 to the power
of 7 — whereas in the case of the RS (255, 239)
code at the same input bit-error rate the output
bit-error rate is 9-10-4 - the coding gain is only
slightly greater than 0.5. For all DVB transmis-
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Fig. 5 Residual bit-error rate value of various RS (255, 255-2t)
codes

sion standards a modified (shortened) RS (255,
239) code is used which makes it possible residu-
al bit-error rate of approx 1-10-!! at an input bit-
-error rate of 2104 while correcting up to 8
symbol errors per block.

The residual bit-error rate of convolutional co-
des of rate R is a function of Ey/N, (energy trans-
mitted per bit divided by the noise-power densi-
ty of the white Gaussian noise) and the parame-
ter K describes the length of the code. The per-
formance of the error correction increases with
increased K. For the DVB standard a convoluti-
onal code of rate R=1/2 with a constraint length
K=7 is used. With E /Ny=3.2 dB it is possible
to achieve a bit-error rate of less than 2 - 104
at the output of the decoder, this ratio corres-
ponds to the maximum of the bit-error rate at
the input of the RS decoder, so finally a bit-er-
ror rate at the output of the RS decoder of less
than 1-10-11 is obtained.

8§ CONCLUSION

Described philosophy, model for simulation and
analysis and software implementation is the par-
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tial solution of the mentioned grant project and
gives some general results for baseband digital
transmission channel simulation and analysis of
digital television transmission. The developed Mat-
lab GUI application for the simulation and analy-
sis uses functions of the Signal Processing, Image
Processing and Communication Toolboxes of Mat-
lab. It can be used for the illustrative modeling
and experimental education of the digital televi-
sion technique area. This work presents the open
modular application that can be ensemble with the
other transmission phenomena of the DVB stan-
dard signal processing (digital modulation techni-
ques, transmission in RF band etc.)

ACKNOWLEDGEMENT

The contribution was supported by the grant project
of Grant Agency of the Academy of Sciences of the
Czech Republic, no. B2813302, Simulation and analysis
of the digital signal transmission and transmission distor-
tions in DTV and DVB area and Research programme
of Brno University of Technology, Research of electro-
nic communication systems and technologies, CEZ MSM
262200011.

REFERENCES

[11 U. Riemers, Digital Video Broadcasting. The International
Standard for Digital Television. Springer-Verlag Berlin Heil-
deberger New York, 2001.

[21 G. W. Collins, Fundamentals of Digital Television Trans-
mission. A Wiley-Interscience Publication, John Wiley &
Sons, Inc., 2001.

[3] T Kratochvil, V. Riény, Characteristics of an Ideal Low-
-Pass Discrete Digital Filter Used for Transmission of the
Video Signal in TV Technique. In proceedings ERK 2000,
pp. 25-28, Portorose, (Slovenia), September 2000.

[4] T Kratochvil, Simulation of the Digital Real Transmission
Channel Characteristics. Research report of development
project of the Ministry of Education of the Czech Repub-
lic no. 156/2001, Brno (Czech Republic), January 2001.

[5] T Kratochvil, V. Ri¢ny, The Digital Image Transmission
Simulation. In proceedings VIPromCom 2002, pp. 401-406,
Zadar (Croatia), June 2002.

[6] T. Kratochvil, J. Hrdina, Utilization of Matlab for Educa-
tion of the Digital Image Transmission. In Proceedings
Matlab 2002, Vol. 1, pp. 261-264, Prague (Czech Repub-
lic), November 2002.

45



Digital Image Transmission Simulation Using the DVB... T. Kratochvil

46

Simulacija prijenosa digitalne slike uporabom DVB kodova za unaprijedno ispravljanje pogreske. Doprinos
rada je u simulaciji prijenosa digitalnog videosignala putem modela kanala za prijenos u osnovnom pojasu. Pri-
kazan je simulacijski model koji ukljuCuje odabrane postupke obrade signala u sustavu za radiodifuziju digital-
nog videosignala (DVB, Digital Video Broadcasting). Digitalni videosignal je predstavljen u obliku digitalnih
podataka nekomprimirane slike, koja je kanalno kodirana i zaSticena od pogreSaka uporabom kodova za unapri-
jedno ispravljanje pogreske (FEC, Forward Error Correction). Model prijenosnog kanala ima utjecaj na pri-
jenos digitalnih podataka, tako da izoblicenje i smetajuci signali u kanalu djeluju na dekodiranje podataka.
Takoder su opisane znacajke razvijene interaktivne programske podrske za simulaciju (Matlab aplikacija) i za-
kljucci koji prikazuju djelotvornost koriStenih FEC kodova.

Kljucne rijeci: digitalna slika, izvorno i kanalno kodiranje, model prijenosnog kanala
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