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Abstract

Oromia Radio and TV Organization have launched analog terrestrial TV transmitters in different
zonal parts of Oromia in 2008. All these transmitters broadcast analog signal in VHF frequency
and MFN. These analog TV signals experience different distortions (ghosting) at receiving end
from delayed (echoed) signal caused by different structures, buildings, wind farms and remote
transmitter operating at the same frequency (co-channel).

To identify distortions caused by multipath reflections and co-channel overlaps we have tested
the pure generated RF signal at the Lab by generating 10MHz RF from Agilent Spectrum
analyzer, the transmitted or reference monitor out signal from OTV transmitters found at Adama,
Kechema site and Sabata, Furi site. These two transmitters operate at the same frequency and all

of their parameters are the same.

We have also measured the received input voltage at multipath environment i.e. Adama city at
different places in which we have thought multipath reflections is high by using dipole antenna,
DS1191 analyzer and TV set. We have got fluctuating input voltage at one place on our DS1191

and ghosted image on our TV set.

For co-channel overlap environment i.e. Bishoftu city we have made measurements and OTV
signal from the two transmitters are reaching the receiver and we have got two spectrums on our

DS1191 analyzer and fluctuating input voltages at a place.

We have also calculated the required ideal received input power/voltage at receiver by using
Friis transmission calculator formula by only considering the free space path loss and not
considering both multipath reflections and co-channel overlaps. We have compared and analyzed

the measured and ideal received input voltage.

Finally we have cancelled co-channel overlaps or interferences by guard interval insertions of
DVB-T using ATDI ICS Telecom simulation software and recommended ORTO to migrate to
DVB-T2 for mitigation of these problems.
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1. Introduction

Oromia Radio and TV Organization have launched analog terrestrial TV transmitters in different
zonal parts of Oromia in 2008. All these transmitters broadcast analog signal in VHF frequency
and MFN. These analog TV signals experience different distortions (ghosting) at receiving end
from delayed (echoed) signal caused by different structures, buildings, wind farms and remote
transmitter operating at the same frequency (co-channel).

ITU recommends countries in all over the world to migrate from analog broadcasting to digital
broadcasting. Oromia Radio and TV Organization is preparing digital switch over strategies to

switch off analog transmissions and to launch digital broadcasting.

DVB-T2 is the world’s most advanced digital terrestrial television (DTT) system, offering more
robustness, flexibility and 50% more efficiency than any other DTT system. It supports SD, HD,
UHD, mobile TV, radio, or any combination thereof [1].

DVB-T2 uses OFDM (orthogonal frequency division multiplex) modulation with a large number
of subcarriers delivering a robust signal, and offers a range of different modes, making it a very
flexible standard [1].

Ghost images (echoes) will be produced during the digital transmission; the pause times called

guard intervals will enable these echoes to fade away and do not affect the signal reception.

Guard intervals are used to ensure that different transmissions do not interfere with one another.
The number of carriers, guard interval sizes and pilot signals can be adjusted, so that the

overheads can be optimized for any target transmission channel.

In COFDM, the beginning of each symbol is preceded by a guard interval. As long as the echoes
fall within this interval, they will not affect the receiver's ability to safely decode the actual data,

as data is only interpreted outside the guard interval [2].

SFN refers to the broadcasting network with a number of transmitting stations sending the same
RF signals at the same frequency in the same time to achieve a reliable coverage in bigger

service areas than that of the MFN.



1.1 Problem Statement
OTV is broadcasting PAL standard analog TV signals which are limited in number of television

channels offered and reduced quality of audio and video signal.

Due to reflections from mountains, buildings, trees, atmospheres, wind turbines and moving
objects, the phase of the OTV RF signal reaching the receiver through different paths will be
different, which results in signal fading (Ghosting or delayed image interference) in different

locations of OTV coverage area.

OTV Remote transmitters operating at the same frequency in MFN or when two or more
television signals on the same frequency appear at the television receiver the input results in co-
channel interferences. The effects will happen also when Digital broadcasting in single

frequency network (SFN) is launched because all transmitters operate at the same frequency.

These problems could be mitigated by inserting proper guard intervals by synchronization of the

main or direct signal to reflected or echoed signal.

1.2 General Objectives

The aim of this thesis is to identify analogue terrestrial OTV reception vulnerability to multi-path
reflections and co-channel overlaps, calculating ideal received input voltage and optimizing
DVB-T guard intervals to cancel interferences.

Specific Objectives
To measure received input voltage in multipath reflection environment (i.e. Adama).
To measure received input voltage in co-channel overlap (i.e. Bishoftu).

To calculate the ideal received input power at receiver in both multipath reflection and co-

channel overlap environments.

To compare the measured input voltage to the required or ideal input voltage at receiver in both

multipath reflection and co-channel overlap environments.

To cancel co-channel overlaps or interferences by DVB-T guard interval insertion.



1.3 Scope of Work

The scope of this thesis is to investigate analog OTV signal reflections and overlap effects on
sample areas i.e. Adama and Bishoftu cities and their sub-urban. Ideal received input power
required to reach receiver will be calculated using friis transmission calculator by only
considering free space path loss and not considering multi path reflection and co-channel
overlaps. The two results compared and analyzed. Using ATDI ICS Telecom simulation software
co-channel overlaps or interferences is decreased by inserting DVB-T guard intervals. Migration
to DTT and DVB-T2 guard interval insertions will be recommended to ORTO to optimize OTV
SFEN signal quality i.e. audio and video at receiving end.

1.4 Thesis Organizations

In chapter 2 we reviewed the literature. In chapter 3 we overviewed DVB — T2 Guard Interval
Optimization for SFN. In chapter 4 we have discussed Methodology. In chapter 5 we have

discussed our Results and in chapter 6 conclude and gave recommendation.



2. Literature Review

2.1 Introduction

Terrestrial analogue broadcasting was revised by the Regional Radio communication
Conference, RRC in Region 1 and changed to digital in considering the advantages in spectrum
saving, additional services, different types of services and better quality of service. The first part
of this conference, which was held in May 2004 (RRC-04), prepared the planning procedure and
parameters; the second part (RRC-06) took place in Geneva in May 2006 and prepared the final
frequency plan [4].

Digital techniques offer the possibility not only to trade quality for channel capacity but also to
use the available capacity more effectively. Increased demand for channel capacity from
commercial broadcasters means that both of these features will need to be exploited. The present
situation, with the increasing demand for additional services from commercial operators leads to
a demand for more spectrums. This demand can be satisfied by digital systems which offer
higher reception quality together with improved spectrum utilization. The launching of digital

systems becomes very desirable [4].

In DVB-T multiplexes there is not enough capacity to introduce new services or improve the
technical quality of broadcasting contents (SD towards HD and beyond); following the outcome
of the last WRC-12 to reduce the amount of spectrum to broadcasting service in favor of mobile
services, new and more efficient modulation and transmission techniques will be necessary to
satisfy the enhanced TV services (i.e. DVB-T2/HEVC) on DTT platform [4].

2.2 Terrestrial TV Reception Distortions

Large buildings and structures: - Signal reflections are commonplace — buildings or metal
structures (like bridges), roads, moving vehicles and even natural features such as hills, cliff

faces and trees can reflect signals [3].

Furthermore, if the structure is moving, as in the case of a wind turbine’s rotating blades, the

reflections will fluctuate and be quite complex [6].



Analogue television is quite seriously affected by signal reflections, which can give rise to an
effect known as “ghosting”. Ghosting (or delayed image interference) is where a pale shadow or

shadows appear to the right or left of the main picture on television screens [3].
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Figure 2.1: Direct and Reflected Signals

Radio transmitter interferences: - A special case of radio transmitter interferences are co-
channel interferences when two or more television signals on the same frequency appear at the
television receiver input [3].

Co-channel interferences on analogue television produce usually evenly spaced horizontal bars
of varying width overlaying the whole picture i.e. the picture is usually still present behind the
opaque bars. In severe cases the unwanted television picture will appear in place of the wanted
picture [3].

Figure 2.2: Potential co-channel interference



What are Ghosts on Television: TV ghosts are multiple images caused by multiple echoes. In
theory, TV signals travel along straight lines. The signal may have a short, direct path between
the transmitting antenna and the receiving antenna. The same signal also can reach the receiver
antenna over a different, longer echo path because of reflection off nearby buildings and other
objects. Under such conditions, the receiver will show two images — a strong, main image and a

weaker image, shifted echo or ghost. These ghosts seriously degrade received image quality.

Direct signal

Figure 2.3: Reflection of TV Signal
The Ghosting for conventional television (Analog) cannot be completely eliminated. It can be
reduced to a greater extent by signal processing. To carry out signal processing and to make
corrections, there is a pre-requisite for a Ghost Cancellation Reference Signal. The specifications
for Ghost Cancellation Reference Signals are laid down in ITU-R Recommendations. This signal

is used in a GCR Decoder to correct the Ghosting.

2.3 Ghost Cancelling In Analogue Television Systems

Multipath distortion can be mitigated by post processing at the terminal device by transmitting a
reference signal [17, 18]. Analogue television broadcast systems can be equipped with a very
robust ghost mitigation mechanism where broadcasters need to transmit a reference signal on one
of the blanking lines during vertical retrace. This signal is used at the receiver to characterize the
channel and to perform adaptive filtering. A world standard ghost cancellation signal was
defined in the mid-nineties and now high-end receivers in the consumer market are equipped
with circuitry conforming to this standard [18; 19; 20; 21]. This mechanism enables ghosting to

be almost completely eliminated. Appelhans and Schroder [22] have researched on ghost



cancellation for mobile television, which has greater problems because of the physical motion of
the receiver. Many researchers have proposed new ghost cancellation reference signals [23; 24;
25].

2.4 Ghost Cancelling In Digital Television Systems

Many researchers have developed algorithms and techniques to mitigate blocking artefacts. They
can be broadly classified into pre-processing [Johnson 1998; Min 1998], post-processing, or
some combination of the two [Mancuso 1998] [17].

The simplest post-processing approach is low pass filtering to blur block boundaries. Statistical
estimation and set-theoretic reconstruction methods improve on this by making use of the
underlying image statistics. Statistical estimation methods use probabilistic models and
maximum a priori probabilities to mitigate blocking artefacts. Set-theoretic reconstruction
methods uses convex constraint set or the smoothness constraint set to reconstruct the original
image by projection on to the convex set. The key idea in POCS is to represent every known
property of the original image by a closed convex set. The solution is an image that is an element
in all sets and can be found by alternating projections onto each set, starting from the blocky
image itself [26; 27; 28; 29] The post-processing algorithms include: the principle of POCS-
Projection onto convex sets [20; 30; 31], MRF (Markov random fields) [32], multi-frame
constraint sets, maximum-likelihood parameter estimation [25], MAP-maximum a posteriori
probability [33; 34], entropy maximization [35], bayesian approaches [36], spatio-temporal
concealment using boundary matching algorithm and mesh-based warping [37], multilayer
perception for adaptive processing [38] and spatio-temporal adaptive filtering [30]. One
drawback of all of these algorithms is their high computational complexity. Any postprocessing
should be able to efficiently remove blocking artefacts while preserving dominant edges,
retaining the sharpness of the image and not introducing any new artefacts [39].

Carli et al. [40] developed an error concealment technique by data hiding to mitigate blockiness
appearing due to loss data packets in transmission. Data hiding techniques can be used to control
errors and conceal them by transmitting the redundant information necessary at least to partially

recover data lost during transmission.



The wavelet transform embedded data act as a reference signal for both error detection and
concealment. Atzori et al. [37] have developed a spatio-temporal concealment technique using
boundary matching algorithm and mesh-based warping to conceal errors due to lost data packets

in transmission.

Other techniques such as overlap coding, adaptive filtering, application of singularity detection
and wavelet transform [41; 31], wavelet-based sub-band decomposition [31], adaptive lapped
transform [42], a modified uniform quantisation scheme that constrains local regularity [43], and

wavelet transform modulus maxima can be used to mitigate above coding artefacts.

Source coding and channel coding are used in communication to minimise the effects of
transmission errors. Source coding techniques are efficient only if the error rate is below an
acceptable level (usually in the order of 10°~10"). Unequal error protection schemes reduce

significantly the occurrence of highly annoying audio and video artefacts [44].

Experimental results of Chang et al. [45] indicate that introducing temporal jitter in video
rendering without degrading video quality can be managed with a technique called delay
cognizant video coding (DCVC). DCVC segments an incoming video into two video flows with
different delay attributes. The DCVC decoder operates in an asynchronous reconstruction mode

that attempts to maintain image quality in the presence of network delay jitter [45].

In this thesis we introduce dvb-t2 guard interval optimization for OTV SFN, by the use of
OFDM in conjunction with an appropriate choice of guard interval which provides inherently
good immunity against the effects of echoes, and that no further ghost cancellation techniques

are required.



3. Overview of DVB - T2 Guard Interval Optimization for SFN

3.1 Introduction

DVB-T2 is the 2" generation standard for digital terrestrial TV, offering significant benefits
compared to DVB-T [18].

The emergence of DVB-T2 is motivated by the higher spectral efficiency going along with
DVB-T2 - be it for a transition from analogue TV to DVB-T2, be it for a transition from DVB-T
to DVB-T2. Higher spectral efficiency means that with the same amount of spectrum, a larger
number of programmes can be broadcast or the same number of programmes broadcast with a
higher audio/video quality or coverage quality [46].

Alternatively, the coverage area of a digital terrestrial television (DTT) transmitter can be largely
increased while keeping constant the transmitter characteristics as well as the reception mode,

video quality and number of programmes [46].
DVB-T and DVB-T2; what is the difference?

Compared to DVB-T, DVB-T2 COFDM parameters have been extended to include [46]:

— New generation forward error correction (FEC) (error protection) and higher constellations
(256-QAM) resulting in a capacity gain of 25-30%, approaching the Shannon limit.

— OFDM carrier increase from 8k to 32k. In SFN, the guard interval is 1/16 instead of 1/4
resulting in an overhead gain of ~18%.

— New guard interval fractions: 1/128, 19/256, and 19/128.

— Scattered pilot optimization according to the guard interval (Gl), continual pilot minimization
resulting in an overhead reduction of ~10%.

— Bandwidth extension: e.g. for 8 MHz bandwidth, 7.77 MHz instead of 7.61 MHz (2% gain).

— Extended interleaving including bit, cell, time and frequency interleaving.

The extended range of COFDM parameters allows very significant reductions in overhead to be
achieved by DVB-T2 compared with DVB-T, which taken together with the improved error
correction coding allows an increase in capacity of up to nearly 50% to be achieved for MFN
operation and even higher for SFN operation [18].

DVB-T2 also allows for three new signal bandwidths: 1.7 MHz, 5 MHz and 10 MHz [18].



The DVB-T2 system also provides a number of new features for improved versatility and
ruggedness under critical reception conditions such as:

— rotated constellations, which provide a form of modulation diversity, to assist in the reception
of higher code-rate signals in demanding transmission channels,

— Special techniques to reduce the peak-to-average power ratio (PAPR) of the transmitted signal
resulting in a better efficiency of high power amplifiers multiple transmit antennas,

— Multiple input single output (MISO) transmission mode using a modified form of Alamouti
encoding.

At the physical layer, time slicing is included enabling power saving and allowing different
physical layer pipes to have different levels of robustness. Sub-slicing within a frame is also
possible which increases time diversity/interleaving depth without increasing de-interleaving
memory [46].

3.2 System properties

Compared with DVB-T, the DVB-T2 standard offers a bigger choice of the OFDM parameters
and modulation schemes. The available bandwidths are also increased. Combining various
modulation schemes with Fast Fourier Transform (FFT) sizes and guard intervals allows
construction of MFN and SFN networks designed for different applications: from low bit-rate
but robust mobile reception to the high bit-rate fixed reception for domestic and professional use
[46].

OFDM

The majority of digital terrestrial technologies use multiple carrier orthogonal frequency division
multiplexing (OFDM) techniques. Adding forward error correction (FEC) produces coded
OFDM (COFDM) to improve the robustness of transmission [47].

OFDM takes a serial data stream to be transmitted and spreads it over a large number of carriers,
typically more than a thousand and sometimes many thousands. The data rate conveyed by each
carrier is correspondingly reduced and the symbol length is in turn extended. These modulation
symbols on each of the carriers are arranged to occur simultaneously. In addition to the data
carriers, there are other carriers called pilot carriers or tones which carry information about the

radio channel which can be used by a receiver to aid reception [47].
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The carrier spacing is uniform and deliberately chosen so that it is the inverse of each symbol
duration. This choice of carrier spacing ensures orthogonality of the carriers which means that
the influence of adjacent carriers (in fact all other carriers) on the demodulation of a particular
carrier is zero. It ensures there is no crosstalk between carriers, even though there is no explicit

filtering and their spectra overlap [47]. Figure 3.1 illustrates this.

T Symbol duration = 1/1,
Amp i

All other carrier amplitudes
are zero at a particular
carrier frequency

Figure 3.1 Orthogonality

Bandwidth
There are three additional bandwidths available as compared to DVB-T [46].

DVB-T DVE-T2
- 1.7MHz
- 5MHz
6 MHz 6 MHz
7 MHz 7 MHz
8 MHz 8 MHz
- 10 MHz

Table 3.1: Channel bandwidths for DVB-T and DVB-T2
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FFT size
While for DVB-T two FFT sizes, 2k and 8Kk, are specified, DVB-T2 comprises 1k, 2k, 4k, 8Kk,

16k and 32k FFT sizes [46].
Par — 1k 2k 4k 8k 16k 1k
Aarameter mode maode mode mode mode mode
normal
carrier 853 1705 3409 6817 13633 27265
Number of carriers, mode
Ko extended
carrier n'a nia nia 6913 13921 27841
mode
normal
carrier 0 0 1] 0 1] 0
Value of carrier mode
mumber, K., extended
carrier n'a nia nia 0 0 0
mode
normal
carrier 852 1704 3408 6816 13632 27264
Value of carrier mode
mumber, K, extended
carrier n'a nia nia 6912 13920 27840
mode
Number of camriers added on
each side in extended carner 0 0 0 48 144 288
mode, -R_c.v.' (See Nate 2]
Duration, T; 1024T 2048T 4096T 8192T 16384T | 32768T
Duration, T;; pus (see Note 3) 112 24 448 896 1792 3584
Carner spacing 1/Ti (Hz) (see P - 2932 - . -
Notes 1 and 2) 8929 EELT 2237 1116 538 279
Spacing between normal
carriers K, and carrier 7.6]1 MHz | 7.6] MHz | 7.61 MHz | 7.6]1 MHz | 7.6]1 MHE: | 7.61 MH:
Err (Koo 1)Ti mode
(see Note 3) extended
carrier na n/a nla 771 MHz | 7.77 MHz | 7.77 MHz
mode

MNOTE 1 — Numerical values in italics are approximate values.

NOTE 2 — This value is used in the definition of the pilot sequence in both normal and extended carrier
mode.

NOTE 3 — Values for 8 MHz channels.

Table 3.2: FFT size parameters for DVB-T2/8 MHz

For 8 MHz bandwidth channels, the spacing of sub-carrier frequencies A f, which also represents
the useful symbol rate R, can be written as [21]

Af=R,=B/n
n = number of orthogonal sub-carrier waves By = bandwidth of the assigned frequency channel
n = 2048 (for 2k mode), n = 8192 (for 8kmode) and By = (for video broadcasting 8, 7, 6 MHz)
The corresponding useful time is symbol T, is then

Tu= (Ru)_1

This time is then further extended by the so-called guard interval Tg or A, which is often

defined as a part (kt) of symbol time, i.e.
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kr =Te/Ty=1/4, 1/8, 1/16, 1/32.
In the guard interval Tg, no useful information is transmitted. It is used to eliminate reception of
delayed signals and thus influences the possible choice of transmitter distances in the single
frequency network [49].
The total lengths of extended symbols [49]

To=Tu+Ts

The velocity of lights is c=299792448m/s which results in signal delay per kilometer transmitter
distance of t1xm=3.336 ps.
Modulation scheme
In DVB-T2, the additional 256-QAM modulation scheme is available, see Table 3.3. The new

error protection techniques allow the usage of such high modulation schemes [46].

DVB-T DVB-T2
QPSK QPSK
16-QAM 16-QAM
64-QAM 64-QAM

_ 256-QAM

Table 3.3: Modulation schemes for DVB-T and DVB-T2

Inter-symbol interference

In order to demodulate the signal — and looking at only one carrier — the receiver has to evaluate
the symbol during the symbol duration. Three consecutive symbols in time, denoted by n-1, n
and n+1, and the setting of the FFT-window such that symbol n is evaluated by the receiver, are
shown in Figure 3.2. No guard interval is used in this example, and the FFT-window has the

same duration as the symbol [48].

Signal \ | Symbol n-1 . Symbol n . Symbol n+1 | \

FFT window .
Time
>

Figure 3.2: OFDM symbol duration and FFT-window (no guard interval)
In an environment where several useful signals—either from multipath echoes or from other

transmitters in an SFN—are available to the receiver, things become more complex. Usually, the
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signals arrive at different times at the receiver which, in the absence of a guard interval, makes
correct synchronization to all of the signals impossible. Such a situation with two signals as an
example is depicted in Figure 3.3. Synchronization to symbol n of signal 1 leads to an overlap of
the FFT-window with the preceding symbol n—1 of the delayed signal 2. Since this symbol n-1
carries different information from symbol n, the overlap acts as interference to the evaluation of
symbol n. The degradation of the reception caused by this mechanism is called inter-symbol
interference (ISI) [48].

Signal 1 & | Symbol n-1 | Symbol n | Symbol n+1 | \
Signal 2 & | Symboln-1J’ | Symbol n . | Symbol n+1 | \,
I1SI : :
‘b
v FFT window .
: Time

.
»

Figure 3.3: Inter-symbol interference with a delayed signal (no guard interval)
Guard Interval
In order to overcome the inter-symbol interference problem in DVB-T, DVB-T2 and T-DAB,
part of the symbol is copied from the beginning of the symbol to the end, increasing its duration
by a certain amount of time called the guard interval. This cyclic prolongation of the original

symbol is shown in Figure 3.4. The guard interval is denoted by A [48].

| Original symbol | | — | Extended symbol |
Tu A TS = Tu + A

Figure 3.4: Increase of the symbol duration by the guard interval

The new increased symbol duration is denoted by Ts and the original symbol duration is often
called useful symbol duration Tu. The duration of the FFT-window during which the symbol is
evaluated is kept at the original value Tu. The orthogonal relationship is kept with the original
symbol duration T, not the extended T [48].

The improvement that is achieved by the insertion of the guard interval can be seen from Figure
3.5 with two signals as an example. The guard interval now allows for the FFT-window to be
positioned so that there is no overlap with a preceding or subsequent symbol, thus avoiding ISI
[48].
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Signal 1 \ | Symbol n-1 | Symbol n | Symbol n+1 I \

Signal 2 & | Symbol n-1 | Symbol n | Symbol n+1 | \

. »
' FFT window ~ ;
«— T —m Time

¥

Figure 3.5: Guard interval utilization

The insertion of the guard interval reduces the data capacity because not all of the symbol
duration Ty is used for "useful” data [48].

In a multipath or SFN environment, where many potentially useful signals are available to the
receiver, the choice of the FFT-window position becomes more complex. A number of different
strategies that can be applied are discussed in the next chapter [48].

All signals with time delays that cannot be absorbed by the guard interval in the way described
above introduce a degradation of reception, similar to that shown in Figure 3.3. Any part of each
of these received signals that falls outside the guard interval has an interfering characteristic [48].
A further refinement adds the concept of a guard interval. Each symbol is transmitted for a
duration which is longer than the active symbol portion by a period called the guard interval. It is
generated by copying the last fraction of the active symbol and placing it at the front of the active

symbol period as shown in figure 3.6 [47].

Exact copy of last part of symbol

Ts

Figure 3.6: Guard Interval generation
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The consequence is that a receiver will not experience either inter-symbol or inter-carrier
interference provided that any secondary direct signals from co-channel transmitters or multi-

path echoes present have a delay which does not exceed the guard interval [47].

Main \\ /_\ /\ /
- NV YV
Echo r\

I
R_aoaived \ J\P\ \ /\ /_\ /
> AR AR

Tg g Tu
-+ T >

Figure 3.7: All signals received within Guard Interval

Figure 3.7 shows the reception of the main signal and its echo plus two co-channel signals from
other transmitters. All signals are received within the guard interval, after which steady state of

the channel is attained and evaluation of the symbol can commence [47].

OFDM, due to its multicarrier nature, exhibits relatively long symbols. This long symbol period
already provides a certain degree of protection against inter-symbol interference caused by
multipath propagation. However, as described above, this protection is greatly enhanced by use
of the guard interval. The guard intervals for the 2k and 8k DVB-T systems are given in Table
3.4 below [48].

Mode 8k mode 2K mode
Guard Interval

1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32
8 MHz 224 ps 112 ps 36 pus 28 us 56 us 28 ps 14 ps 7 us
channel
7 MHz 256 us 128 us 64 ps 32 us 64 us 32 ps 16 ps 8 us
channel
6 MHz 208,667 us | 149.333 s | 74.607 ps | 37.333 us | 74.6067 us | 37.333 us | 18.667 us | 9.333 us
channel

NOTE — values in italics are approximate values.

Table 3.4: The guard intervals for the 2k and 8k DVB-T systems
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As the proportion of the symbol used to make the guard interval is increased, the transmission
capacity decreases [48].
The following Table 3.5 gives the absolute guard interval duration A, expressed in multiples of

the elementary period T2 for each combination of FFT size and guard interval fraction for DVB-
T2 system [48].

e Guard interval fraction (A/Ty)

1/128 1/32 1/16 19/256 1/8 19/128 1/4
32K 256T 1024T 2 048T 2432T 4 096T 4 864T NA
16K 128T 512T 1024T 1216T 2 048T 2 432T 4 096T
8K 64T 256T 512T 608T 1024T 1216T 2 048T
4K NA 128T 256T NA 512T NA 1 024T
K NA 64T 128T NA 256T NA 512T
1K NA NA 64T NA 128T NA 256T

NOTE — There are further restrictions on the combinations of FFT size and guard interval allowed for
T2-Lite
GI-Fraction
1/128 1/32 1/16 19/256 1/8 19/128 1/4
FFT Ty (ms) GI (us)
32k 3.584 28 112 224 266 448 532 nla
16k 1.792 14 56 112 133 224 266 448
8k 0.896 7 28 56 66.5 112 133 224
4k 0.448 nla 14 28 nla 36 nla 112
2k 0.224 nla 7 14 nla 28 nla 56
1k 0.112 nla nla 7 nla 14 nla 28

Table 3.5: The guard intervals for the DVB-T2 systems

Table 3.6 gives the absolute values of T for all the available bandwidths. With these the
parameter values for the other bandwidths can be calculated [46].

Bandwidth 1.7 MHz 5 MHz 6 MHz 7 MHz 83 MHz 102
(see Note)

lementryperiod | 71131 ps | 7M40ps | TMSps | USps | 76dps 7/80 ps

Table 3.6: Elementary period as a function of bandwidth
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Available data rate

Tables 3.4, 3.5 and 3.6 show the large number of possible modes in DVB-T2. Some of the 2k
and 8k modes are the same as in DVB-T. The main difference is the addition of 16k and 32k FFT
[46].

Absolute maximum bit-rate Recommended configuration
Modula- | Code , , FEC
tion rate Bit rate ll;—.];::: FEC blocks Bit rate E:::}: blocks
Mbit/s I " | per frame Mbit/s = per
5 Ls
frame

1/2 7.49255 74447731
3/5 9.003747 §.9457325
_ 213 10.01867 9.9541201

QPSK - — 62 52 60 50
34 11.27054 11.197922
4/5 1202614 11.948651
5/6 12.53733 12.4565353
12 15.03743 15.037432
3/5 18.07038 18.07038
23 20.10732 20.107323

16-QAM 60 101 60 101
314 226198 22.619802
4/5 24.13628 24136276
36 2516224 25.162236
12 2251994 22 481705
35 27.06206 27.016112
23 30.11257 30.061443

64-QAM - - 45 116 60 151
34 33.87524 33.817724
4/5 36.1463 36.084927
5/6 37.68277 37.618789
1/2 30.08728 30.074863
3/5 36.15568 36.140759
213 4023124 40.214645

156-QAM - 68 9 - 60 202
314 4525828 435.239604
4/5 48.20248 48272552
36 5034524 50.324472

Table 3.7: Maximum bit-rate and recommended configurations for 8 MHz,
32k 1/128, PP7
The very long symbol time will, in principle, result in a poorer Doppler performance, due to the
short inter-carrier distance in the OFDM signal. The 32k mode is therefore aimed mainly at fixed
rooftop reception. Laboratory and field tests indicate that the 32k mode is unlikely to be used to
provide mobile (vehicular) reception at UHF. Even in a portable (indoor or outdoor pedestrian)
receiving environment with relatively low Doppler frequencies it needs to be confirmed that the

32k mode is suitable. The Doppler performance is however up to 4 times better at VHF
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compared to UHF Band V. This fact may make VHF Band Il frequencies interesting for
providing mobile services using the DVB-T2 system [46].

One additional difference between DVB-T and DVB-T2 is the increased number of GI fraction
using 1/128, 19/256 and 19/128, which gives further possibilities to adopt the length of the guard
interval to the size of the SFN [46].

3.3 Principle of the SFN

The signal coverage of a certain area can be provided by a number of transmitters, transmitting
the multiplex of digital television or radio signals in the identical frequency channel. Their
partial signal contributions in the reception point not only do not interfere, under certain
circumstances then even improve the reception. It is thus obvious that single frequency networks
of digital transmitters may considerably improve the utilization of frequency bands and channels
as well as energy balance of digital transmitters.

Digital transmitters in SFN might be considerably lesser power for the signal coverage of the
given area sufficient for quality reception. Methods of SFN cannot be used with the terrestrial
analogue television broadcasting, where in fact all the present-day world’s television standards
use amplitude vestigial sideband modulation and operate in multi-frequency networks MFN
(Multi Frequency Network) [49].

In SFN, all transmitters are modulated with the same signal and radiate same frequency. The
limiting effect of SFN technique is self-interference of the network. If signals from far distant
transmitters are delayed more than allowed by the guard interval they behave as noise-like
interfering signals rather than wanted signals. The self-interference of SFN for a given
transmitter spacing is reduced by selecting a large guard interval. The network generated self-
interference of an SFN can be kept sufficiently low by a careful choice of the system parameters
and transmitter powers [50].

There are two main methods of creating a single- frequency network. The first is through the use
of on channel boosters. On-channel boosters quickly receive the OTA signal from the main
tower and retransmit the signal at the same frequency. The problem is that there is no error
correction. So, any errors in receptions are simply retransmitted along with the slight echo
caused by the booster itself. With distributed transmission, the signal is delivered to each of its

transmitters via fixed channels (land-based delivery). Then through the use GPS based reference
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clocks at each tower (for both time and frequency), the signals are synced so each can emit a
perfect copy of both the signal and the symbol data. To get each transmitter synchronized in both
the time and frequency domains some extra data is added to the serial data streams (these contain
the encoded audio and data inputs) sent to the transmitters. This additional data stream is
essentially a time reference signal inserted into the network. At each transmitter the OFDM
modulator uses this time stamp to calculate the local delay so that a common on-air time is
achieved [50].

The effects of multipath occur within SFNs. This is because waves from different towers have
potential to reach an antenna at different times and a receiver’s ability to handle multipath is
paramount to its success. With the SFN technique, large areas can be served with common
multiplex at a common radio center frequency. The frequency efficiency of SFNs appears to be
very high compared to MFNs. The SFN technique is also power efficient [50].

The advantage of the SFN approach is:

- High frequency efficiency

- Low-power operation (internal network gain)

- High location probability

- Easy gap-filling (frequency re-use)

The disadvantages are:

- Network splitting is not possible

- Synchronization is necessary

- Feed control is required [22]

"A" receives the signal
from transmitter T1 as
principal and from T2
delayed and attenuated

“B" receives signals from

S "
Fil K both transmitters T1 and
R T2 with no differential delay
ot A K B
P '0_
.

Figure 3.8: Single Frequency Network configuration
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Figure 3.8 shows a basic SFN configuration. Assuming there are no programmed delays through
the transmitters themselves so that each transmits the same symbol at the same time, then
receiver “A” does not suffer any inter-symbol interference if the delay difference between the
signals from transmitters T1land T2 is less than the guard interval. The phase difference of the
two signals received at “A” will likely cause some fading effects across the channel which can be
compensated by the information supplied with the pilot carriers. At receiver “B”, the propagation

time from both transmitters is identical and no differential delay effects will occur [47].

3.4 Choice of System Parameters to Optimize DVB-T2 Guard Intervals

Guard Interval Impact on Bitrate

Having a large guard interval obviously has an impact on the efficiency of the bitrate and also on
the number of carriers.

The bit rate can be calculated using the following equation:

Useful Data Bit Rate = B*C*M*N bits per second
T
Where:

B = Efficiency of Reed Solomon bloc code
C = Convolution code rate

M = Number of bits per carrier

N = Number of data carrier used

T = Total Duration of the symbol including the guard interval

Choice of FFT size

The results of choosing a certain FFT size are well known: an increased FFT size will give a
greater delay tolerance for the same fractional guard interval, allowing larger SFNs to be
constructed. Alternatively, a larger FFT size allows the same delay tolerance to be achieved with
a smaller overhead due to the guard interval [46].

A larger FFT size implies a longer symbol duration, which means that the guard interval fraction
is smaller for a given guard interval duration in time (see, for example, Fig. 3.9). This reduction

in overhead leads to an increase in throughput ranging from 2.3% to 17.6% [46].
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Gl | 8k symbol 25% overhead

Gl 32k symbol ~6% overhead

Figure 3.9: Guard interval overhead reduction with larger FFT size
For mobile reception in UHF Band 1VV/V, or higher bands, smaller FFT sizes should be used as
they offer better Doppler performance. The 1k FFT mode which offers the highest Doppler
performance is intended primarily for operation in the L-band (about 1.5 GHZz), or higher, using a
nominal occupied bandwidth of 1.7 MHz [46].
For delivering high-bit-rate services to fixed rooftop antennas, in VHF or UHF, the 32k FFT
mode is more appropriate. In this situation the time variations in the channel are minimized, and
32k offers the very highest bit rates achievable using DVB-T2 [46].
For a given FFT size, constellation and code rate, the Doppler performance is roughly
proportional to the RF bandwidth (halving the bandwidth will halve the carrier spacing resulting
in half the Doppler performance) and inversely proportional to the RF frequency and therefore
higher frequencies are more vulnerable to fast time-varying channels, having poorer Doppler
performance [46].
On the other hand, increasing the FFT size would proportionally decrease the Doppler

performance of the system.

Selection of DVB-T2 Mode for SFNs

One approach for selecting a mode for SFN operation would be to select the length of the guard
interval according to the physical size of the SFN or the SFN’s intra transmitter separation
distances, noting of course that it may be possible to have larger transmitter separations than the
guard interval depending on practical considerations such as terrain, propagation and system
robustness, etc. Additionally, optimization of coverage by modification of antenna diagrams,
transmitter powers, antenna heights, transmitter timing, etc. may allow larger transmitter
distances in the SFN than the guard interval [46].

The Gl fraction involves consideration of the FFT size which is related to the reception scenario:
fixed rooftop, portable or mobile reception.

In the case of fixed rooftop reception it would seem desirable to use 32k or 16k FFT as a larger

FFT size would reduce the Gl fraction and increase the available capacity.
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For portable and mobile reception a lower FFT size such as 16k, 8k or even 4k may need to be
considered, in particular for mobile reception when Doppler is a limitation [46].

The choice of modulation determines the bit rate (capacity), but it also has a large impact upon
the robustness of the system; higher order modulation schemes that offer more capacity are more
fragile. DVB-T2, compared with DVB-T, 256-QAM will require C/N values in the same order of
magnitude as those previously required for 64-QAM, that is, values in the order of 17-20 dB
[46].

Increased system robustness will also have a large impact upon SFN performance since a lower

required C/N will reduce the susceptibility for SFN self-interference.

23



4. Methodology

4.1 Introduction

The thesis methodology in this topic helps as a model to achieve the objective of this study. This
methodology is carried out according to the model or flow chart shown (see Figure 3.1) below.
First step is to find mathematical model of multipath distortions at receiving end i.e. for echoes
and overlaps of TV signals. The system specification i.e. Tx and Rx configuration, Channel
modeling and guard interval insertion techniques will be determined. Calculating the multipath
distortions (signal delay) and multiple or different field strength values at a receiving point will
be presented and guard interval is a method to cancel multipath distortions by comparing the
resulting values will be shown. A scenario or a measurement will be made for urban, sub-urban

and rural areas.

24



[ START ]

y

[ Literature Review

7z

[ Specifying Parameters

v
Mathematical, system Model &

Analysis

v

Lab Test ]
v

Field Measurement ]

v
i

Yes Yes
Friis Transmission Calculation to ICS Telecom Simulation for DVB-T
Verify Results Guard Interval Optimization

Target Achieved

[ END ]

Figure 4.1: Thesis Methodology Flow Chart

4.2 Data Collection
Data collection will be done based on the articles studied i.e. field measurement of OTV signal at

receiver. Collected data consists of all information which is needed to be collected such as OTV

signals received input voltage which are affected by multipath reflections and co-channel

overlaps and system parameters.
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4.3 Mathematical Model

Minimum Signal Level: In order to determine minimum receiver field strength, the SNR must be
specified which its value on the output image of an ordinary TV set is approximately a minimum
of 30-33dB, and for vestigial side band (VSB) receivers, it is about 38-41dB.

The specified point may be expressed by

SNR = S/N = 20100 (Vi/V1) oo, 4.1

Where V. is a receiver input voltage level and V, is the equivalent voltage level of noise

temperature at the receiver input which has a relation in the logarithmic scale:

Vp (dByy) = 1010g (KToBR) + F + 120.......eveiiiiiiiiiiiiiiiieeeeeeee 4.2
Where;

K: Boltzmann constant equal to 1.38x10%

To: Reference temperature equal to 290°K

B: Bandwidth of the receive in Hz

R: Input impedance of the receiver in ohms

F: Receiver noise figure

The (3.2) can be rewritten in the following form:

Vr (dBuv) = (SNR) min + Vn (dBuv) ............................................... 4.3

Also, the relation of electrical field strength with the input voltage of the receiver using an
isotropic antenna is given by

Er=Vi+L-G—-3836+2010gf. ..o 44

For dipole antenna the equation is

r =Vt L —Gg—32+2010gf. ..o 4.5
Where;
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Er: Received electrical field strength in dByym
V:: Voltage at the input port of receiver in dByy

L: Feeder Loss in dB

G: Antenna gain of receiver relative to isotropic antenna in dB;
Gg: Antenna gain of relative to dipole antenna in dBq

f : Radio channel frequency in MHz

Friis Equation: is used to find the ideal power received at an antenna from basic information
about the transmission.

Transmitter Receiver

Tx Rx
| Pr |
PTK PRX
GTx GRx

Figure 4.2: Friis Transmission
Pasternack's Friis Transmission Equation calculates the received power from an antenna at some

distance given a transmission frequency and antenna gains.

Pix = PoiGoGr (C/ATD) e 4.6

Pr(dB) = Poy + G + Gry + 20 logao( W 4aDy) ..o 4.7

Prx: Received power in W/mW
Pw: Transmitted power in W/mW
Gix: Transmitter Antenna gain in dB
Gix: Receiver Antenna gain in dB
C: Speed of light in m/s
fo: Channel frequency in MHz
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D,: Separation distance between tnasmitter and receiver in m/km

A: Wave length in m

Z: Input impedance

For equation (3.6) power is in W/mW for equation (3.7) the power is in dBm/dBW.

Watts to dBm Conversion

P (dBmM) =1010g10 (P (W))...oeooveeeeeieeeeeee e, 4.8
dBm to dBuV Conversion
dBuv =90 +1010g (Z) +dBM ..o 4.9

Free Space Path Loss Equation: calculates the loss (in dB) between two antennas where the

gain, distance and frequency are known.

FSPL = 20 logjo (d) + 20 logso (f) + 20 log10 (47/c) — Gt — Greveeevvvvieeeenn 4.10

Free Space Path Loss (FSPL) calculations are often used to help predict RF signal strength in an

antenna system. Loss increases with distance.

\

/

Signal strength

reduces with distance

Transmitter

Distance (d)

\

Figure 4.3: Free Space Path Loss
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4.4 Analysis

Multipath Propagation: Multipath occurs when a signal takes two or more paths from the
transmitting antenna to the receiving antenna.

We’ll assume that one signal, the direct ray, travels directly from the transmitter to the receiver.
The other signals (or rays) arrive at the receiving antenna via more roundabout paths. In our
analysis, we’ll assume these indirect rays arrive after the direct ray and that the indirect rays are

weaker in power than the direct rays.

Reflected (delayed)
Path

Differential time
Delay=41t

Direct Path

Figure 4.4: Multipath Propagation

The equation for the direct signal is

VD (1) = COS (M0L) v reeineeeee et 4.11
Where
wo= 27 fp = the angular operating frequency
We’ll assume the amplitude of the direct ray is unity and the phase angle is zero. The equations
for the reflected rays are

VR, 1= Ay cos [oo (t—11)]

VR, 2= Az cos [0 (t - 12)]

................................................ 4.12

VR' n = An COS [(DO (t - Tn)]
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Where

n = a real number describing the difference in amplitude between the direct ray and the n-th
reflected ray
T, = the time difference of arrival between the direct and the n-th reflected ray. The n-th ray

arrives T, seconds after the direct ray.

We may find it convenient to rewrite the equations of (4.12) as
VR 1= A1 cos (ot + ¢1)
VR 2= A; cos (ot + ¢y)
..................................................... 4.13

VR n=Ancos (oot + ¢n)

Where

$1= - womy
(2= - 0o12
bn= - 0oTn

For our analysis, we assume that the direct and reflected waves have different amplitudes
(described by A;) and that the waves arrive at the receiving antenna at slightly different times
(described by tp).
The characteristics of multipath channels usually change over time because the geometry of the
channel changes.
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Two-Ray Analysis: The two-ray multipath analysis assumes that only two rays are present at the
receive antenna: the direct ray Vp (t) and a single reflected ray Vg 1(t). The two signals present at
the receive antenna are
Vex() =Vp () + VR a() 4.14
= c0S (wot) + A1 cos (ot + 1)
Where

1= - wot1

We’ll experience a multipath fading event when the received signal power falls below some

arbitrary threshold. Analysis of equation (4.14) reveals

Al =1
Ve () =0whenever < 4.15
{1 = 180°

Calculation between phase angle ¢° in degrees (deg), the time delay 4 r and the frequency f is:
DY =860 % F0™ A T .o, 4.16

As Figure 4.5 shows, we can interpret equation (4.14) as the addition of two phasors. The direct
ray is represented by a phasor of unity length at 0°, whereas the indirect ray is represented by a
phasor of length A; at an angle of ¢;. Figure 4.5 also shows the locus of the resultant vector as

the phase of the indirect ray varies over 0° to 360°.

VRX (t) = VD (t) + VR' 1(t)

= cos (wgt) + A1 cos (et + 1)

%/R' 1= Al Ccos ((Dot + (1)1)

Vp (t) = cos (wot) Real

Imag

Figure 4.5: The geometric phasor interpretation of equation (4.14)
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Imag

Imag

Figure 4.6: The phasor interpretation of equation (4.14) for various values of A;.

Figure 4.6 shows the phasor diagrams for several values of A;. The resultant vector Vgy) almost
equals the direct ray when A; is very small. As a result, the receiver sees a nearly undistorted

signal. As A; approaches unity, the phase and amplitude of Vg change wildly with the phase of

the indirect ray.

B |
- Ausin ()

]

1 A os (1)

Figure 4.7: Phasor analysis of two-ray multipath.

2 2
(Bl)2 = E+ A7 cos (Q + Esin (@ﬂ

=1+ 2 Ascos (d1) + Ar? cos? (b1) + Ar? sin? (¢a)
=1+ 2A; cos (1) + Ar?

tan (e1) = Agsin (1)
1+ Ajcos (¢1)
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Vector analysis of Figure 4.7 allows us to rewrite equation (4.14) as a single cosine with

amplitude and phase change
VR (1) = cos (mgt) + A1 cos (0ot + D1) covveeveieierieieeieieeieceeeeiee e 417
= 1 cos (wot + 61)

Where
(Bl)2 =1+ 2A;cos () + A12

o1 =tan™ £ A sin (1) J .............................................. 4.18
+ A0S (1)

The worst signal attenuation occurs when A; is unity and ¢1 is 180°. The received signal is

completely canceled under these conditions.

Increase in received signal strength is whenever
—90% <1 <907 L 4.20

The maximum increase is when A; is unity and ¢; is 0°. The received signal is the sum of the
direct and reflected ray and increase in amplitude.

The same A; produces the maximum increase in signal power also produces the worst
attenuation based on the phase ¢;. Multipath affects the phase of the received signal as well as its

amplitude.

Three-Ray Analysis: we can extend our two-ray analysis of multipath into a three-ray model.
The direct ray is given by

Vb (t) = cos (mot)
The two reflected rays are

Vr 1= A1 cos [mg (t—11)]

VR, 2= Az cos [ (t —12)]
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Received signal by an antenna
VR (t) = cos (wot) + Ap cos [mp (t—11)] + A2 cos [ (t—T2)] ovvevnnenn.n. 4.21

= cos (mot) + Az cos (wgt + ¢1) + Az cos (oot + 1)

Where
b1= - 0oty
b2= - 0oT2

As in the two-ray analysis, we can rewrite equation (3.21) as

VR (1) = P2C0S (00t + 02) vvvrineiiiii e 422
Where
(B2)? =1+ Ar® + Ag® + 2A1 ¢S (1) + 2A5COS (12) overvvrreeeereeererenes 4.23

+2ALA, fos ((1) cos (o) + sin (¢br) sin (¢pz) ]

o, = tan™ Agsin (pr) + Aosin (B2) | ceeereeeeeeeee 4.24
1+ Ajcos (1) + Az cos (d2)

n-Ray Analysis: We can easily extend the three-ray multipath model to an n-ray model. We

assume that n separate signals arrive at the receiving antenna, each with its own A and t.

Wavefarms FPhase relations Vectar representations

{of "A”" waveform with
reference to "B waveform)

Phase shift = D degrees
s A and B waveforms are — AE

in perfect step with each other

A
Phase shift = 80 degrees
Ais ahead of B S0degrees
(A "leads' B) - g
Phase shift = 20 degrees =B
B isahead of A -90 degrees
(B "leads’ A)
A
Phase shift = 180 degrees 180 degrees

A and B waveforms are A — =B
mirror-images of each cther

Figure 4.8: Phase Relation of waves
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4.5 System Model

We have put our system model for performing multipath reflection (echoes) effects and co-
channel interference (channel overlaps or remote transmitter interference) by measurements,

tests and simulation.

Lab Test Model
We have used Agilent N9320A spectrum analyzer to generate 10MHz reference clean RF and
connected to DS1191 analyzer to view the clean spectrum and received input voltage.

RF Cable

Agilent N9320A Spectrum \1 j DS1191
Analyzer

Analyzer

Figure 4.9: Lab Test Model
Transmitter Test Model
We have checked OTV transmitter out before feed to antenna to see the spectrum of modulated

signal and received input voltage on DS1191.

RF Cable
\ DS1191

Analyzer

OTV Transmitter

Figure 4.10: Transmitter Test Model
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Multipath Reflections Model
We have measured receiver input voltage at different places on the areas affected by multipath
reflections i.e. on areas large buildings exist in city centers, wind farm sites, wooded areas open

areas of sub-urban and hill’s by using dipole antenna, RF cable, DS1191 analyzer and TV sets.

DS1191
—>/ Analyzer
NawdD)
N () ﬁ 1 .

Figure 4.11: Multipath Reflections Model

Co-channel Interference (channel overlaps) Model

We have measured receiver input voltage at different places on the areas affected by co-channel
interferences i.e. rays from different transmitters operating at the frequency headed to the
receiver at different time or phase angle. By using dipole antenna, RF cable, DS1191 analyzer
and TV set.

DS1191

TV Set

Analyzer

Figure 4.12: Co-channel Interference (channel overlaps) Model
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Free Space Propagation Model
We have used friis equation to find the ideal power/input voltage received at an antenna without

considering multipath reflections or co-channel interferences (overlaps) by assuming the wave is
directly received by receiver in line of sight (LOS) to the transmitter to justify our field measured

results.

( ) Recaiver

Google map to measure
LOS separation
distance between Ty
and Ry

( Friis Transmission
L Calculator Software

Figure 4.13: Free Space Propagation Model

4.6 Material Used

Agilent N9320A Spectrum Analyzer to generate 10MHz RF

Eurotel VHF terrestrial band 111 transmitter
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DS1191Analyzer to measure receiver input voltage

Dipole Antenna to receive

RF cable

4.7 Software Used

Google Map Developers online distance calculator tool to measure the separation distance

between points on the Google maps.

Distance: 0.00 miles , 0.00 kilometers (km) , O feet , 0 meters

e i\

L\\ e -
e ¥
Somalia'
¥ o e
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Friis Transmission Calculator is used to find the ideal power received at an antenna from basic

information about the transmission.

Transmitter Power:

Transmitter Gain (dBi):

Frequency:

Distance:

Receiver Gain (dBi):

Result:

Watts to dBm Conversion Calculator

Enter a value in Watts and click on calculate to get the dBm
value

Watt(s) value

Watts

Result

dBm

Calculate |

Watts j

MHZ ™

|
Kilometers j

dBm to dBuV Conversion Calculator

@ RF Calculator @&

Enter ‘

Results

+ Enter value then click a function key --
Re-Enter Results ‘ <-—-—--- Clear -——--->

* 50 Ohm Conversions

dBm-———>W W-—-—>dBm
dBw-———>W W >dBw
= dBm--->dBpV = dBpv--->dBm
= dBpv—>dBpA = dBpuA—>dBV
* dBpA——— >V | — >dBPA
B dBj. By b
| — >dBpV dBpV-——— >V
Vpp--—>Vrms Vrms-—-->Vpp
e >A e —]
Copyright © C. Bautsch (Radicing.com).  Ver, 02

Free Space Path Loss Calculator calculates the loss (in dB) between two antennas where the

gain, distance and frequency are known.

Distance:
Frequency:

Transmitter Gain (dB):

Receiver Gain (dB):

Result:

Calculate |
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ATDI ICS Telecom is used for simulation of DVB-T guard interval insertions to cancel co-

channel overlap or interferences.

EEREHEA S @B N 8 0 NE EAB B DR

4.8 Parameter Used

We have used parameters of OTV transmitters which are found at adama kechema site and Addis
Ababa at furi site.

Parameters Values
(for Adama and Addis Ababa)
Frequency of Operation 196.25 MHz
Transmitter Power 2000 Watt
Ty Antenna Height 45 m
Rx Antenna Height 10 m
Ty Antenna Gain 7dB
Rx Antenna Gain 7dB
Antenna Pattern Omni
8733'3.61'N  Latitude
Adama, Kechema Site Co-ordinates 39°13'58.11"E  Longitude
8752'56.88'N  Latitude
Sabata, Furi Site Co-ordinates 38°41'12.68"E  Longitude

Table 4.1: OTV Tx System Parameters
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5. Results and Discussions

5.1 Introduction

In this chapter lab test results, field measurement results and simulation results will be presented.
In lab test we have measured receiver input voltage and observed spectrum of the Agilent
spectrum analyzer and OTV transmitter before the signal fed to transmitter antenna, we have
generated 10MHz RF from Agilent spectrum analyzer and also we have used OTV transmitter
RF Monitor output and checked on DS1191 analyzer. In field measurements we have measured
the receiver input voltage at places where multipath reflections and co-channel overlaps is high.
In simulation we have calculated the ideal received power at receiver by measuring line of sight
separation distance between transmitter to the receiver by not considering multipath reflections
and co-channel overlaps and compared it to field measured results and calculated the path loss

between transmitter and receiver by using friis transmission calculator.

5.2 Lab Test

Agilent N9320A Spectrum Analyzer

In the lab we have generated 10MHz RF from Agilent spectrum analyzer and took REF OUT
using 15 meter co-axial RF cable and put into DS1191 analyzer RF Input. We have got stable
(non-fluctuating) reading of received input voltage in dBuV and clean RF spectrum.

Figure 5.1: Materials used in the Lab
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Lab Test Result

Center Frequency (MHz) 10
Band Width (MHz) 8
Received Input Voltage (dBuV) 70.7

Table 5.1: Lab Test Result

OTV VHF terrestrial band 111 transmitter

From OTV transmitter which is the operating frequency is 196.25 MHz we have taken REF
Monitor Out using RF cable and inserted in DS1191 analyzer RF input. Since REF Monitor Out
is a modulated signal and we have got a simple fluctuation in received input voltage amplitude

and on spectrum on DS1191 analyzer reading.

Kechema Furi
Figure 5.2: OTV VHF terrestrial band 111 transmitter
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OTV Transmitter Test Results

Site Kechema
Center Frequency (MHz) 196.25
Band Width (MHz) 8
Received Input Voltage (dBUV) 92.6, 93.6, 95.6, 96.0

Table 5.2: Kechem Tx Test Results

OTV Transmitter Test Results

Site Furi
Center Frequency (MHz) 196.25
Band Width (MHz) 8
Received Input Voltage (dBuV) 94.9, 95.6, 96.0, 98.1

Table 5.3: Furi Tx Test Results
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5.3 Field Measurements

Multi-Path Reflections

We have taken received input voltage measurements in Adama city at different places in the
areas multipath reflections is high. We have used 10m dipole antenna, RF cable and DS1191
analyzer to receive OTV signal which is operated at frequency of 196.25MHz. We have pointed
or directed our antenna in line of sight (LOS) toward to OTV Transmitter which is found at
Adama Kechema site. From these measurements we have got or received multiple input voltages
at one place. The reading is not stable it goes up and down in fraction of seconds. These shows

multiple rays from different directions and at different phase is receipted by our receiver.

Figure 5.3: Measurement on OTV Building
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Specific Place Measured Results

Place OTV Building
Center Frequency (MHz) 196.25
Band Width (MHz) 8

Received Input Voltage (dBuV) 27.7,29.6, 30.6, 33.5, 36.1, 40.6

Table 5.4: Measured Results at OTV Building

As we have seen from the Table 5.4 different rays of OTV signal coming from different direction
to our receiving antenna affects the direct signal quality. Since the reflected signal has a delay it
was received at different phase. The direct signal geometry was affected destructively. These
fluctuations of received input voltage resulted in signal quality degradation and resulted in
ghosting effects in our TV sets.
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For remaining location at Adama we have registered the fluctuating input voltage result and we
have categorized into 3 different values i.e. minimum, average and maximum values. The

following Table 5.5 shows these fluctuating input voltages at different places.

Location ID | Location Name

OTV Building

AGHMC building
ASTU Front Door Bldg.
Takwa Building 04
Mebrat hayil Emru Bldg.

Posta bet infront of Gadaa

Franko Mamanur Bldg.
Kechema OTV Tx. Site
Adama Wind Farm Site

© © N o g » W N E

[EEN
e

Open area below kereyu

Table 5.5: Adama Location ID and Name List

Received Input Voltage @ dBuV
Location ID | Min. Value | Avg. Value Max. Value
1. 27.7 35.9625 40.6
2. 30.5 34.825 37.8
3. 31.2 41.29 48.8
4. 318 38.918 44.7
5. 30 35.71 438
6. 22.3 32.17 38.9
7. 29.4 36.816 429
8. 49.8 59.416 68.2
9. 64.4 68.76 775
10. 36.5 43.19 50.4

Table 5.6: Received Input VVoltage at Adama
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In our measurements on OTV building we have connected our antenna out to TV set. In the
television screen a pale shadows appear to the right of the original picture which is called the
ghosting effect. These effects appear on other places in which we have taken measurements due
to long building, structures, trees, wind turbines and moving objects. The phenomena are severe
in city centers due large buildings, moving vehicles and poor reflector objects like trees. In city
centers the reflected or delayed signals are destructively interrupt the original signal. In areas like
wind farms; since the wind turbine blade is metallic it is a good reflector and reflected signal is
constructively interrupt the main signal. Figure 5.4 below shows the TV screen shoot at OTV

building.

- KA -
M - e
0 IIVALEDHANA __DHAARBILEE GARAA GARAA KEESSATTIHOJJETTOONNI

Figure 5.4: Ghost Images on TV Screen from Receiver on OTV Building

47



Co-Channel Overlaps

We have taken received input voltage measurements at bishoftu city at different places in the
areas co-channel overlap is appear. We have used 10m dipole antenna, RF cable and DS1191
analyzer to receive OTV signal which is operated at frequency of 196.25MHz. We have pointed
or directed our antenna in line of sight (LOS) toward to OTV Transmitter which is found at
Adama Kechema site and Sabata Furi site alternately. From these measurements we have got or
received multiple input voltages at one place. The reading is not stable it goes up and down in
fraction of seconds and two spectrum appear on our spectrum analyzer screen. These shows

OTV signal from kechema and furi at different phase is receipted by our receiver.

Specific Place Measured Results in LOS Kechema Tx

Place Four Lakes Market Center
Center Frequency (MHz) 196.25
Band Width (MHz) 8

Received Input Voltage (dBuV) 10.1, 12.0, 13.0, 19, 20.1, 24.0

Table 5.7: Measured Results at 4lake Building in LOS to Kechema

Specific Place Measured Results in LOS Furi Tx

Place Four Lakes Market Center
Center Frequency (MHz) 196.25
Band Width (MHz) 8

Received Input Voltage (dBuV) 13.0, 19, 23.4, 27.5, 33.7, 40.1

Table 5.8: Measured Results at 4lake Building in LOS to Furi
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As we have seen from the Table 5.7 and 5.8 two rays of OTV signal coming from kechema and
furi transmitters received by our antenna in different time. At four lakes market center we have
seen signal quality variation when pointing our antenna in LOS of sight to kechema and furi.
Whenever we have pointed our antenna towards kechema transmitter the two spectrums values
goes down because of kechema is little far away. Whenever we have pointed our antenna
towards furi the two spectrums values goes up because of furi is little closer. Since the two
signals have a time delay or phase difference between them the main signal is destructively
affected. These fluctuations of received input voltage and appearance of the two signals at

receiver resulted in signal quality degradation.
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For remaining location at Bishoftu we have registered the fluctuating input voltage result and we

have categorized into 3 different values i.e. minimum, average and maximum values by pointing

our antenna towards Kechema and Furi alternately. The following Tables 5.9 and 5.10 shows

these fluctuating input voltages at different places.

Location ID Location Name
1. Haymanot Building
2 Four Lakes Market Center
3 In front of Technic College
4. Bosena Building
5 Furi Tx Site

Table 5.9: Bishoftu Location ID and Name List

Received Input Voltage @ dBuV

LOS towards Kechema

LOS towards Furi

Location ID

Min. Value | Avg. Value | Max. Value | Min. Value | Avg. Value | Max. Value
1. -1.6 4.03 11.7 -9.3 3.58 13.9
2. 10.1 16.38 24 13 26.41 40.1
3. 9.8 17.98 25.7 17.4 24.66 31.7
4. 1.6 9.52 16.4 55 14.7 30
5. 65.8 68.8 72

Table 5.10: Received Input Voltage at Bishoftu

From the table above we have observed that OTV signal operated at the same frequency coming

from the two transmitters highly affect the received input voltage destructively at receiver

because of the phase difference between the two signals. As discussed in chapter 4 the geometry

of the ray coming to receiver antenna determines our reception quality.

50




5.4 Friis Transmission Calculation

Multi-Path Reflections

In Multi-path Reflection environment by using friis transmission calculator we have calculated
ideal power received at an antenna from basic information about the transmission in all areas we
have taken field measurements. Firstly we have calculated the separation distance between
transmitter and receiver by using Google map developer in Adama City. Based on the distance
measured and other parameters we have calculated the ideal received input power in watt at a
given point and converted it to dBm and dBuV respectively to compare to the measured results.

We have also calculated the path loss in dB.

Map Satellite

Map data ©2017 Imagery ©2017 CNES / Astrium, DigitalGlobe | Terms of Use

5.5: OTV Transmitter at Adama Kechema Site

Distance: 3.99 miles , 6.43 kilometers (km) , 21084 feet , 6426 meters

Map  Satellite
“

Map data ©2017 Google Imagery €2017 CNES / Astrium, DigitalGlobe | Terms of Use

5.6 OTV Building 5.7: Separation Distance from OTV to Tx
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Distance: 2.54 miles , 4.08 kilometers (km) , 13391 feet , 4081 meters Distance: 2.54 miles , 4.08 kilometers (km) , 13391 feet , 4081 meters

5.8: Posta Infront of Gada 5.9: Separation Distance from Posta to Tx

Distance: 0.43 miles , 0.69 kilometers (km) , 2274 feet , 693 meters Distance: 0.43 miles , 0.69 kilometers (km) , 2274 feet , 693 meters

Map data ©2017 Google Imagery ©2017 CNES / Astrium, DigitalGlobe | Terms of Use Map data -m.7cNIMmeDig'NIGJT-m.dUu
5.10: Wind Farm Site 5.11: Separation Distance from Wind farm to Tx
Transmitter Power: 2000 Watts j
Transmitter Gain (dBi): 7
Distance: | 6.43 Kiometers j
Frequency: 196.25 MHz j
Frequency: | 196.25 MHz j
Distance: | 6.43 Kilometers j

Transmitter Gain (dB): | 7
Receiver Gain (dBi): 7 )
Receiver Gain (dB): | 7
Calculate

Result:
Result:

e S Free Space Path Loss: 80.46 dB

5.12: Ideal Received Power and Free Space Path Loss at OTV Building
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I @ RF Calculator &
Enter Results
[-17.46 [s2.53209999999090
~ Enter value then click a function key --
‘ Re-Enter Results ” — Clear ---—----> |
* 50 Ohm Conversions
Enter a value in Watts and click on calculate to get the dEBm [i—:] [ E— =P
value ‘ dBm--—>dBw ” dBw--—-->dBm |
[ mm——sw | w—dm |
Watt(s) value
‘ dBw----——- =W ” W= >dBw |
0.00001796
e * dBm—>dByv. * dBpv—>dBm
= dBpV--->dBpA = dBpA--->dBpV
pA---—---->dBpA dBpA-----—- >pA
[ — >dBpv dBpv————->V
Result | — >dBv i — >y
Vpp—-->Vrms Vrms——>Vpp
-17.46 dBm
 — >V | — W
‘ L — >A H f — W
[ Copyright @ €. Bautsch (Radioing.com).  Ver. 02

5.13: Ideal Received Power in dBm and dBuV at OTV Building

For remaining places at which measurements took place at Adama we have calculated and listed

the ideal received power in the table 5.11 below.

Separation Ideal Received Power Free Space
Location Name and 1D Distance Path Loss
Km Milli Watt dBm dBuv dB

1. TVO Building 6.43 0.01796 -17.46 89.54 80.46
2. AGHMC building 5.6 0.02367 -16.26 90.74 79.26
3. ASTU Front Door Bldg. 5.88 0.02147 -16.68 90.32 79.68
4. Takwa Building 04 4.92 0.03067 -15.13 91.87 78.14
5. Mebrat hayil Emru Bldg. 4.25 0.0441 -13.86 93.14 76.86
6. Posta bet infront of Gada 4.08 0.0446 -13.51 93.49 76.51
7. Franko Mamanur Bldg. 3.6 0.05728 -12.42 94.58 75.42
8. Kechema OTV Tx. Site 0.03 824.29 29.16 136.16 33.84
9. Adama Wind Farm Site 0.69 1.559 1.93 108.93 61.07
10. Open area below kereyu 3.02 0.0814 -10.89 96.11 73.9

Table 5.11: Ideal Received input Power at Adama City
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Co-Channel Overlaps

In Co-Channel Overlap environment also we have used friis transmission calculator and
calculated ideal power received at an antenna from basic information about the transmission in
all areas we have taken field measurements. Firstly we have calculated the separation distance
from the two transmitters i.e. Kechema and Furi to our receiver at bishoftu city by using Google
map developer. Based on the distance measured and other parameters we have calculated the

ideal received input power in watt at a given point and converted it to dBm and dBuV

respectively to compare to the measured results. We have also calculated the path loss in dB.

Map Satellite Map Satellite

Map data ©2017 Imagery ©2017 CNES / Astrium, DigitalGlobe | Terms of Use

Kechema Site Furi Site
Figure 5.14: OTV Transmitters

Figure 5.15: Four Lakes Market Center
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Distance: 22.08 miles , 35.53 kilometers (km) , 116580 feet , 35534 meters

,“
g Map Satellite

Kechema to 4Lakes

Transmitter Power:
Transmitter Gain (dBi):
Frequency:

Distance:

Receiver Gain (dBi):

Result:

Kechema Parameters

Distance:
Frequency:
Transmitter Gain (dB):

Receiver Gain (dB):

Result:

2000

196.25
35.53
7

Calculate |

|

/ “+ N g Su, =
Map data ©2017 Google Imagery ©2017 TerraMetrics | Terms of Use

Furi to 4Lakes

Figure 5.16: Separation Distance

Watts j

Transmitter Power: | 2000

Transmitter Gain (dBi): | 7

MHz j
Frequency:  196.25

Kilometers j

Distance: | 35.5

Receiver Gain (dBi). | 7

Result:

Received Power: 5.881e-7W

Distance: 22.06 miles , 35.50 kilometers (km) , 116455 feet , 35496 meters

.

Watts

Map data ©2017 Google Imagery €2017 TerraMetrics | Terms of Use

MHz

Kilometers

Received Power: 5.891e-7W

Furi Parameters

Figure 5.17: Ideal Received Power at 4Lakes

35.53
196.25
7

7

Kilometers j Distance:
MHz j Frequency:

Transmitter Gain (dB):

Receiver Gain (dB):

Result:

Free Space Path Loss: 95.31dB

Kechema Parameters

35.5
196.25
7

7

Free Space Path Loss: 95.30 dB

Kilometers

MHz

Furi Parameters

Figure 5.18: Free Space Path Loss at 4Lakes
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For Bishoftu City we have calculated the ideal received power at all places we have took field

measurements and we have also calculated the time difference and phase shift of the OTV signal

based on the separation distance between our receiver and the two OTV transmitters. We have

used the equation 4.16 which was discussed in chapter 4.

Separation Distance Time Taken At d°
Location Name and ID (Km) (us) (us) (Degrees®)
Okechema druri ticechema trui | truri - Tkechema
1. Haymanot Building 33.86 37.2 112.87 124 11.13 94.5°
2. Four Lakes Market 35.53 355 118.43 | 118.33 0.1 225"
3. Technic College 37.09 33.81 123.63 112.7 10.93 45°
4. Bosena Building 38.4 32.44 128 108 20 360°
5. Furi Tx Site 0.03
Table 5.12: Time difference and Phase Shift
Received Power Path Loss
ID Kechema Furi Kechema | Furi
Watt dBm | dBuVv Watt dBm | dBuv dB dB
1. | 6.475¢" | -31.89 | 75.11 | 5.365¢” | -32.7 | 743 9489 | 95.71
2. 5.881e” | -32.31 | 74.69 | 5.891e" | -32.3 74.7 95.31 95.30
3. 5.397e-7 | -32.68 | 74.32 | 6.494¢" | -31.87 | 75.13 95.68 94.88
4. | 5.035e" | -32.98 | 74.02 | 7.055¢" |-31.52 | 75.48 | 9598 | 94.52
5. 0.8249 29.16 | 136.16 33.84

Table 5.13: Ideal Received input Power at Bishoftu City
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5.5 Comparison between Measured and Ideal Received Input Voltage
Multi-Path Reflections
In the table 5.14 below we have compared measured receiver input voltage and ideal received

input power at the receiver for multipath reflection environment i.e. Adama.

Measured Received Input
Voltage Ideal Received Input
Location Name and ID (dBuv) Voltage
Min. Value | Avg. Value | Max. Value (dBuV)
1. OTV Building 27.7 35.9625 40.6 89.54
2. AGHMC building 30.5 34.825 37.8 90.74
3. ASTU Front Door Bldg. 31.2 41.29 48.8 90.32
4. Takwa Building 04 31.8 38.918 447 91.87
5. Mebrat hayil Emru Bldg. 30 35.71 43.8 93.14
6. Posta bet infront of Gadaa 22.3 32.17 38.9 93.49
7. Franko Mamanur Bldg. 29.4 36.816 42.9 94.58
8. Kechema OTV Tx. Site 49.8 59.416 68.2 136.16
9. Adama Wind Farm Site 64.4 68.76 77.5 108.93
10. Open area below kereyu 36.5 43.19 50.4 96.11

Table 5.14: Comparison of Measured and Ideal Received Input Voltage
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Co-Channel Overlaps

For co-channel overlap environments i.e. Bishoftu city we have also compared the measured and

ideal received input voltage at receiver see table 5.15 and 5.16 below.

Measured Received Input

Voltage Ideal Receive Input
Location Name and ID (dBuv) Voltage
LOS towards Kechema (dBuv)
Min. Value | Avg. Value | Max. Value
1. Haymanot Building -1.6 4.03 11.7 75.11
2. Four Lakes Market Center 10.1 16.38 24 74.69
3. Infront of Technic College 9.8 17.98 25.7 74.32
4. Bosena Building 1.6 9.52 16.4 74.02
Table 5.15: Comparison of Measured and Ideal Received Input Voltage at
Bishoftu in LOS towards Kechema
Measured Received Input
Voltage Ideal Receive Input
Location Name and ID (dBuv) Voltage
LOS towards Furi (dBuv)
Min. Value | Avg. Value | Max. Value
1. Haymanot Building -9.3 3.58 13.9 74.3
2. Four Lakes Market Center 13 26.41 40.1 74.7
3. Infront of Technic College 17.4 24.66 31.7 75.13
4. Bosena Building 55 14.7 30 75.48
5. Furi Tx Site 65.8 68.8 72 136.16

Table 5.16: Comparison of Measured and Ideal Received Input VVoltage at
Bishoftu in LOS towards Furi
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5.6 ATDI ICS Telecom Simulation

On the simulation we have inserted DVB-T guard intervals to optimize our network or to reduce

interferences caused by co-channel overlaps. We have used the standard parameters as we have

used for field measurements.
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General |PattEms I Channelsl Site I Advanced |
hd
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Figure 5.19: Parameters Used for Simulation
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Figures 5.20 shows the coverage of two OTV signal transmitted from Kechema and Furi at
frequency of 196.25MHz using ics telecom software. The field strength and received input
power values of the coverage area indicated in different colors.

dBuV/m [ dBm
Figure 5.20: Coverage Calculation of Furi and Kechema Transmitters

In the following results we have showed interference cancelling techniques by using different
DVB-T guard time. All areas above the minimum threshold (i.e. C/N >=16) indicated in light
blue and areas in which there is co-channel overlap or interferences indicated in red. We have
simulated for DVB-T 8MHz channel, 64 QAM modulation and 3/4 FEC for 2K and 8k Modes.
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DVB-T 8MHz Modulation= 64 QAM FEC= 3/4 for 2K Mode

Guard Interval: 1/32 7 Us Guard Interval: 1/16 14 us

Guard Interval: 1/8 28 s Guard Interval: 1/4 56 ps

Figure 5.21: DVB-T Guard Insertion for 2k Mode

As shown in the Figure 5.21 for the large guard interval time; interferences are decreasing. For

the 2K mode interference is not totally cancelled by the maximum guard interval time.
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DVB-T 8MHz Modulation= 64 QAM FEC= 3/4 for 2K Mode Specific Point Analysis

Guard Interval: 1/32 7 Us

Qo01-T:  Fur

T: Kechema

Station: 1- FSR: 73.0 dBuV/m (COV)
Destructive - St: 002 - FSR 88.0 dBuV/m - DTOA: 27 microsec (COV)
C/N+I:-7dB

jin: 51 (dBuV/m)

Station 2 is destructively interfering Station 1 reaching at delay of 27 ps. The given guard time is

only 7 us therefore the interference is not faded away in the given guard time.

Guard Interval: 1/16 14 us

2 Destructive - St: 001 - FSR 61.0 dBuV/m - DTOA: 22 microsec (COV)
4 C/N+1: 13dB
1 49 - NeMargin: 51 (dBuV/m)

W= |

Station 1 is destructively interfering Station 2 reaching at delay of 22 ps. The given guard time is
only 14 pus therefore the interference is not faded away in the given guard time.
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Guard Interval: 1/8 28 Us

Station 2 is destructively interfering Station 1 reaching at delay of 41 ps. The given guard time is
only 28 ps therefore the interference is not faded away in the given guard time.

Guard Interval: 1/4 56 ps

Figure 5.22: Specific Point Analysis for 2k Mode

Station 2 is destructively interfering Station 1 reaching at delay of -18 ps. The given guard time
is only 56 s therefore the interference is not faded away in the given guard time.

From All Figures 5.22 above we have observed that station reaching the receiver of specific

point out of the given guard interval/time considered as destructive interferer.
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DVB-T 8MHz Modulation= 64 QAM FEC= 3/4 for 8K Mode

Guard Interval: 1/32 28 s Guard Interval: 1/16 56 s

Guard Interval: 1/8 112 ps Guard Interval: 1/4 224 ps

Figure 5.23: DVB-T Guard Insertion for 8k Mode
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For 8K mode interference is decreased better than 2k mode. It is eliminated totally at Guard
Interval fraction of 1/16 or guards time 56 ps. To better optimize our network we need to have
additional FFT size and Guard interval time. Therefore since DVB-T2 has additional FFT sizes,
Modulation schemes and Guard interval time or fractions, these interferences will better
eliminated totally by introducing DVB-T2. Table below shows improved options of DVB-T2
and the comparison between DVB-T and DVB-T2.

DVB-T DVB-T2 (new/improved options in bold)
FEC Convolutional Coding+Reed Solomon | LDPC + BCH

1/2, 213, 3/4, 5/6, 7/8 112, 315, 2/3, 3/4, 415, 5/6
Modes QPSK, 16QAM, B40AM QPSK, 160AM, 64QAM, 256QAM
Guard Interval 1/4,1/8, 1/16, 1/32 1/4, 191128, 1/8, 19/256, 1/16, 1/32, 11128
FFT Size 2k, Bk 1k, 2k, 4k, 8k, 16k, 32k
Scattered Pilots 8% of total 1%, 2%, 4%, 8% of total
Continual Pilots 2.0% of total 0.4%-2.4% (0.4%-0.8% in 8K-32K)
Bandwidth 6,7, 8MHz 1.7.5,6, 7,8, 10 MHz
Typical data rate (UK) 24 Mbit's 40 Mbit/s
Max. data rate (@20 dB C/N) 31.7 Mbit/s (using 8 MHz) 45.5 Mbit/s (using 8 MHz)
Required C/N ratio (@24 Mbit/s) | 16.7 dB 10.8 dB

Table 5.17: Comparison of DVB-T and DVB-T2
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DVB-T 8MHz Modulation= 64 QAM FEC= 3/4 for 8K Mode Specific Point Analysis

Guard Interval: 1/32 28 s

R T o el ¥ i A s " =

Station 2 is destructively interfering Station 1 reaching at delay of 42 us. The given guard time is
only 28 us therefore the interference is not faded away in the given guard time. But interferences
reduced in 8k Mode better than 2k Mode.

Guard Interval: 1/16 56 s

On the specific point only Station 1 is reaching. There is no destructive interference in our
network. All delayed signals faded in the given guard time i.e. 56 ps for DVB-T 8 MHz 8K
Mode.
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Guard Interval: 1/8

On the specific point only Station 1 is reaching. There is no destructive interference in our
network. All delayed signals faded in the given guard time i.e. 112 ps for DVB-T 8 MHz 8K
Mode.

Guard Interval: 1/4 224 us

C/N+1:37dB
C: 75-1: 0 - NeMargin: 51 (dBuV/m)

Figure 5.24: DVB-T Guard Insertion for 8k Mode
On the specific point only Station 2 is reaching. There is no destructive interference in our
network. All delayed signals faded in the given guard time i.e. 224 ps for DVB-T 8 MHz 8K
Mode.
As we have seen from All Figures of 5.24 above all interferences are faded away at 56 us guard
time for DVB-T 8 MHz 8k Mode. Our network is optimized and able to deliver qualified signal.
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6. Conclusion and Recommendation

6.1 Conclusion

Reflected or delayed analog OTV signal affects the quality of main or required signal. In
developing cities like Adama in which long buildings, wind turbines, trees, structures and
vehicles are appearing the effect of ghosting is too high. Since reflected signals took longer path
it reaches the receiver later than the main signal. These phenomena leads to the phase shift of
two or more signals operating at the same frequency. Due to these constructive or destructive
interferences happened to the main signal depending on the property of the reflector body.
Metallic objects like wind turbines are good reflector and delay is too short. Objects like trees are
poor reflector and delay is high which leads to destructive interferences.

OTV signal coming from two transmitters operating at the same frequency affects the received
signal quality. In cities like Bishoftu in which OTV signals are reaching the receiver from the
two transmitters are seriously affected. In some places of Bishoftu city the two signals are totally
cancel each other.

Because of multi-path reflections and co-channel overlaps the required input voltage is not
reaching the receiver and leads to reduced picture quality or ghost images on our TV sets.
Co-channel overlaps or interferences could be eliminated by inserting proper guard intervals
which helps us to optimize our network to deliver qualified audio and video signals.

6.2 Recommendation

In terrestrial broadcasting (Analog or Digital) reflections (echoes) will be produced during the
transmission, in DTT the pause times called guard intervals will enable these echoes to fade
away and do not affect the signal reception. This will allow extinguishment of echoes or
reflections of the transmitted signal, or signals from other co-channel transmission of the same
network reaching the receiver with a certain delay. The longer the guard interval, the greater the
time allowed to extinguish unwanted echoes, but the lower the quantity of data that can be
transmitted (bit-rate — number and/or quality of programs). We recommend the Oromia Radio
and TV Organization (ORTO) to migrate to DVB-T2 to avoid interferences caused by multipath
reflections and co-channel overlaps. Since For DVB-T2, the range of standard COFDM

parameters has been extended compared with DVB-T.
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Since the separation distance between our two transmitters over air (i.e. Furi and Kechema) is
70.52 km apart. We recommend DVB-T2 256 QAM, 32k Mode, adequate FEC 3/4 and Guard
fraction of 19/256 or guards time 266 ps with data rate of 42.998 Mbit/s while launching DVB-
T2 SFN, because in this guard time delayed signal coming from up to 79.9km will be
synchronized.

To better receive DVB-T2 signals for Transmitter operating at 2000W:

For the transmitter 15km away to the receiver we shall use Indoor DVB-T/T2 Antenna with
Amplifier with gain of 21dB.

For the transmitter between 15km and 40km away to the receiver we shall use Outdoor DVB-
T/T2 Antenna (log periodic) with gain of 8/9dBi.

For the transmitter above 40km away to the receiver we shall use Outdoor UHF TV Antenna:
DIPOL 16/21-60 with LNA-177 Amp; with gain of 42dB.
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