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APPLICATION OF PROGNOSTIC METHODS IN AIR
TRANSPORT
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Department of Air Transport, CTU in Prague, Faculty of Transportation Sciences, Czech Republic
binova@fd.cvut.cz

Ing. Viadimir MRACEK
Department of Air Transport, CTU in Prague, Faculty of Transportation Sciences, Czech Republic
mracevl1@fd.cvut.cz

Abstract — The aim is to determine a forecast of a
future development of air freight transport using selected
prognostic methods. Development of air transport is an
interesting and important topic nowadays. Its intensity
is growing especially between Asia and Europe. Asia, more
precisely The People's Republic of China, exports products to
the entire world as a dominant major trading partner. It is
important to identify all effecting factors for development of
any mode of transport, including air transport, that may cause
growth or decline of transport such as global financial crisis,
social impacts, GDP development and geographical
conditions. Possibility of using different prognostic methods
for Asia-Europe route is discussed in this contribution. Results
of relevant prognosis are presented in this contribution
for comparison.

Key words — air transport, prognosis, prognostic method,
development, influence.

Introduction

Air freight transport is an important tool for transport
of goods, especially at this time, when huge amount of goods
is transported on long routes from Asia to North America and
from Asia to Europe. The route from Asia to Europe was
chosen for this contribution. If we are talking about European
market, then The People's Republic of China is the major
business partner from Asia, because products from China
dominate in Europe.

This contribution contains an overview of
development in air freight transport especially between Europe
and Asia. A conclusion includes an evaluation of future
development prognosis using different prognostic methods.

Kinds of Transported Goods

Goods flow along countries is determined by size of
export and import between each two countries. A value of
export and import is an important macroeconomic indicator.
From a long-term point of view, export and import should be
balanced. [1]

EUROPE — AsIA DIRECTION

There are six main groups of different kinds of goods
in direction from Europe to Asia transported by air transport,
which cover 60% of all goods transported by air transport in
this direction:

e  Electrical equipment and machinery (22,2 %),
e  Computers and accessories (9,5 %),
e Means of transport and their parts (4,8 %),
e Documents and small consignments (8,5 %),
e  Perishable goods (11,3 %),
e  Clothes (3,7 %).
The remaining share belongs to other kinds of goods. [2]

AsIA — EUROPE DIRECTION

There are four main groups of different kinds of
goods in direction from Asia to Europe transported by air
transport, which cover 81% of all goods transported by air
transport in this direction:

e  Electrical equipment and machinery (24,8 %),
e Computers and accessories (27,8 %),
e Documents and small consignments (14,7 %),
e  Clothes (14,1 %).
The remaining share belongs to other kinds of goods. [2]

The largest Asian exporter of goods worldwide is
China at present. [3]

Development of Air Transport
between Europe and Asia

Development of air freight transport between Europe
and Asia is influenced by many factors, which characterize
these regions. Development between these regions is different
in some areas:

- An amount of goods transported, where transport in the
Asia-Europe direction predominates,

- Different impact of world events in relation to air
transport,

- Different development after world events in relation to air
transport,

- Anincreasing trend in the volume of cargo transported.
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EUROPE

Figure 1 shows development of transported cargo by
European airlines between 1992 and 2015. The graph shows,
that an average annual growth rate (AAGR) was 7.3% in the
period from 1992 to 2000 due to deregulation and growth of
economies of European countries. A slowdown occurred
during an Asian currency crisis and along rising of oil prices.

Development of air freight transport is slower from
2000 due to events such as the terrorist attack on the World
Trade Center (WTC) in 2001, which had noticeable and long
lasting impact on European carriers than on Asian carriers. [
5]
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Figure 1 — Development of transported goods by European
carriers (Source: Authors using data from Boeing, [6])

ASIA

Figure 2 shows development of transported goods by
Asian airlines between 1992 and 2015. The graph shows, that
an average annual growth rate (AAGR) was 9.6% in the period
from 1992 to 2000 due to market liberalization as a result of
deregulation and thanks to growth of economies of European
countries. A slowdown occurred during an Asian currency
crisis and along rising of oil prices.

This follows a different development in Asia from
the European continent. The development of air freight
transport in Asia was more affected by Asia's currency crisis

than it was in Europe. [5]
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Figure 2 - Development of transported goods by Asian
carriers (Source: Authors using data from Boeing, [6])

Between 2000 and 2010, development of air freight
transport was similar to the previous period. Different is
frequency of events that reduced a volume of air transport
in Asia.

Comparing an impact of the terrorist attack on
the World Trade Center (WTC) in 2001, a comparable decline
in air transport in Europe and in Asia can be observed.

Figure 3 shows development of transported goods
between Europe and Asia. A share of freight transport between
Europe and Asia in tonne-kilometers has a value of around
20% of the total freight transport worldwide. Economic
development of these two continents was important. As a result
of growing national economies on the European as well as on
the Asian continent and deregulation of air transport, there was
an increase in air freight transport in the period from 1996
to 2000 in amount of 220%. [2]
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Figure 3 — Development of transported goods between
Europe and Asia (Source: Authors using data from Boeing,

(6D

Figure 4 illustrates development of transported

goods according to directions. It is clear from the figure,
that volume of transport on the Asia - Europe route
significantly exceeds volume of transport in direction of
Europe - Asia, in some cases up to two times.
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Figure 4 — Development of transported goods according
to directions (Source: Authors using data from Boeing, [6])
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Air Transport and Need of Connection
to Other Transport Modes

Air transport, due to its specific characteristics,
needs to be linked to other modes of transport, so that cargo
can be transported to a final destination. A state of transport
infrastructure is therefore one important aspect for
development of air transport. The main features of state of
transport infrastructure are speed, capacity, reliability, safety
and environmental impact of each mode of transport.
Interconnection between air and rail transport, air and road
transport, air and water transport is possible, if it‘s
operationally efficient, technically feasible and economically
sustainable. [7]

Road transport is often used in connection with air
transport, especially for short distances. Rail transport can be
used for long distances, if it‘s directly connected to an airport.
Combination of different modes of transport can be used to
transport goods from door-to-door. [7]

The main advantages of air transport are as follows:

e  Speed of transport,

e Accessibility of difficult to reach or inaccessible areas,
e  Transport on long distances,

e  Safety, low risk of goods destruction.

Prognosis of Air Freight Transport Development
between Europe and Asia

Prognostic Method

A prognosis is a forecast of future events and
conditions under which these events can happen. Targets for
prognosis are a complex assessment, a time horizon of
development and probability of assigned variants.

Prognostic methods are different and their use have
to be considered with respect to specific requirements of
a particular prognosis. Historical data needs to be analyzed to
required extent. Use of these prognoses is important for large
companies, where this tool provides a source of information of
future likely development. [8]

Quantitative methods are based on application of
mathematical statistics. A prediction according to this method
depends on a character of a time line based on a historical data
analysis. It isn’t entirely possible to exclude a change in
a predicted time line, because of unpredictability of crisis
events that affect a change in character of a given curve. Other
methods are data extrapolation based on a time lines analysis,
or method using a regression (correlation) analysis based on a
relationships between individual indicators. [9]

Qualitative methods are based on a gradual approach
of issues in order to get a certain knowledge. Unlike to
the previous methods, intuitive thinking and expert practices
are used based on industry-specific experience. An advantage
is an identification of the most probable solutions and
exclusion of less likely variants. Recently, a scenario method
is used more and more, when a prognosis of future
development is based on real-life scenarios.

For long-term prognoses, a combination of
qualitative and quantitative methods is appropriate. [9]

Both prognostic methods, i.e. data extrapolation and
ascenario method, are used for a prognosis of future
development of air freight transport between Europe and Asia.
Data extrapolation is used for evaluation of known data and
for a subsequent prognosis for a future. The scenario method
is used for possibilities, which it offers. The current
development of air transport isn’t defined by a constant
growth, but it’s influenced by events that can be used in the
scenario method. Both of these prognostic methods can
complement each other.

Prognosis of Data Extrapolation

This procedure is applied for air freight transport
between Europe and Asia:

e  Creation of a data file,

e Analysis,
e Regression line estimate and regression function
calculation,

e  Trend calculation outside a data scope,
e  Aconclusion based on a trend.

A prerequisite  for determining of future
development is a fact, that an amount of transported goods
between Europe and Asia correspond to transported goods
according to each direction.

21 historical values from the period between 1996
and 2016 were used to create a data file about development at
that time. An analysis of this data is used for further
processing.

It’s necessary to find a suitable curve, which matches
best a progress of air freight transport up to now for
an estimation of a regression line and calculation of a
regression function. It’s possible to think of a predominant
trend of exponential and linear curves. However, with a regard
to length of a period under review, it’s possible to assume a
trend change during development. If curves are matched by
development, a dependence of values can be determined using
confidence coefficient R2. The more this coefficient
approaches a value of one, the more development is dependent
on the trend.

A conditionality of data on a linear trend for
the direction from Europe to Asia can be determined according
to the confidence coefficient R?. This reliability represents
92% dependence of historical data on the linear trend.
Although the confidence value depending on the linear trend
is relatively high, an exponential character of development can
be considered. When development is matched by the
exponential curve, 87% of dependence is reached. This signals
relatively high reliability of the given trend. [9, 10]

A dependence of values on any trend isn’t clear for
the direction from Asia to Europe. Only the financial crisis
between 2007 and 2009 had more significant impact on this
development. Although this trend is characterized by a higher
confidence level, namely 86%, use of the exponential trend can
be considered. A relation of historical values and exponential
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function is given by 82% reliability, which results in a similar
dependence as for the linear trend.

In a view of the fact that a volume of transported
goods between the continents is still increasing and economic
power of the People's Republic of China (PRC) is increasing
as well, the exponential trend is considered in both directions.
A regression function of an estimated exponential trend can be
expressed in a form according to the following formula:

y = ae®™ M
where
- DO average value of data in the reference period
bl annual average increase in the reference period

Resulting equations of each exponential trend are shown in
following Figures 5 and 6.

Found equations of regression functions can be used
for a calculation of a trend outside the data file. A calculation
of future development values is possible using the exponential
trend function with defined parameters (a, b). When a required
year is set as x parameter in the exponential function,
an estimated value of transported goods can be determined.
The result is data, which corresponds to the exponential trend,
but they are only estimated with a relatively high inaccuracy.
A reliability of predictions can be expressed by the confidence
coefficient R [9,10]

A resulting progression of an expected future
development in the direction from Europe to Asia is shown in
Figure 5. Probability of correct determination of future
development in the intended direction is given by dependence
of values on the exponential trend, expressed by the coefficient
R2,
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Figure 5 — Prognosis of development between Europe and
Asia (Source: [10])

A prognosis of air freight transport in the direction
from Asia to Europe is shown on Figure 6. The resulting
exponential trend is determined by a constant growth
coefficient with an annual increase of 3.61%. Future
development is calculated from a modified data file in order to
suppress fluctuations during development.
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Figure 6 — Prognosis of development between Asia and
Europe
(Source: [10])

Continuing development of air freight transport can
be expected in the next period based on a trend conclusion.
Due to the prognostic technique used, it isn‘t possible to
deduce. A conclusion can be formulated for the entire period
of prognosis, but not for each year separately. An important
parameter for a long-term prognosis is a compound annual
growth rate (CAGR), which reflects a growth rate in a forecast
period. Determination of this measure depends on starting
and final values and a length of the reference period as shown
by the following formula. Assuming an existence of
an exponential trend, a rate of growth for the period from 2016
to 2026 can be determined for each direction.

n |initial value
CAGR = \} final value -1 @)

CAGR of 4,1% can be achieved for transport of
goods in the direction from Europe to Asia in the considered
period. In the opposite direction from Asia to Europe is the
growth of 4.8% of CAGR due to a sliding average method
used, which has a rather significant effect on the growth rate.
There is a rather significant increase in transported cargo
between 2016 and 2017. The increase is 5.4% for the direction
from Europe to Asia and 14% for the direction from Asia to
Europe. The forecast of such large growth between 2016 and
2017 can‘t be directly verified with an amount of transported
goods between the continents due to unavailability of data.
This estimate can be only compared with already published
world-wide quantities of transported goods. [10, 11]

The calculated CAGR annual growth values are
confronted with a prognosis published by Airbus. There is
CAGR percentage in the prognosis for the period between
2016 and 2026, which is the same period for which data
extrapolation was performed. An expected growth based on
Airbus data and the data extrapolation already processed, is
shown in Table 1 below. The prognosis of Airbus between the
contiguous continents is divided into two transport flows.
Transport flow between Europe and developing countries of
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Asia (like China, Malaysia, Thailand, Vietnam) and between
Europe and developed Asian countries (like Japan, Hong
Kong, Singapore, Taiwan).

It can be assumed, that an annual growth rate
estimate for Asian region will tend to grow more favourably
with developing countries. Based on this fact, we can assume
from 3.9% to 4.2% of CAGR for both directions. [10, 11]

As can be seen from Table 1, growth predicted on
a basis of the exponential trend corresponds to real forecasts,
especially in the Europe-Asia direction. Based on the
elaborated extrapolation, a continuing growth in air freight
transport can be expected for the period from 2016 to 2026.
This growth can be estimated as slightly faster in the direction
from Asia to Europe, which also follows the forecast of
Airbus. By 2026, we can expect up to 60% growth of
transported goods between the continents. [10, 11]

Table 1 - Prognosis of Air Freight Transport (Source: [10,
11])

Transport Flow 2016 - 2026 CAGR
Europe — Asia (Exponential trend) 4,13 %
Europe — Asia (Developed countries) 3,33%
Europe — Asia (Developing countries) 4,27 %
Asia — Europe (Exponential trend) 4,82 %
Asia — Europe (Developed countries) 3,45 %
Asia — Europe (Developing countries) 4,28 %

Prognosis by Scenario Method

Air transport is influenced by many factors that need
to be assessed using the scenarios method. When using
the scenario method, it’s necessary to define events that may
affect future development. The issue is an interpretation of
various events, that may occur under certain conditions. [9]

There are historical events in context presented in
Figure 7 for clarity. These events influenced development of
air freight transport between Europe and Asia. Of these, only
the global financial crisis, that affected air transport between
2008 and 2009, can be labelled as critical. It’s possible to
argue, if a similar effect on air transport didn’t have the
terrorist attack in 2001, because this event needs to be viewed
globally and not just on the designated Europe-Asia route.
Before this event, economies of developed countries were
characterized by a great growth. It was a long phase, after
which there had to be a slowdown.

For this reason, the terrorist attack can be considered
as a peak, which caused a more pronounced decline in air
freight transport. [12] Similar characteristics can be found
during the Eurozone crisis (a debt crisis). As a common
feature, we can identify a economic instability of different
countries on different levels. In view of this fact, it is necessary
to create scenarios, that are defined by economic stability of
Asian and European countries. The aim is to create such
scenarios, that would be crucial and probable for a further

development of air freight transport between the contemplated
continents.
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Figure 7 - Significant events during development of air
freight transport (Source: [6, 10])

According to some sources, Chinese economy
shows the similar signs to US economy before an outbreak of
the financial crisis. [13] In view of current knowledge, whether
transport or economic, it isn‘t possible to predict a scenario of
air freight development in a context of a possible economic
crisis in China.

It is possible to assess a scenario of development of
freight air transport on European continent. At the time of the
Eurozone crisis (2011-2013), we saw how unstable economy
of EU member countries using almost one currency can be.

Conclusion

Air freight transport between Europe and Asia
shows an increasing volume of goods. Asia is currently the
main producer of products, that are transported all over
the world, to Europe inclusive.

Prognoses processing using prognostic methods is
important for companies linked with air transport like
product producers and furthermore for economic
development of a country. The impact of critical events in
the world on air transport development, including the
Europe-Asia route, is described in this contribution. Air
freight traffic is sensitive to crisis events. An exception is
an event known as SARS, which caused a noticeable
increase of transported goods.

Data extrapolation and scenario method was used
as prognostic methods. Data extrapolation was compared
with the prognosis issued by Airbus.
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Abstract — This article deals with transport sectors that are
significant in our geographical areas. It focuses mainly on the
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Introduction

One of the main conditions of life is movement.
There is no life without moving. Movement is going on inside
the living organisms to ensure functionality. The movement is
also going on to obtain food, for getting a better place in the
sun, etc. The more complicated organic structures, the more
movement must be ensured for their survival. This scheme also
fits the human evolution. Mankind has promoted moving to
traffic and has been using it more and more with progressive
development. People make transport more complex and more
dependent on it. As a result, people overcome borders and
many taboos. Transport requirements are rising in line with
human development. Progress in transport is helping to
develop humanity.

Already at the beginning of the development of
human civilization there was trade, the necessary condition of
which was transportation. Military campaigns, conquest of
more and more new territories also require transport.
Humankind has transport in its genes. Life can’t exist without
moving. Human society can’t exist without transport. People
first started to use the power of animals in their favor, later
significantly increased the efficiency of the traffic through the
invention of the wheel. Human society at a higher level of
development has begun to adapt the environment to make
transport simpler, faster, and more reliable. Rome, during its
existence, created tens of thousands of kilometers of hardened
roads, as it was a necessary condition of its existence, as
evidenced by a password: ,,Via est vis - via est vita“, or: ,, road
is power - road is life*. In modern times, especially during the
industrial revolution, new technologies emerged. Once again,
they have made it possible to accelerate and streamline
transport. This allowed traffic to be carried out at greater
distances and at higher intensity. Railroad, steam engine,
combustion engine, heavier flying machine, jet engine, these

are some of the major inventions that have significantly
affected traffic.

evelopment of modern transport disciplines

Modern transport has been divided into several
separate sectors. They develop to a certain extent
independently, to some extent hand in hand with other modes
of transport and the overall development of society. This work
focuses mainly on air transport and other transport sectors
most important within the Czech Republic. It is about road and
rail transport.

The actual global society requires transport in an
international space. Therefore, it is necessary to ensure the
standardization and usability of means of transport and
operating systems. A human society, focusing on efficiency,
performance and maximization of utility, predicts these
features even in terms of traffic used. Operation must be rapid,
least disturbed due to outages or accidental effects and
maximum reliability. If a transport industry develops too
differently between countries, it would nowadays, more than
ever, be destined to become bankrupt, to extinction as it would
not allow international operations. Virtually all transport
systems must therefore ensure international operability.
Deficiencies in this area bring a loss of customers in favor of
competing modes of transport.

Rail transport

Rail transport began to develop in the 19th century.
The first beginnings of the development of the railway took
place within the sovereign state. Great Britain was a pioneer in
railway development. The first functional locomotive was put
into operation in 1804 by Richard Trewithick. It is interesting
to note that one of the impulses for the development of steam
propulsion was the increase in feed for horses as a result of
Napoleonic wars. The first international railway line was
opened in 1843 from Liege to Cologne. Already in 1870, an
international conference on timetables was held for the first
time, defining the times for passenger trains, in particular for
cross-border operations, as well as international trains and
connections with domestic services. 1882 is the year when the
technical unification of railway vehicles began to be defined
for the first time. The following two conferences (1886, 1907)
laid down further unified conditions, which are still largely
used today.

A necessary condition for easy international
interoperability is the same track gauge. In most developed
parts of the world, it is used the so-called normal track gauge
which is 1435mm. This dimension dates back to ancient Rome.
There are opinions that even the ancient Romans have just
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taken it from older civilizations. It was designed to use carriage
with 2 horses and the cars were easy to control at this width.
This dimension was very advantageous. After the end of
Rome, this dimension has been used for centuries to maintain
its existence, although there was no authority to do so or to
demand. Since the first railway vehicle was derived from
wagons and carriages, this track gauge was established.
Although railways originated separately in the beginning, in
most European countries, this track gauge is used. It has
expanded, among other things, thanks to the export activities
of a British locomotive manufacturer. The disadvantage of a
united single gauge has been attributed in the past to the
possibility that, in the case of military aggression, an attacker
can easily use the railroad to his advantage. This was the main
reason why, for example, Russia uses a different track gauge.
In Europe, cooperative interests prevailed over military and
defense interests, allowing a gradual international, though
limited, development.

Except track gauge, it is necessary to ensure
international co-operation so that vehicles can be safely and, if
possible, easily combined. In the early days of the railroad, the
vehicles were chained together, gradually a unified system
with bumpers and couplings was developed. Connecting
vehicles with couplings is now a very old method, which is
introduced uniformly in many countries. However, it is a
system that requires much manual work when connecting and
dismantling vehicles, which is also very dangerous. It is
usually necessary to move between wagons, and it brings a
high risk of injury, including fatalities. Today there are
automatic couplings that allow a higher degree of automation
and higher security. However, there has never been a
consensus on their universal introduction in European
countries.

The International Union of Railways (UIC) was
established in 1922 (in French Union Internationale des
Chemins de fer — UIC). This organization aims to "establish a
permanent railway administration with a focus on international
transport for the standardization and improvement of railway
construction and traffic conditions”. It is therefore about
creating conditions so that member states can cooperate and
international traffic is possible without complications and
barriers. Since then, international standardization has taken
place under the auspices of this organization. In 1937, the UIC
was defined as an international gauge cross-section area. It is
a space above the track, which must remain free for safe
driving. Vehicles including cargo must enter this area and its
international action allows, without specific organizational
measures and the danger of crossing the borders of
neighboring countries. In the 1960s and 1970s under the
auspices of UIC, internationally used codes for data
transmission were defined by information systems.

The railways were established as a unitary
organization. This is basically a model where one company
owns the infrastructure and uses it. Railways in most countries
originated as private companies and later were usually taken
over by the state. International cooperation focused in
particular on standardization, on the facilitation of the transit
of cars between businesses and on similar aspects. The usual
regime was based on the exchange of locomotives at the border

crossings, with the cars continuing with cargo. Particularly in
passenger transport, a model was adopted, when locomotives
were going abroad, usually reciprocally in different sections,
only personnel changed. However, this operation means delays
and, thus, a worse position over competing modes of transport.

In the 1990s, conditions for increasing rail
competitiveness were recommended, similarly to the
deregulation rules in air transport. It was recommended to
separate the railway infrastructure manager and allow it to be
used by several carriers for a fee. New competing companies
have emerged that exploit the possibilities to operate their
trains on the territory of several states, many of which have
been previously strictly national transport companies are also
operating on the territory of neighboring countries. However,
this model is complicated by technical infrastructure
constraints. It is common for different countries to use
different train security systems, despite some degree of
standardization. Systems had similar behaviors, similar to
functional principles, but they transmitted the signal signs in a
different historical way. For example, in the former Austria-
Hungarian countries it is possible to see similar, already
outdated, signal transfer systems from the time of the original
track construction, while the newer systems are already
different. In countries outside the former Austria - Hungary,
the signaling systems are, of course, even more different. Also
traffic regulations for the operation of the lines were made on
the national principle and vary considerably. For example, the
original Czechoslovak Railways regulations, after the splitting
of Czechoslovakia, started to move away from each other, and
now the Czech and Slovak regulations are similar, but they are
already very different. In Europe, the introduction of a uniform
train management system is currently being promoted. The
ERTMS, or the European Rail Traffic Management System,
should gradually replace many national systems to allow trains
in different countries to operate without further action. This
would practically eliminate the time and organizational barrier
to the crossing of national borders.

Road transport

Road transport began to develop intensively later
than rail. In fact, the invention and development of the rail has
slowed the development of future cars. The first vehicle, which
can be regarded as the predecessor of the car, was equipped
with steam propulsion and was developed already in 1769 in
France. However, actual cars could only be produced after the
invention of a functional combustion engine. In 1885 patents
were granted to the first cars of Daimler and Benze. This can
be considered the beginning of modern automobile. The
development of traffic was so fierce and intense that in
England, the first traffic signs were used in 1903. In the same
year, Henry Ford began production with large-scale
production that greatly reduced and made available to the
general public.

In 1906, the PIARC World Road Association was
founded in Paris. The original English name "Permanent
International Association of Road Congresses”, abbreviated to
PIARC, was changed to "World Road Association AIPCR /
PIARC" in 1995. This organization addresses practically all
aspects and aspects of road transport development. The need
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to ensure international traffic brought about the adoption of the
International Convention on the Carriage of Cars in 1909. This
contract included, inter alia, the first traffic signs, which at that
time were marked a warning table.

In Austria - Hungary, in the early days of the
operation there was a practice where the countries themselves
set the rules in their territory. This fragmentation was not
suitable for future development. In 1908 a joint law on
compulsory liability was adopted, in 1909 Austria - Hungary
adopted the International Convention on the Driving of Cars.
Uniform rules for the territory of the Czechoslovak Republic
were modified only in 1935. A certain complication in terms
of international traffic was left-hand traffic in Czechoslovakia.
The issue of left-hand traffic was resolved by the coincidence
after the creation of the Protectorate of Bohemia and Moravia.
The German occupation administration, on the basis of
previously accepted international treaties, ordered the transfer
to the right-hand traffic. After the end of World War 11, right-
wing traffic was maintained.

All previous steps have already led to the
establishment of a certain degree of unification of rules already
at the beginning of road transport, which was a prerequisite for
the development of international transport co-operation. The
next steps are the practice of driving license recognition,
vehicle homologation, etc. Economic developments in car
production have led to a gradual reduction in the number of
manufacturers by fusion and bankruptcy. This has resulted in
the existence of a smaller number of producers with large
volumes of production. As a result, there is even greater
unification of production, the need to use the same cars in
many countries with minimal or no modifications. It can also
be considered as one of the factors supporting international
traffic.

Road transport is very well adapted to the
development of international traffic and definitely has no
further stage in the unification of technical conditions, as is the
case with rail transport. The next step is to improve the
technical level of cars, reduce consumption, further strengthen
security features and automate control. Recently, demands
have been made for the introduction of longer driving
capabilities, mainly due to the lack of drivers in the economic
boom.

Air transport

Air transport is the youngest in the transport sector
described here. If we commence the beginning of the road
transport of the first vehicle with an internal combustion
engine, the beginning of air transport is not significantly
delayed. If we consider the first flight of heavier air to be the
beginning of air transport, we date it at 1903. The period of
World War | brought a rapid development of aviation
technology. After its end, there was a need to agree on rules
for international cooperation. Similarly to rail transport, an
international "Aviation Convention" was concluded in 1919
which laid the foundations for the establishment of the
International Commission for Air Navigation (ICAN), which
can be regarded as the predecessor of today's ICAO. It was
constituted in the context of the end of World War Il and
included a large number of airlines and countries.

With regard to the nature of air transport, it has been
developed from the outset as international. Only very few
countries are so large that it is beneficial to operate air
transport exclusively as domestic. Shortly after the end of
World War I, the electronic reservation system was used for
the first time by American Airlines. This system has gradually
grown into a global booking system. This is one of the steps in
the development of international co-operation, though it was
not originally intended. The development of jet engines in the
fifties of the twentieth century allowed the extension of flight
distances and flight speeds. This was another positive impact
on the international aspect of air transport.

The massive development of air transport came after
the introduction of liberalized rules. The US President in 1978
signed the law that started liberalization. When the positive
effects of this move began to appear, other countries gradually
joined. Liberalization has led to the emergence of new
companies, bringing down flight prices, improving access to
air transport. Thanks to liberalization, a number of low-cost
airline companies could also emerge.

From the point of view of future developments, it
can be said that air transport does not have a period of
adaptation to international co-operation, since it is inherently
linked to air force. From the point of view of technologies, the
development of navigation technology, the abandonment of
flying in the corridors and the free movement in space.
Gradually, a greater proportion of composite materials are
promoted in the construction, which results in lower
production and maintenance costs, and also a reduction in the
weight of the machines.

Conclusion

Humankind is totally dependent on transport.. As
there can be no life without movement, there can be no human
society without transport. With the increasing maturity of
civilization, the complexity of transport increases. It also
increases its use, increasing the requirements for speed,
reliability and safety. The number of passengers increases, the
number of connections increases, the distance being extended.
At the same time, the interdependence of countries and regions
is increasing. This reduces the risk of conflict and violent
resolution of disputes.

All major modes of transport have been developing
internationally since their inception. This means that many
technical and organizational solutions are standardized. Both
air and road transport do not have significant restrictions when
crossing national borders, which is their competitive
advantage over rail transport.

The specificity of road transport is that users are also
operators. In other words, the road user is simultaneously a
person together with others ensuring traffic safety. As a result,
road traffic has a higher accident rate. However, in terms of
standardization of international conditions, road transport has
no major problems to solve.

Rail transport has many standardized features. But it
also has a significant limitation given by historical
developments that have not yet been overcome. But it also has
a significant limitation given by historical developments that
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have not yet been overcome. To reduce this disadvantage, the
single European train management system is gradually being
introduced. The new system consists of a stationary part but
also a mobile part which is located on the vehicles and ensures
their co-operation. This will allow international traffic to be
streamlined and to reduce the lead of other modes of transport.
It is a prerequisite for the railways to beat or conquer their
competitors.
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Introduction

Autonomous means of transport are means
of transport, which are able to drive itself from a starting point
to a predetermined destination in autopilot mode using various
in-vehicle technologies and sensors, including adaptive cruise
control, active steering (steer by wire), anti-lock braking
systems (brake by wire), GPS navigation technology, lasers,
radar and other devices depending on exact mean
of transport. [6]

There are plenty of reasons to use autonomous
means of transport. If we think of the Czech Republic, the
unemployment rate is about 2,5%. Companies are searching
for new employees to develop , but there almost aren’t any free
unemployed people on the market. Therefore, it makes sense
to let robots and machines work, that doesn’t have to be done
by people and hire free people for jobs, which can’t be done
by robots and machines.

Another advantage of autonomous systems is, that
they increase safety, if we accept an assumption, that otherwise
autonomous system couldn’t be put into operation. This
contribution focuses mainly on development of autonomous
trains, aircrafts, ships and cars, but there are other autonomous
means of transport like hyperloop or underground railways,
which aren’t mentioned in this contribution.

Autonomous means of transport

The history of all autonomous means of transport
begins the same way. The first autonomous controlled machine
appeared in 1866. At that time, English engineer Robert
Whitehead built the first self-propelled torpedo, which was
powered by compressed air and it had a reach of 300 meters.
The torpedo had a hydrostatic device, which kept the torpedo
at the same depth in water after launch. [1]

Autonomous Cars

It’s expected, that there will be about 10 million of
data interconnected vehicles and autonomous vehicles in 2020.
The Czech Republic would like to be prepared and therefore
European project C-ROADS was started. This project brings
higher safety of road transport in Europe and it puts
foundations for using cooperation systems and automatic
vehicle control including autonomous ones. Within the C-
ROADS project, C-ITS systems (ITS stands for Intelligent
Transport Systems) will be deployed by 2020 to Czech
highways D1, D5, D11, but also in cities, to urban public
transport and on railway crossings. [2]

C-ITS unit in a vehicle is a gadget, which
communicate with other infrastructure units or units in
surrounding vehicles. Equipped vehicles will receive safety
information, information about imminent danger, information
about work on a road, travel time, train of vehicles and other
dangers, which C-ITS will display to a driver in a form of
warning messages on an on-board information system. It’s
expected to integrate received messages into vehicle control
systems in a future, which will automatically prevent an
accident or occurrence of a dangerous event. [2]

Ministry of Transport in the Czech Republic doesn’t
want to miss development of autonomous vehicles, and
therefore their employees initiated the first meeting of
Platform for Fully Autonomous Vehicles on 28™ April 2017.
A goal of this meeting was to integrate and use the effort of
various entities and interest groups to develop autonomous
vehicles. Economy of the Czech Republic is based on the car
industry, therefore Ministry of Transport would like to create
the first government strategy concerning development of
autonomous control of road vehicles in the Czech Republic
based on the mentioned platform. [4]

There are several levels of autonomy in self-driving
cars. It’s useful to recognize these levels that follow zero
automation:

e Level 1: Advanced driver assistance system (ADAS)
aid the human driver with either steering, braking or
accelerating, though not simultaneously. ADAS
includes rear view cameras and features like
a vibrating seat warning to alert drivers when they
drift out of the travelling lane.

e Level 2: An ADAS that can steer and either brake or
accelerate simultaneously while the driver remains
fully aware behind the wheel and continues to act as
the driver.

15



Letecky ustav, FSI, VUT v Brné

New Trends in Civil Aviation 2018

e Level 3: An automated driving system (ADS) can
perform all driving tasks under certain
circumstances, such as parking the car. In these
circumstances, the human driver must be ready to re-
take control and is still required to be the main driver
of the vehicle.

e Level 4: An ADS is able to perform all driving tasks
and monitor the driving environment in certain
circumstances. In those circumstances, the ADS is
reliable enough that the human driver needn't pay
attention.

e Level 5: The vehicle's ADS acts as a virtual
chauffeur and does all the driving in all
circumstances. The human occupants are passengers
and are never expected to drive the vehicle. [5]

There is an opinion, that fully autonomous vehicles
won’t be ever seen on roads. There are many reasons for this
opinion. One of them is that governments, thanks to laws,
won’t let autonomous vehicles to be a part of road traffic. Even
if governments let autonomous vehicles to ride roads, car
makers won’t probably take responsibility for their system,
that their autonomous system in cars wouldn’t make any
mistake. The question is also, how should an autonomous car
behave, if an accident is unavoidable, if autonomous car
should protect car crew or to try to save a life of a pedestrian,
who made a mistake and entered a road in front of the
autonomous car. Therefore, likely a human driver will be
probably always responsible for solving crisis situations. [3]

Autonomous Trains

Rail transport has preconditions for more or less easy
start of autonomous operations, because rail vehicles follows
arches easily thanks to rails unlike road vehicles, which need
sophisticated systems to follow bends and these sophisticated
systems aren’t 100% reliable, but rails are. Another fulfilled
conditions is a free transport route. Even today there shouldn’t
be any obstacles on railway transport route.

An automatic system of acceleration, driving and
braking of trains is solved for trains. Such ATO system
(Automatic Train Operation) are used on railways daily. ATO
systems are able to hold an exact train speed with accuracy of
1 km/h, to reduce speed of a train to stop in front of a signal
forbidding a ride or to stop in a railway station or in a railway
stop with accuracy of 1 meter, to maintain the maximum speed
of all vehicle in the train, maximum speed of a train according
to a time table a maximum speed of track.

Some ATO systems have other useful systems like
optimization of driving to come to the next railway station or
to the next railway stop just in time according to time table
with regard to using as little energy as possible. ATO system
are based on loops around rails, magnets in the middle of
tracks or on GPS system.

Even ATO systems are able to ensure many things
linked with railway transportation, they can’t alone ensure
autonomous movement of railway vehicles. ATO is a
subsystem of main system of autonomous movement of a
vehicle, but ATO itself can’t ensure autonomous movement,
because ATO systems aren’t able to find out speed restriction

given by main signals without train driver. Nowadays,
railways in Europe are trying to implement ETCS (European
Train Control System), which should unify all of train control
systems used in Europe. ETCS from level 2 is able to hand
over information about speed restrictions given by main
signals to other systems in a train. ETCS knows the speed
restriction particularly thanks to GSM-R (Global System for
Mobile Communications — Railway). On the other hand, ETCS
isn’t meant and prepared to serve as an autonomous train
system.

Autonomous trains are starting to become real in the
real world. The first autonomous train started to be operated in
Australia in west Australia on a 100 km long railway line in
2017. On the other hand, there are still drivers on each train
just in case that something happens.

There are other trial tests with automatic or almost
autonomous trains. One of the most famous cases is a giant
mine of LKAB in Kiruna in Sweden, where lots of locomotives
are run using remote control or automatic ride. Also Czech
company AZD is preparing for trial operations of autonomous
trains. Therefore, this company bought a railway line from
Cizkovice to Obrnice. They would like to start to run a trial
autonomous train in 2020. The question is, if the legislative
will be ready for running autonomous trains at that time. An
amendment of a relevant law was already prepared, but the
amendment isn’t still in validity. The Swiss are also planning
to test autonomous trains in real traffic with passengers in
2020.

Autonomous Aircrafts

Increasing urbanization means the skies above our
cities hold the key to fast, efficient travel in the future. One of
the reasons towards greater aircraft autonomy is a rapid growth
in air travel. Commercial aviation traffic is set to double in the
next 15 years. By harnessing powerful computer technology
and increasing levels of autonomy, flight trajectories can be
optimized and multiple social and environmental benefits,
such as saving fuel and reducing noise, as well as allowing for
easier aircraft sharing and easing the burden on our natural
resources can be reached. Autonomous systems are already in
place in a number of products used for intelligence,
surveillance and reconnaissance of aircrafts. Satellites and
remotely piloted aircraft are able to fly alone under supervision
from a ground-based operator. In case communication is lost,
they can still execute certain pre-programmed actions. [10]

In many respects, modern aircraft are already
automated to the degree that pilots spend a lot of time
monitoring instruments while the plane flies automatically.
But you’d be mistaken if you were to assume this makes them
superfluous. It’s true that today’s aircrafts offer tools that a
pilot from the 1980s could only dream about. It’s also true that
the world’s airspace is more congested and complex than it’s
ever been. American, for example, requires that each plane in
its fleet conduct an autopilot approach and automated landing
at least once every 60 days. The policy doesn’t apply to
American’s Boeing 737s, which operate with a different
system. The aircraft flies the approach according to the path
programmed into the flight management system (FMS),
following all speed and altitude restrictions and optimizing the
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descent. Instruments guide the aircraft to touchdown and
braking. The autopilot disengages once the aircraft slows to
taxi speed. These systems are typically used when visibility is
extremely limited and weather is unfavorable. As a passenger,
you’ll probably never know when your aircraft lands itself;
pilots rarely announce the occasions. This technology, which
is employed with two pilots monitoring its performance,
increases an airline’s ability to operate in conditions in which
a human would be less capable. People get to their
destinations, fewer flights are canceled, and the nation’s
economy avoids the costs of delays. But—and this is the key
point pilots make—they can intervene at any time to override
the machine’s decisions during the approach and landing.
Airlines are afraid, that passengers will be upset, if a cockpit
will be empty without any pilot. This isn’t an obstacle for air
cargo industry. [11]

Autonomous aircrafts are interesting topic for
military. First step for autonomous aircraft was already made
in past, when the military started do use UAVs (Unmanned
Aerial Vehicles) with no on-board crew or passengers. The
first pilotless vehicles were built during the First World War.
These early models were launched by catapult or flown using
radio control. During the inter-war period the development and
testing of unmanned aircraft continued. In 1935 the British
produced a number of radio-controlled aircraft to be used as
targets for training purposes. UAVs can be automated or
Remotely Piloted Vehicles (RPVs). Reconnaissance UAVs
were first deployed on a large scale in the Vietnam War.
Drones also began to be used in a range of new roles, such as
acting as decoys in combat, launching missiles against fixed
targets and dropping leaflets for psychological operations. The
biggest advantage for military is killing targets without risk of
loss of a human life. [8]

As unmanned aerial vehicle technology improved in
the military sector, those same technological improvements
could be used in the private sector. According to a Wall Street
Journal report, the history of non-military drone usage began
in earnest in 2006. Government agencies used them for
disaster relief, border surveillance and wildfire fighting, while
corporations began using drones to inspect pipelines and spray
pesticides on farms. 2006 was the first year that the FAA
issued a commercial drone permit. They issued an average of
two of these permits a year for the next eight years. In 2015,
the FAA issued 1000 drone permits, a number which more
than tripled to 3100 permits in 2016 and which has continued
to grow in the time since, now that the technology’s growing
exponentially. Commercial drones have one of the biggest
potentials of autonomous aircrafts. They are starting to be used
as a delivery methods, especially in large cities, where
common delivery by trucks starts to be ineffective due to stay
of trucks in trains of vehicles. [9]

The first autonomous helicopters came into the air.
Aerospace firm Airbus successfully completed a test flight of
its Vahana electric vertical take-off and landing (eVTOL)
aircraft earlier this year, with the flying taxi spending 53
seconds in the air. The company hopes to create a fleet of
eVTOL aircraft and position them on rooftops in major cities,
enabling commuters to get around densely populated areas

where road traffic is deadlocked. If all goes to plan, a fully
operational aircraft will be ready within two years. [7]

Autonomous Ships

Due to falling oil prices, fierce competition for
orders and emissions from ships, the recent shipbuilding
industry is promoting development of technical advantages
that are safe, fuel efficient and able to cope with international
regulations through preemptive research and development of
eco-friendly technology and strengthening of ship design
capability. Shipping companies are concentrating on
enhancing the operational efficiency of ships by introducing
highly economical ships as a mean of securing safe
transportation and cost competitiveness. Unmanned
autonomous ships should be the answer for above mentioned
requirements. [12]

Recently completed research projects concluded
that, from the technical and economical point of view, the
implementation of autonomous cargo ships can be feasible,
although some legal issues must first be resolved. Although
unmanned by design, such vessels might be required to
unberth and leave the harbour waters under a direct control of
a ‘conning crew’, due to the relative complexity of such
manoecuvres and port authorities’ likely reluctance to accept
unmanned vessels’ operations in restricted waters. The vessel
would therefore need to accommodate a crew of a size
comparable to today's ones for a limited period of time. Such
crew would need to be capable of controlling the vessel and
most of her equipment in a similar way to today's. The
‘conning’ crew would then disembark the vessel by a launch
boat or helicopter as soon as she leaves the port and it is
considered safe to leave her, and leave her under the
supervision of a shore-based operator. Such a person would
assume an overall command and navigate the vessel from the
office-like facility located ashore. Both-way communication
would most likely be provided by the satellite communication
link, perhaps augmented by other means of short-range data
transfer, if applicable. The feasibility of such a solution has
been to some extent proven in August 2017 when an Offshore
Supply Vessel performed several operations in the North Sea
while being remotely controlled from California. The operator
would make system-level decisions based on data received
from the shipborne sensors. Both data and decisions would be
relayed to the vessel by a communication link and executed by
actuators including thrusters and rudders. Nevertheless, certain
fail-to-safe mechanisms would still be required in order to
maintain system's safety should the communication link fail
for any reason. [13]

The vessel would in such case be left on her own and
would need to handle the situation autonomously. This might
require going dead in the water or navigating to a safer area.
Since the autonomous navigation mode needs to be built-in to
handle such emergencies, it can also be used to a greater extent
— for the whole process of navigation itself. Herein, as soon as
the vessel leaves high traffic density areas, operator's attention
could be directed to other unmanned ships facing more
difficult conditions. The level of ship's autonomy might be
increased up to the point where she would require no more
attention than a periodical check. Information provided by
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sensors would be analysed by highly sophisticated data fusion
algorithms in order to automatically create decisions regarding
virtually all aspects of navigation, cargo conditioning,
machinery operations, stability and any other aspect of a
vessel's operation. The human operator will retain a position
of a merely passive supervisor, person in charge of strategic
decision-making (i.e. general passage planning) or a trouble-
shooter. It is the vessel's control algorithms that will be
responsible for making operational decisions and performing
routine tasks. [13]

Conclusion

There is a big potential for autonomous means of
transport, when we talk about aircrafts, cars, trains or ships.
Development possibilities are different for each type of means
of transport, but one thing is common to all. Social aspect.
Passengers are afraid to be transported without a human driver,
a human train driver, a human captain or a human pilot. It’s
probably a question of almost no previous practice with
autonomous means of transport and question of habit of using
such means of transport, but some of them are used on a daily
basis without any claims of passenger like automatic
underground trains. There is also the mentioned social topic,
how should autonomous means of transport react in case of
danger of life of crew, passengers and people around
autonomous means of transport.

Another topic is legislation, which isn’t prepared
worldwide and sometimes not at all in some countries. It’s
a question, if such legislation can be prepared really well,
when autonomous means of transport are developing every
day. Therefore, the legislation has to adapt to continuous
development of autonomous means of transport, otherwise it
will hinder this development.
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Abstract — Commercial interests of many air navigation
service providers have been increasing for past couple of years
as some of the countries had been introducing competitive
drivers and legislative framework allowing liberalization of
previously monopolistic national markets. Interest for the
topic of commercialization has been emerging in the field of
management and economic research as well. Researchers
throughout the world are using term “commercialization”, but
comprehensive definition of this term related to air navigation
services is missing. This article analyzes various definitions of
the term commercialization and provides comprehensive
definition of term by using linguistic analysis method.

Key words — commercialization, air navigation service
providers, ANSPs, linguistic analysis

l. Introduction

Chicago convention took place more than 70 years
ago. As a result, industry with providing air navigation
services became structured as a series of geographical state-
based monopoly organizations. Geographically based
monopoly status of individual providers and protectionist
character of corresponding (local) markets caused virtually
non-existing competition within individual providers on
international scale.

In the period of last couple of years, there has been
increasing focus on liberalization of the industry, or more
precisely liberalization of individual (national) markets,
mostly particular parts of them. There are strong evidences
from several European countries, whose introduced
competitive drivers supported by governance arrangements
focused on liberalization.

United Kingdom was the pioneering country in the
terms of liberating market with air navigation services
(Tomova, 2017). United Kingdom introduced legislative
framework for liberalization APP and TWR services at all
airports, excluding London Heathrow in 1985. More than two
decades later, in 2006, Germany was the second European
country which introduced free competition on the market with
terminal services. Germany liberalized terminal services at all
regional airports in 2009. Third European country which
partly established competitive drivers on the market with
terminal services was Spain. APP services were liberalized at
19 airports, TWR services at 45 airports and AFIS services
were available for open competition at four airports. The most

recent example from Europe is Sweden. which liberalized
terminal services at all airports in 2010.

Liberalization brought new business opportunities
for providers via possibility to enter another (foreign) markets,
which was never possible before, due to monopolistic nature
of whole industry. Opening parts of local markets for free
competition did not end without reaction from air navigation
providers. Many providers gradually started to claim their
interest in various forms of commercial activities. Tomova
(2016) made overview of public statements from several air
navigation service providers regarding to their commercial
interests. Examples can be found in Table 1:

Table 2 — Statements about commercial interests by several
air navigation service providers. Source: (Tomova, 2016).
Edited by author.

Quote ANSP (Country)

“DFS is improving its

competitiveness and is systematically

expanding its commercial business. It DFS (Germany)
analyses the competition and acquires

new business”.

“LFV will have a leadership function

which can meet the future, has a
customer focus and acts in a
commercial manner.”

LFV (Sweden):

“We are continuing to develop our
commercial capabilities and placing
increased emphasis on international
partnerships to access new markets
while minimizing commercial risk.”.

NATS (United
Kingdom):

“ANS CR will continues to strengthen
and expand its commercial activities
in the field of training and special
consultations and will keep trying to
set a footholds in new markets.”

ANS CR (Czech
Republic

“The goal of AENA air navigation t0
expand its business beyond Spain
border became a reality in 2013 with
continuing a new projects to expand
its business abroad. ”

ENAIRE (Spain):
claimed
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It is obvious that process of commercialization of air
navigation service providers it closely connected with process
of liberalizing previously monopolistic markets. Relationship
between these two industry transformation drivers described
Tomova et al. (2016), where authors described on-going
changes of the industry as the resultant force between
liberalization of markets and changes in organization
structures of various air navigation service providers related to
commercial activities.

1. Linguistic analysis

Commercialization as a term is occurring in the
multiple different areas of scientific interest. One of the
incidences of the term commercialization can be found in the
field of global media research. Term is used for processes of
privatization and deregulation of various medial areas which
used to be matter of public interest. Second meaning of
commercialization is identified in scientific research in
general, as an implementation of results from scientific
research for commercial use (e.g. in medicine). Third, and
most important segment for topic of commercialization of air
navigation service providers is definition of the term in fields
of economy and marketing, where commercialization is often
used as a term for practices used for creating financial gain
based on commercial principles.

Overview of definitions

Various definitions of the term commercialization
from authors, organizations and dictionaries are used in
linguistic analysis. All definitions of the term used in analysis
can be found in the Table 2.

Table 2 — Definitions of term commercialization. Source:
(Compiled by author).

Authors
Definition (Year)
“Commercialization can be applying Kaylson, M.

business methodology to exploit or profit.”  (2004)

“Commercialization and is the supply

chain management process that provides

structure for developing and bringing to

market new products jointly with

customers and suppliers. Effective

implementation of the process not only Rogers, D.,
enables management to coordinate the S.etal.
efficient flow of new products across the (2004)
supply chain, but also assists supply chain

members with the ramp-up of

manufacturing, logistics, marketing and

other related activities to support the
commercialization of the product.”

“Generally, commercialization can be
categorized into three different layers of
infrastructure, namely technical and
market issues, attitudes and policies, and

“Commercialization involves creating a Ghazinoori,
suitable product with fair price in an S, R.
attempt to satisfy market demand. ” (2005)

. . Bahreini,
services. There appears to be a widely M A &
expressed belief that people's negative .

. . Shadnam,
attitudes may impede the M. R
commercialization cycle. Experience N,

ST (2007)
shows that changes in scientific and
technological policies of different
countries have helped them make a giant
leap in technology development. ”
“Commercialisation is term related to the
various commercial strategies and types of
activities that have been undertaken by
. . Freathy, P.
European airports in response to external
S (2010)
sectoral changes and highlights how the
pattern and level of commercial activity
varies widely.”
“At implementation of innovation, the Iskoskov,
promotion of innovative products is M., O. &
traditionally defined as Dana V.,
commercialization.” Ch. (2013)
“We define commercialization as the Slgk-
capability of a market actor to gain other Madsen, S.,
market actors’ acceptance of its value K. etal.
propositions.” (2017)
“Commercialization is the point where Lai P. C
innovation products or services are C
. (2018)
accepted by the marketplace.
“Commercialisation is the process of
transforming ideas, knowledge and
inventions into greater wealth for
individuals, businesses and/or society at
large. Commercialisation is a subset of the .
. . L Australian
broader process of innovation. It is driven
. . e Government
by market and profit motives, with firms (2003)
and others seeking to gain a positive
return on investment in research,
licensing, product development, and
marketing, including through the creation
of competitive niche markets.”
“The organization of something in a Cambridge
way intended to make a profit.” dictionary
“The process of managing or running Oxford
something principally for financial gain.”  dictionary
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“The stage in product development

L Business
process where the decision to order full- o
) ) ,, dictionary
scale production and launch is made.
“The various processes by which the Glossary of

commercial value of new discoveries and the CQ
innovative ideas are developed to University
fruition.” of Australia

Text analysis

Depending on definitions from Table 2, it is possible
to make linguistic analysis based on word-count method for
determining most common words throughout definitions,
using text analytic tool Textalyser.

Table 3 — Most used words longer then 3 characters
used in definitions. Source: (Author).

Word Ran
Occurrences  Frequency

commercializatio

o 13 5.9% 1
product(s)? 8 3.6% 2
process 6 2.7% 3
market 6 2.7% 3
innovation® 5 2.3% 4
commercial 3 1.4% 5
gain 3 1.4% 5
supply 3 1.4% 5
new 3 1.4% 5
chain 3 1.4% 5
development 3 1.4% 5
management 2 0.9% 6
different 2 0.9% 6
marketing 2 0.9% 6
activities 2 0.9% 6
implementation 2 0.9% 6
policies 2 0.9% 6

Based on the word-count analysis and frequency
statistics, we have created generalized comprehensive
definition of the term commercialization, which is combining
all available definitions from Table 2:

“Commercialization is a process of supplying commercial
product(s) and activities into the new markets with
implementation of innovative management and policies to
create gain.”

1 Merged count for “commercialization” and “commercialisation”
2 Merged count for ,,product* and ,,products*

Decomposition of new definition

It is important to acknowledge, that generalized
definition was created without using any existing definition for
description of commercialization of air navigation services.
However, our generalized definition is fully applicable at
current situation on the markets with air navigation services
described in first part of this paper.

“Commercialization is a process.. ”

Commercialization is long term activity for air navigation
service providers, that have been happening for several years
(Badanik, 2015).

“.process of supplying commercial product(s) and
activities.. ”

Commercialized air navigation service providers are supplying
commercial services and products as an opposite to traditional
approach. Tomova (2016) claims that traditional approach to
providing air navigation services is situation where ANPSs
supply services only in regulated segment at their local
markets.

“.into the new markets.. ”

Commercialized providers entering on to new liberalized
markets, which has been previously monopolistic. Those
markets are open for free competition because of process of
liberalization (Badanik & Cervinka, 2015).

“.with implementation of innovative management and
policies..”

New forms of corporate management, strategy and
organizational structure are being used in order to maximize
efficiency of commercial focus of ANSPs. Tomova (2018)
uses NATS as an example.

“.to create gain.”

Additional revenues are main drive for commercial activities
of air navigation providers, due to heavily regulated nature of
their main activities (Tomova, 2015).

1. Conclusion

New generalized definition of the term
“commercialization” has been created based on linguistic
analysis of existing definitions. However, this definition is not
fully suitable for describing commercialization in the terms of
air navigation services due its overall general nature. After
decomposition of generalized definition and applying its
content to “real-world” situation, it is possible to adjust its
form to more suitable for describing commercialization as a
term used in research of air navigation service providers:

“Process of supplying commercial services and products
into ANS markets, using innovative forms of management
for purpose of creating additional revenues.”

3 Merged count for “innovation” and “innovative”
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Abstract — The goal of this paper is to summarize and analyse
current possibilities of unmanned aerial systems detection and
tracking. The paper is primarily focused on the area of the
UAS and ATM. The first part of the paper is about defining the
unmanned aerial systems and threats that can be done by these
systems. The threats are defined from the ATM point of view.
The next part is about description and analysis of the current
detection systems that can be used. The detection systems are
divided into an active and passive one. The active detection
systems require cooperation with the UAS as a two-way signal
transmission. The passive systems do not need this
cooperation. The third part is about description and
evaluation of a future detection systems development. This
development is estimated based on the current development of
the UAS detection systems and authors’ expert estimates. The
final part of the paper is about possibilities how to resist and
eliminate the UAS. This paper is based on the bachelor’s thesis
that has been written by one of the authors. The thesis was
approved and published in 2018.

Key words — unmanned aerial systems, UA, UAS, detection,
tracking, elimination, threats.

Introduction

In these days, a topic of unmanned aerial systems
(UAS) is discussed at scientific and also general groups of
peoples very often. A UAS usage is growing in a civil area.
The UAS will be a one part of the Smart Cities and also
everyday life of civil people. A term “Unmanned Aerial
System” includes Unmanned Aircraft (UA), control station
and other elements needed for a flight [1]. The most
developing category of the UAS are multicopters. Their rapid
development is caused by simple accessibility and low costs.
Other types of the UAS are airplanes, helicopters, airships,
balloons and others.

From the ATM point of view, threads caused by the
UAS are primarily disruptions of flight corridors that are for
manned aircraft. This disruption can cause an incident or an
accident. The UAS incidents and accidents can be caused by
two main reasons. The first reason is a failure of any UAS part

(e.g. engine failure or connection lose). All UAS heavier than
0.91 kg (lighter in some cases) must have a fail-safe system
because of this. When there is a problem, the fail-safe system
lands with the UAS [1]. The second reason is a pilot’s fault.
This reason is more frequent. It is mostly an overestimation of
pilot’s abilities and skills or a flying under inconvenient
meteorological conditions [2]. It is necessary to have an
overview of each UAS because of these threads. The Air
Navigation Services of the Czech Republic (ANS) decides to
apply a UAS detection technology. This technology should
monitor a UAS movement at landing corridors at the Vaclav
Havel Airport in Prague. It is assumed that this technology
starts its operation at 2019 [3].

Current Detection Systems

UAS detection and monitoring can be divided into
two groups. The first one is an active detection. It means that
the UAS actively cooperate and it transmits data about its
position. The second one is a passive detection. This group
does not transmit any data and it must be detected somehow
else.

Active detection

The UAS, that transmit the data automatically, are
integrated into an ATM/UTM system and they are visible for
the ANS. There is a UTM system that has worked from 2018
in the Czech Republic. This system has been created by
AirMap and UpVision companies. The system should
facilitate a communication between ANS and UAS operators
and it has advantages for both sides [4]. External GPS tracker,
SSR transponder and ADS-B are used for active position
transmission.

The external GPS tracker can be placed on almost
every UA. It is because its small dimensions. The tracker uses
the GPS system and it transmits flight information by the GMS
to an operator’s mobile device or directly to the UTM system.
It is capable to save the data in its memory. 3D accelerometer,
gyroscope, barometer and thermometer are parts of the GPS
Tracker too. So the data is complex. For instance, there is a
MAIA GPS tracker on the market. This tracker weighs 48 g
and it has battery of 700 mAh. It can transmit for 3 hours [5].
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The SSR transponders are very often used by the
ANS for the manned aircraft detection. They are not very
suitable for the UAS. It is because of bigger dimensions and
weight and especially because of higher price. The SSR
transponders are mainly used by professional and bigger UAS
because of this. For instance, the German KTX2 weigh 360 g
and its price is 1 900 € [6, 7].

The ADS-B system is an extension of the SSR. The
extension is information about actual aircraft position. This
information is determinate by onboard navigation systems [7].
The ADS-B is more compact than the SSR. It is more suitable
for the UAS because of this. On the other hand, the price is
very high. For instance, the Ping20Si, that is especially for the
UAS, weigh only 20 g but the price is 2 700 €. It is least
accessible system for amateur and also professional users [8].

Passive detection

There is a bigger interest in the passive detection
because of the above described threads. The interest is
primarily from the side of the ANS. It needs to protect the
landing corridors. Basic passive detection systems are primary
radar, spectrum monitoring, acoustic sensors and cameras with
thermal imaging [9].

Primary Surveillance Radar (PSR) is radar type that
is used for the aircraft detection. It uses aircraft radar cross
section. The electromagnetic wave send by the PSR reflects
from its cross section [7]. The classic PSR cannot be used for
the UAS detection because of its small dimensions, low flight
height and flying between buildings. The special PSRs are
developing. These PSRs should face these specific conditions.
Radar with millimetre wavelength, ultra-broadband radar and
others can be used [10]. The millimetre wavelength radar has
very wide wavelength so it has high resolution. This resolution
facilitates accurate detection and monitoring non-cooperative
UAS. The Doppler spectrum can be analyzed accurately so a
specific UAS can be classified [11]. Doppler’s micro signs can
distinguish if it is the UAS or a bird. The micro signs are
determined by moving and rotating of some UA parts with
compared to a main part of the UA. The moving parts causes
frequency and amplitude modulation at the reflect waves.
These modulations cause a specific Doppler’s frequency shift.
The micro sign is calculated from this shift and a position of
front and rear rotors can be determined [12].

The spectrum monitoring uses a signal that is
transmitted between the control station and the UA. This
detection system is suitable and it has wide use because of that
the transmission between the station and the UA is happening
at almost all UAS except autonomous aircraft [9]. A detection
range depends on receiver sensitivity, transmitter performance
and directivity of used antennas. It can be assumed that the
detection range is the same like a communication range
between the station and the UA [9]. There are many spectrum
monitoring systems around the world. The system examples
are American DroneTracker, German Ardronis or German
Aartos DDS. The Ardronis can detect the UA and the pilot too.
It can capture transmit video, decode it a display [13].

The acoustic detection system is possible thanks to a
UAS engines noise. The range of sensors is between 20 and

600 m. If more sensors are used, a UA azimuth can be
determined. It also increases accuracy and detection range
[14]. The usage of only the acoustic sensors is not common.
This system cooperates with other ones, for instance the
spectrum monitoring.

The cameras with thermal imaging are strongly
dependent on an environment and meteorological conditions.
So it has limited range. There is a problem with recognition
between the UA and birds when it detects the UA for long
distance. This system is used in cooperation with other systems
because of this, for instance the spectrum monitoring or the
PSR [9].

Advantages and disadvantages

Advantages of the active detection systems are big
range, scope and quality of received information. These
advantages are good for the ANS and for the operators too. The
operators that are connected into the UTM can easily and
quickly communicate with the ANS. For instance, they can ask
for a permit to fly. A disadvantage of the active systems is
purchase necessity and high prices. Advantages and
disadvantages of the passive detection systems are in table 1.
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Table 1 — An evaluation of the passive detection systems

Conclusion

Future UAS detection

The detection systems are developing and will
developing because of development of the UAS and other
technique. All will depend on new legislation that is necessary
for right operation. A creation of the new UAS legislation is a
goal of the WG-105 group and the European organization
EUSCQ (European UAS Standards Coordination Group) [15].
There will be a big development in an area of the active
detection systems because of a UTM start-up. The passive
detection systems will connect into one complex system that
will have better accuracy, range and quality. It can be assumed
that there will be cooperation between active and passive
systems and there will be their combination too. Continuous
information about UAS position can be expected thanks to
these things.

UAS Elimination

It is necessary to eliminate the UAS after its
detection in some cases. The elimination can be divided into
two categories: destructive and non-destructive. The
destructive eliminations are electromagnetic impulse (EMI),
laser or special UA that hit the dangerous UA and takes it
down. This type of the UA is used only by armies and it is not
applicable in civil traffic [16]. The non-destructive
eliminations are a jamming of a radio signal or the GPS,
shooting a net and capturing the UA, cybernetic attack,
capturing the UA by trained birds, capturing it by other UA
equipped with a net or spoofing [9, 10]. The spoofing is an
interesting elimination. A principle of the spoofing is that a
false GPS data is transmitted to the UA. The UA can be
controlled by this false data and it can be redirected to a safer
area. Scientists form the Texas University in Austin
successfully tested the spoofing [17].

ADVANTAGES DISADVANTAGES
range .
e  price
accuracy
PSR o false alarms
24/7 o
) e  radar cross section influence
weather independence
UA and pilot detection e  UAS have to transmit
immediate detection after e Need device for azimuth
w
> Spectrum UAS turn on determination
[75) . .
‘2 monitoring 2417 e need of many sensors
o
video signal decoding e  continuous update of signal
system extensibility parameters
. e range
Acoustic o price oo
. alse alarms
Sensors e  system extensibility )
e ot suitable for some areas
) e  range
e price
Cameras o e weather dependency
e system extensibility ]
e need of infrared sensor

The development of actual detection systems and
UTM platform creation leads to a better communication
between unmanned systems and civil aviation authorities and
it also leads to safer air traffic. The most used passive detection
system is the spectrum monitoring. It has good detection
ability, if it is used with other systems. On the other hand, no
current detection system can guarantee one hundred percent
reliability of the UAS detection. But combination of several
detection systems has advantages of all used systems and it can
form complex and reliable system.
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Abstract — The main topic of the article is the safety of the
operation of unmanned aerial vehicles and their impact on
aviation safety. Drones can bring many benefits in terms of
economy and safety at the workplace, but to ensure that, it’s
important that anyone who flies with unmanned aerial vehicles
do it as safe as possible. The article also contains an analysis
of currently available devices, which serve to increase the
safety of operations of unmanned aerial vehicles. During the
processing of the article, possible risks were defined. At the
end of the article, measures were proposed to increase safety
during operations of unmanned aerial vehicles.

Key words — UAV, aviation safety, drones, risks, accidents.

Uvod

Bezpilotné prostriedky zaZivaji v poslednych
rokoch obrovsky rozmach. Coraz viac sa tieto stroje dostavaji
do mnozstva d’al§ich odvetvi. V stcasnosti snad’ neexistuje
odvetvie, v ktorom by sa drony nepouzivali. Vyuzivanie
dronov neustdle rastie a s nim rastie aj ich hustota vo
vzdusnom priestore ¢im naopak rastie nebezpecenstvo zrazky
bud’ medzi dvomi dronmi alebo medzi dronom a lietadlom. Aj
z tohto hladiska je mozné povedat, ze prevadzka tychto
prostriedkov zvysSuje nebezpedenstvo v leteckej doprave.

V poslednych rokoch rastie vyuZivanie dronov
pricom dva hlavné trhové segmenty (vojensky a hobby) sa
zmenili na tri, v zavislosti od ich kone¢ného pouZitia:
vojensky, komerény a hobby. Obrazok 1 predstavuje
odhadovany vyvoj troch segmentov. Hoci vojensky segment je
hlavnym trhom, tento tidaj naznacuje, ze d’alSie dva segmenty
sa v nasledujucich rokoch rozsiria.

Hoci pouzivanie dronov spdsobilo zna¢nt diskusiu z
doévodu problematiky o ochrane osobnych (dajov a
bezpecnosti, v stcasnosti sa vnimanie ludi o "dobrych"
pouzitiach dronov stvisiacich s civilnym pouZzivanim
(obchodné a haobby) zmenilo. Medzi akceptovanymi spdsobmi
pouzitia bezpilotnych prostriedkov moézeme uviest’ tie, ktoré
stvisia so zdravotnictvom (napr. preprava krvi), humanitarne
¢innosti (drony pre socidlne a humanitarne tcely), preprava
produktov zakaznikom (dorucovacie drony) alebo ekologické

aplikacie (sledovanie fauny a monitorovanie
poziarov).
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Obrazok 1 — Odhadovany vyvoj troch hlavnych segmentov
[Zdroj: The Drone sector in Europe]

Bezpilotné prostriedky mézu disponovat’ réznymi
velkostami pricom Aj drony vaziace len niekol’ko sto gramov
moézu mat’ katastrofalny dopad pri zrazke s lietadlom letiacom
niekol’ko sto kilometrovou rychlost'ou.

Bezpecnost’

Na zabezpecenie ¢o najvyssicho stupia bezpecnosti
sa zavadzaju rozne reguldcie a predpisy. Prevadzka
bezpilotnych prostriedkov by nebola taka nebezpe¢na ak by
prevadzkovatelia dodrzovali regulacie. Medzi takéto regulacie
patria aj napriklad Notices of Proposed Amandment (NPA)
alebo v preklade ozndmenia o navrhovanej zmene a doplneni.

Eurdpska agentira pre bezpecnost’ letectva (EASA)
vypracovala tento NPA v sulade so zakladnym nariadenim a
postupom tvorby predpisov. Tato ¢innost’ tvorby predpisov je
zahrnuta do pdtrocného programu tvorby pravidiel EASA v
rdmci Ulohy tvorby predpisov (RMT). Text tohto NPA bol
vypracovany EASA na zéklade prispevku expertnej skupiny
UAS (Unmanned Aerial System). Tymto sa predklada
vSetkym zainteresovanym stranam na konzultaciu.

Pociatocny navrh EASA sa zameral na technické
poziadavky a kompetencie pre pilotov UAV a vymedzil
niekol’ko podkategérii doplnenych urcenim zén c¢lenskymi
Statmi. Tento systém zon by mohol umoznit’ ¢lenskym Statom
urdit’, ktoré podkategorie UAV su povolené v jednotlivych
zonach. Ako alternativu k tomuto navrhu, 21 ¢lenskych statov
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vypracovalo protindvrh (Obrazok 2), ktory obsahoval
jednoduchsie pravidla zamerané na zodpovednost pilotov a na
malé mnozstvo alebo ziadne poziadavky na zmiernenie rizika.

V rdmci NPA boli definované 3 hlavné podkategdrie:
Al — lietanie ponad Fudi
A2 — lietanie v blizkosti 'udi
A3 — lietanie d'aleko od 'udi

Kazda z tychto podkategorii jasne definuje, aké
vel'ké bezpilotné prostriedky je mozné prevadzkovat’ a takisto
aj vzdialenosti do akych sa je mozné s nimi pohybovat’.

Okrem tychto podkategorii boli v NPA definované
aj kategorie prevadzky UAS. Boli definované tieto tri:

Otvorena kategoria je kategoria prevadzky UAS,
ktora vzhladom na prislusné rizikd nevyzaduje
predchadzajtice povolenie prislusného organu ani vyhlasenie
prevadzkovatela UAS pred uskuto¢nenim prevadzky.

Specificka kategéria je Kateg6ria operacie UAS,
ktora so zretelom na prislusné rizikd vyzaduje schvalenie
prislusnym organom pred uskuto¢nenim prevadzky, pricom sa
zohladnia zmierfiujuce opatrenia urcené pri hodnoteni
prevadzkového rizika, s vynimkou ur¢itych S$tandardnych
scenarov. Vyhlasenie prevadzkovatel'a je dostatoéné alebo ak
prevadzkovatel' vlastni T'ahké osvedCenie prevadzkovatela
UAV s prislusnymi privilégiami.

Certifikovana kategoria je kategoria prevadzky
UAV, ktora so zretelom na prislusné rizika vyzaduje
certifikaciu UAS, licencovaného dialkového pilota a
prevadzkovatela schvaleného prisluSnym organom s cielom
zabezpecit’ primeranu uroven bezpecnosti.

UAS UAS  |vzdialenost|Maximalna vyska Pot.@b'né Vek' Elektronicka | Technické
Podkategdrie | MTOM od fudf prevadzky | Kvalifikécia dla\l_mveho identifiacia | pofiadavky
pilota pilota
A | ospg | ge | Maximéina | Ziadna | Rozhodni | Nepotrebns | Ano,ak
Lietanie alebo dohladna Jjednotlivé (alebo AlS<3, alebo
nad ludmi vzdialenost a v élenské | dobrovolna) Directive
AlS<3 Hadnom staty 2009/48/EC
pripade vyssie
ako 30 m pod
& i ICAO VFR Potrebné ak je | Ziadne
Viac ako iy
Lietanie v (04 250 9| _ % " | minimalnu Online kurz k dispozicii U-
blizkosti |do 25 kg | *~ M %) vjsku, beine Space
A davov 120m
[udf -~
ludi
A2 Menej i
Od 250 g|sko 50 m skitska
,LIEtame do 3 kg ofj d:avov g teoretickych|
daleko od [udi ale a praitickych
[udf nikdy nie zruénosti
priamo
nad nimi

Obréazok 2 — Protinavrh élenskych Statov [Zdroj: Notice of
proposed amendment, EASA]

Pokial sa na palube bezpilotného prostriedku
nachadzaju kamery, pripadne iné snimacie zariadenia, je
potrebné vyclenit isté pravidla, ktoré by sa zaoberali ochranou
stkromia osobnych Udajov. Touto problematikou sa zaobera
Opinion No 01/2018 s nazvom “Introduction of a regulatory
framework for the operation of unmanned aircraft systems in
the open and specific categories”, ktory uverejnila EASA. Ako
je spomenuté v nazve spisu, zaobera sa vyluéne otvorenou a
$pecifickou kategoriou.

Hlavnou témou tohto spisu je definovanie
poziadaviek na vykonavanie bezpecnej prevadzky v

“otvorenej” a “Specifickej” kategorii. Ulohou bolo dosiahnut
rovnovahu medzi technickymi poziadavkami, pilotnymi
kompetenciami a prevadzkovymi obmedzeniami,
umoziujucimi bezpeéni prevadzku UAS pri re$pektovani
stikromia Tudi, ochrane Zzivotného prostredia a zaroven
umoznenim rozvoja trhu s UAV.

Rizika
Je podstatné aby kazda cast lietadla bola
neposkodena a spravne fungujica pocas letu. Lietadlo je stroj,
ktory je zaroven na jednej strane vel'mi odolny ale na strane
druhej krehky. Aj najmensia netesnost’ resp. poSkodenie
sposobené zrazkou napriklad s dronom moéze vyustit do

katastrofalneho poskodenia, ktoré moéze skoncit havariou
celého lietadla.

Pocet pripadov, kedy piloti hlasia bezpilotné
prostriedky blizko svojich lietadiel sa zvySuji po celom svete.
Najpravdepodobnej$im dovodom je to, ze vacsinu dronov
obsluhuju prevadzkovatelia, ktori bud’ nemaju dostato¢nu
znalost’ predpisov tykajlicu sa leteckej prevadzky, alebo sa ju
rozhodli prosto ignorovat. Okrem toho existuju este d’alSie
dovody, ktoré moézu viest k havarii dronov, napriklad:

e Nespol'ahlivé komunikac¢né spojenie.

e  Zlyhanie komponentov spojené so softwarom.

e Nedostatoné konstrukéné metddy pouzivané pocas
vyroby, ktoré by mohli viest’ k zlyhaniu lietadla. Takmer
50% nehdd Uzko suvisi s tymito poruchami.

e  Ludsky faktor— chyba pilota, najmé pocas pristavania.

e  Pritomné mechanické defekty.

Obrazok 3 — Havarovany vojensky dron na Seycheloch

ELOS (ekvivalentna uroveil bezpecnostného
pristupu) sa pouziva na definovanie kritérii miery poruchy v
systémoch bezpilotnych prostriedkov. Pre lietadla s posadkou
je katastroficky stav definovany ako udalost’ spdsobujuca
aplnt stratu lietadla a smrtelné nasledky pre posadku a
cestujucich. Katastroficky stav moze byt’ definovany napriklad
ako strata kontroly nad riadenim letu vedica k neschopnosti
pokracovat’ v bezpecnom lete na pristatie. Pri UAV sa vylucuje
zavinenie prvej strany (t.j. letovej posadky) alebo druhej strany
(t.j. cestujucich) kedze ani jednu z nich neobshauje. Preto
katastroficky stav pre bezpilotné lietadlo je definovany ako
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neuspes$na udalost’, ktorda ma za nasledok aspon jednu obet
tretej strany v dosledku zrazky pocas letu alebo na zemi.

Zariadenia

Zvysenie bezpecnosti prevadzky bezpilotnych
prostriedkov vo vzdu$nom priestore je mozné docielit aj
pouzitim réznych zariadeni, ako napriklad systémy
predchddzania kolizidm priamo na palube bezpilotnych
prostriedkov.

V najbliz§ich rokoch moézeme ocakavat’ priamu
integraciu takychto pristrojov na palube dronov, ktoré nebudu
komunikovat’ len medzi dronmi samotnymi ale takisto aj s
lietadlami s posadkou.

Momentalne je na trhu dostupnych niekol’ko
potencionalne pouzitelnych pristrojov resp. systémov. Kazdé
z tychto zariadeni ma svoje vyhody ale takisto aj nevyhody.
Vyuzitie tychto zariadeni na bezpilotnych prostriedkoch sa
moze lisit, najmd kvoli réznorodosti jednotlivych dronov
(véha, rozmery, pouzitie atd’.)

Medzi tieto pristroje mozeme zaradit' napriklad
prenosné systémy predchddzania kolizidm. Aktudlne je to
jedno z najlepsich rieSeni na zvySenie bezpe¢nosti prevadzky
bezpilotnych prostriedkov vo vzdu$nom priestore. Tieto
systémy budu dokonca poskytovat’ odporicané manévre v
potencionalnom nebezpeéi, samozrejme za predpokladu ak
toto nebezpecenstvo nastane.

Obréazok 4 — Prenosny systém predchadzania koliziam
MRXA-A

Daldim pouZitelnym a aktudlne vyhodnym
zariadenim je FLARM. FLARM je elektronicky systém
sliziaci na selektivne varovanie pilotov pred pripadnymi
koliziami medzi lietadlami a UAV. InStalovany systém
FLARM upozorni na dopravu a bezprostredné zrazky s inymi
lietadlami, takZe je mozné podniknut’ kroky skor, nez bude
prili§ neskoro. Nie je to formalna implementacia ADS-B,
pretoze je optimalizovana pre Specifické potreby Tahkych
lietadiel, nie pre komunikéaciu na dlhom dosahu alebo pre
interakciu ATC.

Systémom FLARM je podla Statistik vybavenych
viac ako 35.000 lietadiel s posadkou a mnoho UAV pricom
pocet sa rychlo zvysuje. Systémy FLARM su k dispozicii od
niekol’kych vyrobcov pre lietadla, vrtul'niky, klzdky a UAV.

Ako bolo spomenuté, kazdy z tychto systémov ma
svoje vyhody ale aj nevyhody. Okrem velkosti méze byt
velkym problémom aj cena jednotlivych systémov.

Ekonomicky dostupnejsie zariadenie moze byt
pouzitie LIDARu. LIDAR (Light Detection and Ranging).
LIDAR je metoda prieskumu, ktord meria vzdialenost’ od ciel’a
osvetlenim ciela pulznym laserovym svetlom a meranim
odrazenych impulzov snimadom. Tieto zariadenia su
kompaktné a velmi lahké. Na druhej strane maju tieto
zariadenia nedostatoény dosah na to aby dokazali véas
uskuto¢nit’ vhodny uhybny manéver.

Pravdepodobnost’ Nehody

Podla mnohych publikacii je miera nehodovosti
bezpilotnych prostriedkov priblizne 100-krat vyssia ako u
lietadiel s posadkou. Priblizne jedna nehoda na kazdych 1000
letovych hodin.

Pravdepodobnost’ zrazky pocas letu z dovodu straty
kontroly nad dronom z&visi od rozmerov oboch prostriedkov a
pravdepodobnosti, ze nahodne padajuci dron zasiahne lietadlo
s posadkou.

Déjst’ moZe aj k zraneniam tretej strany v désledku
kolizie medzi bezpilotnym prostriedkom a lietadlom s
posadkou. Pravdepodobnost zrazky pocas letu pri
nekontrolovatelne letiacom UAV zavisi od rozmerov oboch
prostriedkov a pravdepodobnosti, Ze ndhodne padajuci dron
zasiahne lietadlo s posadkou. Pre jednoduchost’ sa na vypocet
pravdepodobnosti kolizie pocas letu pouZiva dvojrozmerna
plocha, pretoze kolizna plocha vynasobena suctom
ocakavaného poctu lietadiel na potencialnej ploche zrazky v
akomkol'vek danom case:

= 1

Ly = ( Ay + Ay )Z E, ( 4, )7
i1 4,

Ly - Pravdepodobnost’ zrazky pocas letu pri strate kontroly
nad UAV

Ay — Plocha lietadla s posadkou
Ay av — Plocha bezpilotného prostriedku

A;(E;) — Predpokladany pocet lietadiel s posadkou v
potencinalnej oblasti zrazka, Ai

Pre zjednoduSenie sa predpoklada, Ze bezpilotné
prostriedky UAV bez moznosti ovladania padaju zvislo dolu,
zatial’ ¢o letecka prevadzka lieta vodorovne. VSeobecne sa
predpoklada, ze strata kontroly and UAV sa vyskytuje vo
vysokych nadmorskych vyskach, takze po¢as nahodného padu
prechadza ako vysokymi nadmorskymi vyskami, ktoré zabera
komeréna letecka prevadzka, tak aj nizkymi nadmorskymi
vyskami, ktoré vyuziva v§eobecna letecka prevadzka. Hustota
leteckej dopravy bola definovana pre dve nadmorské vysky:
velké lietadld (velkost' 747) na 25 000 stdp a malé lietadla
(velkost’ Cessna 172) na 5000 stop. Predpoklada sa, ze cela
premavka je v jednej z tychto dvoch nadmorskych vyskach.

Podl'a stadie Larsona a Habera je hustota velkyh
lietadiel vo vyske 25 000 stop 0,0008 lietadla na Stvorcova
milu s vrchnou plochou lietadla 480 Stvorcovych stop a
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hustota malého lietadla na 5000 stdp je 0,03 lietadiel na
Stvorcovll mil'u, s vrchnou plochou lietadla 281 Stvorcovych
stdp. Hustota letovej prevadzky bola odvodena z Udajov v
centralnom Gdoli Kalifornie po¢as dennych hodin a je typicka
pre letovl prevddzku susediacu s velkymi mestskymi
oblast’ami.

Zaver

Na dosiahnutie zvySenia bezpe¢nosti pri prevadzke
bezpilotnych prostriedkov vo vzduSnom priestore musi byt
zabezpeCené &o najvdcsie znizenie rizikovych faktorov,
pripadne ich Gplna eliminécia.

Ako bolo spomenuté v ¢lanku, na zvySenie
bezpecnosti prevadzky bezpilotnych prostriedkov st niekedy
potrebné zariadenia. ZvySenie bezpeCnosti by sa mohlo
docielit’ aj povinnou implementaciou tychto pristrojov na
palubu bezpilotnych prostriedkov, ¢im sa na jednej strane
zvysi konecnd cena produktu, ale na strane druhej bude
néslednd prevadzka tychto prostriedkov niekol’konasobne
bezpednejsia.

Tvorba dalsich regulécii a predpisov nie je spravna
cesta pretoze uz dnes st uzivatelia vo velkej miere
obmedzovani, priGom toto obmedzovanie by v budicnosti
mohlo mat’ vplyv aj na technologicky vyvoj odvetvia.

Na dal$ie zvySenie bezpecnosti pocas prevadzky
bezpilotnych prostriedkov bude treba pockat na dalsi
technologicky pokrok. Za tohto predpokladu mébzeme
uvazovat aj s uz§ou integraciou bezpilotnych prostriedkov do
priestoru letisk kde by mohli najst dalsie uplatnenie —
napriklad ako plasi¢ vtactva na vzletovych a pristavacich
plochéch.
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LETECKY DEN NA MEZINARODNIM LETISTI A BEZPECNOST
- DNY NATO V OSTRAVE Z POHLEDU PROVOZOVATELE
LETISTE
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Provozni feditel, Letisté Ostrava, a.s., Czech republic
holubec@airport-ostrava.cz

Abstract — Letecké dny a ukazky jsou v dnesni dobé
pomérné populdrnim zpiisobem prezentace letecké techniky a
Jjejich vyrobce vybornou prilezZitost pro prezentaci jejich
schopnosti a vyrobkii. Dobre pripraveny letecky den je
schopen splnit mnoho z toho plynoucich oéekdvani. Jednou ze
soucdsti, na které je pri priprave velké akce kladen diraz, je
bezpecnost. A to bezpecnost v obou smyslech, tedy safety i
security. Tato problematika je velmi Sirokd, jelikoz zasahuje
do piisobnosti vice slozek jak v rdmci statu, tak i soukromych
subjektit. V predkladaném prispévku se budeme zabyvat
z pohledu verejného
mezindrodniho letisté a to na zakladé zkuSenosti s pripravou a
priibéhem nejvétsi bezpecénostni piehlidky v Evropé (jak ji
oznacuji sami poradatelé). Jedna se o Dny NATO v Ostravé &

bezpecnosti provozovatele

Dny Vzdusnych sil ACR konajici se na Letisti Leose Jandcka
Ostrava. Jde o jednu z méla takto rozsahlych vojenskych a
bezpecnostnich akci konajicich se na civilnim letisti, které
navic i vdobé konani leteckého dne zachovava alespor
castecné sviij bézny provoz. To sebou nese specifické
problémy. Clanek priblizuje celkovou koncepci akce, obsahuje
strucny popis jejiho organizacniho zajisténi v oblasti
leteckého provozu a ddle sezndmi ctendre s hlavnimi riziky,
kterd byla identifikovana v ramci pripravy  akce
provozovatelem letisté a jaka opatieni jsou prijata ke snizeni
techto rizik. Problematika je rozdélena na security a safety.
Vzhledem k omezenému prostoru, ktery je k dispozici, a
citlivosti dané tématiky (zejména v oblasti security) neni
mozné zabthat do vétsich podrobnosti. Presto verim, Ze ¢ldanek
prinasi zakladni povedomi o slozitosti problematiky poradant
leteckého dne na civilnim letisti.

Key words — letisté, letecky den, safety, security

UvoD

Letecké dny a ukézky jsou v dnesni dobé velkym
lakadlem pro divaky a zarovefi predstavuji pro provozovatele
a vyrobcee letecké techniky vybornou piilezitost prezentovat
jejich schopnosti a vyrobky. Dobfe ptipraveny letecky den je
schopen splnit mnoho téchto ocekavani. Rozsahu poradané
udélosti odpovida rozsah nutného organiza¢niho zabezpecenti,
které se sklada z mnoha oblasti. Jednou z nezbytnych soudasti,
na kterou musi byt pfi pfiprave kladen diraz, je bezpecnost. A
to bezpecnost v obou smyslech, tedy safety i security. Tato
problematika je velmi §irokd a zasahuje do puisobnosti vice

slozek jak vrdmci statu, tak i provozovatele letiste.
V nasledujicich tadcich se budeme zabyvat bezpecnosti
z pohledu provozovatele civilniho mezinarodniho letisté, na
kterém se kona nejvétsi bezpecnostni piehlidka v Evropé,
jak ji oznacuji sami poradatelé. Jednd se o Dny NATO v
Ostravé & Dny Vzdusnych sil ACR konajici se na Letisti
Leos$e Janacka Ostrava. Jde o jednu z méla takto rozsahlych
vojenskych a bezpec¢nostnich akci konajicich se na civilnim
letisti, které navic i v dobé& konani akce zachovava ve velké
mife sviij bézny provoz. To s sebou nese specifické problémy,
které je potieba fesit.

POPIS AKCE

Dny NATO v Ostravé jsou ojedinélou akei jak co do
rozsahu, tak i do zaméfeni. Jedna se o rozsahlou prezentaci
armadni i nevojenské techniky ¢lenskych statt NATO a jejich
spojencl. Spojenou udalosti jsou Dny Vzdu$nych sil Armady
CR a s akei jsou spojeny i dal§i odborné a spolecenské setkén.

Akce se vyvinula béhem uplynulych osmnacti let ze
skromné prezentace pozemich sil ACR, Policie CR a jejich
polskych partnertt v centru Ostravy do dvoudenni udalosti
zdaleka ptesahujici vyclenény vikend. Byla pfemisténa do
prostor umoziujicich rozsahlou prezentaci letecké i pozemni
techniky — na letist¢ Ostrava. I v rdmci letisté bylo v prib&hu
let nutno piehodnotit umisténi ukazek, jelikoz ptivodni lokace
na jizni odbavovaci plose prestala kapacitné vyhovovat
z hlediska letecké techniky a zaroven neumoziovala patiicné
vyuzit potencialu ukazek bojové techniky. Aktualni umisténi
Vv prostoru byvalych rozptyli pro vojenska letadla umoziuje
vyuziti rozsahlych prostor pro statické ukazky letecké i
pozemni techniky i pro dynamickou prezentaci pozemnich sil.

Hlavnimi organizatory jsou obcanské sdruzeni
Jagello 2000, Generalni §tab ACR, HZS MSK, KRP MSK,
7ZS MSK a Letisté Ostrava, a.s. LO dava k dispozici areél pro
akci veetné parkovisté pro navstévniky, dale je odpovédné za
prostory pro letadla a podili se s ACR na obsluze letecké
techniky. Jen pro ilustraci rozsahu akce - v roce 2018 bylo na
akci 20 ucastnickych zemi a pres 100 kust letecké techniky.
Vstup je zdarma, coz je podstatnym faktorem pro pocty
navstévniki, kterych v tomto bylo 220 tisic.

Provozni situace béhem leteckého dne

Prestoze se hlavni ¢ast odehrava béhem zatijového
vikendu, kdy probihaji letové ukazky, je provoz letisté
vyznamn¢ ovlivnén jiz n¢kolik dni pfedem a jeden az dva dny
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poté. Prilety ucastnikti probihaji v pribc¢hu celého
predchazejiciho tydne, s kulminaci ve ¢tvrtek a zejména patek,
kdy zaroven probihaji i néacviky vystoupeni. Podminkou
provozovatele letisté po celou dobu akce je zachovani
planovaného provozu (pravidelné a charterové dopravy
cestujicich a leteckého ndkladu). Castedné je také zachovan
vramei moZnosti provoz soukromych letadel. V obdobi
Stvrtek — pondéli je omezen provoz mistnich provozovateld,
zejména vycvikové lety.

Organizaci a pfid€lovani slotd pro pfilétavajici
ucastniky fidi Letovy feditel akce, ktery je pfislusnikem
Vzdu$nych sil ACR. Hlavni &ast Géastnikl piiléta ve étvrtek a
patek a vtyto dny zaroven probihaji seznamovaci lety a
nacviky ukazek. Pfidélované sloty, plan nacvikd i samotné
vikendové ukazky se pfizpisobuji letovému fadu pravidelnych
a charterovych letti, které nejsou prvopldnové nijak omezeny.!
Veskery provoz je fzen ze stanovi§té TWR RLP. Po pfistani
jsou letadla rozdélovana podle potieby do prostoru pro statické
(TWY G) nebo dynamické ukazky (APN S). Zajisténi letadel
na zemi je provadéno pracovniky LO s podporou ACR. Pro
prilétavajici posadky je vrezii Jagello 2000 pfipraveno
centrum, které poskytuje informace a zabezpecuje veskerou
logistiku.

Pro ucely odbaveni a parkovani letadel podilejicich
se na letovych ukdzkach je vyhrazena jizni odbavovaci plocha
a k ni pfiléhajici ¢ast pojezdové drahy F (viz obr. Plocha 1),
Vv piipadé potifeby rozsitena o dalsi ¢ast TWY F (Plocha 2).
V tomto prostoru fidi pohyb letadel piislusnici ACR. Pro tgely
statickych ukazek letecké techniky je vyclenéna Cast aredlu
konéni akce (Plocha 5). Do tohoto prostoru se letadla dostavaji
vyjezdem zRWY na TWY G' a poté pretazenim na
pozadované misto stani.

Propojeni prostor dynamické a statické ukazky je
provedeno pomoci tzv. obsluzné komunikace, které vede podél
oploceni letisté. Tato komunikace je bézné¢ vyuzivana ke
kontrole oploceni a vykonavani ostrahy perimetru. Béhem
akce je navic vyuzivana k pfevozu posadek a prostredki
technického zabezpeceni mezi statickou a letovou stojankou.

V oba vikendové dny umoziiuje potradatel akce
navstévnikiim po splnéni ur¢itych podminek priletét vlastnim
letadlem. Vzhledem K terminu (z4i1), kdy je na zapadé CR jiz
pomérné pozdni vychod slunce a omezeni pfileti devatou
hodinou ranni vznika tésné pted zahajenim akce tlak, aby
mohly vSechny tyto stroje pfistat a mohl byt zahajen letovy
program. Pro parkovani téchto letadel je vyclenéna plocha
podél RWY, ovSem mimo pas provozni plochy (viz obr. —
Plocha 3). Postupy jsou publikovany pomoci AIP SUPP.

V ramci fidici struktury akce je zfizen krizovy $tab,
ktery je urcen k teSeni bezpecnostnich hrozeb, popf. fizeni
prubéhu zasahu. Z&sah plynouci z provozu letisté, tj. zejména
letecka nehoda v prostoru perimetru letiste, se Fidi
Pohotovostnim planem provozovatele letisté.

Provozovatel leti§té' je odpovédny za celkovou piipravenost
letist¢ pro letecky provoz vsouladu se zadkonnymi a
predpisovymi pozadavky. Jednim ze zékladnich pozadavka je
zajisténi bezpecnosti v obou vyznamech tohoto terminu. Tomu
odpovida organizacni struktura provozovatele letisté. Ze
slozek provozovatele letisté se na akci pfimo podileji tyto

organizacni jednotky — Vedouci provozu letisté, Bezpecnostni
dispe¢ink, Odd&leni odbaveni letadel, Utvar HZS, Utvar
bezpeénosti letisté a Utvar Sprava majetku. Priméarnimi Gkoly
jsou fyzicka piiprava prostor a ploch pro konani akce a jak jiz
bylo uvedeno, zajisténi bezpecnosti.

Priloha 1 — Plan letiste Ostrava

Zajisténi bezpec¢nosti béhem leteckého dne

Bezpectnost je i v podminkach provozovani letisté
chapana ve dvou riznych vyznamech — security a safety.
Ptestoze se v nékterych ¢astech mohou prolinat, je potfeba
k obéma oblastem ptistupovat rozdilng.

Zajisténi security

Takto rozsahla akce, ktera navic obsahuje ve svém
poslani propagaci NATO, samoziejmé vyzaduje Siroké
zapojeni vSech bezpecnostnich slozek nejen na trovni
provozovani letisté. Zaroven se jednd o jedno z nejvétsich
shromazdéni vefejnosti v Moravskoslezském kraji, potazmo
v CR. V dalgim popisu se zamé&fime zejména na problematiku
security uvniti perimetru letisté, ktera spadd do piimé
kompetence provozovatele letiste.

V prostoru pro divaky

Tento prostor obsahuje velkou koncentraci osob a
techniky véetné prodejnich mist obCerstveni a dalsich atrakei.

Zde je potiteba zejména poskytnout tyto
bezpecnostni prvky:
a) Pozarni zabezpeceni
b) Ochrana pfed protipravnimi ¢iny
C) Zdravotni zabezpedeni

Tento prostor je pokryt innosti statnich slozek —
HZS MSK, PCR MSK a ZZS MSK a neni piedmé&tem opatieni
provozovatele letisté. Vyjimkou pfedstavuje cast letiste
(Plocha 4) vyc¢lenéna pro parkovani vozidel navstévnikd. Zde
by v ptipadé pozaru primarné zasahovala jednotka HZS LO.
Analyzu bezpe€nostni situace v téchto prostorach fesi
bezpecnostni studie, kterou zadalo sdruzeni Jagello 2000.

Obecné je na akci zakdzdno vnaSet nebezpecné
pfedméty. Pro zvySeni kontroly nad bezpecnostni situaci
v tomto prostoru byly zavedeny kontroly na vstupnich branach
pro navstévniky, které jsou provadény bezpeénostni agenturou
ve spolupréci s PCR. Specifickou pozornost dostiva VIP
prostor, kam je sméfovana hlavni ucast vyznamnych osob
z politické, primyslové a kulturni scény.
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B) UvNITR PERIMETRU LETISTE

Vzhledem k zachovani bé&zného provozu a navic
nasobnému navySeni provozu Vv souvislosti sakci je nutné
udrzovat standardni bezpecnostni opatfeni provozovaného
letisté. Tato opatieni jsou jesté zvySovana na zakladé
provedené a revidované analyzy rizik.

Vramci této analyzy byla vytipovana tato
nejvyznamnéj§i rizika (ktera se v nékterych ptipadech kryji
s riziky safety):

1) neopravnény vstup do perimetru leti$t¢ ze strany
navstévnika

2) naruSeni perimetru leti§t¢ zvenci

3) neopravnény pohyb osob z fad poradajicich slozek

4) neopravnéné pouziti bezpilotnich prostiedkt pro
Utok na 0soby nebo techniku udastnici se akce

Pro snizeni pravdépodobnosti realizace téchto rizik
bylo ptijato n€kolik opatieni:

1) Mobilni oploceni kolem prostor pro navstévniky je
vzdy vysoké minimalné€ 2m a spojeno Sroubovym
spojenim, které nelze rozebrat bez naradi.

2)  Kolem mobilniho oploceni i kolem stavajiciho
perimetru letisté patroluji pési i mobilni hlidky
atvaru bezpecnosti letists i PCR.

3)  Pro zajisténi perimetru jsou pouzity i dalsi
technické prostiedky, kterym je vénovana zvySena
pozornost. Tyto prostiedky zaroveit monitoruji i
ptipadny pohyb po provozni plose nebo v jejim
okoli.

4)  Veskeré osoby z pofadajicich slozek a ucastnikii
akce s povolenim vstupu do perimetru letisté
(prostor stani pro letadla na dynamické ukéazky —
plocha 1 a 2) jsou oznaceny a musi byt uvedeny na
seznamu, ktery je pfedan provozovateli letisté
Vv piedstihu. Pocet téchto osob je drzen na
nezbytném minimu. Kontroly opravnénosti vstupu
jsou provadény na vstupnich branach do prostor
letisté. V pripadé zmény musi byt tato oznamena
piislusnou odpovédnou osobou za danou slozku.
Veskery persondl dostava od svych nadtizenych
informace o pravidlech pohybu uvnitt perimetru
letisté. Nedodrzeni téchto pravidel mize vést az
k vykézani osoby mimo perimetr letiste.

5) V ptipadé€ vyskytu bezpilotnich prostiedkd je tato
informace predana PCR MSK, ktera proti
nebezpeci neprodlené zasahuje. Zaroven je
V pfipadé nutnosti zastavovan letovy provoz.

Za ochranu perimetru letisté je primarné¢ odpovédny
Utvar bezpeénosti letidté. Vyznamnou mérou se viak na
zvyseni bezpecnosti perimetru a provozu letisté podili zejména
ICP Mosnov spadajici pod PCR, ktery nasazuje jak posilené
hlidky ptislusnikt cizinecké policie, tak dostupnou techniku.

Ochranu letecké techniky v dob& mimo oteviraci
dobu arealu pro navitévniky piebird Vojenska policie ACR,
ktera nasazuje vlastni pfislusniky a techniku. Tato ¢innost je
koordinovana s UBL i ICP.

SAFETY

Tuto problematiku Ize rozdélit na ¢ast pozemni a ve
vzdu$ném prostoru. Provozovatel leti§té provedl analyzu rizik
i zhlediska bezpe¢nosti provozu letadel a mobilnich
prostiedkt pfi pohybu na pohybové plose. Za opatteni a fizeni
pohybu ve vzdu$ném prostoru je odpovédné RLP jako
poskytovatel letovych navigacnich sluzeb a Letovy feditel.

A) VE VZDUSNEM PROSTORU

Za fizeni a bezpecnost provozu ve vzdusném prostoru letisté a
prilehlé oblasti odpovida RLP. Zastupce RLP je vyznamnym
¢lenem piipravného tymu a plisobi zejména v tésné spolupraci
S provozovatelem letiste.

Béhem akce dochdzi kenormnimu nardstu provozu ve
vzdusném prostoru letisté. Pro ilustraci — primérny pocet
pohybl v fizenych prostorech leti§té Ostrava je 120 za den.
Béhem akce je pocet pohybl vysoko pies dvé sté. Tento
provoz je fizen dvéma stanoviiti RLP — stanovi§té APP
Ostrava a TWR Mosnov. Smény na téchto pracovistich jsou
posileny. Zarovein k ochranéni provozu b&hem akce jsou
publikovana omezeni vzdu$ného prostoru. Kolem CTR
Mosnov je v prostoru tfidy G (tj. do 1000ft AGL) publikovan
docasné omezeny prostor o poloméru 8 NM. Nad timto
prostorem je do FL 95 publikovana naviga¢ni vystraha. Vstup
do takto modifikovaného prostoru odpovédnosti je mozny
pouze po povoleni TWR nebo APP. Informace o téchto
prostorech jsou dostupné letecké vefejnosti pomoci zprav
NOTAM.

JelikoZ jde o letadla v absolutni vétsin€ vojenska, mohou byt
fizena piloty, pro které nemusi byt béZznym jevem 1étani podle
civilnich pravidel létani. Jako vypomoc pro tyto ptipady a
zérovehi jako pojitko mezi RLP a Letovym feditelem jsou
béhem prilett a ukazek na stanovisti TWR piitomni vojensti
fidici letového provozu.

Vystupujici letadla se museji Fidit Letovym fadem
zpracovanym pro tuto akci, ktery je v souladu s narodnimi a
mezinarodnimi ptedpisy pro potfadani leteckych vystoupeni
NATO STANAG 3533, publikace AFSP — 5(A), Let-1-1 a
dokumentem Podminky pro pofadani leteckych vefejnych
vystoupeni CAA-SL-101-n-16. Meze vystoupeni jsou
stanoveny pomoci tzv. Display line. Jsou definovéany tii linie
— jedna pro kolmé nalety smérem k divakim pro ,,rychlé
stroje, dal$i pro podélné ukazky a posledni pro vrtulniky a
,pomalé“ letouny. V ptipadé Dni NATO jsou tyto linie
orientovany pomérné nestandardné kolmo na osu RWY, coz je
vynuceno obecnym rozlozenim prostor pro divaky, zejména
existence parkovaci plochy na opacné strané RWY. Linie jsou
vyznaCovany vzdy pied zahijenim akce pomoci posypu
vapnem v dostate¢né délce a Sifce. Na bezpeénost a dodrZeni
pravidel dohlizi Letovy feditel, ktery je opravnén zastavit,
zru$it nebo upravit ukazku, pokud neodpovida bezpe¢nostnim
standardim.

Béhem akce je obecné zakdzano pouzivat bezpilotni
prostiedky'l, vyjimku obdrzel bezpilotni prosttedek, pofizujici
dokumentaci na zakazku potadatele, ktery je v provozu jen
v dob€ mimo letové ukazky.
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V ramci zpestieni nabidky pro navstévniky rovnéz probihaji
vyhlidkové lety vrtulnikti. Tyto maji vyhrazen prostor smérem
na sever od prostoru statickych ukdzek s vyskovym
omezenim, tak aby byl zajistén jejich bezkolizni provoz vici
letovym ukazkam.

A) NAPROVOZNI PLOSE

Jiz zminovany zvyseny a nestandardni provoz, ktery
neodpovida bézné denni rutiné chodu letiste, pfinasi zvyseni
provozniho rizika. Jako nejvyssi rizika byla pro pozemni
provoz letiste identifikovana tato:

1) RWY incursion — neopravnény vstup / vjezd na

RWY nebo do prostoru pasu RWY

2) TWY incursion — neopravnény vstup / vjezd na

TWY nebo do prostoru pasu TWY

3) srazka letadel na zemi nebo srazka vozidel
s letadlem na zemi

4) pohyb osob po APN v prib¢hu letové akce

5) poskozeni RWY vytokovymi plyny vojenskych
letadel startujicich na maximalni vykon v rdmci
dynamiky letové ukéazky

6) neopravnéné pouziti bezpilotnich prostredki a
jejich sblizeni s letovym provozem

Pro snizeni rizika téchto pfipadi byla provedena
nasledujici opatieni:

1) Minimalizovani poétu osob, které maji povoleni ke
vstupu do provozni ¢asti letisté¢ béhem akce.
Omezeni poétu navstév a praci tietich stran, které
nejsou nezbytn& nutné pro zajisténi konani akce. i

2) Pouceni vech osob, které se pohybuji v prostoru
perimetru letisté o rizicich RWY incursion popf.
srazky s letadlem. Zaméstnanci LO jsou b&zné
Skoleni v ramci SMS systému a Dopravniho fadu,
bez absolvovani téchto skoleni se nemohou
pohybovat po pohybové plose letadla pésky ani
fidit vozidlo. Externi zamé&stnanci, ktefi mohou
fidit vozidlo uvnitf arealu, rovnéz prosli stejnou
arovni §koleni. Ptislugnici ACR, kteii vykonavaji
své povinnosti v ramei zabezpedeni provozu béhem
akce, jsou piislusniky vzdusnych sil a je u nich tedy
predpoklad znalosti pohybu po letisti, jejich pohyb
omezen pouze na APN S a zaroven byli pouceni o
specifickych rysech provozu na civilnim letisti.

3) Obsluzna komunikace vedouci kolem perimetru
leti$t€ ma béhem akce vyznaceny sméry pohybu a
zéroven betonovymi zabranami uzavieny veskeré
vjezdy na provozni plochu a umoziuje pohyb tedy
jen ve sméru kolem oploceni.

4)  Prostor letisté je monitorovan bezpe¢nostnim
dispecinkem letisté a v pfipadé vyskytu neznamych
/ nepatiiénych osob nebo vozidel v blizkosti pasu
provozni plochy je okamzité vyslana na misto
hlidka ostrahy letisté a v piipadé nebezpecné
blizkosti je informovan ATCO TWR.

5) Pohyb vojenskych letadel na APN S je fizen
ptislusniky ACR, kteii jsou pougeni o pohybu na
civilnim letisti. Pfestoze se jednd o civilni leti$te, je
¢innost marshallingu pro letadla pfevedena na
vycvidené piislusniky ACR, vzhledem k tomu, Ze

zde pusobici letadla jsou témét vyhradné vojenska
a nekteré pokyny se mohou lisit od pokynt
signalisty, jak je zna ptedpis L2. V ptipadé
navadéni civilniho letadla je k dispozici signalista
(tidici odbavovaci plochy) LO. Vzdy pied vyuzitim
signalisty LO probéhne domluva s vojenskym
fidicim plochy o zptisobu navedeni letadla na stani.
Jedinym pravidelnym uZivatelem této plochy ve
v$edni dny je letoun provozujici pravidelnou linku
pro DHL. Tento je vzdy na své stani na APN

S pomoci vozidla Follow me a signalistou LO

s pomocniky na kiidle. V ptipadé nedostatku
prostoru pro bezpe¢ny prijezd letadla na vlastni
pohon je letadlo zataZeno / vytaZeno na misto
pomoci tahace LO.

6) Prostor statickych ukazek (plocha 5) je v dobé
priletd a odletd oddélen od zbytku vystavniho
arealu mobilnim oplocenim stfezenym
bezpecnostni agenturou. Prijezd touto branou je
mozny pouze na vyslovné povoleni provozovatele
letisté. Zaroven je TWY G pfed vstupem na RWY
obsazen pracovniky UBL, jejichZ iikolem je
zabranit neopravnénému vstupu / vjezdu na
provozni plochu.

7)  Prostory provozni plochy uzaviené pro bézny
provoz jsou opatieny dennim i no¢nim znacenim —
tzn. znacky a svétla nepouzitelnosti véetné
zneschopnéni SZZ uzavienych pojezdovych drah.

8) Jsou provadény Castéjsi preventivni kontroly
provozni plochyi'v déisledku slozeni provozu a
vétsiho namahani betonovych vozovek
provozovanim vojenské techniky.

9) Bezpilotni prostiedky —viz odstavec security

ZAVER

V ramci predchozich tadkl jsme jen velice struéné
nastinili problematiku bezpecnosti béhem konani velkého
leteckého dne na civilnim letisti. Pfestoze jde v ramci pofadani
takto rozsahlé akce jen o jednu c¢ast, jedna se o pomérné
zésadni problematiku z hlediska celkové bezpecnosti akce.
Hlavnim koordinatorem téchto opatieni je provozovatel
letisté. Béhem doby existence akce dochazi k vyvoji piedpist,
zménam bezpe€nostni situace i k ziskdvani zkusSenosti, které
se pak odrazeji v pfijimanych opatienich. Jednozna¢nou
prioritou organizatori akce je bezpe¢nost. To je zakladni
podminka spokojenosti navstévniki i ucastnikt, ktefi si tak
mohou z akce odnaset jen piijemné zazitky.

SEZNAM ZKRATEK

ACR Armada Ceské republiky

APN Apron — odbavovaci plocha

APP Approach — piiblizovaci stanovi§té RLP

ATCO Air Traffic Controller — fidici letového
provozu RLP, s.p.

CTR Control zone — tizeny okrsek letisté

ICP Inspektorat cizinecké policie

HZS MSK Hasi¢sky zachranny sbor

Moravskoslezského kraje
Krajské teditelstvi Policie
Moravskoslezského kraje

KRP MSK
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LO Letisté Ostrava, a.s.

NOTAM Notice to Airman — informace pro

posadky

RLP Rizeni letového provozu, s.p.

RWY Runway — vzletova a ptistavaci draha

TWR Tower — stanovisté RLP véz

UBL Utvar bezpe&nosti letisté — organizaéni
slozka LO

ZZS MSK Zdravotni zachranna sluzba

Moravskoslezského kraje

IV praxi samoziejmé miize dojit K €asovému stietu. Napf.
pokud v piipadé zpozdéni pii ptiletu dopravniho letadla
probiha nacvik nebo ukazka, je toto letadlo nuceno vyckavat
do ukonceni ukazky.

ITWY G je pro bézny provoz uzaviena (viz AIP CR), k jeji
aktivaci dochézi jen v piipadé potieby

il \/ piipadé letisté Ostrava je to obchodni spolegnost Letisté
Ostrava, a.s. vlastnéna majitelem letisté, kterym je
Moravskoslezsky kraj.

iil Coz ostatné neni volné mozné bez povoleni ani v dobé
mimo akci — viz Doplnék X ptedpisu L2

v Ptedpis pozaduje ¢tyti kontroly b&hem 24 hodin

Poznamka: Odborny prispevok k problematike letectva.
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HODNOTENIE ZATAZE PILOTOV S VYUZITIM
PROGRESIVNYCH TECHNOLOGII

Ing. Iveta Skvarekovi
Fakulta prevadzky a ekonomiky dopravy a spojov, Zilinska univerzita v Ziline, Slovenska republika
iveta.skvarekova@fpedas.uniza.sk

doc. Ing. Branislav Kandera, PhD.
Fakulta prevadzky a ekonomiky dopravy a spojov, Zilinska univerzita v Ziline, Slovenska republika
kandera@fpedas.uniza.sk

Abstrakt — Tento ¢lanok je zamerany na hodnotenie
mentdlnej zataze pilotov s vyuZitim progresivnych technologii.
Pre realizdciu ndsho vyskumu budeme vyuZivat technolégiu
sledovania ocnych pohybov (eye track), pomocou ktorej je
mozné urcit rozloZenie pozornosti pilota pri vykonavani
predpisanych letovych postupov. Vdaka poctu fixdcit
a celkovej doby zotrvania mozZeme urcit mentalnu zataz pilota
V danom casovom okamihu. V dalsich fazach vyskumu budeme
taktiez vyuzivat technoldgiu, ktord analyzuje mozgovu aktivitu
(emotiv. EEG neurohedseat) a nésledne ziskané hodnoty
porovndme s vysledkami zo zariadenia eye track. Nasej Studie
sa zucastni Sest pilotov, ktori bud rozdeleni do dvoch skupin-
skuseni a neskuseni piloti. Dané merania sa uskutocnia na
letovom simulatore ELITE S923 a L410, ktoré sa nachadzaju
na letisku Zilina, Dolny Hricov. V pripade simulatora ELITE
$923 sa jedna o klasické anal6gové zobrazenie leteckych
pristrojov, na druhej strane simulator L410 je vybaveny
modernym glass kokpitom. Cielom nasej prdce je zistit' do akej
miery sa odliSuje mentdlna zataz pilotov pocas testovania na
danych simuldtoroch, kedZe sa jednd o dve rozdielne
zobrazenia. TaktieZ budeme hodnotit uroven mentalnej zdtaze
u skusenych a nesklsenych pilotov. V zavere ndsho clanku sa
nachadzaji moznosti vyuzitia progresivnych technologii
vV letectve.

KPicové slova — Eye track, glass cockpit, EEG neurohedseat
, palubné pristroje, mentalna zataz

Uvod a analyza St¢asného stavu

Vyuzivanie inovativnych progresivnych technologii
sa Vv poslednej dobe stava Coraz populdrnejSim v oblasti
sledovania l'udskej zat'aze a vykonnosti. Letecka doprava nie
je vynimkou atieto zariadenie uz boli vyuZité vo viacerych
vyskumoch. Zaradenie na sledovanie o¢nych pohybov (eye
track), zaznamenava zakladné o¢né pohyby. V sucasnosti sa
toto zariadenie vyuziva pri efektivnom rozlozeni palubnych
pristrojov v kokpite, pri vycviku pilotov a taktieZ pri adaptacii
pilota na inovativne technoldgie vyuZivané v letectve (Novak
& Zacik, 2016)

Pristatie  sa  vSeobecne  zaraduje = medzi

najnebezpeénejSie fazy letu. Khatwa a Helmreich (1999)
uvadzaji, ze 287 z 621 (46%) smrtelnych nehdd v rokoch

1980 az 1996 sa udialo pocas faz priblizenia a pristatia lietadla.
Podla udajov Bakera, Lamb, Li a Dodd (1996) sa vycvikové
lety stretdvaju s viac ako 300 nehodami roCne (Statistiky
zaznamendavaju obdobie v rozmedzi rokov 1989 a 1992), ze
51% nehdd sa odohralo pocas solovych vycvikovych letov.
Z tychto nehdd zomrelo 193 z 360 $tudentov (54%) pri pristati
alebo odlete. Pri tak velkom poéte nehdd, ku ktorym doslo
pocas pristatia, je dolezité zlepsit metody vycviku pilotov
pocas tejto zranitelnej fazy letu.

Bellenkes, Wickens a Kramer (1997) zistili rozdiely
vo vizudlnom skenovani pocas zataCania, stipania a klesania.
Napriklad pilot sleduje vySkomer CcastejSie pocas faz,
v ktorych sa meni smer, zatial Co pri zmene smeru
anadmorskej vysky castejSie sleduje rychlomer. Klesanie
a pristatie maji spolo¢né znaky (strata nadmorskej vysky),
avSak je dolezité si uvedomit, ze vizudlne skenovanie pocas
pristatia sa moze znacne 1isit’ od klesania, pretoze pri pristati
je potrebna vicsia preciznost’ a taktiez sledovanie vonkajsicho
sveta. Najdolezitej$i zaver ku ktorému dospeli Bellenkes
akol. (1997) spo¢iva vtom, ze skenovacie rozdiely medzi
novacikmi a odbornikmi sa vyznacuju korelaciou s lepSim
vykonom. VSeobecne povedané, skusenejsi piloti by mali mat’
krat$ie doby zotrvania a viac fixéacii ako neskudseni piloti.
Najma ¢o sa tyka rychlomera, vyskomera a variometra.

Najnovsi vyskum z roku 2013 pod vedenim NASA
bol zamerany na vyuzivanie novych technologii v letectve.
Simulécie boli prispdsobené realnym podmienkam doplnené
0 neodakavané situécie ako su: zIé poveternostné podmienky,
husta prevadzka, zlyhania pristrojov, nespravne tdaje, chybna
komunikacia a zmeny letovych planov. Zavery tejto Stadie
priniesli rézne vysledky, medzi najdolezitejSie mozeme
poznamenat’, Ze vyuZzitim automatickych zariadeni dochadza
k strate pozornosti apilot moze lahko prehliadat’ chyby
(Novék & Mrazova, 2015%)

Vdaka spomenutym vyskumom, moézeme dospiet’
k zaverom ze efektivne modely skenovania prinasaju lepsi
vykon (Shapiro & Raymond, 1989). Experti tiez preukazali, ze
vyssia frekvencia fixacii skrat§im casom =zotrvania na
v8etkych pristrojoch vedie k zvysenému vykonu (Bellenkes
akol,, 1997) a (Kramer a kol., 1994). Preto pocas letu podla
pristrojov mézeme predpokladat’ Ze ti, ktori preukazu casté
fixacie s kratkym ¢asom zotrvania a maximalizuji vyuzitie
periférnej vizie, dokazu lepsie pristat’.

Na Slovensku sa touto témou zaoberd pan doc. Ing.
Radovan Madlenak, PhD., ktory viedol vyskum zamerany na

rozptylenia vodi¢a vizualnym smogom na vybranom cestnom
Useku na Slovensku z roku 2016.
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Obrazok 1 Priklad vizualneho Vsmd'gu v okoli ciest (zdroj:
Madleridk, 2016)

Metodika merania

Meranie pracovného zatazenia pilota je subjektivna
metoda, ktord je tazko meratend v redlnom case. Vdaka
predoslym vyskumom bolo preukdzané, ze existuje uzke
prepojenie medzi mentdlnym zatazenim pilota a ocnymi
pohybmi. Prave z tohto dévodu je predmetom skiimania nasej
prace meranie rozlozenia pozornosti pilotov pri IFR letoch.
Ciel'om nasho merania je zistit' aké je rozlozenie pozornosti
pilota pocas postupu presného a nie-presného pristrojového
pribliZenia a ako sa odlisuju skenovacie techniky, doby fixacie
a doby zotrvania u skdsenych a neskusenych pilotov.

Participanti

Merani sa dobrovol'ne zucastnilo Sest’ pilotov, ktori
su sucasne pilotmi vo vycviku na LVVC. Vek tcastnikov sa
pohyboval od 21 do 28 rokov (priemerny vek 23,8). Vsetci
participanti boli vopred oboznadmeni s priebehom celého
merania a vopred sa nan pripravili. Pre na$u pricu sme sa
vopred rozhodli pilotov rozdelit’ do dvoch zakladnych skupin
podla poétu nalietanych hodin a skisenosti s IFR lietanim.
Obidve skupiny si presli teoretickym vycvikom IFR lietania.
Participanti boli poziadani, aby vykonali dve merania podla
pripraveného scenaru. Celkova doba letu spolu s pripravou
nepresiahla 15 minat. Skaseni piloti lietali dané Glohy sami,
aby neboli pocas letu rozptylovani. V pripade neskuisenych
pilotov je let absolvovany spolu s instruktorom, ktory dohliada
na spravne prevedenie danych tloh. Vsetci piloti vopred dobre
poznali a ovladali predpisané Gkony pri vykonavani letovych
postupov.

Letovy simulator

NaSe merania prebiehali na letovom simulatore
ELITE S923 FNPT Il MCC, ktory sa nachadza na letisku
Zilina — Dolny Hridov. Technoldgia pozostava z letového
simulatora konfigurovaného ako turbovrtulovy letin
Beechcraft King Air B200. Hardvér simulatora ma realne
rozmery a spiiia poziadavky kladené na simulator typu ,,FNPT
I“ azaroven ,,FNPT II MCC*“ vzmysle predpisu
a kvalitativnych a technickych noriem v zmysle Standardov
EASA CS-FSTD(A) a platnych predpisov a noriem platnych
v SR. Zariadenie obsahuje pristrojové a avionické vybavenie,
vratane sedadiel pre dvoch pilotov, a instruktora v zmysle
platnych predpisov. Zariadenie obsahuje vybavenie kokpitu
pre dennd anoénti prevadzku aje schopné simulovat
Standardné meteorologické javy a poruchy lietadla.

Obrazok 2 Letovy simuldtor ELITE S923 pocas merania

V blizkej budlcnosti sa merania zopakuji na letovom
simulatore letina L-410 UVP-E20 s dvoma turbovrtulovymi
motormi s moZnostou zavedenia spétnej vézby. Simulator
disponuje modernym ,glass kokpitom* aje schopny
simulovat’ §tandardné poruchy daného typu letina. Namerané
hodnoty sa nasledne vyhodnotia a porovnaja s vysledkami so
simultora ELITE S923.

Obrézok 3 Letovy simulator L-410 UVP-E20

Technoldgia eye track

Pri realizacii praktickej Casti nasej prace sme vyuzili
zariadenie eye track, pomocou ktoré¢ho je mozné vidiet
rozlozenie pozornosti pilota pri vykondvani predpisanych
letovych postupov. Sledovanie ocnych pohybov sa ukazuje
ako s'ubna metdda pri analyze rozlozenia pristrojov v kabine
lietadla. (Bjorneseth akol., 2014) Taktiez nam tato
technoldgia méze pomdct’ pri zhodnoteni pripravenosti pilota
na let podla pristrojov (Novak & Mrazova, 2015P)

Okuliare na sledovanie o¢nych pohybov SMI 2
Wireless (SMI ETG 2w) su navrhnuté na zaznamenavanie
prirodzeného T'udského podhladu v redlnom case- so Sirokou
Skalou aplikacii, vybornou mobilitou a jednoduchym
pouzivanim. Okuliare sa dodavaju s malym rekordérom,
v podobe telefonu Samsung Galaxy Note 4, na ktory su
zaznamenavané Udaje sledovanych pouzivatelov. Zariadenie
sleduje oéné pohyby na binokularnom principe s automatickou
kompenzaciou paralaxy. Pre zvySenie produktivity je mozné
v softvéri SMI BeGaze pouzit’ efektivne zaostrovanie analyzy
dat na relevantnych sekvenciach zaznamenanych dat.
(Www.smivision.com)

Softvér Behavioral and Gaze Analysis (SMI
BeGaze) zjednodusuje analyzu monokularnych
a binokularnych tdajov. Umoznuje analyzovat informécie
ziskané pomocou zariadenia ETG v podobe grafov pripadne
videi. Pismena na obrazku nizsie oznacujii umiestnenie troch
kamier: (a) — kamera zaznamenavajlca prostredie, (b) —
kamery zaznamenavajice o¢né pohyby.
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Obrézok 4 SMI eye tracing glasses (zdroj: www.
smivision.com)

Nalietavana trajektéria

Pre potreby merania rozlozenia pozornosti pilotov
na letovom simuldtore sme ako zakladnu ¢&innost’ vybrali
vykonanie postupu pristrojového priblizenia NDB a ILS na
letisku Zilina — Dolny Hriov (LZZI) pre vzletova
a pristavaciu drahu (RWY) 06.

Scenar testovania

Scenar testovania participantov vychadza zo
zakladnej metodiky merania a samotny experiment pozostava
z nasledovnych bodov:

e Predletovd priprava a orienticia pilota na
simulétore,

kalibracia zariadenia eye track,
NDB priblizenie,

ILS priblizenie,

Dotaznik.

Predletovd priprava spociva v oboznameni sa
s vybranymi navigaénymi a letovymi postupmi, ktoré budd
vykonévat pocas testovania. Piloti si nasledne zopakuji ukony
pre dany typ letina (B200) a presund sa do kokpitu, kde
vykonaju kratky zoznamovaci let. Po vykonani tohto letu
zaCne kalibracia zariadenia eye track.

Kalibracia zariadenia spociva v zamerani troch
kontrolnych bodov. Pilot absolvoval kalibraciu v stoji, vo
vzdialenosti 1,5 metra od tabule, na ktorej mal vyznacené
referen¢né body. Je vel'mi dblezité, aby sa pilot pozeral priamo
na vyznacené body a nehybal sa. Po samotnej kalibracii este
prevedieme kontrolu, ¢i je zariadené spravne nakalibrované
a nedochadza k odchylkam. V pripade problémov je moZné
ruéné nastavenie kamier, ktoré sleduji o¢i. Pripadne sa da
upravit’ drziak na okuliaroch podrla tvaru nosa.

Obrazok 5 Kalibréacia zariadenia SMI ETG 2w

Nasledne je na instruktorskom stanovisku nastavena
pociato¢na poloha simulovaného letu. Tento pociatoény bod
merania sa nachadza v nadmorskej vyske 4000 stop a vo
vzdialenosti 8,5 NM od prahu RWY 06. Po dohode
s testovanym pilotom sa zacne na povel ,Start“ meranie

postupu NDB. Meranie je spustené S$tartom simulacie
a videozaznamu v technol6gii eye track. Po vykonani merania
NDB priblizenia je cely postup opakovany pre ILS priblizenie.
DiZka videozaznamu pri oboch meraniach je priblizne 4 min.
a 30 sek.

Po ukonceni druhého merania testovany pilot vyplni
dotaznik. Sicastou dotaznika su aj doterajsie letové skusenosti
pilota.

Fyzické a psychické rozpoloZenie dokaze v znacnej
miere ovplyvnit vykonnost pilota. Tieto faktory moézeme
pozorovat’ hlavne v pripade rozloZenia pozornosti, preto je
dolezité polozit’ pilotovi otazku ako sa pred samotnym letom
citil. PretoZe tento stav nam méZe podstatne ovplyvnit’ nami
namerané hodnoty.

Vysledky a analyza merania

Surové data zo zariadenia eye track sme spracovali
pomocou softvéru BeGaze. Na zadiatku sme si vlozili
jednotlivé videa do aplikacie. Kazdé priblizenie sa
vyhodnocovalo samostatne. Dizka jedného videa sa
pohybovala od 4 do 5 minut. Pred samotnou analyzou sme si
vytvorili fotografiu palubnej dosky simulatora, na ktorom sa
uskutoc€nilo meranie. Nasledne sme si na tejto fotografii urcili
jednotlivé oblasti zaujmu (AOI- area of interest)). Toto
rozdelenie sme pouzili pri vSetkych videdch. (Obr.5)

Obrézok 6 Rozdelenie palubovky na jednotlivé oblasti zaujmu

Pokracovali sme vyberom videa, ktoré sme isli
analyzovat aurcili sme si referen¢né body. KedZe sa
nejednalo o staticky obraz, museli sme zadavat’ tieto body
jednotlivo. (Obr. 6) Softvér si nasledne uréil sakady, fixacie
a dizku samotnej fixacie. Tieto Gidaje je najlepsie vidiet na tzv.
»scan path“, kde je vidiet celkovy priebeh sledovania
pristrojov (Obr. 7)

Obrazok 7 Urcovanie referencnych bodov
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i i
Obrazok 8 Scan path pocas NDB priblizenia

Po vyznaeni referenénych bodov na vopred
vybrani fotografiu sme vyhodnocovali jednotlivé Udaje
adostali vysledky v podobe sekvenénej tabulky, grafu
s celkovym cCasom zotrvania a kli€ovych ukazovatelov
vykonnosti. Nasledne sme tieto hodnoty porovnali.

Rozlozenie pozornosti po¢as NDB a ILS priblizenia

Vysledky v tejto Casti ndm zobrazuju do akej miery
pilot prijima informacie pocas pristitia sledovanim
vonkajsicho okolia asledovanim palubnych pristrojov
u presného a nie-presného pribliZenia.

Pomocou softvéru BeGaze sme si vypocitali celkové
zotrvanie na jednotlivych pristrojoch (dwell time). Téato
hodnota je v percentach, aviak celkovy sucet nie je 100%.
Zostavajuce percenta predstavuju chyby, ktoré vznikli pocas
merania (kamera nedokézala sledovat’ o¢né pohyby pilota
apod.) azmurknutia. V tabulke sa nachadza tzv. ,,white
space” pripadne ,,white zone“ jedna sa o oblast, ktora sa
nenachédza v Ziadnej oznadenej oblasti zaujmu. Prvy stipec pri
jednotlivych priblizeniach v tabulke predstavuje hodnoty
ziskané pomocou softvéru BeGaze, druhy je prepoditany na
100% pomocou programu Microsoft Excel. V tabulkach
moézeme vidiet' percentudlny podiel celkovej doby zotrvania
na jednotlivych oblastiach zaujmu. Skuseni piloti si pocas
oboch priblizeni zachovali radidlne selektivne rozlozenie
pozornosti medzi jednotlivymi pristrojmi s  kratkymi
fixdciami. Taktiez je vidiet percentudlny rozdiel medzi
presnym a nie-presnym priblizenim najmid o sa tyka
sledovania vonkajSieho okolia. Pocas oboch priblizeni bol
hlavnym pristrojom umely horizont.

Tabulka 1 Rozlozenie pozomosti skuseni piloti

ILS NDB

AOI S1|S2|S3|S1|S2 | S3
RWY 81 [14,7] 95 |17,2]14,7|19,2
Umely horizont 34,7128,3| 29 |22,3| 18 |194
Rychlomer 62 41|21 |53|24]| 8
Vyskomer 48 |51 |57 (53|78]83
ADF 83|84 |15(112| 13 |78
Sklonomer 0102 0 [02]02]| O
HSI 22,119,7|37,6(14,3| 87 | 10,1
Variometer 03| 2 |36]22]33]|82

Motorove a 57 |71(66|94|121] 85
navigacné pristroje

White space 96 |104| 4,4 1121)149]| 53

Mapa 0 0 0 02|48 |52

V pripade neskusenych pilotov mézeme vidiet niekolko
rozdielov oproti skenovacej technike skisenych pilotov.
Napriek teoretickej priprave piloti si nedokazali udrzat
radialne selektivne skenovanie. Ako mézeme vidiet' v tabul’ke
piloti vynechali priméarny pristroj- rychlomer. Taktiez dizky
fixacii su znaéne dlhsie ako v pripade skusenych pilotov-
najmi o sa tyka sledovania vonkajsieho okolia.

Tabulka 2 Rozlozenie pozornosti neskuseni piloti

ILS NDB
AOI N1 | N2 | N3 | N1 | N2 | N3
RWY 10,1] 8,3 |135( 40 [38,2]37,6
Umely horizont 34,3116,3(34,5]127,9(13,7] 25,6
Rychlomer 0110 [0 03[0 (0O
Vyskomer 19815519348 2
ADF 0 |01 0 1,71 3,6 (131
Sklonomer 0 1]01f0 0[O0
HSI 19,6 64,1 35 (10,6(26,3]19,7
Variometer 121142191 (75(44]09
Motorové a 05105113 |17(02]{0,2
navigac¢né pristroje
White space 31149114 1 (88]09
Mapa 02| 0 0 |01]| O 0

Porovnanie rozloZenia pozornosti

Analyzovanim (dajov zo zariadenia eye track sme si
vytvorili graf, ktory porovnava diZku zotrvania ja palubnym
pristrojoch aRWY. Pocas ILS priblizenia je podiel
u skusenych a neskusenych pilotov takmer totozny. Pri NDB
priblizeni mézeme vidiet’ rozdiel, kde neskuseni piloti maju
dlhsiu dobu zotrvania na RWY. Porovnanim grafu ¢. 8,
mozZeme vidiet, Ze neskuseni piloti zacali so skenovanim
RWY ovel’a skor ako skuseni pilot. Hlavnym rozdielom je, Ze
nesktiseni piloti pocas pristatia venovali pozornost’ vylu¢ne
RWY pred sebou. Skuseni piloti nad’alej do skenovania
zapéjali aj zakladné letové pristroje.

100
90
80
70
60
50
40
30
20
10 A
O —

M skiseni
M Neskuseni

1 2 3 4

Graf 1Porovnanie rozloZenia pozornosti- letové pristrje
adraha
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Pocas letu je za hlavny pristroj povazovany umely
horizont, avSak pocas pristatia pilot prijima tuto referenciu
priamo vizualnym pozorovanim reédlneho horizontu. Tuto
skuto¢nost’ mézeme vidiet' na nasledujucom grafe ¢. 8, kde
vsetci piloti v koneCnej faze pristatia nevenuju pozornost’
umelému horizontu, ale drahe pred sebou (tyrkysova farba).
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Graf 2 Porovnanie rozloZenia pozornosti u participantov
(ILS, NDB)
Zaver
Najcennej$im  a najvykonnejSim  orientaénym

organom ¢loveka je zrak. Zariadenie na sledovanie o¢i eye
track sa ukazuje ako jednou z najefektivnejsich technik
sledovania rozlozenia pozornosti pilota pocas letu. Oc¢né
pohyby poskytuju informécie o pracovnej zatazi a situaénom
povedomi pilota. Pilotovanie je zlozitym uvedomelym aktom,
ktory obsahuje procesy vnimania informécie, sformovania
obrazu letu na zéklade vnimanych informacii a nakoniec
vyplnenie motorickej ¢innosti.

Zakladom vsetkych letov podl'a pristrojov je spravne
rozdelenie pozornosti a spravna interpretacia tdajov letovych
pristrojov.  Pozorovanim  zodpovedajuceho  pristroja
v spravnom okamihu moéze pilot dosiahnut pozadovany
vysledok. Struktara odgitania udajov je urGovand vecnou
strankou informéacie a vyznamnosti signalu vychadzajiceho
z kazdého pristroja. Frekvencia a premiestiiovanie pohl'adu na
pristrojovej doske zavisi na faze letu. Stredna a relativna doba
fixdcie pohl'adu na r6znych pristrojoch nie je stala, je urena
potrebami kontroly a riadenia v konkrétnom rezime.

Pocas nasho merania sme zistili, Ze sktseni piloti
boli schopni za 1 minatu 120 aZ 140 prenosov (sakad)
pohladov =z pristroja na pristroj. Piloti sa Casto mylne
domnievaju, Ze pocas sledovania pristrojov kiZe ich pohlad
rovnomerne po jednotlivych ukazovateloch. Avsak pri
skenovani pristrojov robia o¢i skokové pohyby s urgitou
fixaciou (kratSou alebo dlhsou) na jednotlivych pristrojoch.
Pristroje st sledované v roznom poradi v zavislosti na faze
letu. Doba fixacie pohl'adu este nemusi nutne znamenat’ jeho
pIné akvalitné vnimanie. Pilot totiz nema tolko ¢asu na
najdenie a odstranenie odchylky. Mo6ze dojst’ len k zahajeniu
opravy.

Skuseni piloti dokazali vykonat' za minutu 120 az
140 prenosov pozornosti. Co znamend priblizne 0,5
sekundy na jednotlivy ukazovatel. Tym, Ze piloti porovnavali
hodnoty pristroja s predchadzajdcimi, obnovovali si,
interpolovali vyznam parametra za dobu prestavky. Vd'aka
interpolécii vyplnili prestdvky medzi susednymi parametrami,
¢o vyvolalo dojem neustalej kontroly. Vysledkom je, Ze piloti
predvidali zmeny pol6h na ur¢ity ¢as dopredu.

Najvacsi rozdiel medzi skisenymi a neskisenymi
pilotmi bol v celkovej dobe zotrvania (dwell time) a poéte
fixacii. Ako sme uz vyssie spomenuli skuseni piloti dokazali
prijimat’ informacie v kratSom case. KratSie zotrvanie na

jednom pristroji umoznilo skdsenej$im pilotom skenovat’
ostatné oblasti zaujmu. Taktiez mali viac Casu na detekciu
pripadnych chyb a nasledne zahajenie opravy.

Neskuseni piloti sa najéastejSie dopustali chyb,
ktoré s spomenuté v teoretickej Casti nasej prace. Najvacsou
chybou, ktord vykonavali bolo vynechanie pristroja. V nasom
pripade sa jednalo o primarny pristroj - rychlomer, ktory je
suCastou zakladného rozlozZenia pristrojov do ,tvaru T
avziadnom pripade nemdéze byt vynechany pocas
pozorovania. Nesklseni piloti sa taktiez Casto doptstali
fixacie na jednotlivé pristroje. Jedna sa o najcastejsiu chybu
pri IFR wvycviku. Tato chyba je postupne odstranena
s nalietanymi hodinami a skasenost'ami s IFR lietanim.

Dal$im rozdielom medzi skiisenymi a neskiisenymi
pilotmi je percentudlny podiel rozdelenia pozornosti pocas
pristitia na pristroje adrahu pred pilotom. Podas ILS
priblizenia je podiel u skisenych a neskisenych pilotov
takmer totozny. Pri NDB priblizeni mézeme vidiet' rozdiel,
kde neskuseni piloti maju dlhsiu dobu zotrvania pohladu na
drahu. Hlavnym rozdielom je, Ze neskuseni piloti pocas
pristatia venovali pozornost' vyluéne dréhe pred sebou.
Skuseni piloti nad’alej do skenovania zapajali aj primarne
letové pristroje.

Dospeli sme kzaveru, Ze osvojenie radialnej
selektivnej pozornosti je zdihavy proces, ktory sa neda naugit
len teoretickou pripravou ale je potrebné praktické lietanie
a nadobudanie novych skisenosti s IFR lietanim. Ako sme uz
vyssie dokézali, si viditelné znaéné rozdiely v skenovacej
technike medzi skisenymi a neskisenymi pilotmi. Vykonnost’
pri pristati je umernad k celkovému poétu fixacii a men$im
priemernym casom zotrvania pocas fixacie.

Na zaver mézeme zhodnotit’, Ze vyuzitie zariadenia
eye track pocas vycviku pilotov mdze byt vo viacerych
smeroch uzitonou metédou. Jednd sa o objektivne
sledovanie, ktoré nerozptyl'uje pilota a poskytuje informéacie
0 priebehu letu inStruktorovi. Vyhodou tohto zariadenia je, ze
samotny pilot si moze dodatocne skontrolovat' rozlozenie
pozornosti na jednotlivych pristrojoch, pretoze v mnohych
pripadoch si nemusi uvedomovat’ fixaciu na jednotlivych
pristrojoch  pripadne rozptylovanie pozornosti inymi
zariadeniami v kokpite.

Technologia eye track moze pomdct’ pri hodnoteni
vyuzitelnosti novych pristrojov a zariadeni kokpitu. Do
budicna by sme radi nase merania uskuto¢nili na letovom
simuléatore typu L-410 UVP-E20, ktory disponuje modernym
,.glass kokpitom* a namerané hodnoty porovnali s vysledkami
z nasej prace.

Acknowledgment

This paper is published as one of the scientific outputs
of the project: ,,New technologies and best practices in
education in the Air Transport and Professional Pilots”,
KEGA 011ZU-4/2018.

Zoznam bibliografickych odkazov

Bellenkes A.H., Wickens C.D., Kramer A.F., (1997) Visual
scanning and pilot expertise: the role of attentional flexibility
and mental model development

Carasco, 2011, H. Deubel and W.X. Schneider, ,,Saccade
target selection and object recognition: Evidence for
a common attentional mechanism, Vision research

40



Letecky ustav, FSI, VUT v Brné

New Trends in Civil Aviation 2018

Diez M., Holt R.W., Pinney M.E., Hansberger J.T., Schoppek
W., (2001) "Tracking pilot interactions with flight
management systems through eye movements"

FAA, U.S. Department of Transportation, (2012) Instrument
Flying Handbook

Frische F., Osterloh J.P., Ludtke A., (2011) Simulating Visual
Attention Allocation of Pilots in an Advanced Cockpit
Environment

Holmgvist K., Nystrom M., Andersson R., Dewhurst R.,
Jarodzka H., (2011) Eye tracking: A comprehensive guide to
methods and measures

Kasarskis P. a kol.,(2001) Comparison of expert and novice
scan behaviors during VFR

K&z J., (2007) Metodika pilotného vycviku na letovom
simulatore, ISBN 978-80-8070-7-4

aNovak, A. Mrazova, M.: Research of physiological factors
affecting pilot performance in flight simulation training
device / Andrej Novak - Maria Mrazova. In: Communications
: scientific letters of the University of Zilina. - ISSN 1335-
4205. - Vol. 17, no. 3 (2015), s. 103-107.

PNovék, A., Mrazova, M.: The effect of physiological
stressors on pilot's decision making during unfavourable
simulated conditions: An explorative study In: Incas
Bulletin. - ISSN 2066-8201. - Vol. 7, iss. 2 (2015), s. 153-
162.

Novak, A., Zatik, N.: Research and educational laboratories
of air transport department at the University of Zilina . In:
INAIR 2016, Zilina: University of Zilina, 2016. - ISBN 978-
80-554-1273-3. - S. 110-114.

SensoMotoric Instruments: SMI Eye Tracking Glasses 2
wireles, www.smivision.com

Tsang P.S. a Vidulich M.A., (2003) Principles and Practice of
Aviation Psychology

41



Letecky ustav, FSI, VUT v Brné

New Trends in Civil Aviation 2018

DECLARED TRAINING ORGANISATIONS (DTO)

doc. Ing. Bc. Jakub Hospodka, Ph.D.
Department of Air Transport, Faculty of Transportation Sciences, Czech Technical University in Prague, Czech

Republic

hospojak@fd.cvut.cz

Ing. Vladimir Plos, Ph.D.
Department of Air Transport, Faculty of Transportation Sciences, Czech Technical University in Prague, Czech

Republic

plos@fd.cvut.cz

Abstract — EU directive 1178/2011 was amended by Annex
VIl where requirements for new type of a training
organization, so called Declare training organization (DTO),
are defined. AMC and GM materials to PART-DTO were
published by EASA ED on 14 September 2018. Therefore, we
would like to seize the opportunity to discuss this very up-to-
date issue on the NTCL conference. In this paper we would like
to present main differences between ATO and DTO, especially
from the safety point of view.

Key words — DTO, EASA, Training, Safety.

Introduction

This paper dissertates about very current new option
for pilot training. EU directive 1178/2011 [1] was amended by
Annex VIII where are requirements for new type of a training
organization so called Declarer training organization (DTO).
AMC and GM material to PART-DTO [2] were published by
EASA ED on 14 September 2018. The main reason for
introduction of this new type of organization was to allow
simplified operation for training organizations which are
providing non-complex trainings. Therefore, it is essential to
strictly define scope of trainings which is any DTO eligible to
do.

Scope of the trainings eligible for DTO

According to DTO.GEN 10 DTOs are entitled to
provide:

A DTO shall be entitled to provide the following training,
provided that the DTO has submitted a declaration in
accordance with point DTO.GEN.115:

()

for aeroplanes:

(a) theoretical knowledge instruction for LAPL(A) and

PPL(A);
(b)
(©

flight instruction for LAPL(A) and PPL(A);

training towards class
SEP(sea) and TMG;

rating for SEP(land),

@

®)

(4)

(d)

fo

(@)
(b)
©

(d)

fo

@)

(b)
(©

(d)

(€)

()
(@)

fo

(@)

(b)
(©

(d)

(€)

(®

=

=

r

training towards additional ratings: night, aerobatics,
mountain, sailplane and banner towing;

helicopters:

theoretical knowledge instruction for LAPL(H) and
PPL(H);

flight instruction for LAPL(H), PPL(H);

single-engine type rating for helicopters for which
the maximum certified seat configuration does not
exceed five seats;

training towards night rating;
sailplanes:

theoretical knowledge instruction for LAPL(S) and
SPL,;

flight instruction for LAPL(S) and SPL;

training towards extension of privileges to TMG in
accordance with point FCL.135.S;

training towards additional launch methods in
accordance with point FCL.130.S;

training towards additional ratings: aerobatics,
sailplane towing, and sailplane cloud flying rating;

training towards flight instructor rating FI(S);
FI(S) refresher seminar.
balloons:

theoretical knowledge instruction for LAPL(B) and
BPL;

flight instruction for LAPL(B) and BPL;

training towards class extension in accordance with

point FCL.135.B;
training towards class or group extension in
accordance with point FCL.225.B;

training towards extension to tethered flight in
accordance with point FCL.130.B;

training towards night rating;
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(g) training towards flight instructor rating FI(B);
(h)  FI(B) refresher seminar.

This complete list of all allowed trainings which
shall be provided by a DTO. No other training can be provided
by a DTO even if DTO originated from ATO which was
allowed for such training. From the aforementioned list it is
obvious that the scope of training is focused on general
aviation pilots, Sailplanes and balloons.

In following articles, we want to stress differences
between ATO and DTO and especially emphasize the
obligations of a DTO which may represent an issue.

NPA 2015-20 difference

DTO was firstly introduced in NPA 2015-20 [3]. In
this NPA DTO was called BTO (basic training organization),
but during the legislative process that name was changed to
DTO. There are several differences between the NPA 2015-20
proposal and the rulemaking text which was published in 2018.
During the final revision and preparation of the draft rule text,
it was decided to renumber the provisions of the new Part-
DTO in order to be consistent with the numbering system of
Part-ORA. In this way, also the sequence of the provisions was
changed in a few cases. In the EASA documents References
starting with ‘BTO.GEN.XXX" refer to the numbering system
as shown in NPA 2015-20, while references starting with
‘DTO.GEN.XXX’ refer to the new numbering. The following
table illustrates which provisions have been renumbered and
in which way, to ease navigation for those who are familiar
with former NPA 2015-20 numbering.

Table 1 — NPA to DTO differences EASA Opinion 11-2016

New
Tobic Old Numbering numbering
P (NPA2015-20) | (Opinion No
11/2016)
General BTO.GEN.100 | DTO. GEN.100
Competent Authority BTO.GEN.110 | DTO. GEN.105
Scope BTO.GEN.120 | DTO. GEN.110

Declaration Process BTO.GEN.130 | DTO. GEN.115

Means of Compliance Not part of NPA | DTO. GEN.120

Scope and privileges BTO.GEN.140 | DTO. GEN.125

Exercise of training BTO.GEN.170 | DTO. GEN.135

activities
Access BTO.GEN.150 | DTO. GEN.140
Findings BTO.GEN.160 | DTO. GEN.150

Immediate reaction to a
safety problem

BTO.GEN.180 DTO. GEN.155

Occurrence reporting Not part of NPA | DTO. GEN.160

Personnel requirements BTO.GEN.200 DTO. GEN.210

Record-keeping BTO.GEN.220 DTO. GEN.220

Training programme BTO.GEN.230 DTO. GEN.230

Training aircraft and
FSTD

BTO.GEN.240 DTO. GEN.240

New
. Old Numbering numbering
Topic .
(NPA 2015-20) (Opinion No
11/2016)

Aerodromes and BTO.GEN.250 | DTO. GEN.250
operation sites
Facility requirements BTO.GEN.255 | DTO. GEN.255
Theoretical knowledge BTO.GEN.260 DTO. GEN.260
instruction
Annual internal review
and activity report BTO.GEN.210 DTO. GEN.270

DTO foundation

DTO is founded by declaration of the DTO. The
declaration shall state the aerodrome(s) which is the base of
training organization. List of type of aircrafts used for the
training and training programs which are to be provided.
Declaration is the only document which DTO has to provide.
Competent authority only verifies if the declaration contains
all mandatory information, the authority than acknowledge
receipt and provides DTO with the DTO reference number.
And that is the whole process, which is much shorter than the
certification process for a new ATO. The declaration form in
Czech language is already accessible from the CAA web page.

Changes in the declaration are done same way. The
authority just acknowledges the change and DTO is allowed
operate immediately after receiving the receipt upon those new
terms.

The only difference in this process is a verification
of a new training program which has to be done by the
authority, where the authority shall verify the compliance with
APRT-FCL.

The termination of the declaration may be done
either by the DTO has notified the competent authority of the
cessation of some or all of the training activities covered by
the declaration or, and more probably, by not providing the
specific training in 36 months.

Personnel requirements

For a DTO declaration only two names have to be
given. First is Accountable manager, and second is Head of
training (HT), one person can fulfil both positions. Due to
presumed lower number of personal for DTO than for ATO,
HT has to manage very wide area of responsibilities.

HT has to hold all instructor licenses with privileges
that are relevant to the training provided by the DTO, including
sufficient experience as necessary. When HT doesn’t hold an
appropriate license, the deputy HT has to be established for the
relevant training(s).

Ratio of DTO instructor to pilot students is more
benevolent than for an ATO. For an ATO it is maximal ration
6:1 between student and instructors, for a DTO ratio ,,should
allow maintaining the quality and safety of the training
provided. The limit of 28 students per a ground school class
is same as for an ATO.
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DTO safety reporting

In this paragraph we would like stress that
establishing of a DTO doesn’t mean that the organization can
lower safety standards for operations. EU regulation 376/2014
on the reporting, analysis and follow-up of occurrences in civil
aviation [4], covers also operations of DTOs. It was intended
that DTOs obligations in this area are little bit lowered in
comparison with ATOs, but stil DTO has to ensure
compliance with regulation 376/2014 for reporting system.

The DTO has to ensure that the reporting system
caters for both mandatory and voluntary reporting. Also there
shall be designated specific person who is responsible for
handling with reports. Problem may occur in situation when
there is no other person involved in DTO operation than HT,
because there is stated obligation for that designed personnel
to be independent.

Another possible issue in compliance with this
regulation for small DTO might be establishing quality
checking process. Among other responsibilities in the area of
quality checking process of reporting system, there is
requirement for proper usage of ADREP taxonomy which may
be problem because not everyone is familiar with proper usage
of this taxonomy. Safety system of DTO is checked regularly
by CAA which shall visit each DTO at least each 72 months.

Another safety precautions is internal annual review.
This shall be conducted by each DTO. According to material
published by CAA UK [5], DTO will be advised by CAA
when the Annual review is due, based on date of first DTO
declaration. The annual review shall consist from two reviews
—annual activity review and internal review.

Activity review shall detail information about all
students, instructors (both flying and theoretical), number and
dates of courses which were held during last 12 months and
list of FSTD and aircrafts used for training..

Annual internal review shall cover effectiveness,
adequacy and issues with safety system. This review has to
include [5]:

e  Hazards and risks identified as affecting the DTO

e  The effectiveness of mitigations put in place

e Analyses of safety reports made and follow up actions

e  Overall adequacy of the DTO safety policy

e Adequacy of the training practices in the relation to the
skill test and theory exam pass rate

e Performance of flight and theoretical instructor
standardization

e  Adequacy of DTO training programmes

Oversight from CAA is conducted by visits. The
periodicity of visits is maximally 72 months but the rate can
be adjusted based on nature of the organization, complexity of
trainings, results of previous audits and performance and risk
of trainings. Besides this every new DTO shall be visited by
CAA representatives once during the first year of operations.
Similarly to ATO oversight the CAA visits may include both
scheduled and unscheduled visits.

Conclusion

Main differences between ATO and DTO is limited
scope of allowed trainings in DTO. Trainings in DTO are
focused on general aviation only. On the other hand, DTO has
several advantages in comparison with an ATO especially:

e No mandatory Ops / Training or Management System
manuals

e  Simpler Safety system and no ‘formal’ compliance
monitoring

e  No formal approval of management staff

e No waiting for manuals to be approved

e No formal Approval of organization

e Quicker, simpler declaratory process

Safety system in DTO can be less complex but
compliance with 376/2014 has to be fulfilled especially in
areas: i) Risk identification ii) Risk Assessment iii)
implementation of risk mitigation measures iv) review of the
adequacy of iii) above.

Despite the fact that Declared training organizations
were introduced very recently, it is possible that in next few
years most of that flight trainings in the EU will be conducted
in these organizations, because number of non-complex
trainings exceeds number of complex trainings significantly.
For example in Czech Republic with roughly 22 000 pilot
licenses issued about 20 000 licenses are licenses whose
training can be conducted in DTO. It means that 90% of all
trainings doesn’t need to be done in ATO. Because of
simplified nature of a DTO which can result in lower costs of
training, and therefore it may attract student pilots by lower
prices, it is very well possible that number of trainings in
DTOs will outnumber the trainings in ATOs in less than five
years. Therefore, for general aviation trainings safety it is
necessary to observe impact of this change very carefully.
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Abstract — The aim of the article is study the possibilities of
the use of a new vibration analysis technique in process of
health monitoring and early fault warning in aerospace
machinery. By using nonlinear accelerometer transient data,
it is possible to more precisely health monitoring of auxiliary
aircraft systems with the Recurrence quantification analysis
(RQA). The identification of incoming failure using the RQA
technique is investigated and used to prevent hardware failure
of the auxiliary systems and creates a new technique of set
MTBF for devices in general. Authors assume that RQA with
combination with traditional methods could more effective set
of MTBF and indicate early warnings and reports of incoming
fault resulting in increased reliability and safety of aerospace
machinery.
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Uvod

Hlavné systémy, ktoré patria k najcitlivej§im Castiam
motora, si monitorované ¢oraz sofistikovanej$imi metodami,
ktoré poskytuju vicsiu celkova spolahlivost. Monitorovanie
vibrécii pohonnych jednotiek je jednym z najdélezitejSich
sledovanych parametrov v kontinualnom sledovani leteckych
motorov. Iné a menej vyznamné systémy a komponenty a asti
lietadla sa nepouzivaju pri takomto monitorovani technického
stavu. Pomocné zariadenia vSak maju vplyv na celkovu
spolahlivost’ systému. Vyznamnym pokrokom v oblasti
zvySovania bezpecnosti je uplatiiovanie ucinnej metddy
monitorovania a priebeZzného vyhodnocovania sledovanych
Casti okrem pohonnych jednotiek, aj pomocnych systémov
a ich ¢asti. Ak sa niektoré komponenty alebo systémy dostanu
do poruchového stavu, ovplyvnia cely systém. Celkova
spol'ahlivost’ systému by sa preto zvysila. Medzi citlivé
pomocné zariadenia pohonnych jednotiek patria palivové
cerpadla. Tieto zariadenia maju technicku zivotnost’ 15 000 az
20 000 letovych hodin. [1]

Blokovy diagram spol'ahlivosti na obrazku 1 ukazuje
celkovil spolahlivost’ motora reprezentovaného Al s inymi
subsystémami A2 - A6. Subsystém distribticie paliva zahina
Casti ako su palivové potrubia, ventily, filtre a cerpadla.
Zlyhanie jednej z Casti subsystému moéze ovplyvnit' nielen
vykonnost' celého palivového systému, ale aj iniciovat
poruchy veduce k nehode a ekonomickym stratdm. Autori sa
zameriavajl na palivové ¢erpadlo ako zlozitt a vyznamnu Cast’

pomocnych systémov. Tradi¢ny sposob udrzby, ako napriklad
planovana udrzba alebo po poruche, predstavuje znacné
mnozstvo materialnych a finanénych zdrojov. Z tejto
skutoCnosti  vyplyva, ze udrzba zaklade aktudlneho
technického stavu je klI'i¢om k dosiahnutiu prognostického a
technického manazmentu v oblasti letectva.

Palivovée
potrubia
A2

Pohonna Palivové ventil Elektrické Hydraulické
jednotka e Y. systémy r systémy
A A3 M
Palivove filtre
A2
Palivové
éerpadla
A2

Obréazok 1- Blokovy diagram spolahlivosti motora
a pomocnych subsystémov [Zdroj: autor]

Zlyhanie palivového ¢erpadla nemusi nutne viest' k
nehode, ale méze vyznamne ovplyvnit’ bezpecnost'. Premenné
faktory ako teplota, kvalita paliva, vonkajsie vibracie, stav
opotrebovania lozisk, poskodenie difuznej trubice su faktory,
ktoré mézu mat’ za nasledok rézne prevadzkové stavy zalozené
na odlisnych typoch prevadzky lietadla. Na zaklade Statistiky
prevadzky moéze byt vyskyt Specifickych typov porach
kombinovany s prevadzkovymi podmienkami. V suéasnosti
existuje niekol’ko spdsobov zistovania a diagnostiky poruchy
palivového Cerpadla. V pripade poruchy ktorejkol'vek Casti
Cerpadla varovny signal vyhodnocuje hodnoty vibrcii.
V dosledku  zabezpedenia  vyssej pravdepodobnosti
bezporuchovej prevadzky je potrebné zvazit paralelné
meranie d’al$ich parametrov na lep$iu identifikaciu pri¢iny. [1]

[2]

Dalgim vhodnym indikatorom je tlak paliva, ako aj
teplota paliva a ¢erpadla. V sucasnosti sa v lietadle pouzivaju
snimace tlaku paliva s nizkym vzorkovanim, ale signal sa
neuchovavaju. Nas§ vyskum sa zameriava na navrh pridanych
vibraénych snimacov na vyhodnotenie aktualneho stavu
palivového Cerpadla a na meranie a nasledné vyhodnotenie
vibracii pocas udrzby, tzv. ,line maintenance”. Preto je
potrebné experimentalne overit’ jednotlivé poruchové stavy,
ktoré sluzili ako referenéna hodnota pri porovnani aktualnych
nameranych hodndt a servisu pre spravne rozhodnutie vykonat’
udrzbu  podmienenti  aktudlnym technickym  stavom
a prevadzkovymi podmienkami.
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CIel’ a metodika

Ako bolo spomenuté v Uvodnej cCasti, tato praca
prindsa pohlad na vyuzitie metody, ktorda v leteckom
priemysle, ale aj vo vS§eobecnom poli nepatri medzi konvencné
metody analyzy. Rekurentné diagramy st pouzivané pre
kvalitativnu analyzu systtmu a si vyuzité pre odhad
nestacionarity a nelinearity procesov Casovej rady. Vyskum
rekurentnych grafov sa zameriava na Utvary tvorené zhlukmi
bodov. Tym je mozné odhalit niektoré skryté vlastnosti
fazovych trajektorii. Rekurencia je zakladna vlastnost’
dynamickych systémov, ktoré mozu byt vyuZzité pre
charakteristiku chovania systému vo fazovom priestore. V
roku 1987 Eckmann vytvoril nastroj, ktory umoziuje
zviditeInenie rekurentnych stavov na fazovej trajektorii xi vo
fazovom priestore. V' mnohych pripadoch je dimenzia
fazového priestoru vyssia ako 3, fazové trajektérie potom
mozeme zobrazit' iba, ako projekcie do 2 ¢&i 3-
dimenzionalnych sub-priestorov alebo aj ako rezy, tzv.
Poincarého mapy. Tymto zobrazenim vSak mézeme ziskat’
Uplne zavadzajuce informécie o topoldgii fazovej trajektorie.
Najmad ¢o sa tyka rekurentnych stavov.

Rekurentné diagramy umoziuji Studium N-
rozmerného fazového priestoru pomocou dvojrozmernej
reprezentacie rekurentnych stavov. Rekurencia stavu systému
v dvoch réznych asoch charakterizovanych indexami i a j je
znazornena v dvojrozmernej Stvorcové matici Rij podla
rovnice pomocou bielych a ¢iernych bodov, kde ¢ierne body
oznacuju pripad rekurencie a obe osi si Casové. Priklad

rekurentného diagramu Lorenzovho systému zndzoriuje
Obrazok 2.

Obrazok 2 - Rekurentny diagram Lorenzovho
atraktoru

Lorenzov atraktor bol zavedeny Edwardom
Lorenzom v roku 1963. Ide o nelinedrny trojdimenzionalny
deterministicky dynamicky system, ktory bol odvodeny zo
zjednoduSenych rovnic na zéklade sledovania zmien pocasia a
atmosférickych stavov.

Rekurentna kvantifika¢né analyza (RQA) méze byt’
vyuzita ako pre biologické data tak aj v oblasti diagnostiky
strojov a zariadeni, a moze tak odhalit’ skryté opakovania a
nelinearne deterministické $truktary v dvojdimenzionalnom
a viacdimenziondlnom fazovom priestore. Tieto parametre
napomahaju pri hodnoteni variability ako tepovej frekvencie
tak frekvencie vibracii strojov a zariadeni, a moZno ich pouzit’
na detekciu a kvantifikdciu laminarnej fazy pred zivotom
ohrozujucou srdcovou arytmiou alebo v pripade technickych
systémov poruchou zariadenia. Je teda mozné tato udalost

predpovedat. V rekurentnom diagrame vid. Obrazok 3
(vpravo) vznika, pred Zzivotom ohrozujiicou srdcovou
arytmiou, charakteristicky rys - diagram sa sklada z velkych
&iernych obdiznikov na rozdiel od l'avého diagramu, ktory je z
kontrolného signalu.

Nedavne 3tidie zaloZené na  monitorovani na
zaklade atraktora ukazali, ze poSkodenia a zmeny ziskané zo
sledovania atraktora st vic§ie ako sledovanie zmien
najcitlivejSej frekvencie a pribuznych tvarov systému. S
cielom preSetrit’ stav poSkodenia je vSeobecne potrebné
vopred ziskat’ tidaje neporuseného stavu merané¢ho systému,
zariadenia alebo osoby.
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Obrazok 3 - Rekurentné diagramy srdcového
rytmu pred (vlavo) a po (vpravo) srdcovej arytmii. [3]

Tato skuto¢nost’ znamena, Ze je tazké pouzit’ metody
frekvenénej analyzy na systémy bez zékladnych tdajov. Autor
predpoklada, ze aplikovanie metédy RQA na casti, ktoré su
zdrojom vibrécii a teda je mozné ich vibrodiagnostikovat’,
moéze poskytnut udaje o aktudlnom technickom stave
sledovaného zariadenia alebo casti. Rekurentné diagramy
poskytuji vizualny nahl'ad na pozorovatelné zmeny. Tieto
diagramy su konstruované na zaklade sledovanych veli¢in ako
Recurrence Rate, Average diagonal line length, Divergence,
Determinism atd. ktoré dokdzu matematicky vyhodnotit
zozbierané data a ur¢it’ aktualny stav sledovaného objektu. Na
zaklade tychto tvrdeni autor vyslovil hypotézu, ze pouzitie
metody RQA na diagnostikovanie poruchového stavu, je
efektivna metéda pouzitelna v leteckom priemysle na
zvySenie spolahlivosti a efektivejSiemu stanoveniu strednej
doby medzi poruchami. [3] [4] [5]

Experimentilne overenie pouzitia RQA v praxi

Pre ziskanie exaktnych dat a overenia spravnosti
metody pouzitia RQA je potrebné overit’ stanovené hypotézy .
Z Gvodu je zrejmé Ze tato metoda je urend pre pomocné
Ustrojenstvo nepodliehajice kontinudlnemu monitorovaniu
parametrov pocas letu a teda vytvara mieru rizika ktora by
mohla byt potencidlne zniZzena. Vhodnym komponentom v
tomto pripade je palivové Cerpadlo. Experimentalne
overovanie je nutné rozdelit’ do niekolkych faz.

Navrh experimentalneho vybavenia

Pre overenie hypotéz je vhodnym zariadenim prave
palivové ¢erpadlo zdbvodu vysokych narokov na jeho
technickt spol'ahlivost’ v rAmci pomocnych zariadeni. Autor
vytvoril experimentdlny stav, ktory dispononuje meracimi
senzormi. Vhodnym a jednoduchym rieSenim pre zber dat
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vibrécii je pouzitie prvku ,,Vibration Data Logger“. Takéato
konfiguracia poskytuje jednoduché no zaroven efektivne
zapojenie a zber dat (Obrazok 4). [6]

# |

A E
Obréazok 4 - Experimentalna zostava merania
vibracii palivového cerpadla [zdroj: autor]

Overenie rozdielnych metod analyzy signalu

Napriek tomu Ze poslanim experimentu je overit’ metodu
RQA z hl'adiska diagnostiky, je treba aj preskiimat’ a porovnat’
ostatné metody ako FFT analyzu, modalnu analyzu a
spektralnu analyzu vibracii alebo ich pripadnd kombinéciu
S RQA.

Vzhladom na inovativnost metédy na poli
vibrodiagnostiky je potrebné zozbierat' a vyhodnotit’ data,
ktoré pochadzaju z réznych typov porach. Predpokladame, ze
prave rekurentné diagramy zobrazia charakteristicky tvar a rys
diagramu pre konkrétnu poruchu ¢i uz vplyvom technickej
degradécie alebo poruchy alebo vplyvom vonkajsieho vplyvu.
Medzi poruchové stavy mézeme zaradit’ napriklad degradaciu
lozisk alebo uvolneny rotor ¢erpadla a medzi vonkajsie vplyvy
radime kvalitu paliva, vniknutie cudzich telies do Cerpadla
alebo vplyvy extrémnych tepl6t a tlakov. [6] [7]

Implementécia vysledkov do praxe

Rozoznanim rbznych poruchovych stavov a ich
prevedenim na rekurentné diagram je ukond¢ena jedna z Casti
experimentu. Na zaklade tychto informacii je moZzné vytvorit
rozoznavaci algoritmus, ktory pocas overovania zozbieranych
dat prediktivne uréi odhadovany stav zariadenia. Prave
rozoznavaci algoritmus hra v tejto oblasti vyznamnl rolu.
Problém s vyhodnocovanim velkého objemu dat pri
monitorovani pomocnych zariadeni by sa implementéciou
RQA v leteckej technike odstranil. Myslienkou je prevadzat
pocas “line maintenance” alebo “weekly checks” potrebnii
analyzu. Tato ¢innost’ sa vykonava v pravidelnych intervaloch
a preto je mozné sa nasledne opriet o Statistické udaje.
Samotna implementacia spociva v stiahnuti udajov pocas letov
na prenosné médium a pomocou vyhodnocovacieho softvéru
ziskat' vysledky a udaje. Odhadujeme Zze tato cinnost by
zabrala minimum opera¢ného Casu na samotnom lietadle
kedze by bola spojena so stiahnutim ostatnych udajov.
Vyhodnotenie Gdajov by uz prebehlo externym pracovnikom
a v konecnom doésledku by to neobmedzilo samotné procedury
“line maintenance”. [8] [9] [10]

Zaver

Tato praca ponima o aplikacii  monitorovania
aanalyzy vibracii nekonvenénou metddou rekurentnej
kvantifika¢nej analyzy v oblasti leteckej techniky. Vysledkom
doterajsicho ~ vyskumu  bola  analyza  aktualnych
monitorovacich a analyzaénych metod v oblasti diagnostiky
technického stavu leteckych motorov a systémov. Autori
v praci vytvorili model experimentalneho overenia RQA
v praxi a vyslovili hypotézu o jej moznej implementacii do
prevadzky audrzby ¢&i uz civilnej alebo vojenskej leteckej
techniky. V pripade pozitivnych vysledkov experimentélneho
overenia RQA hypotéza hovori, Ze spominana metéda umozni
efektivnejSiu predikciu nadchadzajucej poruchy na zaklade
presnejSicho stanovenia aktudlneho technického stavu a tym
v kone¢nom doésledku bude mozné efektivnejsie stanovenie
hodnoty strednej doby medzi poruchami. [11], [12]

Na zaver mozno uviest’, ze hoci nie vsetky stvisiace
funkcie RQA koreluju [13], mdézu sa pouzit’ spoloéne na
zvySenie rozliSovania medzi poruchovymi stavmi. Pretoze
RQA sa zameriava na extrakciu dynamickych, ¢asto vel'mi
nelinearnych charakteristik tidajov bez potreby ¢asovych alebo
spektralnych dajov vyuZitie samotnej analyzy alebo
kombinacie s tradiénymi  monitorovacimi  predstavuje
inovativny nastroj proaktivnej udrzby.
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THE CONCEPT OF SMALL EXPERIMENTAL SHAFT-LESS TURBOFAN
ENGINE
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Abstract — The aim of this study is to describe the
conceptual design of a small light turbofan jet engine with high
bypass ratio. The peculiarity of this innovative concept is
based on the construction without any necessary shaft used to
connect the gas turbine and the compressor. This mechanical
solution is based on the unification of two parts (radial
compressor wheel and axial turbine disk) into one functional
part. It is assumed that this experimental engine could work
with lower weight and geometric dimensions, higher gas
temperatures and better thermal efficiency. A higher bypass
ratio could also improve propulsion efficiency of this engine.
The study assumes using such an engine to drive large RC
airplane models or as a complementary propulsion for the
gliders.

Key words — jet engine concept, shaft-less design,
compressor, turbine .

UvoD

Letecké turbinové motory predstavuju vzdy
vysokovykonné turbokompresorové stroje, ktoré umoziiuju
pohyb lietadiel vo vzduchu. Aj v inych oblastiach dopravy a
priemyslu je mozné najst’ turbokompresorové stroje, ktoré
pracuju na rovnakom principe, no letecka doprava ma v zasade
odli¢né poziadavky na niektoré kvalitativne aj kvantitativne
parametre tychto tepelnych strojov. Tymito parametrami
rozumieme najmd hmotnost, rozmery, tah/vykon,
spol'ahlivost’ a technicky rezurz. Je zrejmé, Ze mnozstvo z
tychto parametrov navzadjom suvisi, no nepriamoumerne. To
znamena, ze ak vyzadujeme vysSie hodnoty jedného, moze to
negativne ovplyvnit' iny alebo viacero parametrov. Castym
prikladom tohto faktu je potreba dosiahnut ¢o najnizsiu
hmotnost’ a rozmery motora, pri¢om vyzadujeme ¢o najvyssiu
ucinnost’ a vykon/tah, ktory ndm dany motor méze dodat’. V
takych pripadoch vzdy konstruktér rie§i kompromis medzi
danymi parametrami a voli si ten, ktorého hodnota je v danych
podmienkach pre prevadzku motora délezitejsi [1].

Je zrejmé, ze malé rozmery a hmotnost motora
predstavuje vyhodu pri zastavbe motora v trupe lietadla a tiez
umoziuje niest na palube vicSie uzitocné zat'azenie. Na
opacnej strane stoji vykon, termodynamickd a propulzna
G¢innost’ motora, ktorych nérast suvisi s narastom zlozitosti

turbokompresorovych strojov. Vys$§i vykon motora pri
zabezpeceni vyssej termodynamickej G¢innosti vyzaduje vyssi
stupen stlacenia vzduchu, ktory do motora prudi a vyssi stupeil
ohriatia tohto vzduchu v ramci spalovacej komory. Vyssia
propulzna G¢innost’ ma suvis s rozdielom medzi rychlostou
pradiacich plynov z motora a rychlost'ou vzduchu ktory motor
obteka (rychlost’ letu). VysSiu propulzni ucinnost teda
dosiahneme ak sa tieto dve rychlosti budu svojimi hodnotami
k sebe priblizovat. Tu prave konsStrukér musi riesit’
pouzitelnost daného motora s ohladom na prevadzkové
rychlosti letu lietadla, v ktorom bude instalovany. Pri malych
a menej vykonnych motoroch sa nepredpoklada lietanie
rychlostami vys$§imi ako je rychlost’ zvuku. Z tohto faktu
vyplyva, Ze konstrukcia motora v podobe jednoprddového
motora nebude z pohladu propulznej aginnosti prave efektivne
rieSenie. Na druhej strane konstrukcia motora turbovrtul'ového
predstavuje podstatne zlozitejSie zariadenie, kde sa navySuje
hmotnost’ aj rozmery motora, kvoli potrebe vykonného
reduktora a vrtule. Konstrukcia dvojpudového motora by
naopak mohla predstavovat kompromisné rieSenie aj z
pohl'adu propulznej G¢innosti aj rozmerov a hmotnosti. V
porovnani s motorom jednopradovym sa nadm sice zvySila
hmotnost’ a rozmery, no pri Spravnom usporiadani tento narast
nemusi byt' zdsadny a nedosiahne zlozitost’ turbovrtul'ového
motora, ktory by pri malych rychlostiach letu dosahoval vyssiu
propulznii uginnost. Uelom tohto &lanku je zohladnenie
vsetkych spomenutych parametrov pri navrhu malej pohonnej
jednotky, ktord kompromis medzi jednotlivymi parametrami
riesi progresivnym konstrukénym rieSenim. [2,3]

Navrh pohonnej jednotky

Ako bolo spomenuté, konstruktér pri navrhu nového
turbinového motora musi zohl'adnit’ budtcu prevadzku daného
motora. Zvazuje sa teda najmé typ lietadla a predpokladany
rozsah rychlosti ktorymi sa ma lietadlo pohybovat, dalej
zastavbové rozmery pre jeho umiestnenie na lietadle,
predpokladany dolet a dostup lietadla a tieZ predpokladana
prevadzka a udrzba. Navrhové technické parametre motora,
ktorého ideovy navrh je obsahom tohto ¢lanku, su uvedené v
nasledujtcej tabul’ke.
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Table 1 — Technické navrhové parametre motora

Parameter Hodnota
Max. Priemer mm ~215

Max. Dizka mm ~280
Hmotnost’ g ~3 000-3 500
Tah N ~450-500
Obtokovy pomer ~4

Otacky kompresora rpm ~10 000-50 000

Otacky duchadla rpm ~4 000-35 000
Teplota plynov na | K ~1050
vystupe

Spotreba paliva ml/min ~1200

Navrh motora pocita s jeho vyuZitim na pohon
bezpilotnych prostriedkov, ¢i ako pomocny pohon pre vetrone.
Z predchadazjucej uvahy vyslo ako najlepSie rieSeni pouZitie
varianty dvojprddového motora s vyS§im obtokovym
pomerom, ktora zabezpeéi vyssiu propulznu ti¢innost’ motora.
Takéto rieSenie uz v podobe dvojpridového motora takych
malych rozmerov predstavuje unikatne rieSenie. Vzhlad
ideového navrhu spominaného dvojpridového motora je na
obr. 1.

Obrazok 1 — Navrh experimentalneho dvojpridového motora

Analyza kon$trukcie motora

Z konstrukéného hl'adiska sa jednd o koncepciu
dvojpradového turbokompresorového motora s dichadlom v
zadnej Casti motora ukrytom vo vonkajSom plasti motora,
ktory je zaroven pevnostnym spojovacim elementom motora.
Obr. 2 zobrazuje Ciasto¢ny rez navrhovaného motora, kde su
rota¢né Casti motora nerozrezané [4].

Obréazok 3 — Navrhovany motor v reze

Tieto dve Gasti predstavuju vzajomne nezavislé
celky, ktoré st vzajomne prepojené plyno-dynamickou vézbou
a predstavuji najdodlezitejSiu odlisnost’ tohto konstrukéného
rieSenia od beznych turbinovych strojov. Zvysné Casti motora
st beznej konstrukcie. V prednej casti sa nachadza
podzvukové vstupné Ustrojenstvo v ktorého osi sa nachadza
elektricky Startér pre rozbeh generatora plynov motora. Kanal
vstupného  Ustrojenstva  pechadzka nésledne telesom
prstencovej spalovacej komory a privadza vzduch do
$pecidlneho obezného kolesa odstredivého kompresora na obr.
3, ktory je zdruzenou stciastkou s plynovovu turbinou. Toto
koleso je usadené na jednom gulickom lozisku upevnenom na
pevnej osi.

Obrazok 3 — Zdruzna suciastka obezného kolesa kompresora
a turbiny

Takéto usporiadanie v sebe zdruzuje viacero vyhod :
niz$ia hmotnost’ z dévodu absencie spojovacieho hriadel’a
medzi obeznym kolesom kompresora a turbinovym diskom,
&im taktieZ podstatne skratime dizku motora. Dalou vyhodou
je charakter pradenia vzduchu cez obezné koleso, kde preteka
priamo cez duté lopatky turbinovej ¢asti kolesa. Toto
zabezpecuje intenzivne chladenie turbinovych lopatiek a
umoziiuje zvysit teplotu horucich plynov a tym aj
termodynamicku uéinnost’ cyklu. Po opusteni obezného kolesa
pokracuje stlaCovany vzduch cez bezlopatkovy difuzor a
nasledne lopatky difuzora, ktoré tvoria zdruzent suciastku s
rozvadzacimi lopatkami turbiny a tiez s plamencom
spal’ovacej komory motora ako je znazornené na obr. 4.

Figure 4 — Prietokoy kanal pre vzduch a hortce plyny
kompresorom a turbinami

Prad vzduchu, ktory prechadza lopatkami difizora,
ktoré si vytvorené dutymi kandlmi rozvadzacich lopatiek
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turbiny zabezpecuje chladenie aj tychto rozvadzacich lopatiek
anasledne vchadza do protipridovej spalovacej komory a cez
perforovany plamenec priamo do zdny horenia pri¢om sa otaca
0 180°. Horuce plyny ktoré nasledne vznikajd v plamenci sd
rozvadzacimi lopatkami turbiny usmernené a urychlené na
rotorové lopatky turbinovej ¢asti obezného kolesa kompresora
a nasledne pokracuji v expanzii na volnej plynovej turbine,
ktord je sGcastou zdruzenej suéiastky - disku ddchadla s
turbinou na obr. 5.

Obrazok 5 — Disk navrhovaného dichadla s turbinou

Duchadlo motora je pohanané od lopatiek plynovej
turbiny, ktora je jeho stcastou a spolu s nim tvoria jednu
stciastku koncepcie BLISK (bladed disk) s poschodovymi
lopatkami. Poschodové lopatky zabezpecuju lepsi odvod tepla
z horucich turbinovych lopatiek do lopatiek duchadla
obtekanych  chladnym vzduchom. Vyhododou tohto
usporiadania je taktieZ zna¢na Gspora priestoru a hmotnosti
kvoli absencii spojovacicho hriadela medzi turbinovym
diskom a duchadlom. Zmysel otd¢ania duchadla je opacny ako
zmysel otacania kompresora motora. Dévodom je nepouzitie
statorovych turbinovych lopatiek medzi jednotlivymi
turbinovymi stupfiami. Opacné zmysly otdcania tychto
rotaénych suciastok v motore majli za nasledok taktiez
Ciasto¢nu eliminaciu vysledného gyroskopického momentu
motora.  Samotny disk ddchadla je usadeny na dvoch
gulickovych loziskach cez ktoré prechddza pevna dutd os
motora upevnend do zadnej steny motora, pricom zabezpeduje
prietok oleja k loziskam dtichadla a lozisku obezného kolesa
kompresora.

Hortce plyny, ktoré expandovali na volnej plynove;j
turbine nasledne expanduji na vystupnej dyze a vysokou
rychlostou optist'aju motor. Ich reakciou sa vytvara Cast’ tahu
dvojprudového motora. Viacsia Cast’ tahu je zabzpeCovana
urychl'ovanim chladného vzduchu pomocou duchadlovych
lopatiek.

Celkovy pohl'ad na usporiadanie jednotlivych casti
navrhu experimentalneho dvojpridového motora je zobrazené
na obr. 6 v rozmontovanom stave. Od prednej Casti v poradi
nasleduju Casti: drziak elektrického startéra, kryt vstupného
ustrojenstva, plast’ spalovacej komory spojeny s vonkajsim
plastom duchadla, palivova rampa, plamenec spalovacej
komory s difuzorom, spojovaci hriadel $tartéra, obezné koleso
kompresora s vlastnou turbinou, pevna os s loziskami, disk
duchadla s vlastnou turbinou, zadny plast’ dachadla, vystupna
dyza s vnitornym kuzel'om.

Obrézok 6 — Casti experimentalneho motora v rozlozenom
stave

Zaver

Ucelom tejto $tadie bolo analyzovat’ a popisat’ navrh
konstrukcie experimentalneho bezhriadel'ového turbinového
dvojpradového motora. Na zaklade predchadzajucich
informadcii je mozné vyslovit’ nasledujuce zavery:

1. Bezhriadelovy turbinovy motor predstavuje pohonnii
jednotku, v ktorej absentuju spojovacie hriadele, ktoré
by sluzili na prenos vykonu z turbiny na
kommpresorovy disk. Tento fakt je zabezpeéney
konstrukénou upravou, ktorej vysledkom je zdurzena
stciastka kompresorového kolesa a turbiny, pripadne
turbiny a duchadla.

2. Kombinécia turbiny a kolesa kompresora ma pozitivny
vplyv na chladenie dutych turbinovych lopatiek,
ktorymi preteka stlacovany vzduch. Tym je mozné
zvysit' teplotu hortcich plynov, ktoré pretekaji
turbinou, o pozitivne vplyva na termodynamicka
uéinnost’ motora.

3. Kombinacia turbinovych lopatiek s lopatkami
duchadla ma taktiez pozitivny vplyv na ich chladenie
odvodom tepla do chladnych lopatiek dichadla.

4. Plamenec motora zdruzeny s difuzorom a
rozvadzacimi lopatkami turbiny je doémyselnou
stéiastkou, ktora taktieZ vyuziva prietok vzduchu z
kompresora na chladenie ¢asti vystavenych horticim
plynom.

5. Konstrukcia motora ako dvojprudového s vysSSim
obtokovym pomerom ma pozitivny vplyv na
propulzivnu u€innost’ motora.

Je zrejmé, Ze takéto usporiadanie motora bude mat’ aj svoje
negativa, medzi ktoré patri najméd vyssi podiel hydraulickych
strat v pradeni vzduchu, ktory obteka hrubsie lopatky turbiny
a musi sa viacnasobne otacat’ v ramci zlozitého vzduchového
traktu plamenca. Napriek tymto nevyhodam, moze tento navrh
motora vdaka prevldadjicim vyhodam predstavovat’ ucinna
pohonn0 jednotku v kateg6rii malych vykonov.
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Abstract — This article explains flows in labyrinth seals of
turbine engine. The aim of this article is to describe the flow
in the labyrinth seals as a function of radial clearance and the
number of sealing tooths at a constant pressure drop and rotor
speed. Firstly, this aim is achieved by 3D CFD flow simulation
based on seal demonstration for which dimensional and
thermodynamic parameters corresponds with turbine engine.
The simple profile of tooth of labyrinth seal, which simulated
the conditions, was based on real machine setting. The result
will be the description of the flows in the chambers of labyrinth
seals at various radial clearance and different number of
seals. Flows description can be done by using a flow
coefficient. Mentioned variable will clearly demonstrate on
previously stated parameters the impact on machine’s
functionality.

Key words — Turbine Engine, Labyrinth Seal, CFD
Calculation

Introduction

Turbine engine has good performance parameters
when all parts of the engine works correctly. In order to
achieve these parameters is important, that the hot rotating
parts are cooled and temperature distribution of the e.g. turbine
disk is smooth and even. Flow of the cooled air is coming from
engine parts where the air temperature is lower. Mass flow of
the cooled air is control by the labyrinth seal. Due to labyrinth
seal we have a good temperature distribution in hot parts. The
physically principle of the labyrinth seal is loss of the kinetic
eneregy in labyrinth seals chambers. Labyrinth seal is
influenced by the radial clearance between the tooths of the
labyrinth seal and number of tooths. This process is described
in further detail in below paragraphs.

Labyrinth Seal Description

Principle of labyrinth seal is based on loss of the
kinetic energy and noncontacted sealing with stator parts in
labyrinth seal chamber which depends on radial clearance
(RC) - see Figure . Based on RC setting we can predict what
could be a mass flow through the sealing parts.

CFD Simulation

Labyrinth seal model was prepared in ANSYS
Design Modeler software (see Figure ). The 3D model
represents a real machine. It is a conical sector with 3 parts:

STATOR

| | ROTOR

Figure 1 - Labyrinth seal description

Figure 2 - 3D Model

e Inlet plenum
e  Labyrinth seals
e  Exitplenum

Mesh

Mesh was prepared in ANSYS Meshing. Total
number of elements is 2.3 mil and total number of nodes is 2.4
mil. All segments are using a hexahedral element. In all

Figure 1 - Detail of mesh
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rotational parts is defined a boundary layer (see detail of mesh e  Total temperature distributions (see Figure
in labyrinth seal chamber Figure 3). )
In stator parts is defined a boundary layer with 20 rows of ¢ (S);a;tlc pressure distributions (see Figure

elements (see Figure 4).

All parameters displayed in labyrinth cross section
are crucial for this study.

Figure 2 - Mesh

0 0.0025 0.005 (m)

Calculation 0.00125 0.00375

CFD calculation was prepared in ANSYS CFX

| Figure 6: -Velocity vectors
software based on below assumptions:

e  Constant rotor speed

e  Constant pressure drop

e Constant RC

e  Constant number of tooths

Boundary details are:

e  Static pressure and total temperature inlet
e  Static pressure outlet

e  Periodic conditions

e  Rotor rotation

0 0.0025 0.005 (m)

0.00125 0.00375

Figure 7 - Mach number distribution

Figure 3 - Boundary conditions in CFX

Head transfer model is Total Energy and turbulence model is
SST.

Conclusion and future work
CFD conclusion

The solver was finished normally. Primary were

0 0.0025 0.005 (m)

monitored standard parameters like: ——— oo

e  Velocity vectors in toots of labyrinth seal

(see Figure 6) Figure 8 - Total pressure distribution
e Mach number distributions (see Figure 7)

e  Total pressure distributions (see Figure 8)
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Figure 9 - Total temperature distribution

0.005 (m)

0.00125 0.00375

Figure 10 - Static pressure distribution

Evaluation and future work

For better evaluation and comparison with other hardware
setting in the future was used a flow coefficient based formula

M.

Figure 11: Flow coefficient trend

Where:  Q — Mass flow [kg/h]
Tc — Total temperature [°C]
pc — Total pressure [Pa]

All parameters have been deducted in the leading edge of the
tooths. In this situation when we set up 4 tooths and RC is 0.1
mm the flow coefficient has increasing number of tooths trend
(see Figure ). In addition to that we can observe from total
pressure (Figure 8) and temperature distribution (Figure ) that
the pressure decreased and temperature increased. It means
that the labyrinth seals work properly and demonstrate loss of
the kinetic energy. For future work would be interesting to
measure the calculated parameters in real situation.
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Abstract — This paper deals with the use of diagnostic
systems used in control of the aircraft construction.
Technical Diagnostics is one of the leading disciplines
dealing with methods and means for detecting technical
state of an object. One of the instrumentation methods of
technical diagnostics is a method called a defectoscopy.
Defectoscopy allows us to detect undesirable states of
materials and structures such as fatigue damage, cracks,
internal  discontinuities and corrosion.  Different
defectoscopic methods are used to detect these undesirable
states of aircraft structures. In the article are in more
details presented ultrasonic methods and methods of eddy
current, which are used in aircraft constructions for
control of riveted joints, composite materials, landing
gear.

Key words — cracks, defectoscopy, diagnostic system,
eddy current methods, ultrasonic methods.

Introduction

The aerospace industry is a leading global
industry that regularly updates new materials and
production methods to increase safety, efficiency and cost
cutting. With the development of new materials, new
control techniques are gradually being developed to
monitor the integrity of these materials.

For example, with the increase in the use of
composites in the latest civil aircraft designs, there has
been a rapid development in the area of the ultrasonic
method. This technique allows detecting all defects deep
inside composites, allowing viewing 3D structure of
images and any discontinuities in the object under test.
The Ultrasonic technology can also be used to control
riveted joint of the aircraft by using the Phased array
method.

Another method used in aviation is The Eddy
Current Testing (ET), which is also a non-destructive
method of material testing.

The Eddy Current Method is based on the
principle of electromagnetic induction. This test method is
applicable to the inspection of objects made of electrically
conductive material. The Eddy Current Testing is most

commonly used to look for surface errors, especially
cracks. However, it is also possible to look for defects to a
certain depth below the surface. In aviation, this method is
mainly used to control cracks in the area of riveting and to
detect corrosion in the aircraft construction.

Ultrasonic methods

Basically, there are two methods for detecting
material errors by ultrasound, namely the reflection and
transition method.

Reflection method

Pulse Echo Ultrasonic uses a reflected or
diffracted signal from any interface which is the subject of
interest within the object under investigation. Signal
reception is usually used by the same probe, which also
transmit the signal to the material. From the time of arrival
of the echo after the transmission of the ultrasound pulse,
the path is determined, "error size" is judged by the error
distance and the echo amplitude. Knowing the production
technology, the type of error can be estimated from the
signal shape. The disadvantage is that ultrasound exceeds
double distance than the distance to error and then there is
existence of dead band, which limits the detection of errors
just below the test surface. [1]
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Figure 1 — Characteristics of ultrasonic reflections and
material errors [6].

Transition method

The transition method is based on ultrasound
attenuation when passing through a material error site. The
method requires two probes placed against each other so
that one only emits ultrasonic wave sand and the other
probe only receives the ultrasound ripple passing through
the material (figure2). From such a probe arrangement, it
is clear that the process is limited to controlling surfaces
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with suitable opposed surfaces. Another disadvantage is
that if the error is far from the receiving probe and its
cross-section is smaller than the cross-section of the
ultrasonic bundle, the acoustic shadow closes at a certain
distance beyond the error and the receiving probe records
the same signal as the faultless location. However, the
great advantage of the transition method is the fact that
ultrasound passes only a half way compared to the
reflection method and is therefore less attenuated. [1]
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Figure 2 — Fault identification by transition method [6].

Both methods have multiple testing techniques,
differing in the arrangement of ultrasonic probes.

Phased Array Technique

Technological advance in the development of
piezocomposite ultrasound probes in the 1990s allowed
the ultrasound defectoscopy to gradually penetrate the
field of ultrasonic medical ultrasound technology, known
as the Phased Array, to electronically modify an
ultrasound beam.

It forced the problems with conventional
ultrasound techniques in instrument testing, such as the
need to detect random errors from one test site, the
requirement to improve the signal to noise ratio of
heterogeneous welds to improve the accuracy of defect
size assessments, to improve the ability to detect small
cracks in a complicated geometry of turbine components,
etc. [1]

The Phased array technique is based on a probe
comprising a set of small transducers arranged generally
linear (figure3). Each of the transducers is driven by a
separate generator and the signals received from the
material by each of the transducers are also amplified in a
separate amplifier. The width of the individual inverters is
small, so each of them transmits an elemental cylindrical
wave to the material. According to the Huygens principle,
the forehead of the resulting wave is formed. By the mutual
delay of exciting pulses, the resulting wave is directed at
the required angle or focus. [1]

P Transducer Elements
{ R Focal Zone

W ‘ Focal Distance

Programmable delay time
for transmit focusing
(length of bar indicates delay)

Beamformer
Transmit Electronics

Figure 3 — The principle of generating the ultrasonic
beam by means of a phase array [2].

This makes it easy to move the sound field in a
certain direction and focus on specific depths.

Inspection of aircraft skin and riveting joint

To control the metallic cover of the aircraft and
to check the threaded connections, one of the used methods
is the Phased array ultrasound method.

Detection of hidden fatigue cracks in riveted
aircraft designs, as shown in Figure 7, is a challenging task.
Specific geometry (holes, nits, etc.) produces strong
indications of ultrasound waves, which should be
recognizable from possible indications of failure.

The advantage of the Phased Array method is the
ability to focus the beam in a lateral direction. Once the
beam is focused in the lateral direction, the control clearly
distinguishes between geometric echoes (such as fastener
holes) and those originating from cracks. However, some
tests use the ability to control the ultrasonic beam in
another way: beam steering in the lateral direction. In this
ultrasonic beam control, its angle of inclination changes,
while the refractive angle remains solid. This
configuration of probe and wedge ultrasonic transducer is
very useful for some applications, inspection the riveted
joint of the aircraft's outer skin.Typical failures that are
found are cracks in the area of the thread fastening holes
placed on the aircraft. This technique has great advantages
when the crack is vertical, in other words, when the
orientation of the crack is not perpendicular to the

Ao m

DOUBLER

STRINGER

direction of the beam. [9] [11]

Figure 4 — Longitudinal riveted joint with fatigue cracks
in the aircraft skin.[6].
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Devices that can be used for the described Phased array
ultrasonic method are e.g. Olympus OmniScan MX or
OmniScan MX2. These devices are used to detect cracks
along the lower row of riveted joints.

There are two configurations that can be used:

1. The first beam configuration consists of one lateral
linear scan with a skew of 0 degrees, and one sectorial scan
with skews of -15 degrees to 15 degrees. These scans are
produced by one aperture of 16 elements, which is located
in the centre of the probe. [9]

'TOP VIEW
g Skew Angles
<] SIDE VIEW _from -15° to 1¢
- ~Skew Angle = (
|
r [ W
—_
Probe Movement

Figure 5 - Side linear control (red lines), sector scan
(blue lines) [9].

Fastener 0.200" 0.230” Fastener 0.200”
Crack Hole Crack Crack Hole Crack

Figure 6 — Print screen from Omni Scan with crack
detection using the first configuration. Side Line Control
(Left), Sector Scan (Right) [9].

2. The second beam configuration is composed of three
lateral linear scans set at different skew angles as shown in
the figure below. In this example, the crack is strongly
detected with the scan at 15 degrees. This example clearly
shows the importance of the skewing angle when detecting
cracks have an oblique orientation. [9]
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| for centering

;3; SIDE VIEW
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Figure 7 — Three lateral linear scan configurations (red
lines)[9].

) 72 o b b
-15° 0° 15°

Figure 8 — OmniScan print screen showing crack
detection using the second configuration. -15 degrees
(left); O degrees (center); +15 degrees (right) [9].

Nondestructive Bond Testing for Aircraft
Composites

At present, the construction of aircraft mainly
used materials composed of several components -
composite materials. They have excellent mechanical
properties and chemical resistance. They offer a variety of
technological possibilities for use in the aviation industry.
Thanks to their ability to carry heavy loads in one
direction, they can maximize their performance at a
minimum weight. They are therefore suitable for using in
transport and aviation technology. As a result of suitable
technological processing, elements of high strength,
resistance over a wide range of temperatures and very low
weight are available. It is the construction material of the
present and the near future.[12]

Due to the fact that airplanes are subject to
impact and lightning strikes, reliable and efficient methods
of non-destructive testing are needed to quickly assess
possible damage. The required methods and tools must be
easily used by NDT inspectors around the world to ensure
consistency of test results during maintenance inspections.

Delamination

\ Laminated

structure

Figure 9 — Delamination in the laminated structure.
Source: [4].
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Effects that affect airframes can cause different types of
damage to composite materials. Damage will vary
depending on the nature of the composite, its composition
and its density. In the composite layered structures, errors
are caused by the impact of mainly delamination between
the various layers of the hull and the wing surface. Such
separation can significantly damage the integrity of
laminated structures. [4]

On composite sandwich structures composed of
honeycomb core (Nomex) with outer carbon layers, the
following damages may occur after crushing:[13]

Type A - delamination between plies of outer CFRP skin,
parallel to surface

Type B - dishonding between the outer skin and the
honeycomb core

Type C - cracked honeycomb core parallel to the
inspection surface

Type D - crushed honeycomb core in parallel area

Type E - disbonding between inner skin and honeycomb
core

Type F - fluid ingress in honeycomb core

Type F
Type A Twe8 TpeC TypeD Honzontal

!
I||I|III|II|II||IIII!!IIIHHIIIIIIIIIII“"IIIIIIII
[

Type £ Opposite skin of
nspection area

Figure 10 — Damage to the composite sandwich
structure. Source : [4].

The pitch-catch modes are used to inspect
composite materials containing honeycomb structures.
The transmitter sends acoustic energy into the part, which
is received by the receiver. In a bonded condition, a portion
of the acoustic energy is attenuated by the components of
the structure. When the probe is placed over a disbonded
area, the amount of energy returned to the receiver is
greater, resulting in an amplitude change.

An adaptation of this technique was recently
developed to allow reliable detection of a disbond (area 25
mm (1 in.) x 25 mm.) located on the far side below 40 mm
of honeycomb structure, like a type E defect. A new
differential high voltage probe was specifically designed
for a difficult and time-consuming inspection of an
airplane. This remarkable result is now referenced in
commercial airline service bulletins.

Inspecton
Surface

Over bad bond

Over good bond

Figure 11 — Ultrasonic Pitchatch Testing Method.
Source : [4].

Mechanical impedance analysis is a low
frequency acoustic method. Frequencies that are
transmitted to the subject under test are in the range of
audible oscillations of 2 to 10 kHz. The essence of the
method is to utilize the difference in acoustic impedances
between good and wrong locations of the tested
component. Typically, this method is used to control the
joining of layers of composite materials. The place under
the probe will shake as a whole. Changes in acoustic
(mechanical) impedance are manifested by reaction of the
force acting on the piezoceramic transducer in the probe.

A technique was recently developed to detect
disbonds between the inner skin and the core. The
technique uses a broad bandwidth 1 MHz probe when
excited by a powerful square wave pulse creates resonance
in the structure underneath the probe. The instrument's
receiver filter is tuned to the thickness of the structure and
to work at the corresponding half-wavelength. Presence of
a disbond will reduce the stiffness of the structure causing
a resonance shift to longer wavelength, and therefore the
resonance frequency will diminish. A 25 mm (1 in.) x 25
mm disbond on the inner structure will cause a backwall
signal attenuation of 6 to 12 db due to that phenomenon.

(4]

Eddy Current Method

The method of eddy currents in the non-
destructive control of material, semi-products and articles
is based on the fact that the test object, which has some
electrical conductivity, magnetic permeability and certain
dimensions, is exposed to an alternating magnetic field
generated by an AC coil powered alternating current. In
this object, as has been said, a swirling current is indicated
which, by its magnetic effect, acts backwards to the
original magnetic field. These two magnetic fields -
primarily from the drive coil and the reaction from eddy
current - are vectorized in the resulting field, which will
depend on the electrical conductivity and magnetic
permeability of the object to be tested.
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Figure 12 — The Principle of Eddy Current Method.
Source : [1].

The principle of non-destructive control by
means of whirling currents is that the structural state of the
material changes the said magnetic and electrical
parameters, or the presence of the defect interrupts part of
the streams of the vortex streams so that their feedback
effect on the driving field changes.(Skefik & Matének,
Skripta NDT metody, 2014)

The Eddy Current Method is used to detect
surface and subsurface errors, corrosion in aircraft
structures, mounting holes for various components, and
thread cracks.

Routine inspection with eddy current is
primarily performed on the aircraft chassis in the area of
wheel hubs and the fitting of the chassis legs on the aircraft
fuselage. The eddy current stream method is also used to
check the components of the aircraft engine.

The method is only suitable for conductive
materials (ferrous, non-ferrous and austenitic materials).
The method requires calibration standards and a trained
operator. The method is fast and portable. Special probes
are needed to test different types of materials.

SCAN THROUGH THICK COATING

Each individual eddy current coil in the probe
produces a signal relative to the phase and amplitude of the
structure below it. This data is referenced to an encoded
position and time and represented graphically as a C-scan
image. For rivet applications, the eddy current coils that
pass over a defective rivet generate a unique signal
response. For coils that are affected by a crack initiating
from the rivet hole, an amplitude change is represented in
the C-Scan display. For coils that detect no change, the
color representation remains constant in the C-scan
display. [10].

Olympus NDT is pleased to introduce the new
Doubler Edge Skin Crack Inspection solution, which
utilizes the latest ECA technologies for subsurface
detection. Drastically reduced inspection times, C-scan
imagery, large probe coverage, encoded scan, and
data/setup recording capabilities are just a few of the many
benefits of OmniScan technology. Intuitive imagery with
the C-scan allows for higher probability of detection and
better reproducibility, and also makes it easier to identify
the rivet row and edge on-screen. Thanks to its wide
coverage, probe positioning is not critical. This coverage
also enables both edges of the doubler to be covered during
the same scan. [10].

Figure 13 — Optimal positioning of the probe during
inspection. Source : [10].

Another probe is available that can scan
fasteners through thick non-conductive coating: the SEB-
064-005-032. Though it does not provide high resolution
like the SBBR-026-300-032, its low-frequency range (0.5—
50 kHz) and bigger coils can scan through thicker, non-
conductive coatings like paint, stickers and rubber. Due to
its large coverage (64 mm), two rows of fasteners can be
scanned at one time. Cracks do not have to be oriented in
a specific direction, as this probe is also omnidirectional.

[10].
Figure 14 — Sample with EDM notch. Source : [10].

Figure 15 — C-Scan cracks. Source : [10].
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Corrosion detection by using eddy current array
technology offers major advantages over conventional
eddy current inspection methods. Because each individual
eddy current coil generates a unique electrical signal in
relation to the structure below it, the coils can detect very
small changes in material thickness, along with other
parameters, and display these changes as a color-coded C-
scan image. Imaging using eddy current array allows easy
interpretation of the data generated from the probe coils. Managners |
After it has been collected, the inspection data can be
stored, transmitted, and analyzed. [9].

Chases|

130 5 59
Hav

Color palettes play a very important role in the rocnin | ([ Frovincy | e s & Pstor il s e
imaging of eddy current array data. Color palettes
determine how the data will be displayed. Color palettes Figure 17 — Area and Depth Color Calibration. Source :
are often linked to the amplitude of the eddy current [e].

signals; however, when required, color palettes can also be
linked to the phase angle of the signals. Color palettes
range from a gradual rainbow palette to a precise, two-

color "go/no-go" palette. Black and white palettes are also
often used. [9]. PINK= 40% corrosion depth

In this particular example, corrosion detection
gives these values:

RED= 30% corrosion depth
YELLOW=20% corrosion depth
BLUE= 10% corrosion depth

Conclusion

The purpose of non-destructive testing is to
detect any material failure, determine the type of failure,
and describe its location and size. With this information, it
is then possible to evaluate whether it is possible to repair
the component being repaired by a suitable method or to
replace it with a new component.

.

‘w099 7 156 LI 122,00 UL 0.00 The currently used defectoscopy methods are in
M= e most cases sufficient to obtain these data, but many times
the measurement is very complex, costly, or time-
consuming. That is why newer and better defectoscopic
devices and control procedures are being developed.

From the field of ultrasonic testing, it appears to
be a very useful Phased array method that provides reliable
control of aviation technique. The lateral linear scan
configurations show a high sensitivity potential in finding
cracks in the fasteners. Cracks up to 1 mm long can be
detected with a very good signal-to-noise ratio. Angle of
inclination is optimized for oblique cracks. This probe
configuration and wedge can be used for many other
applications.

When reviewing composite materials, new

Figure 16 — Internal Subsurface Corrosion Area. Source : ultrasonic inspection techniques are developed to provide
[9]. us with a reliable control of these materials.
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Abstract — GNSS (Global Navigation Satellite Systems)
maju vel'ky vyznam v bezpecnosti ako i presnosti prace pre
letecku c¢innost. Vyuzitie GNSS (GPS, Glonass, Galileo) v
LPP (Leteckeé prace v polnohospodarstve) ma velky velky
vyznam nie len dnes ale aj v nasledujucich rokoch pre
presné davkovanie a pokladku danej chémie, ale hlavne
pre usetrenie letového casu na aplikdciu, co prinesie
znizenie nakladov. Doteraz pilot vzdialenosti odhadoval
sam podla dlhorocnych skusenosti, resp. predletovej
pripravy.. GNSS moze priniest pilotovi moznost viac sa
sustredit' na bezpecny let a zvySenie kvality prace.

Key words — lietadlo, letecké prace v pol'nohospodarstve,
GNSS, satelitné systémy.

Uvod

Pre Gcely civilného letectva bola stanovena
definicia Globalneho navigaéného satelitného systému
(GNSS) ako celosvetovy systém pre urCovanie polohy a
Casu, ktory zahfia konsteldciu jednej alebo viac druzic,
lietadlovych prijimaov a monitorovanim integrity
systému, rozSireny, ak je to nevyhnutné, na podporu
pozadovanej navigacnej vykonnosti pre zamySlanu
prevadzku. Globalne navigacné satelitné systémy - GNSS
tvoriace zaklad navigacie zalozenej na vykonnosti - PBN
(Performance-based Navigation) poskytuju
bezproblémové, harmonizované a nékladovo efektivne
vedenie lietadla od odletu do koneéného pribliZenia s
vertikdlnym vedenim, ktoré poskytuje vyhody v oblasti
bezpecnosti, i¢innosti a kapacity. [1]

GPS (Global Positioning System) je americky
systém, ktory poskytuje uzivatelom sluzby urcovania
polohy, navigacie a Casu. Vyuziva suradnicovy systém
WGS 84 (World Geodetic System from 1984). Tento
systém bol pdvodne uréeny vyluéne pre armadne pouzitie,
az neskdr v 80. rokoch bol uvolneny aj pre civilné
pouzitie. Postupom ¢asu a vyvojom prijimacov ako aj
prostriedkov IKT sa GPS prijima¢ dostal do vsetkych
oblasti hospodarstva a zaroven aj do vSetkych oblasti
letectva.

Satelitné navigaéné systémy sa vyuZzivajl skoro
vo vSetkych odvetviach prac od hladania zattlanych
zvierat, monitoring pohybu 0s6b az po ovladanie lietadiel,
lodji, rakiet, dronov, traktorov ... atd’. Velky pokrok v tejto
oblasti bol urobeny hlavne v automatizacii ovladania
strojov, ktoré si schopné pohybu bez operatorov
(automatizované sklady, kombajny po rolach ..).
Navigacie zalozené na GNSS pre letectvo ur€uji presnu
polohu a naviguju lietadlo po bodoch trate
k pozadovanému miestu uréenia. GNSS systémy pre
pozemnu pol'nohospodarsku techniku, nie st urené do
lietadiel, ale za urcitych podmienok je mozné vyuzitie ako
podporny  systém v leteckych  polnohospodarskych
pracach (LPP). Pre LPP mozeme vyuzit' aj pozemné GNSS
(GPS, Glonass prijimaée) vyuzivat na zber dat, ktoré
mozeme pouzit’ na vykreslovanie uz urobenej Casti pola,
ako to robia traktory/kombajny. Tieto moznosti letecké
GNSS nepondkaju. Specializované letecké GNSS
prijimace uréené na LPP sa niekedy uz do starSich lietadiel
neoplati inStalovat’ vzh'adom na to, Ze ich cena instalacie
je vacsia, ako zostatkova hodnota samotného lietadla.

Vyber vhodného HW a SW néstroja pre letecké
prace
Pri vybere vhodného GNSS bolo branych v Gvahu

niekol’ko atributov:

- rozmery

- rychlost’ zberu dat

- mapovy systém

- podpora

- roz$irenost’ produktu

Kabina lietadla je robena ¢o najergonomickejsie
pre pilota a kedysi sa neratalo eSte GPS umiestnenim.
Preto umiestnenie v liectadle by malo byt tak aby
neprekazala vo vyhlade pilota a aby pilot nebol zbyto¢ne
otravovany pocas letu, ale musi mat’ aj dostato¢ny vyhl'ad
na GPS aby nim nebol rozptylovany. Stale si treba
pripominat’ Ze sa jedna o podporny systém. [2]

Pri rychlosti zberu dat si treba uvedomit’, ze
traktor ide po roli zhruba 20-50 km/h lietadlo leti
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rychlostou od 120 — 180 km/h. Tu nastiva problém v
rychlosti prijimaného signalu s GPS. Novsie prijimace uz
maju dostatoéni kapacitu aby zabezpecili presny a rychly
zber aj pri vacSich rychlostiach (pri testoch nemali
problém ani s rychlost'ou okolo 250km/hod).

Vsetky pozemné GPS sa
stradnicovom systéme WGS -84.

pracuju v

Pre LPP netreba mapovy podklad, ale len aby
stradnicovy systém bol rovnaky. Pilot nepotrebuje mapu
zeme (napr. rieky, cesty, mesta), pilot potrebuje mat’ na
obrazovke ¢o najmenej farieb — podklad, ohrani¢enie
parcele, uz urobenej Casti parcely, naletové linie.

Podpora produktu je délezita vzh'adom na nové
vylepSenia. Ako rozSirenie produktu je brané napr.
svetelna rampa namontovana vonku na kapote lietadla,
ktord velmi ulah¢uje pilotovi pracu ktory nemusi stale
kontrolovat’ polohu s GPS. Rampa naviguje svetelnymi
ukazovatel'mi na naletovu rovinu.Najrozsirenejsi produkt,
aj uz v letectve pouzivany je konzola od TOPCON,
obrazovka X14 a prima¢ 114, priGom obrazok ¢.1. [3a 4]

Obrézok 1 - Prijimac Topcom s obrazovkou, urceny pre
polnohospodarske prace. [5]
T T fl@}.—.%c"d Eept TR S0 5 R
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Obréazok 2 — GIS aplikdcia umoZiujiica
Jjednoduché zdielanie dat pre spracovanie mapovych
podkladov.[5]

Prakticka aplikécia a vyufZitie zariadeni

Momentalne sa tento GNSS systém vyuZiva
hlavne pri lesnych leteckych préacach, ako je vapnenie
alebo postrek. Vicsina zakaznikov vyzaduje ako vystup
vykreslenie danej plochy pri aplikécii (to robi pozemna
GNSS) a letové body (to robi leteckd GNSS). Preto musi
byt’ na palube aj letecka GNSS.

Najvicsie problémy  nastavaji  vo
vzdialenostiach od vzletu k pracovnej ploche (traktor to
nepozna, pride na rol'u zapne GNSS a pracuje). Niektoré
pracovné plochy su vzdialené aj 10 km od letiska. Tu
niekedy pozemna GNSS sa zafne hladat, ,laicky
povedané nechape preco traktor odchddza pre¢ zrole®.
Neexistuje tu ani tla¢itko GO TO. Preto sa musi pouzivat’
aj leteckd GNSS (napr. Garmin 196, Aera 500 obrazok
¢.3). Letecka GNSS navedie lietadlo na pracovnu plochu a
potom sa prechddza na pozemnl GNSS. Vystupny
protokol pre zakaznika su v grafickej podobe mapy
s zakladnymi dajmi, pricom vystup je generovany do
PDF suboru vid obrazok ¢&. 4. Cinnost’ pogas vykonavania
letu asamotnych leteckych prdc musi byt <o
najjednoduchsia a vSetko sa musi nastavit' pred letom
alebo pocas letu na parcelu, aby pilot pocas najtaz§icho
Useku letu sa venoval len lietadlu a spravnemu vykonaniu
letu.

Obrézok 3 — Prijimac¢ Garmin AERA 500, uréeny pre
letecké prace.[6]
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Obrazok 4 — Vystupny protokol pre zakaznika
0 vykonanych leteckych pracach. [7]

Zapis je vykonavany okamzite po zapnuti
aplikatného  zariadenia aukondené po  vypnuti
aplikaéného zariadenia. Je to rovnaké ako u pozemnych
strojoch. Na obrazovke (vid’ obrazok ¢&. 1) je vykreslena
zelené Ciary na sivom podklade. Zelena linia je Siroka
podla zaberu ktory sa nastaveny dopredu aznamena
vykonanu pracu. U leteckych postrekoch je to do 25m (s
prekrytim 0,5 -1 m). Cervena linia znamena stred naletu
lietadla.

Velkou vyhodou je ked zakaznik vie uz
pracovné plochy, ktoré sa budu oSetrovat’ a posle ich
stradnice dopredu, aby sa vedeli nahrat’ do GPS. Bohuzial
SR/CR je velmi malo druZstiev ktoré pracuju s takymito
datami. V pripade ked pilot nedisponuje takymito
informaciami si musi prvym letom spravit’ za¢iatocnu liniu
a GPS bude potom automaticky odsadzovat' lety podla
nastavenia zaberu. Vystup je rovnaky, ale bez ohrani¢enia
pracovnej plochy. [8]

Zaver

Existuje vel'a firiem, ktoré robia letecké GPS
systémy urené pre letecké polnohospodarske prace
aktoré sa pouzivaji vo svete hlavne pre lietadla
AirTractor a Thrush. Vel'ka vyhoda tychto lietadiel je ich
usporiadany a priestranny cocpit vid’. obrazok ¢. 5.

Obrézok 5 — Vystupny protokol pre zakaznika
o0 vykonanych leteckych précach.

Nové lietadla sa uz vyrabajt tak, aby bol priestor
v kabine aj pre nové technoldgie, ktoré vyrébaju viaceré
firmy azakaznik ma moznost si vybrat. VicSina
produktov ma vacsie obrazovky pre lepSie zobrazovanie a
ovladatelnost’. Dotykovy display je samozrejmost'ou

Vzhl'adom na to, Ze na Slovensku sa pouzivaju
lietadla typu Zlin Zz-37, Z-137, pri ktorych sa
nepredpokladalo so zastavbou GNSS prijimacov a preto tu
nie je vhodné miesto na zastavbu. MozZnost' prestavby
danych lietadiel je pre nové predpisy naroény proces.
Umiestnenie velkych tabelovych obrazoviek, ktoré by
nezavadzali vo vyhlade pilota von, alebo na pristroje je
v ergonomickej kabine obt'azne az nemozné vid’. obrazok
¢.6.

Obrazok 6 — Cocpit lietadla Zlin Z-37. [Zdroj: autor]
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Spriahnutie pozemnej a leteckej GNSS moze
priniest’ uSetrenia nakladov a s dostacujicimi vystupmi
pre zakaznika o vykonanej danej ¢innosti aj kontrolu
vykonanej préace.

Treba si stale uvedomit’ Ze je to len podporny
systém uréeny hlavne na kontrolu vykonavania letu. Let
musi pilot vykonat’ stale sdm.
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