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ABSTRACT

The development of scientific and technical progress and the formation of a new
direction in implementation of the state economic policy — the development of
innovative economy — have put forward the necessity to consider some new issues and
challenges in the provision of commercial drone services for the global economy.

The specificity of this type of services is based on the subject area of the regional
economy, since the quality of commercial drone services depends on the parameters,
the main of which is a specific region.

The goal of the promotional dissertation is to develop the method of territorial
distribution of the commercial Mobile Drone’s Units (on the example of Costa Rica)
based on the combinatorial analysis and simplex method of linear programming.

The theoretical part in Chapter 1 is devoted to the study of the essence of the
commercial drone services and the formulation of their classification features. The
author has presented the assessment of the classification features of drone companies
providing the commercial services.

In Chapter 2 of the dissertation, the author has presented the analysis of the legal
regulation of the commercial aerial surveillance services in the world economy,
including Latvia and Costa Rica. Based on the economic and geographical analysis of
Costa Rica, the author has proposed the strategy of promotion of the commercial drone
services companies on the example of Costa Rica. Among the important stages of this
analysis there are following ones: the choice of pricing strategy for the services,
assessment of seasonal indicators, price analysis of competitors, the choice of channels
for the promotion of commercial services of the drone companies in Costa Rica. It has
been concluded that the cost of the drone services is affected by the amount of flight
time to fulfil orders, which is taken as the basis for the methodology of territorial
placement of the drones in the country.

Chapter 3 of the promotional dissertation is based on the practical experience of
the thesis author in the area of the implementation of the commercial drone services,
which has allowed presenting the methodology of territorial placement of drones using
the combinatorial method and the application of linear programming in the territorial
placement of drones in the regions of Costa Rica.

Conclusion and suggestions are formulated in Conclusion.

Keywords: commercial services, drone, territorial placement, Costa Rica.



INTRODUCTION

Topicality

Currently, Unmanned Aircraft Vehicle — UAV !, or drones, with various
mounted video-, photo-, spectro - and other equipment are widely used in various
activities: military; scientific, consumer (in the self-interest of the business structure),
commercial (providing services to other business structures or individuals).
Surveillance applications include monitoring, surveillance, wildfire mapping,
inspection, search, security, road patrol, goods delivery and etc. Commercial use of
drones is growing rapidly, due to the simplicity of their deployment, low cost of
maintenance, high mobility and high target efficiency. It is expected 2 that the total
number of drones sold in 2021 will reach about 30 million , and sales themselves will
reach $ 12 billion. For comparison, the global sales of drones (quadcopters) in 2015
amounted to $130 million 3. It is projected 4, °, that the global market of the aerial
surveillance services (ASS) with the use of drones, relevant technologies and labour to
implement these services will reach about $127.3 billion in 2023. A report issued by
the Association for Unmanned Vehicle Systems International indicates that it expects
more than 100,000 new jobs in unmanned aircrafts by 2025 .

The provision of the aerial surveillance services with the use of drones is carried
out by a new type of commercial companies — drone’s companies, which are not given
the proper attention to in the modern scientific literature, due to the novelty of this
emerging service sector. Therefore, the proposed promotional dissertation, which
explores the theoretical aspects of the aerial surveillance services, the organisation of
their territorial distribution by Mobile Drone’s Units, is an actual research.

The author pays special attention to the theory and practice of the following
important aspects of regional economy:

- there investigated and revealed the specificity of the local market for the

production of spatially distributed drone aerial surveillance services;

- there investigated the problems of regional economic measurements of

indicators in the sphere of the aerial surveillance services;

- there developed the theoretical, methodological and applied aspects of

location, functioning and development of the territorial service complexes
(drone companies) producing the aerial surveillance services by Maobile
Drone’s Units optimally distributed in the region;

Degree of Scientific Elaboration of the Problem

! Hereinafter, the terms "drone™ and "Unmanned Aircraft Vehicle" will be used as synonyms.

2 Joshi, D. Commercial unmanned aerial vehicle (UAV) market analysis industry trends, companies
and what you should know, Business Insider, 2017[Electronic resource]:
http://www.businessinsider.com/commercial-uav-market-analysis-2017-8 [Available on August 2018]
3 Snow C., Seven Trends That Will Shape The Commercial Drone Industry In 2019, USA, Forbes
[Electronic source]: https://www.forbes.com/sites/colinsnow/2019/01/07/seven-trends-that-will-shape-
the-commercial-drone-industry-in-2019 [Available on November 2019]

4 Mazur, M. and Wisniewski, A. Drone Powered Solutions, Price Water House [Electronic resource]:
https://www.pwc.pl/en/drone-powered-solutions/Articles/Drone-Powered-Solutions-for-Power-
Utilities-Sector-New-Report-by-PwC-DPS.html [Available on January 2018]

5 Silver, B., Mazur, M., Wisniewski, A. and Babicz, A. The era of drone-powered solutions: a valuable
source of new revenue streams for telecoms operators, Price Water House Communications Review
July 2017 [Electronic resource]: https://www.pwc.com/gx/en/communications/pdf/communications-
review-july-2017.pdf [Available on January 2018]

6 Kelly, T. The booming demand for commercial drone pilots, The Atlatntic 2017 [Electronic
resource]: https://www.theatlantic.com/technology/archive/2017/01/drone-pilot-school/515022
[Available on February 2018]
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The problems of production of the aerial surveillance services in various spheres
of the national economy, evaluation of natural and cost indicators of the performance
of drone companies (DCo), producing such services, are reflected in a large number of
scientific publications. The economic literature presents many researches on the topic,
particularly in the studies by Joshi D., Cohn P. & Langstaff M., Shakhatrehm H. & etc.,
Hayat, Yanmar E. & Muzaffar R., Muchiri N. & Kimath S., Agbeyangi A. &
Olorunlomerue A. B. The websites of the global international drone companies
Airstoc.com, Applus, Azur Drones group, Microdrones also devote their attention to
the issue. The composition and equipment requirements of UAS, used for the
commercial services rendering, are defined by ICAQO’s circular 328 AN/190; Eisenbeif3
H. also describes them in sufficient details. The organisation of this business, as well
as the evaluation of the payment to the UAV pilots are investigated in the publications
by A. Amato, A. Lamb, D. Dallas.

The specificity of the ASS and the conditions of their provision are essentially
determined by the peculiarities of the regional. As the object of the research the author
has chosen Costa Rica, where the author implements his knowledge in the practical
sphere — the drone company — and conducts testing of his theoretical propositions of
the promotional dissertation. However, the experience gained in Costa Rica can be
applied by other EU countries under NUTS 3 classification, including Latvia and the
Baltic States. The specificity of the commercial ASS, conditions and indicators of their
production is particularly pronounced in regions with a contrasting diversity of their
constituent areas, which include:

- the structure of the economy of the region, which determines the spheres of

sectors of the national economy, where the ASS are top-requested;

- transport infrastructure and availability of service delivery locations;

- natural landscape (mountains, plateaus and plains);

- climatic conditions (solar and rain activity, line of sight distance, winds,

hurricanes);

- legislation and regulations governing the activities of the commercial drone

companies.

An important component of the performance indicators of the aerial surveillance
services by a drone company is the useful flight time of drone use.

One of the specific features of the ASS sphere is that the services are “tied” to
the geographical locations of their rendering. In this sense, not the customer “goes to
the service”, but the service is delivered to the place of its provision, in other words,
to the customer. Considering the fact that the drones have a limited flight radius
(several kilometres), a significant amount of work for the DCo is the delivery of drones
to the location of service rendering. This specificity complicates the mobile production
of the aerial surveillance services by a commercial drone company from a single centre.
In this regard, there is an idea of using the Mobile Drones Unit (MDU) as a part of DCo
and optimising their geographically distributed location in the region, combining the
requirements of coverage with such services of the customers throughout the region
and the economic efficiency of the manufacturer of such services. Such problems have
not been solved in the relation to the sphere of services under consideration.
Nevertheless, in other areas such problems are known as the classical discrete tasks of
the regional economy on the territorial location of production of goods or services. The
earliest publications on the applied problems of this tasks implementation cover the
placement of industrial enterprises (Krarup J. and Pruzan P. M.); warehouses
(Khumawala B. M.); branches of banks (Cornuejols G., Fisher M. L. and Nemhauser
G. L.). Classical bases of formalisation and solution of such tasks are described by such
scientists as Andronovs A., Asgar N., Brualdi R. A., Farahani R. Z., Francis R. L.,
Mirchandani P. B., Nocedal J. and Wright S. J., Seif M. S.

10



Practical and theoretical experience of the author in the field of providing

commercial services by drone companies showed that the issues of territorial location
of the Mobile Drone’s Units have not been considered in the scientific literature and
the regional economy in particular.

Summarising the above discussed, it could be noted that the author’s

formulation and solution of the above described tasks of the research of the regional
aerial surveillance services theoretical aspects, the optimisation of the Mobile Drone’s
Units territorial location in the field of producing the commercial aerial surveillance
services confirms the relevance of the presented promotional dissertation.

The author has put forward the following hypotheses:

The provision of the commercial aerial surveillance services by drone
companies in the regions with contrasting specific features should be based on
the use of the Mobile Drone’s Units.

Optimal territorial location of the Mobile Drone’s Units of companies in the
region on the basis of linear programming leads to the efficient use of the
drone’s units of the company.

The goals of this thesis:
To develop the method of territorial distribution of the commercial Mobile

Drone’s Units (on the example of Costa Rica) based on the combinatorial analysis and
simplex method of linear programming.

The stated goal of the research predetermines the following objectives:

1.

To analyse the classification features and characteristics of the commercial
aerial surveillance services produced by drones, as well as the companies
providing the commercial drone services in different regions of the country.
To analyse and disclose the main theoretical aspects of the provision of the aerial
surveillance services by drone companies in the region.

To study the theoretical foundations of legal regulation of the commercial aerial
surveillance services in the world economy, including Costa Rica.

To conduct the analysis of the regions of Costa Rica, employing the economic
and geographical method, for assessing the impact of the peculiarities of the
country on pricing of the commercial aerial surveillance services.

To propose a methodology for assessing the economic performance of the
commercial aerial surveillance services produced by drone companies, taking
into account the geographical, administrative, legal conditions and cultural
traditions of the regions of the country (exemplified by Costa Rica).

To develop a method of territorial locating the interconnected Mobile Drone’s
Units in the regions of the country, providing the commercial aerial surveillance
services.

The object of the thesis: the commercial surveillance services of Costa Rika.

The subject of the thesis: the peculiarities and the consistent patterns of impact

of the commercial drone services on the economy of the regions.

Methods of the research
The methodology assumes the system approach to the problem solving,

providing the unity of the qualitative and quantitative methods:

- extensive scientific literature review to analyse the theoretical aspects of the
drone aerial surveillance services production;

11



- expert assessments and official statistics on the drone aerial surveillance
services and the methods of their EXCEL processing;

- content and economic analysis of the regional specificity of the drone aerial
surveillance services provision;

- combinatorial analysis and simplex method of linear programming for
solving the task of optimisation of the Mobile Drone’s Units regional
basing.

- tools of the language of mathematical modelling MATHCAD for validation
of the developed economic and mathematical models

The thesis widely employs the analytical material, provided by the various

scientific publications. It also processes the information, obtained from the official
website of government establishment of the USA, Latvia, Costa Rica, as well as the
international organisation, including International Civil Aviation Organisation,
International Associations of Drones and Drone Services.

Restrictions and Limitations of the Research

The author researches Costa Rica as a region, which provides the commercial
aerial surveillance services; there optimises the number and topology of the locations
of the Mobile Drone’s Units of the drone company. To produce the comparative
analysis of various indicators and conditions of the production processes of the aerial
surveillance services, the author processes the time series data, published by the official
organisation of Costa Rica (for years 2007-2018).

Research Results

The author investigated the problems of the efficient organisation and
production of the aerial surveillance services through the territorial distribution of the
Mobile Drone’s Units of a commercial company in the region. The obtained results are
as follows:

1. There revealed the classification features, characteristics of the sphere of the
commercial aerial surveillance services, providing services by means of the
Mobile Drone’s Units; there also presented the model of rendering the
commercial drone services

2. There carried out the analysis of legal aspects of the commercial drone services
implementation by the world states, leading in this branch. On the basis of the
economic and geographical analysis and the national peculiarities of Costa Rica,
there formulated a methodology for estimating the cost of the commercial drone
services and presented a model for the promotion of the commercial drone
services in the country.

3. The problem of optimisation of the locations number of the Mobile Drone’s
Units for geographically distributed customer service in the region is solved by
the methods of Boolean programming.

4. For the first time the conceptual principles of providing the commercial aerial
surveillance services by the Mobile Drone’s Units in the regions are proposed.

The Practical Value of the Promotional Dissertation is that the obtained results
are aimed at improving the efficiency of the processes of the aerial surveillance services
production by the drone commercial companies in various sectors of the economy. The
obtained results are implemented in the Costa Rican commercial drone company La
Castellana (see signed usage act) and in the academic course “VadiSana
makroekonomiska videé” of the Master programme of the Baltic International Academy.

12



Time and Regional Frameworks of the Research
The analysis of theoretical aspects, as well as the collection of empirical data
covers the period from 2007 to 2017 and, partly year 2018.

Positions for Defence

1. The territorial location of the drone companies depends on the classification
features of the commercial aerial surveillance services.

2. There needed to calculate the economic performance indicators of the
commercial aerial surveillance services for the development of the drone
companies’ commercial services.

3. The development of the commercial drone services in the region depends on the
optimisation of locations and the number of locations of the Mobile Drone’s
Units for territorial customer service.

The Presentation of the Results of the Research

The theoretical and practical statements of the research have found the reflection
in the publications of scientific articles and abstracts at international and practical
conferences: V (2016), VI (2017), VII (2018), VIII (2019) of International scientific
and practical conferences “The Transformation process of law, the regional economy
and economic policy: the relevant economic and political and legal issue”, conference
"Reliability and Statistics in Transportation and Communication” (RelStat 2018), the
author’s online interview for the Costa Rican national periodical issue
www.nacion.com/somos-celebres/drones-de-la-ciencia-ficcion-a-la-realidad.

The structure of the thesis research is determined by the goal, objectives and
the logic of the research. The thesis includes introduction, three chapters, conclusion
and reference.

Introduction

Introduction demonstrates the relevance of the research topic. The hypotheses,
goals and objectives of the research, its subject, object, scientific novelty and practical
significance are identified, as well as literature revive of examined sources and applied
scientific methods are presented.

Chapter 1

There is the study of the essence of the commercial drone services and the
formulation of their classification features. There studied the commercial services and
their features and characteristics with the specificities of these services. There presented
the assessment of the classification features of drone companies providing the
commercial services, on the basis of which the author has proposed a model of drone
services. There researched the theoretical aspects of the organisation of territorial
placement of drone’s units.

Chapter 2

In the chapter is presented the examination of the basics of the legal regulation
of the commercial aerial surveillance services in the world economy, including Latvia
and Costa Rica. Based on the economic and geographical analysis of Costa Rica, the
author has proposed a method for estimating the costs of the commercial drone services
based on the cost of an hour of flight time. There proposed the strategy of promotion of
the commercial drone services companies on the example of Costa Rica.
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Chapter 3

Chapter presents the development of a new method for solving the optimisation
problem of the territorial location of the Mobile Drone’s Units, producing the
commercial services for the customers in the region in the field of the aerial surveillance
services. The methods have been tested in relation to the determination of the Mobile
Drone’s Units bases’ number and locations in the specific conditions of Costa Rica.
There presented the comparison of the results of solving the task by these methods.

Conclusion
Conclusion and suggestions are formulated in this section.

There are three Appendices in the promotional dissertation, supplementing
Chapters 1, 2 and 3.

14



Chapter 1. THEORETICAL ASPECTS OF FORMATION OF
COMMERCIAL DRONE SERVICES
1.1. Concept and Nature of Commercial Drone Services and the Peculiarities of
their Classification

To fulfil the goal, set in the promotional thesis, it is necessary to consider the
object of the presented study — drones. For the first time, INTERNATIONAL CIVIL
AVIATION ORGANIZATION On 12 April 2005, during the first meeting of its 169™
Session, the Air Navigation Commission requested the Secretary General to consult
selected States and international organizations with respect to: present and foreseen
international civil unmanned aerial vehicle (UAV) activities in civil airspace;
procedures to obviate danger to civil aircraft posed by UAVs operated as State aircraft;
and procedures that might be in place for the issuance of special operating
authorizations for international civil UAV operations. An aircraft which is intended to
operate with no pilot on board.

The European Union Safety Agency also regulates and introduces the concept
of a drone in the European Union. To ensure the free circulation of drones and a level
playing field within the European Union EASA has developed common European rules.
The approach taken is to apply the highest safety standards achieved in manned aviation
to drones as well. The rules are based on an assessment of the risk of operation, and
strike a balance between the obligations of drone manufacturers and operators in terms
of safety, respect for privacy, the environment, protection against noise, and security’.
The International Air Transport Association (IATA) determines drones as follows:
Remotely-piloted aircraft systems (RPAS), commonly known as drones, are
increasingly used for commercial operations and recreational purposes®.

Latvian scientists, like many scientists around the world, are engaged in the
study of drones. However, it should be noted that these researches are primarily related
to the technical Sciences. For example Eriks Klaving, Valerijs Zagurskis in their article
“Unmanned Aerial Vehicle Movement Trajectory Detection in Open Environment”
consider the drone as background for a new method, which can be used for UAV on-
board trajectory determination®.

Gunther Sollinger in the research article “The Development of Unmanned
Aerial Vehicles in Germany (1914 — 1918)” ¥ focuses on the use of unmanned
apparatuses in Germany at the beginning of the last century. Thus, in the field of
economical sciences, the researches on the commercial use of drones has not been
conducted.

Next, to describe the use of drones in commercial services, it is necessary to
define the essence and concept of the services. The Oxford dictionary defines the
service as follows: Services are the action of helping or doing work for someone 1.

" European Union Safety Agency, Introduction of a regulatory framework for the operation of drones,
A-NPA Vo0l.10, RMT: 31.7.2015 [Electronic source]: https://www.easa.europa.eu/easa-and-you/civil-
drones-rpas/drones-regulatory-framework-background [Available on September 2017]

8 The International Air Transport Association, Program description: Remotely Piloted Aircraft Systems
(RPAS) [Electronic source]:https://www.iata.org/whatwedo/safety/Pages/drones.aspx [Available on
October 2018]

® Klavins, E., Zagurskis V., Unmanned Aerial Vehicle Movement Trajectory Detection in Open
Environment Procedia Computer Science, 2016, VVol.104, 400.-407.p. ISSN 1877-0509.
doi:10.1016/j.procs.2017.01.152

10 Sollinger, G., The Development of Unmanned Aerial VVehicles in Germany (1914 — 1918)
Humanitaras un socialas zinatnes. RTU Nr.16, 2010, 24.-31.lpp

11 Angus Stevenson A., Lindberg C., New Oxford American Dictionary, third edition, ~ Oxford
University Press, 2096 p., 2010, ISBN: 978-0-19-539288-3
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Zeithaml 12, Vargo and Lusch ‘3 clarify the concept of service as a process and explain
their differences from the goods in their studies. A definition close to the commercial
concept is given by Campbell R. McConnell and Stanley L. Brue in their classical book
“Economics” **. They describe Service as something that is intangible (invisible) and,
in exchange for which the consumer, firm or government is willing to provide
something valuable. Kay, David L. and Pratt, James E. and Warner, Mildred in their
study “Role of Services in Regional Economy Growth” describe commercial service as
any event or benefit offered to others for a fee” °. With regard to the topic of this
dissertation research, the commercial services are considered only as paid services. The
general qualitative feature of the commercial component of the concept of paid services
is that their production is carried out on the basis of contractual relations between the
manufacturer and the consumer (client) 6.

It should be noted that the service has the main characteristics which are
described by Kotler Ph. Y7, who has identified four characteristics of services —
intangibility, inseparability from the source, instability of quality, perishability. He also
identified four classifications of services: the source of services, the mandatory
presence of the client at the time of provision of services, the motives for the acquisition
of services by the client and the motives of services rendering by their manufacturer.

Galichin V. A. in his monograph “The International Market of Educational
Services: the Main Characteristics and Trends of Development” 8 also gives a general
definition of the concept of properties of services. Markova V. in the monograph
“Marketing of Services” !° points to the property of the service, which is important from
the point of view of the author: ...services are local, non-transportable, may have a
regional character...”. With regard to the object of this study, the services are local or
regional, i.e. the region is important for the provision of drone services, and therefore,
depending on the properties of the service, its characteristics change. As it is known, in
English the word “locality” (from lat. localis, local) is a word for a district, city, or other
place. But its original meaning, which appeared in the XVII century, refers to the very
concept of “place” 2. It means that everything has a place. In this study the locality is
an important property in the description of commercial aerial surveillance services. The
quality of the service and its cost, as well as execution time and employment of
equipment may change depending on the location. Fadeeva N. V. in the article “Criteria
to Measure and Assess the Quality of Services, Siberian State Technology University”

12 Zeithaml, P. Relationships and Impacts of Service Quality, Perceived Value, Customer Satisfaction,
and Image: An Empirical Study, Service Industries Journal 29(2) p.p. 111-125, 2009 DOI:
10.1080/02642060802292932

13 vargo and Lusch. Evolving to a New Dominant Logic, Journal of Marketing. 68(1): p.p. 1-17, 2004,
DOI: 10.1509/jmkg.68.1.1.24036

14 Campbell R. Mc Connell and Stanley L. Brue, Economics: Principles, Problems find Polices, 11th
Edition, NY, 1990, V 2., ISBN: 0070449678

15 Futrel, Ch. M. Sales Managements, 6th edition, Harcourt College Publisher, 2001, 638 p.

16 World Trade Organization, Measuringtrade In Services module produced by WTO/OMC 2010,
[Electronic source]: https://www.wto.org/english/res_e/statis_e/services_training_module_e.pdf
[Available August 2017]

17 Kotler P., Marketing Essential. Prentice-Hall, Inc., University of Michigan, 1984, 646 p., ISBN:
0135572320

18 Tanuuun B., MextyHapoIHbIH PBIHOK 00pa30BaTEIbHBIX YCIYT: OCHOBHBIE XapaKTEPUCTUKHU H
tenaeHnuu passutus (Galichin V., The international market for educational services: basic
characteristics and development trends), PAHX , 2016, 70 p.

19 Mapkosa B. Mapkerunr ycnyr: ®unanchl u cratuctuxa 1996, (Markova V. Marketing of services:
Finance and statistics), 1996, 127 p.

20 CriponeeBa A., Mup masoro. OnbIT onucanus jokaabHocTd, "MDOPAH" (1998) (Syrodeeva A., The

World of Small. Experience of describing locality, IFRAN), 1998, 342 p.
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21 points to the structural components of the service system that determine its quality
“characteristic” by the synonyms. As it is known, one object exhibits several different
properties that have a certain structure. However, the number of properties of physical
objects is not limited and they are divided into three categories: classifying (qualitative),
topological (comparative) and metric (quantitative). There also distinguished among
the properties such a group, which, being common to a number of objects in qualitative
terms, can be characterised by quantitative differences.

Based on the analysis, conducted by the author, there expanded and detailed the
classification characteristics and characteristics of commercial ASS produced with the
drones use (see Fig. 1.3).

Classification characteristics and features of
commercial aerial surveillance services

Main properties Basic attributes Additional features
—1 Source of services | — Intangibility — Types
|| The presence of Inseparability — Areas of provision
the client | from the source
Observed objects
The motives of theJ || The variability of ] and subjects
client the quality
The motives of - ;
es o
characteristics

] Modes of
production

Figure 1.1. Classification criteria and characteristics of aerial surveillance services,
(created by the author).

As applied to the commercial aerial surveillance services produced with using
the drones, their classic/main features (see Fig. 1.3) obtain more specific values:

- source of services is a drone equipped with appropriate means of aerial surveillance,
delivery ;

- the feature of mandatory presence of the client at the time of service supply: for this
service, the presence may be mandatory or optional. For example, the process of
monitoring the object state, if it is done without video or photographic recording of
the results of such monitoring, it requires the presence of the client (observer). If it
IS monitoring with video or photographic recording of results, it does not require
customer’s presence, as the results of such documentation, the customer can study
the obtained information at the time different from the moment of the service
provision;

2L Fadeeva N., Criteria to Measure and Assess the Quality of Services, Siberian State Technology
University; Vestnik TGTU. 2012. 18- 4. Transactions TSTU p. 1106-1114
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- the motives for the acquisition of services by the client — for personal or business
needs; the difference in the motives for the acquisition of services generally
determine the difference in the level of payment for such services; it is possible that
the identical services purchased for personal needs will be cheaper than services
purchased for business needs

- the motives of the producer of services in the considered commercial aspect are
only commercial, but not social motives, i.e. receiving profit from production of
services %2,

The further step is clarifying the main basic attributes of the air surveillance
services (see Fig. 1.2), which should be taken into account both in the process of
organisation of such services production and in their commercialisation process:

- intangibility — the services themselves are tangible only at the time of their
purchasing and intangible until such time (“it is impossible to see, try, hear or smell
them”);

- inseparability from the source — (inseparability from an appropriately equipped
unmanned aerial vehicle) — different degrees of technical equipment of such a
device determines the qualitative and quantitative indicators of the services
produced,;

- the variability of the quality — dependence of the services quality from their
manufacturer, as well as the place and time of production; for example, video
produced in adverse landscape or weather conditions, in low degree of illumination
of the object or bad angle of observation, are qualitatively different from video
recordings, produced in favourable conditions;

- the service non-preservation — the service cannot be stored - its cost value exists
only at the time of its provision; significant fluctuations in demand for services can
lead to either an excess or a shortage of the relevant aircraft; in the first case, there
are economic losses from the reduction in the load of such vehicles, and in the
second case, there are economic losses from the inability to provide the declared
service or services at a certain time and in a certain place 2.

The intangibility prior to service acquisition and delivery and the variability of
the quality require careful preparation of the aerial surveillance services production
process in order to offset the negative impact of these characteristics. Inseparability
from the source affects the choice of technology of ASS provision and the qualification
requirements towards the personnel providing aerial surveillance services using UAV.
Non-persistence, as an action, determines the nature of the results of the production of
services presented to customers.

The commercial group consists of the following types of services produced by
drones:

- observation of processes and objects;

- video and photo recording of the observation objects;

- measurement of geophysical, atmospheric and other parameters of objects and
the environment;

- delivery of goods, mainly in hard-to-reach places;

- loudspeaker broadcasting in the emergency situations such as earthquakes,
volcanic eruptions, tsunamis, fires, etc.

The predominant type of commercial drone services is the aerial surveillance services

with or without recording of observation results. Therefore, in the future, unless

22 The motives of the ASS producers will be discussed in more detail in section 1.3 of this dissertation.
2 Note that such losses can be substantially reduced by using the mechanism of orders overbooking for
the air surveillance services, the economic and mathematical model of optimization of which will be
presented later in this dissertation.
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otherwise agreed, commercial drone services will be identified with aerial surveillance
services. So, many authors 242° 26 exploring the commercial use of drones, describes
the main industries or areas where the operation of drones gain the most popularity.
Among these activities there indicated the following:

- Search and rescue — the drones are very useful in such operations. For
example, they are used in fires, floods, searches for people and animals, for
determining the amount of gases in the air.

- Security — many authorities use drones to protect people in life-threatening
situations. For example, it can help in coordination of the security operations;
in delivery of medicines; in participation in operations with traffic police, etc.

- Inspections — the drones can inspect in inaccessible places such as pipelines,
turbines and the like.

- Surveillance — the drone allows recording and monitoring the place from
above, it is very convenient in public events such as protests to detect
suspicious and dangerous activities in a timely manner.

- Science and research — the drones help scientists do their research from
above, drones are used to document the archaeological excavations, nuclear
incidents (pollution measurements), glacier monitoring, volcano eruption
observations, etc.

- Photography — with the help of a drone it is possible to take pictures, for
example, it is used for the development of the tourism industry.

- Navigation — using multispectral cameras and laser scanners, the drone can
create high-performance 3D maps. Therefore, they have found their
application in various fields, including surveying and mapping.

- Logistics — the drone is used to deliver small packages. In this way, the goods
can be quickly delivered and it is environmentally safe in the airspace.

Lina Tang Guofan Shao in the article “Drone remote sensing for forestry research and
practice” 2’ explains, that the drones of various shapes, sizes, and functionalities have
emerged over the past few decades, and their civilian applications are becoming
increasingly appealing. The paper indicates the wide range of applications in
agriculture, but does not formulate the functions of the drones. Jedrzej Drozdowicz,
Maciej Wielgo, Piotr Samczynski, Krzysztof Kulpa, Jaroslaw Krzonkalla, Maj
Mordzonek?® describe in their paper an experimental system dedicated for the detection
and tracking of small aerial targets such as Unmanned Aerial Vehicles (UAVS) in
particular small drones (multirotors). They indicate the advantage of drones in modern
world practice, describe the observation and search functions, but do not describe the
functions of drones.

24 Cloud, D. ,CIA Drones Have Broader List of Targets, Los Angeles Times 2010, [Electronics source]:
http://www.latimes.com/news/nationworld/world/la-fg-drone-targets-20100506,0,57614.story
[Available July 2018]

%5 Shakhatreh H., Sawalmeh A., Al-Fugaha A., Dou Z., Almaita E., Khalil 1., Shamsiah N., Khreishah
A., Guizani M., Unmanned Aerial Vehicles: A Survey on Civil Applications and Key Research
Challenges, arXiv:1805.00881v1 [cs.RQO], 2018 [Electronic source]:
https://arxiv.org/pdf/1805.00881.pdf. [Available August 2018]

% Menouar, H., Guvenc, 1., Akkaya, K., A. Uluagac, S., Kadri, A., Tuncer, A., UAV-enabled
intelligent transportation systems for the smart city: Applications and challenges, IEEE
Communications Magazine, vol. 55, no. 3, pp. 22-28, 2017, DOI: 10.1109/MCOM.2017.1600238CM
2 Tang, L., Shao G., Drone remote sensing for forestry research and practice Journal of Forestry
Research, 2015, Volume 26, pp 791-797, ISSN: 1007-662X

28 Drozdowicz, J. Wielgo, M., Samczynski, P., Kulpa, K., Krzonkalla, J., Mordzonek, M., 17th
International Radar Symposium (IRS) Krakow, Poland, 10-12, 2016, DOI: 10.1109/IRS.2016.7497351
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As applied to the commercial aerial surveillance services produced with using
the drones, their classic/main features (see Fig. 1.3) obtain more specific values:

- source of services is a drone equipped with appropriate means of aerial surveillance,
delivery ;

- the feature of mandatory presence of the client at the time of service supply: for this
service, the presence may be mandatory or optional. For example, the process of
monitoring the object state, if it is done without video or photographic recording of
the results of such monitoring, it requires the presence of the client (observer). If it
IS monitoring with video or photographic recording of results, it does not require
customer’s presence, as the results of such documentation, the customer can study
the obtained information at the time different from the moment of the service
provision;

- the motives for the acquisition of services by the client — for personal or business
needs; the difference in the motives for the acquisition of services generally
determine the difference in the level of payment for such services; it is possible that
the identical services purchased for personal needs will be cheaper than services
purchased for business needs

- the motives of the producer of services in the considered commercial aspect are
only commercial, but not social motives, i.e. receiving profit from production of
services %°.

The further step is clarifying the main basic attributes of the air surveillance
services (see Fig. 1.2), which should be taken into account both in the process of
organisation of such services production and in their commercialisation process:

- intangibility — the services themselves are tangible only at the time of their
purchasing and intangible until such time (“it is impossible to see, try, hear or smell
them”);

- inseparability from the source — (inseparability from an appropriately equipped
unmanned aerial vehicle) — different degrees of technical equipment of such a
device determines the qualitative and quantitative indicators of the services
produced,;

- the variability of the quality — dependence of the services quality from their
manufacturer, as well as the place and time of production; for example, video
produced in adverse landscape or weather conditions, in low degree of illumination
of the object or bad angle of observation, are qualitatively different from video
recordings, produced in favourable conditions;

- the service non-preservation — the service cannot be stored - its cost value exists
only at the time of its provision; significant fluctuations in demand for services can
lead to either an excess or a shortage of the relevant aircraft; in the first case, there
are economic losses from the reduction in the load of such vehicles, and in the
second case, there are economic losses from the inability to provide the declared
service or services at a certain time and in a certain place *.

The intangibility prior to service acquisition and delivery and the variability of
the quality require careful preparation of the aerial surveillance services production
process in order to offset the negative impact of these characteristics. Inseparability
from the source affects the choice of technology of ASS provision and the qualification
requirements towards the personnel providing aerial surveillance services using UAV.

29 The motives of the ASS producers will be discussed in more detail in section 1.3 of this dissertation.
30 Note that such losses can be substantially reduced by using the mechanism of orders overbooking for
the air surveillance services, the economic and mathematical model of optimization of which will be
presented later in this dissertation.
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Non-persistence, as an action, determines the nature of the results of the production of
services presented to customers.
The commercial group consists of the following types of services produced by
drones:
- observation of processes and objects;
- video and photo recording of the observation objects;
- measurement of geophysical, atmospheric and other parameters of objects and
the environment;
- delivery of goods, mainly in hard-to-reach places;
- loudspeaker broadcasting in the emergency situations such as earthquakes,
volcanic eruptions, tsunamis, fires, etc.
The predominant type of commercial drone services is the aerial surveillance services
with or without recording of observation results. Therefore, in the future, unless
otherwise agreed, commercial drone services will be identified with aerial surveillance
services. So, many authors 3,323 exploring the commercial use of drones, describes
the main industries or areas where the operation of drones gain the most popularity.
Among these activities there indicated the following:

- Search and rescue — the drones are very useful in such operations. For
example, they are used in fires, floods, searches for people and animals, for
determining the amount of gases in the air.

- Security — many authorities use drones to protect people in life-threatening
situations. For example, it can help in coordination of the security operations;
in delivery of medicines; in participation in operations with traffic police, etc.

- Inspections — the drones can inspect in inaccessible places such as pipelines,
turbines and the like.

- Surveillance — the drone allows recording and monitoring the place from
above, it is very convenient in public events such as protests to detect
suspicious and dangerous activities in a timely manner.

- Science and research — the drones help scientists do their research from
above, drones are used to document the archaeological excavations, nuclear
incidents (pollution measurements), glacier monitoring, volcano eruption
observations, etc.

- Photography — with the help of a drone it is possible to take pictures, for
example, it is used for the development of the tourism industry.

- Navigation — using multispectral cameras and laser scanners, the drone can
create high-performance 3D maps. Therefore, they have found their
application in various fields, including surveying and mapping.

- Logistics — the drone is used to deliver small packages. In this way, the goods
can be quickly delivered and it is environmentally safe in the airspace.

31 Cloud, D. ,CIA Drones Have Broader List of Targets, Los Angeles Times 2010, [Electronics source]:
http://www.latimes.com/news/nationworld/world/la-fg-drone-targets-20100506,0,57614.story
[Available July 2018]

32 Shakhatreh H., Sawalmeh A., Al-Fugaha A., Dou Z., Almaita E., Khalil I., Shamsiah N., Khreishah
A., Guizani M., Unmanned Aerial Vehicles: A Survey on Civil Applications and Key Research
Challenges, arXiv:1805.00881v1 [cs.RO], 2018 [Electronic source]:
https://arxiv.org/pdf/1805.00881.pdf. [Available August 2018]

33 Menouar, H., Guvenc, I., Akkaya, K., A. Uluagac, S., Kadri, A., Tuncer, A., UAV-enabled
intelligent transportation systems for the smart city: Applications and challenges, IEEE
Communications Magazine, vol. 55, no. 3, pp. 22-28, 2017, DOI: 10.1109/MCOM.2017.1600238CM
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Lina Tang Guofan Shao in the article “Drone remote sensing for forestry research and
practice” 34 explains, that the drones of various shapes, sizes, and functionalities have
emerged over the past few decades, and their civilian applications are becoming
increasingly appealing. The paper indicates the wide range of applications in
agriculture, but does not formulate the functions of the drones. Jedrzej Drozdowicz,
Maciej Wielgo, Piotr Samczynski, Krzysztof Kulpa, Jaroslaw Krzonkalla, Maj
Mordzonek® describe in their paper an experimental system dedicated for the detection
and tracking of small aerial targets such as Unmanned Aerial Vehicles (UAVS) in
particular small drones (multirotors). They indicate the advantage of drones in modern
world practice, describe the observation and search functions, but do not describe the
functions of drones.

Based on the concept of function — (from the Latin function — execution,
implementation), it is the operations performed by an organ, an organism, an
instrument; the role, meaning of something; the purpose of something; therefore, there
described the functions of drones in commercial activity.

As a basis for the development of drone functions, there used the following of the
mentioned above activities of drone commercial services: search and rescue activities
define the search function. The drones are very effective in operations to search for
fires, the amount of gas emissions in the air, and so on 3¢,

The function of inspection of gas pipelines, pipelines and other strategically important
facilities, employing the drones, is an integral part of contemporary economy. It is also
possible to use drones for various measurements carried out by scientists.

Navigation function — using the multispectral cameras and laser scanners, the drone
can create high-performance 3D maps. Therefore, they have found their application in
various fields, including surveying and mapping, participation in the construction
industry, as well as shooting and photography.

Logistics function — the ability to use the drones for the delivery of small packages.
In this way, the goods can be quickly delivered and it is environmentally safe in the
airspace. Moreover, the recent studies on the possible operation of drones have shown
their effective use not only in external surveillance, but also indoors. The logistics
function implemented in the delivery service has recently been rapidly developing.
However, they are more public sector than commercial importance (mainly the delivery
of pharmacy, food and other small-sized necessities in remote areas).

Nevertheless, while listing these functions, it should be said that they all are
based on observation. Observation is an active, systematic, purposeful, planned and
intentional perception of an object through video / photo and other tools, in the course
of which one gains knowledge about the external sides, properties and relations of the
studied object and / or person *’.

The main methodological requirements for observation should be secured:

- search and recording of the perspective of the object vision, interesting for

the observer;

- focusing — fixing the attention only on the phenomena of interest;

- planning and premeditation — following the predetermined plan or scenario;

3% Tang, L., Shao G., Drone remote sensing for forestry research and practice Journal of Forestry
Research, 2015, Volume 26, pp 791-797, ISSN: 1007-662X

3 Drozdowicz, J. Wielgo, M., Samczynski, P., Kulpa, K., Krzonkalla, J., Mordzonek, M., 17th
International Radar Symposium (IRS) Krakow, Poland, 10-12, 2016, DOI: 10.1109/IRS.2016.7497351
% Barela S., Legitimacy and Drones Investigating the Legality, Morality and Efficiency of UACVs,
University of Geneva, 432p., Ashgate Publishing, Ltd., 2015, ISBN: 1472446895

37 The Oxford English Reference Dictionary / Second edition / Edited by Pearsal J., Trumble B. — New
York Oxford. — 2016, ISBN: 9780198606529
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- system nature (consistency) — conducting the observations according to the
specific system for multiple (sufficient for the stated purposes) perception
of the object in the specified modes.

Monitoring is carried out for two purposes — monitoring and control of the object
state. Environmental monitoring is a system of regular observations in space and time,
providing the information about the state of the environment in order to:

- assess the past and the present and forecast the future state;

- ensure the safety, timely development and implementation of measures to

prevent emergencies or reduce the damage caused by their impact.

Environmental monitoring is a system of regular observations in space and time
that provides information about the state of the environment in order to:

- manage the environmental quality or condition of objects;

- application of special means (means of broadcasting, means of air sanitary

processing, etc.);

- influence on the course of events or on people’s behaviour
Thus, monitoring is “pure” observation without any impact on the environment, and
control is the observation and management of quality and/or the state of the
environment. It is also worth noting that almost all groups of customers order
monitoring services with ASS employment, while the monitoring services presenting
the certain environmental impact are ordered very rarely.

Documentation of the provided aerial surveillance services (see Fig. 1.1) is
carried out in various ways on different types of media: electronic media; video
recordings; photo albums; booklets, etc.

Manufacturing of the aerial surveillance services is carried out in online and
offline modes. Online mode is primarily used for monitoring purposes, where the
operator provides the monitoring of the relevant objects, processes or events and,
possibly, transmits the relevant video panorama to the client in real time. If it is
necessary to record the results of the observation, the offline mode is used for post-
processing and documenting the results using the appropriate vibe-, photo-, multiplier
and other types of equipment.

1.2. Assessment of Classification Features of Drone Companies Providing
Commercial Services
This dissertation research is related to the use of commercial drones; the
quadrocopters — are the most affordable of type drones used for the production of aerial
surveillance services. Drone companies (DCo) will be called commercial if they:
- provide their services for a fee;
- work on a regular basis;
- have the appropriate permits for the type of activity;
- contain a staff of certified pilots/operators;
- operate commercially produced drones that are not prohibited for use in
commercial activities .
There defined the main classification characteristics for the general description
of the considered regional DCo.

3 Cohn, P., Langstaff, M., Roller, M. The future of unmanned aerial systems, McKinsey, 2017.
[Electronic source]: https://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-
insights/commercial-drones-are-here-the-future-of-unmanned-aerial-systems [Available November
2017]
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" o 43T£14e composition of the technical means of DCo in general case includes 3°, %°,

- flying platforms (see Fig. A. 1.2 of Appendix 1) or the actual drones, which have
the autopilot system on the board, which is able to withstand the exposure
parameters (route, angles photos video, percentage of longitudinal and transverse
overlap, the height, etc.) in a wide range of weather conditions, GPS-navigation,
means of transmitting and receiving data, etc.;

- drone attachable equipment, including electric batteries, digital automatic cameras,
video cameras, thermal imagers, etc.;

- means of remote manual control of the drone;

- software and hardware for the office photogrammetric and video post-processing,
as well as storage and provision of received and processed photo and video and
other data;

- means of delivery of drones to the places of use (usually conventional or
specialised vehicles).

The list of services produced by drones generally depends not only on the built-
in and attachable equipment, but also on the weight of the drone, the maximum height,
flight radius, wing load, type and engine power *°. However, for commercial
quadcopters, the most important classification characteristics are weight, altitude, and
flight radius “°.

According to their weight, the drones are divided into the following classes:

- micro air vehicle (MAV) — the smallest UAV that can weight, less than 1kg;

- miniature UAV (also called SUAS) — approximately less than 25 kg;

- heavier UAVs.

In accordance with another classification (USA) #', taking into account a greater
number of parameters, the drones are divided into the following groups: small; medium;
large; extra-large. Further studies are related only to the use of small and medium-sized
drones as the DCo part (see Table 1.2.), since they have found the most widespread
employment for the provision of commercial air surveillance services.

39 ICAOQ, Circular 328 AN/190: Unmanned Aircraft Systems, 2016 [Electronic source]:
http://www.icao.int/Meetings/UAS/Documents/Circular%20328_en.pdf [Available February 2017].

40 UAS organization's annual report 2009/2010, University of North Dakota [Electronic source]:
http://www.uasresearch.com/UserFiles/File/156-181_ReferenceSection UAS_AlI-
Categories&Classes.pdf [Available October 2017]

41 [Electronic source]: www.uvs-international.org [Available October 2017]

42 Eisenbei}, H. UAV Photogrammetry. ETH Zurich. Diss. ETH NO. 18515, Institute of Geodesy and
Photogrammetry, Zurich, 2009, ISBN: 3906467864

43 Sulima N., On the commercial aspects of exploiting drone information technologies and tools for
their optimization. V International Scientific and Practical Proceedings. «The Transformation Process
of Law, The Regional Economy and Economic Police: The Relevant Economic and Political and Legal
Issues». 9 December 2016, Riga, Latvia, Baltic International Academy, pp. 288-297. ISBN 978-9984-
47-143-3.

44 Heriard-Dubreuil V., Microdrones unmanned aerial solution are the ideal platform for serious
professional work. Lean more about the ways our products are being deployed to do real work around
the world, USA, 2018 [Electronic source]: https://www.microdrones.com/en/industry-experts
[Available September 2018]

4 Maziar M., Classification of Unmanned Aerial Vehicles, Mech Eng, 2007, [Electronic source]:
https://www.academia.edu/2055673/Classification_of Unmanned_Aerial_Vehicles [Available October
2018]

46 Juniper A., The Complete Guide to Drones, Octopus Books, 144p. 2015, ISBN: 1781573573

47 Agbeyangi, A., Olorunlomerue, A. B. Review on UAVs used for Aerial Surveillance, Journal of
Multidisciplinary Engineering Science and Technology (JMEST), Vol.3., 2016, ISSN: 2458-9403.
[Electronic source]:
https://www.researchgate.net/publication/309585222_Review_on_UAVs_used_for_Aerial_Surveillanc
e [Available February 2019]
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Table 1.2.
Characteristics of small and medium drones

Category | Size Maximum Gross Normal Operating | Air speed
Take-off Weight (kg) Altitude (km/hr)
(m)
Group 1 Small <10 <400 AGL* <185
Group 2 | Medium 10-25 <1150 <460

* AGL — Above Ground Level.
Source: created by the author based on

Here are other characteristics of such drones:

- altitude and radius of flights — up to 1500 m and 10 km, respectively;

- operating time on one battery charge — 20-25 min.;

- cost — up to $10 thousand, and without photo-video, spectrometers, infrared
cameras and other attachable equipment, without operating control systems, application
software for processing the filmed contents, etc.

Organisation and structure — the classification features that determine the type
of DCo (individual entrepreneur, LLC, JSC, etc.), their organisational structure,
production, support and administrative and managerial personnel. The organisational
structures of commercial companies are usually built on both mechanistic and organic
principles®.

The mechanistic principle (functional principle or the principle of
departmentalisation) is the division of labour of different units, each of which, under
the control of its head performs a specific set of similar or interrelated functions
(activities) and is responsible for the result of their implementation

The organic principle is characterised by:

- monotonous nature of production functions, which does not require the
division of labour of employees;

- low level of formalisation and centralisation with versatile training of
production workers, each of whom performs almost the same work for the production
of aerial surveillance services.

It is advisable to build the organisational structure of DCo on the organic
principle.

The positive qualities of organic structures are flexibility, adaptability and
minimal management costs. In principle, even the head of a company with such a
structure can perform the production functions, in addition to the functions of
management.

In general, it is advisable to distinguish the following as a part of the structure
of DCo:

- management personnel;

- information processing center;

- MDU (Mobile Drone Unit),

- technical support and software drones.

- technical support and software for drones.

48 Arjomandi M., Classification of unmanned Aerial Vehicles, 2007, The university of Adelaide
Australia [Elektronisks avots]:

https://www.academia.edu/2055673/Classification_of Unmanned_Aerial_Vehicles. [Pieejams
Februaris 2018]

49 Bypmenko T., Chepa ycayr: menemxment, KHOPYC, 2008 (Burmenko T., the Service sector:
management, KNORUS, Moscow, 2008, ISBN 978-5-406-05715-5
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In particular cases, many auxiliary functions (for example, post-processing of
the observation results, accounting, legal services, etc.) can be performed by
outsourcing companies or specialists. In a particular case, the whole structure can be
reduced to one specialist-universal, engaged in individual entrepreneurial activity.

MDUs, as service production units, can be centrally located or geographically
distributed. In a distributed deployment, each MDU serves its own region (district) and,
if necessary, can also duplicate servicing in the adjacent regions. The MDU includes
the production personnel and facilities for the production of services. MDU production
staff consists of crews (pilots, operators, drivers). Technical means of MDU are drones
with specialised equipment, as well as universal or specialised means for the remote
delivery of drones to the places of production of services (mostly cars, though there can
be used motorcycles, boats, etc.).

The types of DCo services can be divided into two groups by the nature of
specialisation:

- basic services are specialised services for aerial surveillance services of the

objects, processes, events, specific for the drone companies only;

- additional paid services that are not directly surveillance services but
supplementing the DCo revenues.

Additional services include services provided to customers that are not directly

related to aerial monitoring and surveillance:

- post-processing of the results of aero recording, in other words, the
preparation of photographic shots, videos, clips, video recordings, etc.;

- theoretical and practical training of personnel of other companies and
individuals to control the drones, and information technologies to provide
surveillance services;

- repairing/fixing the drone for third-party companies;

- consulting on the choice of type and purchase of drones;

- consulting on the choice of attachable equipment for drones, etc.

The performance indicators of economic activity of DCo are distinguished in
accordance with the regulatory document of ICAO (International Civil Aviation
Organization) *; for this purpose, there have been chosen:

- key areas of measuring the performance KPA (KEY Performance Area);

- key performance indicators KPI (Key Performance Indicator) and indicators

of related metric parameters.

The following indicators belong to the areas of KPA:

- economic performance;

- efficiency;

- quality of service;

- flight safety.

Further there considered the main KPIs in different KPA.
As economic indicators of DCo there have been chosen:
- natural indicators:
a. number of ASS provided by type for the time period (month, quarter,
year);
b. probability of ASS delivery by type for the time period;
c. the total number of services, provided for the time period, etc.;
- the indicators of the values:

50 ICAO, International Civil Aviation Organization, Guide of airport’s economic, Doc: 9562, Pub 3,
2013, ISBN 978-92-9249-253-3 [Electronic source]:
http://www.icao.int/publications/Documents/9562_ru.pdf [Available June 2018]
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the amount of expenses for one service rendered — ASS;

the amount of expenses per client for the provision of one service;
(c) the total expenditure for the time period;

(d) revenue from sold services;

. (e) profits, etc.

The above stated values are interpreted in accordance with the definitions given
by Bernard Baumohl °2.

The performance indicators reflect the ratio between the results of the DCo
operations and the resources used — the number of mobile drone units, in other words,
the number of provided aerial surveillance services per one MDU for a certain period
of time.

The quality of service indicator is measured taking into account the interests of
both drone operators, i.e. DCo, and customers.

The indicators for the quality of customer service by drone enterprises include:

- average number of ASS produced per day per MDU,;

- number of reasonable delays in ASS delivery;

- average duration of delays per ASS rendered,;

- the regularity of flights in the provision of ASS, ensuring timely provision of

ASS in accordance with the contractual terms with customers.:
The following service quality indicators are the most important for the
customers:
- ASS production time;
- the total time of obtaining the results of ASS provision, taking into account
the office post-processing of the results of air surveillance;
- overall satisfaction with the results of the work performed on air
surveillance, including the timely provision of ASS.

KPI indicators for flights safety include:

- the number of drone accidents per thousand ASS production operations;

- the number of incidents per thousand hours of drone operation;

- the number of accidents per thousand ASS operations that resulted in drone

damage.

The motivation for providing the commercial drone services is based on the
motivation of customers and the motivation of the drone enterprise.

The customer motivation is usually related to the various requirements for the
decision-making process about the purchase of the aerial surveillance services and the
cost of their provision. These issues are the determining factors while the customers
decide to purchase the ASS from a particular DCo and, in general case, they determine
the upper limit of the cost of services of this DCo. An important point in motivating
customers who constantly order ASS is the background of their relationships with the
customers. All other things being equal, the customer will almost always focus on the
already known supplier. For new customers who have not previously used the ASS, the
decisive arguments in choosing a supplier are their “recognition” in this market and
their reputation. For them, the price (within certain limits), in general, is no longer a
determining factor, but its “transparency” and understanding by the customer that he
will receive for the appointed price — are very significant factors.

®o0 o

51 Baumohl B., The Secrets of Economic Indicators: Hidden Clues to Future Economic Trends and
Investment Opportunities (3rd Edition), New Jersey 2013, p. 447, ISBN: 0132932075
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As it has been defined by Ghoshal S. ®2, in general, the consumer’s decision-
making process for ordering services is not a sequential process, but a multi-step
process with feedbacks. Such a process, in relation to orders for the provision of aerial
surveillance services, is presented in the form shown in Fig. 1.2,

A 4

Problem - Search for ~ Estimation Decision on
recognition "| information "| of options purchasing the ASS

v

A

A

A 4

History of cooperation between customerand | Reaction on
supplier of the ASS (Data Archive) h purchasing the ASS

Figure 1.2. Diagram of the customer’s decision-making process for ordering the aerial
surveillance services
(Source: created by the author)

Searching for information and evaluating the options allows better
understanding and comprehension of the problem; similarly, evaluating the options
may require a wider range of information searches. For a small country, it is possible
to simplify contacts significantly, basing on the ethnical characteristics of the
population, such as sociability, the presence of a sufficiently wide range of relatives,
friends and acquaintances. Under the approximately equal other conditions, a resident
of such a country is more likely to order a service in the near circle than in another
circle of people.

Important role plays diversification (also provided in relation to the company)
which is aimed at expansion of the range of aerial surveillance services through the use
of new media and IT (for example new means of events recording), which has not been
previously used, and expansion of means of post-processing the results of recording
and monitoring the events. Diversification requires a wider range of equipment and IT
tools used, as well as a more diverse composition and, possibly, more professionalism
of specialists engaged in the post-processing of the results of the ASS provision and
their summarized presenting to the customers. Regional DCo of this types (small
employees number) with the above described structure, providing a diversified set of
services, typically have a diverse set of technical means for recording and monitoring,
but do not involve a staff of specialised employees for professional evaluation of the
results of services provision. It is assumed that this work will be carried out by the
customer, based on the materials provided to him.

The stages of the ASS provision process for commercial (civil) applications
fields and their duration are as follows:

- land (water) transportation of MDU to the place of service with the duration

of transportation Tg;

- aero recording (photography, video-recording) and video surveillance in the

provision of services in online mode with flight (useful) time Ts;

52 Ghoshal S., Bad Management Theories are Destroying Good Management Practices // IEEE Eng.
Management Rev. — 2005. — Vol. 33, N 3. —P. 79-95., DOI: 10.1109/EMR.2005.26768, ISSN: 0360-
858.
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- office post-processing and analysis of the obtained results of the provided
services in offline mode with the duration of the process Tp;
- presentation of the results of services provision to the customers on the
electronic media in a mixed mode on-/offline, taking time Ts.
Therefore, the total time of implementing the order for ASS is calculated
according to the formula®3:

T=Ti+Ti+Tp+ Ts... (1.1)
Transportation time in its turn may include two components:
Tt =Ta+ Tr, (1.2)

where

Tu is the time of MDU travel from location to the place of provision of services;

Te is the time of MDU travel within the area or length of the observed object.

The level of integration of DCo facilities is characterised by:

- vertically integrated tools, supplied in the appropriate configuration
(hardware, tools, software, data analysis tools, etc.) for use in a specific
field;

- universal means, the integration of which is provided by the user, in other
words, by the staff of the drone company, based on the principle of
universality of provided services.

Territorial placement of facilities for aerial surveillance services production
using the MDU, taking into account the specifics of the region, can be organised in two
ways >4

- centralised placement, in case if one MDU, basing in one place and
consisting of one or more drones, serves all customers of the region
(country) of action;

- geographically-distributed placement, in case if MDU is geographically
dispersed across multiple geographical points (bases), which primarily
support the customers of the only region, but can also duplicate the work of
bases in other regions

In the latter case one of the MDU is attached to the central office of DCo; there
situated the call centre for receiving the orders for the ASS, there the packaging and
repair of operated drones takes place, as well as post-processing of the results of aerial
surveillance services provision.

So, the study of the concept of a drone, their classification, the functions performed,
have allowed the author to formulate a model for the implementation of drone
commercial services, presented in Fig.1.3.

As it is known, the model (FR. modéle from lat. modulus “measure, analogue, sample™)
IS an abstract representation of the reality in any form (for example, in mathematical,

%3 Sulima N., Methodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2018, Riga, Latvia, Baltic International Academy,
pp. 195-202., ISBN 978-9984-47-162-4

54 Sulima N., On the commercial aspects of exploring drone information technologies and tools for
their optimization. V International Scientific and Practical Proceedings. «The Transformation Process
of Law, The Regional Economy and Economic Police: The Relevant Economic and Political and Legal
Issues». 2017, Riga, Latvia, Baltic International Academy, pp. 289-296., ISBN 978-9984-47-143-3.
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physical, symbolic, graphic or descriptive), designed to represent the certain aspects of
this reality and allows receiving the answers to the questions being studied®®.

On the basis of the studied theoretical material, the author has presented a model
for the implementation of commercial Aerial surveillance services (see Fig.1.3). This
model is based on the classification of drones (depending on weight), the spheres of
activity of drones, appointed functions that the Aerial surveillance services perform. It
is shown that surveillance is one of the basic areas of providing the Aerial surveillance
services and can occur online, such as inspection and monitoring, or offline, as the
control and use of recording objects, with their subsequent decoding. The author has
also formulated the requirements for observation in the provision of Aerial surveillance
services.

%5 Koranosckuii M. u ap. the title of the book: I'noccapuii no undopmanuonsomy obmectsy, 2009.,
160 c. (Glossary on the Information Society / Ed. ed. Yu. E. Khokhlova. - M .: Institute for the
Development of the Information Society, 2009. - 160 p.)
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Figure 1.3. Model of implementation of commercial Aerial surveillance services,
(developed by the author)

1.3.  Organisation of the Territorial Distribution of Drone Units

The problem of improving the territorial organisation of customer service by the
company (or enterprise), regardless of the sphere and scope of its activities, includes a
number of specific tasks. These include the definition of the criterion of economic
efficiency of the territorial organisation of customer service by the company, the
capacity and form of specialisation of the company’s units in the regions, the
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development of a method for justifying the localisation of specialised units, as well as
the head office of the company. The study of the problems of territorial organisation of
customer service involves modelling and optimisation of regional development of the
service company.

The research within this thesis deals with the company, providing the distributed
services in the region; it is the drone company, and its specialised units — mobile drone
units (MDU) that can be located centrally in a single location along with a head unit or
be distributed into various locations of the appropriate districts in the service area.

The classical discrete problems of regional economy consist of the general
theoretical, methodological and applied aspects of the enterprises placement. It also
comprises the specific tasks of efficient organisation and functioning of geographically
distributed production of services in the region, development and rational placement of
specialised divisions of the company, producing services in selected points of the
region. The formulation and review of methods of solving these tasks are presented in
the publication®®.

As it is known, the theory of regional economy %758 explores the issues of
territorial distribution and solves the following problems:

- considers such questions, as “where, why and what” economic activity is in the
appropriate place in the region;

- basing on the principle that companies choose the locations of production facilities
in the region, which will maximise their profits, and individuals choose those places
of production of services that maximise their own utility.

The formulation of such problems is based on mathematical models of the
choice of locations and development of technical and economic facilities or industries
in a certain area with the optimisation of the economic criterion, presented in the form:

F(8)=>"¢;+ > ming; — min
Ay ; JfES ScrI
1 JE , (1.4)

where

I ={1,....i,...,1} is the list of possible items i=1 of the placement of production
of some homogeneous goods (services);

ci 0 is the corresponding costs of production of goods in the location i;

J={1,..,J,...,J} is the list of customers of the manufactured goods;

gij =0 is the value of the cost of delivering goods to customers for each pair ij.

The task is to find such a set of open production facilities = = £+ = * < which
can meet the needs of all customers with minimal costs, in other words, minimises the
functionality (1.4). The problems in this formulation were solved in relation to different
industries. The earliest publications on this subject cover the locations of:

- industrial enterprises °%;

%6 Mirchandani P., Francis R., Discrete Location Theory, John Wiley & Sons, p.357., 1990, ISBN: 978-
0-471-89233-5

57Wang Z., Principles of Regional Science (New Frontiers in Regional Science: Asian Perspectives)
p.3, 2017, ISBN 9811053677

%8 Benassy-Quere A. and Coeure B., Economic Policy: Theory and Practice, p.7, Oxford University
Press, 2018, ISBN: 0190912103.

59 Krarup J., Pruzan P.M. The simple plant location problem: Survey and synthesis. European Journal
of Operational Research. v12 (1983), pp 36-81., DOI: 10.1016/0377-2217(83)90181-9
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- warehouses °;

- banks branches °;

- production of consumer goods ®;

- enterprises of consumer services %, etc

More complex problems of this discipline arise with the restrictions on the
placement of objects and the use of more complex optimisation criteria, many of which
have not yet been solved. An overview of the problems formulation of territorial
location of production facilities is given in the publication by Mirchandani P. B.,
Francis R. L. Discrete Location Theory %, and the classical methods for solving such
problems are given in the works of A. Andronovs %, R.A. Brualdi ®, J. Nocedal and
S.J.Wright ¢, J. Nocedal and S.J.Wright %,

It is worth noting that such problems have not been solved with respect to the
geographically distributed location of production of mobile services, including mobile
drone units providing the respective services of photo - and video surveillance of the
corresponding objects. For the first time such task has been set by the author in the
publication ® and subsequently developed in other publications by the author, which
form the basis of Chapter 3 of this promotional research.

Conclusions:

1. In the course of the theoretical study of the provision of commercial services by
drone companies, there has identified and summarised the classification features
and characteristics of commercial aerial surveillance services. In addition to the
existing features of services, the author has formulated the property of services-
locality or regionality. The functions of aerial surveillance services are also
formulated on the basis of the spheres of drone services use.

2. For the first time there have been identified and generalised the classification
criteria of the drone companies, producing the commercial services of aerial
surveillance in the region. A model of the organisational structure of a regional

60 Khumawala B., An Efficient Branch-Bound Algorithm for the Warehouse Location Problem.
Management Science. v18 (1972), pp 718-731., DOI: 10.1287.

61 Cornuejols G., Fisher M.L., Nemhauser G.L. Location of bank accounts to optimize float.
Management Science. v22 (1977), pp 789-810.

62 Primapyk, A., CoBeplIeHCTBOBAHHE TEPPUTOPHATLHON OPraHU3alMK NPOM3BOICTBA TOBAPOB
mapoauoro notpebnenus. (Rymaruk A., Improving the territorial organization of the production of
consumer goods, 1984, Kiev) [Electronic source]:
https://www.dissercat.com/content/sovershenstvovanie-territorialnoi-organizatsii-proizvodstva-
tovarov-narodnogo-potrebleniya [Available July 2018]

83 Panomckuii, B., CoBepieHCTBOBaHHE TEPPUTOPHATIBHON OPraHU3AUU OBITOBOTO OOCTYKHBAHHS
nacenenns (Radomsky V., Improving the territorial organization of public services for the population,
1984, Kiev) [Electronic source]: https://www.dissercat.com/content/sovershenstvovanie-territorialnoi-
organizatsii-bytovogo-obsluzhivaniya-naseleniya [Available July 2018]

64 Mirchandani P.B., Francis R.L. Discrete Location Theory. John Wiley & Sons, 1990, ISBN: 978-0-
471-89233-5

8 Andronovs A., Transporta sistému optimizacijas metodes. 1. dala. Rigas Tehniska Universitate, Riga,
2007, ISBN: 9984324931

8 Brualdi R., Introductory combinatorics. 4™ edition. Prentice Hall, New Jersey, 2004, ISBN:
0131001191

57 Nocedal J., Wright S.J. Numerical Optimization. Second Edition. Springer, 2006, Springer, New
York, NY, ISBN: 978-0-387-40065-5

89 Sulima N., On the commercial aspects of exploring drone information technologies and tools for
their optimization. V International Scientific and Practical Proceedings. «The Transformation Process
of Law, The Regional Economy and Economic Police: The Relevant Economic and Political and Legal
Issues». 9 December 2016, Riga, Latvia, Baltic International Academy, pp. 288-297. ISBN 978-9984-
47-143-3.
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company engaged in the production of aerial surveillance services based on the
concept of using Mobile Drone’s Units has been proposed.

3. It has been proposed, by analogy with the air transport, to use the main areas of
performance measurement Key Performance Area (KPA) and performance
indicators Key Performance Indicator (KPI) as the indicators of economic
performance of regional drone companies. There have been implemented detailing
and “binding” of the relevant indicators to the object under study — the production
of aerial surveillance services by a drone company.

4. The stages of the process of production of aerial surveillance services in the areas
of commercial application have been identified and a formula for assessing the full
time of the order performing for the provision of such services has been proposed

5. It has been revealed that the classical models and methods of solving the discrete
problems of regional economy on the organisation of geographically distributed
production of goods/services and the choice of the locations for the placement of
such productions can be used for drone companies. These tasks can be adapted to
optimise the placement of Mobile Drone’s Units of the drone company producing
commercial aerial surveillance services for customers of the region

6. The study of theoretical aspects of the implementation of commercial drone services
and practical experience of the author have allowed formation of a model for the
implementation of commercial Aerial surveillance services. The model is based on
the scope of commercial drone services and developed functions Aerial surveillance
services. The author has paid special attention to the sphere / stage of surveillance,
defined the basic requirements for surveillance: activity, purposefulness, planning
and premeditation.

Chapter 2. ANALYSIS OF ECONOMIC AND LEGAL ASPECTS OF THE
COMMERCIAL DRONE SERVICES RENDERING IN COSTA
RICA
2.1. Theoretical Fundamentals of Legal Regulation of Rendering Commercial
Aerial Surveillance Services in the World Economy

To analyse the situation on the provision and development of commercial aerial
surveillance services in Costa Rica, it is necessary to consider the legal aspects of the
implementation of this activity in the world. The majority of the countries currently
face regulatory challenges regarding the use of drones, as well as any innovations that
are relevant to public safety. The regulatory rules for the use of drones are being
developed and implemented around the world for the provision of a variety of air
surveillance services and for eliminating the potential hazards, which, unfortunately,
quite common. There exist the regulatory documents on the International Cooperation
in the field of air surveillance. One of them is the Helsinki Convention — HELCOM
071 (article 14, rule 7 of Appendix V11). Within this framework, the contracting parties
agreed to develop and to apply, individually or in cooperation, measures to ensure
regular and effective aerial surveillance of the entire Baltic Sea area. They also agreed
to develop and to improve the existing remote sensing systems and to coordinate the
surveillance activities carried out outside territorial waters for the purpose of detecting

and monitoring oil and other substances released into the sea.

70 Baltic Marine Environment Protection Commission Helsinki Commission, Convention IWGAS
Aerial surveillance, Helsinki, 2000 [Electronic source]: http://www.helcom.fi/about-us/convention
[Available June 2018]

1 Cavoukian, A. Privacy and drones: Unmanned aerial vehicles (pp. 1-30). Ontario, Canada:
Information and Privacy Commissioner of Ontario, Canada. 2012. [Electronic source]:
https://www.ipc.on.ca/wp-content/uploads/resources/pbd-drones.pdf [Available July 2018]
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Many countries have laws and / or regulations, governing the use of drones for
commercial applications. The basis of these acts as a rule, are the following regulatory
restrictions aimed at ensuring safety and privacy, which prohibit the use of drones
without special permission:

- above 122 m;

- closer than 5.5 km from airdromes and heliports;

- closer than 30 m from people;

- closer than 150 m to the areas where large groups of people are gathered;

- inthe dark time, in bad weather conditions and out of direct line of sight.

Costa Rica has similar restrictions "2,

Examples of the main peculiarities of the regulation of the drones employment
in some countries based on the analysis of the corresponding publications "3, 74, 7, 76,
7778 are presented in Table 2.1.

Table 2.1.
Examples of regulation of the drones employment in different countries,
compiled by the author

Country Principal regulatory rules

The USA | 1. Alldrones are subject to the mandatory registration. The registration
is carried out on the FAA website. A fine of $27 thousand is
imposed for refusal of registration.

2. Drone flights ban: above 122 m; closer than 5 miles from the airport;

in the Yosemite National Park.

Drone weight is not more than 25 kg.

Each state has its own rules for the use of drones ”°, ¥

Canada 1. There required the permission for the drones flights for research and
commercial purposes.

2. Drone weight is not more than 25 kg.

Bk w

72 https://www.nacion.com/somos-celebres/drones-de-la-ciencia-ficcion-a-la-
realidad/XWYDT6HFONFIJBKIOLTDICIKVWI/story [Available July 2019]

73 Federal Aviation Administration, Guidance and Laws Summary Of Small Unmanned Aircraft Rule
(Part 107), USA [Electronic source]: https://www.faa.gov/uas/resources/policy_library [Available June
2018]

4 Federal Institution Transport Canada, Regulations Amending the Canadian Aviation Regulations
(Remotely Piloted Aircraft Systems): SOR/2019-11 [Electronic source]: http://www.gazette.gc.ca/rp-
pr/p2/2019/2019-01-09/html/sor-dors11-eng.html [Available May 2018]

S EU Comission, Regulation Of The European Parliament And Of The Council, Brussel, 2015
[Electronic source]: http://ec.europa.eu/smart-
requlation/impact/ia_carried_out/docs/ia_2015/swd_2015 0262_en.pdf [Available June 2018]

6 |AA Ireland, Irish Aviation Authority Small Unmanned Aircraft(Drones) Order S.1. No. 563, Dublin,
2015 [Electronic source]: https://www.iaa.ie/general-aviation/drones [Available June 2018]

" Chandran N., FAA’s new drone laws go into effect Monday, allowing US companies to innovate,
CNBC Tech, 2016 [Electronic source]: http://www.cnbc.com/2016/08/29/faas-new-drone-laws-go-
into-effect-monday-allowing-us-companies-to-innovate.html [Available October 2017]

78 Pennsylvania Department of Transportation, Unmanned Aircraft Systems / Drones licensing and
safety rules [Electronic source]: https://www.penndot.gov/Doing-
Business/Aviation/Licensing%20and%20Safety/Pages/Unmanned-Aircraft-Systems-(Drone)-
Information.aspx [Available October 2018]

79 Federal Aviation Administration and USA Congress, One Hundred Fifteenth Congress of the United
States of America, Drones operations law H. R. 302, 2018 [Electronic source]:
https://www.congress.gov/115/bills/hr302/BILLS-115hr302enr.pdf [Available September 2018]

8 Federal Aviation Administration, Certificated Remote Pilots including Commercial Operators, 2016
[Electronic source]: https://www.faa.gov/uas/commercial_operators [Available September 2018]
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3. Compliance with all standard rules of flight safety

The EU 1. By the state for year 2015, there are no adopted regulatory directives
establishing clear flight rules.

2. In the end of 2015, the European Parliament adopted a resolution
focusing on: security and privacy of private life of population when
using drones; the need to equip the drone with unique chips allowing
determination of the identity and registration data of the pilot.

3. Some countries have local regulations 2

Latvia The drones must be marked (name, surname of the owner or company
name, address and telephone), and the pilots must wear a special dress.
It is forbidden to fly over places of detention, military facilities,
buildings of the Bank of Latvia, the State police, the Ministry of foreign
Affairs, the Saeima, the Government.

The maximum altitude of the drone is limited to 120 meters, and the
distance from the operator is not less than 500 meters. You can launch
The drone are allowed for launching only during daylight hours. The
drones weighing more than 1.5 kg cannot be launched over residential
buildings

The facilities cannot be surveyed without the permission of the owners
or managers of the relevant facility: roads and railways; city streets;
power lines; gas storage facilities and other gas infrastructure; facilities
under state protection; technical means of navigation and
communication; production facilities with an increased risk of man-
made technological accidents, etc.

81 Government of Canada, Transport Canada and the Royal Canadian Mounted Police (RCMP), Rules
for drones in Canada 2019 [Electronic source]: https://www.tc.gc.ca/en/services/aviation/drone-
safety/new-rules-drones.html [Available March 2019]

82 EASA, European Union Aviation Safety Agency, Introduction of a regulatory framework for the
operation of drones NPA 2017-05 [Electronic source]: https://www.easa.europa.eu/document-
library/notices-of-proposed-amendment/npa-2017-05 [Available March 2018]
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Full terms and conditions of the use of drones given on the website
likumi.lv & and Igs.lv ®, and the clarification of these rules in
publications & and &, 87 88 8 90
Source: created by the author on the base of information from the above shown
publications.
It is important that the legislation of the countries on the use of drones in recent years
IS changing, so the review presented in Table 2.1 provides an overview of the status of
regulation up to 2018 and can only be used within the scope of the topic presented.
2.1.1. Theoretical Basis of Legal Regulation of the Commercial Aerial

Surveillance Services in Costa Rica

Costa Rica is still in the process of establishing the legislation governing the
use of drones. The Civil Aviation Act and its provisions do not contain restrictions on
drones. Therefore, there is no legal prohibition on their use or compliance with legal
rules 9,92, At the same time, the operations with the drones are subject to legal
restrictions in accordance with the law on civil aviation and the civil code, regulating
the civil and criminal liability for damage, prohibiting video recording in combination
with the equipment for facial recognition or biometric data, taking into account the
protection of personal data, etc. In this regard, DGAC (Direccién General de Aviacion
Civil de Costa Rica) announced that the liability of aviation insurance or general
liability in the provision of air surveillance services can be applied to the drones, but so
far there are no any regulatory decisions on this issue %.

DCo or / and individuals intending to use drones for commercial purposes in
Costa Rica must do the following %

8 Valsts Aenttira Civilas aviacijas agentura, Bezpilota gaisa kugu normativais regulejums, Latvia
[Electronic source]: https://uas.caa.lv/normativais-regulejums [Available March 2019]

84 Latvijas Gaisa Satiksme, Aizliegtas, IerobeZotu Lidojumu Un Bistamas Zonas (Prohibited, Restricted
Flight And Danger Zones), 2019 [Electronic source]: https://ais.lgs.lv/eAlPfiles/2019_007_07-NOV-
2019/data/2019-11-07-AIRAC/html/e AIP/EV-ENR-5.1-lv-LV.html [Available November 2019]

8 Bezpilota gaisa kugu un cita veida lidaparatu lidojumu vai parvietoanas piespiedu partrauk$ana
[Electronic source]: https://likumi.lv/ta/id/57659-par-aviaciju#p47 [Available February 2019]

8 Ministru kabineta noteikumi Nr. 368, Kartiba, kada veicami bezpilota gaisa kugu un tadu cita veida
lidaparatu lidojumi, kuri nav kvalificéjami ka gaisa kugi, 2019 [Electronic source]:
https://likumi.lv/ta/id/308732 [Available December 2018]

87 Eiropas Savienibas Oficialais Véstnesis, Eiropas Parlamenta un Padomes regula (ES) Nr.2018/1139
[Electronic source]: https://eur-lex.europa.eu/legal-content/L V/TXT/?uri=CELEX:32018R1139
[Available September 2018]

8 VAS Elektroniskie Sakari, Radiofrekven¢u un numeracijas parvalditajs Latvija, RPAS (Droni),
Frekvencu joslas, ko Latvija var izmantot Talvadibas gaisa kugu darbiba, bez individualas atlaujas
sanemsanas VAS ES [Electronic source]: https://www.vases. Iv/lv/content/rpas-droni [Available
September 2018]

8 Ministru kabineta noteikumi Nr.496, Kritiskas infrastruktiiras, taja skaita Eiropas kritiskas
infrastruktiiras, apzinasanas un drosibas pasakumu planoSanas un istenoSanas kartiba, 2010 [Electronic
source]: https://likumi.lv/ta/id/212031 [Available September 2018]

% Datu Valsts Inspekcija, Publiskais gada parskats, 2016 [Electronic source]:
https://www.dvi.gov.lv/lv/iwp-content/uploads/Gada_parskats_publiskais_2016_FINAL.pdf [Available
September 2018]

91 Paris, M., Consideraciones legales sobre el uso de drones, Bonafide Costa rica, 2014 (Paris M., Legal
considerations on the use of drones) [Electronic source]: http://bonafide.cr/consideraciones-legales-
sobre-el-uso-de-drones [Available July 2018]

92 Gonzalez 1., Que vienen los drones (Drones are coming), ECIJA Costa Rica, 2016 [Electronic
source]: https://ecija.com/sala-de-prensa/vienen-los-drones [Available April 2018]

93 [Electronic source]: https://www.dronejobs.org/drone-laws-in-costa-rica,
https://uavsystemsinternational.com/drone-laws-by-country/costa-rica-drone-laws [Available May
2018]

% DGAC Direccién General de Aviacion Civil, Seguros para drones atin no estan definidos (DGAC,
Drone insurance not yet defined), Costa Rica 2016, [Electronic source]:
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to register this type of business for an annual license receiving;

to pay an annual license fee in the amount of $1,874 for the appropriate
permit, allowing operating the unlimited number of drones;

to purchase a license for each drone pilot (cost — $94); pilots are certified
every two years;

to use drones weighing less than 25 kg and with a flight speed of less than
160 km / h.

The licensed course consists of 40 hours of theoretical training and 10 hours of
practical training (flying) in schools, authorised by DGAC. The flights without
permission for commercial use of drones can result in fines of up to $16 thousands.

The main regulatory restrictions on drones and their exploitation for commercial
purposes in Costa Rica were first adopted by the DGAC regulatory act (see Fig. A. 2.
9 of Appendix 2) and are summarised in the following points *:

1.

It is forbidden to operate flights in the area of closed and restricted air space,
except for a special permit issued by DGAC. The limited space is stipulated
in special regulations and it includes: the Presidential Palace, national
borders, airports, La Reforma Prison, Arenal volcano, La Palma Strait,
strategic facilities, etc.

It is forbidden to operate / fly in the controlled airspace area, except for
special permission issued by DGAC.

It is forbidden to operate flights within a radius of 8 km around the airports
(Internacional Daniel Oduber, Internacion al Tobias Bolafios, Internacion al
Juan Santamaria, Internacional de Limodn), creating obstacles to take-off and
landing aircraft, except for a special permit issued by DGAC.

Drones cannot be operated close to other aircraft to avoid creating the risks
and collision hazards.

It is forbidden to carry out drone flights over 120 m above the ground in
uncontrolled airspace. Flights over 120 m require a permit issued by the
DGAC.

Operation of drones can be carried out only during the daylight hours and
under proper visual meteorological conditions, observing constant visual
contact with device. The daylight restrictions are defined as 30 minutes
before the official sunrise and up to 30 minutes after the official sunset.
Special permission issued by DGAC is required to fly in the dark time and
in poor visibility conditions.

It is possible to carry out the drone flights only in the areas outside
agglomerations, large cities, towns, and clusters of people, except for a
special permit issued by DGAC.

It is also forbidden to fly closer than 10 m to the house or building, to shoot
private property without the consent of its owner, etc.
The above limitations are revealed in the author’s online interview *°.

96

http://www.laprensalibre.cr/Noticias/detalle/40573/390/seguros-para-drones-aun-no-estan-definidos

[Available March 2018]

% DGAC Direccion General de Aviacion Civil, Restricciones y limitacciones de operacion para
vehipara vehiculos aéreos no tripudalos (DGAC, Restrictions and operating limitations for vehicles for
unmanned aerial vehicles), Costa Rica, 2017. [Electronic source]:
http://www.dgac.go.cr/Aeronaves%20n0%20Tripuladas/cc05_15%200pr%20drones%20AIC.pdf

[Available May 2019]

% Alvarado R., Conversamos con el especialista N. Sulima, Gerente de la empresa Justy Drone.
(Interview with specialist N. Sulima), Costa Rica 2019 https://www.nacion.com/somos-
celebres/drones-de-la-ciencia [Available July 2019]
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In January 2016, the Costa Rican company GoPato, specialising in the delivery
of various items (food, documents, etc.) conducted delivery tests using drones ¥'.

There highlighted a number of additional recommendations that should be taken
into consideration be the commercial drone operators in Costa Rica, even if some of
them are not formalised by the relevant regulatory acts.

Drones should be available to DGAC, other authorised state and municipal
authorities for inspection or testing if they require it. The drone company should be able
to provide records regarding its commercial use that should be kept.

The pilot must:

- always have the appropriate permits while operating the drone;

- make sure before the flight that the drone is completely safe, which requires
an in-depth check of all systems of the drone and the communication line
between the drone and the control station;

- report any serious injuries or damage caused by their drones in a timely
manner after an incident;

- work with no more than one drone at a time; the operator / pilot bears full
responsibility for it in case of this rule violation;

- not to commit any reckless or irresponsible acts.

The drones cannot be used in the following cases %, %

- In prohibited areas, restricted areas, warning areas, areas of military or
police operations, controlled firing areas;

- with attached firearms or similar weapons, or dangerous materials;

- from a moving vehicle, unless it is in a sparsely populated area;

- for fishing (hunting is prohibited throughout Costa Rica);

- over forest fires and other hazardous areas;

- by persons under 16 years of age;

- by persons under the influence of drugs or alcohol, as well as persons with
inadequate physical or psychological state.

To obtain special permits, DGAC requires operators to submit written reports
on the characteristics of the drones, the purpose of their use, location and hours of
operation, complete data of the applicant 1%,

As it has been noted in section 2.1 of this thesis, the legislation in all countries
changes rapidly as problems or incidents in the use of drones are identified. In Central

9 Madrigal C., Gobierno: Entrega de paquetes con drones (Madrigal C., Government: Delivery of
packages with drones), Costa Rica 2017. [Electronic source]:
https://www.laprensalibre.cr/Noticias/detalle/100467/gobierno:-entrega-de-paquetes-con-drones
[Available March 2019]

% Murphy M., The US commercial drone industry is finally governed by real rules, Quartz, USA, 2016
[Electronic source]: https://gz.com/712466/the-us-commercial-drone-industry-is-finally-governed-by-
real-rules [Available April 2018]

9 Martinez K., Details of Legislation In Drone Regulation, Dronethusiast USA, 2016 [Electronic
source]: http://www.dronethusiast.com/drone-requlation-updates [Available September 2018]

10 DGAC Direccién General de Aviacion Civil, Formal Application And Legal Declaration for
operator RPAS Remote piloted Aircraft Systems, Costa Rica, 2018 [Electronic source]:
http://www.dgac.go.cr/wp-content/uploads/2018/06/Ap--ndice-Al-DO-RPAS-Solicitud-Formal-
Operaciones-Comerciales.docx [Available September 2018]

39


https://www.laprensalibre.cr/Noticias/detalle/100467/gobierno:-entrega-de-paquetes-con-drones
https://qz.com/712466/the-us-commercial-drone-industry-is-finally-governed-by-real-rules
https://qz.com/712466/the-us-commercial-drone-industry-is-finally-governed-by-real-rules
http://www.dronethusiast.com/drone-regulation-updates
http://www.dgac.go.cr/wp-content/uploads/2018/06/Ap--ndice-A1-DO-RPAS-Solicitud-Formal-Operaciones-Comerciales.docx
http://www.dgac.go.cr/wp-content/uploads/2018/06/Ap--ndice-A1-DO-RPAS-Solicitud-Formal-Operaciones-Comerciales.docx

and Latin America, this area of regulation is mainly follows the legal regulation in the
United States 101, 102, 103 ’104’ 105

In 2018, Costa Rica adopted the law “Directiva Operational RPAS” 1% significantly
supplementing the above mentioned DGAC Regulatory Act; this law licenses the
commercial activities for the provision of aerial surveillance services.

2.2. Economic and Geographical Analysis of Costa Rica for Drones Employment

To fulfil the goal set in the promotional thesis, there implemented the analysis
of the environment for the regional employment of drones in rendering the commercial
aerial surveillance services (ASS), which in author’s opinion is determined by the
following:

- geographic condition;

- administrative division and distribution of the population in the country

territory;

- climatic conditions of the regions of the country;

- population, its mentality and the level of purchasing power %7;

- emergencies and natural phenomena in the country;

- regulatory acts restricting the use of commercial drones.

The above described peculiarities have significant effect on the economic

performance of the drone company (DCo). Further there presented the various aspects
of this influence.
Geographical conditions of the country are determined by its location. Costa Rica is
located in Central America (see Fig. A2.1, Annex 2.). The country is located among the
following points: Nicaragua — in the North and Panama — in the South; the Pacific
Ocean —in the West and the Caribbean Sea — in the East. Costa Rica is a small country,
only 460 km long and 260 km wide, which can be crossed by car in half a day.

The tropical nature of the country is very diverse. Up to 25% of the country
territory is occupied by National Parks (26 in total) and Reserves (74 in total) with
tropical forests and exotic wildlife, the main of which are represented in Fig. A2.2,
Appendix 2.

The aerial surveillance services provided to the customers in urban,
mountainous and forested areas require the appropriate qualification of DCo personnel,
in order not to cause damage to the drones used or simply not to lose them.

101 Federal Aviation Administration, Drones in America Rules for drones registration [Electronic
source]: https://www.faa.gov/uas/getting_started/register_drone [Available September 2018]

102 Federal Aviation Administration, Summary Of Small Unmanned Aircraft Rule, Washington, DC
20591, 2016 [Electronic source]: https://www.faa.gov/uas/media/Part_107_Summary.pdf [Available
September 2018]

108 Nyshka C., FAA’s new drone laws go into effect Monday, allowing US companies to innovate,
CNBC Tech, 2016 [Electronic source]: http://www.cnbc.com/2016/08/29/faas-new-drone-laws-go-
into-effect-monday-allowing-us-companies-to-innovate.html [Available April 2017]

104 Murphy M., The US commercial drone industry is finally governed by real rules, Quartz, USA,
2016 [Electronic source]: https://qz.com/712466/the-us-commercial-drone-industry-is-finally-
governed-by-real-rules [Available May 2018]

105 Rupprecht J., Drones: Their Many Civilian Uses and the U.S. Laws Surrounding Them, 2" edition,
CreateSpace Independent Publishing Platform, 142 p., 2015, ISBN: 1502805529

106 DGAC Direccidn General de Aviacidon Civil, Directiva operacional D0-001-OPS-RPAS, (DGAC,
Operational Directive D0-001-OPS-RPAS), Costa Rica, 2017 [Electronic source]:
http://www.dgac.go.cr/wp-content/uploads/2018/06/DIRECTIVA-OPERACIONAL-RPAS-EDICION-
1.pdf [Available June 2018]

107 Instituto Nacional de Estadisticas, indice de Precios al Consumidor: Comportamiento de los precios
en el 2018 (Consumer Price Index: Price Behavior in 2018), Costa Rica, 2018 [Electronic source]:
http://inec.cr/sites/default/files/documetos-biblioteca-virtual/aneconomipc2018.pdf [Available May
2019]
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Costa Rica is in tropical climate zone 1. The ocean softens the heat on the
coast, and the climate has average annual temperature range 17.8-26.8 (C°), which is
the most comfortable temperature for life (see Appendix 2, Table. A. 2.1). On rainy
days, the average temperature ranges from 19C° (December — February) to 22C°
(August). There is in average 28.2% of cloudless days in the year. The months from
December to April in the West of the country and in the Central valley have almost no
rainfalls and are ideal for the production of the aerial surveillance services, and
September and October are the wettest periods with hurricanes and strong winds (see
Appendix 2, Table. A. 2.2). On the Caribbean coast, the dry season lasts in February,
March, September & October, and the rainy season is in November — January, and April
— August. When there are storms and rains from the Caribbean Sea, the Pacific coast
can be completely calm. Thus, despite the small size of the territory, the dry and rainy
seasons differ significantly for the Western and Central part of the country from the
Eastern part.

Costa Rica is divided into 7 provinces (see Fig. 2.1): Alajuela (1); Cartago (2);
Guanacaste (3); Heredia (4); Limon (5); Puntarenas (6); San Jos¢ (7) with the capital
of the same name. Provinces (Spanish — provincia) are divided into cantons (in total —
81), which in turn consist of districts (Spanish — distrito).

The country population is 4.95 million and it is growing steadily (see Fig. 2.2).

Administrative centres, population, area of provinces and their share of the total
area are calculated in Table. 2.1.

Figure 2.1. Administrative division of Costa Rica into provinces
Source: [Electronic source] 1%

108 Sarouhan T., Costa Rican Weather statistics averages, Costa Rica, 2018 [Electronic source]:
https://www.govisitcostarica.com/travellnfo/climate.asp [Available May 2018]

199 Lorena M., Costa Rican Province Map, Costa Rica, 2018 [Electronic source]:
https://www.costarica.org/facts/maps [Available Maijs 2018]
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Figure 2.2. Costa Rica population growth diagram
Source: [Electronic source]: 110, 111 112 113

As it can be seen from the diagram presented by the author, the population of Costa
Rica is increasing annually; so in 2010 the population in the country was 4.35 million
people, and in 2017 it was already almost 5 million people.

Further there analysed the regions of Costa Rica. (see Table 2.2)

Table 2.2
General characteristics of the provinces of Costa Rica

Co | Province Administrati | Population | % of Area, km2. | % of

de Ve center (people) total total

popula area

tion

1 Alajuela Alajuela 975000 19.94 9758 19.1
2 Cartago Cartago 525700 10.75 3125 6.12
3 Guanacaste | Liberia 371400 7.59 10141 | 19.84
4 Heredia Heredia 497800 10.18 2657 5.20
5 Limoén Puerto-Limon 439000 8.98 9189 | 17.98
6 Puntarenas Puntarenas 474300 9.7 11265 | 22.04
7 San José San José 1607200 32.86 4965 9.72
Total: Costa Rica 4890400 100 51100 100

Source: designed by the author on the base [Electronic source]: 14,
It is worth noting that the majority of the country population (more than 50%)
lives on the Central plateau (the most fertile region of the country) in the provinces of
San Jose and Alajuelo. These provinces “generate” the bulk of orders for the aerial

110 Trading Economics, Costa Rican population staistics, 2018 [Electronic source]:
http://www.tradingeconomics.com/costa-rica/population [Available January 2018]

111 Instituto Nacional de Estadistica y Censos, Cosa Rica en Cifras (Costa Rica in Figures) Costa Rica,
2019, ISSN: 2215-5422 [Electronic source]: http://inec.cr/sites/default/files/documetos-biblioteca-
virtual/recostaricaencifras2018.pdf [ Available January 2018]

112 Central Intelligence Agency, CIA, Factbook Costa Rica, USA, 2018 [Electronic source]:
https://www.cia.gov/library/publications/the-world-factbook/geos/cs.html [Available April 2018]
113 Miller T. Ecopnomy Freedom, Costa Rica rating, USA, 2018 [Electronic source]:
http://www.heritage.org/index/country/costarica [Available September 2018]

114 Brinkhoff T. Population of Costa Rica rating, Germany, 2018 [Electronic source]:
https://www.citypopulation.de/CostaRica-UA.html [Available October 2018]
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surveillance services from the part of the individuals to service the events, as well as to
service a variety of orders from the industrial and agricultural enterprises.

The ethnic groups of the country are distributed as follows: whites (including
mestizos) — 94 %, Afro-Americans — 3 %, Amerinds (indigenous population) — 1 %,
Chinese — 1 %, others — 1 %.

Some of the most revered holidays in Costa Rica are shown in Table 2.3.

Table 2.3.
List of the most revered holidays of the country
Date English name Local name Notes
January 1 New Year Ano Nuevo
Last week of Holy (Great) Jueves Santo Date changes
March — first Thursday
week of April | Holy (Good) Friday | Viernes Santo Date changes
Easter Domingo de Date changes
Resurreccion
May 1 International Dia del Trabajador
workers’ solidarity
day
August 2 Day Angelic Virgin | Dia de la Virgen de It is celebrated in
los Angeles honour of the
patroness of
Costa Rica
August 15 Mother's day Dia de la Madre
August 24 National Parks Day | Dia de los Parques It is celebrated
Nacionales since 1986.
September 15 | Independence day Dia de la It is celebrated
Independencia since 1821.
October 12 Columbus day (Day | Dia del encuentro de
of the Cultures) las Culturas

Source: designed by the author on the base [Electronic source]: **°.

In these days there is an increased demand for the air surveillance services for
the various events.

The presence of emergency situations in the country, for example, volcanic
eruptions, the consequences of the devastating effects of hurricanes, landslides in
populated areas, and others, require online information to assess the extent of
destruction and to take some measures in response. In this regard, the air surveillance
services with drones employment is becoming increasingly common in the country.
These services are usually provided by specialised units of the relevant state and
municipal authorities. However, in certain cases (for example, when there is a shortage
of the video surveillance resources in the above-mentioned units), the services of
commercial drone companies can be used for the same purposes on a temporary basis
or on the terms of permanent contracts.

Estimation of the Sectors of Costa Rica National Economy Using the Commercial
Drone Services

To analyse the use of commercial services in Costa Rica, it is necessary to assess

the structure of the sectors of the economy, converted into their weight in the Gross

115 US Embassy in Costa Rica, 2018 [Electronic source]: https://cr.usembassy.gov/es/holiday-calendar-
es/ [Available October 2018]
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Domestic Product (GDP) of the country presented in Fig. 2.3. Total GDP for 2017
amounted to $57.69 billion 116, 117,
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Figure 2.3. Percentage share of Costa Rica economic sectors in GDP, for year 2017
Source: 118

In this diagram, the trade and transport services are separated from the general
service sector. The country ranks fourth position among South and Central American
countries in competitiveness with a rating of very good competitive level with the
achievement and development of infrastructure, technology and macroeconomic
stability 1'°. Foreign investors are attracted by the political stability in the country and
the high level of education of its population (up to 98%) 2.

Services account for the largest share of the country GDP, and this share is
growing from year to year.

Tourism, as a component of the service sector, makes a significant contribution
to foreign currency earnings in the country. The country is famous for some of the most
beautiful beaches in the world, the total length of which is about 1200 km. The beaches
are located mainly in the West of the country (Guanacaste and Puntarenas provinces).
There is a well-developed leisure industry, including accommodation, meals, surfing
and scuba diving. Hotels, places of offering the national cuisine and individual tourists
of this zone provide a significant “generation” of orders for ASS. The climate, beaches
with clean water, national parks, reserves, the possibility of fishing, snorkelling,
exploring the huge colonies of birds, palm groves, tropical forests and almost full
absence of heavy industry, as well as existing modern infrastructure of recreation,
ecological and excursion tourism attract a large number of tourists (over 4.6 million per

118 Trading Economics, Costa Rican GDP staistics, 2018 [Electronic source]:
http://www.tradingeconomics.com/costa-rica/gdp [Available October 2018]

117 OCDE, Organizacion para la Cooperacion y el Desarrollo Econdmicos, Estudios Econémicos de la
OCDE: Costa Rica, (OECD Economic Studies: Costa Rica), 2018 [Electronic source]:
http://www.oecd.org/economy/surveys/Costa-Rica-2018-Estudios-Economicos-de-la-OCDE.pdf
[Available October 2018]

118 Central Intelligence Agency CIA, Factbook Costa Rica, USA, 2018 [Electronic source]:
https://www.cia.gov/library/publications/the-world-factbook/geos/cs.html [Available March 2018]

119 La C4mara de Tecnologias de Informaciéon y Comunicacion, Costa Rica Occupies The Fourth Place
In Ranking Of Competitiveness Latin American (The Chamber of Information and Communication
Technologies, Costa Rica Occupies The Fourth Place In Ranking Of Competitiveness Latin American),
2018 [Electronic source]: http://www.camtic.org/actualidad-tic/costa-rica-ocupa-el-cuarto-lugar-en-
ranking-de-competitividad-latinoamericano [Available September 2018]

120 1nstituto Nacional de Estadistica y Censos, Cosa Rica en Cifras (Costa Rica in Figures) Costa Rica,
2019, ISSN: 2215-5422 [Electronic source]: http://countrymeters.info/en/Costa_Rica [Available
January 2018]
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year) 121, The main stream consists of wealthy tourists from the United States, Canada
and Western Europe, who are also customers of ASS for video shooting the groups on
the tourist routes. In the Tourism & Tourism Classification Index (TTCI), Costa Rica
is one of the first countries in Latin America. The share of services (together with
tourism, trade and transport) is growing from year to year.

The country has begun to conduct the research funded by the government on
the use of drones in this area. Thus the School of Agricultural Engineering and the
School of Electronic Engineering have joined forces to develop a project to assess the
soil erosion in order to preserve the area of agricultural land using an automated
monitoring system with the use of drones 22,

Transport alone is of little interest to DCo. Nevertheless, transport logistics, as
well as the transport and road network are the sources of orders for the implementation
of the aerial surveillance services, in particular, for video panoramas of construction
and repair of finished goods warehouses, for video filming of traffic jams and
emergencies on the roads, etc.

The transport infrastructure of the country determines the time of delivery of
MDU to the place of service rendering. Geographically, it can be any part of the country
located at a distance not exceeding 120 km from the coast. Through the province of San
José, Puntarenas and Alajuela Pan-American Highway passes; the capital of the
Republic is approximately in the middle of this highway. Travel time from the capital
to the end points of the highway in the North and South does not exceed 4-5 hours. The
road network from the Central regions of the country to both coasts is well developed
123 Therefore, time Tt = 4.5 hour hours can be taken as the most likely maximum time
of delivery of MDU to the place of delivery of the ASS anywhere in the country, even
if the DCo has only one MDU.

In the rainy season, the roads are often washed away, therefore the provision of
the aerial surveillance services in some areas, especially in mountainous areas and in
areas beyond highway access, becomes difficult. In case of emergency, the MDU crew
together with the drone can be quickly transported by air to almost any place in the
country, including National Parks and Reserves. The country operates 161 runways, 47
of which are paved and 114 are unpaved %4,

The sphere of construction at the stages of selection and planning of the
construction site for construction projects, monitoring the progress of construction,
especially in remote areas, is quite promising field for the ASS provision, which is
currently underdeveloped. This sphere is adjacent to the sphere of advertising of
residential and leisure facilities under construction for the preparation of relevant videos
and brochures

The field of public safety has great potential for the use of drones. In particular,
the Ministry of public security of the country requests the investments in the use of

121 Financiero, El. "Costa Rica tiene 4,6 millones de habitantes, segtn correccion del Censo. 2011" (in
Spanish).

122 Instituto Tecnologico Costa Rica, Estudio de Factibilidad de un Sistema de Monitoreo Aéreo para el
control de la erosion en agricultura (TEC, Feasibility Study of an Aerial Monitoring System for erosion
control in agriculture), Costa Rica, 2016 [Electronic source]:
https://www.tec.ac.cr/en/proyectos/estudio-factibilidad-sistema-monitoreo-aereo-control-erosion-
agricultura [Available September 2018]

123 MOPT Ministerio de Obras Publicas y Transportes, Informacion Geogréfica Vias Nacionales
(Ministry of Public Works and Transportation, Geographic Information National roads), Costa Rica,
2019, [Electronic source]:
https://www.mopt.go.cr/wps/portal/Home/informacionrelevante/planificacion/mapasRVN [Available
March 2019]

124 Central Intelligence Agency CIA, Factbook Costa Rica, USA, 2018 [Electronic source]:
https://www.cia.gov/library/publications/the-world-factbook/geos/cs.html [Available March 2018]
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(112r50nes to monitor the coast and the sea area of the country to detect ships carrying drugs

It should be noted that the specificity of the sectors of the national economy of
Costa Rica affects significantly the potential scope of the aerial surveillance services.
Their use ranges from the areas with the highest demand for ASS, such as advertising,
services, construction and agriculture, to industry where the ASS are still in little
demand.

The main groups of customers of the commercial aerial surveillance services
in Costa Rica have the following order of expert ranking by volume from large to small:

- commercial enterprise;
natural person;
municipal government bodies and their organisations;

- public administration bodies and their organizations.

The distribution of the shares of orders for the listed groups of customers, based
on the six-year experience of the dissertation author, as well as on the analysis of
advertisements in the mass media of the country, is shown in Fig. 2.4. It was not
possible to obtain a reliable expert opinion on this assessment, since the most qualified
experts are employees of the competing companies, and they do not disclose the
confidential information.

0,64 %

0,32

0,03 0,01

Commercial Natural persons Municipal authorities  Government bodies
enterprises

Figure 2.4. Diagram of orders shares (in % ) for the aerial surveillance services by
customer legal affiliation groups, designed by the author.

The author evaluates expertly the orders for basic and additional aerial
surveillance services estimated by quantity in the approximate proportion of 3:2.

Shooting and surveillance in the region, as types of main orders, are expertly
evaluated by the author in the following proportions:

- by the number of orders — 20: 1;

- by time of order fulfilment — 1: 3.
Based on the above analysis in Chapter 1 and summary in Table A. 1.2 of Appendix 1,
there have been identified the most likely areas and examples of the commercial aerial
surveillance services in the region and they have been summarised in Table 2.4 in order
from the most to the least likely (from top to bottom).

Table 2.4.
The main areas of rendering the commercial aerial surveillance services in Costa
Rica

125 Mata G., Costa Rica podria usar drones para detectar lanchas narco (Costa Rica could use drones to
detect narco boats.), Costa Rica 2018 [Electronic source]:
https://www.laprensalibre.cr/Noticias/detalle/103664/costa-rica-podria-usar-drones-para-detectar-
lanchas-narco [Available March 2018]
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Spjere of ASS
rendering

Examples of ASS rendering

Advertisement

Aero-recording for leaflets and videos on the purpose to: sale of real
estate; tourists and travellers accommodation in the places of living
and recreation

Events

Aero-recording of business and special events, sports competitions,
national, city and district holidays, weddings and outdoor recreation.

Tourism  and

recreation

Accompanying the tourist groups on the routes in order to provide
video recording for booklets and video films.

Agriculture

Aero-recording and surveillance of agricultural land. Multi-spectral
shooting of the seeds and crops. Identification of places of mass
reproduction of insect pests. Determination of areas requiring
fertilizing with nitrogen fertilizers. Identification of weeds. Repelling
birds using mounted devices of ultrasonic and sound radiation. Search
for animals that stray from the herd. Detection of diseased animals in
the herd on the pasture by temperature difference using multispectral
surveillance.

Aerial work

Control of agricultural pests by pollination of relevant land areas

Environment

Aero-recording and monitoring of lands, forest areas, coastal lines
and waterways for the purposes of cartography, fire safety inventory,
emergency assessment, fixing violations of environmental
legislation, etc. in the interests of surveyors, landowners, forest
owners, public, municipal and private bodies (e.g. Greenpeace).

Buildings,
construction

Aero-recording and monitoring: technical condition of buildings,
structures, bridges, etc.; compliance with safety rules during the
work, for example, construction works or works on the roof of
buildings. Identification: roofs, which are in need of repair; leaks of
heat and cold.

Insurance

Aero-recording of the state of insured objects (buildings, structures,
forests, crops and fields, etc.) in order to establish their objective
condition.

Municipal and
transport
infrastructure

Monitoring of traffic and road infrastructure (roads, road signs, road
lighting) in cases of emergency (after volcanic eruptions, torrential
rains and hurricanes, earthquakes) and severe road accidents.

Consulting the
non-
professionals

Selection and purchase of drones, accessories; registration of flight
documentation; obtaining the permits; training.

Source: designed by author.

The distribution of shares of orders for ASS by the main areas, obtained on the
basis of the expert assessment and personal experience, is represented by the histogram
in Fig. 2.5 2%, The experts were anonymously made by a few employees of various

drone companies.

126 The sphere “environment” also includes emergency situations
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Figure 2.5. Distribution of shares of orders for ASS by the main areas
Source: designed by the author 7,

The main practical conclusion from the presented distribution of probabilities
of the events on the order of services in various spheres in the region is the
concentration of the marketing work of DCo in the spheres of advertising, tourism and
events, giving an average of about two-thirds of orders

There is also the expert assessment of the share of groups of different aerial
surveillance services (aero-recording (A), monitoring (M), control (C)) for the different
customer groups and different areas (see Table 2.5).

Adash (—) inthe lines in Table 2.5 means that this type of the aerial surveillance
services is not relevant, and zero (0) means low-probability. In the process of consulting
the customer is taught how to monitor events, processes, objects, and their aero-
recording.

Table 2.5.

Distribution of shares of orders for ASS by field of activity and customer groups
Fields of Legal entities| Natural Government Municipal
rendering DS persons bodies bodies
AIM|C|IA|IM|C|A M|C|A | M]|C

Advertisement 1] 0] 0O 1| 0| O - - - - - -
Events 1/ 0] 0] 1] 0] O 1 0| O 1 0 0
Tourism and 11 0] 0O 1| 0| O - - - - - -
recreation
Agriculture 02/06[02[01{06| 03 0 1/ 0 0 1 0
Environment 02/06(02/01/06| 03 O 1 0 0 1 0
Buildings, 0802 0| -| -| - 0 1| O 0 1 0
construction
Insurance 1| 0] 0] 1| O O 1 0 1 1 0 0
Municipal and - - - - - -1 02105[{03] 02| 06| 0.2
transport
infrastructure

127 Sulima N., Methodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2016, Riga, Latvia, Baltic International Academy,
pp. 263-271., ISBN 978-9984-47-155-4.
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Source: designed by the author.

2.3. Planning the Economic and Business Activities of Drone Companies in Costa
Rica

Choice of Pricing Strategy for Drone Companies Services

Considering author’s practical experience in the drones services sector, in
author’s opinion, the following issues should be assessed for the development of drone
companies in Costa Rica, as well as in other regions and countries: market of drone
services; evaluation of seasonal performance in providing services of drone companies;
evaluating the flight time of orders fulfilment for principal drone services. Definitely,
the estimation of costs and pricing for drone company considering the analysis of
competitors’ prices is an important step in the development of drone commercial
services. It is also necessary to support advertising for the stable development of the
drone services market. The described types of market analyses are performed and
exemplified by market in Costa Rica.

There considered in details the characteristics of the market in relation to the
provision of aerial surveillance services. The classical features that determine the type
of market, are as follows in relation to the considered service sector:

- DCo number;

- typicality (standardisation in the classical sense) of ASS types;

- price, pricing and price control,

- non-price competition;

- conditions of entry into the industry.

The number of DCo in Costa Rica is quite large, about a few dozen. The
following companies among them occupy the leading position:

- international company Applus %, 12° also operating in Costa Rica, and the
regional company Aerial Media Costa Rica ¥, providing an extensive range
of air surveillance services in various sectors of the economy, office post-
processing of surveillance results, pilot training, and other services;

- aregional company INDIGO Drones 131,132 133 which develops and applies
software for the production of aerial surveillance services in the agricultural
sector; it also operates in other Central American countries.

128 Applus, Testing leader in inspection and certification sector, Madrid, Spain 2018 [Electronic
sourse]: https://www.applus.com/en/aboutUs/aroundTheWorld [Available June 2018]

129 Zaheer Z., Usmani A., Khan E., Qadeer M, Aerial Surveillance with UAVs DOI:
10.1109/WOCN.2016.7759885 [Electronic sourse]: https://ieeexplore.ieee.org/document/7759885
[Available June 2018]

130 Chastain C., Aerial Media Costa Rica, Ground Level Photography, Aerial Photography, Ground
Level Videography, Aerial VVideography, Post Production, Costa Rica, 2017 [Electronic source]:
https://www.aerialmediacostarica.com/airography-aerial-services [Available June 2018]

131 Ballester S., Indigo Drones is Delivering Big Data to Small Farmers, Helping Precision Agriculture
Take Flight, Founder Institute, 2018 [Electronic source]: https:/fi.co/insight/indigo-drones-is-
delivering-big-data-to-small-farmers-helping-precision-agriculture-take-flight [Available May 2018]
132 Balletser S., Monitor, process and analyze tropical agriculture data, Indigo Drones 2018 [Electronic
sourse]: https://www.f6s.com/indigodrones [Available May 2018]

133 Corredor, M., Emplea drones y aprendizaje automatico para mejorar la produccion agricola de Costa
Rica. (Corredor, M. Employs drones and machine learning to improve agricultural production in Costa
Rica), Consejo Nacional para Investigaciones Cientificas y Tecnologicas, 2017 [Electronic sourse]:
http://www.conicit.go.cr/prensa/boletines_cyt/historico_boletincyt/Empleo_drones.asp [Available June
2018]
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The main number of DCo are small firms, as well as individual entrepreneurs
mainly with one drone and one pilot, combining also the functions of the operator.
There is also an unofficial market for aerial surveillance services, operated by
unregistered entrepreneurs.

Differentiation of aerial surveillance services is based on the following
indicators and forms:

- the quality determined by the classification characteristics of drones, such
as the composition and the level of integration of service tools, the business
model of the provision of services, the method of placement of MDU;

- proximity of MDU placement points to the ASS production site, which
ensures the high efficiency of the process.

A significant level of differentiation of aerial surveillance services is a

distinctive feature of the monopolistic competition market.

Therefore, according to the considered characteristic feature, the market of
aerial surveillance services can be defined as a market of pure competition with
elements of the market of monopolistic competition.

Price, pricing and price control for aerial surveillance services prices. The
classical definition of price ** is as follows: price is the amount of money or other
goods and services, paid and received per unit of goods or services. Price is the most
flexible factor of competition. It is easy to operate, quickly and without additional costs
to increase or decrease. Correct price calculation is the most important task of each
DCo. Control over the prices of aerial surveillance services in the country is possible,
but only within the narrow limits. No single DCo can have much impact on the level of
current prices; they are all regulated by the market price. The price of aerial surveillance
services should generally exceed the marginal cost. As it has been noted earlier, prices
for ASS should not cause rejection from the customers, and they also should be
“transparent” in terms of understanding by customers for what set of services they pay.

Unlike price, pricing is the process of forming the price for the aerial
surveillance services according to a chosen marketing strategy .

The implementation of the above described strategy is proposed to be carried
out by solving the following problems of pricing:

- calculation of the base price for aerial surveillance services, which is the
average price for one ASS, the produced quantity of which for a certain
period of time on average covers the costs of DCo for the same period;

- application of allowances and discounts to the base price for different types
of ASS, which should provide a profit or a discount to promote them on the
market in a competitive environment;

- forming the prices for covering the costs of transporting the MDU to the
place of production of the ASS in relation to the place of its location.

- setting prices for additional services not related to the operating activities of
DCo and determined in the form of surcharges to the prices of the relevant
types of ASS.

The conditions for entry into the industry of providing the aerial surveillance
services, as one of the characteristic features of the market, are not burdensome. DCo,
as a rule, are small firms for which the creation, organisation of activities and purchase
of the necessary equipment does not require large capital investments.

134 Cambridge Advanced Learner's Dictionary, Edited by Walter E., Cambridge University Press, 1799
p-, 2008, ISBN-10: 3125179882

135 Kotler P., Marketing Management, Prentice Hall. 11" edition, 2002, 768p. ISBN-13: 978-
0130336293
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Assessment of Seasonal Performance of Drone Companies in Costa Rica

The flight time of the commercial drone applications, both during the day (Ts),
and the year as a whole, is affected by the following factors:

- the length of the day, because it is prohibited to provide the ASS at night
by the regulation of the aviation Directorate of the country, and it is not
safe in terms of the possibility of losing the drone;

- weather without hurricanes and storms, possibly with light precipitation;

- periods of heavy rains, strong winds, hurricanes and storms during
which the drones cannot be used.

The estimation of the above described factors.

The geographical peculiarity of the country is the almost slightly variable length
of daylight, which is approximately 12 to 13.5 hours with an average value of
approximately Tig = 12.75 hours per day 3, 37, This duration is the maximum useful
time of commercial application (flight time) of drones per day (Tt max).

Thus, the air surveillance services can be potentially provided up to 13.5 hours
per day. The aerial surveillance services are practically not produced in adverse weather
conditions (heavy rains, hurricanes, etc.). it is important to note that the North-Eastern
coast of the country, facing the Caribbean sea has extremely unfavourable conditions
for the use of drones, since their it a rainsimost year-round, even perhaps in the period
from December to April. On the other hand, on the North-West coast, adjacent to the
Pacific ocean, rainless days can be even in the period from September to October.

The estimated average duration of weather during which the aerial surveillance
services can be produced within daylight hours across the country and in different
seasons of the year (or, equivalently, the average flight time, Tt mid) is shown in Fig. 2.6.

After averaging the data presented in Fig. 2.7 it is obtained:

Tt,mid = 6.8 hour. (2.1)

This average estimation is supported by the distribution of favourable and
unfavourable durations of the dry and rainy seasons, visibility by the different months
of the year (see Appendix 2. Fig. A2.3-A2.6) and by region, as well as the distribution
of wind power (see Appendix 2. Fig. A2. 7).
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136 U.S. Agency for International Development (USAID), Costa Rica (Climate Change), CreateSpace
Independent Publishing Platform, 201), ISBN, 1502582872.

137 Weather Spark, Average Weather in San José, 2018 [Electronic source]:
https://weatherspark.com/averages/32645/San-Jose-Alajuela-Costa-Rica [Available June 2018]
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Figure 2.6. Average duration of Tf within the daylight hours and by periods of the
year, hours, designed by the author 3 on the base of statistics of Costa-Rica.

Summarising the above shown data, it is possible to estimate that the maximum
flight time Trmax per day lies in a favourable period for the provision of services in the
rainy and dry seasons, and is described by the inequality:

3.3 hour < Ttmax < 13.5 hours, (2.2)

where 3.3. hours is the minimal time of services rendering in the most
unfavourable season (September — October);

13.5 hours is the maximum length of daylight time.

There presented the following known circumstances, which in practice
significantly increase the duration of Ttmid :

- more than half of the rain falls at night;

- unfavourable wind conditions and poor visibility conditions almost
occur during the periods of maximum rainy weather (September —
October), as well as from mid-January to mid-February, when there is
no rain, but a strong warm wind blows;

- production of the aerial surveillance services is not possible during the
light rain, but it is possible with a little fog, not limiting the visibility of
the drone at a distance of its use.

Averaging the data presented in Fig. 2.7 it is possible to obtain that the
estimation Trmid = 6.8 hours is the worst assessment Of the average time to provide the
aerial surveillance services within a day. In reality, it can be more about an hour and a
half. This assessment has a significant impact on such economic indicators as the
number of the ASS provided for the relevant period and, accordingly, the revenues,
which can be obtained only in a favourable period of time.

For example, further there is an estimation of the average duration of the
potential flight time of production of one aerial surveillance service for the different
periods of the year for the most contrasting weather regions of the country: the West
and the East coasts.

On the West coast it is chosen:

- the coast of Guantacaste province and the North of Puntarenas province
(G&P);

- part of the coast of Puntarenas province near the city of Jako (MP);

- the southern part of the province of Puntarenas in the area of Golfito and
Puerto Jimenez (ZP), including the National Park Corcovado.

On the East coast there chosen the area of Puerto-Limén of Limén province
(PL).

The results of the evaluation conducted using the qualitative and quantitative
data, demonstrated in Fig. A. 2. 3 — Fig. A. 2. 7 of Appendix 2, are shown in Fig. 2.7.

Average annual values Tt mig for the chosen locations in Fig. 2.7 are as follows:

- G&P: Tsmia = 10.1 hours;

- MP: Timida =8.35 hours;

- ZP: Timida =4.61 hours;

- PL: Ttmig = 7.37 hours.

138 Sulima N., Considering the peculiarities of local drone data service delivery and drawing up
recommendations on their pricing (a case study of Costa Rica region). VI International Scientific and
Practical Proceedings. «The Transformation Process of Law, The Regional Economy and Economic
Police: The Relevant Economic and Political and Legal Issues». 2017, Riga, Latvia, Baltic
International Academy, pp. 263-273. ISBN 978-9984-47-155-6.
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It is important to note, that it is advisable to plan the orders for the aerial
surveillance services in the centre of the province of Limon, if possible under the terms
of customers, for the period June-October, when in other regions the worst period for
weather conditions.

¥ o 12,75
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2
0
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Figure 2.7. Average duration Tsmia (in hours) for selected areas and periods of the
year

Source: designed by the author on the basis of statistics of Costa Rika.

Evaluation of Flight Time of Completing the Orders for the Main Types of Drone Air
Surveillance Services in Costa Rica

The price of production of aerial surveillance services by drone company for a
certain period of time is formed of two components:

- number of rendered services;

- time of service rendering.

The total time of one service rendering T is determined by the previously
introduced formula 1.1 (see Chapter 1). The most important and still undefined
component of this formula is the flight time of the service rendering T, since the other
components of the time T do not depend on the type of service.

Further there estimated the average time of aerial surveillance services
production (Tsmai) for one order during the daylight hours in various spheres, taking into
account the data, presented in Fig. 2.6, Fig. 2.7 and empirical data on the dissertation
author’s DCo for years 2016-2017. The diagram of these time periods is presented in
Fig. 2.8.

Note that other components of this time estimation are also as follows:

- replacing the batteries of a drone;

- breaks for waiting for the right angles or events (for example, during the event,
when the activities are taken in time and there is a need to record the most important of
them in stages).
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Figure 2.8.  Diagram of the average duration of orders completion for the types of
the ASS by the field of activity during the daylight hours (consulting time includes
only flight practice of trainees in summer), days.

Designed by the author on the basis of statistics of Costa Rika and empirical data °,

It is also worth noting that not all ASS for one order are executed within one
day. For example, the orders to accompany tourist groups on the route or for the period
of stay in the country can be carried out for several days. The share of orders executed
within 1, 2 and 3 days are correlated in the average proportion 0.9/0.08/0.02. In
addition, the duration of the order completion may also be affected by force majeure
(rain, wind, etc.).

Analysis of Competitors’ Prices for the Drone Air Surveillance Services in Costa Rica

The business of Costa Rica is in the sphere of special interests of the United
States, which is the guarantor of the security of the country, which does not have its
own army. The business of the aerial surveillance services is no exception. Therefore,
the price structure and the ASS prices in Costa Rica are significantly correlated with
the similar indicators in the United States.

There further considered the regional price offers on the example of one of the
leading Costa Rican companies Aerial Media Costa Rica 4%, providing the ASS on
event documentation, marketing imagery, movie production, commercial production,
canopy observation, erosion monitoring, site planning, real estate promotion,
construction progress, etc.:

These price offers for various types of the ASS rendered are as follows:
- complete real estate marketing package (30 second), including ground-level
and aerial shots, and perfect for drawing attention through social media and
websites — $900;

139 Sulima N., Methodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2018, Riga, Latvia, Baltic International Academy,
pp. 195-202. ISBN 978-9984-47-162-4

140 AMCR, Ground Level Photography, Aerial Photography, Ground Level Videography, Aerial
Videography, Post Production [Electronic source]: https://www.aerialmediacostarica.com/airography-
aerial-services. [Available: July 2018]
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- edited aerial video packages (video-shooting during 2 and 3 flights) - $600
(2 flights using 2 batteries) and $750 (3 flights using 3 batteries); additional
edits are $50 each;

- Additional fee:

editing — $75 for 10 photos;

special colouring — $50 for 10 photos;

soundtracks for video charge — additional $200;

travel charges — $25 an hour for travel time from Uvita;

overnight charges — $120 per night.

The cost of the aerial surveillance services by agreement between the customer
and the contractor may also be based not on hourly payment, but on the surveyed areas
of the ground surface, for example, agricultural land. The cost of the ASS, based on
an hourly estimate of the work of pilots, is almost not applied in Costa Rica.
Assessment of the Main Economic Indicators in the Drone Costa Rican Company

To calculate the main indicators of the regional firm producing the drone air
surveillance services, it is assumed that the number of MDUs falls into the range from
5 to 15. Shooting and video surveillance services are provided 365 days a year and, as
it has been calculated in section 2.7, — from 3.3 hours to 13.5 hours per day, which is
determined by the length of the daylight and weather conditions.

The duration of the direct filming and surveillanance during one session of the
ASS rendering for one order is within 2-6 hours. The average duration of one session
(Ts) is calculated by the formula justified by the author in the publication 4%

®o0 o

Ts=p1Th+ .. +piTi+ ..+ pnTh, (2.3)

Where pi— is the probability of a service order by length 7.

The values of piand 7 are defined for each service sector by indicators shown
in the diagram in Fig. 2.6 and Fig. 2.8 respectively. Substituting the corresponding
values in the expression (2.3), the average time of execution of one order for the aerial
surveillance services is obtained:

Ts = 3.458 hours = 3.5 hours. (2.4)

On average, up to 1 hour is necessary for the delivery of MDA to the place of
the service rendering, and up to 1 hour for the choice of location and preparation for
shooting/ video surveillance. During the daylight hours, one MDU serves 1, 2, and 3
orders with a probability of 0.6, 0.35, and 0.05, respectively, which is rounded up to an
average of 1.5 orders per day.

In general, the prices are regulated by both individual purchases and sales of the
ASS and the economic processes in general, including their production, distribution,
and consumption of the ASS. In this aspect, prices, taken together, act as a common,
unified, holistic pricing mechanism.

There are two interacting parts in the price mechanism:

- types, structure, size and dynamics of price changes;
- pricing as a method, the rules of establishment, formation (calculation)
of new and changes in existing prices.

141 Sulima N., Methodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2018, Riga, Latvia, Baltic International Academy,
pp. 195-202. ISBN 978-9984-47-162-4

55



Types of prices for the aerial surveillance services are divided into the following
groups:
- the base price of the ASS;
- prices for the main (primary) ASS;
- prices for additional (secondary) ASS.

The base price for the aerial surveillance services is the average price for one
ASS, the specified number of which, over a period of time, on average provides
coverage for the DCo costs over the same period.

Prices for the primary (main) aerial surveillance services are prices that provide
the promotion of the ASS in the market in a competitive environment with a profit or
discount. Profit or discount is determined depending on the specific pricing method in
each case.

Prices for the additional services of drone company due to their versatility, both
in the field under consideration, and in other areas of services will be defined as
surcharges to the prices of the main ASS. The versatility of price surcharges is
explained as follows. For example, editing a video has on average the same price, both
in the field of ASS, and in the usual video business. Thus, when determining prices for
the additional services, if DCo has professionals in the staff, it is advisable to focus on
existing tariffs in the relevant areas of photo and video activities. If the DCo uses
intermediaries to provide these additional services, their prices are summed up with the
prices of the corresponding main ASS.

The set of prices used in various areas of providing the aerial surveillance
services, taking into account their specific indicators, determines the structure of prices.

It is further proposed to set the preliminary prices for the ASS (n) types
depending on the conditions and performance of the relevant services according to the
following formula 42, 143
Ch= éTfn (] il(jmn inmn) + {th} + {ln} + X + Yn + {Rn}, (2-5)

where

C —is the cost of 1 hour of provision of these air surveillance services;

T — is the flight (useful) time (see formula 2.1) when rendering the ASS of the
formn;

Kjmn —1S a coefficient that takes into account the difference between spheres (j)
and customer groups (m) when rendering UAVS of type n;

Qjmn — is a coefficient, that takes into account the degree of professionalism or
required level of knowledge of the pilot / operator in providing the appropriate ASS
of type n in the field j and customer group m;

Xt — is the cost of transporting the UAV to the place of rendering the ASS of
type n, duration T, (see formula 1.2);

In—is insurance coverage, not included in the base rate, when working in places
with increased insurance liability in the provision of ASS type n;

Yn — is the price list for post-processing of the ASS results of the type n;

142 Sulima N., Considering the peculiarities of local drone data service delivery and drawing up
recommendations on their pricing (a case study of Costa Rica region). VI International Scientific and
Practical Proceedings. «The Transformation Process of Law, The Regional Economy and Economic
Police: The Relevant Economic and Political and Legal Issues». 2017, Riga, Latvia, Baltic
International Academy, pp. 195-202. ISBN 978-9984-47-155-6.

143 Sulima N., Metodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2018, Riga, Latvia, Baltic International Academy,
pp. 263-272. ISBN 978-9984-47-162-4.
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Rn —is the indicator that takes into account the time of registering the orders for
the ASS (regardless of their type) when using the appropriate reservation technology;

It is explained separately how R, in formula 2.5 can be taken into account when
using the appropriate marketing strategy. The “ideology” of one of these strategies
when booking places is illustrated by the example presented in Fig. 2.10.

Load 2%

The fields of
decision-making

70

The actual bookings

————

Chart A
ﬁ Booking profile

Allowance period, days 435 30 15 0]

Figure. 2.10. Example of an average and the actual profile of orders
reservation. Electronic source 44,

Yn prices for the office post-processing of results depend neither on the scope (j),
nor on the group of customers (m) and are determined by the price list, similar to the
price lists of the companies that provide photo or video editing of shooting materials
with the necessary level of professionalism.

Summing up or subtraction ( + ) of the coefficients in (2.5) depends on the
formulation of the tasks, the chosen method of pricing, the chosen method of
remuneration of buyers for the volume of purchased services, etc.

Setting pricing objectives is determined by the goals that DCo seeks to achieve
in the market, such as:

- ensuring the survival with a focus on low prices on a purpose of a favourable
reaction of buyers of services;

- maximisation of current profit taking into account a balanced assessment of
demand and supply in the market and own costs.

With explicit dumping by the DCo, the price per the rendered ASS may be even
lower than the base rate.

Considering that the aerial surveillance services market is a new market in the
region, there is no point in targeting low prices or dumping. Therefore, as the most
appropriate pricing methods for DCo in this market, it is proposed to implement the
following:

- calculation of indicative prices according to formula 2.5, in which the plus and
minus should be determined by the break-even point of the company;

- calculation of final prices according to the following classical formula

Ch = Cn+4, (2.6)

144 Tendention, Yield Management/Revenue Management. Plekhanov University of Economics, 2019
[Electronic source]: http://www.rea.ru/hotel/it/metod/Text/ym.htm [Available April 2019]
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where C; is calculated according to 2.5, and 4, — is the established rate of return
on the relevant type of ASS.

Selection of Channels for Promotion of the Commercial Services of Drone Companies
in Costa Rica

For more active promotion of drone services, there should be used various
advertising channels. Thus, the commercial activities of DCo companies is provided
by a variety of channels for the distribution of information about the main aerial
surveillance services and additional drone services. There also considered the relevant
info-communication technologies (ICT) of sales, the generalised structure of which is
presented in Fig. 2.11, by analogy with the structures of similar channels and IT,
developed by the author in the field of passenger air transport 14°,

This structure has a wide variety and covers both own (direct) distribution
channels and their ICT, and multilevel channels of intermediaries with their ICT, which
allows increasing the efficiency and reducing the costs for the organisation and
maintenance of sales systems and, at the same time, reaching the clientele on a regional
scale.

The direct channel (level 0 channel) is distinguished in the structure of channels
— a channel without intermediaries and multi-level channels, in which there can be one
or more intermediaries.

Modes of operation of these channels are divided into the following types:

- online customer interaction with DCo in real time;
- offline customer interaction with DCo via phone or personal service.

145 Rebezova M., Sulima N., Surinov R. Development trends of air passenger transport services and
service distribution channels / Transport and Telecommunication. — Riga, Transport and
Telecommunication Institute. — 2012. — Volume 13, No 2. —p.p. 159-166., ISSN 1407-6160 & ISSN
1407-6179.
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Promotion of information about the aerial surveillance services

Direct channel Multilevel channel
Online - Online / offline agents
Offline Agents web sites

Company web site

Company call-centresand || Info-communication means of
offices distribution
Classical Internet Mobile Social network ||Other forms of
communication communication communication
networks networks
|
Customers

Fig. 2.11.  Generalised structure of distribution channels and IT sales of the DCo
services, designed by the author.

In the direct channel (at level “0”"), DCo sells its services through its own offices,
representative offices or web tools in online or offline modes. Online distribution is
carried out through the website, where the company resources are placed (types and
terms of services, tariffs, types of post-processing of the results of aero-recording and
surveillance, etc.). In offline mode, the sale is carried out through the offices (points of
basing) of the MDU company or through its call centre.

The number of multi-level channels include the traditional logistics chain of
sales network “DCo — on-/offline agents — customers”. Online agents are multi-field
agents selling not only the DCo services but also the services in other industries. Note
that the agents can also have multi-level distribution channels for their services.

The interaction of different structures and product distribution of the main and
additional companies is implemented by using the information and communication
means, including the Internet, classic telephone, mobile communication etc. Along with
these forms of communication there increasingly develop the channels of distribution
of services through social networks.
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Conclusions on Chapter 2

Author’s practical experience in the field of drone services in Costa Rica allowed to

draw the following conclusions:

1. It has been conducted the analysis of bases of legal regulation on rendering the
commercial aerial surveillance services on examples of a number of the countries
(including Latvia and Costa Rica). It has been shown that the corresponding
regulating documents essentially limit the conditions of production for such drone
company and have to be considered at the organisation and ensuring the company
functioning.

2. It has been conducted the analysis of the local market of production of the
geographical aerial surveillance services on the example of Costa Rica, and it has
been shown that the geographical, administrative-territorial and landscape
specificity of the region has the following impact:

a. it affects significantly the composition of the aerial surveillance service and the
choice of the locations of the Mobile Drone’s Units producing such services,
and the time of delivery of the MDU to the place of the services provision;

b. requires highly qualified DCo pilots in order not to damage or lose the drones
used.

3. On the basis of the market analysis, there have been substantiated and introduced
into scientific circulation the new digital data characterising the production process
of the aerial surveillance services in Costa Rica, the main indicators and there has
been established the following:

(a) the largest share of Costa Rica’s GDP is in services, which are growing year by year

and has already exceed 75%, with shooting and surveillance in the region as the types

of the major orders expertly correlated in the proportions of the number of orders 10:1

and the time of order 1:3;

b) the vast majority of orders for the aerial surveillance services (96 %) by
legal affiliation groups are for commercial firms and individuals, and about 75 per cent
of orders for the national economy are for advertising, events and tourism;

(c) the average daily flight (useful) time of drones employment for the
commercial services is 6.8 hours, varying from 4.4 hours to 12.75 hours for different
regions of the country;

d) the most probable maximum delivery time of the MDU to the aerial
surveillance services production site anywhere in the country, even if drone company
has only one MDU, is 4.5 hours;

e) the average duration of a single order for aerial surveillance services
completion is 3.5 hours;

(F) the probabilities of 1, 2 and 3 orders for the aerial surveillance services being
executed during the daylight hours are 0.6, 0.35 and 0.05, respectively;

g) the number of completed orders for the aerial surveillance services per day
averages 1.5 orders;

h) the average cost of the unit of one aerial surveillance service rendering during
1 hour, regardless of the scope of their provision, is $135 and it is taken as the base rate
for the Costa Rican Dco for year 2017,

i) the Dco cost per one MDU, with the number of operating MDUs in the
range of 1 to 20, averages $200 per day;

J) the price for the aerial surveillance services in the country in the amount of
$200/ (per hour or for the minimum amount of service) is considered to be a reasonable
price for both DCo and customers.

3. A previously unknown formula for determining the preliminary and final prices

for various types of the aerial surveillance services is derived. Its novelty, as it will be

shown later, is in the following aspects:
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a) application to the company operating in the new sphere of economy — the sphere of
rendering the aerial surveillance services;

b) the introduction of the concept of flight (useful) time for the provision of the aerial
surveillance services and the development of a method for its calculation;

4. It is shown that the regulatory documents of Costa Rica do not impose
significant restrictions, except reasonable, on functioning the business on providing the
aerial surveillance services.

5. A generalised structure of the information distribution channels for the DCo
aerial surveillance services has been developed.

Chapter 3.  OPTIMISATION OF THE TERRITORIAL LOCATION OF
MOBILE DRONE COMPANIES (ON THE EXAMPLE OF
COSTARICA)

2.1.Analysis of Peculiarities of the Territorial Location of Drones

To achieve the goal of the promotional dissertation, according to the author, it
is necessary to solve the problem of optimising the territorial placement Mobile Drone’s
Units (MDU), which are the part of commercial drone companies (DCo). The task of a
regional distribution of production of the similar type of goods or services is a classic
task of the regional economy. The formulation and overview of methods for solving
such problems are presented in the publication 4°.

The main problem in the implementation of drone commercial services is the
calculation of the optimal number of bases of Mobile Drone’s Units for drone
companies and their geographically distributed location in the region, taking into
account the efficiency of its operation and customer service orders. As the author has
indicated in section 1.3 of this research, this problem belongs to the classical problem
of regional economy, associated with the choice of production locations. A
comprehensive review of deployment criteria for the aforesaid facilities is given in in
article 7. An option of setting the task (but not solving it) with respect to a DCo is
presented by author’s in article 1%,

The distinctive features of the territorial location and its initial conditions, in
contrast to the classical problems of choosing the locations for production of goods
(services), are the following factors:

- the scope of application, which has not been previously considered in the
scientific literature;

- provision of the ASS is carried out in the place of their origin (not products
are delivered to the enterprise, but vice versa the enterprise is “transported” to the place
of the ASS provision);

- provision of the ASS in certain areas depends significantly on the terrain,
meteorological conditions and natural disasters, which affect the topology of the bases
and the time of service delivery;

- provision of the ASS is limited by the period of daylight and during it — by
the period of favourable weather conditions

146 Mirchandani P., Francis R., Discrete Location Theory, University of Michicgan, John Wiley &
Sons, p.357. ISBN: 0471892335

147 Zanjirani R., Steadie M., Asgari N., Multiple criteria facility location problems: A survey Applied
Mathematical Modelling. VVolume 34, Issue 7, July 2010, pages 1689-1709, DOI: /10.1016

148 Sulima N., On the commercial aspects of exploiting drone information technologies and tools for
their optimization. V International scientific and practical proceedings. The transformation process of
law, the regional economic police: the relevant economic and political and legal issues. Riga, 2017,
pages 288-297, ISBN 978-9984-47-143-3.
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The main criterion for the effectiveness of the Mobile Drone’s Units is the
maximum profit combined with the quality customer service. If to take the average cost
of one service provision as one of the conditions, then the criterion of efficiency is
reduced to the minimisation of the cost of maintenance, depending mainly on the
number and location (home) of Mobile Drone’s Units. The bigger the Mobile Drone’s
Units are, the greater the cost of ensuring their operation, but the less time it takes to
service customers’ orders within the relevant territory and the greater the number of
customers can be served. The smaller the Mobile Drone’s Units, the lower the costs are,
but the loss of time to deliver the drones to the customer service point increases and,
accordingly, the number of customers served during the working hours of the Mobile
Drone’s Units crews decreases 14°.

Here it is necessary to point out the problems that have been considered by a
number of scientists: Andronovs A, Nocedal J., Wright S.J.. Thus, there is formulation
of the task of optimising the Mobile Drone’s Units basing (deployment) as a Boolean
programming problem to minimise the function 1*°, 11 152;

n-1 n-1 m-1
min F(x,2) =Y fix, +>.> ¢,z
i=0 i=0 jo1
(3.1)
by Boolean variables xi € X, z; ; € Z given the following restrictions:
n-1
z X, <Kk,
i=0
(3.2)
X <1, 1=0,...,n-1
(3.3
n—1
z;;=1 J=0,..,m-1,
i=0
(3.4)
m-1
Z;;<sx,i=0..,n-1
j=0
(3.5)

The initial data of the set task:
| — the multitude of possible points of deployment, the total number being n =

1)

J — the multitude of points of rendering drone services (assuming, for the sake
of simplicity, that it is equivalent to the multitude of the clients served), m = |J|;

fi — the costs of organization and maintenance of a base at Point i € I,

Cij — costs as at the assignment of Client j to Base i, j€ J, which are determined,
mostly, by the cost of transportation to the point of service provision;

k — the maximum possible number of deployment points (bases).

The sought variables are as follows:

149 Sulima N., Smurov M., An Unmanned Vehicles Company: A Stochastic Model of Resources
Overbooking. Transport and Telecommunication, Riga, Latvia, pp. 316-323., ISSN 1407-6160 & ISSN
1407-6179.

150 Andronovs A., Transporta sistému optimizacijas metodes. 1. dala. Rigas Tehniska Universitate,
Riga, 2007, ISBN: 9984324931

151 Nocedal J., Wright S.J. Numerical Optimization. Second Edition. Springer, 2006, Springer, New
York, NY, ISBN: 978-0-387-40065-5

152 Murtaf B., Modern Linear Programming [Russian translation], Mir, Moscow , 224p., 1984.
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k*— the optimal number of bases;
xi = 1 if a base is opened at Point i, and 0 — if otherwise; x= (Xo, ..., Xn-1);
zi,j= 1 if a base at Point i renders services to Client j, and 0 — if otherwise; z =
(Zi,)nxm;
Xi, Zij — Boolean variables.
The assigned task of minimizing of the criterion (3.1) under the constraints (3.2-
3.5) determines that the costs of a DCo depend mainly on the number and specific
places of the MDU, and on the territorial location of the clients’ facilities being
serviced, but the income is constant. On the whole, the solution of the task in the
formulation (3.1-3.5) should ensure the minimum costs of the DCo when servicing
customers with a given number of ASS in certain areas of the region. The above
described problem has 2n + m + 1 restrictions and n (m + 1) variables. For small
countries, the dimension of the problem is small (n <10, 1<20), which allows using the
combinatorial methods of its solution 153, 154 155 156 and for large problems, there
suggested the employment of the linear programming method 17, 158 159 160
2.2.Employment of the Combinatorial Method in the Territorial Placement of
Drones in Costa Rica
The combinatorial method is used when the number n of possible
geographically distributed locations and the number k of planned locations is small, so
that it is possible to view all combinations of the mobile Drone’s Units for all possible
locations in the region, without missing any of the possible combinations. In this regard,
the combinatorial method is the most accurate one. Each placement of the Mobile
Drone’s Units in possible locations is described by an n-dimensional Boolean vector.
The components of the vector correspond to the possible locations. If the component is
equal to 1, then the Mobile Drone’s Units is placed in this location, and if it is equal to
zero — then it is not placed there. Each such n-dimensional vector contains k units — by
the number of the Mobile Drone’s Units placed. The number of such different vectors,
in other words, the number of different MDU placements, is n!/(k!(n-k)!).
The process of employment of the combinatorial method is assumed to be
implemented in 2 stages, as it has been proposed by the author 6%
o the first stage is to reduce the number of potential MDU placements (k);
e the second stage is the solution of the problem in statement 3.1 with the
initial conditions 3.2-3.5 by the method of iterating over the variants of
placements chosen at the first stage.

153 Mirchandani P., Francis R., Discrete Location Theory, University of Michicgan, John Wiley &
Sons, p.357. ISBN: 0471892335

154 Brualdi R., Introductory combinatorics. 4th edition. Prentice Hall, New Jersey, 2004, ISBN:
0131001191

155 Nocedal J., Wright S.J. Numerical Optimization. Second Edition. Springer, 2006, Springer, New
York, NY, ISBN: 978-0-387-40065-5

156 Andronovs A., Transporta sistému optimizacijas metodes. 1. dala. Rigas Tehniska Universitate,
Riga, 2007, ISBN: 9984324931

157 Murtaf B., Modern Linear Programming [Russian translation], Mir, Moscow , 224p., 1984.

158 PomanoBckuit U., ATOpUTMBI pelieHus sKkcTpeMasibHbIX 3a1a4. (Romanovsky 1., Algorithms for
solving extreme problems), Universidad de California, 325 p. 1977, digitalized 2008

159 Sulima N., Rebezova M., Surinov R. A Modification of the Knapsack Problem Taking Into Account
the Effect of the Interaction Between the Items. Automatic Control and Computer Sciences, Allerton
Press, Inc. Vol. 47, Ne 2, pp. 107-112., 2013, ISSN 0146-4116

160 Sylima N., Rebezova M., Surinov R., Stochastic Modification of the Knapsack problem, In:
Abstracts of the 7th International Workshop on Simulation. 20-25 May 2013, Rimini, Italy, p.p. 304-
305. ISSN 1973-9346.

161 Sylima N., Combinatory method of optimization of regional basing of mobile units of commercial.
In book: "Reliability and Statistics in Transportation and Communication. RelStat 2018". Springer
International Publishing: pp. 168-177, ISBN 978-3-030-12449-6.
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At the first stage, it is proposed to reduce the number of k by applying the expert
heuristics method, taking into account the climatic characteristics of the regions of the
country, the distribution of the places of the ASS rendering, the proximity of trunk roads
and other factors that significantly affect the flight time, transportation time, duration
of services provision.

The generation of all combinations of distribution I of k objects (MDU ) on n
possible locations at the second stage is carried out procedure by procedure in the way,
based on publications 62, 163,

Each placement of the Mobile Drone’s Units by possible points is described by
an n-dimensional Boolean vector. The components of the vector correspond to the
possible locations. If the component is equal to 1, then the Mobile Drone’s Units is
placed in this location, and if it is equal to zero — then it is not placed there. Each such
n-dimensional vector contains k units — the number of the placed MDUs. As a result,
for example, for n = 15 and k = 7, the total number of variants searched by the
combinatorial method will be 6435, and the search time of such a number of variants
on a processor with a clock frequency of 2 GHz will be a fraction of a second.

The first step of forming the list of all possible combinations starting with the
n-dimensional Boolean vector, whose units occupy k of lower bits of the vector. Then
unit is added to the current Boolean vector. If the number of units in the new vector is
k, then this vector determines the new combination and is saved. The described
procedure is completed when all the required combinations represented by the set | are
obtained.

After formation of all possible variants of the MDU placement, the transition to
the second step is carried out; it is the choice of the variant of location providing the
optimum value of function of the purpose (3.1). To do this, all locations are analysed
sequentially from 1. For a fixed location, there is searching of all customers. For each
client j&€ J there is a point i, for which the costs cij are minimal. The sum of the costs
{fi} is added to the sum of these costs for all customers to ensure the functioning of the
Mobile Drone’s Units, if they are placed in point i € 1. As a result, there obtained the
value of the target function (3.1) for the considered variant of base location. The
minimum value among all variants of placement determines the optimal solution of the
problem. It defines both the placement of the Mobile Drone’s Units and the assignment
of customers to the Mobile Drone’s Units placed in such locations.

The mathematical programming language Mathcad was used to solve the
problem.

There presented the approbation of the above described method of solving the
problem in relation to the Costa Rican commercial drone company, for which there
have been adopted the following expert assumptions and indicators.

A. Orders for MDS services are concentrated in 7 provinces, major cities,
national parks (NP), and reserves.

The following areas account for the largest order volume in the country:

1) Alajuela Province — the cities of Alajuela and Quesada, the Arenal
Volcano, and Irazu Volcano and Pods Volcano National Parks (NP);

2) Cartago Province — the cities of Cartago, Paraiso, the Irazii Volcano NP;

3) Guanacaste Province — the city of Liberia, the little town of Samara, the
Santa Rosa, Juan Castro, Palo Verde, Rincon de La Vieja Volcano NP;

4) Heredia Province — Heredia, “the city of flowers”;

162 Brualdi R., Introductory combinatorics. 4th edition. Prentice Hall, New Jersey, 2004, ISBN:
0131001191

163 Turkington D., Matrix Calculus & Zero-One matrices. Statistical and Econometric Applications.
Cambridge University Press, Cambridge, 206 p., 2005, ISBN: 0521022452
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5) Limon Province — the city of Limon, the Tortugero NP;

6) Puntarenas Province — the city of Puntarenas, the Manuel Antonio,
Corcovado, Carrara NP;

7) San José Province — the city of San José.

In the provinces of Limon, Cartago, Heredia and San José the majority of orders
also tend to be oriented on urban targets in big same-named cities or about an hour’s
drive from them. In Guanacaste, orders are also usually placed by guided and eco tour
operators. And in the Puntarenas province, covering the major part of the west coast,
accounts for orders are of various types.

B. The probability of orders booking ®* at the corresponding objects of

provinces is presented in Table 3.1 (expert assessment by the author).

Table 3.1.
Probability of reservation of orders in the provinces of Costa Rica
1 2 3 4 5 6 7
Alajuela | Cartago | Guanacaste | Heredia | Limon | Puntarenas | San Jose
0.18 0.19 0.14 0.01 0.10 0.18 0.20

Source: calculated by the author

C. The number of customers m = 15 and roughly corresponds to the number
of reserved orders per company per day. Limitations on the number of customers
assigned to any MDU base are not imposed.

The solution of the problem on the above described preliminary conditions, as
it is defined in paragraph 3.1, will be carried out in two stages.

Stage I. Reducing the number of potential placements n = |I| by expert means and
determining the corresponding costs in (3.1).
Table 3.1 shows a highly uneven distribution of the orders for the ASS from
different provinces. To smooth out this unevenness, there has been made a preliminary
zoning of the potential location of the MDU, based not on the provinces, but from
geographically adjacent areas of these provinces, characterised by approximately the
same average annual flight time T¢mig Of the aerial surveillance services during the
daylight hours. With this approach, based on Table 3.1 and Fig. 3.9, the following
points as potential locations of Mobile Drone’s Units will be chosen:
e the coast of Guanacaste province and the North of Puntarenas province
(G&P);

e part of the coast of Puntarenas province near the city of Jako (MP);

e the southern part of the province of Puntarenas in the area of Golfito and
Puerto Jimenez (ZP), including the Corcovado national Park.

On the East coast, there has been chosen the city of Puerto Limoén of the
province of Limon (PL).

The average annual values of Trmig for the selected locations (see Fig. 2.9) are
as follows:

- region G&P — Timia = 10.1 hours;

- region ZP — Tmia =4.61 hours;

- region MP — T¢mia =8.35 hours;

- region PL — Ttmia = 7.37 hours.

Certainly, the most favourable regions for geographically distributed placement
of the Mobile Drone’s Units are G&P and MP regions, and the least favourable is ZP
region. Note that the execution of the orders for the ASS in the centre of the province

184 Sulima N., Probabilistic Model of Overbooking for an Airline. Automatic Control and Computer
Sciences, Allerton Press Inc. 46(1), pp. 49-56., 2012, ISSN 0146-4116.
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of Limon is advisable to plan for the period June-October, when in other regions there
is the worst period of weather conditions, if possible under the terms of customers.

Based on the above shown zoning, there expertly determined the most suitable
locations for the Mobile Drone’s Units in these areas. Their proposed locations are as
follows: the neighbourhoods of San Jose, Cartago, Alajuela, Puerto Limon, Jaco, Unita,
Galfilo, Cabana and Tilaran. Thus, the maximum possible number of deployment points
the number k = 9 of potential sites.

The expenses fi are represented by the vector:

fi=(545454354) 3.6

Note that the order in this vector is not related to the order of enumeration of the
assumed base locations from the item 3.6.

The numerical values (given) of expenses ci; are presented in Table 3.2.

Table 3.2.
Calculation of Expenses {ci;}

jh 0 1 2 3 4 5 6 7 8

0 8.6 8.0 2.0 1.0 4.2 4.2 2.2 1.7 0.9
1 2.4 6.3 3.6 0.3 6.0 7.8 4.8 0.7 0.8
2 0.5 5.9 2.9 2.6 4.1 15 4.1 9.6 3.8
3 1.7 1.9 1.0 2.3 6.2 0.9 8.4 4.5 52
4 2.2 2.3 7.1 8.6 0.0 4.7 4.3 1.8 14
5 7.9 2.4 6.7 0.5 3.9 3.3 7.3 4.7 0.7
6 0.8 4.1 0.1 0.6 3.2 6.1 0.8 2.5 9.1
7 14 2.7 6.0 0.9 8.5 2.8 8.5 2.8 7.6
8 5.6 3.8 2.9 9.6 2.0 4.4 3.6 8.2 1.0
9 6.3 2.1 7.5 8.8 4.7 2.2 0.9 6.3 6.8
10 4.5 6.0 9.1 4.0 4.3 5.2 1.9 0.1 8.2
11 3.3 3.6 6.1 6.6 4.2 0.1 9.1 2.9 2.7
12 2.8 9.8 7.8 9.5 5.8 7.7 3.1 8.6 8.7
13 8.7 9.0 5.4 0.0 3.4 9.7 3.4 7.1 9.7
14 8.7 9.5 3.9 0.5 9.5 9.0 2.7 9.2 2.2

Source: calculated by the author.

Expenses cij in Table 3.2 include also losses due to impossibility of ASS
delivery because of weather conditions or other force majeure circumstances at selected
locations of the Mobile Drone’s Units.

Stage Il. Problem solution

For each k there have been calculated the optimal location points i, , 7 = 1,... .k,
and the value of the criterion F calculated by the formula (3.1) are calculated (see Table
3.3).

Table 3.3
Optimal placement of k points and the value of F criterion
Kk 2 3 4 5 6 7 8 9
io 3 3 3 3 3 0 0 0
i1 6 6 5 5 4 3 1 1
2 8 6 6 5 4 3 2
i3 8 7 6 5 4 3
4 8 7 6 5 4
is 8 7 6 5
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i7 8 7 6
is 8 7
i9 8
F 36.1 30.6 29.5 32.7 36.2 40 44 48.5

Source: calculated by the author.

It can be seen in Table 3.3 that the value of the criterion F(x, z) will be minimal
and equal to 29.5 at k* = 4, if there potentially possible 9 locations. The diagram
showing the dependence of F(x, z) on k according to Table 3.3 is shown in Fig. 3.1.
This criterion also has the value close to the optimal one for the number of k* = 3 and
k* =5 of the MDU bases.

The optimal assignment of clients to the MDU locations at k* = 4 is presented
in Table 3.4. Here is the optimal fixation at k* = 5.

Table 3.4.
Optimal assignment of clients j to the MDU locationsiatk=4and k=5
j |0|1]2|3|4|5]|/6|7|8|9|10]11|12|13|14| F
=/3|/3|5/5/8(3|3/3|8|6|6|5]|61]3]|3]25

8(3|5|5|8|3|3|3|8|6 |7 |5 |6]|3]|3 327

o x| x—

Source: designed by the author.

In accordance with the Table 3.3 and Fig. 3.1, the optimal number of MDU is
k*=4. These points, in accordance with the all conditions, are located in the areas of the
settlements Alajuela, Tilaran, Puerto Limon and Jaco, are marked with pyramids on the
map Fig. 3.2 1%,
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Figure 3.1 The graph of dependency of F(x,z) on k
Source: designed by the author.

With a larger dimension of the problem, the time of its solution increases non-
linearly, and with a sufficiently large dimension it cannot be controlled by the task
manager, in the sense that there is uncertainty that the computer is not “frozen”. Thus,
with a large dimension of the initial problem, the role of the first stage of its solution is
important; it is the expert heuristic reduction of the number of potential MDU locations

165 Sulima N., Combinatory method of optimization of regional basing of mobile units of commercial.
In book: "Reliability and Statistics in Transportation and Communication. RelStat 2018". Springer
International Publishing: pp. 168-177., ISBN 978-3-030-12449-6
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and, thus, a significant reduction in the dimension of the problem solved at the second
stage by the combinatorial method.
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Figure 3.2. The map of optimal locations of MDU-base
(Source: location of the MDU bases, designed by the author.)

2.3.Application of Linear Programming for the Territorial Placement of

Mobile Drone’s Units in Costa Rica

In the formulated problem of territorial placement, the essential requirement is
that the unknown variables can take only two values: 0 and 1.

If to exclude the integer condition, then there is a problem with the function of
purpose (3.1), constraints (3.3, 3.5) and non-negative variables {xi, zij: i =0,...,n-1; j =
0,...,m-1}, which can be solved by linear programming methods 1%, 167 168 169 as it is
proposed in the publication 17°.

The use of this method also makes it possible to generalise the problem under
consideration by assuming as an additional condition, that the maximum number of
clients s assigned to each Mobile Drone’s Units placement point is not the same for
all bases, but it is equal to si for the i-" point. Now s will be an n-dimensional vector-
column s = (s1,...,8n)". Next, diag(s) is denoted as a diagonal matrix with vector s as
the main diagonal "2,

Let’s introduce 2n + 1 additional variables and t so that the constraints (3.2),
(3.3) u (3.5) will result to equalities: There introduced 2n + 1 of additional variables vi,
ui and t, so that to move to the equality in the constraints (3.2), (3.3) and (3.5):

188 Andronovs A. Transporta sistému optimizacijas metodes. I. dala. Rigas Tehniska Universitate, Riga,
2007.

167 Brualdi R.A. Introductory combinatorics. Third edition. Prentice Hall, New Jersey, 1999.

188 Myprad b. CoBpemennoe nuneiinoe nporpammuposanue. Mocksa, Mup, 1984,

169 pomanoBckuit M.B. ATOpHTMBI peleHns SKCTpeManbHEIX 3aqad. Mocksa, Hayxka, 1977.

170 sylima Nikolajs, Inna Stecenko. The task of optimizing regional deployment of commercial drone
bases. DANE — TEORIE A PRAXE. Sbornik referatti a abstraktiXX. ro¢niku mezinarodni odborné
conference, Akademie Sting, Brno, 2017 p.p. 158-166.

1 Turkington D.A. Matrix Calculus & Zero-One matrices. Statistical and Econometric Applications.
Cambridge University Press, Cambridge, 2012.
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>x +t=Kk, (3.7)
i=0
X, +v; =1 i=0,.,n-1, (3.8)
m-1
Dz, =% +U; =0, i=0,.,n-.1 (3.9)

The following vectors are introduced:
X = (Xo,....Xn-1 )" — n-dimensional vector-column;
s = (So,..., Sn-1 ) — is n-dimensional vector-column;
V = (Vo,...,Vn-1 )" — is n-dimensional vector-column;
u = (Uo,...,un1 )" — n-dimensional vector-column;
zj = (20.j,...,Zn1,j) " — n-dimensional vector-column;
z=(2",..., Z01" )" = (200,..., Z0-1,0 , Z0,1s--» Z0-11 5evey 20m-1 »--.» Zn-Im-1)| — NM-
dimensional vector-column;
w=(xT, 2", uTv7,t)Tis (3n + nm + 1) — dimensional vector-column;
row(n) = (1, ..., 1) is n- dimensional vector-line with units,
zero(m) = (0, ..., 0) — m- dimensional vector-line with zeros,
f=(fo,... fr.e )T — n -dimensional vector-column of cost coefficients at {xi};
¢=(Co0,..., Cn-1,0, CO1s---, Cn-1d, .., COm-1,..., Cn-im1)’ — NM- dimensional vector-
column of cost coefficients at {zi};
d = (k, row(n), row(m), zero(n))" is (2n + m + 1) — dimensional vector-column of
intercept terms
There introduced the following notations for matrices.
Let O,,, mean a matrix of order mxn of zeros. Let the matrix A be of order

mxn and the matrix B be of order £ xp. Their Kronecker product A ® B is a matrix of
order mk xnp resulting from replacing in matrix A each element Aij by matrix B
multiplied by Ajj .

Next, there constructed a matrix of constraints A for linear programming task.
It will be a block matrix of order (2n +m+ 1)x( 3n + nm + 1):

Aor Aoz Aoz Aoa
A, A As Ay
Arn A A Ay
Asn A Az Agy
where:
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A, =row(n)=@a ... 1),

A,, =zero(nm)=(0 ... 0O) ..
A, =zero(n)=(0 ... 0)..,
A, , = zero(n) = (O ... O 1)1x(n+1)'
A, = 1(n),

A1,2 = “Yhxmn»

A1,3 - Onx(n

A, = (1(m)|zerom)™),

A2,l - Omxn ’

A, , =1(M)Drow(N) ..m:

A2,3 = “Ymxn>

A2,4 - Omx(n+1) )

A;, = —diag(s),

A;, =row(m)®1(N) ..m>

A; 5 = 1 (Nn),

A3,4 - Onx(n+1) )

Now the linear programming task is formulated as follows:
To minimize the function

F(w)=F(x,z,u,v,t)= fTx+c'z (3.10)
by non-negative variables xi, zij, vi, ui, tunder constraints:
Aw =d. (3.11)
Let V =(vT t)T =(v, .. v, t)". Then in the expanded form of restriction

(3.9) it is possible to present as follows:

A Az Az Ags X k
A= A A, Ag Ay z| | row(n)

Ay A, A Ayfu row(m) ’

Ay A A ANV zero(n)

or
Ax + Apz + A+ AT =k
A + ALz + AU+ ALV = row(n),
Ax + ALz + Au + ALV = row(m),
Agx + Az o+ Agu + ALV = zero(n),

Moreover,
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row(n)x + t = k,

l(n)x  + (I(n)‘zero(n)T)V = row(n),
I(m) ® row(n)z = row(m),
—diag(s)x + row(m)®1I(n) z + I(nu 0 = zero(n),

Now the problem has 2n + m + 1 constraints and n (m + 3) + 1 variables and
the dimension of the problemh=2n+m+21+n(m+3) + 1.

To solve the set problem (3.10)-(3.11), taking into account the additional
conditions (3.7) - (3.9), the simplex method is used.

The computational procedure of this task in general form, based on the
publication "2, as well as its solution on specific initial data presented in (3.6) and in
Tables 3.2 and 3.3 at m = 15 and n = 9, which are described in Appendix 3 to this
Chapter. Further there illustrated the steps of this linear programming procedure. At
first we do not take into account the restrictions on the maximum number of clients
assigned to one database, i.e. as before, it is assumed that all s; = 15. The dimension of
the problem forn=9, m=15,andk=7ish=02n+m+ 1)+ (3n+ nm + 1). If itis
solved by the combinatorial method (for k = 7), the search time for such a number of
options Cp> 1 x 10%* at a laptop clock frequency of about 2 GHz will be dozens of
hours, which is unacceptable.

The corresponding protocol of the computational procedure described in Appendix
3 and reflecting the results of individual iterations completion is presented in Table 3.5.
Table 3.5.

Procedure-by-procedure changes of the value of the criterion F(w) in the

process of solving the optimisation task of linear programming by simplex

method
n/St 0 1 2 3 4 5 6 7
0 16 16 16 16 16 16 17 17
1 21 21 21 21 21 21 21 21
2 35 35 35 35 35 32 32 32
3 44 44 44 44 41 41 41 41
4 52 52 52 52 52 52 52 53
5 57 57 57 57 57 57 57 57
6 66 66 66 66 66 66 66 66
7 75 75 75 75 75 75 75 75
8 88 89 89 89 89 89 89 86
9 98 98 98 96 96 96 96 96
10 106 106 106 106 106 106 106 106
11 114 114 114 114 114 114 114 114
12 122 122 122 122 122 122 122 122
13 130 130 130 130 130 130 130 130
14 138 138 138 138 138 138 138 138
F 60.1 (529 |464 [405 |36.2 |339 [331 |327

Source: designed by the author.

In this table, the rows (#) correspond to the numbers of the variables {zi;}, which are
basic. The remaining base variables are not represented because the variables {xi} do not
change and the remaining variables are uniquely determined by the values represented. The
columns correspond to the numbers (St) of the optimisation iterations. The zero column

172 Andronovs A., Transporta sistému optimizacijas metodes. 1. dala. Rigas Tehniska Universitate,
Riga, 2007, ISBN: 9984324931
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describes the initial basis described above. Each subsequent column gives a new basis
obtained after the next iteration. The last line contains the value F(w) of the criterion (3.10)
for this basic solution. The table shows that the value of the criterion decreased from 60.1
to 32.7. A total of eight iterations were performed. The results of the last (8™) iteration are
not presented because they coincide with the results of the previous iteration. The optimal
solution is contained in the last column of the table. This solution, described in terms of
location numbers i and customers’ numbers j, is shown in Table 3.6.

Table 3.6.
Calculated assignment of j clients to the MDU placements i according to Table
35

j]o0|21|2 3 |4|5|6|7|8]9|10/11|12|13|14
i | 8]/3|5|/5|8]3|3|3|8|6|7|5]6]3]3
Source: designed by the author.

1) execution of the computational procedure took 7 steps, which significantly
reduces the time of obtaining the final result compared to the combinatorial
method. Obviously, with a larger dimension of the problem, this difference
will increase more than proportionally).

2) It can be seen (Table 3.5, the last row and column) that the value of the
criterion F(w) has changed from a value of 60.1 to a value of 32.7, which
exactly corresponds to the calculated value obtained by the combinatorial
method at k* = 5 (see Table. 3.4). Therefore, the optimal number of MDU
placement points obtained in calculations using the linear programming
method is k* = 5. Note that the application of the combinatorial method on
the same initial data gives the value of this criterion equal to 29.5, and k* =
4. Thus, the solution of the problem by linear programming method is
suboptimal, but not optimal. Further improvement of the criterion F(w) can
be made by changing the structure of the basic x-variables (starting from the
initial basis) and repeating the computational procedure described in
Appendix 3. In this case, the total time to obtain the final result, which will
satisfy the task manager, increases in proportion to the number of repetitions
of the solution of this task. It is also not obvious that the finally accepted
result will be the same as when using the combinatorial method. Therefore,
the obtained solution of the problem as a linear programming problem is
optimal only on the selected structure of the basis x-variables.

3) From Table 3.6 it follows that the placement points of Mobile Drone’s Units
exactly coincide with the points calculated by the combinatorial method (see
Table 3.6) at k* = 5. They are the points with numbers 8, 3, 5, 6, 7. The time
to solve the problem by the simplex method was less than 10 minutes.
Application of the combinatorial method for n =8, 9 gives k * = 4.

Further there generalised the problem under consideration by assuming, as
an additional condition, that the maximum number of clients s assigned to each point
is not the same for all items, but it equals to s; for the i-!" item. As it has been noted
earlier, in the formulation of the problem as a linear programming task, in contrast to
the combinatorial method, using which it is almost impossible to do. From the results
demonstrated in Table 3.6 it can be seen that the largest number of clients is assigned
to point 3 and it is equal to 6. Now it is supposed that there introduced an additional
restriction on this number, namely, it should not exceed 4 for all bases.

In this case, the combinatorial method described earlier is not applicable and it
is necessary to use the linear programming method. To do this, it is necessary to adjust
the vector s = (So,...,Sn-1 )T, Which determines the maximum number of clients assigned
to different databases. Now it will be like that:

72



S=(4,4,4,4,4,4,4,4,4,4,4 44,4 4)T,

As it happened before, it is assumed that the basis includes 5 variables from the
variables {xi}; they are Xs, Xs, X, X7, Xg With numbers 3, 5, 6, 7, 8, and 4 variables vo, v1, vz,
v4 from variables vi, i =0, ...,n-1, are the basic ones. The initial values of the basis variables
zij and their numbers in the general list of basis variables are presented in Appendix 3.

The corresponding Protocol of the computational procedure is given in Table 3.7.

Table 3.7.
Protocol of computational procedure of linear programming with
additional restriction

nlSt 0 1 2 3
0 17 17 17 17
1 21 21 21 21
2 32 32 32 32
3 41 41 41 41
4 53 53 53 53
5 60 60 62 62
6 70 70 70 69
7 75 75 75 75
8 89 89 89 89
9 96 96 96 96
10 106 106 106 106
11 113 113 113 113
12 123 123 123 123
13 133 129 133 133
14 138 138 138 138
F 44.2 37.1 33.1 33.1

Source: designed by the author.

From Table. 3.7 it follows that 3 iterations were enough. The obtained solution is
presented in Table 3.8. The value of the purpose function (3.10) F(w) = 33.1 corresponds
to it; this fact, as well as the assignment of customers to the MDU locations, differs from
the previously obtained solution for the case of no limit on the number of assigned
customers to the points.

Table 3.8.

Calculated assignment of clients j for the points i according to Table 3.7

jlo0oj1]2/|3|4|5|6 |7 |89 ]10|11|12|13 |14

i | 8/3|]5]|5]8|7]]6|3|8|6|7]|]5]|6|7]3
Source: designed by the author.

Conclusions on Chapter 3
According to the results of the study on the territorial location of drones on the
example of Costa Rica, the author has made the following conclusions:
1. For the first time there has been formulated and formalised the task in a new
area — the provision of services to customers to optimise the territorial location
in the region of Mobile Drone’s Units, providing air surveillance services. The

73



task belongs to the class of typical tasks of the regional economy related to the
choice of locations of production of goods/services.

The author has developed a combinatorial method for solving the task for cases
of its low dimension. It was proven, that the method is applicable only in cases
where there is no limit on the number of clients served by each base. The method
offered by the author was tested on the example of a Costa Rican company, for
which the optimal number (base count 4) and specific locations of Mobile
Drone’s Units were selected (Alajuela, Tilaran, Puerto Limon and Jaco).
Deploying MDU in any other places significantly increases the cost of
providing services. For example, by deploying an MDU in only two points
expenses increase by 22%, and in 8 points - by almost 65%.

The execution time of the computational procedure for solving the task by the
combinatorial method increases nonlinearly with increasing the dimension of
the task, and, in general case, when the number of points of potential MDU
deployment increases, this time reaches dozens of hours of calculations, which
under such conditions makes it impossible to use the combinatorial method for
practical use.

For cases with high dimensionality and restrictions to the number of ASSs
served by MDUs at each point in the region, the problem of optimizing the
territorial distribution of MDUs is adapted as a linear programming problem
solved by the simplex method. Such adaptation expands the possibilities of
economic and mathematical methods and allows the adapted method to be
applied in other areas of the territorial distribution of production of the similar
goods / products.

CONCLUSION AND RECOMMENDATIONS

The study conducted by the author in the presented promotional dissertation, allowed
formulating the following conclusions:

1.

There has been conducted the analysis of the essence of these services in
commercial theory and practice. The classification features of drone services
are revealed and generalised. The author has proposed and described the
feature of locality beyond the natural characteristics of all services, such as:
intangibility of the services, inseparability from the source, impermanence
of quality, non-preservation nature, since the conduct of the aerial
surveillance in the region depends on the terrain of a particular region. The
main features of the drone services have been formulated: the source of
services (the drone), the presence of a service buyer (client), the motives for
purchasing the consumer services and the commercial interest of the seller
of the drone services. The author has proposed a model for the
implementation of the drone commercial services, indicating the areas of
application of drones and formulated functions of the drone commercial
services. Special attention is paid to the “surveillance” where the
requirements for this function are formulated: activity, purposefulness,
planning and premeditation

The author has formulated the main classification features of the drone
companies for the development of the commercial drone services; a model
of the organisational structure of the company in the region, carrying out
aerial surveillance services, has been proposed. The Key Performance Area
(KPA) indicator and Key Performance Indicator (KPI) have been proposed
as the indicators of the efficiency of economic activity of regional drone
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companies. The details and “binding” of the relevant indicators to the object
under study — the production of the aerial surveillance services by the drone
company. The stages of the process of production of these services (the
aerial surveillance services) in the areas of commercial application have
been identified and a formula for estimating the total time of execution of
the order for the provision of such services has been proposed.

It has been revealed that the classical models and the methods for solving
discrete tasks of regional economy on the organisation of territorial
distribution of goods/services and the choice of locations for such
companies can be adapted for the certain task. It is the task of optimization
of the placement of the Mobile Drone’s Units of the drone company
producing the commercial aerial surveillance services for customers of the
respective region.

The author has analysed the legal regulation in the field of drone operation
in the USA, Canada, Great Britain, Italy, Latvia, etc. including Costa Rica.
The basic problems for the legal solution of operation of drones in the states
have been formulated. The economic analysis of the regions of Costa Rica
allowed the author to formulate a methodology for assessing the region for
the provision of commercial drone services (the aerial surveillance
services). There have been considered the following indicators of the
assessment of the region: the population in the region, GDP per capita,
cultural traditions in the state, geographical and meteorological indicators
(duration of the daylight, number of clear days, wind speed in clear days,
average air temperature). The author has shown that all of the above factors
affect the cost of flight hours of drones.

The author has formulated the stages of planning the economic and business
activities of drone companies in Costa Rica to increase the implementation
of the commercial drone services. So, it is necessary to develop a strategy
for the implementation of drone services, based on the analysis of the market
competitors. It is necessary to assess the seasonality factor in the region,
which is based on the number of hours spent during the day to shoot the
object. On the example of Costa Rica, the author has calculated the hours
for shooting depending on the region of the country. The estimation
(calculation) of flight time is carried out differentially depending on the type
of order. The duration of direct shooting and surveillance for one session
has been proposed to calculate by the formula based on the probability of
servicing the order with a given duration.

For the formation of prices for the commercial services of drones, the author
has proposed to distinguish two interacting parts in the price mechanism:
types, structure, size and dynamics of price changes and pricing as a method,
rules for establishing, forming (calculation) of new and changes in the
existing prices. It has been proposed to distinguish the types of prices for the
aerial surveillance services into the following groups: base price for the
ASS; prices for the main (primary) ASS; prices for the additional
(secondary) ASS. At the same time, it should be borne in mind that the base
price for the aerial surveillance services is the average price for one ASS,
the number of which, provided for a certain period of time, on average
provides the coverage of the DCo costs for the same period. The prices for
the main aerial surveillance services are prices that provide promotion of
ASS in the market in a competitive environment with a profit or discount.
Profit or discount is determined depending on the specific pricing method in
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each case. On the example of a particular company providing the aerial
surveillance services, the calculation of prices for services is proposed.

For the development of companies representing the commercial drone
services, the author has proposed a model of promotion of drone services
via the direct channel (with level “0””), when DCo sells its services via its
own offices, representative offices or web tools in online or offline modes.
Online distribution is carried out via the website, where the company
resources are placed (types and terms of services, tariffs, types of post-
processing of the results of aero-recording and surveillance, etc.). In offline
mode, the sale is carried out through the offices (points of basing) of the
MDU company or through its call center.

The author has proposed to use the traditional logistics chain of the sales
network “DCo — online / offline agents — customers” among the multilevel
channel. Online agents are multidisciplinary agents selling not only DCo
services but also services in other industries.

The author, for the first time in the theory of regional economy, has
formulated and formalised a new problem of optimisation of the territorial
location in the region of the Mobile Drone’s Units of a commercial company
for the production and provision of drone services to customers (the aerial
surveillance services). The task belongs to the class of typical tasks of the
regional economy related to the choice of locations of production of
goods/services. The Boolean problem is solved by simplex method of
directed search and combinatorial method of simple search. The practical
problem of selecting the specific locations of Mobile Drone’s Units
producing the aerial surveillance services in Costa Rica has been solved.
The similar method can be used not only for deploying drone units, but any
other companies: as ambulance or emergency stations, as well as bank
branches in certain a country or region, etc. The use of this method will
contribute to the modern development of the theory of regional economics.

Thus, the hypotheses have been proven, the goals and objectives have been achieved.

Major problems and possible solutions:
First problem
The lack of description of the drone services in the classifier of international
commercial services inhibits the widespread use of these services

First solution

To include the commercial drone services in the service description.
Second solution

The effective implementation of the commercial drone services requires the

fundamentals based on features and characteristics of services. In the characteristics
of drone services, it is necessary to distinguish “locality” and to classify drones by

their weight and by the performed functions.

Second problem

In order to promote the development of commercial unmanned aerial vehicle services

in the country, it is necessary to carry out market research in the regions of the

country, but the necessary data are not available.
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First solution
The statistical office of countries should prepare the annual statistical reports on the
activities of the drone companies, providing the commercial drone services.

Second solution

The use of the methodology of analysis of the commercial drone services market,
proposed by the author, will increase the efficiency of drone companies and boost
their number.

Third problem

The lack of methods of drones territorial placement for the provision of the
commercial services by drone companies hinders the development of this service
sector.

Solution

The territorial location of the Mobile Drone’s Units is calculated using the
combinatorial method and linear programming.
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ANOTACIJA

Straujais zinatniski tehniskais progress un jauna valstu ekonomiskas politikas
istenoSanas virziena — inovaciju ekonomikas — attistiba rada pasaules ekonomikai
jaunus izaicinagjumus un nepiecieSamibu risinat virkni jaunu jautajumu un uzdevumu,
taja skaita tadas jaunas jomas ka bezpilota lidaparatu jeb dronu komercpakalpojumi. St
pakalpojumu veida specifikas pamata ir regionalas ekonomikas priekSmetiska joma, jo
galvenie faktori, kas ietekmé bezpilota lidaparatu komercpakalpojumu kvalitati, ir
saistiti ar konkréto regionu, kura tie tick sniegti.

Promocijas darba mérkis ir izstradat komercpakalpojumu sniegSanai
izmantojamo bezpilota lidaparatu mobilo vienibu teritorialas izvietosanas metodi (ka
piem@ru aplikojot situaciju Kostarikd), balstoties uz kombinatoriskas analizes un
linearas programmeésanas simpleksa metodes.

Petijuma teorétiska dala ir veltita bezpilota lidaparatu komercpakalpojumu
butibas izpétei un klasificgjoso Tpasibu identific€Sanai. Autors ir noformulgjis ar1
bezpilota lidaparatu pakalpojumus sniedzoSo uznémumu klasificgjosas pazimes, kuras
var tikt izmantotas, lai atvieglotu komercpakalpojumu attistiSanu $aja joma.

Promocijas darba otraja nodala autors ir analizgjis bezpilota lidaparatu
komercpakalpojumu tiesisko reguléjumu virkn€ pasaules valstu, tostarp Kostarika un
Latvija. Balstoties uz Kostarikas regionu ekonomiski geografiskas analizes, autors ir
izstradajis metodiku bezpilota lidaparatu komercpakalpojumu realizacijai un virziSanai
tirgl Kostarikas regionos. Sis analizes svarigakie posmi ir §adi: pakalpojumu cenu
veidoSanas stratégijas noteikSana, sezonalo faktoru novértéjums, konkurentu cenu
analize un uznémumu piedavato bezpilota lidaparatu komercpakalpojumu virziSanas
kanalu izvele. Ir noskaidrots, ka So pakalpojumu cenas ietekmé pasiitijumu izpildei
izmantojama lidojumu laika ilgums, un tas ir izmantots ka pamats ar1 bezpilota
lidaparatu teritoriala izvietojuma metodikas izstrade.

Promocijas darba tresa nodala balstas uz autora praktiska darba pieredzes
bezpilota lidaparatu komercpakalpojumu joma, kas lava piedavat to teritorialas
izvietoSanas metodiku, ar kombinatoriskas metodes un linearas programmeésanas
palidzibu izstradajot optimalu bezpilota lidaparatu vienibu teritorialo izvietojumu
Kostarikas regionos.

Nobeiguma ir noformul@ti secinajumi un ieteikumi.

Atslegvardi: komercpakalpojumi, bezpilota lidaparati, teritorialais izvietojums,

Kostarika.

79



IEVADS

Pétijuma temas aktualitate

Misdienas bezpilota lidaparati (BPLA) jeb bezpilota gaisa kugi (anglu val.
Unmanned Aircraft Vehicle — UAV), saukti ari par droniem!”, kas aprikoti ar
videoieraksta, fotoatt€lu uznemsSanas, spektrometrijas un citam iericém, tiek plasi
izmantoti dazadiem meérkiem: militariem, zinatniskiem, patérina (saimnieciskas
darbibas subjektu interesés) un komercialiem (pakalpojumu sniegSanai citiem
uzn€mumiem vai privatpersonam). Tos lieto novéroSanai, uzraudzibai, sekosanai, meza
ugunsgréku kart€Sanai, inspicé€Sanai, mekléSanas un glabSanas darbiem, apsardzei, celu
satiksmes kontrolei, preu piegadei utt. Dronu izmantoSana komercialam vajadzibam
piedzivo strauju izaugsmi, kas ir izskaidrojama ar tas vienkarso izveérSanu, nelielajam
uzturéSanas izmaksam un jo 1pasi — ar augsto mobilitates un efektivitates Itmeni. Ir
sagaidams, ka 2021. gada pardoto dronu kopgjais skaits sasniegs aptuveni 30 milj.
vienibu, bet pardosanas apjoms — 12 mljrd. ASV dolaru'’®. Salidzinasanai var noradit,
ka 2015. gada dronu (kvadrakopteru) globalais pardosanas apjoms bija 130 milj. ASV
dolarul’™. Tiek prognozéts, ka pasaules tirgus segments, kas aptver aeronovérosanas
pakalpojumus (anglu val. Aerial Surveillance Services — ASS) ar bezpilota lidaparatu
palidzibu, ka arT to nodroSinasanai nepiecieSamas tehnologijas un darbaspéku,
2023. gada sasniegs aptuveni 127,3 mljrd. ASV dolaru 176, 17, Starptautiskas Bezpilota
gaisa kugu sist€ému asociacijas atskaité ir noradits, ka ir sagaidams, ka lidz 2025. gadam
$aja joma radisies vairak neka 100.000 jaunu darba vietu 178,
Aeronovérosanas pakalpojumus (ANP) ar bezpilota lidaparatu palidzibu sniedz

jauna veica komercuznémumi — ,,BPLA uznémumi”, kuriem lidz§ingja zinatniskaja

173 Seit un turpmak termini ,,drons”, ,,bezpilota lidaparats” un ,,bezpilota gaisa kugis” tiks lietoti ka
simonimi.

174 Joshi, D. Commercial unmanned aerial vehicle (UAV) market analysis industry trends, companies
and what you should know, Business Insider, 2017[Electronic resource]:
http://www.businessinsider.com/commercial-uav-market-analysis-2017-8 [Pieejams augusts 2018]

175 Snow C., Seven Trends That Will Shape The Commercial Drone Industry In 2019, USA, Forbes
[Elektronisks avots]: https://www.forbes.com/sites/colinsnow/2019/01/07/seven-trends-that-will-shape-
the-commercial-drone-industry-in-2019 [Pieejams novembris 2019]

176 Mazur, M. and Wisniewski, A. Drone Powered Solutions, Price Water House [Electronic resource]:
https://www.pwc.pl/en/drone-powered-solutions/Articles/Drone-Powered-Solutions-for-Power-
Utilities-Sector-New-Report-by-PwC-DPS.html [Pieejams janvaris 2018]

177 Silver, B., Mazur, M., Wisniewski, A. and Babicz, A. The era of drone-powered solutions: a
valuable source of new revenue streams for telecoms operators, Price Water House Communications
Review Julijs 2017 [Electronic resource]:
https://www.pwc.com/gx/en/communications/pdf/communications-review-julijs-2017.pdf [Pieejams
janvaris 2018]

178 Kelly, T. The booming demand for commercial drone pilots, The Atlatntic 2017 [Electronic
resource]: https://www.theatlantic.com/technology/archive/2017/01/drone-pilot-school/515022
[Pieejams februaris 2018]
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literatiira pagaidam nav veltita pienaciga uzmaniba, jo §1 ir pavisam jauna pakalpojumu
joma. Tade] §is promocijas darbs, kura ir pétiti bezpilota lidaparatu pakalpojumu
teorétiskie pamati un to teritoriala izvietojuma organizacijas aspekti, izmantojot
mobilas dronu vienibas, miisdienu situacija ir aktuals.

Saja promocijas darba autors Tpasu uzmanibu gan no teorétiska, gan praktiska
viedokla ir pievérsis $adiem svarigiem regionalas ekonomikas aspektiem:

- pétijis un identific€jis teritoriali sadalitu, ar bezpilota lidaparatu palidzibu
sniegtu aeronoveérosanas pakalpojumu vietgja tirgus specifiku;

- apzinajis un pétijis regionalas ekonomikas raditaju mérisanas problémas
bezpilota lidaparatu pakalpojumu joma;

- izstradajis teritorialo apkalpoSanas kompleksu (BPLA uzpe€mumu), kas
sniedz aeronoveérosanas pakalpojumus, izvietosanas, darbibas, un attistibas teorétiskos,
metodologiskos un lietiSkos aspektus, balstoties uz regiona optimali izvietotam
mobilam dronu vienibam.

Peétijuma témas zinatniskas izstradatibas pakape

Problémas, kas saistitas ar aeronoveroSanas izmantoSanu dazadas
tautsaimniecibas jomas, ka ar1 $adus pakalpojumus sniedzoSo uznémumu (BPLA
uznémumu) darbibas naturalo un veértiba izteikto raditaju novert€§jumu, ir atspogulotas
daudzas zinatniskas publikacijas gan ekonomikas literattra, tostarp D. Dzosi, P. Konas
un M. Langstafas, H.Sehatreha u.c., S.Heijatas, E.Janmaza un R.Muzafara,
N. Muhiri un S. Kimata, A. Agbejangi un A.B. Olorunlomeru darbos, gan daudzu
globalu, starptautisku bezpilota lidaparatu uznémumu timeklvietnés — Airstoc.com,
Applus, Azur Drones group, Microdrones. BPLA komercpakalpojumiem izmantojama
aprikojuma sastavu un tam izvirzitas prasibas nosaka Starptautiskas Civilas aviacijas
organizacijas (ICAO) Apkartraksts 328 AN/190, turklat to visai detalizeti ir aprakstijis
H. Eizenbeiss. Ka autorus, kas savas publikacijas ir petijusi ar dronu izmantoSanu
saistitas komercdarbibas organizacijas un tostarp BPLA operatoru atalgojuma
jautajumus, var minét A. Amato, A. Lembu un D. Dallasu.

ANP specifiku un sniegSanas nosacijumus butiski ictekmé regionalas ipatnibas.
Ka pétijuma regions ir izraudzita Kostarika, kur §1 promocijas darba autors izmanto
savas zinasanas praktiskaja darbiba, stradajot BPLA uzn@muma, un veic sava darba
teoretisko nostadnu aprobaciju. Tacu Kostarika ieglito pieredzi var izmantot art ES
valstis, atbilstigi pielagojot klasifikaciju NUTS 3, taja skaita Latvija un citas Baltijas

valstis. Komercialo ANP, to sniegSanas nosacijumu un raditaju specifika pasi izteikti
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izpauzas regionos ar kontrastgjosu tajos ietilpstoso rajonu daudzveidibu, kas ietver
tadus aspektus ka:
- regiona ekonomikas struktiira, kas nosaka tautsaimniecibas nozares un

jomas, kuras ir lielakais pieprasijums pec aecronovéroSanas pakalpojumiem,;

transporta infrastrukttra un pakalpojumu sniegSanas vietu pieejamiba;

- dabas un reljefa Ipatnibas (kalni, plakankalnes un lidzenumi);

- klimata apstakli (saules un lietus aktivitate, tieSas redzamibas attalums, v&ji,
orkani);

- tiesibu un normativie akti, kas reglamente BPLA komercuznémumu
darbibu.

Bitiska ietekme uz BPLA uznémumu pakalpojumu sniegSanas raditajiem ir
dronu lietderiga lidojumu laika ilgumam.

Viena no specifiskajam iezZimém, kas piemit aeronoverosanas pakalpojumu
jomai, ir tada, ka Sie pakalpojumi ir ,,piesaistiti” geografiskam vietam, kuras tie tiek
sniegti. Sada izpratné klients nevis ,,dodas pie pakalpojuma”, bet pakalpojums tiek
,hogadats” ta sniegSanas vieta, proti, vieta, kura klientam tas ir nepiecieSams. Ta ka
dronu lidojumu radiuss ir ierobezots (dazi kilometri), bitisku darba apjomu BPLA
uznémumiem rada to nogadasana lidz pakalpojumu sniegSanas vietai. Minéta specifika
apgriitina BPLA uzn€émumam mobilu ANP nodros$inasanu no viena centra, un Iidz ar
to rodas ideja par mobilo dronu vienibu (MDV) izveidi uznémuma sastava un to
izvietojuma teritoriala sadalijuma optimizaciju regiona, apvienojot prasibas péc ta, lai
sadi pakalpojumi aptvertu klientus visa regiona teritorija, un ta, lai vienlaikus batu
nodrosinata §adu pakalpojumu sniedzgja darbibas ekonomiska efektivitate. Sadi
uzdevumi attieciba uz aplikojamo pakalpojumu jomu v&l nav risinati. Tacu citas jomas
lidziga veida uzdevumi ir pazistami ka klasiski diskréetie regionalas ekonomikas
uzdevumi saistiba ar preCu razotnu vai pakalpojumu sniegSanas vietu teritorialo
izvietojumu. Agrakajas publikacijas, kas veltitas $adai lietiSkajai problematikai, autori
risina uzdevumus, ka optimali izvietot ripniecibas uznémumus (J. Krarups un
P.M. Pruzans); noliktavas (B.M. Humavala); banku filiales (Z. KorniZols, M.L. Fisers
un DzL. Nemhauzers). Sadu uzdevumu formalizacijas un risina$anas klasiskos
pamatus ir aprakstijusi tadi zinatnieki ka A. Andronovs, N. Asgars, R.A. Brualdi,
R.Z. Farahani, R.L. Frensiss, P.B.Mir¢andani, Dz. Nosedals un S.Dz. Raits,
M.S. Seifs.

Promocijas darba autora praktiska un teorétiska darba pieredze bezpilota

lidaparatu komercpakalpojumu joma ir apliecindjusi, ka mobilo dronu vienibu
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teritoriala izvietojuma jautagjumi zinatniskaja literattira un tostarp regionalas
ekonomikas joma nav apliikoti.

Rezumgjot ieprieks izklastito, janorada, ka augSminétaja konteksta regionalo
aeronoveroSanas pakalpojumu teorétisko aspektu izpétes, ka ari komercpakalpojumu
sniegSanai izmantojamo mobilo dronu vienibu teritoriala izvietojuma optimizacijas
uzdevumu nostadne un risinasana, kam pievérsas autors, apliecina §1 promocijas darba
aktualitati.

Autora izvirgitas hipotezes

1. Aeronovérosanas komercpakalpojumi, ko sniedz BPLA uznémumi regionos
ar kontrastgjosam specifiskajam Ipatnibam, ir jabalsta uz mobilo dronu vienibu
izmantoSanas.

2. Mobilo dronu vienibu optimals izvietojums regiona, kas izstradats ar linearas
programmeésanas palidzibu, nodroSina uzp€mumu riciba esoSo MDV efektivu
izmantoSanu.

Promocijas darba merkis ir izstradat komercpakalpojumu sniegSanai
izmantojamo mobilo dronu vienibu teritorialo izvietojumu (ka pieméru aplikojot
situaciju  Kostarika), balstoties uz kombinatoriskas analizes un linearas

programmeésanas simpleksa metodes.

Lai sasniegtu izvirzito mérki, bija nepiecieSams izpildit $adus uzdevumus:

1. analizét ar bezpilota lidaparatu palidzibu sniegto aeronovéroSanas
komercpakalpojumu, ka ar1 §adus pakalpojumus sniedzo$o uzn€mumu klasificgjosas
pazimes un $o uznémumu darbibas raditajus dazados valsts regionos;

2. atklat un analizé€t regiona BPLA uznémumu sniegto aeronovéro$anas
pakalpojumu galvenos teorétiskos aspektus;

3. izpétit aeronoverosanas komercpakalpojumu tiesiska reguléjuma teoretiskos
pamatus pasaules ekonomikas, tostarp Kostarikas, konteksta;

4. veikt Kostarikas regionu ekonomiski geografisko analizi, lai novertétu valsts
Ipatnibu ietekmi uz aecronovéroSanas komercpakalpojumu cenu veidosanos;

5. piedavat metodiku bezpilota lidaparatu komercuznp€émumu ekonomisko
raditaju novertéSanai, nemot veéra valsts regionu geografiskos, administrativos un
tiesiskos aspektus un kultiiras tradicijas (ka pieméru apliikojot Kostariku);

6. izstradat metodi savstarp€ji saistitu, aeronovérosanas komercpakalpojumu

sniegS$anai izmantojamu mobilo dronu vienibu optimalai izvieto$anai valsts regionos.
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Petijuma objekts ir acronovérosanas komercpakalpojumi Kostarika, kas tiek

sniegti, izmantojot bezpilota lidaparatus.

Petijuma subjekts ir bezpilota lidaparatu komercpakalpojumu ietekmes uz

regionu ekonomiku Tpatnibas un likumsakaribas.

Petijuma metodes

Petijuma izmatota metodika ietver sistemisku pieeju apliikojamo problemu
risinasanai, nodrosinot kvalitativo un kvantitativo metozu vienotibu. Darba izstradé tika
izmantotas $adas metodes:

- plasa zinatniskas literatiiras klasta apskats, lai analiz€tu ar bezpilota
lidaparatu palidzibu sniedzamo aeronovéros$anas pakalpojumu teorétiskos aspektus;

- cekspertvertg§jums, oficialie statistikas dati par bezpilota lidaparatu
izmantoSanu aeronoveroS$anas pakalpojumu sniegSana un to apstrades metodes, ko
nodros$ina datorprogramma Excel,

- ar bezpilota lidaparatu palidzibu sniegto aeronovéroSanas pakalpojumu
regionalas specifikas kontentanalize un ekonomiska analize;

- kombinatoriska analize un linearas programmeésanas simpleksa metode, lai
atrisinatu mobilo dronu vienibu regionala izvietojuma optimizacijas uzdevumu;

- matematiskas modeléSanas valodas Mathcad instrumentu kopums, lai
veiktu izstradato ekonomiski matematisko modelu validaciju.

Darba ir plasi izmantots analitiskais materials, kas publicts specializétos
zinatniskajos izdevumos. Ta ietvaros ir apstradata arT informacija, kas pieejama ASV,
Latvijas, Kostarikas, ka arT starptautisko organizaciju, taja skaita Starptautiskas Civilas
aviacijas organizacijas un starptautisko bezpilota lidaparatu asociaciju un ar tiem

saistito pakalpojumu sniedzgju oficialajas timeklvietn&s.

Peétijuma ierobezojumi

Autors péta Kostariku ka regionu, kura tiek sniegti aeronovéroSanas
komercpakalpojumi, ka art veikta BPLA uzn@émuma mobilo dronu vienibu izvietojuma
punktu skaita un topologijas optimizacija. Lai veiktu aeronovéroSanas pakalpojumu
sniegSanas procesa dazadu raditaju un nosacijumu salidzinoSu analizi, autors izmanto

laikrindu datus, ko public€jusi Kostarikas oficiala organizacija (par 2007.—2018. gadu).

Petijuma zinatniskie rezultati
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Autors ir izpétijis problémas, kas saistitas ar aeronovéroSanas pakalpojumu
efektivu organizaciju un sniegSanu, izmantojot komercuznémuma mobilo dronu
vienibu teritorialu sadalijumu regiona. legitie rezultati ir Sadi:

1. ir identific€tas ar mobilo dronu vienibu palidzibu sniedzamo aeronovérosanas
komercpakalpojumu jomas klasificgjosas pazimes un IpaSibas, ka ari piedavats
bezpilota lidaparatu komercpakalpojumu sniegSanas modelis;

2. 1ir analiz€ti bezpilota lidaparatu komercpakalpojumu realizacijas tiesiskie
aspekti valstis, kuras $aja nozar€ ienem liderpozicijas pasaulé. Balstoties uz Kostarikas
ekonomiski geografisko un nacionalo Ipatnibu analizes, ir noformuléta bezpilota
lidaparatu komercpakalpojumu noveértéSanas metodika un piedavats modelis to
virziSanai valsts tirgQ;

3. ar Biila programmesanas metozu palidzibu ir atrisinats uzdevums, kas saistits
ar mobilo dronu vienibu izvietojuma punktu skaita optimizaciju, lai nodrosinatu
atbilstigu teritorialo sadalijumu klientu apkalposanai regiona;

4, pirmoreiz ir noformuléti konceptualie principi aeronovéroSanas

komercpakalpojumu snieg$anai regionos ar mobilo dronu vienibu palidzibu.

Promocijas darba praktiska vertiba

legttie rezultati ir versti uz BPLA uzp@émumu aeronovéroSanas
komercpakalpojumu sniegSanas procesu efektivitates palielinasanu dazadas
tautsaimniecibas nozares. Rezultati ir izmantoti Kostarikas BPLA uznémuma darbiba
(skatit parakstito lietoSanas aktu), ka arT Baltijas Starptautiskas akad@mijas
magistrantiiras studiju programmas akadémiskaja kursa ,,Vadisana makroekonomiska

vide”.

Peétijuma laika un regionalas robeZas

Teorétisko aspektu analize, ka arT empirisko datu vakSana aptver laikposmu no
2007. lidz 2017. gadam un dalg&ji ari 2018. gadu.

AizstaveSanai izvirzitas tézes

1. Bezpilota lidaparatu pakalpojumus sniedzoSo uzp€mumu teritorialais
izvietojums ir atkarigs no aeronovéroSanas komercpakalpojumu klasificgjoSajam
pazimem.

2. Lai nodroSinatu bezpilota lidaparatu pakalpojumus sniedzoSo uzn€mumu
darbibas attistibu, ir nepiecieSams aprékinat aeronovéro$anas komercpakalpojumu

ekonomiskos raditajus.
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3. Bezpilota lidaparatu komercpakalpojumu attistiba regiona ir atkariga no
mobilo dronu vienibu izvietoSanas punktu skaita un novietojuma optimizacijas klientu

teritorialas apkalpoSanas nodrosinasanas noluka.

Peétijuma rezultatu prezentéSana

Pétijuma teorétiskie un praktiskie rezultati ir atspoguloti zinatnisko rakstu un
kopsavilkumu publikacijas starptautiskas konferencés: V (2016), VI (2017), VII
(2018), VIII (2019) Starptautiskajas zinatniski praktiskaja konferencés ,, The
Transformation process of law, the regional economy and economic policy: the
relevant economic and political and legal issue”, konference ,, Reliability and Statistics
in Transportation and Communication” (RelStat 2018), ka arT autora sniegtaja intervija
regionalajam timekla izdevumam (www.nacion.com/somos-celebres/drones-de-la-

ciencia-ficcion-a-la-realidad).

Darba struktiru nosaka pétijuma mérkis, uzdevumi un logika. Promocijas
darbs sastav no ievada, trim nodalam un nobeiguma, ka ar atsaucém.

Ievada ir pamatota pétjjuma aktualitate, izvirzita petijuma hipotéze, mérki un
uzdevumi, noformul@ts pétijuma subjekts un objekts, aprakstita ta zinatniska novitate
un praktiska veértiba, ka ar1 atspogulots parskats par izmantotajiem literatliras avotiem
un zinatniskajam metodém.

1. nodala autors ir petijis bezpilota lidaparatu komercpakalpojumu biitibu un
noformulgjis to klasificgjosas pazimes. Ir pétiti komercpakalpojumi un to ipatnibas,
nemot vera bezpilota lidaparatu pakalpojumu jomas specifiku. Autors ir Veicis
bezpilota lidaparatu komercpakalpojumus sniedzoSo uznémumu klasificgjoSo pazimju
novertéjumu un uz ta pamata piedavajis $adu pakalpojumu snieg$anas modeli. Saja
nodala ir pétiti arm dronu vienibu teritoriala izvietojuma organizacijas teor&tiskie
aspekti.

2. nodala ir apliikoti aeronovéroSanas komercpakalpojumu tiesiska reguléjuma
pamati pasaules valstis, tostarp Latvija un Kostarika. Balstoties uz veiktas Kostarikas
ekonomiski geografiskas analizes, autors ir ierosinajis metodiku bezpilota lidaparatu
komercpakalpojumu cenas novértéSanai, balstoties uz vienas lidojuma stundas
izmaksam. Balstoties uz Kostarikas pieméra, tiek piedavata strat€gija uznémumu
komercpakalpojumu virziSanai tirgi.

3.nodala ir atspogulota jaunu metozu izstrade aeronoverosanas

komercpakalpojumu sniegSanai pasititajiem regiona paredz&to mobilo dronu vienibu
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teritoriala izvietojuma optimizacijas uzdevuma risinasanai. Metodes ir aprobétas,
pielietojot tas noteiktam mobilo dronu vienibu izvietojuma punktu skaitam un atraSanas
vietai specifiskajos Kostarikas apstaklos. Ar §o metozu palidzibu iegiitie uzdevumu
risinaSanas rezultati ir atspoguloti salidzinosa veida.

Nobeiguma ir noformul@ti secinajumi un ieteikumi.

Promocijas darbam ir tris pielikumi, kas papildina ta pirmo, otro un treso

nodalu.

87



1. BEZPILOTA LIDAPARATU KOMERCPAKALPOJUMU VEIDOSANAS
TEORETISKIE ASPEKTI

1.1. Bezpilota lidaparatu komercpakalpojumu jedziens, baitiba un
klasificeéjosas pazimes

Lai sasniegtu izvirzito promocijas darba meérki, vispirms ir nepiecieSams
aplikot bezpilota lidaparatus jeb dronus, kas veido pé€tijuma objekta pamatu.
2005. gada 12. aprili Starptautiskas Civilas aviacijas organizacijas 169. sesijas pirmaja
sanaksmé Aeronavigacijas komisija pirmoreiz pieprasija  generalsekretaram
konsultéties ar izveletam valstim un starptautiskdm organizacijam par pasreiz€jam un
paredz€tajam starptautisku civilo bezpilota lidaparatu darbibam civilas aviacijas gaisa
telpa, procediram, kuru mérkis ir noverst civilas aviacijas gaisa kugu apdraud&jumu,
ko izraisa bezpilota lidaparati, kas tick ekspluatéti ka valsts gaisa kugi, ka ari
procediram, kas butu ievieSamas, lai izsniegtu IpaSas atlaujas starptautiskam
operacijam ar civilajiem bezpilota lidaparatiem jeb tadiem lidaparatiem, kuros
neatrodas pilots.

Ari Eiropas Savieniba Eiropas Aviacijas droSibas agentira (EASA) ir ieviesusi
dronu jédzienu un regulé to izmantoSanu. Lai nodroSinatu dronu brivu apriti un
lidzvertigus konkurences apstaklus Eiropas Savieniba, EASA ir izstradajusi kopigus
Eiropas noteikumus. IzvEléta pieeja paredz, ka augstaka limena droSibas standarti, kas
sasniegti pilotétu gaisa kugu aviacija, tiek pieméroti ari droniem. Noteikumu pamata ir
darbibas riska novertjums, un tajos tiek panakts lidzsvars starp dronu razotaju un
operatoru pienakumiem saistiba ar droSibu, privatuma ieveérosanu, vides aspektiem un
aizsardzibu pret troksni un drofumu®’®. Saskana ar Starptautiskds Gaisa transporta
asociacijas (IATA) definiciju par bezpilota lidaparatiem tick uzskatitas talvadibas gaisa
kugu sisttmas (RPAS), ko parasti dévé par droniem un arvien plasak izmanto
komercidlos un izklaides noliikos*®’.

Dronu izpgtei ir pieversusies daudzu valstu zinatnieki, tostarp ar1 Latvijas. Tacu
janorada, ka Sie p&tijumi ir saistiti galvenokart ar tehniskajam zinatném. Piem&ram,
E.Klavina un V.Zagurska raksta ,Bezpilota lidaparata kustibas trajektorijas
noteikSana atklata vide” ir atspoguloti pamati jaunai metodei, kuru var izmantot
bezpilota lidaparatu trajektorijas noteik$anai'8.,

G. Zollingers pétnieciskaja raksta ,,Bezpilota lidaparatu attistiba Vacija (1914—
1918) 182 ir pievérsies bezpilota gaisa kugu izmanto$anai Vacija pagajusa gadsimta
sakuma.

Tadgjadi, aplikojot pieejamos avotus, ir secinams, ka ekonomikas zinatnu joma
nav veikti pétijumi, kas veltiti bezpilota lidaparatu komercialai izmantoSanai.

Lai raditu priekSstatu par bezpilota lidaparatu izmantosanu komercpakalpojumu
sniegSanai, vispirms ir jadefin€ pakalpojuma j&dziena butiba un saturs. Oksfordas

179 European Union Safety Agency, Introduction of a regulatory framework for the operation of drones,
A-NPA Vol.10, RMT: 31.7.2015 [Elektronisks avots]: https://www.easa.europa.eu/easa-and-you/civil-
drones-rpas/drones-regulatory-framework-background [Pieejams septembris 2017]

180 The International Air Transport Association, Program description: Remotely Piloted Aircraft
Systems (RPAS) [Elektronisks avots]:https://www.iata.org/whatwedo/safety/Pages/drones.aspx
[Pieejams oktobris 2018]

181 Klaving, E., Zagurskis V., Unmanned Aerial Vehicle Movement Trajectory Detection in Open
Environment Procedia Computer Science, 2016, Vol.104, 400.-407.p. ISSN 1877-0509.
doi:10.1016/j.procs.2017.01.152

182 Sollinger, G., The Development of Unmanned Aerial Vehicles in Germany (1914 — 1918)
Humanitaras un socialas zinatnes. RTU Nr.16, 2010, 24.-31.lpp
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vardnica ir teikts, ka pakalpojums ir palidziba vai darba veik$ana kada cita labal®,

P. Zeitamla'®, S. Vargo un R. La3a'® pétijuma pakalpojuma jédziens ir precizéts,
raksturojot to ka procesu un salidzinot to ar precém. Komercialai izpratnei tuva
definicija ir piedavata K. Makkonela un S. Brii klasiskaja darba ,,Ekonomika”:
,Pakalpojums ir kaut kas netaustams (neredzams) un tads, apmaina pret kuru patérétajs,
uznémums vai valdiba ir gatavi dot kaut ko vertigu” . D.L. Kejs, DZ.E. Prets un
M. Vornere raksta ,,Pakalpojumu loma regionalas ekonomikas izaugsmé&” raksturo
komercpakalpojumu $adi: ,,pakalpojums ir jebkads pasakums vai labums, kas tiek
piedavats citiem par maksu” *¥. ST promocijas darba témas konteksta pakalpojumi tiks
apliikoti tikai ka komerciali maksas pakalpojumi. Maksas pakalpojumu komercialas
sastavdalas kopiga kvalitativa iezime ir tada, ka ,,to razoSana notiek, balstoties uz
ligumattiecibam starp pakalpojumu razotaju un patérétaju (klientu) 88,

Janorada, ka pakalpojumam piemit tadas galvenas raksturigas iezimes, kadas ir
aprakstijis F. Kotlers'®®, defingjot &etras pakalpojumiem piemitosas ipasibas —
netaustamibu, neatdalamibu no avota, kvalitates nepastavigumu un nesaglabajamibu,
ka ar pakalpojumu Cetras klasificgjosas pazimes — pakalpojumu avotu, obligatu klienta
klatbtitni pakalpojuma snieg$anas bridi, klienta motivaciju iegadaties pakalpojumu un
pakalpojumu sniedz&ja motivaciju to sniegt.

Pakalpojumiem piemitoSo 1Ipasibu visparigu definiciju piedava ari
V.A. Galicins monografija ,,Starptautiskais izglitibas pakalpojumu tirgus: galvenas
raksturigas iezimes un attistibas tendences” '*°. V. Markova monografija ,,Pakalpojumu
marketings” 1% norada uz vél kadu, péc autora domam, svarigu pasibu, kura piemit
pakalpojumiem, proti: ,,[..] pakalpojumi ir lokali, netransportéjami, tiem var piemist
regionals raksturs [..]”. Attiecinot to uz §1 pétijuma objektu, pakalpojumi ir lokali vai
regionali, respektivi, svariga nozime ir tie$i regionam, kura dronu pakalpojumi tiek
sniegti, un no ta izriet, ka atkariba no pakalpojuma ipaSibam mainas ari ta
raksturlielumi. Ka zinams, vards ,,lokals” (no latinu val. localis — saistits ar noteiktu
teritoriju, vietu, tai raksturigs) var tikt attiecinats uz rajonu, pilsétu u.tml. Tacu ta
sakotng€ja nozime, kada to saka lietot 17. gadsimta, ir saistita tieSi ar paSu jédzienu
,vieta” %2 Tas nozimé, ka visam ir sava vieta. Aplikojot aeronovéroSanas
komercpakalpojumus, svariga ipasiba ir to lokalums. Atkariba no pakalpojumu
sniegSanas apvidus var mainities ar1 gan to kvalitate un cena, gan izpildes laiks un

183 Angus Stevenson A., Lindberg C., New Oxford American Dictionary, third edition, Oxford
University Press, 2096 p., 2010, ISBN: 978-0-19-539288-3

184 Zeithaml, P. Relationships and Impacts of Service Quality, Perceived Value, Customer Satisfaction,
and Image: An Empirical Study, Service Industries Journal 29(2) p.p. 111-125, 2009 DOI:
10.1080/02642060802292932

185 vargo and Lusch. Evolving to a New Dominant Logic, Journal of Marketing. 68(1): p.p. 1-17, 2004,
DOI: 10.1509/jmkg.68.1.1.24036

186 Campbell R. Mc Connell and Stanley L. Brue, Economics: Principles, Problems find Polices, 11th
Edition, NY, 1990, V 2., ISBN: 0070449678

187 Futrel, Ch. M. Sales Managements, 6th edition, Harcourt College Publisher, 2001, 638 p.

188 World Trade Organization, Measuringtrade In Services module produced by WTO/OMC 2010,
[Elektronisks avots]: https://www.wto.org/english/res_e/statis_e/services_training_module_e.pdf
[Pieejams augusts 2017]

189 Kotler P., Marketing Essential. Prentice-Hall, Inc., University of Michigan, 1984, 646 p., ISBN:
0135572320

190 Tannuun B., MextyHapoHbIi pHIHOK 00pa30BaTeNbHBIX YCIYT: OCHOBHBIE XapaKTEPUCTHKH U
tenaeHnuu passutus (Galichin V., The international market for educational services: basic
characteristics and development trends), PAHX , 2016, 70 p.

191 Mapkosa B. Mapkerunr yciyr: ®unancsl u cratuctuka 1996, (Markova V. Marketing of services:
Finance and statistics), 1996, 127 p.

192 CriponeeBa A., Mup masoro. OnbIT onucanus jjokaasHocTd, "UIDOPAH" (1998) (Syrodeeva A., The

World of Small. Experience of describing locality, IFRAN), 1998, 342 p.
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nepiecieSamais aprikojums. N.V. Fadejeva raksta ,,Pakalpojumu ipasibas un to
piemérotiba pakalpojumu sistémas kvalitates mérisanai” 1° norada uz pakalpojumu
sistémas strukturalajiem komponentiem, kuri definé tas kvalitati ,,raksturojums” ar
sinonimiem. Ka zinams, vienam objektam bt vairaku dazadu ipasibu izpausmes,
kuram piemit noteikta struktiira. Tacu fizisku objektu 1pasSibu skaits nav ierobezots, un
tas ir pienemts iedalit tris kategorijas: klasificgjosas (kvalitativas), topologiskas
(salidzinosas) un metriskas (kvantitativas), turklat tiek izskirta grupa tadu ipasibu, kas,
budamas kopigas virknei objektu kvalitativa zina, var biit raksturojamas ar
kvantitativam atskirtbam.

Balstoties uz autora veiktas analizes, var paplaSinat un detalizét ar bezpilota
lidaparatu palidzibu sniedzamo aeronovéroSanas komercpakalpojumu klasificgjosas
ipasibas un pazimes (1.1. att.).

Aeronovérosanas komercpakalpojumu Kklasificéjosas ipasibas un pazimes

Galvenas pazimes Galvenas Tpasibas Papildu 1pasibas

—  Pakalpojumu —  Netaustamiba — Veidi

| Klienta klatbiitne B Neatdalamiba no — SniegSanas jomas

avota
- Noveérojamie

— Klienta Kvalitates | objekti un subjekti
N nepastavigums

L Razotaja Dok —

motivaciia . || okumentesanas

— Nesaglabajamiba veidi

1.1. attéls. Ar bezpilota lidaparatu palidzibu sniedzamo aeronovéroSanas
komercpakalpojumu klasific€josas pazimes un 1pasibas
(avots: izstradajis autors)

Aplukojot aeronovérosanas komercpakalpojumus, kas tiek sniegti ar bezpilota
lidaparatu palidzibu, to klasiskas pazimes (1.1. att.) iegiist noteiktaku veidolu:

- pakalpojuma avots ir drons, uz kura uzstadits attiecigais aeronovérosanas
vai piegades aprikojums;

- klienta klatbiitne pakalpojuma sniegSanas bridi var biit gan obligata, gan
neobligata. Pieméram, ja tiek veikts novérojama objekta stavokla monitorings bez
rezultatu fiks€Sanas videoieraksta vai fotoatt€los, ir nepiecieSama klienta (ka
noverosanas veicgja) klatbutne, savukart tad, ja notiek rezultatu fikséSana videoieraksta
vai fotoatt€los, klienta klatbiitne nav nepiecieSama, jo ar rezultatiem klients var
iepazities ar arpus pakalpojuma sniegSanas laika;

193 Fadeeva N., Criteria to Measure and Assess the Quality of Services, Siberian State Technology
University; Vestnik TGTU. 2012. 18- 4. Transactions TSTU p. 1106-1114
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- klienta motivacija iegadaties pakalpojumu ir saistita ar personigiem vai
lietiSkiem mérkiem. No pakalpojuma iegades motivacijas vispariga gadijuma ir atkarigs
sada pakalpojuma cenas Itmenis. Pastav iesp€ja, ka privatam vajadzibam iegadati
pakalpojumi izmaksas letak neka identiski pakalpojumi, kas tiek iegadati ar
komercdarbibu saistitas intereses;

- pakalpojuma sniedz€ja motivacija apliikojamaja komercialaja aspekta —
tikai komerciali, nevis sabiedriski motivi, proti, pelnas gtiSana no pakalpojuma
sniegsanas®®,

Precizgjot aeronoverosanas komercpakalpojumu galvenas klasificejosas
ipasibas (1.1. att.), kuras ir janem véra gan $adu pakalpojumu snieg$anas organiz&$ana,
gan komercializacija, tas ir defingjamas $adi:

- netaustamiba — pasi pakalpojumi ir ,,taustami” tikai iegades bridi un tadi
nav l1dz min€tajam bridim (tie nav ne redzami, ne dzirdami, tiem nav ne garsas, ne
smarzas);

- neatdalamiba no avota — atbilstigi aprikota bezpilota lidaparata. Sada
lidaparata dazads tehniska aprikojuma Iimenis nosaka sniedzamo pakalpojumu
kvalitativi kvantitativos raditajus;

- kvalitates nepastavigums — pakalpojumu kvalitates atkariba no to sniedzgja,
ka arT sniegSanas vietas un laika. Pieméram, video uznemsana nelabvéligos reljefa
apstaklos vai laikapstaklos, slikta apgaismojuma vai no neizdeviga rakursa, kvalitativa
zina atskiras no video uznemsSanas labveligos apstaklos;

- nesaglabajamiba — pakalpojumu nav iesp&jams saglabat, ta nozime vértibas
izteiksme eksiste tikai ta sniegSanas bridi. Butiskas svarstibas pieprasijuma péc sadiem
pakalpojumiem var izraisit attiecigo lidaparatu parpalikumu vai deficitu. Pirmaja
gadijuma tas radis ekonomiskus zaudejumus lidaparatu nepietickamas noslodzes dél,
savukart otraja — ekonomiskus zaudejumus sakara ar neiesp&jamibu sniegt pieprasitos
pakalpojumus vispar vai sniegt tos noteiktaja laika un vieta®.

Pakalpojumu netaustamiba Iidz to iegades un sniegSanas bridim, ka ari
kvalitates nepastavigums prasa riipigi sagatavot aecronoveéroSanas pakalpojumus, lai
nivel€tu So Tpasibu negativo ietekmi. Neatdalamiba no avota ietekm& ANP sniegSanas
tehnologijas izveli un to snieg§ana ar dronu palidzibu iesaistita personala kvalifikacijai
izvirzitas prasibas. Nesaglabajamiba nosaka klientam sniegto pakalpojumu rezultatu
raksturu.

Komercialo grupu veido $adi ar dronu palidzibu sniedzamo pakalpojumu veidi:

- procesu un objektu noverosana;

- noverojamo objektu fiksacija videoierakstos un fotoattélos;

- objektu un apkart§jas vides geofizisko, atmosféras un citu parametru
merijumi;

- precu piegade, jo Ipasi uz griiti pieejamam vietam,;

- apzinoS$ana ar skalrunu palidzibu arkartas situacijas, pieméram, zemestricu,
vulkanu izvirdumu, cunami, ugunsgréku u.tml. gadijumos.

Visbiezak izmantotais bezpilota lidaparatu komercpakalpojumu veids ir
aeronoveroSana ar vai bez noveéroSanas rezultatu fiksacijas. Tadel darba turpmakaja
dala, ja nebts noradits citadi, ar bezpilota lidaparatu komercpakalpojumiem jasaprot
tieSi aeronoveroSanas pakalpojumi.

194 ANP sniedzeju motivacija tiks sikak apliikota §1 darba 1.3. sadala.

195 Janorada, ka %adus zaud@jumus ir iespjams biitiski samazinat, izmantojot aeronovéroSanas
pakalpojumu virsrezervésanas mehanismu, kura optimizacijas ekonomiski matematiskais modelis bis
atspogulots §1 darba turpmakaja dala.
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Daudzi autorit® 7 1% Luri ir apliikojusi bezpilota lidaparatu izmanto$anu
komercialos nolukos, apraksta galvenas nozares un jomas, kuras dronu ekspluatacija ir
izplatita visplaSak. Starp tam ka svarigakas tiek mingtas turpmak uzskaititas jomas.

« Meklesanas un glabsanas darbi. Sadas operacijas droni ir ipasi noderigi. Tie
tiek izmantoti, piemeram, cilvéku un dzivnieku meklesanai ugunsgréku vai plidu laika,
ka arT gazu koncentracijas gaisa noteiksanai.

o Drosibas pasakumi. Daudzas varasiestades izmanto bezpilota lidaparatus, lai
pasargatu cilvekus dzivibai bistamas situacijas. Pieméram, ar to palidzibu iesp&jams
koordin&t dro§ibas operacijas, piegadat medikamentus, atbalstit celu policijas darbibas
u.c.

o InspicéSana. Dronus var izmantot tehniskas inspic€Sanas darbu veikSanai
nepieejamas vietas, piemeéram, lai inspic€tu caurulvadus, turbinas u.tml.

e Novérosana. Drons lauj veikt apkaimes fiksésanu un kontroli no gaisa, un tas
ir loti &rti sabiedrisku pasakumu, piem&ram, protesta akciju, laika, lai savlaicigi atklatu
aizdomigas un bistamas darbibas.

e Zinatne un pétnieciba. Droni palidz zinatniekiem apliikot pétamos objektus no
gaisa, tie tiek izmantoti arheologisko izrakumu dokument&sanai, kodolnegadijumu seku
apzinasanai (piesarnojuma mérjjumiem), ledaju monitoringam, vulkanu izvirdumu
noveroSanai utt.

o FotografeSana. Ar dronu palidzibu var uznemt unikalus fotoatt€lus, un tas cita
starpa tiek izmantots arT tlirisma nozares attistibas joma.

o Navigacija. Ar multispektralajam kameram un lazerskeneriem aprikotus
dronus var izmantot augstrazigai 3D karSu izveidei. Tadé] tos §$adiem nolikiem izmanto
dazadas jomas, tostarp aerofotograféSana un kartografija.

e Logistika. Droni tiek izmantoti nelielu stitijumu piegadei. Tas lauj atri un
ekologiski piegadat preces, izmantojot gaisa telpu.

L. Tanga un G. Sao raksta ,,Talvadibas droni meZsaimniecibas p&tijumiem un
praksei” 1% norada, ka pedgjas desmitgad@s ir paradijusies dazadu formu, izméru un
funkcionalitates droni, un to civilie lietojumi klist aizvien pievilcigaki. Tiek uzsvertas
plasas dronu izmantoSanas iesp&jas mezsaimnieciba un lauksaimnieciba, tacu nav
noformulétas to funkcijas. J. Drozdovica, M. Vjelgo, P.Samcinska, K. Kulpas,
J. Kzonkalla un M. Mordzoneka®® raksta ir aprakstita eksperimentala sistéma, kas
paredz€ta mazu gaisa objektu, piem&ram, bezpilota lidaparatu, identific€Sanai un
izsekoSanai ar Tpasi maziem droniem (multirotoriem). Ari Sie autori norada uz dronu
priekSrocibam miisdienu pasaules prakse, piemin novérosanas un mekléSanas darbibas,
tacu neapraksta paSu dronu funkcijas.

Saskana ar funkcijas jédziena nozimi (no latinu val. functio — izpilde, darbiba)
ar to jasaprot darbs, ko veic kads organs, organisms, ierice utt., loma vai mérkis, kam

19 Cloud, D. ,CIA Drones Have Broader List of Targets, Los Angeles Times 2010, [Electronics
source]: http://www.latimes.com/news/nationworld/world/la-fg-drone-targets-20100506,0,57614.story
[Pieejams Jalijs 2018]

197 Shakhatreh H., Sawalmeh A., Al-Fugaha A., Dou Z., Almaita E., Khalil 1., Shamsiah N., Khreishah
A., Guizani M., Unmanned Aerial Vehicles: A Survey on Civil Applications and Key Research
Challenges, arXiv:1805.00881v1 [cs.RO], 2018 [Elektronisks avots]:
https://arxiv.org/pdf/1805.00881.pdf. [Pieejams augusts 2018]

19 Menouar, H., Guvenc, 1., Akkaya, K., A. Uluagac, S., Kadri, A., Tuncer, A., UAV-enabled
intelligent transportation systems for the smart city: Applications and challenges, IEEE
Communications Magazine, vol. 55, no. 3, pp. 22-28, 2017, DOI: 10.1109/MCOM.2017.1600238CM
199 Tang, L., Shao G., Drone remote sensing for forestry research and practice Journal of Forestry
Research, 2015, Volume 26, pp 791-797, ISSN: 1007-662X

200 Drozdowicz, J. Wielgo, M., Samczynski, P., Kulpa, K., Krzonkalla, J., Mordzonek, M., 17th
International Radar Symposium (IRS) Krakow, Poland, 10-12, 2016, DOI: 10.1109/IRS.2016.7497351
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kaut kas ir paredzets. Balstoties uz ta, var aprakstit dronu funkcijas komercdarbibas
istenoSana.

Lai aprakstitu dronu funkcijas komercpakalpojumu ietvaros, par pamatu tiks
izmantotas ieprieks uzskaititas dronu izmantoSanas jomas.

No tadas izmanto$anas jomas ka mekléSanas un glabsanas darbi izriet
meklésanas funkcija. Droni ir loti efektivi ugunsgréka vietu meklésana, gazu emisijas
noteik3ana utt 2%,

InspicéSanas funkcija lauj izmantot dronus, lai inspicétu gazesvadus un
caurulvadu sist€mas, ka arl citus stratégiski nozimigus objektus, un miisdienas ir
svariga saimnieciskas darbibas sastavdala. Ta ietver ari iesp&ju izmantot dronus dazadu
mérfjumu un uzmérijumu veikSanai zinatniskiem merkiem.

Navigacijas funkcija nodroSina iespju izmantot ar multispektralajam
kameram un lazerskeneriem aprikotus dronus augstrazigai 3D karSu izveidei.
Pateicoties Sai funkcijai, droni tiek plasi pielietoti dazadas jomas, tostarp
aerofotograféSana un kartografija, buivnieciba, ka arT videomaterialu un fotoatt€lu
uznemsana.

Logistikas funkcija ir saistita ar dronu izmantoSanu nelielu sttijumu piegadei.
Tas lauj atri un ekologiski piegadat preces, izmantojot gaisa telpu. Turklat jaunakie
pétijumi par dronu ekspluatacijas iesp&jam liecina, ko tie var tikt izmantoti ne tikai ara,
bet ari telpas. Logistikas funkcija, kas tiek istenota piegades pakalpojumu ietvaros,
pedgja laika strauji attistas. Tomer patlaban tam ir lielaka sabiedriska neka komerciala
nozime (dronus izmanto galvenokart medikamentu, partikas produktu un citu neliela
1izmera priekSmetu nogadasanai Iidz galamérkiem griiti pieejamos apvidos).

Tacu, apliikojot min€to funkciju uzskaitijumu, ir janorada, ka to pamatu veido
noverosana. Noverosana ir kada objekta aktiva, sist€émiska, mérktieciga, planota un tisa
apsekoSana, izmantojot videoieraksta, fotoatt€lu uznemsSanas vai citu instrumentu
kopumu, kuras gaita tiek iegiitas zinaSanas par pétama objekta un/vai subjekta argjo
pusi, Ipasibam un attiectbam?®,

Lai veiktu novéros$anu, ir janem vera tai izvirzitas galvenas metodologiskas
prasibas:

- aktivitate — objekta redzamibas rakursa mekléSana un fiksacija, ko veic

verotajs;

- mérktiecigums — uzmanibas koncentréSana tikai uz interesgjoSajam
paradibam;

- planveidigums un tiSums — rikoSanas saskana ar ieprieks noteiktu planu vai
scenariju;

- sisttmiskums — novéroSanas veikSana péc noteiktas sisttmas objekta
daudzkarsai (pietickamai, lai sasniegtu noformuléto mérki) uztverei uzdotajos rezimos.

Novérosanai var biit divi mérki — objekta monitorings un stavokla kontrole.
Apkartgjas vides monitorings ir laika un telpa regularu novérojumu sistéma, kas lauj
iegiit informaciju par apkart€jas vides stavokli, lai:

- novertetu agrako un esos$o un prognozetu turpmako stavokli;

- garantétu droSibu, savlaicigi izstradajot un istenojot pasakumus arkartas
situaciju noveérsanai vai nelabvéligo seku mazinasanai.

Apkartgjas vides kontrole ir laika un telpa regulara novérojumu siste€ma, kas lauj
iegiit informaciju par apkartgjas vides stavokli, lai:

- veiktu apkartgjas vides kvalitates vai objektu stavokla parvaldibu;

201 Barela S., Legitimacy and Drones Investigating the Legality, Morality and Efficiency of UACVs,
University of Geneva, 432p., Ashgate Publishing, Ltd., 2015, ISBN: 1472446895

202 The Oxford English Reference Dictionary / Second edition / Edited by Pearsal J., Trumble B. — New
York Oxford. — 2016, ISBN: 9780198606529
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- nepiecieSamibas gadijuma izmantotu Tpasus lidzeklus (apzinoSanu, sanitaro
apstradi no gaisa u.c.);

- iletekmétu notikumu gaitu vai cilvéku ricibu.

Tadgjadi ir secinams, ka monitorings ir ,,tira” noveéroSana bez ietekmes uz
apkart§jo vidi, savukart kontrole — apkart§jas vides kvalitates un/vai stavokla
noverosana un parvaldiba. Janorada ari, ka ar aeronové€rosanas palidzibu sniegtus
monitoringa pakalpojumus pastita praktiski visas klientu grupas, turprett pakalpojumi,
kas ietver ar1 apkartgjas vides kontroli un ietekmésanu, tiek pasititi loti reti.

Sniedzamo aeronovérosanas pakalpojumu dokumentésana (1.1. att.) tiek veikta
dazados veidos un dazados informacijas nes€jos: elektroniskajos datu nes€jos,
videoierakstos, fotoalbumos, bukletos u.c.

Aeronoverosanas pakalpojumi (1.3. att.) tiek sniegti tiessaistes vai bezsaistes
rezima. TieSsaistes rezims tiek izmantots galvenokart monitoringa nolukos, kad
operators veic attiecigo objektu, procesu vai notikumu aplikoSanu un, iesp&jams,
parsiita klientam videoattelu reallaika rezima. Ja ir nepiecieSams fiks€t noveroSanas
rezultatus, tiek izmantots bezsaistes rezims, lai vélak biroja apstradatu un dokumentétu
legiitos rezultatus, izmantojot atbilstigu video, foto, pavairoSanas vai citu tehniku.

1.2. Bezpilota lidaparatu komercpakalpojumus sniedzoSo uznemumu
KlasificéjoSo pazimju noveértéjums

Saja promocijas darba atspogulotais pétijums ir saistits ar dronu komercialu
izmantoSanu, ka ietvaros vispieejamakie aeronovérosanas pakalpojumu sniegSanai ir
helikoptera tipa droni — kvadrakopteri. BPLA uzpnémumi tiek uzskatiti par
komercialiem, ja tie:

- sniedz pakalpojumus par maksu;

- darbojas pastavigi;

- ir san€musi nepiecieSamas atlaujas attieciga veida darbibas TstenoSanai;

- pastaviga darba nodarbina sertific€tus pilotus / operatorus;

- ckspluaté serijveida razotus dronus, kurus nav aizliegts lietot
komercdarbiba?®®,

Lai izveidotu regionalo BPLA uznémumu raksturojumu, vispirms ir jaidentificé
to klasific€josas 1pasibas.

203 Cohn, P., Langstaff, M., Roller, M. The future of unmanned aerial systems, McKinsey, 2017.
[Elektronisks avots]: https://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-
insights/commercial-drones-are-here-the-future-of-unmanned-aerial-systems [Pieejams Novembris
2017]
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BPLA uzpnémuma tehnisko lidzeklu sastava vispariga gadijuma ir?04, 205, 206 207

208 209.

- lidojosas platformas vai pasi droni, kas ir aprikoti ar autopilotu, kurs spgj
nodro$inat stabilus uznemsSanas parametrus (marSrutu, foto vai video aparatiiras
slipuma lenki, garenvirziena vai Skérsvirziena parklajuma ipatsvaru, augstumu utt.)
plasa meteorologisko apstaklu diapazona, GPS navigaciju, datu uztverSanas un
parraides iericEém u.c.;

- dronu uzkares aprikojums, kas ietver elektriskas baterijas, digitalas
automatiskas fotokameras, videokameras, termovizorus u.c.;

- dronu manualas talvadibas ierices;

- programmnodro$inajums un tehniskie lidzekli fotoatt€lu un videoierakstu
pEcapstradei biroja, ka ari apstradato fotoatt€lu, videomaterialu un citu datu
uzglabasanai un prezent€sanai;

- transportlidzekli dronu nogadasanai izmantoSanas vietds (vairuma
gadijumu — parastas vai specializ€tas automasinas).

Sniedzamo pakalpojumu uzskaitijums parasti ir atkarigs ne tikai no iebiivéta un
uzkares aprikojuma, bet arT no pasa drona svara, maksimala lidojuma augstuma un
radiusa, slodzes uz vienu sparnu, ka ari dzingja tipa un jaudas?*’. Tomér komercialiem
mérkiem izmantojamo kvadrakopteru gadijuma vissvarigakas klasific€josas 1pasibas ir
masa, lidojuma augstums un radiuss 2,

P&c masas droni tiek iedaliti $adas klases:

- mikrolidaparati — vismazakie bezpilota lidaparati, kas var svért mazak neka
1kg;

- vieglsvara bezpilota lidaparati, kuru masa ir mazaka neka apm. 25 kg;

- smagie bezpilota lidaparati.

Saskana ar citu klasifikaciju (ASV) #2, kuras ietvaros ir nemts véra lielaks
parametru skaits, droni tiek iedaliti Sadas grupas: mazie; vidgjie; lielie; virsgabarita.
Turpmakais petijums attiecas tikai uz mazo un vid€jo dronu izmantoSanu BPLA

204 1CAOQ, Circular 328 AN/190: Unmanned Aircraft Systems, 2016 [Elektronisks avots]:
http://www.icao.int/Meetings/UAS/Documents/Circular%20328_en.pdf [Pieejams Februaris 2017].

205 YAS organization's annual report 2009/2010, University of North Dakota [Elektronisks avots]:
http://www.uasresearch.com/UserFiles/File/156-181_ReferenceSection UAS_AlI-
Categories&Classes.pdf [Pieejams Oktobris 2017]

206 [Elektronisks avots]: www.uvs-international.org [Pieejams Oktobris 2017]

207 Bisenbeif, H. UAV Photogrammetry. ETH Zurich. Diss. ETH NO. 18515, Institute of Geodesy and
Photogrammetry, Zurich, 2009, ISBN: 3906467864

208 gylima N., On the commercial aspects of exploiting drone information technologies and tools for
their optimization. V International Scientific and Practical Proceedings. «The Transformation Process
of Law, The Regional Economy and Economic Police: The Relevant Economic and Political and Legal
Issues». 9 Decembris 2016, Riga, Latvia, Baltic International Academy, pp. 288-297. ISBN 978-9984-
47-143-3.

209 Heriard-Dubreuil V., Microdrones unmanned aerial solution are the ideal platform for serious
professional work. Lean more about the ways our products are being deployed to do real work around
the world, USA, 2018 [Elektronisks avots]: https://www.microdrones.com/en/industry-experts
[Pieejams Septembris 2018]

210 Maziar M., Classification of Unmanned Aerial Vehicles, Mech Eng, 2007, [Elektronisks avots]:
https://www.academia.edu/2055673/Classification_of Unmanned_Aerial_Vehicles [Pieejams Oktobris
2018]

211 Juniper A., The Complete Guide to Drones, Octopus Books, 144p. 2015, ISBN: 1781573573

212 Agheyangi, A., Olorunlomerue, A. B. Review on UAVs used for Aerial Surveillance, Journal of
Multidisciplinary Engineering Science and Technology (JMEST), Vol.3., 2016, ISSN: 2458-9403.
[Elektronisks avots]:

https://www.researchgate.net/publication/309585222_Review_on UAVs_used for_Aerial_Surveillanc
e [Pieejams Februaris 2019]
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uznémuma tehniska parka sastava (1.1.tab.), jo tieSi §1 veida lidaparati tiek
vismasveidigak izmantoti acronovéroSanas komercpakalpojumu sniegSanai.

1.1. tabula
Mazo un videjo dronu raksturojums
Maksimala Normalais Kustibas
Kategorija Izmérs pacelSanas ekspluatacijas | atrums gaisa
masa (kg) augstums (m) (km/h)
1. Mazie droni <10 <400 VZL* <185
2. Vidgjie droni 10-25 <1150 <460

* VZL — virs zemes limena
Avots: izstradajis autors, balstoties uz 2

Veéra ir janem arf citi $adu dronu parametri:

- lidojuma augstums un radiuss — attiecigi lidz 1500 m un 10 km;

- darbibas ilgums ar vienu baterijas uzladi — 20-25 min;

- cena — lidz 10 takst. USD, kas neietver fotokameras un videokameras,
spektrometrus, infrasarkanas att€lveidoSanas kameras un citu uzkares aprikojumu,
vadibas operétajsisteémas, lietiSko programmnodroSinajumu ierakstita satura apstradei
u.c.

Organizdcija un struktiira ir klasificéjoSas pazimes, kas nosaka BPLA
uznémuma juridisko formu (individualais komersants, sabiedriba ar ierobezotu
atbildiba, akciju sabiedriba u.c.), organizatorisko struktiiru, ka ari razoSanas, atbalsta
un administrativa personala sastavu. Komercuzn@mumu organizatoriska strukttra
parasti tick veidota gan péc mehaniska, gan organiska principa?.

Mehaniskais princips (funkcionalais jeb departamentizacijas princips) ietver
darba daliSanu starp dazadam nodalam, no kuram katra sava vaditaja uzraudziba pilda
noteiktu [idzigu vai savstarpgji saistitu funkciju kopumu (darbibas veidu) un atbild par
to izpildes rezultatu.

Organiskajam principam piemit §adas iezimes:

- vienveidigs razoSanas funkciju raksturs, kas neprasa darba daliSanu
darbinieku starpa;

- zems formalizacijas un centralizacijas [imenis ar daudzpusigi sagatavotiem
raZzoSanas darbiniekiem, no kuriem katrs aeronovéroSanas pakalpojumu sniegSanas
ietvaros pilda praktiski vienu un to pasu darbibu.

BPLA uznémuma organizatorisko struktiiru ir lietderigi veidot péc organiska
principa.

Péc organiska principa veidotu struktiiru priekSrocibas ir to elastigums,
pielagojamiba un minimali izdevumi parvaldes aparata uzturéSanai. Principa $adas
struktliras uzn€muma pat ta vaditajs var papildus vadibas funkcijam pildit ari raZoSanas
funkcijas.

BPLA uznémuma strukttira vispariga gadijuma ir jaizdala:

- parvaldibas personals;

- informacijas apstrades centrs;

- MDYV (mobilas dronu vienibas);

- dronu tehniska un programmnodroSinajuma atbalsta dienests.

213 Arjomandi M., Classification of unmanned Aerial Vehicles, 2007, The university of Adelaide
Australia [Elektronisks avots]:

https://www.academia.edu/2055673/Classification_of Unmanned_Aerial_Vehicles. [Pieejams
Februaris 2018]

214 Bypmenko T., Cdepa yenyr: menemxment, KHOPYC, 2008 (Burmenko T., the Service sector:
management, KNORUS, Moscow, 2008, ISBN 978-5-406-05715-5
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Atseviskos gadijumos daudzas paligfunkcijas (piem&ram, noverosanas rezultatu
pecapstradi, gramatvedibas uzskaiti, juridisko apkalposanu wu.c.) var veikt
arpakalpojumus sniedzo$i uznémumi vai specialisti. Ipa$a gadijuma visa struktiira var
tikt reducéta lidz vienam universalam specialistam, kur§ veic darbibu ka individualais
komersants.

MDYV ka pakalpojumu sniegSanas struktiirvienibas var biit izvietotas centralizeti
vai teritoriali sadalitas. Sadalita izvietojuma gadijuma katra MDYV apkalpo savu regionu
(rajonu), ka ari, ja nepiecieSamas, var dublét apkalpoSanu blakus esosajos regionos.
MDYV sastava ietilpst razoSanas personals un pakalpojuma sniegSanas lidzekli. MDV
razosanas personalu veido apkalpes komandas (piloti, operatori, vaditaji). MDV
tehniskie lidzekli ietver dronus ar specializ€tu aprikojumu, ka ari universalus vai
specializ€tus lidzeklus dronu nogadasanai pakalpojumu sniegSanas vietas (galvenokart
automasinas, kaut arT var tikt izmantoti arT motocikli, kuteri u.c.).

BPLA uznémumu pakalpojumu veidi péc to rakstura ir iedalami divas grupas:

- pamatpakalpojumi — specializéti objektu, procesu vai notikumu
aeronovéroSanas pakalpojumi, kas ir raksturigi tikai BPLA uzpémumiem;

- maksas papildpakalpojumi, kas nav novéro$ana, ta¢u papildina BPLA
uznémuma ienakumus.

Papildpakalpojumi ietver pasititdjiem sniegtus pakalpojumus, kas nav tiesa
veida saistiti ar aeronovéroSanu un aerofiksaciju:

- aerofiksacijas  rezultatu  p€capstrade, pieméram, fotomaterialu,
videoierakstu, videoklipu, videofilmu u.c. sagatavoSana;

- citu uzpémumu personala un privatpersonu teorétiska un praktiska
apmaciba par dronu vadibu un novéroSanas darbibai izmantojamajam informacijas
tehnologijam,;

- citiem uzp€mumiem piederoSu dronu remonts;

- konsultaciju sniegSana par dronu veida izveli un iegadi;

- konsultaciju sniegSana par dronu uzkares aprikojumu u.c.

BPLA ekonomiskas darbibas efektivitates raditaji ir iedaliti, vadoties péc
Starptautiskas ~ Civilas aviacijas organizacijas (ICAO) reglamentgjoSajiem
dokumentiem 2%, 3aja nolika izvéloties:

- galvenas darbibas jomas (GDJ);

- galvenos darbibas raditajus (GDR) un tos pavadoSos metriskos parametrus.

GDJ tiek ieklautas Sadas jomas:
ekonomiskie raditaji,
razigums;
apkalposanas kvalitate;

- lidojumu drosiba.

Talak tiks apliikoti galvenie darbibas raditaji dazadas galvenajas darbibas
jomas.

Ka BPLA uzpémuma ekonomiskie raditaji ir izveleti:

- naturalie raditaji:

a) sniegto ANP skaits sadalfjuma pa veidiem noteikta laikposma (ménesi,
ceturksni, gada);
b) ANP sniegSanas varbiitiba sadalijuma pa veidiem noteikta laikposma;
c) noteikta laikposma sniegto pakalpojumu kopgjais skaits u.c.;
- raditaji vertibas izteiksmé:
a) izdevumu summa uz vienu sniegto ANP;

215 |CAO, International Civil Aviation Organization, Guide of airport’s economic, Doc: 9562, Pub 3,
2013, ISBN 978-92-9249-253-3 [Elektronisks avots]:
http://www.icao.int/publications/Documents/9562_ru.pdf [Pieejams Jinijs 2018]
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b) ar viena pakalpojuma sniegSanu saistito izdevumu summa uz vienu
klientu;

¢) kopgjo izdevumu summa noteikta laikposma;

d) ienakumi no pakalpojumu sniegSanas;

e) pelna u.c.

Ieprieks uzskaititie raditaji, kas izteikti vertibas izteiksmé, tiek traktéti saskana
ar B. Baumola piedavatajam definicijam 2%,

RaZiguma raditaji atspogulo attiecibu starp BPLA uzn@muma darbibas
rezultatiem un izlietotajiem resursiem — mobilo dronu vienibu skaitu, respektivi,
noteikta laikposma sniegto aeronovéroSanas pakalpojumu skaitu uz vienu MDV.

Apkalposanas kvalitates raditajs tiek novertets, nemot véra gan dronu
ekspluatétaja, proti, paSa uznémuma, gan ta klientu intereses.

BPLA uzn€mumiem svarigie klientu apkalpoSanas kvalitates raditaji ir $adi:

- vienas MDV sniegto aeronovéroSanas pakalpojumu vid&jais skaits
diennaktr;

- ANP sniegSanas pamatotas aizkavésanas gadijumu skaits;

- vidgjais aizkaveésSanas ilgums uz vienu sniegto ANP;

- lidojumu regularitate, sniedzot ANP, kas nodroSina to savlaicigu sniegSanu
saskana ar nosacijumiem, ko paredz ar klientiem noslégtie ligumi.

No klientu viedokla svarigakie ir $adi apkalpoSanas kvalitates raditaji:

- ANP snieg8anas laiks;

- kopgjais laiks, kada tiek sanemti aeronovéroSanas rezultati, nemot véra to
pecapstradi biroja;

- kopgja apmierinatiba ar veikta aeronovérosanas darba rezultatiem, kas
ietver art ANP sniegSanas savlaicigumu.

GDR lidojumu drosibas joma ir $adi:

- ar droniem saistito negadijumu skaits uz vienu tukstoti ANP sniegSanas
operaciju;

- negadijumu skaits uz vienu tiikstoti dronu ekspluatacijas stundu;

- dronu bojajumus izraisijuso negadijumu skaits uz vienu tukstoti ANP
sniegSanas operaciju.

Bezpilota lidaparatu komercpakalpojumu sniegSanas motivacija balstas uz
pasutitaju motivacijas un BPLA uzn@émuma motivacijas.

Pasititaju motivacija parasti ir saistita ar dazadam prasibam, kuras tiek
izvirzitas aeronoveéroSanas pakalpojumu iegades procesam un to cenai, kas ir noteicosie
faktori, pienemot lémumu par ANP iegadi no konkréta bezpilota lidaparatu uznémuma,
visparigd gadijuma nosakot $1 uznémuma pakalpojumu cenas augséjo robezu. Tadu
pasiititaju motivacija, kuri pasiita aeronovéroSanas pakalpojumus pastavigi, svariga
nozime ir uznémuma un pasititdja savstarpgjo attiecibu priekSvesturei. Pastavot
vienadiem pargjiem nosacijumiem, pasiititdjs gandriz vienmér priekSroku dos jau
pazistamam pakalpojumu sniedz&€jam. Jauniem pasititajiem, kuri ieprieckS§ ANP nav
izmantojusi, izSkiro§i argumenti pakalpojumu sniedz€ja izv@€lé ir uznp€muma
»atpazistamiba” tirgl un reputacija. Vispariga gadijuma Sadiem pasititajiem
noteicosais faktors vairs nav cena (noteiktas robezas), bet visai buitiska nozime ir tas
»caurspidigumam” un pasiititaja izpratnei par to, kas par So cenu ir iegiistams.

216 Baumohl B., The Secrets of Economic Indicators: Hidden Clues to Future Economic Trends and
Investment Opportunities (3rd Edition), New Jersey 2013, p. 447, ISBN: 0132932075
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Ka ir noradijis S. Gosals 2!, process, kurd patérétajs pienem lémumu par
pakalpojuma iegadi, nav secigs, bet gan daudzposmu process ar atgriezeniskajam
saitém. ST procesa shematiska uzbiive aeronovéro$anas pakalpojumiem iegades
gadijuma ir redzama 1.2. attéla.

A 4

Problemas | ¢ |Informacijas Variantu Lémums par
apzinasan mekléSana 7| izvert€San "l ANP iegadi
7y -
A
v
ANP pasiititaja un sniedz&ja sadarbibas Reakcija uz

A

vesture (datu arhivs) ANP iegadi

1.2. attéls. Pasititaja lemuma par aeronoveroSanas pakalpojumu iegadi pienemsanas
process
(avots: izstradajis autors)

Informacijas mekl&sana un variantu izvert€sana lauj labak izprast un apzinaties
problému, turklat, izvert€jot variantus, var rasties nepiecieSamiba paplaSinat
informacijas mekléSanas loku. Neliela valstt iesp&jams butiski vienkarSot sazinu,
balstoties uz iedzivotaju nacionalajam 1patnibam, pieméram, sabiedriskuma, pietickami
plasa radinieku, draugu un pazinu loka. Ja pargjie nosacijumi biis aptuveni vienadi,
visticamak, ka $adas valsts iedzivotaji pasiitis pakalpojumu pie ,,savéjiem”, nevis citas
aprindas.

Svariga nozime ir pakalpojumu diversifikacijai, kas ir butiska ar1 BPLA
uzn€mumam un ietver aeronoverosanas pakalpojumu sortimenta paplaSinasanu, lietojot
jaunus, iepriek§ neizmantotus Iidzeklus un IT (piemé€ram, jaunus notikumu
aerofiksacijas lidzeklus), un notikumu aeronovérosanas un aerofiksacijas rezultatu
pecapstrades lidzeklu klasta papildinaSanu. Diversifikacija prasa paplaSinat
izmantojama aprikojuma un IT riku sastavu, ka ar1 piesaistit daudzveidigakus un,
iesp&jams, profesionalakus specialistus, kuri veic aeronovéroSanas rezultatu
p&capstradi un rezumgéjoso prezentéSanu pasutitajiem. Aplikojama veida regionalajiem
BPLA uznémumiem (kuri ir nelieli nodarbinato skaita zina) ar iepriekSminé&to
organizatorisko struktiiru, kas piedava diverisifcétu pakalpojumu klastu, parasti ir
daudzveidigu tehnisko noveéroSanas un fiksacijas lidzeklu kopums, tacu tie pastavigi
nenodarbina specializétus darbiniekus, kas sp&j profesionali izveértét ar noveérosanas
pakalpojuma palidzibu iegtitos rezultatus. Tiek pienemts, ka So darbu pasiititajs veiks
pats, izmantojot izsniegtos materialus.

Komerciala (civila) lietojuma jomas ANP sniegsanas procesa posmus un ilgumu
veido:

- MDV transportéSana pa sauszemi (Udeni), lai nogadatu pakalpojuma
sniegSanas vieta, ar transportéSanas ilgumu Tg;

- aerofiksacija (fotoatt€lu uznemsana, videoieraksts) un videonovérosana,
sniedzot pakalpojumus tieSsaistes reZima ar lidojuma (lietderigo) laiku T,

217 Ghoshal S., Bad Management Theories are Destroying Good Management Practices // IEEE Eng.
Management Rev. — 2005. — Vol. 33, N 3. —P. 79-95., DOI: 10.1109/EMR.2005.26768, ISSN: 0360-
858.
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- biroja veikta rezultatu pecapstrade un analize bezsaistes reZima ar procesa
ilgumu Tp;

- elektroniskos datu nesgjos saglabatu rezultatu nodosana pasiititajiem jaukta
tieSsaistes un bezsaistes rezZima, kam nepiecieSsams laiks Ts.

Tadgjadi kopgjais laiks, kas nepieciesams ANP sniegsanai, ir §ads?'2:

T= Tt + T + Tp + Ts (11)
Savukart transportesanas laiks var veidoties no divam komponenteém:
Tt=Tu+ Te, (1.2)

kur

Tu — laiks, kas nepiecieSams MDYV nogadasanai no bazes vietas lidz
pakalpojuma sniegSanas vietai;

Tr2 — laiks, kas nepiecieSams MDYV parvietoSanai novérojama objekta laukuma
vai posma garuma ietvaros.

BPLA uznémuma lidzeklu integracijas limeni raksturo:

- vertikali integréti, atbilstigd komplektacija piegadajami lidzekli (tehniskie
lidzekli, instrumenti, programmnodro$indjums, datu analizes lidzekli u.c.), kas
paredzeti izmantoSanai specifiskaja joma;

- universali Iidzekli, kuru integraciju nodroSina pats to lietotajs, proti, BPLA
uznémuma personals, balstoties uz sniedzamo pakalpojumu universaluma principa.

Aeronovérosanas pakalpojumu sniegSanai izmantojamo MDYV teritorialais
izvietojums, nemot véra attieciga regiona specifiku, var tikt organizéts divos veidos?'°:

- centraliz€ta izvietojuma veida — gadijuma, ja viena MDYV, kas bazgjas viena
un taja pasa vieta un kuras sastava ir viens vai vairaki droni, apkalpo visus darbibas
regiona (valsts) pasttitajus;

- teritoriala sadalijuma veida — gadijuma, ja MDV teritorijas robezas ir
izkliedétas un izvietotas vairakos geografiskos punktos (bazés), kas apkalpo
galvenokart ,,sava” regiona pasititajus, tatu var dublét art MDV no citu regionu bazém.

Otraja min&taja varianta viena MDYV tiek piesaistita uznémuma centralajam
birojam, kura atrodas aeronovéroSanas pakalpojumu pasiitijumu pienemsanas zvanu
centrs, tiek veikta izmantojamo dronu komplektéSana un remont€Sana, ka ari
aeronoveroSanas rezultatu pecapstrade.

Drona jédziena, dronu klasifikacijas un funkciju izp&te lava promocijas darba
autoram izveidot bezpilota lidaparatu komercpakalpojumu modeli, kas ir atspogulots
1.3. attela.

Ka zinams, modelis (fran¢u val. modeéle, latinu val. modulus — mérs, paraugs,
etalons) ir abstrakts realitates atveidojums jebkada forma (piemé&ram, matematiska,

218 Sylima N., Methodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2018, Riga, Latvia, Baltic International Academy,
pp. 195-202., ISBN 978-9984-47-162-4

219 Sulima N., On the commercial aspects of exploring drone information technologies and tools for
their optimization. V International Scientific and Practical Proceedings. «The Transformation Process
of Law, The Regional Economy and Economic Police: The Relevant Economic and Political and Legal
Issues». 2017, Riga, Latvia, Baltic International Academy, pp. 289-296., ISBN 978-9984-47-143-3.
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fiziska, simboliska, grafiska vai deskriptiva), kas paredz€ts, lai priecksstatitu noteiktus
§s realitates aspektus, un palidz iegiit atbildes uz pétamajiem jautajumiem??°.

Balstoties uz izpétitajiem teor€tiskajiem materialiem, autors piedava
aeronovérosanas komercpakalpojumu realizacijas modeli (1.3. att.). ST modela izveides
pamata ir dronu Kklasifikacija (atkariba no masas), un taja ir atspogulotas dronu
izmantoSanas jomas un funkcijas, kas ietekmé aeronovéroSanas pakalpojumu
sniegSanu. Modelis uzskatami parada, ka nov@roSana ir viena no aeronovérosanas
pakalpojumu sniegSanas pamatjomam un var tikt veikta gan tieSsaistes reZima ka
inspic€Sana un monitorings, gan bezsaistes rezima ka kontrole un objekta ierakstu
izmantoSana, veicot to velaku atSifréSanu. Autors ir noformulgjis art prasibas, kas tiek
izvirzitas noverosanai, sniedzot aeronoverosanas pakalpojumus.

220 Koranosckuii M. u zp. the title of the book: I'noccapuii no nadopmanonHomy o6mectsy, 2009.,
160 c. (Glossary on the Information Society / Ed. ed. Yu. E. Khokhlova. - M .: Institute for the
Development of the Information Society, 2009. - 160 p.)
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Droni — bezpilota lidaparati (BPLA)

!

Klasifikacija peéc masas

\ 4

y

\ 4

Mikrolidaparati <1 kg

Vieglsvara lidaparati <25 kg

Smagie lidaparati

Aeronovérosanas pakalpojumi (ANP)

/ W

Komercialo ANP jomas ANP funkcijas
Mekles un glabs
eklésana un glabsana Mekletana
Drosiba oy
InspiceSana
Inspicesana Navigacija
Zinatne un pétnieciba Logistika
Navigacija
Logistika |
Y

f t

e
HE B e

1.3. attéls. AeronoveéroSanas komercpakalpojumu realizacijas modelis

(avots: izstradajis autors)

1.3.  Dronu vienibu teritoriala izvietojuma organizacija

Probléma, kas saistita ar uzpémumu (komersantu) teritorialas klientu
apkalpoSanas pilnveidi, neatkarigi no darbibas jomas ietver veselu virkni atseviSku
uzdevumu. Starp tiem ir klientu apkalposSanas teritorialas organizacijas ekonomiskas
efektivitates krit€riju un rajonos izvietoto uzn€muma struktiirvienibu kapacitasu un
specializacijas virzienu noteikSana, ka arT specializéto struktiirvienibu un galvenas
struktlirvienibas izvietojuma pamatoSanas metodes izstrade. Klientu apkalpoSanas
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teritorialas organizacijas problému izpéte ietver uznémuma regionalas darbibas
attistibas modeléSanu un optimizaciju.

Promocijas darba apliikotais uzn€mums, kur§ sniedz teritoriali sadalitus
pakalpojumus regiona, ir bezpilota lidaparatu uzpémums, bet ta specializétas
struktiirvienibas — mobilas dronu vienibas (MDV), kas var biit izvietotas centralizeti —
viena punkta, kopa ar galveno strukttrvienibu — vai sadalitas pa dazadam atrasanas
vietam attiecigajos apkalpojamas teritorijas rajonos.

Uznp@mumu izvietojuma visparigie teorétiskie, metodiskie un lietiSkie aspekti,
ka arT konkreti uzdevumi, kas saistiti ar pakalpojumu sniegSanas teritoriala sadalijuma
regiona efektivu organizaciju un funkcioné$anu un izv€létajos regiona punktos
pakalpojumus sniedzo$o uznémuma struktirvienibu attistibu un racionalu izvietojumu,
it klasiski regionalas ekonomikas diskrétie uzdevumi, kuru nostadnes un risinasanas
metozu parskats ir atspoguloti teorétiskajos avotos?2L,

Regionalas ekonomikas teorija 2%%,2%% tiek pétiti jautdjumi, kas saistiti ar
uznémumu teritorialo izvietojumu, un risinati $adi uzdevumi:

- aplukoti jautajumi, kur, kad€] un kada saimnieciska darbiba ir izvietota
attiecigajos regiona teritorijas punktos;

- noteikts optimals izvietojums, balstoties uz principa, ka uznémums izvélas
regiona teritorija tadas razotnu atraSanas vietas, kas lauj maksimizet ta pelnu, bet
privatpersonas izvélas tadas pakalpojumu sanemsanas vietas, kas lauj maksimizet no
tiem gistamo labumu.

Sada veida uzdevumu nostadnes balstas uz tehniski ekonomisko objektu vai
raZotnu izvietojuma un attistibas punktu izvéles matematiskajiem modeliem ar
ekonomiska kritérija optimizaciju, kas izskatas sadi:

F(S):Zcﬁzmj?gg—mm
I=

i=S jeJ Scl (1_4)

kur

I ={1,...,i,...,1} — noteikta veida precu razotnu (pakalpojumu sniegSanas vietu)
iesp&jamo izvietojuma punktu uzskaitijums i<,

Ci < 0 — attiecigas precu razosanas izmaksas punkta i;

J={1,..,],...,J} — raZojamo pre¢u pasititaju uzskaitljums;

gij= 0 — precu piegades izmaksas pasiititajiem katra parf ij.

Uzdevuma biitiba ir tada, ka ir jaatrod tada raZotnu kopa Sl 520 , kas laus
ar minimaliem izdevumiem apmierinat visu pasiititaju pieprasijumu, t.i., ltdz minumam
samazinas funkcionali (1.4). Sada nostadné uzdevuma risinasana ir veikta attieciba uz
dazadam razotném un citiem objektiem. Objekti, kuru izvietojums aplukots agrakajas
Sai problematikai veltitajas publikacijas, ir:

- riipniecibas uznémumi??*;

- noliktavas®®®;

221 Mirchandani P., Francis R., Discrete Location Theory, John Wiley & Sons, p.357., 1990, ISBN:
978-0-471-89233-5

222 \Wang Z., Principles of Regional Science (New Frontiers in Regional Science: Asian Perspectives)
p-3, 2017, ISBN 9811053677

223 Benassy-Quere A. and Coeure B., Economic Policy: Theory and Practice, p.7, Oxford University
Press, 2018, ISBN: 0190912103.

224 Krarup J., Pruzan P.M. The simple plant location problem: Survey and synthesis. European Journal
of Operational Research. v12 (1983), pp 36-81., DOI: 10.1016/0377-2217(83)90181-9

225 Khumawala B., An Efficient Branch-Bound Algorithm for the Warehouse Location Problem.
Management Science. v18 (1972), pp 718-731., DOI: 10.1287.
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banku filiales??®;
plasa patérina pre¢u razotnes??

- sadzives pakalpojumu uznémumi ““° u.c.

Sts disciplinas uzdevumi kliist sarezgitaki tad, ja objektu izvietodana ir paklauta
ierobezojumiem un tiek piemé&roti kompleksaki optimizacijas kritériji, un daudzi no
Sadiem uzdevumiem joprojam Vel nav atrisinati. RaZotnu teritoriala izvietojuma
uzdevumu nostadnu parskats ir atspogulots P.B. Miréandani un R.L. Frensisa
publikacija ,,Diskréta izvietojuma teorija”?%°, bet klasiskas §adu uzdevumu risinasanas
metodes — A. Andronova?®, R.A. Brualdi®*, Dz. Nosedala un S.Dz. Raita darbos?.

Janorada, ka sdda veida uzdevumi lidz Sim nav risindti mobilo pakalpojumu
sniegSanas teritoriald sadalijuma un izvietojuma joma, taja skaitd saistiba ar
aeronoveroSanas pakalpojumu sniegSanai izmantojamo mobilo dronu vienibu
izvietojumu. Sads uzdevums pirmoreiz ir izvirzits autora publikacija’®® un péc tam
attistits talak citas autora publikacijas, kas ir pamata §1 promocijas darba 3. nodalai.

7.

228

1. nodalas secinajumi

1. Veicot teoretisko pétijumu par bezpilota lidaparatu uznémumu
komercpakalpojumu sniegSanu, autors ir identific€jis un apkopojis komercialo
aeronoveroSanas pakalpojumu klasific€joSas pazimes un ipaSibas. Viena no $adu
pakalpojumu bitiskakajam pazimém ir lokalums jeb regionalums. Turklat, balstoties
uz bezpilota lidaparatu pakalpojumu izmantoSanas jomam, autors ir noformulgjis ari
aeronoveroSanas pakalpojumu funkcijas.

2. Pirmoreiz ir identific€tas un apkopotas klasific€joSas pazimes, kas piemit
uznémumiem, kuri regiona sniedz aeronovérosanas komercpakalpojumus ar bezpilota
lidaparatu palidzibu, un piedavats §$ada uzn€émuma organizatoriskas struktiiras modelis,
kura pamata ir mobilo dronu vienibu izmantoSanas koncepcija.

3. Ir ierosinats, vadoties péc analogijas ar aviotransportu, regionalo bezpilota
lidaparatu uzn€mumu ekonomiskas darbibas efektivitates raditaju noteikSanu balstit uz
galvenajiem darbibas raditajiem (GDR) uzn@muma galvenajas darbibas jomas (GDJ).

226 Cornuejols G., Fisher M.L., Nemhauser G.L. Location of bank accounts to optimize float.
Management Science. v22 (1977), pp 789-810.

227 Primapyk, A., CoBepIIeHCTBOBAaHHE TEPPUTOPUATLHOM OPraHU3alMK IPOM3BOJCTBA TOBAPOB
HapoaHoro notpebnenus. (Rymaruk A., Improving the territorial organization of the production of
consumer goods, 1984, Kiev) [Elektronisks avots]:
https://www.dissercat.com/content/sovershenstvovanie-territorialnoi-organizatsii-proizvodstva-
tovarov-narodnogo-potrebleniya [Piecjams Jilijs 2018]

228 Panomckwuit, B., CoBepIIEHCTBOBAHIE TEPPUTOPHATHLHOM OPraHU3aliK OBITOBOTO 0OCTYKUBAHHUS
nacenenust (Radomsky V., Improving the territorial organization of public services for the population,
1984, Kiev) [Elektronisks avots]: https://www.dissercat.com/content/sovershenstvovanie-territorialnoi-
organizatsii-bytovogo-obsluzhivaniya-naseleniya [Pieejams Jalijs 2018]

229 Mirchandani P.B., Francis R.L. Discrete Location Theory. John Wiley & Sons, 1990, ISBN: 978-0-
471-89233-5

230 Andronovs A., Transporta sistému optimizacijas metodes. 1. dala. Rigas Tehniska Universitate,
Riga, 2007, ISBN: 9984324931

231 Brualdi R., Introductory combinatorics. 4™ edition. Prentice Hall, New Jersey, 2004, ISBN:
0131001191

232 Nocedal J., Wright S.J. Numerical Optimization. Second Edition. Springer, 2006, Springer, New
York, NY, ISBN: 978-0-387-40065-5

233 Sylima N., On the commercial aspects of exploring drone information technologies and tools for
their optimization. V International Scientific and Practical Proceedings. «The Transformation Process
of Law, The Regional Economy and Economic Police: The Relevant Economic and Political and Legal
Issues». 9 Decembris 2016, Riga, Latvia, Baltic International Academy, pp. 288-297. ISBN 978-9984-
47-143-3.
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Ir veikta attiecigo raditaju detalizacija un ,,piesaiste” p&tamajam objektam — bezpilota
lidaparatu uzn@muma aeronovérosanas pakalpojumu sniegSanai.

4. Ir identific€ti aeronoveérosanas pakalpojumu sagatavoSanas un snieg$anas
posmi atbilstigi to komercialajam lietojumam, un tiek piedavata formula S$adu
pakalpojumu sniegSanai nepiecieSama kopgja laika novertésanai.

5. Ir konstatgts, ka klasisko regionalas ekonomikas diskréto pre¢u razo$anas vai
pakalpojumu sniegSanas teritoriala sadalijuma organizacijas un razotnu atrasanas vietu
izvéles uzdevumu modelus un risinaSanas metodes var adaptet, lai optimiz€tu mobilo
dronu vienibu izvietojumu aeronoveérosanas komercpakalpojumu sniegSanai klientiem
regiona.

Bezpilota lidaparatu komercpakalpojumu sniegSanas teorétisko aspektu izpete
un uzkrata praktiska darba pieredze Saja joma lava autoram izstradat aeronoveroSanas
komercpakalpojumu realizacijas modeli. ST modela pamata ir bezpilota lidaparatu
komercpakalpojumu izmantoSanas jomas, no kuram izriet identificEtas
aeronoveéroSanas funkcijas. Autors ir veltijis IpaSu uzmanibu novérosanas jomai un/vai
posmam un noformul&jis galvenas noveérosanai izvirzamas prasibas: tai jabut aktivai,
mérktiecigai un planveidigai.

2. BEZPILOTA LIDAPARATU KOMERCPAKALPOJUMU EKONOMISKIE
UN TIESISKIE ASPEKTI KOSTARIKA

2.1.  Aeronovérosanas komercpakalpojumu tiesiska reguléjuma teorétiskie
pamati pasaules ekonomika

Lai analiz€tu aeronové€rosanas komercpakalpojumu sniegSanas un attistibas
situaciju Kostarika, vispirms ir nepiecieSams apliikot tiesiskos aspektus, kas ir saistiti
ar $adu pakalpojumu sniegSanu pasaulé. Vairums valstu patlaban saskaras ar bezpilota
lidaparatu izmantoSanas reguléjuma problémam, jo §1 joma lidzigi ka daudzi citi
jaunievedumi ietekmé sabiedrisko drosibu. Visa pasaulé tiek izstradati un ieviesti
noteikumi, lai reglamentétu dronu izmantoSanu dazadu aeronovéro$anas pakalpojumu
sniegSanai un noverstu potencialo bistamibu, ar ko diemz&l nakas saskarties visai biezi.
Ir pienemti dokumenti, kas regule starptautisko sadarbibu aeronov&ro$anas joma.
Pieméram, Helsinku konvencija par Baltijas jiiras regiona jiiras vides aizsardzibu?*, *°
(14. pants, VII pielikuma 7. noteikums) ligumslédz&jas puses vienojas izstradat un
pielietot individualus vai kopigus pasakumus, lai nodro$inatu regularu un efektivu visa
Baltijas jiras regiona novérosanu no gaisa, ka ar attistit un pilnveidot esosas attalinatas
noverosanas sisteémas un koordinét noveérosanas darbibu, kas tiek veikta arpus valstu
teritorialo tdenu robezam, lai atklatu un uzraudzitu naftas un citu kaitigu vielu noplides
jura.

Daudzas valstis ir pienemti likumi un/vai citi normativie akti, kas regulé
bezpilota lidaparatu izmanto$anu komercialos noliikos. Sadu aktu pamatu parasti veido
regul&josi noteikumi, kas veérsti uz lidojumu droSumu un privatuma aizsardzibu un
aizliedz bez 1paSas atlaujas izmantot dronus:

- vairak neka 122 m augstuma;

234 Baltic Marine Environment Protection Commission Helsinki Commission, Convention IWGAS
Aerial surveillance, Helsinki, 2000 [Elektronisks avots]: http://www.helcom.fi/about-us/convention
[Pieejams Jinijs 2018]

25 Cavoukian, A. Privacy and drones: Unmanned aerial vehicles (pp. 1-30). Ontario, Canada:
Information and Privacy Commissioner of Ontario, Canada. 2012. [Elektronisks avots]:
https://www.ipc.on.ca/wp-content/uploads/resources/pbd-drones.pdf [Pieejams Jalijs 2018]
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- mazak neka 5,5 km attaluma no aerodromiem un helikopteru nosésanas

laukumiem;

- mazak neka 30 m attaluma no cilvekiem,;

- mazak neka 150 m attaluma no cilvéku masveida pulc€sanas vietam;

- diennakts tumsaja laika, sliktos laikapstaklos un arpus tiesas redzamibas
Zonas.

Lidzigi ierobezojumi ir noteikti arT Kostarika®®.

Balstoties uz attiecigo publikaciju izpétes237, 238 239 240 241 242 5 )tors 2.1. tabula
ir apkopojis piemérus, kas atspogulo dronu izmantoSanas regulgjuma galvenas
Ipatnibas dazadas valstis.

2.1. tabula
Dronu izmantoSanas reguléjuma piemeéri dazadas valstis
Valsts Galvenie reglamentéjosie noteikumi
ASV 1. Visi droni ir paklauti obligatai registracijai. Registracija tiek veikta

Federalas Aviacijas parvaldes (FAA) timeklvietné. Par neregistréSanu
tiek piemérots sods 27 tukst. ASV dolaru apmera.

2. Dronu lidojumu aizliegums: vairak neka 122 m augstuma; mazak
neka 5 judzu attaluma no lidostam; Josemitu nacionalaja parka.

3. Drona svars nedrikst parsniegt 25 kg.

4. Katra §tata ir speka savi dronu izmantoSanas noteikumi®*3, 244,
Kanada 1. Dronu izmantoSanai p&tnieciskos un komercialos noliikos ir
nepiecieSama atlauja.

2. Drona svars nedrikst parsniegt 25 kg.

3. Jaievéro lidojumu drosibas standarta noteikumi®®.

236 Sulima N., Drones: de la ciencia ficcion a la realidad (Drones: from science fiction to reality),
Nacion, Costa Rica, 2019 [Elektronisks avots]: https://www.nacion.com/somos-celebres/drones-de-la-
ciencia-ficcion-a-la-realidad/XWYDT6HFONFJBKIOLTDICIKVWI/story [Pieejams Jilijs 2019]

237 Federal Aviation Administration, Guidance and Laws Summary Of Small Unmanned Aircraft Rule
(Part 107), USA [Elektronisks avots]: https://www.faa.gov/uas/resources/policy_library [Pieejams
Jiinijs 2018]

238 Federal Institution Transport Canada, Regulations Amending the Canadian Aviation Regulations
(Remotely Piloted Aircraft Systems): SOR/2019-11 [Elektronisks avots]: http://www.gazette.gc.ca/rp-
pr/p2/2019/2019-01-09/html/sor-dors11-eng.html [Pieejams Maijs 2018]

239 EU Comission, Regulation Of The European Parliament And Of The Council, Brussel, 2015
[Elektronisks avots]: http://ec.europa.eu/smart-
requlation/impact/ia_carried_out/docs/ia_2015/swd_2015 0262_en.pdf [Pieejams Jiinijs 2018]

240 | AA Ireland, Irish Aviation Authority Small Unmanned Aircraft(Drones) Order S.I. No. 563,
Dublin, 2015 [Elektronisks avots]: https://www.iaa.ie/general-aviation/drones [Pieejams Junijs 2018]
241 Chandran N., FAA’s new drone laws go into effect Monday, allowing US companies to innovate,
CNBC Tech, 2016 [Elektronisks avots]: http://www.cnbc.com/2016/08/29/faas-new-drone-laws-go-
into-effect-monday-allowing-us-companies-to-innovate.html [Pieejams Oktobris 2017]

242 pennsylvania Department of Transportation, Unmanned Aircraft Systems / Drones licensing and
safety rules [Elektronisks avots]: https://www.penndot.gov/Doing-
Business/Aviation/Licensing%20and%20Safety/Pages/Unmanned-Aircraft-Systems-(Drone)-
Information.aspx [Pieejams Oktobris 2018]

243 Federal Aviation Administration and USA Congress, One Hundred Fifteenth Congress of the United
States of America, Drones operations law H. R. 302, 2018 [Elektronisks avots]:
https://www.congress.gov/115/bills/hr302/BILLS-115hr302enr.pdf [Pieejams Septembris 2018]

244 Federal Aviation Administration, Certificated Remote Pilots including Commercial Operators, 2016
[Elektronisks avots]: https://www.faa.gov/uas/commercial_operators [Pieejams Septembris 2018]

245 Government of Canada, Transport Canada and the Royal Canadian Mounted Police (RCMP), Rules
for drones in Canada 2019 [Elektronisks avots]: https://www.tc.gc.ca/en/services/aviation/drone-
safety/new-rules-drones.html [Pieejams Marts 2019]
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ES 1. Lidz 2015. gadam nebija pienemtas nekadas direktivas, kas nosaka
precizu lidojumu kartibu.

2. 2015. gada beigas Eiropas Parlaments pienéma rezoliciju, kura
galvena uzmaniba ir veltita droSibai un privatuma aizsardzibai
saistiba ar dronu izmantoSanu un noteikta nepiecieSamiba aprikot
dronus ar unikaliem Cipiem, kas ietver pilota identifikacijas un
registracijas datus.

3. Dazas valstis ir speka lokali normativie akti
Austrija 1. Zonas, kuras ir atlauti lidojumi, tiek iedalitas 4 kategorijas.

2. Bez licences drikst veikt lidojumus tikai atklata telpa (daba) un
lauksaimniecibas platibu (fermu) tuvuma.

246

Irija Visiem droniem, kuru masa ir lielaka neka 1 kg, jabit registrétiem Irijas
Aviacijas parvaldé (1AA) 2%
Italija 1. Aizliegts izmantot dronus (nekomercialai film&Sanai, ar masu lidz

25 kg) cilvéku masveida pulcésanas vietas, pilsétas, dzelzcela staciju,
lidostu, militaru objektu, elektrostaciju un valsts varasiestazu tuvuma.
2. Ir atlauti dronu lidojumi atklata, labi parredzama telpa vismaz 150 m
attaluma no pilsétas infrastruktiiras, pastavigi uzturot vizualu kontaktu
ar lidaparatu.

3. Droniem aizliegts pielidot tuvak par 50 m cilvékiem un
privatipaSumam.

4. Film&Sana ir aizliegta 8 km radiusa ap lidostam.

5. Komercialai filmeSanai ir jasanem licence.

Cehija 1. Dronu lidojumi ir aizliegti pilsétas un cilveku pulc€sanas vietas.

2. Dronu, kuru masa neparsniedz 7 kg, lidojumi ir atlauti drosa
attaluma no cilvékiem un bavém.

3. Dronu, kuru masa ir no 7 1idz 20 kg, lidojumi ir atlauti vismaz

150 m attaluma no cilvékiem un biivém.

Latvija Droniem jabiit markétiem (mark&uma jaieklauj ipasnieka vards,
uzvards vai uznémuma nosaukums, adrese un talruna numurs), bet
pilotiem javalka specials apgerbs.

Nav atlauts veikt lidojumus virs ieslodzijuma vietam, militariem
objektiem, Latvijas Bankas, Valsts policijas, Arlietu ministrijas,
Saeimas un valdibas €kam.

Lidojuma maksimalais augstums ir ierobezots Iidz 120 m, bet attalums
l11dz operatoram — lidz 500 m. Dronu lidojumi ir atlauti tikai diennakts
gaisaja laika. Droni, kuru masa parsniedz 1,5 kg, nedrikst lidot virs
dzivojamajam ekam.

Bez attiecigo objektu Tpasnieku vai parvalditaju atlaujas nav atlauts
fotograféet un filmét: autocelus un dzelzcelus; pilsetu ielas;
elektroparvades linijas; gazes kratuves un citus gazapgades
infrastrukttiras objektus; valsts aizsardziba esosus objektus; tehniskos
navigacijas un sakaru lidzeklus; razoSanas objektus, kuros pastav
palielinats tehnologisko avariju risks, u.c.

246 EASA, European Union Aviation Safety Agency, Introduction of a regulatory framework for the
operation of drones NPA 2017-05 [Elektronisks avots]: https://www.easa.europa.eu/document-
library/notices-of-proposed-amendment/npa-2017-05 [Pieejams Marts 2018]

247 Irish Aviation Authority, Small Unmanned Aircraft (Drones) And Rockets Order S.1. No. 563 of
2015 [Elektronisks avots]: https://www.iaa.ie/docs/default-source/publications/legislation/statutory-
instruments-(orders)/small-unmanned-aircraft-(drones)-and-rockets-order-s-i-563-of-
2015.pdf?sfvrsn=26f50bf3_8 [Pieejams Marts 2018]
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Ar pilnu noteikumu sarakstu var iepazities timek]vietné likumi.lv2 un

Igs.lv 2%, savukart noteikumu skaidrojums ir atrodams regulas?° un 2°,
252 253 254 255

Apvienota | Lai izmantotu dronus komercialos noliikos, to operatoriem ir jasanem
Karaliste | lidojumu atlauja no Civilas aviacijas parvaldes (CAA).

Ir paredz&ti nosacijumi, pie kadiem droniem ar masu lidz 20 kg nav
nepiecieSama atseviska registracija un licences sanemsana:

— drons ir jalieto tikai tiesas redzamibas radiusa.

Tiesas redzamibas radiuss gaisa telpa tiek noteikts S$adi: 500 m
(1640 pedu) horizontali vai 122 m (400 p&du) vertikali.

Droniem, kas ir aprikoti ar fotokameram vai videokameram, jaatrodas
vismaz 50 m (164 p&du) attaluma no cilvékiem, automasinam, ekam
vai jebkadam citam baveém.

Privatos noliikos dronus nedrikst izmantot tuvak ka 150 m attaluma no
cilveku pulcésanas, pieméram, sporta pasakumu vai koncertu norises,
vietam?®®,

Australija | 1. Visi dronu lidojumi, kas tiek veikti komercialos noltukos, ir
jaregistre.

2. Ja drona masa neparsniedz 2 kg un lidojumi tiek veikti privatos
(valasprieka vai izklaides) nolikos, papildu registracija nav
nepiecie$ama, tacu ir speka virkne obligatu noteikumu, kas cita starpa
paredz, ka lidojumus nedrikst veikt:

1.1. mazak neka 30 m attaluma no transportlidzekliem, peldlidzekliem
un privatipasuma esosam &kam bez to Ipasnieka pickrisanas;

1.2. virs apdzivotam vietam un cilvéku pulc€Sanas teritorijam,
pieméram, publiskajam pludmalém, citu personu pagalmiem vai
zemesgabaliem, parkiem un sabiedriskajam atpiitas zonam, sporta
pasakumiem un rotalu laukumiem;

248 Valsts Aentura Civilas aviacijas agentura, Bezpilota gaisa kugu normativais regulejums, Latvia
[Elektronisks avots]: https://uas.caa.lv/normativais-regulejums [Pieejams Marts 2019]

249 1 atvijas Gaisa Satiksme, Aizliegtas, IerobeZotu Lidojumu Un Bistamas Zonas (Prohibited,
Restricted Flight And Danger Zones), 2019 [Elektronisks avots]:
https://ais.lgs.lv/eAlPfiles/2019_007_07-NOV-2019/data/2019-11-07-AIRAC/html/eAIP/EV-ENR-
5.1-lv-LV.html [Pieejams Novembris 2019]

250 Bezpilota gaisa kugu un cita veida lidaparatu lidojumu vai parvietosanas piespiedu partrauk3ana
[Elektronisks avots]: https://likumi.lv/ta/id/57659-par-aviaciju#p47 [Pieejams Februaris 2019]

51 Ministru kabineta noteikumi Nr. 368, Kartiba, kada veicami bezpilota gaisa kugu un tadu cita veida
lidaparatu lidojumi, kuri nav kvalific§jami ka gaisa kugi, 2019 [Elektronisks avots]:
https:/likumi.lv/ta/id/308732 [Pieejams Decembris 2018]

22 Firopas Savienibas Oficialais V@stnesis, Eiropas Parlamenta un Padomes regula (ES) Nr.2018/1139
[Elektronisks avots]: https://eur-lex.europa.eu/legal-content/L V/TXT/?2uri=CELEX:32018R1139
[Pieejams Septembris 2018]

253 VAS Elektroniskie Sakari, Radiofrekven¢u un numeracijas parvalditajs Latvija, RPAS (Droni),
Frekvencu joslas, ko Latvija var izmantot Talvadibas gaisa kugu darbiba, bez individualas atlaujas
sanemsanas VAS ES [Elektronisks avots]: https://www.vases.Iv/Iv/content/rpas-droni [Pieejams
Septembris 2018]

254 Ministru kabineta noteikumi Nr.496, Kritiskas infrastruktiiras, taja skaitd Eiropas kritiskas
infrastruktiiras, apzinasanas un drosibas pasakumu planoSanas un istenoSanas kartiba, 2010
[Elektronisks avots]: https://likumi.lv/ta/id/212031 [Pieejams Septembris 2018]

25 Datu Valsts Inspekcija, Publiskais gada parskats, 2016 [Elektronisks avots]:
https://www.dvi.gov.Iv/lv/iwp-content/uploads/Gada_parskats_publiskais_2016_FINAL.pdf [Pieejams
Septembris 2018]

256 United Kingdom Civil Aviation Authority, Guidance on the safety rules that apply when flying
unmanned and model aircraft, 2018 [Elektronisks avots]: https://www.caa.co.uk/Consumers/Model-
aircraft-and-drones/Flying-drones/?flip=true [Pieejams Novembris 2018]
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1.3. tuvak neka 5,5 km radiusa pie jebkadiem aerodromiem, lidostam,
helikopteru pacelSanas un nosé€Sanas zonam, kas var atrasties
slimnicas, pie policijas iecirkniem un citas vietas un nav uzreiz vizuali
konstat€jamas. Nosacijumu ieveros$ana pilotam janodroS$ina uz savu
atbildibu lidojuma planoSanas ietvaros;

1.4. diennakts tumsaja laika, sliktos laikapstaklos un arpus tiesas
redzamibas zonas;

1.5. augstuma, kas parsniedz 123 m (400 p&das
Taizeme | Ar kamerdm aprikotu dronu lidojumi ir aizliegti bez registracijas >®.
Avots: sastadijis autors, balstoties uz ieprieks minétajam publikacijam

) 257.

Japiebilst, ka, ta ka valstu tiesibu akti bezpilota lidaparatu izmantoSanas joma
pedgja laika ievérojami mainas, 1.3. tabula redzamais parskats sniedz priekSstatu par
reguléjumu laikposma lidz 2017. gadam un var tikt izmantots tikai p&tamas témas
atspogulojuma ietvaros.

2.1.1. Aeronovérosanas komercpakalpojumu snieg$anas tiesiska reguléjuma
teorétiskie pamati Kostarika

Kostarika dronu izmantoSanas tiesiskais reguléjums patlaban atrodas
veidoSanas procesa. Civilas aviacijas likums un ta noteikumi neparedz ierobeZojumus
attieciba uz droniem. Tadel valsti nepastav juridisks aizliegums saistiba ar to
izmantosanu vai prasiba ievérot attiecigus likumu noteikumus?®,2°. Tagu vienlaikus
dronu ekspluatacijai tiek piemeroti Civilas aviacijas likuma un Civilkodeksa
nosacijumi, kas regulé civiltiesisko atbildibu un kriminalatbildibu par kait€juma
nodariSanu, aizliedz izmantot videoieraksta aprikojumu apvienojuma ar sejas vai
biometrisko datu atpaziSanas tehnologijam, nemot véra personas datu aizsardzibas u.c.
prasibas. Saja sakara Kostarikas Civilas aviacijas generaldirekcija (DGAC) ir
pazinojusi, ka uz droniem var attiekties aviacijas atbildibas apdroS$inasana vai vispariga
atbildiba aeronovéroSanas pakalpojumu joma, tacu pagaidam nekadi reglamentgjosi
risindjumi §im jautagjumam nav rasti?®.

Uzn@mumiem un fiziskajam personam, kas Kostarika v€las izmantot dronus
komercialos noliikos?®%:

- jaregistre attiecigais uznémejdarbibas veids ikgadgjas licences sanemsanai,

- jasamaksa gada licences nodeva 1874 USD apmeéra, lai sanemtu atlauju
ekspluatét dronus, kuru skaits netiek ierobezots;

257 Australian Government, Civil Aviation Safety Authority, Drones safety rules, 2018 [Elektronisks
avots]: https://www.casa.gov.au/drones/rules/drone-safety-rules [Pieejams Septembris 2018]

258 Civil Aviation Authority of Thailand, Remotely Piloted Aircraft (RPA) Regulation, 2017
[Elektronisks avots]: https://www.caat.or.th/en/archives/27220 [Pieejams Septembris 2018]

259 Paris, M., Consideraciones legales sobre el uso de drones, Bonafide Costa rica, 2014 (Paris M.,
Legal considerations on the use of drones) [Elektronisks avots]: http://bonafide.cr/consideraciones-
legales-sobre-el-uso-de-drones [Pieejams Julijs 2018]

260 Gonzalez 1., Que vienen los drones (Drones are coming), ECIJA Costa Rica, 2016 [Elektronisks
avots]: https://ecija.com/sala-de-prensa/vienen-los-drones [Pieejams Aprilis 2018]

261 [Elektronisks avots]: https://www.dronejobs.org/drone-laws-in-costa-rica,
https://uavsystemsinternational.com/drone-laws-by-country/costa-rica-drone-laws [Pieejams Maijs
2018]

%2 DGAC Direccion General de Aviacion Civil, Seguros para drones atn no estan definidos (DGAC,
Drone insurance not yet defined), Costa Rica 2016, [Elektronisks avots]:
http://www.laprensalibre.cr/Noticias/detalle/40573/390/seguros-para-drones-aun-no-estan-definidos
[Pieejams Marts 2018]
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- jaiegadajas licence katram drona pilotam (94 USD). Pilotiem reizi divos
gados javeic atestacija;

- jaizmanto tikai tadi droni, kuru masa neparsniedz 25 kg un kuru atrums nav
lielaks par 160 km/h.

Lai sanemtu licenci, ir jaapgust kurss, kas sastav no 40 stundu teorétiskas
apmacibas un 10 stundu praktiskajam nodarbibam (lidojumiem) un ko var apgiit DGAC
akreditetas skolas. Par lidojumiem, kas tiek veikti bez dronu komercialas izmantoSanas
atlaujas, var tikt piemérots sods 1idz pat 16 tikst. ASV dolaru apmera.

Galvenie normativi tiesiskie ierobezojumi, kas attiecas uz droniem un to
ekspluataciju komercialos noliikos, Kostarika pirmoreiz tika noteikti DGAC
normativaja akta, un to saturs pamata ir §ads?%:

1. aizliegts vadit / veikt lidojumus slégtas vai ierobezojumiem paklautas gaisa
telpas zonas, ja vien nav sanemta Ipasa atlauja, ko izsniedz DGAC. Ierobezojumiem
paklautas zonas ir defingtas 1paSos noteikumus, un starp tam ir Prezidenta pils, valsts
robezas, lidostas, cietums La Reforma, vulkans Arenals, Lapalmas Saurums,
strategiskie objekti u.c.;

2. aizliegts vadit / veikt lidojumus nekontrolgjama gaisa telpa, ja vien nav
sanemta Tpasa atlauja no DGAC;

3. aizliegts vadit / veikt lidojumus 8 km radiusa ap lidostam (Daniela Odubera
starptautiskas lidostas, Tobiasa Bolanjo starptautiskas lidostas, Huana Santamarijas
starptautiskas lidostas, Limonas starptautiskas lidostas), jo tie var radit trauc€jumus
gaisa kugu pacel$anas un nolaisanas laika, ja vien nav sanemta ipasa atlauja no DGAC;

4. aizliegts izmantot dronus tik tuvu citiem gaisa kugiem, ka rodas riski un
sadursmju bistamiba;

5. aizliegts veikt dronu lidojumus vairak neka 120 m augstuma virs zemes
nekontrolgjama gaisa telpa. Lidojumiem, kuru augstums parsniedz 120 m ir
nepiecieSama DGAC atlauja;

6. dronus drikst izmantot tikai diennakts gaiSaja laika un tados laikapstaklos,
kas nodros$ina pienacigu redzamibu, uzturot pastavigu vizualo kontaktu ar lidaparatu. Ir
noteikts, ka diennakts gaiSais laiks sakas 30 miniites pirms oficiali noteikta saullekta
laika un beidzas 30 mintites p&c oficiali noteikta saulrieta laika. Lidojumiem diennakts
tumsaja laika un sliktas redzamibas apstaklos ir jasanem 1pasa atlauja no DGAC;

7. dronu lidojumi ir atlauti tikai apvidos arpus aglomeraciju, lielu pilsetu,
ciematu teritorijam un cilvéku pulc@Sanas vietu robezam, ja vien nav sanemta Tpasa
atlauja no DGAC.

Ir aizliegts art veikt lidojumus mazak neka 10 m attaluma no majam un citam
buvém, veikt privatipasuma fotografésanu un filmésanu bez ipasnieka atlaujas u.c.

Ieprieks uzskaititie ierobezojumi ir atspoguloti autora intervija timekla
izdevumam?®*,

2016. gada janvari Kostarikas uznémums GoPato, kurs specializéjas dazadu
sutijumu (partikas produktu, dokumentu u.c.) piegades joma, test&ja piegadi ar dronu

palidzibu®®.

263 DGAC Direccion General de Aviacion Civil, Restricciones y limitacciones de operacion para
vehipara vehiculos aéreos no tripudalos (DGAC, Restrictions and operating limitations for vehicles for
unmanned aerial vehicles), Costa Rica, 2017. [Elektronisks avots]:
http://www.dgac.go.cr/Aeronaves%20n0%20Tripuladas/cc05_15%200pr%20drones%20AIC.pdf
[Pieejams Maijs 2019]

264 Alvarado R., Conversamos con el especialista N. Sulima, Gerente de la empresa Justy Drone.
(Interview with specialist N. Sulima), Costa Rica 2019 https://www.nacion.com/somos-
celebres/drones-de-la-ciencia [Pieejams Julijs 2019]

265 Madrigal C., Gobierno: Entrega de paquetes con drones (Madrigal C., Government: Delivery of
packages with drones), Costa Rica 2017. [Elektronisks avots]:
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Janorada, ka pastav ari virkne papildu rekomendaciju, peéc kuram javadas,
komercialos noliikos ekspluat&jot dronus Kostarika, kaut art dazas no tam nav izdotas
normativo aktu veida.

Droniem ir jabut pieejamiem DGAC un citam pilnvarotajam valsts un
pasvaldibas institlicijam p&c to pieprasijuma, lai veiktu parbaudi un testeSanu.
Uznémumam ir javar uzradit ar dronu komercialo izmantoSanu saistitos ierakstus, kas
obligati jaglaba.

Pilotam ir pienakums:

- vienmer nésat I1dzi attiecigos atlauju dokumentus;

- pirms lidojuma parliecinaties, ka drons ir absoliiti dross, un $aja noluka
padzilinati parbaudit visas ta sisttmas un komunikacijas savienojumus starp dronu un
vadibas staciju;

- janoticis negadijums, nekavgjoties zinot par jebkadam nopietnam traumam
vai bojajumiem, ko izraisijis drons;

- vienlaikus stradat ar ne vairak ka vienu dronu, uznemoties pilnu atbildibu
§1 nosacijuma parkapuma gadijuma;

- neveikt nekadas neuzmanigas vai pargalvigas darbibas.

Dronus nav atlauts izmantot26®, 267:

- aizliegtajas zonas, ierobeZotas piekluves zonas, bridinajuma zonas, militaru
vai policijas operaciju istenoSanas zonas, kontrol€jamas apSaudes zonas;

- ar piestiprinatiem Saujamierofiem, citiem ierofiem vai bistamiem
materialiem;

- no kustiba esoSiem transportlidzekliem, iznemot gadijumus, kad tie atrodas
mazapdzivotos apvidos;
zvejas vajadzibam (medibas visa Kostarikas teritorija ir aizliegtas);

- virs mezu ugunsgréku un citam bistamam zonam;

- personam, kuras nav sasniegusas 16 gadu vecumu;

- personam, kuras atrodas narkotisko vielu vai alkohola reibuma, ka art
personam ar ierobezotam fiziskajam vai garigajam sp&jam.

Lai varétu sanemt ipasas atlaujas, DGAC pieprasa operatoriem iesniegt
rakstveida atskaites par dronu parametriem, izmantoSanas mérkiem, atraSanas vietu un
darba veikSanas laiku, ka ari pilnigus atlaujas pieprasitaja datus 2%,

Ka noradits 2.1. sadala, visu valstu tiesiskais reguléjums strauji mainas, jo
likumdoSanas procesa tieck nemtas véra arvien jaunas problémas un starpgadijumi

https://www.laprensalibre.cr/Noticias/detalle/100467/gobierno:-entrega-de-paquetes-con-drones
[Pieejams Marts 2019]

266 Murphy M., The US commercial drone industry is finally governed by real rules, Quartz, USA,
2016 [Elektronisks avots]: https://qz.com/712466/the-us-commercial-drone-industry-is-finally-
governed-by-real-rules [Pieejams Aprilis 2018]

%67 Martinez K., Details of Legislation In Drone Regulation, Dronethusiast USA, 2016 [Elektronisks
avots]: http://www.dronethusiast.com/drone-regulation-updates [Pieejams Septembris 2018]

%68 DGAC Direccion General de Aviacion Civil, Formal Application And Legal Declaration for
operator RPAS Remote piloted Aircraft Systems, Costa Rica, 2018 [Elektronisks avots]:
http://www.dgac.go.cr/wp-content/uploads/2018/06/Ap--ndice-Al-DO-RPAS-Solicitud-Formal-
Operaciones-Comerciales.docx [Pieejams Septembris 2018]
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saistitba ar dronu lietoSanu. Centralamerikas un Latinamerikas valstis $aja joma
orient€jas galvenokart p&c normativi tiesiska reguléjuma ASV269 210 211 272 1273

2018. gada Kostarika tika pienemts likums ,,RPAS darbibas dirckiivas” 27* , kas
nozimigi papildina iepriek§ minéto DGAC normativo aktu un regulé hcencesanu
aeronoveéroSanas pakalpojumu sniegSanas joma.

2.2.  Kostarikas ekonomiski geografiska analize bezpilota lidaparatu
izmantoSanas konteksta

Lai sasniegtu izvirzito promocijas darba mérki, ir nepiecieSams analizét vidi,
kura notiek dronu izmantoSana aeronov€roSanas komercpakalpojumu sniegSanai
regionala liment un kuru, péc autora domam, nosaka:

- geografiskie apstakli,

- valsts teritorijas administrativais iedalijums un iedzivotaju sadalijums taja;

- klimata apstakli valsts regionos;

- iedzivotaji, to mentalitate un pirktsp&jas Iimenis®"

- arkartas notikumi un dabas paradibas valst;

- normativie akti, kas ierobezo dronu komercialo izmantoSanu.

Uzskaititajiem vides faktoriem ir biitiska ietekme uz BPLA uzn€muma darbibas
ekonomiskajiem raditajiem. Tadel ir svarigi aplukot tuvak dazadus Sis ietekmes
aspektus.

Valsts geografiskos apstaklus nosaka tas atraSanas vieta. Kostarika atrodas
Centralamerika. Ziemelos ta robezojas ar Nikaragvu, dienvidos — ar Panamu, rietumos
—ar Kluso okeanu un austrumos — ar Karibu jiiru. Kostarika ir neliela valsts ar teritorijas
garumu tikai 460 km un platumu — 260 km, un tas $kérso$ana ar automasinu prasa tikai
pusi dienas.

Valsti valda liela tropu dabas daudzveidiba. Gandriz 25 % valsts teritorijas
aiznem nacionalie parki (kopuma 26) un rezervati (kopuma 74) ar tropu meziem un
eksotisku dzivnieku pasauli.

Lai neraditu bojajumus izmantojamajiem droniem vai tos vienkarsi
nenozaud€tu, aeronovérosanas pakalpojumu sniegSanai pilsétvidé un kalnainos vai
mezainos apvidos, ir nepiecieSama atbilstiga BPLA uznémumu personala kvalifikacija.

269 Federal Aviation Administration, Drones in America Rules for drones registration [Elektronisks
avots]: https://www.faa.gov/uas/getting_started/register_drone [Pieejams Septembris 2018]

270 Federal Aviation Administration, Summary Of Small Unmanned Aircraft Rule, Washington, DC
20591, 2016 [Elektronisks avots]: https://www.faa.gov/uas/media/Part_107_Summary.pdf [Pieejams
Septembris 2018]

271 Nyshka C., FAA’s new drone laws go into effect Monday, allowing US companies to innovate,
CNBC Tech, 2016 [Elektronisks avots]: http://www.cnbc.com/2016/08/29/faas-new-drone-laws-go-
into-effect-monday-allowing-us-companies-to-innovate.html [Pieejams Aprilis 2017]

272 Murphy M., The US commercial drone industry is finally governed by real rules, Quartz, USA,
2016 [Elektronisks avots]: https://qz.com/712466/the-us-commercial-drone-industry-is-finally-
governed-by-real-rules [Pieejams Maijs 2018]

273 Rupprecht J., Drones: Their Many Civilian Uses and the U.S. Laws Surrounding Them, 2" edition,
CreateSpace Independent Publishing Platform, 142 p., 2015, ISBN: 1502805529

214 DGAC Direccion General de Aviacion Civil, Directiva operacional D0-001-OPS-RPAS, (DGAC,
Operational Directive D0-001-OPS-RPAS), Costa Rica, 2017 [Elektronisks avots]:
http://www.dgac.go.cr/wp-content/uploads/2018/06/DIRECTIVA-OPERACIONAL-RPAS-EDICION-
1.pdf [Pieejams Jiinijs 2018]

275 Instituto Nacional de Estadisticas, Indice de Precios al Consumidor: Comportamiento de los precios
en el 2018 (Consumer Price Index: Price Behavior in 2018), Costa Rica, 2018 [Electronic source]:
http://inec.cr/sites/default/files/documetos-biblioteca-virtual/aneconomipc2018.pdf [Available May
2019]
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Kostarika atrodas tropu klimata josla®’®. Piekrastes regiona karstuma iedarbibu
mazina okeana tuvums, un ta klimats nodrosina dzivoSanai komfortablakos apstaklus
ar gada vidgjas temperatiiras diapazonu no 17,8 1idz 26,8 °C. Lietainas dienas vidgja
gaisa temperatira ir no 19 °C (no decembra Iidz februarim) lidz 22 °C (augusta).
Skaidrs laiks bez makoniem gada ir vidgji 28,2 % dienu. No decembra lidz aprilim
valsts rietumdala un Centralaja ieleja nokrisnu praktiski nav, un Iidz ar to §is teritorijas
ir ideali piemeérotas aeronovéerosanas pakalpojumu sniegsanai, savukart septembris un
oktobris ir vislietainakie ménesi ar stipru ve€ju un pat orkaniem. Karibu jiiras piekrasté
sausa sezona ir februari, marta, septembrt un oktobr, bet lietaina — no novembra Iidz
janvarim un no aprila lidz augustam. Kad no Karibu juras puses nak vétras un lietus,
Klusa okeana piekraste var buit pilnigs bezvejs. Tadgjadi, neskatoties uz teritorijas
nelielajiem izmériem, sausa un lietaina sezona valsts rietumu un centralaja dala ir
pavisam cita laika neka tas austrumdala.

Kostariku veido 7 provinces (2.1. att.): Alahuela (1), Kartago (2), Gvanakaste
(3), Eredija (4), Limona (5), Puntarenasa (6) un Sanhosg (7), kas vienlaikus ir arT valsts
galvaspilséta. Provinces (spanu val. provincia) tiek iedalitas kantonos (kuru kopgjais
skaits ir 81), kas savukart sastav no apvidiem jeb rajoniem (spanu val. distrito).

Valsts iedzivotaju skaits ir 4,95 milj. cilvéku un pastavigi palielinas (2.2. att.).

Informacija par provin€u administrativajiem centriem, iedzivotaju skaitu,
platibu, ka ar attiecigo Ipatsvaru kopg€ja iedzivotaju skaitd un platiba ir apkopota
2.1. tabula.

2.1. attels. Kostarikas administrativais iedalijums provinces
(avots: tieSsaistes avots?’’)

276 Sarouhan T., Costa Rican Weather statistics averages, Costa Rica, 2018 [Elektronisks avots]:
https://www.govisitcostarica.com/travellnfo/climate.asp [Pieejams Maijs 2018]

277 Lorena M., Costa Rican Province Map, Costa Rica, 2018 [Elektronisks avots]:
https://www.costarica.org/facts/maps [Pieejams Maijs 2018]
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2.2. attels. Kostarikas iedzivotaju skaita picauguma diagramma
(avots: tieSsaistes avots?'8, 279 280 281y

Ka redzams diagramma, iedzivotaju skaits Kostarika gadu no gada palielinas —
2010. gada tas bija 4,35 milj., bet 2017. gada jau sasniedza 5 milj.
Turpmakaja dala tiks tuvak apliikoti Kostarikas regioni jeb provinces (2.2. tab.).

2.2. tabula
Kostarikas provin¢u visparigs raksturojums
Iedzivotaj Iedzivptﬁj u Platiba
. Administrati . skaita Platiba S

Nr. Province . u skaits - n | =
vais centrs (cilv.) Ipatsvars (km?) | 1patsva
' (%) rs (%)
1. | Alahuela Alahuela 975.000 19,94 9758 19,1
2. Kartago Kartago 525.700 10,75 3125 6,12
3. Gvanakaste | Liberija 371.400 7,59 10.141 19,84
4. | Eredija Eredija 497.800 10,18 2657 5,20
5. Limona Limona 439.000 8,98 9189 17,98
6. | Puntarenasa | Puntarenasa 474.300 9,7| 11.265 22,04
7. Sanhosé Sanhosé 1.607.200 32,86 4965 9,72
Kopa: Kostarika 4.890.400 100 | 51.100 100

Avots: izstradajis autors, balstoties uz [Elektronisks avots]: 282

278 Trading Economics, Costa Rican population staistics, 2018 [Elektronisks avots]:
http://www.tradingeconomics.com/costa-rica/population [Pieejams Janvaris 2018]

279 |nstituto Nacional de Estadistica y Censos, Cosa Rica en Cifras (Costa Rica in Figures) Costa Rica,
2019, ISSN: 2215-5422 [Elektronisks avots]: http://inec.cr/sites/default/files/documetos-biblioteca-
virtual/recostaricaencifras2018.pdf [Pieejams Janvaris 2018]

280 Central Intelligence Agency, CIA, Factbook Costa Rica, USA, 2018 [Elektronisks avots]:
https://www.cia.gov/library/publications/the-world-factbook/geos/cs.html [Pieejams Aprilis 2018]
281 Miller T. Ecopnomy Freedom, Costa Rica rating, USA, 2018 [Elektronisks avots]:
http://www.heritage.org/index/country/costarica [Pieejams Septembris 2018]

282 Brinkhoff T. Population of Costa Rica rating, Germany, 2018 [Elektronisks avots]:
https://www.citypopulation.de/CostaRica-UA.html [Pieejams Oktobris 2018]
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Janorada, ka vairums valsts iedzivotaju (vairak neka 50 %) mitinas Centralaja
plato (valsts augligakaja apvidi) — Sanhosé un Alahuelas provincés, kas ,,genere”
lielako dalu aeronovéro$anas pasiitijumu, ko veido gan privatie pasiitijumi saistiba ar
dazadu pasakumu apkalposanu, gan dazadi ripniecibas un lauksaimniecibas
uznémumu pasutijumi.

Valsts iedzivotaju etniskais sastavs ir §ads: eiropeidi (ieskaitot metisus) — 94 %,
afroamerikani — 3 %, indiani (pamatiedzivotaji) — 1 %, kiniesi — 1 %, citi — 1 %.

Dazi no Kostarikas iedzivotajiem svarigakajiem svetkiem ir apkopoti
2.3. tabula.

2.3. tabula
Svarigako valsts svetku uzskaitijums
Datums Nosaukums latvieSu | Vietéjais Piezimes
valoda nosaukums
1. janvaris Jaungada diena Ao Nuevo
Marta pedgja | Zala ceturtdiena Jueves Santo Datums mainas
nedéla — Liela piektdiena Viernes Santo Datums mainas
aprilis Lieldienas Domingo de Datums mainas
Resurreccion
1. maijs Darba svétki Dia del Trabajador
2. augusts Engelu Jaunavas Dia de la Virgen de | Tiek atziméta par
diena los Angeles godu Kostarikas
aizbildnei
15. augusts Mates diena Dia de la Madre
24. augusts Nacionalo parku Dia de los Parques Tiek atzZimé&ta
diena Nacionales kops$ 1986. gada
15. septembris | Neatkaribas diena Dia de la Tiek atzimé&ta
Independencia kops 1821. gada
12. oktobris Kolumba diena Dia del encuentro de
(Kulttru diena) las Culturas

Avots: sastadijis autors, balstoties uz 2

Mingtajas svétku dienas palielinas pieprasijjums péc aeronoveérosanas
pakalpojumiem dazadu pasakumu laika.

Arkartas situacijas, pieméram, vulkanu izvirdumi, orkanu nodariti postijumi,
lietavu izraisiti zemes noslidéjumi u.c., apdzivotos apvidos rada nepiecieSamibu péc
informacijas sniegSanas tieSsaiste, lai var€tu novertét postijumu apmérus un istenot
reaggésanas pasakumus. So iemeslu d&l valsti arvien izplatitaka kliist aeronovérosana ar
dronu palidzibu. Parasti to veic specializetas attiecigo valsts un pasvaldibu institiiciju
struktiirvienibas. TaCu noteiktos gadijumus (pieméram, ja  attiecigajam
struktiirvienibam nepietiek noveroSanas resursu) var tikt piesaistiti ari BPLA
komercuznémumi, balstoties uz pagaidu pasiitijumiem vai ilgtermina ligumattiecibam.

Dronu komercpakalpojumus izmantojosSo Kostarikas tautsaimniecibas nozaru
novertéjums

Lai analizétu komercpakalpojumu izmantosanu Kostarika, ir janoverté tas
tautsaimniecibas nozaru struktiira, kas sadalijuma pé&c to Tpatsvara iekSzemes

283 US Embassy in Costa Rica, 2018 [Elektronisks avots]: https://cr.usembassy.gov/es/holiday-
calendar-es/ [Pieejams Oktobris 2018]
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kopprodukta (IKP) ir atspogulota 2.3. att€la redzamaja diagramma. Kopgjais IKP
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2.3. attéls. Kostarikas tautsaimniecibas nozaru ipatsvars IKP (%), 2017. gads
(avots: izstradajis autors, balstoties uz [Elektronisks avots]: 28

Diagramma tirdzniecibas un transporta pakalpojumi tiek apliikoti atseviski no
kop€jas pakalpojumu nozares. Konkurétspgjas zina Kostarika ienem ceturto vietu starp
Dienvidamerikas un Centralamerikas valstim, ieglistot reitingu ,,augsts konkurétsp€jas
limenis ar labiem infrastruktiras, tehnologiju un makroekonomiskas stabilitates un
attistibas raditajiem” %', Arvalstu investorus piesaista politiska stabilitate valsti un tas
iedzivotaju augstais izglitibas Iimenis (I1idz 98 %)28.

Lielakais ipatsvars valsts IKP ir pakalpojumu nozarei, turklat §is patsvars ar
katru gadu pieaug.

Tarismam ka pakalpojumu nozares sastavdalai ir nozimigs ieguldijums valsts
valiita ien@mumu palielinaSana. Valsts ir izslaveta ar vienu no pasaulé skaistakajam
pludmalém, kuras kopg€jais garums ir aptuveni 1200 km. Pludmales lielaka dala atrodas
valsts rietumdala (Gvanakastes un Puntarenasas provinc€s). Miisdieniga rekreacijas,
ekologiska un ekskursiju tlirisma infrastruktiira piesaista lielu skaitu taristu (vairak
neka 4,6 milj. gada) 2%, Galveno plismu veido tiristi no ASV, Kanadas un

284 Trading Economics, Costa Rican GDP staistics, 2018 [Elektronisks avots]:
http://www.tradingeconomics.com/costa-rica/gdp [Pieejams Oktobris 2018]

285 OCDE, Organizacion para la Cooperacién y el Desarrollo Econémicos, Estudios Econdémicos de la
OCDE: Costa Rica, (OECD Economic Studies: Costa Rica), 2018 [Elektronisks avots]:
http://www.oecd.org/economy/surveys/Costa-Rica-2018- Estudios-Economicos-de-la-OCDE. pdf
[Pieejams Oktobris 2018]

288 Central Intelligence Agency CIA, Factbook Costa Rica, USA, 2018 [Elektronisks avots]:
https://www.cia.gov/library/publications/the-world-factbook/geos/cs.html [Pieejams Marts 2018]

287 La Cémara de Tecnologias de Informacion y Comunicacién, Costa Rica Occupies The Fourth Place
In Ranking Of Competitiveness Latin American (The Chamber of Information and Communication
Technologies, Costa Rica Occupies The Fourth Place In Ranking Of Competitiveness Latin American),
2018 [Elektronisks avots]: http://www.camtic.org/actualidad-tic/costa-rica-ocupa-el-cuarto-lugar-en-
ranking-de-competitividad-latinoamericano [Pieejams Septembris 2018]

288 Instituto Nacional de Estadistica y Censos, Cosa Rica en Cifras (Costa Rica in Figures) Costa Rica,
2019, ISSN: 2215-5422 [Elektronisks avots]: http://countrymeters.info/en/Costa_Rica [Pieejams
Janvaris 2018]

289 Cascante, S., Con drones llevaran medicamentos a poblados indigenas (Cascante, Sh. With drones
they will take medicines to indigenous villages), Dcanso de la prensa nacional, 2016 [Elektronisks
avots]: http://www.laprensalibre.cr/Noticias/detalle/84301/con-drones-llevaran-medicamentos-a-
poblados-indigenas [Pieejams Marts 2018]
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Rietumeiropas valstim, kuri arT ir aeronovéroSanas pakalpojumu klienti, kas pasiitu
grupu videoierakstus tiirisma marsrutos. Celojumu un tiirisma konkurétspéjas indeksa
(TTCI) zina Kostarika ienem vienu no pirmajam vietam starp Latinamerikas valstim.
Pakalpojumu 1patsvars IKP (vienlaikus ar tirisma, tirdzniecibas un transporta
Ipatsvaru) pastavigi palielinas.

Valsti ir sakta valdibas finanséta pétijumu izstrade par dronu izmantoSanu
tautsaimnieciba. Ta ietvaros Lauksaimniecibas masinbuves skola un Elektrotehnikas
skola ir apvienojusas centienus, lai izstradatu projektu par augsnes erozijas novertésanu
lauksaimniecibas zemju platibu saglabasanas noliika, izmantojot automatiz&tas
monitoringa sistémas ar dronu palidzibu®®.

Transports ir joma, kas jau pati par sevi 1pasi interesé bezpilota lidaparatu
uznémumus Turklat papildu interesi rada tas, ka transporta logistika, ka ari transporta
un celu tikls ir aeronovérosanas pakalpojumu potenciali paterétaji, kam cita starpa var
biit nepiecieSama noliktavu, biivniecibas un remonta objektu videofilméSana, transporta
sastrégumu un uz celiem izveidojusos arkartas situaciju noverosana no gaisa utt.

No transporta infrastruktiras valsti ir atkarigs laiks, kada MDV wvar tikt
nogadatas pakalpojumu sniegSanas vieta. Neviens geografiskais punkts valsti neatrodas
talak neka 120 km attaluma no piekrastes. Sanhos€, Alahuelas un Puntarenasas
provinces Skérso Panamerikas Soseja, un aptuveni tas vidusdala atrodas valsts
galvaspilséta. Laiks, kas nepiecieSams, lai, braucot pa So Soseju, no galvaspilsétas
sasniegtu galgjos punktus valsts ziemelos un dienvidos, neparsniedz 4-5 stundas.
Pietiekami labi attistits ir arT autocelu tikls, kas savieno valsts centralos rajonus ar abam
piekrastem?®®*, Tadg] var pienemt, ka laiks Tt = 4,5 h ir visticamakais maksimalais laiks,
kada MDYV iesp€jams nogadat aeronoveérosanas pakalpojumu sniegSanas vieta jebkura
valsts punkta pat tad, ja BPLA uzné€muma riciba ir tikai viena MDV.

Lietus sezona celi nereti tiek izskaloti, tad€] aeronov€rosanas pakalpojumu
sniegSana virkn€ rajonu, jo 1pasi kalnainos apvidos un apvidos, kuriem nav iesp&jams
piekllit pa magistralajiem celiem, kltist apgriitinata. Tomér arkartgjas nepieciesamibas
gadijuma MDYV apkalpe kopa ar dronu var tikt atri nogadata praktiski jebkura valsts
punkta, taja skaita nacionalajos parkos un rezervatos, izmantojot aviotransportu. Valst1
ekspluatacija ir 161 lidjosla, taja skaita 47 lidjoslas ar cieto segumu un 114 — ar grunts
segumu?*,

A1l bivniecibas nozare ir visai perspektiva, taCu pagaidam nepietickami
attistita aeronovéroSanas pakalpojumu izmantosanas joma, kura tos var lietot gan
objektu buvniecibas vietas izvéles un planoSanas stadija, gan buvdarbu gaitas
monitoringa noliika. Ciesi saistita ar $o jomu ir jaunbiivéjamo dzivojama sektora un
atpiitas objektu reklama, kura aerofiksaciju var izmantot attiecigu videomaterialu un
bukletu sagatavoSanas procesa.

Sabiedriskas droStbas joma dronu izmantoSanas potencials ir milzigs.
Piem&ram, valsts Sabiedriskas droSibas ministrija pieprasa ar dronu izmantoSanu

29 Instituto Tecnologico Costa Rica, Estudio de Factibilidad de un Sistema de Monitoreo Aéreo para el
control de la erosion en agricultura (TEC, Feasibility Study of an Aerial Monitoring System for erosion
control in agriculture), Costa Rica, 2016 [Elektronisks avots]:
https://www.tec.ac.cr/en/proyectos/estudio-factibilidad-sistema-monitoreo-aereo-control-erosion-
agricultura [Pieejams Septembris 2018]

291 MOPT Ministerio de Obras Publicas y Transportes, Informacion Geogréfica Vias Nacionales
(Ministry of Public Works and Transportation, Geographic Information National roads), Costa Rica,
2019, [Elektronisks avots]:
https://www.mopt.go.cr/wps/portal/Home/informacionrelevante/planificacion/mapasRVN [Pieejams
Marts 2019]

292 Central Intelligence Agency CIA, Factbook Costa Rica, USA, 2018 [Elektronisks avots]:
https://www.cia.gov/library/publications/the-world-factbook/geos/cs.html [Pieejams Marts 2018]

117


https://www.tec.ac.cr/en/proyectos/estudio-factibilidad-sistema-monitoreo-aereo-control-erosion-agricultura
https://www.tec.ac.cr/en/proyectos/estudio-factibilidad-sistema-monitoreo-aereo-control-erosion-agricultura
https://www.mopt.go.cr/wps/portal/Home/informacionrelevante/planificacion/mapasRVN/!ut/p/z1/nZDBboJAEIafxQNHmV8XEb0tqRLtKmqC4l4aMHQlQdYglvTta9qLa0htOreZfN9k_iFJMcky-chVUue6TIpbv5fu22wVoPfqQGDLJuC-8BfTwTDwIpd2JhC4mxfwkRCDaQjmDUHyLz6M4vA3fZ8BQdj_j3-_6bkvTSTczh1wsVyyVcThrPEItET8Bn7L0AIYR85JqkKnPw_nZco8RbLK3rMqq-xrdRsf6_p8GVuw0DSNrbRWRWYf9MlCm3LUl5pik6TzKYpi5LOuTD8b3ul8AU8Svjk!/dz/d5/L2dBISEvZ0FBIS9nQSEh
https://www.cia.gov/library/publications/the-world-factbook/geos/cs.html

saistitas investicijas, lai veiktu piekrastes un valsts teritorialo idenu noverosanu un
fiksetu kugus, kas parvada narkotikas®®,

Kostarikas tautsaimniecibas nozaru TIpatnibam ir bitiska ietekme wuz
aeronoveroSanas pakalpojumu sniegSanas jomam. To diapazons ir plass un ietver gan
reklamu, apkalpoSanu, buvniecibu un lauksaimniecibu, kas ir jomas, kura
aeronoveroSanas pakalpojumi ir vispieprasitakie, gan riipniecibu, kura pieprasijums péc
tiem pagaidam ir neliels.

Saskana ar ekspertvertéjumu aeronovéroSanas komercpakalpojumu pasititaju
galvenas grupas Kostarika, kas uzskaititas seciba no lielaka apjoma uz mazako, ir
Sadas:

- komercuznémumi;

- fiziskas personas;

- pasvaldibas iestades un to struktiirvienibas;

- valsts parvaldes iestades un to strukttrvienibas.

Pasiitijumu ipatsvara sadalijums starp minétajam pasititaju grupam, balstoties
uz promocijas darba autora piecus gadus ilgas pieredzes, ka ar1 valsts plaSsazinas
lidzeklos publicéto sludinajumu analizes, ir atspogulots 2.4. att€la redzamaja
diagramma. Papildinat So novertéjumu ar ticamu ekspertvertéjumu nebija iesp&jams, jo
kvalificetakie S§is jomas eksperti ir konkurgjoSo uzp€mumu darbinieki un Sada
vertéjuma sniegSana bitu saistits ar konfidencialas informacijas izpausanu.

%

0,32

0,03 0,01

Komercuznémumi Fiziskas personas  PaSvaldibas institicijas ~ Valsts institiicijas

2.4. attels. AeronoveéroSanas pakalpojumu pasiitijumu Tpatsvars sadalijuma pa
pasititaju juridiskas piederibas grupam
(avots: izstradajis autors)

Aeronoverosanas pamatpakalpojumu un papildpakalpojumu  pasitijumu
sadalfjuma proporcija péc to skaita saskana ar autora ekspertvértejumu ir aptuveni 3:2.

Aerofiksacijas un aeronoverosanas ka galveno pasutijumu veidu regiona
sadaltjuma proporcija saskana ar autora ekspertvertéjumu ir $ada:

- péc pasitijumu skaita — 20:1;

- péc pasitijumu izpildes laika — 1:3.

Balstoties uz iepriek$ veiktas analizes, kas atspogulota $1 darba 1. nodala, un
apkopojosas tabulas, ir identificétas jomas, kuras ar vislielako varbiitibu regiona tiks
izmantoti aeronovérosanas pakalpojumi, un to pieméri, kas p€c izmantoSanas
varbiitibas (lejupejosa seciba) ir apkopoti 2.3. tabula.

293 Mata G., Costa Rica podria usar drones para detectar lanchas narco (Costa Rica could use drones to
detect narco boats.), Costa Rica 2018 [Elektronisks avots]:
https://www.laprensalibre.cr/Noticias/detalle/103664/costa-rica-podria-usar-drones-para-detectar-
lanchas-narco [Pieejams Marts 2018]
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2.4. tabula

AeronovéroS$anas pakalpojumu izmantoSanas galvenas jomas Kostarika

ANP
izmantoSanas ANP piemeri
jomas
Reklama Aerofiksacija bukletu un videomaterialu veidoSanai Sadiem
mérkiem: nekustama 1paSuma objektu pardoSanai; tiiristu un
celotaju piesaistiSanai dazadam izmitinaSanas un atpiitas vietam
Pasakumi LietiSku un svinigu pasakumu; sporta sacensibu; valsts, pilsétu

un regionalo svétku; kazu un atpiitas daba aerofiksacija

Tirisms un atpiita

Tiristu grupu pavadiSana tirisma marSrutos, lai veiktu
aerofiksaciju bukletu un videomaterialu veidosanas vajadzibam

Lauksaimnieciba

Lauksaimniecibas zemju aerofiksacija no novérosana; s€jumu un
razas multispektrala att€lojuma uznemsana; kaiteklu masveida
vairoSanas vietu identificéSana; platibu, kam nepiecieSama
meésloSana ar slapekli, noteikSana; nezalu monitorings; putnu
atbaidiSana, izmantojot ultraskanu un skanu radoSas dronu
uzkares ierices; no ganampulka nokliduSu dzivnieku meklésana;
slimu dzivnieku identificéSana ganampulka ganibas, fiks€jot
temperatiras starpibu ar multispektralas noveéroSanas palidzibu

Aviacijas darbi

Lauksaimniecibas kaiteéklu apkaroSana, veicot attiecigo platibu
apsmidzinaSanu

Apkartgja vide

Zemju, mezu, piekrastes zonas un tdenscelu aerofiksacija un
noveroSana kartografijas uzdevumu izpildes, ugunsdrosibas
inspicéSanas, arkartas situaciju novérté$anas, ekologijas u.c.
noteikumu parkapumu fiksés$anas; geodEzijas specialistu, zemes
ipasnieku, mezsaimnieku, valsts, paSvaldibas un nevalstisku
institiciju (pieméram, Greenpeace) uzdevuma

Ekas, biives un

Eku, bivju, tiltu u.c. tehniska stavokla aerofiksacija un

celtnieciba noveéroSana; droSibas noteikumu parkapumu fiks€Sana darbu
veikSanas laika, piem&ram, veicot biivdarbus vai darbus uz €ku
jumtiem; remont&jamu jumtu, siltuma un aukstuma noplizu
apzinasana

Apdrosinasana Apdrosinamo objektu (€ku, biivju, mezu, s€jumu, lauku u.c.)

aerofiksacija to objektiva stavokla noteikSanas nolika

Komunala un

Celu satiksmes un celu infrastruktiras (ielu, celu, celazimju,

transporta apgaismojuma) noveéroSana, tostarp arkartas situacijas (péc

infrastruktiira vulkanu izvirdumiem, lietusgazém, orkaniem vai zemestricém)
un péc smagiem celu satiksmes negadijumiem

Amatieru Dronu un to papildaprikojuma izvéle un iegade; lidojumu

konsultéSana dokumentacijas noformesana; atlauju sanemsana; trenini

Avots: izstradajis autors

ANP ipatsvara sadalijums galvenajas jomas, kas noteikts, balstoties uz
ekspertvertéjuma un autora personigas pieredzes, histogrammas veida ir atspogulots
2.5. attela®®. Ka eksperti tika anonimi piesaistiti dazadu BPLA uznémumu darbinieki.

29 K cdepe «Oxpyskarommas cpejia» TakKe OTHECEHb! Ype3BhIYaiiHbIe CUTYAIUH.
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2.5. attéls. AeronoveroSanas pakalpojumu pasiitijumu varbiitibas sadalijums pa to
izmantoSanas jomam

(avots: izstradajis autors®®)

Galvenais secinajums, kas ir nozimigs no praktiska viedokla un izriet no
ieprieks atspogulota aeronovérosanas pakalpojumu varbiit§jo pasiitijumu sadalijuma pa
dazadam jomam, ir tads, ka BPLA uznémumu marketinga darbam ir jakoncentréjas uz
tadam jomam ka reklama, tirisms un pasakumi, kas veido vidgji divas treSdalas no
visiem pakalpojumu pasttijumiem.

Ekspertvertegjums par dazadu aeronovérosanas pakalpojumu  grupu
(aerofiksacijas (A), monitoringa (M) un kontroles (C)) sadalijumu dazadas pasiititaju
grupas un jomas ir atspogulots 2.5. tabula.

Ja atseviSkas 2.4. tabulas ail@s ir svitra (-), tas nozimé, ka $ajas jomas attiecigais
aeronoveéroSanas pakalpojuma veids nav aktuals, savukart nulle (0) — ka ta izmantoSana
ir maz ticama. KonsultéSanas ietvaros pasiititaji tieck apmaciti gan par notikumu,
procesu un objektu novérosanu, gan aerofiksaciju.

2.5. tabula
ANP pasiitijumu sadalijums pa darbibas jomam un pasutitaju grupam
ANP Juridiskas Fiziskas Valsts Pasvaldibas
izmantoSanas personas personas institucijas institucijas
jomas
A/IM|ICI A/ M| C A M| C|A|  M|C
Reklama 1] 0] O 1| 0] O - - - - - -
Pasakumi i, 0| 0 1, 0] O, 1] O O] 1| O] O
Tarisms un atpiita 11 0] O 1| 0] O - - - - - -
Lauksaimnieciba 02/06]/02|01|06| 03 0] 1| 0] O 1] 0
Apkartgja vide 02/06]02|01]06] 03 0] 1| 0] 0| 1] O
Ekas, biives un 0.8 0.2 0 - - - 0 1 0 0 11 0
celtnieciba
Apdrosinasana i, 0] 0] 1, 0] Oy 2] Oy 1] 1] 0] O

29 Sulima N., Methodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2016, Riga, Latvia, Baltias International Academy,
pp. 263-271., ISBN 978-9984-47-155-4.
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Komunala un - - - - - -102105(03|02]06/| 0.
transporta
infrastruktira

Konsultesana - - -1 05|05 - - - - - -

Avots: izstradajis autors

2.3. Bezpilota lidaparatu uznémumu ekonomiski saimnieciskas darbibas
planosana Kostarika

Pakalpojumu cenu veidosanas stratégijas izvéle

Autora ieskata, lai attistitu bezpilota lidaparatu uzn€muma darbibu Kostarika
(tapat ka jebkura cita pasaules valsti vai regiona), ir nepiecie$sams novertét bezpilota
lidaparatu pakalpojumu tirgu, bezpilota lidaparatu uznémumu pakalpojumu sezonalos
raditdjus un dazadu pasitijumu izpildei nepiecieSamo lidojumu laiku, turklat
neapSaubami svarigs solis, lai veiktu darbibu bezpilota lidaparatu pakalpojumu joma,
ir uzn€émuma i1zmaksu aprékinasana un pakalpojumu cenu noteikSana, nemot véra
konkurentu piedavatas cenas. Bezpilota lidaparatu pakalpojumu tirgus stabilas
attistibas nodroSinasanai ir nepiecieSams arl uzturét attiecigu reklamu. Darba
turpmakaja dala tiks analiz€ti minétie tirgus elementi, ka piemeru aplikojot Kostariku.

Vispirms ir jaapliko tuvak tirgus raksturigas Ipatnibas aeronovéroSanas
pakalpojumu jomas konteksta. Klasiskas Ipatnibas, kas raksturo tirgus veidu, pétamaja
pakalpojumu joma ietver $adas galvenas iezimes:

- BPLA skaits;

- ANP veidu tipiskums (standartizacija klasiska izpratng);

- cenas, to veidoSana un kontrole;

- cenu konkurence;

- nosacijumi darbibas sakSanai nozaré.

BPLA uzpémumu skaits Kostarika ir visai liels — vairaki desmiti. Starp tiem
vadosas pozicijas ienem:

- starptautiskais uznémums Applus®®, 27  kas darbojas arT Kostarika, un
regionalais uznémums Aerial Media Costa Rica®®, kas plasda klasta sniedz
aeronoveroSanas pakalpojumus dazadam tautsaimniecibas nozarém, ka ari piedava
novéroSanas rezultatu p€capstradi biroja, pilotu apmacibu un citus pakalpojumus;

- regionalais uznémums INDIGO Drones?®®3® 30! kas nodarbojas ar
programmnodro$inajuma izstradi un pielietojumu aeronovérosanas pakalpojumu
sniegSanai lauksaimniecibas nozarei un veic darbibu ari citas Centralamerikas valstis.

2% Applus, Testing leader in inspection and certification sector, Madrid, Spain 2018 [Electronic
sourse]: https://www.applus.com/en/aboutUs/aroundTheWorld [Piecjams Jinijs 2018]

297 Zaheer Z., Usmani A., Khan E., Qadeer M , Aerial Surveillance with UAVs DOI:
10.1109/WOCN.2016.7759885 [Electronic sourse]: https://ieeexplore.ieee.org/document/7759885
[Pieejams Junijs 2018]

298 Chastain C., Aerial Media Costa Rica, Ground Level Photography, Aerial Photography, Ground
Level Videography, Aerial Videography, Post Production, Costa Rica, 2017 [Elektronisks avots]:
https://www.aerialmediacostarica.com/airography-aerial-services [Pieejams Jiinijs 2018]

299 Ballester S., Indigo Drones is Delivering Big Data to Small Farmers, Helping Precision Agriculture
Take Flight, Founder Institute, 2018 [Elektronisks avots]: https://fi.co/insight/indigo-drones-is-
delivering-big-data-to-small-farmers-helping-precision-agriculture-take-flight [Pieejams Maijs 2018]
300 Balletser S., Monitor, process and analyze tropical agriculture data, Indigo Drones 2018 [Electronic
sourse]: https://www.f6s.com/indigodrones [Pieejams Maijs 2018]

301 Corredor, M., Emplea drones y aprendizaje automatico para mejorar la produccion agricola de Costa
Rica. (Corredor, M. Employs drones and machine learning to improve agricultural production in Costa
Rica), Consejo Nacional para Investigaciones Cientificas y Tecnologicas, 2017 [Electronic sourse]:
http://www.conicit.go.cr/prensa/boletines_cyt/historico_boletincyt/Empleo_drones.asp [Pieejams
Janijs 2018]
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BPLA uznémumu kopgja skaita vislielako patsvaru veido nelieli uznémumi, ka
arT individualie komersanti, kuru darbiba lielakoties tiek izmantots tikai viens drons un
viens pilots, kur§ vienlaikus pilda ari operatora funkcijas. Pastav arT neoficials
aeronovero$anas pakalpojumu tirgus, kura darbojas neregistréti uznémgji.

Aeronoverosanas pakalpojumu diferenciacijas pamata ir $adi raditaji un formas:

- kvalitate, ko nosaka dronu klasific€josas pazimes, pieméram, pakalpojuma
sniegSanai izmantojamo lidzeklu sastavs un integracijas limenis, pakalpojumu
sniedzgja uznémejdarbibas modelis, MDYV izvietoSanas veids;

-  MDV atrasanas vietu attalums Iidz aeronovéroSanas pakalpojumu
sniegSanas vietai, no ka ir atkariga procesa operativitate.

Aeronov@rosanas  pakalpojumu  butiskais  diferenciacijas  Itmenis ir
monopoliskas konkurences tirgum raksturiga iezime. Tadgl, vert§jot pec Sis iezimes,
aeronoveroSanas pakalpojumu tirgu var raksturot ka ,tiru” konkurences tirgu ar
monopoliskas konkurences elementiem.

Aeronovérosanas pakalpojumu cenas, to veidosana un kontrole. Saskana ar
klasisko definiciju®®? cena ir naudas vai citu pre¢u un pakalpojumu daudzums, kas ir
maksajams vai dodams apmaina pret vienu preces vai pakalpojuma vienibu. Cenas ir
viselastigakais konkurences cinas faktors. Ar to ir viegli operét, to var palielinat vai
samazinat atri un bez papildu izdevumiem. Pareiza cenas aprékinasana ir ikviena BPLA
uznémuma svarigakais uzdevums. Aeronovéro$anas pakalpojumu cenu kontrole valst1
ir iesp&jama, tacu tikai Sauras robeZas. Neviens BPLA uzn@mums nevar bitiski
ietekm@t aktualo cenu ltmeni, jo visi uzneémumi vadas péc tirgus cenas. Kopuma nemot,
aeronoveroSanas pakalpojumu cenai ir jabut lielakai par to izmaksam. Ka minéts jau
ieprieks, ANP cenas nedrikst atbaidit pasiititajus, turklat tam ir jabit ,,caurspidigam”,
lai pasiititajs varétu saprast, par kadu pakalpojumu kopumu jamaksa.

Atskiriba no paSas cenas cenu veidosana ir process, kura ietvaros
aeronoveroSanas pakalpojumu cenas tiek noteiktas saskana ar uznémuma izraudzito
marketinga stratggiju®®,

Stratégijas istenosanu tick piedavats veikt ar $adu cenu veidosanas uzdevumu
risinasanas palidzibu:

- aprekinot aeronoveroSanas pakalpojumu bazes cenu — izlidzinatu vidgjo
cenu par vienu ANP, kuru sniegSanas skaits noteikta laikposma caurméra nosedz BPLA
uznémuma izmaksas tada pasa laikposma;

- piem&rojot dazadu ANP veidu bazes cenai uzcenojumus un atlaides, lai ar
pelnu vai diskontu nodro$inatu to virziSanu tirgii konkurences apstaklos;

- nosakot cenas par MDV nogadaSanu aeronovéroSanas pakalpojumu
sniegSanas vieta no to bazes vietas;

- nosakot cenas par papildpakalpojumiem, kas nav saistiti ar BPLA
uznémuma operativo pamatdarbibu, un pieskaitot tas attieciga veida ANP cenam.

Nosacijumi darbibas saksanai aeronovérosanas pakalpojumu nozaré ka viena
no tirgu raksturojosajam iezimém, nav apgriitinoSi. BPLA pakalpojumu joma parasti
darbojas nelieli uznémumi, kuru izveide, darbibas organizacija un nepiecieSama
aprikojuma iegade neprasa lielus kapitalieguldijumus.

Bezpilota lidaparatu uznémumu pakalpojumu sniegsanas sezonalie raditaji Kostarika
Komercialiem mérkiem izmantojamo dronu lidojumu laiku gan diennakts
ietvaros (Tr), gan gada kopuma ietekmé:

302 Cambridge Advanced Learner's Dictionary, Edited by Walter E., Cambridge University Press, 1799
p-, 2008, ISBN-10: 3125179882

303 Kotler P., Marketing Management, Prentice Hall. 11" edition, 2002, 768p. ISBN-13: 978-
0130336293
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- diennakts gaisa laika ilgums, jo aeronov@rosanas pakalpojumu sniegSana
diennakts tumsSaja laika ir ne tikai aizliegta saskana ar Civilas aviacijas
generaldirekcijas normativo aktu, bet arT bistama, jo ir saistita ar drona pazaudéSanas
risku;

- laikapstakli bez orkaniem un vétram, ir pielaujami nelieli nokrisni;

- lietusgazu, spéciga v€ja, orkanu un vétru periodi, kuru laika dronu
izmantoSana nav iespg&jama.

Novértejot uzskaititos faktorus, janorada, ka, viena no valsts geografiskajam
Ipatnibam ir gandriz nemainigais diennakts gaisa laika ilgums, kas ir no apméram 12
lidz 13,5 stundam ar vidgjo vertibu Tig = 12,75 stundas diennakti®®, 3% Sis laiks atbilst
maksimalajam komerciali izmantojamajam laikam (dronu lidojumu laikam) diennakti
(Tf,max)-

Tas nozime, ka aeronovérosanas pakalpojumus potenciali var sniegt Iidz
maksimali 13,5 stundam diennakti. AeronovéroSanas pakalpojumi praktiski netiek
sniegti nelabvéligos laikapstaklos (lietusgazu, orkanu laika u.tml.). Japiebilst, ka 1pasi
nelabveligi apstakli dronu lidojumiem ir valsts ziemelaustrumu piekrasté pie Karibu
juiras, kur Iist gandriz visu gadu un lietus ir iesp&jams pat perioda no decembra Iidz
aprilim. Savukart otra pusé — ziemelrietumu piekrasté pie Klusa okeana — dienas bez
lietus var bt arT septembrT un oktobrT.

Aprekinatais vidgjais laiks valsti dazadas sezonas, kura meteorologiskie apstakli
lauj sniegt aeronovérosanas pakalpojumus diennakts gaiSa laika ietvaros (kas atbilst
vidéjam lidojumu laikam Tt mig), it redzams 2.6. attéla.

Uz 2.7. attela atspoguloto datu pamata aprékinata vidgja vertiba ir Sada:

Ttmia =~ 6,8 h (2.1)
Sads vidgjais novertgjums izriet no sausas un lietainas sezonas labvéligas un

nelabvéligas ietekmes sadalijuma un redzamibas apstakliem dazados gada ménesos un
regionos, ka ari v&ja stipruma sadalijuma.

12
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4 3,3

2
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Decembris —aprilis ~ Maijs, novembris Junijs —augusts  Septembris, oktobris

2.6. attels. Vidgjais iesp&jamais lidojumu ilgums Tr diennakts gaisa laika ietvaros
(stundas)
(avots: izstradajis autors®®, balstoties uz Kostarikas statistikas datiem)

304 U.S. Agency for International Development (USAID), Costa Rica (Climate Change), CreateSpace
Independent Publishing Platform, 201), ISBN, 1502582872.

305 Weather Spark, Average Weather in San José, 2018 [Elektronisks avots]:
https://weatherspark.com/averages/32645/San-Jose-Alajuela-Costa-Rica [Pieejams Jiinijs 2018]

308 Sulima N., Considering the peculiarities of local drone data service delivery and drawing up
recommendations on their pricing (a case study of Costa Rica region). VI International Scientific and
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Apkopojot ieprieks min&tos datus, ir noskaidrots, ka maksimalo lidojumu laiku
Tfmax diennaktl aeronovérosanas pakalpojumu sniegSanai labvéligos laikapstaklos
lietainaja un sausaja sezona raksturo $ada nevienadiba:

3,37 <Tmax<13,5h (2.2)

kur 3,3stundas — minimalais pakalpojumu sniegSanas ilgums gada
visnelabveligakaja perioda — septembrT un oktobrT,

13,5 stundas — diennakts gaisa laika maksimalais ilgums.

Turklat ir zinami $adi apstakli, kas prakse butiski paildzina laiku Tt mid:

- vairak neka puse no diennakts lietus apjoma nolist nakts laika;

- nelabv@ligi v&ja un redzamibas apstakli parasti sakrit ar maksimala lietus
periodu (septembri un oktobri), ka ar1 ir laika no janvara vidus lidz februara vidum, kad
nelist, tacu pus specigs, silts v&js;

- aeronoveroSanas pakalpojumu sniegSana nav iesp&€jama ar1 nestipra lietus
laika, taCu tos var sniegt neliela migla, kas neierobezo drona redzamibu ta izmantoSanas
attaluma.

Aprékinot vidgjo vertibu no 2.7. attéla atspogulotajiem datiem, var konstatét, ka
novértéjums Trmid = 6,8 h ir vidgja aeronovérosanas pakalpojumu sniegSanai piemérota
laika diennakti sliktakais novértejums. Realitate tas var biit par apmeram vienu vai
pusotru stundu ilgaks. Sis novértgjums bitiski ietekmé tadu ekonomisko raditaju ka
sniedzamo ANP skaits attiecigaja laikposma un lidz ar to — ienakumus, ko iesp&jams
gt tikai lidojumiem labveliga laika.

Talak pieméru veida tiks apliikots vid€jais potencialais lidojumu laiks viena
aeronoveéroSanas pakalpojuma sniegSanai dazados gada periodos laikapstaklu zina
kontrast&josakajos valsts regionos — rietumu un austrumu piekrastg.

Aplikojamie rietumu piekrastes apvidi ir:

- Gvanakastes provinces piekraste un Puntarenasas provinces ziemeldala
(G&P);

- dala piekrastes teritorijas Puntarenasas provinc€, Hako pilsétas rajona
(MP);

- pilsetu Golfito un Puertohimenesas rajons Puntarenasas provinces
dienviddala (ZP), ieskaitot Korkovado nacionalo parku.

Aplikojamais austrumu piekrastes apvidus ir Limonas provinces pils€tas
Limonas (PL) rajons.

Novértéjuma rezultati, kas iegti, izmantojot kvalitativos un kvantitativos datus,
ir atspoguloti 2.7. attéla.

Tmia vid€jas vertibas gada apliilkojamajiem apvidiem saskana ar 2.7. att€lu ir
sadas:

- G&P: Timia = 10,1 h;

- MP: Ttmia =8,35 h;

- ZP: Timid =4,61 h;

- PL: Tfmia = 7,37 h.

Japiebilst, ka, ja vien to pielauj pasiititdju nosacijumi, aeronoveroSanas
pakalpojumu sniegSanu Limonas provinces centralaja dala ir lietderigi ieplanot perioda
no jinija Iidz oktobrim, kad pargjos regionos ir visnelabvéligakie laikapstakli.

Practical Proceedings. «The Transformation Process of Law, The Regional Economy and Economic
Police: The Relevant Economic and Political and Legal Issues». 2017, Riga, Latvia, Baltias
International Academy, pp. 263-273. ISBN 978-9984-47-155-6.
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2.7. attels. Vidgjais aeronoveérosanas pakalpojumu sniegSanas laiks Tt mid izvEl€tajos
regionos sadalfjuma pa periodiem (stundas)
(avots: izstradajis autors. balstoties uz Kostarikas statistikas datiem)

Bezpilota lidaparatu pakalpojumu galveno veidu sniegSanai Kostarika nepieciesama
lidojumu laika noveértéjums

BPLA uzp@muma aeronovéroSanas pakalpojumu cena noteikta laikposma
veidojas no divam sastavdalam:

- sniegto pakalpojumu skaita;

- pakalpojumu sniegSanas ilguma.

Pilns pakalpojuma sniegSanas ilgums jeb laiks T tiek aprekinats, izmantojot
ieprieks (1.1.sadala) apliikoto formulu (1.1). Sis formulas svarigaka un pagaidam
nenoteikta sastavdala ir pakalpojumu sniegSanai nepiecieSamais lidojuma laiks Ty, jo
pargjas laika T sastavdalas nav atkarigas no pakalpojuma veida.

Vidgjais aeronovéroSanas pakalpojuma sniegSanas ilgums (Tma), Kas
nepiecieSams viena pasutijuma izpildei diennakts gaiSaja laika dazadas pakalpojumu
sniegSanas jomas, tika novertéts, nemot véra 2.6. un 2.7. attéla atspogulotos datus, ka
ari autora apkopotos BPLA uznémumu empiriskos datus par 2016.—2017. gadu. ST laika
diagramma ir redzama 2.8. attgla.

Janem vera, ka So laiku veido ar1 $adas sastavdalas:

- drona bateriju nomainas laiks;

- partraukumi un nepiecieSamo resursu vai novérojamo notikumu gaidiSanas
laiks (pieméram, apkalpojot pasakumus, kuros notikumi ir izklied@ti laika un ir pa
posmiem jafiks€ svarigakie no tiem).
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2.8. attels. Dazadu veidu aeronovéroSanas pakalpojumu pasiitijumu izpildes ilgums
stundas diennakts gaisa laika ietvaros sadalfjuma pa jomam (nosakot, ka ieklautais
konsultésanas pakalpojumu laiks ietver tikai praktiskos lidojumu treninus)
(avots: izstradajis autors, balstoties uz Kostarikas statistikas datiem un empiriskiem
datiem3°")

Janorada arT, ka ne visi viena pasiitijuma ieklautie aeronoveroSanas pakalpojumi
tiek sniegti vienas dienas laika. Piemé&ram, ja pasiitijumi ietver turistu grupu pavadiSanu
tirisma marsrutos vai visa valsts apmekl&uma laika, to izpilde var ilgt vairakas dienas.
1, 2 un 3 dienu laika izpildamu pasiitijumu vidgjais proporcionalais sadalfjums ir
0,9/0,08/0,02. Turklat pasttijuma izpildes ilgumu var ietekmét ari arkartas apstakli
(lietus, v&jS u.c.).

Konkurentu piedavato dronu pakalpojumu cenas Kostarika

Uznéméjdarbiba Kostarika ir viena no ASV 1paso intereSu jomam, jo ASV kalpo
ka droSibas garants valstij, kurai nav pasai savas armijas. Un iznémums nav arl
aeronoveéroSanas komercpakalpojumu joma. Tadgl aeronovérosanas pakalpojumu cenu
struktiira un paSas cenas Kostarika atrodas biitiska korelacija ar attiecigajiem raditajiem
ASV.

Lai novertétu regionalos cenu piedavajumus, ka pieméers tiks apliikots viens no
Kostarikas vadosajiem ANP uznémumiem — Aerial Media Costa Rica®®, kas sniedz
aeronoveroSanas pakalpojumus tadas jomas ka pasakumu dokumentéSana, marketinga
fotoatt€lu un filmu uznemsana, komercmaterialu sagatavosana, novérosana, erozijas
monitorings, teritorijas planosana, nekustama ipasuma pardoSanas veicinasana,
buvniecibas gaitas uzraudziba u.c. Cenu piedavajums sadalijuma pa dazadiem ANP
veidiem ir $ads:

307 Sulima N., Methodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2018, Riga, Latvia, Baltias International Academy,
pp. 195-202. ISBN 978-9984-47-162-4

308 AMCR, Ground Level Photography, Aerial Photography, Ground Level Videography, Aerial
Videography, Post Production [Elektronisks avots]: https://www.aerialmediacostarica.com/airography-
aerial-services. [Pieejams: Julijs 2018]
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- nekustama ipaSuma pakete (30 sekundes), kas ietver fotograféSanu un
film&Sanu zemes [Tment un no gaisa un ir ideali piemé&rota uzmanibas piesaistiSanai ar
socialo tiklu un ttimeklvietnu starpniecibu, — 900 ASV dolaru,

- redigétu no gaisa uznemtu videomaterialu pakete (videomaterialu
uznemsana ar turpinajumiem 2 vai 3 lidojumu laika) — 600 ASV dolaru (2 lidojumi ar
2 bateriju izmanto$anu) un 750 USD (3 lidojumi ar 3 bateriju izmantos$anu); papildu
redlgesana USD 50 par 1 gab.;

papildu piemaksa:

a) redigéSana — 75 USD par 10 fotoattéliem;

b) 1pass krasojums — 50 USD par 10 fotoatteliem;

c) skanas celini videoierakstiem — USD 200;

d) cela izdevumi — 25 USD par vienu stundu cela pavadita laika no
Uvitas;

e) naksnosanas izdevumi — 120 USD par vienu nakti.

Pasutitajs un izpilditajs var ar1 vienoties, ka aeronovéroSanas pakalpojumu cena
netiek noteikta pec stundas likmes, bet gan péc apsekojamajas platibas, pieméram,
lauksaimniecibas zemju novéroSanas gadijuma. Aeronoveérosanas pakalpojumu cenu
noteikSana, balstoties uz pilota darba stundas likmes, Kostarika tikpat ka netiek
izmantota.

Kostarikas bezpilota lidaparatu uznéemuma galveno ekonomisko raditaju analize

Lai aprékinatu aeronovérosanas pakalpojumus sniedzosa regionala uznémuma
galvenos ekonomiskos raditajus, tiek pienemts, ka uzn@muma MDV skaits atrodas
diapazona no 5 lidz 15. Att€lu uznemsSanas un videonovérosSanas pakalpojumi tiek
sniegti 365 dienas gada un, balstoties uz 2.7. attéla atspogulota aprékina, to sniegsanas
laiks ir no 3,3 lidz 13,5 stundam diennakti, kas izriet no diennakts gaisa laika ilguma
un laikapstakliem.

TieSas aerofiksacijas un aeronovéroSanas darbibas ilgums vienas ANP
pakalpojumu sesijas (seansa) un viena pasutijuma izpildes ietvaros ir robezas no 2 lidz
6 stundam. Vidgjais vienas sesijas ilgums (Ts) tiek aprékinats péc formulas, kas
aprobéta autora publikacija®®®:

Ts=p1 i+ .. +piTi+ ..+ pnTh, (2.3)

kur pi — pasttijuma ar ilgumu 7; izpildes varbitiba.

Vertibas pi un 7j katrai pakalpojumu sniegSanas jomai nosaka attiecigie 2.6. un
2.8. attela redzamajas diagrammas atspogulotie raditaji. lIevietojot Sis vertibas
izteiksmé (2.3), tiek iegiits vid€jais viena aeronovéroSanas pakalpojuma izpildes laiks:

Ts=3,458 h=3,5h (2.4)

Lai nogadatu MDV pakalpojumu sniegSanas vieta, caurméra ir nepieciesams
laiks lidz 1 stundai, un tikpat ilgu laiku prasa ari vietas izvéle un sagatavoSanas
aerofiksacijas vai aeronoverosanas veikSanai. Varbutiba, ka vienas diennakts gaiSaja
laika viena MDV apkalpos 1, 2 vai 3 pasttijumus, ir attiecigi 0,6; 0,35 un 0,05, kas péc
noapalosanas atbilst videji 1,5 pasutijumiem diend.

309 Sulima N., Methodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2018, Riga, Latvia, Baltias International Academy,
pp. 195-202. ISBN 978-9984-47-162-4
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Vispariga gadijuma cenas ietekme gan atsevisko aecronovéroSanas pakalpojumu
iegdde un pardosana, gan kop€jie ekonomiskie procesi, ieskaitot So pakalpojumu
sniegsanu, sadalfjumu un patérinu. Sada aspekta cenu veidosanas kopuma darbojas ka
vispargjs, vienots un vesels cenu mehanisms.

Cenu mehanisma tiek izskirtas divas savstarp&ji mijiedarbigas dalas:

- cenu izmainu veidi, struktiira, apmeérs un dinamika;

- cenu veidoSana ka jaunu cenu noteikSanas, izveides (aprékina) un aktualo
cenu izmainu veids, noteikumi.

Aeronovérosanas pakalpojumu cenu veidus var iedalit $adas grupas:

- aeronové@roSanas pakalpojumu bazes cena;

- aeronov@roSanas pamatpakalpojumu cenas;

- aeronovéroSanas papildpakalpojumu cenas.

Aeronoveérosanas pakalpojumu bazes cena ir izlidzinata vid€ja cena par vienu
ANP, kuru sniegSanas skaits noteikta laikposma caurméra nosedz BPLA uznémuma
izmaksas tada pasa laikposma.

Aeronovérosanas pamatpakalpojumu cenas ir cenas, kas nodroSina ANP
virziSanu tirgii konkurences apstaklos ar pelnu vai diskontu. Pelnu vai diskontu nosaka
konkréta cenu veidoSanas metode katra atseviska gadijuma.

BPLA wuzpémuma papildpakalpojumu cenas sakara ar So pakalpojumu
universalumu gan aplikojamaja joma, gan citas pakalpojumu jomas, tiek uzskatitas par
piemaksu pie aeronoverosanas pamatpakalpojumu cenas.

Autors piedava noteikt provizoriskas cenas ANP veidiem (n) atkariba no
attiecigo pakalpojumu sniegSanas nosacijumiem un raditajiem, izmantojot Sadu
formulu®®, 31L;

Ch= éTfn (] iK]'mn inmn) + {th} + {In} + Xt + Yn + {Rn}, (25)

kur

C — vienas aeronovérosanas pakalpojumu stundas reducétas izmaksas;

Tt — (lietderigais) lidojumu laiks (skat. formulu (2.1)), sniedzot n veida ANP;

Kijmn — koeficients, kas lauj nemt véra atskiribas starp jomam (j) un pasititaju
grupam (M), sniedzot n veida ANP;

Qjmn — koeficients, kas lauj nemt véra pilota / operatora profesionalismu vai
nepiecieSamo zinasanu Iimeni, sniedzot n veida ANP joma j pasutitaju grupai m;

Xtn — izmaksas, kas saistitas ar bezpilota lidaparatu nogadasanu n veida ANP
sniegSanas vieta ar ilgumu Tp (skat. formulu 1.2);

In — apdroSinaSanas segums, kas nav nemts véra bazes cenas noteikSana un ir
nepiecieSams, stradajot vietas ar palielinatu atbildibas risku, sniedzot n veida ANP;

Yn — cenradi noteiktas cenas par n veida ANP rezultatu pecapstradi;

Rn —raditajs, kas lauj nemt véra ANP rezervésanas laiku (neatkarigi no to veida),
izmantojot attiecigas rezervéSanas tehnologijas.

310 Sylima N., Considering the peculiarities of local drone data service delivery and drawing up
recommendations on their pricing (a case study of Costa Rica region). VI International Scientific and
Practical Proceedings. «The Transformation Process of Law, The Regional Economy and Economic
Police: The Relevant Economic and Political and Legal Issues». 2017, Riga, Latvia, Baltias
International Academy, pp. 195-202. ISBN 978-9984-47-155-6.

311 Sulima N., Metodical approach to formation of prices for a commercial drone company’s services
regarding the local context (a case study of Costa Rica). VII International Scientific and Practical
Proceedings. «The Transformation Process of Law, The Regional Economy and Economic Police: The
Relevant Economic and Political and Legal Issues». 2018, Riga, Latvia, Baltic International Academy,
pp. 263-272. ISBN 978-9984-47-162-4.
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Tas, ka raditajs Rn var tikt nemts véra formula (2.5), ir izskaidrojams ar attiecigo
marketinga stratégiju. Vienas $adas stratégijas ,,ideologija” saistiba ar pakalpojumu
rezervéSanu pieméra veida ir uzskatami paradita 2.10. attela.

Noslodze, % 4

Lémumu
pienemSsanas
jomas

Faktiska
rezervésana

Rezerveésanas
profils

45 30 15 0
Iepriek3€jas pasiifiSanas periods, dienas

2.10. attéls. Pakalpojumu rezervesanas videja statistiska un faktiska profila
piemers
(avots: tieSsaistes avots®'?)

Cenas Yn par rezultatu pécapstradi biroja nav atkarigas ne no jomas (j), ne no
pasititaju grupas (M) un tiek noteiktas cenradi, vadoties péc analogisku pakalpojumu
cenam, ko noteikusi uzpe€mumi, kas nodarbojas ar fotoatt€lu un videomaterialu
montazu atbilstiga profesionalaja Iimeni.

Koeficientu plusa vai minusa zime (£) formula (2.5) ir atkariga no uzdevuma
nostadnes, izraudzitas cenu veidoSanas metodes, veida, kada pircéji maksa atlidzibu par
iegadajamo pakalpojumu apjomu, u.c.

Cenu veidoSanas uzdevumu nostadnes nosaka meérki, kadus BPLA uznémums
velas sasniegt tirgl, piemeram:

- nodroSinat uznémuma izdzivoSanu, orientgjoties uz zemam cenam un cerot
uz labveéligu reakciju no pakalpojumu pirc€ju puses;

- maksimiz&t aktualo pelpu, nemot v&ra pieprasijuma, tirgii esoSo
piedavajumu un savu izmaksu svérto novertéjumu.

Ja BPLA uznémums Tsteno izteiktu dempingu, viena ANP cena var biit pat
zemaka par bazes cenu.

Ta ka aeronovéroSanas pakalpojumu tirgus regiona ir jauns tirgus, nav jégas
orientéties uz zemam cenam vai 1stenot dempingu. Tadel ka vispienemtakas cenu
veidoSanas metodes BPLA uzn€mumiem $aja tirgt tiek piedavats izmantot:

312 Tendention, Yeld Management/Revenue Management. Plekhanov University of Economics, 2019
[Elektronisks avots]: http://www.rea.ru/hotel/it/metod/Text/ym.htm [Pieejams Aprilis 2019]
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- orientgjoSo cenu aprékinu péc formulas (2.5), kura plusa vai minusa
izmantoSana izriet no uzn€muma bezzaudejumu darbibas nodroSinasanas;
- galigo cenu aprékinasanu, izmantojot $adu klasisko formulu:

Cn = Cn +A,
(2.6)

kur Gy tiek aprekinats pec formulas (2.5), bet 4n ir attiecigajam ANP veidam
noteikta pelnas norma.

Bezpilota lidaparatu komercpakalpojumu virziSanas kanalu izvéle Kostarika

Bezpilota lidaparatu pakalpojumu aktivakai virziSanai tirgd ir jaizmanto dazadi
reklamas kanali. BPLA uzn@mumu darbibas nodrosinasanai ir nepiecieSami gan
daudzveidigi kanali, lai izplatitu informaciju par aeronovéro$anas un dronu
pamatpakalpojumiem un papildpakalpojumiem, gan attiecigas informacijas un
komunikacijas tehnologijas (IKT), kas tiek izmantotas pardo$anai un kuru struktiira
visparinata veida ir paradita 2.11. att€la, balstoties uz analogijas ar lidzigu kanalu un
IKT struktiiru, ko autors ir izstradajis pasaZieru avioparvadajumu joma®®,

ST struktiira izcelas ar lielu kanalu daudzveidibu un aptver gan paa uznémuma
(tieSos) izplatiSanas kanalus un to darbibu nodroSinosas IKT, gan starpnieku
vairaklimenu kanalus ar to uzturétajam IKT, un tas lauj palielinat efektivitati un
samazinat izdevumus, kas saistiti ar pardoSanas sisttmu organiz€Sanu un
funkcionésanas nodro$inasanu, vienlaikus aptverot plasu klientu loku regionala
meroga.

Kanalu struktira ir izdalits tieSais kanals (0 limena kanals) — kanals bez
starpniekiem — un vairaklimenu kanali, kuros var biit viens vai vairaki starpnieki.

Darbibas reZima zina kanali ir iedalami:

- tieSsaistes kanalos, kuros klienta mijiedarbiba ar BPLA uznémumu notiek
reallaika rezima;

- bezsaistes kanalos, kuros klienta mijiedarbiba ar BPLA uznémumu notiek
ar talruna starpniecibu vai personigas apkalpoSanas laika.

313 Rebezova M., Sulima N., Surinov R. Development trends of air passenger transport services and
service distribution channels / Transport and Telecommunication. — Riga, Transport and
Telecommunication Institute. — 2012. — Volume 13, No 2. —p.p. 159-166., ISSN 1407-6160 & ISSN
1407-6179.
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Informacijas par aeronovéro$anas pakalpojumiem izplatiSana

Tiesais kanals Vairaklimenu kanals

] TieSsaistes reZims - Tiessaistes / bezsaistes agenti

— Bezsaistes rezims Agentu timeklvietnes

Uznémuma |
timeklvietne
|  Uzp@mumu zvanu [ — | Uz IKT balstiti izplatiSanas
centri, biroji lidzekli
Tradicionalo Internets Mobilo sakaru Socialie tikli | | Citi sakaru
sakaru tikli tikli veidi

Pasutitaji

2.11. attels. BPLA uzn€muma pakalpojumu izplatiSanas kanalu un pardosanas IKT
visparinata struktira
(avots: izstradajis autors)

Tiesaja kanala (0 Ilimeni) BPLA uznémums pats pardod savus pakalpojumus
bezsaistes vai tieSsaistes rezima ar savu biroju, parstavniecibu vai timeklvietnes
instrumentu palidzibu. TieSsaistes reZima izplatiSanai tiek izmantota uznémuma
timeklvietne, kura izvietots attiecigais saturs (informacija par pakalpojumu veidiem un
izpildes terminiem, tarifiem, aeronoverosanas un aerofiksacijas rezultatu pecapstrades
veidiem u.c.). Savukart bezsaistes rezima pardoSana notiek ar uznémuma biroju (MDV
bazes punktu) vai zvanu centra starpniecibu.

Vairaklimenu kanali ietver pardoSanas tikla tradicionalo logistisko ke&di
,uznémums — tieSsaistes / bezsaistes agenti — klienti”. TieSsaistes agenti ir daudzprofilu
agenti, kuri pardod ne tikai BPLA uznémumu, bet ari citu nozaru pakalpojumus.
Japiebilst, ka ari agenti savu pakalpojumu izplatiSanai var izmantot vairaklimenu
kanalus.

Dazadu  struktiru  mijiedarbiba uznémumu pamatpakalpojumu un
papildpakalpojumu izplatiSanas ietvaros tiek Tstenota ar informacijas apmainas un
komunikacijas lidzeklu palidzibu, un galvenie no tiem ir internets, klasiskie
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telefonsakari un mobilie telefonsakari. Lidztekus Siem sakaru lidzekliem visa pasaulé
arvien vairak attistas kanali pakalpojumu izplatiSanai ar socialo tiklu starpniecibu.

2. nodalas secinajumi

1. Saja nodala atspogulota acronovérosanas komercpakalpojumu jomas tiesiska
reguléjuma pamatu analize, kura apliikotas dazadas pasaules valstis (taja skaita Latvija
un Kostarika), 1ava konstatéet, ka attiecigie reglament€josie dokumenti biitiski ierobezo
$adu pakalpojumu sniegSanu un uzliek tos sniedzoSajiem uznémumiem par pienakumu
to darbibas organiz€Sanas un 1stenoSanas ietvaros ieverot noteiktus nosacijumus.

2. AeronoveroSanas pakalpojumu vietgja tirgus analize, ka pieméru aplukojot
Kostariku, apliecinaja, ka regiona geografiskas, administrativi teritorialas un ainavas
Ipatnibas:

a) Dbatiski ietekmé aeronovéros$anas pakalpojumu saturu un $o pakalpojumu
sniegSanai izmantojamo mobilo dronu vienibu izvietojuma izvéli un laiku, kas
nepiecieSams MDYV nogadasanai pakalpojumu sniegSanas vieta;

b) prasa BPLA uznémumos stradajoso pilotu augstu kvalifikacijas limeni, lai
neraditu kait€jumu un nenozaud@tu dronus.

3. Balstoties uz tirgus analizes, autors ir pamatojis un ieklavis zinatniskaja aprite
jaunus skaitliskos datus, kuri raksturo aeronovéroSanas pakalpojumu sniegSanas
procesu Kostarika, un no analizes ietvaros apzinatajiem galvenajiem raditajiem izriet,
ka:

a) vislielako ipatsvaru Kostarikas IKP veido pakalpojumu joma un Sis
patsvars katru gadu arvien vairak pieaug un sasniedz jau 75 %, turklat aeronovéroSana
un aerofiksacija ka galvenie apliikojamo uznémumu sniegto pakalpojumu veidi saskana
ar ekspertvert&jumu regiona veido proporciju 10:1 pasttijumu skaita zina un 1:3 —
pasttijumu izpildes ilguma zina;

b) sadalfjuma p&c pasiititaju grupu juridiskas piederibas absoliiti lielako dalu
(96 %) aeronovérosanas pakalpojumu pasiita komercuznémumi un privatpersonas,
savukart sadalfjuma pa tautsaimniecibas jomam aptuveni 75 % pakalpojumu tiek
pasiititi reklamas, pasakumu apkalpoSanas un tirisma vajadzibam;

c) pakalpojumu sniegSanai ar dronu palidzibu piemé&rota lidojumu (lietderiga)
laika ilgums vidgjais ilgums ir 6,8 stundas diennakti un dazados valsts regionos mainas
diapazona no 4,4 Iidz 12,75 stundam;

d) visticamakais maksimalais laiks, kas nepiecieSams MDV nogadasanai
aeronovéroSanas pakalpojumu sniegSanas vieta jebkura valsts punkta, pat tad, ja
uznémumam ir tikai viena MDV, ir 4,5 stundas;

e) viena aeronoverosanas pakalpojuma sniegSanas vid€jais ilgums ir
3,5 stundas;

f) varbitiba, ka vienas diennakts gaisa laika ietvaros tiks sniegti 1, 2 vai 3
aeronoveroSanas pakalpojumi, ir attiecigi 0,6; 0,35 un 0,05;

g) ar vienas MDV palidzibu sniegto acronovérosanas pakalpojumu vid&jais
skaits diennakt1 ir 1,5;

h) 1 stundu ilga acronovéroSanas pakalpojuma vienas vienibas cena neatkarigi
No ta sniegSanas jomas ir 135 USD, un ta ir pienemta par Kostarikas BPLA uzn€mumu
pakalpojumu bazes cenu 2017. gada;

i) aeronovéro$anas pakalpojumu uznémuma izmaksas uz vienu MDYV, ja
ekspluatéjamo MDYV skaits atrodas robezas no 1 Iidz 20, ir 200 USD diennaktr;

J) aeronovéroSanas pakalpojumu cena 200 USD apméra (par vienu stundu jeb
minimalo pakalpojuma apme@ru) valstl ir uzskatama par pienemamu gan no BPLA
uznémuma, gan pasititaju viedok]a.
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3. Autors ir izveidojis iepriek§ nezinamu formulu dazadu veidu aeronovérosanas
pakalpojumu provizorisko un galigo cenu aprékinasanai. Tas novitate, kas sikak tiks
apliikota turpmakaja dala, balstas §ados aspektos:

a) to var izmantot uznémumi, kuri darbojas jauna tautsaimniecibas joma —
aeronovéroSanas pakalpojumu sniegSana;

b) ir ieviests jédziens ,lidojumu (lietderigais) laiks” aeronové€rosanas
pakalpojumu sniegSanai un izstradata ta aprékinasanas metode.

4.Ir secinats, ka Kostarikas reglamentgjoSie dokumenti nenosaka
aeronoveéroSanas pakalpojumu komercdarbibai butiskus ierobezojumus, bet izvirza
tikai sapratigas prasibas.

5.Autors ir izstradajis visparinatu informacijas par aeronoverosanas
pakalpojumiem izplatiSanas kanalu struktiira.

133



3. MOBILO DRONU VIENIBU TERITORIALA IZVIETOJUMA
OPTIMIZACIJA (BALSTOTIES UZ KOSTARIKAS PIEMERA)

3.1.  Dronu teritoriala izvietojuma ipatnibu analize

Lai sasniegtu promocijas darba merki, autora ieskata ir nepiecieSams atrisinat
uzdevumu, kas saistits ar BPLA uznémumu aeronoveéroSanas pakalpojumu sniegSanai
izmantojamo mobilo dronu vienibu teritorialo izvietojumu. Uzdevums izvietot tada
pasa veida precu / pakalpojumu razoSanu ir klasisks regionalas ekonomikas uzdevums.
Publikacija ir sniegts parskats un metozu parskats par §adu problému risinasanu 3%,

Veicot komercdarbibu aeronovérosanas pakalpojumu joma, galvena probléma,
kas jaatrisina uznémumiem, ir MDV bazes vietu un to teritoriala sadalijuma regiona
optimala izvéle, lai nodroSinatu uzpe€muma darbibas un klientu apkalpoSanas
efektivitati. Ka autors noradija darba 1.3. sadala, Sis uzdevums ir klasisks regionalas
ekonomikas uzdevums, kas saistits ar razotnu izvietoSanu. Visaptveross parskats par
minétajiem izvieto$anas krit€rijiem ir sniegts raksta®'®. Iespgjama uzdevuma nostadne
(tadu bez risindjuma) BPLA uznémumu gadijuma ir aprakstita autora raksta®'®,

Teritoriala izvietojuma un ta izejas nosacijumu raksturigas iezimes atskiriba no
klasiskajiem precu razoSanas (pakalpojumu sniegSanas) vietu izv€les uzdevumiem
aeronovéroSanas pakalpojumu gadijuma nosaka $adi faktori:

- lietojuma joma, kura Iidz §im zinatniskaja literattra nav apliikota;

- ANP tiek sniegti to radiSanas vieta (produkcija netieck nogadata pie
uznémuma, bet uznémums tiek ,,nogadats” pakalpojumu sniegSanas vieta);

- ANP sniegSana noteiktas teritorijas ir biitiska méra atkariga no attieciga
apvidus ainavas, meteorologiskajiem apstakliem un iesp&jamajam dabas kataklizmam,
kas ietekmg bazes vietu topologiju un pakalpojumu sniegSanas laiku;

- ANP snieg8anas laiks ir ierobezots — tie var tikt sniegti tikai diennakts
gai$aja laika un ta ietvaros — tikai labveligos laikapstak]os.

Galvenais MDV darbibas efektivitates kriterijs ir sp&ja nest maksimalu pelnu,
vienlaikus nodroSinot klientu apkalpoSanas kvalitati. Ja par vienu no nosacijumiem
pienem viena ANP sniegSanas vidg€jas izmaksas, efektivitates kriterijs tiek reducéts Iidz
minimalajam apkalpoS$anas izmaksam, kas ir atkarigas galvenokart no MDV skaita un
atraSanas vietas (bazes vietas). Jo lielaks biis MDYV skaits, jo lielakas izmaksas prasis
to funkcionala uzturésana, tacu atbilstosi samazinasies laiks, kas ir nepieciesams klientu
pasitijumu izpildei attiecigaja teritorija, un lidz ar to palielinasies iesp&ja apkalpot
vairak klientu. Jo mazaks biis MDYV skaits, jo mazakas biis uzturésanas izmaksas, tacu
palielinasies laiks, kas tiek zaud@ts, nogadajot dronus pakalpojumu sniegSanas vieta, un
attiecigi samazinasies klientu skaits, ko iesp&jams apkalpot MDYV darba laika.

Seit janorada uz virknes zinatnieku, tostarp A. Andronova, Dz. Nosedala un
S.Dz. Raita, apliikotajiem uzdevumiem. Tad€jadi MDV bazes vietu (izvietojuma)

814 Mirchandani P., Francis R., Discrete Location Theory, University of Michicgan, John Wiley &
Sons, p.357. ISBN: 0471892335

315 Zanjirani R., Steadie M., Asgari N., Multiple criteria facility location problems: A survey Applied
Mathematical Modelling. Volume 34, Issue 7, Jalijs 2010, pages 1689-1709, DOI: /10.1016

316 Sulima N., On the commercial aspects of exploiting drone information technologies and tools for
their optimization. V International scientific and practical proceedings. The transformation process of
law, the regional economic police: the relevant economic and political and legal issues. Riga, 2017,
pages 288-297, ISBN 978-9984-47-143-3.
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optimizacijas uzdevums tiks noformuléts ka Biilla programmé&Sanas probléma, lai

samazinatu funkciju317, 318 319.

n-1 n-1m-1
min F(x,2)=>_fx +>.> ¢,z
i=0 i=0 jol
(3.1)
ar Bula mainigajiem Xi € X, ;€ Z ir noteikti $adi ierobezojumi:
n-1
> x <Kk,
(3.2)
x, <1 1=0,.,n-1,
(3.3)
n-1
>z,,=1 j=0..,m-1,
i=0
(3.4)
m-1
Z; ; <sx,1=0..,n-1
j=0
(3.5)

Izejas dati izvirzitajam uzdevumam ir §adi:

| — potencialo izvietoSanas punktu kopa, kopgjais skaits ir n = |l|;

J — dronu pakalpojumu sniegSanas punktu kopa (vienkarSibas labad pienemot,
ka tas ir lidzvertigs apkalpoto klientu skaitam), m = |J|;

fi — bazes organizésanas un uzturéSanas izmaksas punkta i € I;

Cij — izmaksas saistiba ar klienta j piesaisti bazei i, je J, ko nosaka galvenokart
izmaksas, kas nepiecieSamas dronu nogadasanai pakalpojuma sniegSanas vieta;

k — maksimalais iesp&jamais izvietosanas punktu (bazu) skaits.

Mekl&tie mainigie ir $adi:

k*— optimalais bazu skaits;

Xi = 1, ja baze ir izveidota punkta i, un 0 — pret&ja gadijuma; X= (Xo, ..., Xn-1);

zi,j=1,jabaze punkta i sniedz pakalpojumus klientam j, un 0 — pret&ja gadijuma;

Z = (Zi,j)nxm;

Xi, zij — Biila mainigie.

Izvirzitais uzdevums lidz minimumam samazinat kritériju (3.1), ievérojot
ierobezojumus (3.2-3.5), nosaka, ka BPLA uzpémuma izmaksas ir atkarigas
galvenokart no MDYV skaita un konkrétajam atrasanas vietam, ka ar1 no apkalpojamo
klientu teritoriala izvietojuma, savukart ienakumi ir nemainigi. Kopuma uzdevuma
risindjumam formul&uma (3.1-3.5) biitu janodroSina, lai uznémums ar minimalam
izmaksam var€tu sniegt klientiem noteiktu ANP skaitu noteiktos regiona apvidos.
Ieprieks aprakstitajai problémai ir 2n + m + 1 ierobezojumi un n (m + 1) mainigie.
Aplikojot nelielas valstis, uzdevuma dimensionalitate nav liela (n < 10, I < 20) un layj

317 Andronovs A., Transporta sistému optimizacijas metodes. I. dala. Rigas Tehniska Universitate,
Riga, 2007, ISBN: 9984324931

318 Nocedal J., Wright S.J. Numerical Optimization. Second Edition. Springer, 2006, Springer, New
York, NY, ISBN: 978-0-387-40065-5

319 Murtaf B., Modern Linear Programming [Russian translation], Mir, Moscow , 224p., 1984.
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izmantot ta risinaana kombinatoriskas metodes®?, 32 322 323 gayukart lielas

dimensionalitates gadijuma ieteicams lietot linearas programmésanas metodi®?4, 325, 326,

327

3.2.  Kombinatoriskas metodes izmantoSana dronu teritoriala izvietojuma
optimizacijai Kostarika

Kombinatoriska metode tiek izmantota, ja potencialo teritoriala izvietojuma
punktu skaits n un planoto izvietosanas punktu skaits k nav liels un lidz ar to var izskatit
visas MDV izvietojuma kombinacijas, ietverot visas iesp&jamas vietas regiona,
neizlaizot nevienu no iesp&jamajam kombinacijam. Tadejadi kombinatoriska metode
ir preciza metode. Katru MDYV izvietoSanu potencialajas vietas att€lo n—dimensionals
Biila vektors. Vektora komponentes atbilst iesp&jamajiem izvietojuma punktiem. Ja
komponente ir vienada ar 1, MDYV attiecigaja punkta ir izvietojama, bet, ja ta ir vienada
ar nulli, tad né. Katrs $ads n—dimensionals vektors satur k Vvienibas — atbilstoSi
izvietojamo MDYV skaitam. Dazadu S$adu vektoru skaits, proti, dazadu MDV
izvietojuma variantu skaits, ir vienads ar n!/(k!(n-k)!).

Tiek piedavata kombinatoriskas metodes izmantoSana 2 posmos, ka to ierosina
autors®?;

- pirmais posms — MDV potencialo izvietojuma punktu skaita (K)
samazinasana;

- otrais posms — uzdevuma (3.1) ar izejas nosacijumiem (3.2-3.5)
atrisinasana, parskatot visus pirmaja posma atlasitos izvietojuma punktu variantus.

Izvietojuma punktu skaita k samazinasanu pirmaja posma ierosinats veikt,
izmantojot heiristisko ekspertveértéjumu, nemot véra valsts regionu klimata ipatnibas,
ANP sniegSanas vietu sadalfjumu tajos, magistralo autocelu tuvumu un citus faktorus,
kas butiski ictekmé lidojumu laiku, transporté$anai nepieciesamo laiku un pakalpojumu
sniegSanas ilgumu.

320 Mirchandani P., Francis R., Discrete Location Theory, University of Michicgan, John Wiley &
Sons, p.357. ISBN: 0471892335

%21 Brualdi R., Introductory combinatorics. 4th edition. Prentice Hall, New Jersey, 2004, ISBN:
0131001191

322 Nocedal J., Wright S.J. Numerical Optimization. Second Edition. Springer, 2006, Springer, New
York, NY, ISBN: 978-0-387-40065-5

323 Andronovs A., Transporta sistému optimizacijas metodes. I. dala. Rigas Tehniska Universitate,
Riga, 2007, ISBN: 9984324931

324 Murtaf B., Modern Linear Programming [Russian translation], Mir, Moscow , 224p., 1984.

325 PomanoBckuii M., AIropuTMBI pellieHus sKcTpeManbHbIX 3a1a4. (Romanovsky I., Algorithms for
solving extreme problems), Universidad de California, 325 p. 1977, digitalized 2008

326 Sylima N., Rebezova M., Surinov R. A Modification of the Knapsack Problem Taking Into Account
the Effect of the Interaction Between the Items. Automatic Control and Computer Sciences, Allerton
Press, Inc. Vol. 47, Ne 2, pp. 107-112., 2013, ISSN 0146-4116

327 Sulima N., Rebezova M., Surinov R., Stochastic Modification of the Knapsack problem, In:
Abstracts of the 7th International Workshop on Simulation. 20-25 Maijs 2013, Rimini, Italy, p.p. 304-
305. ISSN 1973-9346.

328 Sylima N., Combinatory method of optimization of regional basing of mobile units of commercial.
In book: "Reliability and Statistics in Transportation and Communication. RelStat 2018". Springer
International Publishing: pp. 168-177, ISBN 978-3-030-12449-6.

136



Visu objektu (MDV) n iespéjamajas vietdas sadalitu izvietojuma punktu K
kombinaciju | generésana otraja posma tiek veikta pa soliem, izmantojot turpmak
aprakstito metodi un balstoties uz publikacijam3?°, 3%,

Katru MDV izvietojumu iesp&jamajos punktos att€lo n—dimensionals Bila
vektors. Vektora komponentes atbilst iesp€amajam izvietojuma vietam. Ja
komponente ir vienada ar 1, MDYV §aja vieta tiek izvietota, ja vienada ar nulli — netiek.
Katrs $ads n—dimensionals vektors satur k vienibas — atbilstosi izvietojamo MDV
skaitam. Ta rezultata, pieméram, ar n = 15 un k = 7, kopg&jais kombinatoriskaja metode
mekl&to variantu skaits bus 6435, un $ada skaita variantu mekl&Sanas laiks procesoram
ar frekvenci 2 GHz bus dazas sekundes.

Pirmaja soli tiek sastadits visu iesp&jamo kombinaciju saraksts, kas sakas ar n—
dimensionalu Biila vektoru, kura vienibas aiznem k vektora zemakas pozicijas. Talak
aktualajam Bila vektoram tiek pievienota viena vieniba. Ja jaunaja vektora vienibu
skaits ir vienads ar Kk, tad Sis vektors definé jaunu kombinaciju un tiek iegauméts.
Aprakstita procediira tiek pabeigta, kad ir iegiitas visas nepiecieSamas kombinacijas, ko
ietver kopa I.

P&c visu iesp&jamo MDYV izvietojuma variantu izveides var pariet uz otro soli —
izveleties izvietojuma variantu, kas nodroSina optimalu mérka funkcijas (3.1) vertibu.
Saja noliika tieck secigi analizéti visi izvietojuma varianti no kopas |. Fiksétam
izvietojumam tiek parmekleti visi klientu varianti. Katram klientam j&J tiek
piemekléts punkts i, kura izmaksas Cij ir vismazakas. So izmaksu summai, ko veido visi
klienti, tiek pieskaitita izmaksu summa {fi}, kas biis nepieciesama MDV
funkcioné$anas nodroSinasanai, ja tas bis izvietotas punkta | £ |. Rezultata tiek iegtta
mérka funkcijas (3.1) vértiba aplukojamajam bazes vietu izvietojuma variantam.
Vismazaka vertiba no visiem variantiem tad ari nosaka optimalo izvirzita uzdevuma
risinajumu. Ta nosaka gan MDYV izvietojumu, gan klientu piesaisti attiecigajos punktos
izvietotajam MDV.

Uzdevuma risinasanai tika izmantota matematiska programmeéSanas valoda
Mathcad.

Talak tiks veikta ieprieks aprakstitas uzdevuma risinasanas metodes aprobdacija,
pielietojot to attieciba uz bezpilota lidaparatu komercpakalpojumus Kostarika
sniedzo§o uznémumu darbibu, kura atbilst turpmak uzskaititajiem ekspertu
pienémumiem un raditajiem.

A) ANP pasiitijumi ir koncentréti 7 provinces, lielajas pils€tas. nacionalajos
parkos (NP) un rezervatos.

Lielako pastitijumu apjomu valsti veido $adi apgabali:

8) Alahuelas province — Alahuelas un Kesadas pilsétas, Arenala vulkans un
Irasu vulkana un Poasas vulkana NP;
9) Kartago province — Kartago un Paraiso pilsétas, Rasu vulkana NP;

10) Gvanakastes province — Liberijas pilséta, mazpilséta Samara,
Santarosa, Huankastro, Paloverdes un Vjehas Rinkona vulkana NP;

11) Eredijas province — Eredija — ,,Ziedu pilséta”;

12) Limonas province Limonas pilséta, Torturelo NP;

13) Puntarenasas province — Puntarenasas pilséta, Manuelantonio,
Korkovado, un Kararas NP;

14) Sanhosg province — Sanhos€ pilséta.

329 Brualdi R., Introductory combinatorics. 4th edition. Prentice Hall, New Jersey, 2004, ISBN:
0131001191

330 Turkington D., Matrix Calculus & Zero-One matrices. Statistical and Econometric Applications.
Cambridge University Press, Cambridge, 206 p., 2005, ISBN: 0521022452
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Limonas, Kartago, Eredijas un Sanhosg provincg€s vairums pasiitijumu m&dz biit
orientéti uz urbaniem mérkiem liclajas tada pasa nosaukuma pilsétas vai apméram
stundas brauciena attaluma no tam. Gvanakast® pasiititaji parasti ir arl tiirisma
operatori, kas organizé celojumus gidu pavadiba un ekologiska turisma aktivitates.
Savukart Puntarenasas provincg, kas aptver lielako dalu rietumu piekrastes, médz but
dazadu veidu pasiitijumi.

B) Pakalpojumu pasitiSanas varbitiba
atspogulota 3.1. tabula (autora ekspertvertejums).

31 attiecigo provinéu objektos ir

3.1. tabula
Pakalpojumu pasiitiSanas varbiitiba Kostarikas provinces
1 2 3 4 5 6 7
Alahuela | Kartago | Gvanakaste | Eredija | Limona | Puntarenasa | Sanhos¢
0.18 0.19 0.14 0.01 0.10 0.18 0.20

Avots: autora veikts aprékins

C) Klientu skaits m =15 ari aptuveni atbilst viena uznémuma sanemto
pasiitjumu skaitam diena. Jebkurai MDV bazei piesaistito klientu skaitam
ierobezojumi netiek noteikti.

Uzdevums ar augSminétajiem priekSnosacijumiem, ka noradits 3.1. sadala,
tiek risinats divos posmos.

Pirmais posms. Potencialo izvietojuma punktu skaita n = |l| samazinasana,
balstoties uz ekspertvértejuma, attiecigo izmaksu noteiksana atbilstosi (3.1).

3.1. tabula liecina, ka ANP pasiitijumu sadalijums dazadas provinces ir arkartigi
nevienmérigs. Lai izlidzinatu So nevienméribu, potencialas MDV atraSanas vietas
iepriek$ tiks rajonétas, vadoties nevis péc iedalifjuma provinc€s, bet So provincu
geografiski saistitiem apvidiem, kam raksturigs aptuveni vienads vidgjais lidojumiem
piemérotais laiks gada Timig, kura var tikt sniegti aeronoveéroSanas pakalpojumi
diennakts gai$aja laika. Izmantojot Sadu pieeju un balstoties uz 3.1. tabulas un
3.9. attéla, tika izraudzitas $adas potencialas MDYV atrasanas vietas:

- Gvanakastes provinces piekraste un Puntarenasas provinces ziemeldala
(G&P);

- dala Puntarenasas provinces piekrastes Hako pils€tas rajona (MP);

- Puntarenasas provinces dienviddala Golfito un Puertohimenesas pilsétu
rajona (ZP), ieskaitot Korkovado nacionalo parku.

Austrumu piekraste tiek izraudzita Limonas pilséta Limonas provincg (PL).

Izraudzitajas vietas Tt mid vid€jie lielumi (skat. 2.9. att.) ir sadi:
regiona G&P: Timia = 10,1 h;
regiona ZP: Ttmia =4,61 h;

- regiona MP: T¢mid =8,35 h;

- regiona PL: Ttmia = 7,37 h.

Nav Saubu, ka Saja zina vislabveligakie regioni teritoriali sadalitai MDV
izvietosanai ir G&P un MP, savukart visnelabvéligakais — regions ZP. Japiebilst, ka, ja
vien to pielauj pasutitaju nosacijumi, ANP sniegSanu Limonas provinces centralaja dala
ir lietderigi ieplanot perioda no junija lidz oktobrim, kad par€jos regionos ir
visnelabveligakie laikapstakli.

Balstoties uz ieprieks veiktas rajon€Sanas un nemot véra ekspertvertéjumu, var
noteikt piemérotakas MDYV atrasanas vietas attiecigo regionu teritorija. Saskana ar to
atrasanas vietas ir S$adas: Sanhosg, Kartago, Alahuelas, Limonas, Hako, Uvitas, Golfito,

331 Sulima N., Probabilistic Model of Overbooking for an Airline. Automatic Control and Computer
Sciences, Allerton Press Inc. 46(1), pp. 49-56., 2012, ISSN 0146-4116.
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Kobano un Tilaranas apkartne. Lidz ar to maksimalais iesp&amais potencialo
izvietoSanas punktu skaits k = 9.
Izdevumus fi att€lo $ads vektors:

fi=(545454354) (3.6)

Janorada, ka seciba Saja vektora nav saistita ar izraudzito atrasanas vietu
uzskaitiSanas secibu no (3.6).
Izdevumu ci; skaitliskas (dotas) vértibas ir apkopotas 3.2. tabula.

3.2. tabula
Aprékinatie izdevumi {Ci;}
jh 0 1 2 3 4 5 6 7 8
0 8.6 8.0 2.0 1.0 4.2 4.2 2.2 1.7 0.9
1 2.4 6.3 3.6 0.3 6.0 7.8 4.8 0.7 0.8
2 0.5 5.9 2.9 2.6 4.1 15 4.1 9.6 3.8
3 1.7 1.9 1.0 2.3 6.2 0.9 8.4 4.5 52
4 2.2 2.3 7.1 8.6 0.0 4.7 4.3 1.8 14
5 7.9 2.4 6.7 0.5 3.9 3.3 7.3 4.7 0.7
6 0.8 4.1 0.1 0.6 3.2 6.1 0.8 2.5 9.1
7 14 2.7 6.0 0.9 8.5 2.8 8.5 2.8 7.6
8 5.6 3.8 2.9 9.6 2.0 4.4 3.6 8.2 1.0
9 6.3 2.1 7.5 8.8 4.7 2.2 0.9 6.3 6.8
10 4.5 6.0 9.1 4.0 4.3 5.2 1.9 0.1 8.2
11 3.3 3.6 6.1 6.6 4.2 0.1 9.1 2.9 2.7
12 2.8 9.8 7.8 9.5 5.8 7.7 3.1 8.6 8.7
13 8.7 9.0 5.4 0.0 3.4 9.7 3.4 7.1 9.7
14 8.7 9.5 3.9 0.5 9.5 9.0 2.7 9.2 2.2

Avots: autora veikts aprékins

3.2. tabula atspogulotajos izdevumos Cij ir nemti véra ari zaud€jumi, kas rodas
gadijuma, ja ANP sniegSana attiecigajas MDYV atrasanas vietas nav iesp&jama
nelabveligu laikapstaklu vai citu arkartéju apstaklu del.

Otrais posms. Uzdevuma risinajums. 3.3.tabula katram k ir aprékinatas
optimalas atrasanas vietas i, , 7 = 1,..., K, un kritérija F vértibas, kas aprékinatas p&c
formulas (3.1).

3.3. tabula
Punktu Kk optimalais izvietojums un kritérija F vértiba
k 2 3 4 5 6 7 8 9
o 3 3 3 3 3 0 0 0
[} 6 6 5 5 4 3 1 1
i2 8 6 6 5 4 3 2
i3 8 7 6 5 4 3
4 8 7 6 5 4
is 8 7 6 5
i7 8 7 6
is 8 7
o 8
F 36.1 30.6 29.5 32.7 36.2 40 44 48.5

Avots: autora veikts aprekins
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Ka redzams 3.3. tabula, kritérija F(x,z) vértiba ir vislielaka un vienada ar 29,5
pie k* =4, ja potenciali ir iesp&jamas 9 bazes vietas. Sakaribas starp F(x,z) un Kk,
grafiskais att€lojums, balstoties uz 3.3. tabulas datiem, ir redzams 3.1. attéla. Tuvu
optimalajam vertibam §is kritérijs ir ari tad, ja MDV bazes vietu skaits k* = 3un k* = 5.

Optimala klientu piesaiste MDV izvietojuma punktiem, ja k* = 4, ir atspogulota
3.4. tabula. Turpat ir redzama arT optimala piesaiste, ja k* = 5.

Saskana ar 3.3. tabulu un 3.1. att€lu optimalais MDYV izvietojuma punktu skaits
k* = 4. Nemot véra visus apstaklus, $ie punkti atrodas tadu apdzivoto vietu apkaimés
ka Alahuela, Tilarana, Limona un Hako, kas 3.2. att€la redzamaja kart€ ir atzimetas ar
trisstiiriem>®,

Palielinoties uzdevuma dimensionalitatei, ta risinaSanas laiks pieaug nelineari
un pietickami lielas dimensionalitates gadijuma var kliit nekontrolgjams uzdevuma
izvirzitajam, respektivi var rasties aizdomas, ka ir ,uzkaries” dators. Lidz ar to
gadijuma, ja sakotn&ja uzdevuma dimensionalitate ir liela, svariga nozime ir ta
risinaSanas pirmajam posmam — potencialo MDV izvietojuma punktu skaita
samazinasanai, balstoties uz heiristiska ekspertveértéjuma, tadejadi biitiski samazinot
dimensionalitati, kas piemit otraja posma ar kombinatorisko metodi risinamajam
uzdevumam.

60

F(x,2) 48,5

44
4.O//
2

50

40 36,1 32.7 ;

20

10

2 3 4 5 6 7 8 9

3.1. attéls. Sakaribas starp F(x,z) un k grafiskais att€lojums
(avots: izstradajis autors)

3.4. tabula
Optimala Kklientu j piesaiste MDV izvietojuma punktiem i, jak=4unk =5
j |0]1/2|3|4|5|6|7]|8|9]10|11]12|13|14| F
3/3|5(5(8/3/3|3|8|6|6 /|5 |6]3|3]25

7\—
1=
o

8/3|5/5/8(3[3|3|8|6|7|5|6]|3]|3]327

=~
1
(62 ]

Avots: izstradajis autors

332 Sylima N., Combinatory method of optimization of regional basing of mobile units of commercial.
In book: "Reliability and Statistics in Transportation and Communication. RelStat 2018". Springer
International Publishing: pp. 168-177., ISBN 978-3-030-12449-6

140



\ SanJuan
\ \ del Norte
pSan Carlos

Y/ s J
D~ QE| Castillo g:er?{;

9

N

CARIBBEAN
SEA

) Archipielago de
Chariguinola “Bocas del Toro
Q

PACIFIC Gotod
OCEAN

COSTA RICA

okm 30 s  s0km

©2009 Ezilon.com All Right Reserved

Golfo de

3.2. attéls. MDV bazes punktu optimala izvietojuma karte
(avots: autora izstradats MDV bazes punktu izvietojums)

3.3.  Linearas programmesanas izmantoSana MDYV teritoriala izvietojuma
noteikSanai Kostarika

Autora noformul€taja teritoriala izvietojuma uzdevuma biitiska prasiba ir tada,
ka nezinamajiem var bit tikai divas veértibas: O un 1.

Ja tiek izslegts veselskaitlu nosacijums, tiek iegiits uzdevums ar mérka funkciju
(3.1), ierobezojumiem (3.3, 3.5) un nenegativiem mainigajiem {Xi, zij : i =0, ...,n-1; ] =
0,...,m-1}, ko ir iespejams atrisindt ar linearas programmésanas metodi>*, 334 335 336,
ka tas ir ierosinats publikacija®®’.

Sis metodes izmanto$ana lauj ari visparindt apliikojamo uzdevumu, ki papildu
nosacijumu ieklaujot pieneémumu, ka maksimalais klientu skaits s, kas ir piesaistams
katram MDV izvietojuma punktam, nav visam bazém vienads, bet punktam i ir
nosakams ka si. Tagad s ir n—-dimensionals kolonvektors s = (S1,...,Sn)". Talak diag(s)
ka diagonala matrica ar vektoru s tiek noteikta par galveno dlagonah338

Tiek ieviesti 2n + [ papildu mainigie vi, Uiu t, 1ai pie ierobezojumiem (3.2), (3.3)
un (3.5) parietu uz $adam vienadibam:

n——1
D x +t=k, (3.7)
i=0
X, +Vv, =1, i=0,.,n-1, (3.8)

333 Andronovs A. Transporta sistému optimizacijas metodes. I. dala. Rigas Tehniska Universitate, Riga,
2007.

334 Brualdi R.A. Introductory combinatorics. Third edition. Prentice Hall, New Jersey, 1999.

335 Myprad B. CoBpeMenHoe uHeiiHOE TporpaMMupoBanue. Mocksa, Mup, 1984.

336 PomanoBcknmit V1.B. ATropUTMBI pEIICHNS SKCTPEMANBHEIX 3a1ad. Mocka, Hayka, 1977.

337 Sulima Nikolajs, Inna Stecenko. The task of optimizing regional deployment of commercial drone
bases. DANE — TEORIE A PRAXE. Sbornik referatti a abstraktiXX. ro¢niku mezinarodni odborné
conference, Akademie Sting, Brno, 2017 p.p. 158-166.

338 Turkington D.A. Matrix Calculus & Zero-One matrices. Statistical and Econometric Applications.
Cambridge University Press, Cambridge, 2012.
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-1

z, . —SX,+u, =0, i=0,.,n-.1 (3.9)

1]

3

—_
Il
o

Tiek ieviesti Sadi vektori:
X = (Xo,...,Xn-1 )T — N-dimensionals kolonvektors;
s =(So,..., Sn-1 )| — N-dimensionals kolonvektors;
Vv = (Vo,...,Vn-1 )" — n-dimensionals kolonvektors;
u = (Uo,...,Un1 )" — n-dimensionals kolonvektors;
2j=(20,j,...,Zn1,j) " — N-dimensionals kolonvektors;
z=(2",..., Z01" )" = (200,.-.» Z0-1,0 , Z0,1s-» Z0-11 5evvy Z0Om-L »--+r Zn-dm-l)| — NM-
dimensionals kolonvektors;
w=(xT,z", u"vT,t)Tir (3n + nm + 1)—-dimensionals kolonvektors;
row(n) = (1, ..., 1) ir n-dimensionals rindvektors no vieniniekiem,
zero(m) = (0, ..., 0) — m-dimensionals rindvektors no nullém,
f=(fo,... f1 )T — n-dimensionals kolonvektors ar vértibu koeficientiem pie {xi};
¢ = (Coo ,..., Cn-10 , C01yeoer Cndl, ..., COmel »..., Cneim-1)! — NM-dimensionals
kolonvektors ar vértibu koeficientiem pie {zi;};
d = (k, row(n), row(m), zero(n))" ir (2n + m + 1)-dimensionals brivo loceklu
kolonvektors.
Tiek ieviesti Sadi matricu apziméjumi.
Tiek pienemts, ka O, , apzimé kartas mxn matricu no nullém un matricai A ir

kartas mxn, bet matricai B — kxp. To Kronekera reizinagjums A ® B ir kartas mkxnp
matrica, kas iegita, aizstajot matrica A katru elementu A;j ar matricu B, reizinatu ar Ajj.

Tiek uzkonstruéta linearas programmeésanas uzdevuma ierobeZojumu matrica 4.
Ta ir kartas (2n +m+ 1)x( 3n + nm + 1) bloku matrica:

Aor Aoz Aoz PAoa
Ar Az As A
Arn Ao A A,
Asr P Pz Pg,

kur:
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A, =row(n) =01 ... 1) .,

A,, =zero(nm)=(0 ... 0) ..,
A,; =zero(n)=(0 ... 0)_.,
A, , = zero(n) = (0 ... 01 ety
A, = 1(n),

A1,2 = O,mn>

A1,3 = Onx(n

A, = (1(m)|zero(m™),

A2,1 = Opin s

A, =1(M)Drow(n), ..m:

A2,3 = On s

A2,4 - Omx(n+1) ’

A;, = —diag(s),

Az, = row(m) ® 1(N) . nm:

Ass = 1(Nn),

A3,4 - Onx(n+l)’

Tagad linearas programmeésanas uzdevums ir noformul&jams §adi:

minimizet funkciju
F(w)=F(x,z,u,v,t) = fTx+c'z (3.10)
ar nenegativiem mainigajiem Xxi, Zij, Vi, Ui, t, ievérojot ierobeZojumus:
Aw=d. (3.11)
. . ~ T T T . v .
Tiek piepemts, ka V =(V t) =(v, .. v, t)'. Tad ierobezojumus (3.9)

izversta forma var attélot $adi:

A As Ags Ags | X k
A= Ar A, A ALz _ row(n)

A2,1 Az,z Az,g A2'4 u row(m) ’

Ay AL A Ay v zero(n)

vai
Ao,lx + Ao,gz + onsu + A0’4\7 = K,
Agx + Apz + AU+ A1,4\7 = row(n),
Ax + ALz + Agu + ALV = row(m),
Apx + Az + AU+ A3,4\7 = zero(n),

turklat
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row(n)x + t = k,

I(nx  + (l (n)‘Zefo(”)T)7 = row(n),
I(m) ® row(n)z = row(m),
—diag(s)x + rowm®I(n) z + I(nu 0 = zero(n),

Tagad uzdevuma ir 2n + m + 1 ierobezojumi un n(m + 3) + 1 mainigie, un uzdevuma
dimensijah=2n+m+1+n(m+3)+1.

Lai atrisinatu izvirzito uzdevumu (3.10)-(3.11), nemot v€ra ieviestos papildu
nosacTjumus (3.7)-(3.9), ir izmantota simpleksa metode.

Aprékinu procediira §1 uzdevuma risinaSanai ta visparigaja veida balstas uz
publikacijas®®, savukart risinasana ar konkrétiem izejas datiem, kas atspoguloti (3.6), ka
ar1 3.2. un 3.3. tabula, ja m = 15 un n = 9, ir aprakstita 37 darba 3. pielikuma. Sis linearas
programmeésanas procediras solus var ilustrét $adi. Sakuma netiek nemti véra vienam bazes
punktam piesaistito klientu maksimala skaita ierobezojumi, proti, tapat ka ieprieks tiek
pienemts, ka si= 15. Uzdevuma dimensijan=9unm=15unk=7irh=2n+m+1) +
(3n + nm + 1). Ja tas tiek atrisinats ar kombinatorisko metodi (k = 7), $ada skaita opciju
Cr*> 1x10%** mekl&sanas laiks procesora frekvence aptuveni 2 GHz biis desmitiem stundu,
kas nav reali.

Promocijas darba 3. pielikuma aprakstitas aprékinu procediiras protokols, Kas ietver
atsevisku iteraciju izpildes rezultatus, ir atspogulots 3.5. tabula.

3.5. tabula
Kritérija F(w) vértibu pakapeniskas izmainas linearas programmeésanas
optimizacijas uzdevuma risinasanas ar simpleksa metodi procesa
n/St 0 1 2 3 4 5 6 7
16 16 16 16 16 16 17 17
21 21 21 21 21 21 21 21
35 35 35 35 35 32 32 32
44 44 44 44 41 41 41 41
52 52 52 52 52 52 52 53
57 57 57 57 57 57 57 57
66 66 66 66 66 66 66 66
75 75 75 75 75 75 75 75
88 89 89 89 89 89 89 86
98 98 98 96 96 96 96 96
106 106 106 106 106 106 106 106
114 114 114 114 114 114 114 114
122 122 122 122 122 122 122 122
130 130 130 130 130 130 130 130
138 138 138 138 138 138 138 138
60.1 |529 |464 |405 [36.2 |339 |[331 |327
Avots: izstradajis autors

MR SIRE B low~Noo s~ wNF o

3.5. tabulas rindas (#) atbilst mainigo numuriem {z;;}, kas ir bazes numuri. Pargjie
bazes mainigie nav atspoguloti, jo mainigie {Xj} nemainas, savukart pargjos mainigos
viennozimigi nosaka paraditas vertibas. Kolonnas atbilst optimizacijas iteraciju numuriem
(St). Nulles kolonna attélo sakotn&jo bazi, kas aprakstita ieprieks. Katra nakama kolonna
dod jaunu bazi, kas ieglita pec kartgjas iteracijas izpildes. Ped&ja kolonna satur kriterija

33% Andronovs A., Transporta sistému optimizacijas metodes. I. dala. Rigas Tehniska Universitate,
Riga, 2007, ISBN: 9984324931
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F(w) vertibas (3.10) attiecigajam bazes risinajumam. Tabula ir redzams, ka kriterija vertiba
ir samazinajusies no 60,1 Iidz 32,7. Kopuma tika izpilditas 8 iteracijas. P&dg€jas (8.)
iteracijas rezultati nav atspoguloti, jo tie sakrit ar ieprieksgjas iteracijas rezultatiem.
Optimalais risindjums ir ietverts tabulas pedgja kolonna. Sis risinajums, attglots ar bazes
vietu numuru i un klientu numuru j starpniecibu, ir redzams 3.6. tabula.

3.6. tabula
Apréekinata Kklientu j piesaiste MDV izvietojuma punktiem i saskana ar
3.5. tabulu
jl]o|1|2|3|4|5|6 |7 8|9 |10|11]12|13 |14
i | 8/3|]5|5|8]3|3|/3]8|6|]7|5]|6]3]3
Avots: izstradajis autors

3.5. un 3.6. tabula atspoguloto datu analize lauj izdarit Sadus secinajumus:

4) aprekina procediru izpilde tika veikta 7 solos, kas bitiski saisina
galarezultata iegtiSanai nepiecieSamo laiku salidzinajuma ar kombinatoriskas metodes
izmantoSanu. Ir acimredzams, ka lielas uzdevuma dimensionalitates gadijuma §1
starpiba pieaugs lielaka pakapé neka proporcionali;

5) 3.5. tabula (p&dgja rinda un kolonna) ir redzams, ka kritérija F(w) vértiba ir
mainijusies no 60,1 1idz 32,7, kas precizi atbilst aprékinatajai vertibai, kas iegiita ar
kombinatorisko metodi pie k* =5 (3.4.tab.). No ta izriet, ka optimalais MDV
izvietojuma punktu skaits, kas iegiits, veicot aprékinus ar linearas programmeésanas
palidzibu, ir k* = 5. Turklat janorada, ka, izmantojot kombinatorisko metodi, ar tadiem
pasiem izejas datiem tiek iegtita $T krit€rija veértiba 29,5, bet k* = 4. Tadgjadi izvirzita
uzdevuma risinaSana ar linearas programmesanas metodi ir uzskatama par suboptimalu,
nevis optimalu. Kritérija F(w) talaku uzlaboSanu var veikt, mainot bazes X mainigo
struktiiras sastavu (sakot no izejas bazes) un atkartojot aprékina procediiru, kas
aprakstita darba 3. pielikuma. Turklat kop€jais laiks, kas nepiecieSams tada
galarezultata iegtiSanai, kas apmierina uzdevuma izvirzitaju, palielinas proporcionali
uzdevuma atkartotas risinasanas reizu skaitam. Tapat nav skaidri redzams, vai
pienemtais galarezultats bus tads pats ka kombinatoriskas metodes izmantoSanas
gadijuma. Lidz ar to rezultats, kas iegiits, risinot uzdevumu ka linearas programmesanas
uzdevumu, optimals ir tikai izv€l&tajai bazes X mainigo struktiirai;

6) no 3.6. tabulas izriet, ka MDV izvietojuma punkti precizi atbilst punktiem,
kas aprékinati ar kombinatorisko metodi (3.6.tab.) pie k*=5. Tie ir punkti ar
numuriem 8, 3, 5, 6 un 7. Laiks uzdevuma risinasanai ar simpleksa metodi bija mazaks
par 10 minitém. Izmantojot kombinatorisko metodi n =8, 9, iegust k * = 4.

Apliukojamais uzdevums tiks visparinats, pienemot, ka maksimalais klientu
skaits s, kas ir piesaistams katram punktam, visiem punktiem nav vienads, bet
punktam i ir vienads ar si. Ka noradits ieprieks, uzdevuma nostadne ir jaapliko ka
linearas programmeésanas uzdevums, jo kombinatoriskas metodes gadijuma to izdarit
praktiski nav iesp&jams. Ka liecina 3.6. tabula atspogulotie dati, liclakais skaits klientu
ir piesaistits punktam 3 un vienads ar 6. Péc tam tiek pienemts, ka Sim skaitam tiek
noteikti papildu ierobeZojumi, saskana ar kuriem tas nevienam izvietojuma punktam
nedrikst parsniegt 4.

Sada gadijuma ieprieks aprakstito kombinatorisko metodi nevar izmantot, tadel
ir jalieto linearas programmé&sanas metode. Saja noliika ir nepieciesams korigét vektoru
S =(So,...,Sn-1 )", kas nosaka dazadiem izvietojuma punktiem piesaistimo klientu
maksimalo skaitu. Tagad tas ir Sads:

S=(4,4,4,4,4,4,4,4,4,4 4 44,4 4)T,
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Tapat ka ieprieks tiek pienemts, ka no mainigajiem {Xi} baze tiek ieklauti 5 mainigie
— X3, X5, X6, X7, Xg ar numuriem 3, 5, 6, 7, 8, bet no mainigajiem Vi, i = 0, ...,n-1 bazi veido 4
mainigie — Vo, V1, V2, V4. Bazes mainigo zij sakotn&jas vertibas un numuri kopgja bazes
mainigo saraksta izriet no 3. pielikuma.

Attiecigais aprékina procediras protokols ir atspogulots 3.7. tabula.

3.7. tabula
Linearas programmeésanas aprékina procediiras ar papildu
ierobeZojumiem protokols

nlSt 0 1 2 3
0 17 17 17 17
1 21 21 21 21
2 32 32 32 32
3 41 41 41 41
4 53 53 53 53
5 60 60 62 62
6 70 70 70 69
7 75 75 75 75
8 89 89 89 89
9 96 96 96 96
10 106 106 106 106
11 113 113 113 113
12 123 123 123 123
13 133 129 133 133
14 138 138 138 138
F 44.2 37.1 33.1 33.1

Avots: izstradajis autors

Ka liecina 3.7. tabula, izradas, ka pietiek ar 3 iteracijam. legiitais risinajums ir
atspogulots 3.8. tabula. Tam atbilst mérka funkcijas vértiba (3.10) F(w) = 33,1, kas — tapat
ka klientu piesaiste MDV izvietojuma punktiem — atSkiras no rezultata, kas ieprieks tika
iegiits, nepastavot izvietojuma punktiem piesaistamo klientu skaita ierobeZzojumam.

3.8. tabula
Apréekinata klientu j piesaiste punktiem i saskana ar 3.7. tabulu
j/0] 12,3 ]4[|5|6|7[8|9]10]/11]12)13]14
I 1 8/3]5|]5|8]7]|]6,3]8|6]|]7|5]|6][7]3
Avots: autora veikts aprekins

3. nodalas secinajumi

Veiktais pétijums par bezpilota lidaparatu teritorialo izvietojumu, ka pieméru
aplikojot Kostariku, lava autoram izdarit turpmak izklastitos secinajumus.

1. Ir pirmo reizi noformuléts un formalizéts uzdevums, kas attiecas uz jaunu
pakalpojumu nozares jomu — aeronovérosanas komercpakalpojumu jomu — un ir versts
uz mobilo dronu vienibu teritoriala izvietojuma optimizaciju. Sis uzdevums ietilpst
regionalas ekonomikas klasisko uzdevumu kategorija, kas saistita ar pre¢u razosanas
vai pakalpojumu sniegSanas vietu optimala izvietojuma noteikSanu.

2. Autors ir izstradajis kombinatorisko metodi izvirzita uzdevuma risinasanai,
kas var tikt izmantota, ja uzdevumu dimensionalitate nav liela. Ir pieradits, ka §T metode
ir piemérota tikai gadijumiem, kad netiek noteikti ierobezojumi katrai bazei
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piesaistitajam klientu skaitam. Autores piedavata metode ir aprobéta, pielietojot to
attieciba uz Kostarika darbojosos uzn@émumu, kuram ir noteikts optimals mobilo dronu
vienibu skaits un konkréti to izvietojuma punkti. Aprobacijas rezultata tika noskaidrots,
ka vispiemérotakas MDYV atrasanas vietas ir Alahuelas, Limonas, Hako, un Tilaranas
apkartn€, savukart to optimalais skaits ir 4. Ievietojot MDU citas vietas, ievérojami
palielinas pakalpojumu sniegSanas izmaksas. Tatad, ievietojot MDU tikai divos
punktos, $adi izdevumi palielinas par 22%, bet 8 punktos - par gandriz 65%.

3. Apréekina procediiras izpildes laiks, kas nepiecieSams uzdevuma risinasanai
ar kombinatorisko metodi, ar uzdevuma dimensijas palielinasanos, pieaug nelineari, kas
Sados apstaklos padara kombinatoriskas metodes izmantoSanu praktiska pielietojuma
neiesp&jamu.4. Lielas dimensijas gadijumiem un gadijumos kad pastav ierobezojumi
ASS skaitam katra regiona punkta, MDU teritoriala sadalijuma optimizacijas uzdevums
tieck pielagots ka linearas programmé&Sanas probléma, kas atrisinata ar simpleksa
metodi. Sada adaptacija paplasina ekonomisko un matematisko metozu iesp&jas un lauj
adaptéto metodi piemérot citas teritorijas, kur atrodas vienas un tas pasas preces /
produkti.

NOBEIGUMS UN REKOMENDACIJAS

Balstoties uz $aja promocijas darba atspogulota pétijuma, autors ir noformulgjis
$adus secinajumus.

1. Autors ir analizgjis bezpilota lidaparatu komercpakalpojumu biittbu no
komercdarbibas teorijas un prakses viedokla, ka ar1 identificgjis un apkopojis
klasificgjosas pazimes, kas piemit $adiem pakalpojumiem. Lidztekus tadam visu veidu
pakalpojumiem piemitosam 1ipasibam ka netaustamiba, neatdalamiba no avota,
kvalitates nepastavigums un nesaglabajamiba autors ir piedavajis un aprakstijis tadu
ipasibu ka lokalums, ko pamato tas, ka aeronovéroSanas pakalpojumu snieg$ana ir
atkariga no konkréta regiona ipatnibam. Ir noformulétas ari bezpilota lidaparatu
pakalpojumu galvenas pazimes: pakalpojumu avots (drons), pakalpojumu pircgja
(klienta) esamiba un motivacija iegadaties pakalpojumus, ka ar1 pakalpojumu pardevéja
komerciala ieinteresétiba to sniegSana. Autors piedava bezpilota lidaparatu
komercpakalpojumu realizacijas modeli, vienlaikus noradot to izmantoSanas jomas un
noformulgjot to funkcijas. Ipa$u nozimi autors ir pieskiris novérosanas funkcijai un
noformul€jis tai izvirzamas prasibas: tai jabiit aktivai, merktiecigai, planveidigai un
tisai.

2. Bezpilota lidaparatu komercpakalpojumu attistibas konteksta autors ir
noformul&jis $adus pakalpojumus sniedzoSo uznémumu galvenas klasific€josas
pazimes: ir izstradats uzn€émuma, kas piedava aeronovérosanas pakalpojumus regiona,
organizatoriskas struktiiras modelis un ierosinats veikt regionalo bezpilota lidaparatu
uznémumu ekonomiskas darbibas efektivitates noverteéSanu, balstoties uz galvenajam
darbibas joma (GDJ) un galvenajiem darbibas raditajiem (GDR). Attiecigie raditaji ir
detalizeti un ,,piesaistiti” p&tamajam objektam — acronovéroSanas pakalpojumiem, ko
sniedz bezpilota lidaparatu uznémums. Ir izdaliti $adu pakalpojumu sniegSanas posmi
atkariba no to komercialas izmantoSanas jomam un piedavata formula $adu
pakalpojumu sniegSanai nepiecieSama kopgja laika aprékinasanai.

3. Darba gaita ir konstatéts, ka regionalas ekonomikas diskréto uzdevumu
risinaSanas klasiskos modelus un metodes, ko izmanto precu razotnu vai pakalpojumu
sniegSanas vietu un attiecigo uzn€mumu teritoriala izvietojuma organizéSanai, var
adaptet un izmantot aeronovérosanas komercpakalpojumus sniedzo$o uznémumu
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mobilo dronu vienibu izvietojuma optimizacijai, lai nodroSinatu klientu efektivu
apkalpoSanu attiecigaja regiona.

4. Autors ir analizgjis tiesibu aktus, kas regulé bezpilota lidaparatu izmantoSanu
ASV, Kanada, Lielbritanija, Italija u.c. valstis, tostarp Latvija un Kostarika, un
identificgjis galvenas problémas, kas saistitas ar bezpilota lidaparatu ekspluatacijas
tiesisko reguléjumu dazadas valstis. Autora veikta Kostarikas regionu ekonomiska
analize lava noformulét metodiku regiona novértéSanai no aeronovérosanas
komercpakalpojumu sniegSanas viedokla. Regiona novérté$anai tiek izmantoti tadi
raditaji ka iedzivotaju skaits, IKP uz vienu iedzivotaju, valsti pastavosas kultiiras
tradicijas, ka arT geografiskie un meteorologiskie raditaji (diennakts gaisa laika ilgums,
skaidru dienu skaits, v&ja atrums skaidras dienas, vid€ja gaisa temperatiira). Autors ir
paradijis, ka visi iepriek$S uzskaititie faktori ietekm& vienas bezpilota lidaparata
lidojumu stundas izmaksas.

5. Autors ir noformulgjis bezpilota lidaparatu komercpakalpojumus Kostarika
sniedzoSo uznémumu ekonomiski saimnieciskas darbibas planoSanas posmus, lai
veicinatu $o uzpémumu pakalpojumu realizaciju. Ir secinats, ka ta ietvaros ir
nepiecieSams izstradat pakalpojumu realizacijas strat€giju, balstoties uz tirgus
konkurences analizes, ka ar jaizverté attiecigaja regiona pastavosie sezonalitates
faktori, kas saistiti ar objekta aeronoveéroSanai izmantojamo stundu skaitu diennakti.
Aplikojot Kostarikas piem&ru, autors ir aprékinajis pakalpojumu sniegSanas laiku
sadalfjuma pa valsts regioniem. Lidojumiem piemérota laika novertéjums (aprékins)
tiek veikts diferencéti atkariba no pasiitijuma veida. Tiek piedavats aprékinat tieSo
aerofiksacijas un aeronove€roSanas laiku viena sesijas ietvaros, izmantojot formulu,
kuras pamata ir pakalpojuma ar uzdoto ilgumu pasiitiSanas varbitiba.

6. Bezpilota lidaparatu komercpakalpojumu cenu veidoSanai autors piedava
cenu mehanisma izdalit divas savstarp€ji mijiedarbojosas dalas, no kuram viena ietver
cenu izmainu veidus, struktiiru, apméru un dinamiku, bet otra — cenu veidoSanos ka
jaunu cenu noteikSanas, izveides (aprékina) un aktualo cenu izmainu veidu,
noteikumus. Aeronovérosanas pakalpojumu cenas ierosinats sadalit §adas grupas péc
to veida: ANP bazes cena; ANP pamatpakalpojumu cenas un ANP papildpakalpojumu
cenas. Turklat ir janem veéra, ka aeronovérosanas pakalpojumu bazes cena ir izlidzinata
vidgja cena par vienu ANP, kuru sniegSanas skaits noteikta laikposma caurméra nosedz
uznémuma izmaksas tada pasa laikposma. Aeronoverosanas pamatpakalpojumu cenas
ir cenas, kas ar pelnu vai diskontu nodroSina So pakalpojumu virzisanu tirgii
konkurences apstaklos. Pelnu vai diskontu nosaka konkréta cenu veidoSanas metode
katra atseviska gadijuma. Ir piedavats pakalpojumu cenu aprékins, ka piemeru
apliikojot konkrétu uzn€mumu, kas sniedz aeronovérosanas pakalpojumus.

7. Lai veicinatu bezpilota lidaparatu komercpakalpojumus sniedzoSo
uznémumu attistibu, autors piedava izmantot tiesd kanala (0 limena) modeli, kas
nozimé, ka uznémums pats pardod savus pakalpojumus bezsaistes vai tieSsaistes rezima
ar savu biroju, parstavniecibu vai timeklvietnes instrumentu palidzibu. TieSsaistes
rezima izplatiSanai tiek izmantota uznémuma timeklvietne, kura izvietots attiecigais
saturs (informacija par pakalpojumu veidiem un izpildes terminiem, tarifiem,
aeronoveroSanas un aerofiksacijas rezultatu p&capstrades veidiem u.c.). Savukart
bezsaistes rezima pardoSana notiek ar uznémuma biroju (MDV bazes punktu) vai zvanu
centra starpniecibu.

Ka vairaklimenu kanalus autors piedava izmantot pardosanas tikla tradicionalo
logistisko k&di ,,uzn€mums — tieSsaistes / bezsaistes agenti — klienti”. TieSsaistes agenti
ir daudzprofilu agenti, kuri pardod ne tikai BPLA uznémumu, bet ari citu nozaru
pakalpojumus.

8. Autors ir pirmoreiz regionalas ekonomikas teorija noformul&jis un
formalizgjis jauna veida teritoriala izvietojuma optimizacijas uzdevumu, kas veérsts uz
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mobilo dronu vienibu teritoriala izvietojuma optimizaciju aeronoveéroSanas
komercpakalpojumu snieg$anai klientiem regiona. Sis uzdevums ietilpst regionalas
ekonomikas klasisko uzdevumu kategorija, kas saistita ar preCu razosSanas vai
pakalpojumu sniegS8anas vietu optimala izvietojuma noteikSanu. Bila uzdevuma
risinasanai ir izmantota simpleksa metode ar virzitu parmekléSanu un kombinatoriska
metode ar parastu parmekl€Sanu. Ir atrisinats praktiskais uzdevums, kas saistits ar
konkrétu punktu izv€li aeronov€roSanas pakalpojumu sniegSanai Kostarika
izmantojamo mobilo dronu vienibu teritorialajai izvietoSanai. Lidzigu metodi var
izmantot ne tikai izvietojot dronu kompanijas punktos, bet jebkurus citus uznémumus:
atras palidzibas stacijas, banku vienibas valsti vai regiona utt. Sis metodes izmanto$ana
sekm@&s regionalas ekonomikas teorijas musdienigu attistibu.

Lidz ar to autors ir pieradijis izvirzitas hipotézes, izpildijis noteiktos darba
uzdevumus un sasniedzis izvirzito mérki.

Svarigakas problémas un iespéjamie risinajumi
Pirma probléma

Starptautiskaja  komercpakalpojumu klasifikatora triikkst bezpilota lidaparatu
pakalpojumu apraksta, un tas kavé So pakalpojumu plasaku izmantoSanu.
Pirmais risinajums

Jaieklauj klasifikatora bezpilota lidaparatu komercpakalpojumu apraksts.

Otrais risinajums

Lai veicinatu bezpilota lidaparatu komercpakalpojumu efektivu realizaciju, jabalstas uz
pakalpojumiem raksturigajam pazimém. Ka raksturiga pazime, kas piemit bezpilota
lidaparatu pakalpojumiem, jaizdala ,lokalums” un javeic bezpilota lidaparatu
klasific€Sana pec masas un pildamajam funkcijam.

Otra probléema

Lai veicinatu bezpilota lidaparatu komercpakalpojumu attistibu valsti, ir javeic attieciga
tirgus izp&te valsts regionos, tacu nav pieejami tai nepiecie$amie dati.

Pirmais risinajums

Valstu statistikas birojiem Kkatru gadu jasagatavo statistikas parskati par bezpilota
lidaparatu komercpakalpojumus sniedzoso uzn€mumu darbibu.

Otrais risinajums

Autora piedavata bezpilota lidaparatu komercpakalpojumu tirgus analizes metodika
palidzés uzlabot $adus pakalpojumus sniedzoSo uznémumu darbibas efektivitati un
palielinat to skaitu.

Tresa problema

Komercpakalpojumu sniegSanai izmantojamo bezpilota lidaparatu optimala teritoriala
izvietojuma izstrades metodes neesamiba kave §is pakalpojumu jomas attistibu.

Risinajums
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Mobilo dronu vienibu teritoriala izvietojuma aprékinasanai jalieto kombinatoriska
metode un linearas programmeéSanas metode.
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