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1  INTRODUCTION 
At present, there is big interest in DTV (Digital Television). As we enter 

the twenty-first century, digital television is considered as an integral part of the new 
millennium. This is because the DTV can offer enormous amounts of information 
at very low cost to the infinity number of viewers. Furthermore, it can now be fully 
integrated into completely digital transmission networks [1]. 

Digital television system can provide more programs and possibilities than old 
and classical ATV (Analog Television). The reasons are several. One of them is that 
the information (video, audio, image, data) in digital form can be modified and treated in 
ways never possible with ATV. Stream in digital form is easy to store on computer or discs 
and play them over digital networks without significant signal degradation. Because the 
benefits of the digital systems were more then analog systems, in September 1993 was to 
sign the contract of understanding. Organization DVB (Digital Video Broadcasting) 
was based and became a full development work [1], [2]. 

DVB [1], [2] is the standard for digital broadcasting that was first adopted in Europe. 
The DVB standard also tells how to combine several services as radio and TV channels 
in a so called multiplex. This is important if we want to receive the signal from satellite, 
cable or terrestrial transmitters. The DVB standard also contains rules for how the signals 
are to be distributed trough three kinds of distribution media: DVB-[12]S (Satellite) [2], 
[3], DVB-C (Cable) [2], [4] and DVB-T (Terrestrial) [2], [5], [6]. For bringing broadcast 
services to mobile handsets serves DVB-H (Handheld) and DVB-SH (Satellite 
to Handheld) standards.  

The DVB-H (in this dissertation thesis also marked as a DVB-T/H) system can be 
precisely defined as a transmission system, built out of several DVB standards, aiming 
at efficient terrestrial broadcasting of digital multimedia data to handheld devices. 
The DVB organization formally adopted this standard in November 2004. The DVB-H 
system, compare to DVB-T, is more flexible and robust digital transmission system. 
The system also includes additional features, which will reduce battery power consumption 
(time slicing) of the handheld receivers and a 4K OFDM mode, together with other 
innovations [2], [7], [8], [11], [12]. 

From March 2008, standard DVB-H is officially endorsed by the European Union as the 
“preferred technology for terrestrial mobile broadcasting”. In 2007, a study mission was 
formed to investigate the new options for a potential DVB-H2 successor to DVB-H, 
but the project was later shelved. In November 2009, the DVB group made a 'Call for 
Technologies' for a new system DVB-NGH (Next Generation Handheld) to update 
and replace the DVB-H standard for digital broadcasting to mobile devices. The schedule 
was for submissions to be closed in February 2010, the new ETSI standard published 
in 2011, and rollout of the first DVB-NGH devices from 2013 [11].  

The DVB-SH system is a physical layer standard for delivering IP based media content 
and data to handheld terminals such as mobile phones or PDAs, based on a hybrid 
satellite/terrestrial downlink and for example a GPRS (General Packet Radio Service) 
uplink. The DVB organization published this standard in February 2007. System DVB-SH 
was designed for frequencies below 3 GHz, supporting UHF (Ultra High Frequency),       
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L-band or S-band. It complements and improves the existing DVB-H physical layer 
standard [9]-[11]. 

DVB-SH terminals are still in development by several manufactures and the first 
terminals are arrived to market nowadays. In Europe, the driving force for DVB-SH 
technology is the group Alcatel-Lucent. This company worked closely with NXP 
Semiconductors and they are developing a receiver module for UHF, L-band and in the 
future for the S-band [11].  

This dissertation thesis deals with the simulation, measurement and analysis of signal 
processing and transmission in DVB-H/SH standards. In this work, it is determined 
the error rate of transmission, depending on system configurations and parameters 
of transmission communication channels. 

 

2  STATE-OF-THE-ART IN DVB-H/SH STANDARDS 

2.1 DVB-H 
Comparing to digital terrestrial television, handheld television (mobile terminal) is much 

more difficult from technical points of view [12]. Mobile terminals have very small 
antenna size, comparing to standard television antennas. As a consequence is that the 
handheld mobile terminals need stronger signals than standard TV. On the other hand, 
it must be respected one important thing: the antenna should be covering the whole UHF 
DVB-H standard frequency band (470-862 MHz). Of course, there are several solutions 
(also respecting other technologies, like LTE and WLAN) to solve this problem. 
Very good and smart solutions are published in [13]-[15]. 

Mobile reception can be expected everywhere, especially and mainly inside buildings 
and in vehicles [12]. This demands extraordinary robustness for transmission signal. 
Therefore, DVB-H system contains functional changes in the link and physical layers, 
while it is backward compatible with DVB-T standard. In case of the link layer, 
time slicing and MPE-FEC (Multiprotocol Encapsulation - Forward Error Correction) 
were added. With these extensions the signal for the mobile reception can be more 
powerful. The research in this area and innovations for FEC scheme of the signal for 
the mobile reception also continues today [16], [17]. 

One of the main characteristics of handheld receivers is that they do not use constant 
electrical power supply, but are powered by batteries of limited capacity. Of course, the 
limited power supply is an important area of handheld terminals. Therefore, the inclusion 
of specific provisions in the technology itself, so as to restrict the power consumption, 
of the devices is required [11]. On the link layer of DVB-H system configuration, time-
slicing data transmission technique was implemented [8]. Time-Slicing enables a receiver 
to stay active only a small fraction of the time, while receiving bursts of a requested 
service. This is the most important feature of time-slicing technology. The innovation and 
improvement of this technology, which can reduced the power consumption by 90%, 
are continuing nowadays and the most important results are clearly described in [18]. 
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 With time-slicing technology is closely related the handover, known from the field 
of mobile technology and communication. The mobility of the users of mobile phones 
introduces requirement of cell handover. Handover refers to the process to change the 
frequency and receive data stream with the same content in another radio cell. To ensure 
a high quality of services, handovers should be seamless, because it has no higher 
influence on the quality of TV picture [11]. In general, time-slicing is optimizing 
handovers and has important role in the realization of the seamless handover [12]. 
The newest and actual results in this area are published in [19] and [20].  

In the DVB-H standard a classical, so called, non-hierarchical modulations are used. 
However, a hierarchical modulation [9]-[10] is also adopted as an “alternative” modulation 
technique. If the hierarchical modulation is used, the DVB-T/H modulator has two 
transport stream inputs and two FEC blocks. One transport stream, with a low data, is fed 
into the HP (High Priority) path and provided with a large amount of error protection. 
In this case, typically, a QPSK modulation is used. A second transport stream, with 
a higher data rate, is supplied in parallel to the LP (Low Priority) path and is provided with 
less error protection. In this case, for the transmission a 16QAM modulation is used [21]. 
Possibilities and features of hierarchical modulation were experimentally tested and the 
results were evaluated in [21]-[23]. 

How it was mentioned, for achieving a good signal quality at the mobile TV 
transmission in the mobile phones, on the transmitted signal must be applied a robust FEC. 
Broadcasted signal can be propagated directly, if the optical visibility between 
the transmitter and receiver is secured. Generally, there are many obstructions 
in communication environments, like houses, natural (hills, trees) and industrial objects. 
This situation is typical especially for the mobile reception. Moreover, the mobile terminal 
is practically always on the move. Therefore, it is needed a robustness FEC and improved 
techniques for achieving a good signal quality. For testing of the mentioned and described 
situations existing several types of communication channel models, which can respect the 
signal transmission with and/or without Doppler’s shift. How it is known, DVB-T standard 
allow the transmission of the signal in mobile (2K), and fixed (8K) mode [6]. Moreover, 
DVB-H standard enable transmission in portable (4K) mode [7]. Performance of the  
DVB-T transmission in mobile and fixed reception scenarios was sufficiently explored. 
Main results and conclusions were presented in [24] and [25]. On the other hand, the 
exploring of the DVB-H transmission in all possible reception scenarios is still continued. 

 

2.2 DVB-SH 
Standard DVB-SH complements and improves the existing DVB-H (physical layer) 

standard. In the last decade, several works dealt with the research and development in area 
of DVB-SH standard. The DVB-SH system allows mobile TV transmission in two 
principle modes: OFDM (for satellite and terrestrial mode) and TDM (for satellite mode). 
Therefore, it is very necessary in order to has sufficient information about 
the satellite/terrestrial signal propagation and its gain. Field measurements of a DVB-SH 
network has been done for both transmission mode and the obtained results were presented 
in [26]. 
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Especially, TDM (Time Division Multiplexing) [9]-[11], is one of the main innovations 
in DVB-SH system. In the TDM transmission mode [11], the data are broadcasted 
to mobile terminals on a direct path from a broadcast station via satellite. The TDM signal 
is partly derived from the DVB-S2 (2nd Generation Digital Satellite Television 
Broadcasting) standard. Moreover, the configuration of the DVB-SH standard allows 
a combination of TDM and OFDM modes, which is increasing the robustness of the 
transmission in relevant areas (mainly suburban). 

 In the recent years, the research in the area of TDM transmission is mainly focused 
on the developing of the appropriate satellite channel model for the analysis and simulation 
of the signal transmission. In case of TDM, a LMS (Land Mobile Satellite) model 
is usually used. This model describes the narrowband propagation channel in three possible 
shadowed states: case of line-of-sight, moderate shadow and deep shadow. Measuring 
of signal level and quality in the hybrid satellite/terrestrial channel model were already 
done and the main results were presented in [27]. 

The S-Band is very demanding in terms of signal coverage. For achieving a good signal 
quality, it is required a dense terrestrial repeater network in urban areas [11]. The cost 
of this network can be reduced if the C/N (Carrier-to-Noise Ratio) ratio, required for stable 
reception, is low. This requirement in DVB-SH system is met by the high frequency band, 
in which it operates and it is compensated by a selection of tools that enhance the signal 
robustness. Therefore, it is necessary the correct and robust FEC of the transmitted mobile 
TV service. In DVB-SH standard, as a FEC encoder and decoder, the turbo code, 
concretely, the 3GPP2 (Third Generation Partnership Program 2) turbo encoder is used [9], 
[10]. The advantages and disadvantages and very brief implementation notes of this 
encoder were available in [10]. On the other hand, nowadays, the research is focused 
on the alternative and modified turbo schemes, which have many advantages 
(less complexity, simpler interleaver and decoding methods) in comparison with 3GGP2 
turbo coder. The main alternative and perspective solutions (modifications of the original 
turbo encoder/decoder, which is preferred in DVB-SH standard) were presented in [28]. 

In the DVB-SH standard a classical, so called, non hierarchical modulations are used 
too. How it was in DVB-H system, a hierarchical modulation [9]-[10] is also adopted 
in DVB-SH, as an “alternative” modulation technique. Hierarchical modulation 
is particularly used to mitigate the cliff-off effect in DTV broadcasting, particularly mobile 
TV, by providing a lower quality fallback signal in case of weak conditions of the 
reception. It is allowing graceful degradation, instead of complete signal loss. The principle 
of hierarchical modulation and its optimal implementation to the DVB-SH system is under 
study. The first obtained results from this study have been clearly presented in [29]. 

Achieving a good signal quality at the mobile, portable and fixed TV transmission in the 
mobile terminals, on the transmitted signal must be applied robust FEC, as it is in DVB-H 
standard. The suitable system configurations in both transmission modes (OFDM and 
TDM) are therefore very important. Of course, for the exploring of the DVB-SH 
transmission a special communication fading channels is used, that is in case of DVB-H. 
And again, the exploring of the DVB-SH transmission in all possible reception scenarios 
is still continued. 
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3  DISSERTATION AIMS 
In the previous chapter the state-of-the-art of the DVB-H/SH standards was described. 

There were also presented the main areas of both standards, where the research activities 
are topical and still open. 

How it was briefly described in the previous subchapters, the main innovations in both 
standards have been done in area of channel coding. In case of mobile TV transmission, 
the technique of FEC has an important role for the achieving of the error-free reception 
of the received signal. On the other hand, DVB-H and DVB-SH systems allow set 
of different settings to adapt the transmission parameters of current channel conditions and 
requirements. These settings have very big impact on the BER (Bit Error Ratio) on data 
stream before/after the transmission via channel, as well as characteristics 
of communication channel. Dependences of the BER on the various settings and different 
types of transmission channels with varying parameters, usually, can not be determined 
theoretically or mathematically. 

The terrestrial propagation channel is considered to be frequency selective [24], 
because of its respective coherence bandwidths. A frequency selective fading is classically 
characterized through a PDP (Power Delay Profile), which gives the relative time 
of arrival, the relative power and the type of spectrum (Ricean, Rayleigh, Gaussian) 
of each group of unresolved echoes (also called paths) [5], [9]. The real dependences of the 
transmitted signal on the transmission parameters in different channel transmission model 
were not adequately investigated yet. The critical and required C/N for achieved a QEF 
(Quasi Error Free) reception [2] was not clearly determined in different types 
of communication fading channels. Therefore, it is necessary to analyze the signal 
transmission in different fading channel models in DVB-H/SH standards, to establish 
the error rate of the transmission, which is the one of the main aim of this thesis. 

The aims, which should be achieved in this dissertation work, are summarized 
in the following points: 

• Exploring of the system configurations (on the level of physical layer) of the             
DVB-H/SH standards and their possibilities for the transmission of TV services. 

• Exploring and analysis of different transmission channel models, which 
are respecting the features of all transmission scenarios (path delays, path losses, 
phase shift, movement of the receiver, Doppler’s shift, etc.). 

• Creation of appropriate program applications in MATLAB, which allow simulate 
and analyze the signal distortions at transmission in DVB-H/SH standards. 

• Measurement of the transmission distortions in typical scenarios and channel 
models, according to the technical and laboratory possibilities. 

• Evaluation and discussion of the obtained results from simulations 
and measurements and determination of critical C/N values for achieving a good 
signal quality in real transmission scenarios for DVB-H/SH standards. 
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4  BLOCK DIAGRAM OF THE DVB-H/SH STANDARDS 
4.1 THE DVB-H SYSTEM 
Functional block diagram of the DVB-H transmission system (included the FEC 

and modulator blocks) is presented in Fig. 4.1. How it can be seen, the block diagram 
of the DVB-H standard is very similar to the block diagram of the DVB-T system [6]. 

Mode and Stream Adaptation

DVB-H Forward Error Correction

Transport 
Stream Mux Splitter

MPEG-2 TV SERVICE

MPEG-2 TV SERVICE

MPEG-2 TV SERVICE

MUX
Energy

 Dispersal

Outer 
Encoder

Outer 
Interleaver

Inner 
Encoder

Inner (Bit) 
Interleaver

Inner (Symbol)
Interleaver

MUX
Energy

 Dispersal

Outer 
Encoder

Outer 
Interleaver

Inner 
Encoder

Mapper and     
M-ary QAM 
Modulation

Frame 
Adaptation

Pilots and 
TPS Signals

OFDM and 
Guard
Interval

IQ Modulator D/A and
Front End

DVB-H Signal Processing

 

Fig. 4.1 Functional block diagram of the DVB-H transmission system (based on [5]). 

The complete FEC encoder, which DVB-H standard uses, consist of two main parts: 
outer and inner encoder. These blocks ensure error protection during the data transmission. 
Outer encoder contains advanced Reed-Solomon encoder and outer interleaving 
(byte interleaver). The inner encoder follows the outer encoder, which contains 
convolutional encoder (Trellis coder) and inner interleaving (bit and symbol interleaving 
process). The purpose of interleavers is elimination the burst errors.  

The modulator and signal processing of DVB-H consist of the remaining functional 
blocks (see Fig. 4.1). The purpose of digital modulator (Mapper) is mapping the output 
of inner interleaver to the individual symbols of the digital modulation. DVB-H standard 
uses three digital modulations: QPKS, 16QAM and 64QAM. After the mapping and 
demultiplexing of these symbols, complete transmission frames in the frequency domain 
are created. These OFDM frames are then converted to the time domain and the guard 
interval is inserted. The purpose of guard interval is limiting the ISI (Intersymbol 
Interferences). At the end the D/A (Digital to Analog) block is applied, then the signal 
is amplified and transmitted. 
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Blocks, which are marked with dotted line in Fig. 4.1, are applied in case, 
when hierarchical modulation is used. In this dissertation thesis the implementation 
of hierarchical modulation is not considered.  

The detail and clear description of all functional blocks are available in full version 
of this dissertation thesis. 

4.2 THE DVB-SH SYSTEM 
The functional block diagram of the DVB-SH transmission system (included the FEC 

and modulator blocks) is presented in Fig. 4.2. How it can be seen, the block diagram 
of the DVB-SH system is divided into two main parts. First part is used for the signal 
processing, when the OFDM is used (DVB-SH-A) The second one is used for the signal 
processing, when the TDM mode used for the transmission. 

Common for both DVB-SH mode

DVB-SH-A (OFDM mode)

Mode 
Adaptation

Stream
Adaptation

MPEG-4 AVC TV SERVICE

MPEG-4 AVC TV SERVICE

MPEG-4 AVC TV SERVICE

Bit
Demux

Symbol 
Interleaver Mapper Frame 

Adaptation

OFDM
and Guard 

Interval Insertion

Carrier 
Modulation

Bit
Demux

Mapper PL
Framing Scrambling Pulse 

Shaping
Carrier 

Modulation
D/A and

Front End

DVB-SH-B (TDM mode)

FEC 
Encoding Puncturing Framing and 

Interleaving

Pilots and 
TPS Signals

Pilots

Common for both DVB-SH mode

 
 

Fig. 4.2 Functional block diagram of the DVB-SH transmission system for both transmission 
modes (based on [9]). 

How it was briefly described above, system DVB-SH is mainly designed to transport 
mobile TV services. It may support wide range of mobile multimedia services, bigger than 
the DVB-H standard. Therefore, the FEC scheme, which was applied in DVB-H standard, 
it can not be used in this case. DVB-SH uses turbo encoding, standardized by the 3GPP2 
organization and also a highly flexible channel interleaver [9]-[11].  
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In DVB-SH standard, as well as in DVB-H, interleavers are introduced to enhance 
of the waveform to short-term fading and medium-term impairments in terrestrial and 
satellite channels. The interleaver diversity is largely provided by a common channel 
interleaver. The channel time interleaver is composed of two, cascaded elementary 
interleavers: a block bit-wise interleaver, working with coded words from the turbo 
encoder and a convolutional time interleaver, which is used after the bit-wise interleaving. 
More details can be found in [9], [10]. 

The modulator of the DVB-SH, in case of mode DVB-SH-A (OFDM for satellite 
and terrestrial transmission), has the same block as a modulator of DVB-T/H. The signal 
processing and mapping are the same, as it is in DVB-T/H. On the other hand, modulation 
64QAM is not used in DVB-SH system configuration. 

When the DVB-SH-B transmission mode (TDM for satellite transmission) is used, 
the signal processing and mapping are different. After the FEC scheme (turbo encoding, 
bit-wise interleaving and time interleaving), the signal information is mapped to the 
individual symbols of the digital modulation. QPSK, 8PSK and 16APSK modulations 
in case of TDM transmission are used. After the mapping of these symbols, the complete 
transmission frames are created. At the end the D/A block is applied and then the signal 
is amplified and transmitted. 

And again, the detail and clear description of all functional blocks (mainly in case 
of TDM mode) are available in full version of this dissertation thesis. 

 
5  PROGRAM APPLICATIONS FOR THE ANALYSIS 

AND SIMULATION 
In this chapter the structures of the created applications for the analysis and simulation 

of the transmission in DVB-H/SH standards are presented. Each of them enable set many 
system parameters, as recommended by ETSI TR 101 190 [6] (DVB-T/H) 
and by EN 302 583 [9] (DVB-SH) documents. Both of applications are created in program 
environment MATLAB and enable evaluate and show all main parameters (BER, MER, 
OFDM spectrum, constellation diagram, channel environment) at the end of simulation. 

5.1 FLOWCHARTS OF THE APPLICATIONS FOR THE 
TRANSMISSION IN DVB-H/SH STANDARDS 

The flowcharts of the applications for the simulation and analysis of the transmission 
in DVB-H/SH standards are shown in Fig. 5.1 and Fig. 5.2, respectively. The created 
applications almost cover all functional blocks of the DVB-H/SH systems, presented 
in 4.1 and 4.2. After the run of the applications in MATLAB, their basic functions 
and parameters are set and after that there are enable set the concrete configuration 
parameters for the simulation. At the end, the main important parameters BER (Bit Error 
Ratio) and MER (Modulation Error Ratio) are calculated and showed. 

The detail description of the presented flowcharts (transmitter and receiver) 
can be found in the full length version of this dissertation thesis.  
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Fig. 5.1 Flowchart of the application for the simulation and analysis of the transmission 
distortions in the DVB-H standard (left – transmitter, right - receiver). 

. 
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Fig. 5.2 Flowchart of the application for the analysis and simulation of the transmission 
distortions in DVB-SH standard (left – transmitter, right - receiver). 
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6  ANALYSIS OF THE DVB-T/H TRANSMISSION 
IN FADING CHANNELS 

This part of dissertation thesis deals with the exploring and analysis of the transmission 
distortions in DVB-T/H standard in all possible scenarios (mobile, portable and fixed) 
over fading channels. The detail description of these fading channels and their models 
(with the parameters) are presented and described in. Therefore, their parameters 
are not presented in this chapter. Moreover, the DVB-T/H performance was also tested in 
a laboratory environment, using R&S test and measurements equipments. Obtained results 
from simulations and measurements are compared. 

6.1 MOBILE RECEPTION SCENARIO 
Fading channels models, used for the exploring of the signal distortions in DVB-T/H 

standard in mobile scenarios are defined in [5] and [8]. The RA6 (Rural Area) channel 
model is consists of one direct path and five reflected paths. It also clearly seen that the 
RA6 channel has approx. 10 times shorter path delays, compare to TU6 (Typical Urban) 
channel. On the other hand, the path losses in the RA6 channel are higher than TU6 model. 
In the RA6 channel the speed of the receiver is equal to 100 km/h, so the Doppler shift 
is two times higher than in TU6, where v = 50 km/h.  

Both channel profiles, VU30 (Vehicular Urban) and MR100 (Motorway Rural) 
have twelve echo paths. How it can be seen, the delays of paths are very similar, but path 
losses in the MR100 channel are overall higher, compare to VU30. Moreover, the speed 
of the receiver in the MR100 channel model is equal to 100 km/h. Therefore, 
for the simulation and also for the measuring there were chosen 2K OFDM mode 
and QPSK (RA6 and TU6) and 16QAM (VU30 and MR100) modulations. Thank to this 
system configuration, the impact of this frequency shift shall be minimized. 

More details about these mobile fading channel models can be found in full length 
version of this dissertation thesis and in the [32]. 

The DVB-T/H system transmission parameters were set to the European most common 
type of DTV broadcasting. These parameters are the most characteristic for the large 
to small size of the DVB-T/H SFN networks:  

• 8 MHz channel (bandwidth 7.068 MHz)  

• 2/3 convolutional code (robust protection) 

• 2K (mobile) OFDM mode 

• QPSK and 16QAM (mobile) non-hierarchical modulations  

• 1/4 and 1/16 Guard Interval (large and small size of SFN) 

• AWGN (Gaussian), Rural Area (RA6), Typical Urban (TU6), Vehicular Urban 
(VU30) and Motorway Rural (MR100) channel models  

• Viterbi decoding: hard. 
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6.1.1 Simualation and Measurement 
How it was described in the previous chapters, application for the simulation 

and analysis of the DVB-T/H transmission has been implemented in MATLAB. 
In the created application, all parameters for the exploring of the signal distortions 
in mobile scenarios were set as were presented in 6.1. The simulation was done on a PC 
(Personal Computer) with an Intel Core2Duo E8400 CPU at 2.2 GHz, with 2GB memory, 
running Microsoft Windows XP Professional.   

Experimental testing of the DVB-T/H broadcasting and transmission in fading channels 
for all transmission scenarios was realized in the laboratory of digital television 
at Department of Radio Electronics (DREL), Brno University of Technology (BUT), 
in Czech Republic. The transmitter and receiver test beds (see Fig. 6.1) were consisted 
of DVB-T/H test transmitter R&S with noise generator and fading simulator (up to 6, 12 
and 20 paths), MPEG-2 TS generators, included in SFU (Single Frequency Unit) 
and external R&S DVRG, reference test receiver Katherin MSK-33, DVB-T receiver 
(STB, Set-Top-Box) and DVB-H receiver (mobile phone). 

Test & Measurement devices that were used are [24]: 

• Rohde & Schwarz SFU – it was used as a coder, modulator and transmission channel 
simulator  

• MSK33 Katherin DVB-T/H – this test receiver was used for the measuring the BER 
and constellation diagram distortions (MER). 

 

Fig. 6.1 Laboratory environment for DVB-T/H transmission: DVB-T/H transmitter R&S SFU, 
MPEG-2 TS (Transport Stream) player R&S DVRG, DVB-T reference test receiver Kathrein 

MSK-33, DVB-T set-top box Topfield with LCD TV screen and DVB-H mobile phone Nokia. 

6.1.2 Experimental Results and Their Evaluation 
Detailed results of the simulation and laboratory measurement of the BER before (BER1) 

and after (BER2) Viterbi decoding characteristics and MER from constellation analysis 
in dB for DVB-T/H mobile services (used for mobile scenario) are available in the 
Fig. 6.2 a) to f). In these figures there are typical waterfall curves for the various scenarios. 
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Fig. 6.2 Simulation (L) and measurement (R): Mobile reception scenario (QPSK, 2K mode, 
code rate 2/3 and GI 1/16) and DVB-T/H performance in typical transmission channel profiles. 

The “QEF” symbol in all the figures indicates the situation where the BER after Viterbi 
decoding is equal to 2.10-4 [2], [5]. Then the BER ratio after Reed-Solomon decoding 
is less or equal to 2.10-11. The “MIN” symbol indicates the situation where the DVB-T/H 
with modulation (in this case QPSK) and convolutional code rate 2/3 has the minimal 
required C/N, equal to the reference value of DVB-T/H in a no-interference reception.  

From the obtained results is clearly seen that in mobile fading channels is needed 
a higher level of signal for the achieving a low error ratio (after the Viterbi decoding). This 
value (13.3dB/13.0dB – simulation/measurement) was highest in the TU6 channel, because 
this channel model does not consider direct path between the transmitter and receiver. 
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Fig. 6.3 Simulation (L) and measurement (R): Mobile reception scenario (16QAM, 2K mode, 
code rate 2/3 and GI 1/4) and DVB-T/H performance in typical transmission channel profiles. 

Simulation and measurement results of the mobile TV transmission in the DVB-T/H 
standard for a varying C/N ratio in the Gaussian channel (AWGN) and in the mobile 
(VU30 and MR100) fading channels are in Fig. 6.3 a) to f).  

How it can be seen from the Fig. 6.3 a) and b), the BER ratios before and after Viterbi 
decoding in both fading channel models are very similar and the features of the channels 
are reflected on the obtained results. The limit of the QEF reception can be achieved 
at (19.1 dB/16.9) in VU30 channel and (19.9 dB/18.2 dB) in MR100 channel, respectively. 
The maximum difference between the results (obtained from simulations 
and measurements) was observed in case of MER ratio in the MR100 channel. 
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6.2 PORTABLE RECEPTION SCENARIO 
This part of dissertation thesis deals with the exploring of the signal distortions            

of DVB-T/H transmission in portable TV channels. In the context of DVB-T/H standard, 
the portable scenario represents the situation, when the mobile phone or terminal can be 
easily taken from one place to another at very low speed. For the modeling of this scenario 
there are used two fading channels, respect the low speed of the receiver (low Doppler’s 
shift), namely the PI (Pedestrian Indoor) and the PO (Pedestrian Outdoor) channel profiles. 

Both channel profiles, PI and PO [32], are fundamentally similar. Both channel models 
have one direct path, which is shifted in frequency by half of the maximum value of the 
Doppler shift. This value is the same for PI and PO channels, as well as a speed of the 
receiver (v = 3 km/h). The main difference between these channel models is in the length 
of the impulse response and the delay of output paths. PI model has longer maximum 
delay, but all paths (with delays) are more attenuated than in PO model. For the simulation 
and also for the measuring were chosen 4K OFDM mode and 16QAM modulation 
(better used for portable reception), thank to the low Doppler’s shift. 

And again, more details about these mobile fading channel models can be found in full 
length version of this dissertation thesis and in the [10] and [32]. 

The DVB-T/H system transmission parameters were set to the European most common 
type of DTV broadcasting. These parameters are the most characteristic for the mid size 
of the DVB-T/H SFN networks:  

• 8 MHz channel (bandwidth 7.068 MHz)  

• 2/3 convolutional code (robust protection) 

• 4K (portable) OFDM mode 

• 16QAM (portable) non-hierarchical modulation  

• 1/8 Guard Interval (mid size of SFN) 

• AWGN (Gaussian), Pedestrian Indoor and Outdoor (PI and PO) channel models  

• Viterbi decoding: hard. 

6.2.1 Simualation and Measurement 
The simulation and measurement of the DVB-T/H transmission in portable transmission 

scenario were done by the same way as it was presented in 6.1.1, only the parameters were 
changed. Therefore, the detail description of the method of measurement in this part 
is omitted. 

6.2.2 Experimental Results and Their Evaluation 
Detailed results of the simulation and laboratory measurement of the BER before (BER1) 

and after (BER2) Viterbi decoding characteristics and MER from constellation analysis 
in dB for DVB-T/H portable services (used for portable scenario) are available in the 
Fig. 6.4 a) to f). In these figures there are also typical waterfall curves for the various 
scenarios (mainly after the Viterbi decoding). 
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Fig. 6.4 Simulation (L) and measurement (R): Portable reception scenario (16QAM, 4K mode, 
code rate 2/3 and GI 1/8) and DVB-T/H performance in typical transmission channel profiles. 

Obtained results from the simulation and laboratory measurement of the BER before and 
after Viterbi decoding characteristics and MER from constellation analysis in dB for            
DVB-T/H portable services are available in the Fig. 6.4 a) to f). How it can be seen from 
these figures, the PO channel has worse results, thank to the higher losses of paths [33]. 

From the comparison of both results (simulation and measuring) is clearly seen that 
the obtained dependences are very similar. From the comparison of both results 
(simulation and measuring) is clearly seen that the the obtained results have similar 
form, as it was in the case of mobile scenario, when the VU30 and MR100 channels 
were considered. 
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6.3 FIXED RECEPTION SCENARIO 
This part of dissertation thesis deals with the exploring of the signal distortions            

of DVB-T/H transmission in fixed TV channels. There are used two fading channel 
profiles without Doppler’s shift, namely RC20 (Ricean) and RL20 (Rayleigh) channels.  

Performance of the DVB-T/H has been simulated during the development of the 
standard [5] with two channel models for fixed reception – Ricean (RC20) and Rayleigh 
(RL20), respectively. These are theoretical channel profiles for simulation without Doppler 
shift. For DVB-T/H transmission analysis the RC20 and RL20 channels with twenty paths 
is convenient and it was used for C/N performance evaluation. 

Both channel profiles, RC20 and RL20 [5], [6], are almost similar. Ricean channel 
represents the transmission model with several reflected echo signals and one direct path. 
For the modeling of the Ricean channel, the ETSI standard [6] defines 20 paths. 
Each of these paths have own delay, gain and phase shift. Furthermore, in RC20 model 
also available a direct path between the transmitter and receiver. Its level is characterized 
by the parameter K [5]. In contrast to RC20 channel model, RL 20 channel has only echo 
paths (no direct signal between the communication parts).  

The DVB-T/H system transmission parameters were set again to the European 
most common type of DTV broadcasting. These parameters are the most characteristic 
for the mid size of the DVB-T/H SFN networks: 

• 8 MHz channel (bandwidth 7.068 MHz)  

• 2/3 convolutional code (robust protection) 

• 8K (fixed) OFDM mode 

• 64QAM (fixed) non-hierarchical modulation  

• 1/8 Guard Interval (mid size of SFN) 

• AWGN (Gaussian), Ricean and Rayleigh (RC20 and RL20) channel models  

• Viterbi decoding: hard. 

6.3.1 Simualation and Measurement 
The simulation and measurement of the DVB-T/H transmission in portable transmission 

scenario were done by the same way as it was presented in 6.1.1, only the parameters were 
changed. Therefore, the detail description of the method of measurement in this part 
is omitted. 

6.3.2 Experimental Results and Their Evaluation 
Detailed results of the simulation and laboratory measurement of the BER before (BER1) 

and after (BER2) Viterbi decoding characteristics and MER from constellation analysis 
in dB for DVB-T/H fixed services are available in the Fig. 6.5 a) to f). In these figures 
there are also typical waterfall curves for the various scenarios. 
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Fig. 6.5 Simulation (L) and measurement (R): Fixed reception scenario (64QAM, 8K mode, 
code rate 2/3 and GI 1/8) and DVB-T/H performance in typical transmission channel profiles. 

Simulation results of the fixed TV transmission in the DVB-T/H standard for a varying 
C/N ratio in the Gaussian channel (AWGN) and in the fixed (RC20 and RL20) 
fading channels are in Fig. 6.5 a) to c).  

From the comparison of both results (simulation and measurement) is clearly visible that 
the obtained dependences are slightly different. In case of Gaussian and RC 20 channels, 
the bit error ratio curve has a well known waterfall form. In RL20, the form of curve has 
more linear dependences on the actual carrier-to-noise ratio. On the other hand, 
this channel profile is much better for modeling of the real fixed scenario reception. 
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7  ANALYSIS OF THE DVB-SH TRANSMISSION 
IN FADING CHANNELS 

This part of dissertation thesis deals with the exploring and analysis of the transmission 
distortions in DVB-SH standard (in both SH-A and SH-B modes) in all most used 
scenarios (mobile, portable and flexible) over fading channels. The DVB-SH performance 
was not tested in a laboratory environment, because appropriate measurement devices, 
during at the work on this dissertation thesis, are not available. Therefore, there 
are presented only the results, which were obtained from simulations. 

7.1 MOBILE RECEPTION SCENARIO 
Typical fading channel models, which are generally used for the exploring of the 

performance of mobile TV transmission, were outlined in this dissertation thesis and there 
were described several times. Therefore, their description in this part will be omitted. 

As it is described in [9], thank to very flexible 3GPP2 turbo encoder, there are exist 
many type of code rates, which are enable flexible encoding (or puncturing) of the input 
stream. One of the most important goals of this dissertation thesis is the examination of the 
transmission distortions of the DVB-H/SH standards in different transmission scenarios. 
For this purpose it is very important to ensure that for the exploring would be used same 
parameters for both standards. For all investigated scenario (mobile, portable and flexible) 
in DVB-H has set the CR (Code Rate) to 2/3. This CR represents the case of quite robust 
transmission. However, in the DVB-SH standard this code rate represents the lowest 
robustness of the transmission. Therefore, after the detail study of performance of the turbo 
code rates, the CR for DVB-SH was set to 1/4.  

The DVB-SH-A (OFDM mode) system transmission parameters, which were used 
for the exploring of the signal distortions in mobile TV channels, are follows: 

• 8 MHz channel (bandwidth 7.068 MHz)  

• 1/4 turbo code (robust protection) 

• 2K (mobile) OFDM mode 

• QPSK (mobile) non-hierarchical modulation  

• 1/16  Guard Interval (small size of SFN) 

• AWGN (Gaussian), Rural Area (RA6) and Typical Urban (TU6) channel models  

• Turbo decoding: SISO-MAP 

• Number of iterations: 8 (as recommended in [10]). 

7.1.1 Experimental Results and Their Evaluation 
Simulation results of the mobile TV transmission in the DVB-SH-A standard 

for a varying C/N ratio in the Gaussian channel (AWGN) and in the mobile 
(RA6 and TU6) fading channels are in Fig. 7.1 a) to b). The limit of the error-free 
reception is considered for C/N, where the BER is equal to 1.10-5 after the turbo decoding, 
as recommended in [10]. 
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Fig. 7.1 Simulation: Mobile reception scenario (QPSK, 2K mode, code rate 1/4 and GI 1/16) 
and DVB-SH-A performance in typical channel profiles. 

How it can be seen, all dependences have waterfall form, but shape of all curves 
is a slightly different, as it was in DVB-T/H system. As it was in DVB-T/H system, 
when the value of the C/N ratio is increasing, then the error ratio is decreasing. On the 
other hand, this decreasing is not gradual, but it is happened “suddenly”. The reason is that 
in the DVB-SH system is used a turbo encoder/decoder. One of the main advantages 
of turbo encoding/decoding is that it allows achieved a very low error ratio at very low 
signal-to-noise ratio, thank to the advanced decoding algorithms. Moreover, the number 
of turbo decoding (iteration number) can be increased. Therefore, the minimal value 
of signal-to-noise ratio can be decreased. 

7.2 PORTABLE RECEPTION SCENARIO  
This part of dissertation thesis deals with the investigation of the signal distortions 

of DVB-SH-A transmission in portable TV channels. How it was previously, when the 
portable scenario was explored in DVB-T/H system, there are also used two fading channel 
models (Pedestrian Indoor and Outdoor), respecting the very low speed of the receiver.  

As it was mentioned previously, in this part of dissertation thesis (exploring of signal 
distortions in the DVB-SH standard) there are presented only a simulation results.  

The DVB-SH-A system transmission parameters, which were used for the investigation 
of the signal distortions in portable TV channels, are follows: 
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Fig. 7.2 Simulation: Portable reception scenario (16QAM, 4K mode, code rate 1/4 and GI 1/8) 
and DVB-SH-A performance in typical channel profiles. 

• 8 MHz channel (bandwidth 7.068 MHz)  

• 1/4 turbo code (robust protection) 

• 4K (portable) OFDM mode 

• QPSK (mobile) non-hierarchical modulation  

• 1/8 Guard Interval (mid size of SFN) 

• AWGN (Gaussian), Pedestrian Indoor and Outdoor (PI and PO) channel models  

• Turbo decoding: SISO-MAP 

• Number of iterations: 8 (as recommended in [10]). 

7.2.1 Experimental Results and Their Evaluation 
Dependences of the BER ratio after turbo decoding on the C/N ratio in the Gaussian 

(reference) and typical portable fading channel models (PI and PO) are shown in Fig. 7.2. 
From the obtained results is clearly seen that at the higher number of turbo decoding 

processes can be achieved less error rate at less C/N ratio. Furthermore, thank to optimal 
system configurations; the achieved results are much better, as it was in DVB-T/H system. 
On the other hand, when the turbo decoding process is done only one time, then the BER 
ratio will be higher. 
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7.3 FIXED RECEPTION SCENARIO  
In many cases, mobile operators want to cover large regions or even a whole country 

with mobile services. When these situations are occurred, then classical terrestrial 
broadcasting, which is used in DVB-T/H and partly in DVB-SH (OFDM mode) standards, 
is not the best choice. However, the options and possibilities of the DVB-SH standard 
allow the solution of this problem. 

The DVB-SH-A mode (OFDM mode) is also allows used the transmission in fixed TV 
channels too. On the other hand, this solution is not typical. The reason (problems with 
covering of large regions) is mentioned above. Therefore, this part of dissertation thesis is 
focused on the signal distortions in fixed TV channels, when for the transmission the 
DVB-SH-B mode is used. For the investigation of the performance of the DVB-SH-B 
mode in fixed TV channels, a Gaussian (AWGN) and Ricean (RC20) channels were used. 
Generally, in case of satellite communication, for the exploring of the signal distortions 
only the Gaussian channel is used. However, in case of “fixed” scenario is also necessary 
to consider the reflections and delays of echo paths. Therefore, as a second channel model, 
the Ricean (RC20) fading model with different K-factors [6], [10] (level of the direct path) 
will be used. And again, in this part of dissertation thesis (exploring of signal distortions 
in the DVB-SH standard), there are presented only a simulation results. 

The DVB-SH-B system transmission parameters, which were used for the investigation 
of the signal distortions in fixed TV channels, are follows: 

• 8 MHz channel (bandwidth 7.068 MHz)  

• 2.2 GHz carrier frequency (S-band, generally used in the DVB-SH-B mode) 

• 1/4 turbo code (robust protection) 

• TDM (satellite) mode 

• QPSK (satellite and fixed), 8PSK and 16APSK (both satellite) 

• AWGN (Gaussian), Ricean (RC20) channel models 

• K-factor of RC20 channel model set on 10 (strong) and 5 (weak direct path)  

• Turbo decoding: SISO-MAP 

• Number of iterations: 8 (as recommended in [10]). 

7.3.1 Experimental Results and Their Evaluation 
Simulation results of the fixed TV transmission in the DVB-SH-B standard for a varying 

C/N ratio in the Gaussian channel (AWGN) for all types of modulation are in Fig. 7.3 a) 
to b). 

From the obtained results is clearly seen that at the higher number of turbo decoding 
processes can be achieved less error rate at less C/N ratio. Furthermore, thank to optimal 
system configurations; the achieved results are much better, as it was in DVB-T/H system. 
On the other hand, when the turbo decoding process is done only one time, then the BER 
ratio will be higher. 
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Fig. 7.3 Fixed reception scenario (QPSK, 8PSK, 16APSK, mode TDM and code rate 1/4) 
and DVB-SH-B performance in the a) and b) Gaussian (AWGN) channel, c) and d) RC20 

channel with different K-factors. 

Simulation results of the satellite TV transmission in the DVB-SH-B standard 
for a varying C/N ratio in the Gaussian channel (AWGN) and fixed reception (RC20), 
represented by the fading channel and its model, are in the Fig. 7.3 from c) to d), 
where BER after turbo decoding vs. C/N ratio in Gaussian and Ricean fading channel 
model is illustrated. The results for modulations that are using QPSK, 8PSK and 16APSK 
in various types of transmission scenarios are different based on higher requirements 
on C/N. 

The simulation parameters and configuration for the satellite reception scenario has been 
chosen with respect to satellite and fixed channel model parameters. 

Thank to the direct signal path between the transmitter and receiver, the transmitted 
signal is more resistant to the short term fadings. These are main reasons, why the 
conditions of signal reception are better in RC20 channel model than other fading channel 
models [35], [36]. 

For the better exploration of the transmission distortions in RC 20 channel model, 
two possible values of K-factor were used. How it can be expected, the lower level of the 
direct path (K= 5) means that, for the achieving a good signal quality, the min. value 
of C/N ratio must be higher (see Fig. 7.3 c)). 
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8  CONCLUSION 

This dissertation thesis deals with the analysis, simulation and measurement 
of the signal distortions in the DVB-H and DVB-SH standards, which are used 
for the broadcasting of digital TV services to mobile phones and terminals (handsets).  

The introduction (chapter 1) and its first part contain a very short introduction to the 
area of the DVB broadcasting. This first part also contains a very brief introduction to the 
new DVB standards, which are developed for the broadcasting of the mobile TV services 
(DVB-H and DVB-SH) to mobile terminals.  

The second chapter (2) deals with the actual state-of-the-art in the DVB-H/SH 
standards. The research and development in the DVB-H and DVB-SH standards can be 
divided into several areas. All these areas for both standards were shortly presented and 
the references (papers), where actual results were presented, were also given. Finally, 
in the third chapter (3) were specified the main aims of this dissertation thesis. 

The fourth chapter (4) of this dissertation thesis is focused on the description of the 
functional block diagram of the DVB-T/H/SH transmitter. There were presented 
and briefly described all functional parts from the FEC scheme to the signal processing. 

Flow charts and detail descriptions of the created applications, which can used 
for the analysis of signal distortions in the DVB-H and DVB-SH standards, were presented 
and described in the fifth chapter (5). There were created two appropriate applications 
for the simulation and analysis of the DVB-T/H/SH performance in different transmission 
scenarios. The created applications also included a special stand-alone simulator (common 
for both main applications for the simulation of transmission in DVB-H/SH systems), 
which enable to choose a several type of communication channel models for 
the simulation. Overall, there were implemented 8 different channel models, which can 
use for the exploring of the signal distortions in different transmission scenarios: mobile 
(RA6, TU6, VU and MR models), portable (PI and PO models) and fixed (RC20 and RL20 
models). Moreover, implementation of own channel model, is also possible. 

Chapters six (6) and seven (7) contain the most important parts of this dissertation 
thesis. In these chapters there are explored all real possible transmission scenarios, which 
can occurred in the DVB-H/-SH standards. Generally, in both standards there were 
investigated three different transmission scenarios: mobile, portable and fixed. 
Furthermore, the DVB-H performance was also tested in a laboratory environment. 
Detail description, analysis and evaluation of the obtained results in both standards can be 
found in full length version of this dissertation thesis. 

Publications of the main results from the simulations, measurements and analysis of the 
signals transmission in DVB-T/H/SH standards can be divided onto following points: 

• Application in MATLAB, which can simulate the transmission in the DVB-T/H/SH 
standards: [30]-[33]. 

• Simulation of the transmission in Gaussian and different fading channel models 
in DVB-T/H/SH standards: [31]-[36]. 

• Simulation and measurement of the transmission distortions of the digital television 
DVB-T/H: [32]. 
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ABSTRACT 
This dissertation thesis deals with the analysis, simulation and measurement of the 

signal processing and transmission in DVB-H and DVB-SH standards. These 
standards are based on the assumption that signal reception is characterized by the 
transmission channels with echoes. These, so called fading channels, are mainly 
characterized by the path delays and path losses. Depending on the other, additional 
features (speed of the receiver, Doppler spectrum, etc.), it can be possible divided 
these channels onto three main groups: mobile, portable and fixed. Of course, signal 
transmission in different transmission channel models are affected differently. 
Therefore, it is needed found the optimal system parameters in both, DVB-H and 
DVB-SH standards, for the quality reception of the broadcasted mobile TV services, 
which is the main goal of this thesis. For this purpose, two appropriate applications 
(one for DVB-H and one for DVB-SH) with GUI were created in MATLAB, which 
enable simulated and analyzed the signal distortions in mobile, portable and fixed 
transmission scenarios. Moreover, these applications also contain a second 
application with GUI for the easy set and modification of the parameters of the used 
channel models. Therefore, it is possible to evaluate the effect of parameters of 
whole system and channel models on the achieved error rate (BER and MER) and 
quality of the transmission. In all mentioned transmission scenarios, the signal 
distortions (depending on the Carrier-to-Noise ratio) were obtained, evaluated and 
discussed in this dissertation thesis. Furthermore, in case of DVB-H, all obtained 
results from the simulations, were verified by the measuring. Differences between 
the obtained results (simulation and measuring) are also discussed. 
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ABSTRAKT  
Tato disertační práce se zabývá analýzou, simulací a měřením zpracování 

a přenosu signálů digitální televize pro příjem mobilního TV vysílání ve standardech 
DVB-H a DVB-SH. Tyto standardy vycházejí z předpokladu, že příjem signálu 
je charakterizován modely přenosových kanálů s vícecestným šířením. 
Tyto, tzv. únikové kanály, jsou charakterizovány hlavně zpožděním a ziskem 
jednotlivých cest. V závislosti na dalších parametrech (rychlost přijímače, 
Dopplerovské spektrum), je možné rozdělit tyto kanály do třech hlavních skupin: 
mobilní, přenosné a fixní. Dá se předpokládat, že v různých modelech kanálů bude 
přenášený signál různě ovlivněn. Proto je potřebné najít optimální parametry 
systémů (DVB-H/SH) pro kvalitní příjem vysílaných služeb mobilní televize, 
což je hlavním cílem této disertační práci. Pro tento účel byly vytvořeny dvě vhodné 
aplikace (jedna pro DVB-H a jedna pro DVB-SH) s GUI v prostředí MATLAB, 
které umožňují simulovat a analyzovat míru zkreslení signálu v případě mobilních, 
přenosných a fixních scénářů přenosu. Navíc, tyto aplikace obsahují i druhý 
samostatný simulátor pro nastavení a modifikaci parametrů jednotlivých 
přenosových cest. Díky tomu je možné zhodnotit vliv parametrů celého systému 
a kanálových modelů na dosaženou chybovost (BER a MER) a kvalitu přenosu. 
Ve všech přenosových scénářích (v závislosti na poměru C/N) byly získané, 
vyhodnocené a diskutované zkreslení signálů. Navíc, u standardu DVB-H, všechny 
získané výsledky ze simulací byly ověřeny měřením. Rozdíly mezi dosaženými 
výsledky (simulace a měření) byly rovněž podrobeny diskuzi. 
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