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This paper describes the design of an artificial intelligent
opponent in the Empire Wars turn-based strategy computer
game. Several approaches to make the opponent in the game,
that has complex rules and a huge state space, are tested. In
the first phase, common methods such as heuristics, influence
maps, and decision trees are used. While they have many
advantages (speed, simplicity and the ability to find a solution
in a reasonable time), they provide rather average results. In
the second phase, the player is enhanced by an evolutionary
algorithm. The algorithm adjusts several parameters of the
player that were originally determined empirically. In the
third phase, a learning process based on recorded moves from
previous games played is used. The results show that
incorporating evolutionary algorithms can significantly
improve the efficiency of the artificial player without
necessarily increasing the processing time.

Tato prace se zabyva tvorbou inteligentniho umélého
protihrace k tahové pocitacové hie Empire wars. V ¢lanku
jsou otestovany rizné ptistupy k feSeni her s komplexnimi
pravidly a rozsdhlym stavovym prostorem. V prvni fazi jsou
vyuzity soucasné bézné€ pouzivané metody (heuristiky, ,,rule
of thumb*, influen¢ni mapy, rozhodovaci stromy atp.), které
ovsem pies vSechny vyhody jako rychlost, jednoduchost a
nalezeni feSeni v pfijatelném Case, poskytuji spise primérné
vysledky. V druhé fazi je pak navrzeny hrac vylepsen za
pomoci evolu¢niho algoritmu, ktery upravuje nekteré
pivodné empiricky ziskané parametry. Ve treti fazi je
implementovana Castecna moznost u€eni z pfedchozich
zaznami odehranych partii. Vysledky ukazuji, Ze pouzitim
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evolu¢niho algoritmu lze dosahnout vyznamného zdokonaleni
puvodniho hrac¢e bez negativniho dopadu na vypocetni Cas.
This paper describes the design of an artificial intelligent
opponent in the Empire Wars turn-based strategy computer
game. Several approaches to make the opponent in the game,
that has complex rules and a huge state space, are tested. In
the first phase, common methods such as heuristics, influence
maps, and decision trees are used. While they have many
advantages (speed, simplicity and the ability to find a solution
in a reasonable time), they provide rather average results. In
the second phase, the player is enhanced by an evolutionary
algorithm. The algorithm adjusts several parameters of the
player that were originally determined empirically. In the
third phase, a learning process based on recorded moves from
previous games played is used. The results show that
incorporating evolutionary algorithms can significantly
improve the efficiency of the artificial player without
necessarily increasing the processing time.
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Many problems encountered in management and economics can be formulate
optimal control problems. To solve an optimal control problem necessary con
known as Pontryagin's maximum principle are introduced first. These conditi:
formulated as a system of ordinary differential equations - either as an initial
or as a boundary value problem - and they give us a basic idea about possible
solution to the given problem. The aim of this paper is to describe a class of c
control problems that can be solved without using Pontryagin's maximum pril
without using a system of ordinary differential equations. At first a class of o]
control problems that can be formulated as a line integral is introduced. Then
results for finite time horizon problems that are based on Green's theorem are
presented. Finally a particular use of the described method for neoclassical gr
model with linear utility function on finite time horizon is introduced. The rec
solution corresponds with the solution acquired by Pontryagin's maximum pri
Clanek se zabyva pouzitim kiivkového integralu pro vybranou tiidu tloh z te
optimalniho fizeni

Many problems encountered in management and economics can be formulate
optimal control problems. To solve an optimal control problem necessary conr
known as Pontryagin's maximum principle are introduced first. These conditi:
formulated as a system of ordinary differential equations - either as an initial
or as a boundary value problem - and they give us a basic idea about possible
solution to the given problem. The aim of this paper is to describe a class of
control problems that can be solved without using Pontryagin's maximum pril
without using a system of ordinary differential equations. At first a class of o]
control problems that can be formulated as a line integral is introduced. Then
results for finite time horizon problems that are based on Green's theorem are
presented. Finally a particular use of the described method for neoclassical gr
model with linear utility function on finite time horizon is introduced. The rec
solution corresponds with the solution acquired by Pontryagin's maximum pri
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The article deals with an optimization issue of radio station
deploy-ment. This deployment is very important in order to
gain the accuracy of the multilateration positioning system.
However, deployment of stations is in many cases empirically
addressed, which results in different quality of obtained re-
sults/data. This process still works with help of selecting
multiple locations and following testing how the deployment
works. The aim of this research is to de-sign an algorithm,
which is necessary for the optimization process of radio sta-
tion deployment. In order to achieve this goal, the information
and support of computing systems from company ERA a.s.,
was used as well. Czech company ERA a.s. is dealing with
this issue for many years.

Clanek se zabyva optimalizaci rozmisténi radiovych stanic.
Toto rozmisténi je velmi dilezité pro presnost
multilateraéniho systému pro urcovani polohy. Nicmén¢
rozmist'ovani stanic je v mnoha pfipadech feSeno empiricky,
coZ ma za nasledek rtiznou kvalitu v ziskanych vysledcich.
Tento proces stale funguje na zakladé vybéru nékolika mist a
nasledném otestovanim, jak dané rozmisténi vyhovuje. Cilem
vyzkumu je navrZeni algoritmu pro optimalizaci rozmisténi
radiovych stanic. Pro dosaZeni cile byly vyuzity informace a
podpiirné vypoctové systémy od spole¢nosti ERA a.s., ktera
se danou problematikou zabyva jiz fadu let.

The article deals with an optimization issue of radio station
deploy-ment. This deployment is very important in order to
gain the accuracy of the multilateration positioning system.
However, deployment of stations is in many cases empirically
addressed, which results in different quality of obtained re-
sults/data. This process still works with help of selecting
multiple locations and following testing how the deployment
works. The aim of this research is to de-sign an algorithm,
which is necessary for the optimization process of radio sta-
tion deployment. In order to achieve this goal, the information
and support of computing systems from company ERA a.s.,
was used as well. Czech company ERA a.s. is dealing with
this issue for many years.
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Project Google Glass represents the innovative technology
developed by Google’s X Lab. This smart gadget is built on
human interaction with world through Android operating
system. Wearable computer with the optical head-mounted
display (abbreviated as OHMD) has been developing by
Google. Firstly, the primary purpose of Project Google Glass
was the hands free displaying of knowledge presently
obtainable to most sensible mobile phone users. Secondly,
Google Glass (abbreviated as GG) was allowing interaction
with the Internet and the web via basic voice or vision
commands. In a basic view, Google Glasses are wearable
computers that can easily power mobile devices such as
Smartphones or tablets. This paper is focused on the practical
utilization of Google Glass for sensually impaired people (in
this case it means blind or visually impaired people). Google
Glass is easily programmable and helpful technology that can
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significantly help people, not only the handicapped or
impaired individuals, but their benefits can also make easier
life for elderly people. Primary purpose of the paper is to
provide and test developed application for basic navigation
issues, which are usable for daily support of blind or visually
impaired people. Second part of research is using Google
Glass camera as a basic recognition tool for blind or visually
impaired individuals. In this point of view it is possible to call
GG as Assistive Technology or device, which helps blind
people or people with visual impairment too. Google Glass
are currently often used in various domains such as medicine,
research, education.

Projekt Google Glass ptedstavuje inovativni technologii
vyvinutou spolecnosti Google X Lab. Toto inteligentni
zatizeni je postaveno na lidské interakci se svétem
prostfednictvim operacniho systému Android. Pfenosny
pocita¢ s optickym displejem umisténym na hlavé (zkracené
jako OHMD) je vyvijen spole¢nost Google. Za prvé,
primarnim téelem projektu Google Glass bylo hands-free
zobrazeni znalosti, které jsou v soucasné dobé ptistupné
uzivatelim chytrych telefond. Zadruhé, Google Glass
(zkracené jako GG) umoziuje interakci s internetem a webem
pomoci zakladnich hlasovych nebo vizudlnich piikazi. V
zakladnim pohledu jsou Google bryle pfenosnymi pocitaci,
které mohou snadno rozsifovat mobilni zatizeni, jako jsou
smartphony nebo tablety. Tento ¢lanek je zamétfen na
praktické vyuziti Google bryli pro osoby se snizenou citlivosti
(v tomto ptipadé to znamend nevidomé nebo zrakoveé
postizené osoby). Google bryle jsou snadno programovatelna
a uzite¢na technologie, kterd mize vyznamné pomoci lidem,
nejen osobdm se zdravotnim postizenim, ale jejich vyhody
mohou také usnadnit Zivot star§im lidem. Primarnim u¢elem
¢lanku je poskytnout a otestovat vyvinutou aplikaci pro
zakladni navigacni zaleZitosti, které jsou pouzitelné pro
kazdodenni podporu nevidomych nebo zrakove postizenych.
Druhé ¢ast vyzkumu pouziva fotoaparat Google bryli jako
zakladni nastroj pro rozpoznavani pro nevidomé nebo osoby
se zrakovym postizenim. Z tohoto pohledu je moZné nazyvat
GG jako pomocnou asisten¢ni technologii nebo zatizeni, které
pomaha nevidomym lidem nebo osobdm se zrakovym
postizenim. Google bryle se v soucasné dobé& casto pouzivaji
v riznych odvétvich jako je 1ékatstvi, vyzkum, vzdélavani.
Project Google Glass represents the innovative technology
developed by Google’s X Lab. This smart gadget is built on
human interaction with world through Android operating
system. Wearable computer with the optical head-mounted
display (abbreviated as OHMD) has been developing by
Google. Firstly, the primary purpose of Project Google Glass
was the hands free displaying of knowledge presently
obtainable to most sensible mobile phone users. Secondly,
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Google Glass (abbreviated as GG) was allowing interaction
with the Internet and the web via basic voice or vision
commands. In a basic view, Google Glasses are wearable
computers that can easily power mobile devices such as
Smartphones or tablets. This paper is focused on the practical
utilization of Google Glass for sensually impaired people (in
this case it means blind or visually impaired people). Google
Glass is easily programmable and helpful technology that can
significantly help people, not only the handicapped or
impaired individuals, but their benefits can also make easier
life for elderly people. Primary purpose of the paper is to
provide and test developed application for basic navigation
issues, which are usable for daily support of blind or visually
impaired people. Second part of research is using Google
Glass camera as a basic recognition tool for blind or visually
impaired individuals. In this point of view it is possible to call
GG as Assistive Technology or device, which helps blind
people or people with visual impairment too. Google Glass
are currently often used in various domains such as medicine,
research, education.
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Thanks to Global Navigation Satellite Systems, the position
of a smartphone equipped with the particular receiver can be
determined with an accuracy of a few meters outdoors, having
a clear view of the sky. These systems, however, are not
usable indoors, because there is no signal from satellites.
Therefore, it is necessary to use other localization techniques
indoors. This paper focuses on the use of Bluetooth Low
Energy and Wi-Fi radio technologies. We have created a
special mobile application for the Android operating system
in order to evaluate these techniques. This application allows
localization testing in a real environment within a building of
a university campus. We compare multiple approaches based
on K-Nearest Neighbors and Particle Filter algorithms that
have been further modified. The combination of Low Energy
Bluetooth and Wi-Fi appears to be a promising solution
reaching the satisfying accuracy and minimal deployment
costs.

Diky globalnim druZicovym polohovacim systémiim je
mozné ve venkovnich prostorach s vyhledem na oblohu ur¢it
pomoci mobilniho telefonu vybaveného potfebnymi
technologiemi polohu s pfesnosti na nékolik metrt. Problém
nastava v piipad¢ uzavienych prostor bez vyhledu na oblohu,
kde vySe zminéné systémy vétSinou nemaji potiebny signal.
Proto je nutné vyuzivat jiné formy lokalizace. Tento ¢lanek se
zamé&fuje na vyuZiti bezdratovych technologii Bluetooth Low
Energy a Wi-Fi. Pro evaluaci jejich funk¢nosti byla vytvorena
aplikace pro operacni systém Android, kterd umoZiuje
testovani lokalizace v realném prostiedi v ramci budovy
univerzitniho kampusu. Je porovnéano vice ptistupti
vychazejicich z algoritmt K-Nearest Neighbours a Particle
Filters, které byly dale upraveny. Kombinace Bluetooth Low
Energy a WiFi se jevi jako slibné feSeni dosahujici pouZitelné
pfesnosti a minimalnich nakladii na nasazeni.

Thanks to Global Navigation Satellite Systems, the position
of a smartphone equipped with the particular receiver can be
determined with an accuracy of a few meters outdoors, having
a clear view of the sky. These systems, however, are not
usable indoors, because there is no signal from satellites.
Therefore, it is necessary to use other localization techniques
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indoors. This paper focuses on the use of Bluetooth Low
Energy and Wi-Fi radio technologies. We have created a
special mobile application for the Android operating system
in order to evaluate these techniques. This application allows
localization testing in a real environment within a building of
a university campus. We compare multiple approaches based
on K-Nearest Neighbors and Particle Filter algorithms that
have been further modified. The combination of Low Energy
Bluetooth and Wi-Fi appears to be a promising solution
reaching the satisfying accuracy and minimal deployment
Costs.

10

IN

Springer LNCS/LNALI. Indexovano ve Scopusu. Scopus
Source Type: Book series. Scopus Document Type:
Conference Paper. Online ISBN: 978-3-319-67077-5.
https://link.springer.com/chapter/10.1007%2F978-3-319-
67077-5_29

Indoor Localization; Indoor Positioning; Bluetooth Low
Energy; Internet of Things; iBeacon; K-Nearest Neighbors;
Particle Filter

Indoor lokalizace; Bluetooth Low Energy; Internet of Things;
iBeacon; k nejblizsich sousedu; Particle Filter

anglictina (eng)

Riizné piistupy k indoor lokalizaci s pouzitim Bluetooth Low
Energy a Wi-Fi

Different Approaches to Indoor Localization Based on
Bluetooth Low Energy Beacons and Wi-Fi

27.09.2017

19.10.2017

S -



