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ACTUALITY OF THE TOPIC

The 26™ July 2008 was a milestone for Hungarian terrestrial television. The National
Communication Authority announced the winner of the bid' for operation rights to five
terrestrial digital television broadcasting networks. The invitation to bid was announced on
the 25™ March 2008. According to the conditions of the contract, the winner is required to
build up the digital television network with the undertaken population coverage until 1st
November 2008. The winner must finish the implementation of the five networks by 2013
according to the time-frame of the pledge conditions.

The introduction of digital terrestrial television broadcasting by 2015 is a significant
challenge for frequency management and implementation of digital television throughout the
networks. It is necessary to take into consideration in the course of installation of the digital
stations that analogous television service and military systems” operate in the common
television band until 2015. According to the call for tender ,,The analogue television stations
and the other services using certain television channels enjoy protection in the analogue-to-
digital transitional period’ in Hungary and in the neighbouring countries™.

According to the decision of the WRCO07°, the 790-862 MHz band can be used for mobile
services from 2015. If mobile services will work in the television band throughout Hungary or
in the neighbouring countries, it is necessary to ensure protection for these services and
require protection against the mobile services. The work on the technical background of the
interference situations has begun in different international working parties. The corresponding
decision can be expected on the WRC12° conference.

The operational entitlement is owned for 12 years - until 2020 - irrespective of when and how
the transmitters are put into operation. Considering that the deployment of five networks will
not happen in a day, the service provider's investment plan can be optimized if the conditions
that have potential to limit the usage of the frequencies, or the further extension of digital
networks, are known in time.

DESCRIPTION OF THE SCIENTIFIC PROBLEM

There are more questions which must be answered in the course of the implementation of the
digital television networks. Which criteria ensure the necessary protection of the primary
services against digital television service? How much does the application of those criteria
restrict the power — and other technical parameters - of the digital stations? Whether other
services operate in Hungary and neighbouring countries concerned in terms of the protection,
and if so, for how long. Whether the criteria adequately serves the state, service provider,
public and EU objectives, that " ... the radio spectrum, as an important national economic

' Antenna Hungaria Zrt.,

? Other primary services, acronautical radionavigation systems

* From 17" June 2006 to 17" June 2015

* Tender for operation five digital television broadcasting networks, Tender documentation, NHH, 2008, page
34. Online: (http://www.nhh.hu/dokumentum.php?cid=16371).

> World Radiocommunication Conference 2007
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resource, should be allocated and distributed efficiently between the rivalling applications and
users” currently and in the digital future.

The call for tenders does not include technical regulations regarding the network planning and
electromagnetic compatibility (EMC®) examinations in an implicit manner. However it is a
requirement to apply the technical frameworks implied in the Final Acts of the Regional
Radiocommunication Conference for planning of the digital terrestrial broadcasting service,
2006 (GEO6 Agreement).

Based on the detailed examination of the GEO06 agreement, it was established that the
procedural rules of the implementation of the digital television networks were worked out in
detail and that they were accepted as well. The technical concepts, definitions and technical
parameters were applied in the course of the procedure were involved into the document
thoroughly, but the compatibility criteria can be found only partly in the GE0O6 Agreement.
The procedure of the conformity check, which has to be applied during the implementation of
the digital plan entries belonging to the GEO6 Agreement, contains exactly those technical
conditions which can ensure the protection of the other digital television stations. However,
the criteria defining protection of the analogue television did not get into the agreement even
with an information aim. It is known what kind of criteria was applied to the protection of the
earthly stations of the other primary services in the course of the completion of the plan.
However the application of the criteria is an option, but not obligation in the course of the
extension of the plan. In case of protection of the onboard devices the free space propagation
model has to be applied in the interference calculations according to the GE06 Agreement.
The compatibility criteria to be applied in the coordination procedure requested during the
modification of the digital plan or implementation of new digital transmitters are also missing
from the Agreement.

Operation of the analogue television and military services without harmful interference, the
fast introduction and quick spread of the digital television, the efficient use of frequency are
all equally preferred state and EU objectives. One of the tools to achieve these aims is the
electromagnetic compatibility examinations based on the parameters worked out carefully and
accepted internationally. If the mentioned technical conditions are missing, or incomplete,
additional or complementary technical criteria are advised to work out, and accept with bi- or
multilateral agreements. If the neighbouring countries cannot reach agreements on a technical
basis, long and/or unsuccessful negotiations can be expected.

After considering all these issues, I feel that the following researches between

1. digital television and analogue television
2. digital television and military services
3. digital television and digital television

services can facilitate the implementation of the Hungarian digital networks:

e already applied compatibility criteria and conditions of the applicability

e definition of missing compatibility criteria,

e presentation of the effect of the different compatibility criteria on the protected and
potential interfering services,

o familiarization of the results with the interested parties.

7 Spectrum strategy. NHH, 2006, page 4.
¥ Electromagnetic Compatibility
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RESEARCH OBJECTIVES

To systematize and to outline the international and domestic environment of regulation
concerning the usage of the UHF’ television band, the protection of the analogue and
digital television transmitters, and the military aeronautical radionavigation devices. To
reveal the potential contradictions or deficiencies of the regulation. To explore the
regulatory frameworks that may provide the opportunity to accept the absent or modified
compatibility criteria.

To explore and to outline the definitions concerning the criterion of the harmful
interference, measurement results, and computational methods between the radio
equipments. To examine whether quantified criteria are defined and accepted regarding
the harmful interference between primary services in the UHF television band. To
compare the known compatibility criteria, and to draw the conclusions regarding their
adaptability on the area of the digital television broadcasting.

To choose a feature of the television stations whose change can give the bases to measure
and judge the effect of the applied compatibility criterion on the protected service. To
work out an examination method and to make calculations in the interest of exploration of
the connection between the compatibility criterion and the selected transmitter feature. To
analize the results with the help of the mathematical statistics, to reveal contexts and to
create a mathematical model.

To make calculations, and to demonstrate - based on the examination - what kind of
measure the different compatibility criteria and known protection parameters applied for
protection of the analogue television networks and military services may restrict the usage
of the digital frequencies until 2015.

To analyze and to synthesize the possibility of the extension of the GE06 Digital Plan. To
work out an examination method and to make calculations in order to determine the
radiation parameters of the new DVB-T'” stations. To demonstrate with quantified results
how the application of the different compatibility criteria may influence the extension of
the digital networks and the coverage area of the DVB-T transmitters.

RESEARCH METHODS

Exploration and processing of the relevant international and domestic literature,
systematization of the knowledge, drawing up the conclusions.

Introduction of the harmful interference definitions between radio systems applying the
historical method. Examination of their adaptability during the implementation of the
Hungarian digital plan with the comparative critical analysis method.

Exploration of the contexts with the method of synthesis and mathematical statistics.
Comparison of theoretical and practical experiences, drawing up conclusions regarding
the determination of the threshold of the harmful interference with the application of the
analysis and the synthesis method.

Participation in the work of international working groups. Analysis of the content of the
working documents and explorations of analogies on the researched area.

Modelling of the cases of harmful interference in the UHF television band, drawing
conclusions which can be generalized, developing of mathematical models.

? Ultra High Frequency
' Digital Video Broadcasting Terrestrial



STRUCTURE OF THE DISSERTATION

In the first chapter I present the international and domestic system of the regulation regarding
the radio frequencies, particularly the broadcasting frequencies. I research those devices of
regulation with which technical regulations can get obligatory status. I examine those
agreements and the way leading to them, which allow the common use of the television band
with administrative and technical means for analogue and digital television and other services,
creating a framework for the GEO6 Agreement. I present the primary services operating in the
television band, analyze the plans belonging to the GE06 Agreement and emphasize those
milestones that can lead to the introduction of the Hungarian digital terrestrial television.

In the second chapter I summarize the definitions in connection with the electromagnetic
compatibility. The detailed examination of the GE06 Agreement expands on the technical
background of the network planning, and examine what obligatory or recommended network
planning methods are included which ensure the operation of the primary services in the
television band without interference. Based on the conclusion I research, systematize and
compare those methods, which are recommended in other documents of regulation, or defined
in broadcasting agreements in order to ensure the compatibility.

In the third chapter I select from the analogue and digital television plans and the other
services database notified to the ITU'' those primary radio services - based on their technical
features - which can influence the Hungarian networks from interference examination point of
view. I am looking for a mathematical relationship between the compatibility criteria revealed
in the second chapter. I examine the context between the coverage area of the broadcasting
stations and the applied compatibility criterion. I analyze how the application of the known
compatibility criteria would influence the radiation parameters of the digital stations which
have to be coordinated with the neighbouring countries. I examine what kind of effect would
be on the introduction of the digital television in the transition period. I define the protection
parameters of the other primary services proposed in the GE06 Agreement, and the effect of
the protection parameters determined by measurements proceeded in Hungary on the
introduction of digital television stations. I analyze what kind of opportunities the GE06
digital plan provides to extension of the plan.

Summarizing the results of my calculations in a table I demonstrate what ERP and coverage
radius of the planned new stations is possible applying the different compatibility criteria.

SUMMARY OF THE RESEARCH ACTIVITY

As a result of the first research objective, the overview of the documents of the international
and domestic technical regulation revealed that besides on the GE06, other frameworks also
do not stand for evaluation of the compatibility calculations of primary services in the
television band. I established that the administrative organization of the ITU is authorized for
supervision and promotion of the agreements and that decision making is based on
agreements in controversial questions. I found it as a contradiction that according to the
accepted coordination procedure - paragraph 4 and 5 of the GE06 Agreement - it is possible to
ask the collaboration of the ITU BR in a coordination procedure when the coordination
rejections are considered as undue. However the ITU BR cannot make technical examinations
without criteria accepted by the administrations, consequently to make a decision. An

! International Telecommunication Union



additional opportunity is the examination of a technical question initiated by one of the
countries at an international organization. The studies are made by the experts of participant
administrations in the study groups. I established that the content of documents arising in
study groups have only recommendation status. They may receive obligatory validity if they
are accepted in international agreements.

The obligations concerning the usage of the frequency bands can be only incorporated in
international contracts accepted by the administrations, or bi- or multilateral agreements
which do not influence the interference conditions of a third country. In cases when
international effects do not exist, national authorities’ directives or laws may regularize even
technical questions to promote the state objectives.

I drew the conclusion that comforting solution for the compatibility questions left open in the
GEO06 Agreement can be expected in the domestic regulation and in the agreements signed the
with the neighbouring countries.

As a realisation of the second research objective I revealed and outlined those concepts and
contexts that are necessary during the accomplishment of the compatibility examinations. I
defined concepts whose usage simplify and makes unambiguous the presentation of the
additional examinations and results. I collected the existing obligatory and recommended
compatibility criteria from different concerned broadcasting agreements. I was looking for a
context between the compatibility criteria formulated on different manner. I used these results
to examine the effect of the compatibility criteria on the digital network implementation, and
the extension opportunities of the digital plan.

As a realisation of the third research objective I made calculations with an examination
method selected suitably regarding how the coverage area of the protected transmitter is
influenced by the interference level of the potential interfering transmitters. Based on the
statistical evaluation of the results I established that the decrease of the coverage area depends
on the effective radiation power and the effective antenna height of the protected transmitter,
the level of the usable field strength, the presence of further interfering transmitters, and the
distance between the protected and interfering transmitters. The median of the decrease of the
coverage area can be given with a function depending on the quantified value of the
compatibility criterion inside a margin of error which can be defined beside a given reliability
level. Based on the conclusions which can be generalized, I evaluated and compared the
compatibility criteria which are found as recommended or compulsory ones in the different
broadcasting agreements.

As a realisation of the fourth research objective I analyzed statistically the calculations made
on a big amount of sample that how the compatibility criterion - which can be chosen for the
protection of analogous transmitters - influence the implementation and the maximum power
of the Hungarian digital stations whose coordination are obligatory in the transition period. I
examined those Hungarian planned digital stations that can cause harmful interference to the
aeronautical radionavigation services notified to the ITU I defined the measure of the possible
restriction based on the protection parameters accepted in the GE06 Agreement, and
measured during the Hungarian measurement campaign.

As a realisation of the fifth research objective I determined - with the analysis of the GE06
Agreement and the examination of the effect of the different compatibility criteria - how
radiation and coverage parameters can be allotted to the new digital stations with real
opportunity to international acceptation.



CONCLUSIONS

Thanks to the successful tendering procedure at the end of 2008, the implementation of
the digital plan could begin in Hungary. The service provider can only accomplish his
undertaken obligations if the necessary international and domestic coordination procedure
is fast and successful. It is possible to count on difficulties and protracted process without
well defined and compulsory compatibility criteria. The problem can be a key issue for all
the countries signed the GE06 Agreement. Compromise agreements with the affected
neighbouring administrations and the domestic regulations will mean the solution
expectedly of which the development of the missing compatibility criteria is the
prerequisite.

The problem has not appeared as a pressing question till now in Hungary, since the
frequencies belonging to the first three networks implemented in the transition period
basically are successfully coordinated. However there are digital frequencies whose power
are restricted or cannot be used currently. The revealed interference situations with the
present research and the numerical results which show the impact on the protected
network can ensure the possibility to decrease the restrictions regarding the operational
parameters of the digital stations.

I drew the conclusion - based on the research, systematization and comparison of the
recommended or accepted compatibility criteria in the different broadcasting agreements
and other regulations - that the compatibility criteria with suitable adaptation can be
applied in the field of digital television services as well. The revealed mathematical
contexts between the compatibility criteria which helps the evaluation of the measure of
the interference gives the possibility to use common compatibility criteria in the
broadcasting band.

The worked out and applied examination method gives the possibility to analyze the
context between the selected compatibility criteria and the decreased coverage area of the
analogue television station.

Lineal regression curve can be fitted in the function of the compatibility criterion for the
median and scattering values of the decreased coverage area of the examined protected
station which have different radiation and geographical parameters.

With the created mathematical model the median of the decrease of the coverage area can
be given with a function depending on the quantified value of the compatibility criterion
inside a margin of error which can be defined beside a given reliability level.

The results of my calculations summarised in a table can be used as a tool to preliminary,
fast evaluation without the need for complicated calculations.

I drew the conclusion based on several interference calculations and the analysis of the
results that the compatibility criterion chosen for the digital television services influence
the measure of the power restriction of the digital television stations. However besides of
applying very gentle compatibility criterion a given measure of the power restrictions will
still remain.

The examination results of the unique cases concerning the Hungarian digital transmitters
show that the restriction of the power can be significantly smaller applying the protection
values accepted in the GEO6 Agreement compared to the previous practice. Additional
relaxation can be reach in the restriction if the system sensitivity is considered instead of
the receiver sensitivity in the compatibility analysis.

I drew the conclusion based on the analysis of the GE06 plan and the calculation results
that the different compatibility criteria influence significantly the possible ERP and
coverage radius of the planned new digital transmitter.



NEW SCIENTIFIC RESULTS
I regard as new scientific results of the Ph.D. thesis that

1. T analyzed and gave two generally usable formula of the compatibility criteria already
used in the broadcasting area. I defined a mathematical function between the two
compatibility criteria.

2. Texplored the feature of the broadcasting stations which depends on the interference level.
I drew up an examination method to research the connection between the compatibility
criteria and the effect of the interference on the protected television station.

3. I created mathematical model which can demonstrate with numerical result of the effect of
the applied compatibility criterion. The model is created based on statistical calculations
made on a big amount of sample.

4. Based on the evaluation of my calculations I showed that all the obstacle of the
introduction of the digital television cannot be removed by applying a suitable
compatibility criteria between analogue and digital transmitters.

5. I showed with my examination results of the unique cases concerning the Hungarian and
foreign aeronautical radionavigation services, that the protection of the system sensitivity
— which does not jeopardize the flying safety - determined by measurement, the power
restriction regarding to the digital transmitters can be relaxed significantly in the transition
period.

6. I created the model of the expected claims for new digital television stations and I defined
the context among the expected coverage radius of the planned digital television, the
necessary separation distance and the applied compatibility criterion.

RECOMMENDATIONS, PRACTICAL APPLICABILITY OF THE SCIENTIFIC
RESULTS

I recommend my research results to all the authorities, service providers, organizations and
network designers, who operate primary services in the UHF television band, regulate the
frequency usage, proceed the international coordination, make decisions in the discussed
questions and prepare network plan for extension of the present digital plan.

According to my expectation, my results can be used for

1. Knowing more about the frequency usage possibilities of the digital television presently
and in the future.

2. Setting up rational protection claims based on individual and generalized calculation
results, and revision of the already claimed protection.

3. Optimization of the implementation plan of digital network taking into consideration the
possible restrictions in the transition period.

4. Conducting a fast preliminary survey of the opportunities in the course of the planning of
a new digital station and for reducing the number of the necessary time-consuming
calculations.

5. Comparison of the different compatibility criteria, making easier the choice of the
compatibility criterion which uses the spectrum efficiently, helping those decision makers
who are not technical people.

6. Making fast preliminary states during the bi- and multilateral coordination meeting with
the aid of the tables including numerical information for different practical cases.

7. Education of subjects being in connection with radio link planning.
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Frequency planning of the digital and analogue television, radio and mobile
television networks. Development of the relevant parts (frequency plans) of the
DVB-T, DVB-H and T-DAB tendering documentation in connection with the
operation rights of five terrestrial digital television broadcasting networks.
Forming technical opinions on frequency management issues. Participation in
the work of international working groups (Electromagnetic Field, DVB-H
Network Planning Group).

Collegiate senior lecturer appointment

Honours for ,,outstanding professional work” (HIF)
»Silver badge” honours (HTE)

,,Golden badge” honours (HTE)

»Silver badge” honours (HTE)

Honours for ,,outstanding professional work” (NHH)
,,HTE 60” jubilee medallion
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Other SKills:

1984- C type Beginner-level State Language Examination in Russian

1995 C type Intermediate-level State Language Examination in English

2002 B type Advanced Written Examination in English

2005 European Computer Driving Licence

Others:

1998- Member of Professional Section “DVB-T” of Scientific Association for
Infocommunications Hungary

2004 Designer’s and expert’ entitlement issued by Hungarian, Chamber of Engineer

Budapest, 16 November, 2009.

Maria Kissne-Akli
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